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Notes regarding these materials 

• These materials are intended as a reference to assist our customers in the 
selection of the Mitsubishi semiconductor product best suited to the 
customer's application; they do not convey any license under 'any 
intellectual property rights, or any other rights, belonging to Mitsubishi 
Electric Corporation or a third party. 

• Mitsubishi Electric Corporation assumes no responsibility for any damage, 
or infringement of any third-party's rights, originating in the use of any 
product data, diagrams, charts or circuit application examples contained in 
these materials. 

• All information contained in these materials, including product data, 
diagrams and charts, represent information on products at the time of 
publication of these materials, and are subject to change by Mitsubishi 
Electric Corporation without notice due to product improvements or other 
reasons. It is therefore recommended that customers contact Mitsubishi 
Electric Corporation or an authorized Mitsubishi Semiconductor product 
distributor for the latest product information before purchasing a product 
listed herein. 

• Mitsubishi Electric Corporation semiconductors are not designed or 
manufactured for use in a device or system that is used under 
circumstances in which human life is potentially at stake. Please contact 
Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor 
product distributor when considering the use of a product contained herein 
for special applications, such as apparatus or systems for transportation, 
vehicular, medical, aerospace, nuclear, or undersea repeater use. 

• The prior written approval of Mitsubishi Electric Corporation is necessary to 
reprint or reproduce in whole or in part these materials. 

• If these products or technologies are subject to the Japanese export 
control restrictions, they must be exported under a license from the 
Japanese government and cannot be imported into a country other than 
the approved destination. 
Any diversion or reexport contrary to the export control laws and 
regulations of Japan and/or the country of destination is prohibited. 

• Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi 
Semiconductor product distributor for further details on these materials or 
the products contained therein. 
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• 4M-Bit DRAM (5V Version) 

Memorv Configuration 
Function mode capacity (Word x Bit) 

Fast Page 

Fast Page 
Self- Refresh mode 

Low Power 

4M xl 
Fast Page 

Fast Page 
Self- Refresh mode 

Low Power 

4M 

Fast Page 

Fast Page 
Self- Refresh mode 

Low Power 

1M x4 
Fast Page 

Fast Page 
Self- Refresh mode 

Low Power 

* : New prodUct **: Under development 
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INDEX BY FUNCTION 

Access 
Power time dissipation Type name Max Tvp (mW) 

(ns) 

M5M441 OOBJ- 6 
60 400 

M5M441 OOBTP- 6 
M5M44100BJ-7 

70 350 
M5M441 OOBTP- 7 
M5M44100BJ 6S 

60 400 
M5M441 OOBTP- 6S 
M5M441 OOBJ- 7S 

70 350 
M5M441 OOBTP- 7S 
M5M44100CJ 5 

50 500 
M5M441 OOCTP- 5 
M5M441 OOCJ - 6 

60 400 
M5M441 OOCTP- 6 
M5M441 OOCJ - 7 

70 350 
M5M441 OOCTP- 7 
M5M441 OOCJ - 5S 

50 500 
M5M441 OOCTP- 5S 
M5M441 OOCJ- 6S 

60 400 
M5M441 OOCTP- 6S 
M5M441 OOCJ~ 7S 

70 350 
M5M441 OOCTP- 7S 
M5M44400BJ - 6 

60 400 
M5M44400BTP- 6 
M5M44400BJ - 7 

70 350 
M5M44400BTP- 7 
M5M44400BJ 6S 

60 400 
M5M44400BTP- 6S 
M5M44400BJ-7S 

70 350 
M5M44400BTP- 7S 
M5M44400CJ - 5 

50 500 
M5M44400CTP- 5 
M5M44400CJ- 6 

60 400 
M5M44400CTP- 6 
M5M44400CJ - 7 

70 350 
M5M44400CTP- 7 
M5M44400CJ - 5S 

50 500 
M5M44400CTP- 5S 
M5M44400CJ - 6S 

60 400 
M5M44400CTP- 6S 
M5M44400CJ - 7S 

70 350 
M5M44400CTP- 7S 

• MITSUBISHI 
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Package 
Page 

outline 

26POJ 
26P3Z-E 
26POJ 
26P3Z E 

2-3 
26POJ 
26P3Z-E 
26POJ 
26P3Z-E 

** 26POJ 

** 26P3Z-E 

* 26POJ 

* 26P3Z E 

* 26POJ 

* 26P3Z-E 
2-27 

** 26POJ 

** 26P3Z-E 

* 26POJ 

* 26P3Z-E 

* 26POJ 

* 26P3Z-E 
26POJ 
26P3Z-E 
26POJ 
26P3Z-E 

2-49 
26POJ 
26P3Z-E 
26POJ 
26P3Z E 

** 26POJ 

** 26P3Z-E 

* 26POJ 

* 26P3Z E 

* 26POJ 

* 26P3Z-E 
2-73 

** 26POJ 

** 26P3Z-E 

* 26POJ 

* 26P3Z E 

* 26POJ 

* 26P3Z-E 

1 - 3 
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INDEX BY FUNCTION 

.4M-Blt DRAM (5V Version) (Cont.) 

Configuration 
Access 

Power Package Memory 
Fun~tion mode time dissipation Type name, Page capacity (Word x Bit) Max Typ (mW) outline 

(ns) 

50 450 
M5M44800CJ-5 ** 28POK 
M5M44800CTP- 5 ** 28P3Y-H 

Fast Page 60 375 
M5M44800CJ - 6 28POK 
M5M44800CTP- 6 28P3Y-H 

70 325 
M5M44800CJ-7 28POK 
M5M44800CTP- 7 28P3Y-H 

512K x 8 
M5M44800CJ - 55 28POK 

2-96 
50 450 ** 

M5M44800CTP- 55 ** 28P3Y-H 
Fast Page M5M44800CJ - 65 28POK 

5elf- Refresh mode 60 375 
M5M44800CTP- 65 28P3Y-H Low Power 

70 325 
M5M44800CJ - 75 28POK 
M5M44800CTP- 75 28P3Y-H 

50 625 
M5M44260CJ - 5 ** 40POK 
M5M44260CTP- 5 ** 44P3W-L 

Fast Page 60 550 
M5M44260CJ - 6 40POK 
M5M44260CTP- 6 44P3W-L 

70 475 
M5M44260CJ - 7 40POK 

4M 
M5M44260CTP- 7 44P3W-L 

2-117 
50 625 

M5M44260CJ - 55 ** 40POK 
M5M44260CTP- 55 ** 44P3W-L 

Fast Page M5M44260CJ - 65 40POK 
5elf- Refresh mode 60 550 

M5M44260CTP- 65 44P3W-L Low, Power 

70 475 
M5M44260CJ- 75 40POK 

256K x 16 
M5M44260CTP- 75 44P3W-L 

50 625 
M5M44265CJ - 5 ** 40POK 
M5M44265CTP- 5 ** 44P3W-L 

EDO 
60 550 

M5M44265CJ - 6 40POK 
(Hyper Page) M5M44265CTP- 6 44P3W-L 

70 475 
M5M44265CJ- 7 40POK 
M5M44265CTP- 7 44P3W-L 
M5M44265CJ- 55 ** 40POK 

2-146 
50 625 

EDO M5M44265CTP- 55 ** 44P3W-L 
(Hyper Page) 

60 550 
M5M44265CJ - 65 40POK 

5elf- Refresh mode M5M44265CTP- 65 44P3W-L 
Low Power M5M44265CJ - 75 40POK 

70 475 
M5M44265CTP- 75 44P3W-L 

** : Under development 

1-4 
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.4M-Bit DRAM (3.3V Version) 

Memory Configuration 
Function mode capacity (Word x Bit) 

Fast Page 
Low Voltage 

(Vee = 3.3 ± 0.3V) 

1M x4 Fast Page 
Self- Refresh mode 

Low Power 
Low Voltage 

(Vee = 3.3 ± 0.3V) 

Fast Page 
Low Voltage 

(Vee = 3.3 ± 0.3V) 

Fast Page 
Self- Refresh mode 

Low Power 
Low Voltage 

512K x 8 
(Vee = 3.3 ± 0.3V) 

Fast Page 
Low Voltage 

(Vee = 3.3 ± 0.3V) 

Fast Page 
Self- Refresh mode 

Low Power 
Low Voltage 

(Vee = 3.3 ± 0.3V) 

4M 
Fast Pa~ 
2CAS.1W 

512 Refresh Cycle 
Low Voltage 

(Vee = 3.3 ± 0.3V) 

Fast Pa~ 
2CAS.1W 

Self- Refresh mode 
Low Power 

51 2 Refresh Cycle 
Low Voltage 

(Vee = 3.3 ± 0.3V) 

Fast Page 

256K x16 
Low Voltage 

(Vee = 3.3 ± 0.3V) 

Fast Page 
Self- Refresh mode 

Low Power 
Low Voltage 

(Vee = 3.3 ± 0.3V) 

EDO (Hyper Page) 
Low Voltage 

(Vee = 3.3 ± 0.3V) 
EDO (Hyper Page) 
Self - Refresh mode 

Low Power 
Low Voltage 

(Vee = 3.3 + 0.3V) 
** : Under development 
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INDEX BY FUNCTION 

Access 
Power time dissipation Type 'name Max Typ (mW) 

(ns) 

60 180 M5M4V4400TP-6 
70 160 M5M4V4400TP- 7 
80 130 M5M4V4400TP- 8 

60 180 M5M4V4400TP- 6S 

70 160 M5M4V4400TP- 7S 

80 130 M5M4V 4400TP- 8S 

70 190 M5M4V4800TP-7 

80 160 M5M4V4800TP- 8 

70 190 M5M4V4800TP- 7S 

80 160 M5M4V4800TP- 8S 

60 230 M5M4V4800CTP-6 

70 200 M5M4V4800CTP- 7 

60 230 M5M4V4800CTP-6S 

70 200 M5M4V4800CTP- 7S 

70 300 M5M4V4260TP- 7 

80 260 M5M4V4260TP- 8 

70 300 M5M4V4260TP-7S 

80 260 M5M4V4260TP-8S 

60 333 M5M4V4260CTP-6 

70 290 ' M5M4V4260CTP-7 

60 333 M5M4V4260CTP- 6S 

70 290 M5M4V4260CTP-7S 

60 333 M5M4V4265CTP- 6 

70 290 M5M4V4265CTP-7 

60 333 M5M4V4265CTP-6S 

70 290 M5M4V4265CTP-7S 

" " ' MITSUBISHI 
.... ELECTRIC 

Package 
Page 

outline 

26P3Z-E 
26P3Z-E 
26P3Z-E 

26P3Z-E 3-3 

26P3Z-E 

26P3Z-E 

28P3Y-H 

28P3Y-H 

28P3Y.,.H 3-25 

28P3Y-H 

** 28P3Y-H 

** 28P3Y-H 

** 28P3Y-H 3-47 

** 28P3Y-H 

44P3W-L 

44P3W-L 

3-68 
44P3W-L 

44P3W-L 

** 44P3W-L 

** 44P3W-L 

** 44P3W-L 3-98 

** 44P3W-L 

** 44P3W-L 

** 44P3W-L 

** 44P3W-L 
3-127 

** 44P3W-L 

1-5 



• 16M-Bit DRAM (5V Version) 

Memory Configuration 
Function mode capacity (Word x Bit) 

16M xl Fast Page 
4K Refresh Cycle 

Fast Page 
4K Refresh Cycle 

Fast Page 
4K Refresh Cycle 

Self- Refresh mode 

16M 
Fast Page 

4K Refresh Cycle 

4M x4 

Fast Page 
4K Refresh Cycle 

Self - Refresh mode 

Hyper Page 
4K Refresh Cycle 

Hyper Page 
4K Refresh Cycle 

Self - Refresh mode 

** : Under development 

1-6 
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INDEX BY FUNCTION 

Access 
Power time dissipation Type name Max Typ (mW) 

(ns) 

50 495 
M5M416100BJ-5 
M5M4161 OOBTP- 5 

60 405 
M5M416100BJ-6 
M5M4161 OOBTP- 6 

70 340 
M5M416100BJ-7 
M5M4161 OOBTP- 7 

50 495 
M5M416400BJ- 5 
M5M416400BTP- 5 

60 405 
M5M416400BJ- 6 
M5M416400BTP- 6 

70 340 
M5M416400BJ - 7 
M5M416400BTP- 7 
M5M416400BJ- 5S 

50 495 
M5M416400BTP- 5S 
M5M416400BJ - 6S 

60 405 
M5M416400BTP- 6S 
M5M416400BJ - 7S 

70 340 
M5M416400BTP- 7S 

50 495 
M5M416400CJ - 5 
M5M416400CTP- 5 

60 405 
M5M416400CJ- 6 
M5M416400CTP- 6 

70 340 
M5M416400CJ - 7 
M5M416400CTP- 7 
M5M416400CJ - 5S 

50 4~5 M5M416400CTP- 5S 
M5M416400CJ - 6S 

60 405 
M5M416400CTP- 6S 

70 340 
M5M416400CJ - 7S 
M5M416400CTP- 7S 

50 495 
M5M416405CJ-5 
M5M416405CTP- 5 

60 405 
M5M416405CJ- 6 
M5M416405CTP- 6 

70 340 
M5M416405CJ- 7 
M5M416405CTP- 7 
M5M416405CJ- 5S 

50 495 
M5M416405CTP- 5S 
M5M416405CJ- 6S 

60 405 
M5M416405CTP- 6S 

70 340 
M5M416405CJ- 7S 
M5M416405CTP- 7S 

•. MITSUBISHI 
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Package 
Page 

outline 

** 26POD-B 

** 26P3D-E 
26POD-B 

4-3 
26P3D-E 
26POD-B 
26P3D-E 

** 26POD-B 

** 26P3D-E 
26POD-B 
26P3D-E 
26POD-B 
26P3D-E 

** 26POD-B 
4-22 

** 26P3D-E 
26POD-B 
26P3D-E 
26POD-B 
26P3D-E 

** 26POD-B 

** 26P3D-E 

** 26POD-B 

** 26P3D-E 

** 26POD-B 

** 26P3D-E 

** 26POD-B 
4-42 

** 26P3D-E 

** 26POD-B 

** 26P3D-E 

** 26POD-B 

** 26P3D-E 

** 26POD-B 

** 26P3D-E 

** 26POD-B 

** 26P3D-E 

** 26POD-B 

** 26P3D-E 
4-63 

** 26POD-B 

** 26P3D-E 

** 26POD-B 

** 26P3D-E 

** 26POD-B 

** 26P3D-E 



• 16M-Bit DRAM (5V Version) (Cont.) 

Configuration Memory 
Function mode capacity (Word x Bit) 

Fast Page 
2K Refresh Cycle 

Fast Page 
2K Refresh Cycle 

8elf- Refresh mode 

Fast Page 
2K Refresh Cycle 

4M x4 

Fast Page 
2K Refresh Cycle 

16M 8elf- Refresh mode 

Hyper Page 
2K Refresh Cycle 

Hyper Page 
2K Refresh Cycle 

8elf- Refresh mode 

Fast Page 
2K Refresh Cycle 

2Mx8 

Fast Page 
2K Refresh Cycle 

8elf- Refresh mode 

* : New product **: Under development 

MITSUBISHI LSls 

INDEX BY FUNCTION 

Access 
Power time dissipation Type name Max Typ (mW) 

(ns) 

50 655 
M5M417400BJ - 5 
M5M417400BTP- 5 

60 540 
M5M417 400BJ- 6 
M5M417400BTP-6 

70 475 
M5M417400BJ- 7 
M5M417400BTP- 7 
M5M417400BJ- 58 

50 655 
M5M417400BTP-58 
M5M417 400BJ- 68 

60 540 
M5M417 400BTP- 68 

70 475 
M5M417400BJ- 78 
M5M417400BTP- 78 

50 655 
M5M417400CJ- 5 
M5M417400CTP-5 

60 540 
M5M417 400CJ- 6 
M5M417400CTP- 6 

70 475 
M5M417400CJ - 7 
M5M417400CTP- 7 
M5M417400CJ- 58 

50 655 
M5M417400CTP-58 
M5M417400CJ - 68 

60 540 
M5M417400CTP- 68 

70 475 
M5M417400CJ- 78 
M5M417 400C~P- 78 

50 655 
M5M417405CJ - 5 
M5M417405CTP- 5 

60 540 
M5M417405CJ- 6 
M5M417405CTP-6 

70 475 
M5M417 405CJ- 7 
M5M417405CTP- 7 
M5M417 405CJ- 58 

50 655 
M5M417405CTP- 58 
M5M417405CJ - 68 

60 540 
M5M417405CTP- 68 

70 475 
M5M417405CJ-' 78 
M5M417405CTP- 78 

60 540 
M5M417800AJ- 6 
M5M417800A TP- 6 

70 475 
M5M417800AJ - 7 
M5M417800A TP- 7 
M5M417800AJ- 68 

60 540 
M5M417800A TP- 68 
M5M417800AJ - 78 

70 475 
M5M417800A TP- 78 

. • MITSUBISHI 

.... ELECTRIC 

Package 
Page 

outline 

* 26POD-B 

* 26P3D-E 
26POD-B 
26P3D-E 
26POD-B 
26P3D-E 

* 26POD-B 
4-87 

* 26P3D-E 
26POD-B 
26P3D-E 
26POD-B 
26P3D-E 

** 26POD-B 

** 26P3D-E 
26POD-B 
26P3D-E 
26POD-B 
26P3D-E 
26POD-B 

4-107 
** 
** 26P3D-E 

26POD-B 
26P3D-E 
26POD-B 
26P3D-E 

**- 26POD-B 

** 26P3D-E 

** 26POD-B 

** 26P3D-E 

** 26POD-B 

** 26P3D-E 
4-128 

** 26POD-B 

** 26P3D-E 

** 26POD-B 

** 26P3D-E 

** 26POD-B 

** 26P3D-E 
28POK 
28P3Y-H 
28POK 
28P3Y-H 
28POK 

4-152 

28P3Y-H 
28POK 
28P3Y-H 

1-7 



• 16M-Bit DRAM (5V Version) (Cont.) 

Memory Configuration 
Function mode capacity (Word x Bit) 

Fast Page 
2K Refresh Cycle 

Fast Page 
2K Refresh Cycle 

8elf- Refresh mode 

2M x 8 

Hyper Page 
2K Refresh Cycle 

Hyper Page 
2K Refresh Cycle 

8elf- Refresh mode 

16M 

Fast Page 
4K Refresh Cycle 

Fast Page 
4K Refresh Cycle 

8elf- Refresh mode 

Fast Page 
1 K Refresh Cycle 

1M x 16 

Fast Page 
1 K Refresh Cyc.ie 

8elf- Refresh mode 

Hyper Page 
1 K Refresh Cycle 

Hyper Page 
1 K Refresh Cycle 

8elf- Refresh mode 

** : Under development 

1-8 

MITSUBISHI LSls 

INDEX BY FUNCTION 

Access 
Power time dissipation Type .name Max Typ (mW) 

(ns) 

50 655 
M5M417800CJ - 5 
M5M417800CTP- 5 

60 540 
M5M417800CJ - 6 
M5M417800CTP- 6 

70 475 
M5M417800CJ - 7 
M5M417800CTP- 7 
M5M417800CJ- 58 

50 655 
M5M417800CTP- 58 
M5M417800CJ- 68 

60 540 
M5M417800CTP- 68 

70 475 
M5M417800CJ- 78 
M5M417800CTP- 78 
M5M417805CJ- 5 

50 655 
M5M417805CTP- 5 

60 540 
M5M417805CJ - 6 
M5M417805CTP-6 

70 475 
M5M417805CJ-7 
M5M417805CTP- 7 
M5M417805CJ- 58 

50 655 
M5M417805CTP- 58 
M5M417805CJ- 68 

60 540 
M5M417805CTP- 68 

70 475 
M5M417805CJ- 78 
M5M417805CTP- 78 
M5M416160BJ-6 

60 430 
M5M416160BTP- 6 

70 385 
M5M416160BJ - 7 
M5M416160BTP- 7 
M5M416160BJ-68 

60 430 
M5M41616QBTP- 68 
M5M416160BJ - 78 

70 385 
M5M416160BTP- 78 

60 680 
M5M418160BJ-6 
M5M418160BTP- 6 

70 590 
M5M418160BJ- 7 

.. M5M418160BTP-7 
M5M418160BJ-68 

60 680 
M5M418160BTP-68 
M5M418160BJ - 78' 

70 590 
M5M418160BTP- 78 

60 680 
M5M418165BJ-6 
M5M418165BTP- 6 

70 590 
M5M418165BJ-7. 
M5M418165BTP- 7 
M5M418165BJ-68 

60 680 
M5M418165BTP- 68 
M5M418165BJ-78 

70 590 
M5M418165BTP- 78 

• ·.MITSUBISHI 
.... ELECTRIC 

Package 
Page .. 

outline 

** 28PON-A 

** 28P3N-C 

** 28PON-A 

** 28P3N-C 

** 28PON-A 

** 28P3N-C 

** 28PON-A 
4-173 

** 28P3N-C 

** 28PON-A 

** 28P3N-C 

** 28PON-A 

** 28P3N-C 

** 28PON-A 

** 28P3N-C 

** 28PON-A 

** 28P3N-C 

** 28PON-A 

** 28P3N-C 

** 28PON-A 
4-194 

** 28P3N-C 

** 28PON-A 

** 28P3N-C 

** 28PON-A 

** 28P3N-C 
42POK 
50P3W-L 
42POK 
50P3W-L 
42POK 

4-218 

50P3W-L 
42POK 
50P3W-L 
42POK 
50P3W-L 
42POK 
50P3W-L 
42POK 

4-248 

50P3W-L 
42POK 
50P3W-L 
42POK 
50P3W-L 
42POK 
50P3W-L 
42POK 

4-278 

50P3W-L 
42POK 
50P3W-L 



• 16M-Bit DRAM (5V Version) (Cant.) 

Memory Configuration 
Function mode capacity (Word x Bit) 

Fast Page 
4K Refresh Cycle 

Fast Page 
4K Refresh Cycle 

Self- Refresh mode 

Fast Page 
1 K Refresh Cycle 

Fast Page 
1 K Refresh Cycle 

Self- Refresh mode 

16M 1Mx 16 

Hyper Page 
4K Refresh Cycle 

Hyper Page 
4K Refresh Cycle 

Self- Refresh mode 

Hyper Page 
1 K Refresh Cycle 

Hyper Page 
1 K Refresh Cycle 

Self- Refresh mode. 

** : Under development 

MITSUBISHI LSls 

INDEX BY FUNCTION 

Access 
Power time dissipation Type name Max Typ (mW) 

(ns) 

50 540 
M5M416160CJ- 5 
M5M416160CTP- 5 

60 430 
M5M416160CJ-6 
M5M416160CTP- 6 

70 385 
M5M416160CJ- 7 
M5M416160CTP- 7 
M5M416160CJ - 5S 

50 540 
M5M416160CTP- 5S 
M5M416160CJ- 6S 

60 430 
M5M416160CTP-6S 

70 385 
M5M416160CJ- 7S 
M5M416160CTP- 7S 

50 810 
M5M418160CJ-5 
M5M418160CTP-5 

60 675 
M5M418160CJ-6 
M5M418160CTP- 6 

70 585 
M5M418160CJ- 7 
M5M418160CTP-7 
M5M418160CJ-5S 

50 810 
M5M418160CTP- 5S 
M5M418160CJ-6S 

60 675 
M5M418160CTP- 6S 

70 585 
M5M418160CJ - 7S 
M5M418160CTP- 7S 
M5M416165CJ- 5 

50 540 
M5M416165CTP-5 

60 430 
M5M416165CJ-6 
M5M416165CTP- 6 

70 385 
M5M416165CJ - 7 
M5M416165CTP- 7 
M5M416165CJ-5S 

50 540 
M5M416165CTP- 5S 
M5M416165CJ- 6S 

60 430 
M5M416165CTP- 6S 

70 385 
M5M416165CJ-7S 
M5M416165CTP- 7S 

50 810 
M5M418165CJ-5 
M5M418165CTP- 5 

60 675 
M5M418165CJ- 6 
M5M418165CTP- 6 

70 585 
M5M418165CJ - 7 
M5M418165CTP- 7 
M5M418165CJ - 5S 

50 810 
M5M418165CTP- 58 
M5M418165CJ - 6S 

60 675 
M5M418165CTP- 6S 

70 585 
M5M418165CJ-7S 
M5M418165CTP- 7S 

• MITSUBISHI 
"ELECTRIC 

Package 
Page 

outline 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 
4-308 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 
4-338 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON:...A 

** 50P3G-F 

** 42PON-A 
4-368 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 
4-399 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

** 42PON-A 

** 50P3G-F 

1-9 



MITSUBISHI LSls 

INDEX BY FUNCTION 

• 16M-Bit DRAM (3.3V Version) 

Access 
Power Package Memory Configuration 

Function mode time dissipation Type name Page capacity (Word x Bit) Max Typ (mW) outline 
(ns) 

Fast Page 60 270 
M5M4V16400BJ- 6 26POD-B 

, 4K Refresh Cycle M5M4V 16400BTP-6 26P3D-E 
Low Voltage 

70 225 
M5M4V16400BJ-7 26POD-B 

(Vee = 3.3 ± 0.3V) M5M4V16400BTP-7 26P3D-E 
Fast Page M5M4V16400BJ-6S 26POD-B 

5-3 

4K Refresh Cycle 60 270 
M5M4V16400BTP-6S 26P3D-E 

Self- Refresh mode 
M5M4V16400BJ-7S 26POD-B Low Voltage 70 225 (Vee = 3.3 ± 0.3V) M5M4V16400BTP-7S 26P3D-E 

50 330 
M5M4V16400CJ- 5 ** 26POD-B 

Fast Page M5M4V16400CTP- 5 ** 26P3D-E 
4K Refresh Cycle 

60 270 
M5M4V16400CJ-6 ** 26POD-B 

Low Voltage M5M4V16400CTP-6 ** 26P3D-E 
(Vee = 3.3 ± 0.3V) M5M4V16400CJ-7 ** 26POD-B 

70 225 
M5M4V16400CTP-7 ** ·26P3D-E 
M5M4V16400CJ- 5S ** 26POD-B 

5-23 

Fast Page 50 330 
M5M4V16400CTP-5S ** 26P3D-E 

4K Refresh Cycle M5M4V16400CJ-6S ** 26POD-B 
Self- Refresh mode 60 270 

M5M4V16400CTP-6S ** 26P3D-E Low Voltage 
(Vee = 3.3 ± 0.3V) , 70 225 

M5M4V16400CJ-7S ** 26POD-B 
M5M4V16400CTP-7S ** 26P3D-E 

50 330 
M5M4V16405CJ- 5 ** 26POD-B 

Hyper Page M5M4V16405CTP-5 ** 26P3D-E 
4K Refresh Cycle 

60 270 
M5M4V16405CJ-6 ** 26POD-B 

Low Voltage M5M4V16405CTP-6 ** 26P3D-E 
(Vee = 3.3 ± 0.3V) M5M4V16405CJ-7 ;** 26POD-B 

70 225 
M5M4V16405CTP- 7 ** 26P3D-E 

16M 4M x4 
M5M4V16405CJ-5S 26POD-B 

5-44 
50 330 ** Hyper Page M5M4V16405CTP- 5S ** 26P3D-E 

4K Refresh Cycle M5M4V16405CJ- 6S ** 26POD-B 
Self- Refresh ·mode 60 270 

M5M4V16405CTP-6S ** 26P3D-E Low Voltage 
(Vee = 3.3 ± 0.3V) 70 225 

M5M4V16405CJ- 7S ** 26POD-B 
M5M4V16405CTP- 7S ** 26P3D-E 

60 360 
M5M4V17400BJ-6 26POD-B 

Fast Page M5M4V17400BTP-6 26P3D-E 
2K Refresh Cycle 

M5M4V17400BJ-7 26POD-B (Vee = 3.3 ± 0.3V) 70 315 
M5M4V17400BTP-7 26P3D-E 

5-68 
Fast Page 60 360 

M5M4V17400BJ-6S 26POD-B 
2K Refresh Cycle M5M4V17400BTP- 6S 26P3D-E 

Self- Refresh mode 
70 315 

M5M4V17400BJ-7S 26POD-B 
(Vee = 3.3 ± 0.3V) M5M4V17400BTP-7S 26P3D-E 

50 435 
M5M4V17 400CJ- 5 ** 26POD-B 

Fast Page M5M4V17400CTP-5 ** 26P3D~E 

2K Refresh Cycle 
60 360 

M5M4V17400CJ-6 ** 26POD-B 
Low Voltage M5M4V17400CTP-6 ** 26P3D-E 

(Vee = 3.3 ± 0.3V) M5M4V17400CJ-7 ** 26POD-B 
70 315 

M5M4V17400CTP-7 ** 26P3D-E 
M5M4V17400CJ - 5S ** 26POD-B 

5-88 

Fast Page 50 .435 
M5M4V17400CTP-5S ** 26P3D-E 

2K Refresh Cycle M5M4V17400CJ-6S ** 26POD-B 
Self- Refresh mode. 60 360 

M5M4V17400CTP-6S ** 26P3D-E Low Voltage 
(Vee = 3.3 ± 0.3V) 70 315 

M5M4V17400CJ-7S ** 26POD-B 
M5M4V17400CTP-7S ** 26P3D-E 

** : Under development 

1 - 10 
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MITSUBISHI LSls 

INDEX BY FUNCTION 

• 16M-Bit DRAM (3.3V Version) (Cont.) 

Access 
Power Package Memory Configuration 

Function mode time dissipation Type name Page capacity (Word x Bit) Max Typ (mW) outline 
(ns) 

50 435 
M5M4V17405CJ-5 ** 26POD-B 

Hyper Page M5M4V17405CTP-5 ** 26P3D-E 
2K Refresh Cycle 60 360 

M5M4V17405CJ-6 ** 26POD-B 
Low Voltage M5M4V17405CTP-6 ** 26P3D-E 

(Vee = 3.3 ± 0.3V) M5M4V17405CJ-7 ** 26POD-B 
70 315 

M5M4V17405CTP-7 ** 26P3D-E 
4M x4 

M5M4V17405CJ-55 26POD-B 
5-109 

50 435 ** Hyper Page M5M4V17405CTP-55 ** 26P3D-E 
2K Refresh Cycle M5M4V 17 405CJ- 65 ** 26POD-B 

5elf- Refresh mode 60 360 
M5M4V17405CTP-65 ** 26P3D-E Low Voltage 

(Vee = 3.3 ± 0.3V) 70 315 
M5M4V17405CJ-75 ** 26POD-B 
M5M4V17405CTP-75 ** 26P3D-E 

Fast Page 60 360 
M5M4V17800AJ - 6 28POK 

2K Refresh Cycle M5M4V 17800A TP- 6 28P3Y-H 
Low Voltage 

70 315 
M5M4V17800AJ-7 28POK 

(Vee = 3.3 ± 0.3V) M5M4V17800ATP- 7 28P3Y-H 

Fast Page M5M4V17800AJ-65 28POK 5-133 
2K Refresh Cycle 60 360 

M5M4V17800ATP-65 28P3Y-H 
5elf- Refresh mode 

Low Voltage M5M4V17800AJ- 75 28POK 
70 315 

(Vee = 3.3 ± 0.3V) M5M4V17800ATP- 75 28P3Y-H 

50 435 
M5M4V17800CJ-5 ** 28PON-A 

Fast Page M5M4V17800CTP-5 ** 28P3N-C 
2K Refresh Cycle 60 360 

M5M4V17800CJ-6 ** 28PON-A 
Low Voltage M5M4V17800CTP-6 ** 28P3N-C 

(Vee = 3.3 ± 0.3V) M5M4V17800CJ-7 ** 28PON-A 
70 315 

M5M4V17800CTP- 7 ** 28P3N-C 
16M 

M5M4V 17800CJ-55 ** 28PON-A 
5-154 

2M x8 Fast Page 50 435 
M5M4V17800CTP-55 ** 28P3N-C 

2K Refresh Cycle M5M4V17800CJ- 65 ** 28PON-A 
5elf- Refresh mode 60 360 

M5M4V17800CTP-65 ** 28P3N-C Low Voltage 
(Vee = 3.~ ± 0.3V) 70 315 

M5M4V17800CJ-75 ** 28PON-A 
M5M4V17800CTP- 75 ** 28P3N-C . 

50 435 
M5M4V17805CJ- 5 ** 28PON-A 

Hyper Page M5M4V17805CTP- 5 ** 28P3N-C 
2K Refresh Cycle 

60 360 
M5M4V17805CJ-6 ** 28PON-A 

Low Voltage M5M4V17805CTP- 6 ** 28P3N-C 
(Vee = 3.3 ± 0.3V) M5M4V17805CJ-7 ** 28PON-A 

70 315 
M5M4V17805CTP-7 ** 28P3N-C 
M5M4V17805CJ-55 ** 28PON-A 

5-175 

Hyper Page 50 435 
M5M4V17805CTP- 55 ** 28P3N-C 

2K Refresh Cycle M5M4V17805CJ-65 ** 28PON-A 
5elf- Refresh mode 60 360 

M5M4V17805CTP-65 ** 28P3N-C Low Voltage 
(Vee = 3.3 ± 0.3V) 70 315 

M5M4V17805CJ-75 ** 28PON-A 
M5M4V17805CTP-75 ** 28P3N-C 

Fast Page 60 285 M5M4V16160BTP-6 50P3W-L 
4K Refresh Cycle 

Low Voltage 
70 255 M5M4V16160BTP-7 50P3W-L (Vee = 3.3 ± 0.3V) 

1Mx 16 Fast Page 5-199 

4K Refresh Cycle 60 285 M5M4V16160BTP-65 50P3W-L 

5elf- Refresh mode 
Low Voltage 70 255 M5M4V16160BTP-75 50P3W-L 

(Vee = 3.3 ± 0.3V) 

** : Under development 

1 - 11 



• 16M-Bit DRAM (3.3V Version) (Cont.) 

Memory Configuration 
Function mode capacity (Word x Bit) 

Fast Page 
1 K Refresh Cycle 

Low Voltage 
(Vee = 3.3 ± 0.3V) 

Fast Page 
1 K Refresh Cycle 

Self- Refresh mode 
Low Voltage 

(Vee = 3.3 ± 0.3V) 

Hyper Page 
4K Refresh Cycle 

Low Voltage 
(Vee = 3.3 ± 0.3V) 

Hyper Page 
4K Refresh Cycle 
Self- Refresh mode 

Low Voltage 
(Vee = 3.3 ± 0.3V) 

Hyper Page 
1 K Refresh Cycle 
(Vee = 3.3± 0.3V) 

Hyper Page 
1 K Refresh Cycle 

Self- Refresh mode 
(Vee = 3~3 ± 0.3V) 

16M 1M x 16' 
Fast Page 

4K Refresh Cycle 
Low Voltage 

(Vee = 3;3 ± 0.3V) 
Fast· Page 

4K Refresh Cycle 
Self- Refresh mode 

Low Voltage 
(Vee = 3.3 ± 0.3V) 

Fast Page 
1 K Refresh Cycle 

Low Voltage 
(Vee = 3.3 ± 0.3V) 

Fast Page 
1 K Refresh Cycle 

Self- Refresh mode 
Low Voltage 

(Vee.~ 3.3 ± 0.3V) 
Hyper Page 

4K Refresh. Cycle 
Low Voltage 

(Vee = 3.3 ± 0.3V) 
Hyper Page 

4K Refresh Cycle 
Self- Refresh mode 

Low Voltage 
(Vee = 3.3 ± 0.3V) 

** : Under development 
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INDEX BY FUNCTION 

Access 
Power time dissipation Type name Max Typ (mW) 

(ns) 

60 450 M5M4V18160BTP-6 

70 390 M5M4V18160BTP-7 

60 450 M5M4V18160BTP-6S 

70 390 M5M4V18160BTP-7S 

60 285 M5M4V16165BTP-6 

70 255 M5M4V16165BTP-7 

60 285 M5M4V16165BTP-6S 

70 255 M5M4V16165BTP-7S 

60 450 M5M4V18165BTP-6 

70 390 M5M4V18165BTP-7 

60 450 M5M4V18165BTP-6S 

70 390 M5M4V18165BTP-7S 

50 360 M5M4V16160CTP-5 

60 285 M5M4V16160CTP-6 

70 255 M5M4V16160CTP-7 

50 360 M5M4V16160CTP-5S 

60 285 M5M4V16160CTP-6S 

70 255 M5M4V16160CTP-7S 

50 540 M5M4V18160CTP-5 

60 450 M5M4V18160CTP-6 

70 $90 M5M4V18160CTP-7 

50 540 M5M4V18160CTP-5S 

60 450 M5M4V18160CTP-6S 

70 390 M5M4V18160CTP-7S 

50 360 M5M4V16165CTP-5 

60 285 M5M4V16165CTP-6 

70 255 M5M4V16165CTP-7 

50 360 . M5M4V16165CTP-5S 

60 285 M5M4V16165CTP-6S 

70 255 M5M4V 16165CTP-7S 

. •. MITSUBISHI 
lli'&ELECTRIC 

Package 
Page 

outline 

50P3W-L 

50P3W-L 

5-229 
50P3W-L 

50P3W-L 

50P3W-L 

50P3W-L 
5-259 

50P3W-L 

50P3W-L 

50P3W-L 

50P3W-L 
5-289 

50P3W-L 

50P3W-L 

** 50P3G-F 

** 50P3G-F 

** 50P3G-F 

** 50P3G-F 5-319 

** 50P3G-F 

** 50P3G-F 

** 50P3G-F 

** 50P3G-F 

** 50P3G-F 

** 50P3G-F 5-349 

** 50P3G-F 

** 50P3G-F 

** 50P3G-F 

** 50P3G-F 

** 50P3G-F 

** 50P3G-F 5-379 

** 50P3G-F 

** 50P3G-F 



MITSUBISHI LSls 

INDEX BY FUNCTION 

• 16M-Bit DRAM (3.3V Version) (Cont.) 

Access 
Power Package Memory Configuration 

Function mode time dissipation Type name Page capacity (Word x Bit) Max Typ (mW) outline 
(ns) 

Hyper Page 50 540 M5M4V18165CTP-5 ** 50P3G-F 
1 K Refresh Cycle 

60 450 M5M4V18165CTP- 6 ** 50P3G-F 
Low Voltage 

(Vee = 3.3 ± 0.3V) 70 390 M5M4V18165CTP-7 ** 50P3G-F 

Hyper Page 
1 K Refresh Cycle 

50 540 M5M4V18165CTP-5S ** 50P3G-F 5-410 

Self- Refresh mode 60 450 M5M4V18165CTP-6S ** 50P3G-F 
Low Voltage 

70 390 M5M4V18165CTP-7S ** 50P3G-F (Vee = 3.3 ± 0.3V) 
16M 1Mx 16 

Pipeline Burst 50 540 M5M4V18167CTP-5 ** 50P3G-F 
1 K Refresh Cycle 

60 450 M5M4V18167CTP-6 ** 50P3G-F 
Low Voltage 

(Vee = 3.15-3.6V) 70 390 M5M4V18167CTP-7 ** 50P3G-F 

Pipeline Burst 
1 K Refresh Cycle 

.50 540 M5M4V18167CTP-5S ** 50P3G-F 5-441 

Self- Refresh mode 60 450 M5M4V18167CTP-6S ** 50P3G-F 
Low Voltage 

70 390 M5M4V18167CTP-7S ** 50P3G-F (Vee = 3.15-3.6V) 
**: Under development 

• 16M-Bit SYNCHRONOUS DRAM (3.3V Version) 

Access 
Power Package Memory Configuration time dissipation Type name Page capacity (Word x Bit) Max Typ (mW) outline 

(ns) 

5 515 M5M4S16S31 CTP-7 ** 
2Mx8 6 455 M5M4S 16S31 CTP- 8 ** 44P3L-B 6-3 

16M 
8 380 M5M4S16S31 CTP-1 0 ** 
5 515 M5M4S16S21CTP-7 ** 

4M x4 6 455 M5M4S16S21CTP-8 ** 44P3L-B 6-44 
8 380 M5M4S16S21 CTP-1 0 ** 

** : Under development 

1 -'- 13 
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ORDERING INFORMATION 

Understanding the Type-Designation Code 
Type- designation examples are provided below to provide· 
information about the products and their packages. These 
type designations are comprised of code elements. The blanks 
in some of the examples indicate that a code element is not 
necessary. When writing the type designation. the blank 
spaces are closed. 

Example 1. 

'----------------Type a sign Mitsubishi main designation 

Example 2. (Package) 

@ 1 : DIP (Except for Plastic) 

2 : SOP 

3 : TSOP 

4 : DIP (Plastic) 

5 : SIP. ZIP 

6: OFP 

8: PGA 

9 : Specialize. SIP 

o : Leadless. PLCC. SOJ 

1 - 14 

· i 1],-_: Lr_I_·.·~_;I_:::: ____ ;::::: ::~:::d. 
- Package structure@ 

'------------- Number of pins 

. • .. MITSUBISHI 

.... ELECTRIC 

@ K : Glass- sealed ceramic 

N : PCB Module (Glass epoxy) 

P : Molded plastic 
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40POK 
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MITSUBISHI LSls 

PACKAGE OUTWARD 

, 26P3D-E 

, 26P3Z-E 

# 28P3N-C 

.". 28P3Y-H 

, 44P3L-B 

4> 44P3W-L 

, 50P3G-F 

~ 50P3W-L 

1 - 15 
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PACKAGE OUTLINES 

26P3D-E Plastic 26pin 300mil TSOP (II) (LOC) 
EIAJ· Package Code I JEDEC Code I Weight (g)_ I Lead Material J 

TSOPII 26/24-P-300-1.27 I - I I Alloy 42 I 
Scale: 3/1 

F 

~ .~ Q Q Q Q ~. @> @ 
Q QQ Q Q Q 

r-
w w D I 

0 
\ '-- .t:I t:I t:I t:I t:I t:I t:I t:I t:I t:I t:I t:I CL-CD ® ® @ 

D ~ 
{ Ji ~1 6Anme;U1jonnd 

~ Ii ~ ~B 
f-(} 

26P3Z-E 
EIAJ Package Code I JEDEC·Code 

TSOPII26/20-P-300-1.27I -

Scale: 3/1 

~f:lf:lf:l! 

w ) I W 

H t:! t:! t:! S 
'CD 

D 

~M1·· 
01 

1 - 16 

I A:2 J Al 

Detail F 

I Weight (g) I Lead Material J 
I 0.32 I ' Alloy 42 I 

F 

@ @ 
~ ~ f:l f:lR 

~ t:! t:! t:! ~ ~ 
~ 

c 

-;r-

y7Hoi ~@=:3 Gth 
Detail F 

, •. MITSUBISH ..... I 
~ELECTRIC 

J(i' 
~[~- --T'-~~ 

D[[~~=r=~~=rJ 
Recommended Mount Pad 

Symbol 
. Dimension in Millimeters 

Min Nom Max 
A - - 1.2 
Al 0.05 0.125 0.2 
A:2 - 1.0 -
b 0.35 0.4 0.5 
c 0.105 0.125 0.175 
D 17.04 17.14 17.24 

·E 7.5.2 7.62 7.72 
~ -' 1.27 -

HE 9.02 9.22 9.42 
L 0.4 0.5 0.6 
LI - 0.8 -

y - - 0.1 
() O· - 10' 

ME - 7.82 -
12 0.9 - -

b2 - 0.76 -

Plastic 26pin 300mil TSOP ( II) 

~ b2 

II IT 

~[oo_ ::f:: _ D~ 
o D=~~r=~~=D 

Recommended Mount Pad 

Symbol Dimension in Millimeters 
Min ,Nom Max 

A - - 1.2 
Al 0.05 0.125 0.2 
A:2 - 1.0 -
b 0.35 0.4 0.5 
c 0.105 0.125 0.175 
D 17.04 17.14 17.24 
E 7.52 7.62 7.72 

1m - 1.27 -

HE 9.02 9.22 9.42 
L 0.4 0.5 0.6 
LI - 0.8 -

-'L - - 0.1 
() O· - 10' 

ME - 7.82 -
12 0.9 - -

b2 - 0.76 -
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PACKAGE OUTLINES 

28P3N-C Plastic 28pin 400mil TSOP(II)(LOC) 
EIAJ Package Code I JEDEC Code I Weight (g) I Lead Material I 

TSOPII28-P-400-1.27 I - I I Alloy 42 I 
Scale: 4/1 

F 

[ill b2 

11 IT 

~[. M~::r:~~;f 
00---+----0 

---~---

-

w 
I W ) Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Nom Max 

o A - - 1.2 

lli 
Al 0.05 0.125 0.2 
A2 - 1.0 -
b 0.35 0.4 0.5 
c 0.105 0.125 0.175 

__ I"-c D 18.31 18.41 18.51 
E 10.06 10.16 10.26 

~1.z:c=~ i -4 ~ - 1.27 -

HE 11.56 11.76 11.96 
... 8 

L 0.4 0.5 0.6 
LI - 0.8 -

............--. y - - 0.1 
8 O· - 10' 

A2 Al ME - 10.36 -

Detail F 12 0.9 - -
-- b2 - 0.76 -

28P3Y-H Plastic 28pin 400mil TSOP (II) 
EIAJ Package Code I JEDEC Code I Weight (g) I Lead Material I 

TSOP II 28-P-400-1.27 I - I 0.45 I Alloy 42 I 
[ill b2 

Scale: 3/1 II Ir 
F ~[~~-::f:: _ O~ ® @ 

D 1=1 1=1 1=1 1=1 1=1 1=1 1=1 1=1 1=1 1=1 1=1 1=1 1=1 ~ 

DD=~~r=~~=D 
w W ) Recommended Mount Pad I 

Symbol 
Dimension in Millimeters 
Min Nom Max 

Ch 
A - - 1.2 g Ij Ij Ij Ij Ij Ij Ij Ij Ij Ij Ij Ij ~ 
Al 0.05 0.125 0.2 1 M 
A2 1.0 - -

b 0.35 0.4 0.5 

f c 0.105 0.125 0.175 
D 18.31 18.41 18.51 

~M1;i~;MMJkd ~~ 
E 10.06 10.16 10.26 
[ill - 1.27 -

HE· 11.56 ·11.76 11.96 
L 0.4 0.5 0.6 
LI - 0.8 -

A2 Al y - - 0.1 
8 D· 10' -

Detail F ME' - 10.36 -

12 0.9 - -

b2 - 0.76 -

• MITSUBISH, . I 
..... ELECTRIC· 1.:... 17 
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PACKAGE OUTLINES 

44P3W-L Plastic 44pin 400mil TSOP (II) 
EIAJ Package Code I JEDEC Code I Weight (g) I Lead Material I 

TSOPII44/40-P-400-0.80 I - I 0.47 I Alloy 42 J 
Scale: 3/1 ~~ 

F ~[mm_ ::f:: _ O~ 
~ IHHHHHHH~ ! ! ~HIIHHHHHI ! ~ 

o O=~~r=~~=O 
w w D Recommended Mount Pad I 

Symbol 
Dimension in Millimeters 
Min Nom Max 

A - - 1.2 
~tlt1t1t1t1t1t1t1~ ~tltHjtltltltltli lh Al 0.05 0.125 0.2 

A:2 - 1.0 -

~ 
b 0.3 0.35 0.45 
c 0.105 0.125 0.175 

~~ 
D 18.31 18.41 18.51 

D E 10.06 10.16 10.26 

~nnr; btl Fi FI EI EI r~H:I EI EI ~ lID - 0.8 -

HE 11.56 11.76 11.96 

y~- ~ 
L 0.4 0.5 0.6 
LI - 0.8 -

A:2 Al Y - - 0.1 01 
8 D· - 10· 

I Detail F ME - 10.36 -
12 0.9 - -

b2 - 0.5 -

50P3G-F Plastic 50pin 400mil TSOP (II) (LOC) 
EIAJ Packaae Code I JEDEC Code I Weight (g) I Lead Material I 

TSOP II 5O/44-P-400-0.80 I - I J Alloy 42 J 
Scale: 3/1 

w w I 

1 - 18 

F 

~CCCCCCCCC~ @ @ 
CC~CQQCCCCQ ~n 

I-

D 

0 
,tI tI tI tI tI tI tI tI tI tlJh 
CD 1 

~tltltltltltI[][][]~ CL 
~ 

D ~l.re==: i~ r . "I ~8 

1f~onnnn~U1yn~nnnnJl~jj . 
~ 

A2 Al 

Detail F --

··..MITSUBISHI 
-"ELECTRIC 

~ b2 

T1~ 

{OO~:T::~~~ 
00---+'----0 

---+----
Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Nom Max 

A - - 1.2 
Al 0.05 0.125 0.2 
A:2 - 1.0 -
b 0.25 0.3 0.4 
c 0.105 0.125 0.175 
D 20.85 20.95 21.05 
E 10.06 10.16 10.26 
~ - 0.8 -

HE 11.56 11.76 11.96 
L 0.4 0.5 0.6 
LI - 0.8 -

y - - 0.1 
(J O· - 10,· 

ME - 10.36 -
12 0.9 - -

b2 - 0.5 -



50P3W-L 
EIAJ Packa~e Code I JEDEC Code 1 
* TSOP050-P-0400 I - I 

Scale: 3/1 

@ @ 
IHIIHHl IHHI IHHl 

w w I 

&t1 t1 t1IHltH1 t1 t1£ 
1 11 

D 

~;nn~Lj 

MITSUBISHI LSls 

PACKAGE OUTLINES 

Plastic 50pin 400mil TSOP ( II ) 
Weight{g) J [ru b2 I JEIf 

~[_' '-l ::~o~ F 

@ @ 
IHHHH~ ~ IHHHHI 

DD=~~=~~=D 
Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Nom Max 

~t1t1t1t1t1t1t1t1t1~ l1- A - - 1.2 
Al 0.05 0.125 0.2 
A2 - 1.0 -

b 0.25 0.3 0.4 

U£ c 0.105 0.125 0.175 

~~nnnnnnJ2 
D 20.85 20.95 21.05 
E 10.16 

~l j 

Ie: 

[[ 
I A2 J 

Detail F 

. • MITSUBISH. I 
"-ELECTRIC 

-.JI 
(J 

Al 

~ 
HE 
L 
LI 
y 
(J 

ME 
12 
b? 

10.06 10.26 
- 0.8 -

11.56 . 11.76 11.96 
0.4 0.5 0.6 
- 0.8 -

- - 0.1 
O· - 10· 
- 10.36 -

0.9 - -

- 0.5 -

1 - 19 



26POD-B 

Scale: 3/1 

",iti i 
~" 
~ 

26PO~ 
EIAJ Package Code 

SOJ26j21rP-300-1.27 

Scale: 3/1 

I 
I 

JEDEC Code 

D 

bi 

JEDEC Code Weight (g) 
- 0.75 

w w 
I 

SEATING PLANE 

I Lead Material I 
J Alloy 42 J 

MITSUBISHI LSls 

PACKAGE OUTLINES 

Plastic 26pin 300mil SO~(LOC) 

~f~dfJ~l 
---r---

I ---+---J} -r--
--~--

Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Nom Max 

A 3:35 3.45 3.55 
Al 0.8 
b 0.38 0.43 0.5 
bi 0.66 0.7 0.81 
c 0.18 0.2 0.25 
D 17.01 17.14 17.27 
E 7.52 7.62 7.72 

1m 1.27 
e 6.73 6.86 6.99 
HE 8.35 8.45 8.55 
L 2.75 2.85 2.95 
y 0.1 
b2 0.75 
Ii 1.2 
12 2.0 

Plastic 26pin 300mil SO~ 

1m b2 

-r-r- II 
0 -~ ~[~ ::r:: ~±t~ 

~1I1111~ ~1I1111@ 
~~. I j -00 --=.:---=.:-=-:-S----+=---

0 ) w w 
I 

0 ~d Ci)uuu@ ®uuu@ 
.J:..... 

bi 

",[~ VJ}w\r
l .<: 

~ 01 y 1 ~ \ SEATING PLANE 

1- 20 
. '" MITSUBISHI .... ELECTRJC. 

~ 
Recommended Mount Pad 

Dimension in Millimeters 
Symbol Min Nom Max 

A 3.35 3.45 3.55 
Al 0.8 - -
b 0.38 0.43 0.5 
bi 0.66 0.7 0.81 
c 0.18 0.2 0.25 
D 17.02 17.15 17.28 
E 7.52 7.62 7.72 

1m - 1.27 -
[eJ] 6.73 6.86 6.99 
HE 8.35 8.45 8.55 
L 2.25 2.35 2.45 
y - - 0.1 
b2 - 0.75 -
Ii - 1.2 -
12 2.0 - -



28POK 
JEDEC Code 
Mo-061AA 

Scale: 3/1 

D 

<D 

28PON-A 
JEDEC Code 

Scale: 3/1 

D 

0 
<D 

« 

bl 

o w ~ 

@ 

0 

@ 

w 
W I 

« 

SEATING PLANE 

• MITSUBISH, I 
.... ELECTRIC 

MITSUBISHI LSls 

PACKAGE OUTLINES 

Plastic 28pin 400mil SOJ 

Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Nom Max 

A 3.35 3.45 3.55 
0.8 

b 0.38 0.43 0.5 
0.66 0.7 0.81 

c 0.18 0.2 0.25 
D 18.28 18.41 18.54 
E 10.03 10.16 10.29 

1.27 
9.27 9.4 9.53 

11.05 11.18 11.31 
L 2.25 2.35 2.45 

0.1 
b2 0.75 
11 1.2 
12 2.0 

Plastic 28pin 400mil SOJ(LOC) 

~T rhrh---~---n=h 

~[:~::L::~-x1 
UU ___ +-___ U 

Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Nom Max 

A 3.35 3.45 3.55 
0.8 

b 0.38 0.43 0.5 
0.66 0.7 0.81 

, 0.18 0.2 0.25 
18.28 18.41 18.54 
10.03 10.16 10.29 

1.27 
9.27 9.4 9.53 

11.05 11.18 11.31 
2.75 2.85 2.95 

0.1 
0.75 
1.2 

12 2.0 

1 - 21 



MITSUBISHI LSls 

PACKAGE OUTLINES 

40POK 
EIAJ Packa~e Code I JEDEC Code I Wei~ht(g) I Lead Material I 
SOJ4o-~400-1.27 I - I 1.53 I Alloy 42 I 

Scale: 2.5/1 

D 
-.~ 

~nnnnnnnnnnnnnnnnnn@ -fi)-

D 0 W 
lJ.J ~ I 

0 
~~-~wwuuuuuuuuuuwwwwwu® 

L 

~TI ~ ~ ~EATINGPLANE 
42POK 

Scale: 2.5/1 

1 - 22 

JEDEC Code 

D 

SEATING PLANE 

• MITSUBISHI 
~ELECTRIC 

Plastic 40pin 400mil SO~ 

, ffil b2 
~~ 

[. ::t::-:g.~ 
I =~ 

~ ---,----

I 
iJfi-------~_fr -+-------- ---

Recommended Mount Pad 

Symbol Dimension in Millimeters 
Min Nom Max 

A 3.35 3.45 3.55 
Al 0.8 - -

b 0.38 0.43 0.5 
bi 0.66 0.7 0.81 
c 0.18 0.2 0.25 
D 25.91 26.04 26.17 
E 10.03 10.16 10.29 
~ - 1.27 -

[§J 9.27 9.4 9.53 
HE 11.05 11.18 11.31 
L 2.25 2.35 2.45 
y - - 0.1 
b2 - 0.75 -
II - 1.2 -
12 2.0 - -

Plastic 42pin 400mil SO~ 

e 7 
::f::J;J-:j;f 

---,----

I -------J! -r--
.. --+---

Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Nom Max 

A 3.35 3.45 3.55 
0.8 

b 0.38 0.43 0.5 
bl 0.66 0.7 0.81 
c 0.18 0.2 0.25 
D 27.17 27.3 , 27.43 
E 10.03 10.16 10.29 

1.27 
e 9.27 9.4 9.53 

11.05 11.18 11.31 
L 2.25 2.35 2.45 
y 0.1 

0.75 
11 1.2 

2.0 



42PON-A 

Scale: 2.5/1 

0 
<D 

JEDEC Code 

@ 

bl 

• MITSUBISHI 
.... ELECTRIC. 

MITSUBISHI LSls 

PACKAGE OUTLINES 

Plastic 42pin 400mil SO~(LOC) 

Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Nom Max 

A 3.35 3.45 3.55 
Al 0.8 
b 0.38 0.43 0.5 
bl 0.66 0.7 0.81 
c 0.18 0.2 0.25 
D 27.17 27.3 27.43 
E 10.03 10.16 10.29 
lm 1.27 
el 9.27 9.4 9.53 
HE 11.05 11.18 11.31 
L 2.75 2.85 ·2.95 

0.1 
b2 0.75 
11 1.2 
12 2.0 

·1 - 23 
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PRECAUTIONS IN HANDLING MOS ICs/LSls 

A MOS transistor has a very thin oxide insulator under the 
gate electrode on the silicon substrate. It is operated by 
altering the conductance (gm) between source and drain to 
control mobile charges in the channel formed by the applied 
gate voltage. 

If a high voltage were applied to a gate terminal, the 
insulator- film under the gate electrode could be destroyed, 
and all Mitsubishi MOS ICI lSls contain internal protection 
circuits at each input terminal to prevent this. It is inherently 
necessary to apply reverse bias to the p..: N junctions ofa 
MOS IC/LSI. 

Under certain conditions, however, it may be impossible to 
completely avoid destruction of the thin insulator-film due 
to the application of unexpectedly high voltage or thermal 
destruction due to excessive current from a forward biased 
P- N junction. The following recommendations should be 
followed in handling MOS devices. 

1. KEEPING VOLTAGE AND CURRENT TO EACH 
TERMINAL BELOW MAXIMUM RATINGS 

1. The recommended ranges of operating conditions provide 
adeQLlatesafety margins. Operating within these limits will 
assure maximum equipment performance and Quality. 

2. Forward bias should not be applied to any terminal since 
excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to the 
power supply. Short-circuiting of a terminal to a power 
supply having low impedance may cause burn-out of the 
internal leads or thermal destruction due to excessive 
current. 

2. KEEPING ALL TERMINALS AT THE SAME 
POTENTIAL DURING TRANSPORT AND STORAGE . 

When MOS ICI lSls are not in use, both input and output 
terminals can be in a very high impedance state so that they 
are easily subjected to electrostatic induction from AC fields 
of the surrounding space or from charged objects in their 
vicinity. For this reason, MOS IC/lSls should be protected 
from electrostatic charges while being transported and stored 
by conductive rubber foam, aluminum foil, shielded boxes or 
other protective precautions. 

3. KEEPING ELECTRICAL EQUIPMENT, WORK TABLES 
AND OPERATING PERSONNEL AT THE SAME 
POTENTIAL 

i. All electric equipment, work table surfaces and operating 

personnel should be grounded. Work tables should be 
covered with copper or aluminum plates of good 
conductivity, and grounded. One method of . grounding 
personnel, after making sure that there is no potential 
difference with electrical equipment, is -by the use of a 
wristwatch metallic ring, etc. attached around the wrist and 
grounded in series with a 1 MQ resistor. Be sure that the 
grounding meets national regulations on personnel safety. 

2. Current leakage from electric equipment must be prevented 
not only for personnel safety , but also to avert the 
destruction of MOS ICI lSls, as described above. Items 
such as testers, curve-tracers and synchro-scopes must 
be checked for current leakage before being grounded. 

4. PRECAUTIONS FOR MOUNTING OF MOS IC/LSls 
1. The printed wiring lines to input and output terminals 

of MOS ICI lSls should not be close to or parallel to 
high-voltage or high-power signal lines. Turning power 
on while the device is short-circuited, either by a solder 
bridge made during assembly or by a probe during 
adjusting and testing, may cause maximum ratings to be 
exceeded, which may result in the destruction of the 
device. 

2. When inputloutput, or input andlor output, terminals of 
MOS IC/lSls (now open-circuits) are connected, we must 
consider the possibility of current leakage and take 
precautions similar to § 2 above. To reduce such 
undesirable trouble, it is recommended that an interface 
circuit be inserted at the input or output terminal, or a 
resistor with a resistance that does not exceed the 
output driving capability of the MOS IC/lSI be inserted 
between the power supply and the ground. 

3. A filter circuit should be inserted in the AC power supply 
line to absorb surges which can frequently be strong 
enough to destroy aMOS ICI lSI. 

4. Terminal connections should be made as described in the 
catalog while being careful to meet specifications. 

5. Ungrounded metal plates should not be placed near input 
or output terminals of any MOS IC/lSls, since destruction 
of the insulation may result if they become 
electrostatically charged. 

6. Equipment cases should provide shielding from 
electrostatic charges for more reliable operation. When a 
plastic case is used, it is desirable to coat the inside of 
the case with conductive paint and to ground it. This is 
considered necessary even for battery-operated equipment. 

1 - 24 
6... MITSUBISH. I 

.... ELECTRIC 



4M DRAM(5V Version) 





MITSUBISHI LSls 

M5M441 OOBJ,TP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 

DESCRIPTION 
This is a family of 41 94304- word by 1 - bit dynamic RAMS. 
fabricated with the high performance· CMOS process. and is 
ideal for large-capacity memory systems where high speed. 
low power dissipation. and low costs are essential. 

The use of Quadruple-layer polysilicon process combined 
with silicide technology and a single- transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. 

Multiplexed address inputs permit both a reduction in pins 
and an increase in system densities. 

Self or extended refresh current is small enough for battery 
back- up application. 

FEATURES 

RAS access CAS access Address 
Type name time time access time 

(max. ns) (max. ns) (max. ns) 

M5M441 OOBXX - 6. - 6S 60 15 30 
M5M441 OOBXX - 7, - 7S 70 20 35 

Cycle Power 
Type name time dissipation 

(min. ns) (tyP. mW) 

M5M441 OOBXX - 6, - 6S 110 400 
M5M44100BXX-7,-7S 130 350 

XX=J, TP 

• Standard 26pin SOJ, 26pin TSOP (IT) 
• Single 5V ± 1 0 % supply 
• Low stand- by power dissipation 

CMOS Input level ........................ 5.5mW (max) 
CMOS Input levle ...................... 0.55mW (max)· 

• Low operating power dissipation 
M5M44100BXX-6,-6S················ 550.0mW(max) 
M5M441 OOBXX - 7,- 7S ................ 467.5mW (max) 

• Extended refresh capability 
Extended refresh current························l 50 J..lA ( max) 

• Self refresh capability 
Self refresh current······························· ·150 J..lA ( max)· 

• Fast-page mode (2048-bit random access), Read-modify­
write. RAS- only refresh, CAS before RAS refresh; Hidden 
refresh, CBR Self Refresh (- 6S, - 7S) capabilities. 

• Early write operation gives common I/O capability. 
• All inputs, output TTL compatible and low capacitance 
• 1024 refresh cycles every 16.4ms (Ao-A9) 
• 1024 refresh cycles every 128ms (Ao-A9) * 
• 16-bit parallel test mode capability 

* : Applicable to self refresh version (M5M44100BJ. TP 
- 6S, - 7S : option) only. 

APPLICATION 
Main memory unit for computers, Microcomputer memory. 
Refresh memory for CRT 

PIN CONFIGURATION (TOP VIEW) 

DATA INPUT D- 1 

WRITE CO~J~f W _ 2 

ROW ADDRESS RAS _ 3 

STROBE INPUT NC 4 

A~~r:=: 
(5V)Vcc 

VSS(OV) 
25 - Q DATA OUTPUT 
24 _ ~ ~g~~~~s 

STROBE INPUT 
NC 

ADDRESS 
INPUTS 

Outline 26POJ (300mil SOJ) 

DATA INPUT 
WRITE CONTROL 

VSS(OV) 

14- A4 

ADDRESS 
INPUTS 

Outline 26P3Z-E (300mil TSOP) 

NC: NO CONNECTION 

• . MITSUBISHI 
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FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 

FUNCTION 
The M5M44100BJ, TP provide, in addition to normal read, 
write, and read-modifY-write operations, a number of other 

functions, e.g., fast page, mode, RAS"-only refresh, and delayed­
write. The input conditions for each are shown in Table 1. 

Table 1. Input condition for each mode 

Inputs 

Operation RAS CAS W D 
Row Column 

address address 

Read ACT ACT NAC DNC APD APD 
Write (Early write) ACT ACT ACT VLD APD APD 
Write (Delayed write) ACT ACT ACT VLD APD APD 

Read - modify- write ACT ACT ACT VLD APD APD 

RAS- only refresh ACT NAC DNC DNC APD DNC 

Hidden refresh ACT ACT DNC DNC DNC DNC 
CAS" before RAS refresh ( Extended· ) ACT ACT NAC DNC DNC ONC 

Self Refresh • ACT ACT NAC ONC ONC ONe 
Stand-by NAC DNe DNC DNC DNC DNC 

Note. ACT: active, NAC : nonactive, DNC: don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COL~¥~~Dp~~~ CAS 

~~~Dp~~~ RAS 

WRITE CONTROL _ 
INPUT W 

Ao 

Al 

A2 

A3 

A4 

ADDRESS INPUTS A5 

2-4 

As 

A7 

AS 

A9 

Al0 

COLUMN DECODER 

SENSt: REFRESH 
AMPLIFIER & I/O 

CONTROL 

MEMORY CELL 
(4,194,304 BITS) 

'" " ,M,ITSUBISH" I .... ELECTRIC' 

Output 

Q 
Refresh Remark 

VLD YES 

OPN YES Fast page mode 
IVD YES identical 

VLD YES 

OPN YES 

VLD YES 
OPN YES 
OPN YES 
OPN NO 

~, , Vcc(SV) 

--yVSS(OV) 

D DATA INPUT 

Q DATA OUTPUT 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vee Supply voltage -1-7 

VI Input voltage With respect to Vss - 1-7 

Vo Output voltage - 1-7 

10 Output current 50 

Pd Power dissipation Ta = 250C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature - 65-150 

RECOMMENDED OPERATING CONDITIONS (Ta = 0-70OC, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.4 6.5 V 

VIL Low-level input voltage - 2.0 0.8 V 

Note 1. All voltage values are with respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta = 0-70OC, Vee = 5V ± 10%, Vss = OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

VOH High-level output voltage 10H = - 5mA 2.4 Vee 

VOL Low-level output voltage 10L = 4.2mA 0 0.4 

loz Off- state output current Q floating, OV ;£ VOUT ;£ 5.5V -10 10 

Ii Input current QV;£VIN;£6. 5V, Other inputs pi ns=QV -10 10 

Average supply current M5M441 008-6, -6S RAS, CAS cycling 100 
leel (AV) from Vee, operating tRe = twe = min. 

(Note 3,4,5) M5M441 008-7, -7S output open 85 

Supply current from Vee, 
RAS = CAS = VIH, output open 2 

lee2(AV) M5M44100B RAS = CAS;?; Vee - 0.5, 1 
stand-by (Note 6) 

M5M441 OOB (5) output open 0.1' 

Average supply current M5M44100B-6, -6S RAS cycling 100 
lee3(Av) from Vee, refreshing CAS = VIH, tRe = min. 

(Note 3,5) M5M441 00B-7, -7S output open 85 

Average supply current M5M441 00B-6, -6S RAS = VIL 100 
lee4(Av) from Vee, Fast- Page- CAS cycling 

Mode (Note 3,4,5) M5M441 00B-7, -7S tpc = min., output open 85 

Average supply current M5M44100B-6, -6S CAS before RAS refresh 85 
from Vee, CAS before 

lce6(AV) 
RAS refresh mode 

cycling, tRe = min. 

(Note 3,5) M5M44100B-7, -7S output open 75 

Stand-by: 
RAS ~ Vec - O.2V 
CAS ~ Vec - O.2VorCAS ~ O.2V 

CAS before RAS refresh: 
RAS cycling CAS;:;;; O.2V or 

lec8(Av)* 
A verage supply current from Vee CAS before RAS refresh cycling -

150 
Extended- refresh cycle (Note 6) W ~ O.2V or ~ Vec - O.2V 

OE ~ O.2V or ~ vcc - O.2V 
Ao-A9 ;:;;; O.2V or ~ vcc - O.2V 
00 = open 
tRC = 125 I..lS 
tRAS=tRASmin-1I..ls 

Average supply current 
lce9(AV)' from Vcc, Self- refresh M5M441 OOB (S) RAS = CAS;£ 0.2V 150 

cycle (Note 6) 

Note 2. Current flowing into an IC is positive, out is negative. 
3. ICCl (Av),ICC3(AV) and ICC4(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4. ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5. Address can be changed once or less while RAS = VIL and CAS = VIH. 

• MITSUBISH. I 
.... ELECTRIC 

Unit 

V 

V 

V 

mA 

mW 

OC 
°C 

Unit 

V 

V 

lolA 

lolA 

mA 

mA 

mA 

mA 

mA 

lolA 

lolA 
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CAPACITANCE(Ta = 0-70"C, VCC = 5V ± 10%, Vss = OV, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min Typ Max 

Ci(A) ~nput capacitance, address I M5M441 OOBJ,TP 5 pF 
Inputs 

VI = Vss 
Ci(D) Input capacitance, data input 

f = 1MHz 
7 pF 

CI(W) Input capacitance, write control input 7 pF 
CI (i=iAS) Input capacitance, RAS input VI = 25mVrms 

7 pF 

Ci(oo) Input capacitance, CAS input 7 pF 

Co Output capacitance Vo = Vss, f = 1 MHz, VI = 25mVrms 7 pF 

SWITCHING CHARACTERISTICS (Ta = 0-70"C, VCC = 5V ±10%, Vss = OV, unless otherWise noted) (Notes 6,13,14) 

,Limits 

Symbol Parameter M5M44100B-6, -6S M5M44100B-7, -7S Unit 
Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 15 20 ns 

tRAC Access time from RAS (Note 7,9) 60 70 ns 

tAA Column Address access time (Note 7,10) 30 35 ns 

tCPA Access time from CAS precharge (Note 7, 11) 35 40 ns 

tClZ Output low impedance from CAS low (Note 7) 5 5 ns 
tOFF Output disable time after CAS high (Note 12) 0 15 0 20 ns 

Note 6. An initial pause of 500 ~ s is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containing a RAS clock such as RAS-only refresh). 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater 
than 16.4 ms/128ms*) of RAS inactivity before proper device operation is achieved. 

7. Measured with a load circuit equivalent to 2TTL loads and 100pF. 
8. Assumes that tRCD ~ tRCD (max) and tASC f: tASC (max). 
9. Assumes that tRCD:ai tRCD (max) and tRAD:ai tRAD (max). If tRCD or tRAD is greater than the maximum recommended value shown 

in this table, tRAC will increase by amount that tRCD or tRAD exceeds the value shown. 
10. Assumes that tRAD iii:; tRAD (max) and. tASC :ai tASC (max). 
11. Assumes that tcP:ai tcp (max) and tASC iii:; tASC (max). 
12. tOFF (max) and tOEZ (max) defines the time at which the output achieves the high impedance state (Iour:li I ± 10 ~ A I ) and is not 

reference to VOH (min) or VOL (max). 

TIMING REQUIREMENTS (For Read, Write, Read- Modify- Write, Refresh, and Fast Page Cycles) 
(Ta=0-70"C,Vcc=5V± 10%,Vss=OV,unless otherwise noted ) (Notes 13,14) 

Limits 

Symbol Parameter M5M441 00B-6, -6S M5M441 00B-7, -7S 

Min Max 

Refresh cycle time 
I M5M44100B 16.4 

tREF I M5M44100B(S) 128 

tRP RAS high pulse width 40 

tRCD Delay time, RAS low to CAS low (Note 15) 20 45 

tCRP Delay time, CAS high to RAS low 5 

tRPC Delay time, RAS high to CAS low 0 

tCPN CAS high pulse width .10 

tRAD Column address delay time from RAS low (Note 16) 15 30 

tASR Row address setup time before RAS low 0 

tASC Column address setup time before CAS low (Note 17) 0 10 

tRAH Row address hold time after RAS low 10 

tCAH Column address hold time after CAS low 15 

tr Transition time (Note 18) 1 50 

Note 13. The timing requirements are assumed tr = 5ns. 
14. VIH (min) and Vil (max) are reference levels for measuring timing of input signals. 
15. tRCD (max) is specified as a reference point only. If tRCD is less than tRCD (max), access time is tRAC. 

If tRCD is greater than tRCD (max), access time is controlled exclusively by tCACor tAA. 
tRCD (min) is specified as tRCD (min) = tRAH (min) + 2tr + tASC (min). 

Min Max 

16.4 

128 

50 

20 50 

5 

0 

10 

15 35 

0 

0 10 

10 

15 

1 50 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

16. tRAO(max) is specified as a reference point only. If tRADiii:;tRAD(max) and tAsc:aitASC(max),access time is controlled exclusively 
by tAA. 

17. tASC (max) is specified as a reference point. only. If tRCD iii:; tRCD (max) and tASC iii:; tASC (max), access time is controlled exclusively 
by tCAC. 

18. tr is measured between VIH(min) and Vll(max) . 
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Read and Refresh Cycles 

Limits 

Symbol Parameter M5M441 00B-6, -6S M5M44100B-7, -7S Unit 
Min Max Min Max 

tRC Read cycle time 110 130 ns 

tRAS RAS low pulse width 60 10000 70 10000 ns 

tCAs CAS low pulse width 15 10000 20 10000 ns 

tCSH CAS hold time after RAS low 60 70 ns 

tRSH RAS hold time after CAS low 15 20 ns 

tRCS Read setup time before CAS low () 0 ns 

tRCH Read hold time after CAS high (Note 19) 0 0 ns 

tRRH Read hold time after RAS high (Note 19) 10 10 ns 

tRAL Column address to RAS hold time 30 35 ns 

Note 19. Either tRCH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write Cycles) 

Limits 

Symbol Parameter M5M441 00B-6, -6S M5M441 00B-7, -7S Unit 

Min Max Min Max 

twc Write cycle time 110 130 ns 

tRAS RAS low pulse width 60 1'0000 70 10000 ns 

tCAS CAS low pulse width 15 10000 20 10000 ns 

tCSH CAS hold time after RAS low 60 70 ns 

tRSH RAS hold time after CAS low 15 20 ns 

twcs Write setup time before CAS low (Note 22) 0 0 ns 

tWCH Write hold time after CAS low 10 15 ns 

tCWL CAS hold time after W low 15 20 ns 

tRWL RAS hold time after W low 15 20 ns 
twp Write pulse width 10 15 ns 

tDS Data setup time before CAS low or W low 0 0 ns 

tDH Data hold time after CAS low or W low 10 15 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 

Symbol Parameter M5M441 008-6, -6S M5M441 008-7, -7S Unit 

Min Max Min Max 

tRWC Read Write cycle time (Note 20) 130 155 ns 

tRMWC Read modify write cycle time (Note 21) 130 155 ns 

tRAS RAS low pulse width 85 10000 95 10000 ns 

tCAS CAS low pulse width 40 10000 45 10000 ns 

tCSH CAS hold time after RAS low 85 95 ns 

tRSH RAS hold time after CAS low 40 45 ns 

tRCS Read setup time before CAS low 0 0 ns 

tCWD Delay time, CAS low to W low (Note 22) 15 20 ns 

tRWD Delay time, RAS low to W low (Note 22) 60 70 ns 

tAWD Delay time, address to W low (Note 22) 30 35 ns 

tCWL CAS hold time after W low 15 20 ns 

tRWL RAS hold time after W low 15 20 ns 
twp Write pulse width 10 15 ns 

tDS Data setup time before W low 0 0 ns 

tDH Data hold time after W low 10 15 ns 

Note 20. tRWC IS specified as tRWC (min) = tRCD (max) + tCWD (min) + tRWL (min) + tRP (min) + 3tT. 
21. tRMWC is specified as tRMWC (min) = tRAC (max) + tRwL (min) + tRP (min) + 3tT. 
22. twcs, tRwD, tCWD, tAwD and tCPwD do not define the limits of operation, but are included as electrical characteristics only. When twcs 

s::twCS(min), an early write cycle is performed, and the data output keeps the high impedance state. When tRWDs::tRwD(min), tcwD 
s:: tCWD (min), tAwD s:: tAwD (min), and tCPWD s:: tCPwD (min) (for fast page mode cycle only), a read write cycle is performed, and 
the data of the" selected address will be read out on the data output. 
If neither of the above condition (delayed write) is satisfied, the condition of 0 (at' access time and until CAS goes back to VIH) 
is indeterminate. 
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Fast- Page Mode Cycle (Read, Write, Read - Write, and Read - Modlfy- Write Cycles) (Note 23) 

Limits 
Symbol Parameter M5M441 00B-6, -6S M5M441 00B-7, -7S Unit 

Min Max Min Max 
tpc Fast page mode read/ write cycle time 40 45 ns 
tPRWC Fast page mode read write/ read modify write cycle time 60 70 ns 
tRAS RAS" low pulse width for read write cycle (Note 24) 105 100000 115 100000 ns 
tcp CAS high pulse width (Note 25) 10 15 10 15 ns 
tCPRH RAS" hold time after CAS precharge 35 40 ns 
tCPWD Delay time, CAS precharge to Wlow (No~e 22) 35 40 ns 

Note 23. All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
24. tRAS (min) is specified as two cycles of CAS input are performed. 
25. tcp (max) is specified as a reference point only. 

CAS before RAS Refresh, Extended Refresh Cycle' (Note 26) 

Limits 
Symbol Parameter M5M441 00B-6, -6S M5M44100B-7, -7S Unit 

Min Max Min Max 
tCSR CAS setup time before RAS low 5 5 ns 
tCHR CAS hold time after RAS low 10 15 ns 
tRSR Read setup time before RAS low 10 10 ns 
tRHR Read hold time after RAS low 10 15 ns 
tCAS CAS low pulse width 25 30 ns 

- -
Note 26. Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh· 
mode. 

Self Refresh Cycle· 

Symbol Parameter 

tRASS CBR self refresh RAS low pulse width 
tRPS CBR self refresh RAS" high precharge time 

tCHS CBR self refresh CAS hold time 

tRSR Read setup time before RAS low 
tRHR Read hold time after RAS low 

2-8 
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M5M44100B-6S M5M44100B-7S Unit 
Min Max Min Max 
100 100 IJ.S 
110 130 ns 

- 50 - 50 ns 
10 10 ns 
10 15 ns 
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Test Mode Specifications (Note 27) 

ELECTRICAL CHARACTERISTICS CTa = 0-70"C. VCC = 5V ± 10 %. Vss = OV. unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min TYD Max 

Average supply current M5M441 00B-6, -6S RAS. CAS cycling 115 
ICCl (AV) from Vcc operating tRC = twc = min. mA 

(Note 3. 4. 5) M5M441 00B-7. -7S output open 100 

Average supply current M5M441 00B-6. -6S RAS cycling 115 
Icc3(Av) from Vcc refreshing CAS = VIH. tRC = min. mA 

(Note 3,5) M5M441 00B-7. -7S output open 100 

Average supply current M5M441 00B-6. -6S RAS = VIL 115 
Icc4(Av) from Vcc Fast- Page- CAS cycling mA 

Mode (Note 3. 4. 5) M5M441 00B-7. -7S tpc = min .. output open 100 

Average supply current 
M5M441 00B-6. -6S CAS before RAS refresh 100 

from V cc CAS before 
IcC6(AV) 

RAS refresh mode 
cycling. tRC = min. mA 

(Note 3.5) 
M5M441 00B-7. -7S output open 85 

Note 27. All previously specified electrical characteristics, switching characteristics and timing requirements are applicable to that of test mode. 

SWITCHING CHARACTERISTICS CTa = 0-70°C. VCC = 5V ± 10 %. Vss == OV. unless otherwise noted) (Notes 6.13.14) 

Limits 
Symbol ParameterLimits M5M441 006-6, -6S M5M441 00B-7, -7S 

Min Max Min Max 
tCAC Access time from CAS (Note 7.8) 20 25 
tRAC Access time from RAS (Note 7.9) 65 75 
tAA Column address access time (Note 7.10) 35 40 
tCPA Access time from CAS precharge (Note 7.11) 40 45 

TIMING REQUIREMENTSCTa = 0-70°C. VCC = 5V ± 10%. Vss = OV. unless otherwise noted) (Notes 13,14) 

Read and Refresh Cycles 

Symbol 

tRC 
tRAS 
tCAS 
tCSH 
tRSH 
tRAL 

Parameter 

Read cycle time 
RAS low Dulse width 
CAS low pulse width 
CAS hold time after RAS low 
RAS hold time after CAS low 
Column address to RAS hold time 

• MITSUBISHI 
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limits 
M5M44100B-6, -6S M5M441 008-7, -7S 

Min Max Min Max 
115 135 
65 10000 75 10000 
20 10000 25 10000 
65 75 
20 25 
35 40 

Unit 

ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
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Read-Write and Read-Modlfy-Wrlte Cycles 

Limits 
Symbol Parameter M5M441 00B-6, -6S M5M44100B-7, -7S 

Min Max Min Max 
tRWC Read write cycle time (Note 20) 135 160 
tRMWC Read modify write cycle time (Note 21) 135 160 
tRAS RAS low pulse width 90 10000 100 10000 
tCAS CAS low pulse width 45 10000 50 10000 
tCSH CAS hold time after RAS low 90 100 
tRSH RAS hold time after CAS low 45 50 
tCWD Delay time, CAS low to W low (Note 22) 20 25 
tRWD Delay time, RAS low to W low (Note 22) 65 75 
tAWD Delay time, address' to W low (Note 22) 35 40 

Fast- Page Mode Cycle (Read, Write, Read- Write, and Read- Modlfy- Write Cycles) (Note 24) 

Symbol Parameter 

tpc Fast page mode read/ write cycle time 
tPRWC Fast page mode read write/ read modify write cycle time 
tRAS RAS low pulse width for read write cycle (Note 25) 
tCPRH RAS hold time after CAS precharge 
tCPWD Delay time, CAS precharge to W low (Note 23) 

Test Mode Set Cycle 

Symbol 

tWSR 
tWHR 

2 - 10 

Parameter 

Write setup time before RAS low 
Write hold time after RAS low 

• MITSUBISHI 
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Limits 
M5M441 00B-6, -6S M5M441 00B-7, -7S 

Min Max Min Max 
45 50 
65 75 

115 200000 125 200000 
40 45 
40 45 

Limits 
M5M441 008-6, -6S M5M44100B-7, ,..7S 

Min Max Min Max 
10 10 
10 15 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 
ns 
ns 

Uhit 

ns 
ns 
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Note 28. Self refresh sequence 

Two refreshing ways should be used properly depending on 
the low pulse width (tRASS) of RAS signal during self refresh 
period. 

1. In case of tRASS < 300ms 
1.1 Distriduted refresh during Read/ Write operation 
(A) Timing Diagrams 

Read/Write Cycle 
'1 

Self Refresh Cycle 
'1-

Read/Write Cycle 

~. tRASS< 300ms 

last refresh cycle 

Table 2 

Read/Write Cycle 
Read/Write~ 

I 
Self Refresh ~ 

Self Refresh Read/Write 

CBR distributed tNSD + tSND ~ 1 6.4ms refresh 

RAS only tNSD ~ 16 I.l s I tSND ~ 16 I.l S distributed refresh 

(B) Definition of refresh 
Definition of· CBR distributed refresh 

The CBR distributed refresh performs more then 
1024 discrete CBR cycles within 16.4 ms. 

Definition of RAS only distributed refresh 
All combination of ten row address signals (Ao-A9) 
are selected during 1024 discrete RAS only refresh 
cycles within 16.4 ms. 

first refresh cycle 

1.1.1 CBR distributed Refresh 
• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal 
in the last CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within tNSD (shown 
in table 2). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the first CBR refresh cycle during read/ 
write operation period should be set within tSND (shown 
in table 2). 

1.1.2RAS only distributed refresh 
• Switching from read/write operation to self refresh operation. 

The time interval tNSD from the falling edge of RAS signal 
in the last RAS only refresh cycle during read / write 
operation period .to the falling edge of RAS signal at the 
start of self refresh operation should be set within 16 J.L s. 

• Switching from self refresh operation to read/write operation. 
The time interval tSND from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the first CBR refresh cycle during read/ 
write operation period should be set within 16. I.ls. 

• MITSUBISHI 
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1.2 Burst refresh during Read/Write operation 
(A) Timing diagram 

Read/Write Self Refresh Read/Write 

tRASS < 300ms 

=-"-.---------.~ . 
refresh cycles 1023 cycles 1023 cycles refresh cycles 

Table 3 

Read/Write Cycle Read/Write-+ Self Refresh-+ 
Self Refresh Read/Write 

CBR burst tNSB ~ 1 6Ams tSNB ~ 1 6Ams refresh 

RAS only burst tNSB + tSNB ~ 16Ams refresh 

(B) Definition of burst refresh 
Definition of CBR burst refresh 

The CBR burst refresh performs more then 1 024 
continuous CBR cycles within 16Ams. 

Definition of RAS only burst refresh 
All combination of ten row address signals (Ao-A9) 
are selected during 1024 continuous RAS only 
refresh cycles within 1604 ms. 

1 .2.1 CBR distributed Refresh 
• Switching from read/write operation to self refresh operation. 

The time interval tNSB from the falling edge of RAS signal 
in the first CBR refresh cycle during read/write operation 
period to the falling edge of RAS" signal at the start of 
self refresh operation should be set within 1 604 ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tSNB from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the last CBR refresh cycle during read 
/ write operation period should be set within 1604 ms. 

1.2.2 RAS only distributed refresh 
• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal 
in the first RAS only refresh cycle during read / write 
operation period to the falling edge of RAS signal at the 
start of self refresh operation should be set within tNSB 
(shown in table 3). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the last RAS only refresh cycle during read/ 
write operation period should be set within tSNB (shown 
in table 3). 

2 - 12 
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2. In case of tRASS ~ 300ms 
(A) Timing diagram 

Self Refresh Read/Write 

tAA~' 300m' lfiJSJV 
refresh cycle 
1024 cycle 

Table 4 

Read/Write Sel f Refresh-+ReadlWi rte 
CBR distributed refresh 
RAS only distributed refresh 

tREF ;;;; 16.4ms 
CBR burst refresh 
RAS only burst refresh 

(B) Definition of refresh 
The same as 1.1 - (B) and 1.2 - ( B) 

2.1 
Regardless of the refresh (CBR distributed refresh. RAS only 
distributed refresh. CBR burst refresh. RAS only burst refresh) 
during Read/ Write operation the minimum of 1024 cycles 
refresh should be preformed within 16.4 ms from the rising 
edge of RAS signal at the end of self refresh operation. 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M441 OOBJ, TP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 

Timing Diagrams (Note 29) 

Read Cycle 

VIH-

Vil -

VIH -

Vil -

Ao-AlO VIH-

w 

D 

Q 

2 - 14 

Vil -

VOH -

VOL -

-'~ 

tCRP 

tASR tRAH 

ROW ..J 

t.DDRES~ 

tRC 

tRAS tRP 

," I ~\ 

tCSH 

tRCD tRSH ~C 

~ -tCAS 

\ ~ W1f1 
tRAD tRAl tASR - t---

l,tASC tCAH tCPN 

f- COLUMN ROW 
k-- ADDRESS .., ADDRESS 

tRRH 

~ --I-
tRCH 

tCAC 

tAA ~ 
tClZ 

~ Hi-Z 
DATA VALID ~ Hi-Z 

1/ 
tRAC 

~ Indicates the don't care input. 
Note 29. ~ VIH (mln):ii! VIN :ii! VIH (max) or Vil (mln):ii! VIN :ii! Vil (max). 

~ Indicates the invalid output. 

•. MITSUBISHI 
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MITSUBISHI LSls 

M5M441 OOBJ, TP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 

Write Cycle (Early write) 

Ao-Al0 

w 

o 

Q 

VIH -

Vll.,-

VIH -

Vll.,-

VIH -

Vll.,-

VIH -

Vll.,-

VIH -

VIL -

VOH -

VOL -

twc 

tRAS tRP 

\ V \ 
tCSH 

tF 
tRCD tRSH 9 f -tCAS 

~ 
~l-- V rwJ 

t~ ~ I~ASC. tCAH tASR 
~ 

~ 
ROW 
~ 

COLUMN ~ ROW 
l-- ADDRESS ADDRESS ADDRESS 

~ t-
~ 

twcs tWCH 

~ tDH 

-' 

DATA VALID 
..., 

Hi-Z ------------------------------------------------------------------

• MITSUBISHI 
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MITSUBISHI LSls 

M5M441 OOBJ, TP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT(4194304 .. WORD BY 1-BIT)DYNAMIC RAM 

Write Cycle (Delayed Write) 

Ao-Al0 

w 

D 

Q 

2 - 16 

VIH -

Vil -

VIH -

Vil -

VIH -

Vil -

VIH -

Vil -

VIH -

Vil -

VOH -

~ 

tCf 

t~ ~ 

ROW 
ADDRESS 

twc 

tRAS 

tCSH 

tRCO tRSH 

tCAS 

, 
tASC tCAH 

.~ 
COLUMN 

.~ 
ADDRESS 

r 
'I 

tWCH 

tos r--

tClZ 

Hi-Z 

• . MITSUBISHI 
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tRP 

V " 1£!c f ~ 
I W 

tCWl tCPN tASR 
I--

ROW 
ADDRESS 

tRWl 
twp 

~ 

tOH 

DATA VALID 

~ 

) Hi-Z 



MITSUBISHI LSls 

M5M441 OOBJ ,TP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao-AlO 

w 

D 

Q 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VOH -

VOL -

i\ 
k-

r 
t~ I tRAH 

"-
ROW 

r-ADDRESS 

tRWC 

tRAS 

tCSH 

tRCD tRSH 

tCAS 

~ 

tRAD 

tlsc tCAH 

~ 

.~ 

t~ 

Hi-Z 

COLUMN 
ADDRESS 

tRWD 

tAWD 

f----oo 
tCWD 

tCAC 

tAA 

tCLZ 

~~ 
tRAC 

• . MITSUBISHI 
.... ELECTRIC 

tDS 

tRP , "-
~c T I-

I ~ 
tCWL tCPN ~ 

ROW 
ADDRESS 

tRWL 
twp 

~ 

tDH 

DATA VALID 

~ 

i\ Hi-Z 
DATA VALID II 
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MITSUBISHI LSls 

M5M441 OOBJ, TP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 

RAS- only Refresh Cycle (Note 30) 

Ao-As 

w 

D 

Q 

2 - 18 

VIL -

YOH -

VOL -

~ 

--1~. 

tASR tRAH 

ROW 
ADDRESS 

tRC 

tRAS 

Hi-Z 

Note 30. AIO may be VIH or VIL. Refresh address: Ao(ROW)-AS(ROW) 

..• MITSUBI. SHI 
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tRP 

V ~ 
_.!'3f~ .:.....~ ,..... 

W 
tASR 

-of---
ROW 

ADDRESS 



MITSUBISHI LSls 

M5M441 OOBJ, TP-6,-7 ,-65,-7S 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle • 

VIH -

VIL -

VIH -

VIL -

VIH 
Ao-AlO 

w 

o 

Q 

VIL 

VIH 

VIL 

VIH -

VIL-

VOH -

VOL -

tRP tRAS 

-.! -'\ 
... 

tRPC ~ tCHR 
I--

~~ , V 
- r---~PN 

4H r tRHR 

WI I 

tOFF - 1--1--

-~ 

_II 

RC 

1 \.--; 

-~ 
tCSR ---

~ 

~ 
'I 

• MITSUBISHI 
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RC 

tRAS 

tCHR 

V 

tRHR 

Hi-Z 

tRP 

.... 
~I\ ~ 

--~ 
tCRP 

r 
W ~ 

tASR 

~COlUMN ADDRESS ADDRESS 

~ 

2 - 19 



Self Refresh Cycle· (Note 28) 

VIH -

VIL -

VIH -

VIL -

VIH 
Ao-Al0 

w 

D 

Q 

2 - 20 

VIL 

VIH -

VIL -

VIH -

VIL -

VOH -

VOL -

tRP 

.J 
RPC ~ I--
~ 

~ ..J 
-- - $PN 

~H ~ 
W 

tOFF - :--1--

-\ 
_I 

\ 
~ 

MITSUBISHI LSls 

M5M44100BJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 

tRHR 

I 

I 

tRASS 

{( 

If 

•. MITSUBISHI 
"ELECTRIC 

II 
tRPC 

~ 

! 

Hi-Z 

tRPS 

\ 
tCRP 

r 
W \ 

tASR 

~COLUMN 
DDRESS ADDRESS 

~ 



MITSUBISHI LSls 

M5M441 OOBJ, TP-6,-7 ,-68,-78 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 31) 

Ao-A10 

w 

D 

Q 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VOH -

VOL -

~ 

.~ 

tRC 

tRAS 

~ 

tCRP tRCD tRSH 

\ 

tRAD .L tRAL 

tASR ~ I--
tASC tCAH 

ROW f@ COLUMN 
ADDF1ESS ADDRESS 

~ tRr 

tCAC 

tAA 

tCLZ 

Hi-Z ~. 
tRAC 

tRC 

tRP tRAS 

I 

V 
, f 

tCHR 

9 

DATA VALID 

Note 31. Early write, delayed write, read write or read modify write cycle is applicable inste;;ld of read cycle. 

Timing requirements and output state are the same as that of each cycle shown above. 
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tRP 

L 
~ 

V 

tASR 
1---+ 

ROW 
... ADDRESS 

tOFF 

\ 
I 
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M5M44100BJ,TP-6,-7,-6S,-7S 

. FAST PAGE MODE 4194304:.BIT(419.4304-WORD BY 1-BIT)DYNAMIC RAM 

Fast Page Mode Read Cycle 

Ao-AIO 

w 

D 

Q 

2 - 22 

VOH -

VOL -

tRAS tRP 

.c~ y ~ 

L-
tCSH tpc ~ 

tF 
tRCD tCAS tcp tCAS tcp tCAS 

-~ V ~k-~ k-

tRAD 

tASR tRAH tAkc tCAH tASC tCAH 
I+- - --- I--

~ ~ 
ROW COLUMN COLUMN ~ ADDRESS..., \:51:0- ADDRESS 1 ADDRESS2 

~ 

Hi-Z 

rJ . -rT 11 

tRAC 

, , 
tCAC 

tAA ~ 
~ 

J~ DATA ~ 
~ k- VALlD1 1/ 

'., MITSUBISH. I 
.... ELECTRIC 

~ 
tAA 

-o~F--

"~ 
tCPA 

!------o-

Ir----1 

-,V ~ 
f-

k- 3 
tCPRH 

tAsc tCAH .~ 
.......... -- /T2'Y'l. 

COLUMN 'Xxx ROW 
ADDRESS3 \X"X"X":II\ ADDRESS 

~ ~ ~ 

RAl tRRH 

_IfH 

! ~! 
tRCS -rr 

I~ t I~ 

tCAC ---tOFF tAA ~ 
tClZ 

--+ 

DATA H ~ f- DATA ~ k-VALlD2 k- VALlD3 

tCPA 
I 



MITSUBISHI LSls 

M5M441 OOBJ, TP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

w 

D 

Q 

VIH -

VIL -

VIH -

·VIL -

VIH -

VIL -

VOH -

VOL -

tRAS tRP 

FL-\ 
tCSH tpc tRSH 

I---
tCRP tRCO tCAS tcp tCAS ~ tCAS 

I r---.., 

~ J \ V ~ V 
k- k- ..., "j -

tASR tRAH tASC tCAH tASC 
l.tCAH• 

tASC tCAH tASR 
I-- - r--- I----- I-- I--"' -- -00 I-

'X"'X"'X""X • - .~ ROW .... COLUMN COLUMN COLUMN ROW 
ADDRESS ADDRESS 1 ADDRESS2-, ADDRESS3 ADDRESS 

~ -............- ~ 

I!WC~ tWCH twcs tWCH twcs tWCH 
I--~ 

tos tOH tos ~ tos ~ I-- I+--- ~ 

~ ~ 
DATA DATA DATA 

VALIDl VALlD2 VALlD3 
~ ~ 

Hi-Z 
----------------------------------~---------------------------------
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MITSUBISHI LSls 

M5M441 OOBJ, TP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 

Fast Page Mode Write Cycle (Delayed Write) 

Ao-Al0 

w 

D 

Q 

2 - 24 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIL -

VOH -

VOL -

~ 

tCRP tRCD 

~ 

tASR tRAH 

~ 
ROW 
~ 

~ 
ADDRESS 
~ 

Hi-Z 

tRAS tRP 

I 
!fi L 

tCSH tpc 

tCAS tcp tCAS 

~ \ Y t-

tRSH 
tASC tCAH tASC tCAH tASR --- I---- t--

COLUMN COLUMN ROW 
ADDRESS1 ADDRESS2 ADDRESS 

-~ ~ 
tRWL ---tCWL ~ 

twp twp -- I~ ~W! 
tWCH 

tDS tDH 

DATA 
VAlID1 

_~L 

~ 

~~> 

•. MITSUBISHI 
"'ELECTRIC 

~ 
tWCH 

tDS tDH 

DATA -' e VAlID2 
~ 

~ 
~ 

Hi-Z 

~~ >--



MITSUBISHI LSls 

M5M441 OOBJ, TP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 

Fast Page Mode Read - Write, Read - Modify - Write Cycle 

Ao-A10 

w 

o 

Q 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VOH -

VOL -

tRAS tRP 

I 
t """',.. 

\ - L 
tCSH tPRWC 

tCRP tRCD tCAS tcp tCAS 

J 
J \ ~ 

~ 
tRAD 

tASR ~ tASC tCAH t~ tCAH tASR 
t+-- ~ ~ 

~.r- .~ 
....... ..... -

ROW COLUMN COLUMN ROW 
ADDRESS ADDRESSl ,.. ADDRESS2 ADDRESS -~.-~ 

I - ~ -
tAWD tAWD tRWL 

'r tCWD ~ r~ tCWD ~ 

~ 
twp 

~ 
-'~ ~, \ 

r 

tRWD tCPWD 

tDS tDH tDS tDH 

DATA 
VALIDl 

tCAC -tAA 
tCLZ 

Hi-Z DATA ~ VALIDl 

tRAC 

• MITSUBISHI 
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1-

tOFF 
1--0<-

\ 
I 

~ 
DATA 

VALlD2 
~ 

tCAC ~. tAA 

~ 
Hi-Z l~ DATA }--VALlD2 

tePA 
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MITSUBISHI LSls 

M5M44100BJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM 

Test Mode Set Cycle (Note 32) 

w 

D 

Q 

2 - 26 

VIH­

VIL -

tRP 

J 
tRPC tCSR 
t--- I+-:-

If'""'1 ,~ J 
tCPN 

rr tWSR - --
~ 

_t~ 

-~ 

-~ 

\. 

tRC 

tRAS tRP 

I ~ 
tCHR . RPC -FF- ~ 

I W \. 
tASR 

1--

~COLUMN 
.. .DDRESS ADDRESS 

tWHR rd 

Hi-Z 

Note 32. This cycle is also available for the initialization cycle, but in this case device enters test mode. 
The test mode function is initiated with a Wand CAS before RAS cycle (WCSR cycle) as specified above timing 
diagram. 
The test mode function is terminated by either a CAS before RAS (CSR) refresh or a RAS only refresh cycle. 
During the test mode, the devics is intemally organized as 16- bits wide (256 kilobytes deep). 
No addressind of A 1 ° (both row and column) and AO, A 1 (column only) is reQuired. 
During a write cycle, data on the input pin is written in parallel into all 16- bits. 
During' a read cycle, the each output pin' indicates a HIGH state if all 16- bits are eQual, and a LOW state if 
any bits differ. 
During the test mode operation, a WCSR cycle is used to perform refresh. 
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MITSUBISHI LSls 

M5M441 OOCJ, TP-5,-6,-7, 
-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

DESCRIPTION 

This is a family of 4194304-word by 1-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

PIN CONFIGURATION (TOP VIEW) 

The use of double-layer metalization process technology and a 
single-transistor dynamic storage stacked capacitor cell provide 
high circuit density at reduced costs. Multiplexed address inputs 
permit both a reduction in pins and an increase in system 
densities. Self or extended refresh current is low enough for 
battery back-up application. 

FEATURES 

RAS CAS Address Cycle Power 
Type name access access access dissipa-

time time time time lion 
(max.ns) (max.ns) (max.ns) (min.ns) (typ.mW) 

MSM44100cXX-S,·SS 50 13 25 90 500 
MSM44100cXX-S,.SS 60 15 30 110 400 
MSM44100CXX·7,·7S 70 20 35 130 350 

XX=J,TP 

-Standard 26pin SOJ, 26pin TSOP ( IT ) 
-Single 5V±10% supply 
eLow stand-by power dissipation 

CMOS Input level --- - - -- - --- - - -- - - - - --- - - - - -·5.5mW (Max) 
CMOS Input level -------------------------550 f1 W (Max) * 

eOperating power dissipation 
M5M44100Cxx-5,-5S - - - - - - - - - - - - - - - - - - - - - - 687.5mW (Max) 
M5M44100Cxx-6,-6S ---------------- ------550.0mW (Max) 
M5M4410OCxx-7,-7S ----------------------467.5mW (Max) 

eSelf refresh capability * 
Self refresh current - - - - -- - - - - - -- - - -- - - - -- - --- 120 f1 A(Max) 

eExtended refresh capability 
Extended refresh current --------------------- 120 f!. A(Max) 

eFastlopage mode(2048-column random access), Read-modify-write, 
RAS-only refresh, CAS before RAS refresh, Hidden refresh 
capabilities. 

eEarly-write operation gives common I/O capability. 
e1024 refresh cycles every 16.4ms (Ao -A9) 
e1024 refresh cycles every 128rns (Ao -A9) * 
e16-bit parallel test mode capability 
* :Applicable to self refresh version (M5M44100CJ,TP-5S,-6S,-7S 

:option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory. Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-A10 Address inputs 
D Data input 
Q Data output 

RAS Row address strobe input 

CAS Column address strobe input 

W Write control input 
Vcc Power supply (+5V) 

Vss Ground (OV) 

M5M441 OOCJ, TP-5, -5S:Under development 

• MITSUBISHI 
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o 6 vSS 

W Q 

RAS CAS 
NC 

Al0 

Ao 
Al 

A2 

A7 

As 

As 

A4 

Outline 26POJ(300mil SOJ) 

o 

NC 

Al0 

Ao 
Al 

A3 

vee 

Q 

CAS 

NC 

A7 

As 

As 

A4 

Outline 26P3Z-E(300mil TSOP) 

NC:NO CONNECTION 
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M5M441 OOCJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

FUNCTION 

In addition to normal read, write, and read-modify-write operations 
the M5M44100CJ,TP provide a number of other functions, e. g., 

fast page mode, RAS-only refresh, and delayed-~rite. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each.mode 

Operation 
Inputs 

RAS CAS W D "Jld~:ss ~b~:~ 
Read ACT ACT NAC DNC APD APD 
Write (Early write) ACT ACT ACT VLD APD APD 
Write (Delayed write) ACT ACT ACT VLD APD APD 
Read-modify-write ACT ACT ACT VLD APD APD 
RAS only refresh ACT NAC DNC DNC APD DNC 

Hidden refresh ACT ACT DNC DNC DNC DNC 
CAS before RAS (Extended*) refresh ACT ACT NAC DNC DNC DNC 
Self refresh* ACT ACT NAC DNC DNC DNC 
Stand-by NAC DNC DNC DNC DNC DNC 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, ND: invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

ROW ADDRESS _ 
STROBE INPUT RAS 

COLUMN ADDRESS CAS 
STROBE INPUT 

WRITE CONTROL W 
INPUT 

Ao 
Al 
A2. 
A3 

A4 

ADDRESS INPUTS As 

2 - 28 

AS 
A7 

As 
A9 

A10 

SENSE REFRESH 
AMPLIFIER & 1/0 CONTROL 

MEMORY CELL 
(4194304BITS) 

., MITSUBISHI 
..... ELECTRIC 

Output 
Refresh Remark 

Q 

VLD YES 
OPN YES Fast page mode 

IVD YES identical 

VLD YES 
OPN YES 
VLD YES 
OPN YES 
OPN YES 
OPN NO 

----:=:Q vee (5V) 

+-¢VSS(OV) 
I 

D DATA INPUT 

Q DATA OUTPUT 
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MITSUBISHI LSls 

M5M441 OOCJ ,TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage -1-7 

VI Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta=25°C 1000 
Topr Operating temperature 0-70 

Tstg Storage temperature -65 -150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70°C, unless otherwise noted) (Note 1) 

Limits 
Unit Symbol Parameter Min Nom Max 

Vcc Supply voltage 4.5 5.0 5.5 V 

Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.4 6.5 V 

VIL Low-level input voltage, all inputs -2.0 0.8 V 
Note 1 . All voltage values are wIth respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta=0-70°C, Vcc=5V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ 

VOH High-level output voltage IOH=-5mA 2.4 

VOL LOW-level output voltaQe IOL=4.2mA 0 
loz Off-state output current Q floating, OV ~VOUT ~ 5.5V -10 

II Input current OV=:;;VIN~+6.5V, Other inputs pins=OV -10 

Average supply current M5M44100C-5,-5S RAS, CAS cycling 
ICCl (AV) from Vcc, operating M5M44100C-6,-6S tRc=twc=min. 

(Note 3,4,5) M5M44100C-7,-7S output open 

RAS= CAS =VIH, output open 
l~c2(AV) Supply current from V CC, stand-by (Note 6) RAS= CAS ~Vcc -0.5V 

output open 

Average supply current M5M44100C-5,-5S RAS cycling, CAS= VIH 
Icc3(AV) from Vcc, RAS only M5M44100C-6,-6S tRc=min. 

refresh mode (Note 3,5) M5M44100C-7,-7S output open 

Average supply current M5M44100C-5,-5S RAS=VIL, CAS cycling 
Icc4(AV) from Vcc, Fast Page M5M44100C-6,-6S tpc=min. 

Mode (Note 3,4,5) M5M44100C-7,-7S output open 

Average supply current M5M44100C-5,-5S CAS before RAS refresh cycling 
Icc6(AV) from vcc, CAS before RAS M5M44100C-6,-6S tRc=min. 

refresh mode (Note 3,5 M5M44100C-7,-7S output open 

RAS Cy~ CAS ~0.2V or CAS 
before RA refresh cycling 
RAS~O.2V or ~Vcc-0.2V 

Average supply current from V cc, CAS~0.2V or ~Vcc-0.2V 
ICC8(AV)* Extended-Refresh mode (Note 6) W~0.2V(Except for RAS falling edge) 

or ~Vcc-0.2V 
Ao-A10~0.2V or ~Vcc-0.2V, Q=open 
tRc=125 f1 s, tRAs=tRAsmin-1 f1 s 

Icc9(AV)* Average supply current from V cc, 
(Note 6) 

RAS=CAS~0.2V 
Self-Refresh mode output open 

.. Note 2: Current flOWIng Into an IC IS positIve, out IS negatIve. 
., 

3: ICCl (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: leCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column address can be changed once or less while RAS=V IL and CAS=VIH 
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Unit 

V 

V 

V 

mA 

mW 

°c 

°c 

Max 
Unit 

Vcc V 
0.4 V 
10 }.lA 
10 }.lA 

125 

100 mA 

85 
2 

1.0 mA 

0.1* 

125 

100 mA 

85 
105 

85 mA 

75 

105 

85 mA 

75 

120 }.lA 

120 }.lA 
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M5M44100CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=0-70°C, Vcc=5V± 10%, Vss=OV, unless otherwise noted) 

Test c,onditions 
Limits 

Symbol Parameter 
Min Typ Max 

Unit 

CI(A) Input capacitance address inputs VI=VSS 5 pF 
CI(CLK) Input capacitance, clock inputs f=1MHz 7 pF 
CI(O) Input capacitance, data input VI=25mVrms 7 pF 

Co Output capacitance Vo=Vss, f=1MHz, VI=25mVrms . 7 pF 

SWITCHING CHARACTERISTICS (Ta=0-70·C, VCC = 5V±10%, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 
Symbol Parameter M5M44100C-5,-5S M5M44100C-6,-6S M5M44100C·7,-7S Unit 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 13 15 20 ns 

tRAC Access time from RAS (Note 7,9) 50 60 70 ns 
tAA Column address access time (Note 7,10) 25 30 35 ns 

tCPA Access time from CAS precharge (Note 7,11) 30 35 40 ns 
tCLl Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOFF Output disable time after CAS hiqh (Note 12\ 13 15 20 ns 

Note 6:An inilial pause of 200 J.l s is required after power-up followed by a minimum of eight initialization cycles (RAS- only refresh or CAS before RAS refresh 
cycles). 
Note the RAS may be cycled during the initial pause. And 8 initialization cycles are required after prolonged periods (greater than tREF(max» of RAS 
inactivity before proper device operation is achieved. 

7:Measured with a load circuit equivalent to 2TTL loads and 100pF. 
8:Assumes that tRco~tRCO(max) and tAsC~tASC(max). 
9:Assumes that tRCO;;i;tRCO(max) and tRAO;;i;tRAO(max). If tRco or tRAO is greater than the maximum recommended value shown in this table, tRAC will 

increase by amount that tRCO or tRAO exceeds the value shown. 
10:Assumes.that tRAO~ tRAO(max) and tAsC;;i;tASC(max).· 
11 :Assumes that tCP;;i;tCP(max) and tASC~tASC(max). 
12:tOFF(max) defines the time at which the output achieves the high impedance state (I OUT;;i; I ±10 f1 AI) and is not reference to VOH(min) or VOL(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=O -70°C, Vcc = 5V±10%, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 

Symbol Parameter M5M44100C-5,-5S M5M44100C-6,-6S M5M44100C-7,-7S 

Min Max Min Max Min Max 

tREF Refresh cycle time 16.4 16.4 16.4 

tREF Refresh cycle time * 128 128 128 
tRP RAS high pulse width 30 40 50 
tRCO Delay time, RAS low to CAS low (Note 15) 18 37 20 .45 20 50 
tCRP Delay time, CAS high to RAS low 5 5 5 
tRPC Delay time, RAS high to CAS low 0 0 0 
tCPN CAS high pulse width 10 10 10 
tRAO Column address delay time from RAS low (Note 16) 13 25 15 30 15 35 
tASR Row address setup time before RAS low 0 0 0 
tAse Column address setup time before CAS low (Note 17) 0 7 0 10 0 10 

tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 13 15 15 
tT Transition time (Note 18) 1 50 1 50 1 50 

Note 13: The timing requirements are assumed tT=5ns. 
14: VIH(min) and VIL(max) are reference levels for. measuring timing of input signals. 

Unit 

ms 

ms 
ns 
ns 

ns 
ns 
ns 
ns 

ns 
ns 

ns 

ns 

ns 

15: tRCD(max) is specified as a reference point only. If tRCO is less than tRCO(max), access time is tRAC. If tRCO is greater than tRCO(max), access time is 
controlled exclusively by tCAC or tAA. 

16: tRAD(max) is specified as a reference point only. If tRAO~tRAO(max) and tASC;;i;tASC(max), access time is controlled exclusively by tAA. 
17: tASC(max) is specified as a reference point only. If tReO~tRCO(max) andtASC~tASC(max), access time is controlled exclusively by tCAC. 
18: tT is measured between VIH(min) and VIL(max). 
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M5M441 OOCJ, TP-5,-6,-7 ,-58,-68,-78 

. FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

Read and Refresh Cycles 

Limits 
Symbol Parameter M5M44100C-5,-5S M5M44100C-6,-6S M5M44100C-7,-7S Unit 

Min Max Min Max Min Max 
tAC Read cycle time 90 110 130 ns 

tAAS RAS low pulse width 50 10000 60 10000 70 10000 ns 

tCAS CAS low pulse width 13 10000 15 10000 20 10000 ns 
tCSH CAS hold time after RAS low 50 60 70 ns 

tASH RAS hold time after CAS low 13 15 20 ns 
tACS Read Setup time before CAS low 0 0 0 ns 
tACH Read hold time after CAS high (Note 19) 0 0 0 ns 

tAAH Read hold time after RAS high (Note 19) 0 0 0 ns 
tAAL Column address to RAS hold time 25 30 35 ns 

. . Note 19: Either tACH or tAAH must be satisfied for a read cycle . 

Write Cycle (Early Write and Delayed Write) 

Limits 

Symbol Parameter M5M44100C-5,-5S M5M44100C-6,-6S M5M44100C-7,-7S Unit 

Min Max Min Max Min Max 
twc Write cvcle time 90 110 130 ns 
tAAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 13 10000 15 10000 20 10000 ns 
tCSH CAS hold time after RAS low 50 60 70 ns 
tASH RAS hold time after CAS low 13 15 20 ns 
twcs Write setup time before CAS low (Note 21) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 15 ns 
tCWL CAS hold time after W low 13 15 20 ns 

tAwL RAS hold time after W low 13 15 20 ns 

twP Write Dulse width 8 10 15 ns 

tDS Data setup time before CAS low or W low 0 0 0 ns 

tDH Data hold time after CAS low or W low 8 10 15 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M44100C-5,-5S M5M44100C-6,-6S M5M44100C-7,-7S Unit 

Min Max Min Max· Min Max 
tAWC Read write/read modify write cycle time (Note 20) 108 130 155 ns 
tAAS RAS low pulse width 68 10000 80 10000 95 10000 ns 
tCAS CAS low pulse width 31 10000 35 10000 45 10000 ns 
tCSH CAS hold time after RAS low 68 80 95 ns 
tASH RAS hold time after CAS low 31 35 45 ns 
tACS Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 21) 13 15 20 ns 
tAWD Delay time, RAS low to W low (Note 21) 50 60 70 ns 
tAWD Delay time, address to W low (Note 21) 25 30 35 ns 
tCWL CAS hold time after W low 13 15 20 ns 
tAWL RAS hold time after W low 13 15 20 ns 
twP Write pulse width 8 10 15 ns 

tDS Data setup time before CAS low or W low 0 0 0 ns 

tDH Data hold time after CAS low or W low 8 10 15 ns 

Note 20: tAWC IS specified as tAWC(min)=tAAC(max)+tRWL(min)+tRp(min)+3tT. 
21: twcs, tRWD, tCWD, tAWD and tCPWD are specified as reference points only. If twcs~twCS(miri) the cycle is an early write cycle and the data output 

keeps the high impedance state. If tCWD~tCWD(min), tRwD~tRWD(min), tAWD~tAWO(min) and tCPWD~tCPWD(min) (for fas.t page mode cycle only), the 
cycle is a read-modify-write cycle and the data will contain the data read from the selected address. If neither of the above condition (delayed write) is 
statisfied, the condition of the Q (at access time and until ~ goes back to V IH ) is indeterminate. 
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M5M441 OOCJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (4194304~WORD BY 1-BIT) DYNAMIC RAM 

Fast page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 22) 

Limits 
Symbol Parameter M5M44100C-5,-5S M5M44100C-6,-6S M5M44100C-7,-7S 

Min Max Min Max Min Max 
tpc Fast page mode read/write cycle time 35 40 45 

tPRWC Fast page mode read write/read modify write cycie time 53 60 70 
tRAS RAS low pulse width for read or write cycle (Note 23) 85 100000 100 100000 115 100000 
tcp CAShioh Dulse width (Note 24) 8 12 10 15 10 15 
tCPRH RAS hold time after CAS precharge 30 35 40 
tCPWD Delay time, CAS precharge to W low (Note 21) 30 35 40 

.. Note 22: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
23: tRAS(min) is specified as two cycles of CAS input are performed. 
24: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * (Note 25) 

Limits 
Symbol Parameter M5M44100C-5,-5S M5M44100C-6,-6S M5M44100C-7,-7S 

Min Max Min Max Min Max 
tCSR CAS setuD time before RAS low 5 5 5 
tCHR CAS hold time after RAS low 10 10 15 
tRSR Read setup time before RAS low 10 10 10 
tRHR Read hold time after RAS low 10 10 15 
tCAS CAS low Dulse width 20 20 25 

Note 25: Eight or more CAS before RAS cycles Instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

Self Refresh Cycle * (Note 26) 

Limits 
Symbol Parameter M5M44100C-5,-5S M5M44100C-6,-6S M5M44100C-7,-7S 

Min Max Min Max Min Max 
tRASS CBR self refresh RAS low pulse width 100 100 100 
tRPS CBR self refresh RAS high precharge time 90 110 130 
tCHS CBR self refresh CAS hold time -50 -50 -50 
tRSR Read setup time before RAS low 10 10 10 
tRHR Read hold time after RAS low 10 10 15 

Test Mode Specification (Note 27) 

ELECTRICAL CHARACTERISTICS (Ta=O~ 70°C, Vcc=5V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

Average supply current M5M44100C-5,-5S RAS, CAS cycling 145 
ICCl (AV) from Vcc, operating M5M44100C-6,-6S tRc=twc=min. 115 

(Note 3,4,5) M5M44100C-7,-7S output open 100 

Average supply current M5M44100C-5,-5S RAS cycling, CAS=VIH 145 
Icc3(Av) from Vcc, RAS only M5M44100C-6,-5S tRc=min. 115 

refresh mode (Note 3,5) M5M441 OOC-7,QS output open 100 

Average supply current M5M44100C-5,-5S RAS=VIL, CAS cycling 120 
Icc4(Av) from Vcc, Fast Page M5M44100C-6,-6S tpc=min. 100 

mode (Note 3,4,5) M5M44100C-7,-7S output open 85 
Average supply current M5M44100C-5,-5S CAS before RAS refresh cycling 120 

Icc6(Av) from VCC, CAS before RAS M5M44100C-6,-6S tRc=min. 100 
refresh mode (Note 3,5) M5M44100C-7,-7S output open 85 

Note 27:AII previously specified electrical characteristics, switching characteristics, and timing requirements are applicable to that of rest mode. 
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M5M441 OOCJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-Bln DYNAMIC RAM 

SWITCHING CHARATERISTICS (Ta=0-70°C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 

Symbol Parameter M5M44100C-5,-5S M5M44100C-6,-6S M5M44100C-7,-7S 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 18 20 25 

tRAC Access time from RAS (Note 7,9) 55 65 75 

tAA Column address access time (Note 7, 10) 30 35 40 

tCPA Access time from CAS precharqe (Note7,11) 35 40 45 

TIMING REQUIREMENTS (Ta=0-70°C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 13, 14) 

R~ad and Refresh Cycle 

Limits 

Symbol Parameter M5M44100C-5,-5S M5M44100C-6,-6S 

Min Max Min Max 

tRC Read cycle time 95 115 

tRAS RAS low pulse width 55 1.0000 65 10000 

tCAS CAS low pulse width 18 10000 20 10000 

tCSH CAS hold time after RAS low 55 65 

tRSH RAS hold time after CAS low 18 20 

tRAL Column address to RAS hold time 30 35 

Read-Write and Read-Modify-Write Cycle 

Limits 
Symbol Parameter M5M44100C-5;-5S M5M44100C-6,-6S 

Min Max Min Max 

tRWC Read write/read modify write cycle time (Note 20) 113 135 

tRAS RAS low pulse width 73 10000 85 10000 

tCAS CAS low pulse width 36 10000 40 10000 

tCSH CAS hold time after RAS low 73 85 

tRSH RAS hold time after CAS low 36 40 

tCWD Delay time, CAS low W low (Note 21) 18 20 

tRWD Delay time, RAS low W low (Note 21) 55 65 

tAWD Delay time, address to W low (Note 21) 30 35 

Fast page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) 

Symbol Parameter M5M44100C-5,-5S 

Min Max 

tpc Fast page mode read/write cycle time 40 

tPRWC Fast paqe mode read write/read modify write cycle time 58 

tRAS RAS low pulse width for read or write cycle 

tCPRH RAS hold time after CAS precharge 

tCPWD Delay time, CAS precharqe to W low 

Test Mode Set Cycle 

Symbol Parameter 

twSR Write setup time before RAS low 

twHR Write hold time after RAS low 

(Note 23) 95 200000 

35 
(Note 21) 35 

M5M44100C-5,-5S 

Min 
10 

10 
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Max 

Limits 
M5M44100C-6,-6S 

Min Max 

45 

65 

110 200000 

40 

40 

Limits 
M5M44100C-6,-6S 

Min Max 

10 

10 

M5M44100C-7,-7S 

Min Max 

135 

75 10000 

25 10000 

75 

25 

40 

M5M44100C-7,-7S 

Min Max 
160 

100 10000 

50 10000 

100 

50 

25 

75 

40 

M5M44100C-7,-7S 

Min Max 

50 
75 

125 200000 

45 

45 

M5M44100C-7,-7S 

Min Max 
10 

15 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 
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Timing Diagrams (Note 28) 
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MITSUBISHI LSls 

M5M441 OOCJ, TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 
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tRAS tRP 
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tCSH 

tRCO tRSH 
tCAS tCRP 
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tRAO tRAL tASR 
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VIH­

VIL -

VIH -

VIL -

VOH­

VOL-

ADD [\ESS I¥XXXX>7\ ADDRESS IXX x x 'A ADDRESS 

~~~~~~~ 

~~~ 

L tRCS 

I '1 

)()(")(')f 
XXXXXXY 
XXXXXXI 

xxxxx~ ~ 
xxxxxxxxx xxx 

Hi-Z 

tRAC 

Note 28 

~ tRRH 

tRCH 

~}(xx..x.M 
\xXXXXXXXXX 

~x xxx )()()()(XXXXXXXXX) 
xxxxxxxx xxx )l)(")(")(":X~XXXX) 

tCAC 

tAA 
tOFF 

tCLZ .J 
~ 

~ DATA VALID ~ Hi-Z 

If 

Indicates the don't care input. 
VIH(min)~VIN~VIH(max) or VIL(min)~VIN~VIL(max) 

Indicates th~ invalid output. 
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M5M441 OOCJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

Ao-A10 

w 

0 

Q 

VIH­

VIL -

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH-

VIL -

VOH-

VOL-

twc 

tRAS L tRP 

r 
\ I \ 

tCSH 

tCf 
tRCD tRSH 

tCAS L CRP 

~ 
~ 

, 'I 
tASR tRAH tASC tCAH tASR 

~ 4-----+ ~ 

~ ROW "IXXXXX\' COLUMN :rxxxxxxxXX~ ROW 
~ XXXX)II\ ADDRESS ADDRESS ~xxxxxxxxxxxxxx~ ADDRESS XXXXXI 

twcs tWCH 

XXXXXXXX~XXXX~~ 'I~ XXXXXXXXXXXX 
~xxxxxxxx~ 

~xxxxxxxxxxxxxxx~ +XXXXXXXXXXXXXXXXXXXXX) 
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(~~~~~~~ ~~~~~~~~~~X~ DATA VALID 
XXXXXXXXI ~AXXXX AAXXXXA 

Hi-Z 
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M5M441 OOCJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

Ao-A10 

w 

D 

a 
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VIH­

VIL -

VIH­
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M5M441 OOCJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 
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VIH­
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M5M441 OOCJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle (Note 29) 

Q 

2 - 38 

VIH ..... 
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VIL -

VIH-" 

VIL -

VOH-
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Note 29: A 10 may be VIH or VIL Refresh address: AO(ROW)-A9(ROW) 
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M5M441 OOCJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT-(4194304-WORD BY 1-BI1) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Ref(esh Cycle * 
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S 
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M5M441 OOCJ, TP-5,-6,-7 ,-5S,-6S,-.7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 30) 
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XXXXXXX XXXI 
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If 
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Note 30: Early write, dela,yed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle described above. 
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M5M441 OOCJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 
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M 5M441 OOCJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 
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14twcs. ~ tWCH. ~ ~ 
xxx~ X\. 

(--xxx XX~ xxxxx 

~ ~ ~ ~ 
x xxx XXXX,"l DATA :~. DATA 

XX7\., VALlD-1 ~ VALlD-2 

Hi-Z 
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XXXXX 
xx 

~ ~ 
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MITSUBISHI LSls 

M5M441 OOCJ, TP-5,-6,-7 ,-5S,-68,-78 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

w 

0 

a 

VIH­

VIL -

VIH­

VIL -

VIH­

VIL -

VIH-

VIL -

VIH-

VIL -

VOH-

VOL-

tAAS tAP 

F ~ '--
tCSH tASH 

tCAP tACO tCAS tpc 

I tcp teAs 

~ 
xxxx.;</ 

, I ~ V 

tASA tASC 
tAWLH 

tAAH tCAH tASC 14 tCAH , ~ ~ ~ ~ ~ ~ tASA 

~ ROW ~ COLUMN ~~~~~» ~ COLUMN :KXX XX}(I:A ROW 
~ ADDRESS ADDRESS1 xV ADDRESS2 ~xx xxx Jon ADDRESS xx 

. ~ ~ tACS~ 
~ twp 

r--

-}¢¢<xxxx~ ~ I@ , IlXxxxxx 
xxxxxXXXXXXXI xxxxxx 

tWCH twCH 

tos 
tOH 

tDS 
tOH 

)<XXX XXXXXXx xx x x x-V:.?\, DATA t\!C xxx xxxXX:A DATA I~ 
.z.xxx x xxxxx~ VALlD-1 ~ ~ VALlD-2 ~ 

tCLZ 
~ tOFF, 

tcLZ 
~ 

~ ~ 
Hi-Z 

~ H ~~ 
Hi-Z 

• MITSUBISHI 
.... ELECTRIC 2 - 43 



MITSUBISHI LSls 

M5M441 OOCJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

w 

D 

Q 

2 - 44 

____________ ~ ~------------------------------------------------____ tR-A-S------------------------------------------_1~"-----VIH-

\ 
VIL -

tCSH 

tCF tRCD tCAS tPRWC 
-:t j4-tRWL 

tcp tCAS 

VIH -

~ ~ VIL -
tRAD 

I ~ I 
~---------+~ 

~SR ~ tAsc ...... tCAH 
~ if-t tASR 

VIH-~ ROW ~ COLUMN NXXX 711 
VIL _ XXXXX;/' ADDRESS ADDRESS1 w.xxxxxxx9/' 

COLUMN 
ADDRESS2 W.XIXX 

P---t''''''!-------''i 

x 
xX ~ 

ROW 
ADDRESS 

HH-__ -=tA_W_D ___ --M .. ~tCWL tAWD 

~CS tCWD twp tRCS tcwo twp 
I ~~ 4·1-,-IHf-I·-----+i 14---i--+i 

VIH -~ x IX IX IX IX. \ £. .. <;jr.........t.----+-----------------~, i ~),X~XxX5C3<X} 
VIL·-~xx XXX7 t)"Y !XXXXX} 

VOH- Hi-Z 

VOL-

twCH twCH 

tRWD 

~ 

DATA 
VALlD-1 

tAA tOFF 
tCLl ~ 

~ 
DATA 

VALlD-1 

tRAC 
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-------. 

r'. 
V 

tCPWD 
tOH 

tos .... 14---t--~ 

tAA 
~ 

tCLZH 

DATA :~ 
VALlD-2 ~ b== 

'XXXXXXXXX1 
:::::: 'X'Xxxx~ 

Hi-Z 

~ 
Ir-----D-A-T-A----~~ Hi-Z 

p-________ V_A_L_ID_-2 ____ ~V 

tCPA 
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M5M441 OOCJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

Self Refresh Cycle * (Note 26) 

Ao-Al0 

w 

D 

Q 

VIH­

VIL -

VIH­

VIL -

tRP tRASS tRPS 

VIH-~m~~~~~ 
VIL - ~ L___-' '-------'_ 

VIH-

VIL -

tOFF 

VOH-

VOL-
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M5M441 OOCJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

Test Mode Set Cycle (Note 31) 

Ao-AlO 

w 

o 

Q 
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VIH­

VIL -

VIH­

VIL -

VIH­

VIL -

VIH­

VIL -

VOH-

tRC 

tRP tRAS tRP 

tOFF 

Hi-Z 

VOL- ----...:f 

Note 31: The cycle is also available for the initialization cycle, but in this case device enters test mode. 
The test mode function is initiated with a Wand CAS before RAS cycle (WCBR cycle) as specified aboVe timing diagram. 
The test mode function is terminated by either a CAS before RAS(CBR) refresh or a RAS only refresh cycle. 
During the test mode, the device is internally organized as 16-bits wide (256k-bytes deep) for each DQ (inpuVoutput) port. 
No addressing of AlO (both row and column) and AO, Al (column only) is required. 
During a write cycle, data on the input pin is written in parallel into all 16-bits. 
During a read cycle, the each output pin indicates a HIGH state if all 16-bits are equal, and a LOW state if any bits differ. 
During the test mode operation, a WCBR cycle is used to perform refresh . 
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M5M441 OOCJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

Note 26:Self refresh sequence 

Two refreshing methods should be used properly depending on the 

low pulse width(tRASS) of RAS signal during selhefresh period. 

1. Distributed refresh during ReadLWrite operation 

(A) Timing diagram 

ReadlWrite Cycle Self Refresh Cycle ReadlWrite Cycle 

RAS 

-uiZ}?9 ~l00.S ~D 

last r----fifW 
refresh cycle 

Table 2 

Read/Write Cycle ReadlWrite- Self Refresh-
Self Refresh Read/Write 

CBR distributed 
refresh tNSD~125 ,us tSND~125,us 

RAS only 
tNSD~16,us tSND~16 ,us 

distributed refresh 

(B) Definition of distributed refresh 

refresh 
cycle 

Definition of CBR distributed refresh 

(Including extended refresh) 

tREF/1024 

readlwrite 
cycles 

refresh 
cycle 

The CBR distributed refresh performs more than 1024 

constant period (125,us max.) CBR cycles within 128ms. 

Definition of RAS only distributed refresh 

Note: 

All combinations of row address signals (A 0 - A9 ) are 

selected during 1024 constant period (16 ,us max.) RAS 

only refresh cycles within 16.4rns. 

Hidden refresh may be used instead of CBR refresh. 

RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal in the last 

CBR refresh cycle during read/write operation period to the falling 

edge of RAS signal at the start of self refresh operation should be 

set within tNSD (shown in table 2). 

tREF 

refresh 
cycle 

refresh cycle 

tREF/1024 

readlwrite 
cycles 

• Switching from self refresh operation to read/write operation. 

The time interval from the rising edge of RAS Signal at the end 

of self refresh operation to the falling edge of RAS signal in the 

first CBR refresh cycle during read/write operation period should 

be set within tSND (shown in table 2) 

1 .2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNSD from the falling edge of RAS signal in the 

last RAS only refresh cycle during read/write operation period to 

the falling edge of RAS signal at the start of self refresh 

operation should be set within 16 JI. s. 

• Switching from self refres\1 operation to read/write operation. 

The time interval tSND from the rising edge of RAS signal at the 

end of self refresh operation to the falling edge of RAS signal in 

the first CBR refresh cycle during read/write operation period 

should be set within 16 ,u s. 

• . MITSUBISHI 
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M5M441 OOCJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (4194304-WORD BY 1-BIT) DYNAMIC RAM 

2. Burst refresh during Read/Write operation 

(A) Timing diagram 

ReadlWrite Self Refresh ReadlWrite 

-uQQ:j __ t_RA_S_S_~_1_00_P._s __ fSCicv 
refresh 1023 cycles 1023 cycles refresh 
~~ ~~ 

Table 3 

Read/Write Cycle Read/Write~ Self Refresh-
Self Refresh Read/Write 

CBR burst 
tNSB~ 16.4ms . tSNB~ 16.4ms refresh 

RAS only 
tNSB+tSNB~ 16.4ms burst refresh 

(B) Definition of burst refresh 

RAS 

1024 cycles 

Definition of CBR burst refresh 

The CBR burst refresh performs more than 1024 continuous 

CBR cycles within 16.4ms. 

Definition of RAS only burst refresh 

All combination of row address signals (Ao-A9) are' 

selected during 1024 continuous RAS only refresh cycles 

within 16.4ms. 

2.1 CBR burst refresh 
• Switching from read/write operation to self refresh operation. 

The time interval tNSB from the falling edge of RAS signal in the 

first CBR refresh cycle during read/write operation period to the 

falling edge of RAS signal at the start of self refresh operation 

should be set within 16.4ms. 

• Switching from self refresh operation to read/write operation. 

The time interval tSNB from the rising edge of RAS signal at the 

end of self refresh operation to the falling edge of RAS signal in 

the last CBR refresh cycle during read/write operation period 

22 should be set within 16.4ms. 

read/write cycles 

2.2 RAS only burst refresh 
• Switching from read/write operation to self refresh operation . 

The time interval from the falling edge of RAS signal in the first 

RAS only refresh cycle during readlwrite operation period to the 

falling edge of RAS signal at the start of self refresh operation 

should be set within tNSB (shown in table 3). 

• Switching from self refresh operation to read / write operation . 

The time interval from the rising edge of RAS signal at the end of 

self refresh operation to the falling edge of RAS signal in the last 

RAS only refresh cycle during read/write operation period should 

be set within tSNB (shown in table 3). 
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M5M44400BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 4-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is 
ideal for large- capacity memory systems where high speed, 
low power dissipation, and low costs are essential. 

The use of Quadruple-layer polysilicon process combined 
with silicide technology and a single- transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. 

Multiplexed address inputs permit both a reduction in pins 
and an increase in system densities. 

Self or extended refresh current is small enough for battery 
back - UP application: 

FEATURES 

RAS access CAS access Address 
Type name time time access 

(max. ns) (max. ns) (max. ns) 

M5M44400BXX - 6, - 6S 60 15 30 
M5M44400BXX -7,-7S 70 20 35 

OE access Cycle Power 
Type name time time dissipation 

(max. ns) (min. ns) (typ. mW) 

M5M44400BXX - 6, - 6S 15 110 400 
M5M44400BXX -7,-7S 20 130 350 

xx = J, TP 

• Standard 26pin SOJ, 26pin TSOP (II) 
• Single 5V ± 1 0 % supply 
• Low stand- by power dissipation 

- CMOS Input level .. ···· .. ·· ........................ "5.5mW (max) 
CMOS Input level ................................. ·0.55mW (max) * 

• Low operating power dissipation 
M5M44400BXX-6,-6S ..................... 550.0mW(max) 
M5M44400BXX-7,-7S .............. ,' ...... 467.5mW (max) 

• Self refresh capability * 
Self refresh current ............................ 150 Il A (max) 

• Extended refresh capability 
Extended refresh current .................... · 1 50 Il A ( max) 

• Fast -page mode ( 1 024 - bit random access), Read - modify­
write, RAS-only refresh, CAS before RAS refresh, Hidden 
refresh, CBR Self Refresh (- 6S, - 7S) capabilities. 

• Early write mode and OE to control output buffer 
impedance 

• All inputs, output TTL compatible and low capacitance 
.1024 refresh cycles every 16.4ms(Ao-As) 
• 1024 refresh cycles every 128ms (Ao-As) * 
• 4- bit parallel test mode capability 

* : Applicable to self refresh version (M5M44400BJ, TP 
- 6S, - 7S : option) only. 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN CONFIGURATION (TIO WIVEW) 

DATA INPUTS/{ool ..... 1 
OUTPUTS 002..... 2 

WRITE eo~~~m: IN - 3 

ROW ADDRESS-

STROBE INPUT1~:: : 

ADDRESS Ao - s 
INPUTS A1 _ 10 

A2-11 

A3-12 

(5V) Vee 

VSS(OV) 

25 ..... 004 }DATA INPUTS/ 

24 ..... 003 gg~~~1s 
23 +- CAS ~?~~~~~NPUT 

OUTPUT 
ENABLE 
INPUT 

lADDRESS 
J INPUTS 

Outline 26POJ (300mil SOJ) 

Outline 26P3Z - E (TSOP) 
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M5M44400BJ, TP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

F.UNCTION 
The M5M44400BJ,TP provide, in addition to normal read, 
write, and read-modify-write operations, a number of other 

functions, e.g., fast page mode, RAS-only refresh, and delayed­
write. The input conditions for each are shown in Table 1. 

Table 1 Input condition for each mode 

Inputs Input/Output 
Operation 

RAS CAS W OE 
Row Column Input Output Refresh Remark 

address address D Q 

Read ACT ACT NAC ACT APD APD OPN VLD YES 
Write (Early write) ACT ACT ACT DNC APD APD VLD OPN YES Fast page mode 

Write (Delayed write) ACT ACT ACT DNC APD APD VLD IVD YES identical 
Read- modify - write ACT ACT ACT ACT APD APD VLD VLD YES 
RAS- only refresh ACT NAC DNC DNC APD DNC DNC OPN YES 
Hidden refresh ACT ACT DNC ACT APD DNC OPN VLD YES 
CAS before RAS refresh ( Extended * ) ACT ACT NAC DNC DNC DNC DNC OPN YES 
Self Refresh· ACT ACT NAC DNC DNC DNC DNC OPN YES 
Stand-by NAC DNC DNC DNC DNC DNC DNC OPN NO 

Note. ACT: active, NAC : nonactive, DNC: don't care, VLD : valid, IVD : Invalid, ~PD : applied, OPN : open 

BLOCK DIAGRAM 

WRITE CONTROL 
INPUT CAS 

ROW ADDRESS RAS 
STROBE INPUT RA 

COLUMN ADDRESS W 
STROBE INPUT 

Ao 

Al 
A2 
A3 

ADDRESS A4 
INPUTS A5 

A6 
A7 
As 
As 

2 -- 50 

-:=1 VCC
(5V) 

Vss(OV) 

~ ________ -+ ____ ~r---T 
" I . 

COLUMN DECODER 

SENSE REFRESH 

zen 
-0: 
«w 
I-tt «:::> om 

AMPLIFIER & I/O CONTROL 1------l'---l----rl'----4I 

MEMORY CELL 
(4,194,304 BITS) 

• MITSUBISHI 
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OE OUTPUT ENABLE 
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M5M44400BJ, TP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -1---7 

VI Input voltage With respect to V ss -1---7 

Vo Output voltage -1---7 

10 Output current 50 
Pd Power dissipation Ta = 25"C 1000 
Topr Operating temperature 0---70 
Tstg Storage temperature - 65-150 

RECOMMENDED OPERATING CONDITIONS (Ta = 0---70"C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 4.5 5 5.5 V 
Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.4 6.5 V 

VIL Low-level input voltage 
I D01---D04 -1.0 0.8 

V 
. I Others - 2.0 0.8 

Note 1. All voltage values are with respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta = 0---70"C, VCC = 5V ± 10 %, Vss = OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

VOH High-level output voltage IOH = - 5mA 2.4 VCC 

VOL Low-level output voltage IOL = 4.2mA 0 0.4 

102 Off- state output current o floating, OV;;; Vour;;; 5.5V -10 10 

II Input current OV;;;VIN;;;6. 5V, Other inputs pi ns=QV -10 10 

Average supply current M5M44400B-6, -6S RAS, CAS cycling 100 
ICCl (AV) from Vcc, operating tRC = twc = min. 

(Note 3, 4, 5) M5M44400B-7, -7S output open 85 

Supply current from Vcc. 
RAS = CAS = VIH, output open 2 

Icc2(Av) M5M44400B RAS = CAS;;;:; Vcc - 0.5 1 
stand-by (Note 6) 

M5M44400B (S) output open 0.1 

Average supply current M5M44400B-6, -6S RAS cycling 100 
ICC3(AV) from Vcc, refreshing CAS = VIH, tRC = min. 

(Note 3,5) M5M44400B-7, -7S output open 85 

Average supply current M5M44400B-6, -6S RAS = VIL 100 
ICC4(AV) from Vcc, Fast-Page-Mod CAS cycling 

(Note 3, 4, 5) M5M44400B-7, -7S tRC = min, output open 85 

Average supply current 
M5M44400B-6, -6S CAS before RAS refresh 85 

Icc6(Av) 
from V CC, GAS before 

cycling, tpc = min. 
RAS refresh mode 

(Note 3) 
M5M44400B-7, -7S output open 75 

Stand-by: 
RAS ~ Vcc - O.2V 
CAS ~ Vcc - O.2V or CAS :ii O.2V 

Average supply current from Vcc 
CAS before RAS refresh: 

RAS cycling CAS:ii O.2V or 
ICC8(AV) Extended- Refresh cycle CAS before RAS refresh cycling 150 

(Note 6) W:ii O.2V or ~ VCC - O.2V 
DE :ii O.2V or ~ VCC -O.2V 
Ao-A9 :ii O.2V or ~ VCC - O.2V 
00 = open, tRC = 125 IJS 
tRAS=tRASmin-1IJs 

Icc9(Av) Average supply current from M5M44400B (S) RAS = CAS;;; 0.2V 150 V cc Self - Refresh cycle (Note 6) 

Note 2. Current flowing into an IC is positive. out is negative. 
3. ICCl (AV), ICC3(AV) and ICC4(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4. ICCl (AV) and ICC4(AV) are dependent on output loading. Specified values are obtained with the output open. 
5. Column Address can be changed once or less while RAS = VIL and CAS = VIH. 

,. . MITSUBISHI 
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Unit 
V 
V 
V 

mA 

mW 

"C 
"C 

Unit 

V 

V 

IlA 
IlA 

mA 

mA 

mA 

mA 

mA 

IlA 

IlA 
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M5M44400BJ, TP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DVNAr,IIIC RAM 

CAPACITANCE (Ta = 0-70 "C. Vcc = 5V ± 10 %. Vss = OV. unless otherwise noted) 

Symbol Parameter T est conditions 
Limits 

Unit 
Min Typ Max 

CI(A) 
Input capacitance. 

M5M44400BJ.TP 5 pF 
address inputs 

VI = Vss 

CI(CLK) 
Input capacitance. clock 

M5M44400BJ.TP f = 1MHz 7 pF 
inputs 

Input/Output capacitance. 
VI = 25mVrms 

ClIO 
data ports 

M5M44400BJ.TP 7 pF 

SWITCHING CHARACTERISTICS (Ta = 0-70 "C. Vcc = 5V ± 10%. Vss = OV. unless otherwise noted) (Notes 6. ;3.14) 

Limits 
Symbol Parameter M5M44400B-6. -6S M5M44400B-7. -7S Unit 

Min Max Min Max 
tCAC Access time from CAS (Note 7.8) 15 20 ns 
tRAC Access time from RAS (Note 7.9) 60 70 ns 
tAA Column Address access time ,( Note 7. 10) 30 35 ns 
tCPA Access time from CAS precharge (Note 7. 11) 35 40 ns 
tOEA Access time from OE (Note 7) 15 20 ns 
tCLZ Output low impedance from CAS low (Note 7) 5 5 ns 
tOFF Output disable time after CAS high (Note 12) 0 15 0 20 ns 
tOEZ Output disable time after OE high (Note 12) 0 15 0 20 ns 

Note 6, An initial pause of 5001.1 s is reQuired after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containing a RAS clock such as RAS-only refresh), 
Note the RAS may be cycled during the initial pause, And any 8 RAS or RAS/CAS cycles are reQuired after prolonged periods (greater 
than 16.4 ms) of RAS inactivity before proper device operation is achieved. 

7. Measured with a load circuit eQuivalent to 2TTL loads and 100pF. 
8. Assumes that tRCD i1; tRCD (max) and tASC ~ tASC (max). 
9. Assumes that tRCD:i! tRCD (max) and tRAD;iii tRAD (max). If tRCD or tRAD is greater than the maximum recommended value shown 

in this table. tRAC will increase by amount that tRCD or tRAD exceeds the value shown. 
10. Assumes that tRAD Ii: tRAD (max) and tASC:i! tASC (max). 
11. Assumes that tCP:i! tcp (max) and tASC i1; tASC (max). 
12. tOFF (max) and tOEZ (max) defines the time at which the output achieves the high impedance state (lOUT;:ii I ± 101.1 A I ) and is not 

reference to VOH (min) or VOL (max). 
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M5M44400BJ, TP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast Page Cycles) 
(Ta = 0~70OC, VCC = 5V ± 10%, Vss = bv, unless otherwise noted) (Notes 13,14) 

Limits 
Symbol Parameter M5M44400B-6, -6S M5M44400B-7, -7S 

Min Max 

tREF Refresh cycle time 
lM5M44400B 16.4 
I M5M44400B (S) 128 

tRP RAS high pulse width 40 

tRCD Delay time, RAS low to CAS low (Note 15) 20 45 

tCRP Delay time, CAS high to RAS low 5 
tRPC Delay time, RAS high to CAS low 0 
tCPN CAS high pulse width 10 

tRAD Column address delay· time from RAS low (Note 16) 15 30 
tASR Row address setup time before RAS low 0 
tASC Column address setUJL time before _C AS low (Note 17) 0 10 
tRAH Row address hold time after RAS low 10 
tCAH Column address hold time after CAS low 15 

tozc Delay time, data to CAS low (Note 18) 0 
tDZO Delay time, data to DE low (Note 18) 0 

tCOD Delay time, CAS high to data (Note 19) 15 

tODD Delay time, OE high to data (Note 19) 15 

tT Transition time (Note 20) 1 50 
Note 13. The timing requirements are assumed tT = 5ns. 

14. VIH (min) and VIL (max) are reference levels for measuring tim ing of input signals. 
15. tRCO (max) is specified as a reference point only. If tRCO is less than tRCO (max), access time is tRAC. 

If tRCO is greater than tRCD (max), access time is controlled exclusively by tCAC or tAA. 
tRCO (min) is specified as tRCO (min) = tRAH (min) + 2tT + tASC (min). 

Min Max 

16.4 
128 

50 
20 50 

5 
0 

10 
15 35 

0 
0 10 

10 
15 

0 

0 
20 

20 
1 50 

Unit 

ms 

ns 

ns 

ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 

ns 

ns 

ns 

ns 
ns 

16. tRAO (max) is specified as a reference point only. If tRAO iii; tRAO (max) and tASC ~ tASC (max), access time is controlled exclusively 
by tAA. 

17. tASC (max) is specified as a reference point only. If tRCO iii; tRCO (max) and tASC iii; tASC (max), access time is controlled exclusively 
by tCAC. 

18. Either tozc or tozo must be satisfied. 
19. Either tcoo or tODD must be satisfied. 
20. tT is measured between VIH (min) and VIL (max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 

tCAS CAS low pulse width 

tCSH CAS hold time after RAS low 

tRSH RAS hold time after CAS low 

tRCS Read setup time before CAS low 
tRCH Read hold time . after CAS high (Note 21) 

tRRH Read hold time after RAS high (Note 21) 

tRAL Column address to RAS hold time 
tOCH CAS hold time after OE low 
tORH RAS hold time after OE low 

Note 21. Either tRCH or tRRH must be satisfied for a read cycle. 
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Limits 
M5M44400B-6. -6S M5M44400B-7-7S Unit 
Min Max Min Max 
110 130 ns 

60 10000 70 10000 ns 
15 10000 20 10000 ns 

60 70 ns 
15 20 ns 

0 0 ns 
0 0 ns 

10 10 ns 
30 35 ns 
15 20 ns 
15 20 ns 
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M5M44400BJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write Cycles) 

Limits 

Symbol Parameter M5M44400B-6. -6S M5M44400B-7-7S Unit 
Min Max Min Max 

twc Write cycle time 110 130 ns 

tRAS RAS low pulse width 60 10000 70 10000 ns 

tCAS CAS low pulse width 15 10000 20 10000 ns 

tCSH CAS hold time after RAS low 60 70 ns 

tRSH RAS hold time after CAS low 15 20 ns 

twcs Write setup time before CAS low (Note 23) 0 0 ns 
tWCH Write hold time after CAS low 10 15 , ns 

tCWL CAS hold time after W low 15 20 ns 

tRWL RAS hold time after W low 15 20 ns 
twp Write pulse width 10 15 ns 

tos Data setup time before CAS low or W low 0 0 ns 

tOH Data hold time after CAS low or W low 10 15 ns 
tOEH DE hold time after W low 15 20 ns 

Read - Write and Read- Modlfy- Write Cycles 

Limits 

Symbol Parameter M5M44400B-6. -6S M5M44400B-7. -7S Unit 
Min Max Min Max 

tRWC Read Write/ read modify write cycle time (Note 22) 150 175 ns 

tRAS RAS low pulse width 95 10000 115 10000 ns 

tCAS CAS low pulse width 50 10000 65 10000 ns 

tCSH CAS hold time after BAS low 95 115 ns 

tRSH RAS hold time after CAS low 50 65 ns 

tRCS Read setup time before CAS low 0 0 ns 

tcwo Delay time. CAS low to W low (Note 23) 35 40 ns 

tRWO Delay time. RAS low to W low (Note 23) 80 90 ns 

tAWD Delay time. address to W low (Note 23) 50, 55 ns 

tCWL CAS hold time after W low 15 20 ns 

tRWL RAS hold time after W low 15 20 ns 
twp Write pulse width 10 15 ns 

tDS Data setup time before W low 0 0 ns 

tDH Data hold time after W low 10 15 ns 

tOEH OE hold time after W low 15 15 ns 

Note 22. tRWC is specified as tRWC (min) = tRAC (max) + tODD (min) + tRwL (min) + tRP (min) + 4tT. 
23. twcs. tcwD. tRWD and tAWD and tCPWD are specified as reference points only. If twcs ~ twcs (min) the cycle is an early write cycle 

and the 00 pins will remain high impedance throughout the entire cycle. If tcwD iii: tcwD(min). tRwD iii:; tRwD (min). tAWD iii: tAwD (min). 
and tCPwD iii: tCPwD (min) ,(for fast page mode cycle onlY). the cycle is a read-modify-write cycle and the.DO will contain the data 
read from the selected address. If neither of the above condition (delayed-write) of the 00 (at access time and until CAS or OE goes 
back to VIH) is indeterminate: 

Fast-Page Mode Cycle (Read, Write, Read-Write, and Read-Modlfy-Wrlte Cycles) (Note 24) 

Limits 

Symbol Parameter M5M44400B-6. -6S M5M44400B-7. -7S Unit 

Min Max Min Max 
tpc Fast page mode read/ write cycle time 40 45 ns 
tPRWC Fast Page mode read write! read modify write eycle time 75 95 ns 
tRAS RAS low pulse width for read write cycle (Note 25) 100 100000 115 100000 ns 
tcp CAS high pulse width (Note 26) 10 15 10 15 ns 

tCPRH RAS hold time after CAS precharge 35 40 ns 

tCPWD Delay time. CAS precharge to W low (Note 23) 35 40 ns 

Note 24. All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25. tRAS (min) is specified as two cycles of CAS input are performed. 
26. tcp (max) is specified as a reference point only. 
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M5M44400BJ, TP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

CAS before RAS Refresh, Extended Refresh • Cycle (Note 27) 

Limits 
Symbol Parameter M5M44400B-6, -6S M5M44400B-7, -7S Unit 

Min Max Min Max 
tCSR CAS setup time before RAS low 5 5 ns 
tCHR CAS hold time after RAS low 10 15 ns 
tRSR Read setup time before RAS low 10 10 ns 
tRHR Read hold time after RAS low 10 15 ns 
tCAS CAS low pulse width 25 30 ns 

Note 27. Eight or more CJ\S before RAS cycles instead of eight RAS cycles are necessary for proper operation of CJ\S before RAS refresh 
mode. 

Self Refresh Cycle· 

Limits 
Symbol Parameter M5M44400B-65 M5M44400B-75 Unit 

Min Max Min Max 
tRASS CBR self refresh RAS low pulse width 100 100 ~s 

tRPS CBR self refresh RAS high precharge time 110 130 ns 
tCHS CBR self refresh CAS hold time -50 - 50 ns 
tRSR Read setup time before RAS low 10 10 ns 
tRHR Read hold time after RAS low 10 15 ns 

Test Mode Specification (Note 28) 
ELECTRICAL CHARACTERISTICS (Ta = 0-70"C, VCC = 5V ± 10 %, Vss = OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min Typ Max 

Average supply current M5M44400B-6, -65 RAS, CAS cycling 115 
ICCI (AV) from V cc operating tRC = twc = min. mA 

(Note 3, 4, 5) M5M44400B-7, -7S output open 100 

Average supply current M5M44400B-6, -65 RAS cycling 115 
ICC3(AV) from Vcc refreshing CAS = VIH, tRC = min. mA 

(Note 3,5) M5M44400B-7, -75 output open 100 

Average supply current M5M44400B-6, -65 RAS = VIL 115 
Icc4(Av) from Vcc Fast- Page- CAS cycling mA 

Mode (Note 3, 4, 5) M5M44400B-7, -75 tpc = min., output open 100 

Average supply current M5M44400B-6, -65 CAS before RAS refresh 100 
Icc6(Av) from Vcc CAS before cycling, tRC = min. mA RAS refresh mode 

(Note 3) M5M44400B-7, -75 output open 85 

Note 28. All previously specified electrical characteristics, switching characteristics and timing requirements are applicable to that of test mode. 
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SWITCHING CHARACTERISTICS (Ta= 0-70"C, VCC = 5V ± 10%, Vss == OV, unless otherwise noted) (Notes 6,13,14) 

Limits 
Symbol Parameter M5M44400B-6, -6S M5M44400B-l, -IS 

Min Max Min Max 
tCAC Access time from CAS (Note 7,8) 20 25 
tRAC Access time from RAS (Note 7,9) 65 75 
tAA Column Address access time (Note 7,10) 35 40 
tCPA Access time from CAS precharge (Note 7,11) 40 45 
tOEA Access time from OE (Note 7) 20 25 

TIMING REQUIREMENTS (T a = 0-70 "C, Vcc = 5V ± 10 %, Vss = OV, unless otherwise noted) (Notes 13, 14) 

Read and Refresh Cycles 

Limits 
Symbol Parameter M5M44400B-6, -6S M5M44400B-l, -7S 

Min Max Min Max 
tRC Read cycle . time 115 135 
tRAS RAS low pulse width 65 10000 75 10000 
tCAS CAS low pulse width 20 10000 25 10000 
tCSH CAS hold time after RAS low 65 75 
tRSH RAS hold time after CAS low 20 25 
tRAL Column address to RAS hold time 35 40 
tOCH .CAS hold time after OE low 20 25 
tORH RAS hold time after DE low 20 25 

Read - Write and Read - Modify - Write Cycles 

Limits 
Symbol Parameter M5M44400B-6, -6S M5M44400B-l, -7S 

Min Max Min Max 
tRWC Read Write/ read modify write cycle time (Note 22) 155 180 
tRAS RAS low pulse widt:, 100 10000 120 10000 
tCAS CAS low pulse width 55 10000 70 10000 
tCSH CAS hold time after RAS low 100 120 
tRSH RAS hold time CAS low 55 70 
tCWD Delay time, CAS low to W low (Note 23) 40 45 
tRWD Delay time, RAS low to W low (Note 23) 85 ·95 
tAWD Delay time, address to W low (Note 23) 55 60 

Fast- Page Mode Cycle (Read, Write, Read- Write, and Read·- Modlfy- Write Cycles) (Note 24) 

Symbol Parameter 

tpc Fast page mode read/ write cycle time 
tPRWC Fast page mode read write/ read modify write cycle time 
tRAS RAS low pulse width for read write cycle 
tCPRH RAS hold time after CAS precharge 
tCPWD Delay time, CAS precharge to W low (Note 23) 

Test Mode Set Cycle 

Symbol 

tWSR 
tWHR 
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Parameter 

Write setup time before. RAS low 
Write hold time after RAS low 
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Limits 
M5M44400B-6, -6S M5M44400B-l, -IS 

Min Max Mir'l Max 
45 50 
80 100 

110 100000 125 100000 
40 45 
40 45 

Limits 
M5M44400B-6, -6S M5M44400B-l, -7S 

Min Max Min Max 
10 10 
10 15 

Unit 

ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 
ns 
ns 
n's 
ns 
ns 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
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Note 29. Self refresh sequence 

Two refreshing ways shoud be used properly depending on 
the low pulse width (tRASS) of RAS signal during self refresh 
period. 

1. In case of tRASS < 300ms 
1.1 Distriduted refresh during Read/Write operation 
(A) Timing Diagrams 

Read/Write Cycle Self Refresh Cycle 
'1-

. Read/Write Cycle 

I'------tRASS < 300ms 

last refresh cycle 

Table 2 

Read/Write Cycle 
Read/Write--+ 

I 
Self Refresh--+ 

Self Refresh Read/Write 

CBR distributed tNSD + tSND ~ 1 6.4ms refresh 

RAS only tNSD ~ 16 IJ. s I tSND ~ 16 IJ. s distributed refresh 

(B) Definition of refresh 
Definition of CBR distributed refresh 

The CBR distributed refresh performs more then 
1 024 discrete CBR cycles within 1 6.4 ms. 

Definition of RAS only distributed refresh 
All combination of nine row address signals (Ao-A9) 
are selected during 1024 discrete RAS only refresh 
cycles within 16.4 ms. 

first refresh cycle 

1.1.1 CBR distributed Refresh 
• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal 
in the last CBR refresh cycle during read/ write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within tNSD (shown 
in table 2). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the first CBR refresh cycle during read/ 
write operation period should be set within tSND (shown 
in table 2). 

1.1.2 RAS only distributed refresh 
• Switching from read/write operation to self refresh operation. 

The time interval tNSD from the falling edge of RAS signal 
in the last RAS only refresh cycle during read/ write 
operation period to the falling edge of RAS signal at the 
start of self refresh operation should be set within 16 IJ. s. 

• Switching from self refresh operation to read/write operation. 
The time interval tSND from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the first CBR refresh cycle during read/ 
write operation period should be set within 16 IJ.S. 
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1.2 Burst refresh during Read/Write operation 
(A) Timing diagram 

Read/Write 

Table 3 

Read/Write Cycle Read/Write- Self Refresh-
Self Refresh Read/Write 

CBR burst tNSB ::;;; 16.4ms tSNB ::;;; 1 6.4ms refresh 

RAS only burst tNSB + tSNB ::;;; 1 6.4ms refre~h 

(B) Definition of burst refresh 
Definition of CBR burst refresh 

The CBR burst refresh performs more then 1024 
continuous CBR cycles within 16.4ms. 

Definition of RAS only burst refresh 
All combination of ten row address signals (Ao-As) 
are selected during 1024 continuous RAS only 
refresh cycles within 16.4 ms. 

Self· Refresh Read/Write 

1.2.1 CBR distributed Refresh 
• Switching from read/write operation to self refresh operation. 

The time interval tNSB from the falling edge of RAS signal 
in the first CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within 1 6.4 ms. 

• Switching from self refresh operation to read/write operation. 
The· time· interval tSNB from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the last CBR refresh cycle during read 
/ write operation period should be set within 16.4 ms. 

1.2.2 RAS only distributed refresh 
• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal 
in the first RAS only refresh cycle during read/ write 
operation period to the falling edge of RAS signal at the 
start of self refresh operation should be set within tNSB 
(shown in table 3). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the last RAS only refresh cycle during ,read/ 
write operation period should be set within tSNB (shown 
in table 3). 
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2. In case of tRASS ~ 300ms 
(A) Timing diagram 

Self Refresh Read/Write 

_fAAss~~om' h6JV 
refresh cycle 
1024 cycle 

Table 4 

Read/Write Self Refresh-ReadlWirte 
CBR distributed refresh 
RAS only distributed refresh 

tREF ;;; 1 6.4ms 
CBR burst refresh 
RAS only burst refresh 

(B) Definition of refresh 
The same as 1.1 - (B) and 1.2 - ( B) 

2.1 
Regardless of the refresh (CBR distributed refresh, RAS only 
distributed refresh, CBR burst refresh, RAS only burst refresh) 
during Read/Write operation the minimum of 1024 cycles 
refresh should be preformed within 16.4 ms from the rising 
edge of RAS signal at the end of self refresh operation. 
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Timing Diagrams (Note 30) 

Read Cycle 

VIH -

VIL -

VIH -

VIL-~ 

tF 

t~ 

~ 

tRCO 

tRAO 

~ 

ROW Ao-As ADDRESS 

w VIH -

VIL -

DO,-D04 VIH­

(INPUTS) VIL-

DO,-D04 VOH -

. (OUTPUTS) VOL _ 
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Hi-Z 

tRC 

tRAS tRP 

V ~ 
tCSH 

tRSH tRPC 
1-~RP tCAS 

I 

\ I Wi 
tRAl t~ 

tASC r-- tCAH tCPN 

COLUMN ROW 
ADDRESS ADDRESS 

~H 

r~ 
tRCH 

~~ tCDD 

Hi-Z 

tCAC l,tOFF, 

tAA 

tClZ 

~~ DATA VALID \ Hi-Z 
'I 

tRAC t.£g, 
tozo ItOE.b; tOOD 

tOCH 

tORH 

~ Indicates the don't care input. 
Note 30. ~ VIH (min) :iii VIN ::iii VIH (max) or VIL (min) ::iii VIN :iii VIL (max) 

_ Indicates the invalid output. 
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Write Cycle (Early write) 

Ao-A9 

w 

VIH -.:. 

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

DOt-D04 VIH­
(INPUTS) VIL -

\ 

tf 

~ 

t~ tRAH 

~ 

ROW 
ADDRESS 

~ 
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WC 

tRAS tRP 

... 
~ ~ 

tCSH 

tRCO tRSH tRPC tCRP 

tCAS I I 
\ / W 

t~ tCAH tASR 

~ 

COLUMN ROW 
ADDRESS 

"1 ADDRESS 
~ 

t~ tWCH 

tos tOH 

DATA VALID 

DOt -D04 VOH - Hi- Z 
----------------------------~~~-------------------------------(OUTPUTS) VOL -
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Write Cycle (Delayed Write) 

w 

VIH -

VIL-

VIH -

VIL -

VIH -

VIL -

D01-D04 VIH -
(INPUTS) VIL-' 

D01-D04 VOH­
(OUTPUTS) VOL-
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VIH -

VIL -

~ 

f 
-

~ tRAH 

~ ROW 
ADDRESS 

Hi-Z 

WC 

tRAS 

tCSH 

tRCO tRSH 

tCAS 

~ 

~ tCAH 

~ COLUMN 

~ 
ADDRESS 

tRCS 

I 

tWCH 

~ tos 

Hi Z ~ 
~ 

~ 

~~ 
J£~_ 

~ ~ 
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tRP 

V ~ 

rCr 
I-

V W 
~~ I-

ROW 
~ ADDRESS 

tCWL 
tRWL 

~ 

~ 

tOH 

DATA 
VALID 

Hi-Z 
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Read- Write, Read-Modlfy- Write Cycle 

Ao-A9 

w 

VIH -

VIL -

VIH­

VIL-

VIH -

VIL-

VIH­

VIL-

00,-004 VIH­

(INPUTS) VIL-

DO,_D04VOH -

(OUTPUTS) VOL -

VIH­

VIL-

~ 

tF 

tASR tRAH 

ROW 
ADDRESS 

Hi-Z 

tRWC 

tRAS 

tCSH 

tRCO tRSH 

tCAS 

\ 
tRAO I 

t~sc tCAH 

~ 

COLUMN 

.~ ADDRESS 

tAWO 

r-c~ tCWD 

tRWD 
I 

tDZC tDS 
-r----

Hi Z ~ 
tCAC ~ 

tAA 

~~~ -' VALID 

tRAC tODD 

tDZO ~ _rtOEZ 
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tRP 

Y \ 

tRlc T I-
/ W 

tASR 

ROW 
ADDRESS 

tCWL 

tRWL 

twp 

~ 
I 

tOH 

DATA VALID 
.., 

Hi-Z 

~ 
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RAS- only Refresh Cycle 

Ao-As' 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

DO,-D04 VIH -

(INPUTS) VIL-

~ 

T~ 

~ ~ 

~ 

ROW 
~. 

ADDRESS 

tRC 

tRAS tRP 

I ~ 

-TT -
WI 

-l.A~ -
ROW 

ADDRESS 

DO, -D04VOH - H' Z (OUTPUTS) VOL - _____________ ---:...:..:...1--=-______________ _ 
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CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

Ao-As 

VIH -

VIL - .-.l 

VIH -

VIL -

VIH 

VIL 

-.l 

tRP 

~ Itcs~ 

r--, 

~ 
tCPN 

.,H r 
w VIH 

VIL WI 

00l-004V1H 
(INPUTS) VIL 

00l-00,}'OH -
(OUTPUTS)VOL -

-+ r!-0Q.. -, 
I -

tOEZ 

tRAS 

\ 

tCHR 

tRHR 

tRC 
" 

n 
/ 1\ 

-Tn ~ 
V ~ 

r 

! 
Hi-Z 

n 
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tRAS 

tCHR 

tRHR 

tRC 

tRP 

I \ 

-r r ,v WI! \ 

2~ I--

~COLUMN 
DDRES ADDRESS 

I r 
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Self Refresh Cycle- (Note 29) 

w 

VIH -

VIL-

VIH­

VIL -

VIH­

VIL -

DOl -004 VIH­

( INPUTS) VIL-

DOl -004 VOH -

(OUTPUTS) VOL -
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tRP 

,... 

--1 

tRPC tCSR 
I-- --,"-' 

--1 ~ 
tCPN 

~ ~ 
W 
tODD 

Hi-Z 

tOFF 

-\ 

-' 
tOEZ 

tODD 

\-
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tRHR 

I 

tRASS 
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Hi-Z 

tRPS 

~ 

tRPC 

~ 

V 
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~ 
~W· ~ 

tASR 

ROW COLUMN ~~ DDRESS ADDR~ 
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Hidden Refresh Cycle (Read) (Note 31) 

Ao-As 

w 

VIH -

Vil -

VIH -

Vll-

VIH -

Vll-

VIH -

D01-D04 VIH­

(INPUTS) Vll-

D01-D04VOH ~ 
(OUTPUTS) VOL -

VIH -

Vil -

tR C RC 

tRAS tRP tRAS I tRP 

I 

~ Y \ 1/ L ., 

tF 
tRCD tRSH tCHR 

ri!i!I 
-' 

~ I 
tRAD 

tASR tRAH tASC tCAH -1~ -
~ 

@ ROW COLUMN ROW 

~ k-ADDRESS ADDRESS ADDRESS 

~f+ 
tRAl , 

I' tDZC .. tCDD 
/ 

Hi-Z 

tCAC 

tAA ~ 
tClZ 

~ Hi-Z 
DATA VALID ~ Hi-Z 

V 
tRAC ~ 
tDZO tOEA tODD 

tORH 

Note 31. Early write. delayed write. read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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Fast Page Mode Read Cycle 

VIH -

VIL -

VIH -

VIL -

tF 

W 

, 
k-
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RAS ~ 

~ 

V lL-
tCSH tpc ~ 

tRCO tCAS tcp tCAS tcp tCAS 

K V ~ V ~ Y k-

tRAO tCPRH 

Ao-A9 

w 

VIH -

VIL -

D01-D04 VIH­

(INPUTS) VIL-

D01-D04VOH -

(OUTPUTS) VOL _ 
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VIH -

VIL -

tASR tRAH 
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~ 

\ 

Hi-Z 

tASC I+-~ ~ ~ ~ ~ t--~R 

@ ~~'" 
COLUMN COLUMN COLUMN ROW 

ADDRESS 1 ADDRESS2 ADDRESS3 ADDRESS 

tJs 

'-II"..l ~ ... ~'J 

tRAL .. ~~ 
tRCS tRCH tRCH 

tRCS .JRRt:!. 

I I I , r , , 
tozc .~ 1- .. ~Ozc ~ 

Hi-Z ~ 
1. 'X>()6()(: 

~ 
~ 
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~AA AA tAA 

I~OF~ ~ -~ DATA \ ~ DATA \ ~~ '.J DATA I\. 

tRAC 
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~ IJ~ 
tOCH 

~ ~ 
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Fast Page Mode Write Cycle (Early Write) 

w 

VIH-

VIH­

VIL -

VIH -

VIL -

YIH 

VIL 

D01-D04 VIH 
(INPUTS) YIL 

D01-D04YOH -
(OUTPUTS) VOL -

FL \ 

tRAS tRP 

tCSH tpc ~ 

tF 
tRCD tCAS tcp tCAS tcp tCAS 

?!JiI \ ~ \ Y ~ / 

t~ ~ ~ ~ t~ ~ ~ l,tCAf-j ~R I--

~ @ 
~ 

ROW'" COLUMN COLUMN~ COLUMN ROW 
ADDRESS ADDRESS1 ADDRESS2 ADDRESS3 ADDRESS 

~ 

t~ tWCH twcs tWCH twcs tWCH 

~ tDH ~ tDH ~ tDH 

DATA 
~ 

DATA 
~ 

DATA 
VALlD1 

.~ 
VALlD2 
~ 

VALlD3 

Hi-Z ---------------------------------------------------------------------
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M5M44400BJ,TP-6,-7,-65,-75 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

Fast Page Mode Write Cycle (Delayed Write) 

Ao-As 

w 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

D01-DQ4 VIH -
(INPUTS) VIL-

D01-D04 VOH -
(OUTPUTS) VOL -

2 -70 

VIH -

VIL -

~ 

tF 

& 
tASR tRAH 

m ROW 
k-ADDRESS 

Hi-Z 

RAS 

~ ., \ 
tCSH tRSH 

tRCO tCAS tpc 
"I 

F\ tCAS I 
~ t 

t~ tCAH 

.~ 
COLUMN 

~ 
ADDRESSl -; 

r ~ 
~ 

~ 

tWCH 

~ tos tOH 

Hi-Z -,~ DATA 

~ VALlD1 

---_~z 

~~ Hi-Z 

~z I-
tozo I-- tODD 
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J!l~ r-
t~ tCAH l,tCWL, ASR - I-

~ COLUMN ROW 
k- ADDRESS2 ., ADDRESS 

1· twp 

W ~~ 

tWCH 

tozc tos tOH 

); 1~ DATA 

~ ~ VALlD2 

- f£z 

~~ Hi-Z 

tOEZ- -

- tozo 
-r--tooo~ 
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M5M44400BJ, TP-6,-7 , -65,-75 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modlfy-Wrlte Cycle 

Ao-A9 

w 

VIH­

V,L -

VIH -

VIL-

V,H -

VIL -

VIH­

V,L -

DO,-D04 V,H -
(INPUTS) V,L -

DO,-D04 VOH -
(OUTPUTS) VOL -

V,H -

V'L-

tRAS tRP 

F ~ 1\ 
tCSH 

-I--
~WL 

tf 
tRCO tCAS tPRWC 

~ teAs I 
Wf)f ~ ~ ~ ! 

tRAO 

tASR tRAH tASC r-- tCAH t~ tCAH ,.tCWL. --- !t-SR 

~ ROW. ~ -/75<X:A COLUMN • COLUMN ROW 
ADDRESS ADDRESSl ADDRESS2 ADDRESS 
~ 

tAWO tAWO 

r~ 
tcwo ~ tRd tcwo 

~ 

~ 
I twp 

~ 1 ~ 
I 

tRWO tcpwo 

tozc tos tOH ~ tos tOH 

Hi Z J~ DATA V ~ DATA 
~W VALID 1 (), ~ VALlD2 -, 

Hi-Z 

~ 
AA 

tCLZ--

~ 
tRAC 

tozo 

J ~ Hi-Z VAllO 
r 1 I 
~ 

1-"- tODD 

~ - .......:tOEZ 
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~ 
tAA 

~ ~ Hi-Z tv'ALlO 
;: . .Y 

tCPA ~O ---_ tozo -- I--tOEZ ~ 
tOEA 
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M5M44400BJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT{1048576-WORD BY 4-BIT)DYNAMIC RAM 

. Test Mode Set Cycle (Note 32) 

Ao-A9 

w 

VIH -

VIL -

DO,-D04 VIH­

(INPUTS) VIL-

DO,-D04VOH -

(OUTPUTS) VOL -

VIH -

VIL-

tRP 

.J 
~c ~ 
,....., , 

J 
tCPN 

tRCH ~ 
I 

~ 

tOFF --f-j+-

-i\ 
_II 

tOEz 

tRC 

tRAS J tRP 

~\. / 1\ 
tCHR -T F 

V W ~ 
tASR 

~OOLUMN 
DDRE ADDRESS 

tWHR r 

Hi-Z 

Note 32. The cycle is also available for the initialization cycle. but in this case device enters test mode. 

2 - 72 

The test mode function is initiated with a Wand CAS before RAS cycle (WCBR cycle) as specified above timing diagram. 
The test mode. function is terminated by either a CAS before RAS (CBR) refresh or a RAS only refresh cycle. 
During the test mode. the device is internally organized as 4 bits wide (256 kilobytes deep)for each DO (input/output) port. 
No addressing of Ao. A, (column only) is required. 
During a write cycle. data on the each DO (input) pin is written in parallel into all 4 bits for each DO port and can be 
written independently for each DO port. 
During a read cycle. the each DO (output) pin indicates independently a HIGH state if all 4 bits are equal. and a LOW 
state if any bits differ. 
During the test mode operation. a WCBR cycle is used to perform refresh. 
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M5M44400CJ, TP-5,-6,-7, 
-55,-65,-75 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 

This is a family of 1048576-word by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

PIN CONFIGURATION (TOP VIEW) 

The use of double-layer metalization process technology and a 
single-transistor dynamic storage stacked capacitor cell provide 
high circuit density at reduced costs. Multiplexed address inputs 
permit both a reduction in pins and an increase in system 
densities. Self or extended refresh current is low enough for 
battery back-up application. 

FEATURES 

RAS CAS Address OE Cycle Power 
Type name access access access access dissipa-

time time time time time tion 
max.ns) (max.ns) (max.ns) (max.ns) (min.ns) typ.mW 

M5M44400cXX-S,-SS 50 13 25 13 90 500 
M5M4440OCXX-6,.6S 60 15 30 15 110 400 

MSM44400cXX-7,-7S 70 20 35 20 130 350 

XX=J,TP 

-Standard 26pin SOJ, 26pin TSOP ( IT ) 
-Single 5V±10% supply 
-Low stand-by power dissipation 

CMOS Input level----------------------------5.5mW (Max) 
CMOS Input level -------------'------------550 f1 W (Max) * 

-Operating power dissipation 
M5M44400Cxx-5,-5S - ------------------ -- 687.5mW (Max) 
M5M44400Cxx-6,-6S - - - - - - - - - - - - - - - - - - - - - 550.0mW (Max) 
M5M44400Cxx-7,-7S - - -- - - - - - - - -- - ---- - - - 467.5mW (Max) 

.Self refresh capability * 
Self refresh current - ---- ---- - -- ---- --- ----- --120 f1 A(Max) 

.Extended refresh capability 
Extended refresh current ---------------------120 f1 A(Max) 

.Fast"page mode(1024-column random access),Read-modify-write, 
RAS-only refresh, CAS before RAS refresh, Hidden refresh 
capabilities . 

• Early-write mode, CAS and OE to control output buffer impedance 
.1024 refresh cycles every 16.4ms (Ao -A9) 
-1024 refresh cycles every 128ms (Ao -A9) * 
.4-bit parallel test mode capability 
* :Applicable to self refresh version (M5M44400CJ,TP-5S,-6S,-7S 

:option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-A9 Address inputs 

DQ1-DQ4 Data inputs/outputs 

RAS Row address strobe input 

CAS Column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+5V) 

Vss Ground (OV) 

M5M44400CJ, TP-5,-5S:Under development 

• ,MITSUBISHI 
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DOl 

D02 

W 
RAS 

Ao 
Al 

A2 

A3 

vec 

vss 

004 

D03 

CAS 

OE 

A7 

A6 

As 

A4 

Outline 26POJ(300mil SOJ) 

DOl 

DQ2 

RAS 

A9 

AO 

Al 

A2 

A3 

vee 

vss 

004 

D03 

CAS 

OE 

As 

A7 

A6 

As 

A4 

Outline 26P3Z-E(300mil TSOP) 

2 - 73 



MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

FUNCTION 

In addition to normal read, write, and read-modify-write operations 
the M5M44400CJ, TP provides a number of other functions, e.g., 

fast page mode, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

a~J:.:ss Column RAS CAS W OE address 

Read ACT ACT NAC ACT APD APD 
Write (Early write) ACT ACT ACT DNC APD APD 
Write (Delayed write) ACT ACT ACT NAC APD APD 
Read-moditv-write ACT ACT ACT ACT APD APD 
RAS only refresh ACT NAC DNC DNC APD DNC 

Hidden refresh ACT ACT DNC ACT DNC DNC 
CAS beforeRAS (Extended·) refresh ACT ACT NAC DNC DNC DNC 
Self refresh· ACT ACT NAC DNC DNC DNC 
Stand~by NAC DNC DNC DNC DNC DNC 

Note. ACT. active, NAC . nonactive, DNC . don t care, VLD . valid, IVD. Invalid, APD . applied, OPN . open 

BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT RAS 

COLUMN ADDRESS CAS 
STROBE INPUT 

WRITE CONTROL W 
INPUT 

ADDRESS INPUTS 

2 -74 

Ao 
Al 

A2 
A3 

A4 

As 

A6 

A7 

As 

A9 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & 1/0 CONTROL 

MEMORY CELL 
( 4194304BITS) 
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Input/Output 
Refresh Remark 

Input Output 
OPN VLD YES 
VLD OPN YES 

Fast page 
mode 

VLD IVD YES identical 
VLD VLD YES 
DNC OPN YES 
OPN VLD YES 
DNC OPN YES 
DNC OPN YES 
DNC OPN NO 

. 

-----:=:Q vee (5V) 

+-¢VSS(OV) 

I 

DQ1} DQ2 DATA 
DQ3 INPUTS I OUTPUTS 

004 

OE OUTPUT ENABLE 
INPUT 
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M5M44400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage -1-7 

VI Input voltage With respect to Vss -1-7 
Vo Output voltage -1-7 

10 Output current 50 
Pd Power dissipation Ta=25Dc 1000 
Topr Operating temperature 0-70 

Tstg Storage temperature -65 -150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70 DC, unless other:wise noted) (Note 1) 

Limits 
Unit Symbol Parameter Min Nom Max 

Vcc Supply volttige 4.5 5.0 5.5 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.4 6.5 V 

VIL Low-level input voltage I DQ1-DQ4 -1.0 0.8 V I Others -2.0 0.8 
Note1: All voltage values are with respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta=0-70°C, Vcc=5V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ 
VOH High-level output voltage IOH=-5mA 2.4 
VOL Low-level output voltaoe IOL=4.2mA 0 
loz Off-state output current Q floating, OV :it V OUT :it 5.5V -10 
II Input current OV:it VIN :it+6.5V, Other inputs pins=OV -10 

Average supply current M5M44400C-5,-5S RAS, CAS cycling 
ICCl (AV) from Vcc, operating M5M44400C-6,-6S tRc=twc=min. 

(Note 3,4,5) M5M44400C-7,-7S output open 

RAS= CAS =VIH, output open 
Icc2(AV) Supply current from V CC, stand-by (Note 6) RAS= CAS ~Vcc -0.5V 

output open 

Average supply current M5M44400C-5,-5S RAS cycling, CAS= VIH 
Icc3(AV) from Vcc, RAS only M5M44400C-6,-6S tRc=min. 

refresh mode (Note 3,5) M5M44400C-7,-7S output open 

Average supply current M5M44400C-5,-5S RAS=VIL, CAS cycling 
Icc4(Av) from Vcc, Fast Page M5M44400C-6,-6S tpc=min. 

Mode (Note 3,4,5) M5M44400C-7,-7S output open 

Average supply current M5M44400C-5,-5S CAS before RAS refresh cycling 
ICC6(AV) from vce, CAS before RAS M5M44400C-6,-6S tRc=min. 

refresh mode (Note 3,5 M5M44400C-7,-7S output open 
RAS cycling CAS :it0.2V or CAS 
before RAS refresh cyding 
RAS:it0.2V or ~Vec-0.2V 

Average supply current from Vec, 
CAS:it0.2V or ~Vec-0.2V 

Icc8(AV)* Extended-Refresh mode (Note 6) W:it0.2V(Except for RAS falling edge) 
or ~Vee-0.2V 
OE~O.2V or ~Vcc-O.2V 
Ao-A9:ii:.0.2Vor ~Vce-0.2V, DQ=open 

-- tRC=125 fl S, tRAS=t~Asmin-1 fl S 

Icc9(AV)* Average supply current from V cc, 
(Note 6) 

RAS=CAS:itO.2V 
Self-Refresh mode output open 

.. Note 2: Current flOWing mto an IC IS positive, out IS negative . 
3: ICCl (AV), ICC3 (AV), ICC4 (AV) and lec6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RAS=VIL and CAS=VIH 

.• MITSUBISHI 
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Unit 
V 
V 
V 

mA 
mW 
DC 
DC 

Max 
Unit 

Vcc V 
0.4 V 
10 J.lA 
10 J.lA 

125 
100 mA 

85 
2 

1.0 mA 

0.1 * 
125 
100 mA 

85 
105 

85 mA 

75 

105 
85 mA 
75 

120 J.lA 

120 J.lA 

2 - 75 



MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=0-70°C. Vcc=5V±10%. Vss=OV. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 
Unit 

CI(A) Inout capacitance address inouts VI=VSS 5 pF 
CI(CLK) Input capacitance. clock inputs f=1MHz 7 pF 
ClIO Input/Output capacitance. data ports VI=25mVrms 7 pF 

SWITCHING CHARACTERISTICS (Ta=0 ....... 70·C. VCC = 5V±10%. Vss=OV. unless otherwise noted. see notes 6.13.14) 

Limits 
Symbol Parameter M5M44400C-5.-5S M5M44400C-6.-6S MSM44400C-7.-7S Unit 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7.8) 13 15 20 ns 

tRAC Access time from RAS (Note 7.9) 50 60 70 ns 

tAA Column address access time (Note 7.10\ 25 30 35 ns 

tCPA Access time from CAS precharge (Note 7.11\ 30 35 40 ns 

tOEA Access time from OE (Note 7 13 15 20 ns 
tCLl Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOFF Output disable time after CAS high (Note 12\ 13 15 20 ns 

tOEZ Outout disable time after OE hiah (Note 12\ 13 15 20 ns 
- - -Note 6:An initial pause of 200 p. s is required after power-up followed by a minimum of eight initialization cycles (RAS- only refresh or CAS before RAS refresh 

cycles). . 
Note the RAS may be cycled during the initial pause. And 8 initialization cycles are required after prolonged periods (greater than tREF(max») of RAS 
inactivity before proper device operation is achieved. 

7:Measured with a load circuit equivalent to 2TTL loads and 100pF. 
8:Assumes that tRcD~tRCD(max) and tAsc~tASC(max). 
9:Assumes that tRcD~tRCD(max) and tRAD~tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table. tRAC will 

increase by amount that tRCD or tRCD exceeds the value shown. 
1 O:Assumes that tRAD~ tRAD(max) and tAsc~tASC(max). 
11 :Assumes that tcP~tCP(max) and tASC~tASC(max). 
12:tOFF(max). tOEZ(max) defines the time at which the output achieves the high impedance state (I OUT~ I ±10p. AI) and is not reference to VOH(min) or 

VOL(max). 

2 - 76 
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M5M44400CJ, TP-5,-6 ,-7,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=O -70°C, Vcc = 5V±10%, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 
Symbol Parameter MSM44400C-S,-SS MSM44400C-6,-6S MSM44400C-7,-7S 

Min Max Min Max Min Max 

tREF Refresh cycle time 16.4 16.4 16.4 

tREF Refresh cycle time* 128 128 128 
tRP RAS high pulse width 30 40 50 
tRCD Delay time, RAS low to CAS low (Note 15) 18 37 20 45 20 50 
tCRP Delay time, CAS.high to RAS low 5 5 5 
tRPC Delay time, RAS high to CAS low 0 0 0 
tCPN CAS high pulse width 10 10 10 
tRAD Column address delay time from RAS low (Note 16) 13 25 15 30 15 35 
tASR Row address setup time before RAS low 0 0 0 
tASC Column address setup time before CAS low (Note 17) 0 7 0 10 0 10 
tRAH Row a'ddress hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 13 15 15 
tDZC Delay time, data to CAS low (Note 18) 0 0 0 
tDZO Delav time, data to OE low (Note 18) 0 0 0 
tCDD Delav time, CAS high to data (Note 19) 13 15 20 

tODD Delay time, OE high to data (Note 19) 13 15 20 
tT Transition time (Note 20) 1 50 1 50 1 50 

Note 13: The timing requirements are assumed tT=5ns. 
14: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 

ms 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 

ns 

ns 
ns 
ns 
ns 
ns 

ns 

15: tRCD(max) is specified as a reference point only. If tRcD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. 

16: tRAD(max) is specified as a reference point only. If tRAD6;tRAD(max) and tASc~tASC(max), access time is controlled exclusively by tAA. 
17: tASC(max) is specified as a reference point only. If tRCD6;tRCD(max) and tASC6;tASC(max), access time is controlled exclusively by tCAC. 
18: Either tDzc or tDZO must be satisfied. 
19: Either tCDD or tODD must be satisfied. 
20: tT is measured between VIH(min) and VIL(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 
tRAS RAS low pulse width 
tCAS CAS low Dulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read Setup time before CAS low 
tRCH Read hold time after CAS high 
tRRH Read hold time after RAS hiQh 
tRAL Column address to RAS hold time 
tOCH CAS hold time after OE low 
tORH RAS hold time after OE low 

Note 21: Either tRcH or tRRH must be satisfied for a read cycle. 

MSM44400C-S,-SS 

Min 
90 
50 
13 
50 
13 
0 

(Note 21) 0 
lNote 21) 0 

25 
13 
13 
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Max 

10000 

10000 

Limits 
MSM44400C-6,-6S MSM44400C-7,-7S 

Min Max Min Max 
110 130 
60 10000 70 10000 
15 10000 20 10000 
60 70 
15 20 
0 0 
0 0 
0 0 

30 35 
15 20 
15 20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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M5M44400CJ, TP-5,-6,-7 ,-55,-6S,-7S 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write) 

Limits 
. Symbol Parameter M5M44400C-5,-5S M5M44400C-6,-6S M5M44400C-7,-7S Unit 

Min Max Min Max Min Max 
twe Write cycle time 90 110 130 ns 
tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 13 10000 15 10000 20 10000 ns 
tcsH CAS hold time after RAS low 50 60 70 ns 
tRSH RAS hold time after CAS low 13 15 20 ns 
twcs Write setup time before CAS low (Note 23) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 15 ns 
tCWL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after W low 13 15 20 ns 
twp Write Dulse width 8 10 15 ns 

tos Data setup time before CAS low or W low 0 0 0 ns 

tDH Data hold time after CAS low or W low 8 10 15 ns 
tOEH DE hold time after W low 13 15 20 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M44400C-5,-5S M5M44400C-6,-6S M5M44400C-7,-7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 22) 126 150 180 ns 
tRAS RAS low pulse width 86 10000 100 10000 120 10000 ns 
tCAS CAS low pulse width 49 10000 55 10000 70 10000 ns 
tesH CAS hold time after RAS low 86 100 120 ns 
tRSH RAS hold time after CAS low 49 55 70 ns 
tRCS Read setup time before CAS low 0 0 0 ns 
tcwo Delay time, CAS low to W low (Note 23) 31 35 45 ns 
tRWD Delay time, RAS low to W low (Note 23) 68 80 95 ns 
tAWD Delay time, address to W low (Note 23) 43 50 60 ns 
tewL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after W low 13 15 20 ns 
twp Write Dulse width 8 10 15 ns 
tos Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS low or W low 8 10 15 ns 

tOEH DE hold time after W low 13 15 20 ns 
Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tT. 

23: twcs, tewD, tRWD, tAWD and tepwo are specified as reference pOints only. If twcse;;twcS(min) the cycle is an early write cyCle and the DO pins 

2 - 78 

will remain high impedance throughout the entire cycle. If tcwDe;;tcWD(min), tRwDe;;tRWD(min), tAwoe;;tAwD(min) and tCPwDe;;tcPWD(min) (for fast page 
mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. If neither of the above 
condition (delayed write) is satisfied, the condition of the DO (at access time and until CAS or OE goes back to V IH ) is indeterminate. 
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M5M44400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 

Limits 
Symbol Parameter M5M44400C-5,-5S M5M44400C-6,-6S M5M44400C-7,-7S 

/ Min Max Min Max Min Max 
tpc Fast page mode read/write cycle time 35 40 45 

tPRWC Fast page mode read write/read modify write cycle time 71 80 95 
tRAS RAS low pulse width for read or write cycle (Note 25) 85 100000 100 100000 115 100000 
tcp CAS high pulse width (Note 26) 8 12 10 15 10 15 
tCPRH RAS hold time after CAS precharge 30 35 40 
tCPWD Dela'Ltime CAS orecharae to W low (Note 23) 48 55 65 

.. 
Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 

25: tRAS(min) is specified as two cycles of CAS input are performed. 
26: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * (Note 27) 

Limits 
Symbol Parameter M5M44400C-5,-5S M5M44400C-6,-6S M5M44400C-7,-7S 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 5 5 5 
tCHR CAS hold time after RAS low 10 10 15 
tRSR Read setup time before RAS low 10 10 10 
tRHR Read hold time after RAS low 10 10 15 
tCAS CAS low pulse width 20 20 25 

Note 27: Eight or more CAS before RAS cycles Instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

Self Refresh Cycle * (Note 28) 

Limits 
Symbol Parameter M5M44400C-5,-5S M5M44400C-6,-6S M5M44400C-7,-7S 

Min Max Min Max Min Max 
tRASS CBR self refresh RAS low pulse width 100 100 100 
tRPS CBR self refresh RAS high precharge time 90 110 130 
tCHS CBR self refresh CAS hold time -50 -50 -50 
tRSR Read setup time before RAS low 10 10 10 
tRSR Read hold time after RAS low 10 10 15 

Test Mode Specification (Note 29) 

ELECTRICAL CHARACTERISTICS (Ta=O~ 70·C, Vcc=5V±10%, Vss=OV, unless otherwise noted) (Nole 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

Average supply current M5M44400C-5,-5S RAS, CAS cycling 145 
ICCl (AV) from Vcc, operating M5M44400C-6,-6S tRc=twc=min. 115 

(Note 3,4,5) M5M44400C-7,-7S output open 100 

Average supply current M5M44400C-5,-5S RAS cycling, CAS=VIH 145 
ICC3(AV) from Vcc, RAS only M5M44400C-6,-6S tRc=min. 115 

refresh mode (Note 3,5) M5M44400C-7,-7S output open 100 

Average supply current M5M44400C-5,-5S RAS=VIL, CAS cycling 120 
Icc4(Av) from Vcc, Fast Page M5M44400C-6,-6S tpc=min. 100 

Mode (Note 3,4,5) M5M44400C-7,-7S output open 85 
Average supply current M5M44400C-5,-5S CAS before RAS refresh cycling 120 

ICC6(AV) from vcc, CAS before RAS M5M44400C-6,-6S tRc=min. 100 
refresh mode (Note 3,5) M5M44400C-7,-7S output open 85 

Note 29:AII previously specified electrical characteristics, switching char~cteristics, and timing requirements are applicable to that of test mode. 
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mA 

mA 

mA 
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MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

SWITCHING CHARATERISTIC~ (Ta=0-70'C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 6, 13, 14) 

Limits 

Symbol Parameter M5M44400C-5,-5S M5M44400C-6,-6S M5M44400C-7,-7S 

Min Max Min Max Min Max 
tCAC Access time from CAS (Note 7,8) 18 20 25 
tRAC Access time from RAS (Note 7,9) 55 65 75 

tAA Column address access time (Note 7,10) 30 35 40 

tCPA Access time from CAS precharQe (Note 7,11) 35 40 45 

tOEA Access time from OE (Note 7) 18 20 25 

TIMING REQUIREMENTS (Ta=0-70'C, Vcc=5V±10%, Vss=oV, unless otherwise noted, see notes 13, 14) 

Read and R efresh Cfycle 

Limits 
Symbol Parameter M5M44400C-5,-5S M5M44400C-6,-6S 

Min Max Min Max 
tRC Read cycle time 95 115 
tRAS RAS low pulse width 55 10000 65 10000 
tCAS CAS low pulse width 18 10000 20 10000 
tCSH CAS hold time after RAS low 55 65 
tRSH RAS hold time after CAS low 18 20 
tRAL Column address to RAS hold time 30 35 
tacH CAS hold time after OE low 18 20 
tORH RAS hold time after OE low 18 20 

Read Write and Read-Modify-Write Cfycle 

Limits 
Symbol Parameter M5M44400C-5,-5S M5M44400C-6,-6S 

Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 22) 131 155 
tRAS RAS low pulse width 91 10000 105 10000 
tCAS CAS low pulse width 54 10000 60 10000 

tCSH CAS hold time after RAS low 91 105 
tRSH RAS hold time after CAS low 54 60 
tCWD Delay time, CAS low W low (Note 23) 36 40 
tRWD Delay time, RAS low W low (Note 23) 73 85 

tAWD Delay time address to W low (Note 23) 48 55 

Fast page Mode Cycl~ (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 

Symbol Parameter M5M44400C-5,-5S 

Min Max 
tpc Fast page mode read/write cycle time 40 

tPRWC Fast paQe mode read write/read modify write cycle time 76 

tRAS RAS low pulse width for read or write cycle 

tCPRH RAS hold time after CAS precharge 

tCPWD Delay time CAS precharQe to W low 

Test Mode Set Cycle 

Symbol Parameter 

twSR Write setup time before RAS low 
twHR Write hold time after RAS low 

2 - 80 

(Note 25) 95 100000 

35 
(Note 23) 53 

M5M44400C-5,-5S 

Min 
10 
10 
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Max 

Limits 
M5M44400C-6,-6S 

Min Max 

45 

85 

110 100000 

40 

60 

Limits 
M5M44400C-6,-6S 

Min Max 
10 
10 

M5M44400C-7,-7S 

Min Max 
135 

75 10000 

25 10000 

75 

25 

40 

25 

25 

M5M44400C-7,-7S 

Min Max 
185 

125 10000 
75 10000 

125 

75 

50 
100 

65 

M5M44400C-7,-7S 

Min Max 

50 

100 

125 100000 

45 

70 

M5M44400C-7,-7S 

Min Max 
10 

15 

Unit 

ns 

ns 

ns 
ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

Unit 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 
ns 



MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

Timing Diagrams (Note 30) 

Read Cycle 

VIH 
RAS 

VIL-

VIH 
CAS 

VIL 

VIH 
Ao~A9 

VIL 

VIH 
W 

VIL 

DQ1-DQ4 VIH 

(INPUTS) VIL 

DQ1-DQ4 VOH-

(OUTPUTS) 
VOL-

VIH 

OE 
VIL 

tRC 

tRAS tRP 

\ I \ 
tCSH 

tcp tRCD tRSH 
tCRP tCAS 

c.xxxxvn ~ I XXXX??>1 ~ 

tRAD tRAL tASR 

tASR 
~ ~ tCAH ~ 

~ 
xxxxxX:x\. ROW ~ COLUMN ./xyv!)( )()( xx X~ COLUMN 

~ ~~ ADDRESS ~ ADDRESS ADDRESS xXX>7 

~ tRRH 

I.. 
tRCS tRCH 

I 
~X XXXXXX)I1I ~xxxxxxx 
::~:~XxXX XXXXXXT ,xxxxxxx}666 

~ltDZC , tCDD 

Hi-Z C.XXXXXXXXX xxxxxxxx ~ 
~XXXXXX xxxx~ Xxx~ 

tCAC 

tAA ~ 
tCLl 

Hi-Z 

~ 
\ Hi-Z 

DATA VALID 
I 

tRAC DEZ 

tDZO ~ 
~ tODD 

OCH 

(XXXxx xxxx ~xxxxxxxxxxV XXX IXXXX xxxxxxxxxxx 
C.XXXXXxx A~xxxxxx~ ~ X xxxxxxxX'X>6() 

tORH 

Note 30 
Indicates the don't care input. 
VIH(min)~VIN~VIH(max) or VIL(min)~VIN~VIL(max) 

Indicates the invalid output. 
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MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

w 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 
(OUTPUTS) 

OE 

2 - 82 

twc 

tRAS tRP 

VIH-------.I 

VIL-
\ ~ 
~---------------------------------------~ \--

tCSH 

tRCD tRSH 
tCf 

VIH 1fl<xxxxv-
~ ______ ~~~AS~ ______ ~~ L======~=R=P====~ ______ ___ 

IJ 
VIL ~ 

tASR 
~ 

tAsc 
~ ~ 

twcs 

")OOO(~~~~~~ ~ VIH-{XXXXXXXXXXyy~~ 
VIL (XXXXXXXX.x..x..x..x..x..x..x..x.x 

\ 

tCAH 

twCH 

tDH 

tASR 
........ 

LXXXxxxxxxxxxxxxxxxXX, 
xxxx 

VIH-~~~~~~~~~~;I'!;.\ Ir-------------------~L ~~~~~~~~~~~t2~t2~ vvxxxxxxxxxxxx~ ~~~~~~x~x.x.x~~~xx.x.xxxxxxx.x.x.x.xxXy 
VIL txxxx xxxx~)-____ D_A_TA_VA_L_I_D ___ -'lnI'Ic ~ ~ ~.~ ~ ~ ~ ~~~ 

VOH-

VOL-

VIH 

VIL 

Hi-Z 
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MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

VIH 

VIL-

VIH 
CAS 

VIL 

VIH 
Ao-A9 

VIL 

VIH 
W 

VIL 

OQ1-0Q4 VIH 

(INPUTS) 
VIL 

OQ1-0Q4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

twc 

tRAS L tRP 

I 
~ Jr \ 

tCSH 

tCRP tRCO tRSH 

I tCAS tCRP 

xxxxxx.- ~ I ~ ~ 

~ tRAH tASC tCAH tASR ..-.. --f-14-

i~ ROW ROW COLUMN rK;;6!' XX~ ~ ADDRESS ADDRESS [~~ ADDRESS XXXX7 ~XXX xxX ·XXXI 

~ tRWL 
--'" 

~ ~ 
~XXXXX~ IX. XX~ \ XXXXXXXXXXXXXXXXN XXXXxxxxxxxxXX) 

tWCH 

~ 
tos tOH ... 

xxxxxxx ¥~ 
Hi-Z i~ DATA 'IXXXXXXxxxxxx 

~XX x~ ~ VALID ~XXXXxx~ 

~ 
Hi-Z 

%~ 
Hi-Z 

XXXXX 
lX x x x x 

~ tOEf-. 

xxxxxXXXXXXXA 
xxxxxxxxxxxxn 
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tOEH 
~ 

tODD 

~XXX~XXXXXXX~ 
~xxxxxxxxxxxxxxx 

2 - 83 



MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

tRWC 

tRAS L tRP 

r 
VIH , i \ VIL-

tCRP 
tCSH 

.1 tRCD tRSH 

tCAS L tCRP 

VIH 
CAS 

VIL 

XXXXXX:lt 
~ iJ ~ 

tRAD 
tASR tRAH tCAH tAR 

tAsc ..... f-i4---

VIH ROW ,~ COLUMN ,,7>.7>. '" ROW 
Ao-As ~XXXXX;.oa: ~ 

VIL ,C:XXXXXI ADDRESS 
~ 

ADDRESS 1Q:X 

VIH 
W 

VIL 

DQ1-DQ4 VIH 

(INPUTS) 
VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

2 - 84 

tAWD 

tRCS r---J tcwD 

tRWD 
I 

X)o{)o{)o{)( XN 

~ ~ x~ 

~~ 
tDS 

~ 
xxxxxxX Hi-Z ~ 
~ ~ XXXXXXXX 

tCAC 

tAA 

14tC~ 
ro;r;~ Hi-Z 

~ ~V 
tRAC 

~ ~ tODD 
tDZO ~ ~tOEZ 

6txxxxxxx~ 
~XXXXXXXXXXXXXXXXXXXX J 
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x 
xxxxx xx xxx>?} ADDRESS 

tCWL 

tRWL 
twp , '1/x)(x)(x)(x)(~ x x x X :l' 

~xxxxxxxxxx~ 

I 

tDH 

DATA VALID 1JJ<l< x x x x x x;<;('2 
IAXXXXXXX~ 

Hi-Z 

~ 
V:.cXxx xxxxx~ 
1 xXXX 

XXXX 
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MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

tRC 

tRAS tRP 

VIH------,I 

VIL-

VIH-~V"V~"""rl-t_--------------------,t"""*+_---

VIH-
Ao-A9 

Vll-

VIH 
W 

VIL 

DQ1-DQ4 VIH 

(INPUTS) VIL 

DQ1-DQ4 VOH-

(OUTPUTS) VOL-

VIH 
OE 

VIL 

tASR tRAH 

ROW 
XXXXXXI\I ADDRESS 

Hi-Z 
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MITSUBISHI LSls 

M 5M44400CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

Ao-A9 

w 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 VOH­

tOFF 

(OUTPUTS) VOL---_-f 

tODD 

2 - 86 

tRC 
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tRC 

Hi-Z 
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MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 31) 

VIH 
RAS 

VIL-

VIH 
CAS 

VIL, 

VIH 
Ao-A9 

VIL 

VIH 
W 

VIL 

DQ1-DQ4 VIH 

(INPUTS) VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

tAC 

tAAS 

\ 

tCAP tACO tASH ...... 

~ ~ ~~~"'.JV 

tAAo 

tASA tAAH tCAH 
tASC 

~ ROW ~ COLUMN :11< x 
ADDRESS 

IX 
XXXX.7 ADDRESS ry 

~ tAAL 

tNxxxxx xxx 
()txXXXX.x ""I XXN 

~tozc 

xxxxxx 
~XX 

tCAC 

tAA 

Hi-Z ~~ 
tozo tOEA 

tOAH 

~xxxxxxxxxxx 

.L 
tAC 

tAP J tAAS L tAP 

r 

I \ II "-
tCHA 

~ 

tASA 
..... -~ 

~xxxxxxV ROW xxxxxxxxxxxxxxx 
ADDRESS xxxxxxxxxxxxxxx xxxxx~ 

~ 
xxx x~~XXXXx-X"> ~xxxxxxxx 

,.;.xxxxxxxxxxx xx.xxxxxxxXXX> 

tcoo 

Hi-Z 
~x.xxx)O 

tOFF 
~ 

\ Hi-Z 
DATA VALID I 

tOEZ ..... f-~ 
tODD 

x 

VIL 
,~XXXXXXXXXX X)( J( X~~~~~~~~~ 

Note 31: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle described above. 
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MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-55,-6S,-7S 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

tRAS tRP 
-'" 

VIH 

VIL-
.~ ~ L 

tCSH tpc 
~ t~~p tRCO tCAS tcp tCAS tcp tCAS 

xxxx~ ~ 

~ ~ 1/ 
~ 

~ .~ ~ 
VIH 

VIL...,. 

tRAO tCPRH tASR 

VIH 
Ao-A9 

VIL 

tASR tRAH tASC tCAH tASC tCAH ~ l·tCAH. 
~ 

h~ ~ ~ 
ROW .~ I}II ~ COLUMN ~I r,nn~ ROW COLUMN ~I; x ~ COLUMN~ 

~ADDREssl~ ADDRESS1~ )!I 

I~ DDRESS .';}II ](I ADPRESS31l\ ~~ ~IJ ~ ADDRESS )()()(XI .~ 

I - r-r-- I 

tRAL ~I:l 
L tRCS tRCH tRCS tRCH I \4-~~ Ii I'-~ l"lf 11+tRCS 

VIH 
W 

VIL 

"«;«lxxxx x~ ~~ ~ r ~ 
cxxxxxx x~ ~ 

tozc tozc tozc I. tCDO. 
~~ --tt+ 

DQ1-DQ4 VIH 

(INPUTS) VIL 
(~~~~» ~ 

Hi-Z Hi-Z Hi-Z 

~ ~ 
I. tCAC. ~ tCAC 

tOFF tAA 
+-+ 

tAA tAA 

tCLZ tOFF 
~ ..... ~ I_ tOFF • 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

Hi-Z -~ DATA ~ Hi-Z J 

~ DA A ~ Hi-Z ~~X 
tCPA ~ 

bATA )--

2 - 88 

VIH 

VIL 

VALlD-1 I{ , VALlD-2 I{ 
tRAC tePA L 

tDZO tOEA I 
to~ 

~ .. j4-tOEZ .. 14- tOEZ 
"I tOCH 14 tOCH. 

x )(XX)()(X)(X X I«'A {XXXXXXxx~n ;/';;/'; 
~ 

{XXXXX)(X)()(Xx)(XXXXX~ 
,;IX.;/';x 

X>l(,l I. eX I}II.X 

~~ 
tODD 

• MITSUBISHI 
.... ELECTRIC 

~ 
tODD 
~ 

VALlD-3 

~ 
tOEZ 
4,..-~ 
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)'f.{l ~ n xx xx~ 
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MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

Ao-A9 

W 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 
(OUTPUTS) 

OE 

tRAS 

VIH--------,I 

VIL-

tCRP tCSH 

tRCD tCAS tcp 

VIH-7'VO::::-:::::-::7'=:7'::":::V-H-------; 

VIH-

VIL-

VIH-

VIL-

VIH-

VIL-

VOH-

VOL-

VIH 

VIL 

Hi-Z 
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tpc 
tCAS 

ROW 
ADDRESS 
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MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

VIH 
RAS 

VIL-

VIH 
CAS 

VIL 

VIH 
Ao-A9 

VIL 

VIH 
W 

VIL 

DQ1-DQ4 VIH 

(INPUTS) 
VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

2 - 90 

VIH 

VIL 

tAAS tAP 

F , \-
tCSH 

--"" 
tASH 

tCAP 
tACO tCAS L lPC 

I L tcp tCAS I 
x x xx x X'*' ! I ~"X"X"Xy \ ~ XXXXXXl 

tRWL 

tASR tAsc 
~ 

..... 
~ tCAH ~ ...... ~ 

ROW COLUMN XA COLUMN XXXXXlr IE< x xx xx x xx~ yx:x 
XXXXXl ADDRESS @ ADDRESS1 

~xxxxxX XYJ 
ADDRESS2 

~xx 

~ 
tRCS 

~ twp r ~ 
~XXXXXXXXXIl IW \ xx XX7 

twCH twCH 

~ tos 
tOH ~ tos 

lXX x XXX X x XXXXJI Hi-Z ~ DATA ~ ~ ~xxxx"X"Xxx ~ VALlD-1 ~ ~ 

tCLZ ~ 

~~ Hi-Z j~~ Hi-Z 

~ V 
tOEZ .... f4- tOEZ .... f4-

I" tozo~1 ...... ODD tOZo .... rr- .... toDD 

XXXXXXXXXXXXXXXX 
lXXXXXXXX XXXXXXXXx\ I 

'. MITSUBISHI .... ELECTRIC 

U 

~ 

-+-
e ...tASR 

ROW 
X.l'Z 

ADDRESS XXX7 

~ 
~ 
xxxxxx> 

tOH 

DATA 'IXXXXX) 
~XXXX) VALlD-2 

Hi-Z 

~ 
\:.xxxxxx~ 
VlXXXXX) 



MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

VIH 
RAS 

VIL-

tRAS tRP 

F \ L 
tCSH tPRWC 

.. ... tR~L 

VIH 
CAS 

VIL 

tc~ tRCD tCAS tcp tCAS I 
)?<'XXXX~ 

\ V 1\ ;r ~ 
tRAD 

tASF ~ tCAH ~ ~ 
tCWL ..... tAsc ... M ... tASR 

VIH 
Ao-A9 

VIL 

-x -x -x )C1C,," R( W ~ COLUMN X1.J COLUMN ~I-X -x-x ~ ROW 

~ IXXXX IYX X X x 
ADDRESS ADDRESS1 ¥ ADDRESS2 XNI' ADDRESS 

~XXX ~XXX 

tAWD 
• 4tCWL 

tAWD 

tRCS tRCS r-f4 
tCWD ~~ tCWD ~ I 

VIH 
W 

VIL 

~x XXXXII \ I; ~ , 
~~~~~}: .~x XXX.7 

twCH twCH 

tRWD tCPWD 

DQ1-DQ4 VIH 
~~ tDS 

tDH 
/l ..... tJzc tD" 

tDH 

~ OJ ,~ ·(XX XX X x.;<;« ~ Hi-Z DATA \ I Hi-Z DATA 
(INPUTS) 

VIL 
xxxxxxxx ~ ~ VALlD-1 1"4 

~ ~ 
VALlD-2 '~ 

~ 
I 

tAA tAA 

~ 
tCLZj.... 

Hi-Z Hi-Z J~~ Hi-Z DQ1-DQ4 VOH­

(OUTPUTS) VOL-

tm~ 

tRAC 

tDZO ~ 

VALID-l/ 
~ 

4f--+ tODD, 

... ... tOEZ 

~ VALlD-2 

tePA '11 <--toDD 

tDZO "I r tOEA 
... H4-tOEZ ~ 

VIH 

VIL 

~x xx 
~XXXXXXXX~ 
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\ ~x xx xx:xxx 
~xxxxxx 
'"xxxxxx 
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Self Refresh Cycle * (Note 28) 

tRP 

VIH-
RAS 

VIL-

VIH-
CAS 

VIL-

VIH-
Ao-A9 

VIL-

VIH-
W 

VIL-

tCDD 

OQ1-0Q4 VIH- Hi-Z 

(INPUTS) 
VIL-

tOFF 

OQ1-0Q4 VOH-

(OUTPUTS) 
VOL-

VIH-

OE 
VIL-
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FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

tRASS 
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MITSUBISHI LSls 

M5M44400CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-Bln DYNAMIC RAM 

Test Mode Set Cycle (Note 32) 

tRC 

tRP tRAS tRP 

VIH-
RAS 

VIL-

VIH-
CAS 

VIL-

VIH-
Ao~A9 

VIL-

VIH-
W 

VIL-

DQ1~DQ4 VIH-

(INPUTS) VIL-

tOFF 

DQ1~DQ4 VOH- Hi-Z 

(OUTPUTS) VOL-

VIH-

OE 
VIL-

Note: 32 The cycle is also avaiilable for initialization cycle, but in this case device enters test mode. 
The test mode function is initiated with a Vii and CAS before RAS cycle(WCBR cycle) as specified above timing diagram. 
The test mode function is terminated by either a CAS before RAS(CBR) refresh or a RAS only refresh cycle. 
During the test mode, the device is internally organized as 4-bits wide (256k-bytes deep) for each DO (inpuVoutput) port. 
No addressing of AO,A1(column only) is required. 
During a write cycle, data on the each DO (input) pin is written in parallel into all 4-bits for each DO port and can be written independently for 
each DO port. 
During a read cycle, the each DO (output) pin indicates independently a HIGH state if all4-bits are equal, and a LOW state if any bits differ. 
During the test mode operation, a WCBR cycle is used to perform refresh. 
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MITSUBISHI LSls 

M 5M44400CJ, TP-5,-6,-7 ,-5S,-68,-7S . 

FAST PAGE MODE 4194304-BIT (1048576-WORDBY 4-BIT) DYNAMIC RAM 

Note. 28:Self refresh sequence 

Two refreshing methods should be used properly depending on the 

low pulse width(tRASS) of RAS signal during self refresh period. 

1. Distributed refresh during Read/Write operation 

(A) Timing diagram 

Read/Write Cycle Self Refresh Cycle Read/Write Cycle 

RAS 

--vQP9 IR~~100"' ~O 

last . P----Rr1[V 
refresh cycle 

Table 2 

ReadNJrite Cycle Read/Write-+ Self Refresh-+ 
Self Refresh Read/Write 

CBR distributed 
refresh tNsD~125 }lS tSND~ 125 }l s 

RAS only 
tNSD~16}ls tSND~16}ls 

distributed refresh 

(B) Definition of distributed refresh 

refresh 
cycle 

Definition of CBR distributed refresh 

(Including extended refresh) 

tREF/1024 

readtwrite 
cycles 

refresh 
cycle 

The CBR distributed refresh performs more than 1024 

constant period (125}l s max.) CBR cycles within 128ms. 

Definition of RAS only distributed refresh 

Note: 

All combinations of row address signals (Ao-A9) are 

selected during 1024 constant period (16 }lS max.) RAS 

only refresh cycles within 16.4ms. 

Hidden refresh may be used instead of CBR refresh. 

RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal in' the last 

CBR refresh cycle during read/write operation period to the 

falling edge of RAS signal at the start of self refresh operation 

should be set within tNSD (shown in table 2). 

tREF 

refresh 
cycle 

refresh cycle 

tREF/1024 . 

read/write 
cycles 

• Switching from self refresh operation to read/write operation. 

The time interval from the rising edge of RAS signal at the end 

of self refresh operation to the falling edge of RAS signal in the 

first CBR refresh cycle during read/write operation period should 

be set within tSND (shown in table 2) 

1.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interyal tNSD from the falling edge of RAS signal in the 

last RAS only refresh cycle during read/write operation period to 

the falling 'edge of RAS signal at the start of self refresh 

operation should be set within 16 }l s . 

• Switching from self refresh operation to read/write operation. 

The time interval tSND from the rising edge of RAS signal at the 

end of self refresh operation to the falling edge of RAS signal in 

the first CBR refresh cycle during read/write operation period 

should be set within 16 }l s. 
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M 5M44400CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (1048576-WORD BY 4-BIT) DYNAMIC RAM 

2. Burst refresh during Read/Write operation 

(A) Timing diagram 

Read/Write Self Refresh Read/Write 

~ rn=~l00"s ffiNB W 
::j--------5.2:~ 

refresh 1023 cycles 1023 cycles refresh 
cycles cycles 

Table 3 

Read/Write Cycle Read/Write~ Self Refresh~ 
Self Refresh Read/Write 

CBR burst 
tNSB~ 16.4ms tSNB~ 16.4ms refresh 

RASonly 
tNSB+tsNB~16.4ms burst refresh 

(B) Definition of burst refresh 

{n£)!}D!-RAS 
II 

readlwrite cycles 
1024 cycles 

Definition of CBR burst refresh 

The CBR burst refresh performs more than 1024 continuous 

CBR cycles within 16.4ms. 

Definition of RAS only burst refresh 

All combination of row address signals (Ao-As) are 

selected during 1024 continuous RAS only refresh cycles 

within 16.4ms. 

2.1 CBR burst refresh 
• Switching from read/write operation to self refresh operation. 

The time interval tNSB from the falling edge of RAS signal in the 

first CSR refresh cycle during read/write operation period to the 

falling edge of RAS signal at the start of self refresh operation 

should be set within 16.4ms. 

• Switching from self refresh operation to read/write operation. 

The time interval tSNB from the rising edge of RAS signal at the 

end of self refresh operation to the falling edge of RAS signal in 

the last CSR refresh cycle during read/write operation period 

should be set within 16.4ms. 

2.2 RAS only burst refresh 
• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal in the first 

RAS only refresh cycle during read/write operation period to 

the falling edge of RAS signal at the start of self refresh 

operation should be set within tNSB (shown in table 3) . 

• SWitching from self refresh operation to read / write operation. 

The time interval from the rising edge of RAS signal at the end 

of self refresh operation to the falling edge of RAS signal in the 

last RAS only refresh cycle during read/write operation period 

should be set within tSNB (shown in table 3). 
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M5,M44800CJ, TP-5,-6,-7, 
-55,-65,-75 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

DESCRIPTION 

This is a family of 524288-word by 8~bit dynamic RAMs, fabricated 
with the high performance CMOS process, and is ideal for large­
capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 
The use of double-layer metalization process tecl:mology and ,a 

single-transistor dynamic storage stacked capacitor cell provide 
high circuit density at reduced costs. Multiplexed address inputs 
permit both a reduction in pins and an increase in system 
densities. Self or extended refresh current i,s low enough for 
battery back-up application. 

FEATURES 

RAS CAS Address 
Type name access access access 

lime time time 
max.ns) (max.ns) (max.ns) 

MSM44800CXX·S,·SS 50 13 25 
MSM44800CXX-6,-6S 60 15 30 
MSM44800CXX-7,·7S 70 20 35 

XX=J,TP 

eStandard 28pin SOJ, 28pin TSOP ( IT ) 
·Single 5V±10% supply 
eLow stand-by power dissipation 

OE Cycle Power 
access time dissipa· 
time lion 

(max.ns) (min.ns) typ.mW 

13 90 450 
15 110 375 

20 130 325 

CMOS Input level----------------------------5.5mW (Max) 
CMOS Input level - - - - ------ - - - -- -- - - --- ---550 f1 W (Max) * 

eOperating power dissipation 
M5M44800Cxx-5,-5S ---------- --------- ----495mW (Max) 
M5M44800Cxx-6,-6S -----------------------413m"'! (Max) 
M5M44800Cxx-7,-7S, - --- -- - - - - - - -- ---- - -- - -358mW (Max) 

eSelf refresh capability * 
Self refresh current --------------------------150 f1 A(Max) 

e Extended refresh capability 
Extended refresh current --------------------- 150 f1 A(Max) 

eFast page mode(1 024-column random access),Read-modify-write, 
RAS-only refresh, CAS before RAS refresh, Hidden refresh 
capabilities. 

eEarly-write mode, CAS and OE to control output buffer impedance 
e1024 refresh cycles every 16.4ms (Ao -A9) 
e1024 refresh cycles every 128rns (Ao -A9) * 
* :Applicable to self refresh version (M5M44800CJ,TP-5S,-6S,-7S 

:option) only 

APPLICATION 
Microcomputer memory, Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 
Ao __ A9 Address inputs 

DQ1-DQs Data inputs/outputs 

RAS Row address strobe input 

CAS Column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+5V) 

Vss Ground (OV) 

M5M44800CJ,TP-5,-5S:Under development 

PIN CONFIGURATION (TOP VIEW) 

(5V)VCC 

DOl OOs 

DO:! D07 

5 DOS 

D04 5 DOs 

NC CAS 

W OE 

A9 

Ao 
Al 

A2. 

A3 

(5V)VCC 

NC 

A7 

As 

A4 
VSS(OV) 

Outline 28POK(400mil SOJ) 

OOs 

D07 

DOS 

D04 DOs 

NC CAS 

W 7 OE 
NC 

A9 As 

AD A7 
Al As 

A2. As 
As A4 

(5V)VCC VSS(OV) 

Outline 28P3Y-H(400mil TSOP Normal Bend) 

NC:NO CONNECTION 
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MITSUBISHI LSls 

M5M44800CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

FUNCTION 

In addition to normal read, write, and read-modify-write operations 
the M5M44800CJ, TP provides a number of other functions, e.g., 

fast page mode, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

a~J:ss Column 
RAS CAS W OE address 

Read ACT ACT NAC ACT APO APO 
Write (Earlv write) ACT ACT ACT ONC APO APO 
Write (Oelaved write) ACT ACT ACT ONC APO APO 
Read-modify-write ACT ACT ACT ACT APO APO 
RAS only refresh ACT NAC ONC ONC APO ONC 

Hidden refresh ACT ACT ONC ACT ONC ONC 
CAS before RAS (Extended*) refresh ACT ACT ONC ONC ONC ONC 
Self refresh* ACT ACT ONC ONC ONC ONC 

Stand-by NAC ONC ONC ONC ONC ONC 
Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD: invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 

ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL 
INPUT 

W 

Ao 
A1 
A2 
A3 
A4 

ADDRESS INPUTS As 
A6 
A7 
As 
A9 

zffi 
::2:LL 
::JLL 
--I::J 
OlD 
()(/) 
o(j(/) 

3:li! 
0 0 
a:0 « 

SENSE REFRESH 
AMPLIFIER & 1/0 CONTROL 

MEMORY CELL 
(4194304BITS) 

• MITSUBISHI 
.... ELECTRIC 

Input/Output 
Refresh Remark 

Input Output 
OPN VLO YES 
VLO OPN YES 

Fast page 
mode 

VLO IVO YES identical 
VLO VLO YES 
ONC OPN YES 
OPN VLO YES 
ONC OPN YES 
ONC OPN YES 
ONC OPN NO 

-~VCC(5V) 
VCC (5V) 

VSS(OV) 

VSS (OV) 

001 
002 
003 

004 DATA 
DOs INPUTS I OUTPUTS 
006 
007 
DOs 

OE OUTPUT ENABLE 
INPUT 
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M5M44800CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage -1-7 

VI Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 
Pd Power dissipation Ta=25°c 1000 

Topr Operating temperature 0-70 

Tstg . Storage temperature -65 -150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70°C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

VCC Supply voltage 4.5 5.0 5.5 V 
Vss· Supply voltage 0 0 0 V 
VIH Hioh-Ievel input voltage, all inputs 2.4 6.0 V 

VIL LOW-level input voltaoe, all inputs -0.5 ** 0.8 V 
Note1: All voltage values are with respect to Vss. 

** : VIL(min) is -2.0V when pulse width is less than 25ns. (Pulse width is with respect to vss.) 

ELECTRICAL CHARACTERISTICS (Ta=0-70°C, Vcc=5V±10%, Vss=OV, unless otherwise noted) (Note2) 

Limits 
Symbol Parameter Test conditions Min Typ 
VOH High-level output voltage IOH=-5mA 2.4 
VOL LOW-level output voltaoe IOL=4.2mA 0 
loz Off-state output current o floating, OV :aVOUT :a 5.5V -10 
II Input current OV~VIN:a+6.0V, Other inputs pins=OV -10 

Average supply current M5M44800C-5,-5S RAS, CAS cycling 
Icc1 (AV) from Vcc, operating M5M44800C-6,-6S tRc=twc=min. 

(Note 3,4,5) M5M44800C-7,-7S output open 

RAS= CAS =VIH, output open 
Icc2 Supply current from V cc, stand-by (Note 6) RAS= CAS~Vcc -0.5V 

output open 

Average supply current M5M44800C-5,-5$ RAS cycling, CAS= V IH 
Icc3(AV) from Vcc, RAS only M5M44800C-6,-6S tRc=min. 

refresh mode (Note 3,5) M5M44800C-7,-7S output open 

Average supply· current M5M44800C-5,-5S RAS=VIL,CAS cycling 
Icc4(AV) from Vcc, Fast Page M5M44800C-6,-6S tpc=min. 

Mode (Note 3.4,5) M5M44800C-7,-7S output open 

Average supply current M5M44800C-5,-5S CAS before RAS refresh cycling 
Icc6(AV) from vcc, CAS. before RAS M5M44800C-6,-6S tRc=min. 

refresh mode (Note 3,5 M5M44800C-7,-7S output open 

RAS cycling CAS :a0.2V or CAS 
before RAS refresh cycling 
RAS:a0.2V or ~Vcc-0.2V 

Average supply current from V cc, CAS:a0.2V or ~Vcc-0.2V 
I CC8(AV) * Extended-Refresh mode (Note 6) W:a0.2Vor ~Vcc-0.2V 

UE:a0.2V or ~Vcc-0.2V 
Ao-A9:a0.2Vor ~Vcc-0.2V, DO=open 
tRc=125,u s, tRAs=tRAsmin-1 ,u s 

Icc9(AV)* Average supply current from V cc, RAS=CAS :a0.2V 
Self-Refresh mode (Note 6) output open 

.. Note 2: Current flowing Into an IC IS positive, out is negative. 
3: ICC1 (AV), ICC3 (AV), ICC4 (AV) and ICes (AV) are dependent o.n cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICC1 (A V) and ICC4 (A V) are dependent on output loading. Specified values are obtained with the output open. 
5: Column address can be changed once or less while· RAS=V IL and CA5=VIH 
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Unit 
V 
V 
V 

mA 
mW 
°c 
°c 

Max 
Unit 

Vcc V 
0.4 V 
10 J.tA 
10 J.tA 
90 
75 mA 

65 
2 

1.0 mA 

0.1* 

90 
75 mA 

65 
90 
75 mA 

65 

80 
65 mA 
55 

150 J.tA 

150 J.tA 



MITSUBISHI LSls 

M5M44800CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=0-70°C, Vcc=5V±10%, Vss=OV, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 
Unit 

CI(A) Input capacitance address inputs VI=VSS 5 pF 
CI(CLK) Input capacitance, clock inputs f=1MHz 7 pF 

ClIO InpuVOutput capacitance, data ports VI=25mVrms 7 pF 

SWITCHING CHARACTERISTICS (Ta=0-70'C, Vcc = 5V±10%, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 
Symbol Parameter M5M44800C-5,-SS M5M44800C-6,-6S M5M44800C-7,-7S Unit 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 13 15 20 ns 

tRAC Access time from RAS (Note 7,9) 50 60 70 ns 

1M Column address access time (Note 7,10' 25 30 35 ns 

tCPA Access time from CAS precharge (Note 7,11\ 30 35 40 ns 

tOEA Access time from OE (Note 7\ 13 15 20 ns 
tCll Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOFF Output disable time after CAS high (Note 12) 13 15 20 ns 

tOEZ Outout disable time after OE hiah (Note 12 13 15 20 ns 
-Note S:An initial pause of 500 J.l s is required after power-up followed by a minimum of eight initialization cycles (RAS- only refresh or CAS before RAS refresh 

cycles). 
Note the ~ may be cycled during the initial pause. And 8 initialization cycles are required after prolonged periods (greater than1S.4ms) of RAS 
inactivity before proper device operation is achieved. 

7:Measured with a load circuit equivalent to 2TTL loads and 100pF. 
8:Assumes that tRco~tRCO(max) and tAsc~tASC(max). 
9:Assumes that tRCO;;:a;tRCO(max) and tRAO~tRAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC will 

increase by amount that tRCO exceeds the value shown. 
10:Assumes that tRAO~ tRAO(max) and tASC;;:a;tASC(max). 
11 :Assumes that tcp;;:a;tCP(max) and tASC~tASC(max). 
12:tOFF(max), tOEZ(max) defines the time at which the output achieves the high impedance state (I OUT~ 1±10p AI) and is not reference to VOH(min) or 

VOl(max). 
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M5M44800CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (S24288-WORD BY 8-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=O -70oe, VCC = 5V±10%, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 
Symbol Parameter M5M44800C-5,-5S M5M44800C-6,-6S M5M44800C-7,-7S 

Min Max Min Max Min Max 

tREF Refresh cycle time 16.4 16.4 16.4 

tREF Refresh cycle time* 128 128 128 
tRP RAS high pulse width 30 40 50 
tRCD Delay time, RAS low to CAS low (Note 15) 18 37 20 45 20 50 
tCRP Delay time, CAS high to RAS low 5 5 5 
tRPC Delay time, RAS high to CAS low 0 0 0 
tCPN CAS high pulse width 10 10 10 
tRAD Column address delay time from RAS low (Note 16) 13 25 15 30 15 35 
tASR· Row address setup time before RAS low 0 0 0 
tASC Column address setup time before CAS low (Note 17) 0 7 0 10 0 10 
tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 13 15 15 
tDZC Delay time, data to CAS low (Note 18) 0 0 0 
tDZO Delay time data to OE low (Note 18) 0 0 0 
tCDD Delay time, CAS high to data (Note 19) 13 15 20 

tODD Delay time, OE high to data (Note 19) 13 15 20 
tT Transition time (Note 20) 1 50 1 50 1 50 

. . Note 13: The timing requirements are assumed tT=5ns . 
14: VIH(min) and Vll(max) are reference levels for measuring timing of input signals. 

Unit 

ms 

ms 

ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 

ns 

ns 
ns 
ns 
ns 
ns 
ns 

15: tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), acceSs time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tM. 

16: tRAD(max) is specified as a reference point only. If tRAD~tRAD(max) and tASC~tASC(max), access time is controlled exclusively by tAA. 
17: tASC(max) is specified as a reference point only. If tRCD~tRCD(max) and tASC~tASC(max), access time is controlled exclusively by tCAC. 
18: Either tDZC or tDZO must be satisfied. 
19: Either tCDD or tODD must be satisfied. 
20: tT is measured between VIH(min) and Vll(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 
tRAS RAS low pulse width 
tCAS CAS low .pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read Setup time before CAS low 
tRCH Read hold time after CAS high ' 
tRRH Read hold time after RAS high 
tRAl Column address to RAS hold time 
tacH CAS hold time after OE low 
tORH RAS hold time after OElow 

Note 21: Either tRCH or tRRH must be satisfied for a read cycle. 
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Min 
90 
50 
13 
50 
13 
0 

(Note 21) 0 
(Note 21' 0 

25 
13 
13 
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Max 

10000 

10000 

Limits 
M5M44800C-6,-6S M5M44800C-7,-7S 

Min Max Min Max 
110 130 
60 10000 70 10000 
15 10000 20 10000 
60 70 
15 20 
0 0 
0 0 
0 0 

30 35 
15 20 
15 20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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M5M44800CJ, TP-5,-6,-7 ,-5S,-65,-75 

FAST PAGE MODE 4194304-BIT (S24288-WORD BY 8-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter M5M44800C-5,-5S M5M44800C-6,-6S M5M44800C-7,-7S Unit 

Min Max Min Max Min Max 
twe Write cyCle time 90 110 130 ns 
tRAS RAS low pulse width 50 10000 60 10QOO 70 10000 ns 
teAs CAS low pulse width 13 10000 - 15 10000 20 10000 ns 
tesH CAS hold time after RAS low 50 60 70 ns 
tRSH RAS hold time after CAS low 13 15 20 ns 
twes Write setup time before CAS low (Note 23) 0 0 0 ns 
tweH Write hold time after CAS low 8 10 15 ns 
tewL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after W low 13 15 20 ns 
twP Write pulse width 8 10 15 ns 

tos Data setup time before CAS low or W low 0 0 0 ns 

tOH Data hold time after CAS low or W low 8 10 15 ns 
tOEH OE hold time after W low 13 15 20 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M44800C-5,-5S M5M44800C-6,-6S M5M44800C-7,-7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 22) 126 150 180 ns 
tRAS RAS low pulse width 86 10000 100 10000 120 10000 ns 
tCAS CAS low pulse width 49 10000 55 10000 70 10000 ns 
tCSH CAS hold time after RAS low 86 100 120 ns 
tRSH RAS hold time after CAS low 49 55 70 ns 
tRCS Read setup time before CAS low 0 0 0 ns 
tewo Delay time, CAS low to W low (Note 23) 31 35 45 ns 
tRWD Delay time, RAS low to W low (Note 23) 68 80 95 ns 
tAWD Dela"y time, address to W low (Note 23) 43 50 60 ns 
tewL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after W low 13 15 20 ns 
twP Write pulse width 8 10 15 ns 
tDS Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS low or W low 8 10 15 ns 
tOEH OE hold time after W low 13 15 20 ns 

Note 22: tRwe is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tT. 
23: twcs, tcwD, tRWD and tAWD and, tepwD are specified as reference points only. If twes~tweS(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tcwD~teWD(min), tRwD~tRWD(min), tAwD~tAWD(min) and tepwD~tCPWD(min) (for fast page 
mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. If neither of the above 
condition (delayed write) of the DO (at access time and until CAS or OE goes back to V IH ) is indeterminate. 
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M5M44800CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (5242aa-WORD BY a-BIT) DYNAMIC RAM 

Fast Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 

Limits 
Symbol Parameter M5M44800C-5,-5S M5M44800C-6,-6S M5M44800C-7,-7S 

Min Max Min Max Min Max 
tpc Fast page mode read/write cycle time 35 40 45 
tPRWC Fast page mode read write/read modify write cycle time 71 80 95 
tRAS RAS low pulse. width for read or write cycle (Note 25) 85 100000 100 100000 115 100000 
tcp CAS high pulse width (Note 26) 8 12 10 15 10 15 
tCPRH RAS hold time after CAS precharge 30 35 40 
tCPWD Delav time CAS Drecharae to W low (Note 23) 48 55 65 

.. . . .. Note 24: All previously specified timing reqUirements and switching characteristics are applicable to their respective Fast page mode cycle. 
25: tRAS(min) is specified as two cycles ·of CAS input are performed. 
26: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * (Note 27) 

Limits 
Symbol Parameter M5M44800C-5,-5S M5M44800C-6,-6S M5M44800C-7,-7S 

Min Max Min Max Min Max 
tCSR CAS setuD time before RAS low 5 5 5 
tCHR CAS hold time after RAS low 10 10 15 
tCAS CAS low pulse width 20 20 25 

Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

Self Refresh Cycle * (Note 28) 

Symbol Parameter 

tRASS CBR self refresh RAS low Dulse width 
tRPS CBR self refresh RAS high precharge time 
tCHS CBR self refresh CAS hold time 
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Min 
100 
90 

-50 
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Max 

Limits 
M5M44800C-6,-6S M5M44800C-7,-7S 

Min Max Min Max 
100 100 
110 130 
-50 -50 

Unit 

ns 
ns 
ns 

ns 
ns 
ns 

Unit 

ns 
ns 
ns 

Unit 

}JS 

ns 
ns 



Timing Diagrams (Note 29) 

Read Cycle 

VIH­

VIL-

tCf 

VIH 

VIL 

.~ 
.x x x .x 1<X>if 

tASA 

iH 

~ 

MITSUBISHI LSls 

M 5M44800CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (524288-WORD BY a-BIT) DYNAMIC RAM 

tAC 

tAAS tAP 

J 1\ 
tCSH 

tACO tASH 
tCAP tCAS 

V 
tAAD tAAL tASA 

IJAAH~ ~ tCAH 
~ 

Ao-A9 
VIH 

VIL-

J)('XXXANAJ ROW 11[X.x.xXXXY COLUMN 11I'I.XX.x .x XX~ ROW 

w VIH 

VIL 

xx X XXXXI\ ADDRESS \X.x.xxx;r ADDRESS XX,X.,X.,X.XI 

I.. tACS 

I 
~x .xx~ ~x.xx.x.x .xxxxXXJ' 

~ltDZC ~ 

,xx.xx x .xXXXI' ADDRESS 

~ tAAH 

tACH 

xxxx.xx.x¥N 
'x .x x x .x x .x x x .x 

teDD 

D01-DOa 
(INPUTS) 

·;;:XXXXXXXXX VIH­

VIL 

xxxxxxxx Hi-Z x)c 

D01-DOa VOH­

(OUTPUTS) VOL-

VIH 

VIL 

xxxxxxx.xx XXXXXXX x .x x x .x >s.? 

tCAC 

tAA 
l .. 

tOFF ~ 
tCLZ 

Hi-Z 

~ ~ Hi-Z 
DATA VALID 

If 
tAAC t)EZ· 

tDZO ~ 
...-. tODD 

OCH 

;;:xxxxxxxxxxx.xxxxxxxxxxx.xxxx xxx xxxxxx~x~ 
~x xxxxxxxxxxxxxxxxxx I{ xxx XXXXX XXXXXXXX' 

tOAH 

Note 29 
Indicates the don't care input. 
VIH(min);;;;;VIN;;;;;VIH(max) or VIL(min);;;;;VIN;;;;;VIL(max) 

Indicates the invalid output. 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M44800CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (S24288-WORD BY 8-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

RAS 
VIH-

VIL-
\ 

tCf 

CAS 
VIH 

VIL 

~ 
~ 

tASR 
~ ~ 

VIH 
Ao-A9 

VIL 

ROW 
~~~~g~~ ADDRESS 

W 
VIH 

VIL 

~xxxxx 
~X 

DOl-DOe VIH xxxxxxxx 
(INPUTS) 

VIL 
x'xxxx 

DOl-DOe VOH-

(OUTPUTS) 
VOL-

VIH 
OE 

VIL 

2 - 104 

twc 

tRAS tRP 

~ ~ 
tCSH 

tRCO tRSH 

tCAS I. tCRP 

~ J 

tAsc 
tASR 

tCAH ~ ... 
'JT.X COLUMN 1111: X xx XX")lI. ROW ft(X XJ!I XXXXXXXXJ!I 
,U\.XXXXI ADDRESS "xxx XXXXXXXXI ADDRESS 

tf 
twCH 

XA l,hVx XXX x~ 
xXx\! IIXXX XXX 

X 
xx)o 

X 

~ tOH 

XA ~xxxxxxxxxxxxxxxxxxxxx 

XXA DATA VALID ~xxxxxxx~xxxxxxxx~ 

HI-Z 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M44800CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

VIH-
RAS 

VIL-

VIH 
CAS 

VIL 

VIH 
Ao-A9 

VIL 

W 
VIH 

VIL 

DOl-DOs VIH 

(INPUTS) 
VIL 

DOl-DOs VOH­

(OUTPUTS) VOL-

VIH 

VIL 

twc 

tRAS I.. tRP 

r 
~ Ii 1\ 

tCSH 

tCRP tRCD tRSH 

I tCAS tCRP 

~ 
,7';,,7';,J'T,.,7';,,7';,)II ~ J 

~ tRAH tASC tCAH tASR 
~ -- -l+-

x Il9"7\ ROW ROW COLUMN ~ ~ ~ xxx XXXN 
ADDRESS ADDRESS ¥x.XXX ADDRESS xxxx~ V!S25ZI xxx x XXI 

~ 
~ 

tRwL 

~ 
~xxxxxxxxxxxxx~ \ IXXXXX~xxxx 
XXXXXXXXXXXXXXXXR xxxxx~xxxx 

tWCH 

~ 
~XXXXXXXXXXXXX~ Hi-Z 
(XXXJ'T,.,7';,XXXXXXXXXXXXX 

~ 

Hi-Z 

~} 
~ tOE~ .. 

XXXXXXXXXXX~XXXXXX 
(XXXXXXXXXXX~J'T,.XXJ'T,.XX~ 

• MITSUBISHI 
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~ 

~ 
~ 
~ 

tODD 

tDH 

DATA ~XXXX) 
VALID ~"x~xxxxxxxx 

Hi-Z 

tOEH 
~ 

~XXXXXXXXX~ 
~XXXXXX~) xxxxxx 

2 - 105 



MITSUBISHI LSls 

M5M44800CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-:-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

VIH-
RAS 

VIL-

VIH 
CAS 

VIL 

VIH 
Ao-A9 

VIL 

VIH 
W 

VIL. 

DQ1~DQ8 VIH 

(INPUTS) 
VIL 

DQ1-DQ8 VOH­

(OUTPUTS) VOL-

2 - 106 

VIH 

VIL 

tRWC 

tRAS 

\ 
tCRP 

tCSH 

.L tRCO tRSH 

tCAS 

~ 
XXXXX,," \ tRAO 

tASR tRAH tCAH 
lAsc 

{XXXXXW ROW .~ COLUMN IVXX 
XXXXX7 ADDRESS lI\XXX~ ADDRESS ·~xx .~ 

lAWO 

tRCS j+- .... tCWO· 

tRWD 
I 

x XXXII x 

tozc tos 
~~ 

xxxX·xxxx xxx Hi-Z ~ xx xxx ...... 
~ tCAC 

lAA 

Hi-Z =h ~\ VALID I 
~ 

tRAC 
~ r'tOOD 

tozo 14 tOEA~ f4-t tOEZ 

xxxxxxxxxxxxxxxxxxxxx 
xxxxxxx xx XX¥ 

• MITSUBISHI 
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L 
tRP 

I 
J \ 

L tCRP 

1/ 
lASR 

-r -14-

xx XXXX)1II ROW 
xx xx XXXX7 ADDRESS xx 

tCWL 

tRWL 
twp 

~ ·Irxxxxxx 
-.K xxxxxx> 

I 
tOH 

IXXXXXXXXXX}I 
DATA VALID IA x x X x XXx xxx> 

Hi-Z 

9 
~xxxxxxxxxxxxx~ 

~xxxxxxx x 



MITSUBISHI LSls 

M 5M44800CJ, TP-5,-6 ,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

RAS 

CAS 

Ao~A9 

W 

DQ1~DQ8 
(INPUTS) 

VIH-

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL-

DQ1~DQ8 VOH-

\ 

~~ 
XXXXXX7' 

tASA tAAH 

d ROW ~ XXXXXJIIf 
ADDRESS J 

~XXXXX7 

tAC 

tRAS tAP 

V \ . 
tAPC ~P 

~--r-I 

WI 
tASA 

.... -~ 
ROW ~XXXXX~XXXXXXXXXXXXXXXXXXXXXXJllf 

ADDRESS 
~xxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXX7 

Hi-Z 
(OUTPUTS) VOL------------------------------------------------------------------------
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MITSUBISHI LSls 

M5M44800CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

Ao-Ae 

W 

DQ1-DQs 
(INPUTS) 

DQ1-DQs 

VIH­

Vll-

VIH­

Vll-

VIH-

Vll-

VIH-

Vll-

VIH-

Vll-

VOH-

(OUTPUTS) VOl-

VIH-
OE 

Vll-

2 - 108 

tRP 

tRCH 

tCDD 

HI-Z 

tOFF 

tOE 
tODD 

tRAS 

tCHR 

tRC 

.•. MITSUBISHI 
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Hi-Z 



MITSUBISHI LSls 

M5M44800CJ, TP-5,-6,-7 ,-5S,-6S,-75 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 30) 

VIH 
RAS 

VIL-

VIH 
CAS 

VIL 

VIH 
Ao-A9 

VIL 

W 
VIH 

VIL 

DQ1-DQa VIH 

(INPUTS) 
VIL 

DQ1-DQa VOH­

(OUTPUTS) VOL.,.. 

VIH 

VIL 

tRC 
~L 

tRC 

tRAS tRP J tRAS L tRP 

~ V \ 1/ "-
tCRP tRCD tRSH tCHR 

~ 
SOONXI \ V 

tRAD 
tASR 

tASR tRAH tCAH -.-~ 
tASC 

xxxxX\. ROW ~ COLUMN ROW 

~ ~ 
xxxxxxxxxxxxxx xxv 

ADDRESS ADDRESS ,..,DDRESS XXXX XXX XXI 

r tRAL 

~ 
xx xxx XXXII 'U(xxxxxxxxxx xxxxxxxxxxxxx~ 

xxx XXJol7 .xxxxxxxxxx XXXXXXXXXXXXx.;> 

~ tDzc tCDD 

xx xxx Hi-Z 
~ xxx 

AA 
X ~ XXAX 

tCAC 

tAA ~ 

mA~ Hi-Z ~ Hi-Z 
DATA VALID If 

tOEZ"- -if-
tDZO tOEA tODD 

tORH 

Q{xxx AX~ XXXXXXXXXXX) 

.z;.)<XX X~~ XXX~ 

Note 30: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle described above. 
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MITSUBISHI LSls 

M5M44800CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

tRAS RP 
--'" 

RAS 
VIH-

Vll-
~ V L 

tCSH tpc tRSH 

tC5P tRCD tCAS tcp tCAS tcp tCAS 

1 
CAS 

VIH"';' 

Vll-

WX'X'S1 I V V \ , 
~ 

tRAD tCPRH 
tASR 

VIH 
Ao-Ae 

Vil 

tASR tRAH tASC tCAH tASC tCAH a~ 
..... 

H~ ..... ~ 
- ,Jl"7V.. XA COLUMN 

~ :?'b ~~ 
ROW XJIO.JIO.JIO.Y ROW IV XX)OV COLUMN 'AX XY COLUMN IY, ,., 

ADDRESS1 lk X 
IYXX 

DDRESS II\X. x XI\ DDRES XI ADDRESS3 I~ Y, ADDRESS ~JIO.XI A 'V5JSJ~ '.x ~~ rt.'J 

tRci 

tRAl tRCI:! 
~ 

L tRCS tRCH 
+rrH ~~RCS ~~~ M i~ ,-

W 
VIH 

Vil 

~XXXXXX XXXXln 

~ ~ ~ r ,xxxx 
~xxxx>l"0-~ ~ xx 

tDZC tDZC tDZC 
1111 tCDD~ I--j+ +r 

DOl-DOe VIH ~ xXXX Hi-Z HI-Z HI-Z ~ 
(INPUTS) 

Vil ~ 
xxxx 

~ ~ 1111 tCAC. tCAC 

tAA ~F i--- tAA =--' tAA 

tCl tOFF 5 ~ ~ ++ 
Hi-Z DAT~ \ 'Hi-Z ~ C~ A \ Hi-Z ~~ -DOl-DOe VOH­

(OlJTPUTS) VOl-
~~ 

VALlD-1 r~d: VALlD-2 I tCPA ,~ 
X JATA)-

VALlD-3 

2 -110 

VIH 

Vil 

tRAC 
L 

tCPA 

tDZO tOEA I 

i+--tOCH 
.. .. tOEZ 

(X XXXxxx xx xx 
xxxxxxxxxxxxxxxxx~ /"IX 

~e 
tODD 

'. MITSUBISHI 
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toa ~ 
tOEZ 

~ 
.. ~tOEZ 4-~ 

~XX X )It 

L\' 
6. 

XA 
I; xx I;>I,XX)' 

~ 
IlIItDz~ 
~ ~ 



MITSUBISHI LSls 

M 5M44800CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (S24288-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

VIH-
RAS 

VIL-

tRAS tRP 

F \ "-tCRP tCSH tpc tRSH 

tRCO tCAS tcp tCAS tcp ~S 

CAS 
VIH 

VIL 

{XXXXX:X 

~ V r\ V \ V xxxxx}I 

lASR tRAH lASC tCAH lAsc tCAH lAsc tCAH tASR 
if-4 j4---t ~ ~ ~ j4---t ~ I4--t -tf--14-

VIH 
Ao-A9 

VIL ~ COLUMN .~ ROW COLUMN I~ COLUMN ~ ROW xxxxxv 
[ADDRESS ADDRESS1 DDRESS2~ lAODRESS3 ADDRESS (XXXXXI '''')()()()()(7 

14
twcs

• 14 twCH • 
twcs tWCH twcs 

14
twCH

• ~ ~ ~ 

W 
'VIH 

VIL 

~ ~ XXXX)(X)()()()()()(la.. IXxxxxxxx~ 

I~ XXXX)(XX)()()(Xxx KXXXXX xxxxxxxx~ 

~ ~ ~ ~ ~ ~ 
D01-DOa VIH 

(INPUTS) 
.~ x x x x x x)( )(x)(x)(x)(X)u DATA ~, DATA 

,~ 
DATA 

. r,{ 
xxx 

VALlD-1 VALlD-3 
lAX x X xx:.: :':X:':XX)f' VALlD-2 VIL ,.~ " 

D01-DOa VOH-_____________________________________ H_i-Z ____________________________________ __ 

(OUTPUTS) VOL-

OE ~:: 

.' MITSUBISHI 
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MITSUBISHI LSls 

M5M44800CJ, TP-5,-6 ,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (S24288-WORD BY 8-BIT) DYNAMIC RAM 

Fast-:Page Mode Write Cycle (Delayed Write) 

RAS 
VIH-

VIL-

tRAS tRP 

";=' 
~ L-

tCSH tRSH 
tc~p tRCO tCAS L tpc J 

1 
l tcp tCAS 'I 

CAS 
VIH 

VIL 

XXXXXX 

~ I 1/ C.XXXXX)f" \ 
tRWL 

tAsc 
--.-~ 

tASR 
~ tASC A tCAH ...... ~ 0 

VIH d ROW COLUMN XXlI' COLUMN liIl"x x Ao-A9 
VIL ~ .~ 

IYX.XX xx x x 
ADDRESS ADDRESS1 ADDRESS2 ~ '~XXXXXX XXI 

tCWL tRCS 

~, ~p r ~ 

W 
VIH 

VIL 

C.XXXXXXXX x x x XXII \ I{g C.XXXXX x XXXXXXXx>W 

twCH 

~ tOH tozc 
tos ......... 

DOt"":'DOa VIH '{XXxxxxxxxxxXJO: Hi-Z ~ DATA ~ Hi-Z 

(INPUTS) 
VIL 

DOt-DOa VOH­

(OUTPUTS) VOL-

2 - 112 

VIH 

VIL 

xxxxxxxxxxx ..... 
~ VALlD-1 ~ 

tCLl I+-
Hi-Z 

~~ 
tOEZ'" ~ 

14 tozo ~ .... tODD 

~XXXXXXXXX I xxxxxxxxxxxxxxxx "" 

• MITSUBISHI 
.... ELECTRIC 

Hi-Z ~~ 
tOEZ-' 4-

tOZO"'~ ~ 

U 

, 
twCH 

tos 

~ 

tODD 

~ ~tASR 

XXX~ 
ROW 

~ ADDRESS 

~ 
II<XXXXX 
XXXXXX 

tOH 

DATA IXXXXX 
~xxxx> VALlD-2 

Hi-Z 

M 
~ 
\XXXXXX> 
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MITSUBISHI LSls 

M 5M44800CJ, TP-5,-6 ,-7,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

RAS 
VIH-

VIL-

RAS 

~'------~ .. I4-tRWL 
tCSH tPRWC J 

tc~ tRCD tCAS tcp 
~ 

tCAS I 
CAS 

VIH 

VIL 

(xxxxx).:'l: 

~ I ~ 1/ ~ 
tRAD 

~ e tCAH ~ ~ tCWL 
tAsc ~ 4-4j ~tASR 

VIH 
Ao-A9 

VIL 
@ ....... , 

<XXXXXy ROW COLUMN *)l)l )l)l COLUMN Y.<xxx xx~ ROW 

<XXXXXl ADDRESS ADDRESS1 )l "7\ ADDRESS2 ADDRESS ,,"xxx ,,"xxx XX7 

tAWD 
• 4tCWL 

tAWD 

~C~ 
"1 

tCWD ~~ 
tRCS tCWD ~ T ~ 

W 
VIH 

VIL 

xxxx~ )l)l )l-d 

\ I; ~ \ LXXXXXX> 
XXXXX)lX)l )l)l)l-Y xxxxxx> 

twCH twCH 

tRWD tCPWD 

DOl-DOs VIH 

(INPUTS) 
VIL 

~~ tDH T 
tD'" 

tDH 

&i f4--+tDZC 
xxx xxx Hi-Z DATA I Hi-Z 

~ DATA J'X)(){5 
~ xxxxxxxx xxx 

~ VALlD-1 l!; VALlD-2 xxx -~ 
~ I 

tAA tAA 

tCLZ ~ tCLZj.... 

DOl-DOs VOH- Hi-Z 
Ir---I 

Hi-Z r---
Hi-Z DATAI\ 

(OUTPUTS) VOL- ~ ~ v~~~ ,ALlD-r 
~ 

VIH 
OE 

VIL 

<xxxxxxxxxx 
(XXXXXXxxxx 

tRAC 
~ tODD 

tDZO l~tOEA. • ~tOEZ 
xx 
)()(")& 

• MITSUBISHI 
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tCPA --. I+-tODD 

.II tOEA .. I4-tOEZ~ tDZO 11 

\ J ~XXXXXX) 
'XXXXXX) 
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MITSUBISHI LSls 

M 5M44aOOCJ, TP-5,-6,,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Self Refresh Cycle * (Note 28) 

VIH~ 

VIL-

VIH-

VIL-

Ao-A9 

W 
VIH 

VIL 

DOl-DOs VIH-

(INPUTS) 
VIL 

DOl-DOs VOH 

(OUTPUTS) VOL-

VIH 
OE 

VIL 

2 - 114 

tRP tRASS tRPS 

~ ~ I r\ ____ _ 
tRPC 

~ ~~ v 
.-. tCPN tASR 

~ 

~A xxxXXXXXXXXXXXXX~~~x~~~x 
·~xxxxx~xxxxxxx xxx x 

tCDD 

HI-Z x~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 

xxxxxxxxxxxxxxxxxxx ~~~~ xxxxxxxxxxxx~xf~ 

__ -rV 
...., tOEZ 

tODD 

xxxxx~xxxxxxxx~x~x 
~xxxxxxxxxxxxxxxxxx~x 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M44800CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Note 28:Self refresh sequence 

Two refreshing methods should be used properly depending on the 

low pulse width(tRASS) of RAS signal during self refresh period. 

1. Distributed refresh during Read/Write operation 

(A) Timing diagram 

Read/Write Cycle Self Refresh Cycle Read/Write Cycle 

RAS 

--vQV9 MS~100"' ~D 

last 1I-----RFw 
refresh cycle 

Table 2 

Read/Write Cycle Read/Write- Self Refresh-
Self Refresh Read/Write 

CBR distributed 
refresh tNSD~125ps tSND~125ps 

RAS only 
tNSD~16 ps tSND~16 ps distributed refresh 

(B) Definition of distributed refresh 

refresh 
cycle 

Definition of CBR distributed refresh 

(Including extended refresh) 

tREF/1024 

readlwrite 
cycles 

refresh 
cycle 

The CBR distributed refresh performs more than 1024 

constant period (125 pS max.) CBR cycles within 128ms. 

Definition of RAS only distributed refresh 

Note: 

All combinations of nine row address signals (A 0""'" As) are 

selected during 1024 constant period (16 pS max.) RAS 

only refresh cycles within 16.4ms. 

Hidden refresh may be used instead of CBR refresh. 

RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 

• Switching from readlwrite operation to self refresh operation. 

The time interval from the falling edge of RAS signal in the last 

CBR refresh cycle during read/write operation period to the 

falling edge of RAS signal at the start of self refresh operation 

should be set within tNSD (shown in table 2). 

tREF 

refresh 
cycle 

refresh cycle 

tREF/1024 

readlwrite 
cycles 

• Switching from self refresh op~ration to read/write operation. 

The time interval from the rising edge of RAS signal at the end 

of self refresh operation to the falling edge of HAS signal in the 

first CBR refresh cycle during readlwrite operation period should 

be set within tSND (shown in table 2) 

1.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNSD from the falling edge of RAS signal in the 

last RAS only refresh cycle during read/write operation period to 

the falling edge of RAS signal at the start of self refresh 

operation should be set within 16 p. s . 

• Switching from self refresh operation to readlwrite operation. 

The time interval tSND from the rising edge of RAS signal at the 

end of self refresh operation to the falling edge of RAS signal in 

the first CBR refresh cycle during read/write operation period 

should be set within 16 p s. 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M44800CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

2. Burst refresh during ReadlWrite operation 
(A) Timing diagram 

ReadlWrite Self Refresh ReadlWrite 

--vQQ:j __ tR_A_S_S~_10_0_}.l_S __ tsz.:icv 
refresh 1023 cycles 1023 cycles refresh 
cycles cycles 

Table 3 

ReadlWrite Cycle· ReadlWrite- Self Refresh-
Self Refresh ReadlWrite 

CBR burst 
tNSB~ 16.4ms tSNB~ 16.4ms refresh 

RAS only 
tNSB+tsNB~ 16.4ms burst refresh 

(B) Definition of burst refresh 

RAS {Q2,~ 
1024 cycles 

Definition of CBR burst refresh 
The CBR burst refresh performs more than 1024 continuous 
CBR cycles within 16.4ms. 

Definition of RAS only burst refresh 
All combination of nine row address signals (A o-Ag) are 

selected during 1024 continuous RAS only refresh cycles 
within 16.4ms. 

2.1 CBR burst refresh 
• Switching from read/write operation to self refresh operation. 

The time interval tNSB from the falling edge of RAS signal in the 
first CBR refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within 16.4ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tSNB from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal in 
the last CBR refresh cycle during read/write operation period 
should be set within 16.4ms; 

16.4ms 

II 

readlwrite cycles 

2.2 RAS only burst refresh 
• Switching from readlwrite operation to self refresh operation . 

The time interval from the falling edge of RAS signal in the first 

RAS only refresh cycle during read/write operation period to 
the falling edge of RAS signal at the start of self refresh 
operation should be set within t NSB (shown in table 3). 

• Switching from self refresh operation to read / write operation . 
The time interval from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in the 
last RAS only refresh cycle during read/write operation period 
should be set within tSNB (shown in table 3). 

2 - 116 
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MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7, 
-55,-65,-75 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 262144-word by 16-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for memory systems where high speed, low power dissipation, and 
low costs are essential. 
The use of double-layer metalization process technology and a 

single-transistor dynamic storage stacked capacitor cell provide 
high circuit density at reduced costs. Multiplexed address inputs 
permit both a reduction in pins and an increase in system 
densities. Self or extended refresh current is small enough for 
battery back-up ap~tion. _ 
This device has 2CAS and 1W terminals with a refresh cycle of 

512 cycles every 8.2ms. 

FEATURES 

RAS CAS Address 
Type name access access access 

time time time 
(max.ns) (max.ns) (max.ns) 

M5M44260CXX-5,-SS 50 13 25 
M5M4426OCXX-6,-6S 60 15 30 
M5M4426OCXX-7,-7S 70 20 35 

XX=J,TP 

eStandard 40pin SOJ, 44 pin TSOP (IT) 
eSingle 5V±10% supply 
eLow stand-by power dissipation 

OE Cycle Power 
access time di~:. 
time 

(max.ns) (min.ns) (typ.mW) 

13 90 625 

15 110 550 
20 130 475 

CMOS Input level - - - - - - - - ...; - - - - - - - - - 5.5mW (Max) 
CMOS Input level - - - - - - - - - - - - - - - - 550 J.l W (Max) * 

eOperating power dissipation 
M5M44260Cxx-5,-5S - - - - - - - - - - - - - - - 688mW (Max) 
M5M44260Cxx-6,-6S - - - - - - - - - - - - - - - ·605mW (Max) 
M5M44260Cxx-7,-7S - - - - - - - - - - - - - - - 523mW (Max) 

eSelf refresh capability * 
Self refresh current - - - - - - - - - - - - - - - - - 150 J.l A (Max) 

eExtended refresh capability 
Extended refresh current - - - - - - - - - - - - - ·150 J.t A (Max) 

eFast-page mode (512-column random access), Read-modify-write, 
RAS-only refresh, CAS before RAS refresh, Hidden refresh 
capabilities. 

eEarly-write mode, LCAS / UCAS and OE to control output buffer 
impedance 

e512 refresh cycles every 8.2ms (Ao-As) 
e512 refresh cycles every 128ms (Ao-As)* __ 
eByte or word control for ReadlWrite operation (2CAS, 1W type) 

*: Applicable to self refresh version (M5M44260CJ,TP-5S,-6S,-7S 
: option) only 

APPLICATION 
Microcomputer memory, Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-1v3 Address inputs 

DQ1·~DQ16 Data inputs / outputs 

RAS Row address strobe input 
-- Lower byte control 
LCAS column address strobe input 

UCAS 
Upper byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vec Power supply (+5V) 

Vss Ground (OV) 

MSM44260CJ,TP-S,-SS : under development 

PIN CONFIGURATION (TOP VIEW) 

(SV)VCC 1 VSS(OV) 

OOs 

NC 11 

NC 

Vi 
RAS 

NC 

AO 

Al 

A2 

A3 

(5V)Vce 0 

0016 

0015 

0014 

0013 

VSS(OV) 

0012 

DOH 

0010 

DQg 

NC 

LCAS 

UCAS 

OE 

As 

A7 

A6 

As 

A4 

VSS(OV) 

Outline 40POK (400mil SOJ) 

VSS(OV) 

0016 

0015 

0014 

0013 

VSS(OV) 

0012 

0011 

0010 

OOs DOg 

NC NC 

NC LCAS 

W UCAS 

RAS OE 

NC As 

Ao A7 

Al A6 

A2 As 

A3 A4 

(SV)Vce VSS(OV) 

Outline 44P3W-L (400mil TSOP Nomal Bend) 

NC: NO CONNECTION 
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FUNCTION 

MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7 ,-5S,-6S,-75 

FAST PAGE MODE 4194304-BIT ,(262144-WORD BY 16-BIT) DYNAMIC RAM 

In addition to normal read,write and read-modify-write operations 
the M5M44260CJ, TP provides a number of other functions, ,e.g., 

fast page mode, RAS-only refresh and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Inputs Input/Output 
Refresh Remark. Operation 

RAS LCAS Row ;tfJ~~~ 001~ 0Q9~ 
UCAS W OE address OQa 0016 

Lower byte read ACT ACT NAC NAC ACT APO APO OOUT OPN YES 
Upper byte read ACT NAC ACT NAC ACT APO APO OPN OOUT YES Fast 
Word read ACT ACT ACT NAC ACT APO APO OOUT OOUT YES page 
Lower byte write ACT ACT NAC ACT NAC APO APO DIN ONC YES mode 

Upper byte write ACT NAC ACT ACT NAC APO APO ONC DIN YES identical 

Word write ACT ACT ACT ACT NAC APO APO DIN DIN YES 
RAS only refresh ACT NAC NAC ONC ONC APO ONC OPN OPN YES 

Hidden refresh ACT ACT ACT ONC ACT ONC ONC OOUT OOUT YES 
CAS before RAS (Extended *) refresh ACT ACT ACT ONC ONC ONC ONC OPN OPN YES 

Self refresh * ACT ACT ACT ONC ONC ONC ONC OPN OPN YES 
Stand-by NAC ONC ONC ONC ONC ONC ONC OPN OPN No 

Note: ACT: active, NAC : nonactive, DNC : don't care, OPN: open 

BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT RAS 

- --- - --- - --- - --- - ....==oVCC (5V) 

LOW~~~~~ ~8~~~~§ LCAS 
STROBE INPUT 

UPPER BYTE CONTROL UCAS 
COLUMN ADDRESS 

STROBE INPUT 

WRITE CO~~~8f W 

AO 

A1 
A2 

A3 

ADDRESS INPUTS A4 
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AS 
A6 

A7 
AS 

L 

~VSS(OV) 
LOWER I 

UPPER 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & 1/0 CONTROL 

MEMORY CELL 
(4194304 BITS) 
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D01} 002 LOWER DATA 
: INPUTS I OUTPUTS 

OQa 

DOg} D010 UPPER DATA 
: INPUTS I OUTPUTS 

OQ16 

~. VCC(5V)' 

~VSS(OV) 

OE ~~rr,.UT ENABLE 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6 ,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage -1-7 
VI Input voltage With respect to V 55 -1-7 
Vo Output voltage -1-7 

10 Output current 50 
Pd Power dissipation Ta=25"C 1000 

Topr Operating temperature 0-70 
Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Min Nom Max Unit 

VCC Supply voltage 4.5 5.0 5.5 V 
V5S Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.4 6.0 V 
VIL Low-level input voltage, all inputs -0.5* * 0.8 V 

Note1: All voltage values are with respect to V ss. 
* * : VIL(min) is -2.0V when pulse width is less than 25ns. (Pulse width is with respect to Vss.) 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vcc=5V± 1 0%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ 

VOH High-level output voltage IOH=-5mA 2.4 

VOL LOW-level output voltage IOL=4.2mA 0 
loz Off-state output current Q floating OV S:VOUT s: 5.5V -10 
II Input current OV~IN ~+6.0V, Other inputs pins=OV -10 

Average supply current M5M44260C-5,-5S 
RAS, CAS cycling 

ICC1(AV) from Vcc, operating M5M44260C-S,-6S tRc=twc=min. 

(Note 3,4,5) M5M44260C-7,-7S 
output open 

RAS= CAS =VIH, output open 

Icc2 Supply current from V CC, stand-by (Note 6) RAS= CAS 'ii:,Vcc -O.5V 
outpiJtopen 

Average supply current MSM442S0C-S,-SS 
RAS cycling, CAS=VIH 

Icc3(AV) from Vcc, RAS only MSM442S0C-6,-SS tRc=mln. 
refresh mode output open 

(Note 3,5) MSM44260C-7,-7S 

Average supply current MSM442S0C-5,-SS 
RAS=VIL, CAS cycling from Vcc 

MSM442S0C-6,-SS Icc4(AV) Fast page mode tpc=min. 

(Note 3,4,5) MSM442S0C-7,-7S 
output open 

Average supply current MSM442S0C-5,-SS 
CAS before RAS refresh cycling from Vcc 

Icc6(AV) CAS before RAS refresh MSM442S0C-6,-SS tRc=min. 

mode (Note 3,5) M5M44260C-7,-7S 
output open 

RAS cy~ CAS ~0.2V or CAS 
before RAS refresh cycling 
RAS~0.2V or ~Vcc-0.2V 

Average supply current CAS~O.2V or ~Vcc-0.2V 
ICCS(AV)* from VCC W~0.2Vor~Vcc-0.2V 

Extended-refresh mode (Note 6) OE~O.2V or ~Vcc-O.2V 
Ao-As ~ 0.2V or ~Vcc-0.2V, 
DQ=open 
tRc=250 J.lS, tRA5=tRA5 min-l J.lS 

ICC9(AV)* 
Average supply current from V cc RAS=CAS ~O.2V 
Self-refresh mode (Note 6) output open 

Note 2: Current flowing into an IC is positive, out is negative. 
3: ICCl (AV), ICC3 (AV), ICC4 (AV), and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RAS=V IL and CAS=VIH. 
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Unit 
V 
V 

V 
rnA 
mW 
·C 

·C 

Max 
Unit 

Vcc V 
0.4 V 
10 J.lA 
10 J.lA 

125 

110 rnA 

95 

2 

1.0 rnA 

0.1 * 

125 

110 rnA 

95 

125 

110 rnA 

95 

115 

100 rnA 

85 

150 J.lA 

150 J.lA 
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M5M44260CJ, TP-5,-6 ,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=0 ....... 70·C , Vcc=5V±10%, Vss=OV, unless otherwise noted) 

Parameter Test conditions 
Limits 

Unit &ymbol Min Typ Max 
CI(A) Input capacitance, address inputs VI=VSS 5 pF 

CI (ClK) Input capacitance, clock inputs f=1MHz 7 pF 

CliO Input/Output capacitance, data ports VI=25mVrms 7 pF 

-SWITCHING CHARACTE.RISTICS (Ta=0 ....... 70 ·C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 

Symbol Parameter M5M44260C-5,-5S M5M44260C-6,-6S M5M44260C-7,-7S Unit 
Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 13 15 20 ns 
tRAC Access time from RAS (Note 7,9) 50 60 70 ns 
tAA Columu address access time (Note 7,10) 25 30 35 ns 
tCPA Access time from CAS orecharae (Note 7,11) 30 35 40 ns 
tOEA Access time from OE (Note 7) 13 15 20 ns 
tcLZ Output low impedance time from CAS low (Note 7) 5 5 5 ns 
tOFF Output disable time after CAS high (Note 12) 13 15 20 ns 
tOEZ Output disable time after OE high (Note 12) 13 15 20 ns 

- - -
Note 6: An initial pause of 500 J.lS is required after power-up followed by a minimum of eight initialization cycles (RAS-only refresh or CAS before RAS refresh 

cycles). 
Note the RAS may be cycled during the initial pause. And 8 initialization cycles are required after prolonged periods (greater than 8.2ms) of RAS 
inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to 2TIL loads and 100pF. 
8: Assumes that tRCDe; tRCD(max) and tASC e; tASC(max). 
9: Assumes that tRCD~ tRCD(max) and tRAD~ tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 

will increase by amount that tRCD exceeds the value shown. 
10: Assumes that tRADe; tRAO(max) and tAsc~ tASC(max). 
11: Assumes that tcp~ tCP(max) and tASC e; tASC(max). 
12: tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (I OUT ~ I ± 10 J.lAI) and is not reference to VOH(min) 

or VOl(max). 

2 - 120 
.' MITSUBISHI 
.... ELECTRIC 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Fast-Page Mode Cycles) 
(Ta=0-70'C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 
Symbol Parameter M5M4426OC-5,-5S M5M4426OC-6,-6S M5M44260C-7,-7S 

Min Max Min Max Min Max 
tREF Refresh cycle time 8.2 8.2 8.2 
tREF Refresh cycle time * 128 128 128 
tRP RAS high Dulse width 30 40 50 
tRCO Delay time, RAS low to CAS low (Note 15) 18 37 20 45 20 50 
tCRP Delay time, CAS high to RAS low 5 5 5 
tRPC Delay time, RAS high to CAS low 0 0 0 
tCPN CAS high pulse width 10 10 10 
tRAO Column address delay time from RAS low (Note 16) 13 25 15 30 15 35 
tASR Row address setup time before RAS low 0 0 0 
tAsc Column address setup time before CAS low (Note 17) 0 7 0 10 0 10 
tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 13 15 15 
tozc Delay time, data to CAS low (Note 18) 0 0 0 
tozo Delay time, data to OE low (Note 18) 0 0 0 
tcoo Delay time, CAS high to data (Note 19) 13 15 20 
toDD Delay time, OE high to data (Note 19) 13 15 20 
tT Transition time (Note 20) 1 50 1 50 1 50 

Note 13: The timing requirements are assumed tT =5ns. 
14: VIH(min) and Vll(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ms 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 
ns 

15: tRCO(max) is specified as a reference point only. If tRCO is less than tRCO(max), access time is tRAC. If tRco is greater than tRCO(max), access time is 
controlled exclusively by tCAC or tAA. . 

16: tRAO(max) is specified as a reference point only. If tRAO ~ tRAO(max) and tAsc ~ tASC(max), access time is controlled exclusively by tAA. 
17: tASC(max) is specified as a reference poiht only. If tRCO~ tRCO(max) and tAsc ~ tASC(max), access time is controlled exclusively by tCAC. 
18: Either tozc or tozo must be satisfied. 
19: Either tcoo or tODD must be satisfied. 
20: tT is measured between VIH(min) and Vll(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 
tCAS CAS low pulse width 

tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read setup time before CAS low 

tRCH Read hold time after CAS high 
tRRH Read hold time after RAS high 
tRAl Column address to RAS hold time 
tacH CAS hold time after OE low 
tORH RAS hold time after OE low 

Note 21: Either tRCH or tRRI'i must be satisfied for a read cycle. 

M5M44260C-5,~5S 

Min 

90 
50 
13 
50 
13 

0 
(Note 21) 0 
(Note 21) 0 

25 
13 
13 
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Max 

10000 
10000 

Limits 
M5M44260C-6,-6S M5M44260C-7,-7S 

Min Max Min Max 

110 130 
60 10000 70 10000 
15 10000 20 10000 
60 70 
15 20 
0 0 
0 0 

0 0 
30 35 
15 20 
15 20 

Unit 

ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
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M5M44260CJ, TP-5,-6,-7 ,-5S,~6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter M5M44260C-5,-5S M5M44260c-6,-6S M5M44260C-7,-7S Unit 

Min Max Min Max Min Max 
twe Write cycle time 90 110 130 ns 
tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 

teAs CAS low pulse width 13 10000 15 10000 20 10000 ns 

tesH CAS hold time after RAS low 50 60 70 ns 

tRSH RAS hold time after CAS low 13 15 20 ns 
twcs Write setup time before CAS low (Note 23) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 15 ns 
tCWl CAS hold time after W low 13 15 20 ns 

tRWl RAS hold time after W low 13 15 20 ns 
twp Write pulse width 8 10 15 ns 
tDS Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS low or W low 8 10 .15 ns 
tOEH DE hold time after W low 13 15 20 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M4426OC-5,-5S M5M44260c-6,-6S M5M44260C-7,-7S Unit 

Min Max Min Max Min Max 
tRwc Read write/read modify write cycle time (Note 22) 126 150 180 ns 
tRAS RAS low pulse width 86 10000 100 10000 120 10000 ns 

tCAS CAS low pulse width 49 10000 55 10000 70 10000 ns 
tCSH CAS hold time after RAS low 86 100 120 ns 
tRSH RAS hold time after CAS low 4~ 55 70 ns 

tRcs Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 23) 31 35 45 ns 
tRWD Delay time, RAS low to W low (Note 23) 68 80 95 ns 

tAWD Delay time, address to W low (Note 23) 43 50 60 ns 
tewl CAS hold time after W low 13 15 20 ns 
tRWl RAS hold time after W low 13 15 20 ns 
twp Write pulse width 8 10 15 ns 
tDS Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS low or W low 8 10 15 ns 
tOEH DE hold time after W low 13 15 20 ns 

Note 22: tRwC Is specified as tRWC(mln)=tRAC(max)+tODD(min)+tRWl(min)+tRP(min)+4IT. 
23: twcs, tCWD, tRWD and tAWD and tcPWD are specified as reference pOints only. If twcSie;twCS(min) the cycle Is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tCWDie;tCWD(minl. tRWDie;tRWD(min). tAWD~tAWD(min) and tCPWD~ tCPWD(min) 
(for fast page mode cycle only). the cycle Is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to V IH) is indeterminate. 
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M5M44260CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 24) 

Limits 
Symbol Parameter M5M44260C-5,-5S M5M44260C-6,-6S M5M44260C-7,-7S 

Min Max Min Max Min Max 

tpc Fast page mode readlwrite cycle time 35 40 45 
tPRWC Fast page mode read write/read modify write cycle time 71 80 95 
tRAS RAS low pulse width for read or write cycle (Note 25) 85 100000 100 100000 115 100000 
tcp CAS high pulse width (Note 26) 8 12 10 15 10 15 
tCPRH RAS hold time after CAS precharge 30 35 40 
tCPWD Delay time, CAS precharge to W low (Note 23) 48 55 65 

Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 

25: tRAS(min) is specified as two cycles of CAS input are performed. 

26: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * (Note 27) 

Limits 

Symbol Parameter M5M44260C-5,-5S M5M44260C-6,-6S M5M4426OC-7,-7S 

Min Max Min Max. Min Max 
tCSR CAS setup time before RAS low 5 5 5 
tCHR CAS hold time after RAS low 10 10 15 
tCAS CAS low pulse width 20 20 25 

- - - - -
Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

Self Refresh Cycle * (Note 28) 

Symbol Parameter 

tRASS CBR self refresh RAS low pulse width 
tRPS CBR self refresh RAS high precharge time 
tCHS CBR self refresh CAS hold time 

M5M44260C-5,-5S 

Min 
100 
90 
-50 
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Max 

Limits 
M5M44260C-6,-6S M5M44260C-7,-7S 

Min Max Min Max 
100 100 
110 130 
-50 -50 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 

Unit 

p's 
ns 
ns 
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Timing Diagrams (Note 29) 

Read Cycle 

VIH­

VIL -:-

tcp 

VIH­
LCAS/UCAS 

VIL -
~' 

tASR 
H 

~ 
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M5M44260CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

tRC 

tRAS tRP 

I \ 
tCSH 

tRCO tRSH A e p 
tCAS -t 

.~\ Vj W 
tRAO tRAL 

IJRAH. tAsc ---.. tCAH .... tASR 

Ao-Aa 
VIH­

VIL-

x xx x x x, 
~ 

ROW IXXXXX1 COLUMN ·~xxxxx x xxx ROW 
:~xxx"X"X XXXXN 

w 
VIH 

VIL-

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL-
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VIH 

VIL 

ADDRESS It.XXXXX,lA ADDRESS XXX 
XXXXI ADDRESS 

xxxxxxxxx 
xx"Xxxxxxx 

xxxxx 
xxxxxxxxx 

XXX xxx 
XXX xxx 

~ tRRH 

tRcsr --. tRCH 

~~~~~if' I~~~~~~~~ 

tozc ~~ 
tcoo 

xxx HI-Z rxxxxxxxx 
xxx xxxxxxx 

tCAC 
A.A.} 

tAA 

~ tCLZ 

~ 
Hi-Z \ Hi-Z 

DATA VALID I 
tRAC 

tOEZ 
tozo ~tOE\ ......... 

tODD 

tOCH 

xxxxx~xxxxxxx, ,;¢¢< -Vx"'xxxxxxxxxxxx 
XXXXXXXXXXXxxxx~ L xxx XXXXXXXXxXXXXX 

tORH 

Note 29 
Indicates the don't care input. 
VIH(min)~VIN~VIH(max) or VIL(min)~VIN~VIL(max) 

Indicates the invalid output. 
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Byte Read Cycle 

UCAS 
(or LCAS) 

LCAS 
(or UCAS) 

Ao-As 

w 

VIH­

VIL -

VIH­

VIL -

VIH-

VIL -

VIH-

VIL -

VIH­

VIL -

DOl-DOs VIH -
(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH -
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 VIH 
(or DOl-DOs) 
(INPUTS) VIL 

009-0016 VOH­
(or DOl-DOs) 
(OUTPUTS) VOL-

VIH­

VIL -
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tRC 

tRAS 

~ 
tCSH 

tCRP tAco tRSH 

~ tCAS 

~ V \ XXXXXy 

tCPN 

XXXXX'S, 
XXXXXXl 

tRAD tRAL 

tASR 

~ ~ tCAH 
~ 

~ ROW COLUMN ~X YXXXXXX XXXX 
XXXXXy ADDRESS :«XXXXXl ADDRESS :UXXXXX XXXX 

tRCS L 
tRCH 

r 
XXXXXXXX)( XXXXXN/( 
XXXXXXxx")c XXXXXX)f' 

XXXXX~ xxxxxxxxx xx xxxxxxxxxxx xxx 
~x XXXXXXXXX~ xx XXXXxxxxx xx xx 

Hi-Z 

4--ltDZC. 

.............................. ~ 
»XXXxxxx 

Hi-Z 

Z~~~~ XXXXXxx~ 
tCAC 

tAA ~ 
~ 

Hi-Z ,~ \ DATA VALID 
I 

tRAC 

tDZO ~ 

XXXXXXXXXXXXXXXXXXXXXX~~ 

~XXXxXXXXXXXXXXXXXXXXX~~ 
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t~ 

tacH 

xx 

I ~ 
tORH 

tRP 

I r\ 

~ 4-~CRP 

~ 

~ 
tASR ...... 

XXXX» ROW 
XXXXT ADDRESS 

~ 

XXXXXxxxxx 
\Xxxxxx::{0: 

xxx xx 
x x x ...... ' ............ xx 

tCDD 

............ 
x xx 
xxxxxxxx 

Hi-Z 

tODD 

XXXXXXXXXXXXX:x;.x 
IXXxxxxxxxxxxxxx 

A ...... X 
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Write Cycle (Early write) 

Ao-Aa 

w 

VIH­

VIL-

VIH­

VIL-

VIH 

VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

~ 

tCf 
tRCO 

~. 

XXXX7 

tASR ~tRAH~ ---.. tAse ~ 
..............-
xxxx~ ROW :6.XXxxX\. 
XXXXY\ ADDRESS ~XXXI (.XXXXI 

tw~ 

xxxxxxxxxxxxxx~ 

xxxxxxxxxxxxxxxx~ 

~ 

xxx xxx 
~xxxx 

twc 

tRAS tRP 

I tRPC \ 
tCSH 14--+ 

tRSH 
~CRP 

tCAS I- tCPN t 
~\ VI W 

tCAH tA~ 

COLUMN .~ X"X "X "X "X "X "X "X\. ROW "X "X "X "X "X "X xx X X)ltl 
ADDRESS ~xxxxxxxxxxxxxxx~ ADDRESS XXXX 

twCH 

IXXXXXXxx xxxx 
~xx x~ 
xxxxxxxxxxxxxxxxxxxxxx 

tDH 

~xxxxxxxxxxxxxxxxx 

DATA VALID ~x"X"X"Xxxxxx"Xxxxxxxxxx 

HI-Z 

(OUTPUTS) VOL-------------------~------------------------------------------------
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FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Byte Write Cycle (Early write) 

UCAS 
(or LCAS) 

LCAS 
(orUCAS) 

Ao-As 

w 

VIH 

VIL ~ 

VIH 

VIL 

VIH-

VIL -

VIH­

VIL -

VIH­

VIL -

DOl-DOs VIH­
(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH -
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 YIH­
(or 001 "" ~OS) 
(INPUTS) VIL -

\ 

tc~ tRCD 

~ 
eXXXXI 

XXXXX 
XXXXXI 
XXXXXI 

tASR 

~ ........ tASC H 

~v ROW ~XXXXX}l,j 

ADDRESS ~V<XXXX7: 

twcs .....-. 
XXXXXXXXXA 

XXXX xxxxxxxx 
x~ 

XXXX XXXXXXXX~~ 

xxxxxxxxxxxxxxxxxxx 

~ 

x x x x x x xXxxxxxxxxxxxx~ 
.J<..XXXXXXXXXXXXXYI 

twc 

tRAS tRP 

I r\ 
tCSH ~C 

tRSH 
~CRP 

tCAS --
\ II ~ 

tCPN 

~ 
tCAH tASR 

~ 

COLUMN ~££x~XXXxXXXXX}l,j ROW 
ADDRESS ~~~~~~XXXXXXXXXXX7 ADDRESS 

twCH 

~xxxxxxxXXXXXXXXXXXXX 

I~xxxxxxxxxxx~xxxxxxx 

IX X X X X X X ~~ X X X~ 

xxx XXXXXXXXXX xxxxx~ xxx xxxxxxxxxxxxxxxx~xxxxxxx 

Hi-Z 

tDH 

DATA VALID ~?ff?~xxxxxxxxxxxxx 
~x XXXXXXXX~ 

009-0016 VOH - Hi-Z 

(or DOl-DOs) -------------------------------------------------------------------------
(OUTPUTS) VOL-
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..... ELECTRIC 2 - 127 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7 ,-5S,-6S,";7S 

FAST PAGE MODE 4194304-BIT·(262144-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

VIH­

VIL-

VIH­
LCAS/UCAS 

VIL-

VIH 
Ao~A8 

VIL~ 

VIH 
W 

VIL 

001 -0016 VIH-

(INPUTS) VIL 

001 -0016 VOH­

(OUTPUTS) VOL-

2 - 128 

VIH 

VIL -

twc 

tRAS 
tRP 

, V \ 
tCSH 

tRPC 

tF 
tRCD tRSH 

~RP 
tCAS I+-~ -t 

XXXXXXrI \\ If W xxxxx)/',/ 

14
tASR

• 
tRAH 

tAsc~ 
tCAH 

~ tASR 

~ ROW ~ COLUMN Ii< X x x x ROW X.N 
'I ADDRESS ''\lSZ::4 ADDRESS ~'x x x X I ADDRESS 

~CWL. 
tRWL 

~ ~ twp. 

x xx 
\ JlS«X xxx xxx xxxxxxx x x X XI'I xxxxxxxx xxx XXxxxxx rN>t'xx x x x x x x x x x x 

tWCH 

~ 
xxxxxxxxxxxxxxxxxxx Hi-Z 
~xxxxxxxxxxxxxxxx 

~ 

HI-Z, 

~> 
~ tDZO. to~ 

XXXXXX.l'<.l'<XXXX .l'<X~ I XXXXXX.l'<.l'<X.l'<XXXXXXxxxxxx ). 

'. ' MITSUBI. SHI .... ELECTRIC 

tDS tDH 
~ 

~ DATA I..xxxxxxxxxxxx 
IAXXXX~xxxxx VALID :~.x..x..x..x..x..x. 

Hi-Z 

tOEH 
~ 

tODD 

I~XXXXXXXXX~ 
~ XXXXXXXXXXXXXX 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Byte Write Cycle (Delayed write) 

twc 

tRAS tRP 

VIH - -------./ 
RAS I \ 

VIL - \~-------~-----------1 
tCSH 

tCRP 
4---t 

tRCO tRSH 

tCAS 

tRPC 

~ 
.,!.CRP ..... 

I ~ 
VIH - ("X:X'X:5("5<"'5i~tt-------"i 

VIL - ~~~~~7 ~I'-____________ +-I--+-_~"..I UCAS 
(or LCAS) 

~p~ 

LCAS 
VIH-

XXXXXXl 

(or UCAS) VIL -
x x x X XI 

tASR tRAH ........-. tCAH 
~ tAsc ..... ~SR 

VIH xxxx). ROW Ao-As xxxx». ~ COLUMN JXxxx 
I~X xx. x~~ ROW 

ADDRESS ADDRESS ADDRESS VIL x x x x XI :Y:ZZ:/. 

~ 

xxxxXY 
~-++-------~ 

~ 
tRWL 

VIH xxxxxxxxx~xxxx~ 
W xxxxxxxxxxxx~x~ 

VIL 

001-00S VIH- XXxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxx xx xxxxxxxxxxxx~ 
(or 009-0016) xxxxx~xxxxx~ ~xxxxxxxxxx xx xxxxxxxxxxxxxxx 
(INPUTS) VIL -

001-00S VOH- Hi-Z 
(or' 009-0016) 
(OUTPUTS) VOL-

twCH 

tOlC tos tOH 
~ IH 

009-0016 VIH xxxxxxx")i Hi-Z ~ DATA IYXXXXXXXXXXX* (or 001-00S) ~~~~~~~~~~~~~~~~ (INPUTS) VIL ru: VALID Yxxxxxxxxxxxx 

~ 

(or001-00S) --------------------------------------------------~------------~ ~J~\~------------~-------------------------------------------
009-0016 VOH - Hi-Z ~ Hi-Z 

(OUTPUTS) VOL - , I 

tOlO 

~ 

VIH xxxxx~x x~ 
VIL- xxxxx~xxxxxxxxxxx~~ ~ 

tOEl-t 4-

~tooo 

• . MITSUBISHI 
.... ELECTRIC 

~XXXX~xxxx~ 
'\.xxxxxxxx~ 

2 - 129 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

VIH 

VIL-

VIH 
LCAS/UCAS 

Ao-As 

w 

VIL 

VIH 

VIL-

VIH 

VIL 

, 
tCRP 

r 
x :.-

XXXXX7 

tASR .... 
l)l<XXX.A. 
XXXXX}lr1 
.. x.x. x. x.J'I 

XXXX 
xx 

xxxx 

xxxxxxxx 

tRCO 

tRAO 
~\ 

tRAH 
tAsc .. 

ROW . ~ 

ADDRESS ~ 

tRCSr--~ 

~XXX»I 
XXXXXXXI 

XA.x~ 

tozc 
~--t 

xx)! 

tRWC 

tRAS tRP 

I ~ 
tCSH ~ tRPC 

tRSH 

tCAS -t ~RP 

V ~ 
tCAH tASR ---.r- 4-

COLUMN i..lCxXxXXXXXX II ROW x XXXXY 
ADDRESS ~xxxxxx xXJr\ ADDRESS 

tAWO ~ tcwo tRWL 

tRWO twp 

\ I~xx XXXX~ 

tos ~ 
tOH 

Hi-Z 1~ :IXXXXXX xx 001-0016 VIH 

(INPUTS) VIL . (-xxxxxxxx x x x XXXXx.xx. 
tCAC '~ 

DATA VALID IJ\xxxxxxx~ 

001-0016 VOH­

(OUTPUTS) VOL-

2 - 130 

VIH 

VIL 

fAA 

tCLl ...... 

~ DATA \ Hi-Z 

VALID I 
tRAC 

~ 

~ ~ tO~~ 
tozo ~ ~ tOEZ 

xxxxxxxxxxxxxxxxxxxxx~ 

xXXXxxxxxxxx xxxxx 

'. MITSUBISHI 
.... ELECTRIC 

Hi-Z 

9 
-.c:xxxx xxx·xxxx 
'x xxx xxxx~ 



MITSUBISHI LSls 

M5M44260CJ, TP-5 ,-6,.7 ,-5S,-6S,~ 7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read-Write, Read-Modify-Write Cycle 

UCAS 
(or LeAS) 

LCAS 
(orUCAS) 

Ao-As 

w 

VIH 

VIL -

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DOl-DOs VIH 
(or 009-0016) 
(INPUTS) VIL 

DOl-DOs VOH­
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 VIH 
(or DOl-DOs) 
(INPUTS) VIL 

009-0016 VOH­
(or DOl-DOs) 
(OUTPUTS) VOL-

VIH 

VIL 

tRWC 

tRAS tRP 

\ I ~ 
tCSH tRPC 

tRCO tRSH ~ 
~CRP tCRP ~ tCAS .... 

XXXXXX ~ I ~ XXXXXy 

tCPN 

J<,. 

~ X 
~I 

tRAO 

lASR tRAH tCAH lAS~ .... lAsc .. 

l'1nna. 
~JI\.JI\.JI\.}t.JI\.'" ROW 

I~ 
COLUMN ~x XXXI[ ROW 

~JI\.xx}t.JI\.I' ADDRESS ADDRESS "'xxxx -Vl.c x ADDRESS 

lAWD 

tRCS r-- .... tcwo 

tRWO 
I 

JI\. 
xxx XXXXXXX.1l 
xxx XXXXXXXl 

Jl\.XXXXXJl\.X XXXXX XJI\.XXXXXXXXXXX 
XXXXXXXX x~xxx xxxx 

Hi-Z 

tozc .-~ 
tos ~ 

S('<XXX xx 
Hi-Z ~ 

:~~~~~~ y.xxx Xx 
tCAC C:t:f 

tAA 

tcLZ 4-4 

Hi-Z 

~ 
,...--
DATA \ 
VALID / 

tRAC 
~ 

~ tOOD 
tozo e ~ +-tOEz 

~xxxxxxxxxxxxxxxxx~ 

ex. xxx ~~~~~ 

• MITSUBISHI 
.... ELECTRIC 

~ 
tRwL 

twp .I 

K 'I. xxxx IXXXJl\.XJl\.JI\.XJ<,.xXXX 
~XXXJl\.XJl\.XXJl\.X.XXJl\. 

I 

XJl\.JI\..xJl\.XXJl\.XJl\.XJl\. 
Jl\.XXXXJl\.XXJl\.X.xJl\.XXJl\.XJl\.XJl\. 

tOH 

DATA VALID IY X X X X X X X X X X x 
'\XXXXXXXXXXX 

Hi-Z 

~ 
~xxxxxxxxxxxxxxxx 

I~XXXXXxxxx~ 
~xxxxxxx x~ 

2 --.: 131 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

VIH­

VIL -

____ VIH 

LCAS/UCAS 
VIL 

tCRPI 
~ XXXXXI 

tASR .... 

~ 

tRC 

tRAS tRP 

V 

,PC, 

W 
~ 

tASR .... 

Ao-Aa 
VIH­

VIL 

~. XXXXX.J( ROW 
ADDRESS 

~~xxxxxxx~ lAXXX 
",xxx xxxx XXxxm ~. xxxxxxxxxxxxxxxxxxxxxx 

Vi ~::= 

DQ1-DQ16 VIH -. . 

(INPUTS) VIL 

i\ 
~RP 

ROW 
ADDRESS 

DQ1-DQ16 VOH- ______________________ ------------_H_i-Z ____________________________________ _ 

(OUTPUTS) VOL-

OE 

2 - 132 
'. . MITSUBISHI "-ELECTRIC . 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6 ,-7 ,-5S,-65,-75 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

VIH­

VIL-

VIH­
LCAS/UCAS 

VIL-

VIH-
Ao-Aa 

VIL-

VIH-
W 

VIL-

001-0016 VIH­

(INPUTS) VIL -

001-0Q16 VOH­

(OUTPUTS) VOL-

VIH­

VIL -

tRC 

" 
tRC 

tRP tRAS 
)) 

tRAS tRP 
(( 

-.l \ ~ 
~~ 

\ I \ 

tCSR tCHR ~C 
tCSR tCHR ~~C I tCRP 

tRPC 

~~~ 4 " ~ 

J VI ~ VI ~ \L 
~~ 

--.. tCPN 

........ tASR 

" xxxxx xxxxxX~x ~~ ROW COLUMN 
xxx xx xxxx~xxxxx DDRESS ADDRESS 

)) 

I~ AH 

" ~, xxxxxxxxxx~xxxxxxxxxxxxxx xxxxx~ 

xxxxxxxxxxxxxxxxxxxxxxxxxxx XXI 
xxxx Xy 

)) 

tCDD 

/I 
HI-Z xxxxxxxxxxxxxxxxxxxx xxxx xxx xx 

tOFF 

----~ \ 
I 

......... tOEZ 
tODD 

hx 
bI. XXX 

xxxxxxxxxxxxxxxxxxxxxxx xxxx~x x 
~~ 

~j 
Hi-Z 

(( 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 
XXX xx~~xxxxxx xxxxx xxxxx~ 

~ 

• MITSUBISHI 
"ELECTRIC 2 - 133 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 4194304.;BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 30) 

VIH­

VIL -

VIH 
LCAS/UCAS 

VIL 

Ao-As 

w 

VIH­

VIL -

VIH­

VIL -

001 ;""'0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL-

2 - 134 

VIH­

VIL -

tRC tRC 

tRAS tRP J tRAS 
LL tRP 

~ I \ If L 
tCRP tF.lCD tRSH tCHR 

XXXXX.xT ,,\ VI x.x.xxx~ 

tRAD 

tASR tRAH 
tASR 

tASE. tCAH ...... - ...-.. 
~ 

~ 
..................... 

xxxxxx ROW COLUMN 
IlK X xxxxx XXX xxx xxx~. ROW 

xxxxx, ADDRESS AQDRESS 'x xxxxx xxx xxx ADDRESS 

l.
tRCS 

tRAL 

~ 
xx xxx ",xxxxxxxxxxx xxxxxxxx 
XXXXXXXX IXXX~ ,«xxxxxxxxxx x.XXXXXXX 

~ tCDD 

Xxxxxxxxx ' HI-Z 

XXXx.xxxx IXXXX .,.,..xxxx 
tCAC 

tAA tOFF 

~ 
..--.. 

Hi-Z 

~ 1\ Hi-Z 
DATA VALID 1/ 

tRAC 
tOEZ-+ f-+-. 

tDZO J tOEA tODD 

'I tORH 

Nxxx~~~ 
xxx~ 

.II: xxx xx~ Xxx xxx "IX xx 

Note 30: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle described above . 

• '. MITSUBISHI 
"ELECTRIC 

xxx 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

RAS 

LCAS/UCAS 

Ao-A8 

w 

tRAs tRP 

I L 
VIH-

\ VIL -

tCSH tpc ~ 
tc~ tRCO tCAS tcp ~ tcp tCAS 

~ f; ~ /J ~~ /J 
VIH- I';...I';..}I<.}I< 7J. 

;><;..I';..}I<.}I<}f' 

VIL -~ 
tRAO tCPRH 

.... tASR tASR tRAH 

~ VIH- ROW 

tAsc 4--J 14
tCAH

• tA~ ~AH ~ ~H 
~ COLUMN UII:/fCxtX~X~A Ir-CO+L-u4M-N-.I~ ';"'-;'~ AI COLUMN ~Ij"""'" ~ ROW 

I';..}I<XX)l ADDRESS 
VIL - .~ ADDRESS1 ~,(:XX X~ AOORESS2 ~'-X. XIX~ ADDRESS3 ~\;~...l!I~ ADDRESS 

I tRAL ..... tRCH 

~CH tRCS tRCH I tRRH 
I I '14- r tAcs ~r- r--. r---

VIH-X: ..I';. ~ 
VIL _ X:.}I<.}I< ..I';. x x x XX)t:,(J 

tozc tozc 
,-----14-

tozc 

I""" ~ 
tcoo 
~ 

DQ1-DQ16 VIH - "'X'X'..I';..}I<.}I<..I';. ~ 
(INPUTS) VIL_X..l';...I';..}I<.}I<XX ~ 

HI-Z 

tCAC 

tAA +---t 

Hi-Z Hi-Z 

I 

-- I4-tOEZ 

VIH - ~x~x5~x~g~.}I<~.}I<s~..I';..}I<~.}I<~..I';.~..I';.~.}I<~.}I<s~X::iG~1 
VIL x x x x x x x x x x x x x x x x ~ .}I< 

~~ 
toDD tozo 

• MITSUBISHI 
.... ELECTRIC 

r ~tOEA~ 
4-+ tOEZ t 

h:nC5C~~~ 
D(X xx 

I+-t tOEz 

~~ .-. 
toDD tozo tORH 

2 - 135 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Byte Read Cycle 

RAS tRP 

RAS 
VIH-

\ I 
'VIL - L 

tCSH tpc 14 tRSH • 
tCRP tRCO tCAS tcp tCAS tcp tCAS .. 

UCAS VIH-~ Y \ V ~ V \ (or LCAS) ~ VIL -

(or 009-0016) ~ XXXXXXJi XX XXXX XX IX xxxxx DOl-DOs VIH=~X~X~)X~X~~xx~x~~x~xgx~~xx~x~~x~x~~x~x~xgx~~~~~~~~x~x~~x~~~~~~x~~~~x~~xx~x~x 
(INPUTS) VIL xxx x xxx~ 

DOl-DOs VOH­ Hi-Z 
(or D09-D016) --------~----------+--+~------~---+~~----~~--+---~----~~~-------­
(OUTPUTS) VOL-

tozc 
tozc ... Ie-

Hi-Z Hi-Z 

••• ~ ~ ~~AC 
IIV\ I J tOFF 14+--+_tA_A ~ 

'I ~ ~LZ ~ ..tc..LZ ~ 
-+ ~tCLZ ,.--,...--------.,.---. ~ 

009-0016 VOH - Hi-Z ~Ir---+-+--ll\ ~ "n ""'"-----~ 
(or DOl-DOs) DATA 1\ DATA \>-+-I-~r~Y /:~ DATA 
(OUTPUTS) VOL - -------~-------+--------<1/ VALlD-1 V tCPA VALlD-2 I ~ VALlD-3 I--

tRAC I'---++~ tCPA 1"""--

2 - 136 

14-----+--
t
-
oz

-
o
-, --t-O-EA-Ji I" tOEA I 

~---JI ~ tOCH .... 14- tOEZ ~t .... tOEZ ~~ 
tOCH 

~ tOEZ 

~--~ ~ 

v'H=~~~~x~~x~~~x~x8~~x~x~~xgx~~x~x~8x~xgx~~~x~~x~~~x~~~ ______ ~~x~~~~x~~~l-____ ~~~x~~x~x~i--1 __ ~~~x~~x~x~x~~ ){X'XXXXxxxx IJ x x ll. X A I X xxx 
VIL x 

........ .-.. 
tODD tozo 

• MITSUBISH. I 
"-ELECTRIC 

~~~ 
tODD tozo tORH 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

VIH­

VIL -

tRCo 

tCSH 

____ VIH - '::7C~A7~H-t------t:\ 

LCAS/UCAS 
VIL-~~~7 

Ao-Aa 
VIH - :'>3~~J-------,I 
VIL - ,g""g,-~ 1'-__ ""1 

w 

tCAS 

001-0016 VIH-1~~~~~~~~ 
(INPUTS) VIL - 2 1'------'1 

tRAS 

tcp 

tpc 

ROW 
ADDRESS 

001-0016 VOH- __________________ Hi_-Z _________ ~--------

(OUTPUTS) VOL-

• MITSUBISHI 
.... ELECTRIC 2 -137 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Byte Write Cycle (Early Write) 

UCAS 
(or LCAS) 

LCAS 
(or UCAS) 

Ao-Aa 

w 

VIH­

VIL -

, VIH­

VIL -

VIH-

VIL-

VIH-

VIL-

VIH­

VIL 

DOl-DOs VIH­
(or DOg-D016) 
(INPUTS) VIL -

DOl-DOs VOH­
(or DOg-D016) 
(OUTPUTS) VOL-

DOg-D016 VIH­
(or D01-DQa) 
(INPUTS) VIL -

RAS 

;:==:~ ~ 
tCSH tpc e 

tCRP tRCO tCAS tcp tCAS tcp tCAS 
~ 

yxxxx 
~ ~ ~ \ I ~ V 

)(XXXXX 
)(XXXXY \ XXXXXl 

tASR ~ ~ 
tCAH tAsc ~ 

tASC ~tCAH~ tASR 
.-. ~ ...... ..-... ..... 

)(xxxx'\ ROW ~ COLUMN 
,~xxxxx~ 

COLUMN ~ COLUMN ~ ROW )(XXXXll. 
~DDRESS ADDRESS1 

,JIloCXXXXX,M. 
AOORESS2 AX. xx x JIl 

ADDRESS3 ADDRESS ~'\XxxxX.JV 
~ 

~ twcs • twCH twcs tWCH twcs twCH' 

~ ----.. ....--.. ~ ~ -xxx xx IIXXXXx\ ~ x x x x x x x x x X'\ .x'\ XXXXX 
XXXXXXXXXXXXX xxxxx xxxxx xxxxxxxxx 

~xxxxxx xxxxxxxxxxx xxxxxxxxxxx XXXXXXXXXXXX 
~XXXXXXXXX xXXX x .zx<XXXXXX ){XXXXXXXXXX« 

HI-Z 

~ ~ ~ ~ ~ ~ 
~ .~ ¢¢¢¢¢¢c: x x x x x xA .. DATA DATA DATA ¥XXXXV IYXXXN ~x )(xxxxxxxxxxxH VALlD-1 
~ 

VALlD-2 
~ 

VALlD-3 ''\)txxxxxxxx 

DOg-D016 VOH- Hi-Z 
(or D01-DQa) ---~--~---~------------------:---------
(OUTPUTS) VOL-

2 - 138 
. • MITSUBISHI 
;'ELECTRIC 
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MITSUBISHI LSls 

M5M44260CJ, TP-5,-6 ,-7,-55,-65,-75 

FAST PAGE MODE 4194304-BIT (262144 .. WORD BY 16-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

VIH­

VIL -

_~ __ VIH 
LCAS/UCAS 

Ao-Aa 

w 

VIL 

VIH 

VIL 

VIH­

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL-

VIH­

VIL-

tAP AAS 

F~ \ 
tCSH tASH 

tCF 
tACO tCAS I tpc J 

~ tCAS 

¢lx x x ")71 ~ f! ~ :(! X:XXXX7 

tAWL ~ 
tAsc tA~ ~ tAsc ~ ~ ~ ~ 

xxxxX\. ROW ~ COLUMN 'J{XXXYYY YY'Jon COLUMN ~ ~YY"'" XXXXXA YyY..)<J' ~x XXXX7 ADDRESS 

~xx 

X XXXXXX7 

Z~~~~~~~~~~ x 

Hi-Z 

xx xxx 
xxxxxxxxxx 

ADDRESS1 ADDRESS2 

~ 
tc~ 

tR1 4-

~ 

\ t?J 
twCH 

~ tos 
tOH to~ 

Hi-Z ~ DATA ~ Hi-Z 

W' VALlD-1 ~ 

tcLZ~ ~ ..... ~CLZ 

~~ Hi-Z ~~ 
tOEZ4 I-- tOEZ ..... 4-

I~ toza ~I ~ toDD tOZO ..... ~ ~ 

)It. / 

• MITSUBISHI 
.... ELECTRIC 

U 

\ 
twCH 

tos 

~ 
~ 

toDD 

~ H tASR 

~ ROW 
XXXJf\ ADDRESS 

~ 
IxxxxxR 
xxxxxxx 

tDH 

DATA x 
VALlD-2 IXxx xxx x 

Hi-Z 

~ 
~XXXX~ 
'XXxxxxx .. 

2 - 139 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BI1) DYNAMIC RAM 

Fast-Page Mode Byte Write Cycle (Delayed Write) 

RAS 

UCAS 
(or LCAS) 

LCAS 
(or UCAS) 

Ao-As 

w 

VIH-

VIL -

VIH-

VIL -

VIH"':' 

VIL -

vni-

VIL-

VII:I­

VIL -

"DOl-DOs VIH­
(or DOg-Da16) 
(INPUTS) VIL -

DOl-DOs VOH­
(or DOg-D016) 
(OUTPUTS) VOL-

DOg-D016 VIH­
(or DOl-DOs) 
(INPUTS) VIL-

DOg-D016 VOH­
(or DOl-DOs) 
(OUTPUTS) VOL-

2 - 140 

VIH­

VIL -

tRAS 

~ 
tCSH tRSH 

.tc~ tRCO tCAS I. tpc 

L tcp tCAS 

xxxxx 1/ ~ XXXXX7 .~ 

lCXXXX~ XXXXXl 
~ 

tASR tRAH tASC tCAH lAsc tCAH ...... ~ ~ ..... 

~ ~x XXXXXI ROW COLUMN x XXXI COLUMN 

XXXXlf ADDRESS ADDRESS1 XN ADDRESS2 ntX 
-

tCWL 

tR1~ ~ 
~ 
~ 

XXXXXXXXXXXXJtll , If§ xxxxxXXXXXXXI 

twCH tWCH 

{Y-XXXXXXXXXXxX< xx,t"xXXXXXXX XXXXX 
XXXXXXXXXXXXXXX XXXXXXXXX xxxxxx 

Hi-Z 

~ tos 
tOH tozc 

~ tos 

xxxxxxxxxxxx Hi-Z ~~ DATA ~ Hi-Z ~ 
~xxxxxxxxxxxx. ~ VALlD-1 N W 

tCLZ ~ ..... .!.CLZ 

Hi-Z ~~ Hi-Z 

~ 
~ 

XXXXXX~ 
xxxxxYYXXXXXXXXX~ 

tOEZ .... 4-

4-4 tODD 

J 

'. .MITSUBISHI ~ELECTRIC 

tOEZ-+ -
tOZO .... ~ ~ tODD 

LJ 

tRP 

F 1\ 
J 

I 
I 

tRWL 
~t-iot-

~ ~ tASR 

Xli' ROW 

XI ADDRESS 

~ 

~ 
IXXXXXXX 
xxxxxxx 

xxxJt xxx xxx)t 
xxx 

tOH 

DATA ,LYYYYYY 
VALlD-2 ,,;xxxxxx 

Hi-Z 

~ 
I\X.XXXXXXX 
~XXXXXXX 



MITSUBISHI LSls 

M5M44260CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

VIH 

VIL-

VIH­
LCAS/UCAS 

VIL 

Ao-Aa 

w 

VIH 

VIL 

VIH' 

VIL 

001-0016 VIH­
(INPUTS) VIL -

001-0016 VOH­
(OUTPUTS) VOL-

VIH­

VIL -

tAAS tAP 

F \ '--tCSH ~RWL 
tPRwe -f 

tCf tACO tCAS .1 

~ teAS 

XXXXXXlf-

~\ IJ ~ V/ X. 

tRAO 

tASR I:RAH~ ~ ~ ~ tCWL 
tAsc ~ ~ tASA 4-t ~ 

)IW ROW ~ COLUMN 10. COLUMN IV:XXXX ROW h yxxxxx ~ ~ xxxv 
ADDRESS ADDRESS1 1 ADDRESS2 ~ 1>tXYI\. ADDRESS ~'-X.xxxxx x ;tI 

tAWO tAwo 

~~ 
tcwo ... ~WL 

trt- 4-
tewo 

I~ twp I~ twp ~ 
xxx xxxxr 

\ ~ r ~ 
l- X 

xxx x XXXI ~ x 

tRwo tcPWO 

~Z~ tos tOH to~ tos tOH 

Hi-Z 

~ DATA U Hi-Z ~ DATA ~ xxxxxxxx xxxx I~ xxxxxxxx VALlD-1 ~ VALlD-2 ~ I. tCAC. rr- ~~ tCAC 
fAA fAA 

....... 

tCLZ ..... r--~ 
~ 

tCLl-f 4-

~DATA ~ Hi-Z J ~ 
Hi-Z 

tePA ~ 
Hi-Z 

~1J 
tRAC 

--.. toDD toDD 11· tozo 
l.

tOEA
• 

----
4- tOEZ toZo ..... t ---I tOEZ ~ 

~ 
xxx xxxxxxxxxx~ / X 
xxxxxxxxxxxxxxxxx 
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M5M44260CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Byte Read-Write, Read-Modify-Write Cycle 

UCAS 
(or LCAS) 

LCAS 
(or UCAS) 

Ao-As 

w 

VIH­

VIL -

VIH 

VIL 

VIH-

VIL-

VIH-

VIL-

VIH­

VIL-

DOl-DOs VIH 
(or 009-0016) 
(INPUTS) VIL 

DOl-DOs VOH­
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 VIH 
(or DOl-DOe) 
(INPUTS) VIL 

009-0016 VOH­
(or DOl-DOe) 
(OUTPUTS) VOL-
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VIH 

VIL 

tAAS tAP 

~~ ~ 

~ 

tCSH 
tPAWC ~ tAWLJ 

tCAP tRCD tCAS tcp tCAS ...... 
x, 

~ ~ ~ I 
xxxx.J 

~XXXXJ'l 

~XXXX7 

tAAD 

tASR ~ tCAH ~ tCAH ~ ~ tASR .......... tAsc .... 
xxxxx\., ROW ~ COLUMN .Jtxxxxxx X"" COLUMN ~KXx xxx~ ROW 
~XXXXI' ADDRESS ADDRESS1 ~x ~ ADDRESS2 nc:XX XXX.l!r ADDRESS 

tAwo 
tc~ 

tAWD 

tCWD tcwo 
t~ tACS + 

~ ~ 
.,('-xxx XJI i\ 1B? i\ 

"xxxx~ 

~xxx 
X XXX.l!r 'XXXXXXX 

tAWD 

xxxxxxx xxxx~ VXXXXX70.. X xxxxxxxxx 
xxx XXXXX x 'xxx x X 

Hi-Z 

~Z~ tos tDH 

~~~XX~ ~ Hi-Z 

~ DATAl 
~x VALlD-1 

~xxxxxxx XXXl'!l 
~ 

tAA 

Hi-Z 

tcLZ -4-~ f;;;\ 
~V~~-:;'11 Hi-Z 

tRAC 

~ 
xxxxxxxxxxx 

xxxxxxxxx~xx X X 
XXxx 

Il roOD tOEA 
.:--. -4 4- tOEZ 

. , ... ·MITSUBISHI 
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X P{XXXX xxxxxxxxx 

tDZC 

,~ 
tDH 

f.4 -
t Hi-Z ~ DATA IXXXXX 'W- VALlD-2 , 
~ 

,",xxxx 

tAA 

---> ~t6~ 
~ DATA 

Hi-Z 

~. tCPA 
tODD tOEH 

tDz01 t 1__ tOEZ 9 
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M5M44260CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Self Refresh Cycle * (Note28) 

RAS 

Ao-As 

w 

VIH­

VIL -

VIH­

VIL -

VIH 

VIL 

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

RP RASS tRPS 

~ ~ ~ 1\ 
tRPC 

tRPC r ~ tCSR ~ tCRP 
4------J 

--.!r. ~ / ~ iL 
~ tCPN 

~ tASR 

xxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXA ROW COLUMN 
xxx xxxxxxx x:ZXS«XXXX XXXXXXXXXXXXXXXXA rDDRESS ADDRESS xx XI 

~H 
tRCS 

NtXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX~ 
'XXXXXXXXXXXXXXXXX xxxxxxxxxxxxxxxxxx~ 

tCDD 

Hi-Z xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 

xxxxxxxxxxxxxxxxxxxxx~XXXXXXXXXXXXXXXX 

--I e F 

-i\ Hi-Z 

_II 
~ tOEZ 

tODD 

xxxx xxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxx 

~~~XXXXXXXXXXXXXXXX Xx~XXXXXXXXXXXXXXXXXX~ 
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M5M44260CJ, TP-5,-6,-7 ,-55,-68,-75 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Note 28: Self refresh sequence 
Two refreshing methods should be used properly depending on 
the low pulse width (tRASS) of RAS signai during self refresh 
period. 

1. Distributed refresh during ReadlWrite operation 
(A) Timing Diagram 

Read I Write Cycle ~I. Self Refresh Cycle ~. Read I Write Cycle 

R~ --viJV9 m~S~100ps Fri--cv 
last , ' first 

refresh cycle refresh cycle 

Table 2 

Read / Write Cycle Read / Write--
Self Refresh 

CBR distributed 
tNSD~250J.ls 

refresh 

RAS only 
tNSD~16J.1s 

distributed refresh 

(B) Definition of distributed refresh 

RAS 

refresh 
cycle 

tREF 1512 

read/write 
cycles 

Definition of CBR distributed refresh, 
!'nc'uding extende'd refresh) 

Self Refresh--
Read /Write 

tSND~250J.ls 

tSND~16J.1s 

tREF 

refresh 
cycle 

The CBR distributed refresh performs more than 512 
constant period (250 J.I s max.) CBR cycles within 128 ms. 

Definition of RAS only distributed refresh 

Note: 

All combinations of nine row address signals (Ao-Aa) are 
selected during 512 constant period (16 J.I s max.) RAS only 
refresh cycles within 8.2 ms. 

Hidden refresh may be used in$tead of CBR refresh. 
RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 
• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal in the last 
CBR refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within tNSD (shown in table 2). 

refresh 
cycle 

tREF/512 

readlwrite 
cycles 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal 
in the first CBR refresh cycle during read/write operation 
period should be set within tSND (shown in table 2). 

1 .2 RAS only distributed refresh 
• Switching from read/write operation to self refres~eration; 

The time interval tNSD from the falling edge of RAS signal in 
the last RAS only refresh cycle during readlwrite operation 
period to the falling edge of RAS signal at the start of self 
refresh operation should be set within 16 J.I s. 

• Switching from self refresh operation to read/write operation. 
The time interval tSND from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of RAS 
signal in the first CSR refresh cycle during r~ad/write 

operation period should be set within 16 J.I s. 
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M5M44260CJ, TP-5,-6 ,-7 ,-58,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

2. Burst refresh during ReadlWrite operation 
(A) Timing diagram 

Read/Write Self Refresh Read/Write -uiJiej m~~l00p. b?54r 
first refresh cycles refresh cycles last 

refr.esh cycles 511 cycles 511 cycles refresh Cycles 

Table 3 

Read / Write Cycle Read / Write-+ Self Refresh-+ 
Self Refresh Read/Write 

CBR burst 
tNsB~8.2ms tsNB~8.2ms refresh 

RAS only 
tNSB+tsNB~8.2ms 

burst refresh 

(B) Definition of burst refresh .{JV B.2m. 

)!}-!U 
refresh cycles 

512 cycles 

Definition of CBR burst refresh 
The CBR burst refresh performs more than 512 continuous 
CBR cycles within 8.2 rns. 

Definition of RAS only burst refresh 
All combination of nine row address signals (Ao-Aa) are 
selected during 512 continuous RAS only refresh cycles 
within 8.2 ms. 

2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSB from the falling edge of RAS signal in 
the first CBR refresh cycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh 
operation should be set within 8.2 ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tSNB from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of RAS 
signal in the last CBR refresh cycle during readlwrite operation 
period should be set within 8.2 ms. 

2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal in the 
first RAS only refresh cycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh 
operation should be set within t NSB (shown in table 3). 

• Switching from self refresh operation to read/write operation . 
The time interval from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in 
the last RAS only refresh cycle during read/write operation 
period should be set within tSNB (shown in table 3). 
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M5M44265CJ, TP-5,-6,-7, 
-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 262144-word by 16-bit dynamic RAMs with 
Hyper Page mode fuction, fabricated with the high performance 
CMOS process, and is ideal for the buffer memory systems of 
personal computer graphics and HOD where high speed, low 
power dissipation, and low costs are essential. 
The use of double-layer metalization process technology and a 

single-transistor dynamic storage stacked capac.tor cell provide 
high circuit density at reduced costs. Multiplexed address inputs 
permit both a reduction in pins and an increase in system 
densities. Self or extended refresh current is low enough for 
battery back-up application. 
This device has 2CAS and 1 Iii terminals with a refresh cycle of 

512 cycles every 8.2ms. 

FEATURES 

RAS CAS Address OE Cycle Power 
Type name access access access access time dissipa· 

time time time time tion 
(max.ns) (max.ns) (max.ns) (max.ns) (min.ns) (typ.mW) 

M5M44265CXX-5,-5S 50 13 25 13 90 625 
M5M44265CXX-6,-6S 60 15 30 15 110 550 
M5M44265CXX-7,-7S 70 20 35 20 130 475 

XX=J,TP 

-Standard 40pin SOJ, 44 pin TSOP (II ) 
-Single 5V±10% supply 
_Low stand-by power dissipation 

CMOS Input level - - - - - - - .. - - - - - - - - - - 5.5mW (Max) 
CMOS Input level - - - - - - - - - - - - - - - - 550 J.l W (Max) * 

-Operating power dissipation 
M5M44265Cxx-5,-5S - - - - - - - - - - - - - - - 688mW (Max) 
M5M44265Cxx-6,-6S - - - - - - - - - - - - - - -605mW (Max) 
M5M44265Cxx-7,-7S - - - - - - - - - - - - - - - 523mW (Max) 

-Self refresh capability * 
Self refresh current - - - - - - - - - - - - - - - - - 150 J.l A (Max) 

-Extended refresh capability 
Extended refresh current - - - - - - - - - - - ..: - ·150 J.l A (Max) 

_Hyper~e mode (512-column random access), Read-modify­
write, RAS-only refresh, CAS before RAS refresh, Hidden refresh 
capabilities. 

-Early-write mode, OE and W to control output buffer impedance 
-512 refresh cycles every 8.2ms (Ao ....... As) 
-512 refresh cycles every 128ms (A 0""'" As) * __ 
-Byte or word control for Read/Write operation (2CAS, 1W type) 
* : Applicable to self refresh version (M5M44265CJ,TP-5S,-6S,-7S 

: option) only 

APPLICATION 
Microcomputer memory, Refresh memory for CRT, Frame Buffer 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-Aa Address inputs 

OQ1-0Q16 Data inputs'! outputs 

RAS Row address strobe input 

LCAS 
Lower byte control· 
column address strobe input 

UCAS 
Upper byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+5V) 

Vss Ground (OV) 

MSM4426SCJ,TP-S,-SS: under development 

PIN CONFIGURATION (TOP VIEW) 

(SV)VCC 1 

~Os 

NC 11 

Iii 
RAS 

NC 

AO 

A1 
A2 

A3 

(5V)Vcc 0 

o VSS(OV) 

0016 

0015 

0014 

0013 
VSS(OV) 

0012 

0011 

0010 
DOg 

NC 

LCAS 

UCAS 

OE 

AS 

A7 

A6 

As 

A4 
VSS(OV) 

Outline 40POK (400mil SOJ) 

VSS(OV) 

0016 

0015 
0014 

0013 

VSS(OV) 

0012 

0011 

0010 

~Os DOg 

NC NC 

NC LCAS 

Vi UCAS 

RAS OE 

NC As 

Ao A7 

A1 AS 

A2 As 

A3 A4 

(SV)VCC VSS(OV) 

Outline 44P3W-L (400mil TSOP Nomal Bend) 

NC: NO CONNECTION 

2 - 146 
•. . MITSUBISHI 

;"'ELECTRIC 



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-58,-68,-78 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

FUNCTION 
In addition to Hyper page mode, normal read, write and read­
modify-write operations the M5M44265CJ, TP provides a number 

of other functions, e.g., RAS-only refresh and delayed-write. The 
input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

RAS LCAS UCAS W OE 
Lower byte read ACT ACT NAC NAC ACT 
Upper byte read ACT NAC ACT NAC ACT 
Word read ACT ACT ACT NAC ACT 
Lower byte write ACT ACT NAC ACT NAC 
Upper byte write ACT NAC ACT ACT NAC 
Word write ACT ACT ACT ACT NAC 
RAS only refresh ACT NAC NAC DNC DNC 
Hidden refresh ACT ACT ACT NAC ACT 
CAS before RAS (Extended *) refresh ACT ACT ACT DNC DNC 
Self refresh * ACT ACT ACT DNC DNC 
Stand-by NAC DNC DNC DNC DNC 

Note: ACT: active, NAC : nonactive, DNC : don't care, OPN: open 

BLOCK DIAGRAM 

ROW ADDRESS _ 
STROBE INPUT RAS 

LOW~~~JJ~ ~gS~~~§ LCAS 
STROBE INPUT 

UPPER BYTE CONTROL UCAS 
COLUMN ADDRESS 

STROBE INPUT 

WRITE CO~~~8-\: W 

COLUMN DECODER 

SENSE REFRESH 

InpuVOutput 
DOl-DOs 009-0016 

DOUT OPN 
OPN DOUT 
DOUT DOUT 
DIN DNC 

DNC DIN 
DIN DIN 

OPN OPN 
DOUT DOUT 
OPN OPN 
OPN OPN 
OPN OPN 

--- -..=:oVCC(5V) 

+----D VSS (OV) 

DOl} D02 LOWER DATA 
! ~PUTS/OUTPUTS 

DOs 

~ 4 VCC (5V) 

iVSS(OV) 

AO 
Al 
A2 

A3 

AMPLIFIER & 110 CONTROL t-e""+-t-----. 
DOg} D010 UPPER DATA 

! INPUTS / OUTPUTS 

ADDRESS INPUTS A4 

A5 
A6 

A7 

AS 

L 

MEMORY CELL 
(4194304 BITS) 

• MITSUBISHI 
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D016 

~VCC(5V) 
~VSS(OV) 

OE ~~~UT ENABLE 
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M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratinas 
VCC Supply voltage -1-7 
VI Input voltage With respect to Vss -1-7 
Vo Output voltage -1-7 

10 Output current 50 
Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0-70 

Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Min Nom Max Unit 

VCC Supply voltage 4.5 5.0 5.5 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.4 6.0 V 
VIL Low-level input voltage, all inputs -0.5* * 0.8 V 

Note1: All voltage values are with respect to vss. 
* * : VIL(min) is -2.0V when pulse width is less than 25ns. (Pulse width is with respect to Vss.) 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C , Vcc=5V± 1 0%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ 
VOH High-level output voltage IOH=-2mA 2.4 
VOL Low-level output voltage IOL=2mA 0 
loz Off-state output current o floating OV ~VOUT ~ 5.5V -10 
II Input"current OV:S;\IIN~+6.0V, Other inputs pins=OV -10 

Average supply current MSM4426SC-S,-SS 
RAS, CAS cycling 

ICC1(AV) from Vcc, operating MSM4426SC-6,~6S tRc=twc=min. 

(Note 3,4,5) MSM4426SC-7,-7S 
output open 

RAS= CAS =VIH, output open 

ICC2 Supply current from V CC, stand"by (Note 6) RAS= CAS t:.Vcc -0.5V 
output open 

Average supply current MSM4426SC-S,-SS 
RAS cycling, CAS=VIH 

ICC3(AV) from Vcc, RAS only MSM4426SC-6,-6S tRc=mln. 
refresh mode output open 

(Note 3,5) MSM4426SC-7,-7S 

Average supply current MSM4426SC-S,-SS 
RAS=V1L, CAS cycling from Vcc 

MSM4426SC-6,-6S ICC4(AV) Hyper page mode tpc=min. 

(Note 3,4,5) MSM44265C-7,-7S 
output open 

Average supply current MSM4426SC-S,-SS 
CAS befpre RAS refresh cycling from Vcc 

ICC6(AV) CAS before RAS refresh MSM4426SC-6,-6S tRc=min. . 

mode (Note 3,5) MSM4426SC-7,-7S 
output open 

RAS cyf!!!!g CAS ~0.2V or CAS 
before RAS refresh cycling 
RAS~0.2V or ~Vcc-0.2V 

Average supply current CAS~0.2Vor ~Vcc-0.2V 
ICC8(AV)* from VCC W~0.2Vor~Vcc-0.2V 

Extended-refresh mode (Note 6) OE~0.2Vor ~Vcc-0.2V 

Ao-A8 ~ 0.2V or ~Vcc-0.2V 
DO=open 
tRc=250 P.s, tRAS=tRAS min-1 p.s 
--

Average supply current from V cc 
ICC9(AV)* RAS=CAS ~0.2V 

Self-refresh mode (Note 6) output open 

Note 2: Current flowing into an IC is positive, out is negative. 
3: ICCl (AV), ICC3 (AV), ICC4 (AV), and ICCs (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RAS=V IL and CAS=VIH. . 

2 - 148 
.• MITSUBISHI 
.... ELECTRIC 

Unit 
V 
V 

V 
mA 
mW' 

t 
·C 

Max 
Unit 

Vcc V 
0.4 V 
10 jJ.A 
10 jJ.A 

125 

110 mA 

95 

2 

1.0 mA 

0.1 * 

125 

110 mA 

95 

125 

110 mA 

95 

115 

100 mA 

85 

150 p.A 

150 p.A 



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-Bln DYNAMIC RAM 

CAPACITANCE (Ta=0-70·C, Vcc=5V±10%, Vss=OV, unless otherwise noted) 

Parameter Test conditions 
Limits 

Unit Symbol Min Typ Max 

CI(A) Input capacitance, address inputs VI=VSS 5 pF 

CI (CLK) Input capacitance, clock inputs f=1MHz 7 pF 

ClIO Input/Output capacitance, data ports VI=25mVrms 7 pF 

SWITCHING CHARACTERISTICS (Ta=0-70 ·C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 6,14,15) 

Limits 

Symbol Parameter MSM44265C-S,-5S MSM44265C-6,-6S MSM4426SC-7,-7S Unit 
Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 13 15 20 ns 

tRAC Access time from RAS (Note 7,9) 50 60 70 ns 

tAA Columu address access time (Note 7,10) 25 30 35 ns 
tCPA Access time from CAS precharge (Note 7,11) 28 33 38 ns 
tOEA Access time from OE (Note 7) 13 15 20 ns 
tOHc Output hold time from CAS (Note 13) 5 5 5 ns 
tOHR Output hold time from RAS (Note 13) 5 5 5 ns 
tCLl Output low impedance time from CAS low (Note 7) 5 5 5 ns 
tOEZ Output disable time after OE high (Note 12) 13 15 20 ns 

twEZ Output disable time after WE high (Note 12) 13 15 20 ns 

tOFF Output disable time after CAS high (Note 12,13) 13 15 20 ns 
tREZ Output disable time after RAS high (Note 12,13) 13 15 20 ns 

-Note 6: An initial pause of 500 j1S is required after power-up followed by a minimum of eight initialization cycles (RAS-only refresh or CAS before RAS refresh 
cycles). 
Note the RAS may be cycled during the initial pause. And 8 initialization cycles are required after prolonged periods (greater than 8.2ms) of RAS 
inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to HTL and 5OpF. 
The reference levels for measuring of output Signals are 2.0V(VOH) and 0.8V(VOL). 

8: Assumes that tRCO~ tRCO(max) and tASC ~ tASC(max) and tcp ~ tCP(max). 
9: Assumes that tRCO~ tRCO(max) and tRAO~ tRAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC 

will increase by amount that tRCO exceeds the value shown. 
10: Assumes that tRAO ~ tRAO(max) and tASC;:ii tASC(max). 
11: Assumes that tcp ~ tCP(max) and lASC ~ lASC(max). 
12: tOEZ(max), twEZ(max), tOFF(max) and tREZ(max) defines the time at which the output achieves the high impedance state (I OUT ~ I ±10 ~ I) and is not 

reference to VOH(min) or VOL(max). 
13: Output is disabled after both RAS and CAS go to high. 
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M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BtT (262144-WORD BY 16-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 
(Ta=0-70·C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter M5M44265C-5,-5S M5M44265C-6,-6S M5M44265C-7,-7S 

I· Min Max Min Max Min Max 
tREF Refresh cycle time 8.2 8.2 8.2 
tREF Refresh cycle time * 128 128 128 
tRP RAS high pulse width 30 40 50 
tRCO Delay time, RAS low to CAS low (Note 16) 18 32 20 38 20 42 
teRP Delay time, CAS high to RAS low 5 5 5 
tRPC Delay time, RAS high to CAS .Iow 0 0 0 
tCPN CAS high pulse width 8 10 13 
tRAO Column address delay time from RAS low (Note 17) 13 25 15 30 15 35 
lASR Row address setup time before RAS low 0 0 0 
lAsc Column address setup time before CAS low (Note 18) 0 10 0 13 0 13 
tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 8 10 10 
tozc Delay time, data to CAS low (Note 19) 0 0 0 
tozo Delay time, data to OE low (Note 19) 0 0 0 
tROD Delay time, RAS high to data (Note 20) 13 15 20 
tcoo Delay time, CAS high to data (Note 20) 13 15 20 
toDD Delay time, OE high to data (Note 20) 13 15 20 
tT Transition time (Note 21) 1 50 1 50 1 50 

Note 14: The timing requirements are assumed tT =2ns. 
15: VIH(min) and Vll(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ms 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 

16: tRCO(max) is specified as a reference point only. If tRCO is less than tRCO(max), access time is tRAC. If tRCO is greater than tRCO(max), access time is 
controlled exclusively by tCAC or tAA. 

17: tRAO(max) is specified as a reference point only. If tRAO ~ tRAO(max) and lAsc ~ tASC(max), access time is controlled exclusively by tAA. 
18: lASC(max) Is specified as a reference point only. If tRCO s;: tRCO(max) and lAsc ~ lASC(max), access time is controlled exclusively by tCAC. 
19: Either tozc or tozo must be satisfied. 
20: Either tROD or tcoo or tODD must be satisfied. 
21: tT is measured betwe.en VIH(min) and Vll(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 
tCAS CAS low pulse width 

tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 

, tRCS Read setup time before CAS low 

tRCH Read hold time after CAS high 
tRRH Read hold time after RAS high 
tRAl Column address to RAS hold time 
tCAl Column address to CAS hold time 
tORH RAS hold time after OE low 
tacH CAS hold time after OE low 

Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 
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Min 

90 
50 
8 

40 
13 

0 
(Note 22) 0 
(Note 22) 0 

25 
13 
13 
13 
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Max 

10000 
10000 

Limits 
M5M44265C-6,-6S M5M44265C-7,-7S 

Min Max Min Max 

110 130 
60 10000 70 10000 
10 10000 13 10000 
48 55 
15 20 
0 0 
0 0 

0 0 
30 35 
18 23 
15 20 
15 20 

Unit 

ns 
ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter MSM44265C-S,-5S MSM44265c-6,~S MSM4426SC-7,-7S Unit 

Min Max Min Max Min Max 
twc Write cycle time 90 110 130 ns 
tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 8 10000 10 10000 13 10000 ns 

tCSH CAS hold time after RAS low 40 48 55 ns 
tRSH RAS hold time after CAS low 13 15 20 ns 

twcs Write setup time before CAS low (Note 24) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 13 ns 
tCWL CAS hold time after W low 8 10 13 ns 
tRwL RAS hold time after W low 8 10 13 ns 
twP Write pulse width 8 10 13 ns 
tDS Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS low or W low 8 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 

Symbol Parameter M5M44265C-5,-5S M5M44265c-6'~S M5M44265C-7,-7S Unit 
Min Max Min Max Min Max 

tRWC Read write/read modify write cycle time (Note 23J 109 133 161 ns 
tRAS RAS low pulse width 75 10000 89 10000 107 10000 ns 
tCAS CAS low pulse width 38 10000 44 10000 57 10000 ns 
tCSH CAS hold time after RAS low 70 82 99 ns 
tRSH RAS hold time after CAS low 38 44 57 ns 
tRCS Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 24) 28 32 42 ns 
tRWD Delay time, RAS low to W low (Note 24) 65 77 92 ns 

tAWD Delay time, address to W low (Note 24) 40 47 57 ns 
tOEH OE hold time after W low 13 15 20 ns 

Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4IT. 
24: twcs, tCWD, tRWD and tAwD and tCPWD are specified as reference points only. If twcS~twCS(min) the cyclejs an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tCWD~tCWD(min), tRWD~tRWD(min), tAWD~tAWD(min) and tCPWD~ tCPWD(min) 
(for Hyper page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to V IH) is indeterminate. 
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M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
! 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 

Limits 
Symbol Parameter MSM44265C-S,-5S MSM4426SC-6,-6S MSM44265C-7,-7S 

Min Max Min Max Min Max 

tHPC Hyper page mode read/write cycle time (Note 26) 20 25 30 
tHPRWC Hyper page mode read write / read modify write cycle time 57 66 79 
tDOIi Output hold time from CAS low 5 5 5 
tRAS RAS low pulse width for read or write cycle (Note 27) 65 100000 77 100000 92 100000 
tcp CAS high pulse width (Note 28) 8 13 10 16 13 16 
tCPRH RAS hold time after CAS precharge 28 33 38 
tCPWD Delay time, CAS precharge to W low (Note 24) 43 50 60 
tCHOL Hold time to maintain the data Hi-Z until CAS access 7 7 7 
tOEPE OE Dulse width (Hi-Z control) 7 7 7 
twPE W Dulse width (Hi-Z control) 7 7 7 
tHCWD Delay time, CAS low to W low after read 28 32 42 
tHAWD Delay time, Address to W low after read 40 47 57 
tHPWD Delay time, CAS precharge to W low after read 43 50 60 
tHCOD Delay time, CAS low to OE high after read 13 15 20 
tHAOD Delay time, Address to OE high after read 25 30 35 
tHPOD Delay time, CAS precharge to OE high after read 28 33 38 

Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tHPC(min) is specified in the case of read-only and early write-only in Hyper page mode. 
27: tRAS(min) is specified as two cycles of CAS input are performed. 
28: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 29) 

Limits 

Symbol Parameter MSM4426SC-S,-SS MSM44265C-6,-6S MSM4426SC-7,-7S 

Min Max Min Max Min Max 

tCSR CAS setup time before RAS low 5 5 5 
tCHR CAS hold time after RAS low 10 10 15 
tCAS CAS low pulse width 17 17 22 

- - - -
Note 29: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

Self Refresh Cycle * (Note 30) 

Symbol Parameter 

tRASS CBR self refresh RAS low pulse width 
tRPS CBR self refresh RAS high precharge time 
tCHS CBR self refresh CAS hold time 
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MSM44265C-S,-SS 

Min 
100 
90 

-50 
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Max 

Limits 
MSM4426SC-6,-6S MSM4426SC-7,-7S 

Min Max Min Max 
100 100 
110 130 
-50 -50 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 

Unit 

J.ls 
ns 
ns 
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M5M44265CJ, TP-5,-6,-7 ,-58,-68,-78 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 31) 

Read Cycle 

Ao-As 

w 

VIH­

Vil -

VIH­

Vil -

VIH­

Vil -

001-0016 VIH­

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOl-

VIH 

Vil 

tRC 

tRAS 

~ V 
tRPC 

tCSH 

~ 
tRCO tRSH 

tCAS 

XXXX:J9. 

<:t!ifi{;f I ~ 
tRAO tRAl 

tASR ~tRAH~ 
tCAl 

....... ~ tCAH 

XXXXX.x.\ ROW LXXXXX1. COLUMN I<XXXXXXxxxxx x 
XXXXXXI ~XXXXX::4! IE<XXXXXX~ J'.. 

XXXXXXI ADDRESS 'xx xxx, ADDRESS ~xxxxxxNXX x 

I. tRCS 

I 
x. 
~ xxxx. 

Xxx x x XXXXXXI 

~~ 

x::.c:XXXXxx. X x. x. x. Hi-Z 
Xx.xxxxxX xxxxx 

tCAC tREZ 

tAA 

tOHR 

Hi-Z ~~ DATA VALID 

tRAC 

XXXXXXXXXXXXXX~xx 
XXXXXXXXXXXXXXXXXXXXX 

Note 31 

tozo ~tOE\ 
tOCH 

xx 
xx 

.)Q 

tORH 

Indicates the don't care input .. 
VIH(min)~VIN~VIH(max) or Vll(min)~VIN~VII.(max) 

Indicates the invalid output. 

'. MITSUBiSHI 
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V 

tRP 

L 
--t ~P 
~ 

tASR ....... 
XX)I\ 

ROW XI 
)f ADDRESS 

tRRH 

~ tACH 

~ 
~ 

~-. 

x.xxxxX 
xxxxxx 

twEZ 4-4 

tOFF 
tOHC 

Hi-Z 

~ 4 

~ 
XX)( XXXXxXX~ 

~ xx x x x X.1\1\ 
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Byte Read Cycle 

LCAS 
(or UCAS) 

UCAS 
(or LCAS) 

Ao-As 

w 

VIH­

VIL -

VIH-

VIL -

VIH-

VIL -

VIH 

VIL -

VIH­

VIL 

DOl-DOs VIH -
(or D09-0016) 
(INPUTS) VIL -

DOl-DOs VOH -
(or DOg-D016) 
(OUTPUTS) VOL-

DOg-D016 VIH 

(or DOl-DOs) 
(INPUTS) VIL 

009-0016 VOH­
(or DOl-DOs) 
(OUTPUTS) VOL-
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tAC 
I 

tAAS tAP 

~ ~ tAPC '---tCSH 

~ tACO tASH tCRP 
-J r-~ 

xxxx 

~ ~ 

tCAS ......... tCPN 

xxxx 
V ~ XXXJ9 \ ~ 

tAAO tAAL 

tCAL 
tASA 

l .. 
tRAH

• ~ 
tASA ....... tCAH 
~ 

ROW ".I".. 

~ 
>lXXXXXA COLUMN V<X X Xlii' ROW 

ADDRESS K'xxxxx~ ADDRESS ADDRESS .• ·,",X xxx 

tRAH 

L tRCS 
~ r tACH 

xxxxxxxxx XXXXXXXII XXXXXXXX 
XXXXXXXXX XX:I. -XXXXXXXX XXXXXX)If' 

xxxxxxxxx Xxxxxxx xxxxxxxxxxxxxxxxx xx x x xx 
xxxxxxxxx XXXXXXX .1"...1".. xxxxxxxxxxxx xx X x xx 

Hi-Z 

~I tOZC. ~~ 

x Hi-Z xxxx xxxx xx xxxxx 
xxxx 

tREZ 
xx XXX xx 

tCAC 
tOHA ---r--- twEZ 

tAA tOFF 
tCLZ I' tOHC 

Hi-Z Hi-Z ~~ DATA VALID 

XXXX 
xxxx xx 

xxxxxxxx 

tAAC 

tozo ~ 

x 
x 

. '" MITSUBISHI "-'ELECTRIC 

tacH ~ toDD 

xx 
1)1, ~~ 

tOAH 
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M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Early Write Cycle 

Ao-Aa 

w 

VIH­

VIL-

VIH­

VIL -

VIH 

VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

~ 

tCf 
tRCO 

~' ~ 

tASR 
~ ~ tAsc H 

XXXXA ROW .~ 

~ OONYJ' ADDRESS 

tw~ 

A 

~xxxxx~~~~~~ 

~ 

~XXXXXXXXXXl. 

~xxxxx 

twc 

tRAS tRP 

V r:.C i\ 
tCSH 

tRSH 
tCRP 

tCAS 1-.-
V W 

tCAH ~ 
COLUMN ~~XXXXXXXXXXXXXXX~ ROW 
ADDRESS ~xxxxxxxxxxxxxx~ ADDRESS 

twCH 

~f£xxxxxxxxxxxxx~ 
~xxxxxxxx 

tOH 

·IJ(XXXXXXXXXXXXXX xx:J!-DATA VALID ~xxxxxxxxxxxxxxxxxxx~ 

Hi-Z 

(OUTPUTS) VOL-----------------------------------------------------------------------
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M5M44265CJ, TP-5,-6,-7 ,-58,-68,-78 

EDO (HYPER PAGE MODE) 4194304-B.lT (~62144-WORD BY 16-BIT) ,DYNAMIC RAM 

Byte Early Write Cycle 

LCAS 
(orUCAS) 

iJCAS 
(or LCAS) 

Ao-Aa 

VIH­

VIL-

VIH­

VIL-

VIH 

VIL 

VIH­

VIL 

~ 

t~ tRCO 

lelelelele 
XXXXXI 

tASR 
~ ~ tASC ~ 

xxxx~ ROW !\IX x)'; XXAj 
ADDRESS rue x)'; x X 7 

twcs 
~ 

twc 

tRAS tRP 

J i\ 
tCSH ~C 

tRSH 
~CRP -t 

~ 
tCAS 

~ V ~ 
tCAH tASR 

~ 

COLUMN IV)';;)';;)';)';)';;)';;)';)'; xx lele~ ROW 
ADDRESS [uo;; x x )'; x x x )'; x)'; leleY ADDRESS 

twCH 

VIH 

VIL 

XXXXXleXleXXXleleXXX~ IXXXXXXXXXXX XXle 
w 

DOl-DOs VIH­
(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH­
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 YIH­
(or DOl-DOs) 
(INPUTS) VIL -

XXXXxxxx xxxx 
XXleXXXXX 

XXXXXXXle xxxxxx 
XXXleleXleX XXXX 

~ 

XXXXXXX ~~~ 
xxxxxxxxxxxxxxxx~ 

leXle leleXX 

xxxxxx X XXXX 
XXX leXXle 

Hi-Z 

tOH 

DATA VALID y,;)';;xxxxxx lelelelelelele 
~'-xxxxxxxx 

009-0016 VOH- Hi-Z 

(or DOl-DOs) ----------------------------------------------------------------------(OUTPUTS) VOL-
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VIL 
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EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Delayed Write Cycle 

VIH­

VIL-

VIH­
LCAS/UCAS 

VIL-

VIH 
Ao~A8 

VIL 

VIH 
W 

VIL 

001 ~0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

, 
tF 

XXXXXXII 
XXXXXXI' 

~ tRAH 

~ ROW 
~ ADDRESS 

XXXxxxxxxx 
XXXXXX}II; 

XXXXXXXX 
xx 

\ 

xxxxxxxxxxx 
XXXXXXfx.xxx x x 

twc 

tRAS 
tRP 

~ 1\ 
tCSH 

tRPC 
~ 

tRCO tRSH 
~RP tCAS + 

\ V ~ 
tAsc ~ 

tCAH .... I+- tASR 

.R5<'X\ COLUMN &xx XX XXX.A ROW 
~XX~ ADDRESS AXXXXXX x >A ADDRESS .~ ·'AAA AAI 

~ r--. tRWL 

~ 
X"-' ~ x x x x x xxxxxxx 

xXT XXXXX}II;AXAXX 

tWCH 

x 

Hi-Z 

tozc 
~ 

xxx Hi-Z 

xxx 

~ 

~} 
I/OZO. ~ 

XXXXXX~ ! AXXXX)(~ 

• MITSUBISHI 
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t~ 

~ 

tODD 

tOH 

DATA Jxxxx x x x ~~~~~~ 
VALID ''xx A 

Hi-Z 

tOEH 
I+--t 

XxxxxxxxxxxxXXXX 
\X. x x xxxxx~ XXXXXXAXX 
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Byte Delayed Write Cycle 

LCAS 
(orUCAS) 

UCAS 
(or LCAS) 

w 

VIH 

VIL-

VIH­

VIL-

VIH­

VIL-

·VIH 

VIL 

VIH 

VIL 

001 ....... 008 VIH­
(or D09 ....... 0016) 
(INPUTS) VIL -

001 ....... 008 VOH­
(or D09-0016) 
(OUTPUTS) VOL-

DOg-D016 VIH 
(or 001-008) 
(INPUTS) VIL 

DOg ....... D016 VOH­
(or DOl-DOs) 
(OUTPUTS) VOL-

2- 158 

VIH 

VIL 

twc 

tAAS tRP 

~ I \ 
tCSH tAPC 

tCAP tACO tASH ~ ...-. 
-t 

tCRP 
t-

~ 

~ >!'XXXX'l XXXX.lf' 

tCAS 

XXXXXX I W xxxxxXJ \ 
XXXXXJ 

~ tRAH 
~ 

tCAH ~SA tAsc 

--
~ ROW ~ COLUMN IVXXXXXX xx xxxx~ ROW 
XXXXXl ADDRESS ~ ADDRESS ,\XXXXXX XX XXXXY ADDRESS 

~ 
xxxxxxxxxxxxxxx~ 

~~xxxxxxxxxxxx~ 

xxx 
XXXXX xxxxxxxxxxxx xxx~xxxxx 
xxx X xxxxxxxxxxxxx xxx~xxxxx 

Hi-Z 

twCH 

tozc 
+-+ 

xXxxxxxxxxxxx~XXXXXX~ Hi-Z 

xxxxxxxxxxxxxxxx~ 

tCLZ 
4---fIo 

Hi-Z ~} 
l~toz~1 

tOEZ .... 

~xxxx~xxxxxx 

~x~~ \ 

. .• MITSUBISHI 
.... ELECTRIC· 

4-

~ 

tos 
H 

~ 
~ 

toDD 

~ tRWL 

~ twp • , A:XXX xxxxx 
rxxxx XXXXX 

x XXXXXXXX 
XXXXXXXX 

tOH 

DATA YXXXxxxxxxxxxx 
VALID ,.;:xx XXXXX 

Hi-Z 

tOEH 
~ 

xxxxxxxxxx.:.~ 

\t:.cxx x~ 
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M5M44265CJ, TP-5,-6,-7 ,-55,-65,-75 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

VIH­

VIL-

VIH 
LCAS/UCAS 

VIL 

tCf 

XXXXX7.l' 
xxxxx~ 

tASR 
~ 

XXXXXA 

, 

tRAH 

ROW 

tRAS 

tCSH 

tRCD 

~ 
tRAD 

tAsc .. 
tCAH 

:~ COLUMN 

tRWC 

tRP 

I \ 
~ tRPC 

tRSH 

tCAS ---t- tCRP 
II-

V W 
tASR 
---+ 1--11-

I~XXXX Xx XXXXA. ROW Ao-Aa 
VIH 

VIL .8xXXJln ADDRESS ~ ADDRESS ~xxxxxxx xx IXXXXY\ ADDRESS 

w 
VIH 

VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

x 
xx x 
xxxxxxxx 

xx x 
~xxxx 

xxxxx 
XXXX 

tAWD 

tRCSr-r-. 
tCWD 

tRWD 

xx x XII 
xx 
xx 

tozc tos .. 
~r-. 

xx Hi-Z ~ 
x ~ tCAC 

tAA 

Hi-Z ~~ romf\ 
tRAC 

~/ 

+----... tODD 

tDZO tOEA 
~ tOEZ ~ -. 

XX~ 
XXXXXXXX~ 
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tCWL 

tRWL 

twp 
xx 

~ IL X X X X X X X X X X X X X 
xxxxx xx 

tDH 

:IXXX xx 
DATA VALID lAX X X x x x x x x x x 

Hi-Z 

9 
x XXXX 

'~XXXXXXXXXXXX 
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M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 41'94304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read-Write, Read-Modify-Write Cycle 

UCAS VIH 

(or LCAS) VIL 

Ao-Aa 
VIH 

VIL -

VIH 
w 

VIL 

001-00a VOH­
(or 009-0016) 
(OUTPUTS) VOL-

~ ~ A.A..A.A AI 
tRAD 

tASR tRAH 
iH tASC ~ 

ROW .~ 
XXXXX}QI ADDRESS I«XXXI 

.UJ:Ur( 

tRCS r--~ 

I 
~xxxxxx x X7I 

XXXX XXXXXYI 

tDlC +-4 

tRP 

1/ r\ 
~C 

teRP 
-if- II-

~ 
tCAS 

V W 
tCAH tASR 

~ 

COLUMN ,lV\ly ROW 
ADDRESS I1DCXXXX x XI' 

ADDRESS x-./' 
tAWD tCWL 
tCWD 

tRWL 
tRWD twp 

"' 
~ 

Ikxxxx xxx 
.~xxxxxxxxxxxxx 

I 

Hi-Z 

tDS ~ 
tDH 

(or001-00S) xxxxxxxX XXXXXXXx.A '6t'YiJ DATA VALID xxxxxxx 009-0016 VIH=~~~~~~~~~~~~~~~1-~~H~i-~Z-.-____ ~~~~~-[~~~~~~~~:A~~X~~~~x~x~x~x~ 
(INPUTS) VIL x x x x x x tCAC ~~-+---------1 x x x x x x 

tAA 

tCLZ~ 

009-0016 VOH-______ -+ __ H_i-_z ___ +-__ --<~DATA\'--+----+-----H-i--Z---------(or 001 -DOs) r 

(OUTPUTS) VOL - ~ I 
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M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

VIH­

Vil -

____ VIH 

LCAS/UCAS 
Vil -

Ao-As 

Vi 

VIH­

Vil -

VIH­

Vil 

001-0016 VIH 

(INPUTS) Vil 

001-0016 VOH­

(OUTPUTS) VOl-

VIH­

Vil 

tRAS 

~ 
tCSH tHPC 

tCF 
tRCO tCAS ~ tCAS 

~ 
,...----, 

\ I ~ ~ 
tRAO 

tASR 
~ ~ tCAH • tAsc ~ tCAH. 

~ tAsc 

----- ~ 

/'V"i ~ ROW @ .n; ~(\; 
COLUMN-2 

lIXX 
~xxx ... 

ADDRESS COLUMN-1 I~ 
~. ~ '15.~ 

~~ 

xxxxxx xxxx 
XXX xxx xxx»' 

tOlC 

XXX xxx xxxx 
xxxxx 
xxxxx 

Hi-Z 

tRAC 

tOlO 

XXXXXXXx xxx 
~xxxxxxxxxxxxxx 

tCAl tCAl 

~ 14 tCAC. 
tAA tAA 

~LZ tooH 
~ 

,~ DATA ~ VALlD-1 

tCPA 
tOEA r ........ 

tOCH 

:\ 
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\",O",l 

Hi-Z 

tRP 

I "----tRSH 

~ tCAS 

r-----, 
I , I 

tCPRH 

tAsc 
~ ~ 

~ 

"'C'\ u R ~5 ~ ~ COLUMN-3 ROW 
;.i}, ntS;. ~ ADDRESS 

.. ':.I ~.2: 
tRAl ~t~ 

tCAl 
~ tRCH 

xxxxx xxxxxx 
~ 

tROD 
~ 

tcoo 

X~ xx 
V x;< 

~ tREl ~ AX 

tAA tOHR 

tOOH tOFF 
4---t tOHC 

DATA ~ DATA r VALlD-2 VALlD-3 

tCPA 
r 

tOEl 

x x xx 
x 

~ X x xx 

~ tODD 
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Hyper Page Mode Byte Read Cycle 

LCAS 
(orUCAS) 

UCAS 
(or LCAS) 

Ao-Aa 

w 

VIH­

VIL -

VIH­

Vil -

VIH­

Vil -

VIH­

Vll-

VIH­

Vil -

DOl-DOs VIH­
(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH­
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 VIH­
(or DOl-DOs) 
(INPUTS) VIL -

009-0016 VOH­
(or DOl-DOs) 
(OUTPUTS) VOL-

2..., 162 

VIH­

Vil -

AAS 

\ ~ 

tCSH tHPC tASH 

tCAP 
tACO ~ tCAS ~ ~ 

~ , ~ 

tCAS tCAS 

~ , ~ , 
tAAO tCPAH 

lASA tAAH ~ tCAH ~ lAsc 
14 tCAH ~ tASC 

~ lASC ~ +-:-t ......... 

~ ® 
no C\ :150 :t.:(\ ROW 

COLUMN-1 11'>.)'1;. 7'1 COLUMN-2 I.:Y ~ COLUMN-3 ~ 
ADDRESS l::L::Z::lI '\::Sl ~frJ '~ ~ 

~~ 
tAAl 

tCAl tCAl tCAl 

XXXXXX ~~~ XXX)'I;.)'I;.X 
tozc 

xxxxx~ ~xxxxxx xxxxx Hi-Z 

~ 
xxxxxxxx ·XXX)'l;.)'I;. 
~xxxxxx xxxxx 

~ 
tAA 

'~ 
Hi-Z DATA 

VALlD-2 

tCLZ ~ 

tozc tCPA 

Hi-Z (.x 

S!xxxxx 
XXxx 
xxxx 

~ ~ 
tAA 

tAA 
- tOOH 

Hi-Z 

tRAC 

tozo 

XXXXXXXX xxx 
XXXXX 

~LZ 

'~ DATA 
VALlD-1 

tOEA 
~ 

tOCH 
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.-... 

~ 
tCPA 

. AP 

IL 

tCAP 

~ 

~ 

)'I;. xv ROW 
X>IJ ADDRESS 

f-t~ 

~ tACH 

)'I;.)'I;.X)'I;.)'I;. 

~ 
X 
~ 

f-~ 
tOHA 

tAOO 

tcoo 

~ 
XXXX 

~ 
twEZ 1----+ 

tOFF 

tOHC 

DATA 
VALlD-3 ~ 

tOEZ 

r.. x XXXX 
Z. x XXXX 

~ tODD 



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-58,-68,-78 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

Ao-Aa 

VIH­

Vil -

VIH­

Vll-

VIH­

Vil -

001-0016 VIH­

(INPUTS) Vil -

tRAS RP 

\ I L 
tCSH tHPC tRSH 

~~ 
tRCO tCAS ~ tCAS ~ tCAS L tCRP 

r ,..-----, ,...--, 
I ~ \ ~ \ I ~ ~ 

l tCAl L tCAl 

tASR tRAH tA~ I_ tCAH ~ tASC ~ tA~ ~ ~ ~ 

~ ROW @ .~ .EOlX\ .~ ROW 
COLUMN-1 ~ COLUMN-2 I~ COLUMN-3 xxxx~ ADDRESS AXXX XA ADDRESS 

~ .Y5.Z:Z:J. .'tL::lY:I ~ 

l~twcsl ~ ~twcs~ I~ twCH ~ ~twcs~ ~ twCH ~ 

xxxx ~ 

~ Xxx xxx 
I~X~~~~ xxx J'. XXX ~\. fx.;<;<;<~ hi. xxx x xxxx 

~ ~ ~ ~ ~ ~ 

~ ~:~ XXJIII. DATA DATA DATA ·IXXX x ~xxx'" IYXXXXY ~xxxxxx 

xxxxxxx VALlD-1 :V5Z0 VALlD-2 j ."6lS6lI VALlD-3 .~xxxxxxxx x xx 

001-0Q16 VOH- ______________________________________ H_i-Z ______________________ ----________ ___ 

(OUTPUTS) VOl-

• MITSUBISHI 
.... ELECTRIC 2 - 163 



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304~BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Early Write Cycle 

LCAS 
(orUCAS) 

UCAS 
(or LCAS) 

Ao-Aa 

w 

VIH 

VIL -

VIH 

VIL-

VIH 

VIL-

VIH­

VIL-

VIH 

VIL 

001-00a VIH 
(or 009-0016) 
(INPUTS) VIL 

001-00a VOH­
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 VIH 
(or 001-00a) 
(INPUTS) VIL 

tRAS L tRP 

I 

~ :; 
~ 

tCSH tHpc tRSH 

tCRP ... 
~ \ ) 
~ 

tRCO tCAS ~ tCAS ~ tCAS L tCRP 

I 
XXXX1II' \ V , i '&!;SO 

tCAL tCAL 

lASR tRAH lAsc .14 tCAH • ~ ~ ~ .-... lAsc ~ lAse ........ 
~ ROW .15l5<1 .~ Jl)l'V9. FZ99\ 

ROW COLUMN-1 COLUMN-2 IVXXX-,u COLUMN-3 UXXXlnI 
ADDRESS Jl.Xxx,-

ADDRESS 
~ :YiliU 'V:;6{:I .\lili6/ .~ 

~twCS. ~ ~ I;WCH. ~twCS. ~ 
~ ~ 

-L'xxxxxxxxxxxx x IXXXX :lC.X xxxx 
X 

6. 6.. ~~~~~~~~~~~ 

~ ~ ~tDS. ~ 

:lC.XX XX X x x x x x x x'" DATA ·6XXXXXX X~ DATA vx 
XXXXXX;o;;~~;o;;;o;;~;o;;.JIo VALlD-1 XXA VALlD-3 xxxxxx Xy 

HI-Z 

~ ~ 

x xxxxxxxxxxxxxxxx~ DATA xxxxxxxxxxxxxxxxxxx 
x ;0;;;0;;;0;;;0;; x;o;;;o;; XXT' VALlD-2 "xxxx XXXXXXxx;o;;;o;;;o;;x 

OQe-0016 VOH - Hi-Z 
(or001-00a) ----------------------------------------------------------------------
(OUTPUTS) VOL-

2'- 164 

VIH 

VIL -

•. MITSUBISHI 
.... ELECTRIC 



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read-Write, Read-Modify-Write Cycle 

RAS 

LCAS/UCAS 

Ao-As 

w 

VIH-

VIL -

VIH-

VIL-

VIH­

VIL-

VIH 

VIL 

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL-

VIH­

VIL-

tRAS tRP 

F , 
\ 

tCSH tHPRWC ... tRWL,1. 
tCRP 

tc~ tRCO tCAS tcp tCAS 

x 
~ I ~ 1/ 

tRAO 

tASR tRAH tCAH ~ tCAH ~ ..... .... ------.. tAsc ~ tASR 

~ 
]II. 

~ 
ROW 

COLUMN-1 ,,",XX xxx x Xli' COLUMN-2 YXXx xx x »I ROW 
ADDRESS ADDRESS XXXXXI ·~xxxxxx 'XI ·~xx XXX7 

tAwo 
t~ 

tAwo 

~~ 
tcwo 

tRcs l tcwo 

~ twp 

~W 
~ 

xxx XXXXt 

~ ~ 
1r:-0 x x x x x 

X.XX xxxxxxx 

tRWO I 
tcPWO 

~Z.£. tos tOH tozc tos tOH 

X.X 
x,,«X x X 

x 
X 

XXX}! Hi-Z ~ DATA 
xxx 

~ VALlD-1 

~ 
tAA 

tCLZ+~ 
HI-Z 

~ 
,..-

Hi-Z OATA \ 
VALID-l I 

tRAC 
~ 

...---. to~D 
~ toZO. tOEA 

tOEZ 

xxxxxx~ 
xxxxxxxxX;!Qo 

'. MITSUBISHI .... ELECTRIC 

...... 
~ Hi-Z ~ DATA 'LXXXXX 

" , VALlD-2 AXXXXX 
'xxxx~ 

M tAA 

---t ~t~ 
Hi-Z ~ OATA 

~, tCPA 
toDD tOEH 

tozo 1 1-. tOEZ 9 
~ 

\ J Jr;xxxxxxx 
~xxx~ 

2 - 165 



MITSUBISHI LSls 

M5M44265CJ, TP-5,.6,-7 ,-58,-68,-78 

EDO (HYPER PAGE MODE) 4194304-BIT (262144,;,WORD BY Hi-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read-Write, Read-Modify-Write Cycle 

LCAS 
(or UCAS) 

UCAS 
(or LCAS) 

Ao-As 

VIH­

VIL-

VIH 

VIL 

VIH­

VIL-

VIH­

VIL -

VIH 

VIL 

DOl-DOs VIH 
(or 009-0016) 
(INPUTS) VIL 

001-00S VOH -
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 VIH­
(or DOl-DOs) 
(INPUTS) VIL -

009-0016 VOH­
(or DOl-DOs) 
(OUTPUTS) VOL-

2 - 166 

VIH 

VIL 

~~ ~ 

tRAS tRP 

tCSH .. tRWL 
tCRP ..... 
~ 
~ 

tRCD tCAS tHPRWC tCRP 

tcp tCAS 

~-"l-"l-"l-"l.x 

~ I i xxxxx>r \ 
tRAD 

tASR tRAH tCAH ~ tCAH ~tCWL~ lASR 
~ ~ lAsc ~ 

..... 

xxxxx~ ROW ~ COLUMN-1 ,I~X COLUMN-2 
XA ROW 

~.x.x.x -"ll' ADDRESS . ~x -"lX ADDRESS 

tAWD 
t~ 

tAWD 

tCWD tCWD 
~~ tRCS ~I ~ twp ~ 

11~ ~ 
.,(--"l.x XX ~ \ \ rx f--"l.x 

tRwD 

x.x.x.xx xxxx XIX .xX-"l.x.x-"l.x.x-"l 
XXXX-"l XIX xxxxxxxxx 

Hi-Z 

~Z~ tDS tDH 

Hi-Z R\ DATAl 

»~x~x::~X X~ ~ VALlD-1 

~ 
tM 

tCLZ-../-~ 
Hi-Z 

~ r-;;;:;;:-r\ 
Hi-Z 

VALID-1 I 
tRAC 

~ 

14- 4 tODD 

~ tDZO ~ tOEA 
~ 4 f-4- tOEZ 

X.x.x-"l-"l.x.xYYYYY 
xxxxxxxxxx~~ 

.,. MITSUBISH. I 

.... ELECTRIC 

I 
tCPWD 

.x .x .x.xxxxxxx 
X xxxxxx x xx 

tDZC tDS tDH ..... 
t Hi-Z ~ DATA ~XXXX 
~ V VALlD-2 

~xxxx 

M tAA 

-- ~tcb 
~ DATA 

Hi-Z 

tePA ji 
tODD tOEH 

tDZO ~ --. tOEZ 9 
l·
tOEA ~ 

\ ..c:X.x-"l.x-"l-"l-"l 

U ',xxxxxxx 



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-58,-68,-78 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

VIH­

VIL-

____ VIH­

LCAS/UCAS 

Ao-Aa 

w 

VIL-

VIH­

VIL-

VIH 

VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

tRAS tRP 

tRWL ~L , 
tCSH tHPC tHPRWC -t f-lf-tCRP 

tCr tRCD tCAS ~ tCAS ~ tCAS 

,----..., ~ Ir-~ XXXXl!f- tCWL 

~ ~ V ~ V ~ ~ 
tRAD 

lASR ~ tRAH. lAsc 14 tCAH • lAsc 
litCAH

• 
lAsc tCAH ~ lASR ~ ~ ~ 

~ ROW @ '" ~ '~ ~~ 
I){XXX)( 1)( X )( )( X\. 

ROW COLUMN-1 COLUMN-3 ~ x x )( )( X:XXXlI ADDRESS I~ tfl!1I COLYMN-2 XXXXX); ADDRESS 
~ ~XXXX IXXXXYI 

twcs .~ ~~ 
tCAL IT tCAL 

1 

X)(XXX ~~Z xxx , 
XXXXXX x x XXI 

tDZC 

tDS 
tDH 

~X}( ~ ~ DATA ~J 
xxxxxx 

~ ~ ~VALlD-2J~ 
tAA 14- twEZ 

~LZ 
-+ 

,..--
Hi-Z 

~ DATA r\ 
VALlD-1 I 

tRAC 
'---

tDZO ~ 
~ ... ... tOEZ 

xxx xxxxx xxxxxxx 

I ~xxxxxx xx 
7'0 

H 
tODD 

• MITSUBISHI 
.... ELECTRIC 

tCPWD 

lAWD 

tCWD 

~ 
1 ":)(X)()(X 

~ xxxxxx 
xxxxXX 

tDZC 
~- ... tDS ~ 

-t-If. 

~ 
-1----1 

DATA U'xxxxxxx 
VALlD-3 l.cxxxxxxJo 

~~ 
"{xxx~ '------.. 

~ 
---to t~ ~ 

VALID-3f 
I'--

tCPA 

~~ 
tOEZ 

~ .... 14-

~U "")()()( x'Sl"N 
~XXxxxxx-«< 

H 
tODD 

2 - 167 



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,~ 7 ,-5S,-6S,-7S 

EDO (HYPER PAGI; MODE) '4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

VIH-
Vll- ____________________________________________________________________ __ 

____ VIH­

LCAS/UCAS 
Vll-

Ao-As 

w 

VIH­

Vil -

VIH­

Vil -

001-0016 VIH­

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOl-

2 - 168 

VIH­

Vil -

~ 

~xxx 

N-xx 
~xx 

~ 

~ 

~ 
, ~ , 

~ 

tcp tCAS tCAS 

~ tCAH 14 lAsc ~ tCAH ~ teAH 

X~' IX xxxx'- ·IX )(~ 

~ xv COLUMN-1 ~ xxxx~ COLUMN-2 X XA COLUMN-3 
XI 'V xxxx» « 1:ClCl:f 

tCAl ~ tCAl 

~ twcs • 14
twCH

• 

tHCWD 
\ V 

tHAWD 

~ tHPWD tD~ tD~ 
~ 

Hi-Z ~Ii DATA • AXXXX xx HI-Z 

~~ 
lX':lrx 

tCAC \(t-xxxx xx x 
~ 

tAA tAA 

tCPA tw~ 
tCPA 

4-
tCLl 4---t 

~ ~ ~ DATA \ HI-Z 

~ DATA 
VAll 0-1 I VALlD-3 

tHCOD 
tOEZ ~~ 

tHAOD ~. 
tDZC 

tHPOD 
tODD 

~ 

,... . MITSUBISHI 
..... ELECTRIC 

, 



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S . 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle (Hi-Z control by OE) 

VIH­

VIL -

VIH 
LCAS/UCAS 

Ao-Aa 

w 

VIL -

VIH­

VIL -

VIH 

VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

tRAS tRP 

, I L 
tCSH tHPC tRSH 

tCf tRCD tCAS ~ 
,---, 

tCAS tcp tCAS tCRP 

W \ I , I \ I 

tRAD tCPRH 

lASR tCAH lAsc 
14 tCAH • ~ ~ 

tASR 
tRAH ~ 

lAsc .-. ~ 

~ ROW r:z:x.~ ~fV't.. ?V'\ P'b;? ROW ~x iXXV ~ ~~ 
COLUMN-1 ~ COLUMN-2 COLUMN-3 v: 

ADDRESS iA:):;l. ... ~ ADDRESS 
~ ~~ .~ P?Y 

r~ 
xx# xxxxxx XXXI' 

x.xxxxx xx» 

tDZC 
I 

x xxX Hi-Z 
x xx xxx 

~ ~ 
lAA lAA 

~LZ ~H 

Hi-Z 

~ 
.--- r---, 

~ DATA} K DATA DATA 
VALlD-1 VALlD-1 VALlD-2 - ~ 

tRAC tOEZ tCPA 

tDZO .. tOEA ........ tCHOL~ 'I~ ~ tOCH 

h~ h 
x.xxxxxxxxxxxxx~ 

/ I xxxxxxxx>66t'xxxxx \ 
Joe 

IH tOEPE ~ 

• MITSUBISHI 
· .... ELECTRIC 

tRAL ... t~ 
~ tRCH 

~xxxxx 

~ 

tRDD 
~ 

tCDD 

Q5( tx'::I 
x .'SO 
XiXX 

~ tREZ ~ ~ 
tAA tOHR 

tOFF 
tcLZ tOHC ....... 

h~ DATA }-
VALlD-3 

tCPA 

tOEZ 

tOEZ 

xx 

\ ~ .~~ 
tOEPE .......... tODD 

2 - 169 



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-58,-68,-78 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORDBY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle (Hi-Z control by W) 

VIH­

VIL -

VIH-

LCAS/UCAS VIL-

Ao-As 

w 

VIH­

VIL -

VIH­

VIL -

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL-

2 - 170 

VIH 

VIL 

tRAS 

, 
tCSH tHPC tRSH 

.tcf tRCO tCAS ~ tCAS tcp tCAS 

W 
,.-----, 

~ , I ~ ~ 

tRAO tCPRH 

tASR tRAH tCAH tAsc 
~ ~ ~ tCAH ~ tAsc ~ ~ 

~ 

~ 
JlQ ~~. /C7. A':'\ ROW r./X';;. ~ XXXXy COLUMN-1 vx * COLUMN-2 COLUMN-3 ADDRESS ~ &1' ~ -\32 ~fJ J 

tRAL 

~C~ tRCH -+ It -+~ tRCS 

xxxx -y. 

;iPE 
xxx XXN' 
XXXXXX XXXI 

~~ 

Hi-Z 
xxx xxx 

~ .~ I_ tCAC ~ 
tAA tAA tAA 

tCLZ ~H twEZ tCLZ 
~ ~ ~ 

Hi-Z 

~ DATA ~ DATA ) HI-Z ~ 
VALlD-1 VALlD-2 

tRAC tCPA tCPA 

tozo ~ 
I I 

tOCH 

xxxx xxxxxx 

~~ xXXXXXX 

-. -MITSUBISHI 
.... ELECTRIC 

tRP 

I L 
tCRP 

I 

~ tASR • 

r..i-J ~o. 
ROW 

~~ ~~ 
ADDRESS 

~t~ 
4---t tRCH 

xxxxx 

tROD 

I_ twEZI 

tcoo 

~ W 
tREZ ~ ~ 
tOHR 

toFF 
tOHC 

DATA }-VALlD-3 

tOEZ 

,. 

+---J toDD 



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

VIH­

VIL-

____ VIH 

LCAS/UCAS 

Ao-Aa 

VIL 

VIH­

VIL -, 

001-0016 VIH­

(INPUTS) VIL -

, 
tCAPr 

XXXXXXfI 
XXX XXI 

tASA 
~ H 

XXXXX}' ROW 
XXXXXlIl ADDRESS 
XXXXXI 

tAC 

tAAS tAP 

V \ 

,C-r 
.!-CAP 

W 
tASA 
~ 

KxxxxxxxxxxxxxxxxxxxxxxxxxxX.XXXXX.1 ROW ~xxxxx x xx xxxxxxx ADDRESS ",xx x xxxxxD 

001-0016 VOH- ______ ~--------------------------Hi_-Z------------------------------------
(OUTPUTS) VOL-

'. MITSUBISHI 
"ELECTRIC 2 - 171 



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-5S,.6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORDBY16 .. BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

Ao-Ae 

W 

VIH­

VIL-

VIH-

VIL-

VIH-

VIL-

001-0016 VIH­

(INPUTS) VIL-

001-0016 VOH­

(OUTPUTS) VOL-

2 - 172 

VIH­

VIL~ 

tAp 

t/ , 
--J 

tRPC tesR ... ,..... 

~ 
~ ..., 

~ 
---I 

f-+ tCPN 

xxxx 
xx xxxx 

.. .,!.RRH 

tRCH 

x 

xx x 
xx ... tREZ 

t=; tOHR 
tOFF 

~ tOHC 

14 tOEZ. 

xxxxxx 
..:xxxxxx 

I XX 

tRC 
(( tAc 

tRAS 
~~ 

tAAS tRP 
It 

" I ~ I ~ 

tCHR ~ 
tCSR tCHR ~~C r tCRP .. .... /I ~ 

V ~ V W '-" 

H tASR 

" R'~Xx ROW COLUMN 
xxxxxxxxxxxxxxx xxx DDRESS ADDRESS 

)) 

~ " xxx»xxxxxxxxxxxxxxxxx xx~ 

xxx 

)) 

It 

" 

~S 
HI-Z 

(( 
R~XXXXXXXXXXXXXXXX xx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxx 1oCI'KXX 

" 

.• MITSUBISHI 
"ELECTRIC 

xxxxx xxx XXX 



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 32) 

VIH­

VIL -

VIH 
LCAS/UCAS 

Ao-A8 

w 

VIL 

VIH 

VIL 

VIH 

VIL 

001-0016 VIH 

(INPUTS) 
VIL 

001-0016 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

tRC tRC 

tRAS tRP ] mAS tRP 

\ I \ I L 
tCRP tRCD tRSH tCHR 

XXXXXX1r 
\ ~ XXXXXlf' 

tRAD 

tASR tRAH 
tASR 

tAsc tCAH ~r-~ 

~ XXX xxx ROW COLUMN xx "1 ROW 
AODRESS ADDRESS 

IX XXXI 
ADDRESS 

'"x xx xx..J' 

I_ tRCS 
tRAL 

~ 
.zx<xxx x x x X IX xx X 

x xx XXXXXXXX I\XX x x xx x x xx.;< 
XXXXXXXX IXXXY 1I(XXXXXX xx 

tCDD 

~ 
I_ tROD. 

xx Hi-Z xx.xxx xxxxx 
xxxxx x .. xxxxx 

tCAC ~ tREZ 
tAA .--- tOHR 

~ 
tOFF 
tOHC 

Hi-Z 

~ 
Hi-Z 

DATA VALID 

tRAC tOEZ 
tDZO ~I tOEA tODD 

l tORH 

xx.x.x xx rvx.xx.xxxxxx 
XXX X xxxxxxxx~ ,.x.;<-xxxxxxxxx 
xxxxxxxxxxxxxxx~ IX XXXXXXXXXXX 

Note 32: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-58,-68,-78 

EDO (HYPER PAGE MODE) 4.194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Self Refresh Cycle * (Note 30) 

LCAS/UCAS 

Ao-As 

w 

VIH­

VIL -

VIH-

VIL -

VIH 

VIL 

VIH 

VIL -

001-0016 VIH 

(INPUTS) VIL 

. 001-0016 VOH­

(OUTPUTS) VOL-

2 - 174 

VIH­

VIL -

tRP tRASS tRPS 

I ~ I 
-----" 1\ 

...J 

x 
x 

tRPC 

~C tCSR 
tCHS ~ ~ tCRP 

~ 

I ~ / ~ 
~ 

~ 
---t tCPN 

~ tASR 

r--
xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxX)Q[ ROW K 
xxx XXXXXXXXXX XXXX7 ADDRESS 

r--
tRRH 

t~ tAr-
x~xxxx xxxxxxxxxxxxx 

«xxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 

tRDD 

tCDD 

Hi-Z -I'X'A. XXXXXXXXXXA.A.X xxxxx~~~xxxxx~~xxxx~x~ 
~x 

XXXXXA.XX·A.A.X 

+---t tREZ 

ft-- tOHR 

~ tOFF 
tOHC 

Hi-Z 

l~tOEZ~ 
tODD 

XXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXA.XXXX 
~XXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXX ,. xx XXXXXXXXXXXXX XXXX XXXXXXXXXXXXX 

'.. . MITSUBISHI 
"'ELECTRIC-



MITSUBISHI LSls 

M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Note 30: Self refresh sequence 
Two refreshing methods should be used properly depending on 
the low pulse width (tRASS) of RAS signal during self refresh 
period. 

1. Distributed refresh during ReadlWrite operation 
(A) Timing Diagram 

Read I Write Cycle .~ Self Refresh Cycle .14 Read I Write Cycle 

~ -vQV9 ~~l00ps Kri-ry-
last first 

refresh cycle 

Table 2 

Read I Write Cycle Read I Write-
Self Refresh 

CBR distributed tNso;:;!250 p. s 
refresh 

RAS only tNso;:;!16p.s 
distributed refresh 

(B) Definition of distributed refresh 

RAS 

refresh 
cycle 

tREF/512 

readlwrite 
cycles 

Definition of CBR distributed refresh 
(Including extended refresh) 

Self Refresh-
Read/Write 

tSNo;:;!250 P.s 

tSNo;:;!16 P.s 

tREF 

refresh 
cycle 

The CSR distributed refresh performs more than 512 
constant period (250 p. s max.) CBR cycles within 128 ms. 

Definition of RAS only distributed refresh 

Note: 

All combinations of nine row address signals (Ao ...... A8) are 
selected during 512 constant period (16 p. s max.) RAS only 
refresh cycles within 8.2 ms. 

Hidden refresh may be used instead of CBR refresh. 
RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 
• Switching from readlwrite operation to self refresh operation. 

The time interval from the falling edge of RAS signal in the last 
CBR refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within tNSO (shown in table 2). 

refresh 
cycle 

refresh cycle 

tREF/512 

readlwrite 
cycles 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS Signal at the 
end of self refresh operation to the falling edge of RAS signal 
in the first CBR refresh cycle during read/write operation 
period should be set within tSND (shown in table 2). 

1.2 RAS only distributed refresh 
• Switching from readlwrite operation to self refres~eration. 

The time interval tNSO from the falling edge of RAS signal in 
the last RAS only refresh cycle during readlwrite operation 
period to the falling edge of RAS signal at the start of self 
refresh operation should be set within 16 p. s. 

• Switching from self refresh operation to readlwrite operation. 
The time interval tSNO from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of RAS 
signal in the first CBR refresh cycle during read/write 
operation period should be set within 16 p. s. 

•. MITSUBIsHl 
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M5M44265CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-JlIT) DYNAMIC RAM 

2. Burst refresh during ReadlWrite operation 
(A) Timing diagram 

Read/Write Self Refresh Read/Write --viJirj tR~~I00P8f\?1rv 
\ first refresh cycles refresh cycles last 

refresh cycles 511 cycles 511 cycles refresh cycles 

Table 3 

Read / Write Cycle Read / Write-+ Self Refresh-+ 
Self Refresh Read/Write 

CBR burst 
tNsB~8.2ms tsNB~8.2ms refresh 

RAS only 
tNSB+tsNB~8.2ms 

burst refresh 

(B) Definition of burst refresh iiV. .,. B.2ms 

V}ru 
refresh cycles 

512 cycles 

Definition of CBR burst refresh 
The CSR burst refresh performs more than 512 continuous 
CSR cycles within 8.2 ms. 

Definition of AAS only burst refresh 
All combination of nine row address signals (Ao-Aa) are 
selected during 512 continuous RAS only refresh cycles 
within 8.2· ms. 

2.1 CBR burst refresh 
• Switching from readlwrite operation to self refresh operation. 

The time interval tNSB from the falling edge of RAS signal in 
the first CSR refresh cycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh 
operation should be set within 8.2 ms. 

• Switching from self refresh operation to read/writeoperati6n. 
The time interval tSNB from the ri~ing edge of RAS signal at 
the end of self refresh operation to the falling edge of RAS 
signal in the last CBR refresh cycle during read/write operation 
period should be set within 8.2 ms. 

2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation . 
The time interval from the falling edge of RAS signal in the 
first RAS only refresh cycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh 
operation should be set within t NSB (shown in table 3). 

• Switching from self refresh operation to read/write operation . 
The time interval from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in 
the last RAS only refresh cycle during read/write operation 
period should be set within tSNB (shown in table 3). 
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M5M4V 4400TP-6,-7 ,-8, 
-6S,-7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 4-bit dynamic RAMS. 
fabricated with the high performance CMOS process. and is 
ideal for large- capacity memory systems where high speed. 
low power dissipation. and low costs are essential. The use 
of Quadruple-layer polysilicon process combined with silicide 
technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
The lower supply (3.3V)' operation. due to the· optimization 
of transistor structure. provides low power dissipation while 
maintaining high speed operation. Multiplexed address inputs 
permit both a reduction in pins and an increase in system 
densities 

PIN CONFIGURATION (TOP VIEW) 

Self or extended refresh current is small enough for battery 
back- up application. 

FEATURES 

RAS 00 Address OE Cycle Power 

Type name access access access access time dissipa-
time time time time tion 

(max. ns) (max. ns) (max. ns) (max. ns) (min. ns) (typ. mW) 

M5M4V4400TP-6. -6S 60 15 30 15 110 180 
M5M4V4400TP-7. -7S 70 20 35 20 130 160 
M5M4V4400TP-8. -8S 80 20 40 20 150 130 

• Standard 26 pin TSOP ( n ) 
• Single 3.3 ± 0.3V supply 
• Low stand- by power dissipation 

CMOS input level .................................... 1.8mW (max) 

CMOS input level""""""""""""""""" 180 IlW(max)* 
• Low operating power dissipation 

M5M4V 4400TP - 6. - 6S ........................ 288.0mW ( max) 
M5M4V4400TP-7.-7S ........................ 252.0mW (max) 
M5M4V 4400TP- 8. - 8S ........................ 216.0mW ( max) 

• Self refresh capability * 
Self refresh current .......................... · .... ·120 IlA (max) 

• Extended refresh capability* 
Extended refresh current ........................ 120 IlA (max) 

• Fast- page mode. ( 1024- bit random access) Read- modify­
write •. RAS-only refresh. CAS before RAS refresh. Hidden 
refresh capabilities 

• Early write operation and OE to control output buffer 
impedance 

• 1024 refresh cycles every 16.4ms (Ao-A9) 
• 1024 refresh cycles every 128ms (Ao-A9) * 

* Applicable to self refresh version (M5M4V4400TP-6S. 
-7S. -8S : option) only. 

APPLICATION 
Lap top personal computer. Solid state disc. Microcomputer 
memory. Refresh memory for CRT 

• MITSUBISHI 
.... ELECTRIC 
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M5M4V4400TP-6,-7,-8,-68,-78,-88 

FAST PAGE MODE 4194304-BIT(1048576-WQRD BY 4-BIT)DYNAMIC RAM 

FUNCTION 
In addition to normal read. write. and read- modify- write 
operations the M5M4V4400TP provides. a number of other 

functions. e.g .• fast page mode. RAS-only refresh. and delayed 
-write. The input conditions for each are shown in Table 1. 

Table 1. Input conditions for each mode 

Inputs Input/ Output 
Operation 

RAS CAS W OE Row Column Input Output 
address address 

Read ACT ACT NAC ACT APO APO OPN VLO 
Write (Early write) ACT ACT ACT ONC APO APO VLO OPN 
Write (Delayed write) ACT ACT ACT ONC APO APO VLO IVO 
Read- modify- write ACT ACT ACT ACT APO APO VLO VLO 
RAS- only refresh ACT NAC ONC ONC APO ONC ONC OPN 
Hidden refresh ACT ACT ONC ACT APO ONC OPN VLO 
CAS before RAS (Extended·) refresh ACT ACT NAC ONC ONC ONC ONC OPN 
Self refresh· ACT ACT NAC ONC ONC ONC ONC OPN 
Stand-by NAC ONC ONC ONC ONC ONC ONC OPN 

Note: ACT: active, NAC: nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 
ROW ADDRESS RAS 
STROBE INPUT RA 

WRITE CONTROL -W 
INPUT 

ADDRESS INPUTS 

3-4 

Ao 
Al 
A2 
A3 

A4 
A5 

A6 
A7 
A8 

A9 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & I/O CONTROL 1--I~...;..J]'---4 

MEMORY CELL 
(4,194,304 BITS) 

• . MITSUBISHI 
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Refresh Remark 

YES 
YES Fast page mode 

YES identical 
YES 
YES 
YES 
YES 
YES 
NO 

002 DATA 001} 
003 INPUTS/OUTPUTS 

004 

OE OUTPUT ENABLE 
INPUT 
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M5M4V4400TP-6,-7,-8,-65,-75,-85 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vee Supply voltage - 0.5'-4.6 
VI Input voltage With respect to Vss -0.5.-.,.4.6 
Vo Output voltage - 0.5-4.6 
10 Output current 50 
Pd Power dissipation Ta = 25"C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature - 65-150 

RECOMMENDED OPERATING CONDITIONS (Ta = 0-70"C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vee Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 O· V 
VIH High-level input voltage, all inputs 2.0 Vcc+O.3 V 
Vil Low-level input voltage, all inputs - 0.3 0.8 V 

Note 1: All voltage values are with respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta = 0-70"C, Vee = 3.3 ± 0.3V, Vss = OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 
VOH High-level output voltage IOH = - 2mA 2.4 Vee 
VOL Low-level output voltage 10l = 2mA 0 0.4 
loz Off- state output current Q floating OV;;:;; VOUT ;;:;; Vce -5 5 
II Input current OV;:iVIN;:iVcc+O.3V Other inputs pins = OV -5 5 

Average supply current M5M4V4400-6,-6S RAS, CAS cycling 80 
leCl(AV) from Vee, operating M5M4V4400-7,-75 tRC = twe = min. 70 

(Note 3, 4, 5) M5M4V4400-8,-8S output open 60 

Supply current from V CC, stand - by 
RAS = CAS = VIH, output open 2 

lee2(Av) RAS = CAS ~ Vcc - O.2V 0.5 
(Note 6) 

output open 0.05* 

Average supply current M5M4V4400-6,-6S RAS cycling, CAS = VIH 80 
Icc3(Av) from Vee, RAS only M5M4V4400-7,-7S tRC = min. 70 

refreshing (Note 3,5) M5M4V4400-8,-8S output open 60 

Average supply current M5M4V4400-6,-6S RAS = Vll, CAS cycling 70 
lee4(Av) from Vee, Fast- Pge- M5M4V4400-7,-7S tRC = min. 60 

Mode (Note 3, 4, 5) M5M4V4400-8,-8S output open 50 

Average supply current M5M4V4400-6,-6S CAS before RAS refresh cycling 70 

lec6(Av) 
from V ce, CAS before 

M5M4V4400-7,-7S tRe = min. 60 RAS refresh mode 
(Note 3,5) M5M4V4400-8,-8S output open 

50 

Stand-by: 
RAS ~ Vee - O.2V 
CAS ~ VCC - O.2V or CAS ;:i O.2V 

CAS before RAS refresh: 
RAS cycling CAS;:i O.2V or 

lee8(Av)* 
Average supply current from Vce CAS before RAS refresh cycling 

120 
Battery back - up (Note 6) W;:i O.2V or ~ Vee - O.2V 

OE ;:i O.2V or ~ vec - O.2V 
AO-A9;:i O.2V or ~ VCC - O.2V 
00 = open 
tRc=,125IJ.s 
tRAS = tRAS min-1 IJ.S 

IcC9(AV)* 
Average supply current from Vee, Self RAS = CAS;;:;; 0.2V 

120 
refresh mode (Note 6) output open 

Note 2 Current flowing into an IC is positive, out is negative. 
3 leel (AV),ICC3 (AV) and leC4(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4 leel (AV) and lee4(AV) are dependent on output loading, Specified values are obtained with the output open. 
5 Column address can be changed once or less while RAS = VIL and CAS = VIH. 

• MITSUBISHI 
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Unit 
V 
V 
V 

mA 
mW 

"C 
"C 

Unit 

V 
V 

IlA 
IlA 

mA 

mA 

mA 

mA 

mA 

IlA 

IlA 
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M5M4V 4400TP-6,-7,-8,-68,-78,-88 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

CAPACITANCE (Ta = 0 ....... 70 "C. Vcc = 3.3 ± 0.3V. Vss = OV. unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min Typ Max 

Ci(A) Input capacitance. address inputs 5 pF 
CI(OE') Input capacitance. OE input VI = Vss 7 pF 
CI(W) Input capacitance. write control input 

f = 1MHz 
7 pF 

Ci(MS") Input capacitance. RAS input 7 pF 
CI(~) Input capacitance. CAS input VI = 25mVrms 7 pF 

ClIO Input/Output capacitance. data ports 7 pF 

SWITCHING CHARACTERISTICS (Ta = 0 ....... 70 "C. Vcc = 3.3 ± 0.3V. Vss = OV. unless otherwise noted) (Notes 6.13.14) 

Limits 
Symbol Parameter M5M4V4400-6. -6S M5M4V4400-7. -7S M5M4V4400-8. -8S Unit 

Min Max Min Max Min Max 
tCAC Access time from CAS (Note 7.8) 15 20 20 ns 

tRAC Access time from RAS (Note 7.9) 60 70 80 ns 

tAA Column Address access time (Note 7.10) 30 35 40 ns 
tCPA Access time from CAS precharge (Note 7.11) 35 40 45 ns 
tOEA Access time from OE (Note 7) 15 20 20 ns 
tClZ Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOFF Output disable time after CAS high (Note 12) 0 15 0 20 0 20 ns 
tOEZ Output disable time after OE high (Note 12) 0 15 0 20 0 20 ns 

Note 6: An initial pause of 500l.ls is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containing a RAS clock such as RAS-Only refresh). 
Note that RAS may be cycled during the initial pause. Any 8 RAS or RAS/oo cycles are required after prolonged periods (greater 
than 16.4ms) of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to 100pF. VOH = 2.4V (IOH = - 2mA) and VOL = 0.4V (IOL = 2mA). 
The reference levels for measuring of output signals are 2.0V (VOH) and 0.8V (VOL). 

8 : Assumes that tRCO Ii: tRCO (max) and tASC Ii: tASC (max). 
9: Assumes that tRCO::l tRCO (max) and tRAO::l tRAO (max). If tRCO or tRAO is greater than the maximum recommended value shown 

in this table. tRAC will increase by the amount which tRCO or tRAO exceeds the value shown. 
10: Assumes that -tRAO Ii: tRAO (max) and tASC::l tASC (max). 
11 : Assumes that tCP::l tcp (max) and tASC Ii: tASC (max). 
12 : tOFF (max) and tOEZ (max) defines the time at which the output achieves the high impedance state (IOUT::l I ± 10 I.lA I ) and is not 

reference to VOH (min) or Val (max). 
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M5M4V4400TP·6,-7,-8,-6S,-7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modlfy-Wrlte, Refresh, and Fast Page Cycles) 
(Ta = 0-70 "C. Vcc = 3.3 ± 0.3V. Vss = OV. unless otherwise noted) (Notes 13.14) 

Limits 
Symbol Parameter M5M4V4400-6. -6S M5M4V4400-7.-7S M5M4V4400-8. -8S 

Min Max Min Max Min Max 

tREF Refresh cycle time 16.4 16.4 16.4 

tREF* Refresh cycle time 128 128 128 
tRP RAS" high pulse width 40 50 60 
tRCD Delay time. RAS" low to CAS low (Note 15) 20 45 20 50 20 60 
tCRP Delav time. CAS high to RAS" low 10 10 10 
tRPC Delav time. RAS" high to CAS low 0 0 0 
tCPN CAS high pulse width 10 10 10 

tRAD Column address delav t.ime from RAS" low (Note 16) 15 30 15 35 15 40 

tASR Row address setup time before RAS" low 0 0 0 
tASC Column address setup time before CAS low ( Note 17) 0 10 0 10 0 15 
tRAH Row address hold time after RAS low 10 10 10 
tCAH Column address hold time after CAS low 15 15 15 
tDZC Delay time. data to CAS low (Note 18) 0 0 0 
tDZO Delav time. data to OE low (Note 18) 0 0 0 
tCDD Qelav time. CAS high to data (Note 19) 15 20 20 

tODD Delav time. OE high to data (Note 19) 15 20 20 
tT Transition time (Note 20) 1 50 1 50 1 50 

Note 13 The timing reQuirements are assumed tT = 5ns. 
14 VIH (min) and VIL (max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ms 
ns 

ns 
ns 
ns 
ns 

ns 

ns 

ns 
ns 
ns 

ns 
ns 

t:'lS 
ns 
ns 

15 Operation within the tRCD (max) limit insures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if tRCD 
is greater than the specified tRCD (max) limit. then access time is controlled exclusively by tCAC or tAA. tRCD (min) is specified as 
tRCD (min) = tRAH (min) + 2tT + tASC (min). 

16: Operation within the tRAD (max) limit insures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD 
is greater than specified tRAD (max) limit. then access time is controlled exclusively by tCAC or tAA. 

17: Operation within the tASC (max) limit insures that tRAC (max) can be met. tASC (max) is specified as a reference point only; if tASC 
is greater than the specified tASC (max) limit and tRCD is greater than the specified tRcD (max) limit. then access time is controlled 
exclusively by tCAC. 

18 : Either tDZC or tozo must be· satisfied. 
19 : Either· tCDD or tODD must be satisfied. 
20: tT is measured between VIH (min) and VIL (max). 

Read and Refresh Cycles 

Symbol Parameter M5M4V4400-6. -6S 
Min Max 

tRC Read cvcle time 110 

tRAS RAS" low pulse width 60 10000 

tCAS CAS low pulse width 15 10000 

tCSH CAS hold time after RAS low 60 

tRSH RAS" hold time after CAS low 15 
tRCS Read Setup time before CAS low 0 

tRCH Read hold time after CAS high (Note 21) 0 

tRRH Read hold time after RAS high (Note 21) 10 

tRAL Column address to RAS hold time 30 
tOCH CAS hold time after OE low 15 
tORH RAS" hold time after OE low 15 

Note 21 : Either tRCH or tRRH must be satisfied for a read cycle. 

. • .. MITSUBISH. I 
.... ELECTRIC 

Limits 
M5M4V4400-7. -7S M5M4V4400-8. -8S Unit 

Min Max Min Max 

130 150 ns 
70 10000 80 10000 ns 
20 10000 20 10000 ns 
70 80 ns 

20 20 ns 
0 0 ns 

0 0 ns 
10 10 ns 
35 40 ns 

20 20 ns 
20 20 ns 
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M5M4V 4400TP-6,-7 ,-8,-65,-75,-85 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write Cycles) 

Limits 
Symbol Parameter M5M4V4400-6. -65 M5M4V4400-7. -75 M5M4V4400-8. -85 Unit 

Min Max Min Max Min Max 
twc . Write cycle time 110 130 150 ns 
tRAS RAS" low pulse width 60 10000 70 10000 80 10000 ns 

tCAS CAS low pulse width 15 10000 20 10000 20 10000 ns 

tCSH CAS hold time after RAS low 60 70 80 ns 

tRSH RAS" . hold time after CAS low 15 20 20 ns 

twcs Write setup time before CAS low (Note 23) 0 0 0 ns . 

tWCH Write hold time after CAS low 10 15 15 ns 
tCWL CAS hold time after W low 15 20 20 ns 

tRWL RAS hold time after W low 15 20 20 ns 
twp Write pulse width 10 15 15 ns 
tos Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS" low or W low 10 15 15 ns 
tOEH OE hold time after W low 15 20 20 ns 

Read-Write and Read-Modlfy-Wrlte Cycles 

Limits 

Symbol Parameter M5M4V4400-6. -65 M5M4V4400-7. -75 M5M4V4400-8. -85 Unit 
Min Max Min Max Min Max 

tRWC Read write/ read modify write cycle time (Note 22) 150 175 195 ns 

tRAS RAS low pulse width 95 10000 115 10000 125 10000 ns 

tCAS CAS' low pulse width 50 10000 65 10000 65 10000 ns 

tCSH CAS hold time after RAS low 95 115 125 ns 

tRSH RAS" hold time after CAS low 50 65 65 ns 

tRCS Read setup time before CAS low 0 0 0 ns 

tcwo Delay time. CAS" low to W low (Note 23) 35 40 40 ns 

tRWD Delay time. RAS low, to W low (Note 23) 80 90 100 ns 

tAWO Delay time. address to W low (Note 23) 50 55 60 ns 

tCWL CAS hold time after W low 15 20 20 ns 

tRWL RAS" hold time after W low 15 20 20 ns 
twp Write pulse width 10 15 15 ns 

tos Data setup time before W'low 0 0 0 tis 

tOH Data hold time after W low 10 15 15 ns 
tOEH OE hold time after W low 15 20 20 ns 

Note 22: tRWC IS specIfied as tRWC (mIn) = tRAC (max) + tODD (mIn) + tRwL(mln) + tRP (mIn) + 4tT. 
23: twCS. tcwo. tRwO and tAWO and tcpwo are specified as reference points only. If twcs ~ twcs (min) the cycle is an early write cycle 

and the DO pins will remain high impedance throughout the entire. cycle. If tcwo s: tcwo (min). tRwO -= tRwO (min). tAWO ~ tAWO (min) 
and tcPWO -= tcpwo (min)(for fast page'mode cycle only). the cycle is a read-modify-write cycle and the DO will contain the data 
read from the selected address. If neither of the above condition (delayed write) of the 00 (at access time and until CAS or DE 

3 - 8. 

goes back to VIH) is indeterminate. ' 
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M5M4V4400TP-6,-7,-8,-65,-75,-85 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

Fast·Page Mode Cycle (Read, Write, Read.Wrlte·, and Read·Modlfy·Wrlte Cycles) (Note 24) 

Limits 
Symbol Parameter MSM4V4400-6. -6S MSM4V4400-7. -7S MSM4V4400-8. -8S Unit 

Min Max Min Max Min Max 
tpc Fast page mode read/ write cycle time 40 45 50 ns 
tPRWC Fast· page mode read write/ read modify write cycle time 75 95 100 ns 
tRAS RAS low pulse width for read write cycle (Note 25) 100 100000 115 100000 135 100000 ns 
tcp CAS high pulse width (Note 26) 10 15 10 15 10 20 ns 
tCPRH RAS hold time after CAS precharge 35 40 45 ns 
tCPWD Delay time. CAS precharge to W low (Note 23) 35 40 45 ns 

Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25: tRAS (min) is specified as two cycles of CAS input are executed. 
26: tcp (max) is specified as a reference point only. 

CAS before RAS Refresh, Extended Refresh* Cycle (Note 27) 

Limits 
Symbol Parameter MSM4V4400-:-6. -6S MSM4V4400-7. -7S MSM4V4400-8. -8S Unit 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 10 10 10 ns 
tCHR CAS hold time after RAS low 10 15 15 ns 
tRSR Read setup time before RAS low 10 10 1.0 ns 
tRHR Read hold time after ,RAS low 10 15 15 ns 
tCAS CAS low pulse width 25 30 30 ns 

Note 27: Eight or mode CAS before R;t;3 cycles instead of eight R;t;3 cycles are necessary for proper operation of CAS before RAS refresh 
mode. 

Self Refresh Cycle * 

Symbol Parameter 

tRASS RAS low pulse width 
tRPS RAS" high pulse width 
tCHS CAS hold time after RAS high 

tRSR Read setup time before RAS low 
tRHR Read hold time after RAS low 

MSM4V4400-6. -6S 
Min 
100 
110 

- 50 
10 
10 

., MITSUBISHI 
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Max 

Limits 
MSM4V4400-7. -7S MSM4V4400-8. -8S Unit 

Min Max Min Max 
100 100 ~s 

130 150 ns 
- 50 - 50 ns 

10 10 ns 
15 15 ns 
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M5M4V4400TP-6,-7,-8,-65,-75,-85 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

Timing Diagrams (Note 28) 

Read Cycle 

VIH -

Vll-~ 

tF 

t~ 

~ 

tRCD 

tRAD 

~ 

ROW 
Ao-A9 

VIH­

Vil - ADDRESS 

w VIH­

Vil -

D01-D04 VIH -

( INPUTS) Vil -

D01-D04 VOH -

(OUTPUTS) VOl-

3 -10 

VIH­

Vil -

Hi-Z 

tRC 

. tRAS tRP 

~ \ 
tCSH 

tRSH tRPC -t- $RP 
tCAS , ~ WI 

tRAl t~ 

tASC !----
tCAH tCPN 

COLUMN ROW 
ADDRESS ADDRESS 

~H 

r~ 
tRCH 

~~ tCDD 

Hi-Z 

tCAC ~ 
tAA 

telz 

.~~ DATA VALID . ~ Hi-Z 

tRAC ~. 
tDZO I~OEA. tODD 

tOCH 

tORH 

~ Indicates the don't care input. 
Note 28~. VIH(min):5iVIN:5iVIH(max) or VIL(min):5iVIN:5iVIL(max) 

_ Indicatea the invalid output. 
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Write Cycle (Early write) 

Ao-As 

w 

VIH­

VIL-

VIH­

VIL-

00, ..... 004 VIH­
(I NPUTS) VIL -

~ 

tf· 

~ 

t~ tRAH 

~ 

ROW 
~k- ADDRESS 

MITSUBISHI LSls 

M5M4V4400TP-6,-7,-8,-6S,-7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

twc 

tRAS tRP 

V ~ 
tCSH 

tRCO tRSH 
tR,cf ~ 

tCAS 

~ ,V. WI 
t~ tCAH tASR 

~ 

COLUMN ROW 
ADDRESS ADDRESS 

~ 

t~ tWCH 

tos tOH 

DATA VALID 

DO,-D04VOH - Hi-Z 
----------------------------~~~-------------------------------(OUTPUTS) VOL-
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M5M4V 4400TP~6,-7 ,-8,-65,-75,-85 

FAST PAGE MODE 4194304-BIT(1048576~WORD BY 4-BIT)DYNAMIC RAM 

Write Cycle (Delayed Write) 

w 

VIH -

VIL-

VIH -

VIL-

VIH­

VIL -

D01 ...... DQ4 VIH­
(I NPUTS) VIL -

D01 ...... DQ4 VOH­
(OUTPUTS) VOL-

3 -12 

VIH -

VIL-

~ 

F 
-

IltASR, tRAH 

m ROW 
ADDRESS 

~ 

Hi-Z 

WC 

tRAS 

tCSH 

tRCD tRSH 

tCAS , 
IltASC • tCAH 

;~,. COLUMN 
'~~ ADDRESS 

l tRCS 

I 

tWCH 

~ tDS 

Hi Z ~ 
~ 

~ 

"~~ .. '( 

~~ I-
~ I tODD. 

• MITSUBISH, I 
"-ELECTRIC 

tRP 

I 1\ 

rCT 
I-

/ W 
..!!~ I+-

ROW 
t ADDRESS 

tCWL 

tRWL 

l,twP. 

~ 

tDH 

DATA 
VALID 

Hi-Z 

~ 



MITSUBISHI LSls 

M5M4V4400TP-6,-7,-8,-6S,-7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao-As 

w 

VIH -

VIL-

VIH­

VIL-

VIH -

VIL-

VIH­

VIL-

D01-D04 VIH­

(I NPUTS) VIL -

D01-D04 VOH­

(oUTPUTS) VOL-

VIH­

VIL -

\ 

l~~ 

tASR tRAH 

ROW 
ADDRESS 

Hi-Z 

tRWC 

tRAS 

tCSH 

tRCD tRSH 

tCAS 

~ 
tRAD 

t~sc tCAH 

~ 
COLUMN 

~ 
ADDRESS 

tAWD 

~c~ tCWD 

I tRWD 

-l 

..!E~ tDS 

tRAC 

Hi-Z "'~f-

tCAC 
-'~ 

tAA 

VALID ~~~ 
tODD 

~ _~tOEZ tDZO 

• MITSUBI 

'" ELECTRIC 

tRP 

~ \ .., 

tRic T -
V ,W 

tASR 

ROW 
ADDRESS 

tCWL 

tRWL 

twp 

~ 
I 

tDH 

DATA VALID 

Hi-Z 

~ 

3 - 13 



RAS-only Refresh Cycle 

MITSUBISHI LSls 

M5M4V 4400TP-6,-7 ,-8,-65, -75,-85 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

tRC 

tRAS tRP 

VIH- 'i'lr-------------------"l---
VIL- 2 

Ao-As 

001-004 VIH -

( INPUTS) VIL -

00l-D04VOH - Hi-Z 
--------------------------~~~-----------------------------(OUTPUTS) VOL-

3 - 14 
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MITSUBISHI LSls 

M5M4V4400TP-6,-7,-8,-6S,-7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle· 

Ao-A9 

w 

VIH -

VIL -oJ 

VIH­

VIL-oJ 

VIH 

VIL 

VIH 

VIL 

00l-004V1H 
(I NPUTS) VIL 

tRP 

~ ~ 

rJ 

~ 
tCPN 

:JH r 
W 

tCDD 

Hi Z 

- lOrE-

00l-00.}'OH -
(oUTPUTS) VOL -

VIH 

VIL 

-~ 

_If 
tOEZ 

tODD 

tRAS 

~ 

tCHR 

tRHR 

tRC 
.-

" 

I 1\ 

-T" ~ 
/ ~ 

.-

r 
.-

> 0 

Hi-Z 
! 

" 

.-

• MITSUBISHI 
.... ELECTRIC 

RC 

tRAS tRP 

V ~ 

tCHR -r r 
V W \ 

-1~ --~COLUMN 
ADDRESS ADDRESS 

tRHR r I 
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MITSUBISHI LSls 

M5M4V 4400TP-6,-7 ,-8,-65 ,-75,-85 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

Ao-As 

w 

D01-D04 VIH­
(I NPUTS) Vil _ 

D01-D04VOH -
(OUTPUTS) VOl-

3 - 16 

RC RC 

tRAS tRP tRAS L tRP 
I 

~ Y \ .~ ~L 

tF 
tRCO tRSH tCHR 

'WfI 
~ 

~ ~ . 
tRAO 

tASR tRAH tASC tCAH -l~ ~ 

~ 
ROW ~ COLUMN ROW 

~ ADDRESS, ADDRESS. ADDRESS 

l.tRcs ... 
tRAl 

~ 

I' tozcf-oo tcoo 

Hi-Z 

tCAC 

tAA ~ 
tClZ 

Hi-Z '~ DATA VALID \ Hi-Z 
.l I 

tRAC t~ 

tozo tOEA tODD 

tORH 

Note 29: Early write. delayed write. read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state· are the same as that of each cycle described above. 



Fast Page Mode Read Cycle 

VIH -

VIL-

VIH ~ 

VIL -

~ 

tf 

ftI 

MITSUBISHI LSls 

MSM4V 4400TP-6,-7,-8,-68,-78,-88 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

RAS RP 

V L 
tCSH tpc ~ 

tRCO tCAS tcp tCAS tcp tCAS 

\ J ~ I ~ I 
tRAO tCPRH 

Ao-As 

w 

VIH -

VIL-

VIH -

VIL-

D01-D04 VIH­

(I NPUTS) VIL -

D01-D04 VOH -

(oUTPUTS) VOL-

VIH -

VIL -

tASR tRAH 

~ ROW 
~ ADDRESS 
~ 

Hi-Z 

tASC - ~ ~ ~ ~ I~CAH. i-'f-~R 

@ _lr; ~~ ROW 
OOLUMN 1 OOLUMN 2 OOLUMN 3 

ADDRESS 

tRds 

- - ... ~f.I 
tRAL f+~c~ 

tRCS tRCH tRCH 
tRCS ..!~!i. 

I I I 

~ r , , 
tozc ~~f,. - + OZC ~ 

Hi Z 
~ 

Hi-Z J.1><"X"X"x'Y 

~ 

~ ~F l,tCAC, I!OFr:;, 
~ 

tCAC ~ 
AA AA tAA 

!91 

-~ DATA ~ ~ DATA \ ~~ 1/ DATA \ 

tRAC 

tDZO 

VALID 1 J 
tCPA 

~ IJ~ 
tOCH 

~ ~ 

• MITSUBISHI 
..... ELECTRIC 

VALID 2 / ~ VALID 3/ 

tCPA 

~ I~ ~. ~~ -
~ tOCH 

I!OD~ ~ ~ ~ 

3 - 17 



MITSUBISHI LSls 

M5M4V 4400TP-6,-7,-8,-65,-75,-85 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4 .. BIT)DVNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

Ao-A9 

w 

VIH -

VIH -

VIL-

VIH 

VIL 

DO,-D04 VIH 
(I NPUTS) VIL 

DO, -004 VOH-

\ 

tF 

WJI 
t~ l,tRAH, 

~ ROW .... 

~ ADDRESS.., 

tCSH 

tRCO tCAS 

~ 

~ I' tCAH, ' 

@l COLUMN 1 

t~ tWCH 

~ tOH 

DATA 
VALID 1 

RAS 

~L 
tpc ~ 

tcp tCAS tcp tCAS 

I \ I -'~ ,V ., 

t~ l,tCA~1 ~ l,tCA~ ~R I--

~ 
ROW 

LUMN 2 COLUMN 3 
ADDRESS 

.~' 

twcs tWCH - twcs tWCH 

~ tOH ~ tOH 

~ 
DATA 
~ 

DATA 

.~ 
VALID 2 
~ 

VALID 3 

Hi-Z 
(OUTPUTS) VOL -----------------------------------

3 - 18 
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MITSUBISHI LSls 

M5M4V 4400TP-6,-7 ,-8,-65,-75,-85 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

Fast Page Mode Write Cycle (Delayed Write) 

Ao-As 

w 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

D01-D04 VIH­

(I NPUTS) VIL -

D01-D04 VOH -

(OUTPUTS) VOL-

VIH­

VIL -

, 
tF 

WI 
tASR tRAH 

m ROW 
t-ADDRESS 

Hi-Z 

RAS 

~\ 
tCSH tRSH 

tRCD tCAS tpc 

~ ~ . ~t-

t~ tCAH t~ tCAH 

.f'Y')?7\ 

COLUMN 1 COLUMN 2 
\..olI...AA.I -; 

~ ~ 1~ ~ 

\ ViI 
tWCH 

~ tDS tDH 1..!£>~1-

Hi-Z ~ DATA ~ 1 Hi-Z 

~ VALID 1 "] ~ 

- _~z -- ~z 1-

"~ ~} Hi-Z 

~z - tOEZ-
tDZO --- tODD 

tDZO -I 

• MITSUBISHI 
"ELECTRIC 

tCAS 
I 

If 
tRWL 

~ - ~R 

ROW 
ADDRESS 

twp 

~ 
tWCH 

tDS tDH 

~ DATA 

~ VALID 2 

Hi-Z 

-

-tODD~ 

3 - 19 



MITSUBISHI LSls 

M5M4V 4400TP-6,-7 ,-8,-68,-78 ,-88 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modlfy-Wrlte Cycle 

Ao-As 

w 

tRAS tRP 

VIH -
~ 

Vil - F~ 
~--------------------------------------------------------------------------------------------~ ~--------

tCSH 

tF 
tRCD 

VIH - WI \ Vll-
tRAD 

tASR tRAH tASC I+-
tCAH 

VIH-~ ROW -~ 
Vil _ ~ ADDRESS ~ COLUMN 1 

tAWD 

tRWD 

tDZC 

tCAS 

tDS 

~ 
I \ 

t~ 

_t-~Wl 

tCAH 

~~~~~~~RO~W~~ COLUMN 2 -l- ADDRESS 

tAWD 

tCPWD 

tDH ~ tDS tDH 

~ 
'& DO 1 -004 VIH - '~~)I~~I~t---.!Hfi:'-z~--t~ (I NPUTS) Vil - ~ 

I tCAS 
AA 

DATA 
VALID 1 

V Hi-Z 

" ~ 
1~--+-------ff0,~~1 DATA ~II 

~ VALID 2/ 
tAA 

tClZ _~_ ~ ~ClZL-.l. 
D01-D04

VOH 
- ____________ ---l ______ H_i-..;;;z ____ +-________ --C{~/=l~~~I/>-+-------H--i--Z~----_+_~J/. ~2~1~~'>-_+--___ H __ i--.;:;.Z--_ 

(OUTPUTS) VOL - ~,_'1 ,_ 

VIH -

Vil -

3 - 20 

tRAC .r-- tODD tCPA _ ~D 

~~~;;;~~I§tD§Z§OI~I!_O_EA_'...J -- I--tOEZ - utDZ;OEA -- -tOEZ ~ 
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Self Refresh Cycle- (Note 30) 

Ao-A9 

w 

VIH -

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

DOl-DOs VIH­

(I NPUTS) VIL-

DOl-DOs VOH­

(OUTPUTS)VOL -

VIH­

VIL-

tRP 

--1 

~ ~ 
r1 , 

--1 
tCPN 

~ ~ 
WI 
tODD 

Hi Z 

tOFF 

-i\ 
_II 

tOEZ 

tODD 

\ 

MITSUBISHI LSls 

M5M4V4400TP-6,-7,-8,-6S,-7S,-8S 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

tRHR 

I 

tRASS 

• MITSUBISHI 
.... ELECTRIC 

~ 

~ 

Hi-Z 

tR S P 

tRPC 

/ 

v 

X 

~ 

~ 

W \ 
tASR 

-
ROW COLUMN 

DDRE DDRESS -

~ 

I 
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MITSUBISHI LSls 

M5M4V4400TP-6,-7,-8,-68,-78,-88 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

Note 30. Self refresh sequence 

Two refreshing methods should be used properly depending 
on the low pulse width (tRASS) of RASsignal during self 
refresh period. 
1. In case of tRASS < 300ms 
1.1 Distributed refresh during Read/Write operation 
(A) Timing diagram 

Read/Write 
'1' 

Self Refresh Read/Write 

J---------{' tM$<300ms .~ ~ . r-

,,,,~U 
refresh cycle refresh cycle 

Table 2 

Read/Write Read/Write-

I 
Self Refresh-

Self Refresh Read/Write 

CBR distributed tNSD + tSND :;; 16.4ms refresh 

RAS only tNSD:;; 16 ~s I tSND:;; 16 lAS distributed refresh 

(B) Definition of distributed refresh 

tREF 

cycle cycles cycle cycle cycles 

Definition of CBR distributed refresh 
(Including extended refresh) 

The CBR distributed refresh performs more than 
1024 constant period ( 125 ~s max) CBR cycles 
within 128ms. 

Definition of RAS only distributed refresh 

Note: 

All combinations of ten row address signals (Ao-­
As) are selected during 1024 constant period (16 lAS 
max) RAS only refresh cycles within 16.4ms. 

Hidden refresh may be used instead of CBR refresh. 
RAS/CAS refresh may be used instead of RAS only refresh. 

1.1.1 CBR distributed refresh 
• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal 
in the last CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within tNSD (shown 
in table 2). 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at . 
the end of self refresh operation to the falling edge of 
RAS signal in the first CBR refresh cycle during read/ 
write operation period should be set within tSND (shown 
in table 2). 

1.1.2 RAS only distributed refresh 
• Switching from read/write operation to self refresh operation. 

The time interval tNSD from the falling edge of RAS signal 
in the last RAS only refresh cycle during read/ write 
operation period to the falling edge of RAS signal at the 
start of self refresh operation should be set within 16 ~ s. 

• Switching from self refresh operation to read/write operation . 
The time interval tSND from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the first CBR refresh cycle during read 
/ write operation period should be set within 16 ~s. 

3 - 22 
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MITSUBISHI LSls 

M5M4V 4400~P-6,-7 ,-8,-65,-75,-85 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

1.2 Burst refresh during Read/Write operation 
(A) Timing diagram 

Read/Write Self Refresh Read/Write 

. • tRASS < 300ns ~ 

first refresh cycles -----------' ~ 
refresh cycle 1 023 cycles 1 023 cycles refresh cycle 

Table 3 

Read/Write Read/Write- Self Refresh-
Self Refresh Read/Write 

CBR burst tNSB ;ii! 16.4ms tSNB ;ii! 16.4ms refresh 

RAS only burst tNSB + tSNB ;ii! 16.4ms refresh 

(B) Definition of burst refresh 

~s ~T----vvv 
...... h "c~ """'fwd" Cye"" 
1 024 cycles . 

Definition of CBR burst refresh 
The CBR burst refresh performs more than 1 024 
continuous CBR cycles within 16.4ms. 

Definition of RAS only burst refresh 
All combinations of ten row address signals (Ao-As) 
are selected dUring 1024 continuous RAS only 
refresh cycles· within 16.4ms. 

1.2.1 CBR burst refresh 
• Switching from read/write operation to self refresh operation. 

The time interval tNSB from the falling edge of RAS signal 
in the first CBR refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within 16.4ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tSNB from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the last CBR refresh cycle during read 
/ write operation period should be set within 16.4ms. 

1 .2.2 RAS only burst refresh 
• Switching from read/write operation to self refresh operation . 

The time interval from the falling edge of RAS signal 
in the first RAS only refresh cycle during read/ write 
operation period to the falling edge of RAS signal at the 
start of self refresh operation should be set within tNSB 
(shown in table 3) . 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of 
RAS signal in the last RAS only tefresh cycle during read 
/write operation period should be set within tSNB (shown 
in table 3). 

. • MITSUBISHI 
"ELECTRIC. 3 - 23 



MITSUBISHI LSls 

M5M4V 4400TP-6,-7,-8,-65,-75,-85 

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM 

2. In case of tRASS E;; 300ms 
(A) Timing diagram-A 

Read/Write Self Refresh Read/Write 

1--_tRAS_S 1= 30_0mS---1' 

last first 
refresh cycle refresh cylce 

Timing diagram- B 

Read/Write Self Refresh 
·1· 

Read/Write 

vQS:3~' tRA_SSI=_300

m

_s • 

refresh cycles refresh cycles 
1 024 cycles 1 024 cycles 

Table 4 

Read/Write Read/Write-Self Refresh 
CBR distributed refresh Timing diagram- A 
RAS" only distributed refresh 
CBR burst refresh Timing diagram- B 
RAS" only burst refresh 

(B) Definition of refresh 
The same as 1.1-(B) and 1.2-(B) 

2.1.1 CBR distributed refresh· 
• Switching from read/write operation to self refresh operation. 

The time interval tNSD from the falling edge of RAS" signal 
in the last CBR refresh cycle during. read/write operation 
period to the falling edge of RAS signal at the start of 
self refresh operation should be set within 16.4ms . 

• Switching from self refresh operation to read/write operation. 
The time interval tSND from the rising edge of RAS signal 
at the end of self refresh operation to the falling edge 
of RAS signal in the first CBR refresh cycle during read 
/ write operation period should be set within 16.4ms. 

3 - 24 

Self Refresh - Read/ Write 
Timing diagram- A 

Timing diagram- ~ 

2.1.2RAS only distributed. CBR burst. RAS" only burst refresh I 

• Before and after the self refresh. 1024 refresh cycles 
should be executed within 16. 4ms for each refresh 
operation. 



MITSUBISHI LS Is 

M5M4V 4800TP-7,-8,-7S,-8S 
FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 524288-word by 8-bit dynamic RAMs. 
fabricated with the high performance CMOS process. and is 
ideal for large-capacity memory systems where high speed. 
low Dower dissipation. and low costs are essential. The use 
of Quadruple-layer polysilicon process combined with silicide 
technology and a single-transistor dynamic storage 'stacked 
capacitor cell provide high circuit density at reduced costs. 
The lower supply (3.3V) operation. due to the optimization 
of transistor structure. provides low power dissipation while 
maintaining high speed operation. Multiplexed address inputs 
permit a reduction in pins and an increase in system density. 

FEATURES 

RAS CAS Address OE Cycle Power 

Type name access access access access time dissi-
time time time time pation 

(max.ns) (max.ns) (max.ns) (max.ns) (min.ns) (typ.rrIN) 

M5M4V4800TP-7. -7S 70 20 35 20 130 190 
M5M4V4800TP-8. -8S 80 20 40 20 150 160 

• Standard 28pin TSOP (II) 
• Single 3.3 ± 0.3V supply 
• Low stand-by power dissipation 

CMOS input level··································· 2.52mW(max) 
CMOS input level·································· 2521l W(max) * 

• Low operating power dissipation 
M5M4V4800TP-7.-7S .............................. 252mW(max) 
M5M4V4800TP-8.-8S .............................. 216mW(max) 

• Self refresh capability * 
Self refresh current ................................. 120 IlA(max) 

• Extended refresh capability * 
Extended refresh current .. ························ 120 Il A(max) 

• Fast -page mode (512 -column random access). Read­
modify-write. RAS-only refresh. CAS before RAS refresh. 
Hidden refresh capabilities 

• Early write mode and OE to' control output buffer 
impedance 

• 1 024 refresh cycles every 16.4ms (Ao-Ag) 
• 1024 refresh cycles every 128ms (Ao-Ag) * 
* : Applicable to self refresh version (M5M4V4800TP 

-7S. -8S : option) only. 

, APPLICATION 
Microcomputer memory. Refresh memory for CRT 

PIN CONFIGURATION (TOP VIEW) 

(3.3V)Vcc 28 Vss(OV) 

{

D01'" 2 27 ... D08} 
DATA I NPUTS/ D02'" 3 26 ... D07 DA, TA I NPUTS/ 
DATA OUTPUTS D03'" 4 25 ... DOs DATA OUTPUTS 

D04'" 5 5; 24 ... D05 COLUMN ADORE 
WR I TE CONTROL NC 6 ! 23 - CAS STROBE INPUT 

INPUT : 22 - OE OUTPUT 
ROW ADDRESS RAg 8 ~ 21 NC ENABLE INPUT 

~::::: { ~ ~ :': ~ }', ADDRESS 
INPUTS A2 _ 12 INPUTS 

A3-13 16 -A4 
(3.3V)Vcc 14 15 Vss(OV) '--__ --I"-

Outline 28P3Y-H (400mil TSOP) 
Normal Bend 

NC : NO CONNECTION 

" MITSUBISHI 
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,M5M4V4800TP-7,-8,-75,-85 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

FUNCTION 
In addition to normal read, write, and read-modify-write 

operations the M5M4V4800TP provides a number of other 

functions, e. g ., fast page mode, RAS -only refresh, and 

delayed-write. The input conditions for each are shown in 

Table 1. 

Table 1 Input conditions for each mode 

Inputs Input/ Output 
Operation Row Column Refresh Remark RAg CAS W OE 

address address Input Output 

Read ACT ACT NAC ACT APO APO OPN VLO YES 
Write(Early write) ACT ACT ACT ONC APO APO VLO OPN YES Fast page 

WriteCOelayed write) ACT ACT ACT ONC APO APO VLO IVO YES 
mode 
indential 

Read-modify-write ACT ACT ACT ACT APO APO VLO VLO YES 
RAS-only refresh ACT NAC ONC ONC APO ONC ONC OPN YES 
Hidden refresh ACT ACT ONC ACT APO ONC OPN VLO YES 
CAS before RAS (Extended *) refresh ACT ACT ONC ONC ONC ONC ONC OPN YES 
Self refresh * ACT ACT ONC ONC ONC ONC ONe OPN YES 
Stand-by NAC ONe ONC ONC ONe ONC ONC OPN NO 

Note ACT: active, NAC: nonactive, DNC: don't care, VLD : valid, IVD : Invalid, APD : applied, OPN: open 

BLOCK DIAGRAM 
r-- -

COL~~~O~Dp~~cr~ CAS 

R~~O~~~~~SJT RAg 

WRITE CONTROL W INPUT 

AO 

Al 

A2 

A3 

ADDRESS INPUTS 
A4 

A5 

As 

A7 

Aa 

As 

3 - 26 

za: 
~~ 
:::>lL. 
..J:::> 

8ID 

CI) 

~fB 
~a: 
0° 
a:~ 

Ao-Aa 

MEMORY CELL 
(4,194,304 BITS) 

.....•. MITSU~I 
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- - ~ Vcc(3.3V) 

--¢ Vss(OV) 

DOl 
D02 
D03 
D04 DATA 
D05 INPUTS/OUTPUTS 
DOs 
D07 
DOa 

~ OUTPUT ENABLE 
ut: INPUT 
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M5M4V4800TP-7,-8,-75,-85 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage - 0.5-4.6 

VI Input voltage With respect to V ss - 0.5-4.6 

Vo Output voltage - 0.5-4.6 

10 Output current 50 

Pd Power. dissipation Ta ~ 25"C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature - 65-150 

RECOMMENDED OPERATING CONDITIONS (Ta = 0-70 "C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 3.0 3.3 3.6 V 

Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.0 Vee+O.3 V 

VIL Low-level input voltage, all inputs - 0.3 0.8 V 

Note 1. All voltage values are with respect to Yss. 

ELECTRICAL CHARACTERISTICS (T a = 0-70 "C, Vcc = 3.3 ± 0.3V, Vss = OV. unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

VOH High-level output voltage IOH = - 2mA 2.4 Vcc 

VOL Low-level output voltage 10L = 2mA 0 0.4 

loz Off-state output current Q floating OV~ VOUT~ Vcc -5 5 

Ii Input current OV:iVIN:iVee+O.3V, Other inputs pins=OV -5 5 

Average supply current M5M4Y4S00-7,-7S RAS, CAS cycling 70 
ICC1(AV) from Vcc, operating tRC = twc = min. 

(Note 3,4,5) M5M4Y4S00-S,-SS output open 60 

Supply current from Vcc, stand-by 
RAS = CAS = VIH, output open 2 

Icc2 RAS = CAS ~ Vcc - 0.2V 0.5 (Note 6) 
output open 0.07* 

Average supply current M5M4Y4S00-7,-7S RAS cycling, CAS = VIH 70 
Icc3(Av) from Vcc, RAS only· tRC = min. 

refresh mode (Note 3,5) M5M4Y4S00-S,-SS output open 60 

Average supply current M5M4Y4S00-7,-7S RAS = VIL, CAS cycling 70 
Icc4(Av) from Vcc, Fast-page- tpc = min. 

mode (Note 3,4,5) M5M4Y4S00-S,-SS output open 60 

Average supply current M5M4Y4S00-7,-7S CAS before RAS refresh cycling 65 
Icc6(Av) from Vee, CAS before RAS tRC = min. 

refresh mode (Note 3,5) M5M4Y4S00-S,-SS output open 55 

Stand-by: 
RAS ~ Vee-O. 2V 
CAS~Vee-O. 2V or CAS;;;;O. 2V 

CAS before RAS refresh: 
RAS eyel ing CAS~O. 2V or 

Icc8(Av) * Average supply current from Vcc, CAS before RAS refresh eye ling 
120 

Extended refresh mode (Note 6) W~O. 2V or ~Vee-O. 2V 
OE~O. 2V or ~Vee-O. 2V 
Ao-A9~O. 2V or ~Vee-O. 2V 
OQ=open 
tRC=1251ls 
tRAS=tRASmin-1IlS 

Icc9(Av) * Average supply current from Vcc, RAS = CAS ~ 0.2V 
120 

Self refresh mode (Note 6) output open 
. . 

Note 2. Current flOWing Into an Ie IS positive, out IS negative . 
3. ICC1(AV). ICC3(AV) and ICC4(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4. ICC1(AV) and ICC4(AV) are dependent on output loading. Specified values are obtained with the outP\.Jt open. 
5. Column Address can be changed once or less while ~ = YIL and CAS = YIH . 
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Unit 

V 

V 

V 

mA 

mW 

"C 
"C 

Unit 

V 

V 

\lA 
IlA 

mA 

mA 

mA 

mA 

mA 

IlA 

IlA 
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FAST PAGE MODE 4194304 .. BIT (S24288-WORD BY 8-BIT) DYNAMIC RAM 

CAPACITANCE (Ta = 0 ..... 70 "C. Vcc = 3.3 ± 0.3V. VSS = OV. unless otherwise noted) 

Symbol Parameter Test· conditions 
Limits 

Unit 
Min Typ Max 

CI(A) Input capacitance.address inputs 6 pF 

CI(~ Input capacitance.OE input VI = Vss 7 pF 

CI(W) Input capacitance.write control input 
f = 1MHz 

7 pF 

CI(~ Input capacitance.RAS input 7 pF 

CI(~ Input capacitance.CAS' input VI = 25mVrms 7 pF 

CliO Input/Output capacitance. data ports 10 pF 

SWITCHING CHARACTERISTICS (Ta = 0 ...... 70 "C. Vcc = 3.3 ± 0.3V. Vss = OV. unless otherwise noted. See notes 6. 13. 14) 

Limits 

Symbol Parameter MSM4V4800-7. -7S M5M4V4800-8, -8S Unit 
Min Max Min Max 

tCAC Access time from CAS" (Note 7. 8) 20 20 ns 

tRAC Access time from RAS (Note 7. 9) 70 80 ns 

tAA Column Address access time (Note 7. 10) 35 40 ' ns 

tCPA Access time from CAS' precharge (Note 7. 11) 40 45 ns 

tOEA Access time from ot (Note 7) 20 20 nS 

tClZ Output low impedance time from CAS' low (Note 7) 5 5 ns 
tOFF Output disable time after CAS' high (Note 12) 0 20 0 20 ns 

tOEZ Output disable time after OE high (Note 12) 0 20 0 20 ns 

Note 6: An initial pause of 5OO\.ls is reQuired after power-up followed by II minimum of eight initialization cycles(any combination of cycles 
containing a RAS clock such as RAS-only refresh.) 
Note that RAS may be cycled during the initial pause. Any 8 AAS or AAS/CJ\S cycles are reQuired after prolonged periods(greater 
than l6Ams) of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit eQuivalent to 100pF. VOH = 2.4V(lOH = - 2mA) and VOL = OAV(lOl = 2mA). The reference levels for 
measuring of output signals are 2.0V(VOH) and 0.8V(VOl). 

8: Assumes that tRCO Oi: tRCO(max) and tASC Oi: tASC(max). 
9 : Assumes that tRCO;:1i; tRCO(max) and tRAO;:1i; tRAO(max). If either tRCO or tRAO is greater than the maximum recommended value shown 

in this table. tRAc will increase by the amount which tRCO or tRAO exceeds the value shown. 
10 : Assumes that tRAo Oi: tRAO(max) and tASG;:1i; tASC(max). 
1 1 : Assumes that tCP;:1i; tCP(mex) and tASC Oi: tASC(max). 
12 : tOFF(max) and tOEZ(max) define the time at which the output achieves the high impedance state (lOUT;:1i; I ± 5 iJ.A I) and is not 

reference to VOH(min) or VOL (max). 
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M5M4V4800TP-7,-8,-78,-88 

FAST ~AGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modlfy-Wrlte, Refresh, and Fast Page Cycles) 
(Ta = 0-70"C. VCC = 3.3 ± 0.3V. Vss = OV. unless otherwise noted. See notes 13. 14) 

Limits 

Symbol Parameter MSM4V4800-7, -7S MSM4V4800-8. -8S 

Min Max Min Max 

tREF Refresh cycle time 16.4 16.4 

tREF Refresh cycle time * 128 128 

tRP RAS high pulse width 50 60 

tRCD Delay time. RAS low to CAS" low (Note 15) 20 50 20 60 

tCRP Delay time. CAS" high to RAS low 10 10 

tRPC Delay time. RAg high to CAS" low 0 0 

tCPN CAS" high pulse width 10 10 

tRAD Column address delay time from RAg low (Note 16) 15 35 15 40 

tASR Row address setup time before RAg low 0 0 

tASC Column address setup time before CAS low (Note 17) 0 10 0 15 

tRAH Row address hold time after RAS low 10 10 

tCAH Column address hold time after CAS" low 15 15 

tDZC Delay time. data to CAS" low (Note 18) 0 0 

tDZO Delay time. data to OE low (Note 18) 0 0 

tCDD Delay time. CAS high to data (Note 19) 20 20 

tODD Delay time. OE high to data (Note 19) 20 20 

tT Transition time (Note 20) '1 50 1 50 

Note 13: The timing reQuirements are assumed tT = 5ns. 
14 : VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 

ms 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

15 : Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a reference point only; if tRCD 
is greater than the specified tRCD(max) limit, then access time is controlled exclusively by tCAC or tAA. tRCD(min) is specified as 
tRCD(min) = tRAH(min) + 2tT + tASC(min). 

16 : Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a reference point only; if tRAD 
is greater than the specified tRAD(max) limit, then access time is controlled exclusively by tCAC or tAA. 

1 7 : Operation within the tASC(max) limit insures that tRAC(max) can be met. tASC(max) is specified as a reference point only; if tASC 
is greater than the specified tASC(max) limit and tRCD is greater than the specified tRCD(max) limit, then access time is controlled 
exclusively by tCAC. 

1 8 : Either tDZC or tDZO must be satisfied. 
1 9 : Either tCDD or tODD must be satisfied. 
20 : tT is measured between VIH(min) and VIL(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAg low pulse width 

tCAS CAS low pulse width 

tCSH CAS" hold time after RAg low 

tRSH RAg hold time after CAS low 

tRCS Read setup time before CAS low 

tRCH Read hold time after CAS" high 

tRRH Read hold time after RAg high 

tRAL Column address to RAS hold time 

tOCH CAS" hold time after OE low 

tORH RAg hold time after OE low 
. . 

Note 21 : Either tRCH or tRRH must be satisfied for a read cycle . 

• MITSUBISHI 
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(Note 21) 

(Note 21) 

. Limits 
MSM4V4800-7, -1S MSM4V4800-8, -8S Unit 

Min Max Min Max 
130 150 ns 

70 10000 80 10000 ns 

20 10000 20 10000 ns 

70 80 ns 

20 20 .ns 

0 0 ns 

0 0 ns 

10 10 ns 

35 40 ns 

20 20 ns 

20 20 ns 
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M5M4V4800TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY a-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write)' 

Limits 

, Symbol Parameter MSM4V4800-7, -7S M5M4V 4800-8. -8S Unit 
Min Max Min Max 

twc Write cycle time 130 150 ns 

tRAS RAS low pulse width 70 10000 80 10000 ns 

tCAS CAS low pulse width 20 10000 20 10000 ns 

tCSH CAS hold time after RAS'low 70 80 ns 

tRSH RAS hold time after CAS low 20 20 ns 

twcs Write setup time before CAS low (Note 23) 0 0 ns 

tWCH Write hold time after CAS low 15 15 ns 

tCWL CAS hold ti~e after W low 20 20 ns 

tRWL RAS hold time after W low 20 20 ns 
twp Write pulse width 15 15 ns 

tDS Data setup time before CAS low or W low 0 0 ns 

tDH Data hold time after CAS low or W low 15 15 ns 

tOEH OE hold time after W low 20 20 ns 

Read-Write and Read-Modlfy-Wrlte Cycles 

Limits 

Symbol Parameter M5M4V4800-7, -7S M5M4V 4800-8. -8S Unit 
Min Max Min Max 

, tRWC Read write/ read modify write cycle time (Note 22) 175 195 ns 

tRAS RAS low. pulse width 115 10000 125 10000 ns 

tCAS CAS low pulse width 65 10000 , 65 10000 ns 

tCSH CAS hold time after RAS low 115 125 ns 

tRSH RAS hold time after CAS low 65 65 ns 

tRCS Read setup time before CAS low 0 0 ns 

tCWD Delay time. CAS low to W low (Note 23) 40 40 ns 

tRWD Delay time. RAS low to W low (Note 23) 90 100 ns 

tAWD Delay time. address to W low (Note 23) 55 60 ns 

tCWL CAS hold time after W low 20 20 ns 

tRWL RAS hold time after W low 20 20 ns 
twp Write pulse width 15 15 ns 

tDS Data setup time before W low 0 0 ns 

tDH Data hold time after W low 15 15 ns 

tOEH OE hold time after W low 20 20 ns 
Note 22: tRwc IS specified as tRWC(min) = tRAC(max) + tODD(min) + tRWL(min) + tRP(min) + 4tr 

23 : twcs, tCwD, tRWD and tAwD and tCPwD are specified as reference points only. If twcs Oi: tWCS(min) the cycle is an early write cycle 
and the DO pins will remain high impedance throughout the entire cyCle. If tcwD ~ tCWD(min), tRwD Oi: tRwD(min), tAWD Oi: tAWD(min) 
and tCPWD;e: tCPWD(min) (for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data 
read from the selected address. If neither of the above condition (delayed write) of the DO (at access time and until CAS, or OE 
goes back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read-Write, Read-Modlfy-Wrlte Cycle) (Note 24) 

Limits 

Symbol Parameter M5M4V4800-7. -7S M5M4V4800-8, -8S Unit 
Min Max Min Max 

tpc Fast page mode read/ write cycle time 45 50 ns 

tPRWC Fast page mode' read write/read modify write cycle time 95 100 ns 

tRAS RAS low pulse width for read write cycle (Note 25) 115 100000 135 100000 ns 

tcp CAS high pulse width (Note 26) 10 15 10 20 ns 

tCPRH RAS hold time after CAS precharge 40 45 ns 

tCPWD Delay time. CAS precharge to W low (Note 23) 40 45 ns 

Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25 : tRAS(min) is specified as two cycles of CAS input are performed. 
26 : tCP(max) is specified as a referer1ce point only. 
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MITSUBISHI LS Is 

M5M4V4800TP-7,-8,-78,-88 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

CAS before RAS Refresh, Extended Refresh Cycle * (Note 27) 

Limits 

Symbol Parameter M5M4V4800-7, -7S M5M4V4800-8, -8S Unit 
Min Max Min Max 

tCSR CAS" setup time before RAS low 10 10 ns 
tCHR CAS" hold time after RAS low 15 15 ns 
tCAS CAS" low pulse width 30 30 ns 

Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 

Self Refresh Cycle * 

Symbol 

tRASS RAS low pulse width 
tRPS RAS high pulse width 
tCHS CAS hold time after RAS high 

Parameter 

•. MITSUBISHI 
.... ELECTRIC 

Limits 
MSM4V4800-7, -7S MSM4V 4800-8, -8S Unit 

Min Max Min Max 
100 100 IlS 
130 150 ns 
- 50 -50 ns 
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M5M4V4800TP-7,-8,-75,-88 

FAST PAGE MODE 4194304-8IT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28) 

Read Cycle 

VIH 

VIL 

VIH 

VIL 

tCRPi 

mffI 
tASR I--

~ 

, 

~ 

ROW 
Ao-As 

VIH 

VIL ADDRESS 

w VIH 

VIL 

00,,-008 VIH 

(INPUTS) VIL 

DO' -008 VOH -

(OUTPUTS) VOL-
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VIH 

VIL 

~ 

tRC 

tRAS tRP 

~ ~ 
tCSH 

tRCO tRSH tRPC - r tCRP 
tCAS 

~ I W 
tRAO tRAL tASR 

~ 

tASC - tCAH tCPN 

COLUMN ROW 
ADDRESS ADDRESS 

I--- tRRH 

tRCS r-- tRCH 

tozc ,.. I--
tcoo 

Hi-Z 

tCAC 

tAA ~ 
tCLZ 

~ 
Hi-Z \ Hi-Z 

DATA VALID 
I 

tRAC tOEZ r--
tozo -- tOEA 

tODO 

tOCH 

tORH 

Indicates the don't care input Note .28 
VIH(min) :it VIN :it VIH(max) or VIL(min):it VIN :it VIL(max) 

Indicates the invalid output 

Only' tASR and tRAH are specified for As input. 
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Write Cycle (Early Write) 

Ao-A9 

w 

VIH 

VIL 

VIH 

VIL 

VIH 
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VIL 

D01-DOa VIH 
(INPUTS) VIL 

D01-DOa VOH-
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I 
~ 

tASR ~ 
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FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

twc 

tRAS tRP' 

~ ~ ~ 
tCSH 

tRCD tRSH tRPC 

~ r tCRP 
tCAS 

~ V VI 
tRAH tCAH tASR 

i--- tASC I-- I---

ROW 
~ 

COLUMN ROW 
ADDRESS .VVVVV<.J . ADDRESS ADDRESS ............... 

twcs tWCH 
I--

tDs tDH 
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Hi-Z 
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Write Cycle (Delayed Write) 

Ao-A9 

w 
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VIH 
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DOl-DOs VIH 

(INPUTS) VIL 
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, 
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FAST PAGE MODE 4194304-BiT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

w 
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VIH 
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.~ 
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~ 
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tRWD 
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~I 
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RAS-only Refresh Cycle 

VIH -

VIL -
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tRC 

tRAS 

VIH-~~----w-r-
VIL -~ 

VIH -"X"X:~'-I(~JR~o~w~~)~lillllillllillllilll)[~RO~W~:::: VIL - ADDRESS ADDRESS 

w 

DOl-DOs VIH -

(INPUTS) VIL -

DOI_DOsVOH-____________________________ H_i-Z ________________ ~ __ ------____ ___ 

(OUTPUTS) VOL-

3 - 36 
. • MITSU. BlSHI 
.... ELECTRIC 



--- ------_._-_. __ ._-------_._--_ ..... -

MITSUBISHI LS Is 

M5M4V4800TP-7,-8,-78,-88 
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CAS before RAS Refresh Cycle, Extended Refresh Cycle * 
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Hldclen Refresh Cycle (Read) (Note 29) 
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Note 29. Early write. delayed write. read write or read modify write cycle is applicable instead of read cycle. 
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FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 
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Fast Page Mode Write Cycle (Early Write) 

Ao-As 

w 

YIH 

YIL 

YIH 

YIL 

YIH 

YIL 

YIH 

YIL 

DOl-DOs YIH 
(INPUTS) YIL 

DOl-DOs YOH -

~ 

tCRP 

I 
1ft! 

tASR 1--<0 ~ 

m ROW 
ADDRESS 

tCSH 

tRCO tCAS 

~ 

tASC 
~ f-to 

-..-.. 

m COLUMN-1 
-..r 

twcs f-o tWCH 

tos tOH 
~ 

DATA 
YALlD-1 

tRAS tRP 

FL 
tpc ~ 

tcp tCAS tcp tCAS 

~ ~ V ~ V 
tASC 

I!CA~ 
tASC 

l·tCA~ tASR ..... I- ......-. I-

-~ 
ROW COLUMN-2 COLUMN-3 

ADDRESS 
~~ 

twcs tWCH twcs tWCH 

tos tOH tos tOH - I-

~ :~. I>()()()('A. DATA DATA 
YALlD-2 YALlD-3 

.~ --
Hi-Z 

(OUTPUTS) VOL -----------------------------------

3 - 40 
.•. MITSUBISHI 

..... ELECTRIC 



MITSUBISHI LS Is 

M5M4V4800TP-7,-8,-75,-85 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Delayed Write) 
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~ .... 
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~ 
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~ DATA 
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Hi-Z 

~ 

I--
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i\ 
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ADDRESS 
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Fast Page Mode Read-Write, Read-Modlfy-Wrlte Cycle 

Ao-As 

w 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

YIH 

YIL 

DOI-DOa VIH 

(INPUTS) VIL 

DOl-DOs VOH -

(OUTPUTS) VOL-
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VIH 

VIL 

tRAS 

~ 
tCSH 

tCRP tRCO tCAS tPRWC 

r ~ tCAS 

W 
~ , J ~ 

tRAO 

tASR 
~ tASC tCAH tASC tCAH - ~ .... 

............... 
ROW m COLUMN-' COLUMN-2 

ADDRESS '~. ---
~C~ 

~ ~ 

'tCL~ 

Hi-Z 

tRAC 

tDZO 

tAWO tAWO 

tcwo tWCL tRCS tcwo 

ftWp 

~ 
I ~ r ~ 

~ 

tRWO 
tos tDH 

Hi-Z ~ DATA 

?2f- VALID-' 

I' tCAC. 
tAA 

f---
~ S Hi-Z 

v~~IDI -- ....... tODD 

ItOEA• -- - tOEZ 
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tCPWD 

f- .. tDZC tos 

\J Hi-Z .~ 
f'. '~ 

~ tAA 

-- -I-- tdLZ 

~';;;\ "Lit 
tCPA ~ ~ODD 

tDZ<?1. __ I-tOEZ 

t:J 

tRP 

F ~ 
tRWL 

I 
I{ 

~ -- _tASR 

ROW 
ADDRESS 

twp 

I 

tDH 

DATA' 
VALlD-2 

Hi-Z 

tOEH 

J 
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VIH 
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VIH 
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VIL 

VIH 
DOl-DOs 
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DOI-DO¥OH -
(OUTPUTS)VOL _ 

VIH 

VIL 

tRP 

J 
tRPC tCSR 
I-- I---
Ir---! 

fi .J 
tCPN 

tRCH 

--j 

tCDD 

Hi-Z 

tOFF 
-00 -I-'-

-~ 

-" 
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Note 30. Self refresh sequence 

Two refreshing methods should be used properly depending 

on the low pulse width (tRASS) of RAS signal during self 

refresh period. 

1. In case of tRASS < 300ms 

1.1 Distributed refresh during Read/Write operation 

(A) Timing diagram 
Read/Write Self Refresh 

'1' 
Read/Write 

~1l-------fH t~s<~, 'VV1£jJ-
last first 

refresh cycle refresh cycle 

Table 2 

Read/Write 
Read/Write-

I 
Self Refresh-

Self Refresh " Read/ Write 

CBR distributed tNSD + tSND ~. 16.4ms 
refresh 
RAS" only 

tNSD ~ 16 I.lS I tSND ~ 16 I.lS 
distributed refresh 

(B) Definition of distributed refresh 

" refresh read/write· . refresh· refresh . read/write " 
cycle cycles cycle cycle cycles 

Definition of CBR distributed refresh 

(Including extended refresh) 

The CBR distributed refresh performs more than 

1 024 constant period (1251.l s max) CBR cycles 

within 128ms. 

Definition of RAS only distributed refresh 

Note: 

All combinations of ten row address signals (Ao­

A9) are selected during 1 024 constant period (1 ~ I.l S 

max) RAS' only refresh cycles within 16.4ms. 

Hidden refresh may be' used instead of CBR refresh. 

'RAS/CAS refresh may be used instead of RAS' only refresh. 

1.1.1 CBR distributed refresh 

• Switching from "read/write operation to self refresh operation. 

The time interval from the falling edge of RAS" signal in 

the last CBR refresh cycle during read/ write operation 

period to the falling· edge of RAS" signal at the start of 

self' refresh operation should be set within tNSD (shown 

in table 2). 

• Switching from self refresh operation to read/write operation. 

T~e time interval from the rising edge of RAS", signal at 

the end of self refresh operation to the falling edge of 

RAS" signal in the first CBR refresh cycle during read/ 

write operation period should be set within· tSND <shown 

in table 2). 

1.1.2 RAS" only distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNSD from the falling edge of RAS 
signal in the last RAS" only refresh cycle during read/ 

write operation period to the falling edge of R'AS signal 

at the start of self refresh operation should be set within 

161.ls. 

• Switching from self refresh operation to read/write operation. 

The time interval tSND from the rising edge of R'AS signal 

at the end of self refresh operation to the falling edge 

of RAS signal in the first CBR refresh cycle during read 

/write operation period should be set within 161.ls. 
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1.2 Burst refresh during Read/Write operation 

(A) Timing diagram 

Read/Write Belf Refresh Read/Write --viJQJ-----. tRASS<3O(h, .~ 
first refresh cycles refresh cycles last 

refresh cycle 1 023 cycles 1 023 cycles refresh cycle 

Table 3 

Read/Write 
Read/ Write-

I 
Self Refresh-

Self Refresh Read/Write 

CBR burst tNSB + tSNB ;;i; 16.4ms 
refresh 
RAS only burst tNSB + tSNB ;;i; 16.4ms 
refresh 

(B) Definition of burst refresh 

{/V+VbN ' 
refresh cycles 
1024 cycles 

~I.' 

read/write cycles 

Definition of CBR burst refresh 

The CBR burst refresh performs more than 1 024 

continuous CBR cycles within 16.4 ms. 

Definition of RAS only burst refresh 

All combinations of ten row address signals (Ao­

As) are selected during 1 024 continuous RAS only 

refresh cycles within 16.4ms. 

1 .2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal in 

the first CBR refresh cycle during read/write operation 

period to the falling edge of RAS signal at the start of 

self refresh operation should be set within tNSB (shown 

in table 3) . 

• Switching from self refresh operation to read/write operation. 

The time interval from the rising edge of RAS signal at 

the end of self refresh operation to the falling edge of 

RAS signal in the last CBR refresh cycle during read/ 

write operation period should be set within tSNB (shown 

in table 3). 

1 .2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation . 

The time interval from the falling edge of RAS signal in 

the first RAS only refresh cycle during read / write 

operation period to the falling edge of RAS signal at 

the start of self refresh operation should be set within 

tNSB (shown in table 3). 

• Switching from self refresh operation to read/write operation. 

The time interval from the rising edge of RAS signal at 

the end of self refresh operation to the falling edge of 

RAS signal in the last RAS only refresh cycle during 

read/ write operation period should be set within tSNB 

(shown in table 3). 
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2. In case of tRASS ~ 300ms 

(A) Timing diagram-A 

Read/Write Self Refresh Read/Write 

~~. _tRA_SS_;;:3_00m_S--f'~ 

~ fuM 
refresh cycle refresh cycle 

Timing diagram-B 

Read/Write Self Refresh Read/Write 

---vQ5:1~' _tRA_SS;;:_300_ms_.~ 

refresh cycles refresh cycles . 
1 024 cycles 1 024 cycles 

Table 4 

Read/Write Read/Write-Self Refresh 
CBR distributed refresh Timing diagram-A 

RA"S only distributed refresh 
CBR burst refresh Timing diagram-B 
RA"S only burst. refresh 

(B) Definition of refresh 

The same as 1.1-(B) and 1.2-(B) 

2.1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNSD fr~m the falling edge of RAS 
signal in the last CBR refresh cycle during read / write 

operation period to the falling edge of RAS signal at the 

start of self refresh operation should' be set within 16. 

4ms . 

• Switching from self refresh operation to read/write operation. 

The time interval tSND from the rising edge of RAS signal 

at the end of self refresh operation to the falling edge 

of RAS signal in the first CBR refresh cycle during read 

/ write operation· period should be set within 16Ams. 

Self Refresh - Read/ Write 
Timing diagram-A 

Timing diagram-B 

2.1.2 RA"S only distributed, CBR burst, RAS only burst refresh 

• Before and after the self refresh, 1024 refresh cycles 

should be executed within 16. 4ms for each refresh 

operation. 
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DESCRIPTION 

This is a family of 524288-word by 8-bit dynamic RAMs, fabricated 
with the high performance CMOS process, and is ideal for large­
capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 
The use of double-layer metalization process technology and a 

single-transistor dynamic storage stacked capacitor cell provide 
high circuit density at reduced costs. The lower supply (3.3V) 
operation, due to the optimization of transistor structure, provides 
low power dissipation while maintaining high speed operation. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self or extended refresh current is 
low enough for battery back-up application. 

FEATURES 

RAS CAS Address OE Cycle Power 
Type name access access access access time dissipa-

time time time time tion 
max.ns) (max.ns) (max.ns (max.ns) (min.ns) typ.mW 

MSM4V48OOCTP-6,-6S 60 15 30 15 110 230 
MSM4V48OOCTP-7,-7S 70 20 35 20 130 200 

PIN CONFIGURATION (TOP VIEW) 

(5V)VCC 

001 

'002 3 

DQ3 

004 

NC 

A9 

Ao 

Al 

A2 

VSS(OV) 

007 

DOS 

DOs 

CAS 

OE 

NC 

AS 

As 

A4 
VSS(OV) 

Outline 28P3Y-H{400mil TSOP Normal Bend) 

eStandard'28pin TSOP ( II ) 
eSingle 3.3V±0.3V supply 
eLow stand-by power diSSipation 

CMOS Input level---~------------------------5.5mW (Max) 
CMOS Input level -------------------------550 p. W (Max) * 

eOperating power dissipation 
M5M4V4800cTP-6,-6S ----------------------270mW (Max) 
M5M4V4800CTP-7,-7S ----------------------234mW (Max) 

eSelf refresh capability * 
Self refresh current --------------------------100 p. A(Max) 

eExtended refresh capability 
Extended refresh current --- - --- ------ -- - ----- 100 p. A(Max) 

eFast page mode(1024-column random access),Read-modify-write, 
"RAS-only refresh, CAS before RAS" refresh, Hidden refresh 
capabilities. 

eEarly-write mode, CAS and OE" to control output buffer impedance 
el024 refresh cycles every 16.4ms (Ao -A9) 
el024 refresh cycles every 128ms (Ao -A9) * 

*: Applicable to self refresh version (M5M4V4800CTP-6S, -75 
:option) only 

APPLICATION 
Microcomputer memory, Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-A9 Address inputs 

DOl-DOs Data inputs/outputs 

RAS Row address strobe input 

CAS Column address strobe input 

W Write control input 

OE Output enable input 

Vee Power supply (+3.3V) 

Vss Ground (OV) 

• MITSUBISHI 
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FUNCTION 

In addition to normal read, write, and read-modify-write operations 
the M5M4V4800CTP provides a number of other functions, e.g., 

fast page mode, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

a~~:-ss Column RAS CAS W OE address 

Read ACT ACT NAC ACT APD APD 
Write (Early write) ACT ACT ACT DNC APD APD 
Write (Delayed write) ACT ACT ACT DNC APD APD 
Read-modify-write ACT ACT ACT ACT APD APD 
RAS only refresh ACT NAC DNC DNC APD ONC 

Hidden refresh ACT ACT DNC ACT DNC ONC 
CAS before RAS (Extended"') refresh ACT ACT DNC DNC, DNC ONC 
Self refresh* ACT ACT DNC DNC DNC DNC 
Stand-by NAC DNC DNC DNC DNC DNC 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 

ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL W 
INPUT 

ADDRESS INPUTS 

AO 
Al 
A2. 
A3 

A4 

As 

A6 

A7 

As 

A9 
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InpuVOutput 
Refresh Remark 

Input Output 
OPN VLD YES 
VLD OPN YES 

Fast page 
mode 

VLD IVD YES identical 
VLD VLD YES 
DNC OPN YES 
OPN VLD YES 
DNC OPN YES 
DNC OPN YES 
DNC OPN NO 

-~VCC(3.3v) 
vce (3.3V) 

VSS (OV) 

VSS(OV) 

001 
002 
003 
004 DATA 
DOs INPUTS I OUTPUTS 

006 
007 
DOs 

OE OUTPUT ENABLE 
INPUT 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage -0.5- 4.6 

VI Input voltage With respect to Vss -0.5-4.6 
Va Output voltage -0.5-4.6 

10 Output current 50 
Pd Power dissipation Ta=25°c 1000 
Topr Operating temperature 0-70 

Tstg Storage temperature -65 -150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70°C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

VCC Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.0 Vcc+0.3 V 
VIL Low-level input voltage, all inputs -0.3 0.8, V 

Note1: All voltage values are with respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta=0-70°C, Vcc=3.3±0.3V, Vss=OV, unless otherwise noted) (Note2) 

Symbol 
Limits 

Parameter Test conditions Min Typ 
VOH High-level output voltage IOH=-2mA 2.4 
VOL LOW-level output voltage IOL=2mA 0 
loz Off-state output current Q floating,OV:;;;'VouT:;;;'Vcc -5 

II Input current OV;;;;' VIN ;;;;'VCC+O.3V, Other inputs pins=OV -5 

Average supply current M5M4V4800~,-6S RAS, CAS cycling 
IccI (AV) from Vcc, operating tRc=twc=min. 

(Note 3.4,5) M5M4V4800C-7,-7S output open 

RAS= CAS =VIH, output open 
IC02 Supply current from V cc, stand-by (Note 6) RAS= CAS ~Vcc -0.2V 

output open 

Average supply current M5M4V4800~,-6S RAS cycling, CAS= VIH 
Icc3 (AV) from Vce, RAS only tRc=min. 

refresh mode (Note 3,5) M5M4V4800C-7,-7S output open 

Average supply current M5M4V4800~,-6S RAS=VIL, CAS cycling 
ICC4(AV) from Vec, Fast Page tpc=min. 

Mode (Note 3,4,5) M5M4V4800C-7,-7S output open 

Average supply current M5M4V4800~,-6S CAS before RAS refresh cycling 
ICC6(AV) from vce, CAS before RAS tRc=min. 

refresh mode (Note 3,5 M5M4V4800C-7,-7S output open 

RAS cycling CAS :;;;'0.2V or CAS 
before RAS refresh cycling 
RAS:;;;'0.2V or ~Vcc-0.2V 

Average supply current from Vcc, CAS:;;;'0.2V or ~Vcc-0.2V 
ICC8(AV)* Extended-Refresh mode (Note 6) W:;;;'0.2Vor ~Vcc-0.2V 

OE:;;;'0.2V or ~Vcc-0.2V 
Ao-A9:fi.0.2Vor ~Vcc-0.2V, OQ=open 
tRc=125 f1 s, tRAs=tRAsmin-1 f1 s 

ICC9(AV)* Average supply current from V cc, 
(Note 6) 

RAS=CAS:fi.0.2V 
Self-Refresh mode output open 

Note 2: Current flowing into an IC is positive, out is negative. 
3: ICCI(AV), ICC3 (AV), ICC4 (AV) and lees (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCI (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column address can be changed once or less while RAS=V IL and CAS=VIH 

• . MITSUBISHI 
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Unit 
V 
V 
V 

rnA 
mW 
°c 
°c 

Max 
Unit 

Vcc V 
0.4 V 

5 J.lA 
5 J.lA 

75 
rnA 

65 

2 
0.5 rnA 
0.1* 

75 
rnA 

65 

75 
rnA 

65 

65 
rnA 

55 

100 J.lA 

100 J.lA 
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CAPACITANCE (Ta=0-70°C, Vcc=3.3±0.3V, Vss=OV, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Tvo Max 
Unit 

CI(A) Inout caoacitance address inouts VI=VSS 5 of 
CI(CLK) Input capacitance, clock inputs f=1MHz 7 pF 
ClIO Input/Output capacitance, data ports VI=25mVrms 7 pF 

SWITCHING CHARACTERISTICS (Ta=0 ....... 70·C, VCC = 3.3±0.3V, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 
Symbol Parameter MSM4V4800C-6,-6S . MSM4V4800C-7,-7S Unit 

Min Max Min Max 
tCAC Access time from CAS (Note 7,8) 15 20 ns 
tR.AC Access time from RAS (Note 7,9) 60 70 ns 

tAA Column address access time (Note 7,10) 30 35 ns 
tCPA Access time from CAS orecharae (Note 7,11) 35 40 ns 

toEA Access time from OE {Note 7' 15 20 ns 
tCll Output low impedance time from eAS low (Note 7) 5 5 ns 

toFF Outout disable time after CAS high jNote 12' 15 20 ns 
tOEZ Outout disable time after DE hiah (Note 12 15 20 ns 

-Note 6:An initial pause of 500 J.l s Is required after power-up followed by a minimum of eight initialization cycles (RAS- only refresh or CAS before RAS refresh 
cycles). 
Note the 'RAS may be cycled during the initial pause. And 8 Initialization cycles are required after prolonged periods (greater than 16.4ms) of ~ 
inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to 10OpF, VOH(IOH=-2mA) and VOL(IOL=2mA). The reference levels for I"(leasuring of output signals are 2.0V 
(VOH) and O.SV(VOL). 

8:Assumes that tRCOi5:;tRCO(max) and tASCSi:;tASC(max). 
9:Assumes that tRCO~tRCO(max) and tRAO~tRAO(max). If tRCO or tRAO Is greater than the maximum recommended value shown in this table, tRAC will 

Increase by amount that tRCO exceeds the value shoWn. 
1 O:Assumes that tRAOii;; tRAO(max) and tASC;:iitASC(max). 
11 :Assumes that tCP:iitCP(max) and tASCii;;tASC(max). 
12:tOFF(max), tOEZ(max) defines the time at which the output achieves the high impedance state (I OUT~ 1±10,u A Il and Is not reference to VOH(min) or 

VOL(max). 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=O -70°C, Vcc = 3.3±0.3V, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 
Symbol Parameter MSM4V4800C-6,-6S MSM4V4800C·7,~7S 

Min Max Min Max 

tREF Refresh cycle time 16.4 16.4 

tREF Refresh cycle time * 128 128 
tRP RAS high pulse width 40 50 
tRCO Delay time, RAS low to CAS low (Note 15) 20 45 20 50 
tCRP Delay time, CAS high to RAS low 5 5 
tRPC Delay time, RAS high to CAS low 0 0 
tCPN CAS high pulse width 10 10 
tRAO Column address delay time from RAS low (Note 16) 15 30 15 35 
tASR Row address setup time before RAS low 0 0 
tASC Column address setup time before CAS low (Note 17) 0 10 0 10 
tRAH Row address hold time after RAS low 10 10 
tCAH Column address hold time after CAS low 15 15 
tozc Delav time, data to CAS low (Note 18) 0 0 
tozo Delay time, data to OE low (Note 18) 0 0 
tcoo Delay time, CAS high to data (Note 19) 15 20 

toDD Delay time, OE high to data (Note 19) 15 20 
tT Transition time (Note 20) 1 50 1 50 

Note 13: The timing requirements are assumed tT=5ns. 
14: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 

rns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 

ns 
ns 
ns 
ns 
ns 
ns 

15: tRCO(max) is specified as a reference point only. If tRCo is less than tRCO(max), access time is tRAC. If tRCO is greater than tRCO(max), access time is 
controlled exclusively by tCAC or tAA. 

16: tRAO(max) Is specified as a reference point only. If tRAOiil;;tRAO(max) and tASC:iitASC(max), access time is controlled exclusively by tAA. 
17: tASC(max) is specified as a reference point only. If tRCO~tRCO(max) and tASCe:;tASC(max), access time Is controlled exclusively by tCAC. 
18: Either tozc or tozo must be satisfied. 
19: Either tcoo or tODD must be satisfied. 
20: tT is measured between VIH(min) and VIL(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 
tRAS RAS low Dulse width 
tCAS CAS low Dulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read SetuD time before CAS low 
tRCH Read hold time after CAS high 
tRRH Read hold time after RAS high 
tRAL Column address to RAS hold time 
tOCH , CAS hold time after OE low 
tORH RAS hold time after OElow 

Note 21: Either tRCH or tRRH must be satisfied for a read cycle . 

. 'MITSUBISHI 
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(Note 21) 
(Note 21) 

Limits 
M5M4V4800C-6,-6S MSM4V48OOC·7,·7S 

Min Max Min Max 
110 130 
60 10000 70 10000 
15 10000 20 10000 
60 70 
15 20 
0 0 
0 0 
0 0 

30 35 
15 20 
15 20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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Write Cycle (Early Write and Delayed Write) 

-, Limits 
Symbol Parameter MSM4V4800C-6,-6S MSM4V4800C·7,·7S Unit 

Min Max Min Max 
WC Write cvcle time 110 130 ns 
tRAS RAS low pulse width 60 , 10000 70 10000 ns 
tCAS CAS low pulse width 15 10000 20 10000 ns 
tCSH CAS hold time after RAS low 60 70 ns 
tRSH RAS hold time after CAS low 15 20 ns 
twcs Write setup time before CAS low (Note 23) 0 0 ns 
twCH Write hold time after CAS low 10 15' ns 
tCWL CAS hold time after W low 15 20 ns 

tRWL RAS hold time afterW low 15 20 ns 

twP Write pulse width 10 15 ns 

tDS Data setup time before CAS low or W low 0 0 ns 

tDH Data hold time after CAS low or W low 10 15 ns 

tOEH OE hold time after W low 15 20 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M4V4800C-6,-6S M5M4V4800Co7,·7S Unit 

Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 22) 150 180 ns 
tRAS RAS low ~ulse width 100 10000 120 10000 ns 
tCAS CAS low pulse width 55 10000 70 10000 ns 
tCSH CAS hold time after RAS low 100 120 ns 
tRSH RAS hold time after CAS low 55 70 ns 
tRCS Read setup time before CAS low 0 0 ns 
tCWD Delay time, CAS low to W lOw (Note 23) 35 45 ns 
tRWD Delay time, RAS low to W low (Note 23) 80 95 ns 
tAWD Delay time, address to W low (Note 23) 50 60 ns 
tCWL CAS hold time after W low 15 20 ns 
tRWL RAS hold time after W low 15 20 ns 

twP Write pulse width 10 15 ns 

tDs Data setup time before CAS low or W low 0 0 ns 

tDH Data hold time after CAS low or W low 10 15 ns 

tOEH OE hold time after W low 15 20 ns 
Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4IT. 

23: twcs, tCWD, tRWD and tAWD and, tCPWD are specified as reference pOints only. If twcs~twCS(min) the cycle is an early wrHe cycle and the DO pins 
will remain high impedance throughout the entire cycle. If tCWD~tCWD(min), tRWDl1:tRWD(min), tAWD~tAWD(min) and tCPWDl1:tCPWD(min) (for fast page 
mode cycle only), the cycle is a read-modify-wrHe cycle and the DO will contain the data read from the selected address. If neHher of the above 
condition (delayed write) of the DO (at access time and until CAS or OE goes back to V IH ) is indeterminate. 
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M5M4 V 4800CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8~BIT) DYNAMIC RAM 

Fast Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 

Limits 
Symbol Parameter MSM4V48OOC-6,-6S MSM4V4800C-7,-7S 

Min Max Min Max 
tpc Fast page mode read/write cycle time 40 45 
tPRWC Fast page. mode read write/read modify write cycle time 80 95 
tRAS RAS low pulse width·for read or write cycle (Note 25) 100 100000 115 100000 
tcp CAS high pulse width (Note 26) 10 15 10 15 
tCPRH RAS hold time after CAS precharge 35 40 
tCPWD Delay time CAS precharoe to W low (Note 23) 55 65 

.. . . Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective Fast page mode cycle . 
25: tRAS(min) is specified as two cycles of CAS input are performed. 
26: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * (Note 27) 

Limits 
Symbol Parameter MSM4V4800C-6,-6S M5M4V48O(1C-7,-7S 

Min Max Min Max 
tCSR CAS setup time before RAS low 5 5 
tCHR CAS hold time after RAS low 10 15 
tCAS CAS low pulse width 20 25 

Note 27: Eight or more CAS before RAS cycles Instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

Self Refresh Cycle * (Note 28) 

Symbol 

tRASS 
tRPS 
tCHS 

Parameter 

CBR seH refresh RAS low Dulse width 
CBR self refresh RAS hioh precharoe time 
CBR self refresh CAS hold time 

• MITSUBISHI 
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Limits 
MSM4V4800C-6,-6S MSM4V48OOC-7,-7S 

Min Max Min Max 
100 100 
110 130 
-50 -50 

Unit 

ns 
ns 
ns 

ns 
ns 
ns 

Unit 

ns 
ns 
ns 

Unit 

JjS 

ns 

ns 
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M5M4V 4800CTP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT (S24288-WORD BY 8-BIT) DYNAMIC RAM 

Timing Diagrams (Note 29) 

Read Cycle 

RAS 

CAS 

Ao-A9 

W 

D01-DOa 
(INPUTS) 

D01-DOa 
(OUTPUTS) 

OE 

3 - 54 

RC 

tRAS tRP 

VIH-

VIL-
~ 'V 1\ 

tCSH 

tCf tRCD tRSH 
tCAS tCRP 

VIH xxxxxxx", 
{XXXXXX-:I I 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH-

VOL-

VIH 

VIL 

tRAD tRAL tASR 

tASR e ~ tCAH 
.... 

H 

'lon. XXXXXX:W ROW COLUMN ~~ x ROW 
ADDRESS IY;~~~~ ADDRESS AY x XXXXy 

ADDRESS XXXXXX7 'YXXX x XXH 

H tRRH 

L 
tRCS tRCH 

I ~ 

xxxxxxxxxx 
~xx 

XXXXXX} 
"XX XX7 '\!"il'xxxxxxxx 

.... ~ tCDD 

xxxxxxxxx xxxxxxxx Hi-Z xxxxxx~ 

xxxxxxxxx x xxx 

tCAC 

tAA I .. tOFF~ 
tCLl 

Hi-Z 

~ \ Hi-Z 
DATA VALID , 

tRAC t~ 
tDZO ~ 

tODD 

OCH 

}XXXXXXX~fXXXXXXXXXXXXXXX x I)(xx .x.x.x.x.x.l'\c 
xxxxxxxxxxxxxxxxxxxxxxxxxx It. xx .xxxx.xx 

tORH 
r 

Note 29 
Indicates the don't care input. 
VIH(min)~VIN~VIH(max) or VIL(min)~VIN~VIL(max) 

Indicates the invalid output. 
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MITSUBISHI LSls 

M5M4V4800CTP-6,.7,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

RAS 

CAS 

Ao-A9 

W 

00·1-008 
(INPUTS) 

001-008 
(OUTPUTS) 

twc 

tRAS tRP 

VIH-

VIL-
.\ r\ 

tCSH 

tCf 
tRCD tRSH 

tCAS l tCRP 

VIH 

VIL 

~ ~ J ~ 

lASR lAsc 
tASR 

~ tCAH ~ .... ... 
VIH d ROW ~ COLUMN ROW l.xxxxxxxxxXXXXXXXI XXXXXJ\ ADDRESS "txXXXXI ADDRESS 
VIL 

VIH 

VIL fX'-xx 

VIH xxxxxxxXXXXXXXA 
xxxxxxxXXXXXXXXA 

VIL 

VOH-

VOL-

VIH 

VIL-~ 

·,x 

'f twCH 

~ tDH 

DATA VALID 

Hi-Z 

• MITSUBISHI 
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x x x x x x x x x xi ~ ADDRESS 

-ll.xxxxxxx xxxxx') 
~xxxxxxxxxxxxxxxxxxxx.) 

Jtxxxx xxxxxxxx 
~xxx XXXXXXXXXXX,) I""" 
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M5M4 V 4800CTP-6,-7 ,-68,-78 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

twc 

tRAS l tRP 

I 
VIH-

RAS 
VIL-

~ Jf i\ 
tCSH 

tRCD tRSH F tCAS L tCRP 

CAS 
VIH 

VIL 

XXXXX7;# 

\ ~XXXXX.7 

tASR tRAH ~ tCAH 
+-:-+ 

Ao-A9 
:Jl"7'Z\. 

XXXX)GI' ROW I1KXXXY COLUMN VIH-

VIL ,lAXXA.7 ADDRESS V5J5.l1 ADDRESS 

VIH 
W 

VIL 

DOl-DOs VIH 

(INPUTS) 
VIL 

DOl-DOs VOH­

(OUTPUTS) VOL-

3 - 56 

VIH 

VIL 

~ 
xxxxxxXXXXXXXAXXX~ 

X 

XAAXXAAXAA 
,xxxxxxxxxx 

xx 
XXXX 
xxxxxxxx 

XXI 

tWCH 

~ 
x~ HI-Z 
XAA 

~ 

HI-Z ,~~ 
I~ toZO. ro~ 

xxxxxxxxxx 
X )(\ 

• "MITSUBISHI 
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~ 
tASR ... r-4-

ROW xx 
"AAAA xx ADDRESS 

tCWL 
~tRWL 

~ 
~ 

IX X X X X X X X X X X X X X 

tDs tDH 
f+-

~ DATA I\D(XXX XAAXXXX} 

~ VALID IA xxxxxxx)' 

HI-Z 

tOEH 
~ 

tODD 

leX XXXXXXXXX 
xxxx 



MITSUBISHI LSls 

M5M4V 4800CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-Bln DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao ..... A9 

Vi 

VIH­

VIL-

VIH-

VIL 

VIH 

VIL 

VIH 

VIL 

, 
tCRP 

.J 

XXXXXXJ 
XXXXX)f' 

tASR 

)(\. 
XXXXX)III' 
XXXXX7 

xxxxx 
XXXXX 

OQ1 ..... 0Qa VIH ·{Xxxx 

(INPUTS) 
VIL 

OQ1 ..... 0Qa VOH­

(OUTPUTS) VOL-

VIH 

VIL 

xxxxxxxx 

xxx 

tRWC 

tRAS L 
tRP 

....... 

r 
1\ 

tCSH 

tRCO ·tRSH 

tCAS L r tCRP , I 
tRAO 

tRAH tCAH tASR 
tAsc ~r- 4-

.F7Y"7\ 
ROW YXxxx" COLUMN 'J(Q<)<)C x x x x xx"*' ROW 

ADDRESS ADDRESS x ADDRESS 
~ ·'tI{xxxxxxx xx xxXX7 

tAWO 

tRCS ~ ---+ tcwo 
tRWD 

XXXXXXII 
XXXXXlW 

tozc tos 
4----t-+ 

)()()( Hi-Z ~ 
xxxxxxx 

~ tCAC 

tAA 

Hi-Z ~ ~ DATA \ 

~I 
tRAC 

~ ..... tODD 
tozo 

1'41 tOEA~ iH tOEZ 

xxx xxx 

• MITSUBISHI 
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tCWL 

tRWL ....... 
twp 

\ l,lXxxxxxxx 
XXXXXXXXX 

xxx 

I 
tDH 

IX X X X x x x x x x )0 

DATA'VALID ~xxxxx 

Hi-Z 

~ 
~XXXXXXXXXX.x£x~~ 
'xxxxxxxxxxxx~ 
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M5M4 V 4800CTP-6,-7 ,-68,-78 

FAST PAGE MODE 4194304-BIT (524288-WORD BY a-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

w 

DOl-DOs 
(INPUTS) 

VIH­

VIL-

VIH 

VIL 

VIH­

VIL 

VIH 

VIL-

V1H 

VIL-

DOl-DOs VOH-

(OUTPUTS) VOL-

3 - 58 

VIH­

VIL 

tRC 

tRAS tRP 

\ V \ 
tCRP tRPC tCRP ,4-

I 
xxxxxx'" 'WI Co 

tASR tRAH tASR 
-. -~ 

xxx xx)W ROW 
~xxxxxxxxxxxxxxxxxxx xxxxx~ ROW 

XXJlEXXJU\ ADDRESS ADDRESS XXXXXI' ·~xxxxxxxxxxx XXXXXXXXXXXXXXXXI' 

Hi-Z 

--------------------------------------------------------------------------------
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MITSUBISHI LSls 

M5M4 V 4800CTP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

RAS 

CAS 

Ao-A9 

Vi 

DOl-DOe 
(INPUTS) 

DOl-DOe 
(OUTPUTS) 

OE 

RC 
" 

RC 

tRP tRAS 
» 

tRAS tRP 
/I 

VIH-

VIL---.I ~ ~ 
-u 

~ V 1\ 

VIH-

VIL-

VIH 

VIL 

VIH 

VIL-

VIH 

VIL 

VOH-

VOL-

VIH 

VIL 

--.I~~ 
tCHR tRPC tCSR tCHR tRPC t~ +y JI 

-+I-j+-

I W L » tASR 

++ tCPN .... 
~, 

xxxx x£fx~~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ ROW COLUMN xxxx 
xxxx xxxxxxxxxxxxXXXXXXXMXXXXXXxxxxxx X'X'>lI' ADORES ADDRESS 

» ~ 

~H tRCS 

~, ~ 
~XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX~ 

~XXXXXXXXXXXXxXXXXXXXXXXX XXX xxx XI 

)) 

tCDD 

" Hi-Z KXXX xXXX XXXXXXXXXXXXXX) 
XXXXXXXXXXXXXX x xxxxxxxxxxxxxxxxxxf~ 

» 

tOFF 
.... 1-1---

~ " 
Hi-Z 

V » 

tOE2 ~ 
tODD 

'xxxxx xxxxx 
xx 

(( 

xxxxxxxxxxxxx 
xx XXXX 

xxxxxxx?xxxxxxxxx~ 
xxxxxxxxxxx ........ xxxxxxxXX> 

)) 
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MITSUBISHI LSls 

M5M4 V 4800CTP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM· 

Hidden Refresh Cycle (Read) (Note 30) 

RAS 

CAS 

D01-DOa 
(INPUTS) 

VIH-

VIL-

VIH 

VIL 

VIH­

VIL 

VIH­

VIL-

VIH­

VIL 

D01-DOa VOH­

(OUTPUTS) VOL-

3 - 60 

VIH 

VIL-

tRC tRC 

tRAS tAp J tRAS 
L tRP 

. 

\ I \ I '---
tCRP tAco tRSH tCHR 

xxxxx# 
~ / xxxx» 

tAAO 
tASR 

tASR tRAH tCAH -'f-i4-
tASC 

ROW ~ COLUMN IYX xxxxxxxxxx xxXXXXY ROW 
ADDRESS ADDRESS .\.x XXXXXXXXXX XXXXXX7J IADDRESS 

l .. 
tRCS 

tRAL :=-1 
xxxx xx I\X X X X X X X X X X X X xxxxxxxxxxxxx> 

YXXXX 

~ tcoo 

xxxxx x HI-Z 
xxxxxxx xxx 

tCAC 

tAA ~ 

~ HI-Z ~ 
DATA VALID 'I 

tRAC 
tOEZ .... -~ tozo tOEA toDD 

tORH 

l.~XXX xxxxxxxx xx 
xxxxx~xxxxxxxxxXX~ ~ xx 

Note 30: Early write, delayed write, read write or read modify write cycle Is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle described above. 
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MITSUBISHI LSls 

M5M4V 4800CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (S24288-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

W 

DQ1-DQe 
(INPUTS) 

DQ1-DQe 
(OUTPUTS) 

tRAS tRP 

VIH-

~ 
Vll-

I L 
tCSH 

tc~p tRCO 

tpc ~ 
tCAS tcp tCAS tcp ICAS 

VIH XXXXlf- ~ 

~ Vll-
J \ V , I 

tRAD tCPRH tASR 

tASR tRAH tAsc tCAH tA~ ~ tA~ ~ ~ 

VIH ~y ROW IV::~ ~=k,y~exxx%~xXX~y,J COLUMN llyx~f)(5(lx)(35(x~:y'~ COLUMN I/'r,~ t\.~Ir--R-OW--
Vil ~ ADDRESS \Z::.Z:J ADDRESS1. \X x x XI DDRESS . I x XI ADDRESS3 ~1.l1..Z ~ ~ ~ ADDRESS 

L tRCS 

r 
VIH xx 

Vil 
xx 

tozc 

VIH XXXXX x 
xxxxx 

Vil 

---VOH- Hi-Z 

VOl- !RAC 

Hi-Z 

~ 
tAA 

~~ 

,~ 

I tRAl ~I:t 
tRCH tRCS tRCH I. tRRH 

Ii i~ I"ir" +-tRCS ... c-~ 

~~ ~r 
tozc 

+""1+ 

Hi-Z 

tOFF ~ tAA 
~ tCl ..... 

DATA \ Hi-Z J 

~ VALlD-1 I , 
tCPA 

~~ 
toDD 

tOFF 
~ 

DATA" 
VALlD-2 , 

Hi-Z 

tCAC 

tAA 
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MITSUBISHI LSls 

M5M4 V 4800CTP-6,-7 ,-68,-78 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

Ao ..... A9 

W 

0.01 ..... 00e 
(INPUTS) 

VIH­

VIL-

VIH-

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

A 

~L ~ 
tCRP tCSH tpc tRSH 

tR S tRP 

tRCO tCAS tcp tCAS tcp ~s 

g~~~~Zj \ ~ \ I \' II 
tASR tRAH tAsc ~ tAsc tCAH tAsc tCAH tASR 
~ ~ ~ ~ ~ ...-.. ~ -tl-~ 

{x)';; xx)';; fJ ~ 
~ 

~ ROW COLUMN 
1rXXXXX~ 

COLUMN IX)';;)';;)';;)'I' COLUMN ROW 

x ADDRESS ADDRESS1 ·~XXXXXI DDRESS2 
~ 

ADDRESS3 ADDRESS 

~ ~ 
twcs tWCH twcs twCH 
~ ~ ....... -----.. 

(xxxxxxx )';;x~ IXX)';;X.l"I. IX),;;),;; ~ 

)';;V'x- )';; )';;)';;70.70.)';; X),;; X ~ 

~ ~ ~ ~ ~ ~ 
xxxxxxxxxxxxx\. DATA ~ DATA 

.Jl)!)l\ 
DATA 

·IX x x X x x x x )( 
~xxxv {XXXXXXXXXXXXXA IAxxxxxxxX}j 

VALlD-1 .~ VALlD-2· .\l:::Z::D VALlD-3 

001 ..... 00e VOH-______________________________________ H_i-_Z ____________________________________ ___ 

(OUTPUTS) VOL-

3 - 62 

VIH­

V~ . 
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MITSUBISHI LSls 

M5M4 V 4800CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

VIH-
RAS 

VIL-

tRAS tRP 

F ~ L 
tCSH tRSH 

tCRP 
tRCO tCAS L tpc 

I I tcp tCAS I 
CAS 

VIH-

VIL 

(XXXXXX1t 

\ I 1/ XXXXXlI' , 
tRWl 

tASR tAsc 
--+f-!4-

~ tCAH tAsc ~ ~ ...... .... .--. .... tASR 

VIH 
Ao-A9 

VIL 

.) 

~ ROW ROW COLUMN ~IXXX COLUMN XXXXXlf I1EKX x X X X X XXI IlrXX X XXX~ 

XXXXXl ADDRESS ADDRESS1 ~ XXI ADDRESS2 ~XX XXX.7 
ADDRESS 

r tCWL 

~p 
~ 

tRCS 

r ~ 
W 

VIH 

VIL 

xxxxxXXXXXXXXII 
\ Iff! , «xxxxx 

xxxxxxxxxxxx~ xxxxxx 

twCH twCH 

~ tos 
IDH 

--'" ~ tOH 
tos 

DOl-DOs VIH ·~XXXXXX.y Hi-Z (i;N DATA ~ Hi-Z ~ DATA ·/xXXXX> 
~xxxxxx1')l"x IAXXXXX> (INPUTS) 

VIL 

DOl-DOs VOH­

(OUTPUTS) VOL-

VIH 

VIL 

XXXX 
xx 

~ VALlD-1 rf ~ 

tCLl .... 
Hi-Z 

14 tozo ~ 

xxxxxxx 

~7 
tOEZ'-' 4-

~ tOOD 

/ 

• MITSUBISHI 
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tCLZ 
.-. 4-

Hi-Z 

~i 
tOEZ'-' ~ 

tozo~rr .... tODD 

U 

VALlD-2 

HI-Z 

~ 
IIItxxxxxx> 
~XXXXX" 
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MITSUBISHI LSls 

M5M4 V 4800CTP-6,-7 ,-65,-75 

Notice: ,h'S '!triC limits ale sU Ie. 
Sorna pa1'3111 . FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

VIH-
RAS 

VIL-

CAS 
VIH 

VIL 

VIH 
Ao-A9 

VIL 

VIH 
W 

VIL 

D01-DOa VIH 

(INPUTS) VIL 

D01-DOa VOH­

(OUTPUTS) VOL-

3 - 64 

VIH 

VIL 

RAS 

~L ~ 
tCSH tPRWC 

.. I4-tRWL 
.I 

tc~ tRCO tCAS tcp tCAS I 
X# 

~ I ~ I 6txXXX)I 

tRAO 

lASR IJRAH~ tCAH lAsc 
~ 

tCWL 
~ lAsc ~ ~ M "-lASR 

@ CoLUMN XXXXXlI' ROW COLUMN IYXXXX IYXXXX XXJOJI' ROW 
XXXXXI ADDRESS ADDRESS1 'xxx ADDRESS2 "XXX XX7 ADDRESS 

tAWO 
• !4tCWL 

lAwo 

~C! tcwo ~;. 
tRCS tcwo ~ 
I 

(XXXXXXXX XXXXIl 

~ ~~ , IXXXXXX}I 
XXXXXXXX XXX7 XXXXXX 

twCH twCH 

11RWO tcPWO 

~~ to" 
tOH I 

to" 
tOH 

/J ...... tozc 
xx xxx Hi-Z ~ DATA I HI-Z ~ DATA ~ vxxxx 

xx ~ VALlD-1 ~ .~ '\ VALlD-2 

~ 
~ 

tAA tAA 

tcLZ~ 

~ ~ 
tCLZ ~ 

Hi-Z Hi-Z ~g HI-Z 

~/ ~VALlD-2 
tRAC f-+ tODD 

tCPA ;troDD 
tozo .. ~ • f4 tOEz tozo L tOEA .. tOEZ~ r 

~xxxxxxxxxxxxxxxxx 

{XXXXXXXXXXXXXXXXX 
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MITSUBISHI LSls 

M5M4 V 4800CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Self Refresh Cycle * (Note 28) 

RAS 

CAS 

Ao-A9 

W 

DOl-DOs 
(INPUTS) 

DOl-DOs 
(OUTPUTS) 

OE 

tRP tRASS tRPS 

VIH-

VIL-----1 , ~ \ 

VIH-

VIL-

VIH 

VIL 

VIH-

VIL-

VIH 

VIL 

VOH 

VOL-

VIH 

VIL 

tRPC 

~~~ 
~ tF 

I ~ ~ 
........ tCPN tASR .... 

xxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx XXXy ROW COLUMN 
C:XXX XXXXXXX xxxxxxxxxxxxxx x XXXI ADORES DDRESS 

!1H tRCS 

1KXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXX]fI 
'XXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXI 

tCDD 

Hi-Z XXXXXXX XXXXXx.;<;QQ<X XXXXXXXxxxxxxX)I 
xxxxxxx xxxxxxxxxxx XXXXXXXXXXXXXXXX~ xx 

tOFF -. +-

\ 
/ 

..... tOEZ 
tODD 

xxxxxxxxxx 
I(XXXXXXXXXX 

Hi-Z 

xxxxxxxxxxxxxxxxx x 
xxxxxxxxxxxxxxxxxxfxx 
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MITSUBISHI LSls 

M5M4V4800CTP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT (524288-WORD BY 8-BIT) DYNAMIC RAM 

Note 28:Self refresh sequence 

Two refreshing methods should be used properly depending on the 
low pulse width(tRASS} of RAS signal during self refresh period. 

1. Distributed refresh during Read/Write operation 
(A) Timing diagram 

Read/Write Cycle Self Refresh Cycle Read/Wrlte Cycle 

RAS 

~9 m-~100.' ffiND W 
last ~--f\F~ ~ 

refresh cycle 

Table 2 

Read/Write Cycle Read/Write->- Self Refresh->-
Self Refresh Read/Write 

CBR distributed 
refresh tNsO~125J1.s tSNo;i 125 JI. s 

RAS only tNso;i16-}lS tSNO~16J1.s distributed refresh 

(B) Definition of distributed refresh 

refresh 
cycle 

Definition of CBR distributed refresh 
<Including extended refresh) 

tREF/1024 

readlwrlte 
cycles 

refresh 
cycle 

The CBR distributed refresh performs more than 1024 
constant period (125 }lS max.} CBR cycles within 128ms. 

Definition of RAS only distributed refresh 

Note: 

All combinations of nine row address signals (Ao-A9) are 
selected during 1024 constant period (16 }lS max.) RAS 

only refresh cycles within 16.4rns. 

Hidden refresh may be used instead of CBR refresh. 
RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal in the last 
CBR "refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within tNSO (shown in table 2). 

tREF 

refresh 
cycle 

refresh cycle 

tREF/1024 

readlwrite 
cycles 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in the 
first CBR refresh cycle during read/write operation period should 
be set within tSNO (shown in table 2) 

1.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 
The time interval tNSO from the falling edge of RAS signal in the 

last RAS only refresh cycle during read/write operation period to 
the falling edge of RAS signal at the start of self refresh 
operation should be set within 16 }l s . 

• Switching from self refresh operation to read/write operation. 
The time interval tSNO from the riSing edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal in 
the first CBR refresh cycle during read/write operation period 
should be set within 16 }l s. 
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MITSUBISHI LSls 

M5M4 V 4800CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (S24288-WORD BY 8-BIT) DYNAMIC RAM 

2. Burst refresh during ReadIWrite operation 
(A) Timing diagram 

ReadlWrite Self Refresh ReadlWrite 

~.~ __ ~100"' ~. W 
u ~j--------CSt~~ 

refresh 1023 cycles 1023 cycles refresh 
~~ ~~ 

Table 3 

Read/Write Cycle ReadIWrite- Self Refresh-
Self Refresh Read/Write 

CBR burst 
tNSB~ 16.4ms tSNB~ 16.4ms refresh 

RAS only 
tNSB+tsNB~16.4ms burst refresh 

(B) Definition of burst refresh 

w.~~ 
read/write cycles 

1024 cycles 

Definition of CBR burst refresh 
The CBR burst refresh performs more than 1024 continuous 
CBR cycles within 16.4ms. 

Definition of RAS only burst refresh 
All combination of nine row address signals (A O-A9) are 

selected during 1024 continuous RAS only refresh cycles 
within 16.4ms. 

2.1 CBR burst refresh 
• Switching from read/write operation to self refresh operation. 

The time interval tNSB from the falling edge of RAS signal in the 
first CBR refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within 16.4ms. 

• Switching from self refresh operation to read/write operation. 
The time interval tSNB from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal in 
the last CBR refresh cycle during read/write operation period 
should be set within 16.4ms. 

2.2 RAS only burst refresh 
• Switching from read/write operation to self refresh operation . 

The time interval from the falling edge of RAS signal in the first 
RAS only refresh cycle during r~ad/write operation period to 
the falling edge of RAS signal at the start of self refresh 
operation should be set within tNSB (shown in table 3). 

• Switching from self refresh operation to read / write operation . 
The time interval from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in the 
last RAS only refresh cycle during read/write operation period 
should be set within tSNB (shown in table 3). 
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M5M4V 4260TP-7 ,-8,-78,-88 
FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 262144-word by 16-bit dynamic RAMs, 

fabricated with the high performance CMOS process, and is 

ideal for large-capacity memory systems where high speed, 

low power dissipation, and low costs are essental. The use 

of quadruple-layer polysilicon process combined with silicide 

technology and a single-transistor dynamic storage stacked 

capacitor cell provide high circuit density at reduced costs. 

The lower supply (3.3V) operation, due to the optimization 

of transistor structure, provides low power dissipation while 

maintaining high speed operation. Multiplexed address inputs 

permit a reduction in pins and an increase in system density. 

This device has 2CAS and 1 W terminals with a refresh 

cycle of 51 2 cycles every 8.2ms. 

FEATURES 

RAS CAS Address DE Cycle Power 

Type name access access access access time dissi-
time time time time pation 

(max.ns) (max.ns) (max.ns) (max.ns) (min.ns) (typrnW 

M5M4V4260TP-7, -7S 70 20 35 20 130 300 
M5M4V4260TP-8, -8S 80 20 40 20 150 260 

• Standard 44pin TSOP (II) 

• Single 3.3 ± 0.3V supply 

• Low stand-by power dissipation 

CMOS input level································ 2.52mW(max) 

CMOS input level······························· 2521J W(max) * 
• Operating power dissipation 

M5M4V4260TP-7, -7S .......................... 396mW(max) 

M5M4V4260TP-8, -8S .......................... 342mW(max) 

.Self refresh capability * 
Self refresh current ·····················:·········120IJA(max) 

• Extended refresh capability * 
Extended refresh current ...................... 120 IJA(max) 

• Fast-page mode (512-column random access), Read-modify­

write, RAS-only refresh, CAS before RI>$ refresh, Hidden 

refresh capabilities 

• ~arly write mode, LCAS/ UCAS and OE to control output 

buffer impedance 

.512 refresh cycles every 8.2ms (Ao-As) 

.512 refresh cycles every 128ms (Ao-Aa) * . 
• Byte or Word control for Read/Write operation 

(2CAS, 1 W type) 

* : Applicable to self refresh version. (M5M4V4260TP-7S, 

-8S: option) only. 

APPLICATION 
Microcomputer memory, Refresh memory for CRT 

PIN CONFI~URATION (TOP VIEW) 

(3.3V)Vcc 

1 
001- 2 

DATA INPUTS/ 002- 3 
DATA OUTPUTS 003- 4 

004- 5 
(3.3V)Vcc 6 

1 
005- 7 

DATA INPUTS/ OOs- 8 
DATA OUTPUTS 007- 9 

OOa- 10 

WR ITE CONTROL 
INPUT 

ROW ADDRESS 
STROBE INPUT 

NC 

NC 

44 Vss(OV) 

NC ~~BmR~srROL 
31 _ [CAS,STROBE INPUT 

30 _ iJCAS ~G~Bro5R~ROL 

29 - DE ~1t:n~TI1~rBLE 

I:~:s INPUTS 

24 -A4 

Vss(OV) 

Outline 44P3W-L(400mil TSOP Normal Bend) 
NC : NO CONNECTION 
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M5M4V4260TP-7,-8,-75,-85 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

FUNCTION 
In addition to normal read. write. and read'modify-write 

operations the M5M4V4260TP provides a number of other 

functions. e.g .• fast page mode. RAS-only refresh. and 

delayed-write. The input conditions for each are shown in 

Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

RAS LCAS UCAS W OE 
Lower byte read ACT ACT NAC NAC ACT 
Upper byte read ACT NAC ACT NAC ACT 

Word read ACT ACT, ACT NAC ACT 
Lower byte write ACT ACT NAC ACT NAC 
Upper byte write ACT NAC ACT ACT NAC 
Word write ACT ACT ACT ACT NAC 
RAS only refresh ACT NAC NAC DNC DNC 
Hidden refresh ACT ACT ACT NAC ACT 
CAS before RAS (Extended"') refresh ACT ACT ACT ONC DNC 
Self refresh '" ACT ACT ACT DNC DNC 
Stand-by NAC DNC DNC DNC DNC 

Note: ACT: active, NAC: nonactive, DNC : don't care. OPN : open 

BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT RAS 

COL~~D~§S ~r~~ CCAS 
INPUT 

COlt:E~~~§S ~RO~ UCAS 
INPUT 

WRITE CONTROL W 
INPUT 

AO 
Al 
A2 
A3 

ADDRESS INPUTS A4 
A5 
A6 
A7 
A8 

r-----

MEMORY CELL 
(4.194.304BITS) 

• MITSUBISHI 
~ELECTRIC 

DOl-DOs 
DouT 
OPN 
DouT 
DIN 

DNC 
DIN 

~ OPN 
DouT 
OPN 
OPN 
OPN 

Input/ Output 
009-0016 

Vee (3.3V) 

Vss(OV) 

OPN 
DouT 
DouT 
DNC 
DIN 
DIN 

OPN 
DouT 
OPN 
OPN 
OPN 

002 LOWER DATA 
DO, } 

I INPUTS/OUTPUTS 
DOs 

0010 UPPER DATA 
009 } 

: INPUTS/OUTPUTS 
0016 

OE OUTPUT ENABLE INPUT 
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M5M4V4260TP-7,'!'8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BI1) DYNAMIC RAM 

ABSOLUTE MAXIMUN RATINGS 

Symbol Parameter ConditiOns Ratings 

Vee Supply voltage -0.5-4.6 

VI Input voltage With respect to Vss - 0.5-4.6 

Vo Output voltage - 0.5-4.6 

10 Output current 50 

Pd Power dissipation Ta = 25"C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature - 65-150 

RECOMMENDED OPERATING CONDITIONS (Ta = 0-70"C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 3.0 3.3 3.6 V 

Vss Supply voltage 0 0 0 V 
. VIH High-level input voltage, all inputs 2.0 Vee+O.3 V 

VIL Low-level input voltage, all inputs -0.3 0.8 V 

Note 1. All voltage values are with respect to vss. 

ELECTRICAL CHARACTERISTICS (Ta = 0-70"C, VCC = 3.3 ± 0.3V, Vss = OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

VOH High-level output voltage IOH = - 2mA 2.4 Vee 

VOL Low-level output voltage IOL = 2mA 0 0.4 

loz Off-state output current Q floating, OV~ VOUT~ Vcc -5 5 

II Input current O~VIN~Vee+O.3V,Other inputs pins=OV -5 5 

Average supply current M5M4V4260-7.-7S RAS, CAS cycling, 120 
ICC1(AV) from Vcc, operating tRC =twc = min. 

(Note 3, 4, 5) M5M4V426Q-S.-SS output open 100 

Supply current from Vcc, stand-by 
RAS = CAS = VIH, output open 2 

Icc2(Av) RAS = CAS ~ Vcc - 0.2V 0.5 
(Note 6) 

output open 0.07* 

Average supply current M5M4V426Q-7.-7S RAS cycling, CAS = VIH 110 
ICC3(AV) from V CC, RAS only tRC = min. 

refresh mode (Note 3,5) M5M4V426Q-S,-SS output open 95 

Average supply current M5M4V426Q-7,-7S RAS = VIL, CAS cycling 110 
Icc4(Av) from Vcc, Fast-page- tpc = min. 

mode (Note 3, 4, 5) M5M4V4260-S,-SS output open 95 

Average supply current M5M4V4260-7,-7S CAS before RAS refresh cycling 110 
ICC6(AV) from Vee, CAS" before AAS tRC = min. 

refresh mode (Note 3,5) M5M4V426Q-S,-SS output open : 95 

Stand-by: 
RAS~Vee-O. 2V 
CAS~Vee-O. 2V or CAS"~O. 2V 

CAS" before RAS refresh: 
RAS eye ling CAS" ~O. 2V 0 r 

ICC8(AV)* 
Average supply current from Vcc, CAS" before RAS refresh eyel ing 

120 
Extended refresh mode (Note 6) W~O; 2V or ~Vee-O. 2V 

or ~ O. 2V or ~ Vee-O. 2V 
Ao-A9~O. 2V or ~Vee-O. 2V 
DQ=open 
tRC=125~s 
tRAS=tRASmin-l ~ S 

ICC9(AV)* 
Average supply current from Vcc, RAS = CAS ~ 0.2V 

120 
Self refresh mode (Note 6) output open 

Note 2: Current flowing into a IC is posit iv" out is negative. 
3 : ICC1(AV), ICC3(AV), and ICC4(AV) are dependent on cycle rate. Maximun current is measured at the fastest cYcle rate. 
4: ICC1(AV) and ICC4(AV) are dependent on output loading. Specified values are obtained with the output open. 
5 : Column Address can be changed once or less while RAS = VIL and CiS = VIH 

3-70 

Unit 
V 
V 
V 

mA 

mW 

"C 

"C 

Unit 

V 

V 

~A 

IJA 

mA 

mA 

mA 

mA 

mA 

~A 

~A 
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M5M4V4260TP-7,-8,-78,-88 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

CAPACITANCE (Ta = 0-70"C. VCC = 3.3 ± 0.3V. Vss = OV. unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min Typ Max 

Ci(A) Input capacitance. address inputs 6 pF 

CI(OO Input capacitance. OE input 7 pF 

Ci(W) Input capacitance. write control input VI = Vss 
7 pF 

f = 1MHz 
CI(lV\S) Input capacitance. RAS input VI = 25mVrms 7 pF 

Ci(C6S) Input capacitance. CAS input 7 pF 

CliO Input/ Output capacitance. data ports 10 pF 

SWITCHING CHARACTERISTICS (Ta = 0-70 "C. Vcc = 3.3 ± 0.3V. Vss = OV. unless otherwise noted. See notes 6.13.14) 

Limits 

Symbol Parameter M5M4V4260-7. -7S M5M4V4260-8. -8S Unit 

Min Max Min Max 

tCAC Access time from CAS (Note 7. 8) 20 20 ns 

tRAC Access time from RAS (Note 7. 9) 70 80 ns 

tAA Column address access time (Note 7. 10) 35 40 ns 

tCPA Access time from CAS precharge (Note 7. 11) 40 45 ns 

tOEA Access time from OE (Note 7) 20 20 ns 

tCLZ Output low impedance time from CAS ·Iow (Note 7) 5 5 ns 

tOFF Output disable time after CAS high (Note 12) 0 20 0 20 ns 

tOEZ Output disable time after OE high (Note 12) 0 20 0 20 ns 

Nofe 6: An initial pause of 500 ~s is reQuired after power·up followed by a minimun of eight initialization cycles(any combination of cycles 
containing a RAS clock such as RAS·only refresh.) 
Note that RAS may be cycled during the initial pause. Any 8 AAS or AAS/CAS cycles are reQuired after prolonged periods(greater 
than 8.2ms)of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit eQuivalent to l00pF. VOH = 2.4V(lOH = - 2mA) and VOL = O.4V(lOL = 2mA). The reference levels for 
measuring of output signals are 2.0V(VOH) and O.8V (VOL). 

8 : Assumes that tRCD;;: tRCD(max) and tASC;;: tASC(max). 
9: Assumes that tRCD:i!i tRCD(max) and tRAD:iI tRAD(max). If either tRcD or tRAD is greater than the maximum recommended value shown 

in this table. tRAC will increase by the amount which tRCO or tRAO exceeds the value shown. 
10: Assumes that tRAO fi: tRAO(max) and tASC:iI tASC(max). 
11 : Assumes that tCP:iI tCP(max) and tASC;;: tASC(max). 
12: tOFF(max) and tOEZ(max) define the time at which the output achieves the high impedance state (lOUT:iI I ± 5~A I ) and is not 

reference to VOH(min) or VOL(max). 
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M5M4V4260TP-7,-8,-78,-88 

FAST PAGE MODE 4194.304-BIT (262144-WORD BY 16 .. BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modlfy-Wrlte, Refresh, and Fast Page Cycles) 
(Ta=0-70OC, Vcc=3.3±0.3V, Vss=OV, unless otherwise noted. See notes 6,13,14) 

Limits 

Symbol Parameter M5M4V4260-7,-7S M5M4V4260-8, -8S 
Min Max Min Max 

tREF Refresh cycle time 8.2 8.2 

tREF Refresh cycle time * 128 128 

tRP RAS high pulse width 50 60' 

tRCO Delay time, RAS low to CAS low (Note 15) 20 50 20 60 

tCRP Delay time, CAS high to RAS low 10 10 

tRPC Delay time, RAS high to CAS low 0 0 

tCPN CAS high pulse width 10 10 

tRAO Column address delay time from RAS low (Note 16) 15 35 15 40 

tASR Row address setup time before RAS low 0 0 

tASC Column address setup time before CAS low (Note 17) 0 10 0 15 

tRAH Row address hold time after RAS low 10 10 

tCAH Column address hold time after CAS low 15 15 

tozc Delay time, data to CAS low (Note 18) 0 0 
·.tozo Delay time, data to DE low (Note 18) 0 0 

tcoo Delay time, CAS high to data (Note 19) 20 20 

tODD Delay time, OE high to data (Note 19) 20 20 

tT Transition time (Note 20) 1 50 1 50 

Note 13: The timing requirements are assumed tT = 5ns. 
14 : VIH(min) and VIL(max)are reference levels for measuring timing of input signals. 

Unit 

ms 

ms 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 
ns 

15 : Operation within the tFiCO(max) limit insures that tRAC(max) can be met. tRco(max) is specified as a reference point only; if tRCO 
is greater than the specified tRcO(max) limit, then access time is controlled exclusively by tCAC or tAA. tRCO(min) is specified as 
tRCD(min) = tRAH(min) + 2tT + tASC(min). 

16: Operation within the tRAD(max) limit insures that tRAC (max) can be met. tRAO(max) is specified as a reference point only; if tRAO 
is greater than specified tRAO(max) limit, then access time is controlled exclusively by tCAC or tAA 

17: Operation within the tASC(max) limit insures that tRAC (max) can be met tASC(max) is specified as a reference point only; if tASC 
is greater than the specified tASC(max) limit and tRCO is greater than the specified tRcD(max) limit, then access time is controlled 
exclusively by tCAC, 

18: Either tozc or tozo must be satisfied. 
19: Either tcoo or tODD must be satisfied. 
20: tT is measured between VIH(min) and VIL(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 

tCAS CAS low pulse width 

tCSH CAS hold time after RAS low 

tRSH RAS hold time after CAS low 

tRCS Read setup time before CAS low 

tRCH Read hold time after CAS high (Note 21) 

tRRH Read hold time after RAS high (Note 21) 

tRAL Column address to RAS hold time 

tOCH CAS hold time after OE low 

tORH RAS hold time after DE low 

Note 21 : Either tRCH or tRRH must be satisfied for a read cycle. 
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Limits 
M5M4V 4260-7, -7S M5M4V4260-8, -8S Unit 

Min Max Min Max 
130 150 ns 
70 10000 80 10000 ns 

20 10000 20 10000 ns 
76 80 ns 
20 20 ns 

0 0 ns 
0 0 ns 

10 10 ns 

35 40 ns 

20 20 ns 
20 20 ns 
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M5M4V4260TP-7,-8,-78,-88 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write) 

Limits 

Symbol Parameter M5M4V 4260-7, -7S M5M4V4260-8, -8S Unit 
Min Max Min Max 

twc Write cycle time 130 150 ns 

tRAS RAS low pulse width 70 10000 80 10000 ns 

tCAS CAS low pulse ~idth- 20 10000 20 10000 ns 

tCSH CAS hold time after RAS low 70 80 ns 

tRSH RAS hold time after CAS low 20 20 ns 

twcs Write setup time before CAS low (Note 23) 0 0 ns 

tWCH Write hold time after CAS low 15 15 ns 

tCWL CAS hold time after W low 20 20 ns 

tRWL RAS hold time after W low 20 20 ns 
twp Write pulse width 15 15 ns 

tDS Data setup time before CAS low or W low 0 0 ns 

tDH Data hold time after CAS low or W low 1-5 15 ns 

tOEH OE hold time after W low 20 20 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 

Symbol Parameter M5M4V4260-7, -7S M5M4V4260-8. -8S Unit 
Min Max Min Max 

tRWC Read write/ read modify write cycle time (Note 22) 175 195 ns 

tRAS RAS low pulse width 115 10000 125 10000 ns 

tCAS CAS low pulse width 65 10000 65 10000 ns 

tCSH CAS hold time after RAS low 115 125 ns 

tRSH RAS hold time after CAS low 65 65 ns 

tRCS Read setup time before CAS low 0 0 ns 

tCWD Delay time. CAS low to W low (Note 23) 40 40 ns 

tRWD Delay time. RAS low to W low (Note 23) 90 100 ns 

tAWD Delay time. address to W low (Note 23) 55 60 ns 

tCWL CAS hold time after W low 20 20 ns 

tRWL RAS hold time after W low 20 20 ns 

twp Write pulse width 15 15 ns 

tDS Data setup time before W low 0 0 ns 

tDH Data hold time after W low 15 15 ns 

tOEH OE hold time after W low 20 20 ns 
.. Note 22: tRwC IS specified as tRWC(min) = tRAC(max) + tODD(min) + tRWL(min) + tRP(mln)+4tT 

23: twcs, tCWD, tRWD and tAWD and tCPwD are specified as reference points only. If twcs;;: tWCS(min) the cycle is an early write cycle 
and the DO pins will remain high impedance throughout the entire cycle. If tCWD;;: tCWD(min), tRWD;;: tRWD(min), tAWD ;;:tAWD(min) 
and tCPwD Oi: tCPWD(min) (for fast page mode cycle onlY), the cycle is a read-modify-write cycle and the DO will contain the data 
read from the selected address. If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE 
goes back to VI H) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 

Limits 

Symbol Parameter M5M4V4260-7, -7S M5M4V4260-8, -8S Unit 
Min Max Min Max 

tpc Fast page mode read/ write cycle time 45 50 ns 

tPRWC Fast page mode read write/ read modify write cycle. time 95 100 ns 

tRAS RAS low pulse width for read write cycle (Note 25) 115 100000 135 100000 ns 

tcp CAS high pulse width (Note 26) 10 15 10 20 ns 

tCPRH RAS hold time after CAS precharge 40 45 ns 

tCPWD Delay time, CAS precharge to W low (Note 23) 40 45 ns 

Note 24: All previously specified timing requirements and switching charactensitics are applicable to their respective fast page mode cycle. 
25 : tRAS(min) is specified as two cycles of CAS input are performed. 
26 : tCP(max) is specified as a reference point only. 
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M5M4V4260TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

CAS before fiAS Refresh, Extended Refresh Cycle * (Note 27) 

Limits 
Symbol Parameter M5M4V 4260-7. -75 M5M4V4260-8. -8S Unit 

Min Max Min Max 
tCSR CAS setup time before RAS low 10 10 ns 
tCHR CA-S hold time after RAS low 15 15 ns 
tCAS CAS low pulse width 30 30 ns 

Note 27: Eight or more CA:S before RA'S cycles instead of eight m cycles are necessary for proper operation of CA:S. before m refresh 
mode .. 

Self Refresh Cycle * 
Limits 

Symbol Parameter M5M4V 4260-7. -75 M5M4V4260-8. -8S Unit 
Min Max Min Max 

tRASS RAS low pulse width 100 100 IlS 
tRPS RAS high pulse width 130 150 ns 
tCHS CAS hold time after ~ high -50 -50 ns 
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M5M4V4260TP-7,-8,-78,-88 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28) 

Read Cycle 

VIH 

VIL-

VIH 
LCAS/UCAS 

Vll-

VIH-
Ao-Aa 

VIL -

VIH -w 
Vll-

001-0016 VIH­

(INPUTS) Vll-

001-0016 VOH.­

(OUTPUTS) VOL -

VIH 

Vil 

-J~ 
r-

tCRP, 

Wff· 
tASRI-~ 
~ 

ROW 
ADDRESS 

~ 

tRAD 

Hi-Z 

tRH 

tRAS tRP 

~~ -r-

\ ""' 
tCSH 

tRCD tRSH ~RPC Ie CRP 
tCAS 

~~ \r V ~~ 
~~ I WI 

tRAl ~ 
~ tCAH tCPN 

COLUMN ROW 
ADDRESS ADDRESS 

_tRRH 

tr--
tRCH 

tDZC tCDD ---
Hi-Z 

tCAC 
tAA l,tOFF. 

tClZ 

~~ 
~ \ Hi-Z 

DATA VALID I r-
tRAC 

tDZO ~ ~ 
tOCH tODD 

tORH 

Note 28 ~ Indicates the don't care input. 
~ VIH(mln) :il VIN ::; VIH(max) or Vll(mln)::; VIN::; Vll(max) 

~ Indicates the invalid output. 
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Byte Read Cycle 

VIH -

VIL -

UCAS VIH 

(or LCAS) VIL-

LCAS VIH 

(or UCAS) VIL-

VIH 
Ao-As 

VIL 

VIH w 
VIL 

DOl-DOs VIH 
(or009-001S) 
(INPUTS) VIL 

DOl-DOs VOH­
(orOOs-0016) 
(OUTPUTS) VOL -

00S-0016 VIH 
(or001-00S) 
(INPUTS) VIL 

009-0016 VOH­
(or001-OOS) 
(OUTPUTS) VOL -

VIH 

VIL 
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~ 
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tRH 

tRAS tRP 

'""" ~K \ .. J 
tCSH 

tRCO tRSH ~RPC Ie CRP 
tCAS 

- r m ~ J 

iW 
tRAD tRAL ~ 

~ ~ tCAH tCPN 

ROW ROW COLUMN ?) 
) DDRESS ADDRESS ADDRESS 

tF 

f--. tRRH 

j--o 
tRCH 

<> 

Hi-Z 

toze tcoo 
-r-.--

Hi-Z 

tCAC 

tAA tOFF 
I---

tCLZ 

Hi-Z J~r DATA 1\ Hi-Z 

..l k- VALID 'I 
tRAC 

~-
tozo tOEA tODD 

I--
tOCH 

,.JVV<.. 

tORH 
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FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early Write) 

VIH 
RAS 

VIL-

VIH 
LCAS/UCAS 

VIL -

VIH 
Ao-As 

VIL 

VIH w 
VIL 

DQ1~DQ16 VIH 

(INPUTS) VIL 

-~ 
k-

tCRPr 
Wfi1 

tASFI-~ 

-- ROW 
ADDRESS 

~ 

twc 

tRAS tRP 

J~ ~~ 
-

tCSH 
tRCD tRSH 

lRPC Ie CRP 
tCAS 

-k- \ 

~ k- -V / ~ 
tASC tCAH ~ f----

COLUMN x'X'\<'VVVV\A ROW 
ADDRESS ADDRESS 

twcs tWCH 
1---00 

I 

tDS tDH 

-T 

DATA VALID .,;<., 

DQ1_DQ16VOH- ________________________________ ~ ____________________________ Hi_-Z ______________________________________________________________ _ 

(OUTPUTS)VOL -

OE VIH 

VIL 

3 - 77· 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Byte Write Cycle (Early Write) 

VIH -

VIL -

UCAS VIH­

(or LCAS) VIL-

LCAS VIH­

(or UCAS) VIL-

VIH 
Ao-As 

VIL 

VIH -w 
VIL -

DOl-DOs VIH 
(or 009-0016) 
(INPUTS) VIL 

DOl-DOs YOH­
(or OQ9-0016) 
(OUTPUTS)YoL -

009-0016 VIH 
(or DOl-DOs) 
(INPUTS) VIL 

009-0016 YOH -

-'~ 
r--

tCRP~ 

xxxxx 

~ 

iW1 
tASFI-~ 
~ 

ROW 
ADDRESS 

~ 

tRCO 

,..,f-

,-'~ 

twc 

tRAS tRP 

f-

-'~ .Y 
tCSH 

tRSH ~RPC ~ CRP 
tCAS 

-~ V I'W r-- -f-

Wfjj 
tASC tCAH ~ I-"' 

COLUMN ROW 
ADDRESS ADDRESS 

.F tWCH 

I 

'V' 

Hi-Z 
, 

tos tOH 

DATA VALID 

Hi-Z 
(or001-00S) ----------------------------------
(OUTPUTS) YOL -

3 -78 

VIH 

VIL 

'. MITSUBISHI .... ELECTRIC 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Delayed Write) 

VIH -

VIL-

VIH­
LCAS/UCAS 

VIL-

VIH -
Ao-Aa 

VIL-

VIH-w 
VIL -

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS)VOL _ 

VIH 

VIL 

~ 

~ 

~-

-

'r 
~ 

I tASR tRAH 

ROW 
ADDRESS 

Hi-Z 

twc 

tRAS 

tCSH 
tRCD tRSH 

tCAS 

~~r 

tASC tCAH 
I----~ COLUMN 

ADDRESS ............. 

I tRSC 

I 
~ 

tWCH 

tDZO t~ 

Hi-Z 1~" 
J~r-

~CLZ 

"~~ 
-' '( 

tOEZ 

~ r-- coo 

.r-

.. ' MITSUBISH.. I 

"ELECTRIC 

tRP 

~ -\ -~ 

lRPC Ie CRP 

~l/ W 
~ 

ROW 
ADDRESS 

tCWL 
tRWL 

~ 

\-

~ 
DATA 
VALID 

Hi-Z 

r, 

3 - 79 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-75,-85 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Byte Write Cycle (Delayed Write) 

VIH 

VIL -

UCASL VIH 

(or LCAS) VIL-.~ 

LCASL VIH 

(or UCAS) VIL-.~ 

VIH -
Ao-As 

VIL -

VIH w 
VIL 

DOl-DOs VIH­
(or DOg-D016) 
(INPUTS) VIL-

DOl-DOs VOH­
(or DOg-D016) 
(OUTPUTS) VOL -

DOg-D016 VIH­
(or DO 1 - DOs) 
(INPUTS) VIL -

DOg-D016 VOH -
(or DO,-DOs) 
(OUTPUTS) VOL -

VIH -

VIL -

3 - 80 

~ 

xxxx~ 

-

... 
~ 

.... 

tCRP --

tASR tRAH 

-------
ROW 

ADDRESS 

Hi-Z 

twc 

tRAS 

~ 

tCSH 

tRCD tRSH 

tCAS , / ... 

tASC tCAH 
I--

............... 
COLUMN 
ADDRESS 

~ 

tCWL r tRwL 

~ 
.... 
~ ... 

Hi-Z 

tWCH 

tDzc tDS tDH ---
Hi-Z -~ 

tCLZ --
~~ 

tozo 
I----- tOEZ 'tODD 

I--
...,,... 

• MlTSUBlSHI 
i&ELECTRIC 

'(l2f-. 

i-' --
,... 
'DATA VALID 
~ 

Hi-Z 

tOEH 
----l 

tRP 

,... -' ..... 

I i\ 
tRPC . I- tCRP 

·W,... 

Wi 
I- tASR 

ROW 
ADDRESS 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-78,-88 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modlfy-Wrlte Cycle 

VIH -

VIL -

VIH 
LCAS/UCAS 

VIL-

VIH -
Ao-Aa 

VIL -:-

VIH w 
VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

COUTPUTS)VOL -

VIH -

VIL-

tRWC 

tRAS 

~ .... 
tCSH 

r tRCO . tRSH 
tCAS 

Wff .... '" '0 .... 
tRAH 

tASR tRAH tASC tCAH - .... 

~ <- ROW 
........,...". 

COLUMN 

~-' r- ADDRESS ADDRESS ............... 
tAWO 
tcwo 

~~ tRwo 
I 

tozc -

Hi-Z 

tRAC 

.... ~ 

tos --
Hi-Z ~T 

tCAC -~~ 
tAA 

~ 

:~ f- DATA \ 
... VALID I 

tOE2 
--10 

tozo I ,tOEA. --- OEZ 

-f-

•. MITSUBISHI 
.... ELECTRIC 

tRP 

f- .... k-

I ~ ..., 

ltRPC CRP r 
V W 

-- tASR 

ROW 
ADDRESS 

I~CWL 
tRwL 

n 
.... 

tOH 

DATA 
VALID 

Hi-Z 

~. 

3 - 81 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-78,-88 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read-Write, Read-Modlfy-Wrlte Cycle 

VIH -

VIL -

DCAS VIH 

(or LCAS) VIL 

LeAS VIH 

(or UCAS)· VIL 

VIH 
Ao-As 

VIL 

VIH w 
VIL 

DOl-DOs VIH­
(or 009-0016) 
(INPUTS) VIL-

001 -DOs VOH­
(or 009-00ui) 

. (OUTPUTS) VOL -

009-0016 VIH 
(or DOl-DOs) 
(INPUTS) VIL 

009-0016 VOH­
(or 001-0016 
(OUTPUTS) VOL -

VIH 

VIL 

3 - 82 

-' , 
tCRP 

r----

tASR 
I-

tRWC 

tRAs 

~ 

tCSH 
tRCO tRSH 

teAs 
-, 

tRAO 

tRAH 

ROW 
ADDRESS 

Hi·Z 

tCAH 
tASC I--

~ 

COLUMN ADDRESS 
............... 

tAWO 

~ r-- tcwo 
tRWO 

I 
~ 

Hi·Z 

tozc tos 
I--~ r---

tRAC 

Hi·Z -~r-

tCAC 
-W~ 

tAA 
~z 

-w ~f\ ~ALlDV 
I"'-"'-

toDD tozo 
I tOEA I-r-

r- tOEZ 

-~ 

•.... MITSUBISH. I 
.... ELECTRIC 

tRP 

~~ ""k--

i\ .., 

tRPC tCRP 
l- t-

V rw -~ 

W 
tASR 
I+---

ROW 
ADDRESS 

tcwL 
tRwL 

twp 

" 
I 

~ 

~ 

I 

tOH 

DATA VALID 

Hi·Z 

~ 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-75,-85 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

tRC 

tRAS tRP 

VIH-

VIL -

VIH -~~W-n--------------------~S88r-r----
LCAS/UCAS 

VIL -

Ao-Aa 
VIH -'~(~Ro~w~)iliililiilillililli~=~CO~LgUM~NL VIL - .2 ADDRESS ADDRESS 

W VIH 

VIL -

001-0016 VIH 

(INPUTS) VIL-

001-0016 VOH-

(OUTPUTS) VOL -

VIH 
OE 

VIL-

Hi-Z 

------~----------------------------

.• MITSUBISHI 
..... ELECTRIC 3 - 83 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

VIH -

VIL-

VIH -
LCAS/UCAS 

VIL -

VIH 
Ao-As 

VIL, 

VIH-
w 

VIL -

DO' -00'6 VIH­

(INPUTS) VIL-

DO' -00'6 VOH -

(OUTPUTS)VOL -

VIH -

VIL -

3 - 84 

tRP tRAS 

~~ ~~ 
""'.-

~C ~ tCHR 

J r-, 
tCPN 

ACH 

tCDD 

Hi-Z 

tOFF ---
-\ 

-' 
tOEZ 

I--- tODD 

tRC \' 

\\ 

lr I -, 
-:~ 

1 tCSR ---
~V/ ~~ 

\\ 

\\ 

'l 

\' 

• MITSUBISHI 
"ELECTRIC 

... 

tRC 

tRAS tRP 

~~ 
..,~ 

~~ 

tCHR i
PC 'F 

~I/ w ~K\ 

tASR .. 
- ROW COLUMN 
t-DDRESS ADDRESS 

tRCS 

Hi-Z 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-78,-88 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 
. ! 

Hidden Refresh Cycle (Read) (Note 29) 

VIH-

VIL -

VIH -
LCAS/UCAS 

VIL -

VIH 
Ao-Aa 

VIL 

VIH w 
VIL 

D01-D016 VIH 

(INPUTS) VIL 

D01-D016 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

tRC tRC 

tRAS tRP tRAS tRP 

I 
-~ 

f- .... 

1 ~ , 
'--k- ..... -r- .-.'-

tf 
tRCO tRSH tCHR 

~ tRAO 

~r- \ 

~+ ..... V / 
tASR ~ tAS~ tCAH t~ I-- ... 

~ 

ROW ~m xxxx~ COLUMN ROW 
ADDRESS .... ADDRESS ADDRESS 

~ """"" 

F tRAL 

~ 

tozc tcoo 
I--

Hi-Z 

tCAC 
tAA , ~ 
~ 

Hi-Z "~" ~ Hi-Z 
DATA VALID 

If -' r-
tRAC 

t~ 
tozo tOEA tO~~ 

tORH 

Note 29: Early write. delayed write. read write or read modify write cycle is applicable instead of read CYcle. 
Timing reQuirements and output state are the same as that of each cycle described above. 

• MITSUBISHI 
;"ELECTRIC 3 - 85 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-75,-85 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT)DYNAMIC RAM 

Fast Page Mode Read Cycle 

VIH -

VIL -

VIH­
LCAS/UCAS 

VIL-

VIH -
Ao-Aa 

VIL -'-

VIH-
w 

VIL-

001'-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL-

3 - 86 

tRAS tRP 

~K If.. .J 

~ ~ t-

tCSH tpc 
~ <0 

tc~ tRCD tCAS tcp tCAS ~ tCAS , ~~ ~~ ~~ ~~ J~ VJF-

tRAD tCPRH 

tA~ I· tRAHr n l,tCAH t~ ~H tASC tCAH 
I--" I---

itASR 

~~ ROW ~ f- COLUMN rr- f- COLUMN Ir~ 
rx-s t"><\ r;i'7 ~ ,.. 

COLUMN ROW 
rr-ADDRESS F-~ LADDRESS 1 ,.. rt-DDRESS 2 ADDRESS 3 t- ADDRESS r-_ ,..~ ~ ~ to-~ 

tRAL ~CH 

rR~ rltRr oHl ~ ~~ f--o -, r 1 ,-
tDZC tDzc tD.Z~ ~ r-

Hi-Z ~ Hi-Z 1ft Hi-Z ~ f,N<,N<0, 

l,tCAq ~ if- l,tCAC r ~ ltl I' tCAC ... ~ ~ 
tAA tAA tAA 

~CLZ tlELZ ~LZ 

Hi-Z 

~ ~ DATA ~ Hi-Z 

~ ~ DATA \ Hi-Z ~ {- DATA ~ 

tRAC 

tDZO 

t- VALID 1, If 
tCPA 

~ to~ 

tOCH 

tODD tDZO 

... '. · MITSUBISHI 
"ELECTRIC! 

VALID 2/ t-VALID 3/ 
tCPA 

~ t~ ~~ toTJ. 

~ ~2:!-.. 

~~L.--... --tODD tDZO tORH tODD 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-75,-85 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT)DYNAMIC RAM 

Fast Page Mode Byte Read Cycle 

DCAS 
(or LCAS) 

[CAS 
(orUCAS) 

VIH \ ... VIL-

t~ 

W VIH 

VIL -

.~'! ~ 
VIH -

VIL -

tRAS 

tCSH 

tRCD tCAS tcp 

-- ""' 
... , l 

tRAD 

~ ~ t~ 

tRP 

""' ~'---.~ 
tpc ~ 

tCAS tcp tCAS 

""' 
~ r-, I ~ " to ... to '1 

tCPRH 

~ ~ ~ 
rt;.SR 

Ao-As D ~ ""' COLUMN 
~ ..... ~~~ r--

""' ROW COLUMN COLUMN ROW 
... ADDRESS ADDRESS 1 ~ADDRESS 2 ADDRESS 3 ADDRESS 

~ I:I.IU 
tUL 

~~~ ~ 

VIH -

VIL-

tRSC 

VIH -

w 
VIL-

DOt-DOs VIH-
(orDOg-DOt6) 
(INPUTS) VIL -

DOt-DOs VOH _ 
(orDOg-DOt 6) 
(OUTPUTS) 'VOL -

tDZC 

D09-DOt6 VIH-
(orDOt-DOs) 
(INPUTS) VIL -

D09-DOt6 VOH -

(orDOt-DOs) 
Hi-Z 

(OUTPUTS) VOL -
tRAC 

tDZO 

VIH -

VIL -

rItRr rr ~~ ~H R" 
~ r , r 11 

Hi-Z 

tD~ t~~1- ~ 

Hi-Z ~ Hi-Z 17 ~ Hi-Z ~ 
~ ~ 'f- ~ ~ I~ ~ I tCACI- ~ ~ 
tAA tAA tAA 

tCLZ $!;! ~LZ 

~ ~ DATA \ Hi-Z 

~ ""' DATA ~ Hi-Z ~ ~~ru ~ I--tr- VALID 1 I 
tCPA 

~ tOli 

tOCH 

-- -----.. tODD tDZO 

., 'MITSUBISHI 
"-ELECTRIC 

... VALID 2'1 ~ ~~ 
tCPA 

~ t~ 1¥: tOEl 

tOCH tOCH 

~ ~ 
xxx 'X 

~- ........ --tODD tDZO tORH tODD 

3 - 87 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-75,-88 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT)DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

VIH -

VIL-:-

VIH -
LCAS/UCAS 

VIL -

VIH -
Ao-Aa 

VIL -

VIH -
w 

VIL -

001-0016 VIH­

(INPUTS) VIL -,-

001-0016 VOH -

\ 

tc~ 

iff 
tAS~ ~ 

m ,... ROW 
k-ADDRESS 

tRAS tRP rL 
tCSH tpc tRSH 

~ 

tRCO. tCAS tcp tCAS tcp tCAS 

~~ t~ ~~ k1~ ~~ II 
~ ~ t~ ~H ~ ~AH .... 1--1-

tASR • -- ~ 
~ COLUMN k- ~ COLUMN k- ~ COLUMN ROW 
t-ADDRESS 1 ,... ~DDRESS 2,... ~AOORESS 3 

~ 
tl- ADDRESS -.' 

t~ I~WCH. t~~ .. ~H tv~ ~H 

~ ~ t~ ~ ~ tOH 

" .... :~-. .... .~ ~ 

DATA VALID 1 DATA VALID 2 DATA VALID 3 
'-I 1'~" 1'~ 1 

Hi-Z 
(OUTPUTS)VOL_--------------------------------------------~------------------------

3 - 88 

VIH -

~- ." 

.. " MITSUBISHI 
..... ELECTRIC 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-75,-85 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Byte Write Cycle (Early Write) 

VIH-

VIL-

OCAS VIH­

(or LeAS) VIL-

LeAS VIH­

(or UCAS) VIL -

VIH -
Ao-As 

VIL -

VIH-w 
VIL-

DOl-DOs VIH ~ 
(or 009-0016) 
(INPUTS) VIL-

DOl-DOs VOH­
(or 009-0016) 
(OUTPUTS)VOL -

D09"",D016 VIH -
(or DOl-DOs) 
(INPUTS) VIL-

\ 
k-

~ tRCD 

WI 

~ 
~ ~ 

ID r- ROW 
~ 

~ k- ADDRESS 
~ 

>AA 

tCSH 

tCAS 

~ , 
t-

~ ~ 
COLUMN 

ADDRESS 1 

~ ~ 

~ tDH 

DATA VALID 1 

tRAS 

tpc 

~ tCAS 

~ 
1/ ~ 

..,'- t-

tASC ~ r--

COLUMN 
ADDRESS 2 

twcs tWCH 

Hi-Z 

~ tDH 

~ 

DATA VALID 2 
~ 

tRP 

F 
,r L 
~ 

tcp tCAS 

~ .... / II ~ ,r ~ ...,'-

tASC ~ tASR ,...-..... -r-
.~ 

COLUMN ROW 
ADDRESS 3 DDRESS 
~ 

t~ ~ 

~ tDH 

~ 
-~ 

DATA VALID 3 
~ 

009-0016 VOH - Hi-Z 
(or DOl-DOs) ------------------------------------------------------------------------
(OUTPUTS)VOL -

. • . MITSUBISHI 

.... ELECTRIC 3'- 89 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-75,-88 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Delayed Write) 

VIH -

Vll-

V1H-
LCAS/UCAS 

Vll-

VIH-
Ao-As 

Vll-

VIH -w 
Vll-

001-0016 V1H­

(INPUTS) Vll-

001-0016 VOH­

(OUTPUTS)vOL -

VIH -

Vll-

3 - 90 

~ 

~ 
'""" 

tF 

'WI 
tA~ ~ 

m If- ROW ~ 

~ADDRESS""l 

Hi-Z 

tRAS tRP 

F '----oj 

tCSH tRSH 

tRCO tCAS tpc 

~ tCAS 1 
~~ ~(J ~f\\~ 1/ 

tRWl 

tASC 
t-"' 

tASC tCAH tCAH Itcw ~SR I- --
~., COLUMN ~ COLUMN 

~ ,.. ROW 

f-~-' ADDRESS 1 ..... ADDRESS 2 ..... ~DDRESS 

r tCWl tRCS - r twp 
~P 

..., 

I(fff ~ , ~ 
~ '""" 

tWCH tWCH 

~ to~ ~ ... .~ZC tos tOH 

Hi-Z ~ r- DATA ~ ~ Hi-Z )~f- DATA 
~ 

~ k- VALID 1.., ~'- ~~~ VALID 2..,J-

tCl~ - -_!2-Z 

~> Hi-Z J~\ Hi-Z 

~ I 
to~ i-- tOE3., .. 

tozo 
I--

toDD tO~1 -r-~OOO ~ 
r-

.• MITSUBISHI 
.... ELECTRIC 

...,r-



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-75,-85 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Byte Write Cycle (Delayed Write) 

VIH- -'I 

VIL- I\t-

~ 

UCAS VIH­

(or LCAS) VIL- WfifJ 

LCAS VIH­

(or UCAS) VIL - §& 

VIH-
Ao-As 

VIL -

VIH -
w 

VIL-

DOl-DOs VIH­
(or 009-0016) 
(INPUTS) VIL-

ID 

DOl-DOs VOH­
(or 009-0016) 
(OUTPUTS) VOL -

009-DO 16 VIH 
(or 001 -DOs) 
(INPUTS) VIL 

009-0016 VOH -
(or 001 -DOs) 
(OUTPUTS) VOL -

VIH-

VIL -

tASR ~ f--

~ ROW 
rrADDRESS 

Hi-Z 

tRAS tRP 

~ L -'r 
tCSH tRSH 

tRCD tCAS tpc 

~~ 
tCAS I 

~ t ~ 
k- -.f- k- --, 

t~ 

~ tCAH ~ tCAH ~ tASR 

~ 
~ COLUMN ~ COLUMN --' ~ ROW 
k-ADDRESS 1 rr ADDRESS 2 ., ADDRESS 

~ 

r ~ 'r ~ twp 

~ ,VU-~ 
k-

tWCH 

Hi-Z 

tDzc tD~ tDH - r--

Hi-Z ~ ~ DATA ....J vi) 

W k-- VALID 1., ~ 

tCL~ 
100- 1-

tDzo 

'~\ ~ ~f 
tOE~ .. 

tODD -
,.. 

•. MITSUBISHI 
..... ELECTRIC 

Hi-Z 

tD~ 

-'I 

I\r-
tWCH 

tDZC tDS tDH 

Hi-Z ~ ,.. DATA ....J .~ 

~ rr VALID 2., 
~ 

~CLZ 

~~ Hi-Z 

tO~r--

-r-rl°DD 

~ 
~ 

3 - 91 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-75,-85 

FAST PAGE ,MODE .4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modlfy-Wrlte Cycle 

tRAS tRP 

VIH- "FL 
.~ , 

[-VIL-

tCSH tRWL ...... r--I-

tF 
tRCO tCAS tPRWC 

tcp tCAS 

VIH-
C"CAS/OCAS ~\l W ~ ~\ V, ~ ~Vf \t-

~ rj 
VIL-

tRAO 

tA~ tRAH 

Ao-Aa m ~ ROW ~ 

t-ADDRESS""l 

VIH-

VIL-

VIH-w 
VIL-

001-0016 VIH­

(INPUTS) VIL-

001-0016 VOH­

(OUTPUTS)VOL -

VIH-

VIL-

3 - 92 

Hi·Z 

tA C tCAH 
I-

~ COLUMN ~ 

'~ rr ADDRESS' 

tAWO 

r~ 
tcwo ~WL 

I' twp 

tozc 

tRAC 

tDZO 

~ 

't-

tRWO 

tos tOH 
I-

Hi·Z ~ ,.. DATA 

~ 
~ rr VALID' 

tAA 

tc~ -
~ ~ 

Hi·Z 
VALID, 

~ 
f4-o tODD 

~ _ tOEZ 
--H 

'f-

"" ,MITSUBISHI "ELECTRIC 

) 

~ tCAH ~~ tASR 

))LUMN ROW 
~ AbDRESS 2 ~ ADDRESS 

tAWO 
tRCS tcwo r twp 

~ r ~ , 
r-

tcPWO 

tozc tos tDH 
--'-I-

... ~ Hi·Z ~ ~ DATA. ~.~ 

""l ~ tCAC W r- VALID 2 ~ .~ 

tt-

I" .1,--:( LZ 

~ ~ Hi·Z 
VALID, 

~ 
tCPA tODD 
I~ ...... ~-
tDZOu:O~ ~ 



MITSUBISHI LS Is 

M5M4V4260TP-7,-8,-7S,-8S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Byte Read-Write, Read-Modlfy-Wrlte Cycle 

VIH-

VIL -

DCAS VIH­

(or LCAS) VIL-

LCAS VIH­

(or UCAS) VIL -

VIH -
Ao-As 

VIL -

w VIH -

VIL -

DOl-DOs VIH 
(or 009-0016) 
(INPUTS) VIL 

DOl-DOs VOH­
(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­
(or DOl-DOs) 
(INPUTS) VIL-

009-0016 VOH­
(or OO,-OOs) 
(OUTPUTS) VOL -

VIH-

VIL-

F ~ 

~ L ~ --, 

tRAS tRP 

tCSH tRWL 

tCRP tRCD tCAS tPRWC ........ 
tcp I tCAS 

W 
-l 

~f- ~ t ~ ~ 
~ -; t- -; 

~ 
tRAD 

tA~ tRAH tl~ tCAH ~ tCAH l,tCWL, tASR 

m 'f- ROW ~ .~ ,..- COLUMN --' ,.... COLUMN ~ ,.... ROW 
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Note 30. Self refresh sequence 

Two refreshing methods should be used properly depending 

on the low pulse width (tRASS) of RAS signal during self 

refresh period. 

1. In case of tRASS < 300ms 

1.1 Distributed refresh during Read/Write operation 

(A) Timing diagram 

Self Refresh Read/Write 
-I· I 

Read/Write 

~~. tRAss<300m •• ~ 

refrel:~t cycle first 
refresh cycle 

Table 2 

Read/Write 
Read/Write-

I 
Self Refresh-

Self Refresh Read/Write 

CBR distributed tNSD + tSND ;;;; 8.2ms 
refresh 

RAS only tNSD;;;; 16 ~s I tSND;;;; 16 ~s 
distributed refresh 

(B) Definition of distributed refresh 

{J}2SJiJ]C= 
refresh read/write refresh refresh read/write 
cycle cycles cycle cycle cycles 

Definition of CBR distributed refresh 

(Including extended refresh) 

The CBR distributed refresh performs more than 512 

constant period(250~s max)CBR cycles within 128ms. 

Definition of RAS only distributed refresh 

Note: 

All combinations of nine row address signals (Ao­

As) are selected during 512 constant period (16 ~s 

max) RAS only refresh cycles within 8.2ms. 

Hidden refresh, may be used instead of CBR refresh. 

RAS/C"AS refresh may be used instead of RAS only refresh. 

1.1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 

The 'time interval from the falling edge of RAS signal in 

the last CBR refresh cycle during read/ write operation 

period to the falling edge of RAS signal at the start of 

self refresh operation should be set within tNSD (shown 

in table 2). 

• Switching from self refresh operation to read/write operation. 

The time interval from the rising edge of RAS signal at 

the end of self refresh' operation to the falling edge of 

RAS signal in the first CBR refresh cycle during read/ 

write operation period should be set' within tSND (shown 

in table 2). 

1.1.2 RAS only distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNSD from the falling edge of RAS 
signal in the last RAS only refresh cycle during read/ 

write operation period to the falling edge of RAS signal 

at the start of self refresh operation should be set within 

16~s. 

• Switching from self refresh operation to read/write operation. 

The time interval tSND from the rising edge of RAS signal 

at the end of self refresh operation to the falling edge 

of RAS signal in the first CBR refresh cycle during read 

/ write operation period should be set within 161J s. 

" 'MITSUBISHI .... ELECTRIC 3 - 95 
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1.2 Burst refresh during Read/Write operation 

(A) Timing diagram 

Read/Write Self Refresh 
'1' 

Read/Write 

---vliba~' 'RASs<3rons .~ 

first refresh cycles refresh cycles last 
refresh cycle 511 cycles 511 cycles refresh cycle 

Table 3 

Read/Write Read/Write-+ 

I 
Self Refresh-+ 

Self Refresh Read/Write 

CBR burst tNSB + tSNB ;;;; 8.2ms 
refresh 

RAS only burst tNSB + tSNB ;;;; 8.2ms 
refresh 

(B) Definition of burst refresh 

refresh cycles 
512 cycles 

Definition of CaR burst refresh 

The CBR burst refresh performs more than 512 

continuous CBR cycles within 8.2ms. 

Definition of RAS only burst refresh 

All combinations of nine row address signals (Ao­

As) are selected during 512 continuous RAS only 

refresh cycles within 8.2ms. 

1 .2.1 CBR burst refresh 

• Switching from read/write operation to self refresh operation. 

The time interval from the falling edge of RAS signal in 

the first CBR refresh cycle during read/ write operation 

period to the falling edge of RAS signal at the start of 

self refresh operation should be set within tNSB (shown 

in table 3). 

• Switching from self refresh operation to read/write operation. 

The time interval from the rising edge of RAS signal at 

the end of self refresh· operation to the falling edge of 

RAS signal in the last CBR refresh cycle during read/ 

write operation period should be set within tSNB (shown 

in table 3). 

3 - 96 

read/write cycles 

1 .2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation . 

The time interval from the falling edge of RAS signal 

in the first RAg only refresh cycle· during read/ write 

operation period to the falling edge of RAg signal at 

the start of self refresh operation should be set within 

tNSB (shown in table 3). 

• Switching from self refresh operation to read/write operation . 

The time interval from the rising edge of RAg signal 

at the end of self refresh operation to the falling edge 

of RAg signal in. the last RAg only refresh cycle 

during read/write operation period should be set within 

tSNB (shown in table 3). 
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2. In case of tRASS ~ 300ms 

(A) Timing diagram-A 

Read/Write 
'1' 

Self Refresh Read/Write 

~,.... __ tRA_s_S_;;:_3_o_0m_s_~"n:rtrJv-
last first 

refresh cycle refresh cycle 

Timing diagram-B 

Read/Write 
liE 

Self Refresh Read/Write 

~i""'-' _tRASS_0l:30_0ms __ "N3J]v-
refresh cycles refresh cycles 

512 cycles 512 cycles 

Table 4 

Read/Write Read/Write -Self Refresh 
CBR distributed refresh Timing diagram-A 

RAS only distributed refresh 
CBR burst refresh Timing diagram-B 
RAS only burst refresh 

(B) Definition of refresh 

The same as 1.1-(B) and 1.2-(B) 

2.1.1 CBR distributed refresh 

• Switching from read/write operation to self refresh operation. 

The time interval tNSD from the falling edge of RAS 

signal in the last CBR refresh cycle during read / write 

operation period to the falling edge of RAS signal at the 

start of self refresh operation shoulq be set within 

8.2ms . 

• Switching from self refresh operation to read/write operation. 

The time interval tSND from the rising edge of RAS signal 

at the end of self refresh operation to the falling edge 

of RAS signal in the first CBR refresh cycle during read 

/ write operation period should be set within 8.2ms. 

Self Refresh -- Read/ Write 
Timing diagram-A 

Timing diagram-B 

2.1. 2 RAS only distributed, CBR burst, RAS only burst refresh 

• Before and after the self refresh, 51 2 refresh cycles 

should be executed within 8.2ms for each refresh 

operation. 
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DESCRIPTION 
This is a family of 262144-word by 16-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for memory systems where high speed, low power dissipation, and 
low costs are essential. 
The use of double-layer metalization process technology and a 

single-transistor dynamic storage stacked capacitor cell provide 
high circuit density at reduced costs. The lower supply (3.3V) 
operation, due to the optimization of transistor structure, provides 
low power dissipation while maintaining high speed operation. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self or extended refresh current is 
small enough for b~ back.:!!p application. 

This device has 2CAS and 1 W terminals with a refresh cycle of 
512 cycles every 8.2ms. 

FEATURES 

RAS CAS 
Type name· access access 

lime time 
(max.ns) (max.ns) 

MSM4V426OCTP-6,-6S 60 
MSM4V426OCTP-7,-7S 70 

eStandard 44 pin TSOP (IT ) 
eSingle 3.3±O.3V supply 

15 
20 

eLow stand-by power dissipation 

Address OE Cycle Power 
access access time 

dissipa· 
time time lion 

(max.ns) (max.ns) (min.ns) (typ.mW) 

30 15 110 333 
35 20 130 290 

CMOS Input level - - - - - - - - - - - - - - - - - - 5.5mW (Max) 
CMOS Input level - - - - - - - - - - - - - - - - 550 p. W(Max) * 

eOperating power dissipation 
M5M4V4260CTP-6,-6S - - - - - - - - - - -- - - 396mW (Max) 
M5M4V4260CTP-7,-7S - - - - - - - - - - - - - - . 342mW (Max) 

eSelf refresh capability * 

PIN CONFIGURATION (TOP VIEW) 

VSS(OV) 

0015 

0014 

0013 

VSS(OV) 

0012 

0011 

0010 

OOa 009 

NC NC 

NC LCAS 

Vi UCAS 

RA§ OE 

NC As 

AO A7 

Al A6. 

A2 AS 

A3 A4 

(3.3V)VCC VSS(OV) 

Self refresh current - - - - - - - - - - - - - - - - 100 p.A (Max) 
eExtended refresh capability Outline 44P3W-l (400mil TSOP Nomal Bend) 

Extended refresh current - - - - - - - - - - - - - 100 p. A (Max) 
eFast-page mode (512-column random access), Read-modify-write, 

RAS-only refresh, CAS before RAS refresh, Hidden refresh 
capabilities. 

eEarly-write mode, LCAS lUCAS and OE to control output buffer 
impedance 

e512 refresh cycles every 8.2ms (Ao-Aa) 
e512 refresh cycles every 128ms (Ao-Aa)* __ 
eByte or word control for Read/Write operation (2CAS, 1W type) 

*: Applicable to self refresh version (M5M4V4260CTP-6S,-7S 
: option) only 

APPLICATION 
Microcomputer memory, Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-Aa Address inputs 

001-0016 Data inputs I outputs 

RAS Row address strobe input 
-- Lower byte control 
LCAS column address strobe input 

UCAS 
Upper byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vce Power supply (+3.3V) 

Vss Ground (OV) 

3 -98 
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FUNCTION 
In addition to normal read,write and read-modify-write operations 
the M5M4V4260CTP provides a number of other functions, e.g., 

fast page mode, RAS-only refresh. and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
RAS LCAS UCAS 

Inputs 

W OE 

Lower byte read ACT ACT NAC NAC ACT 
Upper byte read ACT NAC ACT NAC ACT 
Word read ACT ACT ACT NAC ACT 
Lower byte write ACT ACT NAC ACT NAC 
Upper byte write ACT NAC ACT ACT NAC 
Word write ACT ACT ACT ACT NAC 
RAS only refresh ACT NAC NAC DNC DNC 

Hidden refresh ACT ACT ACT DNC ACT 
CAS before RAS (Extended*) refresh ACT ACT ACT ONC DNC 

Self refresh * ACT ACT ACT ONC DNC 
Stand-by NAC DNC ONC DNC DNC 

Note: ACT: active, NAC : nonactive, DNC : don't care, OPN: open 

BLOCK DIAGRAM 

ROW ADDRESS _ 
STROBE INPUT RAS 

Low6~~~~ ~g~~~~~ LCAS 
STROBE. INPUT 

UPPER BYTE CONTROL UCAS 
COLUMN ADDRESS 

STROBE INPUT 

WRITE Co~~~m: Iii 

AO 
Al 
A2 
A3 

ADDRESS INPUTS A4 
As 
A6 
A7 
AS 

L 

COLUMN DECODER 

MEMORY CELL 
(4194304 BITS) 

.. • . MITSUBISHI 
"ELECTRIC 

Row 
address 
APD 
APD 
APD 
APD 
APD 
APO 
APD 
ONC 
ONC 
ONC 
ONC 

Input/Output 
Refresh Remark Column 001- 009-

address DQS 0016 
APD DOUT OPN YES 
APD OPN DOUT YES Fast 
APO OOUT OOUT YES page 
APD DIN DNC YES mode 

APD DNC DIN YES identical 

APD DIN DIN YES 
ONC OPN OPN YES 
DNe DOUT DOUT YES 
DNC OPN OPN YES 
DNC OPN OPN YES 
DNC OPN OPN No 

--- -.==6 vee (3.3V) 

.--6 VSS (OV) 

I 

DOl} 002 LOWER DATA 
: INPUTS / OUTPUTS 

DOs 

D09~ 0010 UPPER DATA 
: INPUTS/OUTPUTS 

0016 

~VCC(3.3VI 
~VSS(OV) 

OE ~~"[j,.UT ENABLE 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -0.5-4.6 
VI Input voltage With respect to V ss -0.5-4.6 
Vo Output voltage -0.5-4.6 
10 Output current 50 
Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Min Nom: Max Unit 

Vcc Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.0 VCC+O.3 V 
VIL LOW-level input voltage, all inputs -0.3 0.8 V 

Note1: All voltage values are with respect to VSS. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=3.3±0.3V, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ 
VOH High-level output voltage IOH=-2mA 2.4 
VOL Low-level output voltage IOL=2mA 0 
loz Off-state output current Q floating OV ;S;VOUT;S; Vcc -5 
II I nput current OV~VIN~VCC+O.3V, Other inputs pins=OV -5 

Average supply current M5M4V426OC-6,-6S RAS, CAS cycling 
ICC1(AV) from Vcc, operating tRc=twc=min. 

(Note 3,4,5) M5M4V4260C-7,-7S output open 

RAS= CAS =VIH, output open 

Icc2 Supply current from V CC, stand-by (Note 6) RAS= CAS ~Vcc -0.2V 
output open 

Average s~ current M5M4V4260C-6,-6S RAS CYCling, CAS=VIH 
ICC3(AV) from Vcc, RAS only tRc=mln. 

refresh mode (Note 3,5) M5M4V4260C-7,-7S output open 

Aver~e supply current M5M4V4260C-6;-6S RAS=VIL, CAS cycling 
Icc4(AV) from cc 

Fast page mode tpc=min. 
(Note 3,4,5) M5M4V4260C-7,-7S output open 

Aver~e supply currerit M5M4V4260C-6,-6S CAS before RAS refresh cycling from cc __ 
ICC6(AV) CAS before RAS refresh tRc=min. 

mode (Note 3,5) M5M4V4260C-7,-7S output open 

RAS cy~ CAS ~0.2V or CAS 
before RAS refresh cycling 
RAS~0.2Vor ~Vcc-0.2V 

Average supply current CAS~0.2V or ~Vcc-0.2V 
ICCS(AV)* from Vcc W~0.2V or~Vcc-0.2V 

Extended-refresh mode (Note 6) OE~0.2Vor ~Vcc-0.2V 
Ao-As ~ 0.2V or !6;Vcc-0.2V, 
DQ=open 
tRc=250 }l s, tRAs=tRAS min -1 }l s 

ICC9(AV)* Average supply current from V cc RAS=CAS ~0.2V 
Self-refresh mode (Note 6) output open 

.. Note 2: Current flOWing Into an IC IS positive, out IS negative . 
3: ICCl (AV), ICC3 (AV), ICC4 (AV), and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RAS=V IL and CA5=VIH . 
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Unit 
V 
V 

V 
mA 
mW 
·C 

·C 

Max 
Unit 

Vcc V 
0.4 V 

5 p.A 
5 p.A 

110 
rnA 

95 

2 

0.5 mA 

0.1 * 

110 
rnA 

95 

110 
mA 

95 

100 
mA 

85 

100 p.A 

100 }lA 
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CAPACITANCE (Ta=0-70·C, Vcc=3.3±0.3V, Vss=OV,unless otherwise noted) 

Parameter Test conditions 
Limits 

Unit Symbol Min Typ Max 

CI(A) Input capacitance, address inputs VI=VSS 5 pF 

CI(CLK) Input capacitance, clock inputs f=1MHz 7 pF 

ClIO Input/Output capacitance, data ports VI=25mVrms 7 pF 

SWITCHING CHARACTERISTICS (Ta=0-70·C, Vcc=3.3±0.3V, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 

Symbol Parameter MSM4V4260c.6,-6S MSM4V426OC-7,-7S Unit 

Min Max Min Max 

tCAC Access time from CAS (Note 7,8) ,15 20 ns 

tRAC Access time from RAS (Note 7,9) 60 70 ns 

tAA Columu address access time (Note 7,10) 30 35 ns 

tCPA Access time from CAS orecharae (Note 7,11) 35 40 ns 

tOEA Access time from OE (Note 7) 15 20 ns 

tCLl Output low impedance time from CAS low (Note 7) 5 5 ns 

tOFF Output disable time after CAS high (Note 12) 15 20 ns 

tOEZ Output disable time after OE high (Note 12) 15 20 ns 
- -Note 6: An initial pause of 200 ItS is required after power-up followed by a minimum of eight initialization cycles (RAS-only refresh or CAS before RAS refresh 

cycles). 
Note the RAS may be cycled during the initial pause. And 8 initialization cycles are required after prolonged periods (greater than 8.2ms) of RAS 
inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to 100pF, VOH(IOH=-2mA) and VOL(IOL=2mA). The reference levels for measuring of output signals are 
2.0V(VOH) and 0.8V(VOL). 

8: Assumes that tRCO~ tRCO(max) and tASC i6; tASC(max). 
9: Assumes that tRCO~ tRCO(max) and tRAO;;:ii tRAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC 

will increase by amount that tRCO exceeds the value shown. 
10: Assumes that tRADi6; tRAO(max) and lASC;;:a; lASC(max). 
11: Assumes that tCPilii tCP(max) and lAsc i6; lASC(max). 
12: tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (I OUT~ I± 5 J,IA I) and is not reference to VOH(min) 

or VOL(max). 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Fast-Page Mode Cycles) 
(Ta=0-70·C, Vcc=3:3±0.~V, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 
Symbol Parameter M5M4V4260c-6,·6S M5M4V426OC·7,·7S 

Min Max Min Max 
tREF Refresh cycle time 8.2 8.2 
tREF Refresh cycle time * 128 128 
tRP RAS hi!lh pulse width 40 50 
tRCO Delay time, RAS low to CAS low (Note 15) 20 45 20 50 
tCRP Delay time, CAS high to RAS low 5 5 
tRPC Delay time, RAS high to CAS low 0 0 
tCPN CAS high pulse width 10 10 
tRAO Column address delay time from RAS low (Note 16) 15 30 15 35 
lASR Row address setup time before RAS low 0 0 
lAsc Column address setup time before CAS low (Note 17) 0 10 0 10 
tRAH Row address hold time after RAS low 10 10 
tCAH Column address hold time after CAS low 15 15 
tozc Delay time, data to CAS low (Note 18) 0 0 
tozo Delay time, data to OE low (Note 18} 0 0 
tcoo Delay time, CAS high to data (Note 19) 15 20 
toDD Delay time, OE high to data (Note 19) 15 20 
IT Transition time (Note 20) 1 50 1 50 

Note 13: The timing requirements are assumed IT =5ns. 
14: VIH(min) and VIL(max) are reference levels for measuring timing of Input signals. 

Unit 

ms 
ms 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 
ns 

15: tRCO(max) is specified as a reference point only. If tRCO is less than tRCO(max), access time is tRAC. If tRCO is greater than tRCO(~ax), access time is 
controlled exclusively by tCAC or tAA. 

16: tRAO(max) is specified as a reference point only. If tRAO ~ tRAO(max) and lAsc ~ tASC(max), access time is controlled exclusively by tAA. 
17: lASC(max) is specified as a reference point only. If tRCO~ tRCO(max) and lAsc ~ tASC(max), access time is controlled exclusively by tCAC. 
18: Either tozc or tozo must be satisfied. 
19: Either tcoo or tODD must be satisfied. 
20: IT is measured between VIH(min) and VIL(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read setup time before CAS low 

tRCH Read hold time after CAS high 
tRRH Read hold time after RAS high 
tRAL Column address to RAS hold time 
tacH CAS hold time after OE low 
tORH RAS hold time after OE low 

Note 21: Either tRCH or tRRH must be satisfied for a read cycle. 
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Limits 
M5M4V4260C-6,-6S M5M4V426OC·7,·7S 

Min Max Min Max 

110 130 
60 10000 70 10000 
15 10000 20 10000 
60 70 
15 20 
0 0 
0 0 

0 0 
30 35 
15 20 
15 20 

Unit 

ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 
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Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter M5M4V426OC-6,-6S M5M4V4260C-7,-7S Unit 

Min Max Min Max 
twc Write cycle time 110 130 ns 
tRAS RAS low pulse width 60 10000 70 10000 ns 
tCAS CAS low pulse width 15 10000 20 10000 ns 
tCSH CAS hold time after RAS low 60 70 ns 
tRSH RAS hold time after CAS low 15 20 ns 
twcs Write setup time before CAS low (Note 23) 0 0 ns 
twCH Write hold time after CAS low 10 15 ns 
tCWL CAS hold time after W low 15 20 ns 
tRWL RAS hold time after W low 15 20 ns 
twP Write pulse width 10 15 ns 
tDS Data setup time before CAS low or W low 0 0 ns 
tDH Data hold time after CAS low or W low 10 15 ns 
tOEH OE hold time after W low 15 20 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M4V4260C-6,-6S M5M4V4260C-7,-7S Unit 

Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 22) 150 180 ns 
tRAS RAS low pulse width 100 10000 120 10000 ns 
tCAS CAS low pulse width 55 10000 70 10000 ns 
tesH CAS hold time after RAS low 100 120 ns 
tRSH RAS hold time after CAS low 55 70 ns' 
tRCS Read setup time before CAS low 0 0 ns 
tewD Delay time, CAS low to W low (Note 23) 35 45 ns 
tRWD Delay time, RAS low to W low (Note 23) 80 95 ns 
tAWD Delay time, address to W low (Note 23) 50 60 ns 
tewL CAS hold time after W low 15 20 ns 
tRWL RAS hold time after W low 15 20 ns 
twP Write pulse width 10 15 ns 
tDS Data setup time before CAS low or W low 0 0 ns 
tDH Data hold time after CAS low or W low 10 15 ns 
tOEH OE hold time after W low 15 20 ns 

Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tT. 
23: twcs, tCWD, tRWD and tAWD and tCPWD are specified as reference pOints only. If twcs~twCS(min) the cycle is an early write cycle and .the DO pins 

will remain high impedance throughout the entire cycle. If tewD~teWD(min), tRwD~tRWD(min), tAWD£:otAWD(min) and tepwD~ tCPWD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to V IH) is indeterminate . 

. • '. MITSUBISHI 
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MITSUBISHI LSls 

M5M4 V 4260CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 24) 

Limits 
Symbol Parameter M5M4V4260c-6,-6S M5M4V426GC-7,·7S 

Min Max Min Max 
tpc Fast page mode read/write cycle time 40 45 
tPAWC Fast page mode read write/read modify write cycle time ,80 95 
tAAS RAS low pulse width for read or write cycle (Note 25) 100 100000 115 100000 
tcp CAS high pulse width (Note 26) 10 15 10 15 
tCPAH RAS hold time after CAS precharge 35 40 
tCPWD Delay time, CAS precharge to W low (Note 23) 55 65 

Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25: tAAS(min) is specified as two cycles of CAS Input are performed. 
26: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * (Note 27) 

Limits 
Symbol Parameter M5M4V426()C.6,-6S M5M4V4260Co7,·7S 

Min Max Min Max 
tCSA CAS setup time before RAS low 5 5 
tCHA CAS hold time after RAS low 10 15 
tCAS CAS low pulse width 20 25 

-
Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

Self Refresh Cycle * (Note 28) 

Symbol Parameter 

tAASS CBR self refresh RAS low pulse width 
tAPS CBR self refresh RAS high precharge time 
tCHS CBR self refresh CAS hold time 

3 - 104 
• MITSUBISHI 
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Limits 
M5M4V4260c-6,-6S M5M4V4260Co7,·7S 

Min Max Min Max 
100 100 
110 130 
·50 -50 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 

Unit 

ps 
ns 
ns 



MITSUBISHI LSls 

M5M4 V 4260CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 29) 

Read Cycle 

VIH 

VIL-

VIH­
LCAS/UCAS 

Ao-Aa 

w 

VIL -

VIH­

VIL-

VIH­

VIL-

001-0016 VIH 

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL-

VIH­

VIL -

tAc 

tRAS tRP 

\ 1/ \ 
tCSH 

tcp tRCD tRSH 

~ ~P tCAS ---t 
'X"xxxxxxxxxx~ \\ II W XXXXXXI 

tRAD tRAL 

tASR 
~ tAsc ~ 

tCAH ~ tASR 

~ 
xxxxx~ ROW J)Q<XXXl. COLUMN LXXXXX y ROW 
~ ~ -..;s,. 

x xxxx.v 
ADDRESS KXXXXXlA ADDRESS xxx ADDRESS XXXXI 

~ tRRH 

tRCS r--- .....--. tRCH 

xxxxxxxxx xxx,;' ~XXxxxxxXXXX 

~XxY xxx.xxXI 'XXXXXXXXXXX 

tDZC 14-~ 
tCDD 

~xxxx xxxxxxxx Hi-Z ~xxxXX 
~xxxx xxxx x xxxxxxx 

tCAC 

tAA 

~ tcLZ 

~ Hi-Z ~ Hi-Z 
DATA VALID if 

tRAC 

tDZO ~tOE\ t~ 
tODD 

tacH 

xxxxxxxxxxxxxxxxxxxxxx 
F. 

..)<)'.x ~ xxxxxxxxxxb 
xxxxxxxx xx -.f)( xxx~x xb 

tORH 

Note 29 
Indicates the don't care input. 

VIH(min)~VIN~VIH(max) or VIL(min);:;;;VIN~VIL(max) 

Indicates the invalid output. 

;. ·.MITSUBISH 
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Byte Read Cycle 

UCAS 
(or LCAS) 

LCAS 
(or UCAS) 

w 

VIH­

VIL -

VIH­

VIL -

VIH 

VIL -

VIH­

VIL -

VIH­

VIL-

DOl-DOs VIH -
(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH'­
(or 009-0016) 
(OutPUTS) VOL-

009-0016 VIH­
(or DOl-DOs) 
(INPUTS) VIL -

009-0016 VOH­
(or DOl-DOs) 
(OUTPUTS) VOL-

3 - 106 

VIH­

VIL -

MITSUBISHI LSls 

M5M4 V 4260CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

tRC 

tRAS tRP 

, ~ r\ 
tCSH 

tCRP tRCO tRSH 

14
tRPC

• ~ tCAS -+1- .!.CRP 

xxxxxx 
~ ~ W ~ 

tCPN 

yxxxx 

~ ~ 
tRAO tRAL 

tASR 
~ 

tASR 

~ tCAH H 
~ 

ROW u XX x x~v COLUMN '~x xx KXXx ROW y 
ADDRESS .11( ADDRESS .XA ADDRESS KXX 

tRCS tRCH 
~ 

I. 

I 
xxxxxx XXXXt xxxxxxxxxx 
xxxxxxxx xx ~xxxx xxxx 

~xxx 

xxxxxxxx xx xx xx xxxxxxxxxxx xxx xx~x xxxxx 
xxxxxxxx xx x xx xxxxxxxxxxx xxxx xxxxx xxxx 

Hi-Z 

+-~ 
tcoo 

HI-Z 'X.l\cYxYxYxYxYxYx XXXXXXXX1< xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx 
tCAC 

tAA ~ tOFF. 
tCL2 

Hi-Z Hi-Z 

~ ~ DATAVALID 
!/ 

tRAC 

, tozo 14tOEA. 

XXXXXXXXXXXxxxxxxxxxxxxxx 
xxxxxxxxxxxxX 

. • MITSUBISHI 

.... ELECTRIC· 

tOCH 

tORH 

t~ 
tODD 

x XXXXXXXXX 
L X x XXX 



MITSUBISHI LSls 

M5M4 V 4260CTP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

VIH­

VIL-

VIH 
LCAS/UCAS 

Ao-Aa 

w 

VIH­

VIL-

VIH 

VIL-

001-0016 VIH 

(INPUTS) VIL 

001-0016 . VOH­

, 
tCf 

tRCO 

XXXXXI' 
o;,XXXXI 
.J'i...J'i...J'i...J'i..1 

tASR 
~ .......... tASC ~ 

~ XXXXA ROW ~ 
XXXX)I\ ADDRESS ~xxxxxxxn 
~ 

tw~ 

xxxxxxxxxXXXXXXXA 
xxxxxxxxxxxxxxxx~ 

~ 

xxxxx.xxxxxx xx.}. 
xxxxxxxxxxxxxxlll. 

tw C 

tRAS tRP 

I 
tRPC 1\ 

tCSH ~ 

tRSH 
~CRP 

tCAS L tCPN 1-
\\ VI W 

tCAH tASR 
~ 

COLUMN :~xxxxxx~xxxx~ ROW 
ADDRESS ~££~xxxxxxxx~ ADDRESS 

twCH 

IXX 
~xxxxxxxxxxxxxx XX 
XXXXXXXXXXXXXX.J'i..~~~~.J'i..~ 

tOH 

XXXXXXXXxxxxxxxx 
DATA VALID xxxxxxxxxxxx~ x 

Hi-Z 
(OUTPUTS) VOL------------------------------------------------------------------------

•.. MITSUBISHI 
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MITSUBISHI LSls 

M5M4V 4260CTP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT (262144 .. WORD BY 16-81T) DYNAMIC RAM 

Byte Write Cycle (Early write) 

UCAS 
(or LCAS) 

LCAS 
(orUCAS) 

w 

VIH­

VIL-

VIH-

VIL .,... 

VIH 

VIL-

VIH­

VIL 

VIH­

VIL-

DOl-DOs VIH -
(or D09-D016) 
(INPUTS) VIL 

DOl-DOs VOH­
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 YIH­
(or 001-008) 
(INPUTS) VIL -

~ 

tc~ tRCD 

XXXXX 
~ XXXXXI 

XXXXX 
xxxxx 

tASR 

~ ..... tASC ~ 

xxxxx" ROW A< 

x ADDRESS 7: 

twcs 
~ 

xxxx A 

xxxxxxxxxx X 

Jil;xxx xxxxx 
xxxxxxxxx xxxxx 

~ 

xxxx xxxxv 
XXR 

twc 

mAS tRP 

I \ 
tCSH ~C 

tRSH 
~CRP 

tCAS .... 

~ ~ 
tCPN 

~ 
tCAH tASR .-.-. 

COLUMN ~ ROW 
ADDRESS 

~xxxxxxxxxxxxxxx~ 

ADDRESS ''xx XXXXXXXXy 

twCH 

IXXXXX xxxxxxxxx 
lA-XX xx X 

x 

xxxxxxx xxx 
x~xxxxxxxxxxxxxxxxxxxxxxxxxxxxx~XX 

Hi-Z 

tDH 

IXXX 
DATA VALID ~xxxxxxxxxxxxxxxxxxxxxx 

.,[XXXXXXXXXX 

DOg-D016 VOH- Hi-Z 

(or 001-008) -----------------------------------
(OUTPUTS) V~L-

i 
OE 

3 - 108 
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MITSUBISHI LSls 

M5M4V 4260CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

VIH­

VIL-

VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-Aa 

VIL-

W 
VIH 

VIL 

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

twc 

tRAS 
tRP 

~ ~ r\ 
tCSH ~PC 

tCRP tRCD tRSH 
~RP ~ tCAS ~ ~-t-

~ 
xxxxx.;¥ ,,\ VI W 

~tASR~ tRAH 
tAsc ~ 

tCAH 
~ tASR 

xxxxX\. ROW .R'S<5(\ COLUMN ·IXXXX xx>\, ROW XXXXXA ADDRESS IAXXX::A ADDRESS ~xxxx XXXJI ADDRESS .\lSZ::4 XXXI 

,JCWL. 

~ 
tRWL 

~ 
:r ~x xxxxxxN XXXXXXX XXXXXN , 

xxxxxxxxxxXXXXXXXI xxxxxxx xxx.} 
J"..J"..J".. 

twCH 

~ 
XXXXXXXXXXXXXXXXXXX Hi-Z 
J'l.X 

xxx 
xxx 

XX J'l.XX X J'l.X 

~ 

Hi-Z ~) 
~ ro~ 

xx~xxx ! XXXXXJ'l.XJ'I.J'I. ... 

• MITSUBISHI 
"-ELECTRIC 

t~ tDH 

~ DATA JC:XJ"..XXXXXXXXXX 

~ VALID JD(XJ'l.J'l.XX J'l.X X xx J'l.X 

Hi-Z 

tOEH 
+--t 

tODD 

~x xxxxxx 
.~x XXX xxx 

3 - 109 



MITSUBISHI LSls 

M5M4V4260CTP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144·WORD BY 16-BIT) DYNAMIC R~M 

Byte Write Cycle (Delayed write) 

UCAS 
(or LCAS) 

LCAS 
(or UCAS) 

Ao-As 

w 

VIH-:­

VIL -

VIH 

VIL 

VIH 

VIL 

VIH-

VIL-

VIH 

VIL 

DOt-DOs VIH 
(or 009-001S) 
(INPUTS) VIL 

DOt-DOs VOH -
(or 009-001S) 
(OUTPUTS) VOL-

009-00t6 VIH­
(or DOt-DOe) 
(INPUTS) VIL 

009-00t6 VOH­
(or DOt-DOe) 
(OUTPUTS) VOL-

3 - 110 

VIH 

VIL 

twc 

tRAS tRP 

K ~ \ 
tCSH tRPC 

tCRP tRCO tRSH ~ 
~ 

tCAS .... f-
~CRP 

Y 1,CloCloC)()IIl 

~ ~ ~ ~ 

~p~ 

~ 
x.;<;<;<;<H ~ 

tASR tRAH tCAH tASR 
.~ tAse ~ 

--
f-

XXXXXV ROW ~ COLUMN U'XXXXXX XX XXXXN ROW 
YYYYYI· ADDRESS .Y:-L::Cj ADDRESS [,,",XXXXX XX XXXX7 ADDRESS 

~ 
xxxxxxxxxxxxxxxxx~ 

XXXXXXXXXXXXXXXXX7 

YXX xxxx xxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxx 
~xxxxxxxxxxxxxxxxx xxxxxxx 

Hi-Z 

twCH 

tozc tos ....... 
Hi-Z J~ ~xxxxxxxxxxxxxxxxx 

~xxxxxxxxxxxxxxxx ~ 
~ 

Hi-Z 

~~ 

X~~~~XXX 

tozo tOEZ .... 

~ 

xN 
xxxxx~ 

•.. MITSUBISHI 
.... ELECTRIC 

~ 

~ toDD 

~ 

tCWL 

~L 
~ 

~ 
I:.xxxxxxxxx~ 

'xxxxxxxxxxxxxxx 

xxxx xxxxxxxxxxxxxxx 
xx xxxxxxxxxxxxxxx 

tOH 

DATA IYX x x x x x x x X )(XXXXXX 
VALID ,..;.xxxxxx x 

Hi-Z 

tOEH 

~ 

x.xxxxxxxxxx~ 

·,xxxxxxxxxxx~ 



MITSUBISHI LSls 

M5M4 V 4260CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

VIH­

VIL-

VIH 
LCAS/UCAS 

Ao-Aa 

w 

VIL 

VIH 

VIL 

VIH 

VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

~ 

tCf 

\..1'.. .1'...1'.. A 7)(/1 

'7 

tASR 
~ 

A 

~ 
XXXX)(I 

XXXXXXXX 
xxx 

xxxx 
XXXX}I;XX 

xxx 
XXXXXX 

tRWC 

tRAS tRP 

~ i\ 
tCSH ~ tRPC 

tRCD tRSH 

+ tCRP 
teAS t-

,,\ / ~ 
tRAD 

tRAH tCAH tASR 
tASC ~ ---+ r-t-

ROW .~ COLUMN ~xx XA ROW 
ADDRESS AC x x XI\ ADDRESS x~ ADDRESS 
~ '\Xxxxxxx X)(I 

tAWD tCWL 

tRCSr----+ 
tCWD tRWL 

tRWD twp 

AXAXXAX;" 
~~~xxxxxx~ XXXXXXXI ~ 

XXXXXXy xxx x >lVV"x 

tDZC tDS ~ 
tOH 

4----+ 

xxxxxxx~ Hi-Z ~ IXxXXXX 
XXXx 

~ 
DATA VALID xxxxx 

~ 
fAA 

tCLl f4-+ 

~ 
r----Hi-Z 

DATA \ Hi-Z , 
VALID I 

tRAC 
li......-

+--i tODD 

9 tDZO ~tOEA • 4-J tOEZ 

xx xxxxxxxxxxx xxx xxx 
XXXX}I;XXXXX}I; 

., MITSUBISHI 
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MITSUBISHI LSls 

M5M4 V 4260CTP-6,-7 ,-68,-78 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read-Write, Read-Modify-Yirite Cycle 

UCAS 
(or LCAS) 

LCAS 
(or UCAS) 

Ao-Aa 

w 

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL-

VIH 

VIL 

001-00a VIH 
(or 009-0016) 
(INPUTS) VIL 

001-00a VOH­
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 VIH 
(or 001-00a} 
(INPUTS) VIL 

009-0016 VOH­
(or 001-008) 
(OUTPUTS) VOL-

3 - 112 

VIH 

VIL 

tRWC 

tRAS tRP 

\ I ~ 
tCSH tRPC 

tRCO tRSH ~ 
tCRP tCRP ..... tCAS -.- ... 

xxxxxx , ~ ~ XXXXX~ 

tCPN 

xxxxxx ~ tRAO 

tASR tRAH tCAH tAS~ 
~ tASC ... 

LX'X"Jl\ 
ROW COLUMN ROW XXXXXXI[ lme x x x IX.XXXXXXX xx XXXXI[ 

ADDRESS ADDRESS ADDRESS XXXXX7 ~ 1:. X 
tAWD 

tRCS r--f-t tcwo 

tRWO 
I 

XXXXXXXX XXXXXXXII 
xxxxxxxx XXXXXXXI 

I{X 
xxxxxxx xxxxx.x.xX~ y.xxxx 

xxx xxx x xxxxxxxx.xxxxx 

Hi-Z 

~~ tos ~ 

Hi-Z ~ xxxxxxx x X X X Xxxxx x 
xxxxxxxx xxxxxxx~ 

tCAC W 
tAA 

tCLZ ......... 
Hi-Z 

~ 
r--

DATA \ 

tRAC 
~I 

-4 toDD 
tozo I!OEA. ..... +-tOEZ 

XXXXXXXXXxxxx x XXX.XlI 
XXXXxxxxxXXXX XXXX 

. • MITSUBISHI 

.... ELECTRIC 

x xx XXXlf' 
tCWL 

tRWL 

twp "I 

"I'XXXXX 
\ xxx 

x.xx.xxxxxx 
1 

x xXX xxxxx 
xxxxx 

tOH 

DATA VALID I XXXXXX 
xxxxXX 

Hi-Z 

~ 
v;xxxxxxxxxx 
I1:.XXXXXXxx XX 



MITSUBISHI LSls 

M5M4V4260CTP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

Ao-As 

VIH­

VIL-

VIH 

VIL-

VIH 
W 

VIL -

~ 

tCRP, 

XXXXXI 

tASR 
~ ~ 

XXXXXI ROW 
XXXXXI ADDRESS 

tRC 

tRAS tRP 

~ \ 
tRPC tCRP 

~ I fo-

W 
tASR 

..... 

«xxxxxxxxxxxxxxxxxxxxxx xxxxx, 
IIXXXXXXxxx xxxxxxxxxxxxXXXXXXXI ROW 
\xXXXXXXXX XXXXXXXXXXXX XXI ADDRESS 

DQ1-DQ16 VOH- ____________________________________ H_i-Z ____________________________________ ___ 

(OUTPUTS) VOL-

• MITSUBISHI 
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MITSUBISHI LSls 

M5M4V4260CTP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

Ao-Aa 

W 

VIH­

VIL -

VIH-

VIL -

VIH-

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL-

3 - 114 

VIH­

VIL -

tRC 

" 
tA C 

tRP tRAS 
)) 

tRAS tRP 

ff 

--.I \ V 
~~ 

\ ~ ~ 

~~~ 
tCHR ---fCII tCSR tCHR 

-ifC I tCRP 

tApc ~ 

J VI ~ VI ~ \L 
~~ 

4-4 tCPN 

~ tASR 

" xxx xxxxxxxxxx YYYXxXJoll'''Xxx xxxxxXXX"7l. ROW COLUMN 
xxx xxxxxxxxxx xxxxxxxxxxxxx XXXX,M E'DDRESS ADDRESS 

)) 

~ HH 
" x~x 

'v;. xxx xxxXXXXXXx xxx x xx· 
x~xxxxxxxxxxxxxxxx~ 

xx~xxxxxxxxxxxxxxx~ 
'XXXXXXXXXXXXXXXXJoll'~xxxxxxxxxxxxxxxxxxxxxxx~ 

)) 

tCDD 
(( 

Hi-Z rxxxxxx xxx XXXXXXXXX¥ 
xxxxxxxxxxxxxxx XXXXXXXXX¥ xxx 

" 
tOFF 

-h"~ ~ 

1\ 
If 

~tOEZ 
tODD 

I xx 
n 

~S 
Hi-Z 

(( 

xxxxxxxxxx 
XXXXXXXX{){X 

~~ 

" • " MITSUBISHI 
"ELECTRIC. 

XYXXX xxxxxxxxxxxxxxxxxxxxxxxx 
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MITSUBISHI LSls 

M5M4V 4260CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 30) 

VIH­

VIL -

VIH 
LCAS/UCAS 

Ao-Aa 

w 

VIL 

VIH­

VIL -

VIH­

VIL-

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL-

VIH­

VIL-

tRC tRC 

tRAS tRP tRAS L tRP 

~ I \ I '--
tCRP tRCD tRSH tCHR 

~ 
x;<;<;<;<J ~\ II 

tRAD 

tASR 
tASR 

tRAH tAS~ tCAH 41- .--
f-

~. ROW ~ COLUMN 17".. 
;:~~~~~~~~~~ ~T..T..7"..A ROW 

xxxx~ ADDRESS ADDRESS 
~T.. XXX T..T..T.. X T..I 

ADDRESS XXXXXI ·,x XXXXXXXXXXXXXX XXXXXXX)II 

14tRcs 
tRAL 

~ 
X-xx xx ~XXxxxx.z. 

XX~~ X-XXXT..T..XXX 
X~ 

·~xxxxxx< T..XX-A 

14 tDZC .. tCDD 

xxxx xx Hi-Z x 7".. 
XXX XXX X 

xx ~ 
tCAC 

tAA tOFF 

~ 
~ 

Hi-Z 

~ ~ Hi-Z 
E>ATAVALID V 

tRAC 
tOEZ .... -if-. 

tDZO J tOEA tODD 

] tORH 

~xxx JI.JI. -0-7".. x"). I ~XXX £t( XXXXT..XT..XXXX 

Note 30: Early write, delayeq write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle described above. 

. • MITSUBISHI 
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MITSUBISHI LSls 

M5M4V 4260CTP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

VIH­

VIL -

VIH­
LCAS/UCAS 

VIL -

Ao-As 

w 

VIH­

VIL -

VIH­

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL-

3 -"- 116 

VIH 

VIL -

tR S A RP 

1\ I L 
tCSH tpc ~ 

tCF- tRCO tCAS tcp ~ tcp teAs 

"I66tN ~ V; ~ t; ~ ~ ~ 
tRAO tCPRH 

tASR tRAH tCAH tAse tCAH ~ ~H ~ tASR 

tAsc ~ ~ ....... ...... 
~ .0:50. ~ X' ~ . COLUMN I\lX )( 

IJ ""C~ 

ROW COLUMN I~ COLUMN <L ~ ~ ROW 
ADDRESS ADDRESS1 rh X' XXY AOORESS2 I~ > ;ll;.XXX7 

"CA.X:I IXJ' ADDRESS3 '\r; x ADDRESS 
~ ..oI;",.j!"lU 

tRCH tRls 

tRAL 
H tRCH r --. .., I~ tRCH ~ .I t~cs f-~H-t r 

x X~XX-l' 

~r ~ r xxx x 
x: xx x ')07 "XXXX 

~ 

tozc tozc tozc 
~ 1"1""+- I ..... ~ 

xxxxxxx xxxx Hi-Z HI-Z ~ HI-Z ~ x 
x xxV 

~ ~ ~ tCAC ~ 
tAA tAA tAA 

~F 
~ tCLl 14 tOFF ~ 

tell ..... f- if--t 
Hi-Z .. 

~ DATA ~ Hi-Z ~~ DATA ~ Hi-Z ~~ DATA ~~ 
tRAC 

tozo 

;ll;.xxxxxxxxxxxxxxxx 
x: xxxxxxxxX; 

VALlD-1 II 
tCPA 

tOEA I 

~ ..... ~tOEZ 
tOCH 

X 
r. x xx 

~ ~ 
tODD tozo 

• MITSUBISHI 
;"ELECTRIC 

to~ 
I;OCH~ 

VALlD-2 1/ VALlD-3 

tCPA 
I 

~ .... tOEZ ~ tOEz 

~~ 
xx 

~~~ 
x xxx 

JlC.XX l- x xxx 

~ ~ ~ ~ 
tODD tozo tORH tODD 



MITSUBISHI LSls 

M5M4 V 4260CTP-6,-7 ,-65,-75 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Byte Read Cycle 

VIH­

VIL -

UCAS VIH-

(or LCAS) VIL-

LCAS VIH 

(or UCAS) VIL -

Ao-As 
VIH 

VIL-

W 
VIH-

VIL -

DOl-DOs VIH 
(or 009-0016) 
(INPUTS) VIL 

DOl-DOs VOH­
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 VIH 
(or DOl-DOs) 
(INPUTS) VIL 

009-0016 VOH­
(or DOl-DOs) 
(OUTPUTS) VOL-

VIH 

VIL 

RAS tRP 

, I L 
tCSH tpc ~ 

tCRP tRCO tCAS tcp tCAS tcp tCAS .... 
~ ~ I 
)lS6l:::ZI 

~ I ~ 

xxxxx 

~ 
tRAO tCPRH 

tASR tRAH ~ ~ tA~ ~ ~~ 
~ ROW @ COLUMN V0x ~ COLUMN IXX X"1 COLUMN r 
XXXX::« ADDRESS ADDRESS1 ~ 0:l1: xx x,)/ ADDRESS3 ~ AOORESS2 '1ICX 
~ " I tRAL 

tRCS ~CH tRCS -++ 1--+ t~cs -+1-+ tRCH 

xx xXXXJr 

~ '? ~ ? xx xx XXXlf' 
:xl 

XXXXxxx IXXXXXXX.JII xX D(XXXX 
xxxxxxx xxxxxx xX D(XXXX X )l;X)l; 

Hi-Z 

tozc 1 __ ~ tozc 
tozc :.....r-~ 

XX )I; Hi-Z Hi-Z 
xx x 

xxx x xx"X 

M ~ 
tCAC 

tAA tAA tAA 

'1 ~F ~LZ ~ 
tCLZ 

..... 4-tcLZ ~ 
Hi-Z DATA \ DATA ~ ~ VALlD-1 I ~ VALlD-2 1/ ~ 

tRAC tCPA 

tozo t~ 
I' 

tacH 
..... ..... tOEZ 

KXXXXXXXXXXxxxxxx .;<x ~ KXXxxxxxxxx X ::\. ....... J 
I ~ ~ 

.-... ~ 
toDD tozo 

• MITSUBISHI 
.... ELECTRIC 

tCPA 

to~ 
r 

~ 
~ 

H tOEZ 

xx x 
X 

I Xx x 

~ ............ ~ 
toDD tozo tORH 

I 

..... tASR 

<i<'5C'~ ROW XIX 
,-6.~ ADDRESS 

+-+ tRCH 
~H 

~ 

XXXX 
'\XXXX 
~ 

tcoo 
~ 

,9 
~ 

~ DATA \. 
VALlD-3/ 

tOCH, 
... tOEZ 

h ~ 
I. X xxx 

............. 
toDD 
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M5M4V4260CTP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

VIH­

VIL -

tRCD 

tCSH 

____ VIH -~"""7V~H-r------t:\ 

LCAS/UCAS VIL - .::t!Q~;;QS'l 

VIH - 'S(JI:::::X::~~ 10------,1 

VIL - __ '-"'10.# 1'-__ ""1 

VIH-

tRAS 

tCAS tcp 

tpc 

ROW 
ADDRESS 

w ~vv~rv~rv~nr~1 I I l.nr~~~1 Illr~~~ .. I I I~~~~VV·~ 

VIL-

001-0016 VIH-1~~~~~~~~ 
(INPUTS) VIL - .2 1'--___ -'1 

001-0016 VOH- __________________________________ Hi_-Z __________________________________ _ 

(OUTPUTS) VOL-

3 - 118 
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VIL-
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M5M4 V 4260CTP-6,-7 ,-68,-78 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Byte Write Cycle (Early Write) 

UCAS 
(or LCAS) 

LCAS 
(orUCAS) 

Ao-As 

w 

VIH­

VIL -

VIH­

VIL -

VIH-

VIL -

VIH-

VIL-

VIH 

VIL 

DOl-DOs VIH -
(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH -
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 VIH­
(or DOl-DOs) 
(INPUTS) VIL -

tRAS 

~\ ~ 
tCSH tpc e. 

tCRP tRCO tCAS tcp tCAS tcp tCAS 
~ 

~ ~ ~ ~ ~ / , 
AAAAJY 

XXxxxx 
X.XXXXlf' 

lASR ~ ~ tCAH lAsc 14tCAH. 
lAse ~tCAH. lA~ ........ ..--.. ~ ~ 

ROW ~ COLUMN ~~~~~~ COLUMN 
.~ 

COLUMN ~ ROW 
.A .ADDRESS ADDRESS1 AOORESS2 IAXXXX.)A ADDRESS3 ADDRESS 

~ 

~ twCH twcs tWCH twcs 
14
twCH

• ~ if---+ ~ ~ 

XAAXXX~ IJtX- X x x X\. IXXX x~ IXXXXX~ 
x.xx XAAAA xxxx>l' XX A 

)(XXXXXX XXXX xxxxxxxxxxx XXXXXXXXx.x. XXX XXX XXX Xxx. 
)(XXXXXX X X~~xxxx XXXXXXXXXX XXXXXXXXXXXX 

Hi-Z 

~ ~ ~ ~ ~ ~ 
.~ .~ 

X'xxxxxxxx 
X .lito. DATA rl"XXXXJ/ DATA rl"XXXJI!I DATA III x X. X X. X X X X X 

X 
X X X X X X·X><! VALlD-1 .~ VALlD-2 . '6.Z::.l5J VALlD-3 ·~XXXXXXXx. 

009-0016 VOH - Hi-Z 

(or DOl-DOs) ----------~----------------------------------------------------------
(OUTPUTS) VOL-

• MITSUBISHI 
"-ELECTRIC 3 - 119 



MITSUBISHI LSls 

M5M4 V 4260CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

VIH­

VIL ...;. 

VIH 
LCAS/UCAS 

Ao-Aa 

Vi 

VIL 

VIH 

VIL 

VIH 

VIL 

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS)· VOL-

3 - 120 

VIH­

VIL -

tRAS tRP 

F\ , 
tCSH tRSH 

tCRP tRCO tCAS L tpc J 

I ~ tCAS 

~ ~ (! ~ 1/ ~XXXXT 

tRWL ~ 
lASc tA~ 14tRAH~ tASC ~ ~ ~ ~ 

~ ROW ~ COLUMN COLUMN ·I{xx 
xxxxX.1'I ADDRESS ADDRESS1 II\X ADDRESS2 lAX X X 

tCWL 

t1-~ 
~ t-

~ 

~ ~ >l'xxxxx x x x x x x x X N' , 
XXXXXXX 

twCH twCH 

~ tOH toze 
tos H tos 

~xxxxxx Hi-Z ~ DATA ~ Hi-Z ~ ~xxxxxxxxxx 

~ VALlD-1 ~ ~ 

tCLl-t if- ---t ~CLl 

Hi-Z 

~~ 
Hi-Z 

~~ 
tOEZ4 ~ tOEZ4 ~ 

• tozo ~I 
~ tODD tozO---tT 

4---t toDD 

~xxxxxxxx 

~xxxx~ / 

.. ,. MITSUBISHI 
.... ELECTRIC 

U 

~ Hi tASR 

XXX.lI. ROW 
xxx~ ADDRESS 

~ 
IXXXXXXX 
xxxxxxx 

tOH 

DATA IXXXXXX 

VALlD-2 XXXXXXX 

Hi-Z 

~ 
oW{ x 

'~ 
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M5M4 V 4260CTP-6,-7 ,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast-Page Mode Byte Write Cycle (Delayed Write) 

VIH­

VIL -
\ 

tCSH 

tRCD 

RAS 

tCAS 

tRSH 

!~ 1I--\ 
tCRP 
~ 

L tpc 
14------_+�4_--------+1 I: tcp tCAS 'I 

VIH - 'll:Jx ... x,....,...xxO""'ex,...,)(i .... -+-+------.I 1f--------+~/Ir--+-----
XXXXXT \ I \ 

VIL -XXXXXI 

UCAS 
(or LCAS) 

LCAS VIH-~ 
(orUCAS) VIL -

~XXXXI 

tRWL 

tASR tRAH tASC tAsc 
~1-4-

tCAH tCAH ~ ~ 4-----t ~ ~ ~ tASR 

Ao-As VIH-~ ROW ~ 
VIL - x x x x ;w ADDRESS ~ 

COLUMN 
ADDRESS1 

IIXXXXXX XXXI COLUMN ~ xx~ ROW 
ADDRESS2 ~ x x XI I'-_A_D_D_R_E_S_S_ lKXXXXX xxJot' 

tCWL tRCS 

... ~RCS ...... 1f-
, ~ ~ 

w 
VIH - ~X~X~XJiX~XJi~XXXX~XXX:J!XXX~:¥:T--tt-------', J<::4."..drI-+-------,l~ IJ.XXX~XXx~xXX~x~ 
VIL - XXXXXXXXXXXXI r;<;;t' XXXXX xx 

DOl-DOs VIH -
(or DOg-D016) ~xxxxx 
(INPUTS) VIL - xxxxxxxxxx 

DOl-DOs VOH-
(or DOg-D016) 
(OUTPUTS) VOL-

DOg-D016 VIH-
)(XXXXXXXXX~ (or DOl-DOs} 
~XXXXXX~ (INPUTS) VIL 

twCH 

Hi-Z 

14tDZC. 
tDS 

tDH 

Hi-Z ~ DATA 

& VALlD-1 

tDZC 
~ 

Jj 

~ 

tWCH 

XXX'XxX 
xxxxxx 

tDS 

Hi-Z ~ 
~ 

tCLZ .-. -4 .,!.CLZ 

xxxxxxxxifN 
xxxxxxxx~ 

tDH 

DATA ~xxxx 
VALlD-2 xx .:.x 

DOg-D016 VOH - Hi-Z ~~ Hi-Z ~ Hi-Z 
(or DOl-DOs) -------+---~~/ ~>+------I---<Y ...II}--+--------
(OUTPUTS) VOL - Cf 

tOEZ ..... ~ 

~ tDZO • 4---t tODD 

VIH-0}X xxx 
V~_xxxxxxxxxxxxxxxx~ 

• MITSUBISHI 
"-ELECTRIC. 

tOEZ--+ -

tDZO ..... ~ ~ tODD 

LJ V-XXXXXXXXXXXX;,/ 
..:.xxxxxN 
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\NARY M5M4V4260CTP-6,-7,-6S,-7S 
PREL\ nation. 

t a nl,a\ spec1 .' t ~o change. 
f '0' This i, \~() rroilS tire sl.lblcC 

~~:epararoet(\C I FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

VIH­

VIL-

VIH 
LCAS/UCAS 

VIL 

Ao-Aa 
VIH 

VIL 

VIH­

VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL-

3 - 122 

VIH­

VIL -

tRAS tRP 

F ~ ~RWi. '----tCSH 4 tPRWC 
tCRP tRCD tCAS J 

r-: ~ tCAS 

x Xlf 

\\ VI ~ VI XX'xxxxxxxx/ 
tRAD 

lASR ~ ~ lAsc ~ tCWL 
~ lASC ~ ~ ...-.. ~ tASR 

ROW ~ COLUMN COLUMN ROW xxxxx,., U'xxxxx ~ XXXXXY ADDRESS ADDRESS1 NlXXX xx X -:I ADDRESS2 ¥xxx ADDRESS 

lAWD lAWD 

r=~ 
tCWD .. ~WL 

t1- f-
tCWD 

~ twp ~ 
xxxxxxxx xxxxr , r \ 

IXXXXXX 
x xx xXXXf ~xxxxxx x 

tRWD tCPWD 

~~ tDS tDH to::. tDS toH 

xxxxxxx xxxx Hi-Z ~ DATA Ii HI-Z ~ DATA ~ ~xx xx 

"6lf VALlD-1 ~ ., VAll 0-2 xx XXXX 
14 tCAC ~ tCAC 

1M 1M 
~ 

tCLZ--II-~ ~ tcLZ'" ~ 

Q Hi-Z Hi-Z 

tCPA ~ 
Hi-Z 

tRAC 
~ tODD tODD ~~ 1 tozo tOEA 

tDZO .... ~t -4 tOEZ ~ ~ ..... ~tOEZ 
~ 

xxxxxx~x~xxxZ~ I xxxxxxxxxxxxxxxxx 

" . MITSUBISHI 
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M5M4V4260CTP~6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Byte Read-Write, Read-Modify-Write Cycle 

UCAS 
(or LCAS) 

LCAS 
(or UCAS) 

Ao-Aa 

w 

VIH­

VIL -

VIH­

VIL -

VIH-

VIL -

VIH-

VIL-

VIH 

VIL 

OQ1-00a VIH 
(or 009-0016) 
(INPUTS) VIL 

001-00a VOH­
(or 009 ..... 0016) 
(OUTPUTS) VOL-

009 ..... 0016 VIH­
(or 001 ..... 008) 
(INPUTS) VIL-

009 ..... 0016 VOH­
(or 001 ..... 00a) 
(OUTPUTS) VOL-

VIH 

VIL 

tRAS tRP 

~\ , 
tCSH ~ tRWLJ tPRWC 

tCRP tRCD tCAS tcp tCAS ...... 
x.xxxx.x. , I \ I X:XXXXy 

~ XXXXX7 
tRAD 

tASR tRAH tCAH ~ tCAH ~ tASR .......... ~ tAsc ~ ~ 

ROW ~ COLUMN rvxxxx xxxx X'l COLUMN >KXX~ xxx)\. ROW. 
XXXXXI' ADDRESS ADDRESS1 Il\(XXXX y ADDRESS2 nc:XX xX)()f ADDRESS 

tAWD 
t~ 

tAWD 

tCWD tCWD 
~~ tRcs .I 

~ 1w ~ 
~x T.J. 

~ 
f'X'X'xxxx 

X:XXXXX " ~ ,:x;<;<XXXX 

tRWD 

X)6(-x xxx xx 

~~~~ 
xxxxx x 

X'X'XV'x XXXxx x 

Hi-Z 

~Z~ tDS tDH 

xxxxxxxx xxx Hi-Z ~ DATA' xxxxxxxx xx 
'8 ~xxxx VALlD-1 xxx 

~ 
tAA 

Hi-Z 

tcLZ ->I- <- r;;;;\ 
~V~~~1/ Hi-Z 

tRAC 

~ 

xxx xxxxxxxxxxx 
XXXXXXXXXXX'" 

1 mOD 
~ ____ 4- tOEZ 

/ 

• MITSUBISHI 
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I 
tCPWD 

.z. ~ ~xxx ;;~ x XXXxx xXXXXXXX 

tDZC 

,~ 
tDH 

44 -
~ Hi-Z ,~ DATA ~ 

VALlD-2 ~ ~ M tAA 
I 

--. f4--tc~ 
~ DATA 

Hi-Z 

tCPA ~ 
tODD tOEH 

tDZO~ t -- ~tOEZ ~ 
~ 

\ U ~xxxx 

'V'S::x x 
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M5M4V4260CTP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Self Refresh Cycle * (Note28) 

VIH­

VIL -

V1H­
LCAS/UCAS 

V1L -

Ao-Aa 

w 

VIH­

VIL-

VIH 

VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL-

3 - 124 

VIH 

VIL 

tRP tRASS tRPS 

J ~ V \ 
tRPC 

tRPC 

~ ~ tCSR ~ tCRP 
f.-t ,......, 

~ J V ~ \..... 
~ tCPN 

~ tASR 

x xxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxx,.. ROW COLUMN x x x xxx;(Sl< X X xxxxxxxxxxxxxxx XXXXXA 
~DDRESS ADDRESS xx xxxxxx 

HH m~ 
~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

'xxxxxxx xxxx xXXXXXXXXXXXXXXXXXXXXXN 

tCD!' 

HI-Z ~xxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxx 

-4 
_{3!.F 

-" HI-Z 

_V 
...... tOEZ 

tODD 

xxxxxxxxxxxxxxxxxxxxxx~xxxx 

1 xxxxx x x x x x X X X X x x x x x X X X X x xxxxx x x x x x x 
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.M5M4V4260CTP-6,-7,-6S,-7S 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Note 28: Self refresh sequence 
Two refreshing methods should be used properly depending on 
the low pulse width (tRASS) of RAS signal during self refresh 
period. 

1. Distributed refresh during ReadiWrite operation 
(A) Timing Diagram 

Read I Write Cycle ~I~ Self Refresh Cycle ~I~ Read I Write Cycle 

~. ~9 _S~l00PSf{ri--cv 

last first 
refresh cycle refresh cycle 

Table 2 

Read / Write Cycle Read / Write-
Self Refresh 

CBR distributed 
tNSD~250ps 

refresh 

RAS only 
tNSD~16ps 

distributed refresh 

(B) Definition of distributed refresh 

RAS 

refresh 
cycle 

tREF/512 

read/write 
cycles 

Definition of CBR distributed refresh 
(Including extended refresh) 

Self Refresh-
Read /Write 

tSND~250 ps 

tSND~16ps 

tREF 

refresh 
cycle 

The CBR distributed refresh performs more than 512 
constant period (250 ps max.) CBR cycles within 128 ms. 

Definition of RAS only distributed refresh 

Note: 

All combinations of nine row address signals (Ao-Aa) are 
selected during 512 constant period (16 p s max.) RAS only 
refresh cycles within 8.2 ms. 

Hidden refresh may be used instead of CBR refresh. 
RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CBR distributed refresh 
• Switching from readlwrite operation to self refresh operatiOn. 

The time interval from the falling edge of RAS signal in the last 
CBR refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within tNSD (shown in table 2). 

refresh 
cycle 

tREF/512 

readlwrite 
cycles 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal 
in the first CBR refresh cycle during read/write operation 
period should be set within tSND (shown in table 2). 

1 .2 RAS only distributed refresh 
• Switching from read/write operation to self refres!!..QQeration. 

The time interval tNSD from the falling edge of RAS signal in 
the last RAS only refresh cycle during read/write operation 
period to the falling edge of RAS signal at the start of self 
refresh operation should be set within 16 p s. 

• Switching from self refresh operation to read/write operation. 
The time interval tSND from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of RAS 
signal in the first CBR refresh cycle during read/write 
operation period should be set within 16 p s. 

• .. MITSUBISHI 
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M5M4V 4260CTP-6,-7 ,-68,-78 

FAST PAGE MODE 4194304-BIT (262144-WORD BY 16-Bln DYNAMIC RAM 

_ 2. Burst refresh during ReadlWrite operation 
(A) Timing diagram 

Read/Write Self Refresh Read/Write -uQiFj _S~1OOP'f\F1rv 
first refresh cycles refresh cycles last 

refresh cycles 511 cycles 511 cycles refresh cycles 

Table'3 

Read / Write Cycle Read / Write- Self Refresh-
Self Refresh Read /Write 

CBR burst 
tNsB~8.2ms tSNB~8.2ms refresh 

RAS only 
tNSB+tsNB~8.2ms 

burst refresh 

(B) Definition of burst refresh iJV 8.2~ 

}!}ru 
refresh cycles 

512 cycles 

Definition of CBR burst refresh 
The CSR burst refresh performs more than 512 continuous 
CSR cycles within 8.2 rns. 

Definition of RAS only burst refresh 
All combination of nine row address signals (Ao~A8) are 
selected during 512 continuous RAS only refresh cycles 
within 8.2 ms. 

2; 1 CSR burst refresh 
• Switching from read/write operation to self refresh operation. 

The time interval tNSB from the falling edge of RAS signal in 
the first CSR refresh cycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh. 
operation should be set within 8.2 ms. 

• Switching from self refresh operation to read/write operation. 
The. time interval tSNB from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of RAS 
signal in the last CBR refresh cycle during read/write operation 
period should be set within 8.2 ms. 

1\ 

2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal in the 
first RAS only refresh cycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh 
operation should be set within t NSB (shown in table 3). 

• Switching from self refresh operation to read/write operation . 
The time interval from the rising .edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS signal in 
the last RAS only refresh cycle during read/write operation 
period should be set within tSNB (shown in table 3). 

3 - 126 
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M5M4 V 4265CTP-6,-7 ,-65,-75 
EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-Bln DYNAMIC RAM 

DESCRIPTION 
This is a family of 262144-word by 16-bit dynamic RAMs with 
Hyper page mode fuction, fabricated with the high performance 
CMOS process, and is ideal for the buffer memory systems of 
personal computer graphics and HOD where high speed, low 
power dissipation, and low costs are essential. 
The use of double-layer metalization process technology and a 

single-transistor dynamic· storage stacked capacitor cell provide 
high circuit density at reduced costs. The lower supply (3.3V) 
operation, due to the optimization of transistor structure, provides 
low power dissipation while maintaining high speed operation. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self or extended refresh current is 
low enough for ba~ back-~ application. 
This device has 2CAS and 1 W terminals with a refresh cycle of 

512 cycles every 8.2ms. 

FEATURES 

RAS CAS Address OE Cycle Power 

Type name access access access access time di~:. 
time time time time 

(max.ns) (max.ns) (max.ns) (max.ns) (min.ns) (typ.mW) 

M5M4V4265CTP-6,-6S 60 15 30 15 110 333 
M5M4V4265CTP-7,-7S 70 20 35 20 130 290 

-Standard 44 pin TSOP (II ) 
-Single 3.3±0.3V supply 
_Low stand-by power dissipation 

CMOS Input level - - - - - - - - - - - - - - - - - - 1.8mW (Max) 
CMOS Input level - - - - - - - - - - - - - - - - 360 }.t W (Max) * 

-Operating power dissipation 
M5M4V4265CTP-6,-6S - - - - - - - - - - - - - - 396mW (Max) 
M5M4V4265CTP-7,-7S - - - - - - - - - - - - - - . 342mW (Max) 

-Self refresh capability * 

PIN CONFIGURATION (TOP VIEW) 

VSS(OV) 

0016 

0015 

0014 

0013 

VSS(OV) 

0012 

0011 

0010 

DOs DOs 

NC NC 

NC LCAS 

Iii UCAS 

RAS OE 

NC As 

Ao A7 

Al A6 

A2 A5 

A3 A4 

(3.3V)VCC VSS(OV) 

Self refresh current - - - - - - - - - - - - - - - - 100}.t A (Max) 
-Extended refresh capability 

Outline 44P3W-L (400mil TSOP Nomal Bend) 

Extended refresh current - - - - - - - - - - - - - 100 }.t A (Max) 
-Hyper~e mode (512-column random access), Read-modify­

write, RAS-only refresh, CAS before RAS refresh, Hidden refresh 
capabilities. _ _ 

-Early-write mode, OE and W to control output buffer impedance 
-512 refresh cycles every 8.2ms (Ao-As) 
-512 refresh cycles every 128ms (Ao-As) * 
-Byte or word control for Read/Write operation (2CAS, 1 iii type) 

*: Applicable to self refresh version (M5M4V4265CTP-6S,-7S 
: option) only 

APPLICATION 
Microcomputer memory, Refresh memory for CRT, Frame buffer 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-Aa Address inputs 

001-0016 Data inputs I outputs 

RAS Row address strobe input 

LCAS 
Lower byte control 
column address strobe input 

UCAS 
Upper byte control 
column address strobe input 

IN Write control input 

OE Output enable input 

Vcc Power supply (+3.3V) 

Vss Ground (OV) 

• MITSUBISHI 
.... ELECTRIC 

NC: NO CONNECTION 
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M5M4 V 4265CTP-6,-7 ,-65,-75 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

FUNCTION 
In addition to Hyper Page Mode, normal read, write and read­
mOdify-write operations the M5M4V4265CTP provides a number of 

other functions, e.g., RAS-only refresh, and delayed-write. The 
input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs InpuVOutput 

RAS LCAS UCAS W OE OQ1-0QS OQ9-0Q16 

Lower byte read ACT ACT NAC NAC ACT OOUT OPN 
Upper byte read ACT NAC ACT NAC ACT OPN OOUT 
Word read ACT ACT ACT NAC ACT OOUT OOUT 
Lower byte write ACT ACT NAC ACT NAC OIN ONC 
Upper byte write ACT NAC ACT ACT NAC ONC OIN 
Word write ACT ACT ACT ACT NAC OIN OIN 
RAS only refresh ACT NAC NAC ONC ONC OPN OPN 

Hidden refresh ACT ACT ACT NAC ACT OOUT OOUT 
CAS before RAS (Extended *) refresh ACT ACT ACT ONC ONC OPN OPN 
Self refresh * ACT ACT ACT ONC ONC OPN OPN 
Stand-by NAC ONC ONC ONC ONC OPN OPN 

Note: ACT: active, NAC : nonactive, DNC : don't care, OPN: open 

BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT RAS 

LOW~~~JJ~ ~g~~~~~ LCAS 

---------:z VCC (3.3V) 

VSS(OV) 
STROBE INPUT 

UPPER BYTE CONTROL UCAS 
COLUMN ADDRESS 

STROBE INPUT 

WRITE Co~~~m: iN 

Ao 
A1 
A2 

A3 
ADDRESS INPUTS A4 

3 - 128 

AS 
A6 
A7 

A8 

L 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & I/O CONTROL 

MEMORY CELL 
(4194304 BITS) 

• MITSUBISHI 
..... ELECTRIC 

D01} 002 LOWER DATA 
: INPUTS I OUTPUTS 

DOs· 

4 vcc(3.3V) 

iVSS(OV) 

D09} 0010 UPPER DATA 
: INPUTS I OUTPUTS 

0016 

~VCC(3.3V) 
+-----<? vss (OV) 

DE ~~~UT ENABLE 
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M5M4 V4265CTP-6,-7 ,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vee Supply voltage -0.5-4.6 
VI Input voltage With respect to V 55 -0.5-4.6 
Vo Output voltage -0.5-4.6 
10 Output current 50 
Pd Power dissipation Ta=25'C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Min Nom Max Unit 

Vee Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.0 vee-t-O.3 V 
VIL LOW-level input voltage, all inputs -0.3 0.8 V 

Note1: All voltage values are with respect to VSS. 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vce=3.3±0.3V, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ 
VOH High-level output voltage IOH=-2mA 2.4 
VOL Low-level output voltage IOL=2mA 0 

loz Off-state output current o floating OV SVOUT S Vee -5 
II Input current OV~VIN~vee-t-O.3V, Other inputs pins=OV -5 

Average supply current M5M4V4265C-6,-6S RAS, CAS cycling 
ICel(AV) from Vee, operating tRc=twc=min. 

(Note 3,4,5) M5M4V4265C-7,-7S output open 

RAS= CAS =VIH, output open 

Icc2 Supply current from V CC, stand-by (Note 6) RAS= CAS ;;;'Vcc -0.2V 
output open 

AVerage supply current M5M4V4265C-6,-6S RAS CYCling, CAS=VIH 
ICC3(AV) from Vcc, RAS only tRc=mln. 

refresh mode (Note 3,5) M5M4V4265C-7;-7S output open 

Aver~e supply current M5M4V4265C-6,-6S 
- --

from cc RAS=VIL, CAS cycling 
ICC4(AV) 

Hyper page mode tpc=min. 
(Note 3,4,5) M5M4V4265C-7,-7S output open 

Aver~e supply current M5M4V4265C-6,-6S CAS before RAS refresh cycling 
Iccs(AV) 

from cc __ 
tRc=min. CAS before RA~ refres~) 

mode Note 3,5 M5M4V4265C-7,-7S output open 

RAS cy~ CAS ~0.2V or CAS 
before RAS refresh cycling 
RAS~0.2V or ~Vcc-0.2V 

Average supply current CAS~0.2V or ~Vcc-0.2V 
ICC8(AV)* from Vcc W~0.2Vor~Vcc-0.2V 

Extended-refresh mode (Note 6) OE~0.2Vor ~Vcc-0.2V 

Ao-A8 ~ 0.2V or ~Vcc-0.2V, 
DO=open 
tRc=250 J.l s, tRAs=tRAS min,,:, 1 JI. S 

ICC9(AV)* Average supply current from V cc RAS=CAS ~0.2V 
Self-refresh mode (Note 6) output open 

Note 2: Current flowing into an IC is positive; out is negative. 
3: ICCl (AV), ICC3 (AV), ICC4 (AV), and ICCS (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RAS=V IL and CAS=VIH. 
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Unit 
V 
V 
V 
mA 
mW 

'c 
·C 

Max 
Unit 

Vee V 
0.4 V 

5 J.l.A 
5 J.l.A 

110 
mA 

95 

2 

0.5 mA 

0.1 * 

110 
mA 

95 

110 
mA 

95 

100 
mA 

85 

100 J.lA 

100 J.lA 
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CAPACITANCE (Ta=0-70·C, Vcc=3.3±0.3V, Vss=OV, unless otherwise noted) 

Parameter Test conditions 
Limits . 

Unit Symbol Min Typ Max 

CI(A) Input capacitance, address inputs VI=VSS 5 pF 

CI (ClK) Input capacitance, clock inputs f=1MHz 7 pF 

CliO InpuVOutput capacitance, data ports VI=25mVrms 7 pF 

SWITCHING CHARACTERISTICS (Ta=0-70 ·C, Vcc=3.3±0.3V, Vss=OV, unless otherwise noted, see notes 6,14,15) 

Limits 

Symbol Parameter M5M4V4265C-6,-6S M5M4V4265C·7,·7S Unit 

Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 15 20 ns 

tRAC Access time from RAS (Note 7,9) 60 70 ns 

tAA Columu address access time (Note 7,10) 30 35 ns 
tCPA Access time from CAS precharge (Note 7,11) 33 38 ns 
tOEA Access time from OE (Note 7) 15 20 ns 
tOHC Output hold time from CAS (Note 13) 5 5 ns 
tOHR Output hold time from RAS (Note 13) 5 5 ns 
tCLZ Output low impedance time from CAS low (Note 7) 5 5 ns 
tOEZ Output disable time after OE high (Note 12) 15 20 ns 

twEZ Output disable time after WE high (Note 12) 15 20 ns 

tOFF Output disable time after CAS high (Note 12,13) 15 20 ns 
tREZ Output disable time after RAS hiQh (Note 12,13) 15 20 ns 

- -Note 6: An initial pause of 500 IlS is required after power-up followed by a minimum of eight initialization cycles (RAS·only refresh or CAS before RAS refresh 
cycles). 
Note the RAS may be cycled during the initial pause. And 8 initialization cycles are required after prolonged periods (greater than 8.2ms) of RAS 
inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to 50pF, VOH(IOH=-2mA) and VOL(IOL=2mA). The reference1evels for measuring of output signals are 
2.0V(VOH) and 0.8V(VOl). 

8: Assumes that tRCO~ tRCO(max) and tAsc ~ tASC(max) and tcp ~ tCP(max). 
9: Assumes that tRCO~ tRCO(max) and tRAO ~ tRAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC 

will increase by amount that tRCO exceeds the value shown. 
10: Assumes that tRAO ~ tRAO(max) and tAsc ~ tASC(max). 
11: Assumes that tcp ~ tCP(max) and tAsc ~ tASC(max). 
12: tOEZ (max), twEZ(max), tOFF(max) and tREZ(max) defines the time at which the output achieves the high impedance state (I OUT~ 1±51lA I) and is not 

reference to VOH(min) or VOl(max). 
13: Output is disabled after both RAS and CAS go to high. 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 
(Ta=0-70·C, Vcc=3.3±0.3V, Vss=OV, unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter MSM4V426SC-6,-6S MSM4V4265C·7,·7S 

Min Max Min Max 
tREF Refresh cycle time 8.2 8.2 
tREF Refresh cycle time * 128 128 
tRP RAS high pulse width 40 50 
tRCO Delay time, RAS low to CAS low (Note 16) 20 45 20 50 
tCRP Delay time, CAS high to RAS low 5 5 
tRPC Delay time, RAS high to CAS low 0 0 
tCPN CAS high pulse width 10 10 
tRAO Column address delay time from RAS low (Note 17) 15 30 15 35 
tASR Row address setup time before RAS low 0 0 
tAsc Column address setup time before CAS low (Note 18) 0 13 0 13 
tRAH Row address hold time after RAS low 10 10 
tCAH Column address hold time after CAS low 10 10 
tozc Delay time, data to CAS low (Note 19) 0 0 
tozo Delay time, data to OE low (Note 19) 0 0 
tROD Delay time, RAS high to data (Note 20) 15 20 
tCDD Delay time, CAS high to data (Note 20) 15 20 
tODD Delay time, OE high to data (Note 20) 15 20 
IT Transition time (Note 21) 1 50 1 50 

Note 14: The timing requirements are assumed IT =2ns. 
15: VIH(min) and Vll(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ms 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

16: tRCD(max) is specified as a reference point only. If tRCO is less than tRCO(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or fAA. 

17: tRAD(max) is·specified as a reference point only. If tRAD ~ tRAD(max) and tASC & tASC(max), access time is· controlled exclusively by tAA. 
18: tASC(max) is specified as a reference point only. If tRCD ~ tRCO(max) and tASC ~ tASC(max), access time is controlled exclusively by tCAC. 
19: Either tDZC or tDZO must be satisfied. 
20: Either tROD or tCDD or tODD must be satisfied. 
21: IT is measured between VIH(min) and Vll(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 
tCAS CAS low pulse width 

tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read setup time before CAS low 

tRCH Read hold time after CAS high 
tRRH Read hold time after RAS high 
tRAl Column address to RAS hold time 
tCAl Column address to CAS hold time 
tORH RAS hold time after OE low 
tOCH CAS hold time after OE low 

Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 

(Note 22) 
(Note 22) 
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Limits 
MSM4V426SC-6,-6S MSM4V426SC-7,·7S 

Min Max Min Max 

110 130 
60 10000 70 10000 
10 10000 13 10000 
48 55 
15 20 
0 0 
0 0 
0 0 

30 35 
18 23 
15 20 
15 20 

Unit 

ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
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Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter MSM4V4265c-6,-6S MSM4V4265C-7,-7S Unit 

Min Max Min Max 
twe Write cycle time 110 130 ns 
tRAS RAS low pulse width 60 10000 70 10000 ns 
teAS CAS low pulse width 10 10000 10 10000 ns 
tCSH CAS hold time after RAS low 48 55 ns 
tRSH RAS hold time after CAS low 15 20 ns 
twcs ' Write setup time before CAS low (Note 24) 0 0 ns 
twCH Write hold time after CAS low 10 13 ns 
tewL CAS hold time after W low 10 13 ns 
tRWL RAS hold time after W low 10 13 ns 
twP Write pulse width 10 13 ns 
tDS Data setup time before CAS low or W low 0 0 ns 
tDH Data hold time after CAS low or W low 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter MSM4V4265C-6,-6S MSM4V4265C-7,-7S Unit 

Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 23) 133 161 ns 
tRAS RAS low pulse width 89 10000 107 10000 ns 
tCAS CAS low pulse width 44 10000 57 10000 ns 
tesH CAS hold time after RAS low 82 99 ns 
tRSH RAS hold time after CAS low 44 57 ns 
tRCS Read setup time before CAS low 0 0 ns 
tCWD Delay time, CAS low to W low (Note 24) 32 42 ns 
tRWD Delay time, RAS low to W low (Note 24) 77 92 ns 
tAWD Delay time, address to W low (Note 24) 47 57 ns 
tOEH OE hold time after W low 15 20 ns 

Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tT. 
24: twcs, tCWD, tRWD and tAWD and tCPWD are specified as reference points only. If twcSSi:;twCS(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tCWDSi:;tCWD(min), tRWDSi:;tRWD(min), tAWDSi:;tAWD(min) and tCPWDSi:; tCPWD(min) 
(for Hyper page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to V IH) is indeterminate. 
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Hyper Page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify .. Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 

Limits 
Symbol Parameter MSM4V4265c-6,-6S MSM4V426SC-7.-7S 

Min Max Min Max 

tHPC Hyper page mode read/write cycle time (Note 26) 25 30 
tHPRWC Hyper page mode read write/read modify write cycle time 66 79 
tDOH Output hold time from CAS low 5 5 
tRAS RAS low pulse width for read or write cycle (Note 27) 77 100000 92 100000 
tcp CAS high pulse width (Note 28) 10 16 10 16 
tCPRH RAS hold time after CAS precharge 33 38 
tCPWD Delay time, CAS precharge to W low (Note 24) 50 60 
tCHOl Hold time to maintain the data Hi-Z until CAS access 7 7 
tOEPE OE pulse width (Hi-Z control) .7 7 
twPE W pulse width (Hi-Z control) 7 7 
tHCWD Delay time, CAS low to W low after read 32 42 
tHAWD Delay time, Address to W low after read 47 57 
tHPWD Delay time, CAS precharge to W low after read 50 60 
tHcoD Delay time, CAS low to OE high after read 15 20 
tHAOD Delay time, Address to OE high after read 30 35 
tHPOD Delay time, CAS precharge to OE high after read 33 38 

Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tHPC(min) is specified in the case of read-only and early write-only In Hyper page mode. 
27: tRAS(min) is specified as two cycles of CAS input are performed. 
28: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 29) 

Limits 
Symbol Parameter MSM4V426SC-6,-6S MSM4V426SC-7,-7S 

Min Max Min Max 
tCSR CAS setup time before RAS low 5 5 
tCHR CAS hold time after RAS low 10 15 
tCAS CAS low pulse width 17 22 

Note 29: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

Self Refresh Cycle * (Note 30) 

Symbol Parameter 

tRASS CSR self refresh RAS low pulse width 
tRPS CSR self refresh RAS high precharge time 
tCHS CSR self refresh CAS hold time 
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Limits 
M5M4V426Sc-6,-6S MSM4V426SC-7,-7S 

Min Max Min Max 
100 100 
110 130 
-50 -50 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 

Unit 

j.lS 

ns 

ns 
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Timing Diagrams (Note 31) 

Read Cycle 

~ 

tRAS 

tRC 

1 
VIH­

VIL - tRPC 

Ao-Aa 

w 

VIH­

VIL 

VIH 

VIL 

001-0016 VIH­

(INPUTS) VIL -

DQ1-D016 VOH­

(OUTPUTS) . VOL-

3 - 134 

VIH 

VIL 

tCSH 

r tRCO tRSH 

tCAS 

~XXX)UI 

~ ~ 
tRAO tRAL 

tAs~ ~tRAH~ ~ 
tCAL 

tCAH 

XXX}';:x~ ROW IXXXXX~ COLUMN r..XX)'IO.X)'IO.)'IO.X)'IO.X 
XXXXXXlf lIt XXXX X)W IZI<.XXX x~ X 
XXXXXXl ADDRESS 'YxXXXXl ADDRESS ~xxx xxx X 

L tRCS 

I 
)'10.)'10. x~ XX)'IO.~ 

~X~~~ XX~' XXXXX.xI 

14-1 tozc~ 

xx xxxx x Hi-Z xxxxxxxx 
xxxxxxxxx xxxxxx..?\l\ 

)'10.)'10. 

tCAC tREZ 

1M 

tCLZ toHR 

Hi-Z 

~ DATA VALID 

tRAC 

tozo ~ tOCH 

XXXXXXX XXXXXXX xxxxx AA 
XXXXXXXXXXXXXXXXXXXXXxxxxx 

Note 31 

tORH 

Indicates the don't care input. 

VIH(min);:;;;VIN~VIH(max) or VIL(min);:;;;VIN~VIL(max) 

Indicates the invalid output . 
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tASR 
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tRRH 

........ tACH 

xxxxxxx 
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xxxxxxx 

~4 

XXX xxx 
xxxxxx 

twEZ ~~ 
tOFF 
tOHC 

Hi-Z 

tOEZ 
~ ---~ 

xxx ~~~ U. xxx 



Byte Read Cycle 

LCAS 
(or UCAS) 

UCAS 
(or LCAS) 

Ao-Aa 

w 

VIH­

VIL -

VIH-

VIL-

VIH-

VIL-

VIH 

VIL -

VIH­

VIL -

D01-DOa VIH 
(or 009-0016) 
(INPUTS) VIL 

D01-DOa V-OH­
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 VIH 
(or DOl-DOs) 
(INPUTS) VIL 

009-0016 VOH­
(or D01-DOa) 
(OUTPUTS) VOL-

VIH 

VIL 
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tRC 

tRAS tRP 

\ V tApc ~ 
tCSH 

14 tCRP ~ tRCO tRSH tCRP 

-- - ..... 
~ 

~ ~ 

tCAS H tCPN 

~ 
~ ~ I W 

tAAO tAAL 

tCAL 
tASR ~tRAH. ~tASC~ tASR 
~ tCAH 

~ 
"-

xxxxx>A ROW COLUMN YX ............... XXXXX xx XX"- ROW 
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tRRH 

L tRCS 
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r 
tRCH 

cxx-x-x- .......... 
xx XXXXXXI' XXX ............... xx xxx x .......... x N ·XXXx ..... xxx 

xxxxx xxxx xx x xx x .......... x XXxxx x X'X' .......... XXXX x~xxxxx .......... X x ..... 

Hi-Z 

.... 1 tOZC. ~~ 

Hi-Z x xxxx XXXXXXXXX xx xx xx xxxxx 
xxxxxxxxx xxx xxx X)I ,xxxxx 

tREZ 
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tOHR ~-+-f tWEZ 
tAA tOFF 
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Hi-Z Hi-Z 

~ DATA VALID 
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14

toE
\ 
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xxxxxxxxxx xxx 
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I)'. X XX 
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Early Write Cycle 

Ao-Aa 

VIH­

VIL -
, 

tCf 
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xxxx:\ ROW 
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tRCO 

~ 
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tw C 

tAAS tAp 

I 
tApc \ 

tCSH ...... 
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~CRP 
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/ ~ 
tCAH lA~ 
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twCH 

w 
VIH 

VIL 
xxxxXXXXXXXA I~XXXXXxxxxxxxxxxxx.x.xxx. 

001-0016 VIH­
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XXXXX 

x 
XXXXXXXXXX 
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~ 
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Byte Early Write Cycle 
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Delayed Write Cycle 
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Byte Delayed Write Cycle -

LCAS 
(orUCAS) 
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(or LCAS) 

w 

VIH 

VIL -

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

D01-DOa VIH 
(or 009-0016) 
(INPUTS) VIL 

D01-00a VOH­
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 YIH 
(or OOl-OOa) 
(INPUTS) VIL 

009-0016 VOH­
(or OOl-DOa) 
(OUTPUTS) VOL-

VIH­

VIL-

WC 

tAAS tAP 

\ I 1\ 
tCSH tAPC 

tCAP tACO tASH .. 
......... ....- tCAP 

I-

~ WI XXXXXy 

tCAS 

XXXXXX I ~ x.;<;<;<;<;'1' 
, 

XXXXXY 

~ tRAH 
lAsc ----. tcAH 

..!-ASA ---. 

ROW ~ COLUMN 
IVVV 16. vyyyyyy xx ROW ~ ~ ~~~~ ADDRESS ADDRESS ~xx XXXXXI 'Y::i5B~ xx ADDRESS 

xxxxxx 
XXXX 

-?-xX'll 
XSexx 

X 
XXXXXX 

XXXX 

~ 
xxxxxx")!#-
YXX'll'll'll"Y 

")If 

'llY'll 'llY'll 'll'llXXY'llXXX 
xxxxxxxxxxx x XX-Xxx Y'll X X X 

Hi-Z 

twCH 

tozc 
t~ ~ 

Hi-Z ~ XXXX'llXYXX 
XXXXXXXXX ~ 

~ 

Hi-Z ~> 
tOEZ4 4-

~ .-.. toDD 

X~ 
xxx xxxXX 

. • . MITSUBISHI 

.... ELECTRIC 

~ 
tAWL 

~ 
~ 

KXXXXXXxxxxxxxx 
IIXXXXX~xxxx 
~x XXXX 

X x xxxxxxxxxxxb 
Xx XXXXXXXXXXXXXX:X 

tOH 

DATA UXYx x x x x XXXXX 
VALID ~XXXXXX 

Hi-Z 

tOEH 

----
~ XXXXXX 
~XXXXXXXXXXX 

XXXXXXXXY 

3 - 139 



MITSUBISHI LSls 

PREl~~~~~~~" 
M5M4V 4265CTP-6,-7,-6S,-7S 

Notice: 'ThIS IS 'c limitS ere s\ I 

somepSfametfl' EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BI1) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

VIH­

VIL -

VIH 
LCASIUCAS 

~ 

tCRP 

i 
XXXXXXIl 

x 

tRWC 

tRAS 

tCSH 

tRco tRSH 

tCAS 

~ 
VIL 

tRAD 

Ao ..... Ae 

w 

VIH 

VIL 

VIH 

VIL 

001-0016 VIH'-

(INPUTS) VIL 

00, ..... 00,6 VOH­

(OUTPUTS) VOL-

3- 140 

VIH 

VIL 

tASR tRAH 
H 

XXXXXA ROW 
xxxxx~ ADDRESS 

x 
xx 
xx 

x 
x 

Hi-Z 

xxxxxxxxxxx 
xxxxx 

tASC ~ 
tCAH 

[~ COLUMN .1{ 

~ ADDRESS II\,'I(XXX 

tAWD 

tRCsr-f-t 
tCWD 

tRWD 

XXI ~ 

tDZC tDS It+ 
f-f-t 

xx HI-Z ~ 
tCAC ~ 

tAA 

~ 
roArA~ ~ 

tRAC 
~V 

~+--+ tODD 
tOEA tozo 
~ ~ !+-tOEZ 

xxxx 
xxx 

'. MITSUBISHI .... ELECTRIC 

' . 

tRP 

~ i\ 
~ tRPC 

tCRP -+ It-

/ ~ 
tASR --.-~ 

ROW 
ADDRESS 

tCWL 

tRWL 

twP 

XXXXXXXX 

tDH 

xx 
DATA VALID IAXXXX xx 

HI-Z 

:1 
xxxxxxxx , 

"'-xxx 



MITSUBISHI LSls 

M5M4V 4265CTP-6,-7 ,-68,-78 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read-Write, Read-Modify-Write Cycle 

LCAS 
(or UCAS) 

UCAS 
(or LCAS) 

w 

VIH­

VIL -

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

D01-DOa VIH 
(or 009-0016) 
(INPUTS) VIL 

D01-DOa VOH -
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 VIH 
(or D01-DOa} 
(INPUTS) VIL -

DQg-D016 VOH­
(or D01-DOa) 
(OUTPUTS) VOL-

VIH 

VIL 

tRWC 

tRAS tRP 

~ I \ 
tCSH tRPC 

tRCo tRSH 4-t 
tCRP tCRP H -H- .... 

x 

~ CXXXX X7 x 

tCAS 

x V ~ )0 \ ~xxxXJ'J 
tRAo 

tASR tRAH tCAH tASR ..... tAsc ~ H 

ROW l"X'X'». COLUMN I..XXXXXX .1\ 
ROW }(II »C:XXXI ~XXXXXX XXXI" ADDRESS '~ ADDRESS XXY ADDRESS 

~xxxxxx 

tAwo tCWL 
tcwo 

tRCS r-- .... tRWL' 
tRWo twp I "I 

XX.JIJ. 
i\ 'Iv x x~ XII 

XXXXXXXX xxxxYI 

XXXXXXXX XXXXX xx 
Xxxxxxxx xxxxx xx xxxxxx 

Hi-Z 

tozc ~~ 
tos ... 

Hi-Z 

~ xxxxxxxx xxxxxxx 
xxxxxxxx XXXXXXX.x tCAC 

1M 

tCLZ 4---t 

Hi-Z 

~ 
,..---
DATA \ 

tRAC 
~/ 
~ toDD 

tozo ~ ..... +- tOEz 

xxxxxxxxxxxxxxxxxxxxxx 

J XXXXXXXXXXXXXX 
xxxxxxx 

x x x 

• MITSUBISHI 
.... ELECTRIC 

XX XX 
I 

xxxxxxxxx xx~ 
xx xxxx 

toH 

~xxxxxx~ DATA VALID 
~XXX x x x -/'0x 

Hi-Z 

~ 
~ xxxxxxxxxxx 
.xxx ~~~~~x~ 

3 - 141 



MITSUBISHI LSls 

'NARY M5M4V4265CTP-6,-7,-6S,-7S 
P L' ·f atioO 

. ,. (lot a I\oal s"ec~l~ct to ·change . 
Notice: Th'S '!\,iC limi\S ll,e 51.1 

Some pllra
m 

EDO (HYPER PAGE MODE) 4194304-BiT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

VIH­

Vil -

____ VIH 

LCAS/UCAS 

Ao-As 

w 

Vil -

VIH­

VIL -

VIH­

VIL -

001-0016 VIH­

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOl-

3 -142 

VIH­

Vil -

tR S A 

~ 

tCSH tHPC 

tcr. 
tRCD tCAS ~ tCAS 

~ 
r-----, 

~ V \ 
tAAD 

lASR ~ tAAH ~ ~ tCAH ~ lAsc ~ ~ lAsc ~ 4---1 

Il'V" ijI''Sl. m . ROW @ :!J{) 
COLUMN-1 

~x ~ 
COLUMN-2 ADDRESS ~ "$.;1' 

tRCS 

<.W.xxx xxxx 
xxxxxx xxx» x 

tDZC 

xxxxxx xxxx 
xxxxxx xxxx 
xxxxxx xxxx 

Hi-Z 

tRAC 

tDZO 

~xxxxx 
xxxxxxxxxxxxxxxx 

:~ 

tCAl tCAl 

~ I. tCAC. 
tAA tAA 

~LZ tDOH 
~ 

~ DATA ~ VALlD-1 

tCPA 
tOEA 
~ 

tOCH 

I 

• . MlTSUBISHI 
.... ELECTRIC 

Hi-Z 

RP 

~ '-tASH 

~ tCAS 

,----, 

I , V 
tCPRH 

lAsc 
4--f ~ ~ 

~ !;z'X' '5i~ 
COLUMN-3 ROW 

~~ ~~ ADDRESS 
~~ 

tRAl ~t~ 
tCAl 

~ tRCH 

xxxxx 
lIXXXXX 

14 twEZ~ 
tROD 

tCDD 

~ ~ xx 

~ tREZ ~ ~ 
tAA tOHR 

tOOH tOFF 

~ tOHC 

DATA ~ DATA 
VALlD-2 VALlD-3 r 

tCPA 
r 

tOEZ 

xx- x x x x x 
"- x x xx 

~ tODD 



MITSUBISHI LSls 

M5M4 V 4265CTP-6,-7 ,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read Cycle 

RAS 

LCAS 
(orUCAS) 

UCAS 
(or LCAS) 

Ao-As 

w 

VIH­

Vll-

VIH­

Vil -

VIH 

Vll-

VIH­

Vll-

VIH­

VIL -

DOl-DOs VIH­
(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH­
(or 009-0016) 
(OUTPUTS) VOL-

009-0016 VIH -
(or DOl-DOs} 
(INPUTS) Vil -

009-0016 VOH­
(or DOl-DOs) 
(OUTPUTS) VOl-

VIH­

Vll-

tR AS 

\ 
tCSH tHPC 

tCRP 
tRCo ~ tCAS 

~ 

~ , 
tCAS 

W ~ ~ 

tRAo 

lASR tRAH ~ 
lAsc 

14 tCAH. lAsc ....-. ..--. 
~ @ .£l'V ~~ ROW }II;}II;A7W COLUMN-1 W::X N COLUMN-2 

~ 
ADDRESS.i .\2 ~~ 

~~ 
tCAl tCAl 

xxxx XX 
>!xxx- x¥ 

tozc 

XXXXXA AXXXAX }II; xxxxx 
xxx xxxxx x XXXX 
x-x-x x xxxxx 

~ 
fAA 

Hi-Z (~ 
tCLZ ~ 

tozc tCPA 

XAXX Hi-Z xxxxxx xxxx xx 
XXXAA}II; }ll;XA}II; 

~ 
fAA 

~LZ 
Hi-Z ,~ DATA 

VALlD-1 
tRAC 

tozo tOEA 
~ 

tOCH 

xxxx X:X 
xxxx xxx 

. •. MITSUBISHI 

.... ELECTRIC 

.~ 

~ 

RP 

~ '--
tRSH 

~ 

~ 

tCAS tCRP 

\ ~ 

tCPRH 

tASC 
~ ~ ~ 

~~ ROW' COLUMN-3 ~ XXV 

~~ 
It"X-V ADDRESS 

tRAl 4-t~ 
tCAl 

~ tRCH 

xxxxx-
xxxxx 

Hi-Z ~ 
xx 

~~ 
~ 

tOHR 

DATA 
VALlD-2 

tROD 

tcoo 

~ 
XXXX 
"~ 

~ ~ 

fAA twEZ 
4- ___ 

toOH tOFF 

~ tOHC 

~ DATA 
VALlD-3 r 

tCPA 

tOEZ 

"XX' ~ 
~ x XXXx 

------
toDD 

3 - 143 



l,""'NA~Y 
MITSUBISHI LSls 

M5M4V 4265CTP-6,-7 ,-6S,-7S 
PRe.. ot a lina\ S\1ec~.'~~; to ~hange. 
Notice: ,his \\~c U(1I\\S are su \ 

SO(1l0pararne EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

Ao-Ae 

w 

VIH­

Vll-

VIH­

Vil -

VIH­

Vil 

001-0016 VIH­

(INPUTS) Vll-

t S RA RP 

~ I IL 
tCSH tHPC tRSH 

~~ 
tRCD tCAS ~ tCAS ~ teAs L teRP 

r---"1 Ir-1 
r 

XXXXI ~ I , ~ ~ 1/ ~ 
L tCAl L tCAl 

tASR tRAH tAsc ~ tCAH. tA::. ~ tCAH. tAsc ~ ~ ~ ~ 

~ ROW @ :~ .~ :~ ROW' 
COLUMN-1 ~ COLUMN-2 ~ 

COLUMN-3 ~ XXXXlA .ADDRESS ADDRESS 
~ . 'l:L::L::4 .'l::Ctt:J 

,_twcs, ~ ~twCS. ,_ twCH. ~twCS. ~ twCH. 

~ ~ xxxxxxxxxxxxx xxx XXXXXXXXXXX 
XXXXXXXXXXXXXlit. n xxx ~ \. JrXXXXll. I XXXXXX 

XXXJI XXXXXXXXXXXXX lin ~ xxx ~ IX XXXX Xl. 
IJ xx 

~ ~ ~ ~ ~ ~ 
.~ .~ 

~XXXXXXXXXJI DATA DATA DATA vxxXXY ¥c xx xx 
N- x 

XXXI ,VALlD-1 . '\lSl::lSI VALlD-2 
.~ VALlD-3 ~YXX 

Hi-Z 001-0016 VOH-
(OUTPUTS) VOl---------------------------------------------------------------------

3 -144 
• MITSUBISHI 

.... ELECTRIC 



MITSUBISHI LSls 

M5M4V4265CTP-6,-7,-6S,-7S 

EDO (HYPER,PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Early Write Cycle 

RAS L tR P 

r 
RAS 

VIH Ii ~ VIL-
, 

tCSH tHPC tRSH 

tCRP .. 
LCAS 

VIH 

\ (or UCAS) VIL -~ 
I 

tRCO tCAS ~ tCAS ~ tCAS L tCRP 

I 
UCAS VIH 

xxxx~ , I \ I (or LCAS) VIL -~ 
tCAL tCAL 

lASR tRAH lAsc 
~ ~ ~ ~ ........ lAsc ---.. lAsc ---.. 

VIH-~ ~ fX5Ol\. ROW @ ~ ROW Ao-Ae XXXXM COLUMN-1 COLUMN-2 \CXXX7tl COLUMN-3 .V 
ADDRESS :V5Z:l5l: ADDRESS 

VIL -~' :~ ~ 

w 

001 ...... 00e VIH=~X~X~~XX~X~~~~~~X~~"~ DATA ~'L~X~xgx~x~x~x~~~~~~~ DATA :1.. X x X (or 009 ...... 0016) x x x x x x x x ~ VALID-1 IA:. x X x VALID-3 w: X x )( x x x 
(INPUTS) VIL ~--......JI 1'------'1 "X X x ..;<0- x x x x V 

001 ...... 00e VOH­
(or 009 ...... 0016) 
(OUTPUTS) VOL-

009 ...... 0016 VIH 
(or 001 ...... 008} 
(INPUTS) VIL 

x 
x 

X~ 
XXXX7 
xx~ 

Hi-Z 

~ ~ 

DATA ~~x~~~~~~~~~~~~~~ VALlD-2 

009 ...... 0016 VOH - . Hi-Z 
(or 001 ...... 008) -------------------------------~~---------------------------------
(OUTPUTS) VOL-

• MITSUBISHI 
.... ELECTRIC· 3 - 145 



MITSUBISHI LSls 

PRELl""'~e:~'{ M5M4V 4265CTP-6,-7 ,-6S,-7S 
, ' not a final 5P 'ct to change 

Notice', ihlS .s ric limits 81'e subj" 

Some paramct EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BI1) DYNAMIC RAM 

Hyper Page Mode Read-Write, Read-Modify-Write Cycle 

tRAS 

RAS 
VIH 

VIL -

, 
tCSH tHPRWC 

tc~ tACO tCAS tcp tCAS 

LCAS/UCAS 
VIH-

VIL -

~ 'X 'X 'X 'X T' ~ I i\ ~ 
tAAO 

tASA tRAH tCAH ~ tCAH ....... f4-----J tASC 44 

Ao-Aa 
VIH­

VIL -

~ ROW ~ COLUMN-1 ¥cxxxxxx i\ COLUMN-2 ~ 

w 
VIH 

VIL 

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL-

~ ADDRESS ,,,xx 

tAwo 

~~ 
tcwo 

~xx x XXXI" 

~ ~ 
tRWO 

~~ tos 

xxxxxxxx xxx Hi-Z ~ ~xxx XXXX x "X"x ~~ 
~ 

tAA 

tcLZ-*- __ 

r-;;-~ Hi-Z 

~ ~I/ 
tAAC 

XI 
I\XXX 

tc~ 
tAWO 

tACS i tcwo 

~ , 1w ~ 
1 

tcPWO 

tOH tozc tos 
---.. 

DATA ~ Hi-Z ~ 
VALlD-1 ~ ~ 

~ tAA 
'I 

---t I+-tcb 
Hi-Z ~ DATA 

tCPA 

tRP 

~~ 
... tRWL J. 

tCRP 

1/ 
~tCWL~ 

~ tASA 

~ ROW 
xxV ADDRESS 

~ 
IeXXXXXX 
xxxxxxx 

tOH 

DATA IXXXXX 
Iv\;'XX.X.X.~ 

VALID-2 ,x.X.x.X.~ 

Hi-Z 

rn ~-+ ... toDD toDD 

~ tOEA 
toz01 ~ 4---+ --+ r--~tOEZ ~tOE\ tOEZ 

3 -146 

VIH­

VIL -

xxxxxxxxxxx 
X. 

XXXXXXXXX~ x. 

• ' MITSUBISHI 
"'ELECTRIC 

\ LJ 1It X.X.XX xx. x. 
X 

xx.~ 



MITSUBISHI LSls 

M5M4V4265CTP-6,-7,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read-Write, Read-Modify-Write Cycle 

LCAS 
(or UCAS) 

UCAS 
(or LCAS) 

Ao-As 

w 

VIH 

VIL -

VIH 

VIL 

VIH­

VIL -

VIH 

VIL -

VIH­

VIL -

Dell-DOs VIH 
(or DOg-D016) 
(INPUTS) VIL 

DOl-DOs VOH­
(or DOg-D016) 
(OUTPUTS) VOL-

DOg-D016 VIH 
(or DOl-DOs) 
(INPUTS) VIL 

DOg-D016 VOH­
(or DOl-DOs) 
(OUTPUTS) VOL-

VIH 

VIL 

tRAS tRP 

~~ ~ 
tCSH ~ tRWL 

tCRP 
4-t 

~ 
XXXXXY 

tRCO tCAS tHPRWC tCRP 

tcp tCAS 

XXXXXX, I ~ /I XXXXX}II \ X")()()()(J' 
tRAO 

tASR tRAH tCAH ~ tCAH ~ tASR 
~ ~ tAsc ~ ~ 

x xxxx\. ROW ~ Ul:.XXX" x Xl[ COLUMN-2 ~ xxx~ ROW 

~ ADDRESS COLUMN-1 ~XXX xxx ADDRESS x 'I '\.Xx 

tAwo 
t~ 

tAwo 

~~ 
tcwo 

tRCS J tcwo 

~ twp 

1s? ~ 
~X 

'-xxxxxx , \ rxxxxxfX 
~x Xl' x~' 

tRWO 1 
tcpwo 

~x xxx XIX 
xxxx xxx xxxxxxxxx XXXXXXX 

XXXXXX xxx xxxxxx xxx xxx xxxxxxx 

Hi-Z 

~l~ tos tOH tOlC tos tOH 
4-+ 

Hi-Z ~ DATA' ~ Hi-Z ~ DATA ~xxxx 

XXXXXXXX x 
~ VALlD-1 ~ VALlD-2 

xxxxx 
X")()()( )( XX}lll ~ ~xxxx 

~ M tAA tAA 

tCLZ~+- 'I 

~ I--tC'd 
Hi-Z 

~ 
r--- Hi-Z Hi-Z DATA \ ~ DATA 
VALID-II 

tRAC 
~ 

tCPA ~ ~4 toDD tODD 

~ tOEA 
tOl01 tOEl ~ t----+ ~ tOEl liOEA~ 

XXXXX 
XXXXXXXXXXX"" 

• MITSUBISHI 
"-ELECTRIC 

\ U 
'l(XXXXXXX 
''x XXXXXX 

3 - 147 



MITSUBISHI LSls 

EL'\\Il'NARY M5M4V4265CTP-6,-7,-6S,-7S 
P R tiM' speciticat\o~'"chaf\ge, 
Notice: 1his \~~\~\tS ere subject t 

someparame 'EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

tRAS tRP 

~ ___ -----+----"'ItRWl ~L RAS 
VIH--

~ Vil --

tcsH tHPRWC -H--lI-tCRP 
~----------~---------------4--~--~ 

tHPC 

tcp tRCD tCAS ~ tCAS ~ tCAS 

____ VIH- XXXXlof- ~ If---, 

~ ~ ~ ~ 
tCWl 

LCAS/UCAS 

Ao-Aa 

W 

001-0016 
(INPUTS) 

Vil -- Z:ZI ~ 
tRAD 

lASR ~ tRAH, I_ tCAH I lAsc 
~ 

lAsc tCAH 
~ lAsc ~ ~ if-t lASR 

VIH--~ ROW :~ 
Vil __ ~ ADDRESS ~~ COLUMN-1 

tRCS 

.~~ ~~~ ~IXXXXXIXXXXx\' ROW 
)( )( COLUMN-2 [> COLUMN-3 n, x x • X X X X]I ADDRESS 

[\~ I ~'L'L)()(I 1'--__ 

tw I twCH tCPWD 
~ .~ lAWD 

tCAl I L tCAl tCWD 
If-++----~ I ~----~ 

VIH 

Vil 

VIH 

Vil 

~~~~~~~~~--+-~~----~ X),?<XX)( X) XXyXS(" '..:XXXXX 

X~~~~ x)(~ xx XXI 

tDZC 
tDH 

tDS -+I-"'~--~ 
tDZC 
~r-~ tDS ~ tDH. 

-- If, 

w<.;<xxN 
xxxxxx 

-- ~~~~~~~~-t--~----~-t~M~~ ~ro~TA itVJ~X~~gg ~~III~o(I)-+--+~--+~-A-------(j(~II~~tc x x x x x x 
XXX X)f 
xxxxxx xxxx 

~ 
tAA --.4-- mEZ ~ 

~LZ -4 t~LZ --L 

001-0016 VOH -- . Hi-Z ~~:r;::- \ J~~/ DATA \ 
(OUTPUTS) VOl-------+-------+----~~I~/~l~ 1~-------+_t_--"""i,n~.I~3/>+---+--------

3 -- 148 

tRAC tCPA 

'. ' MITSUBISHI 
.... ELECTRIC 



MITSUBISHI LSls 

\M\NAR'f M5M4V4265CTP-6,-7,-6S,-7S 
.. at a tinal specihC~~\~;·chaOlle. 

This "\~c limits are subIa 

para
me 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

VIH-

Vll- ______________________________ -----------------------------------------

VIH­
LCAS/UCAS 

Vll-

Ao-Aa 

w 

VIH­

Vll-

VIH­

Vll-

001-0016 VIH­

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOl-

VIH­

. Vll-

~ 

~ xxxx 

~ 

\ I ~ 
tcp tCAS tCAS 

~ lASC ~ tCAH ~ tCAH 

IX xxxx\. ~n ~ 
COLUMN-1 COLUMN-2 x )oa ~ X 

~ w, 

X 
XXI III 

tCAL ~ tCAl 

~ ~ 

\ 
tHCWO 1 

tHAWO' 

~ tHPWO to~ 
~ 

Hi-Z ~ ~ 
tCAC r VAll 0-2 ---

1M 

tCPA tw~ 
~ 

~ DATA ~ 
VAll 0-1 I 

tHCOO 
tOEZ 

tHAOO ~ 
~ toDD 

tHPOO 

~ 

'. MITSUBISHI .... ELECTRIC 

V 

~ 
~xx 
\.Xx)';. 

Hi-Z 

, ~ 

~ 

~ lAsc ~ tCAH 

i(~ 

~ COLUMN-3 XXJl 

~w 

tozc .-. 
Hi-Z 

1M 
~ tCAC ~ 

tCPA 

tcLZ if-4 

~ DATA 
VAll 0-3 

tozc ~~ 

, 

3 - 149 



MITSUBISHI LSls 

'El\"",NA.RY M5M4V4265CTP-6,-7,-6S,-7S 
P R , ' at !I !iosl speciflc::\~;'cha(\\le, 
Notice: ihls ISt~C limIts afe suble 

someparama EDO(HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle (Hi-Z control by OE) 

VIH­

VIL -

VIH 
LCAS/UCAS 

VIL -

Ao-Aa 

w 

VIH­

VIL -

VIH 

VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL-

3 - 150 

VIH 

VIL 

tRAS 

~ 

tCSH tHPC tRSH 

tCf tRCo tCAS ~ 
,.--, 

tCAS tcp tCAS 

~ \ I , I ~ 
tRAo tCPRH 

tASR . tRAH tCAH tAsc I. tCAH~ ~ I. tCAH ~ tAsc ~ ~ 

~ ,'p::;;ty. ";( ,g., rn ROW ~ COLUMN-1 VXXJ< COLUMN-2 vx x IXXV COLUMN-3 v ADDRESS AX x )1ft 

~ 

~~ 
xx ... 

XXXxxx xx Xl" 
~ XXXI 

tozc 

xxxxxx xxx 
¥J'l.J'l.J'l.X XX)!; 

Hi-Z 

tRAC 

tozo 

~xxxxxxxx 
X}!;}!;X}!;XX}!;}!;X 
XXXXXXXXXX 

~otl '~ ~ 

Hi-Z 

tCAC 

tA~ ~ 
tAA 

~Ll ~H 

~ 
,...--- ,-----., 

~ DATA } K DATA DATA 
VALlD-1 -' VALlD-1 VALlD-2 
~ -----

X 

tOEZ tCPA 

tOEA ~ 
~ ~ tOCH 

h~~ J 
~ tOEPE 

'"MITSUBISHI 
.... ELECTRIC 

tCHOL~ 
~ 

I 
~ 

tRAL 

~ 
tAA 

tCLl 
~ 

r.. Hl-Z ~ 
If ~ 

tCPA 

tOEZ 

1\ 
tOEPE 

tRP 

L 
tCRP 

~ 
j 

tASR 
~ 

t?I n 
ROW >II 

fl" f:J 
ADDRESS 

~t~ 
4--f tRCH 

'1I(XXXXX 
XXXXX 

tROD 
~ 

tcoo 

~ )(5(' 

tREZ ~ Q2 
tOHR 

tOFF 

tOHC 

DATA r VALlD-3 

~~ 
xx 

.. }!;}!; J'l.X}!;X 

~ tODD 
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M5M4V 4265CTP-6,-7 ,-65,-75 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle (Hi-Z control by W) 

VIH­

VIL -

VIH­
LCAS/UCAS 

VIL-

Ao-Aa 

w 

VIH­

VIL-

VIH 

VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

tRAS 

~ 
tCSH tHPC tRSH 

tCf tRCD tCAS ~ tCAS tcp tCAS 

r----, 

~. ~ V ~ I ~ 
tRAD tCPRH 

tASR tRAH tCAH tAsc 
~ tAsc ~ tAsc ~ ~ ~ 

~ ROW ~ J!2 )(~ K'7. ~ 
COLUMN-1 COLUMN-2 rI>O. ~ COLUMN-3 

!::tlY::D 
ADDRESS 

"'2S2: 't.':4 "~ 6lI J 

tRAL 

rC~ tRCH~ ~ -+-- tRcs 

x .................... xA' " L xx ..... xx ... 
~~ 

.... 

xxxx .......... x ..... x.x Hi-Z 
XXXXxx xxx 

~ ~ ~ 
fAA tAA tAA 

~ ~H twEZ teLZ 

~ 
~ -------

Hi-Z DATA ~ DATA \ H;-Z ~ 
VAll 0-1 VALlD-2 I 

tRAC tCPA tCPA 

tDZO tOEA r r 
~ 

tOCH 

xxxxxxxxxxxxxxxx 
~x 
~x 

x ............... x"' 

• MITSUBISHI 
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tRP 

I L 
tCRP 

V 

~ tASR • 

1'1;7 ~&\ ROW 

,~ ~f:J 
ADDRESS 

~tR~ 
--------.. tRCH 

~ xxxxx 
xxxxx 

tRDD 

~ tWEZ • 

tCDD 

~ r-1n' 
"Xx xx x.> 

tREZ A L::L 
tOHR 

tOFF 

tOHC 

DATA 
~ VAll 0-3 

tOEZ 

x xxXX 
xx 
xx 

~ tODD 
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p . \~~~~~:,. M5M4V 4265CTP-6,-7,-6S,-7S 

Notice: This \!t~,~ limitS are sUb\ec 

sotneparatn EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

VIH­

VIL-

VIH 
LCAS/UCAS 

VIL 

tCRPr 

}l .......................... NI 

xx .......... X.7 

tASR 
~ 

xxxxx\. 

~ 

~ 

ROW 
Ao-Aa 

ViH­

VIL-
xxxxx~ ADDRESS 

001-0016 VIH . 

(INPUTS) VIL -

tRC 

tRAS tRP 

I 1\ 

1C

I 
~CRP 

'WI 
tASR 

~ 

KXXX ........................................... XXXXXXXXXXXXXXXXXXXXXX\. ROW 
X)tI lX ....... XXXXXxxxxxx ADDRESS 

llXXXXXX x 

001-0016 VOH- ____________________________ ~------H_I-_Z--------------------------------------
(OUTPUTS) VOL-

3 - 152 
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M5M4V4265CTP-6,-7,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

VIH­

VIL -

VIH­
LCAS/UCAS 

VIL-

VIH-
Ao-Aa 

VIL -

VIH-
W 

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH 

(OUTPUTS)· VOL-

VIH­

VIL -

tAc 
(( tRC 

tRP tRAS 
~~ 

tRAS tRP 

~( 

" ~ , V \ V ~ ---J 

tRPe tCSR tCHR 
tRPC tCSR tCHR 4~C r tCRP 

-tr-

~ 
~ "'~" ~ ~ 

/ ~ / I W IL ---l 

" f-- tCPN 

4-f tASR 

" xx xxxxx XXXXN~XXXXXxxxxxxx XA ROW COLUMN 
xx xxxxxxxxx XXXXXXXXXXXXXX XJ\ DDRESS ADDRESS xx XXXXXI 

r- ~RRH 
)) 

.,~ 
tRCH 

" >xxxxxxxx xxxxxx.J,xxxxxxxx 
1[XXXXXX xxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXI XXI 

» 

1/ 

XXXX xxxxxxxxxxxxxxxxxxXXXXXXXXXX 
xxxx xxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

~ tREZ " 
~ tOHR 

f---+ tOFF 
~ tOHC 

~S 
Hi-Z 

~ {( 
xxxxxxxxxx x /X'x x xxx KXXxxxxxxxxxxxxxxxxxx xx xxxxxxxxxxxxxxx 

xxxx XXXX~KXXXXXXxxxx 

" 

• MITSUBISHI 
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Ell M,NAR'l M5M4V4265CTP-6,-7,-6S,-7S 
P R rnal sp~citiCot\on~hange, 
Notice', ,hiS i\~~\~'i~S are subiect \0 

Some para(l'e EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 32) 

VIH­

VIL-

VIH 
LCAS/UCAS 

VIL 

Ao-As 

w 

VIH 

VIL -

VIH 

VIL 

001-0016 VIH 

(INPUTS) 
VIL 

001-0Q16 VOH­

(OUTPUTS) VOL-

3 - 154 

VIH 

VIL 

tRC .J tRC 

tRAS tRP tRAS tRP 

\ j \ I L 
tCRP tRCD tRSH tCHR 

XXXXXX1I' 
~ I xxxx..J 

tRAD 

tASR tRAH tAsc tCAH 
tASR 
-t;- 4--

~ 
}';xXXX\l ROW COLUMN ROW XXX},;},;X EX XXXXXXXXXXXXXX XX 
XXXXXI ADDRESS ADDRESS '\x XXXXXXXX X,X xx.J ADDRESS 

~~ tRAL 

~ 
~xx I\XXXXXXxxxxx xx XXXXX 
}';XXXXXX 1I(XXXXXXXXXX xx XXXXX 

~ 
tCDD 

I~ tRDD~ 

Hi-Z 

}';xxxxx x "'""xxxx 
tCAC It--t tREZ 

1M +-- tOHR 

~ 
lOFF 
tOHC 

Hi-Z 

~ 
Hi-Z 

DATA VALID 

tRAC tOEZ 
tDZO tOEA tODD 

'I tORH 

XXXX "......x XXXX 

XXXXXXXXXXXXXXXXXX ~ IXX XXXX 
XXXXXXXX IXX XXXXX 

Note 32: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above . 

• ' MITSUBISHI 
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M5M4V4265CTP-6,-7,-6S,-7S 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Self Refresh Cycle * (Note 30) 

LCAS/UCAS 

w 

VIH­

VIL-

VIH-

VIL-

VIH­

VIL-

VIH 

VIL 

001 -0016 VIH­

(INPUTS) VIL -

001 -0016 VOH­

(OUTPUTS) VOL 

VIH 

VIL 

tRP tRASS tAPS 

I \ ~ 
~ \ 

I .... 

;I';. 

;I';. 

x 

tRPC 

tRPC 
tCSR ~ tCRP ~ 
~ tCHS ~ 

~ V W- '-
--t tCPN 

.-.. tASR 

~~~~~~~~~~~~~~~~~~~~~~~~~ r--
ROW "X.. ~~~~~~~~~~~~~~~xxxx~x~~~~~~~~~ ~~ 

ADDRESS 
xxxxxxxxxxx~~~xxxxx~~x~xxxx~xxxxxxxx XX7 

~ 

tRRH 

t~ t~ 
I\~~~~ XXXX xxxxxxxxx ~~~~~~~x:r 

v;xxxxxxxx~xx~xx xxx~xx~xxxx~xxxxxxxxx~ 

tRDD 

tCDD 

Hi-Z 

~ tREZ 
4-- tOHR 

~ tOFF 
tOHC 

~ 
tODD 

~~~ 

I!,~xx 

->0. 

~~~~~~xxx ~~~~~~xxxxxxxxxxx~~xx~~~xxxx 

xx 

xx~~~~x ~~~~~~~~x~~~~x~~~~~xX~x~~x~x 

Hi-Z 

~~~~~~~~~~~X~~~~~~~~ ~ 
~~xx~~~xxxxxxxxxxxxxxxxx~xxx~ ~x~~~xxxx~xxx~ 

'MITSUBISHI 
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M5M4V 4265CTP-6,-7,-6S,-7S 

Notice', 1h's '!triC \\",its are 5\1 

So",ePllfl~", EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

Note 30: Self refresh sequence 
Two' refreshing methods should be used properly depending on 
the low pulse width (tRASS) of RAS, signal during self refresh 
period. ' 

1. Distributed refresh during ReadlWrite operation 
(A) Timing Diagram 

Read I Write Cycle .~ Self Refresh Cycle ~4 Read I Write Cycle 

~ --vQV9~100" f\FYv 
last first 

refresh cycle refresh cycle 

Table 2 

Read / Write Cycle Read / Write-
Self Refresh 

CBR distributed tNso;a;25O}l s 
refresh 

RAS only tNso;a; 16 }l s 
distributed refresh 

(B) Definition of distributed refresh 

RAS 

refresh 
cycle 

tREF/512 

read/write 
cycles 

Definition of CBR distributed refresh 
(Including extended refresh) 

Self Refresh-
Read/Write 

tsNo;a;250 }l s 

tSNo;a;16}ls 

tREF 

refresh 
cycle 

The CBR distributed refresh performs more than 512 
constant period (25O}ls max.) CBR cycles within 128 ms. 

Definition of RA§ only distributed refresh 

Note: 

All combinations of nine row address signals (Ao-As) are 
selected during 512 constant period (16}l s max.) RAS only 
refresh cycles within 8.2 ms. 

Hidden refresh may be used instead of CBR refresh. 
RAS/CAS refresh may be used instead of RAS only refresh. 

1.1 CSR distributed refresh 
• Switching from readlwrite operation to self refresh operation. 

The time interval from the falling edge of RAS signal in the last 
CBR refresh cycle during read/write operation period to the 
falling edge of RAS signal at the start of self refresh operation 
should be set within tNSO (shown in table 2). 

3 -156 

refresh 
cycle 

tREF/512 

readlWrlte 
cycles 

• Switching from self refresh operation to read/write operation. 
The time interval from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal 
in the first CBR refresh cycle during read/write operation 
period should be set within tSNO (shown in table 2). 

1.2 RAS only distributed refresh 
• Switching from readlwrite operation to self refresh operation. 

The time interval tNSO from the falling edge of RAS signal in 
the last RAS only refresh cycle during readlwrite operation 
period to the falling edge of RAS signal, at the start of self 
refresh operation should be set within 16 }l s. 

• SWitching from self refresh operation to readlwrite operation. 
The time interval tSNO from the rising edge of RAS signal at 
the end of self refresh operation to the falling edge of RAS 
signal in the first CBR refresh cycle during read/write 
operation period should be set within 16 }l s. 
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PREL\ 
M5M4V 4265CTP-6,-7 ,-68,-78 

ThiS is 

EDO (HYPER PAGE MODE) 4194304-BIT (262144-WORD BY 16-BIT) DYNAMIC RAM 

2. Burst refresh during Read/Write operation 
(A) Timing diagram 

Read/Write Self Refresh Read/Write -viJ1tj t~~lOO"'RJD-r 
first refresh cycles refresh cycles last 

refresh cycles 511 cycles 511 cycles refresh cycles 

Table 3 

Read / Write Cycle Read / Write- Self Refresh-
Self Refresh Read/Write 

CBR burst 
tNsB;ai8.2ms tSNB;ai8.2ms refresh 

RAS only 
tNsB+tsNB;ai8.2ms 

burst refresh 

(B) Definition of burst refresh 

i£V:vUV 
refresh cycles 

512 cycles 

Definition of CBR burst refresh 
The CBR burst refresh performs more than 512 continuous 
CBR cycles within 8.2 rns. 

Definition of RA§ only burst refresh 
All combination of nine row address signals (Ao-Aa) are 
selected during 512 continuous RAS only refresh cycles 
within 8.2 ms. 

2.1 CBR burst refresh 

• Switching from readlwrite operation to self refresh operation. 
The time interval tNSB from the falling edge of RAS signal in 
the first CBR refresh cycle during readlwrite operation period 
to the falling edge of RAS signal at the start of self refresh 
operation should be set within 8.2 ms. 

• SWitching from self refresh operation to read/write operation. 
The time interval tSNB from the rising edge of RAS signal at the 
end of self refresh operation to the falling edge of RAS signal 
in the last CBR refresh cycle during read/write operation 
period should be set within 8.2 rns. 

vuv 
readlwrite cycles 

2.2 RAS only burst refresh 

• Switching from read/write operation to self refresh operation. 
The time interval from the falling edge of RAS signal in the 
first RAS only refresh cycle during read/write operation period 
to the falling edge of RAS signal at the start of self refresh 
operation should be set within tNSB (shown in table 3). 

• Switching from self refresh operation to read/write operation . 
The time interval from the rising edge of RAS signal at the end 
of self refresh operation to the falling edge of RAS Signal in 
the last RAS only refresh cycle during read/write operation 
period should be set within tSNB (shown in table 3). 

•. MITSUBISHI 
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M5M4161 OOBJ, TP-5,-6,-7 
FAST PAGE MODE 16777216-BIT (16n7216-WORD BY 1-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 167n216-word by 1-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costS. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 

FEATURES 

AAS CAS Addresl Cycle Power 
Type name ICC811 ICC888 ICC811 dlsslpa-

lime time lime time lion 
(mex.ns) (max.nl) (max.nl) (mln.nl) (typ.mW) 

M5M416100BXX-5 50 13 25 90 495 

M5M416100BXX-6 60 15 30 110 405 

M5M416100BXX-7 70 20 35 130 340 

XX...J,TP 

• Standard 26 pin SOJ,26 pin TSOP 
• Single 5V ±1 O%supply 
• Low stand-by power dissipation 

MSM416100B ••••••••• S.SmW (Max)CMOS Input level 
• Low operating power dissipation 

M5M416100Bxx- S ....................... 60S.0mW (Max) 
MSM416100Bxx- 6 ....................... 49S.0mW (Max) 
MSM416100Bxx-7 ....................... 41S.0mW (Max) 

-Fast-page mode, Read-modify-write,RAS-only refresh,CAS 
before RAS refresh and Hidden refresh capabilities 

• Early-write operation gives common I/O capability 
.A11 Inputs, output TTL compatible and low capacitance 
-4096 refresh cycles every 64ms (Ao -A11) 

APPLICATION 
Main memory unit for computers, Microcomputer memory,Refresh 
memory for CRT 

MSM416100BJ,TP-5: Under development 

PIN CONFIGURATION (TOP VIEW) 

(SV)Vcc 1 

DATA INPUT 

ADDRESS 
INPUTS 

Vss(OV) 

a DATA OUTPUT 

NC 

CAS ~¥5~~~EAI~~~SS 
2 NC 

ADDRESS 
INPUTS 

Vss(OV) 

Outline 26POD - B (300mil SOJ) 

(5V)Vcc 1 

DATA INPUT 0 2 

NC 3 

WRITE CO~~~8\: W 4 

~~~o~~~~~~~RAS 5 

A11 6 

Vss(OV) 
DATA OUTPUT 

COlUMN ADDRESS 
STOROBE INPUT 

ADDRESS 
INPUTS 

Outline 26P3D - E (300mil TSOP) 

NC : NO CONNECTION 

• MITSUBISHI 
.... ELECTRIC 4-3 
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M5M416100BJ,TP-5,-6,-7 
FAST PAGE MODE 167n216-BIT (16n7216-WORD BY 1-BIT ) DYNAMIC RAM 

The M5M416100BJ, TP provide, In addition to normal read, write, 
and read-modify-write operations, a number of other 

functions, e.g., fast page mode, RAS-only refresh, and 
delayed-write. The Input conditions for each are shown In Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs Output 

Refresh Remark Row Column RAS CAS W 0 address address Q 

Read ACT ACT NAC DNC APD APD VI,D YES 

Write (Early wri\e) ACT ACT ACT APD APD APD OPN YES =.page 
Write (Delayed write) ACT ACT ACT APD APD APD "iD YES identical 

Read-modify·wrlte ACT ACT ACT APO APO APO VLD YES 

m-only refresh ACT NAC DNC DNC APD DNC OPN YES 

Hidden refresh ACT ACT ONC ONC ONC ONC VLD YES 

CAS before m refresh ACT ACT NAC DNC ONC DNC OPN YES 

Self refresh ACT ACT NAC ONC ONe ONC OPN YES 

Stand·by NAC DNC ONC DNC DNC DNC OPN NO 

Note: ACT: active, NAC : nonactive, ONC : don't care, VLO : valid, IVO : Invalld,APO : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE iNPUT m 
ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL W INPUT 

AO 

At 

A2 

A3 
A4 

AS 
ADDRESS INPUTS 

A6 

A7 

AS 

A9 
Al0 

All 

4-4 

MEMORY CELL 
(16m216 BITS) 

• MITSUBISHI 
IPAELECTRIC 

-~ Vcc(5V) 

Vss(OV) 

o DATA INPUT 

Q DATA OUTPUT 
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M5M4161 OOBJ, TP-5,-6,-7 
FAST PAGE MODE 16m216-BIT( 16777216-WORD BY 1-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 
Vee Supply voltage -1 ..... 7 

VI Input voltage With respect to Vss -1 ..... 7 

Vo Output voltage -1 ..... 7 

10 Output current 50 

Pd Power dissipation Ta=25"C 1000 
Topr Operating temperature 0 ..... 70 

Tstg Storage temperature -55 ..... 150 

RECOMMENDED OPERATING CONDITIONS (Ta=O- 7O"C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.4 6.0 V 
VIL Low-level input voltage, all inputs -1.0 0.8 V 

Note 1 • All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta-O ..... 70·C, Voo=5V ± 10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 
VOH High-level output voltage IOHa-5mA 2.4 Vcc 
VOL Low-level output voltage IOL=4.2mA 0 0.4 

loz Off-state output current Q floating OV:i Vour:i S.SV -10 10 
II Input current OV:iVIN:i 5.0V, Other inputs pins .. OV -10 10 

MSM4161 008-5 
RAS, CAS cycling 

110 
Aver~e supply current 

leel lAY) from ee MSM416100B-6 tRc=fWc=min. 90 
operating output open 

(Note 3,4) MSM416100B-7 75 

m= CAS =VIH, output open 2 

1CC2 
Supply current from Vee , 

RAS. CAS-W-Ao-All~VCC-O.SV stand-by 
MSM416100B 1 

(NoteS) output open 

MSM416100B-S 110 
Aver~e supply current RAS CYCling, CAS= VIH 

1CC3(Ay) from ee MSM416100B-6 tRe-mln. 90 
refreshing output open 

(Note 3) MSM416100B-7 75 

MSM416100B-5 80 
~~:~! supply current ~=VIL. CA§ cycling 

Icc4{Ay) MSM416100B-6 lPe.mln. 70 
Fast-Page-Mode output open 

(Note 3.4) MSM416100B-7 60 

MSM4161008-5 
OAS' before 'RAS refresh cycling 

110 
Aver~e supply current 

1CC6(Ay) from ee _ MSM4161008-6 tAe-mln. 90 
~ before RAS refresh output open 
mode (Note 3) MSM416100B-7 75 

RAS cycling and CAS:i0.2V or 

ICC8(Ay) Aver?,e s= current from 
Vcc xte refresh MSM416100B 

CAS before...,BAS refresh cycling 
Vcc-0.2V:iW=Ao-All :i0.2V 0.6 

(NoteS) 
output open, 
tRC-32 J.l s,tRAS-tRASmin-l.J.l s 

Aver~e supply current RAS .. CAS:i0.2V,output open 
0.4 Icce lAY) from ee MSM416100B 

Vcc-0.2V:iW=Ao-All :i0.2V Self-Refresh cycle (NoteS) 

Note 2: Current flowing into an IC is positive, out is negative. 
3: leel (AV), 1cc3 (AV) , 1cc4 (AV) and IceS (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: leel (AV) and Icc4 (AV) are dependent on output loading. Specified values are obtained with the output open. . 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

rnA 

mW 
·C 

·C 

Unit 

V 

V 

J.lA 

JAA 

rnA 

rnA 

rnA 

rnA 

mA 

mA 

rnA 
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M5M4161 OOBJ, TP-5,-6,-7 
FAST PAGE MODE 16777216-BIT (16n7216",WORD 'BY 1-BIT) DYNAMIC RAM 

CAPACITANCE (Tao-O;"" 70·C, Vcc-sv ± 10%, Vss ... OV, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 
CI(A) Input capacitance, address Inputs 5 
CI(O) Input capacitance, data Input 

VI=Nss 

f=1MHz 
7 

CI(W) Input capacitance, write control input 
VI=25mVrms 

7 
CI(RAS) Input capacitance, ~ input 7 
CI(~ Input capacitance, ~ input 7 
Co Output capacitance 7 

SWITCHING CHARACTERISTICS (Ta.O -7ffC, Vcc-sv ± 10%, Vss-OV, unless otherwise noted, see notes 5,12,13) 

Limits 
Symbol Parameter MSM416100B-5 MSM416100B-6 MSM416100B-7 Unit 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 6,7) 13 15 20 ns 

tRAc Access time from RAS (Note 6,8) 50 60 70 ns 

1M Column address access time (Note 6,9) 25 \ 30 35 ns 

tCPA Access time from ~ precharge (Note 6,10) 30 35 40 ns 

tcu Output low impedance time from ~ low (Note 6) 5 5 5 ns 

tOFF Output disable time after CAS high (Note 11) 0 13 0 15 0 15 ns 

Note 5: An initial pause of 500 p. s Is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containlni!.. ~ clock such as RAS-Only refresh): 
Note the RAS may be cycled during the initial pause, And any 8 ~ or mICAS cycles are required after prolonged periods 
(greater than 64 ms) of RAS inactivity before proper device operation is achieved. 

6: Measured with a load circuit equivalent to 2TIL loads and 100pF. 
7: Assumes that tRCO ~ tRCO(max) and tA~,IAse(max), 

Unit 

pF 
pF 

pF 
pF 

pF 

pF 

8: Assumes that tRCO:it tRCO(max) and lRAo:iii tRAO(max).lf tRCO or tRAO is greater than the maximum recommended value shown in this table, 
IRAc will increase by amount that tRco exceeds the value shown. 

9: Assumes that tRAO~ tRAO(max) and tAsc:it lAse(max). 
10: Assumes that tcP:it tcP(max) and 1Ase~ tASC(max). 
11 : tOFF(max) defines the time at which the output achieves the high impedance state ( lioull ~ 1 Qu A) and is not reference to 

VOH(min) or VOl(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 
(Ta=O - 7(/C, Vcc=5V ± 10%, Vss=OV, unless otherwise noted See notes 12,13) 

Limits 

Symbol Parameter MSM416100B-5 MfiM416100B-6 MSM416100B-7 Unit 
Min Max Min Max Min Max 

tREF Refresh cycle time 64 64 64 ms 
tREF Refresh cycle time * 128 128 128 ms 
tRP "R7\S high pulse width 30 40 50 ns 

tRCO Delay time, "R7\S low to ~ low (Note14) 18 37 20 45 20 50 ns 

tcRP Delay time, ~ high to ~ low 10 10 10 ns 
tRPe Delay time, ~ high to ~ low 0 0 0 ns' 
tCPN ~high pulse width 10 10 10 ns 

lRAo Column address delay time from RAS low (Note15) 13 25 15 30 15 35 ns 

tAsR Row. address setup time before ms low 0 0 0 ns 
lAse Column address setup time before CAS low (Note16) 0 10 0 10 0 10 ns 

'tRAH Row address hold time after"RAS low 8 10 10 ns 

tCAH Column address hold time after CAS low 13 15 15 ns 

tr Transition time (Note17) 1 50 1 50 1 50 ns 

Note 12: The timing requirements are assumed tr =5ns. 
13: VIH(min) and VIl(max) are reference levels for measuring timing of input signals. 
14: tRcO(max) is specified as a reference point only. If tRCO is less than tRCO(max). acc~s time istRAC. If tRCO is greater than tRCO(max). access 

time is controlled exclusively by tCAC or 1M. tRCO(min) is specified as tRCO(min) =tRAH(min) +2tr+IAse(min). 
15: tRAO(max) is specified as a reference point only. If tRAO ~ tRAO(max) and tA~ lAse(max). access time is controlled exclusively by tAA. 
16: tAsc(max) is specified as a reference point only. If tRCO ~ tRcO(max) and tAsci:; tASC(max). access time is controlled exclusively by tCAC. 
17: tr is measured between VIH(mln) and VIL(max). 

4-6 
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MITSUBISHI LSls 

M5M4161 OOBJ, TP-5,-6,-7 
FAST PAGE MODE 16777216-BIT (16777216-WORD BY 1-BIT ) DYNAMIC RAM 

Read and Refresh Cycles 
Limits 

Symbol Parameter MSM4161008-5 M5M4161008-6 MSM4161ooB-7 Unit 
Min Max Min Max Min Max 

tAc Read cycle time 90 110 130 ns 

tRAS RJrn"low pulse width 50 10000 60 10000 70 10000 ns 
tCAS ~ low pulse width 13 10000 15 10000 20 10000 ns 

tCSH CAS hold time after RAS low 50 60 70 ns 

tRSH RAS hold time after CAS low 13 15 20 ns 
tRCS Read Setup time before CAS low 0 0 0 ns 

tACH Read hold time after ~ high (Note 18) 0 0 '0 ns 

tRRH Read hold time after RAS high (Note 18) 10 10 10 ns 
fRAl Column address to RAS hold time 25 30 35 ns 

Note 18: Either tACH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 
Limits 

Symbol Parameter M5M416100B-5 'MSM416100B-6 MSM416100B-7 Unit 
Min Max Min Max Min Max 

twc Write cycle time 90 110 130 ns 

tRAs RAS" low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width ' 13 10000 15 10000 20 10000 ns 

tCSH ~ hold time after R1\S low 50 60 70 ns 

tASH RAS" hold time after ~ low 13 15 20 ns 

twcs Write setup time before ~ low (Note 20) 0 0 0 ns 

twcH Write hold time after OAS low 8 10 10 ns 

tcWL ~ hold time after W low 13 15 20 ns 

tAwL R7\S hold time after W low '13 15 20 ns 

twP Write pulse width 8 10 10 ns 

los Data setup time before CAS low or W low 0 0 0 ns 

tOH Data hold time after eAS low or W low 8 10 15 ns 

Read-Write and Read-Modify-Write Cycles 
Limits 

Symbol Parameter MSM4161008-5 MSM416100B-6 MSM416100B-7 Unit 
Min Max Min Max Min Max 

tAwc Read write/read modify write cycle time (Note19) 108 130 155 ns 

tRAs RAS low pulse width 68 10000 80 10000 95 10000 ns 

tCAS CAS low pulse width 31 10000 35 10000 45 10000 ns 

tCSH CAS hold time after RAS low 68 80 95 ns 

tRSH RAS'"hold time after ~ low 31 35 45 ns 

tAcs Read setup time before ~ low 0 0 0 ns 

tcWD Delay time, Cj{S"low to W low (Note20) 13 15 20 ns 

tAWD Delay time, 'RAS low to W low (Note20) 50 60 70 ns 

tAwo Delay time, address to W low (Note20) 25 30 35 ns 

tCWl CAS hold time after W low 13 15 20 ns 

tAWL RAS'"hold time after Wlow 13 15 20 ns 

twP Write pulse width 8 10 10 ns 

los Data setup time before W low 0 0 0 ns 

tOH Data hold time after W low 10 10 15 ns 

Note 19: tRwc is specified as tRWC(min)=fRAC(max)+tAWl(min)+tRP(min)+3tT. 
20: twcs, tCWD,tRWD, tAwo and tcpwo are specified as reference points only. If twcs~twCS(min) the cycle is an e~rly write cycle and the 

Q pins will remain high impedance throughout the entire cycle. If tcWD~ tCWO(min). tRWD~ tRWD (min). tAwo~ tAWO(min) and tCPWD ~ tCPWO(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the Q will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the Q (at access time and until CAS goes back to VIH ) is indeterminate . 
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MITSUBISHI LSls 

M5M416100BJ,TP-5,-6,.7 
FAST PAGE MODE 16777216-BIT (16n7216-WORD BY 1-BIT ) DYNAMIC RAM 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note21) 

Limits 
Symbol Parameter MSM416100B-5 MSM416100B-6 MSM416100B-7 Unit 

Min Max Min Max Min Max 

WC Fast page mode readlwrite cycle time 35 40 45 ns 

WRWC Fast page mode read wrltelread modify write cycle time 53 60 70 ns 

tRAS ~ iow pulse width for read write cycle (Note22) 85 125000 100 125000 115 125000 ns 

tcp 0'1tS" high pulse width (Note23) 8 12 10 15 10 15 ns 

tCPRH ~ hold time after ~ precharge 30 35 40 ns 

tcpwo Delay time, ~ precharge to W low (Note20) 30 35 40 ns 

Note 21 : All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
22: tRAS(min) is specified as tRAS(min)=tCSH(min)+tPC(mln). ' 
23: tcP(max) is specified as a reference point only. 

-- --
CAS before RAS Refresh Cycle (Note 24) 

Limits 
Symbol Parameter MSM416100B-5 MSM416100B-6 MSM416100B-7 Unit 

Min Max Min Max Min Max 

tCSR CAS setup time before RAS low 10 10 10 ns 

tCHR CAS hold time after RAS low 10 10 15 ns 

tRsR Read setup time before ~ low 10 10 10 ns 

tRHR Read hold time after ~ low 10 10 15 ns 

Note 24: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before"1t1m refresh 
mode. 
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MITSUBISHI LSls 

M5M4161 OOBJ, TP-5,-6,-7 
FAST PAGE MODE 16777216·BIT (16777216-WORD BY 1·BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Symbol Parameter 

twsR W setup time before RAS low 

twHR W hold time after RAS low 

o 

Limits 

MSM416100B-5 MSM416100B-6 
Min Max Min 

10 10 

10 10 

• MITSUBISHI 
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Max 
MSM416100B-7 Unit 
Min Max 

10 ns 

15 ns 

.......... -u Q 
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MITSUBISHI LSls 

M5M416100BJ,TP-5,-6,.7 
FAST PAGE MODE 16777216·BIT (16777216-WORD BY 1-BIT) DYNAMIC RAM 

Timing Diagrams (Note 25) 
Read Cycle 

RAS 

Ao ..... A11 

o 

Q 

4 - 10 

VIH-

VIL -

VIH­

VIL-

VIH-

VIL-

VIH-

VIH-

VIL-

VOH -

VOL -

tRC 

tRAS tRP 

~ ~ \ 
tCSH 

tcp 
tAco tASH ~C tCf 

tCAS 

XXXX.II 

~ ~ ~ ~ 
tAAO mAL 

tA~ 
tA~ ~ ~ tCAH tCPN 

~ R)W COLUMN 'ROW xxx~ u(XXXXX'-l 
I"-XX 

xxx xx-. 
xxx,.. ADDRESS InKXXXXXII ADDRESS xxx x x xx .. ADDRESS ~ 

It-I tRRH 

tAcs I tRCH 

XXXXXXlC xx XXXX XI XXXXXXXXXXX 
X XXXXXXJJ' 

XXXXX 

(XXX x XXX X XXXXXXXXXXX 
x x x x xXx x x x x x XXX>C.x XXXXXX XXXXXXX XXXXXXXXx xx 

tCAC 

tAA ~ 
tCL2 

Hi-Z ~ ~ Hi-Z 
DATA VALID I( 

tRAC 

Note 25 
~ Indicates the don't care input. 
~ VIH(min)~VIN~VIH(max) or VIL(min)~VIN~VIL(max) 

~ Indicates the invalid output. 
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MITSUBISHI LSls 

M5M416100BJ,TP-5,-6,-7 
FAST PAGE MODE 16777216-BIT (16n7216-WORD BY 1-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

RAS 

Ao ..... A11 

W 

D 

a 

VIH-

VIL -

VIH­

VIL-

VIH-

VIL -

VIH-

VIL -

VIH-

VOH -

VOL -

twc 

tRAS 

~ 
tCSH 

tcp tRCD tRSH 

tCAS 

~ ~ 

tA~ tRAH 
tAsc ~ teAH 

m ROW .~ COLUMN 
ADDRESS I.XXX.lII ADDRESS 

.~ 

twes twCH 

xxxxxxxxxxxxxxx,~ 
xxx .;I'W 

tos~ 
toH 

x x xx x x x x x x x x x x x," 
xxxxxxxxXXXXXXXA DATA VALID 

Hi-Z 

• . MITSUBISHI 
;"'ELECTRIC 

tAp 

~ ~ 

,C I tCRP 

V W 
fAst-. 

xxxx," 
ROW xXXXXXXXXWI 

XXXXI ADDRESS 

'I..: X x x xx xxxxxxxxxxxx:x xxxxx .. x X X X xx x 

.. .M.XXXXX xxxxxxxxxxxxx 
,.xx xXxxxxxxxxxxxx xx ,.."'x 
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M5M4161 OOBJ, TP-5,-6,-7 
FAST PAGE MODE 167772t6-t;JIT (16n7216-WORD BY 1-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

RAS 

Ao-All 

o 

a 

4 - 12 

VIH-

VIH­

VIL -

VIH-

VIH-

VIH­

VIL-

VOH-

VOL -

twc 

tRAS tRp , ~ \ 
tCSH 

If tRCO tRSH ;PC I tCAP tCAS 

~ 

, 
~ W 

tASR tRAH lCAH 
f---t lASC ~ ..... ~tASR 

m ,~ ROW COLUMN -'AA 
A' ROW 

ADDRESS ",-xXJn ADDRESS nK.XXXXX ADDRESS '~ 

~ 

~ 
tRWL 

~ 
XXXXAXX 

lUI ~ IL XXXXXXXX 
AAAA ~ K X 

twCH 

tD~ tDH 
~ 

XXXXXXXXXXXXXXXXXXXXX XXAXX 4-
DATA XAAA 

x xxx xxxXXXXXXX&1 U xx 
XXXXXXXX:R, VALID XXXXXX 

~ lOFF 
~ 

Hi-Z 

~~~ 
Hi-Z 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M416100BJ,TP-5,-6,-7 
FAST PAGE MODE 16777216-BIT (16777216-WORD BY 1-BI1) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao-A11 

o 

a 

VIH-

Vll-

VIH­

VIL-

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VOH -

VOL -

tRWC 

lRAS , 
tCSH 

tRCO tRSH 
tCRP I tCAS 

XXXXlII ~ 

~ tRAO 
Ir 

lAS~ tRAH 
lAsc It-t tCAH 

?VVV\. ROW . ~ COLUMN XXXX'-I vx 

~ ADDRESS ~ ADDRESS R.X 
.~ 

~x 
>!"xxx 

xxxxx 
xx 

lAWD 

lAcs +--~ tCWD tCWl 
tRWO tRWL 

twp 
XXX)QI 

~ xxx. 
X;" Ir 

lOs """' 
lOH 

xxxx x x xxxxxxxxxA 
DATA VALID xxxxxxxxxx x 

XXXXXXX 

tCAC 

1M 

=b Hi-Z 

tRAC 

• MITSUBISHI 
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xa 
x,.. 

DATA VALID 

tRP 

~ \ 
,C I lCRP 

,. 
W 

lASA .... 

ROW 
xxx"" ADDRESS 

d~X x~ 

IDCXXXXX x~ 

I 

' .. xx xxx .. xx &'txx xx 
'1lX X X xxxxx xx 

~ 
\ Hi-Z 

I 
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MITSUBISHI LSls 

M5M4161 OOBJ, TP-5,-6,.7 
FAST· PAGE MODE 167n216-BIT (16n7216-WORD BY 1-BIT) DYNAMIC RAM 

RA8-only Refresh Cycle 

Ao ...... A11 

D 

a 

4 - 14 

tAC 

tRAS tAP 

VIH-

VIH- ~~xi"ff-------------------..... ~t1---
VIL-

VIH-

VIL-

VIH-

~- . 

ROW 
ADDRESS 

~H- ~~ 

-------~--------------~~--------------------------
VOL -
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MITSUBISHI LSls 

M5M4161 OOBJ, TP-5,-6,-7 
FAST PAGE MODE 16777216-BIT (16n7216-WORD BY 1 .. BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle 

Ao-A11 

w 

o 

a 

VIH-

VIH­

VIL -

VIH-

VIL -

VIH-

VOH -

VOL -

tAp 

J 
~ t~ 

J ~~ 
tCPN 

xx xxxxx 
xx xxxxx 

~H tR~ 

W 

xx IXXXXX 
X xx IXXXXX 

~t-.EEE 
--\ 

-' 

, 
C 1/ RC 

tAAS 
» 

tRAS tRP 

It 

~ 
H 

~ ~ \ 

tCHR 
.... ~N t~ tCHR ~~ I tCRP 

f ~ If W \. ~ 
H 

'I 
-t - ~R 

"'- I--
xxxxxxxxxxxx xxx xx xx x x x xxx x xxx,., ROW COLUMN 
xxxxx 

tRHR 

xx xxx 
~ 

tR~ tRHR ., 
x X~ 

~xx .. 
~x XI . 

xx xxxxx xxxxx . 
" » 

• MITSUBISHI 
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Hi-Z 

XXXXlln DDRESS ADDRESS 
I--

., tR~ 

.x 
v; x x x x x x x x x x x x x x • 
1(XX .x xxxx x x .x x ~ 

xxxxxxxxxxxx xxx 
X xxxxx 
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MITSUBISHI LSls 

M5M4161 OOBJ, TP-5,-6,-7 
FAST PAGE MODE 16m216-BIT (16n7216-WORD BY 1·BI1) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 26) 

Ao-A11 

o 

Q 

4':'" 16 

VIH-

VIL -

VIH­

VIL -

VIH-

V,L -

VIH-

V,L -

VOH -

VOL -

tAC tAC 

tRAS tAp tRAS L tRP , 

~ 'J , 11 L 
tCAr tACO tASH tCHA 

XXXlII ~ , i ~ 
tAAO 

tASR 

tASR iH ~tASC 
tCAH H 

~ 
ROW ~ COLUMN U'I;. xxxxxxxx xxxxxx}U ROW 

~ ADDRESS ADDRESS nit X XXXXXXXXXXXXXXX XXXXXXJIrt ADDRESS 
~ '-';0; XXXXXXI 

tAAL 

~ ~ 
{XXXXXlj xxx~ ""xxxxxxxxx 
xxxxx xxx ... ~xxxxxxxx xxxxxxxxxxx 

xxx xxxxxxxxxxxxx xxxxxxxxxxxx 
c:xxxxx xxxxxx ;o;xxxxxxxxxxx 
xxxxx xxx xxx xxxxxxxx xxx xxxx~ 

tCAC 

1M ~tOFF 

~ 
Hi-Z ~ \ Hi-Z 

DATA VALID , 
tRAC 

Note 26: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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M5M416100BJ,TP-5,-6,-7 
FAST PAGE MODE 16777216-BIT (16777216-WORD BY 1-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

Ao-A11 

W 

D 

a 

tAAS ~ 
~ 

~------~------~/~ 
VIH- , 
Vll-

tCRr 

tpC tCSH ~ 
~ teAs tCAS tRCD teAs 

VIH- W Vll-

tRAD tCPRH 
I'---+-t--~ 

tASR ......,~~tR;..-A_H...... tAse..... ~ tA~ ti tA~ ~ ~ tASR 

VIH- ID ROW .~ l·&.xx ~ ,J:~~ ROW 
~DDRESS nt:.v6lf C )LUMN-1 :. ~ ~ = : COL JMN-2'VX x x X)WI CO _L MN-3 ~ x ADDRESS 

Vll- _ ,~~ 

VIH - ")t'x x x x 

VIH-
xxxxx 

Vll-

VOH -

VOL -

tRAt 

tRCH ... t 1 ~tACS tACH" t 14-Res 

tAAH 

4-!;:tRCH 

xxxx xxx, 

xxxx 
xxx xxx xxx x 

fAA 

~ tOFF 

mLZ~~~ 
~ 

Hi-Z DATA ~ 
VAUD-1 I( 

tRAC 
r 

• MITSUBISHI 
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xxxx 

fAA 

~ ~ 
tell J~ 

DATA ~ 
,~ VAUD-2 'f 

tCPA 
r 

xx 
xx 

fAA 

tCAC 

~ 

xxxx 
,"xxxx 
~xxx 

xxxxxx 

tOFF 

If--+ 
tCLl J 

~ DATA ~-
~ VAUD-3 I( 

tePA 
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MITSUBISHI LSls 

M5M416100BJ,TP-5,-6,-7 
FAST PAGE MODE 16n7216-BIT (16n7216-WORD BY 1-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

RAS 

CAS 

Ao ...... A11 

o 

a 

4 - 18 

VIH-

ViH- ~~~rrr---1 
VIL- ~~7 

·VIL-

V~- ~~ 

------------------------------~~------------------------------VOL -
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MITSUBISHI LSls 

M5M4161 OOBJ, TP·5,.6,-7 
FAST PAGE MODE 167n216·BIT (16777216-WORD BY 1·BIT ) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

Ao-A11 

D 

VIH­

VIL-

VIH­

VIL-

VIH-

a VOH-

VOL -

tRAS tRP 

~ ~ L 
tCSH tASH 

tCRr tRCO tCAS \Pc 
tcp tCAS 

xxxx:, ~ ~ ~ XXXXI ~ 

tRWL II-' 
tAsA ~ lASC ~ tCAH ~ tCAH 

~tCWL • ~ tASR 

~ ROW XIX 

~ ~ x:y ROW COLUMN-1 vxxx 
COLUMN-2 "DDRESS Lxx XIX ~ x. ADDRESS 

~ 

~ ~ ~~ 
~ ... 

X X)lll , f/I x XXXX:' 

twCH 

tDS 
toH 

x XXXXXX XXXXXXXl DATA ~IXX 

xxxxxxxxxxxxxxx xxxxxxxa 
VALlD-1 ~'-xx 

tcLZ "'1-~ -h~ 
~ 

Hi-Z 

~ 

• MITSUBISHI 
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\ Hi-Z 
rt 

~ , I..XXXXX 

DIlXXXXX 

xxxxxx 

twCH 

tDH 
tos 

xx DATA '.xxxxx 

VALlD-2 
xx 

tOFF 
~tcLZ ... 4-

~ \ Hi-Z ., 
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MITSUBISHI LSls 

M5M4161 OOBJ, TP-5,-6,-7 
FAST PAGE MODE 16777216-BIT( 16777216-WORD BY.1-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write,Read-Modify-Write Cycle 

Ao-Au 

o 

a 

4 - 20 

VIH-

VIL -

VIH­

VIL-

VIH-

VIL -

VOH -. 

VOL -

tAAS tAp ;=:, , '-tCSH tAWL 

tCRr tRCD tCAS tpRWC 
top tOAS 

~ ~ ~ ~ I XXXX, 
"'-XXXI 

tAAD 

tA~ ~ tASC .. tCAH ~ tCAH ~ 
rsMr"ft 

~ XXX.MJ ROW 
COLUMN-1 

x lIXXX 

XXXXA ~DORESS RXXX x .Nt COLUMN-2 ftAXX 
xxx xxx 

~ I 

tAWD tAWD 

tCWD tCWL tCWD .... p~ tRcs1 

~ ~ ,.~W XXXXXXX XXX.l.r 

~ ~l xxxxxxx xxx, 

II( 
xxxxxxx 

tRWD tCPWD 

lOH 
tDS .. ~ 
XJl. 

DAT.4! xx. X. 

XXXXX X XI VALlD-1 ~X)ll xx. 

Hi-Z 

tAA ~ tOFF ... -- --tCLZ 

tAAC ~ 
DATA 

VALlo-1 

,- MITSUBISHI 
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tAA ~ 
,...~ toLZ'" .... 

~ HI'Z ~ 
tePA 

lOH 
lOs .. 

x'" DATA 
XXllll 
xx~ VALlO-2 

toFF .... 
DATA 

VAll 0-2 

...tASR 

ROW 
ADDRESS 

xxxxxx 

,~ 

'~ 

~ 

~ Hi-Z 
If 



MITSUBISHI LSls 

M5M416100BJ,TP-5,-6,-7 
FAST PAGE MODE 167n216-BIT (16777216-WORD BY 1-BIT) DYNAMIC RAM 

TEST Mode SET Cycle ( Note 27) 

Ao-A11 

D 

a 

VIH-

VIH­

VIL-

VIH-

VIL -

VIH-

VIH-

VIL -

VOH -

VOL -

tRP tAAS 

J ~ 
tRPC -----... tc~ tCHR 

J ~~ I 
tCPN 

XXXXXXXX XXXXXX x.x xxxx xxxxxxxxx 

tRCH twSR twHR 
4-----ft ..... 

~~ 
NXY «'xxxxxxxxx 
~xxxxxxxxx xxxx 

x xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x x xxxxxxxxxxxxxxxxxx xxxx XYYX 

...... ~ 
--1\ Hi-Z 

-" 

tAp 

i ~ 

tApc tCRP .. ~ r4-

W 
tASR 

"'f--4-

xx ROW 
.x.x.x.xX71 .ADDRES 

.x.x.x.xx.x.x.x.x.x.x.xx 

.x .x.x.x .x.xx 

xxxxxxxx.xxxxxx 
xxxxxxxx 

)II; xx }{'x 

Note 27: The test mode function is initiated by a Vi and CAS before RAS cycle ( WCBR cycle) as specified in ti'!!!!:!g diagram. 
The test mode function is terminated by either a CAS before RAS refresh cycle ( CBR refresh cycle) or a RAS only refresh cycle. 
During the test mode, the device is Internally organized as 16 bits wide ( l M bytes depth). No addressing of CA 11 , CA 10, CA 1 
and CAO is required. 
During a write cycle, data on D (input) pin is written into 16 bits memory cells. During a read cycle, a ( output) pin shows the 
test resutt of the 16 bit. High state indicates that they are same. Low state indicates that they are not same. 
During the test mode operation, WCBR cycle can be used to perform refresh. 
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MITSUBISHI LSls 

M5M416400BJ, TP-5,-6,-7 ,-55,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 
. This Is a family of 4194304-word by 4-blt dynamic RAMS, 

fabricated with the high performance CMOS process,and Is Ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. . 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an Increase In system densities. 

FEATURES 

AAS CAs 
Type name access access 

time time 
(max.ns) (max.ns) 

MSM416400BXX-5,-5S 50 13 

MSM416400BXX-6,-6S 60 15 

MSM416400BXX-7,-7S 70 20 

XX...J,TP 

eStandard 26 pin SOJ,26 pin TSOP 
eSlngle SV ±1 O%supply 
eLow stand-by power dissipation 

Address OE Cycle Power 
access access dlsslpa-

time time time lion 
(max.ns) (max.ns) (mln.ns) (typ.mW) 

25 13 90 495 

30 15 110 405 

35 20 130 340 

MSM416400B ........ S.SmW (Max)CMOS Input level 
M5M416400B(S) ...... 2.2mW (Max)CMOS Input level 

eLow operating power dissipation 
MSM416400Bxx- S,- SS ............ 60S.0mW (Max) 
MSM416400Bxx- 6,- 68 ............. 49S.0mW (Max) 
M5M416400Bxx-7,-7.S ............ 41S.0mW (Max) 

eFast-p@9!...mode , Read-modlfy-write,RAS-only refresh,CAS 
before RAS refresh, Hidden refresh and Self refresh capabilities 

eEarly-write mode and OE to control output buffer Impedance 
eAII inputs, output TIL compatible and low capacitance 
e4096 refresh cycles every 64ms (Ao -All) • 
e4096 refresh cycles every 128ms (Ao -All) 
* : Applicable to self refresh version only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

MSM416400BJ,TP-5, -5S: Underdevelopment 

PIN CONFIGURATION (TOP VIEW) 

(SV)Vcc 

DATA{DOl 2 

o~:p't\~ D02 
WRITE CON~B!r W 

~~~t~~~~~~ RAS 
Ail 

Al0 

A~~~5~~ Ao 
A1 

A2 

A3 

(SV)Vcc 

Vss(OV) 

5 D04}'DATA 

4 D03 ~r~Jf~ 
CAS ~~~Ul£D~~ss 

2 OE ~~1rrUT ENABLE 

ADDRESS 
INPUTS 

Outline 26POD - B (300mil SOJ) . 

(5V)Vcc 

DATA{-DOl 2 

olffp~\~ D02 
WRITECO~8f W 

~~~~~~~~~ RAS 5 

ADDRESS 
INPUTS 

All 

Al0 

Ao 
Al 

A2 

A3 

(5V)Vcc _____ .1 

ADDRESS 
INPUTS 

4 VSS(OV) 

Outline 26P3D -E(300mil TSOP) 

4 - 22 
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M5M416400BJ, TP-5,-6,-7 ,-5S,-6S,-7S 
FAST PAGE MODE 16m216·BIT (4194304-WORD BY 4·BIT ) DYNAMIC RAM 

FUNCTION 
The M5M416400BJ, TP provide, In addition to normal read, write, 
and read-modify-write operations, a number of other 

functions, e.g., fast page mode, RAS-only refresh, and 
delayed-write. The input.conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

Row ~~:n,. RAS CAS iii OE addrMA 

Read ACT ACT NAC ACT APO APO 

Write (Early write) ACT ACT ACT ONC APO APO 

Write (Delayed write) ACT ACT ACT ONC APO APO 

Read-modlfy-wrlte ACT ACT ACT ACT APO APO 

RAS-only refresh ACT NAC ONe ONC APO ONe 

Hidden refresh ACT ACT DNC ACT ONC ONC 

~before ~ refresh ACT ACT NAC ONe ONC ONC 

Sell refresh ACT ACT NAC ONC ONC ONC 

Stand-by NAC ONC ONC ONC ONe ONC 

Note: ACT: active, HAC : nonactive, ONC : don't care, VLD : valid, IVO : Invalld,APO : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT 

CAS 
ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL Vi INPUT 

1.0 

1.1 

1.2 

13 

1.4 

ADDRESS INPUTS 
1.5 

1.6 

1.7 

AS 
1.9 

1.10 

1.11 

MEMORY CELL 
(16m216 BITS) 

'. MITSUBISHI .... ELECTRIC 

Input/Output 
Refresh 

Input Output 

OPN VLD 

APO OPN 

APO IVO 

APO VLD 

ONC OPN 

OPN VLD 

ONC OPN 

ONC OPN 

ONC OPN 

-~VC:C(5V) 
~VS$(OV) 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

NO 

D02 DATA 

Remark 

~ 
Identical 

D01} 
:: INPUTS I OUTPUTS 
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M5M416400BJ,TP-5,-6~-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (41'94304-WORD BY 4.BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 
Vcc Supply voltage -1-7 
VI Input voltage With respect to Vss -1-7 
Vo Output voltage -1-7 
10 Output current SO 

Pd Power dissipation Ta=r2S·C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -6S-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70"C,unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 4.S S S.S V 

Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.4 6.0 V 

VIL Low-level input voltage, all inputs -1.0 0.8 V 

Note1: All voltage values are With respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=O - 70"0, Vcc=5V ± 10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Min 

Limits 

Typ Max 

VOH High-level output voltage IOH .. -SmA 2.4 Vee 

VOL Low-level output voltage IOL .. 4.2mA 0 0.4 

loz Off-state output current Q floating OV :iiiVouT:iii S.SV -10 10 

II Input current OV:iiVIN :iii 6.0V, Other inputs pins=OV -10 10 

Aver~e supply current MSM416400B-S,-5S RAS, CAS cycling 110 
from cc tRc=twc.min. 90 ICCl (AY) operating MSM416400B-6,-6S output open. 

(Note 3,4) MsM416400B-7,-7S 7S 

Supply current from Vee , RAS. CAS =VIH. output open 2 

Icc2 stand-by MSM416400B RASa CAS .. ~=W=Ao ...... All~VCC-O.SV 1 

(NoteS) MSM416400B(S) output open 0.4 

Aver~e supply current MSM416400B-S,-SS 110 
from cc RAS' CYCling, ~= VIH 

90 Icc3 (AY) refreshing MSM416400B-6,-6S tRc=mln. 
output open 

(Note 3) MSM416400B-7,-7S 7S 

Aver~e supply current MSM416400B-S,-SS 
RAS' .. Vll, ~ cycling 

80 

1CC4(Ay) 
from cc MSM416400B-6,-6S !Pc=min. 70 Fast-Page-Mode output open 

(Note 3,4) MSM416400B-7,-7S 60 

Aver~e supply current MSM416400B-S,-SS 110 
~ before RAS' refresh cycling 

1CC6(Ay) 
from cc 

MSM416400B-6,-6S tRc=min. 90 m-before ~refresh 
mode output open 

(Note 3) fMSM416400B-7,-7S 7S 

RAS cycling and CAS:ii0.2V or 

Aver~ S~IY current from 
CAS before RA~efresh cycling 

0.6 ICC8(Av) Vcc xte 8d refresh MSM416400B(S) Vcc-0.2V:iiiOE.W.Ao ...... All :iii0.2V 

(NoteS) 
output open, 
tRC=32 Jl s tRAS .. tRASmin ...... l Jl s 

IcclI(Ay) 
Aver~e supply current RAS=CAS:iii0.2V,output open 
from cc MSM416400B(S) 

Vcc-0.2V :iiOE=W=Ao ...... All :ii0.2V 
0.4 

Self - Refresh cycle (Note S) 

Note 2: Current flowing into an IC is positive, out is negative. 
3: Icel (A V), Icc3 (A V) , Icc4 (A V) and 1cc6 (A V) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: Icel (AV) and Icc4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

·4- 24 
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M5M416400BJ, TP-5,.6,-7 ,-5S,.6S,-7S 
FAST PAGE MODE 16m216-BIT (4194304-WORD BY 4-BI1) DYNAMIC RAM 

CAPACITANCE (Ta .. 0-70°C, Vcc=5V± 10%, Vss=OV, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min Typ Max 

CI(A) Input capacitance, address inputs 
VI..,VSS 

5 
CI(OE) Input capacitance, (5E' Input f=1MHz 

7 

CI(W) Input capacitance, write control input VI=25mVrms 7 
CI (ftASj Input capacitance, RAS input 7 

CI(CAS) Input capacitance, ~input 7 

CliO InpuUOutput capacitance, data ports 7 

SWITCHING CHARACTERISTICS (Ta-O - 700c, Vcc .. 5V ± 10%, Vss ... OV, unless otherwise noted, see notes 5,12,13) 

Limits 
Symbol Parameter MSM416400B-5,-5S MSM416400B-6,-6S MSM416400B-7,-7S Unit 

Min Max Min Max Min Max 
tCAC Access time from ~ (Note 6,7) 13 15 20 ns 

tRAC Access time from FtlI:S (Note 6,8) 50 60 70 ns 

1M Column address access time (Note 6,9) 25 30 35 ns 

tCPA Access time from ~ precharge (Note 6,10) 30 35 40 ns 

tOEA Access time from OE (Note 6) 13 15 20 ns 

tCLl Output low impedance time from ~ low (Note 6) 5 5 5 ns 

tOFF Output disable time after ~ high (Note 11) 0 13 0 15 0 15 ns 

toez Output disable time afterOE high (Note 11) 0 13 0 15 0 15 ns 

Note 5: An initial pause of 500 fA s is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containin~ RAS clock such as RAS-Only refresh). . 
Note the AAS may be ~ during the initial pause. And any 8"RAS or RAS~ cycles are required after prolonged periods 
(greater than 64 ms) of'RAS inactivity before proper device operation is achieved. 

6: Measured with a load circuit equivalent to 2TTL loads and 100pF. 
7: Assumes that tAco ~ tACo(max) and tASc ~ tASc(max). 

pF 
PI'" 

pF 

pF 

pF 

pF 

8: Assumes that tAco ~ tACO(max) and tRAD~ tAAD(max). If tAco or tRAD is greater than the maximum recommended value shown in this table, 
tRAC will increase by amount that tAco exceeds the value shown. 

9: Assumes that tRAD ~ tRAO(max) and tASc~ tASc(max). 
1 0: Assumes that tcp ~ tcP(max) and tASC~ tASc(max). 
11 : tOFF(max) and toez (max) defines the time at which the output achieves the high impedance state ( lioutl ~ 10}4 A) and is not reference to 

VOH(mln) orVOl.(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 
(Ta=O-7rfC, Vcc=5V± 10%, Vss=OV, unless otherwise noted See notes 12,13) 

Limits 
Symbol Parameter MSM416400B-5,-5S MSM416400B-6,-6S MSM416400B-7,-7S Unit 

Min Max Min Max Min Max 

tAEF Refresh cycl$ time 64 64 64 ms 

tREF Refresh cycle time * 128 128 128 ms 
tAp ~ high pulse width 30 40 50 ns 

tACO Delay time, ~Iow to ~Iow (Note14) . 18 37 20 45 20 50 ns 

tCRP Delay time, CA!"hlgh to RAS"low 10 10 10 ns 

tAPe Delay time, ~hlgh to ~Iow 0 0 0 ns 

tCPN ~hlgh pulse width 10 10 10 ns 

tRAD Column address delay lime from RAS low (Note15) 13 25 15 30 15 35 ns 

tASR Row address setup time before ~ low 0 0 0 ns 

tASc Column address setup lime before CAS loW (Note16) 0 10 0 10 0 10 ns 

tRAH Row address hold time after ~ low 8 10 10 ns 

tCAH Column address hold time after CAS low 13 15 15 ns 

tozc Delay time, data to OA§"low (Note17) 0 0 0 ns 

tozo Delay time, data to OE low (Note17) 0 0 0 ns 

tcOD Delay time, C7(S" high to data (Note18) 13 15 15 ns 

tooo Delay time, ~ high to data (Note18) 13 15 15 ns 

tT Transition time (Note19) 1 50 1 50 1 50 ns 
.. 

Note 12.: The timing requirements are assumed tr .5ns. 
13: VIH(rnin) and VIl(max) are reference levels for measuring timing of input signals. 
14: tACO(max) is specified as a reference point only. If tAco is less than tACO(max). access time is tRAc. If tRco is greater than 1RcO(max). access 

time is controlled exclusively by tCAC or tAA. tRcO(nin) is specified as tACD(nin) .. tRAH(min) +2tH+tASc(nin). 
15: 1RAO(max) is specified as a reference point only. If tRAo ~ 1RAO(max) and tASc:ii tASC(max). access time is controlled exclusively by 1M. 
16: tASc(miuc) is specified as a reference point only. If tAco ~ tACD(max) and tASc ~ tASc(max). access time is controlled exclusively by tCAC. 
17: Either tolc or tozo must be satisfied. 
18: Either tCDD or tODD must be satisfied. 
19: tr is measured between VIH(mln) and VIUmax). 

• MITSUBISHI 
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M5M416400BJ,TP-5,-6,-7,-5S,-6S,-7S 
F~ST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read and Refresh Cycles 
Limits 

Symbol Parameter MSM416400B-5,-5S MSM416400B-6,-6S M5M416400B-7,-7S Unit 
Min Max Min Max Min Ma~ 

tRc Read cycle time 90 110 130 ns 

tRAs MS iow pulse width 50 10000 60 10000 70 10000 ns 

tcAS CAS iow pulse width 13 10000 15 10000 20 10000 ns 

tCSH CAS hold time after RAS low 50 60 70 ns 

tRsH RAS hold time after CAS low 13 15 20 ns 

tRcs Read Setup time before ~ low 0 0 0 ns 

tRCH Read hold time after CAS high (Note 20) 0 0 0 ns 
tRRH Read hold time after RAS high (Note 20) 10 10 10 ns 

1RAl Column address to ~ hold time 25 30 35 ns 
tOCH CAS hold time after I!5E low 13 15 20 ns 
tORH RAS hold time after I!5E low 13 15 20 ns . 

Note 20: Either tRCH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 
Limits 

Symbol Parameter MSM416400B-5,-5S MSM416400B-6,-6S MSM416400B-7,-7S Unit 
Min Max Min Max Min Max 

. twc Write cycle time 90 110 130 n$ 

tRAs RAS low pulse width 50 10000 60 10000 70 10000 ns 

teAS CAS low pulse width 13 10000 15 10000 20 10000 ns 

tCSH CAS hold time after RAS low 50 60 70 ns 

tRSH RAS hold time after CAS low 13 15 20 ns 

twcs Write setup time before CAS low (Note 22) 0 0 0 ns 

twcH Write hold time after CAS low 8 10 10 ns 

tcWl CAS hold time after W low 13 15 20 -ns 

tRWL RAS hold time after W low 13 15 20 ns 

twP Write pulse width 8 10 10 ns 

tos Data setup time before CAS low or W low 0 0 0 ns 
toH Data hold time after ~ low or W low 8 10 15 ns 

tOEH t5E hold time after W low 13 15 20 ns 

Read-Write and Read-Modify-Write Cycles 
Limits 

Symbol Parameter MSM416400B-5,-5S MSM416400B-6,-6S MSM416400B-7,-7S Unit 
Min Max Min Max Min Max 

tRWC Read write/read modify write cycle time (Note21) 131 155 180 ns 

tRAs RAS" low pulse width 91 10000 105 10000 120 10000 ns 

tcAS OJ(S"low pulse width 54 10000 60 10000 70 10000 ns 

tCSH mhold time after RAS"low 91 105 120 ns 

tRsH RAShold time after CAS low 54 60 70 ns 

tRcs Read setup time before ~Iow 0 0 0 ns 

tcwo Delay time, ~Iow to Wlow (Note22) 36 40 45 ns 

1l'Iwo Delay time, RAS low to W low (Note22) 73 85 95 n$ 

tAwo Delay time, address to WJow (Note22) 48 55 60 ns 

tcWl ~ hold time after Wlow 13 15 20 ns 

tRWl RAS hold time after W low 13 15 20 ns 

twP Write pulse width 8 10 10 ns 

tos Data setup time before W low 0 0 0 ns 

toH Data hold time after W low 10 10 15 ns 

tOEH OJ: hold time after W low 13 15 15 ns 

Note 21 : tRwc IS speCified as tRwC(min)=1RAc(max)+tOOO(mln)+tRWl(mln)+tRP(min)+5tr. 
22: twcs, tcwo, tRWD and tAwo and, tcpwo ,are specified as reference points only. If twcs ~ twcs(mln) the cycle is an early write cycle and thEi 

4 - 26 

DO pins will remain high impedance throughout the entire cycle. If tCWD~ tCWO(mln). tRWD~ tRWD (min). tAwo~ tAWO(mln) and ICP~ tCPWD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the. selected address. 
If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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M5M416400BJ,TP-5,-6,-7,-5S,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 

Limits 

Symbol Parameter MSM416400B-5,-5S MSM416400B-6,-6S MSM416400B-7,-7S Unit 
Min Max Min Max Min Max 

tl'c Fast page mode readlwrite cycle time 35 40 45 ns 

tl'RWC Fast page mode read writelread modify write cycle time 76 85 95 ns 

tRAs ~ low pulse width for read write cycle (Note24) 85- 125000 100 125000 115 125000 ns 

tcp ~ high pulse width (Note25) 8 12 10 15 10 15 ns 

tCPRH RA§" hold time after ~ precharge 30 35 40 ns 
tcpwo" Delay time, CAS precharge to W low (Note22) 53 60 65 ns 

Note 23: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycls. 
24: tRA5{mln) is specified as two cycles of CAS input are performed. 
25: tcP(mu) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 26) 

Limits 
Symbol Parameter MSM416400B-5,-5S MSM416400B-6,-6S MSM416400B-7,-7S Unit 

Min Max Min Max Min Max 

tCSR CAS setup time before RAS low 10 10 10 ns 

tCHR CAS hold time after RAS low 10 10 15 ns 

tRsR Read setup time before RA§" low 10 10 10 ns 
lRHR Read hold time after"RAS' low 10 10 15 ns 

Note 26: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of~ before"RAS refresh 
mode. 

Self Refresh Cycle 

Symbol Parameter MSM416400B-5S 

Min 

tRAss Self Refresh 'R7\S' low pulse width 100 

lRPS Self Refresh ~ high precharge time 90 

tCHS Self Refresh 'R7\S' hold time -50 

tRsR Read setup time before ~ low 10 

tRHR Read hold time after RAS'low 10 

SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

Max 

Limits 
MSM416400B-6S M5M416400B-7S Unit 

Min Max Min Max 

100 100 ,.,s 

110 130 ns 

-50 -50 ns 

10 10 ns 

10 15 ns 

The last I first full refresh cycles (4K) must be made withintNs I tSN before I after self refresh, on the condition of 
tNS:5i 64 ms and tSN :5i 64 ms. 

14 tNS .1 14 tSN ., 

-···-···-···-···-··-III~I·-···~II~II~ ___________________________________ ~I~II~I .. -···~II~II-···-···-···-·· 
DISTRIBUTED REFRESH 

<4K/64ms> 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
<4K/64ms> 

The last I first full refresh cycles (4K) must be made within tNS I tSN before I after self refresh, on the condition of 
tNS + tSN :ii 64 ms. 

tNS tSN 

~ ~ 
_1111""'""'1 -'IIW"IIII-....".IIII--...,I~ ___________________ ~I 1111 

BURST REFRESH 
<4K/64ms> 

• MITSUBISHI 
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1111 1111 
BURST REFRESH 

<4K/64ms> 
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M5M416400BJ, TP-5,.6,-7 ,-55,-65,.75 
FAST PAGE MODE 16777216-BIT( 4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Symbol Parameter 

twsR W setup time before"FtJ;§ low 
twHR W hold time after RAS low 

DOl o--§ II 
D02 ~ Ii 
D03 o--§ ; 
D~ o--§ ii! 

4 - 28 

Limits 

M5M416400B-5 .. 5S MSM4l6400B-6.-SS 

Min Max Min Max 
10 10 
10 10 

§-c JUDGE ) 

§-c JUDGE ) 

§-c JUDGE ) 

§-c JUDGE ) 

• MITSUBISHI 
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MSM4l6400B-7 .. 75 Unit 
Min Max 
10 ns 

15 ns 

.. o DOl 

.. o DQ2 

.. o D03 

.. o D04 
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M5M416400BJ, TP-5,-6,-7 ,-58,-68,-7S 
FAST PAGE MODE 16777216·BIT (4194304-WORD BY 4·BIT) DYNAMIC RAM 

Timing Diagrams (Note 27) 

Read Cycle 

Ao ...... A11 

001 ...... 004 
(INPUTS) 

001 ...... 004 
(OUTPUTS) 

VIH-

Vil -

VIH-

Vll-

VIH-

VIH-

Vll-

VIH-

Vll-

VOH-

VOL -

VIH-

Vll-

tAc 

tAAS tAp 

~ ~ \ 
tCSH tcp tRCD tASH ~C tCRr tCAS 

xxxx .. 
~ ~ ~ ~ 

tRAO tAAl 
lAS~ lAS;" ~ ~ tCAH tCPN 

~ ROW .,XXXX~ COLUMN xx. 
ROW (XXXJIlU IU'XXXXXX xxx XXXXlU 

xXXJGn .·fP~;1~S xx.. A~p~;~S ilb;xxxxx xxx x .. ADDRESS ~ 

~ tARH 

tAcs I tRCH 

xx xXJW .xxxxxxxxxxx 
xx "'lCxxxxxxxxxx 

~ 

tolC I4-I-----t tCDO 

Hi-Z xxxxxxx 
xx !xxxxxxx xxxxxxx 

xxxxxxx ·xxxxxxxx 

tCAC 

1M l· tOFF
• 

tCLl 

Hi-Z ~ DATA VALID ~ Hi-Z 
I( 

tRAC tOEl 

tolO 
~ 

tOEA 
4-t 

tODD 
teCH 

xxxxxxxxxxxxxxxxxxxxxxxx .~ xxxxxxxxxxxx 
XX I. xxxxXXXxxxxxx XXXX 

tORH 

~ Indicates the don't care input. 
Note 27 <;X2QQ2) VIH(min):!iVIN:!iVIH(max) or Vll(min):!iVIN:!iVll(max) 

~ Indicates the invalid output. 
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M5M416400BJ, TP-5,.6,-7 ,.5S,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

RAS 

Ao-A11 

VIH-

VIL -

VIH -

VIL -

VIH­

VIL -

VIH -

VIL -

001-004 VIH -

(INPUTS) VIL -

001-004 VOH­

(OUTPUTS) VOL-

VIH-

VIL -

4 - 30 

~ 
top 

W 
tASt. tRAH 

m .FiQ'fJ. 
A~f~K~S 

x 

xxxxxxxxxxX 

twc 

tRAS 

tCSH 
tRCD tRSH 

tcAS 

~ 

tASc~ 
teAl-! 

- COLUMN 

'~ 
APn~A~SS 

tw~ twCH 

11/ ")('11/ X'" 

tos~ 
toH 

DATA VALID 

Hi-Z 

• MITSUBISHI 
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tRP 

~ ~ 

~C r tCRP 

{ ~ 
tAS~ 

ROW 
ADDRESS 

-'IXXXX")(X xxx 
IK.XXXXX 1I/1I/XXX1I/ xxx 

xxx xxx 
,-x xX'X'xX'X'xX'X'X'xxX' 
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M5M416400BJ, TP-5,-6,-7 ,-5S,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

Ao-A11 

W 

001-004 
(INPUTS) 

001-004 
(OUTPUTS) 

VIH-

VIH­

VIL-

VIH-

VIL-

VIH-

VIL-

VIH-

VOH -

VOL -

VIH -

VIL -

twc 

tAAS tAP , ~ ~ 
tCSH 

F tAco tASH 1PC I tCRP 
tCAS 

~ ~k ~ W 
~ tAAH 

tAsc ...... tCAH -. if-tASR 

D J1Q'tI ~ 

A'b~N~~ A A ...... ROW 
ARo~~fSS n;K. A All'! ~AAAAA AA AAAA ... ADDRESS - ~11 ~ Ao-A9 

~ 

~ 
tRWL 

~ 
.Mr 

~ 
«xxxxxxxxxxxxxx 

A AAAA.7 !}lAAAAAAAAAAAAAA. 

twCH 

tozc ...... to:. toH 
A Hi-Z J~ DATA xxxxx XXXXXXXX v;. A AA XX 

A A A A 

AAAA 

AXAA 

XXXX 

~ 

HI-Z j~~ , , 
rZO~1 

tOEZ ~ 

~ 

XXXXXXAXA ) xXXXXXXXA JI. 

• MITSUBISHt 
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~ VALID 'IAXAAAAAXAAAA 

Hi-Z 

~H 

tODD 

AXA 

4 - 31 



MITSUBISHI LSls 

M5M416400BJ, T,P-5,-6,-7 ,-5S,-6S,-7S 
FAST PAGE MODE 16n7216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao-A11 

W 

DQ1-DQ4 
(INPUTS) 

VIH-

Vil -

VIH­

Vil -

VIH-

Vil -

VIH-

Vil -

DQ1-D04 VOH­

(OUTPUTS) VOl-

4 - 32 

VIH -

Vil -

tAwc 

tAAS , 
tCSH 

tACO tASH 
tCAP I tCAS 

XXXXJIII ~ 

~ tAAD 

lAS:" tAAH 
lASc ... tCAH 

~ ROW rrr. ~QLUMN lIXXXAj IIXX 
XXXXft ADDRESS ftXXXJIII A~~!!l~S ftXX 
~ Ao-A11 .~, 

tAWD 

tAcs '-r-- tCWD 
tAWD 

xxxxxxx xxxxxX}g 
xxxxxxx XXXXXXll' 

IDS .. 
tDze 4-- ..... 

xxx Hi-Z J~ xxxxxxx xx 
xxxxxxx xxxxxxx tCAC l~ 

tAA 

Hi-Z ~~ 'i3'ATA~ 
rALlJll 

tAAC 4-- ____ 
tODD 

tDZO ~ 4--+ tOEZ 

xxxxxxxxxx xx"... 
xxxxxxxxxxxxxxxxxxxx 

'. MITSUBISHI .... ELECTRIC 

tAp 

I ~ 
~C r tCAP 

I W 
lAS~ 

xxxxx xx x x x X" ROW 
xxxxx xx XXXXft ADDRESS 

tCWl 
tAWl 
twp 

.xxxx 
~xxx 

tDH 

.... 
DATA VALID I":' X xxx x 

.11: x xxx X x xxxx 

Hi-Z 

~ 

.xxxxxxxxxxxxxxxx 
1ItX xxxxxx 



RAS-only Refresh Cycle 

Ao ..... A11 

DQ1-DQ4 
(INPUTS) 

DQ1 ..... D04 
(OUTPUTS) 

OE 

VIH-

VIL -

VIH­

VIL -

VIH-

VIH­

VIL -

VIH-

VIL -

VOH -

VOL -

VIH-

VIL -

MITSUBISHI LSls 

M5M416400BJ, TP-5,-6,-7 ,-5S,-6S,.7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

tRc 

tRAS 

Hi-Z 
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tAP 

ROW 
ADDRESS 
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M5M416400BJ, TP-5,-6,-7 ,-5S,-6S,-7S 
FAST PAGE, MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle 

RAS 

Ao ...... A11 

w 

001 ...... 004 
(INPUTS) 

001-004 
(OUTPUTS) 

OE 

4 - 34 

VIH­

VIL -

VIH-

VIH-

VIH-

VIL -

VOH -

VOL -

VIH-

VIL -

tAc II tAc 

tAp tAAS 
» 

tRAS tAp 

II 

J ~ y " 
~ ~ \ 

~ t~ tCHR -,t~" t~ tCHR ~~ I tCRP. 

J""~ If ~ ~If W '-J 

itcPN N 

-t f-~SR - ..... 
x xxxx x .xxx xxxxxxxxx ROW COLUMN 
x xxxx x 

}It x xxx xxxxxxxxx ADORES ADDRESS . 
~H tA~ tAHR tA~ tRHR tA~ 

"I "I 

VI xx x:r ",xx xxxxxxxxr 
_xxxxx ~ ~x XXXXXXX'l 

. 

'I 

X X X X 
X X xxxx x 

-H-..Eff 
--\ 

" Hi-Z 

-' » 

tOEz 
I. 

xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx x x 
.x xxxxx 
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M5M416400BJ, TP-5,-6,-7 ,-5S,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 28) 

CAS 

Ao ...... A11 

W 

001 ...... 004 
(INPUTS) 

VIH-

VIL-

VIH­

VIL-

VIH-

VIL-

VIH-

VIL-

VIH-

VIL-

001 ...... 004 VOH­

(OUTPUTS) VOL -

VIH­

VIL-

tAc ..J. tRC 
tAAS tAp :I tRAS L tAp , ~ 

, 
~ L 

tCRr tACD tASH tCHR 

222f ~ I 
tAAD 

lASR ~ lASc tCAH lAS .. 

~ f!QW ~ COLUMN ROW ur;x xxxxxxxxxxxxxxx XXXXXX)IU 
AfID~I~S ADDRESS nttX xxxxxxxxxx I"'DDRESS ~ Ao-A9 WI. XXXXXXI 

~ 
mAL 

~ 
XXX)9 V XX 

XXXXX xxx .. ~XXXXXXXX XXXXXXXXXXX 
AJr 

~ tCDD 

ex x Hi-Z xxxxx XXXX XXXXX xxx xxxxx 
xxxxx XXXx 'XXXXX 

tCAC 
tAA 

~ tOFF 

~ 
Hi-Z .~~ \ Hi-Z 

DATA VALID , 
tAAC toEZ ........ 

tozo toEA tODD 
toRH 

AAAAAAAAAA: xx 
XXX xxx xxxxxxxx 
xxxxxxxxxxxxxxxx~ IOI'l 

Note 28: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

• MITSUBISHI 
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M5M416400BJ, TP-5,-6,-7 ,-55,-65,-75 
FAST PAGE MODE 167n216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

Ao-A11 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL-

VIH-

VIL-

VIH-

VIL-

DQ1-DQ4 VOH­

(OUTPUTS) VOL -

4 - 36 

VIH­

VIL-

tRAS ~ 
~ 

~ ~------------~, ~ tCSH 

tCRr tRco 

rf1 
tRAO 

lASR tRAH lAsc 14--1 I_ tCAH • 

ocx XI 

tozc 

Hi-Z 

tRAC 

tozo ~ 
tOCH 

OCXXXXXXXXXXXXXXX~ 

OCXXXXXXXXXXXXXXX~ 

I4H tozc 

... A 

~~ 
tODD 

• MITSUBISHI 
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tCPRH 

tozc IL 
I ..... rrl-

~ J£I4 ro--r 

j~~ DATA \ 
I .... - ...... ,V~~ VALlD-31,1*---

tCPA 

Ix 

~~~ 
tODD toRH 

~ tOEZ 
I 
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M5M416400BJ, TP-5,-6,-7 ,-55,-65,-75 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

CAS 

001-004 
(INPUTS) 

VIH-

VIL-

VIH­

VIL-

VIH-

VIH-

VIL-

VIH-

001-004 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

Hi-Z 

.• MITSUBISHI 
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M5M416400BJ, TP-5,6,7 ,5S,-6S,7S 
FAST PAGE MODE 16777216·BI1 (4194304-WORD BY 4·BIT) DYNAMIC RAM 

Fast·Page Mode Write Cycle (Delayed Write) 

Ao-A11 

0.01-004 
(INPUTS) 

VIH-

VIH­

VIL -

VIH-

VIL -

VIH-

VIH-

VIL -

001-004 VOH­

(OUTPUTS) VOL-

VIH -

VIL -

4 - 38 

tRAS tRp p:::. 
~ L ,. 

lCSH tRSH 

tCRr tRCD lCAS L tpc .1 

[ tcp tCAS 

KXXXXI' ~ ~ ~ II ICXXX» 

tRWL ~ 
lA~ ~ lAsc ~ 

lCAH ~ lCAH ~lCWL. it-t tAsR 

~ 
AD~~~SS ~ COLUMN·1 ROW Ie X XXJIII )II COLUMN·2 IIIIrXX XXXXWI 

Ao-A9 ""XX xxx .. ADDRESS ICXXX' 
~ Ao-A11 x,: 

~ \C~ 1~ 
~ 

ICXXXXXXxxxx~ 

~ IIfI XXXX1Ir 

twCH 

~ tos 
toH tow. 

xxxxXJC' Hi-Z ~ DATA ~ 
~ VALlO-1 ~ 

lCLZ --r-~ ~ 

HI-Z 

~ 
ICXXXXX xxxx 

leX 

ICXXXXXXXXXXXXXX 

~ ~ HI-Z 

I( 

toEZ .... ~ 

H toDD 

.11. 
) 

.. , MITSuBISHI 
.... ELECTRIC 

tozo ~t 

~ .. 
!X 

twCH 

toH 
tos 

Hi-Z ~ DATA ~«xxxxx 

~ VAll 0-2 
IAXXXXXX 

~CLZ 

~ 
Hi-Z 

toEZ~ -
-'t- tODD ~~ 

XX·X 

.... xxxxxx X 
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M5M416400BJ, TP-5,-6,-7 ,-5S,-6S,-7S 
FAST PAGE MODE 16m216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write,Read-Modify-Wrlte Cycle 

CAS 

Ao-A11 

001-004 
(INPUTS) 

VIH-

VIL -: 

VIH­

VIL :.. 

VIH-

VIH-

VIL -

Vlfi-

001-004 VOH­

(OUTPUTS) VOL -

VIH -

VIL -

tA AS 

~'-~ 
tCSH tAWL 

tCRr tRCD tCAS tpRWC "I 
tcp teAS 

<xxx X.II 

~ ~ ~ 'I ~~~~ .. 
- tRAD 

tA~ ~. lASc if-t 
tCAH ~ tCAH ~tCWL. ~ lASR 

~ ROW 

~ COLUMN-1 u~~~xx~ .lII. [lXX ROW 
<XX)(lI'I ADDRESS 

Ao-A9 III.X)()(X~)( ~ COLUMN-2 1ft ADDRESS ~ Ao-A11 :R 

tAWD tAWD 

~C;. tCWD tCWL 
tAcs 114- tCWD It"-t 

I_ twp ~ 
xx. 

~ r-~~ ~~ 
.xxxxxx 

)( X)()(XI 

tAWD tCPWD 

~~ loH IW~ loH 
lOs los 

<xxxxxx xxxx Hi-Z ~ ~ ~ Hi-Z .4~ DATA DATA 
I.c;:XXXX 

'lX riP VALlD-1 j ~ " 
VAll 0-2 ·It"XXXX 

~ tAA~ tAA 

tCL2 .../- ...... 
DATA -+1 DATA 

r-( VVALlD-1 ...... tCL2 / VALlD-2 

Hi-Z ~ Hi-Z ~? . I HI-Z ,/1( 

tRAC 
""'-

tCPA 7"'1 I r- tODD tODD 

~~-. It- tOEZ 
1DZO -4 ~ -> "'EZ ~ 

<XXXXXXXXXXXXXX ) 'CJ a.xxxxxxx 

• . MITSUBISHI 
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Self Refresh Cycle 

RAS 

W 

001 ..... 004 
(INPUTS) 

001 ..... 004 
(OUTPUTS) 

OE 

4 - 40 

VIH-

VIL -

VIH­

VIL -

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VOH-

VOL -

VIH-

VIL -

MITSU81SHI LSls 

M5M416400BJ, TP-5,-6,.7 ,-58,-68,-78 
FAST PAGE MODE 16777216-81T (4194304-WORD 8Y 4-BIT) DYNAMIC RAM 

tA P 
tAASS tAps 

J ~ ~ ~ 
tRPc .... 

tApc 
I+----t t~ tCHS tCRP 

... ~ +-~ 

J ~r If W 
tCPN tASR 

"'I-~ 
x xxxxxxx xxxxxxxxxxxx xxxx ROW 
x XXXX xxxx xxXYYY" 1 ADORES 

hH t~ tRHR 

"I 

VI ~x xxx xxx 
x> 

}!XJllOJIIOJIIOJIIOJIIO XXXXXXXXXXXXX)I 
XJllOJIIO 

X XXXXY XXXXXXXXXXXXJllOX 
X X X X X X X X X XXXXxYx~ x xxxxx X JIIOXXAJIIOXAA 

X xxx xxx~ 

... ~ 
--~ Hi-Z 

-I( 

toEZ 

xxxxxxxxxxxx 
I. x xx 
«A AXXXXAXAAX A.AA.A. x 
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M5M416400BJ, TP-5,-6,-7 ,-5S,-6S,-7S 
FAST PAGE MODE 16m216·BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle (Note 29) 

VIH-

VIL .,... 

VIH­

VIL-

VIH-

VIL-

VIH-

VIL~ 

J 

J 

.... A 

.... A 

tAp 

~ 
tApc 
~ tCSR ....... 

~ 
tCPN 

.AAAAA 
AAAX 

tACH twSR 

~ ~ 

~~ 

tAAS tAp 

~ \ 

tCHR tRPc tCRP 

... Ht- -t-~ 

I{ W 
tASR 

-+r-~ 

XXXX XXXX ~ ROW 
AAAAAAXX AX X XIlI --400RES 

twHR 

I ...... X X AAV.x.XXAAXX AXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJ 

OQ1-0Q4 VIH-
xxx 

XXXX XXXXXXXXXXX }o 
xx 

(INPUTS) 
VIL-

.xxxxxxx XXXXXXXX l' 

"'I-~ 
OQ1 ...... 0Q4 VOH - --, Hi-Z 

(OUTPUTS) VOL - -' 
tOEZ 

VIH-
x XXXXXXXXXXXX x XXXXXx.x.xXXXXXXX OE 

V1L-
• x x XXXXXXXx.XXXXXXx.x.xXXXXXXXXXXXX1' 

Note 29: The test mode function is Initiated by a Wand CAS before RAS cycle ( WCBR cycle) as specified in timi!!9J!!agram. 
The lest mode function is terminated byeither a ~ before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 
During the test mode, the device is internally organized as 16 bits wide ( 1 M bytes depth). No addressing of CAO, CA 1 is required. 
During a write cycle, data must be applied to all DO ( input) pins. The data can be different between DO pins. The data on each DO pin is written 
into 4 bits memory cells, respectively. During a read cycle, each DO (output) pin shows the test result of the 4 bits, respectively. High state 
indicates that they are same. Low state indicates that they are not same. 
During the test mode operation, WCBR cycle can be used to perform refresh. 

'. MITSUBISHI "ELECTRIC 4 - 41 



MITSUBISHI LSls 

DC:L\""\N~~'\' M5M416400CJ, TP-5,-6,-7 , 
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arametrlC \l . , , 

p FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 4194304-word by 4-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 

PIN CONFIGURATION (TOP VIEW) 

dissipation, and low costs are essential. . 
The use of double-layer metal process combined with twin-well 

CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RAS CAS 
Type name access access 

lime time 
(max.ns) (max.ns) 

M5M41640OCXX-5,-5S SO 13 
M5M416400CXX-6,-6S 60 1S 
M5M416400cXX-7,-7S 70 20 

XX=J,TP 

.Standard 26pin SOJ, 26pin TSOP 

.Single SV±100/0 supply 
- Low stand-by power dissipation 

Address OE Cycle Power 
access access time dissipa; 

time time lion 
(max.ns) (max.ns) (min.ns) (typ.mW) 

2S 13 90 49S 
30 1S 110 40S 
3S 20 130 340 

S.SmW (Max) - - - - - - - - - - - - - - - - - - - - - -CMOS Input level 
2.2mW (Max)*- - - - - - - - - - - - - - - - - - - - - CMOS Input level 

-Low operating power dissipation 
MSM416400Cxx-S,-SS - - - - - - - - - - - - - - - - 60S.0mW (Max) 
MSM416400Cxx-6,-6S - - - - - - - - - - - - - - - - 49S.0mW (Max) 
MSM416400Cxx-7,-7S - - - - - - - - - - - - - - - - 41S.0mW (Max) 

.Self refresh capability * 
self refresh current - - - - - - - - - - - - - - - - - - - -200.0 f.L A(Max) 

-Fast-page mode, Read-modify-write, RAS-only refresh 
-CAS before RAS refresh, Hidden refresh capabilities 

Early-write mode and OE to control output buffer impedance 
• AII·inputs, output TTL compatible and low capacitance 
-4096 refresh cycles every 64rns (Ao-Al1) 

* Applicable to self refresh version(MSM416400CJ,TP-SS,-6S,-7S 
:option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 
Ao-Al1 Address inputs 
DQ1-DQ4 Data inputs / outputs 
RAS Row address strobe input 

CAS Column address strobe input 
W Write control input 
OE Output enable input 

Vce Power supply (+SV) 
VSS Ground (OV) 

4 - 42 
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VSS 
D04 

D03 

W CAS 

Ao 

Al 

A2 

A3 

OE 

Outline 26POD-B (300mil SOJ) 

W 

Ao 

Al 

A2 

A3 

VSS 

D04 

D03. 

CAS 

OE 

Outline 26P3D-E (300mil TSOP) 
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M5M416400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

FUNCTION 

The M5M416400CJ, TP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, 

e.g., fast page mode, RAS-onlyrefresh, and delayed-write. The 
input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

Row Column 
RAS CAS W OE address address 

Read ACT ACT NAC ACT APD APO 
Write (Early write) ACT ACT ACT ONC APO APO 
Write (Delayed write) ACT ACT ACT ONC APO APO 
Read-modify-write ACT ACT ACT ACT APO APO 
RAS-onlv refresh ACT NAC ONC ONC APO ONC 
Hidden refresh ACT ACT NAC ACT APO ONC 
Self refresh ACT ACT NAC ONC ONC ONC 
CAS before RAS refresh ACT ACT NAC ONC ONC ONC 

Stand-by NAC ONC ONC ONC ONC ONC 
Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 

ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL W 
INPUT 

ADDRESS INPUTS 

Ao 

Al 

A2 

A3 

A4 

AS 
As 

A7 

As 

A9 

A10 

All 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & 1/0 CONTROL 

MEMORY CELL 
(16777216 BITS) 

.• MITSUBISHI 
.... ELECTRIC 

Input/Output 

Input Output 

OPN VLO 

VLD OPN 

VLD IVO 

VLD VLD 

ONC OPN 

OPN VLO 

ONC OPN 

ONC OPN 

ONC OPN 

-~VCC(5V) 
+---<? VSS (OV) 

I 

Refresh 

YES 

YES 

YES 

YES 

YES 

YES 
YES 

YES 

NO 

D02 DATA 

Remark 

Fast 
page 
mode 
identical 

DOl} 
D03 INPUTS/OUTPUTS 

D04 

OE ~~1frUT ENABLE 
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M5M416400CJ, TP-5,-6,-7 ,-55,-65,-75 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -1-7 
VI Input voltage With respect to Vss -1-7 
Vo Output voltage -1-7 
10 Output current 50 
Pd Power dissipation Ta=25°C 1000 
Topr Operating 'temperature 0-70 
Tstg Storage temperature -65- 150 

RECOMMENDED OPERATING, CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits Unit 

Min Nom Max 
Vcc Supply voltage 4.5 5 5.5 V 
Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.4 5.5 V 
VIL LOW-level input voltage, all inputs -1.0** 0.8 V 

Note1: All voltage values are with respect to Vss. 
** : VIL(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to VSS.) 

ELECTRICAL CHARACTERISTICS (Ta=0-70"C, Vcc=5V ±1 0%, VSs=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ 

VOH High-level output voltage IOH=-5.0mA 2.4 
VOL LOW-level output voltage IOL=4.2mA 0 
loz Off-state output current Q floating OV ~VOUT ~ 5.5V -10 
II Input current OV :S;;VIN ~ 5.5V Other inputs pins=OV -10 

Average supply current M5M416400C-5,-5S RAS, CAS cycling 
ICCl (AV) from Vcc, operating M5M416400C-6,-6S tRc=twc=mii1. 

(Note 3,4) M5M416400C-7,-7S output open 

Icc2 Supply current from Vcc, stand-by (Note 5) RAS= CAS =VIH, output open 
RAS= CAS~ Vcc -0.2V 

Average supply current M5M416400C-5,-5S RAS cycling, CAS= VIH 
Icca (AV) from Vcc, refreshing M5M416400C-6,-6S tRc=min. 

(Note 3) M5M416400C-7,-7S output open 

Average supply current M5M416400C-5,-5S RAS=VIL, CAS cycling 
ICC4(AV) from Vcc, Fast-Page- M5M416400C-6,-6S tpc=min. 

Mode (Note 3,4) M5M416400C-7,-7S output open 

Average supply current M5M416400C-5,-5S CAS before RAS refresh cycling 
ICC6(AV) from VCC, CAS before RAS M5M416400C-6,-6S tRc=min. 

refresh mode (Note 3) M5M416400C-7,-7S output open 
.. Note 2: Current flowing Into an IC IS positive, out IS negative . 

3: ICCl (AV), iCC3 (AV), ICC4 (AV) and ICCs (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

CAPACITANCE (Ta=0~70·C, Vcc=5V±10%, Vss=OV, unless otherwise noted) 

Symbol 

CI(A) 

CI{OE) 
CI(W) 
CI(RAS) 
CI (CAS) 
ClIO 

4 - 44 

Parameter 

Input capacitance, address inputs 
Input capacitance, OE input 
Input capacitance, write control input 

Input capacitance, RAS input 
Input capacitance, CAS input 
InpuVOutput capacitance, data ports 

Test conditions 

VI=VSS 
f=1MHz 
VI=25mVrms 

• MITSUBISH. I 
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Limits 
Min Typ 

Unit 
V 
V 
V 

rnA 
mW 
·C 
·C 

Max 
Unit 

Vcc V 
0.4 V 
10 Jl.A 
10 Jl.A 

110 
90 rnA 

75 
2 

rnA 
0.5 
110 
90 rnA 

75 
80 
70 rnA 

60 
110 
.90 rnA 

75 

Max 
Unit 

5 pF 

7 pF 

7 pF 
7 of 
7 pF 
8 of 
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M5M416400CJ TP-5 -6 -7 -55 -65 -75 , '" , , 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70'C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 5,12,13) 

Limits 

Symbol Parameter M5M416400C-5,-5S M5M4164OOC-6,-6S M5M416400c,7,-7S Unit 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 6,7) 13 15 20 ns 

tRAC Access time from RAS (Note 6,8) 50 60 70 ns 

tAA Column address access time (Note 6,9) 25 30 35 ns 

tCPA Access time from CAS orecharae (Note 6,10) 30 . 35 40 ns 

tOEA Access time from OE (Note 6) 13 15 20 ns 

tCLl Output low impedance time from CAS low (Note 6) 5 5 5 ns 

tOFF Output disable time after CAS high (Note 11) 0 13 0 15 '0 15 ns 

tOEl Output disable time after OE hioh (Note 11) 0 13 0 15 0 15 ns 
... . . Note S:An Initial pause of SOO fl s is required after power-up followed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 

either by 'RAS-only refresh cycles or by 'CAS before RAS refresh c~s o~ 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) of 
RAS inactivity before proper device operation is achieved. 
After the initialization cycles, RAS should be kept either higher than VIH(min) or lower than VIL(max) except RAS transition time. 

6:Measured with a load circuit equivalent to 2TTL loads and 100pF. 
7:Assumes that tRCDe:;; tRCD(max) and tASC e:;;tASC(max). 
8:Assumes that tRCD ~tRCD(max) and tRAD~ tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC will 

increase by amount that tRCD exceeds the value shown. 
9:Assumes that tRAD e:;; tRAD(max) and tAsc ~tASC(max). 

10:Assumes that tcP~tCP(max) and tASCe:;;tASC(max). 
11 :tOFF(max) and tOEl (max) defines the time at which the output achieves the high impedance state (lOUT ~I ±10 fl A I) and is not reference to VOH(min) 

or VOL(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) . 

(Ta=0-70'C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 12,13) 

Limits 

Symbol Parameter M5M4164OOC-5,-5S M5M416400C-6,-6S M5M4164OOC-7,-7S 

Min Max Min Max Min Max 

tREF Refresh cycle time 64 64 64 

tRP RAS high pUlse width 30 40 50 

tRCD Delay time, RAS low to CAS low (Note 14) 18 37 20 45 20 50 
tCRP Delay time, CAS high to RAS low 10 10 10 

tRPC Delay time, RAS high to CAS low 0 0 0 
tCPN CAS high pulse width 10 10 10 

tRAD Column address delay time from RAS low (Note 15) 13 25 15 30 15 35 

tASR Row address setup time before RAS low 0 0 0 
tASC Column address' setup time before CAS low (Note 16) 0 10 0 10 0 10 
tRAH Row address hold time after RAS low 8 10 10 

tCAH Column address hold time after CAS low 13 15 15 
tDlC Delay time, data to CAS low (Note 17) 0 0 0 
tDlO Delav time, data to OE low (Note 17) 0 0 0 

tCDD Delay time, CAS high to data (Note 18) 13 15 15 
tODD Delay time, OE high to data (Note 18) 13 15 15 

tT Transition time (Note 19) 1 50 1 50 1 50 
. . Note 12.The timing requirements are assumed tT=Sns . 

13:VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 

ns 
ns 
ns 
ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

14:tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. tRCD(min) is specified as tRCD(min) =tRAH(min) +2tH+tASC(min). 

1S:tRAD(max) is specified as a reference point only. If tRAD e:;;tRAD(max) and tAsc ~ tASC(max), access time is controlled exclusively by tAA. 
16:tASC(max) is specified as a reference point only. If tRCD ~tRCD(max) and tAsc e:;; tASC(max), access time is controlled exclusively by tCAC. 
17: Either tDlC or tDlO must be satisfied. 
18: Either tCDD or tODD must be satisfied. 
19:tT is measured between VIH(min) and VIL(max). 
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Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read setup time after CAS high 
tRCH Read hold time after CAS low 
tRRH Read hold time after RAS low 
tRAL Column address to RAS hold time 
tOCH CAS hold time after DE low 
tORH RAS hold time after DE low 

Note 20: Either tRCH or tRRH must be satIsfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 

Symbol Parameter 

twc Write cycle time 
tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
twcs Write setup time before CAS low 
twCH Write hold time after CAS low 
tCWL CAS hold time after W low 
tRWL RAS hold time after W low 
twp Write pulse width 
tos Data setup time before CAS low or W low 
tOH Data hold time after CAS low or W low 
tOEH OE hold time after W low 

4 - 46 

MSM4164OOC-S,-SS 

Min Max 
90 
50 10000 

13 10000 
50 
13 

0 
(Note 20) 0 
(Note 20) 10 

25 
13 
13 

MSM416400C-S,-SS 

Min 
90 
50 
13 

50 
13 

(Note 22) 0 
-8 
13 
13 

8 

0 
8 

13 

. • . MITSUBISHI 
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Max 

10000 
10000 

Limits 
MSM416400C-&,-6S MSM4164OOC-7,-7S Unit 

Min Max Min Max 
110 130 ns 
60 10000 70 10000 ns 

15 10000 20 10000 ns 

60 70 ns 
15 20 ns 

0 0 ns 

,0 0 ns 

10 10 ns 

30 35 ns 

15 20 ns 
15 20 ns 

Limits 
MSM4164OOC-&,-6S MSM416400C-7,-7S Unit 

Min Max Min Max 
110 130 ns 
60 10000 70 10000 ns 
15 10000 20 10000 ns 

60 70 ns 
15 20 ns 

0 0 ns 
10 10 ns 
15 20 ns 
15 20 ns 

10 10 ns 
0 0 ns 

10 15 ns 
15 20 ns 
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M5M416400CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M416400C-5.-5S M5M416400C-6.-6S M5M4164OOC-7,-7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 21) 131 155 180 ns 

tRAS RAS low pulse width 91 10000 105 10000 120 10000 ns 

tCAS CAS low pulse width 54 10000 60 10000 70 10000 ns 

tCSH CAS hold time after RAS low 91 105 120 ns 

tRSH RAS hold time after CAS low 54 60 70 ns 

tRCS Read setup time before CAS low 0 0 0 ns 

tCWD Delay time, CAS low to Wlow (Note 22) 36 40 45 ns 
tRWD Delay time, RAS low to W low . (Note 22) 73 85 95 ns 

tAWD Delay time, address to W low (Note 22) 48 55 60 ns 

tCWL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after W low 13 15 20 ns 
twp Write pulse width 8 10 10 ns 

tDS Data setup time before W low 0 0 0 ns 

tDH Data hold time after W low 8 10 15 ns 
tOEH OE hold time after W low 13 15 15 ns 

.. Note 21 :tRWC IS specified as tRWC(mln)=tRAC(max)+tODD(mln)+tRWL(mln)+tRP(mln)+5tT . 
22:twcs, tCWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcs~twCS(min) the cycle is an early write cycle and the DO pins will 

remain high impedance throughout the entire cycle. If tCWD.~tCWD(min), tRWD~tRWD (min), tAWD~tAWD(min) and tCPwD~tCPWD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS" or OE' goes back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 

Limits 
Symbol Parameter M5M416400C-5,-5S M5M4164OOC-6,-6S M5M416400C-7,-7S 

Min Max Min Max Min Max 
tpc Fast page mode read/write cycle time 35 40 45 
tPRWC Fast page mode read write/read modify write cycle time 76 85 95 
tRAS RAS low pulse width for read write cycle (Note 24\ 85 125000 100 125000 115 125000 
tcp CAS high pulse width (Note 25) 8 12 10 15 10 15 
tCPRH RAS hold time after CAS precharge 30 35 40 
tCPWD Delay time, CAS precharge to W low (Note 22 53 60 65 

.. .. . . Note 23: All previously specified timing requirements and sWitching characteristics are apphcable to their respectIVe fast page mode cycle . 
24: tRAS(min) is specified as two cycles of CAS input are performed. 
25: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 26) 

Limits 
Symbol Parameter M5M416400C-5,-5S M5M4164OOC-6,-6S M5M416400C-7,-7S 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 10 10 10 
tCHR ' CAS hold time after RAS low 10 10 15 
tRSR Read setup time before RAS low 10 10 10 
tRHR Read hold time after RAS low 10 10 15 

- - -Note 26: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

• MITSUBISHI 
"-ELECTRIC 

Unit 

ns 
ns 
ns 
ns 

ns 
ns 

Unit 

ns 
ns 

ns 
ns 
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M5M416400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 167.77216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=5V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Min 

CAS before RAS refresh cycling 

or RAS cycling & CAS ~0.2V 
OE&WE~0.2V 

Aver~e supply current or OE&WE ~Vcc-0.2V 
Iccs (AV) from cc 

M5M416400C (S) Ao- Al1~0.2V 
Slow-Refresh cycle 

(Note 5) or Ao - All ~Vcc-0.2V 
tREF=128ms (4096cycles) 
output = OPEN 
tRAs=tRAsmin. -500ns 

Aver~e supply current 
RAS = CAS ~ 0.2V ICC9(AV) from cc 

M5M416400C (S) Self-Refresh cycle output = OPEN 
. (Note 5) 

TIMING REQUIREMENTS (Ta=0-70"C , Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 12, 13) 

Symbol Parameter 

tRASS Self Refresh RAS low pulse width .. 
tRPS Self Refresh RAS hiah orecharae time 
tCHS Self Refresh RAS hold time 
tRSR Read setup time before RAS low 
tRHR Read hold time after RAS low 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

Limits 

MSM416400C-SS MSM416400C-6S 

Min Max Min . Max 

100 100 

90 110 

- 50 - 50 
10 10 

10 10 

Limits 

Typ Max 

500 

200 

MSM416400C-7S 

Min Max 

100 

130 

- 50 
10 

15 

The last I first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh, on the condition of tNs~64ms and 
tSN~64ms. 

Unit 

Jl.A 

Jl.A 

Unit 

Jl.s 
ns 
ns 

ns 

ns 

I" tNS ~I I" tSN "I 
--------------------.~II~I~I-----~I~II~I ______________ s_elf_ffi_fre_sh_~_rio_"d ______ ~"II~II-·----~-I~1I~I-----·-··-----·--

DISTRIBUTED REFRESH 
< 4K/64 ms > 

DISTRIBUTED REFRESH 
<4K/64 ms > 

(2) In case of burst refresh 
The last I first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh, on the condition of tNS+tsN~64ms. 

4- 48 
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BURST REFRESH 
<4K/64 ms > 
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PRELl 
M5M416400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Limits 
Symbol Parameter MSM4164OOC-S,-SS MSM416400C-6,-6S MSM416400c-7,-7S Unit 

Min Max Min Max Min Max 
tWSR W setup time before RAS low 10 10 10 ns 
tWHR W hold time after RAS low 10 10 15 ns 

. ... .. 
Note 27:The test mode function IS Initiated by a Wand CAS before RAS cycle (WCBR cycle) as specified In timing diagram. 

The test mode function is terminated by either a CAS before 'RAS' refresh cycle (CSR refresh cycle) or a RAS only refresh cycle. 
During the test mode, the device is internally organized as 16-bits wide (1 M bytes depth). No addressing of CAO, CAl is required. 
During a write cycle, data must be. applied to ali DO (input) pins. The data can be different between DO pins. The data on each DO pin is written into 
4-bits memory celis, respectively. During a read cycle, each DO (output) pin shows the test result of the 4-bits, respectively. High state indicates that 
they are same. Low state indicates that they are not same. 
During the test mode operation, only WCBR cycle can be used to perform refresh. 

OQ'o--§ 
# 1 

#2 

#3 

#4 

OQ2o--§ #5 

#6 

#7 

#8 

003~ 
#9 

#10 

#11 

#12 

OQ.o--§ #13 

#14 

#15 

#16 

§} JUDGE 

§} JUDGE 

§-< JUDGE 

§-< JUDGE 
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) ~ o DOl 

) ~ o D02 

) • o D03 

) ~ o D04 
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REL\ "" \ NARY M5M416400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
P final SPCGlflcat.on . hanqe 
Notice: '1"hi~i:t~~\;~'its arc suhiec! to c . 

SOfne para FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28) 

Read Cycle 

w 

DQ1-DQ4 
(INPUTS) 

VIH 

VIL-: 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(QUTPUTS) VOL-

VIH 

VIL 

4 - 50 

tRC 

tRAS tRP 

~ I '\ 
tCSH 

tCf 
tRCO tRSH tRPC f ,~ +-

tCAS 

XXXXXXX-I- I W XXXXXXXTl , 
XXXXXXXI 
XXXXXXI 

tRAO tRAL tASR 

t~:! I .. RA~ ~ tCAH ~ tCPN -.-+-

xxxxxxx\J ROW >6{XXxxx\., A~OLUMN 
lYyyyyy yyyy 

. xxxxxx'\J ,I)(XXXXX xxx ROW 
~ A~~_RA~~S ~ DDRESS ~yy xxx )<'X)<'X)<'XN~ ADDRESS 
XXXXXXI \.XXXXXY AO-A9 \.XXXXXX XXXX ... tRRH 

tRCS tRCH 
~. .. 

r 
XXXXXXXXX XXXXYYY..L :.I:XXXXXXXXXX}( 

XXXXXXXXXX XXXXXXXJI 
xxxxxxxxxx xxxxx0.J 

'!:XXXXXXXXXX}( 
XXX xxx xxx XXXXXXI 

~xxxxxxxxxx 

1+1 tOZC. 
l~ 

tcoo 

XXXXXXXXXX IXXXXXXxx)C Hi-Z XXXXXXX 
XXXXXX}( 

XXXXXXXXXX IXXXXXXxx xxxxx 
~ l~ 'xxxxxxx 

tCAC 

tAA l .. 
tOFF

• 

~ 
tCLZ ~ 

Hi-Z Hi-Z 

~ \ DATA VALID 
I 

tRAC ~ 
tozo ~ l~ 

toDD 

OCH 

xx 
{XXXXXX~~~~xxxx XXXXXXXXXXXXX xxxx },?".70, ~ xxxxxxxxxxxxxxxxx xxxx 6< XXx XXXXXXXXXXXXX}( 

tORH --.. 

Note 28 
Indicates the don't care input 
VIH(min)~VIN~VIH(max) or VIL(min)~VIN~VIL(max) 

Indicates the invalid output 

• MITSUBISHI 
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M5M416400CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

VIH 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH-

(OUTPUTS) VOL-

OE 
VIH 

VIL-

twc 

tRAS tRP 
--" 

~ ~ 1\ 
tCSH 

tF 
tRCD tRSH tR~C f ~ 

tCAS 

0xXXXJr 

~ V ~ XXXX}(l" 

tASR tAsc 
tASR 

tRAH tCAH ~ 
~ 

xxxx" ROW ,~ COLUMN [I.XXXXXXXXXXXX 'l.::'l.::"'l.::'l. ROW ADDRESS IVXXXJjIj ADDRESS I~·""''''''.x.·.x. xxx xw xxxxXJt. ADDRESS Ao~All ~Y:JlSC:iI Ao~A9 ~ vc; ..... x xxx x xx x xx xxxv 

twcs twCH 

00000XXXXXXXXXXX\~ 'II. x'x.x x x x 'l.::"'l.::'l.::'l.::"'l.::"'l.::"'l.::'l.::" 
XXXXXXXXXXXX'l.::'l.:: 

xxxxxxxxxxxxxxxx~ IDI: xx X X X X XXXXXXX'l.::"~ xxxxxxxxxxxxxxxxxx ~.x..x.x.x.xx 

!! tDH 

XXXXXXXXXXXX 'IXXXXXXX XXXXXXX 
00xxxxxxxxXXXXXXN DATA VALID I~ ~ ~ ~ ~ ~ X x'l.::"x'l.::"XXx'l.::"x X xxxxxxxxxxxxx, XXXXXXXXXX'l.::"XX~ 

Hi-Z 

-------------------------------------------------------------------------
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M5M416400CJ, TP~5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

twc ... .. 
tRAS tRP 

_ .. 

\ V \ 
VIH 

VIL~ 

tCSH ... 
tRCO tRSH tRPC tCRP 

4-F tCAS I i 

Ao-A11 

w 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

XXXXX:x1" 
~ xxxxXXJ' 

XXXXX:xI 

e tRAH 
~ .. tAsc ..... 

XXXXA ROW ,~ 
xxxxxv ADDRESS IC.XXXA 
XXXXXI AO-A11 ~~ 

~ 
xxxxxxxxxxxx~ 

xxxxxxxxxxXXXXXXXI 
XXXXXXXXXXXX xxx»' 

tozc 

~ 

/ W 
tCAH . tASR ..... 14-

COLUMN IXXXXX xx xxxX'- ROW ADDRESS A::XXXXX xx ADDRESS AO-A9 :lX:X x x x x xx XXXXJl' 

~ 
tRWL 

~ 
~XXXXXXXXXXX) 

II X X X X X X X X X X X X X X , 
X xxxxxxx-') 

twcH 

tos tOH 

DQ1-DQ4 
(INPUTS) 

VIH 

VIL 

xxxxxxx 
XXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXX XXXXXXXX '~ Hi-Z DATA \-j[xxxxxxxxxxxx 
IVXXXXXXXXXXXX) 

VALID I'x x x x x x x x x x x x , 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

4 - 52 

~ 

Hi-Z ~~( 
tozo 

~z 4-

~ 

xxxxxxxxxxxxxxxxxxxxxx 
XXXXXXXXXXXX xxxxx~\. 
XXXXXXXXXXXXXXXXXXXXXX I.\. 

x·xxxxxxxxxxx xxxxx.x A 

• MITSUBISHI 
"-ELECTRIC 

~ 

Hi-Z 

tOEH 
~ 

toDD 

xxxxxxxxxxxxxxxx 
Ilxxxxxxx~ 
'XXXXXXXXXXXXXXX) 
11: xxxxxxx .... 
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M5M416400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

RAS 

CAS 

w 

DQ1~DQ4 

(INPUTS) 

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

tRWC 

tRAS tRP 

~ ~ ~ 
tCSH 

tCRP tRCD tRSH 
tRiC ~ 4-

tCAS 

xxxxxx. V W ~ 
XXXXXI 

tRAD 

tASR tRAH tAsc tCAH tASR 
~ f-4-

xxxxx"" ROW .~ COLUMN .K. x x X x x x x xx xxx,," ROW xxxxxxv ADDRESS IVXXX~ ADDRESS IVXXXXXXxx !Xx XXXX)I 
XXXXXXI Ao-All :Yll:l/. Ao-A9 I~XXXX !Xx XXXXI ADDRESS 

tAWD .. 
tRCS tCWD tCWL 
4--~ 

tRWD tRWL 

twp 
xxxxxxxx xxxxxxx ..::xxxxxxxxxxx-'< 
~xxxxxxx XXXXXXXI , 

IXXX xxx X xxx X x-'< XXXXXXXXX xxxxxx:J' .x:xxxxxxxxxxxx xxx x.>l..>I.xxxn 

tDS tOH 
t~ 
~ 

Hi-Z j~ 6.XXXXXXxxxx XXXXXXXX xxxxxxxx DATA VALID vx xxx x xxx x x> xxxxxxxxx xxxxxxx ,~ ~xxxxxxxxx> 
tCAC 'xxxxxxxxxx 

tAA 

tCLl ........ 
Hi-Z 

~ om~ 
Hi-Z 

VALID If 
~ tRAC 

tozo ... tOEA 
~ -+ 

xxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxx XXXXXXXXXXXXXXXXXXXXXX 

• MITSUBISHI 
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f--+ tODD 

I4-tOEZ ~ 
~xxxxxxxxxxxxxxxx 

~~~~~~~~ 1:XXXXXXxxxxxxxxx 
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M5M416400CJ, TP-5,-6,-7 ,-55,-68,-78 

\'lotio': This \\:.~~ li .. "i1.5 are $1.1 Ie . . 

So'-os pa
ra

!11£ FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

VIH------.I 

CAS 

Ao-All 

w 

OQ1-0Q4 
(INPUTS) 

VIL-

VIH-

VIL-

VIH-

VIL-: 

VIH 

VIL-

VIH 

VIL-

OQ1-0Q4 VOH-

tASR 

tRC 

tRAS tRP 

tRAH 

ROW 
ADDRESS 

Hi-Z ----------------------------------(OUTPUTS) VOL-

4 - 54 

VIH 

VIL-
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M5M416400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

CAS before RAS Refresh Cycle, Slow Refresh Cycle 

CAS 

Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 
(OUTPUTS) 

VIH­

Vll---.J 

tRP 

tRPC tCSR 
..... 14-+ 

tRAS 

tCHR 

tRC II 
)) 

If 

I 
~~ 

tRPC 

.. ~ 'f 

RC 

tRAS tRP 

\ I 

tCSR tCHR tRPC r ..... :+~ 
VIH- I,.....,~ 

Vll-----' 1~~~~+_------~~------~,~~_+~~-----4--------~XJ 
V ~ ~ / W 

~ 

4--+ 
tCPN 

'f 

tASR 

~ 

\ 
tCRP 

'-
COLUMN 
DDRESS 
-r---

xxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 
V'l-~~~~~x~x52x~x~x52x~~xx52x~~xx~~~~~~x52~~~~~~~~~~~~~~~~~x~x52x~~xx~x~~xx~x~~xx~x~ 

tOFF -- 4--

VOH \ 
VOl- I 

tOEZ 

JJ 

~S 

" 

• MrrsuBiSHI 
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Hi-Z 
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M5M416400CJ, TP-5,-6,-7 ,-55,-6S,-75 

Not'Ce , .trie \\11" • 

SOl11
C

pa,,,
I11

e FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

RAS 
VIH-

VIL-

VIH 

VIL 

tCRP 

XXXXX'lt-XXXXXR' 
~ 

tASR 

\ 

tRCD 

tRAD 

tRAH tASC 

l@ ~ AD~~~SS 0XXXXA 
VIH 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

XXXX" Ao-A11 

I~RCS 

}I 
xxxxxxxx xxxx. 
~ ~ XXXXXXX XXXI 

~ 

xxxxxxxx xxxx 
xxxxxxxx xxx xxxxxxx "00x 

Hi-Z 

tRC tRC 

tRAS .. tRP tRAS L tRP 
I 

I \ ~ L 
tRSH tCHR 

\ ~ 
tASR 

tCAH "-4-

COLUMN IX XX~ ROW 
ADDRESS 

\II:: X xxxxxxx IXXXXXXX 
IX~XXX IXXXXXXX.lII. ADDRESS 

AO-A9 f":X XXXXXXX 
~x xxxxxxxx XXXXXXX IXXXXXXXI 

tF ~ 
tRAL 

~ . 

W 
~ xxxxxxxxxxxx ~xxxx 

,~ '\.xxxx 
'xxxx xxxxxxxxxxxx> 

tCDD 

Hi-Z -xxxxx 
XXXXX 
,~ 

tCAC 

tAA ~ 
~ 

~~ \ Hi-Z 
DATA VALID 

!f 
tRAC tOE.i._~ 

VIH 

VIL 

4 - 56 

tDZO tOEA tODD 
tORH 

·xxxxxxxxxxxxxxxxxx :x xxx X xxxxxx 
xxxxxxxxxxxxxxxxx~ xxxxxxxxxx.x xxxxxxxx xxxxxxxx LXXXXXXxxxxx.x xxxxxxxxxxxxxxxxxxx T. XXXXXXXXXXX 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
And in any cycle, tRSR&tRHR should be satisfied not to enter TEST MODE . 
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M5M416400CJ,TP-5,-6,-7,-55,-6S,-7S UM'NAR'l 
a t.",,1 chango 

afe 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

~ ________________________ ~tA~AS~ ____________________ ~~ ~ 

VIH -----,/ ~ 

~l'___--------~~ '----VIL-
tCSH 

tCAP tACD tCAS 

tpc 

tCAS 
~ 

~ tCAS 

VIH-~X5~x;;HI-----~ 
~' \ I VIL -

tAAD 

tASA tAAH 
tAsc ~ l.tCAH~ tAsc tCAH 

~ .... 
tCPAH 

tASF .... 
~I--

VIH xxxx, ROW·/iifiifJ+. III · .... xxxx, I."x~~x::\~, .~'5C~5\ ROW 
~ ~ ~ ~ ~ ADDRESS J[XX"V"I C( L ... MN-1 L liMN 2 CO"MN 3 ¥. 

-c:~2~~~~~"-~ Ao-A 11 : ~ Ao-A9 AX. ~L J' - lnac~x~~X~.A~ ~.... - AX X x ADDRESS VIL __ r~I'--+-+-~r __ 1'--t-t---'l:,,~~~r~J--__ _ 

tRAL 

tACH .... t 1,4 tACS tACH:--I hl4 tACS 

tDZC 

tACH 

t~~~ 
i+-i-+ 

KXXXX) 
'xxxx 

\X x X X 

VIH='~~~~~~~~+-t~-_tt.j~t~H~i-Z~~j~t-=1-1-==-~Io::?::::oc:7~~ XXXXXX ~ VIL ~XXXXXX ,~ 
~ ~ tCAC l.tOFF ~ 
tAA tAA 

~ ~ 
DQ1-DQ4 VOH­

----~---~------~I/ (OUTPUTS) VOL-

JDv DATA , J~~ DATA \.. 
J-++--~[Yf(P VALlD-2 IJ+-----(.,r~~ VALlD-3 "/' ...... -----

tRAC 

l4-_tD_ZO_~ ~ 
tOCH 

tCPA 

xx~ 

..... ~ 
tODD 
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tCPA 

~ 
tOCH 

J~ Z~ 

..... ~ 4-+ 
tODD tOAH 

IXX XX) 
X) 
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M5M416400CJ, TP-5,-6,-7 ,-55,-65,-75 
P f\ E . t 3 h!'a\ specihC~;'~~ change. 
Notice: ,his '\~~ \il",it'S are subl
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!11

e 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

VIH- ~r---____ tRA_S -----ol(~'-----
~ 

~ tCAS 

tCSH tpc 
tCRP tRCD tCAS tcp tCAS 

'I 
VIH-'~Xjll!::::II:i:XXAX~X:7l;:X::-: ... r-t-t-------t~ 

{XXXXX')(J' 
VIL XXXXXXI I 

~ 

V \ \ v 
lAsc 
~ 

~SC tCAH lAsc tCAH tCAH tASR 
"I-~ 

{X x x x X 11. ADDRESS C'}O~Ar-:;1 ~ x x x x x ~ COLUMN-2 I'L x Y X)oI( (0 UMN-3 AJ6~~SS VIH xxxX)O. ROW ~ X'1 ~ ~ 
VIL xxxxxV' AO-A11 't:XXXXX7 ~ 

VIH 

VIL 

tWCH 

~ tDH 

twcs 
MXXX~ "fi+ 

IIYYXXYl.1 
IIJ{XXxx'W 
ItXXXXX", 

~~ 

tWCH 

Ir-z.XXXXXX 
,lXXXXXXxx 

XXXX 

xxxxxxxxxxxxx». D T .JX"X'S<\ DATA .~ D T 'LXXXXXXxx 
~ A A ~ VALID-2 1][.)0""".... A A I':XXXXXxxx 

x x x x x x x x x x x x X T JIo-_V_A_L_ID_-_1_~~ JIo-----...oII~ ,.-._V_A_L_ID_-_3_ ... 'x x x ~ 

Hi-Z DQ1-DQ4 VOH-
(OUTP'UTS) VOL---------------~-------------------
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M5M416400CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

F \ 1\ 

tRAS tRP 

VIH 

VIL-

tCSH tRSH 

teRP tRCO tCAS I tpc J 

I l tcp tCAS 

~ 
~ ~ I ~ I VIH 

VIL -

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL-

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

tASR I!RA~ tASC i..L ... tCAH ~ 
tRWL-+-~ 

tASR .... --" 
i..L tCAH ~ -+-f+-

~ ROW 

~ bc)LUMN-1 'IXXXXXX x", IXXX xxx, 
ROW ADDRESS Iv(XXXX COLUMN-2 ~xx x xx]V 

XXX7A Ao-As XXA ADDRESS 
~ AO-A11 '';:X xxxxx x XI '';: x x x x x }'I' 

tCWL tRCS r ~p 1· ~ ....=------.. 

~~~~::~~ ~ ffI ~ 
IXXXXXXX> 

I r.,c. X X X X X x 

xxxxxxx~ xxxxxxxx 
rA..>I..>I.XXxxx> 

twCH 
""- twCH 

tozc tos tOH tozc tos tOH 
~ ... -~ 

x HI-Z ~ DATA ~ Hi-Z &\1 DATA rJ('- x x x x x x xxx 
Xxxxxxxxxxx ~ 

VALlD-1 
~ ~ ~ALlD-2 lAX x x X x x x 

. "-.>I. X. X. X. X. x. 

tCLZ tCLZ 
... f-~ ..... 4-

Hi-Z ~~ 
Hi-Z 

~ 
Hi-Z 

tOEZ-+ ~ tOEZ~ -
tozo tozo 

1+---+ ~ toDD -'r- -+- toDD ~1 ~ 
~xxxxxx~JIo. 

xxxxxxxxx ~ I 

. •. MITSUBISHI 
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U 'lxxxxxxX)6 
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PREL\~~~~~~,. M5M416400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

Notice: n',iS :t~~ limits arc subl
e 

somep3.arn FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write,Read-Modify-Wrlte Cycle 

w 

OQ1 .... OQ4 

(INPUTS) 

VIH 

VIL-

tCRP 

'I 
XXXXXII 
~ 

VIH 

VIL-..l5.15.}S.D 

tA~ 

, 
tRCD 

tRAD 

~ tASC 

VIH-,~ R(W 

~ xXX.xJ[ ADDRESS 
.~ VIL- AO~ All 

fC~ 
VIH XXXXXXX XXXXII 
~ I~ 

VIL 
X,X,,X,,X,,X,,X,X I,X,,X,,X,XI 

~~ 
VIH XXXX,X,,X,X XXX)CI 
~ xxx 

X X,X,X,X,,X,,X, X,X,,X,,X, 
VIL 

RAS 

tCSH 

tCAS tPRWC 

tcp tCAS 

~ I ~ 

tCAH ~ tCAH 

Cc)LUMN-1 ~xxxxxx IXX~ 
.",. xx 

IAl'- x x x ,X, ')c: Ix>lA ObLUMN-2 III X X,X, 
Ao-A9 lX,X,,X,,X,,X,,X, ~ 

tAWD tAWD 

tCWD tCWL 
~RCS1+ tCWD 

~ 
~ , ~~ , 

tRWD tCPWD 

tDH tDZC 
lOs .. lOs 

Hi-Z ~ DATAl ~ 1ft. Hi-Z ~ VALlD-1 
~ ~ ~ IJCAC. 

~ 1M tAA 

tCLl-.!-+-

0 ~.-tc~ 
OQ1 .... OQ4 VOH­

(OUTPUTS) VOL-

Hi-Z 

tRAC 
~ 

Hi-Z ~~, ~ALlD"11 
~ 

t=\ 
JRWL 

J 

1/ 
I .. tcwi 

tASR 
+-14-

X x Xl. 
IX: X X,X,lI ROW 

,X, X»" ADDRESS 

~ 
~ 

L,X,,X,,X,,X,,X,,X,,X,> 

!Xxxxxxxx> 

tDH 

·~xxxxx 
DATA \LX,X,,X,,X,,X,, 

VALlD-2 n:xxxxx, 
.~ 

Hi-Z 

-+ -+-tODD 
tCPA -+f- +tODD 

tDZO 
+---+ 

VIH xxxxxxxxxxxxxx>c 
XXXXXXXX,X,XXXXXX 

VIL .~xxxx 
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Self Refresh Cycle 

CAS 

Ao-All 

W 

DQ1-DQ4 
(INPUTS) 

VIH-

Vll-

VIH-

Vll-

VIH-

Vll-

VIH-

Vll-

DQ1-DQ4 VOH­

(OUTPUTS) VOl-

tRP 

tCPN 

tRCH 

tOFF 

tOEZ 

MITSUBISHI LSls 

M5M416400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

tRASS 
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M5M416400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
P R . ot a linal S\lecil.iC~;'~;·change. 
Notice: 1\1;s IS fl limits Me sub\<l' 

somepa.a
n

'8tf\C FAST PAGE MODE 16777216-B11 (4194304-WORD BY 4-BI1) DYNAMIC RAM 

TEST Mode SET Cycle 

Ao ...... All 

w 

OQ1 ...... 0Q4 
(INPUTS) 

J 
VIH-

VIL-

VIH­

VIL-,J 

VIH 
xx 

VIL 
x 

VIH-

VIL-

VIH x xx 
VIL-xx 

RP tRAS tRP 

~ V \ 
~ 

tCSR tCHR --~ ~ ..-. 

~ V w 
~ 

tASR 

~ 
xxxxxxxxxxxxxxxxxxx ROW 

IX:XXXXXX xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ ADDRESS x xxxxxxxxxxxXXXXXXXI 

~I 
twSR twHR ... 
~ 

xxxxxxxxx xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxx xxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ IX:xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxx~ xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

.... r-.!3!!. 
---\ 

-' 
OQ1 ...... 0Q4 VOH­

(OUTPUTS) VOL -

Hi-Z 

4 - 62 

VIH 

VIL 

toEZ 

~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxx 

I: x x x xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx x x x x x x x x ~ 

Note 30: This cycle can be used for initialized cycle after power-up, however entrted into Test Mode. 
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M5M416405CJ, TP-5,-6,-7, 
change -5S,-6S,-7S 
HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 

This is a family of 4194304-word by 4-bit dynamic RAMs with 
Hyper Page mode fuction, fabricated with the high performance 
CMOS process, and is ideal for large-capacity memory systems 
where high speed, low power dissipation, and low costs are 
essential. 

PIN CONFIGURATION (TOP VIEW) 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circu.it density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self refresh current is low enough for 
battery back-up application. 

FEATURES 

-
RAS Address OE Power CAS Cycle 

Type name access access access access dissipa-
time time time time time tiO~w 

max.ns) (max.ns) max.ns (max.ns) (min.ns) typ.m 

M5M416405CXX-5,-SS 50 13 25 13 90 495 
M5M416405CXX-6,-6S 60 15 30 15 110 405 

M5M416405CXX-7,-7S 70 20 35 20 130 340 

XX::J,TP 

-Standard 26pin SOJ, 26pin TSOP 
-Single 5V±10% supply 
-Low stand-by power dissipation 

S.5mW (Max) ---------------------------·CMOS Input level 
2.2mW (Max) * --------------------------CMOS Input level 

-Low operating power dissipation 
M5M416405Cxx-5,-5S ---------------------- 60SmW (Max) 
MSM416405Cxx-6,-6S - - - - - - - - - - - - - - - - - - - - - - 49SmW (Max) 
M5M416405Cxx-7,-7S ---------------------- 415mW (Max) 

-Self refresh capability * 
Self refresh current -------------------~------200 IlA(Max) 

-Hyper.E!!ge mode (1024-column random access), Read-modify­
write, RAS-only refresh, CAS before RAS refresh, Hidden refresh 
capabilities. 
Early-write mode, OE and W to control output buffer impedance 

-All inputs, outputs TIL compatible and low capacitance 
-4096 refresh cycles every 64ms (Ao -All) 
* :Applicable to self refresh version (MSM41640SCJ,TP-SS,-6S, 

-7S:option) only 

APPLICATION 

Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-All Address inputs 

DQ1-DQ4 Data inputs/outputs 

RAS Row address strobe input 

CAS Column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+SV) 

Vss Ground (OV) 

.• MITSUBISHI 
.... ELECTRIC 

Outline 26POO-B (300mil SOJ) 

004 

CAS 

A9 

AS 

A7 

A6 

A2 A5 

A4 

Outline 26P3D-E (300mil TSOP) 

4 - 63 



MITSUBISHI LSls 

M5M416405CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

FUNCTION 

In addition to Hyper Page Mode, normal read, write and read­
mOdify-write operations the M5M416405CJ, TP provides a number 

of other functions, e.g.,RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

RAS CAS W OE a~ir:ss ~a~:S 
Read ACT ACT NAC ACT APD APD 
Write (Early write) ACT ACT ACT DNC APD APD 
Write (Delayed write) ACT ACT ACT ONC APD APD 
Read-moditv-write ACT ACT ACT ACT APD APD 
RA'S-only refresh ACT NAC ONC ONC APD DNC 

Hidden refresh ACT ACT NAC ACT APD DNC 
Self refresh ACT ACT NAC ONC DNC DNC 
CAS before RAS refresh ACT ACT NAC ONC DNC DNC 
Stand-by NAC DNC DNC ONC DNC DNC 

Note: ACT: active, NAC: nonactive, DNC : don't care, VLD : valid, IVD: invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 

ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL W 
INPUT 

ADDRESS INPUTS 

AO 
Al 

A2.' 
A.3 

A4 

AS 

A6 

A7 

A8 

A9 
Al0 

All 

4 - 64 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & 1/0 CONTROL 

MEMORY CELL 
(16777216 BITS) 
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Input/Output 
RefreSh Remark 

Input Output 
OPN VLD YES Hyper 
VLD OPN YES page 
VLD IVD YES mode 
VLD VLD YES identical 

ONC OPN YES 
OPN VLD YES 
ONC OPN YES 
ONC OPN YES 
ONe OPN NO 

-~VCC(5V) 
+---« VSS (OV) 

I 

I DOl} 
D02 DATA 
Deb INPUTS/OUTPUTS 

D04 

OE OUTPUT ENABLE 
INPUT -
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M5M416405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage -1 -7 

VI Input voltage With respect to Vss -1 -7 

Vo Output voltage -1 -7 

10 Output current 50 

Pd Power dissipation Ta=25°C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature -65 -150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70°C ;Unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 4.5 '5 5.5 V 

Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.4 5.5 V 

VIL Low-level input voltage, all inputs -1.0** 0.8 V 
Note1: All voltage values are with respect to Vss. 

** : VIL(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to vss.) 

ELECTRICAL CHARACTERISTICS (Ta=0-70°C, Vcc=5V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol 

VOH 

VOL 
loz 

II 

ICCl (AV) 

ICC2 

Ices (AV) 

lec4(AV) 

ICC6(AV) 

Limits 
Parameter Test conditions Min Typ Max 

HiQh-level output voltage IOH--5.0mA 2.4 Vcc 
LOW-level output voltage IOL=4.2mA 0 0.4 

. Off-state output current Q floating, OV~VouT~5.5V -10 10 

Input current OV !5:VIN !5:6V, Other inputs pins=OV -10 10 

Average supply current M5M416405C-5,-5S RAS, CAS cycling 110 
from Vcc, operating M5M416405C-6,-6S tRc=twc=min. 90 

(Note 3,4,5) M5M416405C-7,-7S output open 75 

RAS= CAS =VIH, outout open 2 
Supply current (rom Vcc, stand-by (Note 6) I-:::R=A=S:.::=:....:C=A=S:::..~::....:...V::..:c.!...:C:::.:-O:..:l.2:::.:V:.:.,-=OJ::.u::..:..:....tplu-t o-)p-4e-n-+----1f-----I-0- . .:.;.5-1 

Average supply current M5M416405C-5,-5S RAS cycling, C-A-S= VIH 110 
from Vcc, RAS only M5M416405C-6,-6S tRc=min. 90 
refresh mode (Note 3,5) M5M416405C-7,-7S output open 75 

Average supply current M5M416405C-5,-5S 

from Vce, Hyper Page M5M416405C-6,-6S 
Mode (Note 3,4,5) M5M416405C-7,-7S 

RAS=VIL, CAS cycling 140 
tHPc=min. 115 
output open 90 

Average supply current M5M416405C-5,-5S CAS be(ore RAS refresh cycling 110 
from VCC, CAS before RAS M5M416405C-6,-6S tRc=min. 90 
refresh mode (Note 3,5 M5M416405C-7,-7S output open 75 

Note 2: Current flowing Into an Ie IS positive, out IS ,negatlvea 
3: ICCl (AV), Ices (AV) , ICC4 (AV) and ICes (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Under condition of column address being changed once or less while RAS=V IL and CAS=VIH 

CAPACITANCE (Ta=0-70°C, Vcc=5V±10%, Vss=OV, unless otherwise noted) 

Symbol Parameter 

CI(A) Input capacitance address inputs 
CI(CLK) I nput capacitance, clock inputs 
CliO InpuVOutput capacitance, data ports 

Test conditions 

VI=VSS 

f=1MHz 
VI=25mVrms 

• MITSUBISHI 
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Limits 

Min Typ Max 

5 
7 

8 

Unit 

V 

V 

V 

mA 

mW 

°c 

°c 

Unit 

V 
v 

p.A 
p.A 

mA 

mA 

mA 

mA 

mA 

Unit 

pF 
pF 

pF 

4 - 65 



MITSUBISHI LSls 

M5M416405CJ,TP-5,-6,-7,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0~70°C, Vce= 5V±10%, Vss=OV, unless otherwise noted, see notes 6,14,15) 

Limits 
Symbol Parameter MSM41640SC-S,-SS MSM41640SC-6,-6S MSM41640SC-7,-7S Unit 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 13 15 20 ns 

tRAC Access time from RAS (Note 7,9) 50 60 70 ns 

tAA Column address access time (Note 7,10) 25 30 35 ns 

tCPA Access time from CAS precharge (Note 7,11) 30 35 40 ns 

tOEA Access time from OE (Note 7) 13 15 20 ns 

tOHC Output hold time from CAS high (Note 13) 5 5 5 ns 

tOHR Output hold time from RAS high (Note 13) 5 5 5 ns 

tCLZ Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOEZ Oll\put disable time after OE high (Note 12) 13 15 20 ns 

twEZ Output disable time after WE high (Note 12) 13 15 20 ns 

tOFF Output disable time after CAS high (Note 12,13) 13 15 20 ns 

tREz Output disable time after RAS high (Note 12,13) 13 15 20 ns 
tOOH Output hold time from CAS low 5 5 5 ns 

Note 6:An initial pause of 500 f1 s is required after power-up followed by a minimum of eight initialization RAS cycles. The Initialization cycles should be done 
either by RAS-only refresh cycles or by CAS before RAS refresh cycles onL _ 
Note the"RAS may be cycled during the initial pause. And any 8 MS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) of 
RAS inactivity before proper device operation is achieved. 
After the initialization cycles, RAS" should be kept either higher than V IH(min) or lower than VIL(max) except"RAS transition time. 

7:Measured with a load circuit equivalent to 10OpF. 
The reference levels for measuring of output signals are 2.0V(V OH) and 0.8V(VOL). 

8:Assumes that tRcoe;tRCO(max) and tAsce;tAsC(max) and tcpe; tCP(max). 
9:Assumes that tRCO;::itRCO(max) and tRAO;::itRAO(max). If tRCO or tRAO Is greater than the maximum recommended value shown in this table, tRAC will 

increase by amount that tRCO exceeds the value shown. 
1 O:Assumes that tRADe; tRAD(max) and tASC;::itASC(max). 
11 :Assumes that tCP;::itCP(max) and tAsce;tAsC(max). 
12:tOEZ (max), tWEZ(max), tOFF(max) and tREZ(max)deflnes the time at which the output achieves the high impedance state (I OUT;::i I ± 1 0 f1 AI ) and is not 

reference to VOH(min) or VO~). _ 
13:Output is disabled after both RAS and CAS goto high. 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(Ta=O ~70'C, VCC = 5V ±10%, Vss=OV, unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter MSM4164OSCoS,-SS MSM41640SC-6,-6S MSM41640SC-7,-7S 

Min Max Min Max Min Max 

tREF Refresh cycle time 64 64 64 
tRP RAS high pulse width 30 40 50 
tRCD Delay time, RAS low to CAS low (Note 16) 18 32 20 38 20 42 

tCRP Delay time, CAS high to RAS low 5 5 5 
tRPC Delay time, RAS high to CAS low 0 0 0 
tCPN CAS high pulse width 8 10 13 
tRAD _ Column address delay time from RAS low (Note 17) 13 25 15 30 15 35 

tASR Row address setup time before RAS low 0 0 0 
tAse Column address setup time before CAS low (Note 18) 0 10 0 13 0 13 

tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 8 10 10 
tDZC Delay time, data to CAS low (Note 19) 0 0 0 
tozo Delay time, data to OE low (Note 19) '0 0 0 
tROD Delav-time RAS high to data (Note 20) 13 15 ~O 
tcoo Delay time, CAS high to data (Note 20) 13 15 20 
tODD Delav time, OE high to data (Note 20) 13 15 20 
tT Transition time (Note 21) 1 50 1 50 1 50 

Note 14: The timing requirements are assumed tT =2ns. 
15: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ns 

ns 

ns 
ns 
ns 

ns 

ns 
ns 

ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 

16: tRCO(max) is specified as a reference point only. If tRCO is less than tRCD(max), access time is tRAC. If tRCO is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. 

17: tRAO(max) is specified as a reference point only. If tRAoe;tRAO(max) and tASC;::itASC(max), access time is controlled exclusively by tAA. 
18: tASC(max) is specified as a reference point only. If tRcoe;tRCO(max) and tASce;tASC(max), access time is controlled exclusively by tCAC. 
19: Either tozc or tozo must be satisfied. . 
20: Either tROD or tCDD or tODD must be satisfied. 
21: tT is measured between VIH(min) and VIL(max). 
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M5M416405CJ, TP-5,-6,-7 ,-55,-6S,-75 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-SIT) DYNAMIC RAM 

Read and Refr~sh Cycles 

Limits 
Symbol Parameter M5M416405C-S,-5S MSM41640SC-6,-6S M5M41640SC-7,-7S Unit 

Min Max Min Max Min Max 
tRC Read cycle time 90 110 130 ns 
tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low Dulse width 8 10000 10 10000 13 10000 ns 
tCSH CAS hold time after RAS low 40 48 55 ns 
tRSH RAS hold time after CAS low 13 15 20 ns 
tRCS Read SetuD time before CAS low 0 0 0 ns 
tRCH Read hold time after CAS hiah (Note 22) 0 0 0 ns 
tRRH Read hold time after RAS hioh (Note 22) 0 0 0 ns 
'tRAl Column address to RAS hold time 25 30 35 ns 
tCAl Column address to CAS hold time 13 18 23 ns 

tORH RAs hold time after DE low 13 15 20 ns 
tOCH CAS hold time after OE low 13 15 20 ns 

Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter MSM416405C-S,-SS MSM41,6405C-6,-6S MSM41640SC-7,-7S Unit 

Min Max Min Max Min Max 
twc Write cvcle time 90 110 130 ns 
tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 8 10000 10 10000 13 10000 ns 
tCSH CAS hold time after RAS low 40 48 55 ns 
tRSH RAS hold time after CAS low 13 15 20 ns 
twcs Write setup time before CAS low (Note 24) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 13 ns 
tCWl CAS hold time after W low 8 10 13 ns 
tRwl RAS hold time after W low 8 10 13 ns 

twP Write Dulse width 8 10 13 ns 

tDS Data setup time before CAS low or W low 0 0 0 ns 

tDH Data hold time after CAS low or W low 8 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter MSM416405C-S,-5S MSM416405C-6,-6S M5M416405C-7,-7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 23) 109 133 161 ns 
tRAS RAS low pulse width 75 10000 89 10000 107 10000 ns 
tCAS CAS low pulse width 38 10000 44 10000 57 10000 ns 
tCSH CAS hold time after RAS low 70 82 99 ns 
tRSH RAS hold time after CAS low 38 44 57 ns 
tRCS Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 24) 28 32 42 ns 
tRWD Delay time, RAS low to W low (Note 24) 65 77 92 ns 
tAWD Delay time, address to W low (Note 24) 40 47 57 ns 
tOEH OE hold time after W low 13 15 20 ns 

.. Note 23: tRWC IS specified as tRWC(min)=tRAC(max)+tODD(mln)+tRWl(mln)+tRP(mln)+4tr . 
24: twcs, tCWD, tRWD and tAWD and, tCPWD are specified as reference pOints only. If twcS~twCS(min) the cycle is an early write cycle and the DQ pins 

will remain high impedance throughout the entire cycle. If tcwD~tCWD(min), tRwD~tRWD(min), tAwD~tAWD(min) and tCPwD~tCPWD(min) (for hyper 
page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. If neither of the above 
condition (delayed write) of the DO (at access time and until CAS or OE goes back to V IH ) is indeterminate. 
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M5M41 ,6405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 

Limits 
Symbol Parameter MSM4164OSCoS,-SS MSM41640SC-6,-6S MSM41640SC-7,-7S 

Min Max Min Max Min Max 
tHPC Hyper page mode read/write cycle time (Note 26) 20 25 30 
tHPRWC Hyper Page Mode read write I read modify write cycle time 57 66 79 
tRAS RAS low pulse width for read or Write cycle (Note 27) 65 100000 77 100000 92 100000 
tcp CAS high pulse width (Note 28) 8 13 10 16 13 16 
tCPRH RAS hold time after CAS precharge 28 33 38 
'tCPWD Delay time, CAS precharge to W low (Note 24) 43 50 60 
tCHOL Hold time to maintain the data Hi-Z until CAS access 7 7 7 
tOEPE OE Pulse Width CHi-Z control) 7 7 7 
twPE W Pulse Width (Hi-Z control) 7 7 7 
tHCWD Delay time, CAS low to W low after read 28 32 42 
tHAWD Delal{ time, Address to W low after read 40 47 57 
tHPWD Delay time, CAS precharge to W low after read 43 50 60 
tHCOD Delay time, CAS low to OE high after read 13 15 20 
tHAOD Delay time, Address to OE high after read· 25 30 35 
tHPOD Delay time, CAS precharge to OE high after read 28 33 38 

.. . . . . 
Note 25: All previously specified timing requirements and sWitching characteristics are applicable to their respective Hyper page mode cycle . 

26: tHPC(min) is specified in the case of read-only and early write-only, in Hyper Page Mode. 
27: tRAS(min) is specified as two cycles of CAS input are performed. 
28: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 29) 

Limits 
Symbol Parameter MSM41640SCoS,-SS MSM416405C-6,-6S MSM41640SCo7,-7S 

Min Max Min Max' Min Max 
tCSR CAS setup time before RAS low 5 5 5 
tCHR CAS hold time after RAS low 10 10 15 
tCAS CAS low Dulse width 17 17 22 
tRSR Read setup time before RAS low 5 5 5 
tRHR Read hold time after RAS low 10 10 15 

Note 29: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

Hidden Refresh Cycle (Note 30) 

Limits 
Symbol Parameter MSM41640SCoS,-SS MSM41640SC-6,-6S MSM41640SC-7,-7S 

Min Max Min Max Min Max 
tRSR Read setup time before RAS low 5 5 5 
tRHR Read hold time after RAS low 10 10 15 

Unit 

ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 

ns 
ns 

Unit 

ns 
ns 

Note 30: Read, early write, delayed write, read write or read-modify-write cycle is applicable to hidden refresh cycle. In all cases tRSR and tRHR should be 
satisfied. . 
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M5M416405CJ, TP-5,~6,-7 ,-55,-6S,-75 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta=0-70°C, Vcc=5V±10%, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Min 

Limits 
Unit 

Typ Max 

CAS before RAS refresh cycling 

or RAS cycling & CAS;&! 0.2V 

OE&WE;&!0.2V 

Aver~e supply current or OE & WE ~Vcc-0.2V 
ICC8(AV) from cc MSM41640SC (5) Ao- A11 ;&!0.2V 500 Jl.A 

Slow-Refresh cycle 
'(Note 6) or Ao- A11 ~Vcc-0.2V 

tREF=128ms (4096cycles) 

output=OPEN 

tRAs=tRAsmin. -500ns 

Aver~e supply current --
Icc9(AV)* 

from cc MSM416405C (5) RAS=CAS ;&! 0.2V 
200 Jl.A Self-Refresh cycle output = OPEN 

(Note 6) 

TIMING REQUIREMENTS (Ta=0-70°C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 14, 15) 

Limits 

Symbol Parameter M5M416405C-5S MSM41640SC-6S MSM416405C-7S Unit 

Min Max Min Max Min Max 

tRASS Self Refresh RAS low pulse width 100 100 100 ).ts 

tRPS Self Refresh RAS high precharge time 90 110 130 ns 

tCHS Self Refresh RAS hold time - 50 - 50 - 50 ns 

tRSR Read setup time before RAS low 10 10 10 ns 

tRHR Read hold time after RAS low 10 10 15 ns 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 
The last / first full refresh cycles (4K) must be made within t NS / tSN before / after self refresh, on the condition of t Ns;&!64ms and 
tSN~64ms. 

14 tNS ~I 14 tSN ~I 

--------------------·~I~II~I------~I-II~I _________ s_elf_re_fffi_sh~p_eri_Od ______ ~~II~II~·-------II~I~I-----------------

DISTRIBUTED REFRESH 
<4K/64 ms> 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
<4K/64ms> 

The last / first full refresh cycles (4K) must be made within t NS / tSN before / after self refresh, on the condition of t NS+tsN;&!64ms. 

~ A 
~11~1I--~I~III--;III~I~~1 _______ Se_lfr_efr_esh~pe_riOd ____ ~~1 ~IIII--~I~III--~IIII-

BURST REFRESH 
<4K/64 ms > 

• MITSUBISHI 
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M5M416405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle (Note 31) 

Limits 
Symbol Parameter MSM41640SC-5,·SS MSM41640Sc-6,-6S MSM41640SC·7,·7S 

Min Max Min Max Min Max 
twSR W setuD time before RAS low 10 10 . 10 
twHR W hold time after RAS low 10 10 15 

Note 31:The test mode function is initiated by a W andCAS before AAS cycle (WCBR cycle) as specified in timing diagram. 
The test mode function is terminated by either a CAS. before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 
During the test mode, the device is Internally organized as 16-bits wide (1 M bytes depth). No addressing of CA 0 and CAlis required. 

Unit 

ns 
ns 

During a write cycle, data must be applied to all DO ( Input) pins. The data can be different between DQ pins. The data on each DO pin is written into 
4-bits memory cells, respectively. During a read cycle, each Do (output) pin shows the test result of the 4-bits, respectively. High state Indicates that 
they are same. Low state Indicates that they are not same. 
During the test mode operation, only WeBR cycle can be used to perform refresh. 

OQ'o-§ 
# 1 

#2 

#3 

#4 

~~ 
#5 

#6 

#7 

#8 

O~o-§ 
#9 

#10 

#11 

#12 

OQ4~ 
#13 

#14 

#15 

#16 
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MITSUBISHI LSls 

M5M416405CJ, TP-5,-6,-7 ,-55,-65,-75 

l\~i~!t~~ \I'1'Iits ale su \ 

pa.a HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Timing Diagrams (Note 32) 

Read Cycle 

VIH-
RAS 

Vil -

~ 
VIH 

Vll-

XXXXX-6-XXXXXJl 
XXXXXI XXXXI' 

tASR ... 

~ 

tRCO 

tRAO 

tRAH 
~ 

xxxxxxx'. ROW 1;<xxxxxxxxxJj 
~ 

VIH-
Ao-A11 

Vil - XXXXXX7 ADDRESS l:I(XXXXV 

I tAcs 

r 
xxxxxxxxxx )(XXXXXXYI 
~xx x x x x..;<.;Vt 

VIH-w 
Vil - XXXXXXXXX XXXXXXI' 

tRAS 

\ 

I .. ASC. tCAH 

COLUMN 
ADDRESS 

tozc 14------+ 

DQ1-DQ4 
(INPUTS) 

VIH 

Vil 

xxxxxxxxxx 
xxxxxxxxh 
~xx 

xxxxxxxx 
~xxxxx 
xxxxxx~ 

tCAC 

fAA 

tCLl 

tRC 

V tRPC 

tCSH 

tASH 

teAs 

I 
tRAl 

tCAl 

~yyyyyyyy xx ,IJ(XXXXXXxxxx xx 
~y">t">t">t">tyyyy..r- xx 'x X X X X X X X X X X xx 

Hi-Z 

tAEl 

tOHR 

DQ1-DQ4 VOH­

(OUTPUTS) VOL -

Hi-Z 

tRAC 
~ DATA VALID 

tozo ~ 
tOCH 

VIH xxxxxxx xxxxxxxxxxxxx 000000xxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxx 

tORH 

tRP 

L 
tCRP 

--+ 4--

r;a 
tASR 

~ 
xx, 

ROW XXJ\l.j 
~ ADDRESS 
XXI 

tRRH .... tRCH 

.xxxxxN XXXXXX'" 
~XXXXX'" 

tcoo 
~ ... 

XXXX 
iii<. 00N' 
IX xxx," 

twEZ i+-H 

tOFF 
tOHC 

Hi-Z 
t---

tOEZ 

~ 
xx 

Jh?'x xxxx'" 
,;. xx xxxx'" 

Note 32 
Indicates the don't care input. 
VIH(min).::iiiVIN.::iiiVIH(max) or Vll(min)~VIN~Vll(max) 

Indicates the invalid output. 
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M5M416405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
pR 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Early Write Cycle 

tw C 

tRAS tRP 

~ I ~ 
~ tRPC 

tCSH 

VIH 
RAS 

tCRP 
tRCO tRSH 

I tCAS --.r tCRP 
+-

xxxxx.% VIH­

VIL-
~ 
~ ~ I W 

Ao-A11 

w 

OQ1-0Q4 
(INPUTS) 

VIH 

VIL 

VIH-

VIL -

VIH 

VIL 

lA~ tRAH 
lAsc .. 

J'5l"V'2\ 
XXXXXI ROW IWCXXXJf 
XXXXlI' ADDRESS 

\25J:SB 

twcs 

xxx '}.,r 
xxxxxxxxxxxxxxxx~ 

xxxxxxxxxxxxxxxx~ 

tos ~ 

x xx 
x xxxxxxxxn 

tCAH 
lAs:"" 

~xxxxxxxxxxxxxxxxx' COLUMN XXXXXXXXXXXX XJf 
ROW 

ADDRESS 'l:XXXXXX XI 
ADDRESS 

twCH .1 

I xxxxxxxx 
xxxxxxxxx~ 

xxxxxxxxxxxxxx» 

tOH 

DATA VALID lMXXX xx,," 
r\Xxxxxxxxxx xxx» 

OQ1-0Q4 VOH- _____________________________________ H_i_-Z ______________________________________ __ 

(OUTPUTS) VOL-
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M5M416405CJ, TP-5,-6,-7 ,-55,-65,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Delayed Write Cycle 

RAS 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIH­

VIL-

VIH-

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 
.OE 

VIL -:-

twc 

tRAS tRP 

~ I 1\ tRPC 

tCSH -+ t- 4-

f tRCO tRSH 

-+ tCRP 
tCAS 4-

(~~~~~7 , 
~ ~ ryyyyyl' 

tASR tRAH tCAH 
~ tAsc ~ -+ +- tASR 

{~~~~;M ROW -~ COLUMN -LXXX XXXX\ ROW 
ADDRESS IJr"YYYlI. ADDRESS «xxx XXXXA ADDRESS -lL:N 'x-x x x x XXI 

~ 

~ 
tRWL 

~ 
XX..l'l..l'l..l'l..l'l..l'l..l'l..l'l XXX,.. , ~~~~~~~~~~~ XXX..l'l..l'lXX..l'l..l'lXX..l'l..l'lxXXXT 
xxxxxxxxxXXXXXXXN ~xxxxxxxxx~ 

twCH 

tOlC to~ tOH 
14-+ I 

{ YY Hi-Z j~ DATA \- X..l'l..l'lX..l'l..l'l> 
X..l'lX ..l'l..l'lXXXXX ,~ 

~ 

Hi-Z (~ 
tOEl 

tOlO "'r-I+-

I ~ toDD 

~xxxxxxxxxxxxxxxxxx£x~~~ 
)«xxxxxxxxxxxxxx xx x, 

• MITSUBISHI 
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VALID I xxxxxX.JO 

Hi-Z 

tOEH 
4--+ 

-Xxx 
xxxxxxxxxxx~ 

xx~XXXXX) 
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El'M'N~~Y M5M416405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
P R, ' ' no\ a I\na\ spec\h~~t to change, 
Notice', '1 h\~:triC lin'lits are subl 

SOn'lepa
PI 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao ...... A11 

w 

OQ1 ...... 0Q4 
(INPUTS) 

VIH-

VIH 

VIL-

VIH-

VIL-

VIH 

VIL 

VIH 

VIL 

OQ1 ...... 0Q4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

4 -74 

tRWC 

tRAS 

\ 
tCSH 

tRCO tRSH 
tCRP i tCAS 

~XXXX,* ~ 

~ 
XXXXX7 

tRAO ... 
tAS~ tRAH 

tAsc ~ 
tCAH 

XXXXX.l- ~ ROW COLUMN xxxxxx ADDRESS IKKX xx ADDRESS laxXX 
XXXXX.7 ~~ ",xx 

tAWO .. 
tRCS 4-- ..... tcwo 

tRWO 

x xxxxxxx 
x xx XXXXXXXl 
x xx XXXXXX.lf' 

tos 

tozc,~ ..... 
x / 

Hi-Z J~ xxxx 
xxxxxxxx xx ,~ 

tCAC 

1M 

tCLZ 

HI-Z -~ r----\ 
DATA 
VALID 

tRAC 
~ 

~~ toDD 
tozo I~OE~ ... f-~tOEZ 

x xxxxxxxxxxxxxxx J~ 

C:X XXXXXXXXXXXX)( 

• MITSUBISHI 
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tRP 

V ~ 
tRPC 

tCRP -+ f-

I ~ 
~~4-

x X X.l- ROW XXX X xx xx xxx ADDRESS xxxx .7 

tcwL 

tRWL 
twp 

... x x x x x}O 
IL x X X x x x x x x x x x}O 
xxx XXX.> 

toH 

,~x 
U'X xxxx }O DATA VAll D n.xxxxx }O 

Hi-Z 

~ 
I.XXXXXxxxxxxxxxx 
~xxx xx 
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M5M416405CJ, TP-5,-6,-7 ,-55,-65,-75 
P a \inal \0 change 

are 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

Vll-

VIH­

Vll-

VIH..,-

Vil -

VIH 

Vil 

VIH-

Vil 

DQ1-DQ4 VOH­

(OUTPUTS) VOl-

VIH 

Vil 

tRAS 

~ 
tCSH tHPC 

t+~ tAco tCAS ~ tCAS 

XXXXlf ~ 

XXXXI ~ I \ 
UUUUf 

tRAO 

tASR tRAH ~ tA~ ~ tAsc ~ 
.,.....,.....,. 

fX'X'). IZ'Y ')1~ ~ XXX X\. 
ROW XXXXll ¥i2! COLUMN-1 COLUMN-2 I'«.X.... 

ADDRESS 'OQ ..lUUU!( 15...25. ~I 

~~ 
tCAl tCAl 

~ 

xx 
x XXXXT 

CXXXXX xy 

tozc 

xxxxxx xxxx 
CXXXX XXX 

~ ~ 
tAA 

h-I tOOH ___ f---~ 

Hi-Z 

~ DATA ~ 
VALlD-1 

tRAC I tCPA 
tozo t~ r 

tOCH 

xxxxxxxx ..... xxXyyyyy 
x XXXXXXXXXXXXl 

• -MITSUBISHI 
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Hi-Z 

I.. 
tR P 

I ~ 
tASH 

~ tCAS 

~ 
I , V 

tCPRH 

tA~ ~ 
tASR 
~ 

"';2\ ~"S( o:;~ 
ROW 

~ CQLUMN-3 .. Xll 
ADDRESS ... '{/ ~~ .1.':J 

~ 
tRAL ... tR~ 

I- tCAl ...-.... tRCH 

oXXXXX 
'" .................... )I 

\'XXXX> 

~ 
tROD 

tcoo 

~ g 
~ tREZ ~ 152 

I~ tAA tOHR 

_ tOFF 
tOOH tOHC 

---~ 
DATA ~~ DATA 

!vALlD-2 VALlD-3 ~ 

tCPA ..... 
tOEZ 

.;w;; ..... I ..... .;w;; 
L xx xx 

~ toDD 
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Sorne para. HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

Ao ...... A11 

w 

OQ1 ...... 0Q4 
(INPUTS) 

VIH-

Vil -

VIH 

Vll-

VIH-

Vll-

VIH 

Vil 

VIH 

Vil 

tRAS tRP 

~ I L 
tCSH . ""'-

tHPC tRSH 

t+. 
tRCO tCAS ~ tCAS ~ tCAS 

L 
tCRP 

r 
]I;;]I;;]I;;]I;;jI- r----1 ,...---., 

I ]I;;]I;;]I;;XJ \ I ~ ~ \ 
~ 

L tCAl L tCAl 

lASR tRAH tASC tCAH lAsc tCAH lAsc 
l .. 

tCAH 
• ~ ..... ~ .-. ~ ...... 

~ 
ROW 

. J5r5n :F:lQQ\. . .oorn\ ~~. ROW 
X XXXI COLUMN-1 IX X X XI COLUMN-2 IIX: X X X I COLUMN-3 II X X X.xI 

ADDRESS ADDRESS ~ ~ XXXXI ~ Vf:.Z:.Z:J 

~ ~ ~ ~twCH. ~ ~ 
]I;; XXXXX)I ~ ~ -I.X.XXXXXX X X xx~ 
x xxxxxx L X:XXX ~ l' XXXXXx JIll f Z~~~~ x XXXXX)( '" K X:XXX J: xxx A IX 

tos tOH tos tOH tos tOH .-. 14---+ ~ 14---+ ~ ~ 

xxx 
DATA ~ DATA ~ ~ DATA xxxxxxxxx .ncXXXXXXXXXX} 

VALlD-1 ~ VALlD-2 1 f\QQQf VALlD-3 N<XXXXXXXXXX} xxx 

OQ1 ...... 0Q4 VOH- ______________________________________ H_i-_Z __________________________________ __ 

(OUTPUTS) VOL -
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, ,M5M'416405CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read-Write, Read-Modify-Write Cyc;le 

Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL -

VIH 

VIL 

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH-

VIL -

F ~ '---

tRAS tRP 

tCSH tRWL 

tCRr tRCO tCAS tHPRWC 
... .... tCRP 

tcp. tCAS 

xxxxxx~ ! XXXXXXlt \ I \ XXXXXXI 
X,X,,X,,X,,X,I 

tRAO 

tASR tRAH tCAH tAsc tCAH tCWL ..... ~ tAsc f8 .-.... ..-.. ~tASR 

xxxxx\. :I-
ROW xxxxX,,", lIXXXXXX ,,", llXXX xxx," ROW ~ O)LUMN-2 ~ ADDRESS COLUMN-1 ~ ,X, I ')A ~ >l\N'A ADDRESS XXXXXI '[XXX xxx XXI ,~xxx XXI 

tAWO tAwo 

tRCS tcwo tCWL 

... 
tRcs114- tcwo 

r-~ ..... 
~ ~ (.xx XXXXL 

('xxxxxxxx XXX}9' \ 
""X XXXI 

tRWO 

tozc tOH +--. tos 

xxxxxxx x xxxx Hi-Z 

~ DATA xxxxxxxxx IXXXX 
VALlD-1 XXXXXXXXX IXXXX 

~ 
tAA 

tCLZ..I-~ 

~ 
~ Hi-Z Hi-Z DATA 
VALID-1 

tRAC 
~ 

+-~ toDD 
tozo ~ tOEA 
~~ ... -~tOEZ 

xxxxxxxxxxxxxxxx~ 

~ 
xxxxxxxxxxxxxxxx~ 
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tW ~ 
IXXXXXX 
~xxxxxx X,X,,X,,X,,X,,X,)o 

tcPWO 

tozc tos tOH -
~ Hi-Z ~ DATA 

IXXXX 
II( xxxx 

~ V VALlD-2 '[XXXX 
tCAC 

tAA~ 
-+.-t6~ 

Hi-Z ~ "" ~ 
tCPA -+1- ... tooo 

~ .~ ~ .... f-~tOEZ 
~ tOEA ~x x x X x x x J .~ 'xxxxxx> 
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, ElIM\NAR'f M5M416405CJ,TP-5,-6,-7,-5S,-6S,-7S 
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NotiC'f, ThiS is nO\~i~S afe subject to C 

Some pBran)etrlC I , HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-Bln DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

tRAS F 
tRWl r 

~--------------------------------------------------~----~ ~RP~ 
tCSH 14-__ -'-tH-pC __ ~I+_-----tH=-:.:..:PRc:.:W.:.:C'-I----~+I-~ 

tCAS ~~~ ___ tR_CD __ ~~_~_A_S~ ~ tCAS 

tcWL 

tRAD 

tRAH 
tASC ~ ~ 

r----, 
I , 

tAsc tCAH 
~~ 

tAsc tCAH tASR 
~-I+-

VIH - rvvv'5l ROW 

Vil -~ ADDRESS 
non COLUMN-1 i~~~I COLUMN-2 ~~~ COLUMN_3~'I~~~~X~X~X~X~~~~~I:=: 
.~ '~PQ9' I ~ .. ~ '",,",A. A. A. A.AAX}# "---

I~ .. _.. tCPWD 

~~ ~,~ tAwo I _ tCAl I L. . tCAl tcwo 

V'H=§~~~~~x~~xx~x~rllT--1 XXXXI 
Vil x x x»' 

IXXXXX 

~~ __ ~Il:~XX~X~X~X~X~ 

toz~ t~ ~~ ~~~ !S ~~ 

VIH =. ~x~x~x~x~x~~xmm~~-t-1~~:;-++~~~~~~ ~ r-;;t;" LL x x X x x x ~ t '::r r VALlD-2 ~1I(;~Xlr>+-+-+------<I'J'X."II~~ r\XX x xx x> 
Vil xx tAA~ y -r' 4-~ ~ --

AA J tCAC 

~~ I -+ -twEZ ~ 
DQ1-DQ4 VOH- _________ ~--Hi-~--+-------~~~~ -. +-~~~--~------------
(OUTPUTS) VALlO-1 I)I--------~f----«, ~ 

VOL - tRAC ~- -

VIH-

4 -78 

tozo 

x 
xxxxxXXXX}I 

tCPA 
~ 

tOCH tOEZ tozo tOEA tOEZ ~ 
~I"'r-rf- ~ ~ ... I- I~ ~I 

/~------,I\Urr--wV\;x~XX~~~~ 
"'r-~ 

tODD tODD 
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M5M416405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

VIH-

Vll- ____________________________________________________________________ __ 

Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

VIH­

Vll-

VIH-

Vll-

VIH-

Vil -

VIH-

Vll-

DQ1-DQ4 VOH­

(OUTPUTS) VOl-

VIH-

Vil -

~ 

xxxx 
xxxx 
~ 

~ 

, I , 
tcp tCAS tCAS 

~ tCAH ~ tCAH 

x, IX xxx~ I'X 
~ £;if COLUMN-1 ][ COLUMN-2 
~ 

~ ~ 

tCAl '~ tCAl 

~ 

~ tHCWD 
, 

tHAWO 

tHPWO t~ 

Hi-Z ~~ 
tCAC 

tM 

tCPA 
twEZ 

+~ 

~ DATA l 

VALlO-1 ~ 

tHCOD 
l .. 

tOEZ 
.. 

tHAOD ~ 
tHPOO 

~ 

• MITSUBISHI 
..... ELECTRIC 

~ 
4-

~ 
.1<-DATA 

VALlD-2 
IIX 

'vxxx -
Hi-Z 

I , 
l.tASC 

.. 
tCAH 

')(V";\ 

,~ ~ COLUMN-3 
~N 

tozc 

~ 

xx x Hi-Z 
x~ 11<x 

tCAC 

tAA~ 
tCPA 

~~ DATA 
VALlD-3 

toze tOEA 
~ ~ 

, 
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El \ \\1\ 'NARY M5M416405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
P R. . . not >:I tina\ sper,ih~~~'~~cMnge. 
\'lolicc· :~:~~:tr\c limits are svb} 

Some P HYPER PAGE MODE 1677721 ~-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by OE ) 

Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

VIH 

VIH 

VIL-

VIH-

VIL -

VIH 

VIL 

VIH-

VIL-

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

4 - 80 

tAAS 

\ 
tCSH tHPC tASH 

~~ 
tACO tCAS ~ tCAS tcp tCAS 

xxxx~ 
,---, 

XXXXl \ ~ , ~ ~ ~ 
tAAO tCPAH 

tASA tAAH. tAsc 
tCAH tA~ ~ tA~ ~ .... 

~ /'X"X'5~ J{5 ~ 

~ XXXXI 
ROW 

COLUMN-1 I~XX COLUMN-2 COLUMN-3 I~ ADDRESS 
~ 

by 
~~;::::x;:x ~ XX.7 

x xxx xx 
~xxxx xxx 

Hi-Z 

{Xxxxxxxxxx 
X xxxx 

.\2QQ ... .~ JQ/ 

tAAL 

~~ 

tozc 

HI-Z 

~ ~ ~ 
1M tAA 1M 

-h: tOOH tCLl 
-to-14-

~~ 
tAAC 

tozo 

)( 

DATA DATA Hi-Z 

VALlD-1 .. VALlD-2 ~ ~'DAlA'~ ~ rALlD-~ 

t~ tOEZ 
tCPA tCPA 

tCHOL~ ~~ ~ ~.tOEZ 

J 
h 

t< EA 

\ .-. 

-+ I--~tOEPE 

'. ... . .. MITSUBISHI 
"ELECTRIC 

~ 

I \ 
-- f-- 4-tOEPE 

.. 

tAP 

~ "-
tCAP / 

~ 

~ 
r'l;1""I ~n 

~ 
ROW 

ADDRESS 
"w:: rw~ 

... tA~ 

+--+ tACH 

~ 

.~ .xxxx~ 

.xxxx> 

~ 
tAOO 

tcoo 

5<X ~ 
mEZ ~ ~ 
tOHA 

tOFF 

tOHC 

DATA 
VALlD-3 

)-

tOEZ 

Ii X xxx 
I X xxx 

.--.. toDD 
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M5M416405CJ TP-5 -6 -7 -55 -65 -75 , '" , , 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by W ) 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIH­

VIL-

VIH 

VIL -

VIH 

VIL -

VIH-

VIL -

DQ1-DQ4 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

tRAS 

\ 
tCSH tHPC tRSH 

~. 
tRCO tCAS ~ tCAS tcp tCAS 

XXXXlf r----, 
XXXX1 \ ~ ~ I , 
~ 

tRAO tCPRH 

tASR tRAH ~ tA~ ~ tA~ tCAH 
tAsc ...... I+----

XXXXl. ROW I'X5O. p:x ~:). 0. ~ 
XXXXA COLUMN-1 lAX x XA COLUMN-2 .xx XXA COLUMN-3 I 

~ 
ADDRESS ~v;;tD. 

~ ~7 .~ ~'l 

tRAL 

~~ tRCH4 t --;-. -tRcs 

X xx ~ 

~? 
xxxxxx xxXXT 
~xxxxxx XXXXl 

tozc 

xxxxxx xxxx Hi-Z 

~xxxx xxxx 
~ ~ ~ xx xx 

tAA tAA fAA 

~~ 
tOOH mEZ ~ 

-'1--14- -+-4-

Hi-Z DATA ~ DATA· H;-Z ~ 
VALlD-1 VALlD-2 

tRAC tCPA tCPA 

tozo 
........ tOEA I I 

tOCH 

~XXXXXXXXXXXXXXXXX 

exxxxxxx XXXX)Il 

.• MITSUBISHI 

.... ELECTRIC 

RP _ .. 

L 
tCRP 

~ 

~ 
5;'5 r;~ 

ROW 
XI( 

~~ ~'J 
ADDRESS 

tRRH 
... ----+ 
~ tRCH 

xxxx~ xxxx lIXXXX}O 
·xxx x}O 

~ 
tROD 

tcoo 

W ;(-) 

tREZ ~ 2 
tOHR 

tOFF 

tOHC 

DATA ~ VALlD-3 

tOEZ 

III xx xxx> 
I)J. X 

~tooo 

4 - 81 



MITSUBISHI LSls 

. ",,'NARY M5M416405CJ,TP-5,-6,-7,-5S,-6S,-7S 
P R El.' eciticat\on. e 

. .., flot a linal Sf} '~biect \0 chafl \! 
\'Iotice: ThIS 1\r\C lirnilS are S 

So~e para~e HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL-

VIH­

VIL 

VIH 

VIL-

DQ1-DQ4 VOH-

~ 

tCRPj 

xxxxxx+ 
XXXXX)jI' 

XI 

tASR 
~ .. 

XXXXXl. 
ROW 

ADDRESS XXXXXI 

tRC 

tRAS tRP 

V \ 

,C i tCRP 

W 
tASR ---~ 

~xxxxxxxxxxxxxxxxxxxxxxxxxxx X~ ROW IYxXXXXX X.M ADDRESS ,xxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXI 

Hi-Z -------------------------------------------------------------------------(OUTPUTS) VOL-

4 - 82 

VIH 

VIL -
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M5M416405CJ, TP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Slow Refresh Cycle 

Ao-A11 

w 

OQ1-0Q4 
(INPUTS) 

VIH-

VIH­

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

OQ1_0Q4 VOH-­

(OUTPUTS) VOL -

VIH 

VIL 

tRC fI tRC 

tRp tRAS 
» 

tRAS tRP 

(( 

~ ~ I 
N 

\ I ~ 

tRPC t~ tCHR tRPC tCSR tCHR tApc r tCRP ...... "~tr +--+ .. ~ ,......., 

~ V ~ / ~ W \... 
" ~ 

tCPN tASR 

. (( ~ 
xxx xxxxx xxxxxxX'X'I{XXX XXXXXXX xxx)(\. - ,....... 

ROW COLUMN lXXX x X~XXXXXXX xx XXXX~ ADDRESS DDRESS {Xxx x XXXXXXXX[I';.X XXXXI 
" - r--

~H t~ tRHR 
tr tR~ tRHR tR~ 

I I 

W ~xx~~,~~ ."XXX XXXT 
\XXX xX)6(i 

" 

tr 

xxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxx x 
xxx XXXXXXXXXXXXXXXXxxxx 

tOFF ... ~ 
~ 
1/ 

tOEZ 

~ 

............................................................... 

xxx 

" 

~5 
HI-Z 

tr 

XXXXXXX 
xxxxxx~xxxxxxxx .............. x 

JJ 

• 'MITSUBISHI 
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XXXXXX> 

XXXXXXXX .............. xx ....... ;o 
Xxxxxxxxxxxxxx 
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M5M416405CJ, TP-5,-6,-7 ,'~5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 33) 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL-

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

~ 

tCRP 
tRCO 

XXXXXlf 
XXXXXI 
~ 

tRAO 
tASR 

tRAH tAsc 

.~ 
XXXXA ROW 

ADDRESS 

r 
~x xxx 
xxxxxxx xxx 

(XXXXXXX XXXI 

~ 

xxxxxxx xxx 
XX xx X X..l'l<. ..l'I<...l'I<...l'I<. 

Hi-Z 

tRAC 

tRC 

tRAS 

tRSH 

~ 

tCAH 

COLUMN IX 

ADDRESS IX 
\X 

tRAL 

tCAC 

tAA 

~ 

4~~ 
tozo tOEA 

tORH 

VIH 
~XXXXX 
,{XXXXXXXx x xxx xx 

VIL-

tRC 

tRP tRAS tRP 

~ ~ I L 
tCHR 

I 
tASR 

.... r-~ 

XXXX)I XXXXXX lXXXX IXXX," ROW x")! XX XX~ ADDRESS 
xxxx XXXX XXI 

~ F ~ 
W 

xxxx> 

l.X 
XXXX> 
XXXX> 

tcoo 

~ 
Hi-Z .xXXX) 

tREZ ..l'I<...l'I<...l'I<.7)l 

~ tOFF 

tOHC 

Hi-Z 
DATA VALID 

tOEZ 

toDD 

X xXXX 
X. XX XXXX 

Note 33: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 

4 - 84 

Timing requirements and output state are the same as that of each cycle shown above. 
In all cases tRSR and tRHR should be satisfied . 
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Self Refresh Cycle 

VIH-

VIL 

VIH­

VIL 

VIH (XXXX xx 

/ 

/ 

MITSUBISHI LSls 

M5M416405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

RP tRASS tRPS 

\ I ~ 
tApc 

~ 
tCSR ...... 

.. t~s t~ 

~ V ~W 
~ 

tCPN 
tASR 

~ 
~JIO.JIO.JIO.JIO.JIO. JIO.JIO.~ ~~JIO.JIO.~ xxxx~ ROW .A XXJIO.XXX XXJIO.JIO.X xxxxxxxxxxxxxxxxxxx XXXX)oA 

ADDRESS Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

VIL 

VIH-

VIL -

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL 

VIH-

VIL 

X 
X 

~ 

.x '~ 

tRCH 

~ tRHR .I 
~ I 

W ~X~XXXXJlO.JIO.JIO.XXX~~ ~JIO.JIO.XXXXJlO.JIO.~JIO.JIO.X' 

IYXXxxx xxxxx XXXXXXXXXX:;I 
'xxx xx xxxxxxxx xxxx~ 

JIO.JIO.JIO.~ XXX xxx XXXXXJIO.~ 
X 

~xxx xxxxxx xxxxxxxx xxxxxxxxxxx 

tOFF 

.. -~ 
r\ Hi-Z 

If 

~ tOEZ 

xx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~~ 
xxxxxxx XXxxxxxxxxxxxx 

'MITSUBISHI 
.... ELECTRIC 

xxxx xX)() 
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M5M416405CJ, TP-5,-6,-7 ,-58,-68,-78 

TEST Mode SET Cycle 

Ao-All 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL -

VIH­

VIL -

VIH 

VIL 

VIH-

VIL -

VIH 

VIL 

DQ1-DQ4 VOH 

(OUTPUTS) VOL-

VIH-

VIL -

4 - 86 

tRP tRAS tRP 

/ \ ~ ~ 

I_ tAPC. 
tCSR tCHR 

--~ ~ ~ 

/ ~ I W-
I- tCPN. 

tASR 
-+ - --xx XXXXXX IX :J<xxxxxxxxxx ~~~~ }';~}'; ROW }'; {XX }';~~}';~~ ~}';}';~}';~}';}';~}';}';}';~x}';xxxx}';}';x}';}';xx 

x}';xxxx }';xxx}';xx xxxxxxxxxxx}';xxxxxxx XXXXXX7 ADDRESS 

~ 
twSR twHR 
~ 

~~ 
~XXX~~~~}';}';~}';}';}';~~}';~}'; XXXXXXXXX") 

}';~~}';}';xx }';x}';xxxx}';}';}';~}';XX} 

IXxxxxxxxxxxx xxxxxxxxxxxxxx}';}';x 

XXXX XXX 
x~}';~~}';}';~}';}';x}';}';x}'; xxx }';xxxxx xxx}';}';xx 

tOFF 
+1-+ 

\ Hi-Z 

I 

tOEZ 

i++ 

}';~}';}';~~}';x}';xx}';xx}';}';~xxxxxxxxxxxxx}';xxx}';xx}';}'; 

~ xxxxxxxxxxxxx xxxxx xxx 

Note 34: This cycle can be used for initialized cycle after power-up, however entried into Test Mode. 
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.... ELECTRIC 

xxxxxxxxx 



MITSUBISHI LSls 

M5M417 400BJ, TP-5,-6,-7 ,-5S,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 
This Is a family of 4194304-word by 4-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single"translstor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit' both a 
reduction in pins and an Increase in system densities. 

FEATURES 
RAS CAS 

Type name access access 
time time 

(max.ns) (max.ris) 

MSM417400BXX-5,-5S 50 13 

MSM417400BXX-6,-6S 60 15 

MSM417400BXX·7,·7S 70 20 

XX=J,TP 

eStandard 26 pin SOJ,26 pin TSOP 
eSingle 5V ±1 O%supply 
eLow stand-by power dissipation 

Address OE Cycle Power 
access access 

time 
dlsslpa-

time time lion 
(max.ns) (max.ns) (mln.ns) (typ.mW) 

25 13 90 655 

30 15 110 540 

35 20 130 475 

M5M417400B ........ 5.5mW (Max)CMOS Input level 
M5M417400B(S) ...... 2.2mW (Max)CMOS Input level 

eLow operating power dissipation 
M5M417400Bxx- 5,- 55 ............ 800.0mW (Max) 
M5M417400Bxx- 6,- 6S ............ 660.0mW (Max) 
M5M417400Bxx- 7,- 7S ............ 580.0mW (Max) 

eFast-page mode, Read-modify-write,RAS-only refresh,CAS 
before RAS refresh, Hidden refresh and Self refresh capabilities 

eEarly-write mode and OE to control output buffer impedance 
eAIi inputs, output TTL compatible and low capacitance 
e2048 refresh cycles every 32ms (Ao -Al0) * 
e2048 refresh cycles every 128ms (Ao -Al0) 
* : Applicable to self refresh version only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN CONFIGURATION (TOP VIEW) 

(5V)Vcc 

DATA{DQl 2 
INPUTSI 

OUTPUTS DQ2 
WRITE CO~S'r W 

~~:O~~~~~~~ RAS 5 
NC 

A~~~D~~'!~" 
A3 

(5V)Vcc 3 .... _--_ .. 

Vss(OV) 

DQ4 }DATA 
INTPUTSI 

4 DQ3 OUTPUTS 

3 CAS ~6~~~l~~ss 
OE ~~Tf,.UT ENABLE 

A9 

ADDRESS 
INPUTS 

Outline 26POD - B (300mil SOJ) 

(5V)Vcc 

IN~u'it{DQl 2 
OUTPUTS DQ2 

WRITECO~S'r W 

~~:o~~~~~~~ RAS 5 

NC 

ADDRESS j AAA:

O 

INPUTS 1 

A2 

A3 

(5V)Vcc 

Vss(OV) 

2 DQ4 }~~1JTSI 
4 DQ3 OUTPUTS 

2 CAS ~~~~A~n~SS 
2 OE ~~Tf,.UT ENABLE 

ADDRESS 
INPUTS 

Outline 26P3D - E(300mil TSOP) 

NC : NO CONNECTION 

• MITSUBISHI 
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M5M417400BJ,TP-5,-6,-7,-5S,.6S,.7S 
FAST PAGE MODE 16777216-BIT (419430~WORD BY 4·BIT) DYNAMIC . RAM 

FUNCTION 
The M5M417400BJ, TP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, 

functions, e.g., fast page mode, RAS-only refresh, and 
delayed-write. The input conditions for each are shown In Table 1. 

Table 1 Input conditions for each mode 

Inputs 
Operation Row Column 

RAS CAS w OE address address 

Read ACT ACT NAC ACT APO APO 

write (Early write) ACT ACT ACT DNC APO APO 

Write (Delayed write) ACT ACT ACT ONC APD APD 

Read-modlfy-write ACT ACT ACT ACT APO APO 

RAS-only refresh ACT NAC ONC ONC APO 'ONC 

Hidden refresh ACT ACT ONC ACT ONC ONC 

CAS before RAS refresh ACT ACT NAC ONC ONC ONC 

Self refresh ACT ACT NAC ONC ONC ONC 

Stand-by NAC ONC DNC DNC ONC DNC 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid. IVD : Invalid, APD : appiied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAs 
ROW ADDRESS RAs STROBE INPUT 

WRITE CONTROL W INPUT 

AO 

Al 

A2 

A3 

A4 

ADDRESS INPUTS 
A5 

A6 

A7 

AS 

A9 

Al0 

4 - 88 

MEMORY CELL 
(16m2l6 BITS) 

• MITSUBISHI 
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InpuVOulput 
Refresh Remark 

Input Output 

OPN ' VLD YES 

APO OPN YES Fast page 
mode 

APO IVO YES Idenllcal 

APO VLO YES 

ONe OPN YES 

OPN VLO YES 

ONC OPN YES 

DNC OPN YES 

DNC OPN NO 

-:i; Vcc(5V) 

Vss(OV) 

I 

DOl} 002 DATA 
DQ3 INPUTS I OUTPUTS 

DQ4 

OE ~~TfrUT ENABLE 
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M5M417 400BJ, TP-5,-6,-7 ,-5S,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304·WORD BY 4·BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 
Vcc Supply voltage -1-7 

VI Input voltage With respect to Vss -1_7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta=2S·C 1000 
Topr Operating temperature 0-70 

Tstg Storage temperature -65- 150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Nolet) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vcc Supply voltage 4.S 5 5.S V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.4 6.0 V 

VIL Low-level input voltage, all inputs -1.0 0.8 V 

Note1: All voltage values· are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=O -70·C, Vcc=5V ± 10%, Vss=OV, unless otherwise noted) (Note 2) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 
VOH High-level output voltage 10H=-SmA 2.4 Vcc 

VOl Low-level output voltage IOL=4.2mA 0 0.4 

loz Off-state output current a floating OV :iiVOUT .::iiS.SV -10 .10 

II Input current OV.::ii VIN.::ii S.OV, Other inputs pins=OV -10 10 

~~~~~ supply current MSM417400B-S,-SS RAS, CAS cycling 14S 
tRc=twc=min. 

ICCl (AV) operating MSM417400B-S,-SS output open 120 

(Note 3,4) MSM417400B-7,-7S 10S 

Supply current from Vcc , 
RAS= CAS =VIH. output open 2 

Icc2 stand,by MSM417400B RAS= CAS=OE=W=Ao ...... Al0~VCC -O.SV 1 
(NoteS) MSM417400B(S) output open 0.4 

Aver~e supply current M5M417400B-S,-SS m cycling, ~= VIH 
14S 

from cc 
ICC3(AV) refreshing MSM417400B-6,-6S tRc=mln. 120 

output open 
(Note 3) MSM417400B-7,-7S 10S 

Aver~e supply current M5M417400B-5,-SS 
RAS=VIL, CAS cycling 

80 

1CC4(AV) 
from cc 

MSM417400B-6.-6S tpc=min. 70 Fast-Page-Mode output open 
(Note 3,4) MSM417400B-7,-7S 60 

Aver~e supply current MSM417400B-5,-5S 
CAS before RAS refresh cycling 

145 
from cc 

Iccs(AV) ~ before 'RA§ refresh MSM417400B-6,-6S tRc=min. 120 
mode output open 

(Note 3) MSM417400B-7,-7S 10S 

RAS cycling and CAS.::ii0.2V or 

ICC8{Av) Aver~e S~PIY current from 
Vcc xte ed refresh MSM417400B(S) 

CAS before RA§!efresh cycling 
Vcc-0.2V:i.OE=W=Ao-Al0:;'0.2V O.S 

(NoteS) 
output open, 
tRC=64j.ls.tRAS=tRASmin-1 j.ls 

Icc9 (AV) 
Aver~e supply current RAS=CAS.::ii0.2V,output open 
from cc MSM417400B(S) Vcc-0.2V.::iiOE=W=Ao-Al0:;'0.2V 

0.4 
Self - Refresh cycle (Note S) 

Note 2: Current flOWing Into an IC is positive, out is negative. 
3: Icc1 (AV), Icc3 (AV) , Icc4 (AV) and Icc6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: Icc1 (AV) and Icc4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

• MITSUBISHI 
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Unit 
V 

V 
V 

mA 

mW 

·C 
·C 

Unit 

V 
V 

j.lA 

j.lA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 
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M5M417 400BJ, TP-5,6,7 ,5S,-6S,7S 
FAST PAGE MODE .16m216-BIT (4194304-WORD BY 4-BIT ) DYNAMIC RAM 

CAPACITANCE (Ta.o ;"'70"C, Vcca5V ±10%, Vss-OV, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 
Unit 

CI(A) Input capacitance, address inputs VI.VSS 5 
CI~) Input capacitance, rn: input f.1MHz 7 

CI(W) Input capacitance, write control input VI.25mVrms 7 

CIIRUl Input capacitance, RXS input 7 

CI~) Input capacitance, m input " 
7 

CliO InpuVOutput capacitance, data ports 7 

SWITCHING' CHARACTERISTICS (Ta=O ,..,70"C, Vcc=5V ± 10%, Vss=OV, unless otherwise noted, see notes 5,12,13) 

Limits 
Symbol Parameter MSM417400B-5,-5S MSM417400B-6,-6S MSM417400B-7,-7S Unit 

Min Max Min Max Min Max 

teAC Access time from W (Note 6,7) 13 15 20 ns 

blAc Access time from RAS (Note 6,8) 50 60 70 ns 

1M Column address access time (Note 6,9) 25 30 35 ns 

tePA Access time from OA§ precharge (Note 6,10) 30 35 40 ns 
tOEA Access time from OE (Note 6) 13 15 20 ns 

teu Output low Impedance time from ~ low (Note 6) 5 5 5 ns 

tOFF Output disable time after ~ high (Note 11) 0 13 0 15 0 15 ns 

toez Output disable time after OE high (Note 11) 0 13 0 15 0 15 ns 

Note 5: An initial pause of 500p s is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containin9....!...-~ clock such as RAS-Only refresh). _ _'_ 
Note the RAS may be ~ during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods 
(greater than 32 rns) of RAS inactivity before proper device operation is achieVed. 

6: Measured with a load circuit equivalent to 2TTL loads and 100pF. 
7: Assumes that IReD ~ lReo(max) and tAsc~ tASC(max). 

pF 

pF 

pF 

pF 

f)F 
pF 

8: Assumes that tRco ~ tRco(max) and blAO:iiitRAO(max). H tRco ortRAo Is greater than the maximum recommended value shown in this table, 
tRAc will increase by amount that tRco exceeds the value shown. 

9: Assumes that tRAO ~ tRAO(rnax) and tAsc ~tAsc(max). 
10: Assumes that top ~ tcp(max) and tAsc ~ tAsc(max). 
11 : tOFF(mu) and toez (max) defines the time at which the output achieves the high impedance state ( I lOUT I ~ 10 J.lA) and is not reference to 

VOH(mln) or VOI.(mIX). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 
(Ta-0-70·C, voo.sv ±10%, Vss.OV, unless otherwise noted See notes 12,13) 

Limits 
Symbol Parameter MSM417400B-5,-5S MSM417400B-6,-6S MSM417400B-7,-7S Unit 

Min Max Min Max Min Max 

!REF Refresh cycle time 32 32 32 rns 

tREF Refresh cycle time * 128 128 128 ms 
tRp ~ high pulse width 30 40 50 ns 

IReD Delay time, W'low to ~ low (Note14) 18 37 20 45 20 50 ns 

tCAP Delay time, CAS high to RA§" low 10 10 10 ns 

tRpe Delay time, RAS high to CAS low 0 0 0 ns 

tCPM m-high pulse width 10 10 10 ns 

tRAO Column address delay time from RAS low (Note15) 13 25 15 30 15 35 ns 
tAsR Row address setup time before RAS low 0 0 0 ns 

tAsc Column addreas setup time before CAS low (Note16) 0 10 0 10 0 10 ns 

tRAH Row address hold time after rom low 8 10 10 ns 

tCAH Column address hold time after CAS low 13 15 15 ns 

tozc Delay time, data to ~ low (Note17) 0 0 0 ns 

tozo Delay time, data to c::5E low (Note17) 0 0 0 ns 
tCDO Delay time, CA§ high to data (Note18) 13 15 15 ns 

tooo Delay time, OE' high to data (Note18) 13 15 15 ns 

tr Transition time (Note19) 1 50 1 50 1 50 ns 

Note 12: The timing requirements are assumed tr =5ns. 
13: VIH(min) and VIl,(max) ate reference levels for measuring timing of input signals. 
14: tRCD(mIX) is specified as a reference point only. If tReO is less than tRcD(max), access time is fRAc. If tRCO is greater than tRcD(max). access 

time is controlled exclusively by tCAC or fAA. tRCO(min) is specified as tRCO(mn} =tRAH(min) +2tH+tASC(min). 
15: tRAD(mex) is specified as a reference point only. If tRAO ~ tRAD(max) and tAsc:iii tAsc(max). access time is controlled exclusively by fAA. 
16: tAsc(max) is specified as a reference point only. If fRco ii:. tReD(max) and tAscii:. tASC(max). access time is controlled exclusively by tCAC. 
17: Either tozc or tozo must be satisfied. 
18: Either tCDD or tODD must be satisfied. 
19: tr is measured between VIH(minl and VIHmax}. 
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M5M417 400BJ, TP-5,.6,-7 ,-5S,-6S,-7S 
FAST PAGE MODE 16m216-BIT (4194304-WORD BY 4-BIT ) DYNAMIC RAM 

Read and Refresh Cycles 
Limits 

Symbol Parameter MSM417400B-5,-5S MSM417400B-6,-6S MSM417400B-7,-7S Unit 
Min Max Min Max Min Max 

tRC Read cycle time 90 110 130 ns 

tRAs RAS low pulse width 50 10000 60 10000 70 10000 ns 

tCAS ~ low pulse width 13 10000 15 10000 20 10000 ns 

tCSH ~ hold time after RAS low 50 60 70 ns 

tRsH m- hold time after CAS low 13 15 20 ns 

tRcs Read Setup time before CAS low 0 0 0 ns 

tRCH Read hold time after CAS high (Note 20) 0 0 0 ns 

tRRH Read hold time after ~ high (Note 20) 10 10 10 ns 

tRAt. Column address to ~ hold time 25 30 35 ns 

tOCH m-hold time after OE low 13 15 20 ns 

tORH RAS' hold time after ~ low 13 15 20 ns 

Note 20: Either tACH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 
Limits 

Symbol Parameter MSM417400B-5,-5S MSM417400B-6,-6S MSM4174008-7,-7S Unit 

Min Max Min Max Min Max 

twc Write cycle time 90 110 130 ns 

tRAs m low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 13 10000 15 10000 20 10000 ns 

tCSH m hold time after RAS low 50 60 70 ns 

tRSH RAS hold time after CAS low 13 15 20 ns 
twcS Write setup time before CA§ low (Note 22) 0 0 0 ns 

twcH Write hold time after CAS low 8 10 10 ns 

tcWL ~ hold time after W low 13 15 20 ns 
tRWL ~ hold time after W low 13 15 20 ns 

twP Write pulse width 8 10 10 ns 

tos Data setup time before CAS low or W low 0 0 0 ns 
toH Data hold time after ~ low or W low 8 10 15 ns 

tOEH ~ hold time after W low 13 15 20 ns 

Read-Write and Read-Modify-Write Cycles 
Limits 

Symbol Parameter MSM4174008-5,-5S MSM417400B-6,-6S MSM417400B-7,-7S Unit 

Min Max Min Max Min Max 

tRwc Read write/read modify write cycle time (Note21) 131 155 180 ns 

tRAs 'RA§' low pulse width 91 10000 105 10000 120 10000 ns 
tCAS CAS low pulse width 54 10000 60 10000 70 10000 ns 

tCSH CAS hold time after RAS low 91 105 120 ns 

tRSH RAS hold time after CAS low 54 60 70 ns 

tRcs Read setup time before ~Iow 0 0 0 ns 

tcwo Delay time, CJ\S'low to Wlow (Note22) 36 40 45 ns 

tRWD Delay time, RA§ low to W low (Note22) 73 85 95 ns 

tAwo Delay time, address to W low (Note22) 48 55 60 ns 

tCWL ~ hold time after W low 13 15 20 ns 

tRWL AAS hold time after W low 13 15 20 ns 

twP Write pulse width 8 10 10 ns 

tos , Data setup time before W low 0 0 0 ns 

toH Data hold time after W low 10 10 15 ns 

tOEH OE hold time after W low 13 15 15 ns 
.. 

Note 21: tRwc IS specified as tRwC(min)=tRAC(max)+tOOO(min)+tRwL(min)+tRP(min)+Str . 
22: twos, tCWO,tRWD and tAwo and,tcpwo are specified as reference points only. If twcs~ twcS(min) the cycle is an early write cycle and the 

DO pins will remain high impedance throughout the entire cycle. If tCWD ~ tCWO(min). tRWD ~ tRWD (min). tAWO;;: tAWO(min) and tCPWO~ tCPWO(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH ) is indeterminate. 
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MITSUBISHI LSls 

M5M,417 400BJ, TP-5,-6,-7 ,-5S,-6S,-7S 
FAST PAGE MODE 16777216-B1T (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 

Limits 

Symbol Parameter MSM417400B-5,-5S MSM417400B-6,-6S MSM417400B-7,-7S Unit 
Min Max Min Max Min Max 

tpc Fast page mode readlWrite cycle time 35 40 45 ns 
IPRWC Fast page mode read wrlte/read modify write cycle time 76 85 95 ns 

tRAS RAS loW pulse width for read write cycle (Note24) 85 125000 100 125000 115 125000 ns 
tcp ~ hrgh pulse width (Note25) 8 12 10 15 10 15 ns 

tCPRH ~ hold time after ~ precharge 30 35 40 ns 

tCPWD Delay time, CAS precharge to W low (Note22) 53 60 65 ns 

Note 23: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
24: lRAS(min) is specified as two cycles of CAS input are performed. 
25: tcP(max) is specified as a reference point only. 

CAS before RASRefresh Cycle (Note 26) 

Limits 
Symbol Parameter MSM417400B-5,-5S MSM417400B-6,-6S MSM417400B-7.-7S Unit 

Min Max Min Max Min Max 
tCSR ~ setup time before 'RAS' low 10 10 10 ns 

tCHR CAShold time after'Ftl(S' low 10 10 15 ns 
tRsR Read setup time before ~ low 10 10 10 ns 

IRHR Read hold time after RAS low 10 10 15 ns 

Note 26: Eight or more ~ before 'R:lrn' cycles Instead of eight 'R:lrn' cycles are necessary for proper operation of ~ before 'RAS'refresh 
mode. 

Self Refresh Cycle 

Limits 
Symbol Parameter MSM417400B-5S MSM417400B-6S M5M417400B-7S 

Min Max Min Max Min Max 
tRASS Self Refresh RAS low pulse width 100 100 100 
tRPs Self Refresh RAS high precharge time 90 110 130 

tCHS Self Refresh RAS hold time -50 -50 -50 

tRSR Read setup time before RAS low 10 10 ,10 

tRHR Read hold time after RAS low 10 15 15 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

The last / first full' refresh cycles (2K) must be made within tNS / tSN before / after self refresh, 
on the condition of tNS:;a 32 ms and tSN ~ 32 ms. 

tNS tSN 

Unit 

}As 

ns 

ns 
ns 

ns 

14 ~I 14 -I 
-···~···-···-···-·-~III~I·~···~II~I~1 ______________ ~I~II~I .. -···~II~II~-··-···--··-·-

DISTRIBUTED REFRESH 
<2K/32ms> 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
<2K/32ms> 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, 
on the condition of tNS + tSN:;a 32 ms. 
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MITSUBISHI LSls 

M5M417 400BJ, TP-5,-6,-7 ,-55,-65,-75 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Symbol Parameter 

twsR W setup time before RAS low 

twHR W hold time after RAS low 

DOl o-§ 
D~~ 

~~ 
D~o-§ 

Limits 

MSM417400B-5,-5S MSM417400B-6,-SS MSM417400B-7,-75 Unit 

Min Max Min Max Min 

10 10 10 

10 10 15 

~~ §-< JUDGE ) 
#3 

#4 

II §-< JUDGE ) 

ro 

ij §-< JUDGE ) 

#13 

§-< #14 
JUDGE ) 

i~~ 

• MITSUBISHI 
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Max 
ns 
ns 

~ o DOl 

~ o D02 

~ o DOa 

,. o DQ4 
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MITSUBISHI LSls 

M5M417 400BJ, TP-5,-6,-7 ,-5S,.6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304·WORD BY 4·BIT) DYNAMIC RAM 

Timing Diagrams (Note 27) 
Read Cycle 

Ao-A10 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 
(OUTPUTS) 

OE 

4 - 94 

VIH-

VrH­

Vll-

VIH-

Vil -

VrH-

VrH-

Vrl-

VOH -

VOL -

VrH-

Vrl-

tRC 

tRAS 

~ 
tCSH 

tCr tRCO tASH 
tcAS 

&:.lit ~ ~ 
tAAO tAAl 

tAS~ ~ ~ tCAH tCPN 

~ 
xxx~ ROW x X'- COLUMN xx 

~ 
ADDRESS ADDRESS xx 

tRCS I tRCH 

xxxxxx)C xx xxx x x. 
xx IXX 

XXXXXXl 

tozc It-~ 

xxxx Hi-Z YYYYYYX IY~XXX x xxxxxxx xxxxxxxx 

tCAC 

tAA l· tOFF
• 

tCLZ 

Hi-Z e DATA VALID 
I\. 
I( 

tRAC t~ 
tozo 

~ tOEA 

xxx XXXXXXXXXXXXXXXJa tOCH xx xxx xxxxxxxxxxx I: xx txxxxxxxx 

tORH 

Note 27 
~ Indicates the don't care input. = VIH(min)~VIN~VIH(max) or Vll(min)~VIN~Vll(max) 
~ Indicates the invalid output. 

. '. . MITSUBISHI 
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tAp 

~ ~ 
~C tCRr 

~ 
tAS~ 

ROW 
ADDRESS 

iH tRRH 

XXXXXXXXXXX 
YYXXXY 

tcoo 

yyyyx>2'x 

X 

Hi-Z 

toDD 

XXYYXYXX 
YYYYYYYYYYY 



MITSUBISHI LSls 

M5M417 400BJ, TP-5,-6,-7 ,-5S,-6S,-7S 
FAST PAGE MODE 167n216-BIT (4194304·WORD BY 4·BI1) DYNAMIC RAM 

Write Cycle (Early write) 

Ao-A10 

W 

VIH-

V'L -

V'H­

V'L ~ 

VIH-

VIL -

VIH-

V,L -

DQ1-D04 V'H -

nNPUTS) V'L -

DQ1-DQ4 VOH -

(OUTPUTS) VOL -

V'H-
OE 

VIL -

twc 

tAAS tAP 

~ ~ 
tCSH 

tcp tACO tRSH ~~r I tCAP 
tCAS 

W ~ I{ W 
tA~ tAAH tAsc I4"i WAIf 

tAs~ 

ROW 
~ .6.]11; 

COLUMN IV]II;]II;]II; ]11;)11;)11;)11; XXXX JIll ROW ~ ADDRESS ADDRESS ~XXXX)ll;XXXXXX ~XX~lIn ADDRESS .~ 

twcs twCH 

xxxxxxxxxxxxxx~~ 
xxxxxxxxx 

tos ~ 
tOH 

XXXXXA 
xxxxxxxxxxxxxxxa DATA VALID 
xxx X XXXlit' 

Hi-Z 

• MITSUBISHI 
.... ELECTRIC 

'l,xxx)II;xxxxxxxxxxxx~~xxx 
X]II; 

y.xxxxx x~xxxxx 

tLXXXXXXX X 
I&)II;XXXX xxxxxxxxxxxxx 
·'-Xxxxx XXXXYXX 
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M5M417 400BJ, TP-5,-6,-7 ,-58,-68,-78 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

Ao-A1o 

D01-D04 
(INPUTS) 

VIH-

VIL -

VIH~ 

VIL -

VIH-

VIH-

VIL -

VIH~ 

VIL -. 

D01-D04 VOH­

(OUTPUTS) VOL-

4:- 96 

twc 

tAAS tAP , 
~ ~ 

tCSH 

tcp tACO tASH iPC r tCAP tCAS 

~ 
~ V W II 

~ tAAH 
tASC ~ 

tCAH 
..... .... tASA 

D ROW 
~ 

COLUMN ROW ~xxxx XX1 

ADDRESS AXXX~ ADDRESS ftXXXXX XXlII ADDRESS 
~ 

xXXJW 

~ 

~ 
tAWL 

~ 
XXXXXXXXXXXXXXX}Qf" ~ £xxxxxxxxxxxxxx I'(X xXXXXXXX7 rxxxxxxxxxxxxxxx 

II 

twCH 

tDZC tDH t~ ~ 
xxx xxx HI-Z J~ DATA .Axx xxxxxxxxxxxxxxx 1m-; x x x x x x x x x x x x 
xxxxxxxxxxxxxxxxxx 

xxxx xxxxxxx 
?'xxx 

~ 

Hi-Z 'f2Z~ , 1 

~Dzo~1 
tOEZ ~ 

~ 

xxxxxx 
x~XXXXXXXX ~ 

'. . MITSUBISHI .... ELECTRIC 

~ VALID ,.'" x xxx 

Hi-Z 

~H 

tODD 

xx xxxxxxxxx 
\.:Y-x XXXX 



MITSUBISHI LSls 

M5M417 400BJ, TP-5,.6,-7 ,.55,-65,-75 
FAST PAGE MODE 16n7216·BIT (4194304·WORD BY 4·BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao-Al0 

DOl-Do.. 
(INPUTS) 

001-004 
(OUTPUTS) 

VIH-

Vil -

VIH­

VIL -

VIH-

Vil -

VIH-

Vil -

VIH-

Vil -

VOH -

VIH -

Vil -

tRwe 

tRAS , 
tCSH 

teRP I tRCO tRSH 
teAs 

~ 
xxxx. 

~ tRAO 
IL 

tAS~ tRAH 
tAse ~ 

teAH 

~ ~ 

x xx xw ROW COLUMN 'JbOiY' ~)( xxxJ-. 
ADDRESS ADDRESS ~~ :~'IL 

tAwo 

tRes +-~ tewo 
tRWO 

xxxxxxx lXXXXXxX~ 
xxxxxxx lXX XXXX XI 

tos .. 
toze 4-r-t 

xxx xxxxxxx Hi-Z J~ xxx xxxxxxx 
tCAe 

tAA 

~~ 7( Hi-Z 

tRAe 
_If 
~ ~ 

tozo ~ ~tOEZ 
XXXxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxx 

• MITSUBISHI 
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~ 
DATA 
VALID 

toDD 

tRP 

i \ 

,e r teRP 

V W 
tAS~ 

xxxx XXXy ROW 
~ ADDRESS xxxxx IXX 

tewl 
tRWl 
twp , ..c.xxxxxxxxxxx.x I..xxxxxxxxxxxx 

r.xxxxxxxxxxxxx 

tOH 

,I;; x X x x x x x x x x 
DATA VALID acxxx 

:~xxxx 

Hi-Z 

~ 

x x x X x.;("xxxxxxxxxx 
~xxxxx~xxxxx~ 
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RA8-only Refresh Cycle 

VIH-

MITSUBISHI LSls 

M5M417400BJ,TP-5,-6,-7,-5S,-6S,-7S 
FAST PAGE MODE 1Sm216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

tAc 

tRAS tRP 

VIH - ~~xttt-----------------~-1(55r1--­

Ao-A10 

001-004 
(INPUTS) 

001-004 
(OUTPUTS) 

OE 

4 - 98 

VIL -

VIH-

VIL -

'VIH-

VIL -

VOH-

VOL -

VIH -

VIL -

Hi-Z 
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ROW 
ADDRESS 
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M5M417 400BJ, TP-5,-6,-7 ,-55,-65,-75 
FAST PAGE MODE 167n216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle 

Ao-A10 

001-004 
(INPUTS) 

001-004 
(OUTPUTS) 

OE 

VIH-

VIL -

VIH­

VIL -

VIH-

VIH-

VIL,-

VIH-

VIL -

VOH -

VOL -

VIH-

VIL -

C II RC 

tRP tRAS 
» 

tRAS tRP 
I( 

J , ~ 
H 

~ I \ 

~ t~ tCHR + tCSR tCHR -.~ I tCRP 

...... " ~ 

J 
....... 
~ I{ ~ If W ~ 
ItCPN H 

" 
...... f-~R 

xx ~xxxxx xxxxxxxxxxxxxxxx xxx xxxx xxxxxxx.,. ROW COLUMN 
xxx xxxxxxxxxxx XXXXXXXXXXXXXX}6: DDRES ADDRESS 

» 

~H tR~ tRHR tR~ tRHR tR~ 'I 'I 

W .c:XXXXX X JIll ~XXXXXXXXXXXxx~ 

1lXXXXX iXl 'l[XXXXX xxx. . 

XXXXXXXXXXXXXXXXX ·xxxxxxxxxxx xxxxxxxx 
xxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

"'r-~ --\ 

-' 
toEZ 

xxxxxxx 
I. XXXXXXXXXXX 

. 

" » 

II 

-

• MITSUBISHI 
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Hi-Z 

xxxxxxxx~~xxxx 
XXXXXXXXXX xxx 
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MITSUBISHI LSls 

M5M417400BJ, TP-5,-6,-7 ,-5S,-6S,-7S 
FAST PAGE MODE 167n216-BIT (4194304-WORD BY 4-81T) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 28) 

CAS 

Ao-A10 

W 

DQ1-DQ4 
(INPUTS) 

VIH­

VIL-

VIH­

VIL-

VIH-

VIL -

VIH-

VIL-

VIH-

VIL-

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH­

VIL-

tRC 
tRAS 

~ 
tCRr tRCD tRSH 

~ ~ 
tRAD 

tASR ... ~ tAsc tCAH 

~ 
ROW ~ COLUMN UIlX 

ADDRESS ADDRESS 
~ 

l_tACS 

tRAL 

xxx)G 

~ 

xxxxx xxx..,. 
~xxxxx 

XXXJQ 
tCAC 

tAA 

~ 
Hi-Z l~ 

tRAC 
tDZO tOEA 

tORH 
xxx.X.XXXx.xxxx.x.xxx. 
xxxxxxxxxxxxxxxx~ 

xxxxxxxxxxxxxxxx~ 

.J. tRC 
tRP J tRAS I. tAp 

~ , , L 
tCHR 

I 

tAS~ 

xxxxxxxxxxxxxxx xxx xxx.,... ROW 
xxxx ADDRES S 

~ 
.:xxxxxxxxxxxx xxxxx xx 
~xx xxxx x 

tCDD 

Hi-Z 
x. x. 

x.xxxx 

......... tOFF 

~ Hi-Z 
DATA VALID If 

tOEZ· ~ 
tODD 

x. x. x. x. x. x. x. x. 
x.x.X.X X x. x. x. 
Xx.xxxxxx 

Note 28: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
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MITSUBISHI LSls 

M5M417400BJ, TP-5,.6,-7 ,.55,-65,.75 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

CAS 

Ao-A10 

w 

001-004 
(INPUTS) 

VIH-

VIL -

VIH­

VIL -

VIH-

VIL -

VIH-

VIH-

VIL -

001 ..... 004 VOH­

(OUTPUTS) VOL-

VIH -

VIL -

tRAS ~ 

~ ~~ L 
tCSH tpc tRSH 

tCRr tRCD tCAS ~ tCAS ~ tCAS 

W , i~-\ ~-~ I 
tRAD tCPRH 

tASR tRAH l_tcAH ~ tA~ ~ tA~ IJCAH~ .... tASR 
tASC ..... 

~ ROW 
.~ .Ji"l: ~, 

ROW IW(YYV 
COLUMN-1 KAA JIll COLUMN-2 COLUMN-3 

III[ 

ADDRESS RAX .. ~ ADDRESS 
~ • 11~ ~ .. 

I tRAL I_ tRRH ~ 

~-f I 
tRCH· .... rr- 1 j4-tRCS tRCH" It 11~tRCS ~tRCH 

I~ r " r 
~xxxx 

AXAA • .XA}I;..A 

tDzc 
.... tDzc I .... 14- tDZC I_ tCDD ~ 

XXXXX Hi-Z Hi-Z J~ 

~ ~ 
tCAC ~~ 

tAA 

___ ... tcJ ~ tOFF 
t J ~ 

4---f
CLZ ~ ~ 

Hi-Z ~~ OATA \ .I~ DATA l~ ~ OATA \. 

XAXX 

-VALlO-1 , , VALlO-2 ~~ VALlD-3f 

!RAC tCPA 

tDZO t~ 
: .... "'tOEZ t~ 

tOCH ~ 
}I;..}I;..AX }I;..}I;..~ 

x AAAX A " ~x Kxxr, 
xxxxxx J- -£ }I;.. A 

~~ 

tODD tDZO 

'. ..MITSUBISHI .... ELECTRIC 

tCPA 

Ht OEZ ~ 
~~ 

.. tOEZ 

X xxx 
X- bill xxX' ~ I. X 
X b~ AX :Z-« ... X 

4---f 4---t .......... ~ 

tODD tDZO tORH tODD 
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MITSUBISHI LSls 

M5M417 400BJ, TP-5,-6,-7 ,-5S,-6S,-7S 
FAST PAGE MODE 16777216-BIT (41943Q4..WORD BY 4·BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

VIH-

VIL-

VIH--
CAS 

VIL- ~~'1 

VIH.-
Ao-A1o 

001-004 VOH - Hi-Z --.................... --............................ ~--............ --................ --............ --.... --
(OUTPUTS) VOL-

VIH-

VIL -
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M5M417 400BJ, TP-5,-6,-7 ,-58,-68,-78 
FAST PAGE MODE 16777216·BIT (4194304·WORD BY 4·BIT) DYNAMIC RAM 

Fast·Page Mode Write Cycle (Delayed Write) 

Ao-A1o 

001-004 
(INPUTS) 

VIH-

VIL -

VIH­

VIL-

VIH-

VIL -

VIH-

VIL-

VIH-

001-004 VOH­

(OUTPUTS) VOL -

VIH -

VIL -

tRAS tRP 

~ ~ L 
tCSH tRSH 

tCRr tRCO tCAS t tpc .1 

[ tcp tCAS 

~ I ~ "'- , 
"'-xxx»' 

tRWL ~ 
tA~ ~ tAsc .. tCAH ~ tCAH ~ "'tASR 

~ ,M.XX ROW ~ ROW 
COLUMN-1 

xv 
COLUMN-2 I&XXX OORES XI: ADDRESS ~ '-LI' 

~ 
tc~ tRC1 .. ~ 

~ II!JI "'- xxx .. 
xxx»' 

twCH 

tozc tOH tozc' 
~ tos ... 

I{xxxxxxxxx¥ Hi-Z ~ DATA ~ 
"'-xxxxxxxx 

~ VALlO-1 ~ 

tCLl .... r-~ ..... 
Hi-Z 

~ 
"'-xxxxxxxxxxxxxx 
I{XXXXXXXXXXXXXX 

xxx 

~~ Hi-Z 

tOEZ ....... 

...... tODD 

~, I 

•. MITSUBISHI 
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tozo ..... t. 

~. , ~ 
C(XXXXXX 

twCH 

tOH 
tos 

Hi-Z ~ DATA ~~~~~~ 
~ VALlO-2 

... tcLl 

~ Hi-Z 

tOEZ ..... f-

.... I4-tooo ~ 
'IlXXXXXXX 
~XXX'XXX 

x 
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MITSUBISHI LSls 

M5M417 400BJ, TP-5,-6,-7 ,-55,-65,-75 
FAST PAGE ·MODE 16n7216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write,Read-Modify-Write Cycle 

CAS 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIH­

VIL -

VIH-

VIH-

VIL -

VIH-

DQ1-DQ4 VOH­

(OUTPUTS) VOL'-

VrH'-

VIL -
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tRAS tRP ;= 
~ L 

tCSH tRWL 

tCRr tRCO tCAS tPRWC .1 

tcp tCAS 

XXXXI 

, 
~ 

, , II - tRAO 

tAsl.. ~ ... tCAH ~ tCAH ~ ~tASR tAsc 
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Self Refresh Cycle 

RAS 

Ao-Al0 

w 

001-004 
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VIL -

VIH -

VIL -

VIH-

VIL -

VIH -
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VOL -

VIH -

VIL -

MITSUBISHI LSls 

M5M417400BJ, TP·5,.6,.7 ,.55,.65,·75 
FAST PAGE MODE 16m216-BIT (4194304·WORD BY 4·BIT) DYNAMIC RAM 

tRASS tAps 
RP 

.J , i \ 
tRPC 

tApc 
~ tc~ tCHS tCRP 

... ~ ~ .... 

J ~ ~ ~W 

tCPN tASR 

"'1"""""'4-

{X XX xxxx~ ROW xxxx ADDRESS 'I. X xx ~xx xx x x x x x XI: 

hH ~ 
tAHR 

VI .. xxxxxxxxx xxxxxxxxxxx> xxxx x xx x x x x xx 

x xx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxx xxxx {X xx xxxxx.x 

... .,1Q.Ef 
--\ Hi-Z 

-' 
.tOEZ 

~x xx xxxxxxxxxxxxx~f~~~x~~xxxxxxxxxxx 
.c: x xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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M5.M417 400BJ, TP·5,-6,.7 ,-55,-6S,.7S 
FAST PAGE MODE 1677721.6-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle (Note 29) 

VIH-

VIH­

VIL-

VIH-

J 

J 

oex 

tAp 

tRPC 
4----t tCSR 

f-.-t 

~~ 
tCPN 

xxxx 

~ 

RAS tRP 

~ \ 

tCHR tRPC tCRP 

"'f -t- .. 

W 
tASR .. ~~ 

xxxx xxxw ROW Ao-Al0 
'!O.A AAAA xxxx ADORES 

tRCH twSR twHR 

4----+j ~ 

~r 
IXXXX xxxxxxxxxx I~X 

xx xxxx 
VIH-

VIL-

001-004 VIH- oex x xxxxxxxx 

(INPUTS) VIL-
xxxxxxxxxxxxx xxxx 

~ ~ 
001-004 VOH - --I\. Hi-Z 

(OUTPUTS) VOL - -I( 

tOEZ 

OE 
VIH.-

VIL -

x 
AA}I;.A}I;.A}I;.}I;. xxxxxxxxx 

&>O;}I;. }I;.}I;.}I;.X}l;.}I;.xxxxxxxxx xxxx XXXXX}l;.}I;. 

Note 29: The test mode function is initiated by . a Wand CAS before RAS cycle ( WCBR cycle) as specified in timi~a9ram. , 
The test mode function is terminated by either a CAS before -m refresh cycle (CBR refresh cycle) or a"RAS only refresh cycle. 
During the test mode, the device is internally organized as 16 bits wide ( 1 M bytes depth). No addressing of CAO, CA 1 is required. 

> 
> 

xx> 
x> 

During a write cycle, data must be applied to all DO ( input) pins. The data can be different between DO pins. The data on each DO pin is written into 
4 bits memory cells, respectively. During a read cycle, each DO ( output) pin shows the test result of the 4 bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 
During the test mode operation, WCBR cycle can be used to perform refresh. 
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M5M417 400CJ, TP-5,-6,-7, 
-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 4194304-word by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

PIN CONFIGURATION (TOP VIEW) 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RAS CAS Address DE Cycle Power 

Type name access access access access time dissipa-
time time time time tion 

(max,ns) (max.ns) (max.ns) (max.ns) (min.ns) (typ.mW) 

MSM4174OOCXX-S,-SS 50 13 25 13 90 655 
MSM4174OOCXX-6,-6S 60 15 30 15 110 540 

MSM4174OOCXX-7,-7S 70 20 35 20 .130 475 
XX=J,TP 

-Standard 26pin SOJ, 26pin TSOP 
-Single 5V±10% supply 
-Low stand-by power dissipation 

5.5mW (Max) - - - - - - - - - - - - - - - - - - - - - . CMOS Input level 
2.2mW (Max)* - - - - - - - - - - - - - - - - - - - - ·CMOS Input level 

-Low operating power dissipation 
M5M417400Cxx-5,-5S - - - - - - - - - - - - - - - - 800.0mW (Max) 
M5M417400Cxx-6,-6S - - - - - - - - - - - - - - - - 660.0mW (Max) 
M5M417400Cxx-7,-7S - - - - - - - - - - - - - - - - 580.0mW (Max) 

-Self refresh capability * 
self refresh current - - - - - - - - - - - - - - - - - - - 200.0 p. A(Max) 

- Fast-page mode, Read-modify-write, RAS-only refresh 
-CAS before RAS refresh, Hidden refresh capabilities 

Early-write mode and OE to control output buffer impedance 
- All inputs, output TTL compatible and low capacitance 
-2048 refresh cycles every 32ms (Ao-AlO) 

* Applicable to self refresh version(M5M417400CJ,TP-5S,-6S,-7S 
:option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-A10 Address inputs 

DQ1-DQ4 Data inputs/outputs 

RAS Row address strobe input 

CAS Column address strobe input 

W Write control input 

OE Output enable input 

Vce Power supply (+5V) 

Vss Ground (OV) 

M5M417400CJ,TP-5,-5S:Under development 

•. MITSUBISHI 
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vss 

004 

003 

W CAS 

Ao 

A1 

A2 

A3 

OE 

Outline 26POD-B (300mil SOJ) 

w 

AO 

A1 

A2 

A3 

vss 

DQ4 

DQ3 

CAS 

OE 

Outline 26P3D-E (300mil TSOP) 

NC:NO CONNECTION 
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~5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC.RAM 

FUNCTION 

The M5M417400CJ, TP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, 

e.g., fast page mode, RAS-only refresh, and delayed-write. The 
input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

Row Column 
RAS CAS W OE address address 

Read ACT ACT NAC ACT APD APD 
Write (Early write) ACT ACT ACT ·DNC APD APD 
Write (Delayed write) ACT ACT ACT DNC APD APD 
Read-modify-write ACT ACT ACT ACT APD APD 
RAS-only refresh ACT NAC ONC DNC APD ONC 
Hidden refresh ACT ACT NAC ACT APD ONC 
Self refresh ACT ACT NAC ONC DNC ONC 
CAS before RAS refresh ACT ACT NAC DNC DNC ONC 
Stand-by NAC ONC ONC DNC DNC ONC 

Note: ACT: actIVe, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS _ 
STROBE INPUT CAS 

~~~O~~~~~~~ RAS 

WRITE CONTROL W 
INPUT 

AO 
Al 

A2 
A3 
A4 

ADDRESS INPUTS A5 
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A6 
A7 
AS 
A9 
Al0 

COLUMN DEcODER 

SENSE REFRESH 
AMPLIFIER & I/O CONTROL 

MEMORY CELL 
(167IT216 BITS) 
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Input/Output 

Input Output 
OPN VLD 
VLD OPN 
VLD IVD 
VLD VLD 
DNC OPN 
OPN VLO 
ONC OPN 
ONC OPN 
DNC OPN 

-~.VCC(5v) 
4 VSS (OV) 

I 

DOl 

Refresh 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO 

DQ2 DATA 

Remark 

Fast 
page 
mode 
identical 

I } 

DQa INPUTS/OUTPUTS 

004 

OE ~~1h-UT ENABLE 
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M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S -. 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -1-7 
VI Input voltage With respect to Vss -1-7 
Vo Output voltage -1-7 
10 Output current 50 
Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65- 150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits Unit 

Min Nom Max 
Vcc Supply voltage 4.5 5 5.5 V 
Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.4 5.5 V 

VIL LOW-level input voltage, all inputs -1.0** 0.8 V 
Note1: All voltage values are with respect to Vss. 

**: VIL(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to VSs.) 

ELECTRICAL CHARACTERISTICS(Ta=0-70·C, Vcc=5V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ 

VOH High-level output voltage IOH=-5.0mA 2.4 
VOL LOW-level output voltage IOL=4.2mA 0 
loz Off-state output current Q floating OV ~VOUT ~ 5.5V -10 
II Input current OV ~VIN ~ 5.5V Other inputs pins=OV -10 

Average supply current M5M417400C-5,-5S RAS, CAS cycling 
ICCl (AV) from Vcc, operating M5M417400C-6,-6S tRc=twc=min. 

(Note 3,4) M5M417400C-7,-7S output open 

Icc2 Supply current from Vcc, stand-by (Note 5) RAS= CAS =VIH, output open 
RAS= CAS:?::Vcc-0.2V 

Average supply current M5M417400C-5,-5S RAS cycling, CAS:: VIH 
Icc3 (AV) from Vcc, refreshing M5M417400C-6,-6S tRc=min. 

(Note 3) M5M417400C-7,-7S output open 

Average supply current M5M417400C-5,-5S RAS=VIL, CAS cycling 
Icc4(AV) from Vcc, Fast-Page- M5M417400C-6,-6S tpc=min. 

Mode (Note 3,4) M5M417400C-7,-7S output open 

Average s~ current M5M417400C-5,·5S CAS before RAS refresh cycling 
ICC6(AV) from VCC, CAS before M5M417400C-6,-6S tRc=min. 

~ refresh mode (Note 3) 
M5M417400C-7,·7S output open 

.. Note 2: Current flOWing Into an IC IS positive, out IS negative . 
3: ICCl (A'll, ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

CAPACITANCE (Ta=0-70·C, Vcc=5V±10%, Vss=OV, unless otherwise noted) 

Symbol Parameter 

CI(A) Input capacitance, address inputs 
CI(OE) Input capacitance OE input 
CI(W) Input capacitance, write control input 

CI(RAS) Input capacitance, RAS input 
CI{CAS) Input capacitance, CAS input 
CliO Input/Output capacitance, data ports 

T est conditions 

VI=VSS 
f=1MHz 
VI=25mVrms 

•.. MITSUBISHI 
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Limits 
Min Typ 

Unit 
V 
V 
V 

rnA 
mW 
·C 
·C 

Max 
Unit 

Vcc V 
.0.4 V 

10 Jl-A 
10 Jl-A 

145 
120 rnA 

105 
2 

0.5 
rnA 

145 
120 rnA 

105 
80 
70 rnA 

60 
145 
120 rnA 

105 

Max 
Unit 

5 pF 

7 pF 

7 pF 
7 pF 
7 pF 
8 of 
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M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS(Ta=0-70'C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 5,12,13) 

Limits 
Symbol Parameter M5M417400C-S,-SS M5M4174OOC-6,-6S M5M4174OOC-7,-7S Unit 

Min Max Min - Max Min Max 
tCAC Access time from CAS (Note 6,7) 13 15 20 ns 

tRAC Access time from RAS (Note 6,8) 50 60 70 ns 

1M Column address access time (Note 6,9) 25 30 35 ns 

tCPA Access time from CAS precharae (Note 6,10) 30 35 40 ns 

tOEA Access time fromOE (Note 6) 13 15 20 ns 
tCLl Output low impedance time from CAS low (Note 6) 5 5 5 ns 

tOFF Output disable time after CAS hiah (Note 11) 0 13 0 15 0 15 ns 

tOEZ Output disable time after OE high (Note 11) 0 13 0 15 0 15 ns 
Note S:An initial pause of SOO psis required after power-up followed by a minimum of eight initialization AAS cycles. The initialization cycles should be done 

either by "RAS"-only refresh cycles or by CAS before RAS refresh ~s ollli:..... ' 
Note the RAS may be cycled during the initial pause. And any 8 AAS or AAS/CAS cycles are required after prolonged periods (greater than 32ms) of 
AAS inactivity before proper device operation is achieved. 
After the initialization cycles, RAs-should be kept either higher than VIH(min) or lower than VIL(max) except F\AS transition time. 

6:Measured with a load circuit equivalent to 2TTL loads and 10OpF. 
7:Assumes that tRCO ~tRCO(max) and tASC ~lASC(max). 
8:Assumes that tRCO ~tRCO(max) and tRAO ~tRAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC will 

Increase by amount that tRCO exceeds the value shown. 
9:Assumes that tRAO ~ tRAO(max) and lAsc ~ tASC(max). 

10:Assumes that tcp~ tCP(max) and lAsc ~lASC(max). 
11:tOFF(max) and tOEZ(max) defines the time at which the output achieves the high impedance state (lOUT ~1±10 pA I) and is not reference to VOH(min) 

or VOL(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=0-70'C, Vcc=5V ±10%, Vss=OV, unless otherwise noted, see notes 12,13) 

Limits 
Symbol Parameter M5M4174OOC-5,-5S M5M417400C-6,-6S M5M417400C-7,-7S 

Min Max Min Max Min Max 
tREF Refresh cycle time 32 32 32 

tRP RAS high pulse width 30 40 50 
tAco Delav time, RAS low to CAS low (Note 14) 18 37 20 45 20 50 
tCRP Delay time, CAS high to RAS low 10 10 10 
tRPC Delay time, RAS high to CAS low 0 0 ,0 

tCPN CAS high pulse width 10 10 10 

tRAO Column address delay time from RAS low (Note 15) 13 25 15 30 15 35 
lASR Row address setup time before RAS low 0 0 0 
lAsc Column address setup time before CAS low (Note 16) 0 10 0 10 0 10 
tAAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 13 15 15 
tozc Delay time, data to CAS low (Note 17) 0 0 0 
tozo Delay time, data to OE low (Note 17) 0 0 0 
tcoo Delay time, CAS high to data (Note 18) 13 15 15 
tODD Delay time, OE high to data (Note 18) 13 15 15 
tr Transition time (Note 19) 1 50 1 50 1 50 . . Note 12:The timing reqUirements are assumed tr=Sns . 

13:VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 

ns 
ns 
ns 
ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 
ns 
ns 

ns 

14:tRCO(max) is specified as a reference point only. If tRCO is less thim tRCO(max), access time is tRAC. If tRCO is greater than tRCO(max), access time is 
controlled exclusively by tCAC or lAA. tRCO(min) is specified as tRCO(min) =tRAH(min) +2tH+lASC(min). 

1S:tRAO(max) is specified a$ a reference point only. If tRAO ~tRAO(max) and lAsc ~ lASC(max), access time is controlled exclusively by 1M. 
16:lASC(max) is specified as a reference point only. If tRCO ~tRCO(max) and lASC ~ tASC(max), access time is controlled exclusively by tCA~ 
17:Either tozc ortOZO must be satisfied. 
18:Either tcoo or tODD must be satisfied. 
19:tr is measured between VIH(min) and VIL(max). 
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M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 
tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read setup time after CAS high 
tRCH Read hold time after CAS low 
tRRH Read hold time after RAS low 
tRAL Column address to RAS hold time 
tOCH CAS hold time after OE low 
tORH RAS hold time after OE low 

Note 20: Either tACH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 

Symbol Parameter 

twc Write cycle time 
tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
twcs Write setup time before CAS low 
twCH Write hold time after CAS low 
tCWL CAS hold time after W low 
tRWL RAS hold time after W low 
twP Write Dulse width 
tos Data setup time before CAS low or W low 
tOH Data hold time after CAS low or W low 
tOEH OE hold time after W low 

MSM417400C-S,-SS 

Min Max 
90 
50 10000 
13 10000 
50 
13 
0 

(Note 20) 0 
(Note 20) 10 

25 
13 
13 

MSM4174OOC-S,-SS 

Min 
90 
50 
13 
50 
13 

(Note 22) 0 
8 

13 
13 

8 
0 
8 

13 
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Max 

10000 
10000 

Limits 
MSM417400C-6,-6S MSM4174OOC-7,-7S Unit 

Min Max Min Max 
110 130 ns 

60 10000 70 10000 ns 

15 10000 20 10000 ns 

60 70 ns 

15 20 ns 

0 0 ns 

0 0 ns 

10 10 ns 

30 35 ns 

15 20 ns 

15 20 ns 

Limits 
MSM4174OOC-6,-6S MSM417400C-7,-7S Unit 

Min Max Min Max 
110 130 ns 
60 10000 70 10000 ns 
15 10000 20 10000 ns 

60 70 ns 
15 20 ns 

0 0 ns 

10 10 ns 
15 20 ns 
15 20 ns 
10 10 ns 
0 0 ns 

10 15 ns 
15 20 ns 
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M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-a1T (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M4174OOC-5,-5S M5M4174OOC-6,-6S M5M417400C-7,-7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 21) 131 155 180 ns 
tRAS RAS low pulse width 91 10000 105 10000 120 10000 ns 
tCAS CAS low pulse width 54 10000 60 10000 70 10000 ns 
tCSH CAS hold time after RAS low 91 105 120 ns 
tRSH RAS hold time after CAS low 54 60 70 ns 
tRCS Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 22) 36 40 45 ns 
tRWD Delay time, RAS low to W low (Note 22) 73 85 95 ns 
tAWD Delay time, address to W low (Note 22) 48 55 60 ns 
tCWL CAS hold time after W low 13 15 20 ns 
tRWL RAg hold time after W low 13 15 20 ns 
twp Write pulse width 8 10 10 ns 
tDS Data setup time before W low 0 0 0 ns 
tDH Data hold time after W low 8 10 15 ns 
tOEH OE hold time after W low 13 15 15 ns 

Note 21 :tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tT. 
22:twCS, tewD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcs~twCS(min) the cycle is an early write cycle and the DO pins will 

remain high Impedance throughout the entire cycle. If tCWD~tCWD(min), tRWD~tRWD (min), tAWD~tAWD(min) and tCPWD~tCPWD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected ,address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) Is Indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 

Limits 
Symbol Parameter M5M4174OOC-5,-SS M5M4174OOC-6,-6S M5M417400C-7,-7S 

Min Max Min Max Min Max 
tpc Fast page mode read/write cycle time 35 40 45 
tPRWC Fast page mode read write/read modify write cycle time 76 85 95 
tRAS . RAS low pulse width for read write cycle (Note 24\ 85 125000 100 125000 115 125000 
tcp CAS high pulse width (Note 25) 8 12 10 15 10 15 
tCPRH RAS hold time after CAS precharge 30 35 40 
tCPWD Delay time, CAS precharge to W low (Note 22) 53 60 65 

.. . . . . Note 23. All preViously speCified timing requirements and SWitching characteristics are applicable to their respective fast page mode cycle . 
24: tRAS(min) Is specified as two cycles of CAS Input are performed. 
25: tCP(max) Is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 26) 

Limits 
Symbol Parameter M5M4174OOC-5,-5S M5M4174OOC-6,-6S M5M417400C-7,-7S 

Min Max Min Max Min Max 

tCSR CAS setup time before RAS low 10 10 10 
tCHR CAS hold time after RAS low 10 10 15 
tRSR Read setup time before RAS low 10 10 10 
tRHR Read hold time after RAS low 10 10 15 

Note 26: Eight or more CAS before RAScycles Instead of eight RAS'cycles.are necessary for proper operation of CAS before RAS refresh mode. 
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M5M417400CJ TP-5 -6 -7 -5S -6S -7S , '" , , 

FAST'PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by ·S· after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=5V ±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Min 

CAS before RAS refresh cycling 

or RAS cycling & CAS ~0.2V 

OE& WE~0.2V 

Aver~e supply current or OE & WE ~ Vcc-0.2V 
ICC8(AV) from cc M5M41740OC (S) Ao- Al0~0.2V 

Slow-Refresh cycle 
(Note 5) or Ao - Al0 ~Vcc-0.2V 

tREF=128ms (2048cycles) 
output = OPEN 
tRAs=tRAsmin. -1 J.l s 

Aver~e supply current 
RAS = CAS ~ 0.2V Icc9 (AV) from cc M5M417400C (S) Self-Refresh cycle output = OPEN 

(Note 5) 

TIMING REQUIREMENTS (Ta=0-70-C, Vcc=5V± 10%, Vss=OV, unless otherwise noted, see notes 12, 13) 

Symbol Parameter 

tRASS Self Refresh RAS low Dulse width 
tRPS Self Refresh RAS hioh Drecharoe time 
tCHS Self Refresh RAS hold time 
tRSR Read setup time before RAS low 
tRHR Read hold time after RAS low 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

Limits 

MSM417400C-SS MSM417400C-6S 

Min Max Min Max 

100 100 

90 110 

- 50 - 50 
10 10 

10 10 

Limits 

Typ Max 

500 

200 

MSM417400C-7S 

Min Max 

100 

130 
- 50 

10 

15 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, on the condition of tNs~32ms and 

tSN~32ms. 

Unit 

J.lA 

J.lA 

Unit 

J.ls 
ns 
ns 
ns 

ns 

I" tNS ~I 14 tSN ~I 
-_.-._-_.-.. -.. -_.-.. ~I~I~II~_.-.. ~I~II~~1 _________ se_lfr_ef_res_h_~_no_d ______ ~~II~II-··---~·1~II~I-··----··----··-· 

DISTRIBUTED REFRESH 
'<2K/32 ms> 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
< 2K/32 ms> 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, on the condition of tNS+tsN~32ms. 

t 

• 
~ ~ 

~1I-11----~I~III----~II-II~~1 _____________ Se_lfr_erre_Sh_pe_riod ________ ~I~IIII--~II~II--~IIII-
BURST REFRESH 

<2K/32 ms> 

.' MITSUBISHI ..... ELECTRIC 

BURST REFRESH 
< 2K/32 ms> 
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MITSUBISHI LSls 

M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304;.WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Limits 
Symbol Parameter MSM4174OOC-S,·SS MSM41740GC-6,-6S MSM4174OOC-7,·7S Unit 

Min Max Min Max Min Max 
twSR W setup time before RAS low. 10 10 10 ns 
tWHR W hold time after RAS low 10 10 15 ns 

Note 27:The test mode function is initiated by a Wand CAS before AA...§...Qycle (WCBR cycle) as specified in timin~ram. . 
The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 
During the test mode, the device Is internally organized as 16-bits wide (1M bytes depth). No addressing of CAoand CAl is required. 
During a write cycle, data must be applied to all DO ( input) pins. The data can be different between DO pins. The data on each DO pin is written into 
4-bits memory cells, respectively. During a read cycle, each DO (output) pin shows the test result of the 4·bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 
During the test mode operation, only WCBR cycle can be used to perform refresh. 

DQ'o--§ 
#1 

#2 

#3 

#4 

D~o--§ 
#5 

#6 

#7 

#8 

DQ3o--§ 
#9 

#10 

#11 

#12 

D~o--§ 
#13 

#14 

#15 

#16 

4 - 114 
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MITSUBISHI LSls 

M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28) 
Read Cycle 

Ao-Al0 

w 

OQ1-0Q4 

(INPUTS) 

VIH 

VIL-

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

OQ1-0Q4 VOH­

(OUTPUTS) VOL-

VIH 

tRC 

tRAS 

\ 
tCSH 

tCf 
tRCO tRSH 

tCAS 

XXXXXX""/I 

\ I XXXXXX:lt' 
XXXXXXXI 

.>I. X XAAAI 

tRAD tRAL 
tASR I .. RA~ ~ tCAH tCPN 14+ 

XXXXXXl. ROW IXXXXX"" COLUMN IXXXXXX XIXXXX 
xxxxxxxv 

A~~_~~S IXXXX~ !ADDRESS 
~xxxxx xxxx 

XXXXXXXl' ~XXXXXI' ~xxxxx XXXX 
XXX.>I.XXI ~A.>I..>I. X.l AO-Al0 'X.>I.XXXX xxxxx 

L
tRCS tRCH 

r 
xxxxxxxxx x~ 
XXXXXXXXX XXXXXXy 

xxxxxxxxxx xxxx¥>lf .>I. X 

+Itozc~ 

xxxxx XXXXXXXX:l'l Hi-Z xxxxxxxxx XXXXXXXX 
~xxx XXXXXXXX 
XXXXXXXXXX XXXXXXXX:l'l 

tCAC 

1M 
tCLl 

~ 
Hi-Z 

~ ~ DATA VALID 
If 

tRAC ~ 
tozo ~ 

OCH 

xxx 
XXXXXXXXXXXXXXXXXXXXXXXXXX 1:Xf0x 

tRP 

I ~. 
tRPC f .... 14-

W 
tASR -.-f4-

XXX:xl 
ROW xxxx"'" 

IXXXX7 ADDRESS 
XXXN 

~ tRRH 

XXXXXXXXXX}( 
~ 
~xxxxxxxxxx 
~AXX xxx XAA;< 

tcoo 

XXXXXXX 
XXXXXX}( 
~ 
xxxxxxx 

Hi-Z 

toDD 

xxxxxxxxxxxxxx 
~ 

VIL ,{XXXXxxxxxXXXXXXXXXXXxxxxxx 6- xxx XXXXXXXXXXXXX}( 

Note 28 

tORH 

Indicates the don't care input. 
VIH(min)~VIN~VIH(max) or VIL(min)~VIN~VIL(max) 

Indicates the invalid output . 

• ' MITSUBISHI 
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MITSUBISHI LSls 

M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

Ao-A10 

w 

OQ1-OQ4 

(INPUTS) 

VIH 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

OQ1-OQ4 VOH-

(OUTPUTS) VOL-

4 - 116 

VIH 

VIL-

twc 

tRAS tRP 

\ I ~ 
tCSH 

tF 
tRCO tRSH 

tRlc ~ ~ 
tCAS 

XXXXXJr 
~ V W XXXXXJr 

XXXXXI 

tASR 
tASR 

tRAH tAsc tCAH i"-+ 
~ 

XXXXA ROW IOC1O. COLUMN ~xxxxxxxxxxxff. XXXXX)I" ADDRESS ~ ADDRESS ROW 
~xxxxxxx~xxxJr ADDRESS xx XXXI, Ao-Al0 -~ Ao-Al0 

twcs twCH 

xxxxx XXXXXX~.~ I XXXXXXXXXX) 
xxxxxxxxxxxxxxxx~ IXXXXXXxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxx~ ~xxxxxxxxxx'xxxx 

tos tOH .... 
~xxxxxxxxxxx~ IXXXXXXxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxx~ DATA VALID ~xxxxxxxxxxxxxx xxxxxxxxxXXXXXXXI ~XXXXXXXXXXXXXXXXXXXXX) 

Hi-Z 

-------------------------------------------------------------------------

,," MITSUBISHI 
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MITSUBISHI LSls 

M5M417400CJ TP-5 -6 -7 -55 -65 -75 , '" , , 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

Ao ...... Al0 

w 

OQ1 ...... 0Q4 

(INPUTS) 

VIH 

Vll-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

OQ1 ...... 0Q4 VOH­

(OUTPUTS) VOL-

VIH-

VIL 

twc 

tRAS tRP 

~ ~ 1\ 
tCSH 

tRCO tRSH tRPC tCRP ..... --"' F tCAS Ii ~ 
xxxxxx.- / W XXXXXXI' , 
~ 

e tRAH lAsc tCAH t~ ~ I.-

xxxx~ ROW ~ COLUMN IXX XX~ ROW xxxxxv ADDRESS ADDRESS ~xxxxx, xx 
~ j[ x X XA I~ ')('x 0 XXXA ADDRESS AO ...... Al0 :~ Ao ...... Al0 x -XXXXI 

~ 

~ 
tRWl 

~ 
x~~~~xxxxxxxxx~ ~ rxxxxxxx x x x x x x x ~ 
xxxxx~ ~xxxx' 
xxxxxxxxxxxxxxxx» \ XXXXXXXXXXXXXX) 

twCH 

tozc tos IDH ~ 
xxxxxxxxxxxxxxxxxxxx Hi-Z ~tt DATA \-Axxxxxxxxxxxx 
xxxxxxx~ I~ VALID ~xxxxxxxxxxx IVY-xx xxxxxxxx, 

~ 

Hi-Z ,~ ~ ( 

tozo 
~z +--

~ ~ 

~xxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxx " 0000xxxxxxxxxxxxxxxxxx ~ 

• MlTSUBlSH" I 
"ELECTRIC 

Hi-Z 

tOEH 
~ 

toDD 

~X~X~X~XXXXXXXx~~ ~ ~ ~ ~ 
~ 

4 - 117 



MITSUBISHI L~ls 

M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT·(4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH 

Vll-

VIH 

Vil 

VIH 

Vil 

VIH 

Vil 

VIH 

Vil 

DQ1-DQ4 VOH­

(OUTPUTS) VOl-

VIH 

tRWC 

tRAS tAp 

~ I ~ 
tCSH 

tCRP tRCO tRSH tRPC tCRP 

II r,.. tCAS 

~ 
, 

/ 'W XXXXX}(l' 
XXXXXXI 

tRAD 

tASR tRAH tASQ, tCAH tASR .-. r-j4-

xxxxx" ROW ~,: COLUMN ~xxx~xx ~ ROW xx XXXXXlal ADDRESS ACXXX ADDRESS lAX x x X x x x x xx XXXlal ADDRESS XXXXXXI Ao ..... Al0 :~ AO ..... Al0 'xx xx 
tAWD 

tRCS tcwo ~ ~ .-. .. 
tRwo tRWl 

twp 

~ ~ hxxxx~ , XXXXXXXX XXXXXXXI IIXXXXX xxx XXXX)( 
xxxxxxxx xxxxxx» XXXXXXXXXXXX)( 

tos tOH 
tozc ~ 

+-~ 
xxxxxxxxx xxxxxxx Hi-Z 

~ 
LXXXXXXxxxx XXXXXXXX XXXXXXX DATA VALID vx x x x x x x x x x )) 

xxxxxxxx xxxxxxx:x '~xxxx 

tCAC 

tAA 

tcLZ 
~ 

~ 
,...--

Hi-Z DATA \ Hi-Z , VALID I 
tRAC 

'---
~ tODD 

tozo ~ -- ... tOEz ~ 
xxxxxxxxxxxxxxxxxxxxxx ~xxxxxxxxxxxxxxxx 
~xxxxx~ '1l{XXX~ xxxxxxxxxxxxxxxxxxxxxx 'xxxxxxxxxxxxxxx> xxxxxxxxxxxxxxxxxxxxxx ,xxxxxxxxxxxxxxx Vll-

4 - 118 
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MITSUBISHI LSls 

M5M417400CJ,TP-5,.6,-7,-5S;-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

CAS 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH-----.... 

VIL-

VIH-

VIL-

tASR tRAH 

VIH-

VIL-

VIH 

VIL-~ 

VIH 

VIL-

DQ1-DQ4 VOH-

. tRC 

tRAS 

ROW 
ADDRESS 

Hi-Z 

------------------------------------------------------~----(OUTPUTS) VOL-

VIH 
OE . 

VIL-

• MITSUBISHI 
~ELECTRIC 4 - 119 



MITSUBISHI LSls 

M5M411400CJ,TP-5,-S,-1,-5S,-SS,-1S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Slow Refresh Cycle 

II RC 
~ 

tAC 

tRP tRAS 
)) 

tRAS tAp 
(( 

~ \ V 
~~ 

\ ~ \ 
VIH-

VIL-

tRPC tCSR tCHR tAPC tCSA tCHA tAPC r tCRP ..... ..... ..~(( ~ ... ~ 
~ VIH­

VIL-~ ~ / ~ ~ I W ~ 

Ao-A10 

w 

OQ1-0Q4 
(INPUTS) 

VIH 

VIH 

VIL-

VIH 

VIL 

OQ1-0Q~ VOH 

(OUTPUTS) VOL-

VIH-

VIL 

4 - 120 

~ ..... 
tCPN tASA 

I .. 
'( -XXXX iXXXXXX XXXXXXXX X XXXXXXXXXXXJl ROW COLUMN 

~ xxxx"x: xxxxxxxxxxxxx xxxx xxxxxxxxxxx~ x DDRESS DDRESS xxx xxxxx xxxxxxxx X xxxxXXXXXXXI 
N - ~ 

tRCH tASA 
'"-

tAHA .. t~ tRHA tA~ 
I M ~ I " I 

W T.XXXXXXX 'X }IF ,xxxxxxxxXXXXXXXT 
'\()cX X X X X XI' ~ u::xxxxx "}If u:: x x x x x x x x x x x X XI 

~~ 

'( 

XXXX xxxxxxxxx0000.00xx~xx xxxxxxxx~xxxxx0xxxxxxx~ xxx xxxxxxxxxxxxxxxxxxxx ~~~~~~xxxxxxxxxxx~xxxx~xxxx~ xxx 
N 

tOFF 
--to -~ 

~ II Hi-Z 

II » 

tOEZ 

I II 
xxx x 'Xxxxxx xx ;x xx xx xxxxxxxxxxxxxxx~ 

~xxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
~xxxxxxxxxxxxxxxxxxxxx x x x x x x x x x.x x x 

.~~ 

.• '. : MITSUBISHI 
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MITSUBISHI LSls 

M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

\ 
VIH-

VIL-

tCRP tRCO 

~ XXXXXl 
VIH 

VIL ~ 

Ao-A10 

w 

DQ1-DQ4 
(INPUTS) 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

tRAO 

tASR tRAH tAsc 

~ 
xxxx~ ~OW 
XXXXX& ADDRESS 
~' Ao-A10 

I~RCS I 

~xxx "00x xxxxxxx XXXI" 
~xx XXI 

~ 

xxxxxxxx IXXXX, xxxxxxx xxx 
xxxxxxx xxx 

Hi-Z 

tRC 

tRAS 

tRSH 

\ 

tCAH 

COLUMN ,IX x 
ADDRESS 
Ao-A10 r~x 

tRAL 

tCAC 

-- tAA --
~ 

~~ 

tRC 

tRP tRAS L tRP 

V ~ 1/ "-
tCHR 

~ 

tASR 
.. -+ 

xxxxxxxx ~xxx:x. :x.XXXXXXl. ROW xxx xxx xxxxxxx xxxxxxx:a ADDRESS xxxxxxx' IVXXXXX XXXXXXN' 
XAI 

~. tF t3 
W ~ ¥xxxxxxxxxx> 

lX:XXXX xxxxxxxxxxx>l\ 
\')()&x xx xxxxxxxxx x> 

tcoo 

Hi-Z --xxxxx xxxx)< xxxxx 
:xxxxx 

~ 

\ Hi-Z 
DATA VALID 

I 
tRAC tOE.i._*-

VIH 

VIL 

tozo tOEA tODD 

I tORH 

'~~~~~~ xxxxxxxxxxx 
,,~ 

~xxxxxxxxx~x£££x ~XXXXXXXXXXx}( xxxxxxx 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
And in any cycle, tRSR & tRHR should be satisfied not to enter TEST MODE . 

• • MITSUBISHI 
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MITSUBISHI LSls 

M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

Ao-A10 

w 

DQ1-DQ4 
(INPUTS) 

tRAS 

VIH 

VIL-
\ 

tCSH tpc 

tCRP tRCO tCAS ~ tCAS .. 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

~ 
-.;<;<;<N ~ 
'~ 

tRAO 

lASR tRAH l .. tCAH~ --'" lAsc ~ 

'(XXXX' ROW ,~ C )LUMN"1 ADDRESS ~ XXXXA 
AO-A10 .~ AO-A10 

r f-+ 

·~xxxx XXXXXf 
~xxx xxXX}, 
XXXXXX x x x XI 

tozc 

~)( x x. x. Hi-Z 

x.xxxxx Xx.xx 

l .. tCAC~ 
tAA 

-- ~CL; 

_ .. 
.-----. 

~ ~ I 

lAsc teAH .--. ..... 
'.c x x xx, z.x 

~L JMN-2 -A-·'xx 

tRCH':" Ii II • tRCS tRC~ 

~ V 
tozc 
.-~ 

Hi-Z 

~~, ~ 
tAA 

~ 

~ 
r-------, 

~ '----
~ 
~ 

tCAS 

,....------, 

\ ~ 
tCPRH 

I-~~ lAsc 
~ ~ 

~ 

x, ~ ~'" 
CO~L MN-3 IV ROW 

ADDRESS . .\; ~~~ 
tRAL tRCH 

r- 1~ tRtH--
tRCS ~-;+ 

~ r 'XXXX.} 

t~C+ I .. tcoo~ 

j~ 
~~ 

~ tCAC 
l .. 

tOFF ~ 
tAA 

5 
DQ1-DQ4 VOH­

(OUTPUTS) VOL-

Hi-Z ~D DATA ~ 
VALlD-1 1/ ~~ DATA' J~ ~ DATA )--VALlD-2/ r£ VALlD-3 

VIH 

VIL 

4.:... 122 

tRAC tCPA 

tozo t~ tOEZ 

tOCH 
---1+ 

XXXX xxxxxxxx x xx 
~xxx.x.xxx.x.xx.x.xx.x.~ I. X XX 

~ ~ 
tODD 

.• MITSUBISHI 
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tCPA 

tOEA I tOEZ tOEA tOEZ 

~ ~rr ~ ~r-'" 
.-==-:-. ..=-:~ 

xx xx 

« x xx. .... IX.X. x.x.} 

~ ~ ~ ~ 
.tODD tORH 



MITSUBISHI LSls 

M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

RAS 

~L ~ 
VIH-

VIL-

tCSH lPc ~ tCRP tRCD tCAS tcp tCAS ~ tCAS 

I ,------, 
VIH 

VIL 

-xx"xxxx", 

»»Xx7 ~ V ~ I ~ V 
lA~ IlRAH

• 
lAsc tCAH lAsc tCAH lAsc tCAH tASR 

+-14-

)(')XXXX\' ROW 

~ COLUMN-1 
LXXXXXA. .~ ~ROW ADDRESS ~ COLUMN-2~ de 

~ UMN-3 ADDRESS 
VIH 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH-

(OUTPUTS) VOL-

VIH 

VIL-

Ao~Al0 Ao~Al0 TXXXXX7 ''66l:lY 

twcs tWCH twcs f1 "0$ twCH 

x x x x x x x x x x x X)oIl ,·r KXXX~,r ~XXXA KXXXXXXX 
I~ lXXXXXXXXXXXXX'l IIX xxx x, IIXXXXXXxx 

V0hXXXXXXXXX)II[ ~ ~ jll!XXXXX~ 

~ tOH A ~ a ~ 
xxxxxx ~ ~ IXXXXXXxx 

xxxxxx'\J DATA DATA I~ DATA IVxxxxxxxx> 
x x x x x x x x x x x x X XJl. VALlD-1 I.l::XXXI VALlD-2 VALlD-3 I"xxxxxxx~ 

~ '~ [~: 'xxxxxxxx 

Hi-Z 

------------------------------------------~~---------------------------

'. . MITSUBISHI 
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MITSUBISHI LSls 

M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

VIH 

VIL-

VIH 

VIL 

VIH-

\ 
tCRP tRCO 

-I 
XXXXlt 

\ XXXXI 

-
tA~ ~ 

tASC 

ROW 

tRAS 

tCSH 

tCAS 

tCAH 

F ~ 
tRP 

tRSH 

L tpc J 

~ tCAS .. 

I ~ I 
~ 

tRWL ___ 1-14-
tASR tCAH ~ ... 1-4-

'#xxx xxx, ~ ~ C()LUMN-1 ROW ADDRESS Vl:XXXXXX IXXV COLUMN-2 VI: X X XXX]fII 
XXX}QI. AO-A10 ~ I~ ADDRESS Ao-A10 

w 

001-004 
(INPUTS) 

.5l;:ClY VIL- AO-A10 

r 
VIH XXXXXXXXXXX)f-, 

xxxxXXXXXXXI 
VIL XXXXXXXXXX')II 

tozc 
14----+ 

VIH 
~X,XXXXXX xxx 

VIL 
XXXXXXXXXXX 

tCWL tRCS 
~ 

~ '1+ 
\ ffI 

twCH 

tos tOH tozc 
""-.. -"' -+-14-

Hi-Z ~ DATA ~ 
~ 

VALlD-1 

~ 
tCLl __ f--
~ --001-004 VOH­

(OUTPUTS) VOL-

Hi-Z 

tozo 
!4----+ 

~~ 
tOEZ+ • 

~ 

Hi-Z 

tozo 
toDD --t-

f"XX XXX:JIr 

~ 
~ 

IXXXXXXX> 

~ 
XXXXXXXX 

)<'A~ 

twCH 

tos tOH 

Hi-Z ~ DATA IX 
M:XXXXXX} 

({!ll VALlD-2 I~xxxxxx 

tCLl 
~ 

~ 
Hi-Z 

tOEZ .... f-

-+ r- ODD ~( ~ 
VIH 

VIL 

XXXXXXXXXXXXXX)( 
xxxxxxxxxxxxxx ~ / LJ xxx 

xxx 

4 - 124 
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MITSUBISHI LSls 

M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write,Read-Modify-Write Cycle 

Ao-Al0 

w 

OQ1-0Q4 

(INPUTS) 

VIH-

VIL-

VIH 

VIL-

VIH-

VIL-

VIH 

VIL 

VIH 

VIL 

OQ1--0Q4 VOH­

(OUTPUTS) VOL-

VIH 
OE 

VIL 

tRAS 

;=:~ , 
tCSH JRWL 

tCRP tRCD tCAS tPRwe J 

I tcp tCAS I 
xxx x» 

~ I ~ I XXXXXII 
XXXX:ll' 
~ tRAD 

tA~ Il
RAH

• 
tCAH ~ tCAH I.tcw~ tASR 

tASC +r-I+ 

~ A~~~SS ~ cmUMN-1 ,£)('x x x x x ~ #xxx xxX\. IX x\., U': X X xxx~ ROW 

~ 
IIXXXX')& IX >l'A COLUMN-2 ~ ~ Ao-Al0 ADDRESS AO~ Al0 '\Xxxxxx ]I V{XX XXXI 

tAWD tAWD 

~~ 
tCWD tCWL 

..... 

tRCS14- tewD 
~ 
~ ~ 

xxxxxxx XX XXII , ~>i ~ 
6(.XXXXXXX 

xxxxxxx xxx.J xxxxxxxx 
xxxxxxx .XXXXI rxx,X,.x:xxxx.) 

tRWD tCPWD 

~~ tDH tDZC tDH 
tDS .. tDS 

xxxxxxx xxx Hi-Z ~ DATAl , ~ Hi-Z ~ DATA 
.... xxxxx 

xxxxxxx xxx IXXXXXX 
~ i~ ~ 

VALlD-1 
~ \II t6;{: VAll 0-2 '~ 

~ ~ 
fAA tAA 

tCLZ-.i-..-

hl 
tCLl-./-"-

~ Hi-Z 

~ 
Hi-Z 

~ 
Hi-Z 

VAll 0-, VALlD-

~ 
tRAC ~ 

.... l-~tODD tCPA .... _ ~tODD 
tDZO 
~ 

xxxxxxxXXXXXXXlC 
xxxx 

xXxxxxxxxxxxxxxxxxx X X ~ 

tOEA 
+--+ .... I4-tOEZ :~ toZo ..... ~tOEA. ..... -!4-tOEZ 

J 

. • . MITSUBISHI 
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I~XXXXX 
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Self Refresh Cycle 

CAS 

Ao-A1o 

W 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL-

VIH-

VIL-

VIH"'-

VIL-

VIH-

VIL-

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

4 - 126 

tRP 

tCPN 

tRCH 

tOEZ 

MITSUBISHI LSls 

M5M417400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

tRASS 
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MITSUBISHI LSls 

M5M417400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Ao-Al0 

W 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 
(OUTPUTS) 

OE 

VIH-

VIL-

VIH­

VIL-

VIH-

VIL-

VIH-

VIL-

VIH-

VIL-

VOH-

VOL-

VIH-

VIL-

tRP tRAS 

tWSR tWHR 

tOFF 

Hi-Z 

tOEZ 

Note 30: This cycle can be used for initialized cycle after power-up, however entried into Test Mode. 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M417 405CJ, TP-5,-6,-7 , 
-5S -6S -7S . ' , , 

HYPER PAGE MODE 16777216~BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 4194304-word by 4-bit dynamic RAMs with 
Hyper Page mode fuction, fabricated with the high performance 
CMOS process, and is ideal for large-capacity memory systems 
where high speed, low power dissipation, and low costs are 
essential. 

PIN CONFIGURATION (TOP VIEw) 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self refresh current is low enough for 
battery back-up application. 

FEATURES 

- -RAS CAS 
Type name access access 

time time 
max.ns) (max.!1s) 

MSM41740SCXX·S,·SS 50 13 
MSM417405CXX-6,-6S 60 15 
MSM41740SCXX·7,.7S 70 20 

XX=J,TP 

-Standard 26pin SOJ, 26pin TSOP 
eSingle 5V±100/0 supply 
eLow stand-by power dissipation 

OE Power Address Cycle 
access access disslpa-

time time time 
tiO~w: (max.ns (max.ns) (min,ns) typ.m 

25 13 90 655 
30 15 110 540 

35 20 130 475 

5.5mW (Max) - - - - - - - - - - - - - - - - - - - - - - - - - - -. CMOS Input level 
1.1mW (Max) * -------------------------·CMOS Input level 

eLow operating power dissipation 
M5M417405Cxx-5,-5S ---------------------- 800mW (Max) 
M5M417405Cxx-6,-6S ---------------------- 660mW (Max) 
M5M417405Cxx-7,-7S ---------------------- 580mW (Max) 

eSelf refresh capability * 
Self refresh current - - - - - - - - - - - - - - - - - - - - - - - - - -200 pA(Max) 

eHyper ~e mode (2048-column random access), Read-modify­
write, RAS-~nly refresh, CAS before RAS refresh, Hidden refresh 
capabilities. 
Early-write mode, OE and W to control output buffer impedance 

eAIi inputs, outputs TTL compatible and low capacitance 
e2048 refresh cyCles every 32ms (Ao -Al0) 
* :Applicable to self refresh version(M5M417405CJ,TP-5S,-6S, 

-7S:option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-Al0 Address inputs 

DQ1-DQ4 Data inputs/outputs 

RAS Row address strobe input 

CAS Column address strobe input 

W Write control input 

OE Output enable input 
Vcc Power supply (+5V) 

Vss Ground (OV) 
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RAS 

NC 

Al0 

Ao 

Al 

A2. 

A3 

vss 

004 

003 

CAS 

Outline 26POD-B (300mil SOJ) 

004 

CAS 

RAS 

A9 

Al0 As 

A7 

A6 

A2. As 

A3 A4 

vss 

Outline 26P3D-E (300mil TSOP) 

NC:NO CONNECTION 
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M5M417405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY4-BIT) DYNAMIC RAM 

FUNCTION 

In addition to Hyper Page Mode, normal read, write and read­
mOdify-write operations the M5M417405CJ, TP provides a number 

of other functions, e.g., RAS-only refresh, and delayed-write. The 
input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

.J.fr:'"" 
~!umn RAS CAS W OE address 

Read ACT ACT NAC ACT APO APO 
Write (Early write) ACT ACT ACT ONC APO APO 
Write (Delayed write) ACT ACT ACT ONC APO APO 
Read-modify-write ACT ACT ACT ACT APO APO 
RAS-only refresh ACT NAC ONC ONC APO ONC 

Hidden refresh ACT ACT NAC ACT APO ONC 
Self refresh ACT ACT NAC ONC ONC ONC 
CAS before RAS refresh ACT ACT NAC ONC ONC ONC 
Stand-by NAC ONC ONC ONC ONC ONC 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD: invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 

~~~O~~~~~~~ RAS 

WRITE CONTROL W 
INPUT 

Ao 
Al 

A2 
A3 
A4 

ADDRESS INPUTS A5 
As 
A7 

As 
A9 
Al0 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & 1/0 CONTROL 

MEMORY CELL 
(16777216 BITS) 
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Input/Output 

Input Output 
OPN VLO 
VLO OPN 
VLO IVO 
VLO VLO 
ONC OPN 
OPN VLO 
ONC OPN 
ONC OPN 
ONC OPN 

-~VCC(5VI 
iVSS(OV] 

Refresh 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO 

002 DATA 

Remark 

Hyper 
page 
mode 
identical 

DOl} 

D~ INPUTS/OUTPUTS 

004 
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M5M417405CJ, TP-5,-6,-7 ,~5S,-6S,-7S 

HYPER PAGE MODE 16771216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol· Parameter Conditions Ratings 

Vcc Supply voltage -1 -7 

VI Input voltage With respect to Vss -1-7 
Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta=25°c 1000 
Topr Operating temperature 0-70 

Tstg Storage temperature -65 -150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70°C , unless Cltherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 4.5 5.0 5.5 V 
Vss Supply voltage 0 0 0 V 

VIH High-level in~ut voltage, all inputs 2.4 5.5 V 

Vil Low-level input voltage, all inputs -1.0** 0.8 V 
Note1: All voltage values are with respect to Vss. 

** : Vll(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to vss.) 

ELECTRICAL CHARACTERISTICS (Ta=0-70°C, Vcc=5V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Test conditions 
Limits 

Symbol Parameter Min Typ 
VOH High-level output voltage IOH--5.0mA 2.4 
VOL LOW-level output voltage IOL=4.2mA 0 
10l Off-state output current Q floating, OV ~VOUT ~ 5.5V -10 
II Input current OV~IN~+6.5V, Other inputs pins=OV -10 

Average supply current M5M417405C-5,-5S RAS, CAS cycling 
ICCl (AV) from Vcc, operating M5M417405C-6,-6S tRc=twc=min. 

(Note 3,4,5) M5M417405C-7,-7S output open 

Icc2 Supply current from V ce, stand-by (Note 6) 
RAS= CAS =VIH, output open 
RAS= CAS "?;.Vcc -0.2V, output open 

Average supply current M5M417405C-5,-5S RAS cycling, CAS= VIH 
Icc3(AV) from Vcc, RAS only M5M417405C-6 -6S tRc=min. 

refresh mode (Note 3,5) M5M417405C-7,-7S output open 

Average supply current M5M417405C~5,-5S RAS=Vll, CAS cycling 
Icc4(AV) from Vee, Hyper Page M5M417405C-6,-6S tHPc=min. 

Mode (Note 3,4,5) M5M417405C-7,-7S output open 

Average supply current M5M417405C-5,-5S CAS before RAS refresh cycling 
Icc6(AV) fr~m vcc, CAS before RAS M5M417405C-6,-6S tRc=min. 

refresh mode (Note 3,5 M5M417405C-7,-7S output open 
Note 2: Current flOWing into an IC is positive, out is negative. 

3: ICCl (AV), leC3 (AV) , leC4 (AV) and ICCs (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the oUtput open. 
5: Under condition of column address being changed once or less while RAS=V Il and CAS=VIH 

CAPACITANCE (Ta=0-70°C, Vcc=5V±10%, Vss=OV, unless otherwise. noted) 

Symbol 

CI(A) 
CI (ClK) 

ClIO 

4 -130 

Parameter 

Inout caoacitance address inouts 
In(.)ut capacitance, clock inputs 
Input/Output capacitance, data ports 

Test conditions 

VI=VSS 
f=1MHz 
VI=25mVrms 
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Limits 

Min Typ 

Unit 
V 
V 
V 

mA 
mW 
°c 
°c 

Max 
Unit 

Vcc V 
0.4 V 

1_0 p.A 

10 p.A 

145 
120 mA 

105 
2 mA 

0.5 
145 
120 mA 

105 
140 
115 mA 

90 
145 
120 mA 
105 

Max 
Unit 

5 pF 
7 pF 
8 pF 
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M5M417405CJ TP-5 -6 -7 -5S -6S -7S , '" , , 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70·C, VCC = 5V±10 %, Vss=OV, unless otherwise noted, see notes 6,14,15) 

Limits 
Symbol Parameter MSM41740SC-S,-SS MSM41740SC-6,-6S MSM41740SC-7,-7S Unit 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7 8) 13 15 20 ns 

tRAC Access time from RAS (Note 7,9) 50 60 70 ns 

1M Column address access time (Note 7,10) 25 30 35 ns 

tCPA Access time from CAS precharge (Note 7,11) 30 35 40 ns 

tOEA Access time from OE (Note 7) 13 15 20 ns 

tOHC Output hold time from CAS hiah (Note 13) 5 5 5 ns 

tOHR Outout hold time from RAS hiah (Note 13\ 5 5 5 ns 
tCLl Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOEZ Outout disable time after OE high (Note 12) 13 15 20 ns 

twEZ Output disable time after WE high (Note 12) 13 15 20 ns 

tOFF Output disable time after CAS high (Note 12,13) 13 15 20 ns 
tREZ Output disable time after RAS high (Note 12,13) 13 15 20 ns 
tOOH Output hold time from CAS low 5 5 5 ns 

Note 6:An initial pause of 500 f1 s is required after power-up followed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 
either by RAS-only refresh cycles or by CAS before RAS refresh cycles only. 
Note the"RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 32ms) of 
""RAS inactivity before proper device operation is achieved. 
After the initialization cycles, RAS should be kept either higher than V IH(min) or lower than VIL(max) except RAS transition time. 

7:Measured with a load circuit equivalent to 100pF. . 
The reference levels for measuring of output signals are 2.0V(V OH) and 0.8V(VOL). 

8:Assumes that tRco~tRCO(max) and tAsC~tASC(max) and tcp~ tCP(max). 
9:Assumes that tRCD~tRCO(max) and tRAO~tRAO(max). If tRCO or tRAD is greater than the maximum recommended value shown in this table, tRAC will 

increase by amount that tRCO exceeds the value shown. 
10:Assumes that tRAO~ tRAO(max) and tASC~tASC(max). 
11 :Assumes that tcP~tcP(max) and tAsC~tASC(max). 
12:tOEZ (max), twEZ(max), tOFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state (I OUT~ I ± 1 0 f1 AI ) and is not 

reference to VOH(min) or VO~). __ 
13:0utput is disabled after both RAS and CAS go to high. 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(Ta=O -70·C, VCC = 5V ±10%, Vss=OV, unless otherWise noted, see notes 14,15) 

Limits 
Symbol Parameter MSM41740SC-S,-SS MSM41740SC-6,-6S MSM41740SC-7,-7S 

Min Max Min Max Min Max 

tREF Refresh cycle time 32 32 32 
tRP RAS high pulse width 30 40 50 
tRCO Delav time, RAS low to CAS low (Note 16) 18 32 20 38 20 42 
tCRP Delay time, CAS high to RAS low 5 5 5 
tRPC Delay time, RAS high to CAS low 0 0 0 
tCPN CAS high pu.lse width 8 10 13 
tRAO Column address delay time from RAS low (Note 17) 13 25 15 30 15 35 
tASR Row address setup time before RAS low 0 0 0 
tAsc Column address setup time before CAS low (Note 18) 0 10 0 13 0 13 
tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 8 10 10 
tozc Delay time, data to CAS low (Note 19) 0 0 0 
tozo Delay time, data to OE low (Note 19) 0 0 0 
tROD Delav time RAS hich to data (Note 20) 13 15 20 
tcoo Delay time, CAS high to data (Note 20) 13 15 20 
toDD Delay time, OE hiah to data (Note 20) 13 15 20 
IT Transition time (Note 21) 1 50 1 50 1 50 

Note 14: The timing requirements are assumed IT=2ns. 
15: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ns 
ns 

ns 
ns 
ns 
ns 

ns 
ns 

ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

16: tRCO(max) is specified as a reference point only. If tRCO is les$ than tRCO(max), access time is tRAC. If tRCO is greater than tRCO(max), access time is 
controlled exclusively by tCAC or tAA. 

17: tRAO(max) is specified as a reference point only. If tRAo~tRAO(max) and tAsC~tASC(max), access time is controlled exclusively by tAA. 
18: tASC(max) is specified as a reference point only. If tRco~tRCO(max) and tAsc~tASC(max), access time is controlled exclusively by tCAC. 
19: Either tozc or tozo must be satisfied. 
20: Either tROD or tcoo or toDD must be satisfied. 
21: IT is measured between VIH(min) and VIL(max). 
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M5M417405CJ ,TP-5,-6,-7 ,-5S,-6S,-7S 

Notice: Tnis IS n limitS are 
Some paran,etnc 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read and Refresh Cycles 

Limits 
Symbol Parameter MSM41740SC·S,·ss MSM4174OSc-6,-6S MSM4174OSC-7,-7S Unit 

Min Max Min Max Min Max 
tAC Read cvcle time 90 110 130 ns 
tAAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS . CAS low Dulse width 8 10000 10 10000 13 10000 ns 
tCSH CAS hold time after RAS low 40 48 55 ns 
tASH RAS hold time after CAS low 13 15 20 ns 
tACS Read Setup time before CAS low 0 0 0 ns 
tACH Read hold time after CAS high (Note 22) 0 0 0 ns 
tAAH Read hold time after RAS hiah (Note 22) 0 0 0 ns 
tAAl Column address to RAS hold time 25 30 35 ns 
tCAl Column address to CAS hold time 13 18 23 ns 

tOAH RAS hold time after OE low 13 15 20 ns 
tOCH CAS hold time after OE low 13 15 20 ns 

Note 22: Either tACH or tAAH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter MSM4174OSC-S,·SS MSM4174OSc-6,-6S MSM41740SC-7,-7S Unit 

Min Max Min Max Min Max 
twc Write cvcle time 90 110 130 ns 
tAAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 8 10000 10 10000 13 10000 ns 
tCSH CAS hold time after RAS low 40 48 55 ns 
tASH RAS hold time after CAS low 13 15 20 ns 
twcs Write setup time before CAS low (Note 24) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 13 ns 
tCWl CAS hold time after W low 8 10 13 ns 
tAWl RAS hold time after W low 8 10 13 ns 
twP Write pulse width 8 10 13 ns 

tDS Data setup time before CAS low or W low 0 0 0 ns 

tDH Data hold time after CAS low or W low 8 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter MSM4174OSC-S,·SS MSM4174OSc-6,-&S MSM41740SC-7,-7S Unit 

Min Max Min Max Min Max 
tAWC Read write/read modify write cycle time (Note 23) 109 133 161 ns 
tAAS RAS low pulse width 75 10000 89 10000 107 10000 ns 
tCAS CAS low pulse width . 38 10000 44 10000 57 10000 ns 
tCSH CAS hold time after RAS low 70 82 99 ns 
tASH RAS hold time after CAS low 38 44 57 ns 
tACS Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 24) 28 32 42 ns 
tAWD Delav time, RAS low to W low (Note 24) 65 77 92 ns 
tAWD Delay time, address to W low (Note 24) 40 47 57 ns 
tOEH . OE hold time after W low 13 15 20 ns 

Note 23: tAwc is specified as tAWC(min)=tAAC(max)+tODD(min)+tAWl(min)+tAP(min)+4tT. 
24: twcs, tCWD, tAWD and tAWD and, tCPWD are specified as reference points only. If twcS~twCS(min) the cycle is an early write cyole and the DO pins 

will remain high impedance throughout the entire cycle. If tcwD~tCWD(min), tAWD~tAWD(min), tAWD~tAWD(min) and tCPWD~tCPWD(min) (for hyper 
page mode cycle only), the cycle is a read·modify·write cycle and the DO will contain the data read from the selected address. If neither of the above 
condition (delayed write) of the DO (at access time and until CAS or OE goes'back to V IH ) is indeterminate . 
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M5M417405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 

Limits 
Symbol Parameter MSM4174OSC-S,-SS MSM41740SC-6,-6S M6M41740SC-7,-7S 

Min Max Min Max Min Max 
tHPC l"Iyper page mode read/write cycle time (Note 26) 20 25 30 
tHPRWC Hyper Page Mode read write/read modify write cycle time 57 66 79 
tRAS' RAS low pulse width for read or write cycle (Note 27) 65 100000 77 100000 92 100000 
tcp CAS high pulse width (Note 28) 8 13 10 16 13 16 
tCPRH RAS hold time after CAS precharge 28 33 38 
tCPWD Delay time, CAS precharge to W low (Note 24) 43 50 60 
tCHOL Hold time to maintain the data Hi-Z until CAS access 7 7 7 
tOEPE OE Pulse Width (Hi-Z control) 7 7 7 
twPE W Pulse Width (Hi-Z control) 7 7 7 
tHCWD Delay time, CAS low to W low after read 28 32' 42 
tHAWD Delay time, Address to W low after read 40 47 57 
tHPWD Delay time, CAS precharge to W low after read 43 50 60 
tHCOD Delay time, CAS low to OE high after read 13 15 20 
tHAOD Delay time, Address to OE high after read 25 30 35 
tHPOD Delay time, CAS precharge to OE high after read 28 33 38 

Note 25: All previously speCified timing reqUirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tHPC(min) is specified in the case of read-only and early write-only in Hyper Page Mode. 
27: tRAS(min) Is specified as two cycles of CAS input are performed. 
28: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 29) 

Limits 
Symbol Parameter MSM41740SC-S,-SS MSM41740SC-6,-6S MSM41740SC-7,-7S 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 5 5 5 
tCHR CAS hold time after RAS low 10 10 15 

tCAS CAS low pulse width 17 17 22 
tRSR Read setup time before RAS low 5 5 5 

tRHR Read hold time after RAS low 10 10 15 
Note 29: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

Hidden Refresh Cycle (Note 30) 

Limits 
Symbol Parameter MSM41740SC-S,-SS MSM41740SC-6,-6S MSM41740SC-7,-7S 

Min Max Min Max Min Max 
tRSR Read setup time before RAS low 5 5 5 
tRHR Read hold time after RAS low 10 10 15 

Unit 

ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 

ns 
ns 

Unit 

ns 
ns 

Note 30: Read, early write, delayed write, read write or read-modlfy-wrlte cycle IS applicable to hidden refresh cycle. In all cases tRSR and tRHR should be 
satisfied. 
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M5M417405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (41·94304;.WORD BY 4-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. . 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=5V±lO"lo, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

CAS before RAS refresh cycling 
or RAS cycling & CAS~ 0.2V 
OE& WE~0.2V 

Aver~e supply current or OE & WE ~Vcc-0.2V 
ICC8(AV) from cc M5M417405C (S) Ao- A10~ 0.2V 500 

Slow-Refresh cycle 
(Note 6) or Ao- A10~ Vcc-0.2V 

tREF=128ms (2048cycles) 
I 

output=OPEN 
tRAs=tRAsmin. -1 f.'- s 

Aver~e supply current 
RAS=CAS ~ 0.2V Icc9(AV)* from cc M5M417405C (S) 200 Self-Refresh cycle output = OPEN (Note 6) 

TIMING REQUIREMENTS (Ta=0-70·C, Vcc=5V±10"lo, Vss=OV~ unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter MSM41740SC-SS MSM41740SC-6S MSM41740SC-7S 

tRASS Self Refresh RAS low pulse width 
tRPS Self Refresh RAS hiah precharae time 
tCHS Self Refresh RAS hold time 
tRSR Read setup time before RAS low 
tRHR Read hold time after RAS low 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

Min 

100 
90 

- 50 
10 
10 

Max Min Max Min Max 

100 100 
110 130 
- 50 - 50 

10 10 
10 15 

The last 1 first full refresh cycles (2K) must be made within tNS/tSN before 1 after self refresh, on the condition of tNs~32ms and 
tSN~32ms. 

I~ tNS ~I I~ tSN ~I 

Unit 

J.lA. 

J.lA 

Unit 

J.lS 
ns 
ns 
ns 
ns 

------------------~·-·-I~II~I------~I~II~I _________ Se_lfr_efr_es_hP_er_iod ______ ~I~I~II-·------I~II~I------~-~--------
DISTRIBUTED REFRESH 

<2K/32 ms> 
DISTRIBUTED REFRESH 

<2K/32 ms> 

(2) In case of burst refresh 
The last 1 first full refresh cycles (2K) must be made within tNS ItSN before 1 after self refresh, on the condition of tNS +tsN~32ms. 

4 - 134 

~ ~ 
~1I~1I--~I~III--~II~II~~1 _______ S_elf_refr_esh~pe_riod _____ ~~1 ~IIII--~I~III--~IIII-

BURST REFRESH 
<2K/32 ms > 

. • MITSUBISHI 

.... ELECTRIC 

BURST REFRESH 
<2K/32 ms > 



MITSUBISHI LSls 

M5M417405CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle (Note 31) 

Limits 
Symbol Parameter MSM41740SC-S,·SS MSM417405C-6,-6S MSM41740SC·7,·7S Unit 

Min Max Min Max Min Max 
twSR W seiuD time before RAS low 10 10 10 ns 
twHR W hold time after RAS low 10 10 15 ns 

. ... .. . . 
Note 31:The test mode function IS Initiated by a Wand CAS before ro\S cycle (WCBR cycle) as specified In timing diagram . 

The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 
During the test mode, the device is internally organized as 16-bits wide (1M bytes depth). No addressing of CAo and CA1 is required. 
During a write cycle, data must be applied to all DO ( input) pins. The data can be different between DQ pins. The data on each DO pin is written into 
4-bits memory cells, respectively. During a read cycle, each DO (output) pin shows the test result of the 4-bits, respectively. High state indicates that 
they are same. Low state indicates that they are not same. 
During the test mode operation, only WCBR cycle can be used to perform refresh. 

Dal~ 
# 1 

#2 

#3 

#4 

Da2~ 
#5 

#6 

#7 

~ #8 

Da3~ 
#9 

#10 

#11 

#12 

Da4~ 
#13 

#14 

#15 

#16 

§r JUDGE 

§r JUDGE 

§r JUDGE 

§r JUDGE 
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Timing Diagrams (Note 32) 
Read Cycle 

VIH-

~ 
VIH 

Vil 

XXXXX:JI 
XXXXR 
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tASR 

~ 

~ 
tRCD 

tRAD 

tRAH 

~ 
xxxxx~ 

ROW LJl:XXXXX~ 
XXXXXX};( IJ:XXXXXXJ: 

VIH 

[ADDRESS xxxxxxAJ~ lKXXXX» 
Ao-Al0 

I tRCS 

I 
XXX xx XXXX XX~ xxxxxxxxx XXXXX0A 

VIH w 
Vil 

xxx XXXXXXI' 

mAS 

~ 

~, tCAH 

CoLUMN 
ADDRESS 

tozc ... ---
OQ1-0Q4 
(INPUTS) 

VIH 

Vil 

xxxxxxxxxx 
xxxxx~ 

xxxxxxxxx xxxxx 

xxxxxxxX' 
xxx xxxx 
XXXXXXXX 

tRC 

~ tRPC 

tCSH 

lASH 

tCAS 

II 
tRAl 

tCAl 

~ xx 
J[xxxxxxxxxxx xx 
·,xxx 

Hi-Z 

tREZ 
tCAC 

OQ1-0Q4 VOH­

(OUTPUTS) VOl-

VIH 
OE 

Vil 

1M 
tCLZ 

Hi-Z 

tRAC 

tDZO 

XXXXXXXXXXXXXXXXXXXX xxxxxxxxxxxxxxxxxxxxx x xxxx 

tOHR 

~ DATA VALID 

,., 

~ 
tOCH 

tORH 

tAp 

'---
tCRP -+ 4-

~ 
tASR 

~ 

~ ROW 
XXlI. 

ADDRESS XI 

tRRH ...... tACH 

XXXXXX xxxxxx'" 
~xxxxx'" 

tCDD 

~--
:xxxxx 
~ ~ 
IX xxx'" 

twEZ +H 
tOFF 

tOHC 

Hi-Z 
~ 

tOEZ 

~ 
xx xxxx'" 

r. xx XXX xx> 

Note 32 
Indicates the don't care input. 
VIH(min)~VIN~VIH(max) or VIL(min):iiVIN~Vll(max) 

4 - 136 

Indicates the invalid output. 
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MITSUBISHI LSls 

M5M417405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Early Write Cycle 

RAS 

Ao-A10 

w 

DQ1-DQ4 
(INPUTS) 

VIH 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH-

(OUTPUTS) VOL-

m C 

, tRAS tRP 

I tAPC \ 
tCSH 

~ 

tCRP 
tRCO tRSH 

I tCRP 
tCAS -+ of----

xxxxxz / ~ (XXXXXl \ 
XXXX~ 

tA~ tRAH 
tAsc .. 

tCAH 
tAs:-. 

XXXXJl. 
ROW I!:l:i!N COLUMN 

xxxx .................. , ROW 
~ 1I(XXXXXXxxxxxx .................. ]1' 

ADDRESS ADDRESS ~xxxxx ADDRESS 
xxxx~ 'Q5;J5;O XXXXI 

...... x...... mf 
mCH ,I 

)ex tcx 
xx )0 

xxxXXXXXXXA xx XXX x)O 
xxxxxxxxxxx~ XXXXX Xl-

tos 1+-+ 
tOH 

xxxxxx~xffxxxxxx~ DATA VALID U)(xxxxxxx 
~~~~xxxxxxxxxxxxx~ nxxxxxxxx )11;.)11;.1'01'0)11;.)0 

Hi-Z 

--------------------------~----------------------~------------

•. MlTSUBlSHI 
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MITSUBISHI LSls 

" ",,'NARY M5M417405CJ,TP-5,-6,-7,-5S,-6S,-7S 
nREL\ '\ics\ion ' r ,t a lina\ svec~, 'ct \0 change 
Nolie!)', 'ThiS ~I~i~ liroilS aye 51! \8 

soro
e 

V
araro 

'HYPER PAGE MODE 16777216 .. BIT (4194304 .. WORD BY 4 .. BIT) DYNAMIC RAM 

Delayed Write Cycle 

Ao-A10 

DQ1-DQ4 
(INPUTS) 

ViH-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

V/H 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

4 - 138 

twc 

tRAS 

~ 
tCSH 

f tRCO tASH 

tCAS 

XXXXX}f' , 
lASR tRAH tCAH 
~ lAsc ...... 

XXXXA ROW :JlQQ\. COLUMN 
IXX 

XXXXXlI' IIXX 
C:XXXXN ADDRESS ~ ADDRESS 

~x 

~ 
xxxxxxxxxxxx XXJUI ~ 
XXXXXXXXX 

twCH 

tozc tos 
~ .. 

xxxxxxxxxxxxxxxxxxxx Hi-Z J~ 
XXXXXXXXXXX XXXX 

'~ 
~ 

HI-Z (~ 

~xxxxx 
xxxxxxxxxx 

tozo 
to~ 

~ 

x~XXXXXX" 
xxxx ~, 

" MITSUBISHI 
..... ELECTRIC 

I+-

~ toDD 

tRP 

I \ tApc 
-r- -+-

-+ tCRP 
~ 

~ ~ 
~ ~tASR 

x XXXX, 
~ ROW 
XXXI ADDRESS 

~ 
tRWL 

~ 
~;xxxxxxx~~~~; 

tOH 

DATA "XXXXXXXX~ 
VALID f\XXXXXXXXXXXX}o 

HI-Z 

tOEH 
1+-+ 

I~XXXXXXXXXXXXXXX} 

~XXXXXXXXXXXXXX 



MITSUBISHI LSls 

M5M417405CJ, TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL-

VIH 

VIL 

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

tRWC 

tRAS 

~ 
tCSH 

tRCO tRSH 
tCRP i tCAS 

;t<;<xxxx~ ~ 
xxxxx»' 
xxxx..l'Y 

mAD 

lASR tRAH tCAH ... lASc ... 

XXXXX1 ROW ~ COLUMN ,;xx 
XXXXX.:4 ADDRESS ADDRESS If(:{; XXXXXy Q.2U1 

tAWO 

tRCS 14--f-+ tcwo 

tRWO 

xxxxxxxx x 
~xxxx. XI 
xxxxXxxx x"N 

tos 

toze ~f-+ 
xxxxxxx xxx Hi-Z ~ xxxxxxxx 
~xxxxxxxx. ).;. x.x.xxXXX ~~ 

tCAC 

1M 

~ 
Hi-Z 

~ ~ 
tRAC 

~ 
4-1-+ toDD 

tozo tOEA 

---
-l+-tOEZ 

_. 
~ 

~xx 
.xx<xxxxxxxxxxx 

xx~\ 

xxxxx 

• MITSUBISHI 
.... ELECTRIC 

tRP 

V \ 
tRPC 

tCRP -+ 4-

I ~ 
~~4-

xxxx xx xxxx~ ROW xxx x~ ADDRESS xxx xXY 

tCWL 

tRWL 
twp 

«xxxx xx 

~; xx> 
xx> 

tDH 

~xxxxxxxx~ DATA VALID I~xxxxxx> 

Hi-Z 

~ 
~x.xx.X.XXXXXXXXXX} 
'Xxxxxxxxxxxxxxx 

4 - 139 



MITSUBISHI LSls 

'. ',,,,,'NARY 'M5M417405CJ,TP-5,-6,-7,-5S,-6S,-7S 
PREL '\cation 

.' annal speel " to change, 
N tief),. This ,S oO\mits are sublect 

s~,"e para,,'\e\l~C ' HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

VIH-

VIH­

Vil 

\ 

++ 
XXXXJlt 

XXXXl 

~ 

tASR 

tCSH 

tRco tCAS 

~ 
tRAO 

tRAH 
tAsc ... l.tCAH 

.. 

tRAS 

tHPC tASH 

~ tCAS .~ tCAS 

,......--, ,----, 
~ ~ ~ ~ 

tCPRH 

tA~ tCAH tA~ ~ ~ 

VIH xxxx\. 
ROW 

.1X5(}.. ./Z'X ;:o:~ ,ri{5 ;a. 
COLUMN-1 AXX XA COLUMN-2 

ADDRESS ~~. .~ ~~ 
Ao-A10 

Vil ~ 

xxxxxx 
xxxxxx 

VIH w 
Vil ·~XXX 

OQ1-0Q4 
(INPUTS) 

VIH 

Yll 

OQ1-0Q4 VOH­

(OUTPUTS) VOl-

VIH 

Yll 

4 - 140 

xxxxxx 
xxxxxx 

xx 
xx 

tRCS 

"'"'-
tCAl 

i.L 
tCAl 

xxxx 
xxxx, 

tozc 

xxxx 
xxxx 

~ ~ xxx 
fAA 

~I tOOH 
-'r--4-

HI-Z 
DATA '~ 

VALlD-1 

tRAC tCPA 
--'" 

tozo ~ 
I 

tOCH 

xxxxxxxxx 
x~>a 

'. ". MITSUBISHI 
IIi'& ELECTRIC 

COLUMN·3 
l..lQ .. ~ 

tRAl 

tCAl 
--'" 

HI-Z 

~ 
tAA 

tOOH .... - .. 
DATA ~ 

VALlD-2 

tCPA 
--'" 

tAP 

~ l-

I 

tASR 
~ 

~"s; r:;~ 
ROW 

~~ ~p" 
ADDRESS 

~t~ 
~ tRCH 

iXXXXX> 
1I:XXXX,ll 

.xXXX,lI 

~ 
tROD 

---tcoo 

tREZ ~ ~ 
tOHR 

tOFF 

tOHC 

DATA 
VALlD-3 )-

tOEZ 

xx xx 
L x xxx 
n x 

~ toDD 



MITSUBISHI LSls 

M5M417405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216~BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

RAS 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL-

VIH 

VIL-

VIH 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH-

(OUTPUTS) VOL-

- tRAS tRP 
-.-

\ I L 
tCSH tHPC I .. tRSH 

t+. 
tRCO tCAS ~ tCAS ~ tCAS l tCRP 

I 
~ 

,....., ~ 

I ~ ~ ~ I \ XXXXI 

OD£:)£)/ 

L tCAl l tCAl 

tASR tRAH tASC tCAH tA~ ~ tA;:. ~ ~ ..... ~ 
~ i7JQ .. ~' ~~1 ~ 

l6(Xxx\" ROW ROW 

~ ~ COLUMN-1 11'}{ }{ }{ XlI' COLUMN-2 ,'ID/"}{}{}{ 'I' COLUMN-3 ~ ADDRESS ~ ADDRESS 'OQ5.2!I V5:.Z:.l5J 

~ ~I ~ ~ ~ ~ 
x xx ~ ~ xxxxxxxxxxx xxx XXX\. IXXXX ~ Ill. XXX)( ~x x xxxxXX}( ~ I< xxx ~" I xxx ~ IX. XXxxxx 

tos ~ ~ ~ ~~ ~ 

~1!JlJQ.., ' ./t;?:?J\., \lXxxxxxxxxxx xxxxxxxxxxxxX\., DATA DATA DATA 
,;<;< x x x xx ~ x x ~: VALlD-1 ~ VALlD-2 J ~ VA~ID~31 ~xxxx 

") 
xx 

Hi-Z 

-------------------------------------------------------------------------

• ,', MITSUBISHI 
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MITSUBISHI LSls 

ED "" \NA.:~Y M5M417405CJ, TP-5,-6,-7 ,-5S,-6S,-75 
P R . t a iinll\ speC~'Cct \0 change. 
Notice'. This ,5 no limits are s" je 

ararncUlC 

Some P HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read-Write, Read-Modify-Write Cycle 

Ao-Al0 

w 

OQ1-0Q4 
(INPUTS) 

ViH-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

OQ1 ...... 0Q4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

4 - 142 

~ \ "-
tRAS tRP 

tCSH -. ~WL 
tCRr tRCD tCAS tHPRWC tCRP 

tcp tCAS 

XXXXXX:JrI 

\ I ~ J ~ 
XXXXX7 

tRAD 

tASR tRAH tCAH lAsc tCAH tCWL ...... .....-.. lAsc ~ ~ .....-.. ~tASR 

~. ROW ~ 
LXXXXXX X oX.'- AXXX xx~ 

ROW LlX 
C lLUMN-2 XXX XXI COLUMN-1 xx ,XXI Dl:XXX XXXI: 

ADDRESS ADDRESS ;w, InXXXXXX ;w, XX" ·"x X~ 

tAWO tAWD 

tCWD tc;; tcwD ~~ I" twp 

tRcs11+ 

-- ~ }Il}llAl. 

(XXXX XXJIll' \ }Il}llXXXXXX xxx, 

tRWD 

tDZC tDH +--. los 

XXXXXXXXX xxxx Hi-Z 

~ 
XXXXXXXX xxxx DATA 
xxxxxxx VALlD-1 xxxxxxxxx XXXX 

~ 
.... tAA 

tCLZ-J~ 
Hi-Z 

~ ~ DATA' Hi-Z 

VALlD-1 

tRAC ~ 
~ ~ tODD 

~ tOEA 

~ ... -~tOEZ 
xxx xxx xx xxx 
xxxxxxxxxxxxxxxx~, 

A,x,,x,XXX,x,XAXXl 

'MITSUBiSHI 
.... ElECTRIC· .. 

~W ~ IIXXXXXX> 
!KXXXXXX 

tCPWD 

tDZC 
~ 

tos tOH 

~ ~ HI-Z ~ DATA 
IYY"'X"'X 

l#XXXX> 
~xxx-'). 

~ V VALlD-2 

.~ 
·,xxxx 

lAA 

-++-;6~ 
~~" HI-Z 

~ 
tCPA ... _ ~tODD 

5 :~ +--tl "'f-~tOEZ 
\ tOEA ~ ~xxxxx~ 

. I ~XAX,x,X,x,XXX,x,X ... 



MITSUBISHI LSls 

M5M417405CJ, TP-5,.6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

tRAS tRP 

tRWL ~ ~ tCR~ 
tCSH tHPC tHPRWC 1---+-4-

VIH-

tc~p tRCD tCAS ~ tCAS _ e. tCAS 

VIH 

VIL-

xxxx~ 

x xx XI 

~ 

lASR 

tRAD 

tRAH 

,.----, 
~ I 

~ 
lASC 

lAsc ~ 4-+ 

tCWL 
,--., 

~r--, I ~ 

tCAH lAsc tCAH lASR 
~ 

~ @ " ~ COLUMN'2~ ~~ 
x x x '\. r-;;;-

XXXXI ROW COLUMN-1 I COLUMN-3 E: x x x x x x x X XI ADDRESS ADDRESS ~ ~ I ~ ,"XXXX XXXX)I '----

~1J; 

VIH-

Ao-Al0 
VIL-

VIH w 
VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

r-CS~ 
tCAL tCAL 

xxxxxx xxxx~ 
XXXXX XI 
X )11 

»xx x,l< 
)l)«XX X~ 

Hi-Z 

XXXXXXXXXXX 
~XXXXXXX 

tDZ;; tDS ~ 
-- ~ ~ ~} 

~ r ~, 
tAA 

~~II-+ I-twEZ 

DATA 
VALlD-l 

~-.-, 
tRAC ~---' 

tDZO t~ 
tOCH tOEZ 

'J{Y 

x{)I / 
-. 1--4-

tODD 

. • MITSUBISHI 

..... ELECTRIC 

tCPWD 

lAWD 

tewD ~ 
IXXXXX> 

\ ~xxxxx> 

IKXXXXX> 

~!!3-. tDS ~ -+f--c-.j 

~ 
Ir--'--, 

·I<XXXXXXxxx~ DATA 

~----+ ~ VALlD-3 XXXXXX) 
I'-----J 

tCAC 
4---J 
tcLZ 

-+<~ r---., DATA 
VALlD-3 
~ 

tCPA 

~~ 
tOEZ M -+ r-

\ U 
"TXX 
'1:XXXXXX 
~x 
~xxxxx.> 

-+,---14-
tODD 

4 - 143 



MITSUBISHI LSls 

l \ "" \ N_~~Y M5M417405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
pRE , \ a tinol spec\hC~t \0 ch,H)9° 
Notice -, This \\~~ limit" are suPle ' 

Somll pa
rame 

, HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

VIH-

VIL - __________________________________ _ 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH­

VIL-

VIH 

VIL-

VIH-

VIL -

VIH-

-.--I 

XXXX 
xxxx 

{XXXX 

'~ DQ1-DQ4 VOH­

(OUTPUTS) VOL 

VIH-

VIL -

4 - 144 

~ 

~ ~ 
, 

tcp tCAS tCAS 

~ tCAH ~ tCAH 

Xl. ~r:z xxx~ 
COLUMN-1 

~x 
COLUMN-2 xx x IXXXXX ~x 

XI 

~ ~ 

'\.x IXXXXXI ~\2S. 

tCAL ~ L.o_ tCAL 

I.
twcs ~ 

~ tHCWO , 
tHAWO 

tHPWO -
t~ ~ 
~ 

Hi-Z J~ DATA ~xxxxxx 
VALlD-2 '\('C-xxx 

tCAC 
f 1-

tAA 
twEZ 

tCPA + ... 
W%@ DATA 

VALlD-1 

tHCOO ~ 
tHAOD ~, 

tHPOD 

V 

'. MITSUBISHI 
"ELECTRIC 

Hi-Z 

I ~ 

l.
lASC ~ tCAH 

~~ @ COLUMN-3 XXIl 

~Zlt 

tozc 

~ 

xx x Hi-Z 

xx J'i tCAC 
~ 

t... tv 
tCPA 

tCLZ~ 
DATA 

~ VALlD-3 

tDZ tOEA 
~~ 

, 



- ---------- --------- ------ -----

MITSUBISHI LSls 

M5M417405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by OE ) 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL -

VIH 

VIL-

VIH-

VIL 

VIH 

VIL -

VIH 

VIL 

DQ1-:-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

tRAS 

\ 
tCSH tHPC tRSH 

tCRP tRco tCAS ~ tCAS tcp tCAS 

+.-
{ 

,.....-, 
XXXXYI \ V , ~ \ &<;f;f/ 

tRAO tCPRH 

tASR tRA'1. tAsc 
tCAH tA~ 14 tCAH. tA~ 14tCAH • .-. 

~1 ~ 
J'X")l"')n K5 1n\. ROW 

~ ADDRESS COLUMN-1 I][XX COLUMN-2 IIlX XXIl 

~"'" l5.l ~ 

r~ 
XXXXXX xxx~ 
xxxxxx XXXI 
~ VX':/ 

tozc 

x xxx Hi-Z XXXXXX 
xxx xx 

~ ~ 
tAA tAA 

tOOH 

~~ ~~~ Hi-Z r DATA' DATA DATA 
VAll 0-1 ~ ~~ VAll 0-2 

tRAC ~ 
tCPA tozo t~ toEZ 

~H 

~xxxx~:..\ 
xxxxxxXXXXXXXXX~ 

:....- ... 
r-'1 

\~ I ... -+-tOEPE 

',MITSUBISHI 
;"ELECTRIC 

tCHOL~ 
f4--
~ 

I ... f-

COLUMN-3 ~ 

tRAL 

~ 
tAA 

tCLZ 
...... t-----"-~ 

H>Z j~ 
tCPA 

tOEZ 

\ 
+-tOEPE 

tRP 

~ ~ 
tCRP 

I 

~ 
rs""l n ROW 

)II 
ADDRESS 

w:::::..e ~W 

.-tR~ 
4----+ tRCH 

~ ....... xxx~ 
'~..xXXX} 

.xxxx~ 

~ 
tROD 

tcoo 

tREZ ~ ~ 
tOHR 

tOFF 

tOHC 

DATA 
VAll 0-3 )-

tOEZ 

x ,xx X:J 

l-h x.;< x.; 
L X xxx 

....... toDD 
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MITSUBISHI LSls 

M5M417405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by W ) 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL -

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

~ 
tCSH 

~~ 
tRCO tCAS 

XXXXlf. 
66tXYI' \ 
~ 

tRAO 

tASR tRAH .... ~ tAsc 

- [l7J!)...j li<'X XXX1d 
ROW 

ADDRESS ~ 
COLUMN-1 IXX 

~ lQ;; 

~~ 
,xxxxx xxx~ xxxxx 
xxx xxx XXX)fI 

tozc 

XZxXXXX ~ 
..)<;<XXXX xxxx 

~ 
tAA 

-
DQ1-DQ4 VOH­

(OUTPUTS) VOL-

Hi-Z ~b 
tRAC 

tozo 
~tOEA 

tOCH 

VIH ~xxxxxxxxxxxx~ 

VIL 
.~xxxxxxxxxxxxxxxxx~ 

tRAS 

tHPC tRSH 

~ , tCAS tcp tCAS 

~ 

I \ I \ 
tCPRH 

tA~ ~ tA~ ~ 
)(~ ~,rx ~ 

COLUMN-2 COLUMN-3 K. XI II:!CX 'X'XI 

~~ P(~ ~ 
tRAL -

tRCH-" t -1-. -tRCS 

II 
twPE 

Hi-Z 

~ ~ 
tM tAA 

-Ct~ twEZ E --..::.:.r-:-
DATA }¢ DATA \ HI'Z '~ 

VALlD-1 VALlD-2 1- ' 
tCPA tCPA 

r r 
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RP 

I L 
tCRP 

/ 

~ 

)(~ :;~1 ROW 
~~ ADDRESS 

~-'!! 

tRRH 
+~ 
~ tRCH 

xxxx)o 

~~ 

~ 
tROD 

tcoo 

~ K'S 
tREZ ~ ~ 
tOHR 

tOFF 

tOHC 

DATA ~ VALlD-3 

tOEZ 

XX XXX) 
b h ~ 

~ toDD 



MITSUBISHI LSls 

M5M417405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

w 

OQ1-OQ4 
(INPUTS) 

VIH-

VIH 

VIL 

VIH 

VIL 

VIH­

VIL 

OQ1-0Q4 VOH-

(OUTPUTS) VOL-

RC 

tRAS tRP 

~ V ~ 

tCRPj ~~r i tCRP 

xxxxxx+ 

W ~' 

tASR 
~ tASR ... ---~ 

.xxxxx," ROW 
./{XXXXX XXXXXXXXXX xx'" ROW xxxxxX XXxxx x x xxX ADDRESS ADDRESS XXXXXI .xxxxxxxxxxxxxxx xxxxXXXXXXXI 

Hi-Z 

--------------------------~---------------------------------------------

• MITSUBISHI 
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MITSUBISHI LSls 

,,,,,'NARY 
POEl 'licatlOn, 

["\. \intI' spec' , change 
, e' This is no,\,.a itS are SUPlee' \0 

M5M417405CJ, TP .. S,-6,-7 ,-5S,~6S,-7S 

Nolle" ,metr"C ,!11 

Son'1e pa
l3 

' HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle 

Ao-A10 

w 

VIH-

VIL-

VIH­

VIL-:-

VIH-

VIL-

VIH-

VIL 

~ 

.-l 

xxx 
xxx 
xxx 

tRP 

tRPC t~ ....... 
~ 

~ 
....... 
tCPN 

xxxx 
xxxxx 
x 

~H t~ 

W 

\ 

tRC II 

tRAS 
» 

-.i{ 

I -
tCHR tRPC tCSR 

"~(r ....... 
V ~ 

" 

lr 
xxxx 

x xxxxxxx 
xxxx 

" 

tRHR 
rr tR~ 

~XXXXXXxXII 

~ }I 

", 

1r 

tRC .. 
tRAS tRP .. 

\ I ~ 

tCHR tRPC r tCRP 

"-j4-

V W \.. 
tASR .... 

"---xxxxxxxxxxxxX\. ROW COLUMN xxxx ADDRESS ADDRESS 
!--

tRHR tR~ 
I 

xxxx Xlfl 

\X XXI 

xxx x 
DQ1-DQ4 
(INPUTS) 

VIH- xxx xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxx 

VIL-

DQ1-DQ4 VOH 

(OUTPUTS) VOL-

VIH 

VIL 

4 - 148 

xxx 

tOFF 

"'1- of-

\ 
I 

tOEZ 

1++ 

xxxxxxx 
xxx 

xxxxxxxxxx xxxxxxx xxxxxxxx 

" 

~S 
Hi-Z 

rr 
xxx xx xxxxxxxxxxxxxxxxxxxxxxxx~ 

XXXXXxxxxxxxxxxxxx x X} 
JJ 

, • ' MITSUBISHI 
.... ELECTRIC 



MITSUBISHI LSls 

M5M417405CJ, TP-5,~6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 33) 

Ao-A10 

VIH-

VIL-

VIH 

VIL 

VIH 

VIL 

tCAP 

xxxxx>t 
XXXXXl 
XXXX)I 

tASA 

XXXXA 
xx x X Xl( 

XXXXXI' 

tAC 

tAAS 

\ 

tACO tASH 

\ 
tAAO 

tAAH tAsc tCAH 

~ ROW COLUMN 
ADDRESS ADDRESS \KX 

f tAAL 

VIH ocxxxxxxx xxx 
w 

DQ1-DQ4 
(INPUTS) 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

{XXXXXXX XXXI 

~ 

xx xxxxxxx xxx 
~xxxx X.xxxx 

tCAC 

1M 

~ 
Hi-Z 

4~~ 
tAAC 

tozo tOEA 

tOAH 

~XXXXXXXXX x , 
XXXXXXXXXXXXXXXXX 

tAC 

tAP tAAS tAP 

I \ V L 
tCHA 

V 
tASA 
"'r-14-

xx x XX\} ROW 

xxi~ ADDRESS 
IXXX xx x 

~ F ~ 
W 

xxx xxx> 
","x XXXXXXX,) 
\x xxxXXXX> 

tcoo 

~ 
Hi-Z xxxx 

tAEZ ~ 

~ tOFF 

tOHC 

Hi-Z 
DATA VALID 

tOEZ 

tODD 

/I,">:X x~ 
I.. XXXXX XXXX 

Note 33: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
In all cases tASA and tAHA should be satisfied. 
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M5M417405CJ, TP-5,-6,-7 ,-5S,-~S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Self Refresh Cycle, Slow Refresh Cycle 

Ao-Al0 

w 

OQ1-0Q4 
(INPUTS) 

VIH-

VIL 

VIH­

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

OQ1-0Q4 VOH 

(OUTPUTS) VOL-

VIH 

VIL 

4 - 150 

RP RASS tRPS 

I ~ ~ ~ 
tRPC 

~ tCSR 
4-+ 

.. t~s 

I ~ V 
~ 

tCPN 

x xxxxxxxxxxxxxx X 
xxx xxxxxxxxxxxxxx XYXXX 
xxx 

~H ~ tRHR .I 
I 

W 
~XXXXXXXXYXXXXXXxxxxx 

IY XXYXYXXYXX X 
~X YYY x 

,xxxxx XXXXXXXYXXYXXXXXXxxx XXXXXXX 
,x XXYYYYYYYXXXXXXXYYYYYYYYYYYYY 

tOFF ... ~ 
r-.. 

Hi-Z 

1/ 

~ tOEZ 

x: X x x x x x x x xx x x x x x Y Y Y Y Y Y Y Y Y Y Y Y Y yYyYyYx'JL-0- x 
I'~XX)(XXXXXXxxxxxxxx~xx XXXXXXXX 
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~W 

tASR .. 
xxx.). ROW 

XXXXX)& 
ADDRESS 

xxxxxxxx 
XXXXXXXX 
XXXXXXXX} 

xx~ 

xxxxxxxxxx 

xxxxxxxx 
xV-
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PREL\~~~~~~" 
is r:O r its are .5" Ie 

,amo1ne 1m 

M5M417 405CJ, TP-5,-6,-7 ,-55,-65,-75 

pll HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Ao-Al0 

DQ1-DQ4 
(INPUTS) 

VIH-

VIH­

VIL -

VIH­

VIL -

VIH-

VIL -

VIH-

VIL -

DQ1-DQ4 VOH 

(OUTPUTS) VOL -

VIH-

VIL :-

tRp tRAS tRP 

/ ~ ~ 1\ 
14 tRPC. 

tCSR tCHR 

--!f F ~ 

'/ ~ I W 
~ 

tASR 
-+ f-- f--

.x.x.x .x.x yyyyyy xxxx .xXXXXXXY ..,.; .x.a. ROW xx..,.;..,.; ..,.;xx xxxxxxxxxxx.x.x..,.; x.x..,.; XXXX.M ADDRESS xxx xx xxxxxxxxxxxxxxxxxxxxxx x xxx, 

A twSR twHR 
~ 

~~ 
~xxxxxxX.x.x.x..,.;..,.;XXXXXx..,.;~.x.x.x.x..,.; x.x 
I~X"";XX.x..,.;..,.;..,.;xx..,.;..,.;x.xxxxxxxxxxxxxxxxxxxx 

~XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX) 

xx xxxxxx xxxxxxxxxx.xxxxxx .x.x.xxx x xxx~ 
xxxxxx xxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxx.x.x.x 

tOFF .. ... 
\ Hi-Z 

I 

tOEZ .... 
... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~x..,.;x.x.x~~~ ~ 

Note 34: This cycle can be used for initialized cycle after power-up, however entried into Test Mode. 
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M5M417800AJ ,TP-6,-7,-6S,-7S 
FAST P~GE MODE 16777216-BIT (2097152·WORD BY 8·BIT ) DYNAMIC RAM 

DESCRIPTION 
This is a family of 20971S2-word by 8-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 

FEATURES 
RAS CAS Address Oe ?;: Power 

Type name 
access access access access dlsslpa-

time time time time tion 
(max.ns) (max.ns) (max.ns) (max.ns) (mln.ns) (typ.mW) 

M5M417800AXX-6,-6S 60 15 30 15 110 540 

M5M417800AXX-7,-7S 70 20 35 20 130 475 

XX .. J, TP 

- Standard 28 pin SOJ. 28 pin TSOP 
-Single SV±10%supply 

- Low stand-by power dissipation 
S.SmW (Max) ................ · .................... CMOS Input level 
2.2mW·(Max) .................................... CMOS Input level 

- Low operating power dissipation 
MSM417800Axx- 6, -6S .......................... 660.0mW (Max) 
MSM417800Axx-7, -7S .......................... 580.0mW(Max) 

- Self refresh capability • 
self refresh current ................. :.::..:.:..:: ......... 400.0~Max) 

- Fast-pl!9!!..!!1ode, Read-modify-write,RAS-only refresh, CAS 
before RAS r~fresh, Hidden refresh capabilities 

- Early-write mode and OE to control output buffer impedance 
- All inputs, output TIL compatible and low capacitance 
-2048 refresh cycles every 32ms (Ao ..... A10) 

• Applicable to self refresh version (MSM417800AJ, TP-6S, 
-7S : option only) 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN CONFIGURATION (TOP VIEW) 

(SV) Vcc 1 

DATA { ~~: 2 
INPUTS! 

OUTPUTS D03 

D04 

WRITE eo~~~s.Lr W 6 

~~~o1fe~~~~ RAS 7 
NC 8 

28 Vss (OV) 

26 D07 DATA 
27 DOs} 

INPUTS/ 
25 DOs OUTPUTS 

24 D05 

23 CAS ~~~g~~ I~~B~ESS 
22 OE ~~Th-UT ENABLE 

{ 

A~: 1: ADDRESS 
ADDRESS A 1 11 INPUTS 

INPUTS 
A2 12 

A3 13 

(SV) Vee 14 15 VSS (OV) 

Outline 28POK (400mil SOJ) 

(SV) Vee 1 

DATA { ~~: 2 
INPUTS! 

OUTPUTS D03 

D04 

WRITE eo~~~s.Lr W 6 

ROW ADDRESS RAS 7 
STROBE INPUT 

NC 8 

28 VSS (OV) 

26 D07 DATA 
27 D08} 

INPUTS! 
25 DOs OUTPUTS 

24 D05 

23 CAS ~~~g~~ I~~B~ESS 
22 OE ~~JrUT ENABLE 

. { A~: 1: ADDRESS 
ADDRESS A 1 11 INPUTS 

INPUTS 
A2 12 

A3 13 

(5V) Vee 14 15 Vss (OV) 

Outline 28P3Y - H (400mil TSOP) 

NC : NO CONNECTION 
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M5M417800AJ,TP-6,-7,-6S,.7S 
FAST PAGE MODE 167n216·BIT (2097152·WORD BY 8·BIT) DYNAMIC RAM 

FUNCTION 
The M5M417800AJ, TP provide, in addition to normal read, 
write, and read-modify-wrlte operations, a number of other 

functions, e.g., fast page mode, RAS-only refresh, and 
delayed-write. The input conditions for each are shown in Table 1. 

Table 1 .Input conditions for each mode 

InpulS 
Operation 

a:d':ss ~~~:~ RAS CAS Vi OE 

Read ACT ACT NAC ACT APO APO 

Write (Ea~y write) ACT ACT ACT ONC APO APO 

Write (Delayed write) ACT ACT ACT ONC APO APO 

Read-modify-write ACT ACT ACT ACT APO APO 

RAS-only refresh ACT NAC ONC ONC APO ONC 

Hidden refresh ACT ACT ONe ACT APO ONC 

Self refresh ACT ACT ONC ONC ONC ONC 

~ before m refresh ACT ACT NAC ONC ONC ONC 

Standby NAC ONC ONC ONC ONC ONC 

Note: ACT: active, NAC : nonactive, ONC : don't care, VLO : valid, IVO : Invalid, APO : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT 

ROW ADDRESS 
STROBE INPUT 

WRITE CO~~~8~ Vi 

AO 

Al 

A2 

A3 

A4 

ADDRESS INPUTS A5 

A6 

A7 

A8 

A9 

Al0 

COLUMN DECODER 

---------------
SENSE REFRESH 

AMPLIFER & 1/0 CONTROL 

MEMORY CELL 
(16m216 BITS) 

• MITSUBISHI 
"ELECTRIC 

\ 
Input/Output \ 

Refresh Remark 
Input Output 

OPN VLO YES 

VLO OPN YES Fast page 
mode 

VLO IVO YES identical 

VLO VLO YES 

ONC OPN YES 

OPN VLO YES 

ONC OPN YES 

ONC OPN YES 

ONC OPN NO 

-~ Vrx;(5V) 

Vss (OV) 

DOl 

002 

003 

004 DATA 
D05 INPUTS I OUTPUTS 

DOS 

007 

DOS 

OE OUTPUT ENABLE 
INPUT 
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M5M417800AJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vcc Supply voltage -1-7 
V, Input voltage With respect to Vss -1-7 
Vo Output voltage . -1-7 

10 Output current SO 

Pd Power dissipation Ta=~S'C 1000 

Topr Operating temperature 0-70 
Tstg Storage temperature -65-1 SO 

RECOMMENDED OPERATING CONDITIONS (Ta = 0-70'C, unless otherwise noted) (Note 1) 

Limits 
Unit Symbol Parameter 

Min Nom Max 

Vcc Supply voltage 4.S S S.S V 

Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.4 6.0 V 

V'L Low-level input voltage, all inputs -1.0 O.S V 

Notel: All voltage values are WIth respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vcc = SV±10%, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Min 

Limits 

Typ Max 

VOH High-level output voltage 10H=-5mA 2.4 Vcc 

VOL LOW-level output voltage IOl= 4.2mA 0 0.4 

loz Off-state output current Q floating OV:;iiVOUT:iiS.SV -10 10 

II Input current OV:;iiV'N :;ii6.SV, Other inputs pins = OV -10 10 

Average supply current MSM417800A-6,-6S RAS, CAS cycling 120 
Icc1 (AV) from Vee operating tRC = twc = min. 

(Note 3,4) MSM417800A-7.·75 output open lOS 

Supply current from Vcc , stand-by· 
RAS = CAS =VIH, output open 2 

Icc2 
RAS = CAS~Vcc-O.S 1 

Average supply current MSM4178~A-6,.6S RAS cycling, CAS = V'H 120 
fromVcc 

1CC3 (AV) refreshing 
tRC= min. 
output open 

(Note 3) MSM417800A-7.-7S 105 

Average supply current MSM417800A-6,-6S RAS = Vil. CAS cycling 70 
from Vee 

ICC4 (AV) Fast-Page-Mode 
tpc= min. 
output open 

(Note 3,4) M5M417800A-7,.75 60 

Average supply current MSM417800A-6,-SS CAS before 'RAS. refresh cycling 
120 

from Vee 
Ices (AV) CAS before RAS refresh tRC= min. 

mode 
(Note 3) MSM417800A-7,. 75 

output open 
lOS 

.. 
Note 2: Current flOWing Into an IC IS pOSitIVe; out IS negative . 

3: ICCl (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

CAPACITANCE (Ta= 0-70·C, Vcc = SV±10%, Vss =OV, unless otherwise noted) 

Symbol 

CI(A) 

GI(OE) 

CI(WJ 

CI(RAS) 

CI(CASj 

CliO 

4 - 154 

Parameter 

Input capacitance, address inputs 

Input capacitance, OE input 

Input capacitance, write control input 

Input capacitance, ~ input 

Input capacitance, CAS input 

Input/Output capacitance, data ports 

Test conditions 

VI =Vss 

f= lMHz 
VI=2SmVrms 

• MITSUBISHI 
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Limits 

Min Typ Max 

S 

7 

7 

7 

7 
8 

Unit 

V 

V 

V 

mA 

mW 

'C 

'C 

Unit 

V 

V 

J.lA 

J.lA 

mA 

mA 

mA 

mA 

mA 

Unit 

pF 
pF 

pF 

pF 

pF 

pF 
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M5M417800AJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT ) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta = 0-70t, Vcc = 5V± 1 0%, Vss = OV, unless otherwise noted, see notes 5,12,13) 

Limits 
Symbol Parameter M5M417800A-6,-SS M5M417800A-7,-7S Unit 

Min Max Min Max 

tCAC Access time from ~ (Note S,7) 15 20 ns 

mAc Access time from ~ (Note S,8) SO 70 ns 

tAA Columu address access time (NoteS,g) 30 35 ns 

tCPA Access time from ~ precharge (NoteS,10) 35 40 ns 

tOEA Access time from ~ (Note 6) 15 20 ns 

tcLZ Output low impedance time from ~ low (Note 6) 5 5 ns 

tOFF Output disable time after ~ high (Note 11) 0 15 0 15 ns 

toEZ Output disable time after OE' high (Note 11) 0 15 0 15 ns 

Note 5 : An initial pause of 500 f1. s is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock such as RAS-Only refresh). 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 32 ms) 
of RAS inactivity before proper device operation is achieved. 

6: Measured with a load circuit equivalent to 2TTL loads and 100pF. 
7: Assumes that tRCD~tRCD (max) and IAse~lAse (max). 
8 : Assumes that IRCD.:iitRCD (max) and IRAD;:;;tRAD (max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC will 

increase by amount that tRCD exceeds the value shown. 
9 : Assumes that tRAD~tRAD (max) and IAse;:;;lAse (max). 

10: Assumes that tcP.:iitcp (max) and IAse~lAse (max). 
11 : tOFF (max) and tOEZ (max) defines the time at which the output achieves the high impedance state (louT;;iiI± 1 0 /.l AI) and is not reference to VOH (min) 

or VOl (max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 
(Ta = 0-70t, Vcc = 5V±10%, Vss = OV, unless otherwise noted See notes 12,13) 

Limits 

Symbol Parameter M5M417800A-6,-SS M5M417800A-7,-7S Unit 
Min Max Min Max 

tREF Refresh cycle time 32 32 ms 

tRP ~ high pulse width 40 50 ns 

IRCD Delay time, RAS low to CAS low (Note14) 20 45 20 50 ns 

tCRP Delay time, CAS high to RAS low 10 10 ns 

tRPC Delay time, ~ high to'OAS low 0 0 ns 

tCPN ~high pulse width 10 10 ns 

tRAD Column address delay time from 'RAS low (Note15) 15 30 15 35 ns 

IASA Row address setup time before RAS low 0 0 ns 

lAse Column address setup time before'OAS low (Note16) 0 10 0 10 ns 

tRAH Row address hold time after'RAS low 10 10 ns 

tCAH Column address hold time after CAS low 15 15 ns 

tDzc Delay time, data to 'CAS low (Note17) 0 0 ns 

tozo Delay time, data to OE low (Note17) 0 0 ns 

tCDD Delay time, ~ high to data (Note18) 15 15 ns 

tODD Delay time, C5E' high to data (Note18) 15 15 ns 

IT Transition time (Note19) 1 50 1 50 ns 

Note 12 : The timing requirements are assumed IT =5ns. 
13 : VIH (min) and VIL (max) are reference levels for measuring timing of input signals. 
14: IRCD (max) is specified as a reference pOint only. If tRCD is less than IRCD (max), access time is tRAC. If tRCD is greater than IRCD (max), access time 

is controlled exclusively by tCAC or IAA. tRCD (min) is specified as tRCD (min) = tRAH (min) + 2tH + IAsc (min). 
15 : tRAD (max) is specified as a reference point only. If tRAD ~tRAD (max) and tASC ;:;;lAse (max), access tima is controlled exclusively by IAA. 
16: lAse (max) is specified as a reference point only. IftRCD ~IRCD (max) and tAse~tAse (max). access time is controlled exclusively by tCAC. 
17 : Either tDZC or tDZO must be satisfied. 
18 : Either tCDD or tOCD must be satisfied. 
19 : IT is measured between VIH (min) and VIL (max). 
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M5M417800AJ, TP~6,-7 ,-6S,-7S 
FAST PAGE MODE 16m216-BIT (2097152·WORD BY 8-BIT ) DYNAMIC RAM 

Read and Refresh Cycles 
Limits 

Symbol Parameter M5M417800A-6,-6S M5M417800A-7,-7S 

Min Max Min Max 
tRc Read cycle time 110 130 

tRAs ~ low pulse width 60 10000 70 10000 

tCAS ~ low pulse width 15 10000 20 10000 

tCSH ~ hold time after m low 60 70 

tRSH ~ hold time after ~ low 15 20 
tRcs Read Setup time after ~ high 0 0 
tRCH Read hold time after ~ low (Note 20) 0 0 
tRRH Read hold time after m low (Note 20) 10 10 
tRAl Column address to m hold time 30 35 
tOCH ~ hold time after OE low 15 20 

tORH m hold time after OE low 15 20 

Note 20 : Either tACH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 

Symbol Parameter 

twc Write cycle time 

tRAS ~ low pulse width 

tCAS ~ low pulse width 

tCSH ~ hold time after ms;s low 

tRSH ~ hold time after m low 

twcs Write setup time before m low 

twcH Write hold time after m low 
tcWl CAS hold time after W low 

tRWl m hold time after W low 
twP Write pulse width 
tos Data setup time before ~ low or W low 
tOH Data hold time after m low or W low 
tOEH OE hold time after W low 
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Limits 

M5M417800A-6.-6S 

Min Max 

110 

60 10000 

15 

60 

15 

(Note 22) 0 

10 

15 

15 

10 

0 
10 

15 

•.. MITSUBISHI 
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10000 

M5M417800A-7 ,-7S 

Min Max 

130 

70 10000 

20 10000 

70 

20 

0 

10 

20 

20 

10 
0 

15 
20 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 
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M5M417800AJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT ) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 
Limits 

Symbol Parameter MSM417800A-6,-6S MSM417800A-7,-7S Unit 
Min Max Min Max 

tRWC Read write/read modify write cycle time (Note21) 155 180 ns 

tRAS RAS low pulse width 105 10000 120 10000 ns 

tCAS ~Iow pulse width 60 10000 70 10000 ns 

tCSH ~ hold time after RAS low .105 120 ns 

tRSH ~ hold time after CAS low 60 70 ns 

tRCS Read setup time before CAS low 0 0 ns 

tCWD Delay time, CAS low to W low (Note22) 40 45 ns 

tRWD Delay time,RAS low to W low (Note22) 85 95 ns 

tAwo Delay time, address to W low (Note22) 55 60 ns 

tCWL CAS hold time after W low 15 20 ns 

tRwL RAS hold time after W low 15 20 ns 

twP Write pulse width 10 10 ns 

tos Data setup time before W low 0 0 ns 

tDH Data hold time after W low 10 15 ns 

tOEH ~ hold time after W low 15 15 ns 

Note 21 : tRwc is specified as tRWC (min) = tRAC (max) + tODD (min) + tRWL (min) + tRP (min) + 5tr. 
22 : twcs, tCWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcs~twcs (min) the cycle is an early write cycle and the 

DO pins will remain high impedance throughout the entire cycle. If tCWD~tCWD(min). tRWD~tRWD (min), tAWD~tAWD (min) and tcPWD~tCPWD (min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will cQntain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 

Limits 

Symbol Parameter MSM417800A-6,-6S MSM417800A-7,-7S Unit 
Min Max Min Max 

IPc Fast page mode readtwrite cycle time 40 45 ns 

IPRWC Fast page mode read write/read modify write cycle time 85 95 ns 

tRAS RAS low pulse width for read write cycle (Note24) 100 125000 115 125000 ns 
tcp CAS high pulse width (Note25) 10 15 10 15 ns 

tCPRH Jt!S hold time after CAS precharge 35 40 ns 

tCPWD Delay time, CAS precharge to W low (Note22) 60 65 ns 

Note 23 : All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
24 : tRAS (min) is specified as two cycles of CAS input are performed. 
25 : tcp (max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 26) 

Limits 

Symbol Parameter MSM417800A-6,-6S MSM417800A-7,-7S Unit 
Min Max Min Max 

tCSR CAS setup time before ~ low 10 10 ns 

tCHR CAS hold time after ro\S low 10 15 ns 

tRSR Read setup time before ms low 10 10 ns 

tRHR Read hold time after ms low 10 15 ns 

Note 26 : Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 
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M5M417800AJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (2097152;;'WORD BY 8·BIT ) DYNAMIC RAM 

Timing Diagrams (Note 27) 

Read Cycle 

RAS 

CAS 

Ao-A11 

w 

ool-D04 
(INPUTS) 

D01-D04 
(OUTPUTS)' 

OE 

4 -158 

VIH -

VIL -

VIH 

Vil -

VIH 

Vil 

VIH -

Vil 

VIH 

VIL 

VOH -

VOL -

VIH 

Vil 

tRC 

tRAS tRP , I ~ 
tCSH 

tCRP tRCO tRSH tRPC 
tcp r tCAS 

.. 
xxxx, ~ ~ ~ ~ 

... tRAO .. tRAl tASR 
tASR 

I.RAH. ~. tCAH tCPN ~ 
~ 

~ AD~~~S COLUMN ROW ADDRESS x x xx~ KXXXln IftXXXXX.lIIn XXlt ADDRESS 
~ Ao ..... A11 -'x x XXXI Ao-A9 x x XXI 

~ tRRH 

tRCS 

l 
tRCH 

ICX xxx x XXXXXXX I,""XXXXXxxxxx 
xx~ xxxxx 

tozc +r----. tcoo 

xxxx x Hi-Z XXXXXXX 
A xxxxxxx 

tCAC 

-- tAA ~ 
tCLZ 

Hi-Z 

~ \ Hi-Z 
DATA VALID , 

tRAC t~ 
tozo. ....-..-. tOEA tODD 

tOCH 

xx x 
xxxxxxxx~~~xfxxxxxxxxxxx ,.z..xx XXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXAXXXXX ,. xx X XXX 

tORH 

Note 27 ,~ Indicates the don't care input. -
~ VIH(min):iiVIN:iiVIH(max) or Vll(min):iiVIN:iiVll(max) 

~ Indicates the invalid output. 
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M5M417800AJ, TP"!'6,-7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

Ao ...... All 

W 

DQ1-Do.. 
(INPUTS) 

VIH -

VIL -

VIH -

VIL -

VIH -
VIL -

VIH -
VIL -

twc 

tRAS tRP 

tRSH 

tCAS 

ROW 
ADDRESS 

twCH 

DOl-Do.. 
(OUTPUTS) 

~H- H~ 

------------------~--------~--------------------------------VOL -

OE ~:: -

• MITSUBISHI 
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MITSUBISHI LSls 

M5M417800AJ, TP-6,-7 ,-6S,-78 
FAST PAGE MODE 16777216-BIT (2097152-WORDBY 8-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

Ao ...... A11 

w 

001 ...... 004 
(OUTPUTS) 

4 - 160 

VIH 

VIL -

VIH -

VIL -

VIH -

VIL '-

VIH 

VIL 

VIH 

VIL 

VOH-

VOL-

VIH 

VIL 

twe 

tRAS 

~ 
tCSH 

tr: 
tRCO tRSH 

tCAS 

XXXXJI' , 
~ 

~ tRAH 
tAsc ~ 

tCAH 

B AD~~'gSS ·nn A~~~~~~ AX Ao-A11 .~ Ao ..... A9 

~ 
XXXXXXXXXX 70* 

xxxxxxxXXX }If I 

xxxxxxxxXXXXXXXI 

twcH 

tozc tos 
~ J'r7lf Hi-Z xx xxxx 

xxxxxxxxxxxx~x~ 
'~ 

~ 

Hi-Z ,~ ~ I( 

~ 
tOEz 

xxxxxxxxxxxxxxxxxxxx .. 
X XXXXXXXXXXXX 11. 

. • • MITSUBISHI 
..... ELECTRIC 

i4--+ toDD 

tRP 

i ~ 
,C I tCRP 

I{ W 
... I4-tASR 

xx~ ROW 
xx~ ADDRESS 

~ 
tRWL 

~ 
IXXXX xxxx 

~ I«XXXXXXXXxxxxxx 
'xxxxxxxxxxxxxxx 

tOH 

DATA kxxxxxxxxxxxx 
VALID nlXXXXXXxxxxxx 

Hi-Z 

tOEH 
i++ 

.xxxxxxxx X 
W:XXXXXXX 

xx. 



MITSUBISHI LSls 

M5M417800AJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Read-Write, Read-Modlfy-Wrlte Cycle 

Ao ..... A11 

w 

OQ1 ..... 0Q4 
(INPUTS) 

OQ1 ..... 0Q4 
(OUTPUTS) 

VIH 

VIL -

VIH 

VIL -

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH­

VOL-

VIH­

VIL -

tAWC 

tAAS , 
tCSH 

tACO 
tCAP r 

XXXX1r ~ 

§Zil' tAAD It 

lAS~ tAAH 
lAsc ~ 

tCAH 

~ ~ 

AD~~~SS A1?d-~~~ ~ 
~ Ao ..... A11 ~ Ao ..... A9 

{AWD 

tACS ~ f-+ 
tCWD 

tAWO -
xxxxxx XXXXXXXlI 
XXXXXX XXXI 

xxxx x~ 

tozc 14- f-+ 
xxx X Hi-Z 

xxx. 
tCAC 

fAA 

tCLZ 

Hi-Z ~~ 'DATA 
VALID 

tAAC ""-

tozo I~OEA .. 

XXXxxxxxxxxxXXXxxxxx ) xxxxxxxxxxxxxxxxxxxx 

. • MITSUBISHI 

.... ELECTRIC 

tAP 

I ~ 
tASH 9C 

r tCAP 
tCAS 

V W 
lAS~ 

~LXXXX x xxx,. ROW 
laC xx xxxxa ADDRESS 

tCWL 

tAWL" 

twp 

J5l5l<}<XXXXXXXXX 
!}I;xxxxxxxxxx~ 

It xxxxxxxxxxxxx 

tos H 
tOH 

j~ xx") 
DATA VALID .xxxxxxxxxxx 

1~ t.cxxxxxxx~ 

\ Hi-Z 

I 
---+ toDD 

tOEZ ~ 

~ XXXXX 
«XXXxxxxxxxxxxxx 
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MITSUBISHI LSls 

M5M417800AJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT ('2097152-WORD BY 8-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 
(OUTPUTS) 

4 - 162 

tRC 

tRAS tRP 

VIH -

VIL -

VIH-~~5tii------------------------------------~~l1-----­

VIL -

VIH -

~L . 

VIH -

VIL 

VOH-

VOL-

Hi-Z 

" ,,". MITSUBISHI 
.... ELECTRIC· 



MITSUBISHI LSls 

M5M417800AJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16n7216-BIT (2097152-WORD BY8-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle 

Ao ....... All 

w 

001 ....... 004 
(INPUTS) 

001 ....... 004 
(OUTPUTS) 

OE 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH-

VOL -

VIH 

VIL 

RC 

" 
RC 

tAp tAAS 
» 

tRAS tRP 
"'""-

tt 

J ~ ~ " ~ I \ 
::C 

tCSR tCHR tRPC tCSR tCHR tRPe r tCRP ..... "'-j4-" .... ... + 
J 
~ 

~ f 'm f _AAA.-

YQ91 \. 
~PN '" ... -

I, -.. ~~R - -KA AAA 
A AAAAAA A AAAAXXXX A~ 

ROW COLUMN 
v- AAXXXX AXXAXXXXAXXXX~ ,XXA AXXXXAXX XI DDRES ADDRESS - -~ 

tRCH tRSR tAHR tRSR tRHR tAcs 

~ ~ I ii r-- I r--
WI "W.A '\Xx XXXXXXX)!II 

YXXAAAR7I YX AAAAAAA' 

" 

it 

AAAAAAXXXXAA AAAAAXXAAXAA AXXAXXXXXXXX 
X AAAXXAAXAAXXXAXXA AAXAAXXAAXAA AXXAXXXXAAXA 

" 
... J£FF 
--\ 

;S Hi-Z 

-' 
-"1-- J£EZ 

I 

A~ 
AAXXA 

X 
A XAAXAA XXXXXXX AAAAAAAAA ~A 

,;. XXXXAXAAAAAAXXXA AAAAAXAAXAAAAXXAAAAA AXXA 

" 

" MITSUBISHI 
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MITSUBISHI LSI. 

M5M417800AJ, TP-6,-7 ,-68,-7S 
FAST PAGE MODE 16777216-BIT (2097152·WORDBY 8·BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 28) 

Ao ..... All 

w 

OQ1 ..... 0Q4 
(INPUTS) 

OQ1 ..... 0Q4 
(OUTPUTS) 

w 

4 - 164 

VIH 

VIL -

VIH 

VIL -

VIH -

VIL 

VIH -

VIL 

VIH 

VIL 

VOH-

VOL-

VIH -

VIL 

tRC 

tRAS ... 

~-

tCRP tRCD tRSH r 
XXX.Xir 

~ tl!i3 
tRAD 

tASR II ~tASC tCAH 

~ AD6~rss ~ ;~J~~~ ~IL x 
xxx .. laX 

~ _~ -All Ao-A9 

I~RCSt 
tRAL 

~x xxxx 
~ 

~ 

xxx xxx xxx 
xx x 

tCAC 

tAA 

~ 
Hi-Z ~~ 

tRAc 

tDZO tOEA 

tORH 

xxxxxxxxxxxxxx x X X X X x .. 
xxxxxxxxxxxx 

"L 
tAc 

tRP J tRAS L 
tAp 

I , r L 
tCHR 

i 
tAsR 

~ 

xxxxxxxxxx ROW 
xxxxxxxxxxxxxxx xxxxxxxa ADDRESS 

~ 
.xxxxx xx xxxxxxxxxxxx 

xx x 
w-xxxxxxxxxxx xxxxxxxxxxxx 

tCDD 

Hi-Z xxxx 
.xxxxx 

...... tOFF 

~ Hi-Z 
DATA VALID 

I( 

tOEZ II 
tODD 

-'" 

XXXXXXxxxxx .. xxxxxxxxxxx 

Note 28: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M417800AJ,TP-6,-7,-6S,.7S 
FAST PAGE MODE 16777216·BIT (2097152·WORD BY 8·BIT ) DYNAMIC RAM 

Fast Page Mode Read Cycle 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 
(OUTPUTS) 

VIH 

VIL -

VIH 

VIL -

VIH -

VIL -

VIH 

VIL 

VIH 

VIL 

VOH-

VOL-

VtH 

VIL 

tAAS tAP 
4------+ 

~ ,-L 
tCSH tpc ~ tCAP tACO tCAS ~ tCAS ~ i 

tCAS 

I~~ -
W , , , I 

tAAD tCPAH 

tAsA tAAH 
l .. 

tCAH
• 

tAsc tCAH tAsc 
~ ~ tASA 

tAsc .... ..... 14-+ ~ 

~ 
~ ,,~ ~.,. 

AD'ti~~sS ~~~7W C( LlJMN-1 ¥xxx xv COL JMN- Wx XWi CO_L MN-3 ROW 
Ao"--A9 x? ~ :x.~ ADDRESS Ao-A11 ~ 

I'~XX - ~- " .. 11-" 
tAAL 

.. tACH 
tACS 

-+ ·ir ,. 4-ACS tACH:' t 11 .tACS ~AA~ '-t-- tACH 

xxxxx ~~} 
XXXXX 

xxxxx xxxx 
.z..x 
xx 

Hi-Z 

xxxxxxxx 

I~ r ~ , 'llCXXXXX 

'XXXXX 

tDZC t Z~ 
tDZC tCDD ... ~ 

Hi-Z r Hi-Z r J~ 
,~ ~ 

tCAC ~FI ~ 
tOFF tCAC tOFF 

:;--+ 4--+ 
tAA 

+----+ 

+ ... tCll ~tCLZ a 
DATA \ DATA' ~~ ~~ J~ ~ DATA ~-VALlD-1 , VALlD-2, ,~ VALlD-3 

tAAC tCPA 

tDZO t~ 
I 

1-- "tOEZ 
t)CH 

xxx x xx 
xxx", I X xx .. 

tDZO 
~~ 
tODD 

• MITSUBISHI 
..... ELECTRIC 

~ .e-. 
tePA 

I 

~ .. tOEZ H tOEZ 
..... tOCH ....... 

x x xx 
IJ X xx 

tDZO tODD 
~ +-+ ~ 4--+ 

tOAH tODD 
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MITSUBISI:iI LSls 

M5M417800AJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216·BIT (2097152·WORD BY 8·BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

Ao-A11 

W 

OQ1-0Q4 
(INPUTS) 

OQ1-0Q4 
(OUTPUTS) 

4 - 166 

VIH ----... 

VIL -

VIH -~~~r-tl---i 
VIL -~~{I 

VIH -

VIL -

twos twOH twos twOH twos twOH 

VIH -

VIL -

VOH- Hi-Z 

VIH-. .' 

~L- . 

. '. . MITSUBISHI 
li"'&ELECTRIC 



MITSUBISHI LSls 

M5M417800AJ, TP-6,-7 ,-68,-78 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

Ao-A11 

w 

001 ..... 004 
(INPUTS) 

001 ..... 004 
(OUTPUTS) 

VIH -

VIL -

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL -

VOH -

VOL -

VIH 

VIL 

tRAS tRP r= ~ '---tCSH tRSH 

tCRr tRCD .... tCAS ,L tpc ..I 

l tcp tCAS 

xxxx,' , I ~ I .x.x.x :R -
tRWL If" 

lA~ ,rAH
• lASC ... tCAH ~ tCAH ,JCWL. 

"'lASR 

~ 

AD~~rSS ~ c()LUMN-1 ROW 
AO-A9 

CJ[UMN-2 xx .. 
ADDRESS 

~ 
Ao-A11 ~""XXXXX X~~ .x .xl 

~ +tv ~ 
rowe tR; 
~ ~ 

'If! ~k XXXX.x..x..x..x.AA.x.r ~ ~~~~~» XXXX.x.x..x.x.x..x.:R 

twCH twCH 

tozc tDH tDzc tDH 
~ tDs ~ tDS 

.x.x..x.x.x.x..x.x.x.x..x Hi-Z ~ DATA ~ Hi-Z ~ DATA [&.xx.x.xx 
.x..x.x.x..x. .x iii VALlD-1 

~ ~ 
~ALlD-2 .x 

tCLZ ... t-~ .... ...tCLZ 

Hi-Z ,~~ Hi-Z ~, Hi-Z 

tOEZ'" 14-
tOEZ ... -

tDZO 

+-1 ~ ~ ~ tODD tDZO .... ~ "'r- tODD 

.x.x .x.x..x xx I LJ ~.x..x..x.x..x..x.x 

x x x xxxx !'- ~xx xxxx 

• MITSUBISHI 
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MITSUBISHI LSls . 

M5M417800AJ, TP·6,~ 7 ,~6S,· 75 
FAST PAGE' MODE 1677721~BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modlfy-Wrlte Cycle 

Ao-A11 

w 

001-004 
(INPUTS) 

001-004 
(OUTPUTS) 

4 - 168 

VIH -

VIL -

VIH 

VIL -

VIH -

VIL -

VIH 

VIL -

VIH -

VIL -

VOH-

VOL -

VIH 

VIL 

tRAS tRP ... r ~ L 
tCSH "I-~WL tCRP tRCO tCAS tPRWC 

I 
.1 

tcp tCAS 

)(XXXXI' , I ~ II II;.X.A.A .. - tRAO 

tA~ Il
RAH

• 
tCAH ~ tCAH IJCWL. lASc 1M 1M tASR 

~ 

AD~~~SS CI)LUMN-1 )II. ROW II;..A.A.A. .A ~. C LUMN-2 x .AXJI 

~~ Ao~A11 ~ AO-A9 t'XXxxxx ~" ['XX XXXJIt'~ ADDRESS 

tAwo tAwo ..... 

r:-c~ tcwo tCWL 
tRcs~1~ tcwo .. 

~ ~ 
x xx .. r.l~ I(X.A.AX.A.A xx x XI' ~ I~.AX.AXX.A 

ICX Xlr l rxxxxxxx 

tRWO tcpwo 

tozc tOH OZC tOH 
~~ tos .... tos 

ICXXXXXX XXXX Hi-Z ~ DATA ~ Hi-Z ~ DATA 
.A xxx 

~ VALlD-1 ~ ~ VAll 0-2 

~ tAA~ fAA 

tCLZ..l.~ 

P 
-1.- t~LZ 

~p Hi-Z 

tRAC 

tozo 
~ 

~~:~::=:=XX~ 
ICXXXXX x 

~ 
Hi-Z 

AlID-1(' 
~ 

tOEA 
f+ too~ 

~ .. f.- tOEZ 

J 

•. MITSUBISHI 
.... ELECTRIC· 

Hi-Z 
" ALID-1 -,~ • -bD~ 

tozo +1-~OEZ . 
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MITSUBISHI LSls 

M5M417800AJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 
Limits 

Symbol Parameter MSM4l7S00A-6.-6S MSM4l7S00A-7,-7S Unit 

Min Max Min Max 

twsR IW setup time before ~ low 10 10 ns 

twHR W hold time after'R7\S low 10 15 ns 

Note 29 : ThE! test mode function is initiated by a W andCAS before"'RAS cvcle (WCBR cycle) as specified in timin~ram. 
The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a ~ only refresh cycle. 
During the test mode, the device is internally organized as 16 bits wide (1M bytes depth). No addressill9 ofCAO, CA1 is required. 
During a write cycle, data must be applied to all DO (input) pins. The data can be different between DO pins. The data on each DO 
pin is written into 2 bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 2 bits, 
respectively. High state indicates that they are same. Low state indicates that they are not same. 
During the test mode operation, WCBR cycle can be used to perform refresh. 

001 o----e=: :~ 
o----e=: #3 

002 
#4 

003 o----e=: #5 

#6 

004 o----e=: #7 

#8 

OOs o----e=: #9 

#10 

006 o----e=: #11 

#12 

007 o----e=:- #13 

#14 

OOs o----e=: #15 

#16 

b-C JUDGE ) 

b-C JUDGE) 

b-C JUDGE 

b-C JUDGE 

b-C JUDGE 

b-C JUDGE 

b-C JUDGE 

b-C JUDGE 

• MITSUBISHI 
.... ELECTRIC 

)' 

) 

) 
) 

) 

) 

.. 0 DOl 

.. 0 002 

.. 0 003 

.. 0 004 

.. 0 DOs 

:;. 0 006 

.. 0 007 

.. 0 DOs 
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MITSUBISHI LSls 

M5M417800AJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 167n216-BIT (2097152-WORDBY 8-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

w 

001-004 
(INPUTS) 

001-004 
(OUTPUTS) 

OE 

4 - 170 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 

VIH 

VIL 

-

tAp tRAS tAp 
~ 

J ~ i ~ 
tApe 

+---+ tCSR tCHR tApc tCRP ..... .... ... ~ -+t-~ 

J ,~ ( _W " 

tCPN tAsA 

.-14-
~x x xxxxxxxxx;oa ROW 
~x xxxxx ADDRESS 

tRCH twSR twHR 

~ ~ 

~ 
«xxxxx 

xxxx xxx 
"1~X X 

h xxxx xxxxxxx xxxx xXX) 
~x xxxx xxxxxxxxxxxxx~fxXXXXX xxxxxxxxxxxxxxx 

--._reF 

--~ Hi-Z 

-'I 
tOEZ 

xxxxxxxxxxxx XXXXxxxxxxxxxxxxxxxxxxx> 
.x .. xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

•. MITSUBISHI 
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MITSUBISHI LSls 

M5M417800AJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 167n216-BIT (2097152-WORD BY 8-BIT ) DYNAMIC R~M 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by "S" after speed item, like -68/-78. The other characteristics and requirements than the 
below are same as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta = 0-7O"e, Vcc = 5V±10%, Vss = OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ 

lceo (AV) 
Aver~e supply current 
from ce 
Self-Refresh cycle 

MSM417800A (S) RAS = CAS ;:il 0.2V 

TIMING REQUIREMENTS (Ta .. 0-70t, Vcc = 5V±10"lo, Vss = OV, unless otherwise noted See notes 12,13) 

Symbol Parameter 

tRAss Self Refresh RAS low pulse width 

tAps Self Refresh RAS high precharge time 

tcHS Self Refresh RA§" hold time 

tRSR Read setup time before RAS low 

tRHR Read hold time after RAS low 

SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

Limits 

MSM417800A-6S MSM417800A-7S 

Min Max Min Max 

100 100 

110 130 

-so -so 
10 10 

10 15 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, 
on the condition of tNS .s 32 ms and tSN .s 32 ms. 

14 tNS 1'1 14 tSN l'j 

Max 

400 

Unit 

}loS 

ns 

ns 

ns 

ns 

-···-·-·-···-···-··~II~II·-···~II~I~I ~ ____________ ~I~II~I-----·~II~II-··---~·--·---· 

Unit 

}loA 

DISTRIBUTED REFRESH 
<2K/32 ms > 

DISTRIBUTED REFRESH 
< 2K/32 ms > 

(2) In case of burst refresh 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, 
on the condition of tNS + tSN .s 32 ms. 

tSN 

A ~ 
-111-1 -'IIII""IIII--inr-IIII--IL-1 _____________ ~I 1111 

BURST REFRESH 
<2K/32ms> 

• MlTSUBlSHI 
..... ELECTRIC 

1111 1111 
BURST REFRESH 

< 2K/32 ms> 
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Self Refresh Cycle 

Ao-A10 

w 

OQ1-0Oe 
(INPUTS) 

OQ1-0Oe 
(OUTPUTS) 

OE 

4 - 172 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VOH-

VOL-

VIH 

VIL -

MITSUBISHI LSls 

M5M417800AJ, TP-6,-7 ,-6S~-7S 
FAST PAGE MODE 16777216-BIT (2097152 .. WORD BY 8 .. BIT) DYNAMIC RAM 

tAp 
tRASS tRPS 

--
J ~ I \ 

__ tAPC 

tApc 

~ tCSR tCHS tCRP 

~ '-'1-14- ~ 

J ~~ ,1/ W 
tCPN tAsR 

.-. I--~ 
x x xxxxx xxxxxxxxxxxxxxxxxxxxx. ROW xxxxxxxxxxx ADDRESS 

tACH tRSR tAHR 

h ~ I 

VI xxxxxxxxxxx 
~xxx xxxxxxxxxxx .l'I..l'I..l'I. 

lX"'xxxxxxxxxxx 

xxxxxxxx xxx 
}I;.l'I. ~}I;}I;.l'I.}I;}I; 

-411--~FF 
_10..\ Hi-Z 

-' 
'-'1-- JEEZ 

}I;}I;}I;}I;}I;}I;}I;}I;}I;}I;X}I;}I;}I;}I;}I;}I;}I;}I;}I;X}I;}I;X}I;}I;}I;X}I;}I;}I;}I;}I; }I;}I;}I;}I;}I;}I;X}I; 

xxxx 
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MITSUBISHI LSls 

M5M417800CJ, TP-5,-6,-7, 
-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY a-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 2097152-word by 8-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

PIN CONFIGURATION (TOP VIEW) 

The use of double"layer metal process combined with twin-\Vell 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RAS CAS Address OE Cycle Power 
Type name access access access access time dissipa-

time time time time tion 
(max.ns) (max.ns) (max.ns) (max.ns) (min.ns) typ.mW 

MSM4178OOCXX-S,-ss 50 13 25 13 90 655 
MSM4178OOCXX-6,-6S 60 15 30 15 110 540 
MSM4178OOCXX-7 -7S 70 20 35 20 130 475 

XX=J,TP 

-standard 28pin SOJ, 28pin TSOP 
-Single 5V±10% supply 

- Low stand-by power dissipation 
5.5mW (Max) -------------------,-------- CMOS Input level 
2.2mW (Max) * -------~----------------- CMOS Input level 

-Low operating power dissipation 
M5M417800Cxx-5,-5S --- - - ---- -- -- - - - - ---- 800.0mW (Max) 
M5M417800Cxx-6,-6S -- -- - -- - - - -- - - - - - - -- -660.0mW (Max) 
M5M417800Cxx-7,-7S ---------------------580.0mW (Max) 

- Self refresh capability * 
Self refresh current - - - - - - - - - - - -:.::.::.=.- --------200.0 J.lA(Max) 

-Fast-page mode, Read-modify-write, RAS-only refresh 
-CAS before RAS refre~ Hidden refresh capabilities 

Early-write mode and OE to control output buffer impedance 
- All inputs, output TTL compatible and low capacitance 
-2048 refresh cycles every 32ms (Ao-A10) 
* Applicable to self refresh version (M5M417800CJ,TP-5S,-6S,-7S 

:option) only 

APPLICATION 
Main memory unit for,computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 
Ao-A10 Address inputs 

DQ1-DQ8 Data inputs/outputs 

RAS Row address strobe input 

CAS Column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+5V) 

Vss Ground (OV) 

.•. MITSUBISHI 
.... ELECTRIC 

Outline 28PON-A (400mil SOJ) 

Outline 28P3N-C (400mil TSOP) 

NC:NO CONNECTION 
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, ",,'NARY DREL\ , . 'f Ilti01l. r . t a linal spec\ ,lCct to change, 

M5M417800CJ~TP-5,-6,-7,-5S,-6S,-7S 

Notice: 'lhi~jt~~ limits are sllbl
e 

S0!1,epa
f8 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY a-BIT) DYNAMIC RAM 

FUNCTION 

The M5M417800CJ, TP provide, in addition to normal read, write,. 
and read-modify-write operations, a number of other functions, 

e.g., fast page mode, RAS-only refresh, and delayed-write. The 
input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inl uts 

'RAS CAS W OE a~~:Ss ~3~'Ws~ 
Read ACT ACT NAC ACT APD APD 
Write (Early write) ACT ACT ACT DNC APD APD 
Write (Delayed write) ACT ACT ACT DNC APD APD 
Read-modify-write ACT ACT ACT ACT APD APD 
RAS-only refresh ACT NAC DNC DNC APD DNC 
Hidden refresh ACT ACT NAC ACT APD DNC 
Self refresh ACT ACT NAC DNC DNC DNC 
CAS before RAS refresh ACT ACT NAC DNC DNC DNC 
Stand-bv NAC DNC DNC DNC DNC DNC 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 

~~~O~'m~~~~ RAS 

WRITE CONTROL W 
INPUT 

Ao 

Al 

A2 
A3 
A4 

ADDRESS INPUTS AS 
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AS 
A7 

AS 

A9 
Al0 

. COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & I /0 CONTROL 

MEMORY CELL 
(16777216 BITS) 
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Input/Output 
Refresh Remark 

Input Output 
OPN VLD YES Fast 
VLD OPN YES page 
VLD IVD YES mode 
VLD VLD YES identical 

DNC OPN YES 
OPN VLD YES 
DNC OPN YES 
DNC OPN YES 
DNC OPN NO 

vee (5V) -=1 . VssIOV) 

001 

002 
D03 

004 DATA 
005 INPUTS I OUTPUTS 
OOs 
007 

OOs 
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M5M417800CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -1 -7 
VI I nput voltage With respect to Vss -1-7 
Vo Output voltage -1-7 
10 Output current 50 
Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0-70 
Tstg Stora~e temperature -65 -150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits Unit 

Min Nom Max 
Vcc SUPPIi' voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.4 5.5 V 

VIL Low-level input voltage, all inputs -1.0** 0.8 V 
Note1: All voltage values are with respect to Vss. 

**: VIL(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to vss.) 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=5V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Test conditions 
Limits 

Parameter Min Typ 

VOH High-level output voltage IOH=-5rnA 2.4 
VOL LOW-level output voltage IOL=4.2mA 0 
loz Off-state output current Q floating OV ~VOUT ~ 5.SV -10 
II Input current OV~VIN ~ 5.5V Other inputsj2ins=OV -10 

Average supply current M5M41780OC-5,-5S RAS, CAS cycling 
rCCl (AV) from Vce, operating M5M417800C-6,-6S tRc=twc=min. 

(Note 3,4) M5M417800C-7,-7S output open 

ICC2 Supply current from Vcc, stand-by (Note 5) RAS= CAS =VIH, output open 
RAS= CAS~ Vcc -0.2V 

Average supply current M5M417800C-5,-5S RAS cycling, CAS= VIH 
ICC3(AV) from Vec, refreshing M5M417800C-6,-6S tRc=min. 

(Note 3) M5M417800C-7,-7S output open 

Average supply current M5M417800C-5,-5S RAS=VIL, CAS cycling 
ICC4(AV) from Vcc, Fast-Page- M5M417800C-6,-6S tpc=min. 

Mode (Note 3,4) M5M41780OC-7,-7S output open 

Average supply current M5M417800C-5,-5S CAS before RAS refresh cycling 
ICC6(AV) from vcc, "CAS before "RAS M5M417800C-6,-6S tRc=min. ' 

refresh mode (Note 3) output open M5M417800C-7,-7S 
.. Note 2: Current flOWing Into an IC is positive, out IS negative. 

3: ICCl (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

CAPACITANCE (Ta=O-70·C, VCC=5V±10%, Vss=OV, unless otherwise noted) 

Symbol Parameter 

CI(A) Input capacitance, address inputs 
CI(OE) Input capacitance, OE input 

CI(W> Input capacitance, write control input 

CI(RAS) Input capacitance, RAS input 
CI(CAS) Input capacitance, CAS input 
ClIO Input/output capacitance, data ports 

Test conditions 

VI=VSS 
f=1MHz 
VI=25mVrms 

• MITSUBISHI 
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Limits 
Min Typ 

Unit 

V 
V 
V 

mA 
mW 
·C 
·C 

Max Unit 

Vcc V 
0.4 V 

10 p.A 

10 p.A 

145 
120 mA 

105 
2 

mA 
0.5 
145 
120 mA 

105 
80 
70 mA 

60 
145 
120 mA 

105 

Max 
Unit 

5 pF 

7 pF 

7 pF 

7 pF 

7 pF 
8 pF 
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M5M417800CJ, TP-5,-6,-7 ,-55,-65,-75 
Ghenge. 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8~BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70·C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 5,12,13) 

Limits 

Symbol Parameter MSM417800C-S,-SS MSM4178OOC-6,-6S MSM4178OOC-7,-7S Unit 

Min Max Min Max Min Max 
tCAC Access time from CAS (Note 6,7) 13 15 20 ns 

tRAC Access time from RAS (Note 6,8) 50 60 70 ns 

tAA Column address access time (Note 6,9) 25 30 35 ns 

tCPA ·Access time from CASQI'echarge (Note 6,10) 30 35 40 ns 

tOEA Access time from OE (Note 6) 13 15 20 ns 

tCLZ Output low impedance time from CAS low (Note 6) 5 5 5 ns 

tOFF Output disable time after CAS high (Note 11) 0 13 0 15 0 15 ns 

tOEZ Output disable time after OE hioh (Note 11) 0 13 0 15 0 15 ns 

Note S:An initial pause of SOO f.l s is required after power-up followed by a minimum of eight initialization RAS cycles. The Initialization cycles should be done 
either by MS-only refresh cycles or by CAS before RAS refresh cyclesol}L_ 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 32ms) of 
RAS inactivity before proper device operation is achieved. 
After the initialization cycles, RAS should be kept either higher than VIH(min) or lower than VIL(max) except RAS transition time. 

6:Measured with a load circuit equivalent to 2TTL loads and 100pF. 
7:Assumes that tRCD ~ tRCD(max) and tASC ~ tASC(max). 
8:AssumeS that tRCD ~tRCD(max) and tRAD~ tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC will 

increase by amount that tRCD exceeds the value shown. 
9:Assumes that tRAD ~tRAD(max) and tASC~tASC(max). 

1 O:Assumes that tcp ~tCP(max) and tAsc~ tASC(max). 
11 :tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (lOUT :iii 1±1 0 f.l A Il and Is not reference to VOH(min) 

or VOL(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=0-70·C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 12,13) 

Limits 
Symbol Parameter MSM4178OOC-S,-SS MSM417800C-6,-6S MSM4178OOC-7,-7S 

Min Max Min Max Min Max 
tREF Refresh cycle time 32 32 32 

tRP RAS high pulse width 30 40 50 
tRCD Delay time, RAS low to CAS low (Note 14) 18 37 20 45 20 50 
tCRP Delay time, CAS high to RAS low 10 10 10 

tRPC Delay time, RAS high to CAS low 0 O. 0 
tCPN CAS high pulse width 10 10 10 

tRAD Column address delay time from RAS low (Note 15) 13 25 15 30 15 35 

tASR Row address setup time before RAS low 0 0 0 
tASC Column address setup time before CAS low . (Note 16) 0 10 0 10 0 10 
tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 13 15 15 
tDzc Delay time, data to CAS low (Note 17) 0 0 0 
tDzo Delay time, data to OE low (Note 17) 0 O· 0 
ttDD Delay time, CAS high to data (Note 18) 13 15 15 
tODD Delay time, OE high to data (Note 18) 13 15 15 

IT Transition time (Note 19) 1 50 1 50 1 50 
. . Note 12:The timing reqUirements are assumed IT=Sns . 

13:VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 

ns 
ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

14:tRCD(max) is speci.fied as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 

controlled exclusively by tCAC or tAA. tRCD(min) is specified as tRCD(min) =tRAH(min) +2tH+tASC(min). 
1S:tRAD(max) is specified as a reference point only. If tRAD ~tRAD(max) and tAsc ;:a; tASC(max), access time is controlled exclusively by tAA. 

16:tASC(max) is specified as a reference point only. If tRcD ~tRCD(max) and tAsc ~ tASC(max), access time is controlled exclusively by tCAC. 

17:Either tDZC or tDZO must be satisfied. 
18: Either tCDD or tODD must be satisfied. 

19:tT is measured between VIH(min) and VIL(max). 

4- 176 
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M5M417800CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read setuD time after CAS hiQh 
tRCH Read hold time after CAS low 
tRRH Read hold time after RAS low 
mAL Column address to HAS" hold time 
tacH CAS hold time after OE low 
tORH RAS hold time after OE low 

. . 
Note 20. Either tRCH or tRRH must be satisfied for a read cycle . 

Write Cycle (Early Write and Delayed Write) 

Symbol Parameter 

twc Write cycle time 
tRAS RAS low Dulse width 
tCAS CAS low Dulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after .CAS low 
twes Write setup time before CAS low 
twCH Write hold time after CAS low 
tCWl CAS hold time after W low 
tRWl RAS hold time after W low 
twp Write Dulse width 
tos Data setup time before CAS low or W low 
tOH Data hold time after CAS low or W low 
tOEH OE hold time after W low 

MSM4178OOC-S,-SS 

Min Max 
90 
50 10000 
13 10000 
50 
13 
0 

(Note 20) 0 
(Note 20) 10 

25 
13 
13 

MSM417800C-S,-SS 

Min 
90 
50 
13 
50 
13 

(Note 22) 0 
8 

13 
13 
8 
0 
8 

13 
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Max 

10000 
10000 

Limits 
MSM417800c-6,-6S MSM4178OOC-7,-7S Unit 

Min Max Min Max 
110 130 ns 

60 10000 70 10000 ns 

15 10000 20 10000 ns 

60 70 ns 

15 20 ns 

0 0 ns 

0 0 ns 

10 10 ns 

30 35 ns 

15 20 ns 

15 20 ns 

Limits 
MSM4178OOC-6,-6S MSM417800C-7,-7S Unit 

Min Max Min Max 
110 130 ns 

60 10000 70 10000 ns 

15 10000 20 10000 ns 

60 70 ns 

15 20 ns 

0 0 ns 

10 10 ns 

15 20 ns 

15 20 ns 

10 10 ns 

0 0 ns 

10 15 ns 

15 20 ns 
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M5M417800CJ, TP-5,~6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter MSM4178OOC-S,-SS MSM4178OOC-6,-6S MSM417800C-7,-7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 21) 131 155 180 ns 
tRAS RAS low pulse width 91 10000 105 10000 120 10000 ns 
tCAS CAS low pulse width 54 10000 60 10000 70 10000 ns 
tCSH CAS hold time after RAS low 91 105 120 ns 
tRSH RAS hold time after CAS low 54 60 70 ns 
tRCS Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 22) 36 40 45 ns 
tRWD Delay time, RAS low to W low (Note 22) 73 85 95 ns 
tAWD Delay time, address to W low (Note 22) 48 55 60 ns 
tCWL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after W low 13 15 20 ns 
twp Write pulse width 8 10 10 ns 
tDS Data setup time before W low 0 0 0 ns 

tDH Data hold time after W low 8 10 15 ns 
tOEH OE hold time after W low 13 15 15 ns 

Note 21 :tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+StT. 
22:twcs, tCWD. tRWD and tAWD and. tCPWD are specified as reference points only. If twcS~twCS(min) the cycle Is an early write cycle and the DQ pins will 

remain high impedance throughout the entire cycle. If tCWD~tCWD(min). tRWD~tRWD (min). tAWD!i;tAWD(min) and tCPWDS;;tCPWD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate .. 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 

Limits 
Symbol Parameter MSM4.178OOC-S,-SS MSM417800C-6,-6S MSM4178OOC-7,-7S 

Min Max Min Max Min Max 
tpc Fast page mode read/write cycle time 35 40 45 
tPRWC Fast page mode read write/read modify write cycle time 76 85 95 
tRAS RAS low pulse width for read write cycle (Note 24) 85 125000 100 125000 115 125000 
tcp ., 

CAS high pulse width (Note 25) 8 12 10 15 10 15 . 
tCPRH RAS hold time after CAS precharge 30 35 40 
tCPWD Delay time, CAS precharge to W low (Note 22) 53 60 65 

., . . . . Note 23: All previously specified timing reqUirements and sWitching characteristics are applicable to their respective fast page mode cycle . 
24: tRAS(min) is specified as two cycles of CAS input are performed. 
25: tCP(max) is specified as'a reference point only. 

CAS before RAS Refresh Cycle (Note 26) 

Limits 
Symbol Parameter MSM4178OOC-S;-SS MSM417800C-6,-6S MSM4178OOC-7,-7S 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 10 10 10 
tCHR CAS hold time after RAS low 10 10 15 
tRSR Read setup_time before RAS low 10 10 10 
tRHR Read hold time after RAS low 10 10 15 

- -- - -
Note 26: Eight or more CAS before RAS cycles instead of eight AAS cycles are necessary for proper operation of CAS before AAS refresh mode. 
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Unit 

ns 
ns 
ns 
ns 

ns 
ns 

Unit 

ns 
ns 

ns 
ns 
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M5M417800CJ, TP-5,.6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "s" after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=5V ±1 0%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

CAS before RAS refresh cycling 

or RAS cycling & CAS ~0.2V 
OE& WE~0.2V 

Aver~e supply current or OE & WE~Vcc-0.2V 
Icc8 (AV) from cc 

M5M417800C (8) Ao- All~0.2V 500 
Slow-Refresh cycle 

(Note 5) or Ao ..... All ~Vcc-0.2V 

tREF=128ms (2048cycles) 
output = OPEN 
tRAs=tRAsmin. -1 JIo s 

Aver~e supply current 
RAS = CAS ~ 0.2V 

Icc9(AV)* from cc 
M5M417800C (8) 200 Self-Refresh cycle output = OPEN 

(Note 5) 

TIMING REQUIREMENTS (Ta=0-70·C, Vcc=5V±10%, Vss=OV, unless otherwise noted, see notes 12,13) 

Limits 

Symbol Parameter M5M417800C-5S M5M417800C-6S M5M417800C-78 

tRASS Self Refresh RAS low pulse width 
tRPS Self Refresh RAS hiah precharae time 
tCHS Self Refresh RAS hold time 
tRSR Read setup time before RAS low 
tRHR Read hold time after RAS low 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

Min 

100 

90 

-50 

10 

10 

Max Min Max Min Max 

100 100 
110 130 

- 50 -.50 

10 10 

10 15 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, on the condition of tNs~32ms and 

tsN~32ms. 

I_ tNS ~I I" tSN ~I 

Unit 

JIoA 

JIoA 

Unit 

JIos 
ns 
ns 
ns 

ns 

-.. -.. -.. -.. -.. -.. -.. ~I~I~II~ .. -.. ~I~II~~I _________ S_elf_ffi_fre_sh_pe_rio_d ______ ~I~lnll-.. -.. ~.1MITI~I·-··-··-·-··-··-· 
DISTRIBUTED REFRESH 

<2K/32 ms > 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
<2K/32 ms> 

The last / first full refresh cycles (2K) must be made within tNs / tSN before / after self refresh, on the condition of tNS+tsN~32ms. 

t 

• 
~ H 

~1I-1I---~I~III----III-I~~1 __________ Se_lfr_efre_sh_pe_riod~---~~1 ~IIII----II~II---~IIII-
BURST REFRESH 

<2K/32 ms > 
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BURST REFRESH 
< 2K/32 ms> 
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M5M417800CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Limits 
Symbol Parameter MSM417800C-5,·SS MSM417800c-6,-6S MSM4178OOC-7,·7S 

Min Max Min Max Min 
twSR W setup time before RAS low 10 10 10 
tWHR W hold time after RAS low 10 10 15 

Note 27:The test mode function is initiated by a Wand CAS before RAS cycle (WCBR cycle) as specified in timing diagram. 
The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a"RAS only refresh cycle. 
During the test mode, the device is internally organized as 16·blts wide (1M bytes depth). No addressing of CAO is required. 

Max 

Unit 

ns 
ns 

During a write cycle, data must be applied to all DO ( input) pins. The data can be different between DO pins. The data on each DO pin Is written Into 
2·bits memory cells, respectively. During a read cycle, each DO (output) pin shows the test result of the 2·blts, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 
During the test mode operation, only WCBR cycle can be used to perform refresh. 

DQ1~ 

DQ2o----q 

DQ3o----q 

DQ4o----q 

DQSo----q 

DQ6o----q 

DQ7o----q 

DQSo----q 
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#2 

#3 P-< JUDGE 
#4 

#5 P-< JUDGE 
#6 

#7 P-< JUDGE 
#8 

#9 P-< JUDGE 
#10 

#11 P-< JUDGE 
#12 

#13 P-< JUDGE 
#14 

#15 P-< JUDGE 
#16 
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M5M417800CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28) 

Read Cycle 

CAS 

Ao-A1o 

w 

DQ1-DQa 

(INPUTS) 

VIH 

VIL-

VIH­

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQa VOH­

(OUTPUTS) VOL-

VIH 

VIL 

RC 

tRAS tRP 

\ I ~ 
tCSH 

tCRP 
tRCD tRSH tRPC 

tCf I tCAS 
....... 

XXXXXXXI-

~ V ~ XXXXXX~ 

XXXXXXl 

tRAD tRAL tASR 
tASR 

~ l~tASC. tCAH tCPN 
.... 

~ 

~ ROW IXXXXXl. COLUMN ~XXXXx>: >:X xA 
ADDRESS IIXXXXX)A ~DDRESS IR{XXXXX xxX' .J(.A~ ROW 

ADDRESS XXXXXX/' Ao-A10 U<XXXXT Ao-A9 l:XXXXX x X XX»«Il 

~ tRRH 
tRCS tRCH 

I 
x xxx xxxxxX)(J ~ ~xxxxxx XXXXXX7 ,",XXXXXXXXXXJ 

».(XX XXX XXXXXXI WxXXXXXXXXJ 

~~ tCDD 

Hi-Z ~ xxxxxxxxx xxxxxxxx 
(XXXXXXXXX XXXXXXXX ~ 
xx 

tCAC 

tAA ~ 
tcLZ 

Hi-Z 

~ ~ Hi-Z 
DATA VALID 

If 
tRAC tOEZ 

tDZO ~ 
........ 

tODD 
tacH 

XXXAAAA), 
YYYY AXXA XXXXX~ XXXX xxxx "XXX xxxxxxxxxxxxx)' 

X XXXX xXXXXXXXXXX~ r. xxx XXxxxxxxxXXXX;O 

tORH 

'Note 28 
Indicates the don't care input. 
VIH(min)~VIN~VIH(max) or VIL(min)~VIN~VIL(max) 

Indicates the invalid output. 
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FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

Ao-A10 

w 

DQ1-DQa 
(INPUTS) 

VIH 

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

\ 

tF 
tRCO 

](](](](x-* 

\ lXXXX.xI 
(XXXX~ 

lAsc tA~ tRAH 
~ 

XXXXJI. ROW ,~ 

~ ADDRESS ~X](](JI 

XXX](~ AO-A10 ~ 

twcs 

xxxxx XXXXX)..r 
lXXXXXX~XXXXXX~ 
XXXXX](XXXXXXXXXX~ 

tos 
~ 

~XXXXXXXXXXXX~ 
~XXXXXXXX](X](X~ 

twc 

tRAS tRP 

I \ 
tCSH 

tRSH i C 

tCAS r tCRP 

/ ~ 
lASR 

tCAH ~ 

COLUMN ~XXXXXXXXXXXXXXXX~ 
ROW 

ADDRESS M.XXXX]( xx](xxI 
ADDRESS 

AO-A9 ~XXX](](](XX](XXXXX](X~ 

twCH 

I,~xxxxxxxx x~ 
IKXXXXXXXX xxxxxxx 
~](XXXXX](xxxxxxxxx~ 

tOH I 

IX XXXXXXXXX](XXXXXX> 
DATA VALID r«xx](xxXXXXXXXXXXXX](XXX) 

DQ1-DQa VOH- Hi-Z 

----------------------------------~~-----------------------------------(OUTPUTS) VOL-
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M5M417800CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

Ao-A10 

Vi 

DOl-DOs 
(INPUTS) -

VIH 

VIH 

VIL 

VIH'-

VIL-

VIH 

VIL 

VIH 

VIL 

D01 ..... DOs VOH­

(OUTPUTS) VOL-

VIH 

VIL 

twc 

tRAS tRP 

~ ~ \ 
tCSH 

tF 
tRCD tRSH tRPC tCRP 

tCAS I 1 ~ 
xxxxxXI 

~ / W xxxxx"»' 
:1 ~ 

~ tRAH tAsc tCAH ...--. .... I4-tASR 

XXXXA ROW ~ COLUMN LXXX XXXX\. 
~ ROW ADDRESS IZXXX.I. ADDRESS latXXX xxxx 
~' AO-A1O [~ Ao-A9 ADDRESS XXXXI 

~ 
tRwL 

~ ~ 
xxx XXXXXXXXX:. IXXXXXXXxxxxxxx 
xxx xXxxx~~ XX) 

xxx X xxx xx 

twCH 

tDZC t~ tDH 
~ 

xxxxxxxxxxxx Hi-Z 1&\1 DATA IVXXXXXXxxxxxx 
tXXxxxxxXXXXXXXXxxxx~ l~ VAllO ~1.x XXXXXX} 

~ 

Hi-Z (~~ HI-Z 

xxx 
xxx X 

tXXX 

~ 
tOEZ .... 

xxxxxx 
XXXXXXDt. 
xxxxh A 
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t..... tODD ~H 
.. xxxxxxxx 

xxxxxxxxx 
x x XXXXXX) 
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FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 
4 

Read-Write, Read-Modify-Write Cycle 

CAS 

Ao-Al0 

w 

DOl-DOs 
(INPUTS) 

VIH-

VIL-

VIH 

VIL 

VIH-

VIL 

VIH 

VIL 

VIH 

VIL 

D01-DQs VOH­

(OUTPUTS) VOL-

VIH-

VIL-

4 - 184 

RWC 

tRAS tRP 

\ I ~ 
tCSH 

tCf 
tRCO tRSH i C 

r tCRP 
tCAS 

XXXXXXt V 
.. ~ XXXXX~ 

(XXXXXI' tRAO 

tASR 
tRAH tASC tCAH tASR 

~ .. 
XXXXX1 ROW ~ COLUMN 'M.XXXXXXX xx IXXXX1 ROW ~XXXX')A ADDRESS I~ ADDRESS IAXXXXXXXX ADDRESS XXXXXXI Ao-Al0 ~ AO-Ae 

tAWO 

tRCS ~~ 
tcwo 

tRWO 

xxxxxxxx XXXXXXX 
(XXXXXXXX XXXXXXX 
(xxxxxxxx X y 

tozc .--. tos .. 

(XXXX xxxxxx£- Hi-Z }~ 
(XXXXXXXX XXXXXXX 

tCAC 

tAA 

tCLZ 
14--+ 

Hi-Z 

~ "DATA~ VALID 1/ 
tRAC 

""----

~ 
tozo ~tOE~ ~EZ .... 

~J';.J';.J';.J';.J';. 

~XXXXXXXXXXXXXXX )( 

xxxxxxxxxxxxxxxxxxxxx 

.' MITSUBlSHI· 
.... ELECTRIC 

~ 

toDD 

xx 

tCWL 

tRWL 
twp 

IXXXXXXX 
~ 6XXXXXXXXXXXX 

xxxxxxxxxxxx 

tOH 

IVXXXXXxxxxx DATA VALID 
" XX~ 

Hi-Z 

~ 
I~J';.~~J';.XXXXXXXXXXX' 

,xxxxxxxxxxxxxxX) 
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M5M417800CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

w 

DOl-DOs 
(INPUTS) 

tRC 

tRAS tRP 

VIH-

V'H-~3008rJ11r-------------------~~~T---

VIL _ ...................... f'U ...... .rv 

VIH-~7'O"'::~ ~---C~88~>8(~8808~>8<3088~>8(so<3008~xs<~ ROW N ROW 
VIL _ XXXXX><1\1 ADDRESS Jro<:X>OC<XXXX>OOOCXX)o::X>OC<XXX)o:~OC<XXX:nl~_A_D_D_RE_S_S_ 

VIH 

VIL 

DOl-DOs VOH---------------------------------------------------Hi-Z 

(OUTPUTS) VOL-

• MITSUBISHI 
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Ell \Vi \ NARY M5M417800CJ, TP-5,-6,-7 ,-58,-68,-78 
P R .,' not a \inal sPec~~~:'~;cMnge 
Notice: ,hIS IS 'c lirnitS arc su l 

sorn
e 

parameto ' FAST PAGE MODE 16777216-BIT (2097152-WORD BVa-BIT) DVNAMIC RAM 

CAS before RAS Refresh Cycle, Slow Refresh Cycle 

Ao-Al0 

w 

DOl-DOs 
(INPUTS) 

VIH-

Vll-

VIH­

Vll-

VIH 

Vil 

VIH 

Vil 

VIH 

Vil 

DOl-DOs VOH­

(OUTPUTS) VOl-

VIH 

Vil 

4 - 186 

tRP 

~ ~ 

tRPC tCSR 
14-+ +-+ 
r---, 

~ --.I 
4-4 tCPN 

.xx.x x.x.xx.x 
~x x.xxxx 
<xxx x.x.xxx 

rr tRp 

W 

x .xxx 
x.xx xxxx 

tOFF 
... t-+-

\ 
I 

tOEZ 
1+-+ 

xxxxxxxx 
I x.xxxx 
n 

tRC /I tRC 

tRAS 
)) 

tRAS tRP 

II 

~ " ~ ~ \ 

tCHR 
tRPC tCSR tCHR ~f r teRP 

... ---j+ r ~ 

/ ~ ~ V W '-N 

tASR 
~ 

~ - """"-.xx.xx .xxx.x x.x.x x.xxx.x.xx.x ROW COLUMN xx xxxxxxxx DDRESS DDRESS .xx.x.x .x.xx xx - --I' 

tRHR ..J 
N tF 

tRHR 
"' tR~ 

«xxxxx¥N _.xxxxx.x x.x» 
''(xx ''(xxx xx,' 

\X , ~xx XXXXXl 

N 

r 
xxxx.xx.xxxxx .xxx .x> 
xxxxxxxxx xxxxxxxxxx xxx x> 

N 

~S 
Hi-Z 

~ 

xxxxxxx xx xxx 
XXX 

,,'" 

. • MITSUBISHI 
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MITSUBISHI LSls 

M5M417800CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

Ao-A10 

IN 

DOl-DOs 
(INPUTS) 

VIH 

VIL-

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DOl-DOs VOH­

(OUTPUTS) VOL-

VIH 

VIL 

tAc RC 

tRAS tRP tRAS L tRP 

\ V \ 'I 
tCRP tRCO tRSH tCHR 

X"'- x x x xr 

~ \ V 
tRAO 

tASR 
tASR tRAH tAse tCAH ---+-~ 

~ 
XXXXA ROW COLUMN ·IX XXXXXXX XXXXXX xxxxxx)o. ROW ADDRESS ADDRESS ~ xxxx xxxxxx xxxxx~ 

AO-A1O Ao-A9 V xx "x"xx ADDRESS 

~ 
tRAL 

~ 
tRSR tRHR 

I ~ 
xxxxxxx W ~x xxxxxxxxxxxx 
~xxxxx¥ ~ ,"x xxx XXXXXX 
C:XXXXX xx xx~ ~ XXXXXXXXXXXX 

toze teoo 
4---

Hi-Z XXXXX) 
C:XXXXXXX xxX xxxxXJO 

tCAC 

tAA tOFF 

~ ~ 

Hi-Z ~~ ~ Hi-Z 
DATA VALID 

If 
tRAC 

tozo 
tOEZ .... -~ 

tOEA toDD 

tORH 

~~~~XXXXXXXxX~}~{x~ xxxxxxxxxxx, 
L XXXXX, 

Note 29: Early write, delayed write, read write or read modify write cycle Is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
And in any cycle, tRSR&tRHR should be satisfied not to enter TEST MODE . 

• . MITSUBISHI 
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Ell M' NA.RY M5M417800CJ, TP-5,-6,-7 ,-55,-65,-75 
P R . .~ not a final sPec~;~~;t~~~Mnge. 
Notice: :~~~\~triC limits aN $\1 

Some P FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

Ao-A10 

w 

OQ1-0Qa 
(INPUTS) 

VIH 

VIL-

VIH­

VIL 

. VIH 

VIL 

. VIH 

VIL 

VIH':"" 

VIL 

OQ1-0Qa VOH­

(OUTPUTS) VOL-

4 - 188 

VIH 

VIL 

tRAS RP 
~ 

,............., , 
~ L 

tCSH tpc ~ tCRP tRCO tCAS ~ tCAS ~ i 
tCAS 

r-----, -xxxx~ 

\ I ~ ~ ~ ~ xxx XI 
(XXXXI -

tRAO tCPRH 

lASR tRAH l~tCAH ~ lASC tCAH lAsc 
~ ... lASR 

lAsc ~ ~ ....... ~ 

exxx;oo. ROW Rn «xx loX ;00. J. 15<~, IX~ 
COLUMN-1 u.xx COLUMN-3~ ROW C:XXXX.I ADDRESS COLUMN- Xl( I}( X AO-A9 r,xx 

IX 4' ADDRESS Ao-A10 XXXXI ~ ~xx 'x XI ~ ~~l - ~ 

tRAL ~ tRCH 

r --t tRCH'" t 1 4-tRcs tRCH'" it 14-
tRCS ~~~ 

XXXXXX XXXXJ(I: 

I~ ~ ~ r xxxx 
~xx 
C:XXXxxx XXXXl 

tozc tozc tozc tcoo 
i+t ..... ~ 

xxxxxx xxxx Hi-Z ~ Hi-Z ~ Jm 
xx xx 

xxxx 'I ., 
~ xxxx 

tOFf tOFF tOFF 

~ ~ 
tCAC 

lAA -+r-rt ~ tAA ~ 

• ~ tCLZ' 
I 

~LZ ~ 
Hi-Z ~~ DATA ~ ~~ DATA ~ j~ ~ DATA ~~ VALlD-1 If VALlD-2 ~ ~~ VALlD-3 

tRAC 
tCPA tCPA 

tozo ~ ~ j4-tOEZ ~r~ tOEZ ~ ... tOEZ 
tOCH OCH ~~ 

]I ~x 7O.7O.J 

X xxx a. I\, xx xx> 
C:XXXXXXXXX xxx 6.. I X X D. xx xx 

tozo ....... +----to 
to~D 

• ' MITSUBISHI 
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toDD 

tozo 
~ ~ .--. 

tORH toDD 



MITSUBISHI LSls 

M5M417800CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

Ao ..... A10 

w 

D01 ..... DOa 
(INPUTS) 

VIH 

VIL-

VIH 

VIL 

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

D01 ..... DOa VOH-

(OUTPUTS) VOL-

RAS 

PL ~ 
tCSH tpc ~ tCRP tRCO r tCAS ~ tCAS ~ tCAS 

---- ~ 
(XXXXXX,. 

V ~ V ~ I ~' ~ 
XXXXXI 

tASR l~tRA~ lA~ ~ 
lAsc tCAH tA~C tCAH 

4-t 1++ lASR 

XXXXX1. ROW ~ COLUMN-1 
·~xxxxx), .R'X'"XX'\ 

~ ROW txxxxx.& ADDRESS xx COLUMN-2 ~ COLUMN-3 
Ao-A9 ADDRESS 

(XXXXXI Ao-A1O ~xxxxX'" .~ 

~ twCH twcs 
~ 

twcs twCH 
~ - -XXXXXXXXXXXXA. «xxx", IXXXXA. «XXXXXXXJ 

xxxx~ ILXXXX~ ~ 
IIXXXXXXxx 

~xxxxxx~ XXXXX KXXXXXXXX) 

~ tOH ~ ~ ~ ~ 

DATA ~ DATA 
J5('5a 

DATA x xxxxxxxxxxxxxv ~ ~xxxx 

VALlD-1 VALlD-2 VALlD-3 I~ x x X xXxxxx)o XXXx xXXXXXXXXI ~ ~ ~xxxxxxxx 

Hi-Z -------------------------------------------------------------------------

VIH- . 
OE 

VIL 

• MITSUBISHI 
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RElIM'N~~V M5M417800CJ,TP-5,-6,-7,-5S,-6S,-7S 
P . . not a final spec,\.'ca to change. 
Notice: ih's IS • lirnits lire Sllblect 

orne parametriC 

S FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

w 

DOl-DOe 
(INPUTS) 

VIH 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DOl-DOe VOH­
(OUTPUTS) VOL-

4 -190 

VIH 

VIL 

FL ~ 

tRAS tR 

tCSH tRSH 

tCRr tRCO tCAS I. 
tpc 

"I 
I. tcp tCAS 

xxxxxx,.. 

\ I \ :I XXXXX)jI' 
xxxxXJ' 

tASR tA:lC ~ 
tRWL-'f-!4-

tASR 
IJRAH~ tCAH tCAH IlIItCWL~ ....... ... -'1-+-

xxxxx, ROW ~Jtxxxxxx IX~ ~Jtxx xxx~ 

~ C!)LUMN-1 ROW XXXXXll ADDRESS IAJI;. I C::>lUMN-2 IM.AX 
AO-A9 ADDRESS XXXXXI Ao-A1() ,"xxxxxx lXXI 

~ ~ . \CWL m

1 ~ 
xx x xx X XX.,l; 

IfI xx XXXXX)jI' \ X 

twCH 

~ tOH tozc 
tos ~ 

xxxxxxxx Hi-Z ~ DATA kb Hi-Z 
xxx ~ VALlD-1 .~ 

tCLZ tcLZ .... ... r--
Hi-Z ~~ Hi-Z ~ 

tOEZ'" ... tOEZ ... 

~ ....... toDD tozo -111 .... r-

~xxxx xxx 
xxxx xxxxxxx n. J LJ 

• MITSUBISHI 
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~AA xxx~ 

~ 

~ 
I(XXXXX~ 

I'JC 

xxxxxx~ 

twCH 

lOs 
lOH 

~ DATA U'xxxxx") 

~ VALlD-2 ~~xxxx> 

Hi-Z 

.-tooo ~ 

I~XXXXXX> 

'~X 



MITSUBISHI LSls 

M5M417800CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

CAS 

Ao-Al0 

w 

DOl-DOs 
(INPUTS) 

:::= ____ -,/\~-----------tR-A-S----------___1~'-
tRCD tCRP 

i 
VIH-~ 

VIL-~ 
tRAD 

tASR tRAH 
1+-+'---' tASC ... 

VIH-7o:::7':::XX"X=:7'o::::X"'CX~~' ..... -R-OI...W-..,(~ 
XXXX x II ADDRESS 

VIL x x x X XI Ao-Al0 

tRCS 

r-~ 
VIH x x x x x x x x x x X X-l­

xxxxxxxx XXXXl 

VIL x x x XX7 

~~ 

VIH xxxxxxxx xxxx 

VIL 
xxxxxxxx xxxx 

tCSH 

tCAS 
tcp 

I 

tCAH 

tPRWC 
tCAS 

tCAH tCWL tASR 
~ --+r-~ 

~~.~I..&XX~~~~~~ I..XX~ xxx~ COLUMN-~ x COLUMN-2 l&>t x x X x x XI( Ato~~SS 
AO-A9 1 'x x x x x x XI 1'--+-+-__ -'1 t x x X x X ~ ~ ___ _ 

tAW~ tAWD 

tCWD 

tRWD tCPWD 

tDH tDZC tDH tDS ~ tos 

Hi-Z ~ DATA ~ Hi-Z ~ DATA 
r:;r::;r:zv 
~ VALlD-1 

~ f:dF VALlD-2 
~ ~~ 

~ ~ 
fAA fAA 

tCLl -J.. ----1. tCLl 4- 4- U 
DOl-DOs VOH- Hi-Z e;:\,r DATAl\. Hi-Z ~~ Hi-Z 
(OUTPUTS) VOL _ -------+---f----o(l~/ '!!!!..V>+------+---+--<J.':tP'!!!.2>--+--------

~~ ~M 
~f-+ tODD .. tODD 

14 tDZO. ~ .... f4-tOEZ tDZ0:l ~ .. 4-fOEZ ~ 

V'H=~~~L \J ~xxxxxxxx x~ J 
VL xxxxxxxxx 

• MITSUBISHI 
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M5M417800CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Self Refresh Cycle 

Ao-A10 

w 

OQ1-0Qa 
(INPUTS) 

OQ1-0Qa 
(OUTPUTS) 

OE 

4 - 192 

VIH-

Vll-

VIH­

Vll-

VIH 

Vil 

VIH-

Vll-

VIH-

Vll-

VOH-

VOl-

VIH 

Vil 

RP tRASS tRPS 

/ \ V i\ 
tRPC 

~ tCSR 
tCHS tCRP ~ .. ~ ~ 

J ~~ V W 
~ 

tASR .... 
l .................... .................. ................ ....~xxxxxx ................... XXX" ROW {XXXX ............ x xxxxxxxxxxxX~xx x ........ xx 
xxxxxx xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, ADDRESS 

MH ~ tRHR .J 
"I 

W ~~~~~~~~~~~~ xxx .... xx 
'xxxxxxxxxxxxxxxx xxxxxxxxxxxx 

xxxxxx xxxxxxxxXXXXXXXXxxx ............ XXXXxxxx .... xxxXfN 
xxxxxx x xxxxxx~xxxxxxxxx xxxxxxxxxxxx 

"'r-~ 
\ Hi-Z 

I 

~ tOEZ 

~xxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
I xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx Xl 
XXXXXXXXX XX .... XXXXXXXXXXXXX XXXXxxxx K 

.. ". MITSUBISHI 
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MITSUBISHI LSls 

M5M417800CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Ao-Al0 

w 

DOl-DOs 
(INPUTS) 

VIH-

VIL 

VIH­

VIL 

VIH 

VIL 

VIH-

VIL-

VIH 

VIL 

DOl-DOs VOH 

(OUTPUTS) VOL 

VIH 

VIL 

tRP tRAS tRP 

J ~ I \ 
1'4 tRPC. ~ tCHR tRPC CRP 

-+1+- j4--+ 

/ ~~ V W 
l'4

tCPN
• 

tASR .... 
XXXXX XXXXXXX XXX~XXXXXXXX XXXXX1 ROW (':,(-x xxxx xx~xxxxxxx XXXXX;.A ADDRESS N-x x~ xxxxx,,~ 

~ 
twSR twHR 

14-+ 

~r 
LXXXXXXXXXXXXX xxxxxxxxxxxxxxx 
~xxxxxxxxxxxx xxxxxxxxxxxx~ 

xx x·x x xxxx xx~xxxxxxx 

xx xxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

tOFF 

+-14-

i\ Hi-Z 

I 

~ tOEZ 

& .................... ............... xxx 
XXXXXXX~ XXXXX XXXxxxxxxx .......... x .. xxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxx 

Note 30: This cycle can be used for inttialized cycle after power-up, however entried into Test Mode. 
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M5M417805CJ, TP-5,-6,-7, 
-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 2097152-word by 8-bit dynamic RAMs with 
Hyper page mode fuction, fabricated with the high performance 
CMOS process,and is ideal for large-capacity memory systems 
where high speed, low power dissipation, and low costs are 
essential. 

PIN CONFIGURATION (TOP VIEW) 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-lransistor dynamic storage stacked 
capaCitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self refresh current is low enough for 
battery back-up application. 

FEATURES 

'FI7\S" ~ Address ~ Cycle Power 

Type name access access access access 
Ume 

dlsslpa-
Ume Ume Ume Ume lion 

(max. nil) (max.ns) (max.ns) (max.ns) (mln.ns) (typ.mW) 

MSM417805CXX~5.-5S 50 13 25 13 90 655 
MSM417805CXX-6.-6S 60 15 30 15 110 540 
MSM417805CXX-7.-7S 70 20 35 20 130 . 475 

XX=J,TP 

-Standard 28 pin SOJ,28 pin TSOP 
-Single 5V±1 0% supply 
-Low stand-by power dissipation 

5.5mW (Max) ................................................ CMOS Input level 

1.lmW (Max)· ······································•····· .. ·CMOS Input level 
-Operating power dissipation 

M5M417805CXX-5,-SS······································· 800mW (Max) 
M5M417805CXX-6,-6S···································· ... 660mW (Max) 
M5M417805CXX-7,-7S .. ··· .. ································ 580mW (Max) 

-Self refresh capability· 
Self refresh current ....... ......... ........ ......... .... •... .... 200}l A(Max) 

-Hyper page mode (1 024-column random access), Read-modify­
write, 'RAS'-only refresh, ~ before 'RAS' refresh, Hidden refresh 
capabilities. 
Early-write mode, ~ and W to control output buffer impedance 

-All inputs, outputs TTL compatible and low capacitance 
-2048 refresh cycles every 32ms (Ao-A10) 

*: Applicable to self refresh version (M5M417805CJ,TP-5S,-6S, 
-78 :optlon) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 
Ao ....... A10 Address inputs 
DQ1 ....... DQa Data inputs I outputs 

'RAS' Row address strobe input 

~ Column address strobe input 

_W Write control input 

~ Output enable input 
Vcc Power supply (+5V) 
Vss Ground (OV) 

4 - 194 
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Outline 28PON-A (400mil SOJ) 

DQ4 5 

W 
'RAS' 7 

NC 

A2 
A3 
VCC 

Vss 

--,. _____ ..r-

Outline 28P3N-C (400mil TSOP) 

NC: NO CONNECTION 



MITSUBISHI LSls 

M5M417805CJ, TP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

FUNCTION 
In addition to Hyper Page Mode, normal read, write and read­
modify-write operations the M5M417805CJ, TP provides a number 

of other functions,e.g., ~-only refresh,and delayed-write. The 
input cond.itions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

Row Column 
~ ~ W 'O"E' address address 

Read ACT ACT NAC ACT APO APO 
Write (Early write) ACT ACT ACT ONC APO APO 

Write (Delayed write) ACT ACT ACT ONC APO APO 

Read-modify-write ACT ACT ACT ACT APO APO 

~-only refresh ACT NAC ONC ONC APO ONC 

Hidden refresh ACT ACT NAC ACT APO ONC 
Self refresh ACT ACT NAC ONC ONC DNC 

~ before ~ refresh ACT ACT NAC ONC ONC ONC 

Stand-by NAC ONC ONC ONC ONC ONC 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT~ 

~~Ffcte~~~~8f ~ 
WRITE CO~~~8f W U--------~~--.,.q,....J 

ADDRESS INPUTS 

COLUMN DECODER 

SENSE REFRESH 
AMPUFIER & 110 CONTROL 

MEMORY CELL 
(16777216 BITS) 

• MITSUBISHI 
.... ELECTRIC 

Input/Output 

Input Output 
Refresh Remark 

OPN VLO YES Hyper 
VLO OPN YES page 
VLO IVO YES mode 

VLO VLO YES 
identical 

ONC OPN YES 
OPN VLO YES 
DNC OPN YES 
ONC OPN YES 
ONC OPN NO 

--=9. Vee (5V) 

~VSS(OV) 
I 

001 
002 
003 
004 
DOs 
DOs 
007 
DOe 

DATA 
INPUTS I OUTPUTS 

'lin'"' OUTPUT ENABLE 
VI: INPUT 
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M5M417805CJ, TP-5,-6,-7 ,-58,-6S,-78 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY8-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vee Supply voltage -1-7 
VI In~ut voltage With respeet to Vss -1-7 
Vo Output voltage -1-7 

10 Output current 50 
Pd Power dissipation Ta .. 25·C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta ... 0-70·C. unless otherwise noted) (Note 1) 

Symbol Parameter 
Umits 

Unit 
Min Nom Max 

Vee Supply vQllage 4.5 5.0 5.5 V 
Vss Supply voltage 0 0 0 V 

VIH High-level Input voltage. all inputs 2.4 5.5 V 
VIL Low-level input voltage. all inputs -1.0** 0.8 V 

Note1: All voltage values are with respect to Vss . 
•• : VIL(mln) Is -2.0V when undershoot width is less than 25ns.( Undershoot width Is with respect to Vss.) 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C. VCC~ 5V±10%. Vss-OV. unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Umlts 

Min Typ 

VOH High-level output voltage IOH = -SmA 2.4 
VOL Low-level output voltage IOL=4.2mA 0 
loz Off-state output current a floating. OV:iiVouT~5.5V -10 
II Input current ' ov ~ VIN ~ +6.5V. Other inputs pins-OV -10 

Average supply current M5M417805C-5.-5S 'RAS'. CAS' cycling 
ICC1(AV) from Vcc M5M417805C-6.-6S tRc=twc=min. 

operating (Note 3.4.5) M5M417805C-7.-7S output open 

ICC2 Supply current from V cc • stand-by (Note 6) 'RAS'= ~ =VIH outout ODen 
~= ~~Vcc-O.2V output open 

Average supply current M5M417805C-5;-5S 'RAS' cycling. ~= VIH 
leC3(AV) from VCC.~ only M5M417805C-6.-6S tRc ... min. 

refresh mode (Note 3.5) M5M417805C-7.-7S output open 

Average supply current M5M417805C-5.-5S ~=VIL. ~ cycling 
ICC4(AV) from V cc Hyper Page M5M417805C-6.-6S tHpc-mln. 

Mode (Note 3.4.5) M5M417805C-7 -7S output open 
Aver~e supply current M5M417805C-5.-5S ~ before ~ refresh cycling 

ICC6(AV) from ec M5M417805C-6,-6S tRc=min. 
'OAS' before ~ r(Tfresh i) 
mode Note 3,5 M5M417805C-7,-7S output open 

Note 2: Current flOWing into an IC is positive, out is negative. 
3: ICCI (AV), Ice3 (AY) ,ICC4 (AV) , and ICC6 (AY) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCI (AY) and ICC4 (AY) are dependenl on output loading. Specified values are obtained with the output open. 
5: Under condition of column address being changed once or less while ~=VIL and ~ ... VIH. 

CAPACITANCE (Ta .. 0-70·C • VCC = 5V±10%. Vss~OV. unless otherwise noted) 

Symbol 

CI(A) 
CI(CLK) 
ClIO 

4 - 196 

Parameter 

Input capacitance. address inputs 

Input capacitance. clock inputs 
Input/Output capacitance, data ports 

Test conditions 

VI=VSS 
f=1MHZ 
VI=25mVrms 
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Min Typ 

Unit 
V 
V 
V 

mA 
mW 
·C 
·C 

Max Unit 

Vcc V 
0.4 V 
10 J.lA 
10 J.lA 

145 
120 mA 
105 

2 
mA 

0.5 
145 

120 mA 

105 
140 

115 mA 
90 

145 
120 mA 
105 

Max 
Unit 

5 pF 

7 pF 

8 pF 
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M5M417805CJ, TP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70·C ,Vcc .. 5V±10%, Vss-ov, unless otherwise noted, see notes 6,14,15) 

Limits 
Symbol Parameter MSM417805C-5,-5S MSM417805C-6,-6S MSM417805C-7.-7S Unit 

Min Max Min Max Min Max 
tCAC Access time from ~ (Note 7,8) 13 . 15 20 ns 
tRAC Access time from ~ (Note 7,9) 50 60 70 ns 
1M Column address access time (Note 7,10) 25 30 35 ns 
tCPA Access time from ~ precharge (Note 7,11) 30 35 40 ns 
tOEA Access time from ~ (Note 7) 13 15 20 ns 
tOHC Output hold time from ~ high (Note 13) 5 5 5 ns 
tOHR Output hold time from ~ high (Note 13) 5 5 5 ns 
teLZ Output low Impedance time from ~ low (Note 7) 5 5 5 ns 
toEZ Output disable time after ~ high (Note 12) 13 15 20 ns 
twEZ Output disable time after WE' high (Note 12) 13 15 20 ns 
tOFF Output disable time after ~ high (Note 12,13) 13 15 20 ns 
tREZ Output disable time after ~ high (Note 12,13) 13 15 20 ns 
tOCH Output hold time from ~ low 5 5 5 ns 

. . . .. ... Note 6:An Initial pause of SOO Jl s IS required after power-up followed by a minimum of eight Initlalizatlon'AAS' cycles. The Initialization cycles should be done 
either by mrn--only refresh cycles or by ~ before mrn- refresh cycles only_ 
Note the mrn- may be cycled during the initial pause. And any 8 mrn- or 'AAS'~ cycles are required after prolonged periods(greater than 32 ms) of 
~ inactivity before proper device operation is achieved. 
After the initialization cycles, mrn- should be kept either higher than VIH (min) or lower than VIL (max) except mrn- transition time. 

7:Measured with a load circuit equivalent to 10OpF. 
The reference levels for measuring of output signals are 2_0V(\.t)H) and 0.8V(VOL). 

8:Assumes that tAco ~tRCO(max) and lAsc ~tAsc(max) and tcp~ tCP(max). 
9:Assumes that tACO:ltRCO(max) and tRAO:ltAAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC 

will increase by amount that tAco exceeds the value shown. 
1 O:Assumes that tRAo~ tRAO(max) and tAsC:llAsc(max)_ 
11 :Assumes that tcp :ltcP(max) and tAsc~lAsc(max). 
12:tOEl (max) ,twEZ(max) ,toFF(max) and tREl(max)defines the time at which the output achieves the high impedance state ( 10UT:l I ±1 OJlA I ) and is 

not reference to VOH(min) or VOL(max)_ 
13:0utput is disabled after both ~ and ~ go to high_ 

TIMING REQUIREMENTS (For Read, Write, Read-Modlfy-Wrlte, Refresh, and Fast-Page Mode Cycles) 
(Ta-0-70"C, VCC - 5V ±10%, Vss-OV, unless otherwise noted, See notes 14,15) 

limits 

Symbol Parameter MSM417805C-5,-5S MSM417805C-6,-6S MSM417805C-7,-7S 
Min Max Min Max Min Max 

tAEF Refresh cycle time 32 32 32 
tAp ~high pulse width 30 40 50 
tAco Delay time, ~ low to ~ low (Note16) 18 32 20 38 20 42 
tCRP Delay time ~ high to ~ low 5 5 5 

tAPC Delay time, ~ high to ~ low 0 0 0 
tCPN ~ high pulse width 8 10 13 

tRAO Column address delay time from ~ low (Note17) 13 25 15 30 15 35 
tAsR Row address setuD time before ~ low 0 0 0 
tAsc Column address setup time before ~ low (Note18) 0 10 0 13 0 13 

tRAH Row address hold time after ~ low 8 10 10 

tCAH Column address hold time after ~ low 8 10 10 

tolC Delay time, data to ~ low (Note19) 0 0 0 
tolO Delay time, data to ~ low (Note19) 0 0 0 
tAOD Delay time, ~ high to data (Note20) 13 15 20 
tcoo Delay time, ~ high to data (Note20) 13 15 20 

toDD Delay time, ~ high to data (Note20) 13 15 20 

tT Transition time (Note21) '1 50 1 50 1 50 

Note 14:The timing requirements are assumed IT ",,2ns. 
15:VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 

ns 

ns 

ns 
ns 

16:tRCD(max) is specified as a reference point only, If tRcO is less than tRCD(max), access time is tRAC. If tRCO is greater than tRCO(max), access time 
is controlled exclusively by tcAC or 1M. 

17:tRAO(max) is specified as a reference point only. If tAAD ~ tAAo(max) and lAsc :l lAsc(max), access time is controlled exclusively by 1M. 
18:tAsc(max) is specified as a reference point only. If tAco ~ tAco (max) and tAsc ~ tAsc(max), access time is controlled exclusively by tCAC. 
19:Either tolC or tolO must be satisfied. 
20:Either tAoo or tcoo or tODD must be satisfied. 
21:tT is measured between VIH(min) and VIL(max). 
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M5M417805CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Read and Refresh Cycles 

limits 
Symbol Parameter MSM417805C-5,-5S MSM417805C-6, -6S M5M417805C-7,-7S Unit 

Min Max Min Max Min Max 
tRC Read cycle time 90 110 130 ns 
tRAS ~ low pulse width 50 10000 60 10000 70 10000 ns 
tCAS 'OAS' low pulse width 8 10000 10 10000 13 10000 ns 
tCSH 'OAS' hold time after ~ low 40 48 55 ns 
tRSH ~ hold time after ~ low 13 15 20 ns 

tRCS Read Setup time before ~ low 0 0 0 ns 
tRCH Read hold time after ~ high (Note 22) 0 0 0 ns 

tRRH Read hold time after ~ high (Note 22) 0 0 0 ns 

tRAL Column address to ~ hold time 25 30 35 ns 

tCAL Column address to ~ hold time 13 18 23 ns 
tORH ~ hold time after 'O'E' low 13 15 20 ns 
tOCH 'OAS' hold time after 'O'E' low 13 15 20 ns 

~ote 22: Either tRCH or tRRH must be satisfied for a read cycle_ 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter M5M417805C-5,-5S M5M417805C-6 .. 6S M5M417805C-7,-7S Unit 

Min Max Min Max Min Max 

twc Write cycle time 90 110 130 ns 
tRAS ~ iow pulse width 50 10000 60 10000 70 10000 ns 
tCAS ~ iow pulse width 8 10000 10 10000 13 10000 ns 
tCSH ~ hold time after ~ low 40 48 55 ns 
tRSH ~ hold time after ~ low 13 15 20 ns 
twcs Write setup time before ~ low (Note 24) 0 0 0 ns 

twCH Write hold time after ~ low 8 10 13 ns 

tCWL ~ hold time 'after W low 8 10 13 ns 

tRWL ~ hold time afterW low 8 10 13 ns 

twp Write pulse width 8 10 13 ns 

tDS Data setup time before ~ low or W low 0 0 0 ns 

tDH Data hold time after ~ low orW low 8 10 13 ns 

Read-Write and Read-Modlfy-Wrlte Cycles 

Limits 
Symbol Parameter M5M41780SC-5 .. 5S M5M41780SC-6 .. 6S M5M417805C-7 .. 7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time (Note23) 109 133 ' 161 ns 

tRAS ~ low pulse width 75 10000 89 10000 107 10000 ns 

tCAS ~ low Dulse width 38 10000 44 10000 57 10000 ns 
tCSH ~ hold time after ~ low 70 82 99 ns 

tRSH ~ hold time after ~ low 38 44 57 ns 

tRCS Read setup time before ~ low 0 0 0 ns 

tCWD Delav time. ~ low to W low (Note24) 28 32 42 ns 

tRWO Delay time. ~ low to W low (Note24) 65 77 92 ns 

tAWD Delay time. address to W low (Note24) 40 47 57 ns 

tOEH ,OE' hold time after W low 13 15 20 ns 

Note 23:tRwc is specified as tRWC(min)=tRAC(max)+toDD(min)+tRWL(min)+tRP(min)+4tT. 
24: twcs, tCWD,tRWD and tAWD and,tCPWD are specified as reference points only. If twcs~twcs(min) the cycle is an early write cycle and the 00 pins 

will remain high impedance throughout the entire cycle. iftCWD~tcWD(min), tRwD~tRWD (min), tAwD~tAWD(min) and lCPWD ~tcPWD(min) (for 
hyper page mode cycle only), the cycle is a read-modify-write cycle and the 00 will contain the data read from the selected address. If neither of the 
above condition (delayed write) of the 00 (at access time and until~ or~ goes back to VIH) is indeterminate. 
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M5M417805CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT ) DYNAMIC RAM 

Hyper page Mode Cycle 
(Read, Early Write, Read-Write, Read-Modlfy-Wrlte Cycle, Read Write Mix Cycle, HI-Z control by l5E' or W) (Note 25) 

Umlts 
Symbol Parameter MSM417805C-5.-5S MSM417805C-6,-6S M5M417805C-7.-7S 

Min Max Min Max Min Max 
tHPC Hyper page mode read/write cycle time (Note26) 20 25 30 
tHPRWC Hyper Page Mode read write I read modify write cycle time 57 66 79 
tRAs ~ low pulse width for read or write cycle (Note27) 65 100000 77 100000 92 100000 
tcp ~ high pulse width (Note28) 8 13 10 16 13 16 
tCPRH ~ hold time after ~ precharge 28 33 38 
tCPWD Delay time, ~ precharge to W low (Note24) 43 50 60 
tCHOL Hold time to maintain the data HI-Z until ~ access 7 7 7 
tOEPE ~ Pulse Width (HI-Z control) 7 7 7 
twPE W Pulse Width (HI-Z control) 7 7 7 
tHCWD Delay time, ~ low to W low after read 28 32 42 

tHAWD Delay time, Address to W low after read 40 47 57 

tHPWD Delay time, ~ precharge to W low after read 43 50 60 

tHCOD Delay time, ~ low to ~ high after read 13 15 20 

tHAOD Delay time, Address to ~ high after read 25 30 35 

tHPOD Delay time, ~ precharge to ~ high after read 28 33 38 

Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tHpc(min)is specified in the case of read-only and early write-only In Hyper Page Mode. 
27: tRAs(mln) Is specified as two cycles of-eAS' input are performed. 
28: tcP(max) is specified as a reference point only. 

~ before'R1JJ Refresh Cycle (Note 29) 

Umits 
Symbol Parameter MSM417805C-5.-5S MSM417805C-6.-6S MSM417805C-7,-7S 

Min Max Min Max Min Max 
tCSR ~ setup time before ~ low 5 5 5 
tCHR ~ hold time after~ low 10 10 15 

tCAS ~ low pulse width 17 17 22 

tRSR Read setup time before ~ low 5 5 5 

tRHR Read hold time after 'RAS' low 10 10 15 
Note 29: Eight or more'OAS before ~ cycles Instead of eight ~ cycles are necessary for proper operation of'OAS before'RAS' refresh mode. 

Hidden Refresh Cycle (Note 30) 

Umits 
Symbol Parameter MSM417805C-5,-5S MSM417805C-6.-SS MSM417805C-7.-7S 

Min Max Min Max Min Max 

tRSR Read setup time before· 'RAS' low 5 5 5 
tRHR Read hold time after 'RAS' low 10 10 15 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 

Note 30: Read, early write, delayed write, read write or read-modify-write cycle Is applicable to hidden refresh cycle. In all cases tRSR and tRHR should be 
satisfied. 
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M5M417805CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by "5" after speed Item, like -55 /-65 /-75. The other characteristics and requirements than the 
below are same as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta.0 ..... 70t , Vcc.5V±10%, Vss ... OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Umits 

Unit Min Typ Max 

~ before ~ refresh cycling 
or~. cycling & ~~0.2V 
t)E""& WE' :ilO.2V 

Average supply current or~ & WE" iii: Vcc-0.2V 
Icc8(AV) from Vcc M5M417805C (5) 

Ao ..... Al0:;i0.2V 500 J.lA 
Slow - Refresh cycle or Ao ..... Al0 "i;,.Vcc-0.2V 

(note 6) tREF .. 128ms (2048 cycles) 
output = OPEN 
tRAs-tRASmin ...... 1 J.I S 

Average supply current 

ICC9(AV)· from Vcc M5M417805C (5) ~-~:;iO.2V .200 J.lA Self - Refresh cycle output = OPEN 
(note 6) 

TIMING REQUIREMENTS (Ta-0 ..... 70t, Vcc-5V±10%, Vss .. OV, unless otherwise noted See notes 14,15) 

Umits 
Symbol Parameter MSM417805C-5S MSM417805C-6S MSM41780~-7S Unit 

tAASS Self Refresh ~ low Dulse width 
tAPS Self Refresh ~ high precharge time 
tCHS Self Refresh ~ hold time 
tASR Read setuD time before ~ low 
tAHR Read hold time after ~ low 

SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) Incase of distributed refresh 

Min 
100 
90 

-SO 
10 
10 

Max Min Max Min Max 
100 100 J.lS 
110 130 ns 
-SO -50 ns 

10 10 ns 
10 15 ns 

The last / first full refresh cycles (2K) must be made within t NS / tsN before / after self refresh, on the condition of t Ns:a32ms and tSN~ 
32ms. 

~S tsN 
I- -I I- -I 

--------------------.~II~I~I-----~I~II~I _______ Se_lf_re_fre_sh~p_eri_oo ______ ~~II~II------~-I~II~I--------~--------
DISTRIBUTED REFRESH 

<2K/32ms> 
DISTRIBUTED REFRESH 

< 2Kt32 ms > 

(2) In case of burst refresh 
The last / first full refresh cycles (2K) must be made within t NS / tsN before / after self refresh, on the condition of t NS + tSN :iii 32 ms. 

4 -:-- 200 

tNS tsN 
~ ~ 

""'1I1I1Ir""1I ---nnIllIr-----imIllIr----;IL-___ s_elf_re_fre_sh~pe_rioo __ ----'1 1111 
BURST REFRESH 

<2K/32ms> 
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M5M417805CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT ) DYNAMIC RAM 

TEST Mode SET Cycle (Note3l) 

Umits 
Symbol Parameter M5M417805C-5.-5S M5M417805C-S,-SS M5M417805C-7,-7S Unit 

Min Max Min Max Min Max 
twsR W setup time before 'RAS' low 10 10 10 ns 
twHR W hold time after 'RAS' low 10 10 15 ns 

Note 31 :The test mode function is initiated by a W and ~ before ~ cycle ( WCBR cycle) as specified in timing diagram. 
The test mode function is terminated by either a ~ before ~ refresh cycle (eBR refresh cycle) or a ~ only refresh cycle. 
During the test mode, the device is internally organized as l6·bits wide ( 1 M bytes depth). No addressing of CAo is required. 
During a write cycle, data must be applied to all DO ( input) pins. The data can be different between DO pins. The data on each DO pin Is written 
into 2·blts memory cells, respectively. During a read cycle, each DQ ( output) pin shows the test result of the 2-bits, respectively. High state 
indicates that they are same. Low state indicates that they are not same. 
During the test mode operation, only WeBR cycle can be used to perform refresh. 

o----d #1 
001 

#2 

o----d #3 
002 

#4 

o----d #5 
003 

#6 

o----d #7 
004 

#8 

o----d #9 
005 

#10 

o----d #11 
DOs 

#12 

o----d #13 
D07 

#14 

o----d #15 
D08 

#16 

b-< JUDGE ) 

P-< JUDGE ) 

P-< JUDGE ) 

P-< JUDGE ) 

P-< JUDGE ) 

P-< JUDGE) 

P-< JUDGE 

P-< JUDGE 

•. MITSUBISHI 
.... ELECTRIC·· 

) 

) 

~ o 001 
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o DOs 
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PREL\N\~!:iJ~~~" M5M417805CJ,TP-5,-6,-7,-5S,-6S,-7S 
Notice'. This is n~\~TI;~~a3re subject to c 

sorneparatnetflHYPER PAGE MODE 16777216-BIT (20971S2-WORD BY a-BIT) DYNAMIC RAM 

Timing Diagrams (Note 32) 
Read Cycle 

VIH­

VIL-

r 
VIH­

VIL-~ 
tASR 

H 
~ 

, 

tRAH 
~ 

R(lW Ao ...... A10 
VIH­

VIL-~ 
ADDRESS 

w 

DQ1 ...... DQa 
(INPUTS) 

OQ1 ...... 0QS 
(OUTPUTS) 
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VIH­

VIL-
xxx 
XXXXX 

VIH­

VIL-

XXXXXXXX 

VOH­

VOL-

VIH­

VIL-

xxxx 

xx 

tRC 

tRM tRP 

i tRpc '-tCSH 
tRCD tRSH 

tcAS ~ ~P , I V 
tRAD tRAL 

tCAL tASR 
~ tCAH 

~ 

COLUMN ROW 
~XXXXX1t' I1t'X xxxxx x~ 

~YX ADDRESS .~xxxxxxxxxx xx xx'~ ADDRESS 

~cs tRRH 

r ...--. tRCH 

XXXXlI xxx xxx," 
X. XXX XXX}! xxx .. 

tozc +-1---+ tCDO 
~r. 

Hi-Z XXXX}! 
XX}! 

W'I 

tREZ' twEZ I+-r.-
tCAC tOFF 
tAA tOHC 

tCLl 
tOHR 

HI-Z 

~ 
HI-Z 

DATA VALID 

tRAC 

tozo ~ tOEZ 
tOCH ~DD. 

xx x X}! 
XXXXXXXXXX • X}! 

tORH 

~ Indicates the don't care input. 
Note 32 ~ VIH(min):iiVIN:iiVIH(max) or VIL(min):iiVIN:iiVIL(max) 

~ Indicates the invalid output. 
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Early Write Cycle 

Ao-A1o 

w 

DOl-DOe 
(INPUTS) 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

MITSUBISHI LSls 

M5M417805CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 167n216-BIT (2097152-WORD BY 8-BIT ) DYNAMIC RAM 

twc 

tRAs tAp 

~ ~ If-t tApc ~ 
tCSH 

tcp tAco tASH 
tcAS -+ ~p 

W ~ I{ W 
lASt. tAAH 

lASC~ 
leAH tA~ 

~ ROW ,~ 
COLUMN ,,, JII JII X X X 'X)C'X)a ROW 

ADDRESS ADDRESS J'o.J'o.""" 'XY. 
ADDRESS . \.A"A"I7 '1!;JIIJIIXXXJIIXXXJIIXX 'X)c'Xv 

I 

twcs twCH 
x J'o.J'o.J'o.~:r "I ,.,.,. 

~~~~~~~~~~~ XJIIXXXX JIIJIIXXlI. IIJ(XXXJII 
xxx JIIXXX.}IIJIIAW --".&.xxXJ'o. AXXXXXXJIIJIIXXXJII~ XXXXAXXXXXX 

tos·~ tOH 

'I., )Cxxx 
x DATA VALID xxxx XXXXXI1 nx.xx XAXXXXXXxxxxxx~ 

DOl-DOe VOH- _________________________________ H_i_~ ____________________________________ __ 

(OUTPUTS) VOL-

VIH­

VIL-

'.. MITSUBlSH.1 
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l \ \\1\ \",~~Y M5M417805CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
PRE 8 final specIfICS, to change, 

Notice', This \~~\rI\itS axe subl
ec 

SOrl\61'a
ra

rl\e HYPER PAGE 'MODE 16777216-BIT (2097152-WORD BY 8-8IT) DYNAMIC RAM 

Delay _d Write Cycle 

Ao-A1o 

\ 
\ 

W 

001 ..... 008 
(INPUTS) 

D01 ..... DQ8 
(OUTPUTS) 
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VIH­

, VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VOH­

VOL-

VIH­

VIL-

~ 

tf 

X-XXXXIr 
X-XXX'6 
~ 

~ tRAH 

D ROW 
ADDRESS 

(X)(X)( 

<'xxx 

, 

Hi-Z 

x. 

tRco 

twc 

tRAS 

tCSH 
tRSH 

tCAS 

lASc I4-t 
tCAH 

.~ 
COLUMN IWJIIX 
ADDRESS 

'~ 

~ 

twCH 

to~ to~ 
Hi-Z J~ 

,~ 

~ 

~~~ 
~ 

tOEZ 

+--1 tODD 
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... tRP 

~ ~ 
-ft f-~PC 

--+ ~P 
~ ~ 

...... 14- lASR 

ROW 
x xxxx. ADDRESS rl 

~ 
tRWL ~ 

j4twp. 

~ 
)(xx}o 

~x X • 

toH .. 
DATA 
VALID .&-.xx 

Hi-Z 

~H 

.yy-y 
xxx> IKX x 

~xxxx xxx 
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M5M417805CJ, TP-5,-6,.7 ,-55,-65,.75 

HYPER PAGE MODE 167n216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Read-Write, Read-Modlfy-Wrlte Cycle 

VIH­

VIL-

VIH­

VIL-

VIH-

Ao-A10 VIL-

w 

DQ1 ..... DQs. 
(INPUTS) 

OQ1 ..... DQs 
(OUTPUTS) 

VIH­

VIL-

VIH­

VIL-

VOH­

VOL-

VIH­

VIL-

tRWC 

tRAS 

, 
tCSH 

tCRPj 
tAco tRSH 

tCAS 

XXXXlr 1 

~ tRAD 
~ 

tAS~ tRAH 
tAsc. tCAH 

~ ~ 

ROW COLUMN rIXX~ 

XXXXII 
ADDRESS ADDRESS 1.& X 

~ .~ 

tAWD 

tAcsl4-~ tCWD 
tRWD 

xxxxxxx 
xx.;s(4 

IX xxxxxXJ 
XXI 

tDS .. 
tozc ~ ,... 
xx Hi-Z 

XIXXXXXXxx 1~ 
xxxxxxx 

XX'.JI.'.JI.XXX 

IXXXX xxx 
tCAC r~ 

Hi-Z 

tAA 

~~ ,...---, DATA 

tAAc 
' VALID, 

~I---f tODD 

tozo I£OE~ 
~ tOEZ 

X'.JI.XXXXXX 
XXXXXXXX 
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~ 
tAp 

J ~ 
~ -... J.-....~pc 

- -+ !:RP 

;,. W 
tAS~ 

xxx ROW 
XXXXII 

ADDRESS n 

tCWL 
tAWL 
twp 

I'.JI.X'.JI.'.JI.'.JI. X'.JI.XX'.JI.'.JI.X 

lJl<hx x x x x x xxx~ 
~. 

tOH 

wxxxxx~ DATA VALID 
rvXXXXXXXXXX)I 

Hi-Z 

~ 

~XX'.JI.XX'.JI.XX'.JI.XXX'.JI.X 
·~YXY~X~X~'.JI.~fXX'.JI.'.JI. 
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M5M417805CJ, TP-5,-6,-7 ,-5S,-6S,,-7S 

Sotrlepaf HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

Ao-A10 

w 

DQ1-DQa 
(INPUTS) 

DQ1-DQa 
(OUTPUTS) 

4 - 206 

VIH­

VIL-

VIH­

Vll-

VIH:'" 

Vll-

VIH­

VIL-

VIH­

Vll-

VOH­

VOl-

VIH­

Vll-

tR AS 

~ 
tCSH tHPC 

tCRP tRCO tCAS ~ tCAS 

-.r~ 

W ~ ~,..........,~ 
tRAo 

lASR tRAH lASc I+-t l~tCAH • ~ l.tCAH , 

,~ . IT: "'n, .R"R. m lOW 
I"DDRES~ COLUMN-1 COLUMN-2 IAJ'i.J'i. 

"'-AB .~ iI'~ 
.~ 

~~ 
tCAl tCAl 

xxxxx xxxx 
xxxxx xxx_ 
XXXXX xxx. 

to2C 

xxx xx Hi-Z 
xxx xx 

~ ~ 
tAA 

~ .. I -. ~H .. 

~ 
Hi-Z 

~ 
DATA 

VALlD-1 

tRAc l tCPA 

tDZO t~ I 
tOCH 

xxxxxxxxxxxxxxx 
X 

• MITSUBISHI 
i"&ELECTRIC 

P 
--'" 

~ L 
tRSH 

~ tCAS 

,---,~ ~ 
tCPRH 

t~ l. tCAH 
• IlillASR • 

r"\. kr !P_ 
ROW ,,,. COLUMN-3 ADDRESS 

tI ~ ~I'l' 

tRAL 
14- t~ 

teAL ~ tRCH 

XXXX)I 

~ 
tROD 

tcoo 

~ ~ 
~' tREZ ~ ~ 
tAA tOHR r-

tOl"l" 

tOOH tOHC 

'~ DATA DATA t-
VALlD-2 VALlD-3 J 

tCPA 

toEZ 

Xli 
X)l 

I'. X 

~ tODD 



MITSUBISHI LSls 

M5M417805CJ, TP-5,.6,-7 ,.55,-65,.75 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

Ao .... Al0 

w 

VIH­

Vll-

VIH­

Vll-

VIH­

VIL-

VIH­

VIL-

DOl-DOs VIH-
(INPUTS) Vll-

DOl-DOs VOH-
(OUTPUTS) VOL-

VIH­

Vll-

tRAS tAp 

~ ~ '--tCSH tHPC tRSH 
tc~r ... tAco tCAS ~ tCAS ~ tCAS I . tCRP --,- I'" I 

~ ~ ~r---;~ r---:~ 'I 
I. tCAl I tCAl 

tASR tRAH tASc ~tCAH ~ lAsc ~tCAH ~ tA~ i4tCAH. i,.tASR ~ I4-t r 

~ 
.D:n .~ .~ .lSnnn 

ROW ROW 111: X x.,. COLUMN-1 I_X x xx.. COLUMN-2 lmoo x x x_ COLUMN-3 I1fXXX~ 
ADDRESS ~ ADDRESS .Y::,tf;tI 

~ '~ 

,JWCS. ~twCH~ iJWCS • ~twCH. . ,JWCS. ~twCH. 

~ ~ rxxx x-x-x )C 
xxxxxxx I X X JC ~ xx x ~rx x x X)( 
xxxxxxxxxxx A ,. xxxx (' I . "-"-70 ... M. XXxxxJCxxxxx)C 

~ ~ illites ~ ~. tos ~ .---.. 

DATA 
~ DATA .~ DATA [.ex x x"/\ .. xx~ ... xxx .... 

xxx x VALlD-1 VALlO-2 VALlD·3 RXXXXXXXXXXX)I 

~ .~ ·,xxx x 

Hi-Z 

--------------------------------------------------------------

• MITSUBISHI 
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ELl 'NARY P R , a l\(1a\ change 

MITSUBISHI LSls 

M5M417805CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
,his IS afe 

,HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8 .. BIT) DYNAMIC RAM 

Hyper Page Mode Read-Wrlte,Read-Modlfy-Wrlte Cycle 

VIH­

VIL-

VIH­

VIL-

tCRr 

XXXXlII 
XXXXI -

tA~ 

rrrn 
XXX)&! 

~ 
tCSH 

tRCD 

~ 
tRAO 

IJRA1 tAsc ~ tCAH 

ROW 

tcAS 

tRAS ;=, k- -

~ L 
--. ~WL 

tHPRWC t::RP 

tcp tCAS 

~ ~ ~ 

~ tCAH ~ I4t tASR 

.)II. ux ROW Ao ..... A1o 
VIH­

VIL- ADDRESS ~ COLUMN-1 COLUMN-2 
~ IftX X X XXXlII ADDRESS ,., 

w 

D01 ..... DOs 
(INPUTS) 

D01 ..... DOs 
(OUTPUTS) 

4 - 208 

VIH­

VIL-

VIH­

VIL-

VOH­

VOL-

VIH­

VIL-

~ 

tAWo tAWO 

tRf I-t 
tCWD t(~ tRCS 114- tCWD 

I_ twP 

ICXXX •• ~ fo~W xx 

tRWD tcpwo 

~~ lOs tDH tD~ 
tos 

xxxxxxx xxx Hi-Z ~ DATA ~ Hi-Z 
XXXXXXX xxx 

x~xxx ~ VALlD-1 ~ ~ 

Hi-Z 

xx 

tM 

tCL2~" 

~ 'DATA' Hi-Z 
,VAJJD-1J 

tRAC 
~r. tODD 

~ ~ .... l-~tOEZ 

I 

• ' MITSUBISHI 
.... ELECTRIC 

tM~ 
-+~tc~ 

DI';:"~ 
YAJJD-2 ~ 

tCPA 10.0..-

+r1 tOEA 

'U 

~ 
~ 

:Ie> 
x ')I 

lOH 

~ DATA .IXXXX> 
rrxxxx)I 

~ ~ALlD-2 ro'-.YYXY)I 

Hi-Z 

tODD 

tOEZ ~. 
IW , 



MITSUBISHI LSls 

M5M417805CJ,TP-5,.6,-7,-55,-65,.75 

HYPER PAGE MODE 167n216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

Ao-Al0 

w 

D01-DOa 
(INPUTS) 

D01-DOa 
(OUTPUTS) 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VOH­

VOL-

VIH­

VIL-

tRAs 

~ tAWl , 
.!~~ 

tCSH tHpc tHPRWC 

tCRP tAco tCAS ~ tCAS ~ tCAS 
"I 

WfI 
p----, ri 

tCWL 
r--

~ I ~ ~ ~ 1.4 
r 

tRAD 

tAsR tRAH l_tcAH ~ tAs~ ~ lAsc tCAH lASR 
lASC H -tr*" 

~ 
,~ ~ ~ .15'" !\ ,IXXXX XXXXA to---

ROW ROW 
COLUMN-1 ... COLUMN- IE x X XXI 

ADDRESS x x. COLUMN-2 X2 
=~ 4DDR~S"'1 '~ ." ~ I .~ '~xxx xxXXlf 

~ 

(.x.x.xx.x iXXX.x~ 

xx 

Hi-Z 

XXiXiXXiXXXX 

14 tRC~ twcs b 
tCAl tCAl 

\ 
tozc 

~ ~ ~ 

~ DATA ~J. 

~ "r- VALlD-2i\ 

~LZI -+ twEZ 

~~~ DATA 
VAllD-l 

-~ 
tRAC 

tozo ~ tOE2 

~ r-+rt'I 
xxx tOCH j 

-t r-I--
tODD 

.• MITSUBISHI 
.... ELECTRIC 

tCPWD 

tAWD 

tCWD 

~ IAXXXX> 

~ I. iX X X XiX 

I 

tozc 
tos ~~ if--- .. 
-t 

~r-~ 
DATA rx.xx xx.x:J! nfi! VALlD-3 ~x :J' 

~----+ ----' 

~ 
--+ t~ 

~ 
~ 

DATA 
VALlJ>.3 

~ 
tCPA 

~t~ ~z ~ 
\ J 

.XXiXiXXX> 

.~ 

-i I-~ 
tODD 

4 - 209 



MITSUBISHI LSls 

PREL\~~!!~~~" M5M417805CJ,TP-5,-6,-7,-5S,-6S,-7S 
Notice: ;his ~t~~ lilnitS are sUPlee 

Some par am HYPER PAGE MODE' 167772t6~BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

VIH­

VIL-

VIH­

VIL- ---' tcp 

lASc 
~ 

~ ~ 
tCAS tCAS 

tCAH lAsc lCAH 
I4---t 

Ao-Al0 
VIH­

Vll-
COLUMN-1 # COLUMN-2 }I; rwf' 

w VIH­

Vll-

DOl-DOe VIH­
(INPUTS) VIL-

DOl-DOe VOH­
(OUTPUTS) VOL-

4 - 210 

VIH­

Vll-

xxx x. 

% ~ ~ 

-w; }I;}I;}I; }U' -~ 

tCAl A tCAl 

twcs 

F} It-----t 
tHCWD ~ 

tHAWD 

tHPWD tOS____. ~ 14-

Hi-Z .~~ ~ 
tCAC ,. VALlO-2 -

1M 

tCPA 
twEZ 

-+ .. 
~ 

DATA ~ 

VALlD-1 ~ 

tHcoo 

tHAOO Fd-. tODD 
tHPOO 1# , 

• .MITSUBISHI 
"ELECTRIC 

A ut.xxxxx 
¥xxxx 

Hi-Z 

Il 
~ 

l.lASC
• 

lCAH 

.~ ~ 
I~ COLUMN-3 
~ 

t~~ 

X .~ Hi-Z IX 

IXX x 
~tCAC • x . .1 

1M 
tCPA 

tCL2~ 
DATA 

YJ VALlD-3 

tozc ...... I. tOEA • 

~ 

k 



MITSUBISHI LSls 

M5M417805CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152'7WORD BY 8-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( HI-Z control by ~ ) 

Ao-A1o 

w 

DOt-DOe 
(INPUTS) 

DOt-DOe 
(OUTPUTS) 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VOH­

VOL-

VIH­

VIL-

tRAS 

~ 
tCSH tHPC tRSH 

*. tRco tCAS ~ tCAS tcp tCAS 

wa ~ ;r-\ ~ 
, 

tRAO tCPRH 

lAsR tAAH,. lAsc ~ 
tCAH ~ ~tCAH • tJ~ ~ 

.nn:I~ 1"9. ~ 
ROW I1I'XX ~ ~ COLUMN-1 COLUMN-2 DDRES 3Z:8 

xxxxx 

xxxx 
xxxxx 

~ ---'" ~ ~ 

xxx, 
xx»' 

xxx 

Hi-Z 

r S

" 

tozc 

Hi-Z 

~ ~ 
1M 1M 

~~ --f~1'"" 

mAc ~ DATA ~ f~~ DATA 
VALlD-1 - IVAUD-14 VALlD-2 

tOi:l.--. tCPA 

t~ tCHOL 14--+ tozo --t_l>CH 

.,~~ h 
xxx I I 

--f 1-1+- tOEPE --t -

• MITSUBISHI 
.... ELECTRIC 

COLUMN-3 11f 

tRAL 

~ 
1M 

tCll 
I 

HI-Z ~~ 
tCPA 

tOEZ 

~ 
!4-tOEPE 

tRp 

~ l-
tCRP 

I 

~ 
.,r, ~ 

~ 
ROW 

"",II:; 
J~ ADDRESS 

.. tR~ 

~ tRCH 

XXXX}! 

~ 

~ 
tROD 
tcoo 

~ Q 
tREZ ~ ~ 
tQHR 
tOFF 
tOHC 

DATA ~ VAll 0-3 

tOEZ 

xx XXX}! 

.. xx XXX}! 

~ tODD 

4 - 211 



MITSUBISHI LSls 

M5M417805CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-8IT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( HI-Z control by W ) 

Ao ..... A10 

w 

DQ1-DQs 
(INPUTS) 

DQ1 ..... DQa 
(OUTPUTS) 

4 - 212 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VOH­

VOL-

VIH­

VIL-

mAs , 
tCSH tHPC tASH 

~~ 
tAOD toAS ~ tOAS top tCAS 

r-----, 

W ~ y ~ ~ 
tRAD tCPAH 

tASR tAAH lASc ~ i4tCAH. ~ ~tCAH .. t~ ~tCAH • 

~ lOW 
~. If::7I: IIII~ .r.tt:. ~ 

.. xx,. COLUMN-1 COLUMN-2 !W';.~ .... x • COLUMN-3 
V\D D RES .. ~l 'Y::JQiI ~ I-FI ~~ ~l 

tRAL 

r~ tACH .... t-1+- MI4 tACS 

xXJO:xx JO:xxx..-

I}~ x. .XXXXl 

toz twPE 

lCXXXX xx XXx Hi-Z 
xxxx 

~ ~ ~ 
tAA tAA tAA 

--t ~H .... twEZ ~ I-.,.-i-
Hi-Z ~~ DATA '~ DATA , HI-Z J~ 

VALlD-1 

tRAC tCPA 

tozo t~ r 
tOCH 

x xxxxx .... x~ 
xxxxxxxxxxxx xx 

• MITSUBISHI 
.... ELECTRIC 

VALID-2 

l tCPA 
I 

tAp 

~ ~ 
lCRP 

~ 

14 tASR .. 

111':11 "'~ ROW 
ADDRESS 

... '" "'I'-

~tA~ 
It---.. tACH 

lX xx X ~ 

j4twEZ .. 

tAOD 
tCDO 

~ iQ 
tREZ ~ ~ 

rr 
tOHR 
tOFF 
tOHC 

DATA t-VALlD-3 

tOEZ 

.:xx xx ~ 

~ toDD 



JWI-only Refresh Cycle 

Ao-Al0 

w 

DOl-DOs 
(INPUTS) 

VIH­

VIL-

V1H­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

MITSUBISHI LSls 

M5M417805CJ, TP-5,-6,-7 ,-59,-69,-79 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

tRC 

tRAS tRP 

ROW 
ADDRESS 

DOl-DOs VOH- Hi-Z 
(OUTPUTS) VOL-

VIH­

VIL-

------------------------------------------------------------

• MITSUBISHI 
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MITSUBISHI LSls 

PREU~~~~;:~","" M5M417805CJ,TP-5,-6,-7,-5S,-6S,-7S 
.. lice: 1'\\i5 is n~\~\\\S are sulN'c 
\,.0 aO'stflC 

Sor
ne 

par HYPER PAGE MODE 16777216-BIT (2097152-WORD . BY 8-BIT ) DYNAMIC RAM 

~ beforelVJl Refresh Cycle, Slow Refresh Cycle 

Ao-A10 

w 

OQ1-0QS 

(INPUTS) 

OQ1-0QS 

(OUTPUTS) 

4 - 214 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH'­

VIL-

VIH-

VIL-

VOH-

VOL-

VIH-

t/IL-

tRC " RC 

tRP tRAS 
» 

tRAS tRP 
(f 

J ~ ~ -
~ 

~ 

~ ~ 

~ct~ tCHR -t~CII t~ tCHR -t~C I tCRP 

~~ , J If ~ If "WI ~ -tCPN 

It 

11:111: x 111: XXAA 
11:111: X 111: 111: ,AXAA 

» 

~H t~ tRHR 
(f tR~ tRHR 

'I 'I 

VI • 111:111: X 111: 111: 111: 111: 111:6 • 
'x X 111: 111: 111: x.1II:~ ,111: 1II:1II:1II:JO; -

leX X 1II:XXX1II:XXXXX 
xxxxx-xxx )(X 1II:XXXXXXXXXXX 111: X 111: XXXXXX1II:XXXJO;XXX 

X X)ICI xx .x 

--.~O~ -- Hi-Z \ 
~S -" 

tOEz 

XXXXXXXX1II:XX1II: xxxxxxxxxxxxxxx 
xxx.xxXX'X 111: XXX 111: XXX 111: xx 

• MITSUBISHI 
.... ELECTRIC 

-tf:-~R 
xx,.. ROW COLlJMN 
XXI It\DDRES ADDRESS 

tR~ 
xXXXXXXXI 
xx X xxx x XI •• 

XXXXXXXXXXX')( 
X 

XXXXXXX, 
xX'X'xxXX'X,)( 

xx xx> 
XXXXX'XXXX'X> 



MITSUBISHI LSls 

M5M417805CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 33) 

Ao-A10 

w 

OQ1-DQa 
(INPUTS) 

DQ1-DQa 
(OUTPUTS) 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL--

VIH­

VIL-

VOH­

VOL-

VIH-' 

VIL-

tA C 

tRAS 

~ 
tCRr tRCD tRSH 

xxxx:r 
~ §!j§f 

tRAD 

tASRi8 ~tASC 
tCAH 

"2'52'2\. ~OW ~ COLUMN ~.x 

xxx .. ADDRESS ADDRESS lAX 
~ 

~ tRAL 

xxxxxx xxx 
XXXXXX XXXI 

~ 

xxx 
tCAC 

tM 

~ 
Hi-Z ~~ 

tAAC 

tozo toEA 

toRH 

xxxxxxxxxxxxxxxx 
xxx x 

tA C 

tRP tRAS tAp 

I , ~ L 
tCHR 

I 

tAS~ 

xxxxxx A1l ROW xxxxxxx xx xx xxx .. 
ADDRESS 

~ r ~ 
W XXXXXXX}l 

~x XXXXXXX}I 
1[ }I 

. tCDD 

~ 
Hi-Z XXXX}I 

~ XXXXX'" 

~ 
tOFF 

tOHC 

Hi-Z 
DATA VALID 

tOEZ 

tODD 

x 
X~ 

Note 33: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
In all cases 1RSR and tRHR should be satisfied. 

• MITSUBISHI 
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Self Refresh Cycle 

Ao-A10 

w 

DOl-DOe 
(INPUTS) 

DOl-DOe 
(OUTPUTS) 

4 - 216 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH-

VIL-

VOH-

VOL-

VIH-

VIL-

MITSUBISHI LSls 

M5M417805CJ, TP-5,-6,-7 ,-5S,-65,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BV8-BIT) DYNAMIC RAM 

tRP 

J ~ 

~ tc~ 

J ~ 
tCPN 

ICX xxx 
ICX 

~H t~ ~ tRHR 

W 

ICX xxxxxxxxx 

... ~~ _."\ 

-' 
.... 1-~EZ 

.. 

tRASS tAps 

~ ~ 
tRPe ~ 

.... t~s 

~'l 

xx xxxx 

~ 

I 
'-xx XXXXXXXX 

nl.X)I; A)I;)I;)I;)I; 
~ )l;X)I;)I;XA)I;)I;)I;X)I;)I;)I;X 

XXXX 
XXXX)I;XXX)I;)I;XXX)I; 

Hi-Z 

XXX)I;)I;XX)I;)I;XXX)I; 

• . .MITSUBISHI 
.... ELECTRIC 

~ ~ 

W 
~::.. 14-

X III ROW 
X XXXII ADDRESS 

xxxxxx > 
> 

xxxx> 
xxxxxxxxxxxx> 

xxx 



MITSUBISHI LSls 

M5M417805CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY a-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Ao-A10 

w 

OQ1 ..... 0QS 

(INPUTS) 

OQ1-0QS 

(OUTPUTS) 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH-

VIL-

VOH-

VOL-

VIH ...... 

VIL-

tR P tAp 

J 
, 

~ ~ 

~ tCSR .... tCHR -..;: tCRP 

~ ( .lLX XlIlL 

J W 
tCPN 

tAsR 
....... r-~ 

xxxx .J ROW 
XXXXXXXXXXXXXXXXXXXXft ADDRESS 

tRCH twSR twHR 

~ .... 
~r 

xxxx XXXXXXXJI 
XXXXXXXXXXXXXXXX 

XXXXXXXXXXJI 
XXXXXXXXXXJI 
xx x 

.... _~FF 

--~ Hi-Z 

-I( 

--..-~EZ 
x XXXXX XXX)! xxxx XXX XXX 

... X XXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJI 

Note· 34: This cycle can be used for Initialized cycle after power-up I however entried into Test Mode. 
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MITSUBISHI LSls 

M5M416160BJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (.1048576-WORD BY 16-BI1) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideal for 
large-capacity memory systems where high speed, low power 
dissipation , and low costs are essential. 

The use of double-Iay,er aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pil1S and an increase in system densities. 

FEATURES 

RAS CAS Address OE Cycle Power 
Type name access access access access lime disslpa-

lime lime lime lime lien 
(max,ns) (max,ns) (max.ns) (max,ns) (mln.ns) (typ.mW) 

MSM416160BXX-6,-6S 60 15 30 15 110 430 

MSM416160BXX-7,-7S 7Q 20 35 20 130 385 

XX=J,TP 

• Standard 42pin SOJ, 50pin TSOP 
• Single 5.0V ± 10% supply . 

• Low stand-by power dissipation 
5.5mW (Max) •••••••••••••••••••••••• CMOS Input level 

• Low operating power dissipation 
M5M416160Bxx -6, -6S ••••••••••••••••• 530.0mW (Max) 
M5M416160Bxx -7, -7S ••••••••••••••••• 470.0mW (Max) 

• Fast-p~ mode, Read-modify-write,RAS-only refresh, CAS 
before RAS refresh, Hidden refresh capabilities 

• Early-write mode and OE to control output buffer impedance 
• All inputs, output TTL compatible and low capacitance 
.4096 refresh cycles every 64ms (Ao -All) 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN CONFIGURATION (TOP VIEW) 

ee 
01 
02 
03 
04 

(5.0V)V 

DATA INPUTSt{ g 
OUTPUTS D 

o 
(5.0V)V ee 

05 
Os 
07 
Oe 

i 
DATA INPUTSt{ g 

OUTPUTS 0 
o 

WRITE CONTROL NN 
INPUT~ 

AS ROW ADDRESS -­
STROBE INPUT{R~ 

ADDRESS 
INPUTS , 

11 
10 
Ao 
Al 
A2 
A3 
ee (5.0V)V 

'-' 

~ 
I .... 
0) .... 
0) 
Q 
m 
c.. 

~ 
0 
D 
0 

~l!O}V) 
015 D. ATA INPUTSt 
014 OUTPUTS 
013 . 

~. 
D 
D 
0 

~lJO}V) 
011 DATA INPUTSt 
010 OUTPUTS 

Qg LOWER BYTE CONTRO 
~LUMN ADDRESS 
LCAS'~:':,RoBE INPUT L 

~ 
UPP. ER BYTE CONTROL 
COLUMN ADDRESS 

E STROBE INPUT 

A As INPUT 
9 }0...0UTPUT ENABLE 

A 
A 

7 ADDRESS 
~ INPUTS 

A 4 
V ss (OV) 

Outline 42POK(400mil SOJ) 

(5.0V)Vee 

{

DOl 
DATA INPUTSt 002 

OUTPUTS D03 
004 

(5'0{V)ci~ 
DATA INPUTSt DOs 

OUTPUTS D07 
~Oe 
NC 

~ 
I .... 

12 0) 39 .... 

Iyss (OV) , 

D016} 
0015 DATA INPUTSt 
D014 OUTPUTS 
D013 
rvss (OV) 

0012} 
0011 .. DATA INPUTSt 
DOlO OUTPUTS 

~gs 

~: 8:~ ~8::m~~TROL 
WRITE CONTROL ~g m NC STROBE INPUT 

INPUT,,!; :;! ~ BYTE CONTROL 
ROW ADDRESS W v Uvl\~ COLUMN ADDRESS 

STROBE INPUT RAS' ~}~ ~~~t;:BLE 

{
~~~ As INPUT 

ADDRESS ~~ ~~ ADDRESS 
INPUTS A2 A5 INPUTS 

A3 A4· 
(5.0V) Vee Vss (OV) 

Outline 50P3W-L(400mil TSOP) 
NC : NO CONNECTION 

4 - 218 
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MITSUBISHI LSls 

M5M416160BJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

FUNCTION 
The M5M416160BJ, TP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, 

e.g., fast page mode, RAS-only refresh, and delayed-write. 
The input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs Input/Output 

--
RAS LCAS UCAS W- OE DOl-DOS 009-0016 

Lower byte Read ACT ACT NAC NAC ACT 

Upper byte Read ACT NAC ACT NAC ACT 

Word Read ACT ACT ACT NAC ACT 

Lower Byte Write ACT ACT NAC ACT NAC 

Upper Byte Write ACT NAC ACT ACT NAC 

Word write ACT ACT ACT ACT NAC 

RAS-only refresh ACT NAC NAC DNC DNC 

Lower Byte Hidden refresh ACT ACT NAC NAC ACT 

Upper Byte Hidden refresh ACT NAC ACT NAC ACT 

Hidden refresh ACT ACT ACT NAC ACT 

~before ~ refresh ACT ACT ACT DNC DNC 

Stand·by NAC DNC DNC DNC DNC 

Note: ACT: active. NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT RAS 

LOWERB~CONmOL--_(~--Ir============~:L~~~~~ __ -1 COLUMN ADORESS SmOBE INPUTLCAS 

UPPER Bm CONmOL __ 
COLUMN ADDRESS SmOBE INPUTUCAS 

WRITE CONTROL 
INPUT 

ADDRESS INPUTS 

AO 

Al 

A2 

AS 

A4 

A5 

A6 

A7 

AS 

A9 

Al0 

All 

COLUMN DECODER 

---------------

MEMORY CELL 
(16m216BITS) 

• MITSUBISHI 
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DOUT OPN 

OPN DOUT 

DOUT DOUT 

DIN DNC 

DNC DIN 

DIN DIN 

OPN OPN 

DOUT OPN 

OPN DOUT 

DOUT DOUT 

OPN OPN 

OPN OPN 

---~VCC(5.0V) 

~VSS(OV) 

I 001) Dp2 

, LOWER DATA 
~ INPUTS I OUTPUTS 

DQ8 

~l Dp10 

, UPPER DATA i INPUTS I OUTPUTS 

DQ16 

OE ~~n;.UT ENABLE 
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M5M416160BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BI1 (1048576-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 
Vee Supply voltage -1""7 

VI Input voltage With respect to Vss -1""7 

Vo Output voltage -1""7 

10 Output current 50 

Pd Power dissipation Ta=25'C 1000 
Topr Operating temperature 0,...70 

1stg Storage temperature -65,...150 

RECOMMENDED OPERATING CONDITIONS' (Ta-O,... 70'C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vee Supply voltage 4.5 5.0 5.5 V 

Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.4 6.0 V 
VIL Low-level input voltage, all inputs -1 0.8 V 

Note1: All voltage values are With re~ to Vss. 

ELECTRICAL CHARACTERISTICS (Ta=O,... 70'C, Vcc=5.ov ±10%, Vss .. OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Limits 

Min Typ 
VOH High-level output voltage IOH=-5mA 2.4 

Va.. Low-level output voltage IOL=4.2mA 0 
loz Off-state output current Q floating, OV:;;' Vou-r:;;.· 5.5V -10 

II Input current OV:;;'VIN:;;' 6V, Other inputs pins-OV -10 

Aver~e supply current MSM416160B-6,-6S RAS, CAS cycling 
leel (AY) from cc operating tRc=twc.mln. 

(Note 3,4,5) MSM416160B-7,-7S output open 

Supply current from Vcc , 
RAS'= rJ!iE =VIH, output open 

lee2 stand-by (Note 6) MSM416160B-6,-7 RAS= CAS ii:Vee -0.2V, output open 

M5M416160B-6S,-7S RAS= CAS ii:Vcc -0.2V, output open 

1CC3(Ay) 
Aver~e SU~IY current 
from ee re reshing 

MSM416160B-6,-6S 'RAS cycling, ~= VIH 
lAc-min. 

(Note 3,5) MSM416160B-7,-7S output open 

Aver~e supply current MSM416160B-6,-6S 'RAS=VIl, ~ cycling from cc 
1CC4(Ay) Fast-Page-Mode wc=min. 

(Note 3,4,5) MSM416160B-7,-7S output open 

Aver~e supply current MSM416160B-6,-6S CAS before RAS refresh cycling 
1CC6(Ay) 

.IJ:gm cc _ lAc=min. CAS before RAS refresh output open mode 
(No.te3) MSM416160B-7,-7S 

.. 
Note 2: Current flOWing Into an IC IS positive, out IS negatIVe . 

3: ICCl (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
,4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RA§=VIL and LCAStUCAS=VIH . 

CAPACITANCE(Ta-0-70'C Vee=5 OV +10%' Vss=OV unless otherwise noted) -
Symbol 

CI(A) 
CI(t5Ei 

CI(W) 
CI (ftASj 

CI(~ 

CliO 

4- 220 

Parameter 

Input capacitance, address inputs 
Input capacitance, OE input 

Input capacitance, Winput 

Input capacitance, RAS input 

Input capacitance, ~ input 
Input/Output capacitance, data ports 

Test conditions 

VI=VSS 

f=1MHz 
VI=25mVrms 
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Limits 
Min Typ 

Max 
Vee 

0.4 
10 
10 

95 

85 

2 
1 

0.3 

95 

85 

70 

60 

95 

85 

Max 

5 
7 

7 

7 
7 

8 

Unit 
V 

V 

V 
mA 

mW 

"C 

·C 

Unit 

V 

V 
pA 

lolA 

rnA 

rnA 

mA 

mA 

mA 

Unit 

pF 
pF 

pF 

pF 
pF 

pF 
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M5M416160BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16n7216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=O- 70-C Vcc=5 ov ±10% Vss=ov unless otherwise noted see notes 61314) 

Limits 
Symbol Parameter MSM416160B-6,-6S MSM416160B-7,-7S Unit 

Min Max Min Max 
tCAC Access time from CAS (Note7,8) 15 20 ns 

tRAc Access time from RAS (Note7,9) 60 70 ns 

1M Column address access time (Note 7,10) 30 35 ns 

tCPA Access time from ~ precharge (Note 7,11) 35 40 ns 

tOEA Access time from OE (Note 7) 15 20 ns 

tCLl Output low impedance time from CAS low (Note 7) 5 5 ns 
tOFF Output disable time after CAS high (Note 12) 0 15 0 15 ns 
toez Output disable time after OE high (Note 12) 0 15 0 15 ns 

Note 6: An initial pause of 500 J.LS is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containin~ RAS clock such as RAS-Only refresh). _ __ 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods 
(greater than 64 ms) of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to 100pF, VOH=2.4V(loH=-5mA) and VOL=0.4V(loL=4.2mA). 
8: Assumes that tRCO ~ tRCO(max) and IAsc ~ IASC(max). 
9: Assumes that tRCO.:ii tRCO(max) and tRAO.:ii tRAD(max). If tRCO ortRAo is greater than the maximum recommended value shown in this table, 

tRAC will increase by amount that tAco exceeds the value shown. 
10: Assumes that tRAO ~ tRAO(max) and IAsc.:ii IASC(max). 
11: Assumes that tcp.:ii tCP(max) and tAsc~ IASC(max). 
12: tOFF(max) and toez (max) defines the time at which the output achieves the high impedance state ( IOUT.:ii1 ± 1 0 ~AI ) and is not reference to 

VOH(min) or VOl(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 
(Ta=O -70·C, Vcc=5.0V ± 10%, Vss=OV, unless otherwise noted, see notes 13,14) 

Limits 
Symbol Parameter M5M416160B-6,-6S M5M416160B-7,-7S Unit 

Min Max Min Max 
tReF Refresh cycle time 1-6, -7 64 64 ms 
tAEF Refresh cycle time 1-6S,-7S 128 128 ms 

tAp RAS high pulse width 40 50 ns 

tAco Delay time, RAS low to CAS low (Note15) 20 45 20 50 ns 

tCRP Delay time, CAS high to RAS low 10 10 ns 

tAPe Delay time, RAS high to CAS low 0 0 ns 

tCPN CAS high pulse width 10 10 ns 

tRAo Column address delay time from RAS low (Note16) 15 30 15 35 ns 
tAsR Row address setup time before 'RAS low 0 0 ns 

lAse Column address setup time before CAS low (Note17) 0 10 0 10 ns 

tRAH Row address hold time after RAS low 10 10 ns 
tCAH Column address hold time after CAS low 15 15 ns 
tozc Delay time, data to CAS low (Note18) 0 0 ns 

tozo Delay time, data to OE low (Note18) 0 0 ns 
tCDD Delay time, CAS high to data (Note19) 15 15 ns 
tODD Delay time, OE high to data (Note19) 15 15 ns 

tr Transition time (Note20) 1 50 1 50 ns 

Note 13: The timing requirements are assumed tr =5ns. 
14: VIH(min) and VIl(max) are reference levels for measuring timing of input signals. 
15: tRcO(max) is specified as a reference point only. If tRCO is less than tRCO(max). access time is tRAC. If tRCO is greater than tRCO(max). access 

time is controlled exclusively by tCAC or 1M. tRCO(min) is specified as tRCO(min) =tRAH(mln) +2tr +IASC(min). 
16: IRAO(max) is specified as a reference point only. If tRAO ~ tRAO(max) and IAse;:a;; IASC(max). access time is controlled exclusively by 1M. 
17: lAse(max) is specified as a reference point only. If tRCO ~ tRCO(max) and IAscs:. IASC(max). access time is controlled exclusively by tCAC. 
18: Either tozc or tozo must be satisfied. 
19: Either tCDD or tODD must be satisfied. 
20: tr is measured between VIH(min) and VIL(max). 
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M5M416160BJ,TP-6,-7,-6S,~7S 

FAST PAGE MODE 16m216-81T (1048576-WORD 8Y 16-8IT) DYNAMIC RAM 

Read and Refresh Cycles 
Limits 

Symbol Parameter MSM416160B-6,-6S MSM416160B-7,-7S 
Min Max Min Max 

tAc Read cycle time 110 130 
tRAs ~ low pulse width 60 10000 70 10000 

tcAS m low pulse width 15 10000 20 10000 

tCSH ~ hold time after RA§ low 60 70 

tRsH RAS hold time after CAS low 15 20 

tRcs Read Setup time before CAS I~w 0 0 

tAcH Read hold time after ~ high (Note 21) 0 0 
tRRH Read hold time after RAS high (Note 21) 10 10 

tRAL Column address to m hold time 30 35 

tOCH I ~ hold time after C5E low 15 .20 

tORH RAS hold time after OE low 15 20 

Note 21 : Either tAcH or tARH must be satisfied for a read cycle. 

Write Cycle (EarlyWtite and Delayed Write) 

Symbol Parameter 

twc Write cycle time 

tRAs I RAS low pulse width 
tcAS CAS low pulse width 
tCSH CAS hold time after RAS low 

tRsH m hold time after ~ low 
twcs Write setup time before CAS low 
twcH Write hold time after ~ low 
tcWl ~ hold time after W low 
tAWL RAS hold time after W low 
twP Write pulse width 

tos Data setup time before CAS low or W low 
toH Data hold time after CAS low or W low 
tOEH OE hold time after W low 
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Limits 
MSM416160B-6,-6S 

Min 
110 

60 

15 

60 

15 

(Note 23) 0 
10 

15 

15 

10 

0 

10 

15 
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Max 

10000 

10000 

MSM416160B-7,-7S 

Min Max 

130 

70 10000 

20 10000 

70 

20 

0 
10 

20 

20 

10 

0 

15 

20 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
ns 
ns 

ns 

ns 

ns 

ns 

ns 
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M5M416160BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 
Limits 

Symbol Parameter MSM416160B-6,-6S MSM416160B-7,-7S Unit 
Min Max Min Max 

tRWC Read write/read modify write cycle time (Note22) 155 180 ns 

tRAS RAS low pulse width 105 10000 120 10000 ns 

tCAS CAS low pulse width 60 10000 70 10000 ns 

tCSH CAS hold time after RAS low 105 120 ns 

tRSH RAS hold time after CAS low 60 70 ns 

IRes Read setup time before CAS low 0 0 ns 

tcwo Delay time, CAS low to W low (Note23) 40 45 ns 

IRWO Delay time, RAS low to W low (Note23) 85 95 ns 

IAwo Delay time, address to W low (Note23) 55 60 ns 

tCWL CAS hold time after W low 15 20 ns 

tRWL AAShold time after W low 15 20 ns 

twP Write pulse width 10 10 ns 

IDs Data setup time before W low 0 0 ns 

toH Data hold time after W low 10 15 ns 

tOEH OE hold time after W low 15 15 ns 

Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRW4min)+tRP(min)+5tr. 
23: twcs, tcwD,tRwD and IAwo and,tcpwo are specified as reference points only. If twcs~twCS(min) the cycle is an early write cycle and the 

DQpins will remain high impedance throughout the entire cycle. If tcwD~tCWD(min). tRWD~tRWD (min). IAWO~tAWO(min) and tCPWO ~tcPWO(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE 90es back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 24) 

Limits 
Symbol Parameter MSM416160B-6,-6S MSM416160B-7,-7S Unit 

Min Max Min Max 

!Pc Fast page mode readlwrite cycle time 40 45 ns 

tJ>RWC Fast page mode read write/read modify write cycle time 85 95 ns 

IRAS RAS low pulse width for read write cycle (Note25) 100 125000 115 125000 ns 

tcp CAS high pulse width (Note26) 10 15 10 15 ns 

tCPRH RAS hold time after ~ precharge 35 40 ns 

tcpwo Delay time, CAS precharge to W low (Note23) 60 65 ns 

Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25: IRAS(min) is specified as two cycles of CAS input are performed. 
26: tcP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 27) 

Limits 

Symbol Parameter M5M416160B-6,-6S M5M416160B-7,-7S ,Unit 

Min Max Min Max 
tCSR CAS setup time before RAS low 10 10 ns 

tCHR CAS hold time after RAS low 10 15 ns 

Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 
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M5M416160BJ,TP-6,.7,.6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28) 
Read Cycle 

Ao-A11 

rpUTS 

DQ1-DQ16 

~TPUTS 
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tRC 

tRAS tAp 

~\ tRsH 
}"-

"----
-tCSH ~ tc~ 

~ 
tRCD 

XXXXXXXXlIr 

~ 
tCAS 

~D W XXXXXXXXI tCPN 
~ 

tRAD tCAH 

tRAL 

lASR 
tRAH 

iH lAsc 4---t 

xxxxxxx .I ROW'" ~ COLUMN 
"'~Lxxxxxxx 

xxxxxxx ~\ADDRESS~ JKXXXXXXX 
ADDRESS 

xxxxxxx~ '- ..J ~'- '\.xxxxxxx 

~~ 
xxxxxxxxxxxxx xx~ 

~ VJ 
XXXXXXXXXXXXX XI 

tDZC 

XXXXXXXXXX-r Hi-Z ~x 
xxxxxxxx~~ tCAC 

1M 

tCLZ .J 

Hi-Z 

~ 
tRAC 

tDZO tOEA 

tOCH 

xxxxxxxxxxxxxxxxxxxxxxxxxx 
lORH xxxxxxxx X xx£X<XX x x x x x x 

Note 28 Indicates the don't care input. 
. VIH(min.) ,;a; VIN ,;a; VIH(max) or VIL(min.) ,;a; VIN ,;a; VIL(max) 

Indicates the 
invalidoutpul. 

~ Indicates the skew of the two inputs. 
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~ 

xxxx\. ~ 
ROW XXXXJl 

~ ADDRESS XXXN 

~ 
-Q(. X X X X X X X X X 

tRCH ~xxxxxxxxx 

V{xxxxxxxx 

tCDD 

"Xxxxxxx 
xxx xxx x 

-'~xxxxxx 

tOFF 

DATA VAll) \ 
I 

tOEZ 
~ 

tODD 

1- xxx-xxxx 
« xxxxxxxxxxxxx 
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M5M416160BJ,TP·6,.7,.6S,.7S 

FAST PAGe MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper / (Lower) Byte Read Cycle 

UCAS 

(or LCAS) 

LCAS 

(or UCAS) 

Ao-A11 

W 

~PUTS 
001-0Oa 
(or 009-0016) 

~TPUTS 

rpUTS 

009-0016 
(or D01-DOa) 

~TPUTS 

OE 

tRC 

tRAS tRP 

~\ tRSH }'- 1\ .... .., .... 

tCSH ~ tc~ 

~ 
tRCD tCAS tCPN 

XXKKKKKK)IU( -, 11-- -~~ XXXKKXXKT 
-' .... ~ 

~ 
tCAH 

~ tc~ 

XXXXXXXXXlr 
tRAL V XXXXXXXX7 tRAD 

xxxxxxxv 

tASR ~H tAsc tASR 
~ ~ r----t 

XXXXXX~ r- ROW ..... ~' COLUMN -~xxxx xx x X\. ~ ROW 
XXXXXXJA .... ADDRESS ..., ADDRESS IiXXXXXXXXK ~ ADDRESS 

~ ........ ..., ... XT ... 

I. tRCS tRCH ~ , 
"' XXXXXXX XXYI -t-:~~~~~ 

XKKX .~ xxx 

xxxxxxxxxxxxxx xx xxxxxxxxx~ xxx 
XXXX xxxxxxxxx~ IX x.xx xxxxxxxxxxxxb xxxxxxx 

Hi-Z 

tDZC tCAC tCDD 

xxxxxxxxxxx Hi-Z xxxxxxx 
xxxxxxxxxxx >!x.xxxxx 

tAA tOFF 

tCLl 

Hi-Z J~r DATA VALID ~ 
~l:::.data _ ... V 

XXXXXXX 
xxxxxxxxxxxxxxxx 

tRAC 

tDZO tOEA 

xxx 
XKK .l'.\. 
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tOCH 

H tOEZ 

tODD 

xxxxxxxxxxxx 
~ 

.L 
xxxxxx Xf 

tORH 
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M5M416160BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-81T ) DYNAMIC RAM 

Write Cycle (Early write) 

Ao-A11 

Vi 

PPUTS 

D01-D016 

twc 

tRAS 

~~ 
tCSH 

~ 
tRCD 

tCAS 

W -~~ 

~ ~ ~ tCAH 

J ~ ROW ~ ~r COLUMN 
.-- ADDRESS .., ADDRESS 

~ ...... 

twcs twCH 
}l;.xxxxxxxxxxxxxx~ .~ 
}l;.xxxxxxxxx~ 
XXXXxXXXXY~ 

~ tDH 

xxxxx~~ 
xxxxx~ ..... DATA VALID 

tRP 

.... 
~~ ~I 

tRPC 

tRSH 
.., 

tCAr 

~U -W 

tASA 

- JXxxxxxx ..,~ 

ROW AXXXXXXX 
XXX.7~ ... ADDRESS ..., yyyyyyy 

i ~xxxxxx xxxxxxxxxxx 
~xxxxxxxxxxxxxxxx xx 

Jt.xxxxxxx XXXX xx 

-' Jl.XXXXXXxx XXXXXXXXXXX 
xxxxxxxxxxxxxxxxxxxxx 

~ 

~TPUTS ______________________________________ ~H~i-~Z ________________________________ __ 
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M5M416160BJ,TP-6,.7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/CLower) Byte Write Cycle (Early write) 

UCAS 

(or LCAS) 

[CAg 

(or UCAS) 

Ao-All 

W 

f pUTS 

DOl-DOe 
(or 009-0016) 

~TPUTS 

~PUTS 
DQ9-D016 
(or DOl-DOe) 

twc 

tRAS tRP 

~\ V -f\ 
.... ..... 

tCSH 

""~ 
tRCO tRSH M tF 

tCAS 

W -~ 
-' ... ~V W 

r-. ~ tp 

~ V 
~ ~ ~ tCAH ~ 

)( - ROW -~- COLUMN ~xxxxxxxx~~ ROW 
.... ADDRESS 

..,~ .... ADDRESS ~'f..XXXXXXxxxxxxx x x X x ~r- ADDRESS 

f~· 
twCH 

.1 

"ILXX XXXX x* 
XAI xx xV 

XXIX xxxxxxxxxxxxxxxxxxxxxxxxxxx xb 
XXIX XXXXXXXXXXXXXXXXXXXXXXXXxxx x* 

Hi-Z 

~ tOH 

X.hXXXXXxxxxxx"",,, .., ..... - .~xxxx;r..xx~xxxxxxxx 
xxxxxxxxxxxxxX:Jr DATA VALID IXxxxxxxxxxxxxx~xxxxxxxx 

xxxxxxxxxx~~~ ~ ,xxxxxxxxxxx xxxxxxxxxxxxxx 

bTPUTS Hi-Z 

OE 
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M5M416160BJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

Write Cycle ( Delayed write ) 

Ao-A11 

W 

PUTS 
DQ1-DQ16 

bTPUTS 
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twc 

tRAS tRP 

~~ V
r -f\ .. 

..l~ 

tCSH 

IIRPC 

f tRCD tRSH ~ 
tCf 

tCAS 

W ~~ ~IU ~v 

~ tRAH tAsc 

~ 

)r ROW "~~ 
-'~ 

ADDRESS 
..,~ ...l~ 

xxx.xxxx.xxx.x.xxXJCr-
XXXX)(xxxxxxx.z..2Y 
XXXXXXXXXXXXX}IT 

tRCS ~ 

t~ 

xx~ 
xxxxxxxxxxxx~ 

.... 
tDZO 

xxxxxxxxxxxxxxx 
xxxxxxxx~ ~ 

tCAH tASR 

COLUMN 
-It'" 

)';)';~ Wr- ROW 
ADDRESS _~~xxx.x ~ ~Ir- ADDRESS 

tCWL 

tRWL 

~r\ 1),;.xX)'; xxxxxxxxxxxx 
twP ~x.x xxxxxxxxxxxx 

3l- ~xx xxxxxxxxx 
twCH J 

t~ tDH 

Hi-Z -~Jl<x·xxxxx x x x J~~ 
~W~r-

DATA VALID ~xxxxxxxxx x 
"'~~ 

Hi-Z 

t tODD 

~ 
7 
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M5M416160BJ,TP-6,-7,.6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

Upper/CLower) Byte Write Cycle ( Delayed write) 

1JCAS 
(or LCAS) 

LCAS 
(or UCAS) 

Ao-Al1 

W 

rpUTS 

DOl-DOe 
(or 009-0016) 

bTPUTS 

rpuTS 

DQg-D016 
(or DOl-DOe) 

~TPUTS 

OE 

~\ 
...l ..... 

r tRCD 

~ -~ 

~ 
W-
~ ~ Irsc

, 

)( ~ ROW ·~r <- ADDRESS ...,r- .... k-

I 

XXXXXXXX X)J'I 

X X X X x x x x x x x x x XI '.L 
tACS 

xxxxxxxxxxxxxxxxx 
XxxxxxxxxXXXXXXXXK 
XXXXXxxxxxxxxxxxx 

tDZC 

xxxxxxxx Hi-Z 
XXXXXXXX 

X.l!t 

~ 

xxxxxxxxxxxxxxxx 
~ X X X X X X X X x x x x x x xxx 

twc 

tRAS tRP 

v"-
..,~ 

~\ 

tCSH 

tRSH 
,C tCf 

tCAS 

<- ~V V 
tAPC 

1 tCf 

V 
tCAH l.tASA 

, 

COLUMN -·~xxx xxxxxx x X\.jr- ROW 
ADDRESS 1N>N'x xxxxxx X~ ADDRESS ...,f-v;xx XIXXI.Jk-

tCWL 

tAWL -, twp xxxx x x x x x xxx~ LXXX 
IAXXX xxxxXXXXxxxxxx 

k- xxxx 

twCH 

xxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXXXXX xxxx xxxxxxxxxxxxxxxx~ff~x 
xxxxxXXXX xxxxxxxXXXXxxxxxxxxxxxxx 

Hi-Z 

t~ tDH 

)~- -~~xxxxxxxxxxxxxxxx 

~W'r-
DATA VALID ...,~xxxxxx~ 

~ Hi-Z 

tOEZ 

~ 
tODD ~ 

-, xxxx x v;xxxxxxxxxxxxxxxxxxxxxx 
~XXXX~xxxxxxxxxxXX 
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M5M416160BJ, TP·6,-7 ,-68,-78 
. FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao-A11 

W 

rpUTS 

001-0016 

~TPUTS 

4 - 230 

tRWC 

tRAS tRP 

-r\ /~ -1\ 
r- .., 

tCSH 

I 
tRCO tRSH 

~PC 

rof 
tCAS 

W -~~ .~IO ""w 
tRAO 

~tASR • ~ ~ 

J RO'V .... ~r ADDRESS ..., ~ -'~ 

xxx 
xxx x~~ XXI 

~ 
tRAC 

4-l
tozc

• 

xxxxxxxxxx~ 

xxxxxxxxxxxxx ';I 

Hi-Z 

tDZO .---. 

XXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXX .1. 

tCAH tASR 

COLUMN -'r-6.XXXX xxxxxx ~..,o-

ROW 
ADDRESS IKXXXX XXX xxx Xl\. ADDRESS 

~~ -' ... 

tCWD ~ 
tAWD 

tRWO tRWL 

... ~ LX XXXX 
6.xxxxxxxxxxxxxxxxxx 

XXXXXXXX 

twP J 
'I 

tCAC 

tAA to~ tOH 

-~~ ..... x .......... xxx Hi-Z J~r-
~19'\ .... DATA VALID lfVo. ..... xxxxx ............... xxx 

~ ~ AU, 

~ 

tOEA 

tODD 

~ 
tOEZ 

-,f-

• MITSUBISHI 
..... ELECTRIC 

--"'~ 

Hi-Z 

~I 
~XX X. 

'XXXX XXXXXXxXxX;l< 



MITSUBISHI LSls 

M5M416160BJ,TP·6,.7,-6S,.7S 
FAST PAGE MODE 16777216-81T (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle 

UCAS 
(or CCAS) 

LCAS 
(or~ 

Ao-All 

w 

rpUTS 

DOl-DOs 
(or 009-0016) 

~TPUTS 

~PUTS 
009-0016 
(or DOl-DOs) 

~UTPUTS 

tRWC 

tRAS tAP 

~~ I/~ 
-""'~ 

~f\ 

tCSH 

r tRCD tRSH WC 

tCr 

tCAS 

W ~\~ ~( ~V 

r 
W 
~ ~ ~ 

J ... R~W ~ ~~r ADDRESS ~ -'l-

xxxxxxx xxx» 
XXXI 

tACS 

xx X 
XXXXXXXX xxxxxx xx 

tRAC 

~~ 

XXAAXXXXXXXXX 
xxxxxxxxxx 

Hi-Z 

l.tDZ~1 

xxxx xx 
xxxxxxxxxxxxxxxx~ 

l1C 

t~ 

V 
tCAH ~ 

COLUMN - ,6( x XAJr- ROW 
ADDRESS nxxxx xxxxx xxx~ ADDRESS 

-' Ir-..., 

tCWD tCWL 

tAWD ~ 

tAWD tRWL -., 6. XXXXXXXXXXXXX 
XXXXXXXXXXXXX 

l.- X 

twp J 
"l 

XXXXXXXX AAAXXXXXXXX X xxxxxxxxxxxx xxx xxx xxxxxxxxxxxxx 

Hi-Z 

tAA t~ tDH 

Hi-Z ..... XAX xxxx I~ DATA VALID IVXXX 
,~ IAXXX XXXXXXXX 

tCAC 

tcLZ 

~~ 

1l tOEA -' 

tOEZ tODD 

/ 

• MITSUBISHI 
"'ELECTRIC 

.... 

Hi-Z 

tOEH ., 
""Jg{Xx xx x xxx x x xx xx 
~xxxxxxxxxxxxxxxxxxxxx 'AAAXXA 

4 - 231 



MITSUBISHI LSls 

M5M416160BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576·WORD BY 16·BIT) DYNAMIC RAM 

RA8-only Refresh Cycle 

tRAS 

W 

tRC 

ROW 
ADDRESS 

·ppurs. 
001-0016 

I Hi-Z 
~TPUTS--------------------------~--------------------------------

4 - 232 
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MITSUBISHI LSls 

M5M416160BJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216 .. BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle 

~~ 

Ao-All xxxxx 
xxxxx 

w 

FUTS 

001-0016 

~TPUTS ............ x 

tAC tAC 
tAP tAP 

tAAS 

~~ yf- -"f\ tAAS J)'- L 0- ....l~ :¥-

tAPC 
tcs:.. 

~C tCSA 

i mf ~ ~ 
I tCHA 

J ~~~ ~9 ~~ ~9 W 

~ 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~j~ ROW 

.......................................... xxxxxxxx .................................... ~~ l- ADDRESS 

tACH 

4----+1 
',xxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxx~ 

w::x xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

~ 
tCDD 

x xxxxxxxxxxxxx ...... xxxxxx xxxxxx ...... xxxx x x x x x xx 
xxxxxxx xxxxxxxxxxx xxxxxxxxxxxx 

Hi-Z 

xx 

tOEZ 

xx 

tODD 

xxxxxxxx 
x .................. xxxxxxxx 

., MITSUBISHI 
.... ELECTRIC 

xxxxxxxxxxx xxxx 
xxxxxxxx xb 

xxx x 

4- 233 



MITSUBISHI LSls 

M5M416160BJ,TP-6,-7,-6S,-7S 

FAST PAGE. MPDE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/(Lower) CAS before RAS Refresh Cycle 

RAS 

UCAS 
(or LCAS) 

LCAS 
(or UCAS) 

Ao-All 

W 

~UTS 
DOl-DOs 
(or 009-0016) 

~TPUTS 

rpUTS 

009-0016 
(or DOl-DOs) 

rTPUTS 

OE 

4 - 234 

tA P tAC tAC 

tRAS tAp 
tAAS 

~"- -~~ f~ ~\ V~ -
'--- ...,~ 

tAPC tCSA 
"C 

tCSA il l ~ 

}~ ~~. e-i ~~ 
tCHA 11' ~ 

~ 
tCPN 

~rl .~ IJAP\ ~ ~ ~ 
.)01 

~IV V V XXXXXXI 

XXXXXX 

~ 
xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~j~ ROW XXXI 
XXXXXX)';; )';;)';;)';; xxx)';; xxx)';; xxx)';; xxx ),;;XX),;;T~ 

tACH 

H 
'C:XXXXXXXXXXX xxxx 
~xxxxx)';;)';;xxx)';;xx)';;xxx)';; )';;xx)';; 

t FF 
~+ 

x xxxxxxxxxxx xxx 
XXXXXXXIX XXXXX xxxxxxxxxxxxxxxxxxxx 

tOEZ 

~ 1-+ 

xxxx xx ." Hi-Z 
X 

tCDD 

~ 

tOEZ 

X )';;Jl)("xA 

XX)';;X XXXXX7 

tODD 

.«X 

xxxx 
iX)';;XXX 

Hi-Z 

XXXXXXXXXXXXXXX 
xxxxxxxxxxxxxxx 

.,.. .,' MITSUBISH. I 
"'ELECTRIC 

XXXX 

xxxx)';;xxxxxx)';;xx 
xxx 

... ADDRESS 

xxxx 

x 

xxx 
xxxxx 



MITSUBISHI LSls 

M5M416160BJ,TP-6,-7,-6S,.7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

tRC tRC 

tAAS tRP tRAS tAp 

---:::l r-
V~ -, ~V -L \r- ..,~ r-

tf 

tRCD tRSH tCHR 
~C 

tf 

~ -~~ ..,tw W 
tAAD 

tA~ ~ tAsc 
tCAH tASR ~ 

Ao-A11 ) ~ R~W ... ~r COL~_MN -\..1;. X xxxxxxxx (".., ..... ROW 
r--ADDRESS.., ADDRESS AX xxxxx I ADDRESS 

~ r- .., XXXX ~r-

tRAL 

~ L tRCS 

w xxxxx XXXI "xxxxxxx xxxxxxxxxxx 
xxxxxxxxxxx 

tozc 
tCDD 

fpUTS 

001-0016 

bTPUTS 

Hi-Z ~ 
xxxxx XIV 

tAA 
xxxx 

tCAC 

tRAC tOFF 

tCLZ 
~ 

W< Hi-Z ) 
DATA VALID \ 

~ I 

tDZO tOEA tOEZ 

tODD 

tORH 
xx xx n~~~:::xxxxxx~~ xxxxxx .\. 

xxxxxx 1U- Ie xxxxxx xxxx 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable as well as read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

•. MITSUBISHI 
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MITSUBISHI LSls 

M5M416160BJ,TP·6,.7,.6S,.7S 
FAST PAGE MODE 16n7216-BIT (1048576-WORD BY 16-BIT) DYN~MIC RAM 

Up~r/(Lower) Hidden Refresh Cycle (Byte Read) (Note 29) 

UCAS 

(or LCAS) 

LCAS 

(orUCAS) 

Ao-A11 

W 

r:PUTS 

001-0Qe 
(or 009-0016) 

~UTPUTS 

rpUTS 

0Q9-0016 
(or 001-0Qe) 

~UTPUTS 

4 - 236 

tA C ~t tA C 

tRAS tAP J tAAS tAp 

J! ..... vr 

~~ 
f- -" i\~ IrpC~ .., 

tAco tRSH 
~C 

rof t~ tCHR 

W ~~ 
~ 

!If- V 
tc~ t~ 

W ~V 

tAAD 

~ tAAH ~C tCAH tASR 

It---t 
po- RO'~ .. COLUMN I\.c.JC x JCxXJCJCJCxxxxxx "i ROW ) AOORESS_ ~t ADDRESS Il" JC x JCxxXJCxxXJCxxXJCxx 

~ 
ADDRESS 

~ ..... r-

~~ tAAL ~ 
,",x 

X)W 

YYXXXY xx XY xx xxxxxx 
xxxxxx IXXXXX xx XXXXX 

Hi-Z 

tDZC 

Hi-Z 
xxxxxx xx 

tCAC 

~ 
Hi-Z ~~ DATA VALID data 

-'Ir-

tAA 

~ 
xxxxxx ~ 

xxxxxXXXXXX> :~ 

tAAC 

tOEA 

tORH 

• MITSUBISHI 
"ELECTRIC 

xxxxxx 
xx yxyyyy 

xx XXXXXX 
xx xxxxxx 

tCDD 

Ib(XXXXXX 
xxx xxx 

tOFF 

1\ 
V 

tOEZ 

tODD 

R 
~ 

xxxxxxx 
xxxxxxx 



MITSUBISHI LSls 

M5M416160BJ,TP-6,-7,.6S,.7S 
FAST PAGE· MODE 16777216-BIT ( 1048576-WORD . BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

RAS 

Ao-A11 

W 

rpUTS 

DQ1-DQ16 

bTP~ 

tRAS tRP 

tCSH tpc tCPRH 

-:::l ... 

\ 
tRS7.-. V~ -~ .., ~ 

tcp 
~ 

tRCD tCAS 
~ tCAS tcp tCRP~ 

tCAS 
I++-f-t 

~ -~r -~~ ~~r ~~~ ~-- !O W 

tRAD tRAL 

tASR tRAH rl 14tCAH, tA~ tCAH 
tCAH 

~ ~ ~ ~ - "'~.,r- .1/2 k\ F- COLl MN xx co UMN - ~ COLl MN 1-'" ROW ROW )( ~ '"~ Vx ~ ~~DDRESS ADDRESS ADDRESS-1 ADDRESS-2 ~ .~ ~ 
ADDRESS-3 .... ~-' .... ~·)r r I-~ -

tRcs 

r 
XXXXX X:JI" 
xxxxx XI 
xxxxx y 

tDZC 
4---+ 

xxxxx xxx 
xxx 

tCAC 
~ 

Hi-Z ro~~ 

tAA 

tRAC 

~ tOEA 

tOCH 

xxxxxx 

tAA 

...... ~H tRCS 

--.r .... 

V 
tCDD 

~ ~tozc ~ Hi-Z 

~ ~ 

~ 
tOFF fH 

~ f- DATA -' 
... VALlD-1 .., 

tCPA 
1 

tOEZ 

~ -. 
l.tOEA 

, fH 
tODD 

tOCH 
X.xXXXA 

u.. >fxxxx .\. 

• MITSUBISHI 
.... ELECTRIC 

tRRH 
tAA 

RCH 
...... fttR~.-

V tRCH ~~ 

tCDO 
tCDD 

tozc 

) ~ l~ 
~ l ~~ 

~~ ~ 
tOFF f4-I 

tCLZ 1JJ 
r DATA -, ~ DATA -l ~ ~, r- VALlD-2,,J ~~ VALlD-3.., 

~ 

tCPA 

1 tORH .... 
tOE~ 
~ 

tOE~ 

~ 
11000

, H 
tOOD 

14
tOCH 

1 .xxxx:x xxxxx 
~ xxxxx.x "- ~ XXXXX 

L XXXXX) 

4 - 237 



MITSUBISHI LSls 

M5M416160BJ,TP-6,.7,.6S,.7S 
FAST PAGE MODE 167n216·BIT (104857&-WORD BY 16·BIT) DYNAMIC RAM 

Upper/(Lower) Fast Page Mode Read 'Cycle 

RAS 

UCAS 

(or LCAS) 

LCAS 
(or UCAS) 

Ao-A11 

W 

~PUTS 
DQ1-DQa 
(or D09-DQ16) 
~UTPUTS 

~PUTS 
D09-DQ16 
(or DQ1-DQa) 

~UTPUTS 

4 - 238 

tCSH 

----::!r-

r\ 

tCRP tRCD tCAS 

I' 
W- ~~ 

..l~ 

tc~ 

~ 
tRAD 

tAs~ ~AH ,!ASC 
I 

tCAH 

). ~ ~ f- (0 UMN ROW 
ADDRESS ~ ADDRESS-1 
~ ~ ..; 

tRcs , 
xxxxx XI 
XXYYX y 

xxxxx xxx xxxx X 
x xxxx x 

~,tDZC , 

x xx 
xxxxx xx 

tCAC 
~ 

tcLZ 

Hi-Z ~ 
tAA 

tRAC 

~ tOEA 

tOCH 

x xx. 
X xxxXX Xl. 

tRAS tRP 

tCPRH 
tpc 

tR~ 

... 
V~ -~ 
~ 

~ 

tcp tCAS tcp tCAS tC1-~ 

V~ -~ ~Vr- I\~ ~~ W-.., ~ 

tRPC 
~~H tc~ ~ 

V 
tRAL 

~ tCAH ,.lASC , tCAH ~lASR , 

-' IL ro.-~ COLUMN - K ~jF ROW ~OLUMN I ~ ~ .)Il)'gl IX xs 

I' ~-~ 
ADDRESS-2 _ r<: ~+ ADDRESS-3 ADDRESS -

tAA 

Pi tRf-. 

V 
xx .... )Il ........ 

xxxx 

Hi-Z 

~ 
,:oZC, 

~ [ Hi-Z , ~ 
tCAC 

tOFF ......... tCLZ 

D TA .. 
VAllD-1 .. ~ 

tCPA 

to~z 
~ 

~ 
~toEA , 

tODD 
tOCH 

xxxxx .... 
L}l XXXXX Xl 

'., .MITSUBISHI 
.... ELECTRIC 

1 tRRH 

tRCH '~tRCS 

~ ~ 

V- tRCH -'~ 

~)Il .... )Il)ll 

IX.XX xxx xxxxxx 

e ,1CDD
, tCDD 

j ~ j!l22 
~ I ~~ 

~~ ~ tOFF 

~. tCLZ ~~ DA A -1\ ~ DATA -'~ 
VALlD-2 It I~~ VALlD-3 -r-

f--

t tOR~ CPA 

tOEZ 

~ ~OEAI tOEZ 
!H i4"f 
~ ~ 
tODD toDD 

~ x 
I. x 

=" "- XXXXXXX 



MITSUBISHI LSls 

M5M416160BJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle ( Early Write ) 

tRAS 

Ao-All 

twcHI5C~~twcs twCH D"f::?'O"'O''O. twcs twCH 

rpurn 

001-0016 

I Hi-Z 
~UTPUTS----------------------------------------------------~~--------------------------------------

OE 

• MITSUBISHI 
"'ELECTRIC 4 - 239 



MITSUBISHI LSls 

M5M416160BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216·BIT (1048576·WORD BY 16·BIT) DYNAMIC RAM 

Fast Page Mode Upper/(Lower) Byte Write Cycle ( Early Write ) 

UCAS 

(or LCAS) 

LCAS 

(or UCAS) 

Ao-All 

W 

rpUTS 

DOl-DOe 
(or D09-D016) 

AAS 

tRP 
tCSH tpc 

-----::: r- If------....:.....--------+I I } ~ 

~ ~~ 
I',~~----------~----------~------------------~------+-~~ 

tACO tCAS 

tCA~ 

tA~ ~AH tCAH tCAH tCAH 

)

f- ROW ~I- CI)LUMN -k-~"" b~ LUMN -~~'j~ COLUMN ... ~ ROW 
~DDRESS~ I- ADDRESS-1 _ ~~~_A+D_Dof_R-E-SS---2_JJ~~.lI["".., .... ~_+A-D+_D-R-E-SS---3--=~~~ IADDRESS 

XXXXXXXX~ twcs 
xxxXXXXXXXA 
XXXXXXXXXX~ 

twCH Jtxxxx"twcs 
IXXXXXAIL 

X IX X X X X X X X X X X X 
X IX X X X X X X X X X X X 

twCH L x x X X A twcs twCH xx 
IXX 

..£XX 

xxxx 

x 
x 
x 

XXXX 
xxxxxxxxxxxxxx 

~UTPU~ _______________ ~~ __________ ~H~i-~Z4-+-______________ ~ ________________ _ 

~~ ~tDH ~tDH 

~~~X~~~~ f- ""t-~ ~ -r-~ ..,F -'~""g~~~~gg 
x x x x x x x x x,,) DATA VALlD-1 .I'X'X'X),.J DATA VALlD-2 ~ DATA VAlID-3 I) x x x xx 
~r- ..,~~ r- ~~'Otiti{/~~ ..,F-\x'xxxxxxxx rpUTS 

D09-D016 
(or DOl-DOe) 

~UTPU~ ____________________________ ~H~i-~Z~ _______________________________ __ 

4 - 240 
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MITSUBISHI LSls 

M5M416160BJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

Fast Page Mode Write Cycle ( Delayed Write ) 

Ao-A11 

W 

rPUTS 

DQ1-DQ16 

~TPUTS 

OE 

tRSH 
tRAS tRP 

tCSH tpc 

~~ V~ -fL-
' .... ~ 

t~ tRCO tCAS tcp tCAS i
C 

tc~ iH 

W -~~ ~18~ ~~. JD V 
tRAO 

~ ~H n l.
tcAH

• l1"sc. tCAH I+-~WL • tASR 
~ 

~~ ROW ~r COLUMN - IX ••• COLUMN - 1XX}( x X ')(..)'\}f- ROW 
... ~DDRESS ~ ... ~ ADDRESS-1~'.n x ~ l- ADDRESS-2 .., jAXxxxx x}(X~~ ADDRESS 

~ 

r twCH 
tRCje twCH 

tCWL ~ 
tCWL -r\I+-I }(')(XXXX}(X}(>'1 

twp W -i\ twP It. ')(XX')(X 
I A:: X X X ~ I!: 'x yy')(xx 

toze 

xxxxx 

tozo 
iHt 

~ 

A 

P 

tos tOH tozc 
F ~ ~ 1M' D,TA ~~ .)rx.- VALlD-1 ~~~ 

tozo 
H 

tCLZ 

1~ Hi-Z ,pt" 

~ toDD 
tOEH 

f 
-r-

• MITSUBISHI 
.... ELECTRIC 

t~ ~ 
)~~ D TA ~xxxx 

~" 
~ VALlD-2 r-~xxxx 

~~ ,t' 
-F tOEH J 

toDD "I 
,(YYYYX 

~ 

4 - 241 



MITSUBISHI LSls 

M5M416160BJ,TP-6,-7,-~S,-7S 

FAST PAGE MODE 167n216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Upper I (Lower) Byte Write ( Delayed Write ) 

UCAS 

(or LCAS) 

LeAS 
(or OCAS) 

Ao-A11 

w 

~PUTS 
001-00a 
(or 009-0016) 

~UTPUTS 

~PUTS 
0Q9-0016 
(or 001-00a) 

~UTPUTS 

4 - 242 

tRSH 

tRAS tAp 
tCSH tpc -, V

r 
~L -

t~ tRCO tCAS ~ tCAS n tCR~ 
W -, 

0-
-,~~ ~r- -,~~ V-

~ i
C 

tCRP 

r 
W V 

tRAO 

tASR ~AH ~ tCAH ~ ~tCAH ~ ~~ tASR 
~ 

~ ROW ~ (0 UMN ["IAAXA 
.., ... 

CC LLMN \:AAA AJ- ROW 
~ODRESS r- ADDRESS-1 .., 

Jlt.AAXX ~.... AOORESS-2 AXXX XA ADDRESS l['\Xxxx ..... xx 11 .... .-

~ 
twCH tRCS 

tc~ I 
Iff x XXXToII ~ twP xXXXXXXXXT 

xxx 
~ ~ 

xxxxxxxxxxxxxxx XXX xxx xxxxxx 
XXXXXXXXXXXXXX IX IICXXXXXX XXXXX 

Hi-Z 

tos tOH tozc 
tozc ~~ ~ 

x J~r DATA ... ~~ 
XXXXX 'j~o- VALlO-1 -,~~ ~ 

toza 
toza ~ .... 

~~ Hi-Z 

~~ 

~ toDD 
taEH 

~. 
XXXXXXX A 

I 

7 
-to 

• MITSUBlSH, I 
"ELECTRIC' 

twCH ..... 
tCWL 

~\ twP J(XXXXXXXXXXX 
XXXXXXXXXXXX 

~ 

xxxxxxxx xxxxxxxxxxxxxxxx 
xx xx~xx 

tos tOH 
If-I ~ 

l~ r- 0, TA ... I\JxAXXXAXXXXX 

~r' 0- VALlO-2 .., If9;.XAXXXXXXxx 
f-

~ 
~ 

taEz 

fro;;;;-
tOEH 

l 
--.AXXX 

v;.XXXA 



MITSUBISHI LSls 

M5M416160BJ,TP-6,-7,-6S,-7S 

FAST PAGE MODE 16n7216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

Ao-A11 

rpUTS 

001-0016 

~TPUTS 

tRAS 
tRP 

tCSH tRSH F-
~L -~ . 

~~ ..... 

tPRWC 

teRP tRCD tCAS tcp 
tCAS ~C tc~ ~ IH 

U ~~k- ~~ ~~ ~~~ V 
tRAD 

~ ~H A~ ~ tCAH tASR 
~ 

)r~ ~ COll MN .LAJC)I;}I; ",r- COlU~ N ~ rn;}I;A}I;}I; x x X\. ROW 
I .. ~DDRESS l- ADDRESS-1 I"}I;}I;}I; }I; ~ r- ADDRESS-2.., ~}I;A}I;}I; x XI ADDRESS F- ~'\.""''''''J<.. XAXI ~ 

r~ 
twCH 

tRC~ twCH 

tAWD tc~ tAwo 
!foWL 

-r\ W -~ X~ xxxxxx XXlG" 
twp tCWD JWP XXXXXX XXI tCWD x x.,;Q<)< 
~ ~ 

tRAC J 
tAA J 

tDZC 
tCA6 tos tOH tDZC 
~ H ~ ~ 

t~ ~ 
xxxxx l~'" DATA ~M~ )~ r- OJ TA r-,xxxxxxxx~ 

YXX XXXX x x xxx 
.x 

tCLl 

iJ. 
tOEA ~ 

tozo tOEZ 

l tODD +-+I 

xxxxxx / xxxxxx .,. 

~i'~ .... VALlD-1 ...,~~~ ~ ~f ~ VALlD-2 

~O 
tCLl 

....--. 
/e~~'6.1 DATA 

Hi-Z J\j ~ VALlD-2 

~ 
tOEH tOEZ~ 

tODD 

-'J ..IE::.. 

• MITSUBISHI 
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f- xxxxx 

tOEH .1 

'I 
·,xxxxx 
~xxxx 

4 - 243 



MITSU81SHI LSls 

M5M416160BJ, TP-6,-7 ,-68,-78 
FAST PAGE MODE 16777216-8IT (1048576-WORD 8Y 16-81T ) DYNAMIC. RAM 

Fast Page Mode Read-Upper/(Lower) Write, Read-Modlfy-Upper/(Lower) Write Cycle 

UCAS 

(or LCAS) 

LCAS 

(or iJCAS) 

Ao-All 

W 

~PUTS 
DOl-DOe 
(or D09-D016) 

~UTPUTS 

rpUTS 

D09-D016 
(or DOl-DOe) 

~UTPUTS 

OE 

4 - 244 

RAS 
tRP 

tCSH tRSH 

~~ 
.... 

Ijr 
...,~ 

~'--
tPRWC tRPC 

tCRP 
t~ tRCD tCAS ~ tCAS n r--

W -~~ 
"'l F---"'" , 

~~ V "" V r-

tRPC 
tCR~ 

~ 11 
W V 

tRAD 

tASR tRAH tAsc tCAH ~ ~ tASR ~ ~ ~ 

:) ~ ROW 

~ >- COLUMN -~~~~ "'l~ COLUMN ~ ['"IJ(XXXXXX XXA.J- ROW 
~DDRESS ... ADDRESS-1 "" ~ r- ADDRESS-2., 

AXXXXXXX XXXA ADDRESS 'f-~ xx~ ... '-"'-xxxxxx 

tRCS twCH 
twCH 

r f-----t tRCS 
tAWD 

tc~ ~ tAWD +--t 
tCWL 

x x x XI' -\~ r -, twp A.xxxxxxxxxxx 
xxxx XXI tCWD xxxxxxx 

""F---;l tCWD r-

xxx xx xxx XXXXXXXX XXXXXXXX xxxxxx ~ xxx xxxxxx xxxx 
xxxxxx xxxx xxx xxxxxx xx xxx xxxxxxxx xxxxxxxxxxxxxxxx 

Hi-Z 

tAA tAA 

tDZC tCAC ~ tCAC • . t~ ~ 'I ~ ~ ~ 1D~ 
tRAC 

}~- DATA -~~ ~~ xxxxx 
XXXXx 

~ tDZO 

tOEA 

r-xxxxxx 
xxxxxx 

~~ ... VALlD-1 ..,~, ~ 
tDZO 

H 
tCLl 

~ ~ DATA 
III "'VALlD-l Hi-Z 

V~ 
tOEZ 

tODD tOEH -, 
--' 

• .MITSUBISHI 
.... ELECTRIC 

r- DATA 
~r- xx 
I~ 

~( to- VALlD-2 .., II\X.XX xx 
~ 

tCLl 
+-----+ 

~V 
DATA 

~ VALlD-2 

,rtl 
~ 

tOEZ ~ tOEH 

"I tODD 

J ~xxxx 



MITSUBISHI LSls 

M5M416160BJ, TP-6,-7 ,-6S,-78 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 
8elf refresh devices are denoted by "8" after speed item, like -68/-78. The other characteristics and requirements than 
the below are same as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta=O- 70·C, Vcc=5V ±10%, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min Typ Max 

~ cycling ~ :;i; 0.2V or 
~ before ~ refresh cycling 
W ~ 0.2V or ~ Vcc - 0.2V 

Ices Supply current from Vcc MSM416160B ~ :ii 0.2V or ~ Vcc - 0.2V 600 JlA 
Extended refresh cycle -6S,-7S 

Ao-Al1~ 0.2V or ~ Vcc - 0.2V 

DO= open 
tREF = 128ms 
tRAS = tRAS min-1 JlS 

Average supply current 
M5M416160B RAS = CAS:ii 0.2V Ice9 (AY) from Vcc 400 JlA 

Self - Refresh cycle 
-6S,-7S 

TIMING REQUIREMENTS (Ta=0-70·C, Vcc=5V± 10%, Vss=OV, unless otherwise noted See notes 13,14) 

Limits 

Symbol Parameter MSM416160B-6S MSM416160B-7S Unit 
Min Max Min Max 

tRASs Self Refresh RAS low pulse width 100 100 Jls 
tAps Self Refresh RAS high precharge time 90 110 ns 

tcHS Self Refresh RAS hold time -50 -50 ns 

SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh, on the condition 
of tNS~ 64 ms and tSN ~ 64 ms. 

tNS tSN 
I· -I I· -I 

------------------.~III~I-----~II~I~I ___________________________________ ~~"I~I~-----~II~II-·-------------
---.,..--. 

DISTRIBUTED REFRESH 4096 cycles 
<4K/64 ms > 

(2) In case of burst refresh 

. 
4096 cycles DISTRIBUTED REFRESH 

<4K/64 rns> 

The last / first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh , on the condition 
of tNS + tSN:iii 64 ms. 

"" "" 
BURST REFRESH 

< 4K/64rns > 

tNS 
~ 

11 I 
4096 cycles 

• MITSUBISHI 
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tSN 

~ 
I 1111 1111 1111 --4096 cycles BURST REFRESH 

<4K/64 rns > 
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M5M416160BJ,TP-6,.7,.6S,-7S 

FAST PAGE MODE 16777216·BIT (1048576-WORD BY 16·BIT) DYNAMIC RAM 

Self Refresh Cycle 

Ao-A11 
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MITSUBISHI LSls 

M5M416160BJ,TP-6,-7,.6S,-7S 

FAST PAGE MODE 16777216·BIT (1048576·WORD BY 16·BIT) DYNAMIC RAM 

Upper/CLower) Self Refresh Cycle* 

DCAS 
(or LCAS) 

LeAS 
(orOOAS) 

Ao-All 

w 

tAP 
tAps 

-~1. l~ I" tAASS 
~~-----------------.. ------------~--~~~ ., 

tApc 

tApe ~ tCAP 

~'Ir 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

~H 
1t"X 

~xxxx 

XXXXXXXXXXXXXXXXXXXX 

.h.h .h.h 

~A.hXAXXX.hXXX 

X.h.h 
.hXXXXXXXAAXX 
.h.hXA 

W 

XXXXXXX 
XXXXXXXXXX 

.hXX 
XXXX 
XXXX 

XXX AAXXXXXXXXXA XXXXXXXXXXXXXXXAXXXXXXXXXXXXXX 
xxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx x~ 

XXX d 
Xxxxxxxxx "., 

tOEZ 
~ 

Hi-Z 

~XXXXXXXXXXXXXXXXxX xxxxxxxxxxxxxxxxxxxxxxxxxxx 
~XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXX A 
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M5M418160BJ, TP-6,-7 ,-6S,-75 
FAST PAGE MODEt6777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048S76-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideal for 
large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 

FEATURES 

RAs CAS Address OE Cycle Power 
access access access access dlsslpa-Type name lime lime lime lime time lion 
(max.ns) (max.ns) (max.ns) (max.ns) (mln.ns) (typ.mW) 

MSM418160BXX-6,-6S 60 15 30 15 110 680 

MSM4181S0BXX-7,-7S 70 20 35 20 130 590 

XX=J,TP 

• Standard 42pin SOJ, 50pin TSOP 
• Single 5.0V ± 10% supply 
• Low stand-by power dissipation 

S.SmW (Max) •••••••••••••••••••••••• CMOS Input level 
• Low operating power dissipation 

MSM418160Bxx -S, -6S ••••••••••••••••• 940.0mW (Max) 
MSM418160Bxx -7, -7S ••••••••••••••••• 830.0mW (Max) 

• Fast-p~ mode, Read-modify-write,RAS-only refresh, CAS 
before RAS refresh, Hidden refresh capabilities 

• Early-write mode and OE to control output buffer impedance 
• All inputs, output TIL compatible and low capacitance 
• 1024 refresh cycles every 1S.4ms (Ao ---A9) 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN CONFIGURATION (TOP VIEW) 

) Vee (5.0V 

DATA INPUTSt1 OUTPUTS 

DOl 
D02 
D03 
D04 

(S.O ) Vee 

DATA INPUTSt{ 
OUTPUTS 

D05 
DOs 
D07 
DOs 

WRITE CONTROL 

ROW ADD~Nl~~ 
STROBE INPUT 

NC 

~ 
ADDRESS { 

INPUTS 

(5.0V 

NC 
NC 
Ao 
Al 
A2 
A3 

) Vee 

'-' I~ 
D 
D 
D 

~l~O}V) 
015 DATA INPUTSt 
014 OUTPUTS 
013 

I 
V 
D 

! D 
D .... D co .... N 

~ L Q 
at 
Co. 

A 

A 
A 
A 
A 

~Aov}) 
011 DATA INPUTSt 
010 OUTPUTS 
Og 
C LOWER BYTE CONTRO 

LCAS'/~g~ I~~PJ:ESS 

~ 
UPPER BYTE CONTROl 

El~g~'~vPJESS 
~ OUTPUT ENABLE INP 

7 ADDRESS 
6 INPUTS 
5 
4 

V ss(OV) 

Outline 42POK(400mil SOJ) 

(S.OV)Vee 

{

DOl 
DATA INPUTSt D02 

OUTPUTS D03 
D04 

(5'0{V)ci~ 
DATA INPUTSt DOs 

OUTPUTS D07 
DOs 
NC 

5i 
! .... 

12 Q) 39 

13 .... 38 

ryss (OV) 

D016 } D015 DATA INPUTSt 
D014 OUTPUTS 
D013 
&,SS(OV} 

D012 } DQll DATA INPUTSt 
DOlO OUTPUTS 
DOg 
NC 

14 ~ 37 LOWER BYTE CONTRO 
NC at ~~g~I~~~ESS 

WRITE CONTROL NWC :;! LCJffi' UPPER BYTE CONTROl 
INPUT- v UCAS COLUMN ADDRESS 

~~~O~~~~~~~ R~~ ~'-}=~~:':LE INP 

. { NA~ A7 ADDRESS 
ADDRESS Al A6 INPUTS 

INPUTS A2 A5 
A3 A4 

(5.0V) Vee Vss (OV) 

Outline 50P3W-L(400mil TSOP) 

NC : NO CONNECTION 
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M5M418160BJ,TP·6,.7,.6S,.7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

The M5M418160BJ,TP provide, in addition to normal read, 
write, and read-modify-write operations, a number of other 

functions, e.g., fast page mode, RAS-only refresh, and delayed-write. 
The input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs Input/Output 

RAs LCAS UCAS Vi OE 001-008 009-0016 

Lower bylll Read ACT ACT NAC NAC ACT DOUT OPN 

Upper bylll Read ACT NAC ACT NAC ACT OPN DOUT 

Word Read ACT ACT ACT NAC ACT DOUT DOUT 

Lower Bylll Wrllll ACT ACT NAC ACT NAC DIN DNC 

Upper Byte Wrllll ACT NAC ACT ACT NAC DNC DIN 

Wordwrllll ACT ACT ACT ACT NAC DIN DIN 

RA5-only refresh ACT NAC NAC DNC DNC OPN OPN 

Lower Bylll Hidden refresh ACT ACT NAC NAC ACT DOUT OPN 

Upper Bylll Hidden refresh ACT NAC ACT NAC ACT OPN DOUT 

Hidden refresh ACT ACT ACT NAC ACT DOUT DOUT 

m before ~ refresh ACT ACT ACT DNC DNC OPN OPN 

Stand-by NAC DNC DNC DNC DNC OPN OPN 

NolII : ACT: active. NAC : nonactiVe. DNC : don t care. VLD : valid. IVD . Invalid. APD . applied. OPN . open 

BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT RAS 

LOWER BYTE CONTROL __ 
COLUMN ADDRESS STROBE INPUT LCAS 

UPPER BYTE CONTROL __ 
COLUMN ADDRESS STROBE INPUT UCAS 

WRITE CONTROL 
INPUT 

ADDRESS INPUTS 

w 

COLUMN DECODER 

MEMORY CELL 
(16m216BITS) 

• MITSUBISHI 
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---~VOO(5.0V) 

~VSS(OV) 

I 001) 002 

: LOWER DATA i INPUTS I OUTPUTS 

DQ8 

0001 D?10 
I UPPER DATA l IN1!!UTS I OUTPUTS 

0016 
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M5M418160BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 
Vee Supply voltage -1-7 

VI Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta=25'C 1000 

Topr Operating temperature 0-70' 

Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=O- 70'C, unless otherwise noted) (Note 1) 

Symbol Parameter 
limits 

Unit 
Min Nom Max 

Vee Supply voltage 4.5 5.0 5.5 V 

Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.4 6.0 V 
VIL Low-level input voltage, all inputs -1 0.8 V 

Notel: All voltage values are With respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta=0-7C1'C, Vcc=5.0V ±10%, Vss ... OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
limits 

Min Typ 

VOH High-level output voltage IOH=-5mA 2.4 

VOl.. Low-level output voltage IOL=4.2mA 0 

IOl Off-state output current Q floating, oV;a;;VouT~5.5V -10 

II Input current OV ;a;;VIN;a;; 6V, Other inputs pins=OV -10 

Aver~e supply current MSM418160B-6,-6S 
RAS, CAS cycling 

Icc1 (AV) from cc operating tRc=twc=min. 
(Nole 3,4,5) M5M418160B-7,-7S output open 

RAS. CAS =VIH. output open 
ICC2 Supply current from Vcc , MSM418160B-6,-7 RAS= CAS ~Vcc -0.2V. output open stand-by (Note 6) 

M5M418160B-6S,.7S RAS= CAS ~Vcc -0.2V. output open 

Icc3 (AV) 
Aver~e supply current 
from cc refreshing 

M5M418160B-6,-6S RAS CYCling, CAS= VIH 
tRc=mln. 

(Note 3,5) M5M418160B-7,-7S output open 

Aver~e supply current M5M418160B-6,-6S 
RAS=VIl .. CAS cycling from cc 

ICC4(AV) Fast-Page-Mode tpc=min. 
MSM418160B-7,-7S outpulopen 

(Note 3,4,5) 

Aver~e supply current MSM418160B-6,-6S ~ before m refresh cycling 
ICC6(AV) 

'1/:Qm cc _ tRc=min. CAS before RAS refresh 
mode output open 

(Note 3) MSM418160B-7,-7S 

.. 
Note 2: Current flOWing Into an IC IS pOSitive, out IS negatIVe. 

3: Icc 1 (AV). ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCI (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RAS=VIL and LCAS/UCAS=VIH . 

CAPAC IT ANCE (Ta-O- 70·C Vcc-5 OV + 10% Vss-OV unless otherwise noted) - - . - -

Symbol Parameter 

CIIA) Input capacitance. address inputs 
CI(OE) Input capacitance, OE input 

CI(W) Input capacitance, W input 

CI(RAS) Input capacitance, RAS input 
CI(mj Input capacitance, CAS input 

CliO Input/Output capacitance. data ports 

4 - 250 

Test conditions 

VI=VSS 

f=lMHz 
VI=25mVrms 
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limits 

Min Typ 

Max 

Vcc 

0.4 

10 
10 

170 

150 

2 

1 

0.3 

170 

150 

85 

75 

170 

150 

Max 

5 
7 

7 

7 

7 

8 

Unit 

V 

V 

V 
rnA 

mW 

-C 

·C 

Unit 

V 

V 

",A 

",A 

mA 

mA 

rnA 

mA 

mA 

Unit 

pF 
pF 

pF 

pF 

pF 

pF 
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M5M418160BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 167n216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70"C Vcc=5 OV± 10% Vss=OV unless otherwise noted see notes 61314) 

Limits 

Symbol Parameter MSM4181608-6,-6S MSM4181608-7,-7S Unit 
Min Max Min Max 

tCAC Access time from CAS (Note7,8) 15 20 ns 

tRAc Access time from RAS (Note7,9) 60 70 ns 

1M Column address access time (Note 7,10) 30 35 ns 

tCPA Access time from ~ precharge (Note 7,11) 35 40 ns 

tOEA Access time from OE (Note 7) 15 20 ns 

tCLZ Output low impedance time from CAS low (Note 7) 5 5 ns 

tOFF Output disable time after CAS high (Note 12) 0 15 0 15 ns 

toez Output disable time after OE high (Note 12) 0 15 0 15 ns 

Note 6: An initial pause of 500 lIS is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containini.!... RAS clock such as RAS-Only refresh). _ _ _ 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods 
(greater than 16.4 ms) of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to 100pF, VOH=2.4V(loH=-5mA) and VOL=0.4V(loL=4.2mA). 
8: Assumes that tAcoii: tRCO(fI18!C) and tAscii: tASC(max). 
9: Assumes that tRCO:a tAcO(""';') and tRAo:a tRAO{max). If tRCo or tRAo is greater than the maximum recommended value shown in this table, 

tRAc will increase by amount that tRCO exceeds the value shown. 
10: Assumes that tRAo ii: tRAO(max) and tAsc:a tASC(max). 
11: Assumes that tcp:a tCP(max) and tAsciS;. tASC(max). 
12: tOFF(max) and toez (max) defines the time at which the output achieves the high impedance state ( lo~ I ± 10!-LA! ) and is not reference to 

VOH(mln) or VOL(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 
(Ta=O -70·C, Vcc=5.ov ± 10%, Vss=OV, unless otherwise noted, see notes 13,14) 

Limits 

Symbol Parameter M5M418160B-6,-6S M5M418160B-7,-7S Unit 

Min Max Min Max 
tREF Refresh cycle time 1-6, -7 16.4 16.4 ms 

tREF Refresh cycle time 1-6S,-7S 128 128 ms 

tRP RAS high pulse width 40 50 ns 

tRco Delay time, RAS low to CAS low (Note15) 20 45 20 50 ns 

tCRP Delay time, CAS high to RAS low 10 10 ns 

tRPe Delay time, RAS high to CAS low 0 0 ns 

tCPN CAS high pulse width 10 10 ns 

tRAo Column address delay time from RAS low (Note16) 15 30 15 35 ns 

tAsR Row address setup time before m-Iow 0 0 ns 

tAsc Column address setup time before CAS low (Nota17) 0 10 0 10 ns 

tRAH Row address hold time after RAS low 10 10 ns 

tCAH Column address hold time after CAS" low 15 15 ns 

tozc Delay time, data to CAS low (Note18) 0 0 ns 

tolO Delay time, data to OE low (Note18) 0 0 ns 

tCDD Delay time, CAS high to data (Note19) 15 15 ns 

tODD Delay time, OE high to data (Note19) 15 15 ns 

tT Transition time (Note20) 1 50 1 50 ns 

Note 13: The timing requirements are assumed tT =5ns. 
14: VIH(min) and VIL(";"') are reference levels for measuring timing of input signals. 
15: tRcO(max) is specified as a reference point only. If tRCO is less than tRCo(max). access time is tRAC. If tRCo is greater than tRCD(max). access 

time is controlled exclusively by tCAC or fAA. tRCo(mln) is specified as tRCD(mln) =tRAH(min) +2tHtASC(min). 
16: tRAO(max) is specified as a reference point only. If tRAo~ tRAo(max) and IAsc:;; IASC(max). access time is controlled exclusively by 1AA. 
17: tASC(max) is specified as a reference point only. If tRco~ tRCO(max) and tA~ IASC(max), access time is controlled exclusively by tCAC. 
18: Either tolC or tolO must be satisfied. 
19: Either tCDD or tODD must be satisfied. 
20: tT is measured between VIH(min) and VIL(max). 
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M5M418160BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-8IT (1048576·WORD 8Y 16·81T) DYNAMIC RAM 

Read and Refresh Cycles 
Limits 

Symbol Parameter MSM418160B-6.-6S MSM418160B-7.-7S 

Min Max Min Max 
tRc Read cycle time 110 130 
tRAs RAJ low pulse width 60 10000 70 10000 
tCAS ~ low pulse width 15 10000 20 10000 

tCSH CA!hold time after ~ low 60 70 

tRsH RAS hold time after CAS low 15 20 

tRcs Read Setup time before CAS low 0 0 
tRCH Read hold time after ~ high (Note 21) 0 0 
tRRH Read hold time after RAS high (Note.21) 10 10 

tRAL Column address to ~hold time 30 35 

tOCH CA! hold time after C5E low 15 20 

tORH RAS hold time after OE low 15 20 

Note 21 : Either IRcH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 

Symbol Parameter 

twc Write cycle time 

tRAs RAS low pulse width 

tcAS CAS low pulse width 
tCSH CAS hold time after RAS low 
1RsH RAS hold time after CAS low 
twcs Write setup time before CAS low 
twcH Write hold time after ~ low 
tcWL CA§ hold time after W low 
tRWL RAS hold time after W low 
twP Write pulse width 

108 Data setup time before CAS low or W low 
tOH Data hold time after CAS low or W low 
tOEH OE hold time after W low 

4 - 252 

Limits 
MSM418160B-6.-6S 

Min 

110 

60 

15 

60 
15 

(Note 23) 0 
10 

15 
15 

10 

0 

10 

15 
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Max 

10000 

10000 

MSM418160B-7.-7S 

Min Max 

130 

70 10000 

20 10000 

70 
20 

0 

10 

20 

20 
10 

0 

15 

20 

Unit 

ns 
ns 

ns 
ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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M5M418160BJ,TP·6,.7,.6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 
Limits 

Symbol Parameter MSM4181S0B-S,-SS MSM4181S0B-7,-7S Unit 

Min Max Min Max 
tRwc Read write/read modify write cycle time (Note22) 155 180 ns 

tRAs RAS low pulse width 105 10000 120 10000 ns 

tCAS CAS low pulse width SO 10000 70 10000 ns 

tCSH CAS hold time after RAS low 105 120 ns 

tRSH RAS hold time after CAS low SO 70 ns 

tRes Read setup time before CAS low 0 0 ns 

tcwo Delay time, CAS low to W low (Note23) 40 45 ns 

tRwo Delay time, RAS low to W low (Note23) 85 95 ns 

tAwo Delay time, address to W low (Note23) 55 SO ns 

tCWl CAShold time after W low 15 20 ns 

tRWL RAS hold time after W low 15 20 ns 

twP Write pulse width 10 10 ns 

tos Data setup time before W low 0 0 ns 

toH Data hold time after W low 10 15 ns 

tOEH OE hold time after W low 15 15 ns 

Note 22: tRwc is specified as tRWC(min)=tRAC(max)+tOOO(min)+tRWl(min)+tRP(min)+5tr. 
23: twcs, tcwo,tRwo and tAwo and,tcpwo are specified as reference points only. If twCS~twcS(min) the cycle is an early write cycle and the 

OQpins will remain high impedance throughout the entire cycle. If tcwo~tCWO(min). tRWD~tRWD (min). tAWO~tAWO(min) and tCPwo ~tCPWO(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 24) 

Limits 

Symbol Parameter MSM4181S0B-S,-SS MSM4181S0B-7,-7S Unit 
Min Max Min Max 

\Pc Fast page mode readlwrite cycle time 40 45 ns 

tPRWC Fast page mode read writelread modify write cycle time 85 95 ns 

tRAs RAS low pulse width for read write cycle (Note25) 100 125000 115 125000 ns 

tcp CAS high pulse width (Note2S) 10 15 10 15 ns 

tCPRH RAS hold time after ~ precharge 35 40 ns 

tcpwo Delay time, ~ precharge to Wlow (Note23) SO S5 ns 

Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25: tRAS(mln) is specified as two cycles of CAS input are performed. 
26: tcP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 27) 

Limits 

Symbol Parameter M5M4181S0B-S,-SS M5M4181S0B-7,-7S Unit 
Min Max Min Max 

tesR CAS setup time before RAS low 10 10 ns 

tCHR CAS hold time after RAS low 10 15 ns 

Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 
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M5M418160BJ, TP-6,-7 ,-6S,.7S 
FAST PAGE MODE 16m216·BIT (1048576·WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28) 
Read Cycle 

Ao-A9 

~PUTS 
D01-D016 

~TPUTS 
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tAc 

tAAS -, tASH 

..l'" 

tCSH 

~ 
tRCD 

XXXXXXXX.Jll" -~ " tCAS 
XXXXXXXXI 
XXXXXXXY 

~ tCAH 

tRAL 

lASR 
tRAH 

H lASC ~ 

ROW..l ~' COLUMN 
"'~LXXXXXX 

xxxxxxx \.ADDRESS~ ADDRESS 
xxxxxxx~ ..l'" ..,~ 

~~ 
xxxxxxxxxxxxx xx ...... 
xxxxxxxxxxxxx XxX~1 
xxxxxxxxxxxxx XI 

tDZC 

Hi-Z 
xxxxxxxxxx 
xxxxxxxxx~ tCAC 

tAA 

tCLZ .J 

Hi-Z 

~ 
tRAC 

tDZO tOEA 

tacH 

xx xxxxxxxxxxxxxxxxx 
tORH xxxx 

Note 28 Indicates the don't care input. 
VIH(min.) .:it VIN .:it VIH(max) or VIL(min.) .:it VIN .:it VIL(max) 

Indicates the 
invalid output. 

E Indicates the skew of the two inputs. 

.• MITSUBISHI 
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tRP 

)~ L ...,," 

~ tc~ 

~D'" tCPN W 

~ 

XXXJa. ~ 
ROW XXXXI 

... ADDRESS xxx~ 

~ 
xxxx 

tRCH xxxx xx 

tCDD 

x 
xxxxx 

x 

tOFF 

DATA VAll) ~ 
If 

tOEZ 
4---t 

tODD 

xx 



MITSUBISHI LSls 

M5M418160BJ,TP·6,-7,-6S,-7S 
FAST PAGE MODE 16777216·BIT (1048576·WORD BY 16·BIT ) DYNAMIC RAM 

Upper I (Lower) Byte Read Cycle 

iJCAS 
(or LCAS) 

LCAS 

(or UCAS) 

Ao-A9 

W 

~PUTS 
DOl-DOe 
(or D09-D016) 

~UTS 

rpUTS 

DOQ-D016 
( or DOl-DOe) 

~TPUTS 

OE 

tRC 

tRAS tRP 

-~ tRSH )"- 'r\ -'r- ..,F-

tCSH ~ tc~ 

~ 
tRCO tCAS tCPN 

xx X)I" 

~~ r- ~~~ xx T ~V xx -'r-

~ 
tCAH M tc~ 

xx x Xlr 
tRAL V tRAD 

tASR ~AH tAsc ~ j4-----t ~ 
xxxxxx:). ~ ROW -

~ COLUMN -~ ........................ )C IX IX. X x xx\.-~ ROW 
xxxxxx~ ~ADDRESS _ ADDRESS IAXXX x XXXX IX X XA ADDRESS I'- ',,", -~~ ............ XT ~ 

I tRCS tRCH ~ 
r 1 

xxxx XIXXTI ~xxxxxx 
~ xxx XIXYI 
'x 

xxx XIXXXXX xx X x xx:f0xxxxxx x x xx 
x,xx xxxxx IXXXXX xx X X xx~xxxxxx x x xxxx 

Hi-Z 

tozc tCAC tCDD 

xxx xxx I&- Hi-Z xx 
xxx xxx xxxxxxx 

tAA tOFF 

tCLl 

Hi-Z J~ DATA VALID 1\ 
) data 1/ 

tRAC 

tDZO tOEA 

xxxxxxxxxxxxxx 
xxx ~ 

• MITSUBISHI 
.... ELECTRIC 

tOCH 

tORH 

If--t tOEZ 

tODD 

xxxxxxxxxxxx 
L' XC XXXX 

I xxxxx 

4 - 255 



MITSUBISHI LSls 

M5M418160BJ,TP-6,-7,.6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

Write Cycle (Early write) 

Ao-A9 

rpUTS 

001-0016 

twc 

tRAS 

.... 

~--
tCSH 

r tRCD 

tCAS 

W -r\~ 

A ~ A tCAH 

=X ROW ...; ~~ COLUMN 
ADDRESS .., ADDRESS f- .... 

twcs twCH 
~~ )O;)O;)O;)O;)O;)O;.A,.~ 
Vx-x 

)Ie )Ie x )Ie )Ie )Ie }O. 

X)Ie)leX)le)le)leXX)le)leXXX~X1 

I 

I_ tDS ~ tDH 

YYYXXXXXY XJa.. ~ 

·xxXXXXXXXXA DATA VALID 
r-

tRP 

~~ 
~ 

-~ 

tRSH 
:!PC 

tCRr 

~~ -W 

tASR 

- IX. xxx~·XX\ ~ 
ROW 

A)o; )0; )O;)O;xV>{j. ADDRESS ..., 
'" ~~~-.X..XY .... 

.I 6- )O;)O;)O;)O;)O;)O;)O;)O;)O;)O;)leXXX 
'1 or. )0; x x x x )0; x x ~~~~~-x~~~~~~~x 

.JI;.)O; )0; X X X )0; )0; x x ~~~~~-x-x~~~~~~~ 

- $.x xxxx YYYYxxxxxxx 

...,I~XX AAXX xxxxxxx 

~TPurn __________________________________ ~H~i-=Z ______________________________ __ 

4 - 256 
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MITSUBISHI LSls 

M5M418160BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/CLower) Byte Write Cycle (Early write) 

UCAS 

(or LCAS) 

LeAS 
(orUCAS) 

Ao-A9 

W 

rpUTS 

DOl-DOs 
(or D09-D016) 

~PUTS 

rpUTS 

DOg-D016 
(or DOl-DOs) 

twc 

tRAS tRP 

-~ 
r- ~~ -f\ 

tCSH 

~ 
tAcO tASH 

~ tp 
tCAS 

W -~ 
r- ~/ V 

~ ~ r 
~ V 

l. tASA 
• ~ ~ tCAH ~ 

)( f- ROW "~~ COLUMN IX x x X xx x x x x x x x x). "1r ROW 
r- ADDRESS 

~ r- ADDRESS ~xxJ'..J'..J'..~r- ADDRESS 

twcs twCH 
.1 

~xxxxxxxxX\. .r I.~xxxxxxxxxxxxxxxxxxxxxx~ 
XXXXXXXXXXXXXX.A IMxxxxxxxxxxxxxxxxxxxxxx~ 

XXXXXXXXXXXXXXXXXXX xxxxxx xxxxxxxxxxxxxxxxxxxxx~ 
xxxxxxx xxxx x x x x x x x x xxxxxxxxx x x x xx x x x x x x x x x ~ 

Hi-Z 

~ tOH 

xxxxxxxx ~Jr-- .... r-Ixxxxxxxxxx xxxxxxxxxxx 
xxxxxxxxxxxh xxxxxxxXXXXXXXI DATA VALID IlftXXXXXXxx 

xxxxxxxxxxx~r- ~~~xxxxxxxxxxxxxxxxxxxxxxxxx 

bll'UTS Hi-Z 

OE 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M418160BJ, TP-6,-7 ,-68,-78 
FAST PAGE MODE 16777216-BIT( 1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle ( Delayed write ) 

~~ 
-'~ 

F tRCD 

W -~ 

~ tRAH tAsc 

~ 

Ao-A9 )L ROW ~r ADDRESS F- -'k-

X}l.}l;X }I x X x X JIe~ 
W XXXX xx~ X}(XX }(xxx)V 

tACS ~ 

t~ 

FpUTS 
XXX1,.-xxxxx 

xxxxxxxxxxxxxx 

001-0016 

bTPUTS 
..... 

tDZO 

xxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxx A 

.A 

4 ~ 258 

twc 

tAAS tAP 

IJF-
..,~ 

-r\ 
tCSH 

itRPC 

tRSH I+-t tCr 
tCAS 

~~ ~~ 

tCAH tASR 

COLUMN -r-".}I; .}I; }II;.}I; }I}II;.}I;}I}I W~ ROW 
ADDRESS 1,19; }I }I }II; .}I; }I}II;.}I;}I}I ~.n ADDRESS _-F- ":l-

tCWL 

tRWL 

-r\ IX}II;XX xxxxxxxxxxxx 
twp .JJtxxxxx xXxxxxxxxxxxx 

Jk- ~X}II;XX XXXXXXXXXXXX 
twCH J 

t~ tDH 

Hi-Z -~«xxxxxxxxxxxxxxx J~f-
~~~l-

DATA VALID Mxxx XXXX 
...,f- '\.x 

~ Hi-Z 

wi tODD 

~ 
7 

• MITSUBISHI 
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",xxx XXXXXXXXXYYX 
~XXXxxxxYYYYYYYYYYYY 



MITSUBISHI LSls 

M5M418160BJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/(Lower) Byte Write Cycle ( Delayed write) 

1JCAS" 
(or LCAS) 

LCAS 
(orUCAS) 

Ao-A9 

W 

rpUTS 

DOl-DOe 
(or D09-D016) 

twc 

tRAS tRP 

~~ Vr 

~l~F---------------------------------------------------~ 
~\ 

tCSH 

tRCO tRSH 

tCAS 

tCAH 

).~ ROW -~k-~ COLUMN - ,N'XX 
r- ADDRESS _ r- ..; ~ ADDRESS "'" I/(X' ;0; 

~--~+---------------~ 

I 

x;o;xxxxxxxxxxXXYl 
x x x x x x x x x x x x x xl.L 

tRCS 

xxxxxxxx 
xxxxxx~xx 
xxxxxxxx 

tCWL 

twCH 

xxx 
xxxxxx 
xxx 

tRWL 

'---------

;o;~r- ROW 
.XLf']l-k-___ A_D_D_R_E_S_S __ _ 

XJlLXXxx 
xxxxxx 

xxxx 
xXxxxxxx 

xxxXXXX 

~UTS ____________________ ~-+ ____________ ~+-__ H~i~~~ ________________________ __ 

rpuTS 

D09-D016 
(or DOl-DOe) 

~UTPUTS 

OE 

tozc 

tozo 
~ 

xxxxxxxxxxxxxxxx~ 

xxxxxxxxxxx~ 

t~ tOH 

~I~--~~-----------~ Hi-Z 

tOEz 

~ 

• MITSUBISHI 
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I\('x x x x x x x -x0' x x x x x x xxxxx 
~xxxxxxxxxxxxxxxxxxxxx 
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MITSUBISHI LSls 

M5M418160BJ,TP-6,.7,-6S,-7S 
FAST PAGE MODE 167n216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao-A9 

W 

rpUTS 

DQ1-DQ16 

~PUTS 

4 - 260 

tRWC 

tRAS tRP 

~~ ~/r- -" .-

tCSH 

~ tRCD tRSH !lrPC 

tCAS 
Wr 

~~~ ~~ ~6 -V 
tRAD 

~ 14tRAH ~ IlASC ~ 

J RO~ 
ADDRESS..., ~. 

xxx KXXX.xr~ 
xxx XXXT ItRCS ~ 

tRAC 

~~ 

~~~~~~~xx 

Hi-Z 

tozo 
4---+j 

~xxxxxxxxxxxx 

~xx xxxxx~x 

tCAH ~ 

COLUMN .... I\.(xxxx xxxxxx ~..., ..... 
ROW 

ADDRESS IKXXXX ~ ADDRESS 
..,~ 

tewD 

tAwD 

tRWD 

~~ 

tCAC 

tAA tos 
iH 

Hi-Z )~r· 
~~\-

tCLZ 

~ [,A 
ALI , 

F-< 
tOEA 

tODD 

~ 
tOEZ 

... 

• . MITSUBISHI 
.... ELECTRIC 

-'~ 

~ 

tRWL 

xxxx xxxx 
~xxxxxxxxxxxxxxxxxx 

~xxxxxxxxxxxxxxxxxx 

twp J 
'I 

tOH 

- .11'. xxxxxxx 
DATA VALID r'iX x x xx x x xx x xxx 

..,~ 

Hi-Z 

4

tOEH J 
I\XXXXXXXxxxxx 
,xxxxxxx xxx 



MITSUBISHI LSls 

M5M418160BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle 

UCAS 

(or~) 

LCAS 

(oriJCAS) 

Ao-A9 

w 

~pUTS 
D01-DOa 

(or 009-0016) 

~UTPUTS 

rpUTS 

009-0016 
(or D01-DOa) 

~UTPUTS 

tRWC 

tAAS tRP 

~~ V~ ~~ 
..... ..., 

tCSH 

r tACD tASH 
~PC 

tCf 

tCAS 

W -I\r JI -~ 

~ ~C tc~ 

W V 
~ ~ ~ tCAH ~ 

J r- ~~ W ~ ~r COLUMN ~~x JeXJeJeJe ·xX)(\'"' F ROW 
~ ADDRESS ..., ADDRESS ...,~ ~ x~ ADDRESS 

,.. ..lk- I.-

tcwD tCWL 

tAwD ~ 
tAwD tAWL 

- ~xx XXXxx.;<;<;< 

~~ X XJe XXXI ,.lXXXX x X XXXXXXXS« 

tACS twP J 
"I 

XX}( XXXXXx xx JexxxxxxxXXXXX ~XXXXXA~AA x~xxxxx~ 
xx xxx XXXXXx xx xxx xxxx~ ~~XXXXXXx~~~x~~~xxxxx 

tAAC 

Hi-Z 

~ltDZC ~ 
tAA t~ tDH 

xxxx Hi-Z J~ -~~~xxxxxxxxxxxff xx DATA VALID xxxxxxxx 
~~ 

IAXXXX~~xxxxxx xxx xx 
--'" 

tCAC 

Hi-Z ~~ Hi-Z 

~ 
tOEA II::. 

tOEH 

14tDZO~1 tOEZ tODD ~ 
XXXXXlCXXXXX I\X Je Je Je X Je lCXlClClClCXXXXX 

XJe~lClCXXXlCX XXXXXXXXXXXXXXXX~ ';XXXXX xxx YXX xxx~ t-

• MITSUBISHI 
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MITSUBISHI LSls 

M5M418160BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

W 

fpUTS 

DQ1-DQ16 

tRC 

tRAS 

ROW 
ADDRESS 

I Hi-Z 
~TPUTS------------------------------------------------------------

4 - 262 
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MITSUBISHI LSls 

M5M418160BJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle 

Ao-A9 

W 

FUTS 
001-0016 

~TPUTS 

---.l~ 

~7i. 

x 

I-

tRC tAc 
tAp tAp 

tRAS -, yr -~ tRAS JJr ~L 
.- -',- :.s-

tApc tCSR 
j4-f we tCSR tRPC 

f ~ ~ 
tCHR l 

J ~ -\.- ~8 -~O- ~!B 'W 

~ 
~7i.7i.7i.7i.7i.7i.7i.7i. ~A~~~XXX ~~r 

xxxxxXX~XX~XAXX ~XX~AA~~~XX~~xx~x~xx~O-

tACH 

~I 
~ xxxxxxxxxxxxxxxxx 

'C ~xxxxxxx 
.xx~xx~xxx~ ~xx~~x~~~x~~~xx~~~xx 

tOFF 

~ 
tCDD 

XXXXXXXXXXXXXAAA~~A~ 

AAXX.xxxxxxx~ ~x~ 

Hi-Z x 

tOEZ 

tODD 

xxxxxxxxxxxxxxxxx xxx 
xxxxxxxx 

xxxx 

• MITSUBISHI 
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ROW 
ADDRESS 

AAA 

~x~ 

~ 

XXXX 
xx 

4 - 263 



MITSUBISHI . LSls 

M5M418160BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/(Lower) CAS before RAS Refresh Cycle 

RAS 

UCAS 
(or LCAS) 

LCAS 

(or UCAS) 

Ao-A9 

W 

~UTS 
DOl-DOs 
(or 009-0016) 

~TPUlS 

FpuTS 
009-0016 
(or DOl-DOs) rTPUlS 

OE 

4 - 264 

tAp tRC tAc 

tRAS tRP 
tRAS 

" l' ~~ ~i\ JI~ -j\ ~~ 
... ~ ...: 

tRPe tcs~ ~C tCSR n tCRr 

.......... 

~~ / ~ ~ 
tCHR -:( ~ 

~ 
tCPN 

~Cr1 ~ IJRPC~ ~ ~ ~ 
xxx 

V V V XXXXXXT 
XXXXXJ!f' 

~ 
~xx xxxxxxxxx.xxxxxxxxxxxxxxxx x xx X x:xxxx~Jf- ROW 
xxxxxx xxxxxxxxxxxxxxxx X ~L- ADDRESS 

~ 
~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx XXXXXYX xx 
~Yxxxxxxxxxxxxxxx 

t FF 
;+ 

xxx xxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxx 

tOEZ 
~ .. 

XXXY xx ~, Hi-Z· 
xxx 

tCDD 

~ 
xxxxxxxxxxxxxxxxxx 
~xxxx~x~XXxXX 

tOEZ 

XXXX .X.x.xx.x1A Hi-Z 
XXxx XXXXXIY 

tODD 

f XXXXXXXXXX xxxxxxxxxxxx 
I( xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

•. MITSUBISHI 
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xxx xx 

XYYXX 
xx 

XXXXXYXX x xxxxxx 
xxxxxxxxxxxxxxxxx 

xxxxxxxx 



MITSUBISHI LSls 

M5M418160BJ,TP-6,.7,.6S,.7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

tRC IRC 

tRAS tRP IAAS lAp 

--:! r 1"- ~\ ~k'~ 
..... 

~r- ~L.. -' ... 

tCf 

tRCD tRSH tCHR 
~C 

tf 

~ -~~ ,~ r--W 

tRAD 

tA~ ~ ~ tCAH tASR 

Ao-A9 ) f- RC W ... ~~C COLUMN -~I:.XXx x xxxxxxxxxxxxxxx ~'-Jr ROW 
... ADDRESS ..., ADDRESS x .Jl ADDRESS 

f- .... ...,~ X '0' .l ... 

tRAL 

~. L tRCS 

.1!0..1!0."- -'ft.1!O..1!O..1!O..1!O..1!O..1!O. .1!0. .1!0..1!0..1!0. 

w xx '-xxx xxx 
xx .1!O.hl ~x x 

tDZC 
tCDD 

rpUTS 

001-0016 

xxxxx x Hi-Z XXX X 
XXX} xxx 

1M 
xxxx 

tCAC 
tOFF 

~TPUTS 
IAAC 

tCLZ 
14-+ 

W< Hi-Z } 
DATA VALID \ 

) If 

tDZO tOEA tOEZ 

tODD 

tORH 
xx .1!0..1!0..1!0..1!0..1!0..1!0. 

L ""'xxx xx.xx.x.x.xx.x.x.xx :\. I. x. xx. x. x. 
xxxxxxxxxxxx ~ .... fl\;c x 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable as well as read cycle, 
Timing requirements and output state are the same as that of each cycle shown above. 

• MITSUBISHI 
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xxxx 
xx.x.X 

xxxxxxx 
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MITSUBISHI LSls 

M5M418160BJ,TP-6,.7,-6S,.7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/(Lower) Hidden Refresh Cycle (Byte Read) (Note 29) 

UCAS 

(or LCAS) 

LCAS 

(or UCAS) 

Ao-A9 

W 

~pUTS 
D01-DOs 
(or 009-0016) 

~TPUTS 

rpUTS 

DQ9-D016 
(or D01-DOs) 

G..UTPUTS 

4 - 266 

tA C J. tA C 

tAAS tAP J tRAS tAp 

-~ V~ \~ ~V 
~ 

~r\ 
IJAPC • ...l'" ..,~ 

tRCD tRSH ~ 

l tc~ tCHR 

V -~ 
........ 

1I~ W-
tc~ t~ 

W ~V 

tRAD 

~~ ~ 
tCAH tASR 

)rR~V ~ ~ COLUMN ~.LxX x ~xxxx )ll) ROW 
... J'DDRESS _ ~ ADDRESS ~XJII. xJOJ r~ .... ADDRESS ..... ~ 

~ tRAL IJRRH'1 

x 7 ~ XX XXXX 
X Jll.Jll.XX X 

XXXXXX XXXXX X XJII. Jll.JII.JII.AJII.JII.JII.JII.JII.JII.JII. 
xxxxxx XXXXX x XXXXXXXXXXX XXXXXXJll.XXXXXXXX XXXXXXXXX 
XXXXXX XXXXX x XXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXX 

Hi-Z 

tDZC tCDD 

XXXXXX lXX Hi-Z 
XXXXXX xx XXX xxx 

tCAC 
tOFF 

~ 
Hi-Z -@r DATA VALID ~ 

data V ....... 
fAA 

e.. 
~xxxx~ 
xxxxxxxxx~ ~ 

tRAC 

tOEA 

tORH 

'. . MITSUBISHI 
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tOEZ 

tODD 

xxxx xxxxx 
R ,)(Xyyy 

A 



MITSUBISHI LSls 

M5M418160BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

Fast Page Mode Read Cycle 

RAS 

Ao-A9 

w 

rpUTS 

001-0016 

bTPUTS 

tRAS tAp 

tCSH tpc tCPRH 

----:::l .... 

i\ 
tRSH~ J~ ~\. 

..., 

tcp tRCD tCAS 
~ 

~ tCAS tcp tCRP

r tCAS 
I+-r-ti 

~ -~~ ~~~ ~~I- ~~ ~~ I-~ W 

tRAD tRAL 
--" 

tASR tAAH rl l.
tCAH 

I 
tA~ tCAH 

tCAH 

~ ~ ~ ~ 
~ COL! MN - ~AJ~ -on k\ f- Call MN ROW xx CO UMN )r ~ .~~ ~,.. ROW 

ADDRESS AOORESS-1 xx X"- AOORESS-2 _ ~ ~r- ADORESS-3 I...;~OORESS I- ~-' l- I""'" -'r- .-~ " 

tAcs 

r 
X7 

xxxxx XI 
xxxxx y 

~~ 
xxx 

tCAC 
4------i 

tCLZ 

~ Hi-Z 

1M 

tAAC 

tozo 

4---+j 
'tOEA 

I tacH 
xx XA 
XXXXXXXXXxx X" 

-
1M 

-i ~lH tRCS 

-.r ~ 

V 
tCDD 

~ ~ tDZC 
I\. Hi-Z 

~~ 

~ 
toFF ~ tCLZ 

~ ~ DATA ~ 
.... VALlO-1 ., 

tCPA 
r 

tOEZ 

~ -. 
~ IH 

tODD 
tacH 

XXXXX 
I. XXXXX ," 

• MITSUBISHI 
.... ELECTRIC 

tRRH 
1M 

-i 
RCH 

IitR~ __ 

V tRCH ~ 

tCDD +--+ f-t tozc 
tCDD 

") ~ 1~ 
~ I ~~ 

~~ ~ 
tOFF ~ teLZ 1Jj 

DATA ~ ~ DATA ..,. ~ I---
VALlO-2 ~ ~ ~ VALlO-3 ~ 

~ 

tCPA 

I tOR~ 

tOE~ 
~ 

tOE!.. 

~ 
~ 

~ 
l.

tOCH 
I 

XXXX}I;~ xxx xx 
So. XXXX}I; )IlL 6- XXXXXX 
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MITSUBISHI LSls 

M5M418160~J, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216·BIT (1048576·WORD BY 16·BIT) DYNAMIC RAM 

Upper/(Lower) Fast Page Mode Read Cycle 

UCAS 
(or LCAS) 

LCAS 
(or UCAS) 

Ao-A9 

W 

j:PUTS 

DQ1-DOe 
(or D09-DQ16) 
~UTPUTS 

rpUTS 

D09-DQ16 
(or DQ1-DOe) 

~UTPUTS 

4 - 268 

tCSH 

----:Ir-

~ .. 

tCRP tAco tCAS 

~ 
y ~~ 

...: .. 
tc~ 

Y 
tAAD 

tAS~ ~H ,]ASC. tCAH 

) f- ROW .-

~ f- ~ 0 UMN 
ADDRESS .. ADDRESS-1 .. -f- ~ 

tAcs 

I 
xxxxx XI 
xxxxx " 

~Itozc • 

ltXXXX xx 

tCAC 
~ 

tCLl 

~ Hi-Z 

fAA 

tRAC 

~ tOEA 

tOCH 

xxxxxx,," 
xxxxx X xx. ... 

tRAS tAp 

tCPRH 
tpc 

tR~ 

.., 
)- ~~ 

~ 
tcp teAS tcp tCAS 

tC1-1+-

V~ -~ ..,~ 1\ .. I~vr V-.., -' .. 

~~H tCRP "*14-

V 
tRAL 

~ tCAH ~tASC , tCAH ~ 
... Ii ~-f- C( LUMN - K ~JF ROW ~OLUMN I ~ DC X XII IX xs ADDRESS-2 _ ~'~ .. ADDRESS-3 ADDRESS .., ,~- .. IX. 

tAA 

~~r tR~ 

V 
x.xxxx. x. 

Hi-Z 

tCDD 

~ IJDZC. 

~ [ Hi-Z 

~ ~ 

tOFF 
tCAC 

I+---t tCLl 

DATA ~ VALlD-1 

tCPA 

to:; 
~ 

~ 
l~toEA • 

tODD 
tOCH 

~xxxx.}II;'" 

L xxxxx 

., MITSUBISHI 
;"ELECTRIC 

1 tARH 

RCH 
tRr-. 

~ 

V- tRCH ~ 
x 

xx.x.x. x 
x.x.x.x. xxxxx 

tozc 

~~ tCDD 

~ J ~ , ~ ~~ 
tOFF ~f-. ~ 
+---i tCLl H 

f- DA"A - 1\ }~ F DATA -;; ~ VALlD-2 _ II ~~ VALlD-3 _ I---
F 

tCPA 
tOR~ 

tOEZ 
IJDZO. ~OEA I toEZ 

~ ~ 

~ I+---t 
tODD 

~ 
I xxxxx 

I':. xxx xx..,.;: It. XXYXX 



MITSUBISHI LSls 

M5M418160BJ,TP-6,.7,.6S,.7S 
FAST PAGE MODE 16n7216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

Fast Page Mode Write Cycle ( Early Write ) 

tRAS 

Ao-A9 

CS twCHDJ~~twCS twCH JI:;~~twcs 

rpUTS 

DQ1-DQ16 

~D~ ~ 

OE 

• MITSUBISHI 
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twCH 
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MITSUBISHI LSls 

M5M418160BJ,TP-6,.7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16·BIT) DYNAMIC RAM 

Fast Page Mode Upper/(Lower) Byte Write Cycle ( Early Write ) 

RAS 

UCAS 

(or LCAS) 

LCAS 
(orUCAS) 

Ao-A9 

W 

rPUTS 

DQ1-DOs 
(or DQ9-DQ16) 

~TPu1S 

rpUTS 

D09-DQ16 
(or DQ1-DOs) 

tAAS 
tAp 

tCSH tpc 

~f\ ~ V~ ~\. 
-' .... _"'l f-

tc~ tAco tCAS ~ tCAS ~ ~ tCRr 

W- -~k-
~~ 

~~ j)F-r\ V .,11 tCAS .1 
k- I:J[. 

tCR~ 
~ ~ 

rt W 
tA~ ~AH 

~ tCAH 
~ tCAH tA~ tCAH ~ 

)CROW ~ CC)LUMN -:~-. 9~ LUMN 
r-~~f- COLUMN "~ ROW 

][JO;JO;JO;" ~DDRESS ~DDRESS ADDRESS-1 .'QQg ADDRESS-2 ~'O!:O~ ADDRESS-3 

xxx x twos twCH ~ x x x x'" twcs twCH L JO; x JO; JO; A twcs twCH xx 
xxxx ..a,IfXX XXX • IXXXxX~~ 

XXXXXXXXXXlR.- ~XXJO;XXJO;.+. JO;XA- XXXXXX 

XXXXX 
X ........ xxxx xx 

XXXXXXXXXXXXX XJO;JO;XJO;JO;JO;XJO;JO;XXJO; x .... JO;JO; ........ JO; xx 

Hi-Z 

lOS lOH ~ lOH ~ lOH 
~ .=-:---. ~ 

,}~ .. \~.,~ -r-~f- tlXX xx x," DATA VALlD-1 f\. ,J DATA VALlD-2 I\. DATA VALlD-3 xxx XT~~ ... 'l~~... f- '(}t}t}{I )k- f-

~UTPUTS ______________________________ ~H~i-=Z ____________________________________ _ 
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M5M418160BJ,TP-6,-7,-6S,.7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle ( Delayed Write ) 

Ao-A9 

W 

rPUTS 

DQ1-DQ16 

~UTPUTS 

OE 

tRSH 
tRAS 

tRP 
tCSH tpc -, 

~ 
V

r -L 
tF+ tRco tCAS ~ tCAS i

C 

tcp 

W -~~ ~D~ ~~ ~IU V 
tRAO 

~ ::H 9~ IJASC. ~CAH • I4-rWL
• 

tASR 

)r ROW ~ - COLUMN -~ .7r COLUMN U'xx xx~"'l- ROW XN ~x XXX:J1f/I 
-,~DDRESS ~ ...l ... ADDRESS-1 ..,'{'"x -'0- ADDRESS-2.., 'x -'~ 

ADDRESS 

r twCH 
tRCje twCH 

tCWL .. 
_, +-t tewL 

W -, 
twp twP KX 

e:::::3 r'-
xxx 

toze 
tos tOH toze t~ ~ H~~ 

J~ ~ 0 TA x YX 
xxxxx 

l~r D,TA ~~ 
~~~ VALlD-1 ~,l ~l( r- VALlD-2 .., '-"'xxxxxxxxxx 

teL2 

1~ ,V-

~ tozo 

HI toDD 

7 xxxxxXJn 
XXA 

tozo 
H 

Hi-Z 

tOEH 

-~ 
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~, 
~ 

-~ tOEH J 
toDD "I 

,xxxx"x 
V'>NYx 
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M5M418160BJ,TP·6,.7,.6S,.7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Upper / (Lower) Byte Write ( Delayed Write ) 

tRSH 

tRAS 
tRP 

tCSH tpc 

~\ V~ 

~~~----------------------~-+----~------------------~~~ 

UCAS 

(or LCAS) 

LCAS 

(or OCAS) 

Ao-A9 

~PUTS 
DOl-DOe 

tF+ tRCO 

t~ 

tRAO 

tCAH 

--v f- ROW I\&; r- I 0 UMN 
~~DDRESS~k- ADDRESS-1 

1\ LXXXX .r C( Ll MN 
~~~~~ ~r- ADDRESS-2 

tCAS 

~ twCH tRCS 

I tc~ 1Ii:!'Ir-+~+-~----------::!L ~L 
twCH 

~~jO~~~F---t-t-----:~~~ twP IT ~t"'\ twP XXXXXXXXXXI'I 
XXXXXXXXXT 

~~ ,.;.. 

XXXXXXXXXXXXX x xxxxxx xxx xxx xxxxxxxx 
XXXXXXXYYY XYXX x XXXXXXXX 

~C I tCR~ 

~C 
I tcR~ 

tASR 

YYYXYYX 
Xxx xxx xx 

x 

(or D09-D016) Hi-Z 
~UTPUTS---------~~----+~~=---+~-----~----------

tozc rpUTS 

D09-D016 tozo 
(or DOl-DOs) iH 

~UTPUTS-----~-----~l~--~---~--~ ~~ Hi-Z :J~ 
~f ~v 

~ toDD 

OE 
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M5M418160BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

RAS 

UCAS/~ 

Ao-A9 

Vi 

tCSH 

-~ 

tCRP tRCD tCAS 

~ 

V ~~r-

tRAD 

~ ~H n ~ 

tRAS 

~ 

.. ~~ ~~ 

tCAH 
4------+ 

tRSH 

tPRWC 

tCAS 

tRP 

i}~ ~L 

!1C 

tcif.. 

~II V 

tASR 

V RO'" ~r- COLUMN 
~~OORESS ~r- AOORESS-1 

·LXXXX r- COLU~ N IXXXXXXXIXXXX\.,r- ROW 
'-'7<.7<.7<.7<. ~k- AOORESS-2 -,1(.'«7<.7<.7<.]<;, x x~FIL_A_O_O_R_E_S_S __ 

rR~ twCH 
tRC~ twCH 

tAWD tc~ tAWD ~WL 
XX 7<.]<;, A 7<. AAN ~~~ W tCWD 

~~ twp 
XXXAAA XXI tCWD ..... 111.7<. XXXXX~ 

tRAC J 
tAA 

tDZC 
tCA6 tDS tDH tDZC ~ ~ 
~ ~ ~... ~,..------.. r X~A~7<.5~7<..N~r-______ -+_~~~"~ "',r DATA ..... 1)~f...iI'i ~~~-+---~)~I\.U{ 'I~ DATA "" ..... 11.7<. ]<;,7<. INPUTS t":;AAA W II ~ N IJ?--A AA 

xxxxx ~~ ... VALlO-1-,1{~' ~ ~f'r- VALlO-2 ~f-YXXXXXXXXXX 

~O 
001-0016 tCLZ tCLZ 

~ 
Ie!. L DATA ...-. DATA 
N ,/ VALlD-1 Hi-ZJ~ V VALlD-2 

OUTPUTS------~----------~VJNI~IT.~----~----~----~I~~----~----------------

tOEA -y .1i toEA If. 

OE 

tDZO 

4-+1 

xxxxxx 
hxxxx 

tOEZ 

I. tODD 
tOEH 
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M5M418160BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle 

UCAS 

(or LCAS) 

LCAS 

(or OCAS) 

Ao-A9 

W 

~PUTS 
DOl-DOs 
(or D09-D016) 

AAS 

tAP 
tCSH tASH 

~\~ v~ 
~------------------------~------~--------~--------~~~ 

~~ 

t~ tACO tCAS 

tAPc 

11 tCA~ 
tPRWC 

tCAS 

W ~~r- ll
~ 

~~ 

t~ 
tAPc tCRP 
~ .~ 

W v 
tAAO 

tASA ~AH tAse tCAH 
~ I+----t tASR 

~f- ROW ~ COLUMN 1\ fXXXX ..,~ COLUMN -~~~I(~~~~m~X'X~'~~"'f- ROW 
J-~DDRESS ~r- ADDRESS-1~~ ~r- ADDRESS-2 -r~ ~ ~ ~ ~ x ~ ~ ~~'lr-~_A_D_D_R_E_S_S __ _ 

tRCS twCH twCH 
-i+~ tR~ 

;X~X~~~~~XI'r,!~t::T.ftA~:~:~o~~""~~~ i - tAWD -~ ::: 
~ x ~ "7 I+-_t_cw_o __ --+t"'" 

'~ 

YY 

xxxxxx xxxx XYXX xxx xxxxxx x xxxxx 
XY~ YYYX x YYYY YXx x 

yyyx 

x 

YYXX 

Y 

~UTPUTS ________ +-____ ~-4-+ ________ +-~H~i-=Z~ __ +-r-________ ~~ ________________ ___ 

tozc 

tAA 

tCAC 
~ t~ ~ tos tOH tozc tCAC 
~~ ~~ 

~ 
~ ~-xxxxx 14--.:;..::..;.;:;.....---+--.t)~f- DATA .... ~~ j~~ DATA r- xx 

INPUTS~ '){x~x8~xx~----------t--t~~~?.Jl- VALlD-1 ...,~x.,I'1~L+---+----+-o('-",\;~'1(1Ir::: VALlD-2 .,~ x xxxx x xx x x 

tozo 
D09-D016 "'--~ tozo H 
(or DOl-DOs) ....... tCLl tCLl 

~UTPUTS ________ +-__________ ~~nl"n~V __ ~~_[_~_-l-r~H~i-~Z __ -+ __ ~ __ ~J~~I~~~-+_~~_[_~_2-+ __________________ _ 

tOEA "¥~ 'If. 

OE 
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MITSUBISHI LSls 

M5M418160BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by "S" after speed item, like -6S / -7S. The other characteristics and requirements than 
the below are same as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta=O- 70·C, Vcc=5V ±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min Typ Max 

RAS cycling ~ ~ 0.2V or 

~ before ~ refresh cycling 
W ~ 0.2V or ~ Vcc - 0.2V 

Ices Supply current from Vcc MSM418160B ~ ;:ill 0.2V or ~ Vcc - 0.2V 500 JlA 
Extended refresh cycle -6S,-7S 

Ao-As~ 0.2V or ~ Vcc - 0.2V 

DO= open 

tREF = 128ms 

tRAS = tRAS min-l Jls 

Average supply current 
MSM418160B RAS = CAS ~ 0.2V Ice9 (AY) from Vee -6S,-7S 400 JlA 

Self - Refresh cycle 

TIMING REQUIREMENTS (Ta=0-70·C, Vcc=5V± 10%, Vss=OV, unless otherwise noted See notes 13,14) 

Limits 

Symbol Parameter M5M418160B-6S MSM418160B-7S Unit 
Min Max Min Max 

IRAss Self Refresh RAS low pulse width 100 100 JlS 

IRPS Self Refresh RAS high precharge time 90 110 ns 

tCHS Self Refresh RA5 hold time -50 - 50 ns 

SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (1 K) must be made within tNS / tSN before / after self refresh, on the condition 
of tNs:5i 16.4 ms and tSN :5i 16.4 ms. 

tNS tSN 
IE ~I IE ~I 

------------------.~I~llrl-----~II~II~ ___________________________________ ~mlll~I------~II~II-·-------------
~ . 

DISTRIBUTED REFRESH 1024 cycles 1024 cycles DISTRIBUTED REFRESH 
<lK/16.4ms> <lK/16.4ms> 

(2) In case of burst refresh 

The last I first full refresh cycles (1 K) must be made within tNS I tSN before I after self refresh, on the condition 
of tNS + tSN ~ 16.4 ms. 

tNS 
~ 

1111 1111 ! I 
BURST REFRESH 

< lK/16.4ms > 
1024 cycles 

., MITSUBISHI 
"'ELECTRIC 

tSN 

~ 
I IIII 
lo~cles 

1111 1111 

BURST REFRESH 
< lK/16.4 ms > 
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M5M418160BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16·BIT) DYNAMIC RAM 

Self Refresh Cycle 

Ao-A9 

~PUT 
001-0016 

~WPUT 
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tRP 

-~I j~~ 
I\, tRASS 
'~~------------~~~j~--------------~-~ 

I .. I 

tRPC 

tRCH 

H 
~XXXXXXJ<J<XXJ<J<XXJ<J<XXXJ<J<XXJ<J<XX 

~xxxxxxxxxxxxxxxxxx J<XX 

XXXXXX~X~ ~XXXXXXXXXXXXXXXXXXXXXXXXX x 
x 

XXXXXXXXX 

&~ x 

Hi-Z 

tOEZ 

~ 

~IXXXXXXXXXXXXXXX XXXXXXXX xxxx 
fXXxxxxxxxxxxX 
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M5M418160BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE l67772l6-BIT (1048576-WORD BY l6-BIT) DYNAMIC RAM 

Upper/CLower) Self Refresh Cycle* 

tRP 

UCAS 

(or LCAS) 

LCAS 
(or OCAS) 

Ao-A9 

tRCH 

w 

tOEZ 

tRASS 

Hi-Z 
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M5M418165BJ,TP-6,-7,-6S,-7S 
HYPER PAGE MODE 16777216-BIT (1048576-WO.RD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high ci1cuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 

FEATURES 

RAS CAS Address 

Type name access access access 
time time lime 

(max.ns) (max.ns) (max.ns) 

M5M418165BXX-6,-6S 60 15 30 

M5M418165BXX-7,-7S 70 20 35 

XX=J,TP 

eStandard 42 pin SOJ, 50 pin TSOP 
eSingle 5.0V ±1 0% supply 
eLow stand-by power dissipation 

OE Cycle Power 
access 

time dissipa-
time lion 

(max.ns) (min.ns) (typ.mW) 

15 110 680 

20 130 590 

5.5mW (Max) -- - - - - ---- --- -- -- - - - - - -- - - CMOS Input level 
• Low operating power dissipation 

M5M418165Bxx-6,-6S - - - - - - - - - - - - - - - - - - - 940.0mW (Max) 
M5M418165Bxx-7,-7S ---------- --------- 830.0mW (Max) 

.~er-page mode, Read-modify-write, RAS-only refresh 
CAS before RAS refresh, Hidden refresh capabilities 

eEarly-write mode and OE to control output buffer impedance 
All inputs, output TIL compatible and low capacitance 

.1024 refresh cycles every 16.4ms (Ao -A9) 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-A9 Address inputs 

001-0016 Data inputs/outputs 

RAS Row address strobe input 

UCAS 
Upper byte control 
column address strobe input 

LeAS 
Lower byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+5.0V) 

Vss Ground (OV) 

PIN CONFIGURATION (TOP VIEW) 

Vss 
41 0016 

D015 

0014 

0013 

Outline 42POK (400mil SOJ) 

NC 

At 

A2 

A3 

VCC 

0014 

0013 

0011 

OOto 

NC 

LCAS 

UCAS 

OE 

A9 

As 

A4 

vss 

Outline 50P3W-L (400mil TSOP Normal Bend) 

NC : NO CONNECTION 
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M5M418165BJ,TP-6,-7,-68,-78 

HYPER PAGE MO'DE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

FUNCTION 
The M5M418165BJ, TP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, e.g., 

hyper page mode, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs Input/Output 

RAS LCAS UCAS W OE DOl-DOs D09-D016 

Lower byte read ACT ACT NAC NAC ACT OOUT OPN 
Upper byte read ACT NAC ACT NAC ACT OPN OOUT 

Word read ACT ACT ACT NAC ACT OOUT OOUT 

Lower byte write ACT ACT NAC ACT NAC DIN ONC 
Upper byte write ACT NAC ACT ACT NAC ONC DIN 
Word write ACT ACT ACT ACT NAC DIN DIN 

RAS-only refresh ACT NAC NAC ONC ONC OPN OPN 

Hidden refresh ACT ACT ACT NAC ACT OOUT OOUT 

CAS before RAS refresh ACT ACT ACT ONC ONC OPN OPN 
Stand-by NAC ONC ONC ONC DNC OPN OPN 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : invalid, APD: applied, OPN : open 

BLOCK DIAGRAM 
ROW ADDRESS 
STROBE INPUT RAS 

LOWER BYTE CONTROL __ 
COLUMN ADDRESS LCAS 

STROBE INPUT 
UPPER BYTE CONTROL UCAS 

COLUMN ADDRESS 
STROBE INPUT 

WRITE CO~~~3f iii 

ADDRESS INPUTS 

Ao 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

As 

A9 

SENSE REFRESH 
AMPLIFIER & I/O CONTROL 

MEMORY CELL 
(167n216BITS) 

• MITSUBISHI 
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---~ VCC (5.0V) 

+--C) VSS (OV) 

I 001) D02 
: LOWER DATA i INPUTS I OUTPUTS 

DOs 

D09j DOlO 
: UPPER DATA 
1 INPUTS I OUTPUTS 

D016 
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M5M418165BJ,TP-6,-7,-65,-75 

HYPER PAGE MODE 16777216-BIT (104857&-WORDBY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -1-7 
VI Input voltage With respect to Vss -1-7 
Vo Output voltage -1-7 
10 Output current 50 
Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 4.5 5.0 5.5 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.4 6.0 V 

VIL LOW-level input voltage, all inputs -1 0.8 V 
Note1: All voltage values are with respect to vss. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Min 

VOH High-level output voltage IOH=-5.0mA 2.4 

VOL LOW-level output voltage IOL=4.2mA 0 
loz Off-state output current Q floating OV ~VOUT ~ 5.5V -10 

II Input current OV ~ VIN ~ 6V, Other inputs pins=OV -10 

Average supply current M5M418165B-6,-6S RAS, CAS cycling 
ICC1(AV) from Vcc, operating tRc=twc=min. 

(Note 3,4,5) M5M418165B-7,-7S output open 

Supply current from Vcc, stand-by (Note 6) RAS= CAS =VIH, output open 

Icc2 M5M418165B-6,-7 RAS= CAS~Vcc -0.2V, output open 

M5M418165B-6S,-7S RAS= CAS~Vcc -0.2V, output open 

Average supply current M5M418165B-6,-6S RAS cycling, CAS=VIH 
ICC3(AV) from Vcc, refreshing tRc=mln. 

(Note 3,5) M5M418165B-7,-7S output open 

Aver~e supply current M5M418165B-6,-6S RAS=VIL, CAS cycling 
ICC4(AV) from cc 

tpc=min. Hyper-Page-Mode 
(Note 3,4,5) M5M418165B-7,-7S output open 

Aver~e supply current M5M418165B-6,-6S CAS before RAS refresh cycling from cc . 
Icc6(AV) CAS"'before RAS refresh tRc=min. 

mode (Note 3) M5M418165B-7,-7S output open 

Note 2: Current flowing into an IC is positive, out is negative. 
3: ICCl (AV), ICC3 (AV) and IC.C4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column address can be changed once or less while RAS=VIL and LCASlUCAS=VIH . . . 
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Limits 
Typ 

Unit 
V 
V 
V 

mA 
mW 
·C 
·C 

Max 
Unit 

Vcc V 
0.4 V 
10 jjA 
10 J.lA 

170 
mA 

150 

2 

1 mA 

0.3 

170 
rnA 

150 

135 
rnA 

115 

170 
rnA 

150 
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M5M418165BJ,TP-6,-7,-6S,.7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=0-70·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted) 

Parameter Test conditions 
Limits 

Unit Symbol Min Typ Max 

CI(A) Input capacitance, address inputs 5 pF 

CI(OE) Input capacitance, OE input VI=VSS 7 pF 

CI(W) Input capacitance, write control input f=1MHz 7 pF 

CI(RAS) Input capacitance, RAS input VI=25mVrms 7 pF 

CI(CAS) Input capacitance, CAS in,,-ut 7 pF 

CliO Input/Output capacitance, data ports 8 pF 

SWITCHING CHARACTERISTICS (Ta=0-70·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted, see notes 6,14,15) 

Limits 

Symbol Parameter MSM41816SB-6,-6S MSM418165B-7,-7S Unit 
Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 15 20 ns 

tRAC Access time from RAS (Note 7,9) 60 70 ns 

fAA Columu address access time (Note 7,10) 30 35 ns 

tCPA Access time from CAS precharge (Note 7,11) 35 40 ns 

tOEA Access time from OE (Note 7) 15 20 ns 

tOHC Output hold time from CAS 5 5 ns 

tOHR Output hold time from RAS (Note 13) 5 5 ns 

tCLZ Output low impedance time from CAS low (Note 7) 5 5 ns 

tOEZ Output disable time after OE high (Note 12) 0 15 0 20 ns 

twEz Output disable time after WE high (Note 12) 0 15 0 20 ns 

tOFF Output disable time after CAS high (Note 12,13) 0 15 0 20 ns 

tREZ Output disable time after RAS high (Note 12,13) 0 15 0 20 ns 
Note 6: An initial pause of 500 /IS is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 

clock such as RAS-Only refresh). 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 16.4ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(IOH=-5mA) / VOL=0.4V(IOL=4.2mA) load 1oopF. 
The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(VOL). 

8: Assumes that tRcD ~ tRCD(max) and tASC ~ tASC(max). and tcp~ tCP(max). 

9: Assumes that tRCD ;:;; tRCD(max) and tRAD ;:;; tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD iii; tRAD(max) and lAsc ;:;; lASC(max). 
11: Assumes that tcp;:;; tCP(max) and lAsc iii; tASC(max). 
12: tOEZ(max), twEZ(max), tOFF(max) and tREZ(max) defines the time at which the output achieves the high impedance state ( IOUT;:i I ±1 ~uA I) 

and is not reference to VOH(min) or VOL(max). 
13: Output is disabled after both RAS and CAS go to high. 
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M5M418165BJ, TP"6,.7 ,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 
(Ta=0-70·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter M5M418165B-6,-6S M5M418165B-7,-7S 

Min· . Max Min Max 

tREF Refr~sh cycle time I -6,-7 16.4 16.4 
tREF Refresh cycle time I -6S, -7S 128 128 
tRP RAS high pulse width 40 50 

tRCO Delay time, RAS low to CAS low (Note 16) 20 45 20 50 
tCRP Dela), time, CAS high to RASlow 5 5 

tRPC Delay time, RAS high to CAS low 0 0 

tCPN CAS high pulse width 10 10 

tRAO Column address delay time from RAS low (Note 17) 15 30 15 35 
tASR Row address setup time before RAS low 0 0 
tASC Column address set~ time before CAS low (Note 18) 0 10 0 13 
tRAH Row address hold time after RAS low 10 10 
tCAH Column address hold time after CAS low 10 10 
tozc Delay time, data to CAS low (Note 19) 0 0 
tOZQ Delay time, data to OE low (Note 19) 0 0 
tROD Delay time, RAS high to data (Note 20) 15 20 
tcoo Delay time, CAS high to data (Note 20) 15 20 
toDD Delay time, OE high to data (Note 20) 15 20 

tT Transition time (Note 21) 1 50 1 50 
Note 14: The timing requirements are assumed tT =2ns. 

15: VIH(min) and Vll(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ms 
ns 
ns 
ns 
ns 
ns 
ns 
ns' 

.ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

16: tRCO(max) is specified as a reference point only. If tRCO is less than tRCO(max), access time is tRAC.lf tRCO is greater than tRCO(max), access time is 
controlled exclusively by tCAC or fAA. 

17: tRAO(max) is specified as a reference point only. If tRAO ;;;tRAO(max) and lASC ~lASC(max),' access time is controlled exclusively by lAA. 
18: tASC(max) is specified as a reference point only. If tRCO ;;;tRCO(max) and lASC ;;;lASC(max), access time is controlled exclusively by tCAC. 
19: Either tozc or tozo must be satisfied. 
20: Either tROD or tcoo or tODD must be satisfied. 
21: tT is measured between VIH(min) and Vll(max): 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold 1ime after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read setup time before CAS low 

tRCH Read hold time after CAS high 
tRRH Read hold time after RAS high 
tRAl Column address to RAS hold time 
tCAl Column address to CAS hold time 
tORH RAS hold time after OE low 
tOCH CAS hold time after OE low 

Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 
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Limits 
M5M418165B-6,-6S M5M418165B-7,-7S 

Min Max Min Max 

110 130 

60 10000 70 10000 
10 10000 13 10000 
48 55 
15 20 

0 0 
0 0 

10 10 
30 35 
18 23 
15 20 
15 20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle·(Early Write and Delayed Write) 

Ljmits 
Symbol Parameter M5M418165B-6,-6S M5M418165B-7,-7S Unit 

Min Max Min Max 
twc Write cycle time 110 130 ns 
tRAS RAS low pulse width 60 10000 70 10000 ns 
teAs CAS low pulse width 10 10000 13 10000 ns 
tesH CAS hold time after RAS low 48 55 ns 
tRSH RAS hold time after CAS low 15 20 ns 
twcs Write setup time before CAS low (Note 24) 0 0 ns 
twCH Write hold time after CAS low 10 13 ns 
tewl CAS hold time after W low 10 13 ns 
tRWL RAS hold time after W low 10 13 ns 
twP Write pulse width 10 13 ns 
tDS Data setup time before CAS low or W low 0 0 ns 
tDH Data hold time after CAS low or W low 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter MSM418165B-6,-6S MSM41816SB-7,-7S Unit 

Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 23) 133 161 ns 
tRAS RAS low pulse width 89 10000 107 10000 ns 
teAs CAS low pulse width 44 10000 57 10000 ns 
tesH CAS hold time after RAS low 82 99 ns 
tRSH RAS hold time after CAS low 44 57 ns 
tRCS Read setup time before CAS low 0 0 ns 
tCWD Delay time, CAS low to W low (Note 24) 32 42 ns 
tRWD Delay time, RAS low to W low (Note 24) 77 92 ns 
tAWD Delay time, address to W low (Note 24) 47 57 ns 
tOEH OE hold time after W low 15 20 ns 

Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tT. 
24: twcs, tewD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcs~tweS(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tewD~tCWD(min), tRWD~tRWD(min), tAwD~tAWD(min) and tCPWD~ tCPWD(min) 
(for hyper page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper page Mode Cycle 
(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, HI-Z control by OE or W) (Note 25) 

Limits 
Symbol Parameter MSM41816SB-6,-6S MSM41816SB·7,·7S 

Min Max Min Max 
tHPC Hyper page mode read/write cycle time 25 30 
tHPRWC Hyper page mode read write/read modity_ write cycle time 66 79 
tOOH OutPut hold time from CAS low 5 5 
tRAS RAS low pulse width for read write cycle (Note 26) 77 100000 92 100000 
tcp CAS high pulse width (Note 27) 10 18 13 18 
tCPRH RAS hold time after CAS precharge 35 40 
tcpwo Delay time CAS precharge to W low (Note 24) 52 62 
tCHOL Hold time to maintain the data Hi-Z until CAS access 7 7 
tOEPE OE Pulse width (Hi-Z control) 7 7 
twPE W Pulse width (Hi-Z control) 7 7 
tHCWO Delay time, CAS low to W low after read 32 42 
tHAWO Delay time, address to W low after read 62 72 
tHPWO Delay time, CAS precharge to W low after read 72 82 
tHCOO Delay time, CAS low to OE high after read 15 20 
tHAOO Delay time, address to OE high after read 30 35 
tHPOO Delay time, CAS precharge to OE high after read 35 40 

. . .. 
Note 25: All previously specified timing requirements and sWitching characteristics are applicable to their respective Hyper page mode cycle . 

26: tRAS(min) is specified as two cycles of CAS input are performed. 
27: tCP(max) Is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 28) 

I Limits 
Symbol parameter MSM418165B-6,-6S M5M41816SB·7,·7S 

Min Max Min Max 
tCSR CAS setup time before RAS low 10 10 
tCHR CAS hold time after RAS low 10 15 

Note 28: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 
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Unit 

ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 

.. 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 29) 

Read Cycle 

VIH-

VIL -

~ 
____ VIH­

LCAS/UCAS 
~ 
~ 

VIL - X.XXX.xl 

tASR 
~ 

~ 

tRCD 

tRAD 

~ 

Ao-As ROW ,IXXXXX)d, 

~ ~)I;)I;7'<)I;7'<)I;i'l\ 
VIH-

VIL -
ADDRESS 

tRCS 

I 
w xx 

~xxxxxxxxx XXXXXX7' 

~xxxx x -2"?'x x XXXXXXI 

VIH-

VIL -

tRAS 

tCSH 

~ 

~ tCAH 

COLUMN 
ADDRESS 

4-~ 

VIH-
001-D016 
(INPUTS) VIL -

)(XXXX 
)(xxxxxfXxx xx 

xxxxxxxx 
XXX7'<7'<7'<7'<7'< 

tCAC 

tAA 

tRC 

tRSH 

tCAS 

tRAL 

tCAL 

1<7'<7'< 

R<XX 
~)I;)I;X 

Hi-Z 

001-D016 VOH­

(OUTPUTS) VOL -
Hi-Z 

tRAC 
~ 

tozo ~ 
xx xxxxx 

~~~~~~~ 
VIH-

VIL -

tOCH 

tORH 

Note 29 Indicates the don't care input. 

VIH(min)~VIN~VIH(max) or VIL(min)~VIN~VIL(max) 

Indicates the invalid output. 
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tRP 

I L 
tCRP 

V 

tASR 
~ 

~ ~ ROW 
xx Z9' ADDRESS xxx IXX 

tRRH 

~ tRCH 

~ 
~ 

~ tCDD -t 
tROD 

x~ 
7'< ~ 

tREZ 
twEZ 

f--4 

tOFF 

tOHR 
tOHC 

DATA VALID )-1i!:L 

tOEZ 

~tOOO. 

}XX ~ xXxxxXR IX x x x 
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MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE. MODE 16777216-BIT(1 048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read Cycle 

VIH-
RAS 

VIL -
\ 

~ tCRP. tRCD 

LCAS 
VIH- )(XXXX 

(or UCAS) VIL -
lCXXXXI 

UCAS VIH-

(or LCAS) VIL-

I(XXXX)( 
I(XXXX.7 
I(XXXXI 

tRAD 

tASR tRAH ...... ~ 
Ao-A9 

VIH- ROW ~xxxxxx~ 
~ VIL -

ADDRESS :'XXXXX.7: 

Vii ~xxxxxx")/. 
~xxxxx 

VIH 

001 ....... 00S VIH 

(or 009-0016) 
(INPUTS) VIL 

DOl-DOs VOH _ 

(or 009-0016) 
(OUTPUTS) VOL-

o{xxxxxxxxx 

~~~~~~~ 

tRCS 

I 
xxxxxq: 
x x x x X XI 

x~x 
xxxxxxxxx 
X 

tRC 

tRAS 

I 
tCSH 

tRSH 

tCAS' 

~ 
tRAL 

tCAL 

~tASC. tCAH 

C;;OLUMN 
I~~~~~~~~~~x ADDRESS 

xX IXXXxxxxxxxxxxxxxxx 
xx IXxxxxxxxxxxxxxxx~~ 

X 

Hi-Z 

1+-1 tDZC. 

009-0016 VIH­

(or DOl-DOs) 
(INPUTS) . VIL 

xxxxxxxXX 
xx 

XXXXXXXX 
xxxxxxxxw 

Hi-Z 

Hi-Z 

tCAC 

tAA 
tCLZ 

xx 

tRRH 

x 
X 
x 

tROD 

tREZ 

tOHR 

009 ....... 0016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL- ~ DATA VALID 

VIH-

VIL -
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tRAC 

, tDZO ~ 
xxxx X 

O{XXXXXXXXXXXXXXX~xxxxx~~~x 
O{XXXXXXXXXXXXXXX:x....?).:xx XXx.;<~ 
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tOCH 

tORH 

tRP 

'-----tCRP 

I 

tASR 
...... 

xxv ROW 

X)fI ADDRESS 

~ tRCH 

xxxxxxx 
XXXXXXX 

x~Z9: xx")/. 

tCDD 
4--~ 

~ ~ 
" x xxx 

14---- twEZ 

tOFF 

tOHC 

~ 
OEZ 

+---+ tODD 

~ J 
I ~ 



MITSUBISHI LSls 

M5M418165BJ, TP-6,-7 ,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Early Write Cycle 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-A9 

VIL -

w VIH-

VIL -

001-0016 VIH­
(INPUTS) VIL _ 

001-D016 VOH-

\ 

tF 
tRCO 

){XXXXxt 
\ XXXXX~ 

~ 

tASR .tRAH tA~ 
~ 

xxxxx\. ROW ~ 
){XXXX:A AX X XX.l. 
)CXXXXI ADDRESS ~'6t;;{:;/. 

twcs 

Xx xxxx xxx xxx xxxx Xl. J~4 
xxxxxxxxxxxx~ 
?xxxxxxxxxxxxxxxx~ 

~ 

xxxxxxxxxxxxxxx~ 
){XXXXXX JII.:~ 

twc 

tRAS L tRP 

r 
If \ 

tCSH 

tRSH c: tCAS 

! 

tCAH 
tA~ 

COLUMN KXXX~~~~~~~~~ ROW 
ADDRESS YXxxxxxxxxxx~ ADDRESS 

twCH 

"'KXXXXXXXXXXXXXXXXXXXX 
I~xxxxxxxxxxxxxxx~ 
~xxxx~ 

tOH 

DATA VALID ~xxxxxxxxxxxxxxxxxxxxx 
I~xxxxxxxxxxxxxxxxxx 

Hi-Z 
(OUTPUTS)VOL_-----------------------------------------------------------------------
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MITSUBISHI LSls 

M5M418165BJ, TP-6,~7 ,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Early Write Cycle 

VIH-
RAS 

VIL -

LCAS 
VIH-

(orUCAS) VIL -

UC~ VIH-

(or LCAS) VIL -

VIH-
Ao-A9 

Vi 
VIH-

VIL -

DOl-DOs. VIH­
(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH­

(or 009-0016) 
(OUTPUTS) VOL-

~ 

tCRP tRCO ...... 
xxxxx 
X.XXXXI 
){xxX)Q' 

xxxxx 
~ 

lA~ tRAH lAsc 

~ 

.~-j ROW 
XXXXXI IIXXX)oII 

ADDRESS f-~"" 

twcs 
4---t 

xxxxxxxxxxxxxxxx~ 

xxxxxxxxxxxxxxxx~ 

xxxxxxxxxxxxxxxxx 

xxxxxx x~ 
~xxxxxxxxxxxxxxx 

twc 

tRAS L tRP 

I 
j \ 

tCSH 

tRSH 

tCAS r 
\ 1/ 

tCAH tASR 

~ 

~XXXXXXX XXXX~ COLUMN '~~~~~£x ~x~ ROW 
ADDRESS ~xxxxxxxxxxxxxxx~ ADDRESS 

twCH 

IXXXXXXXXxxxxx 
I~XXXXX~xxxxxxxxxxxx££ 
KXxxxxxxxXXXX xxxx 

X V'X>txXX x x XXXX~xx xxxx 
x~xx XXXXXXXXXX XXXXX 

Hi-Z 

~ tOH 

009-0016 VIH­

(or DOl-DOs) 
(INPUTS) VIL -

009-0016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL -
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KXXxxxxxxxxxxxxx~ 

xxxxxxxxxxxxxxxx~ DATA VALID 

Hi-Z 
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I~XXXXXXX xxx 
I~XXXXXxxxxxxxxxxxxx~ 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Delayed Write Cycle 

VIH 

VIL -

____ VIH­

LCAS/UCAS 
VIL -

VIH-
Ao-A9 

VIL -

VIH-w 
VIL 

VIH 
001-0016 
(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL -

tw C 

tRAS Jo tRP 

r , I ~ 
tCSH tCRP 

F tRCO tRSH 

tCAS 

~~~~~ ~ I )(XXXXI 

~ tRAH tASC tCAH ......... --+ .... tASR 

~ :U::lQ\. x~ ROW COLUMN ROW ~xxXJW l~xXXX xx 
ADDRESS ADDRESS x .;<f.Jj\ ADDRESS ~ V5:Z:J ·~XXXXX xx 

~ 
)(XXXX~xxXXXXXXII 

)(XXXXXXXXXXXxXXX~ 

twCH 

tozc tos 
+--t 

KXXXXXXXXxxxxxXXXXX~ Hi-Z l~ 
Kxxx.x.xxxxxxxxxxxxx ~~ 

~ 

Hi-Z ~~ 
tozo tOEZ .. 

~ 4----f tODD 

)(xxxxxxxxxxxxxxxxx~x~ 

.x.xx.x.Xxxxxx XXXXX~ ~ 

" MITSUBISHI 
;"ELECTRIC 

~ 

~ 
tRWL 

~ , LXXXxxxxxxx :> 

xxxxxxxxxx :> 

tOH 

DATA I~X.x.xxxxxx 

VALID ~xx.x.x.x.x.x.xxxxxx ,y..x. 

Hi-Z 

tOEH 
~ 

~xxxxxx.x.xxxxxxxxx 

~XXXXXXXXXXX~ 
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MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Delayed Write Cycle 

VIH-
RAS 

VIL -

LCAS 
VIH-

(or UCAS) VIL -

UC~ VIH -

(or LCAS) VIL -

VIH-

VIL -

VIH-
w 

VIL -

001-0Qs VIH­
(or 009-0016) 
(INPUTS) VIL -

001-0QS VOH­
(or 009-0016) 
(OUTPUTS) VOL -

009-0Q16 VIH­
(or 001-008) 
(INPUTS) VIL -

009-0Q16 VOH­
(or 001-008) 
(OUTPUTS) VOL -

VIH -

VIL -
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twc 

tRAS L tRP 

r 

\ ! \ 
tCSH 

t~ tRCO tRSH 

~ KXX'XY'iI 

tCAS L tCRP 

r 
xxxxXX 

~ If XI 

~ tRAH lAsc ~ 
tCAH 

-4 It--- lASR 

)(XXXX\. ROW -/OOl\. COLUMN ~~~~~ 
xx ROW xxxv )(XXXXA ADDRESS ADDRESS .l'>..xxXI' ADDRESS ''x -Y::CJU 

~ 
xxxxxxxxxxxxxxxxxx~ 

~xXXXXXXXXXX~1 
XXXXXXXXXXXXXXXXXI 

xxxxxxxxxxxxxxxxxxxxxx xxxxxxx~x 

)(XXXXXXXXXXXX xxxx xxxxxxxxxxxx xxxxxx xxx 

Hi-Z 

twCH 

t~ t~ 

)(XXxxxxxxxxxxxxxxx~ Hi-Z ~~ 
)(XXxxxxxxxxxxxxxxx~ 

,~ xxxx xxxxxxxxx 

14 tCLl • 

Hi-Z ,~ 
~ 

tOEZ ~ 

~ toDD 

~~~xxxxxxx~ \ 
~XXXXXXxx~ ~ 

" MITSUBISHI 
.... ELECTRIC 

.l'>.. 

14 tCWL. 

tRWL 

~ 

\ ~ x x x x x x x x xxxxxJo( 
~XXXX~xxxx~ 

xx xxxxx ~ XX)( ¥0XXXX~ 

tOH 

DATA Wxx XXXXXX>5. 
VALID I~xx ~~~~~~~ 

Hi-Z 

tOEH 
~ 

-XXxx XXXXXXX 
'\Xx 
"XXX 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

____ VIH­

LCAS/UCAS 
VIL -

VIH-

VIL -

VIH w 
VIL 

001-0016 VIH 

(INPUTS) . VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

tRWC 

tRAS L tRP 

I 
~ Ii \ 

tCSH tCRP 

tCf tRCO tRSH 

tCAS 

~ x ~ V xxxxJ 
tRAO 

tASR 
tRAH tASR H tASC ~ 

tCAH ... 
~XXX~ ROW . ~ COLUMN nXXXXXX x~ ROW 
")«"X"X,,X;!, IAXXXXA ,~xxxxxx x 

xYX:.?f ADDRESS . 'i:::L::JlY ADDRESS 

tAWD 

tRCSr---f--
tcwo 

tRWO 

KXXXXXXX X X-I-
~XXXXXXX x )II 

ICXXX X xxxxxXJ' 

)(XXXXXXX X 
)(XXXXXXX x 

Hi-Z 

~xxxx 
)(XXXXXX~xx 

tozc 
~~ 

t~ 

~ x Hi-Z 

X 
tCAC 

tAA 

~ 

,~ 
..----. 

DATA 
VALID 
~ 

tRAC 
,...---t toDD 

tozo ~tOE~ 

-- ~tOEZ 

XXXXXXX->\ 
XXXXXXX .x.: 

• MITSUBISHI 
.... ELECTRIC 

ADDRESS 

tcwL 

tRWL 

twp 

~ 
I«XXXXXXXXXXXX 
x.xxxxxxxxxx~ 
~xxxxxxxxx~ 

tOH 

DATA VALID rtlStxxxxxxxxxx 
~XXXXXX 

Hi-Z 

~tOEH~ 

~XXXXX ~Z* ~xxxxx 

4 - 291 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read-Write, Read-Modify-Write Cycle 

RAS 

LCAS 
(or UCAS) 

UC~ 
(or LCAS) 

w 

VIH;'" 

VIL -

VIH-

VIL -

VIH-

VIL -

VIH-

VIH-

VIL -

001 ....... 00a VIH­
(or 009 ....... 0016) 
(INPUTS) VIL -

001 ....... 00a VOH­
(or 009 ....... 0Q16) 
(OUTPUTS) VOL -

009 ....... 0016 VIH­
(or 001 ....... 00a) 
(INPUTS) VIL -

009 ....... 0016 VOH­
(or 001 ....... 00a) 
(OUTPUTS) VOL -
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VIH­

VIL -

tRWC 

tRAS L lAp 

\ II ~ 
tCSH 

tCRP ~ 
tRCO tRSH 

)( 
I(XXXXX 
K.)<XXXXI 

tCAS I. 'tCRP 

NxxxxxxxX 1/ ~ ~ 
tRAO 

tA~ tRAH tCAH tASR 
tAsc .. ... 

KXXXXX'. ROW ,FN;;\., COLUMN ~xxxxx ~, 

~ 
ROW 

KXXXX XI\. ADDRESS ~ ADDRESS nxxxxx ADDRESS xxx XXI ~ 
tAwo 

lAcs ~ .... tcwo 
tRWO 

X:XXXX X.19 
xxxxxx XI X 

/ 

X IXXXXXXXXXX x~xx yxxxxxxx 
xxxxxxxxx IX X X X X X x·x x x xXYXX"-x 

Hi-Z 

tozc ~-+-t 
tos~ 

X:XXXXXXXX XXXX Hi-Z l~ 
X:XXXXXXXX XXXX 1~ tCAC 

tAA 

Hi-Z ~ ,.-----, DATA 
VALID 

tRAC 
~ 

if----t tODD 
tozo ~tOE,\ 

~ tOEZ 

hxxxxxxxxxxxxxxxxxxxx 
KXXXXXXxxxxxxxxxxxxxxx 

.• MITSUBISHI 
"ELECTRIC 

tCWL 

tRWL 
twp .J 

"I AXXXXXXxxxxxx \ .lfXXXXXXXXX~ 

I 

xxxxxXXXXXXXXXXXXXX 
xxxxxxxxxxxxxxxxxxx 

tOH 

DATA VALID 
~xxxxxxxxxx 

11K X X X X X X X X XX 

Hi-Z 

9 
xxxxxxxxxxxxxxxx 
\Xxxxxx XXXXX}I 
,xxx)';. x~ 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

VIH 

Vil -

____ VIH 

LCAS/UCAS 
Vil -

VIH-
Ao-As 

Vil -

w VIH 

Vil 

DQ1-D016 VIH 

(INPUTS) Vil 

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

Vil 

RAS 

~ 
tCSH tHPC 

tc~ 
tRCD tCAS ~ tCAS 

~ 

~ ~ ~ ~ 
tRAD 

tASR 
14 tRAH ~ 14 tCAH ~ tA~ ~ • tASC ~ 

KY !r1'5l OQ .LX .J. ~ ,~ ROW COLUMN-1 II}';.}';. IJ'<I COLUMN-2 ~ ADDRESS 
''"OlSl/ 

tRCS 

~x)( xxxx 
XXXXl 

tozc 

~x xxxx 

~ xxx}';. 

Hi-Z 

tRAC 

tozo 

K ....... }';.}';.}';.}';.}';.XXXX 
)(.;o;xxxxxxxxx 

't:.l::. ~F77 

tCAl tCAl 

Hi-Z 

~ ~ 
tAA tAA 

~LZ ~OH 

'~ DATA ~ 
VALlD-1 

tCPA 

tOEA r 
~ 

tOCH 

)011. 

.• MITSUBISHI 
.... ELECTRIC 

tRP 

, 
L I 

tASH 

~ tCAS 

r----. 

V ~ I 
tCPRH 

tAsc ~ 
~ tASR ~ ....... 

;t::). lil:J! .,~ 
ROW 

~1 COLUMN-3 ~ x ~ 
J\ ADDRESS 

l:~ ..lI 

+-r-!~ 
. tCAl 4---+ tRCH 

~x 
Xxxx}';..;o; 

I twEZ 

tROD ~ ,.. 
tCDD 

x xx 

~ tREZ 
tAA tOHR 

tOFF 
tDOH tOHC ........ 

DATA ~ DATA 
~ VALlD-2 f- VALlD-3 

tCPA 

toEZ 

IXX XXXXX 
"'IXx xxxx 

~ tODD 
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MITSUBISHI LSls 

M5M418165BJ, TP-6,-7 ,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read Cycle 

tRAS RP 

RAS 
VIH-

\ VIL -
I 

tCSH tHPC tRSH 

tCRP .... tRCO tCAS 

LCAS 
VIH-
~ 

(or UCAS) VIL - §22J 
I} \ 

tCAS tCAS tCRP 

VIH -
UC~ 

~ \ I (or LCAS) VIL - I 
tRAO tCPRH 

tAS~ ~ tASC ...... ~ ~ ~ ~ ~ ~ 

VIH -~ ROW I~ COLUMN 1 ~l'~ COLUMN 2 KX:~~ COLUMN-3 ,_ ~~ ~~~ ADRDORWESS 
VIL_~'ADDRESS~ - ~~rt' - ~~f~-HI--_~n1~~~'~~~~Q!J~-r'~ __ _ 

tRCS 

tCAl tCAL tCAL 

w VIH - )( x x x x x X IX X X X x 

~~~~~XX~IX~X~X&X~)I~ VIL - 'Il'x XI 
toze 

(orDOg-0016) )(XXXX xx XXXXXX X xx Hi-Z ~ 
D01-DOa VIH-~~~~~~~~~~~~X~~X~X~X~X~X~t-t---t-----~~t-t--ti-----1-~i----t~~~~~ (INPUTS) VIL-~ x x xxx xx ~ 

D01-DOa VOH­
(or D09-D016) 
(OUTPUTS) VOL -

009-0016 VIH-
(or DOl-DOs) 
(INPUTS) VIL -

009-0016 VOH-
(or DOl-DOs) 
(OUTPUTS) VOL -

VIH-
OE 

VIL -

4 - 294 

Nh.xxxxxx IXXXXX 

~ X 

Hi-Z 

~X 
)(XXXXXXX-X xxx 

Hi-Z 

tozc 

tCLZ 

tRAC 

tozo 

14 tCAC~ 
tAA 

~ 
tAA 

.. ~ 
tOHR 

J~ DATA 11\>-++ __ 
'~ VALlD-2 ~ 

tCLZ ~ ~-+-+--++----+-H--'I 

tCPA 

Hi-Z 

~ 
tAA 

tROD 

teoo 

twEZ 14-1-+ 
tOFF 

~ 

~~ ~_r-____ ~D_A_T_A __ ~_~~_tD~O~~. ___ D_A~_o:_e~~~ 
,- VALlD-1 r'<J,- VALlD-3 'r-

tCPA 
tOEA 
~ tOEZ 

tacH 

xxxx;,.. 
X 7'.. 7'.. X 

• MITSUBISHI 
"ELECTRIC 

_____ tODD 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

tRAS tRP 

VIH-

L RAS ~ ~ 
Vil -

tCSH tHPC tRSH 

tCF 
tRCO tCAS ~ tCAS ~ teAs L tCRP 

I 
VIH- r--, ~ 

1/ LCAS/UCAS 
;.;.xxx~ \ V ~ V ~ 

Vil -~ 
tCAl tCAl 

lASR 
~ 

lAsc ~ tCAH ~ tASC ~ ~ ~ 
~ ~ ~ lAsc ~ 

VIH-~ ROW ~ :~. ~ ,~ ROW Ao-A9 COLUMN-1 COLUMN-2 COLUMN-3 I'I;XXX.lIII ADDRESS A<XXXA AXXXRIo ~XXXA ADDRESS VIL-~ ''Obl::i! .~ 'Y::Z::C..t 

w 

V~ r~~=-i.j~fO~~ Ir,---~I.:xxxx Xx ~~ ~ ~ ~ Xx 3<> 
001-0016 IH-;';'XXXXX~ DATA DATA ~ DATA ~~~~~~2~~~2~~~~~~~~~ 
(INPUTS) Vil _;.;.x XXXXXI ~V_A_L_ID_-1-'1 'lSl:::LSI1'-_V_A_Ll_D_-2-11 ~ ""k_V_A_Ll_D_-3--'1r'X xx 

001-0016 VOH- Hi-Z 

-------------------------------------------------------------------------------(OUTPUTS) VOL -

• MITSUBISHI 
.... ELECTRIC 4 - 295 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216·BIT (1048576·WORD BY 16·BIT) DYNAMIC RAM 

Hyper Page Mode Byte Early Write Cycle 

VIH-

LeAS 
VIH 

(or UCAS) Vll-

UCAS VIH-

(or LCAS) VIL -

VIH-
Ao-A9 

Vil -

VIH-
w 

Vil -

DOl-DOs VIH­

(or 009-0016) 
(INPUTS) Vll-

DOl-DOs VOH­
(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or 001-008) 
(INPUTS) VIC -

009-0016 VOH­

(or 001-008) 
(OUTPUTS) VOL -

4 - 296 

tRAS L 
tRP 

~ t ~ 
tCSH tHPC tFiSH 

tCRP 
~ 

\ 
". )(XX-XX I 

~ 

tRCO tCAS ~ tCAS ~ tCAS L tCRP 

r 
~ 

~ I \ I KXXXYI 
~ 

tCAl tCAl 

lASR ~ ~ tASC ~ ~ tCAH. lAsc ......... 14 tCAH • lAsc ~ 14 tCAH • 
~ 

)(XXXlll' ROW @ . J'5("5()(\ ~ f)!"X')!\ ROW 
~ KXXXXI ADDRESS COLUMN-1 XXXXX COLUMN-2 IIXXXXI COLUMN-3 ADDRESS :~- :~. r~ KXXXlf 

I.twcs
• ~ ~ ~ ~ ~ 

)(xxxxxxxxxxxx ~ ~ xxxxxx xxxf0 X xx x xxx 
)Cxxxxxxxx~xxxxxxxxxx ~ t. ~ IXXXX,.. ~ xx xxxXXX 

~ b. X)t)txXXXXXXX xxxxxxxx ~ )(XXX :\. 

~ ~ ~ ~ 

<xx XX~ DATA VXX XXXlI DATA IVXXxxxxxxxx-x 
~XXXX~XXXX:lln VALlD-1 ~x XXXXXXT VALlD-3 

}I; xx 
)(xxxxxxx 
xxxxxxxxxxx 

I';. xxx 

Hi-Z 

~ ~ 

~~ DATA 
xxx 
xxx}I;xx}I;xxxN VALlD-2 

Hi-Z 

• -MITSUBISHI 
. "ELECTRIC 

-

xxx 
IX xxxx-xxx 
'\:xxxxxxxxxx 

r~ x X x x X:x:;c;.?CX 

}l;XX}I; 
XXXXXXXXX 
XXXXXXXX><' 



MITSUBISHI LSls 

M5M418165BJ, TP-6,-7 ,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

____ VIH 

LCAS/UCAS 
VIL 

VIH-
Ao-A9 

VIL 

w VIH-

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL-

VIL-

tRAS 

~ 
tCSH .... 

tCRPi 
tRCD tCAS tHPRWC 

tcp tCAS 

I'kXXxxX~ 

~ I ~ I'kXXXXX7 

tRAD 

tASR ~ tASC iH 
tCAH ~ tCAH 

~ 

~ ROW ~ 
~xxxx .Xl. «xxx 

COLUMN-1 COlUMN-2 ~ ADDRESS ¥0XXXX .~ eXXXX7 :\?)('tx 

tAWD 
tc~ 

tAWD 

~~ tCWD ~RCS1· tCWD 

~ 
)()(xxxxxxx xxx)w 

~ ~WI , I'kXXXXXXXX XXX7 
I(XXXX~ ~ 

tRWD tCPWD 

~£. tDH tDZC 
tDS ~ tos 

)txxxxxxxx xxx Hi-Z J~ DATA ~ Hi-Z ~ 
hx x xxx ,~ VALlD-1 ~ '1---~tCAC. 

tAA 

tCLZ ..... ~ 

Hi;Z 

tRAC 

~ 

~xxx"""XXXXXXXXX 
I'kXXXXXXxxxxxxxxxx 

~~ 'DATA' Hi-Z 
VALID 

~ 
t-~ tODD 

IJOE\ 
H tOEZ 

• MITSUBISHI 
"ELECTRIC 

tAA ~ 
---t ~t~lz 

~~ 
r---. 
DATA 
VALID 

~ 
tCPA 

+-ft tODD 

~O~ !H tOEZ 
tOEA 

\ U 

tRP 

FL 
~RWL 

tCRP 

If 
~tcwi H tASR 

xxx). ROW 
xxx.». ADDRESS 

~ 
IXXXXXX 
V .............................. 
x 

tDH 

~ 
DATA vxxxx 

VALlD-2 .'-"""xx ...... 
~ 

Hi-Z 

~ 
IKXXXXSlSt 
,"XXXXXX, 

4 - 297 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORDBY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

LCAS 
VIH-

(or UCAS) VIL -

UCAS VIH-

(or LCAS) 

VIH-

VIL -

w VIH-

VIL -

DOl-DOs VIH­

(or 009-0016) 
(INPUTS) VIL -

001"";00S VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or 001-008) 
(INPUTS) VIL -

009-0016 VOH­

(or 001 ...... 008) 
(OUTPUTS) VOL -

4 - 298 

VIH­

VIL -

RAS 

\ 
tCSH .... 

tCRP 
~ 

~ 
~ 

tRCD tCAS tHPRWC 
tcp tCAS 

~ ~ V ~ XXXXXYJ 

tRAD 

tASR tRAH tCAH ~ tCAH 
~ ~ tAsc .... 

~ ~ ~XXXXX ROW ~ ,IX X X 

~ ADDRESS 
COLUMN-1 xx )01\ COLUMN-2 II\XXX)( 

tAWD tAWD 

f-~ 
tCWD tCWL 

~RCS1~ tCWD ....... 
~ 

~~ 
XXXI 

~ XXXI 
XXXXXXX 

tRWD 

KXXXXXXX XXXXXXXXX IXXX 
I(XXXXXXX x",,,,,,,,,,,,,X,,,XXx IXIXX 
){XXXXXXX XXXXXXXXX XXX 

Hi-Z 

~~ tDS 
tDH 

I(XXXXXXxx xxx Hi-Z J~ DATA 

KXXXXXXXX xxx '~ VALlD-1 
tCAC 

~ 
tcLZ -+1---

Hi-Z 

tRAC 

~ 

~XX~ X)( 
IC.XXXXXXxx X 

~~ 
r----, 

Hi-Z DATA 
VALID 

~ 

~-- tODD 

I~OE\ 

--l-4__tOEZ 

., . MITSUBISHI 
.... ELECTRIC 

~W \ 
tCPWD 

X XX XXXXXXXX 
X XX XXXXXXXX 
X XX XXXXXXXX 

tDZC 
j4-t tDS 

~ Hi-Z J~ 
\ '~ 
~ tAA 

-- I4-tclz 

~ 
'DATA' 
VALlD~ 

tCPA 
~ 

14--f- tODD 

4z0 

~ ~ tOEZ 

\ U 

~L-
I4-tRWL 

.~ tCRP 

/ 

~ ~ tASR 

xxx,l ROW 
X/;!j. ADDRESS 

~ 
IXXXXXX 

~XXXXXX' 

XXXXX 
XXXXX 
XXXX x 

tDH 

DATA 
~. 
~xxxx 

VALlD-2 :\.XXXX -

Hi-Z 

~ 
lx:xxxxx~ 
"xxxxx~ 



I\I'ITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

VIH-

Vil -

____ VIH­

LCAS I UCAS 
Vil -

VIH-
Ao-A9 

Vil -

w VIH-

001-0016 VIH­

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

Vil -

tRAS tRP 

tRWl ;, 
~ tCR~ 

tCSH tHPC tHPRWC -tr-~ 

ter tRCD tCAS ~ tCAS ~ teAs 

~ 
r---, ,......, tCWl r-f---

~ ~ ~ ~ 
, I ~ 

~ 
tRAD 

tASR 
~ 14 teAH • tA~ ~ tAsc tCAH 

tASR .. tASC ~ ~ 

.g::;;Jq l '0. COLUMN·' ~ ~~ 
Ir---

~ ROW ROW IV< X X 711 COLUMN-1 I COLUMN-3'vt X X X Xx ~ )(XXX,", ADDRESS ~~ ~~ SJS1I I fl. ·,,,",xxx ADDRESS - I'---

r-T~ tRCS 

tCAl tCAl 
\" 

-N0xxxx XXXXI 
~XXX xxx'"' 

tozc 

~ t~ ... 
~xxx ~ 

r------, 
xxxx DATA 

~xxx XXXX 

~ 
VAll 0-2 xx 

~ ~ 
1M 

tcLZ -- ~ twEZ 
........ 

~ 
r-~ 

Hi-Z J DATA , VALID 

--~ 
tRAC 

tDZO ~ tOEZ 

~-t-* 
~ / ~xxxxxx~ 

H 
tODD 

, . . MITSUBISHI 
.... ELECTRIC 

tCPWD 

tAWD 
tCWD 

~. , .:..xxxxx 

I 

~~~ t~_ ~ 
~ 

~ ~ 
~---, 

DATA 'I.XXXXXX 

~ ~ VAll 0-3 n.XXXXXX 

.-!~ ~--' 

~ 
tcLZ 

-- ~ ~OATA I VALID '{ 

~ 
tCPA 

~~ 
tOEZ 

~ 4t 

\ U 
~XXXXXX 

'xxxxxx 

4-4 
tODD 

4 - 299 



MITSOBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216 .. BIT (1048576-WORD BY 16-811) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

VIH-
Vll- ____________________________________________________________________ __ 

____ VIH­

LCAS/ UCAS 
Vil -

VIH-
Ao-As 

Vil -

VIH-w 
Vil -

001-0016 VIH­

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

Vil -

4 - 300 

tHPC 

~ 
, ( ~ I , 

tcp tCAS tCAS 

~ tCAH 
~ tCAH ~. tCAH 

~ ~ 
IX XXXXJ'l r:;, :'i~ 

COLUMN-1 x....!V COLUMN-2 x')M COLUMN-3 Y0-XX IX IX>! 
)(XXXX XI ,X XXXXN \.2! .i.:..JSJ 

tCAl ~ tCAl 

~ 14
W1CH

• , V 
tHCWO 

tHAWO 

~ tHPWO 
to~ tozc 

~ ~ 

Hi-Z ~ ~ UI{ XXX X N ~ Hi-Z 

"'r VALlD-2 ~ xx 

tCAC - X)( X 
~ 

tAA tAA 

tCPA tCPA 

twEZ ~ tCLZ~ 

W;; ~ ~ ~~ DATA Hi-Z 

~ VALlD-1 

tHCOO ~ tozc 4---+~ 
tHAOO 

tHPOO 
~ 

~ 

. • MITSUBISHI 
.... ELECTRIC 

, 

~ 

DATA 
VALlD-3 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by OE ) 

VIH-

VIL -

____ VIH­

LCAS/UCAS 
VIL -

VIH-

VIL -

w VIH-

VIL -

001-0016 VIH­

(INPUTS) VIL -

D01-DQ16 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

tRAS tRP 

\ 
, 

lL-I 

tCSH tHPC tRSH 
tCRP tRCD tCAS ~ tCAS tcp tCAS tCRP r 

XXXXXf r--1 
XXXX7 \ I \ I \ ~ 
~ 

tRAD tCPRH 
lASR ~tRAH~ tCAH lAsc 

1'4 tCAH ~ lAsc ~ ~ 
~ lAsc ......... 

~ ......... 
- 1lVV~ IV' ;("V\ reo'}? !':;;~ ROW ROW ~xx ;u ~ ~ ~ ?a COLUMN-1 COLUMN-2 COLUMN-3 ADDRESS "XX "~ J' ADDRESS XXXXI ~ 2S.~ -

r~ 
0-XXXX 
~xxxx ~~:t 

tD C 

<xxx xxx xxx 
o;xxxxxx xxx 
o;.XXXXXX XXX 

Hi-Z 

tRAC 

tDZO 

~~~~~~~~~ 
<XXXXXXXXXXXXXXX 

tRAL 

Hi-Z 

~ ~ ~ 
lAA tAA tAA 

tDOH ~LZ ~ 

~ DATA K'DAT;;~ DATA , 
Hi-Z ~~ 

VALlD-1 ~ VALID VALlD-2 J 
~ 

~ tCPA 
tOEA 
~ 

~ tOCH 
~ ~ ~\ J \ 
4-t tOEPE 

, • MITSUBISHI 
.... ELECTRIC 

tCPA 

tCHOL~ 

~ ~ tOEZ 

} i\ 
~ tOEPE 

.... tR~ 

....-.. tRCH 

~ 
~ 

tRDD 
~ 

tCDD 

tREZ ~ ~ 
tOHR 

tOFF 

tOHC 

DATA )-VALlD-3 

tOEZ 

x xxx 
x xxx 

6- X XXX 

~ tODD 

4 - 301 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( HI-Z control by W ) 

VIH-

VIL -

____ VIH­

LCAS! UCAS 
VIL -

VIH-

VIL -

VIH-w 
VIL -

001-0Q16 VIH­

(INPUTS) VIL -

~ 

tCSH 

tc~ tRCO tCAS 

XXXX.lfl 

~ ')()06(/ 
.~ 

tRAO 
tASR 
~ ~ tAsc ....... ~ 

,n::;t:l .1lQ ROW KXXX>Y 11II<XX. COLUMN-1 W::X 
ADDRESS KXXXY 'V!:8 .~ 

r~ 
W XXXX 

xxx .. 
xxx XII 

KXXXXXX XXXY 

tozc 

KXXXXXX ~. 
KXXXXXx ~ 

~ tCAC ~ 
tAA 

tCLl 

~ 

RAS 

tHPC tRSH 

~ tCAS tcp tCAS 

r----, 

I ~ ~ ~ 

tCPRH 

tAsc I~ tCAH. ~ ~ +--t 

t.(~ ~n ~ 
N COLUMN-2 ~ ~ COLUMN-3 11' 

fa::~ ~~ i54 
tRAL 

tRCH-J t --t~ tRCS 

\t 
Hi-Z 

I~ tCAC. ~ tCAC ~ 

tAA tAA 

~OH twEZ tCLl 
I+--- ~ 

001-0Q16 VOH­

(OUTPUTS) VOL -

Hi-Z ,~ b,,,TA ~ DATA Hi-Z ~ 

VIH- KXXXX 
KXXXXXXxxxx 

VIL - Jo::~_xx 

4 - 302 

VALlD-1 

tRAC 
tCPA 

tozo tOEA I 

~ 

tOCH 

xxxxxx 
x )1,1 

')! 

.•.. MITSUBISHI 
.... ELECTRIC 

VALlD-2 

tCPA 
I' 

RP 

~ '-
tCRP 

I 

~ 
I"'" ~ 

ROW N 

-:::.:; ~'W 
ADDRESS 

~tR~ 

~ tRCH 

K~ 
I~ 

tROD 
~ 

tcoo 

~ ~ 
tREZ ~ ~ 
tOHR 

tOFF 

tOHC 

DATA r VALlD-3 

tOEZ 

x xxx 
I; x xxx 

.L X XXX 

~ tODD 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

tRC 

tRAS tRP 

VIH-

VIL -

-LC-A-S/U--C--AiIH-~~~~~§~t1~--------------------------------------~RQt1-------
VIL-::., 

Ao-A9 
VIH - ~~.,-- Ir---

RO
-

W
--""" _~:r"'O""I""""""""""II7"'I:II""'Cr'I~~_~:r"'O""I""""""""""IO""'IC~:r"'O""I""""~ Ir---

R
-
O

-
W
--

VIL - :X>COOCrl\l ADDRESS ADDRESS 

001-0016 VIH­

(INPUTS) VIL-

001-0016 VOH-

(OUTPUTS) VOL -

OE VIH 

VIL -

Hi-Z 

---------------------------------------------------------------------------~--

• MITSUBISHI 
..... ELECTRIC 4 - 303 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle* 

VIH-
RAS 

VIL -

-
_____ VIH-
LCAS/ UCAS J 

VIL - ----' 

Ao-A9 

w 

tRP 

J 

tRPC tCSR 
~ It-
~~ 

~ 
~ tCPN 

~ ~RH 
tRCH 

~ 

tRAS 

~ 

tCHR 

RC 
" 

RC 
)) 

tRAS tRP 
II 

" ~ ~ ~ ~ 

tRPC tCSR tCHR ~~C r ~~"j4----t tCRP 

V ~ V Wi ~ l 

" 

001-0016 VIH -lx~x~x~i~~x~x~x~x~x~x~x~~xx~x~x~x~x~x~x~x~x~x~~x~x~x~x~x§x~x~x~x~x~~xx~x~x~x~x~x~x~x~x~~~~~~~§ (INPUTS) VIL_X,J<x xxxxxxxxxxxxxxx~~xxxxxx xxxxxxxx x~ 

H tREZ 
~toHR 

001-0016 VOH 

~ . ------: tOFF ____ .:.;..---------.._--\1 tOHC 
Hi-Z 

(OUTPUTS) VOL - ---.....,.I[" 

4 - 304 

, 

V'H=-.J.~mm~mmmmmmm xxxxxx~xxxxxxxxxxxxx XXXxxxxx xxxxxxxxxxxxxx 
VIL ~ XXXXXx x x x x x x x X X X x x x x x x x x x x x x x x x x x x x x x x x x x x x 

.•.... ·MITSUBISHI 
.... ELECTRIC 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 30) 

VIH-

____ VIH­

LCAS/UCAS 
VIL -

VIH-
Ao-A9 

VIL -

VIH .,.;. 
w 

VIH-
001-0016 
(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

tRC 
J" 

tRC 

tRAS ~ tRP J tRAS tRP 

~ 1/ \ I "-
tCRP tRCD tRSH tCHR 

~ ~ V ~XXXXI 

tRAD 
tASR 

tASR tRAH lAsc tCAH 

~ ~ ROW COLUMN J!<X xx xxxxxxxxxx{ I~ XX~ ROW 
I' ADDRESS ADDRESS ~\l(x XXX)I;.XXX)l;.)I;.XXX I~ xx;./' ADDRESS 

xx 

~ tRAL 
tRCH 

l .. 

tRRH
• 

KXXXxxxx )I;. X X X XX)I;.X~ 
KXXXXXXX XXXll' ~ 

tCDD 

~ 14
tRDD

• 

K.)I;.XXX)l;.xX IXXXX' Hi-Z ·XXXX~ 
K.xxxxxxx xxx 

~ 
xxxxY:x 

tCAC 

lAA ~ 
tOFF 

~ tOHC 

Hi-Z ~ ~ Hi-Z 
DATA VALID 

I(. 

tRAC 
tOEZ 

tDZO tOEA 

tORH tODD 

~xx~ I<.~~~~~~~ 
~XXXXXXXXx_'l 1 xxxxxxx~ 

Note 30: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

• MITSUBISHI 
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MITSUBISHI LSls 

. M5M418165BJ,TP-6,.7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Self Refresh Cycle * (Note 31) 

VIH-

VIL -

____ VIH­

LCASIUCAS 

Ao-A9 

w 

VIL -

VIH-

VIL 

VIH­

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

V1L -

4 - 306 

RP tRASS RPS 

I \ I 1\ 
tRPC 

~ ~ tCHS iH tc~ 

I ~ 
t~ 

KXXXXX xxx 
«{xxx X«~~ 

~ 
~ 

tROD 

tCDD 

Hi-Z 

~tREZ 
~tOHR 
f------J tOFF 

~~tOHC 

'I 

------. tOEZ 

X"xxxxx 
xxx 

R ~x 

V ~~ ~~ 

tASR 
~ -XXXXXXXXXXXXXXXXXXXXXXX 

• ROW X xxxxxxxxXXxxxxxxX ADDRESS -
tRCr 

xxxxxxxxxxffxxxxxxxxxxxxxxxxxx 
xxxxxxxxx~~XXXXXXXXXXXXXX~xx 

x;j" 

xx 

tODD 

xxxxxxxxxx~xxxxxxxx 

:::~~~~~~~~~~~~~XXXXXXX 

Hi-Z 

XX~XXXXXXXXXXXXXXXXX 
xxxxxxxxxxxxxxxxxxxxxxx 

• MITSUBISHI 
..... ELECTRIC· 

xxx 

XXJII 

xxxxx 

xXXXXXXXX 
xxxxxxxxx 



MITSUBISHI LSls 

M5M418165BJ,TP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by "S" after speed item, like -6S/ -7S. The other characteristics and requirements than the below are same 
as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta=O - 70 ·C, Vee=5.0V ±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min Typ Max 

RAS cycling CAS~0.2V or 
~S before RAS refresh cycling 

Average supply current W~0.2V or ~Vee-0.2V 
lee8(Av) from Vee M5M418165B (8) OE~0.2V or ~Vee-0.2V 500 p.A 

Extended refresh mode . Ao-A9~0.2V or ~Vee-0.2V 

tREF=128ms, output open 
tRAS=tRASmin-1 p. s 

Average supply current 
lee9 (AV) from Vee M5M418165B (8) RAS=CAS~0.2V 400 p.A 

Self-refresh cycle 

TIMING REQUIREMENTS (Ta=0-70·C, Vee=5.0V±10%, Vss=OV, unless otherwise noted, see notes 13,14) 

Limits 

Symbol Parameter M5M418165B-68 M5M418165B-78 Unit 

Min Max Min Max 

tRASS Self refresh RAS low pulse width 100 100 p's 

tRPS Self refresh RAS high precharge time 110 130 ns 

teHs Self refresh RAS hold time -50 - 50 ns 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

The last / first full refresh cycles (1 K) must be made ~ithin tNS / tSN before / after self refresh, on the condition of tNs~16.4ms and 

tSN~16.4ms. 

14 tNS ~I ~ tSN ~ 

----------------~--~III~I-----~II~I~I ___________________________________ ~I~II~I------~II~II----------------
DISTRIBUTED REFRESH 

< 1 K I 16.4ms > 

(2) In case of burst refresh 

'-----y--------
1024 cycles 

'---------y---- DISTRIBUTED REFRESH 
1024 cycles < 1 K I 16.4ms > 

The last / first full refresh cycles (1 K) must be made within tNS / tSN before / after self refresh, on the condition of tNS +tSN~ 16.4ms. 

1111 1111 

BURST REFRESH 
< 1K/16.4ms > 

~ 
1111 I -1024 cycles 

• MITSUBISHI 
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_I tSN 14 

I 1111 1111 1111 -1024 cycles BURST REFRESH 
< 1 K I 16.4ms > 
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M5M416160CJ, TP-5,-6,-7, 
-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 
The uSe of double-layer metal process combined with twin-well 

CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs .. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RAS CAS Address 

Type name access access access 
time lime time 

(max.ns) (max.ns) (max.ns) 

M5M41616OCXX-5,-5S 50 13 25 
MSM41616OCXX-6,-6S 60 15 30 

M5M41616OCXX-7,-7S 70 20 35 

XX=J,TP 

-Standard 42 pin SOJ,50 pin TSOP 
eSingle 5.0V ±1 0% supply 
eLow stand-by power dissipation 

OE Cycle Power 
access 

time 
dissipa-

time lion 
(max.ns) (min.ns) (typ.mW) 

13 90 540 

15 110 430 

20 130 385 

5.5mW (Max) --- - --- - - -- - - - -- - ----- ---- CMOS Input level 
eLow operating power dissipation 

M5M416160Cxx-5,-5S -------------------- 660.0mW (Max) 
M5M416160Cxx-6,-6S - - - - -- -- - - -------- - -525.0mW (Max) 
M5M416160Cxx-7,-7S - - - - - -- - - - -- - -- - -- .. 470.0mW (Max) 

• Fast-page mode, Read-modify-write,RAS-only refresh 
CAS before RAS refresh, Hidden refresh capabilities 

eEarly-write mode and OE to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 

e4096 refresh cycles every .64rns (Ao -A 11) 
* : Applicable to self refresh version (M5M416160CJ,TP-5S,-6S, 

-7S: option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-All Address inputs 

DQ1-DQ16 Data inputs I outputs 

RAS Row address strobe Input 

UCAS Upper byte control 
column address strobe input 

LCAS 
Lower byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+5.0V) 

Vss Grou!1d (OV) 

PIN CONFIGURATION (TOP VIEW) 

007 9 

DOs 

NC 11 

NC 

RAS 
All 
Al0 
Ao 

A3 

Vss 
41 0016 

0015 
0014 
0013 
Vss 

0012 
0011 
0010 

Outline 42PON-A (400mil SOJ) 

vcc 1 

All 

Al 

A2 

A3 
vcc 

VSS 

0016 

0015 
0014 

0013 
Vss 

0012 
0011 

0010 
41 DOg 

NC 

NC 

LCAS 

UCAS 
OE 

Ag 

A6 
AS 

A4 

VSS 

Outline 50P3G-F (400mil TSOP Normal Bend) 

NC: NO CONNECTION 
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M5M416160CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

FUNCTION 

The M5M416160CJ, TP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, e.g., 

fast page mode, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs Input/Output 

RAS 
--

DOl-DOs 009-0016 LCAS UCAS W OE 
Lower byte read ACT ACT NAC NAC ACT DOUT OPN 
Upper byte read ACT NAC ACT NAC ACT OPN DOUT 
Word read ACT ACT ACT NAC ACT DOUT DOUT 
Lower byte write ACT ACT NAC ACT NAC DIN DNC 
Upper byte write ACT NAC ACT ACT NAC DNC DIN 
Word write ACT ACT ACT ACT NAC DIN DIN 

RAS-onlv refresh ACT NAC NAC DNC DNC OPN OPN 
Hidden refresh ACT ACT ACT NAC ACT DOUT DOUT 

CAS before RAS refresh ACT ACT ACT DNC DNC OPN OPN 
Stand-by NAC DNC DNC DNC DNC OPN OPN 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : invalid, APD: applied, OPN : open 

BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT RAS 

LOWER BYTE CONTROL __ 
COLUMN ADDRESS LCAS 

STROBE INPUT 
UPPER BYTE CONTROL UCAS 

COLUMN ADDRESS 
STROBE INPUT 

WRITE CO~~~3f IN 

Ao 
Al 

A2 

A3 

A4 

AS 
ADDRESS INPUTS 

A6 

A7 
As 

A9 

Al0 
All 

SENSE REFRESH 
AMPLIFIER & 110 CONTROL 

MEMORY CELL 
(16777216BITS) 

• MITSUBISHI 
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---~. VCC(S.OV) 

~VSS(OV) 

I DOl) D02 
: LOWER DATA 
i . INPUTS / OUTPUTS 

DOs 

D09j DOlO 
: UPPER DATA 
1 INPUTS / OUTPUTS 

D016 

5E ~~1frUT ENABLE 
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M5M416160CJ, TP-5,.6,-7 ,-5S,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vee Supply voltage -1-7 
VI Input voltage With respect to Vss -1-7 
Vo Output voltage -1-7 
10 Output current 50 
Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65 -150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vee Supply voltage 4.5 5.0 5.5 V 
VSS Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.4 6.0 V 
VIL Low-level input voltage, all inputs -1 0.8 V 

Note1: All voltage values are with respect to VSS. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Min 

VOH High-level output voltage IOH=-5mA 2.4 

VOL Low-level output voltage IOL=4.2mA 0 
loz Off-state output current Q floating OV.!5:VOUT.!5: 5.5V -10 

II Input current OV ~ VIN ~ 6V, Other inputs pins=OV -10 

Average supply current M5M416160C-5,-5S ----
RAS, CAS cycling 

leCl(AV) from Vcc operating M5M416160C-6,-6S tRc=twc=min. 

(Note 3,4,5) 
output open 

M5M416160C-7,-7S 

RAS= CAS =VIH, output open 

Icc2 Supply current from Vcc, stand-by (Note 6) RAS= CAS ~Vcc -0.2V 
output open 

Average supply current 
M5M416160C-5,-5S 

RAS cycling, CAS=VIH 
Icc3(AV) from Vcc refreshing M5M416160C-6,-6S tRc=mln. 

(Note 3,5) 
output open 

M5M416160C-7,-7S 

Aver~e supply current M5M416160C-5,-5S 
RAS=VIL, CAS cycling from cc 

Icc4(AV) Fast-page-mode M5M416160C-6,-6S tpc=min. 

(Note 3,4,5) 
output open 

M5M416160C-7,-7S 

Aver~e supply current M5M416160C-5,-5S CAS before RAS refresh cycling from cc . Icc6(Av) CAS' before RAS refresh M5M416160C-6,-6S tRc=min. 

mode (Note 3) 
output open 

M5M416160C-7,-7S 

Stand-by: 
RAS~Vcc-o.2V 

CAS~VCc-o.2V or CAS~O.2V 
CAS before RAS refresh: 

Average supply current RAS cycling CAS~O.2V or 
ICC8(AV) * fromVcc M5M416160C (S) CAS before RAS refresh cycling 

Extended-refresh cycle W~O.2V or ~VCC-o.2V 
OE~O.2V or ~vcc-o.2V 

(Note 6) Ao""A11~O.2Vor ~VCC-o.2V 

DO=open, tRC=125ps, 
tRAS=tRASmin~l pS 

Average supply current 
RAS=CAS~0.2V lec9(AV) * fromVcc M5M416160C (S) 

Self-refresh cycle 

Note 2: Current flowing into an IC is positive, out is negative. 
3: ICCl (AV), ICC3 (AV) and lee4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and leC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RAS=VIL and LCASlUCAS=VIH . 
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Limits 
Typ 

Unit" 
V 
V 
V 

rnA 
mW 
~C 

·C 

Max 
Unit 

Vec V 
0.4 V 
10 Jl.A 
10 Jl.A 

120 

95 rnA 

85 

2 

1 rnA 

0.3* 

120 

95 rnA 

85 

80 

70 rnA 

65 

120 

95 rnA 

85 

600 Jl.A 

400 Jl.A 
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' FAST PAGE MODE 16777216 .. BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=0-70·C, Vcc=5.0V±10"lo, Vss=OV, unless otherwise noted) 

Parameter Test conditions 
Limits 

Unit Symbol Min Typ Max 

CI(A) Input capacitance, address inputs 5 pF 

CI(OE) Input capacitance, OE input VI=VSS 7 pF 

CI(W) Input capacitance, write control input f=1MHz 7 pF 

CI(RAS) Input capacitance, RAS input VI=25mVrms 7 pF 

CI(CAS) Input capacitance, CAS input 7 pF 

CliO Input/Output capacitance, data ports 7 pF 

SWITCHI!'IG CHARACTERISTICS (Ta=0-70·C, VcC=5.0V±10%, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 

Symbol Parameter M5M41616OC-S,-SS MSM416160C-S,-6S MSM41616OC-7,-7S Unit 
Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 13 15 20 ns 
tRAC Access time from RAS (Note 7,9) 50 60 70 ns 

tAA Columu address access time (Note 7,10) 25 30 35 ns 

tCPA Access time from CAS precharge (Note 7,11) 30 35 40 ns 

tOEA Access time from OE (Note 7) 13 15 20 ns 

tCLZ Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOFF Output disable time after CAS" high (Note 12) 0 13 0 15 0 15 ns 

tOEZ Output disable time after OE' high (Note 12) 0 13 0 15 0 15 ns 

Note 6: An initial pause of 500 J1S is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock such as RAS-Only refresh). 
Note the RAS may be cycled during the Initial pause. And any 8 AAS' or RASlC"AS cycles are required after prolonged periods (greater than 64ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(IOH=-5mA) I VOL=0.4V(IOl.=4.2mA) load 100pF. 
The reference levels for measuring of output signal are 2.4V(VOH) and O.4V(VOL). 

8: Assumes that tRCO iii:; tRCO(max) and tASC ~ tASC(max). 
9: Assumes that tRCO ~ tRCO(max) and tRAO ~tRAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC 

will increase by amount that tRCO exceeds the value shown. 
10: Assumes that tRAO ~ tRAO(max) and tAsc :;i tASC(max). 
11: Assumes that tcp ~ tCP(max) and tAse ~ tASC(max). 
12: tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (lOUT ~ I ± 1 0 J1A Il and Is not reference to VOH(min) 

or VOL(max). 

• MITSUBISHI 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write,Refresh and Fast-Page Mode Cycles) 
(Ta=0-70·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted, see notes 13,14) 

Limits 
Symbol Parameter M5M41616OC-S,·SS MS","16160C-6,-6S MSM41616OC-7,.7S 

Min Max Min Max Min Max 
tREF Refresh cycle time 64 64 64 
tREF* Refresh cycle time 128 128 128 
tRP RAS high pulse width 30 40 50 

tRCO Delay time, RAS low to CAS low (Note 15) 18 37 20 45 20 50 
tCRP Delay time, CAS high to RAS low 10 10 10 

tRPC Delay time, RAS high to CAS low 0 0 0 

tCPN CAS high pulse width 10 10 10 

tRAO Column address delay time from RAS low (Note 16) 13 25 15 30 15 35 
tASR Row address setup time before RAS low 0 0 0 
lAsc Column address setup time before CAS low (Note 17) 0 10 0 10 0 10 
tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after ~ low 13 15 15 
tozc Delay time, data to CAS low (Note 18) 0 0 0 
tozo Delay time, data to OE low (Note 18) 0 0 0 
tcoo Delay time, CAS high to data (Note 19) 13 15 15 
toDD Delay time, OE high to data (Note 19) 13 15 15 
IT Transition time (Note 20) 1 50 1 50 1 50 

Note 13: The timing requirements are assumed IT =5ns. 
14: VIH(min) and VIL(max) are reference levels for measuring timing of Input signals. 

Unit 

ms 
ms 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

15: tRCD(max) Is specified as a reference point only. If tRCO is less than tRCO(max), access time is tRAC. If tRCO Is greater than tRCO(max), access time is 
controlled exclusively by tCAC or tAA. tRCO(min) Is specified as tRCO(min) =tRAH(min) +2IT +lASC(min). 

16: tRAD(max) is specified as a reference point only. If tAAO ii:i tRAO(max) and lAsc ~lASC(max). access time Is controlled exclusively by fAA. 
17: lASC(max) Is specified as 'a reference point only. If tRCO ~ tRCO(max) and tASC ~ tASC(max), access time is controUed exclusively by tCAC. 
18: Either tozc or lOzo must be satisfied. 
19: Either tcoo or toDD must be satisfied. 
20: IT is measured between VIH(min) and VIL(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read setup time before CAS low 

tACH Read hold time after CAS high 
tRRH Read hold time after RAS high 
tRAL Column address to RAS hold time 
tOCH CAS hold time after OE low 
tORH RAS hold time after OE low 

Note 21: Either tRCH or tRRH must be satisfied for a read cycle. 
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MSM416160C-5,·SS 

Min 
90 

50 
13 
50 
13 
0 

(Note 21) 0 
(Note 21) 10 

25 
13 
13 

'" ", MITSUBlSH,I .... ELECTRIC 

Max 

10000 
10000 

Limits 
MSM416160C-6,-6S MSM41616OC·7,·7S 

Min Max Min Max 
110 130 
60 10000 70 10000 
15 10000 20 10000 
60 70 
15 20 
0 0 
0 0 

10 10 
.30 35 

15 20 

15 20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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M5M416160CJ,TP·5,-6,-7,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter MSM416160c-5,·SS MSM41616OC-6,-6S MSM41616OC-7,·7S Unit 

Min Max Min Max Min Max 
twc Write cycle time 90 110 130 ns 

tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 13 10000 15 10000 20 10000 ns 
tCSH CAS hold time after RAS low 50 60 70 ns 

tRSH RAS hold time after CAS low 13 15 20 ns 
twcs Write setup time before CAS low (Note 23) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 15 ns 
tCWL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after W low 13 15 20 ns 
twp Write pulse width 8 10 15 ns 
tDS Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS low or W low 10 15 15 ns 
tOEH OE hold time after W low 13 15 20 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter MSM416160C.S,-5S M5M41616OC-6,-6S MSM41616OC-7,·7S Unit 

Min Max Min Max Min Max 

tRwc Read write/read modify write cycle time (Note 22) 131 155 180 ns 
tRAS RAS low pulse width 91 10000 105 10000 120 10000 ns 

tCAS CAS low pulse width 54 10000 60 10000 70 10000 ns 
tCSH CAS hold time after RAS low 91 105 120 ns 
tRSH RAS hold time after CAS low 54 60 70 ns 

tRCS Read setup time before CAS low 0 0 0 ns 

tCWD Delay time, CAS low to W low (Note 23) 36 40 45 ns 
tRWD Delay time, RAS low to W low (Note 23) 73 85 95 ns 
tAWD Delay time, address to W low (Note 23) 48 55 60 ns 
tCWL CAS hold time after W low 13 15 20 ns 
tRwL RAS hold time after W low 13 15 ·20 ns 
twp Write pulse width 8 10 10 ns 
lOs Data setup time before W low 0 0 0 ns 
tDH Data hold time after W low 10 10 15 ns 
tOEH OE hold time after W low 13 15 15 ns 

Note 22: tRwe is specified as tRWe(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tT. 
23: twes, tewD, tRWD and tAwo and, tCPWD are specified as reference pOints only. If twCSil:twCS(min) the cycle is an early write cycle and the DQ pins 

will remain high impedance throughout the entire cycle. If tcwDSi;tCWD(min), tRWDSi;tRWD(min), tAWDSi;tAWD(min) and tCPWD~ tCPWD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 

Limits 
Symbol Parameter MSM416160c-5,-SS MSM41616OC-6,·6S MSM41616OC-7,·7S 

Min Max Min Max Min 
tpc Fast page mode readlwrite cycle time 35 40 45 
tPRWC Fast page mode read write/read modify write cycle time 76 85 95 
tRAS RAS low pulse width for read write cycle (Note 25) 85 125000 100 125000 115 
tcp CAS high pulse width (Note 26) 8 12 10 15 10 
tCPRH RAS" hold time after CAS" precharge 30 35 40 
tCPWD Delay time, CAS precharge to W low (Note 23) 53 60 65 

Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
25: tRAS(min) is specified as two cycles of CAS Input are performed. 
26: tCP(max) is specified as a reference point only. 
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Max 

125000 
15 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
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CAS before RAS Refresh Cycle (Note 27) 

Limits 
Symbol Parameter MSM41616OC-S,-SS MSM416160c-6,-6S MSM41616OC-7,-7S Unit 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 10 10 10 ns 
tCHR CAS hold time after RAS low 10 10 15 ns 

-
Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

SELF REFRESH SPECIFICA liONS 
Self refresh devices are denoted by ·S· after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 

TIMING REQUIREMENTS (Ta=0.....,70'C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted, see notes 13,14) 

Symbol Parameter 

tRASS Self refresh RAS low pulse width 
tRPS Self refresh RAS high precharge time 
tCHS Self refresh RAS hold time 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

MSM41616OC-SS 

Min Max 
100 
90 

- 50 

Limits 
M5M41616OC-6S M5M41616OC-7S 

Min Max Min Max 
100 100 
110 130 
- 50 - 50 

The last I first full refresh cycles (4K) must be made within tNS 1 tSN before 1 after self refresh, on the condition of tNs~64rns and 

tSN~64ms. 

tNs tsN 
~ ~ ~ ~ 

----------·--------~III~I-----~II~II~ ______________ ~~III~I------~II~II----------------

Unit 

p's 
ns 
ns 

DISTRIBUTED REFRESH DISTRIBUTED REFRESH 
<4K/64ms> < 4K/64ms > 

(2) In case of burst refresh 

The last 1 first full refresh cycles (4K) must be made within tNS 1 tsN before 1 after self refresh, on the condition of tNS +tSN ~64rns. 
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M5M416160CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28 ) 

Read Cycle 

VIH-
RAS 

Vil -

VIH­
LCAS! UCAS 

Vil -

VIH-
Ao-All 

Vil -

VIH-

w 
Vil -

r: VIH-
INPUTS 

Vil -

DQ~'-0a" VOH­

OUTPUTS 
VOl-

VIH-
OE 

Vil -

tRC 

tRAS tAp 

~~ tRSH 
}r L -' .... ., 

tCSH ~ tc~ 

~ 
tRCO 

~ ~~ tCAS ~~ -'~r 
tCPN )(XXXXXI 

.. tRAO ... tCAH 

tAAl 14tASR ~ 

~ 
tRAH 
~ lAsc 4---t 

ROW ~ ~" COLUMN ~r XXX AlL.. ROW x.xxxxx ~xxxxxxx 

x.xxxxx ADDRESS., ADDRESS 1?xxxxxxx xx x XIXXXX~ .... ADDRESS 
f- ~ .... ..,L..'-

~~ ~ 
xxx X~ x x.xxxxxxxxxx ~X 

x.xxxxxxxxxx XXI tRCH v;.XXXx.XXXX 
I 

tozc tcoo 

I(XXXXXX~ Hi-Z xxx xxx 
I(XXXXXXX 

tCAC " xxxxxx 

tAA tOFF 

tCLl .. 
Hi-Z ~e \ DATA VALID 

I -'k"-

tRAC 

~ 
tozo tOEA tO~~ 

tOCH 
L,fXXXX 

I(XXXXXXXXXXXX xxxxxxX\. tORH Ix fXXXXX 
N'XXxxxx xxx x '#c. )C XXXXXXXXXXXX 

Note 28 Indicates the don't care input. 
VIH(min.) ;:a; VIN ;:a; VIH(max) or Vll(min.) ;:a; VIN ;:a; Vll(max) 

Indicates the 
invalid output. 

_ Indicates the skew of the two inputs. 

• MITSUBISH. I 
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MITSUBISHI LSls 

. El,,,,,,NAR'f M5M416160CJ,TP·5,-6,-7,-5S,-6S,-7S 
PR . . lin"\ specit.ica

t10n 
change. 

NotiCe'. ,his \\:.~~\~nitS arc Sul)loct to 

sornop~rarne FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Byte Read Cycle 

tRC 

tRAS 

~~ tRSH 

-'<'"-

VIH-

VIL -

tCSH 

~ 
tRCO tCAS 

l(XXXXXX~ ~\ ~~ 
~~~~~~ -' ... .. ~ 

UCAS VIH 

(or [CAS) VIL-

~ VIH 

(orUCAS) VIL -

VIH 

Ao-A11 
VIL 

VIH 

w 
VIL 

F 
VIH 

INPUTS 
VIL -

001-00a 

(Or~009-0016~OH _ 

OUTPUTS 
VOL-

f 
VIH 

.
INPUTS 

VIL 

009-0016 
(or 001-008) 

~ 
tCAH 

l'lXXXXXX"2" 
l(XXXXXXI tRAO tRAL 
){xxxxR 

~ ~AH ~tAsc. 

l'lXXXA.1 r- ROW'~ ~' COLUMN ~I\ IXXXXX xx 
l'lXXXXJI. ADDRESS ADDRESS JKXXXXXXX 
l'lxxx»' ..,It:~xxxxxx 

tRCS 

I 
xxxxx x XII 

l(XXXXXXXXXX X7 

l(XXXXXXxxxx XXXX xx xxxxxxxxxxxxxxx 
l(XXXXXX xx xx xxxxxxxx xx 

Hi-Z 

tozc tCAC 

xxx X Hi-Z xxxx xxx 
l'lXXXXXXXX IJ 

tAA 

teLZ 

/ 

tRP 

t- ~f\ 
"':I'" 

~ tc~ 

tCPN 

~W 

H tF 

V 
~ 

xx xxx".}~ ROW xx XIXXI ADDRESS xx XIX XI ~ 

tRCH ~ 
'I 
~xxxxxxxx 

~x X 

xx ,X x x x x x x x x x x x x X 
xx xxxxxxxxxxxxxx xx 

tcoo 

~ 
XXXXXXX 

tOFF 

b VOH­
OUTPUTS 

VOL-

Hi-Z J~' 
' .... DATA -' ... 

\ DA AVALID 
I 

VIH 
OE 

VIL 

4 - 316 

tRAC 

tozo toEA 

l(XXXXXXXXXXXXXXXXXXXXXXX 
l(xxxxxxxxxxxxxxxxxxxxxxx :" 

'. '. MlTSUBlSHI ..... ·ELECTRIC 

tOCH 

..... tOEZ 

toDD 

XXX xx.: 
IX xxxxxxxxxxxx 
IX x 

tORH 



'NARY 
MITSUBISHI LSls 

M5M416160CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

VIH-

VIL -

VIH 
UCAS/ LCAS 

VIL -

VIH-
Ao-A11 

Iii 

VIL -

VIH-

VIL -

VIH 
f1NPUTS I VIL 

OQ1-0Q16 

twc 

tRAS 

~~ 
.......... 

tCSH 

r tRCO 

tCAS 

~ ..... ~~ 

~ ~ ~ tCAH 

)C ROW ~~r COLUMN 
ADDRESS ADDRESS -, r-

I 

~f 
twCH 

yxxxxxxx x'\ 
!(xxxxxxxx XA 

I 

~ tOH 

!(XXXXX f-x 
I DATA VALID 

!(XX x x x x x x x x x x x XI ~ ..... 

tRP 

~/~ ~l-

tRPC 

tRSH .. ~r 

~IU ..... w 
tASR 

~ ..,xxxxx X'-,J~ ROW 
rXXxxx xx ADDRESS 'tXXXXX >u'<=-

.1 
·1 x..x..x.."" ~xxxxxxxxxxxx~ 
I«XXXXXxxxxxxxxxxxxxxxxx 

..A x.. X x xxxx 

-"~~~ xxx~x..xx xxxxxx 

~~~xxxxxxxxxxxxxxxxxxxxxxx 

I OUTPui~H- _______________________________________ H_i-_Z ________________________________ __ 

~ VOL-

OE 

, MITSUBISHI 
1'& ELECTRIC 4 - 317 



MITSUBISHI LSls 

EL\\V\\NARY M5M416160CJ,TP-5,-6,-7,-5S,-6S,-7S 
P R . ot a Iina\ sPecihC~;'~~·change. 
Notice: This '\~~c limitS are 5ub)e ' 

SOf"epa
rarne 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Byte Write Cycle (Early write) 

VIH-

VIL -

UCAS VIH-

(or LCAS) VIL -

LCAS VIH 

(or UCAS) VIL -

VIH-
Ao-A11 

VIL -

VIH 

w 
VIL -

f 
VIH 

INPUTS 
VIL 

001-00a 
(or 009-0016) 

~ VOH-
OUTPUTS 

VOL-

f;PUTS VIH 

1"'1' VIL 

009-0016 

twc 

tRAS tRP 

~\ 
It- ~~ ~L 

tCSH 

~ 
tRCO tRSH MC t~ 

tCAS 

W ~~ 
-'.- ~V V-

~ 
tRPC teRP 

~ I 
w- V 
~ ~ ~ tCAH ~ 

)C ROW "~~ COLUMN .-IX X X X X X X X X X X X X ~ <-
ROW 

ADDRESS ADDRESS &XXXXXXXXXXXXXXI ADDRESS 
... ~ XXXXXI ~..-

twcs twCH .1 

XXXXXXx"",F l~xxxxxxxxxxx~xxxxxx 
XXXxX\. IflCXX XXXXXXXX 

KXXXXXXxxxxxxxxxx XIXXXXXXxxxxxxxxxxxxxxxxxxxxx XX~ 
K XXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXX XXXXXXXXX 

Hi-Z . 
~ tDH 

")f- --' 

XXXXXXXXy DATA VALID ~xxxxxxxxxxxxxxxxxxxxxxx~ 

KXxxxxxxxxxxxYJ~ ~XXXX x xx 

(I::~:::~OH-_____________________________________ H_i-_Z ________________________________ __ 

~ VOL-

OE 

4 - 318 
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MITSUBISHI LSls 

M5M416160CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

tw C 

tRAS tRP 

~r\ ~V~ ~f\ 
........ 

V1H-

VIL -

tCSH 

tRPC 

f tRCD lASH ~ tCr tCAS 
VIH­

UCASI LCAS 
VIL -~ ~~ ~U ~W 

14tASR. tRAH tASC 
~ 

)r ROW "~: ADDRESS 

VIH-
Ao-A11 

VIL -

VIH-
w 

VIL 

f 
VIH 

INPUTS 
VIL 

OQ1-0Q16 

~ VOH-
OUTPUTS 

VOL-

VIH-

VIL -

){xxxxxxxxxxxxx 
XXXXXXXl' XXXX 

tRcs ~ 

tozc 
~ 

){xxxxxxxxx 
N0hxxxx 
N X 

~ 
tozo 

){XXXXXX XXX-jr-
){xxxxxxxxxxxxxx ;'\ 
xxxxxxxxxxxxxxx~ 

tCAH 

COLUMN 
ADDRESS 

-'\ 

twCH 

t~ 

Hi-Z ~~I XI 
~~.-

~ ro{ 
tODD 

7 

• MITSUBISHI 
~ELECTRIC 

tASR 

~r-
.A 

L.. 

ROW IVXXXXX xx 
~xxxx 

x XA ADDRESS XXXX XI .-

tCWL 

tRWL 

xxxxxxxxxx 
twP J>X~ xxxxxxxxVh. 

.- .¥Xxb xxxxxxx~ 

.I 

toH 

-r-~XXXXXXXXXXXXXX 

XXXXXXXXxXXXXX~ DATA VALID 
~~~X XXXXXXXXX 

Hi-Z 

~ 
-vlXXXXX xxxxx~ 

,,{Xxxxx xxxxxxxxxxx 
~x xxxxxxxx 

4 - 319 



MITSUBISHI LSls 

M5M416160CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Byte Write Cycle (Delayed write) 

UCAS 

(or LCAS) 

LCAS 
(or UCAS) 

Ao-All 

w 

VIH­

VIL -

VIH-

VIL -

VIH-

VIL -

VIH-

VIH 

VIL 

r VIH 
INPUTS 

VIL 

DOl-DOs 
(or 009-0016) 

~ 
VOH-

OUTPUTS 
VOL-

r VIH 
INPUTS 

VIL 

009-0016 
(or ~Ol-DOs) 

~~ 
-' .... 

r, tRCO 

~ -'\ 

F 
~ 
~ ~ ~ 

)( '- ROW "~" 
.- ADDRESS .... -' .... 

I 

)(XXXXXx~ 

~XXXXX~h )(XXX~x 

tRCS 

)(xxxxxxxxxxxxxxxxx 
~~xxxxxxxxxxxxxxxx 

tozc 

YYYY Hi-Z )(XXXXXYXXXXX 
l'tXXXXX x 

~ 
VOH-

OUTPUTS 
VOL-

." 

14 tOZO. 

VIH 'I(XXXXXXXXXYYY'L'LY 
l'tXXXX~xxxxxxx • ~ OE 

VIL 

twc 

tRAS tRP 

lr -~ 
.., 

tCSH 

tRSH i PC 
tCf 

tCAS __ I V ~ 

4~ tCf 

V 
tCAH ~ 

-'~ ~x~ 
x~ ....... 

COLUMN xxv ROW 
ADDRESS 1f('L 

YY'L'L'L ADDRESS ~LyXX XY >-

tCWL 

tRWL 

~~ twp ~ x xxx 
I)«}'X xxxxxxxxxXXX 

xxxxxxx~ .... :Xxxx 

twCH 

XX x XXXXXXXX'LXXXXX~ 
:x:.?<.cxxx 'LX 'L)t)t'L'L xxxxxxxxxxxxxx 

Hi-Z 

t~ tOH 

j~~ -'1\ xx 
DATA VALID yxxxxxxXXX 

~~'- ~~~xxxxxxxxxxxxxx 

~tCLZ • 

~ 
Hi-Z 

tOE: 

~ ~ tODD 

....,L 
~xxxxxxxxxxxxxxxxx~ 

~)(X xxxxxxxxxx x x x X~ 

4 - 320 
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This \5 

pararn(JtrlC 

MITSUBISHI LSls 

M5M416160CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

VIH­

UCAS/ LCAS 
VIL -

VIH-

Ao-A11 
VIL -

VIH-
w 

VIL -

r: VIH 

INPUTS 
VIL 

OQ1-0Q16 

~ VOH-

OUTPUTS 
VOL -

VIH-

OE 
VIL -

tRWC 

tRAS tRP 

~ r-
~\ \~ ~I 

tCSH 

~ tRCD tRSH 
}.RPC 

Wf 
tCAS 

~ ~~ JAr ~W 

tRAD 

~ tASR~ 14tRAH. ~ 

~ 
RO~ ~ 

~ ADDRESS ~ 

){XXXXXX XXXXJI 
){XXXXX xxx ~ 

I

lACS
• 

.l'..l'.X.IV 

tRAC 

+1 tDZC. 

xxxxxxxx 
X~xx 

Hi-Z 

~ 
~xxx x x x x x x xx:x:XA 
xxxxxxxxxxxxxxxx 

tCAH, tASR 

~~ >-
COLUMN :xxx:.?"x x x x xv ROW 
ADDRESS -=>f- 'tXXXX XXXXXX ~)V ~ ADDRESS 

tCWD ~ tCWL. 

tAWD 

tRWD tRWL 

~~ IXXXXXXXXXXXXXXXXX 
,KXXXXXXXXXXXXXXX~ 

twp J 
"I 

tCAC 

tAA tDS tDH 
~ 

Hi-Z 
......... ~~f-

DATA VALID IVXXXXXXXXXXXX 
):tf\r-. 

~ ~ AUY 
F--

tOEA 

tODD 

~toEi 
r-

. • . MITSUBISHI 
"ELECTRIC 

...,~~ XXXX 

Hi-Z 

~I 
~XXXXXXXXXXXXXXX£X~X< 
~XXXXXXXXXXXXXXXXXX 

4 - 321 



MITSUBISHI LSls 

M5M416160CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576 .. WORD BY 16-BIT) DYNAMIC RAM 

Read-Upper I (Lower) Write, Read-Modify-Upper I (Lower) Write Cycle 

tRWC 

tRAS tRP -, ~lr -" ... ~ 

VIH-

VIL -

tCSH 

r tRCO tRSH i:PC 

tCf 
tCAS 

W -\ V ~W UCAS VIH-

(or LCAS) VIL-

F 
W LCAS VIH-

(or UCAS) VIL -

Ao-All 

w 

VIH'­

VIL -

VIH-

VIL -

~ 
VIH-

INPUTS 
VIL -

DOl-DOs 
(or 009-0016) 

~ VOH-
OUTPUTS 

VOL-

r VIH­
INPUTS 

VIL 

009-0016 
(or 001-008) 

~ 
VOH-

OUTPUTS 
VOL-

VIH 

VIL 

4 - 322 

~ ~ ~ 

) r ROW "~r ADDRESS .... -,f- ... , 

~x XXN 
xxxxxxx ~ 

tRCS 

.... x 
xxxx 
xxxxx xxx 

tRAC 

... ~ 
xxxxxx xxxxxxxxxxxx 

~hXXXxxxx 

Hi-Z 

~ 

xxxxxxx~x~~ 
XXXXXXXXX ~ 

.-

1PC 
tc~ 

V 
tCAH tASR 

~ 

COLUMN ~l\Rx)t-x xxx,,~r ROW 
ADDRESS Il Y )()( x )(-.J-''r 

ADDRESS 

tCWD 

tAwo 
tRWD 

..... 

xxx xxx xxxxxx XXXX 

Hi-Z 

tAA t~ 

Hi-Z j~ 

tCAC 
l(~ 

tCLZ 

::h~ 
tOEA r-

~ tOEZ tODD 

I 

. • MITSUBISHI 

.... ELECTRIC 

~ 
tRwL 

\, ~xxxx~x~xxxx~ 
~xxxx~xxxx~ 

twp J 
"I 

xxxxxxxxxxxxxxx xxxx 
X x)()()()()()()()()()()()()(XXXXXXXXX 

tDH 

...... xx 
DATA VALID ~XXXXXXXX xx ..., ·'\.Xxxxxxxxxxxxxx~ 

Hi-Z 

~H 
~xxxxx XXXXX 
~xxx~~~~~~~ 



MITSUBISHI LSls 

M5M416160CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

tRC 

tRAS 

VIH-

VIL -

VIH_~~~~--~----------------------------------~~rm~--------

UCASI LCAS 
VIL -

VIH-
Ao-A11 

VIL -

W VIH-

VIL 

ROW 
ADDRESS 

fNPUTS VIH 
VIL-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

OQ1-0Q16 

I OUTPU,"~H - H>Z ~ VOL-

• MITSUBISHI 
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MITSUBISHI LSls 

EL\ ",,'NARY M5M416160CJ, TP-5,-6,-7 ,-55,-65,;'75 
P R final specthcatll"\h8nge 
"Qtice: ThiS is notli~litS are sublect to 
" rametflC 
Some pa .. FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

VIH-

VIL -

-VIH­
UCAS/ LCAS 

VIL -

VIH-
Ao-A11 

VIL -

VIH-

VIL -

f 
VIH­

INPUTS 
VIL -

OQ1-0Q16 

~ 
VOH-

OUTPUTS 
VOL -

VIH-

VIL-

4,- 324 

tRC tRC 
tRP tRP 

tRAS 

-.J ~~~ JI~ .-"~ 
tRAS oJ)'-

~ .l_ :.¥-

tRPC tCSR ..... l~ 
tCSR 

l f e ~ 
tCHR 

--.l ~ ~\~ ~:U ~- &r W 

~ 
)(XXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXl.]-

ROW ){XXXX XXXXXXXXXXXXXXX xxxxx~x XXXXXJ(I[ 
){XXXX:X xxxxxxxxxxxxxxx Xyyyyxxxxyyy x x x XXT~_ ADDRESS 

~ 
XXXXYXXXXXXXX XYX xxx XXXX 

~xxxx xxxxxx~x YYYXXXXX~~~~~~~XXXX 
~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~x XXXX 

I. tOFF. 

tCDD 

rXxxxxx xxxxxx XXXXXXXXXXXXxxxxx 
xxxx xxxxxxxx~x~x~~xxxxxxxxxxx~ 

)(XXXXXXXX", HI-Z 
){XXXXXx;<;C-

tOEZ 

tODD 

I- XXXXXXXXXXXXXXXX XXX .................... X .... x ........ x .... xxxxxxxxxxxxxx 
XXyyyy-2<7 x XXXXXXXXXXXXXXXXXX 

.. •. MITSUBISHI 
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MITSUBISHI LSls 

M5M416160CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

RAS 

UCAS 

(or LCAS) 

LCAS 

(orUCAS) 

Ao-A11 

OE 

tAP 

VIH-
J~ 

VIL -

tAPC 

VIH-

J 
.......-:!II 

VIL -

VIH - ){XXXX 

VIL-~ 

VIH - ;w;.xxxx 
~ 

VIL - x x x x x 

tcP: 

tRCH 

tAAS 

~~ 
oJ .... 

tCSA 
~ 

~ .... ~ 

tAC tRC 

tAAS tAP 

y~ yr ~~ 
~ 

~ ..; .... 

MC tCSA ~ 
ICr 

~r tCHA -Y 'yt&' 

H 
VIH - ·----t1-~l'(:~X~X~X~x~x~x~x~xs8xx~~~~8x~x~x~x~Xs8XX~Xs8XX8x~xsxgx~xs8xx~xsgxx~xs8xx~x~x~x~x~xsxgx~x~ 

~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 
VIL ...;. 

~ 
xx 

;w;.x 
){X 
){x 

~ 
xx 
Xx 
xx 

tOFF 
.-f-t 

of 

~ 

tOEZ 

xxxxx 
XXXXX 
XXXXX 

tCDD 

tODD 

XXXxxxxxxx 
xxxxxxxxxx xx 

• MITSUBISHI 
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MITSUBISHI LSls 

'NARY M5M416160CJ,TP-5,-6,-7,-5S,-6S,-7S 
PREL\, citicatiOfl 

N
otice', This is 001,.0 :~~a~r~:tlbiCC\ 10 channa 
, maIne ",." 

Som(}\:Hlra ' FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-8IT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

VIH-

VIL -

__ VIH­

UCAS/ LCAS 
VIL -

VIH-

Ao-All 
VIL -

VIH-

w 
VIL -

f VIH-
INPUTS 

VIL -

DQ1-DQ16 

I VOH-

~TPUTS 
VOL -

VIH 

VIL 

4 - 326 

tRC tRC 

, tRAS tRP tRAS tRP 

~ 

~~ ~V ~\ ~I -~ ... ~ 

tF 

tRCO tRSH tCHA 
~C 

F 
W- ~~r ~tw V(f 

tRAD 

t~ ~ ~ tCAH !ASR 

) ~: ROW COLUMN ~W<YXYXYXIX XXX xxx ){~ ROW xx~ 
~ADDRESS .., ADDRESS ..,'{..~XXXXIX xxxxxxxxxxxxxxx T~,,",- ADDRESS 

tAAL 

9 L tRCS 

)(XXXX XXXI' ~xxxxxxxxxx xxxxxxx 
XXN ~xxxxxx xxxxxxx 

tozc 
tCOD 

X.xxxx x HI-Z ]~ 
lCYYXx~ x tAA )~ 

tCAC 

tRAC toFF 

tru~ Hi-Z 

~ -DATA VALID 

tozo tOEA 
tOEZ 

tODD 

tORH 
xxxx~XXXX.£-:\. .x xxx 
)(xxxxxxxxxxx ]I L,)'. X xxx xx 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M416160CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Hidden Refresh Cycle (Byte Read) (Note 29) 

tRC "L tRC 

tRAS tRP J tRAS tRP 

.... I/r \t- ~V 
f-

~L \r l.tRPe 
• ..., 

VIH-

VIL -

tRCD tRSH 
~C 

'Cf t~ tCHR 

W ~~ If- W ..... ..., 

UCAS VIH 

(or LCAS) VIL -

LCAS VIH-

(or UCAS) VIL-

VIH-

Ao-A11 
VIL -

VIH 

VIL 

~ 
VIH 

INPUTS 
VIL 

001-00a 
(or 009-0016) 

~ VOH-
OUTPUTS 

VOL-

~ 
VIH 

INPUTS 
VIL 

009-0016 
(or 001-00a) 

~ 
VOH-

OUTPUTS 
VOL-

VIH 

VIL 

tF t~ 

~ ~V 

tRAD 

Y,~RO~,* 
~C tCAH tASR 

f-
COLUMN 

.- xxxxxxxxxxxxxx ,]f- ROW 

-' .... ADDRESS <- ADDRESS 
EXX xxxxx xxx xx~ 

ADDRESS 
0- ['\Xx xxxx xxxxxX), I~"" 

~~ tRAL ~ 
x xX:ll' I\Xxxxxxxxxxxxx xxxxxxxxxxx 

xxxxxx XTJ ,xxxxxxxxxxx xxxxxxxxxxx 

)(XXX xx x xxxxxxxxxxxxxxxx~ xxxxxx~ 
~xxxxx ""xxxx x xxxxx xxxxxxxxxxxx 

Hi-Z 

tDZC tCDO 

ItXXXXX x Hi-Z xxxx x ItXXXXX JI).: xxxx 

tCAC 
tOFF 

~~ Hi-Z INVALID \ 
DATA DATA VALID 

/ ...l,=-

tAA 

tRAC tOEZ 

~ 
tOEA tODD 

tORH 
~xxxxxxxxxx~ xxxxxxxxxxxx 
xxxxxxxxx~ I xxxxxxxxxxxx 
xxxxx xxxxxx 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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MITSUBISHI LSls 

PREL\~~!!;~~~~ M5M416160CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

Notics'. ThiS~~t~~\iff\i\S are sub\C 

SOff\CP3
rlir

• FAST PAGE MODE 16777216-BIT (1048576-WORDBY.16-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

VIH 

RAS 
VIL -

VIH­

UCASI LCAS 
VIL -

----::! 

~ ... 

tF 

W-

tRAD 

tRAS 

tCSH tpc 

tRCD tCAS 
~ tCAS 

~~~ ..,e~ ~~~ 

tA~ tRAH 4 I~ tCAH. 
tAsc tCAH 

~ .-. 

)C ~~ ~f-VIH-

Ao-A11 
V!L -

VIH-

w 
VIL 

f VIH 

INPUTS 
VIL -

00,-0016 

b VOH-
OUTPUTS 

VOL-

VIH 

VIL 

4 - 328 

ROW '- I COLUMN ~ COLUMN 

ADDRESS f- ... .- ADDRESS-1 .., ~ r(I'~ ADDRESS-2 

\ 

tRCS 

r 
",-

Jill 
JIlJllJllJllJll 'J(..T 

~~ 
(XXX 

xx x 

~ 
Hi-Z ICU~ 

tAA 

tRAC 

e, tOEA 

tOCH 
X}( 

ot.XXXXXXXJIO.XXXA 

tAA 

tRCH .... ftR~ 
~ 

V 
tCDD ~ ....... tDZC 

1. ~ HI-Z 

" l 
~ 

tOFF~ 

% f- DATA ... 

~ VALlD-1 

tCPA 
r 

to~z ~ ~ 
~ 

~ tOEA. 

tODD 
tOCH 

IJIO.JIlJllJllJlO. 
IX. XXXXX A 

JIl 

" •. ". MITSUBISHI 
.... ELECTRIC 

tRP 

tCPRH 

tRS~ lr ~\ 
.., '-

~ 
tcp tCRr 

tCAS 
4--" 

J~~ ~~ ~i§ V 

tRAL 

tCAH 
~ ~ 

.~ .J1:7:, ~}f- COLUMN ~~ r ROW 

~ ... ADDRESS ..,~ ~~ ADDRESS-3 
..,'- T 

tRRH 
tAA 

tRCH 
-J ift~~ 

W tRCH ~~ 

tCDD ~ ........ tDZC tCDD 

). , l~ 
.'1 ~ ~~ 

~~ ~F 
tOFF~ tCLZ"'~ 

f- DATA ~I\ >J DATA'" )-
.- VALlD-2 ..,1[ ~ ~.- VALlD-3 .., 

f--
<-

tCPA 
I 

tORH 
~ 

tOEZ tOEZ 

~ ~ ~tOEA. ~ 

~D 
liODD

• 

14 tOCH • 
XXXXX .~ h. [}I, XJIlXJIO.JIl ~ '\ 

JIO. -'!.3 



MITSUBISHI LSls 

M5M416160CJ, TP-5,-6,-7 ,-5S,-65,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Fast Page Mode Read Cycle 

VIH-
RAS 

VIL-

UCAS VIH 

(or LCAS)VIL -

LCAS VIH­

(or UCAS}VIL _ 

--:l 

K 

tCf 

W-
tc~ 

W-
tASR 
~ 

tCSH 

.... 

tRCO tCAS 

~\ 

tRAD 

~AH 14tASC. tCAH 

Ao-All .~ 
VIH- r- ROW ~t COLUMN 

VIL- ADDRESS 
'- ~ .... ADDRESS-1 

tRCS 

I 
X1iiII 

Ol;tll.XXX XI 
w VIH 

VIL 

tRAS 

tpc 

tep tCAS 

Ir- ~ ~ 

~ tCAH 

~ IA ~If- COLUMN 
.., 1'< ~~o- ADDRESS-2 

tAA 

!1H tR~ 

V 
C VIH I INPUTS 

OlXXXX xx ;tII.XXX;tll. X;tll.X X 

D01-DOa VIL 
(or DQ9-D01S) 

E 
VOH­

OUTPUTS 
VOL-

F VIH 
INPUTS 

VIL 

DOs-:D01S 
(or D01-DOa) 

E 
VOH­

OUTPUTS 
VOL-

(XXXX xx 

.......... 
<XXXX ;til. 

xxx x xxx 

Hi-Z 

XXXXX xxxxx xxxxx 

Hi-Z 

+[tDZC • 
tCDD 

~~ 
) ~ Hi-Z 

~ ~ 

~ tOFF 
tCAC 

tCLZ~-, 
~ 

~ ~ 
DATA ~I\ 

'vAlID-1 -X 
tAA tCPA 

tRAC 
to!Z ~ ~ 

14tDZ~1 tOEA 14 tOEA. 

RP 
tCPRH 

tR~ 

Vf- ~\. 
.., r-

~ 

tcp tCAS tC'1- +-

vr 

F- \r ~vr V 
4-~~ tc~ !4-

V 
tRAL 

~ tASC. tCAH ~ 

r\.t) ~}r- COLUMN ~ ROW 
V"~ 

;tII.~ 

~~ .... ADDRESS-3 ADDRESS 
~ 

L tRRH 

HH tR~ 

V tACH ~~ 

;til. xx x XXXXXXX 
x XXXXXXX 

tozc 
~~ tCDO 

}, ~ )~ 
~ l .~~ 

~~ ~ ~ teLZ r.--. 
r- DATA -'~ }~ r- DATA -' >--VALlD-2....,1f- ' -' 

r- VAlID-3 .., 

tCPA tOR~ 

tOE~ 
~ ~tOE\ 

tOEZ .... 
~D 14tOD6 ~DD 

tOCH tOCH ~ VIH- xxxxx 
;til. x x 

XXXXX)I ~ 
XXXXXXXX VIL 

r:xxxxx 
I<XXXX¥ ~ 

LX ;til. x X 

• MITSUBISHI 
"-ELECTRIC 

xxxxx 
r. -~~~~~ r, xxxxx ~ 

IT. X;tll.XXX ~~-- It-~ 
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, ",,'NA.RY M5M416160CJ,TP-5,-6,-7,-5S,-6S,~7S 
PREL '\CatiO\' 

t a tina\ spac~:ect \0 change 
Notice', \hi~!\~\~ l\rn\tS ala \\\J ' 

SOma para FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

VIH-

VIL-

, VIH-
'UCASI LCAS 

VIL -

VIH-

VIL -

tCSH 

tRCO tCAS 

~,NPUT~IH -)()oc><XX)oc~ 
I, VIL -~~~~o.Q.o::~ 1"-----....... " 

DQ1-DQ16 

tRAS 

tpc 

tos 

COLUMN 
ADDRESS-3 

tRP 

tASR 

ROW 
ADDRESS 

IOUTP0~~-_____________________ ~H~i-Z~ __________________________ ___ 

~ VOL-

OE 

4 - 330 
• MITSUBISHI 

;"ELECTRIC 



MITSUBISHI LSls 

M5M416160CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Upper I (Lower) Byte Write Cycle (Early Write) 

RAS 
tAp 

tCSH tpc 
VIH- ----:l 

~ ~~ ~~ ~ 
r-

tf 
tRCO tCAS ~ tCAS ~ ~ teAr 

W ~\r l~~ ~~\ teAs .1 V ..... -' !;:..r... 

UCAS VIH-

(or LCAS)V 
IL -

tCRP 

I 
tRPC 

~ ~ 

wr V 
LCAS VIH-

(orUCAS) 
VIL -

tASR tRAH 
~ tCAH ~ tA~ ~ ~ ~ tCAH teAH 

VIH-

)t ~ COLUMN ~r~ COLUMN 
.--~.,-

COLUMN "~ ROW ROW ~XXXA. ~ 
~OORESS '- -' ADDRESS-1 ADDRESS-2 ADDRESS-3 ADDRESS ~ '-~...l'-- ..... f- --' 

Ao-All 
VIL -

VIH 

VIL 

r VIH 
INPUTS 

VIL 

DOt-DOs 
(or 009-0016) 

~ 
VOH-

OUTPUTS 
VOL-

f VIH-
INPUTS 

VIL 

009-0016 
(or DOl-DOs) 

~~~X XX~ twcs tw~l,l'.,.X,l'.,.X,l'.,.XJ'..X,l'.,.-"''' ,!NC'i. twCH EX X X X X\. twcs twCH '(,l'.,.,l'.,.,l'.,.,l'.,.,l'.,.~~~} 
xx~ ...... iol. 

.]11\. 

.... ,l'.,.A AAXXAXXAXXA AXAAXA AI ....... XXXXXXXXXXXX 
XAAAXXXA XAXXXXXXXXX XXXXXAAXAAXA AIXAXXAAXXAAXAXX 

<'X x XXXXXXX ~XXXXXXXXXXXX XXXXXXXXXX 

Hi-Z 

~~ ~~ ~tOH 
X\. - ..... r~.,- ~[-~..,- ~t"" 

<. x XXN DATA VALlD-1 I~ DATA VALlD-2 :XXXXXXXX~ DATA VALlD-3VC x x x x x x x x .«.XXX 
XXT .- .... f-~-'.-- "'f-~-''-- .,-X X 

IOUTP~~~-__________________________________ H~i~-Z~ ______________________________________ ____ 

L VOL-

.• MITSUBISHI 
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l,\\I\\NAR'l. M5M416160CJ,TP-5,-6,-7,-5S,-6S,-7S 
PRE. t a I\na\ spccil.\ca~\~~·c"ange. 
Notice. 1hi~!t~~ limits are s<lbl

ec 
, 

SoO'e para .' FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Delayed Write) 

VIH-

VIL-

VIH 

UCAS/ LCAS 
VIL -

~\ 

~ 
W 

tCSH 

.... 

tRCO 

~~ 

tRAD 

tRSH 
tRAS 

tpc 

tCAS tcp tCAS 
~ 

~I~ ~~ 

~ ~AH 4 ~ l .. 
tAsc

• ~tCAH~ 

)r ROW ~ ..... COLUMN 
....... -:of- ~ IX 

IVXXXX .Y 
COLUMN 

YXXXXXX 
....... ADDRESS f-- r- ADDRESS-1 ..,~~xxx ADDRESS-2 -'f-~xxxb -'k-

VIH-
Ao-All 

VIL-

VIL 

~ 
twCH tRCr twCH 

tCWL 

~t\ ~ '~XXXX7r 9 ... \ 
'txxxxxxxx» twp 

·NoxXXXXXXI fY F---=l 

VIH 

tozc ~ ~ toz;. ~ 

tRP 

1"-
'-

~~ 

i tCF 

~B V 

~~ tASR 

..... 
ROW 

XXXN 

x x XI .... ADDRESS 

.. 
tCWL 

fXX x 
twp 
:~~~~~XX~ .-- --, 

~ 

f 
VIH 

INP.UTS 
VIL 

·<XXXX :<~ DATA ~~ }~~ DATA '--I.xxxxxxxxxx 

DQ1-DQ16 

b VOH-
OUTPUTS 

VOL -

<-xx 

tozo 

~ 
.~ VIH 

OE ~ 
xxxxxx~ VIL 

4 - 332 
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M5M416160CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMI~ RAM 

Fast Page Mode Upper I (Lower) Byte Write Cycle (Delayed Write) 

VIH-

VIL -

UCAS VIH-
(or LCAS) 

VIL -

LCAS VIH-

(orUCAS)V 
IL -

VIH-
Ao-All 

VIL -

VIH-

VIL -

~ VIH-
I INPUTS 

D01-DOa VIL­
(or 009-0016) 

~ 
VOH-

OUTPUTS 
VOL-

f 
VIH 

INPUTS 
VIL 

009-0016 
(or D01-DOa) 

~ 
VOH-

OUTPUTS 
VOL-

V1H-

VIL 

tRSH 
tRAS tRP 

tCSH tpc 

~~ /~ ~L 
-' .... ...., 

tRPC 

~ tRCO tCAS ~ tCAS ~ tCF 

W ~\ "'l~ 

~~ I V ~/ ..... 

~ ~r tCRP 

r-' 

W V 
tRAO 

tASR tRAH tAsc tCAH 
~ ~ ~R~ tASR 4-----t ~ ~ 

:) ~ 
--

~ ROW r COLUMN ~~ Jr- COLUMN ~l\Kxxx;o;;o; x;o;;o; ,;r- ROW 
ADDRESS ADDRESS-1 1Il~.... ADDAESS-2 ADDRESS _",'f.-'\X x ;0; x x jl."-xx x xx ;o;XXI~,=-

1::::. k-

r twcH 
t~ 

twCH 

tCWL ~ 

~\ ~ 
tCWL 

W ~~ L'xxxxx ~~~Z (XXX XI twp twP 
(XX X7 t::.....:;J --

D<XXx;o; 

(X xxxxxx xxx x x v.J\c -?- xxxxxx x x xxxx 
(X XXXXX xx;o;xxx .x ~xxxxx If l-=<Xxx xxxxx~xxxxx 

xx x 

Hi-Z 

tozc e tOH tozc 
~ ~ ~ ~ 

~ J~~ DATA ~J~ l~~ DATA (IX;o;XXX;o;VX'x)c 

~;o;xxx;o;x;o;xxx;o;xxx;o;x ~xxxx 

tozo .... 

y.xx;o;;o;]'. 
xx;o;;o;;o;}(:A 
xxxxx x'\. 

~t'\- VALlD-1 ...,~ ~ 

~~ 
~, 

~ toDD 
r 

tozo 
H 

Hi-Z 

tOEH 

~ .... 

'. MITSUBISHI .... ELECTRIC· 

~ -'~ VALlD-2 , 

~~ 
~~ 

tOEZ 

~~ tOEH oJ 

"I toDD 

... f- -t":X.XXXX 
~XXXX 

'"XXXX 
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,,,,,'NARY M5M416160CJ,TP-5,-6,-7,-5S,-6S,-7S, 
P R El.rc3lion, 

, t a linal speCI ,I '\ to change, 
Notice', T~i~:t.~~ limitS afe $ubl

llC 

Some pa
fa 

,FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

tRAS 
tRP 

tCSH 
VIH- ~\ V~ 

~r __________________________ ~~ ______ +-__________________ ~~~ 
VIL -

. tRSH 

VIH W 
UCASI CCAS 

VIL -

tRAD 

tRCD tCAS 

tPRWC 

tCAS ~C tc~ 

~SR 

Ao-All 

~ fr 9 ~ 
VIH -.~'- ROW ~~.... COLUMN Ir-r~~~~~'~ COLUMN -kE"€~~8~as8~~'~ 7

r 
ROW I) ,Y ~ x x x x x x XI\. 

VIL - -' ADDRESS 1_ Ie.- ADDRESS-1 f-'\XXXX -'""F __ A_Dr-D_R_ES.,Sr--_2 __ ~'1~ "'-xxxxxx xxXl ... r .... ~ __ A_D_D_R_E_SS __ _ 

~~ nNCH tRCS 

?~~~~~~~I==~=*==~=W=D==~tCWL -~ 
VIH ·oe.XXXXXXXXX7r '""f\ ~P ~ 
VIL .~:vy tCWD ~f::/ 

~WD ?cWL 

- \ IX X X X X X X X X X x 
tCWD nNp II{X x x x x x x x x x x 

,.;.. ":"f-XXXXX xx 
tRAC 

tM 

tDZC ~b ~ ~tDZ~ ~ ~ 

f VIH xxxx '1~~ DATA "l\R~ j~f- DATA kr~~~x~~xx~~xx~~~~ INPUT~IL _.~cx~x2x~f--------------t1.~~~~ VALlD-1 ~lP\...~~~---+~-tC-A-C---~~"'JiI''r~'' VALlD-2 r-xxxxxx.~ 
~O 

OQ1-0Q16 rro" 

VOH 1);) /e~[I~-l Hi-Z ~ 
~LZ 

OUTPUTS- ~ 
VOL - tOEA -y ~ 

tDZO 
tOEZ 

H l tODD 

VIH xxxxx 

/ OE xxxxx,)( .A 

VIL XXx.xx A'b 
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M5M416160CJ,TP-5,-6,-7,-5S,-6S,-7S' 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Upper I (Lower) Write, Read-Modify-Upper I (Lower) Write Cycle 

VIH -

VIL -

UCAS VIH-
(or LCAS)V 

IL -

LCAS VIH-
(or UCAS) 

VIL -

VIH-
Ao-All 

VIL -

VIH-

w 
VIL -

C VIH­
I INPUTS 

OQ1-0QS VIL -
(or 009-0016) 

~ 
VOH-

OUTPUTS 
VOL-

f 
VIH­

INPUTS 
VIL-

009-0016 
(or ~Ol-DOs) 

~ 
VOH-

OUTPUTS 
VOL-

VIH 
OE 

VIL -

RAS 
tRP 

tCSH tRSH 

-\ f-

~~ 
oJ ..... -.V 

tPRWC tRPC 

~ tRCO tCAS ~ tCAS n tCF . 
W ~~ ~~~ ~.- V~ V r-

tRPC tCRP 

~ ..:l r 
~ V 

tRAO 

tASR ~AH 
l ... tASC~ tCAH r ~ tASR ~ 

~" oow ~ f- COLUMN -'~~~~~~ II COLUMN ~ ..... ~~~~~;~; ~j~ ROW 
ADDRESS ... ..... ADDRESS-1:;,l "Xxx:;.; ~... ADDRESS-2 ~f- '"xxxxxxx ~<= ADDRESS 

tRcf twCH 
twCH 

~ tR~ 
tAwo 

t~ 
tAWD ~WL 

<)<XX II 
tCWD ~~ twp Iff ~I\ twP ~xxxx xxx ')/I I«XXXXXXXXXXX 

~~ ~fl tCWD .... 

<XXXXXX IX:XXX }I;}I; }l;XXXXX XIXXXX xxx xxx 
(XXXXXX IX: Xx X xx XXXXXX XXXX XXXX XXXXXXXXXXXX 

Hi-Z 

tAA 1M 

tozc tCAC ~ ~ ~ ~ ~ ~ ~ 
tRAC 

.~~r DATA ..l J~ }~ ~ DATA .... t.LXX xxxx 
(xxxx 

i?ZO 

tOEA 

xxxxxx r 
xxxxxx ~ 

)~ ..... VALlD-1 ~ ~~ 
tozo 
H 

~ ~ DATA 
/VALlO-l Hi-Z 

~~ 
tOEZ 

tODD 
tOEH 

~\ 
--' 

• MITSUBISHI 
"-ELECTRIC 

~~ 1= VALlD-2 -'" 
IAC:XX ~X 
f-

...!5 
V 

DATA 
J\i VAll 0-2 

V'! 
~ 

tOEZ ~ tOEH 

"I toDD 

U ~xxx~, 

~xxxx 

-
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Self Refresh Cycle * 

VIH-

VIL -

VIH­
UCAS/LCAS 

Vll-

VIH-
Ao-A11 

VIL -

VIH-

W VIL -

MITSUBISHI LSls 

M5M416160CJ,TP-5,-6,-7,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

tRP 
tRPS 

tRASS 

ROW 
ADDRESS 

tRCH 

f V'H-m~mm~mm~mm INPUT 
VIL -

OQ1-0Q16 

I OUTPUTVOH-JOOCKX~~~ ______________________ ~H~i-Z~ ______________________ __ 

L VOL-W:::W:;~~~~ 

OE 
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M5M416160CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Self Refresh Cycle * 

tAP tAPS 

VIH-
tAASS 

UCAS VIH-

(or LCAS) VIL- __ +, 

LCAS VIH-

(or UCAS) VIL -

VIH -
Ao-All 

VIL -

tACH 

VIH-
W 

VIL -

~PUT VIH-~~~~~~~~~~~~~~~~~ I"" VIL-~ 
001-0016 

I OUTPUTVOH-~~~~ga~ ____ ~ ________________ JH!i-~Z ________________________ _ 

L VOL - ~~~~:-.t:r 

tOEZ 

. OE 
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.... ELECTRIC 4 - 337 



MITSUBISHI LSls 

M5M418160CJ, TP-5,-6,-7, 
-5S,-6S,-7S Not.ice 

$011\0 FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 
The use of double-layer metal process combined with twin-well 

CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RAS CAS Address 

Type name access access access 
time time time 

(max.ns) (max.ns) (max.ns) 

MSM41816OCXX·S,-SS 50 13 25 

MSM41816OCXX-6,-6S 60 15 30 

MSM41816OCXX·7,·7S 70 20 35 

XX=J,TP 

eStandard 42 pin SOJ, 50 pin TSOP 
eSingle 5.0V ±1 0% supply 
eLow stand-by power dissipation 

OE Cycle Power 
access 

time dissipa· 
time (tyg~rilW) (max.ns) (min.ns) 

13 90 810 

15 110 675 

20 130 585 

S.SmW (Max) -------------------------·CMOS Input level 
eLow operating power dissipation 

M5M418160Cxx-S,-5S -------------------·990.0mW (Max) 
MSM418160Cxx-6,-6S - - ----- - - - - - - - - -- - - . 825.0mW (Max) 
MSM418160Cxx-7,-7S -------------------. 715.0mW (Max) 

eFast-page mode, Read-modify-write,RAS-only refresh 
CAS before RAS refresh, Hidden refresh capabilities 

eEarly-write mode and OE to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 

e1024 refresh cycles every 16.4ms (Ao-A9) 
* : Applicable to self refresh version (M5M418160CJ,TP-SS,-6S, 

-7S : option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-A9 Address inputs 

OQ1-0Q16 Data inputs/outputs 

RAS Row address strobe input 

UCAS 
Upper byte control 
column address strobe input 

LCAS 
Lower byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+5.0V) 

Vss Ground (OV) 

PIN CONFIGURATION (TOP VIEW) 

Vss 
41 0016 

AO 

A3 

Outline 42PON-A (400mil SOJ) 

Ai 

A2 

A3 

vcc 

0016 

0013 

0012 

0011 

DOlO 

NC 

NC 

LCAS 

OE 

A9 

Outline 50P3G-F (400mil TSOP Normal Bend) 

NC : NO CONNECTION 

4 - 338 
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M5M418160CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

FUNCTION 

The M5M418160CJ, TP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, e.g., 

fast page mode, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs Input/Output 

RAS LCAS UCAS W OE DOl-D08 DOs-D016 

Lower byte read ACT ACT NAC NAC ACT DOUT OPN 
Upper byte read ACT NAC ACT NAC ACT OPN DOUT 
Word read ACT ACT ACT NAC ACT DOUT DOUT 
Lower byte write ACT ACT NAC ACT NAC DIN DNC 
Upper byte write ACT NAC ACT ACT NAC DNC DIN 
Word write ACT ACT ACT ACT NAC DIN DIN 
RAS-only refresh ACT NAC NAC DNC DNC OPN OPN 
Hidden refresh ACT ACT ACT NAC ACT DOUT DOUT 
CAS before RAS refresh ACT ACT ACT DNC DNC OPN OPN 
Stand-by NAC DNC DNC DNC DNC OPN OPN 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : invalid, APD: applied, OPN : open 

BLOCK DIAGRAM 

~~~~~~~~~~ RAS 
LOWER BYTE CONTROL __ 

COLUMN ADDRESS LCAS 
STROBE INPUT 

UPPER BYTE CONTROL UCAS 
COLUMN ADDRESS 

STROBE INPUT 

WRITE co~~~m: iii 

ADDRESS INPUTS 

Ao 

Al 

A2 

As 

A4 

As 

A6 

A7 

As 

As 

LOWER 

UPPER 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & 110 CONTROL 

MEMORY CELL 
(16777216BITS) 

• MITSUBISHI 
'" ELECTRIC 

---..=...0 vee (s.oV) 

+---6 VSS (0V) 

I DOl) 002 
: LOWER DATA 
1 INPUTS I OUTPUTS 

D08 

DOS) 
0010 

: UPPER DATA i INPUTS I OUTPUTS 

0016 

BE &~1f,.UT ENABLE 
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Ell \\I\,NAR"f M5M418160CJ,TP-5,-6,-7,-5S,-6S,-7S 
P R , lina\ change 
Notice: 1h.is i\;;~\~'l\its are . 

so,ne,ParaoW FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -1-7 
VI Input voltage With respect to Vss -1-7 
Vo Output voltage -1-7 
10 Output current 50 
Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

VCC Supply voltage 4.5 5.0. 5.5 V 

Vss Supply voltage 0 0 0, V 

VIH High-level input voltage, all inputs 2.4 6.0 V 
VIL Low-level input volta!le, all inputs -1 O.B V 

Note1: All voltage values are with respect to vss. 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Min 

VOH High-level output voltage IOH=-5mA 2.4 

VOL Low-level output voltage IOL=4.2mA 0 

loz Off-state output current Q floating OV:S;VOUT:S; 5.5V -10 

II Input current OV;i! VIN ;i! 6V, Other inputs pins=OV -10 

Average supply current M5M418160C-5,-5S ----
RAS, CAS cycling 

ICC1(AV) from Vcc operating M5M418160C-6,-6S tRc=twc=min. 

(Note 3,4,5) 
output open 

M5M418160C-7,-7S 

RAS= CAS =VIH, output open 

Icc2 Supply current from Vcc, stand-by (Note 6) RAS= CAS f:.Vcc -0.2V 
output open 

Average supply current M5M418160C-5,-5S 
RAS CYCling, CAS=VIH 

ICC3(AV) from Vcc refreshing M5M418160C-6,-6S tRc=mln. 

(Note 3,5) 
output open 

M5M418160C-7,-7S 

Aver~e supply current M5M418160C-5,-5S 
RAS=VIL, CAS cycling from cc 

ICC4(AV) Fast-page-mode M5M418160C-6,-6S tpc=min. 

(Note 3.4,5) M5M418160C-7,-7S 
output open 

Aver~e supply current M5M418160C-5,-5S CAS before RAS refresh cycling from cc __ Icc6(AV) CAS' before RAS refresh M5M418160C-6,-6S tRc=min. 

mode (Note 3) 
output open 

M5M418160C-7,-7S 

Stand·by: 
RAS~Vcc-o.2V 

CAS~Vcc-o.2VorCAS~O.2V 

CAS before RAS refresh: 
Average supply current RAS cycling CAS~O.2V or 

ICC8(AV) * from Vcc M5M418160C (S) CAS before RAS refresh cycling 
Extended-refresh cycle ' W~O.2V or ~VCC-o.2V 

OE~O.2V or ~VCC-o.2V 
(Note 6) Ao-A9~O,2V or ~VCC-o.2V 

OQ=open, tRC=125}ls, 
tRAS=tAASmin. -1 }l s 

Average supply current 
Icc9(AV) * from vcc 

Self-refresh cycle 
M5M418160C (S) RAS=CAS;i!0.2V 

Note 2: Current flowing into an IC is positive, out is negative. 
3: ICCl (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RA5=VIL and LCASlUCAS=VIH . 
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Limits 
Typ 

Unit 
V 
V 
V 

mA 
mW 
·C 
·C 

Max 
Unit 

Vcc V 
0.4 V 
10 jl.A 

10 J-lA 

180 

150 mA 

130 

2 

1 mA 

0.3* 

180 

150 mA 

130 

80 

70 mA 

65 

180 

150 mA 

130 

500 J-lA 

400 J-lA 
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M5M418160CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=0-70·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted) 

Parameter Test conditions 
Limits 

Unit Symbol Min Typ Max 

CI(A) Input capacitance, address inputs 5 pF 

CI(OE) Input capacitance, OE input VI=VSS 7 pF 

CI(W) Input capacitance, write control input 
f=1MHz 

7 pF 

CI(RAS) Input capacitance, RAS input VI=25mVrms 7 pF 
·CI(CAS) In~ut capacitance, CAS input 7 pF 

ClIO Input/Output capacitance, data ports 7 pF 

SWITCHING CHARACTERISTICS (Ta=0-70 ·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted,see notes 6,13,14) 

Limits 

Symbol Parameter MSM41816OC-S,-SS MSM418160c-6,-6S MSM41816OC-7,-7S Unit 
Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 13 15 20 ns 

tRAC Access time from RAS (Note 7,9) 50 60 70 ns 

tAA Columu address access time (Note 7,10) 25 30 35 ns 

tCPA Access time from CAS precharQe (Note 7,11) 30 35 40 ns 

tOEA Access time from OE (Note 7) 13 15 20 ns 

tCLl Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOFF Output disable time after CAS high (Note 12) 0 13 0 15 0 15 ns 

tOEZ Output disable time after OE high (Note 12) 0 13 0 15 0 15 ns 

Note 6: An initial pause of 500 J1S is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock such as RAS-Only refresh). 
Note the RAS may be cycled during the initial pause. And any 8 RAS" or RASiCAS cycles are required after prolonged periods (greater than 16.4ms) 
of RAS inactivity before proper device operation is achieved. . 

7: Measured with a load circuit equivalent to VOH=2.4V(IOH=-5mA) I VOl=0.4V(IOl=4.2mA) load 100pF. 
The reference levels for measuring of output Signal are 2.4V(VOH) and O.4V(VOL). 

8: Assumes that tRCO ~ tRCO(max) and tASC ~ tASC(max). 
9: Assumes that tRCO ~ tRCO(max) and tRAO ~ tRAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC 

will increase by amount that tRCO exceeds the value shown. 
10: Assumes that tRAO ~ tRAO(max) and lAsc ~ lASC(max). 
11: Assumes that tcp ~ tCP(max) and lAsc ~ lASC(max). 
12: tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (lOUT ~ I ±10 J.IA Il and is not reference to VOH(min) 

or VOL(max). 

. • MITSUBISHI 
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M5M418160CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Fast-Page Mode Cycles) 
(Ta=0-70·C, Vcc=5.0V±10%, Vss;'OV, unless otherwise noted, see notes 13,14) 

Limits 
Symbol Parameter MSM41816GC-S,·SS MSM41816OC-6,·6S MSM41816OC·7,·7S 

Min Max Min Max Min Max 
tREF· Refresh cycle time 16.4 16.4 16.4 
tREF* Refresh cycle time 128 128 128 
tRP RAS high pulse width 30 40 50 

tRCD Delay time, RAS low to CAS low (Note 15) 18 37 20 45 20 50 
tCRP Delay time, CAS high to RAS low 10 10 10 

tRPC Delay time, RAS high to CAS low 0 0 0 
tCPN CAS high pulse width 10 10 10 

tRAD Column address delay time from RAS low (Note 16) 13 25 15 30 15 35 
tASR Row address setup time before RAS low , 0 0 0 
tAsc Column address setup time before CAS low (Note 17) 0 10 0 10 0 10 
tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 13 15 15 
tDZC Delay time, data to CAS low (Note 18) 0 0 0 
tozo Delay time, data to OE low (Note 18) 0 0 0 
tCDD Delay time, CAS high to data (Note 19) 13 15 15 
tODD Delay time, OE high to data (Note 19) 13 15 15 
tT Transition time (Note 20) 1 50 1 50 1 50 

Note 13: The timing requirements are assumed tT =5ns. 
14: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ms 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

15: tRCO(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively by tCAC or tAA. tRCD(min) is specified as tRCD(min) =tRAH(min) +2tT +tASC(min). 

16: tRAO(max) is specified as a reference point only. If tRAO ~ tRAD(max) and tAsc ~tASC(max), access time is controlled exclusively by fAA. 
17: tASC(max) is specified as a reference point only. If tRCD ~tRCO(max) and tASC ~tASC(max), access time is controlled exclusively by tCAC. 
18: Either tozc or tozo must be satisfied. 
19: Either tCDD or tODD must be satisfied. 
20: tT is measured between VIH(min) and VIL(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 
tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRsH RAS hold time after CAS low 
tRCS Read setup time before CAS low 
tRCH Read hold time after CAS high 
tRRH Read hold time after RAS high 
tRAL Column address to RAS hold time 
tOCH CAS hold time after OE low 
tORH RAS hold time after OE low 

Note 21: Either tRCH or tRRH must be satisfied for a read cycle. 
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MSM41816OC·S,·SS 

Min 
90 

50 
13 
50 
13 

0 
(Note 21) 0 
(Note 21) 10 

25 
13 
13 
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Max 

10000 
10000 

Limits 
MSM41816OC-6,·6S MSM41816GC-7,·7S 

Min Max Min Max 
110 130 
60 10000 70 10000 
15 10000 20 10000 
60 70 
15 20 
0 0 
0 0 

10 10 
30 35 
15 20 

15 20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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M5M418160CJ, TP-5,-6,-7 ,-5S,-6S,~7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter MSM41816OC-S,-SS MSM418160c-6,-6S MSM41816OC-7,-7S Unit 

Min Max Min Max Min Max 
twc Write cycle time 90 110 130 ns 

tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 13 10000 15 10000 20 10000 ns 

tCSH CAS hold time after RAS low 50 60 70 ns 

tRSH RAS hold time after CAS low 13 15 20 ns 
twcs Write setup time before CAS low (Note 23) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 15 ns 
tCWL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after Wlow 13 15 20 ns 
twp Write pulse width 8 10 15 ns 
tDS Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS low or W low 10 15 15 ns 
tOEH OE hold time after W low 13 15 20 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter MSM41816OC-S,-SS MSM41816OC-6,-6S MSM41816OC-7,-7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time (Note22) 131 155 180 ns 
tRAS RAS low pulse width 91 10000 105 10000 120 10000 ns 

tCAS CAS low pulse width 54 10000 60 10000 70 10000 ns 

tCSH CAS hold time after RAS low 91 105 120 ns 

tRSH RAS hold time after CAS low 54 60 70 ns 

tRCS Read setup time before CAS low 0 0 0 ns 

tCWD Delay time, CAS low to W low (Note 23) 36 40 45 ns 
tRWD Delay time, RAS low to W low (Note 23) 73 85 95 ns 

tAWD Delay time, address to W low (Note 23) 48 55 60 ns 
tCWL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after W low 13 15 20 ns 
twp Write pulse width 8 10 10 ns 
tDS Data setup time before W low 0 0 0 ns 
toH Data hold time after W low 10 10 15 ns 
tOEH OE hold time after W low 13 15 15 ns 

Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tr. 
23: twcs, tCWD, tRwD and tAWD and, tCPWD are specified as reference points only. If twcS~twCS(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tCWD~tCWD(min), tRwD~tRWD(min), tAWD~tAWD(min) and tCPWD~ tCPWD(min) 
(for fast page mode cycle only). the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 

Limits 
Symbol Parameter MSM418160CooS,-SS MSM418160c-6,-6S MSM41816OC-7,-7S 

Min Max Min Max Min 
tpc Fast page mode read/write cycle time 35 40 45 
tPRWC Fast page mode read write/read modify write cycle time 76 85 95 
tRAS RAS low pulse width for read write cycle (Note 25) 85 125000 100 125000 115 
tcp CAS high pulse width (Note 26) 8 12 10 15 10 
tCPRH RAS" hold time after CAS" precharge 30 35 40 
tCPWD Delay time, CAS precharge to W low (Note 23) 53 60 65 

.. .. 
Note 24: All previously specified timing reqUirements and sWitching characteristics are applicable to their respective fast page mode cycle . 

25: tRAS(min) is specified as two cycles of CAS input are performed. 

26: tCP(max) is specified as a reference point only. 

..' MITSUBISHI 
..... ELECTRIC 

Max 

125000 
15 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
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Some pa
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\ FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle (Note 27) 

Limits 
Symbol Parameter MSM41816OC-S,-SS MSM418160c-6,-6S MSM41816OC-7,-7S Unit 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 10 10 10 ns 
tCHR CAS hold time after RAS low 10 10 15 ns 

- - -Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by uS· after speed item, like -5S/ -6S/ -7S. The other characteristics and requirements than the below are 
same as normal devices. 

TIMING REQUIREMENTS (Ta=0-70·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted, see notes 13,14) 

Limits 
Symbol Parameter MSM41816OC-SS MSM418160C-6S MSM418160C-7S Unit 

Min Max Min Max Min Max 
tRASS Self refresh RAS low pulse width 100 100 100 J.ls 

tRPS Self refresh RAS high precharge time 
tCHS Self refresh RAS hold time 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

90 110 130 
- 50 - 50 -SO 

The last / first full refresh cycles (1 K) must be made within tNS / tSN before / after self refresh, on the condition of tNS~ 16.4rns and 

tSN~16.4ms. 

~ tNS _, ,_ tSN ., 

~------------------~III~I-----~II~II~------------------~I~II~I------~II~II----------------
DISTRIBUTED REFRESH 

<1K/16.4ms> 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
< 1K/16.4ms> 

ns 
ns 

The last / first full refresh cycles (1 K) must be made within tNS / tSN before / after self refresh, on the condition of tNS +tSN ~ 16.4ms. 
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EU"",NAR"l M5M418160CJ,TP-5,-6,-7,-5S,-6S,-7S 
P R , ,11 final srcc\Hca:\~~~\1ange, 
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para
m 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28) 

Read Cycle 

VIH- -' 

~ 

tRAS 

\~-
tCSH 

tRCD 

RC 

tRP _ .. 
Jr- ~L tRSH 

... 

~ t~ 

VIH 
LCAS! UCAS 

Vil 

KXXXXXN' 
'K..XXXXXi 

-~ tCAS 

~lUr ~~r 
tCPN 

VIH-

Ao-A9 
Vll-

VIH-

Vll-

r VIH-

INPUTS 
Vll-

DQ~'_DQ16 VOl< _ 

OUTPUTS 
VOl-

VIH-

Vll-

tRAD tCAH 
tRAl 

~ 
tRAH .... lAsc ~ 

XXXXXX ROW -' ~e COLUMN -"~xxxxxxx 
xxxxxx ADDRESS~ ADDRESS .. ~\. x x x x x ~ ::: '- 'r-

~~ 
xxxxxxxxxxx XX7I 
xxxxxxxxxxx XXI 

tDZC 

I< x x x x x x x:Jt" Hi-Z 

~xxXXXXXXk tCAC 

tAA 

tCLZ .J 

Hi-Z @t -' .. 
tRAC 

tozo tOEA 

tOCH 

h:xx xx~xx XXXXXXX:la. tORH 
KXXXXXXxxxxxxxxxxxxxx 

Note 28 Indicates the don't care input. 
VIH(min.) ~ VIN ~ VIH(max) or Vll(min.) ~ VIN ;:i! Vll(max) 

Indicates the 
invalid output. 

Indicates the skew of the two inputs. 

" MITSUBISHI 
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l.lASR
• 

xx X x xxx x,,]1'- ROW 
xx x xxxx:/~'r- ADDRESS 

~ 
~xxxxxxx 

tRCH v..xxxxxxxx 
" 

tCDD 

]~ , xxxxxx 

tOFF 

\. 
DATA VALID 

I 

~ 
tODD 

xxxxxxxxxxxx 
I, x xx 

'I(. XXXXXXXXXXXX 
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, El,""'NA:~'i M5M418160CJ,TP-5,-6,-7,-5S,-6S,-7S 
P.R . is not a tinal spel'~:~~\ to cnan>\e. 
Notice: ,h's \fie lill)its are SU I 

SOIl)l)p'U

80

,e.. . . FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Byte Read Cycle 

tRC 

tRAS tRP 

~~ tRSH )'- ~\ 
-'r- ,f-

VIH-

VIL -

tCSH ~ tc~ 

~ 
tRCO tCAS tCPN 

~xxxxx~ 

~~ 
>- -Wr I(XXXXX>y ~I lOI;.XXXXX.7 -'0-

UCAS VIH 

(or LeAS) VIL 

~ 
tCAH H tF-

lOI;.XXXXXX~ 

V· -2\l\c x x x XI tRAO tRAL 
)(XXXXXY 

CCAS VIH 

(or UCAS) VIL -

~ ~AH ~tASC. ~ 
lOI;.XXXJlt\Jf- ROW "~. COLUMN -'1\ IX xxx xx xXX'-Jf- ROW lOI;.XXXXlL ____ ADDRESS ADDRESS 

JKXXXX xx XXXll 
ADDRESS ~. .., -' ...,f- ,"xxx xx X XXI~'" 

VIH 
Ao-A9 

VIL 

tRCS tRCH ~ 
I l 

··~XXXXXX X)9I '\;.XX x XXXXX 
xxxxx XT ~XXXX xxx 

VIH 

w 
VIL 

lOI;.XXXXXXxxxx xxxx xx xxxxxxxxxx xx F 
VIH­

INPUTS lOI;.XXXXXXxxxx XXXX xx xxxxxxxxxxxxxxx xx xxxxx~~~~~~~~} 
VIL -

DOl-DOe 

(or~D09-D016~OH _ 

OUTPUTS 
VOL-

f 
VIH 

INPUTS 
VIL 

009-0016 
( or DOl-DOe) 

~ VOH-
OUTPUTS 

VOL-

VIH 
OE 

VIL 
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xx 

Hi-Z 

tozc tCAC 

~XxxxxxxX::'r Hi-Z 
lOI;.XXXXXXxx 

tAA 

teLZ 

Hi-Z I~e 
',",,-DATA -' 

tRAC 

tozo tOEA 

tOCH 
~~~~~~~~~~xxxxx~~~~~~~ ~;\ 

xx )OJ 
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xxxxxx 

tcoo 

xxxxxxx 
-'XXXXXXX 

tOFF 

DA AVALID i\. 
V 

~ tOEZ 

tODD 

rftx xxxxxx 
L)I. x XXXXXX 

tORH 



MITSUBISHI LSls 

M5M418160CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

twc 

tRAS 

VIH-

tCSH 

tRCD tRSH 

VIH - -~--+-+------~ 
tCAS 

UCAS/ LCAS 
VIL -

VIH-
Ao-A9 

VIL -

W 
VIH-

VIL -

OQ1"OQ16 

COLUMN 
ADDRESS 

tCAH 

twCH 

tDH 

tASR 

ROW 
ADDRESS 

IOUTPU~~H- ____________ ~ ____________________ H_i-_Z ____________________________ __ 

~ VOL-

OE 
VIH­

VIL 
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.... ELECTRIC 4 - 347 



MITSUBISHI LSls 

EL'\\I\' N.~~" M5M418160CJ, TP-5,-6,-7 ,-58,-68,-78 
P R . 0\ 11 final spec\hC~t to change. 
NotiCe'. Thi~~:t~C limits are subl

ac 

So!l'\e pa
lll 

FA$T PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Byte Write Cycle (Early write) 

VIH-

VIL -

UCAS VIH 

(or LCAS) VIL -

LCAS VIH-

(or UCAS) VIL -

VIH -
Ao-A9 

VIL -

VIH 

w 
VIL-

f 
VIH 

INPUTS 
VIL 

001-00a 
(or 009-0016) 

~ VOH-
OUTPUTS· 

VOL-

~PUTS VIH 

I"'" VIL 

009-0016 

~~~ 

~ 
tRCO 

W 
-' 

~ 
W-

14
tASA ~ ~ 14

tASC ~ 

)C ROW 

"~= ADDRESS 

twcs 

K)';}l}l)';XXXXXXXXA ,F 
K)';XX}l)';}l)';XXXXX~ 

XXX 
¥-X)';X}l}lXX}l)'l)'l)'l)'l 

~ 
XXX xxx.,...,r 

xxv xxx 
xxXXXX)';}lXl ...... 

twc 

tAAS tAP 

-:l 

~V ~L 

tCSH 

tASH MC 
tp 

tCAS 

\ .. / V 
~ 

tCAP 

I' 

V 
tCAH ~ 

COLUMN rl. )'; }l}l}l' l~ ROW 
ADDRESS 

A)';}l}l}l)';}l}l)';}l)';)';}l)';)';.Jl 
ADDRESS ~~}l}l}l)';}l)';)';}lX}lX}l~~~ 

twCH .J I xxxxxxx XXX LX 
)';XX)';X)'; XXX 

XXXXXX XXXXXXXXXX xxx x 
XXX 

}l}l)'l}l 
XX.XXXXXXX 

x 

HI-Z 

tOH 

-'~ 

DATA VALID I\KXXXXXXXX XXXXXXXXXX 
~~~xxxxxxxxxxxxxxxxxxxx)';)';)';x 

Hi-Z 

(o~r 001-008) VOH _ 

OUTPUTS --------------------------------------------------------------------------------------------------------------------------------------

OE 
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M5M418160CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

WC 

tRAS tRP 

VIH - ----~ ~f\ Vr 

VIL- ~~~ _________________________ ~~~~ 
~\ 
----

tCSH 

f tRCO tRSH 

tCAS 

VIH-W 
UCAS/ LCAS 

VIL -

w 

tRAH tAsc ........ tCAH tASR 

VIH - V.., ..... ~ __ RO_W ___ ~ ..... Wr '- COLUMN -l~~~I'~~~~8~~~~x~x~x2')(~)(~Y~V~"'" ROW 
VIL - fi ADDRESS ~""""-4_-4_A_D_D_R_E_S_S ____ ~~~ Y x x x x x x x x")( ~ ADDRESS 

tCWL 

tRWL 

v'H=~~~~~~rr--1-'(~=~~~888888~~ ~~x~~xx x I~ mp XXXxxxxxxxxxxxxxxxx 
VIL )( X X X X X X X x x xYf x x x x x x x X X X X x x x x x x x 

J 

f 
VIH ~xxxxx 

INPUTS ~XXYXX 
VIL ~ x x x x x x 

tRCS~ 

xx 

tozc 
~ 

tOH 

Hi-Z :;<R>Jf- DATA VALID -o-]({~~~~~~~ ~~ ~ ~ XY 
~~1;;,_-I-______ ~-;(""""{ "'x x x x XX x .xx< 

OQ1-0Q16 ~ :htCLZ 

I tozo 

~TPU~~:=-----------~---t~(E/~~-+---~-~H~i_Z~----------------

VIH_)';XXX 
)';xxx 

VIL - ){XXX xxxxxX)I"l\. 

toDD ~ 

-~?XXXXX xxxxxx~ 

\?,XX Xy -.f<xx xxx x x xxXXX 
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EL'\\I\'NARY M5M418160CJ,TP-5,-6,-7,-5S,-6S,-7S 
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sorn~P FAST PAGE'MODE16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Byte Write Cycle (Delayed write) 

twc 

tRAS tRP 

VIH- -~ lr ~\ 
.- .., VIL-

tCSH 

r tRCO tRSH nPC 
tCf 

UCAS 

(or LCAS) 

LCAS 
(or UCAS) 

Ao-A9' 

VIH­

VIL-

VIH 

VIL -

VIH-

VIL -

~ ~.-

r 
~ 
~ ~ l.tASC~ 

)C ROW "~r 
ADDRESS 

..,~ -' .... 

I 

tCAS 

..,/ V 
tRPe 

l tCf 

V 
tCAH ~ 

COLUMN -'r-Uxx ............... ..... A <-
ROW x ..... XlI' 

ADDRESS ..... ~'1( xxxx X.7" .... ADDRESS 

tCWL 

tRWL 

~xxx x 
~~ twp --'" q-xx xx 

~ XXXXX~~ I{XXX xxxxxx XX 
XXXXXXXXXXXXXY :X>6tx XXXXXXX-XXXXXX r-

VIH 

W 
VIL 

r VIH 
INPUTS 

VIL 

DOl-DOs 
(or 009-0016) 

~ 
VOH-

OUTPUTS 
VOL-

r VIH 
INPUTS 

VIL 

DQ9-DQ16 
(or DOl-DOs) 

~ 
VOH-

OUTPUTS 
VOL-

VIH 

OE 
VIL 
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tACS twCH 
I 

~xxxxxxxxxxxxxxxxx x XXXXX 
KXX x xXXXxx X x 

tozc t~ 

Hi-Z 1~f-KXXXXXXXXXXX 
Kxxxx Xyy ~~ .... 

tCLZ 

tOEZ 

~ ~ 
KXX xxxxxxxX r 
~xxxxxxxxxxx A 
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x~XXXXXXXXXXXXXXXXXXXXXX 
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Hi-Z 

tOH 

-'.-
DATA VALID ~x XXXXXX xxx 

.., ... ~XXXXXXXXxxxxxx 

Hi-Z 

~ 
I\XXXXXXXXXXXXXX XXX 
~f~fxxxxxxxxxxxxxxxx 



MITSUBISHI LSls 

M5M418160CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

VIH-

RAS 
VIL -

VIH­
UCAS/ LCAS 

VIL -

VIH-

Ao-As 
VIL -

VIH-
w 

r VIH-

INPUTS 
VIL -

DQ1-DQ16 

~ VOH-
OUTPUTS 

VOL -

VIH-

OE 
VIL -

tRWC 

tRAS tRP 

--~ 
'-

~~ ~~ .--

tCSH 

~ tRCO tRSH 
~RPC 

ICf 
tCAS 

~r- -~~ IU ~w 

tRAO 

~ l~tRAH • ~ 

) RO\V ~ 

~ ADDRESS ..., '- -' 

KXXX XXXlI 

KXXXxxx xxXJ~ ~ 
tRAC 

~~ 

X~;~g~~~~~~~~ 

Hi-Z 

~ 
KXxxxxxxxxxxxxx~ 

){XXXXXXxxxxx 

tCAH tASR 

~ .... 
COLUMN 

Xlo...., .... 
ROW I~ XXX X~ ADDRESS ADDRESS ",f-"-XXXX KXX -' .... 

tcwo 

tAwo 

tRWO 

~~ 

tCAC 

tM tos 
~ 

Hi-Z ~~f--
~~ .... 

~ ~ ALI, 
~ 

tOEA 

tODD 

'ToEt 
'-

• MITSUBISHI 
.... ELECTRIC 

~ tCWL. 

tRWL 

XXX.xxx.xx.xxxx 
'~XXXXXXXXXXXXXxx~ 

twp J 
'I 

tOH 

DATA VALID YXXXXXXxxxxxx 
--"",F-YXxxx.xXXXXXX 

Hi-Z 

~I 
KX 
~xxxxxxxxxxxxxxxxxxX 

~XXX.x~xxxXXXX.xxxxx.x 
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MITSUBISHI LSls 

PREll ~~~~~~,. M5M418160CJ, TP-5,-6,-7 ,-55,-65,-75 
_ii' ,his is "ot\a~itS at" sUPlee 

No'I<- ' _ ra",eHIC 11.-

soene pa FAST PAGE MODE.16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Upper I (Lower) Write, Read-Modify-Upper I (Lower) Write Cycle 

VIH-

Vll-

UCAS VIH-

(or LCAS) VIL -

LCAS VIH-

(or UCAS) VIL -

VIH-
Ao-A9 

VIL -

VIH-
w 

~ 
VIH-

INPUTS 
VIL -

DOl-DOs 
(or 009-0016) 

~ VOH-
OUTPUTS 
. VOL-

r VIH 
INPUTS 

VIL 

009-0016 
(or DOl-DOs) 

~ 
VOH-

OUTPUTS 
VOL-

VIH 
OE 

VIL 

4 - 352 

tRWC 

tRAS tRP 

-\ ~(r -~ 

tCSH 

tRPC 

r tRCO tRSH ... 
tf 

tCAS 

W -, ~V -W-
F 

Zf 
~ ~ ~ 

) ~~r ROW 
ADDRESS 

--"~ .-

x:xxxxxx xxx'"" 
~ x;<N 

tRCS 

Xxx 
¥¥ 

bXX~~ xx 
xxxx xx 

tRAC 

~~ 

~X X)( 
l(XXXXXXXX~ 

Hi-Z 

~ 

<XXXXXX xx 
xx xXXA 

l(XXXXXXxxxxxxxxx 

.-

,C tCRP 

~ 

V 
tCAH ~ 

COLUMN ~[-IXX 
XXXxX .]r ROW 

ADDRESS ~ ~ ADDRESS ~xx xxxxx x..lV\I ) ... --" 

tcwo 

tAwo 
tRWD 

~ 

xxxxxxxxxxxx 
XXXXXXX 

Hi-Z 

tM tos 

Hi-Z ~\7 
"~ 

tCAC 

~~ 
ttA ~ 

tOEZ toDD 

/ 

" " MITSUBISHI ITa ELECTRIC 

~ 

~ 
tRWL 

~.- -~x x~ 
IIXXXXX x~ 

twp .I 
"I 

x~xxx~~~~~~~~~ 
x xxxxxxx xxxx,x xxxxxx£' 

tOH 

- LXX xxxxXXX DATA VALID x<xx 
~~ ~ ~x. 

Hi-Z 

~ 
~XXXXXXX x~~»XXXXXX 
~xxxxxxxxxxxxxxxxxxx xxx 



MITSUBISHI LSls 

M5M418160CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216~BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

. tRC 

tRAS 

VIH-

VIL -

VIH ----.:,.......+-+-----------------------~---.: ........ ----
UCASI LCAS 

VIL -

VIH-

VIL -

fpUTS ~::-
OQ1-0Q16 

I OUTPuiS'" - "~Z ~ VOL-

• MITSUBISHI 
"-ELECTRIC 

ROW 
ADDRESS 

4 - 353 



MITSUBISHI LSls 

. M5M418160CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT(1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

VIH-

VIL -

VIH­
UCASI LCAS 

VIL -

Vi 

tAC tAC 

tCSA 

tCDD 

FNPUTS VIH- _____ ~ __ _1------~~~~~~~~~~~~~~~~~~~~~~~~ VIL -

DQ1-DQ16 

~ 
VOH-OUTPUTS ~~~88~gr ______ ~ ______________ ~H~i-Z~ __________________________ __ 

VOL-~ 

tOEZ 

OE 

.4 - 354 

tODD 
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MITSUBISHI LSls 

M5M418160CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216~BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

VIH-

RAS 
VIL -

UCAS VIH -

(or LCAS) VIL -

LCAS VIH-

(or UCAS) VIL -

VIH -

VIL -

VIH 

VIL 

F VIH­
INPUTS 

VIL -

OQ1-0Qa 
(or OQ9-0Q16) r VOH­

OUTPUTS 
VOL-

VIH 

OE 
VIL 

tRP tRC tRC 

tRAS tRP 
tRAS 

J~ ~\ J!~ \ ""1 ~ 

'---~~ .... -' 

~ 
tCRP 

tRPC tc~ ~C tCSR r 
) 

....----::::! 

~~ ~ ~ tCHR Y ~ 
~ 

~~ ~ ~ ~ ~ ~ 
.,(x xxx IV V V ~ 

~ 
~xxxxxxxxxxxxxxxxxxxx xxxxxxxx X~Jr- ROW ~ ~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 

ADDRESS IX.XXXXXXXX xx x x ~ xxx-x x xxx x x xxx XXXXX7.J ){XXXX ~ 

tRCH 
4-----+j 

I'l(XXxxx XXX x xxx XXxxxxxxXXX 
~xxxxxxxxxxxxxxxxxxxxX xxx xxxxxxxxxxx xxxx 

tOFF ...... 

~x X~XXXXX x xxx XXXXXXXXXXX 
){xxx xxxxxxxxxxxxXXXXXXX xx 1')(xx xx XXxx~ xxx x xxx 

~ ... 
xx< xx Hi-Z 

Z Xx 
xx 

tCDD 

~ 
XXXX~XXXXX xxxxxxxxxxxxxxxxxxxxXX 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

KX 

» 

I; 

tOEZ 

xxx xx Hi-Z 

~II 

tODD 

-XXXXXXXXXXXXX XXXXXXX XXXXXXX 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxx 

• MITSUBISHI 
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xxxxxx~ 
xxxxxx~ 

4 - 355 



MITSUBISHI LSls 

. "L \ "" \ NA:~Y M5M418160CJ, TP-5,-6,-7 ,-55,-65,-75 
PRE. \ina\ speCli.\ca to change. 
Notice: T\;is '\;~~\~\its are s\lb\e

ct 

SOllie pararllC FAST PAGE MODE 16777216-BIT (1048576~WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

VIH-

VIL -

VIH­
UCAS/LCAS 

VIL -

VIH-

Ao-A9 
VIL -

VIH-

w 
VIL -

f VIH-
INPUTS 

VIL -

OQ1-0Q16 

I VOH-

~TPUTS 
VOL -

VIH-

VIL-

4 -356 

tRC tRC 

tRAS tRP tRAS tRP 

~\ ~l ~\ (r ~~ 
-',.. ,.. r 

tf 

tRCO tRSH tCHR 
~C 

F 
?I ~r ~~ ~~V 

tAAD 

tA~ l~tRAH~ ~ tCAH tASR 

) '- ROW ... 

~~t COLUMN .~~xxx ROW xxx 
,..ADDRESS ... ADDRESS ...,~ '-A AAAAAAAAAAAAA T <- ADDRESS 

f- ,.-

tRAL 

~ L tRCS 

l'tAXXX xxx,. ~xxxxxxxxxxxx XXXXXXXXX 
l'tXXXX XX}IJ' vtxxxxxxxxxxx xxxxxxxxx 

tozc 
tcoo 

HI-Z -o~ »xxX)( x tAA j~ 
tCAC 

tRAC tOFF 

tCLZ 

Hi-Z 

>-DATA VALID -

tozo tOEA tOEZ 

tODD 

tORH 
l'tXXXXXAXAXA~ ~ ~ XXXX 

¥xxxxxxxx.xx ,. ~xxxxxxxxxxxx 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable Instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M418160CJ, TP-5,-6,.7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Hidden Refresh Cycle (Byte Read) (Note 29) 

VIH 

VIL -

UCAS VIH -

(or LCAS) VIL -

LCAS VIH 

(orUCAS) VIL -

VIH -
Ao-A9 

VIL -

VIH 

VIL 

~ 
VIH-

INPUTS 
VIL -

DOl-DOe 
(or 009-0016) 

~ VOH-
OUTPUTS 

VOL-

r VIH­

INPUTS 
VIL -

009-0016 
(or DOl-DOe) 

~ 
VOH-

OUTPUTS 
VOL-

VIH 

RC 

tRAS 

~\r 
.., 

tRCO tRSH 

r 
W ~~ 

..... 

tF 

~ 
tRAO 

~ ~ ~C tCAH 

~ 
r 'ROW -' ~r COLUMN \LX.X 
... ADDRESS ADDRESS r- ~ L-

~~. tRAL 

XXXXXX XXN' 
X x XI x 

xxxx xx x xxxxxx 
x.xx x x xxxxxxxxxxx 

Hi-Z 

tozc 

~ x :)( Hi-Z 
LXX 

tCAC 

~r Hi-Z INVALID 
DATA 

-'~ 

, tAA 

tRAC 

~ 
tOEA 

tORH 
xxxxxxxxxxx~ 

IIO.xxxxXXXXXXXA 

.1. tRC 

tRP J tRAS tRP 

;r \~ ~/ 
~ 

~~ ~ 
~C 

tCRP 

tCHR r 
~V~ W 

~ 
·V 

tASR 

xxxxxxxXXXXXXXA I}~ ROW XXXXxxxxxxXXXX)( 
ADDRESS xxxxxxxxXXXXXX7' 

~ 
XXXXX XXX xxx xxx 

1:XXXXxx XXX xxx xxx 

xxxxxxxxxxxxxx x x xxx x X X X X X X X 
xxxxxxxxxxxxxx x XXXXXXXXXX'St 

tcoo 

xxxx. 
xxxx 

tOFF 

~ 
DATA VALID V 

tOEZ 

tODD 

xxx xXXX 
~ X.xxxxxxxxxxxx 

VIL 'x xxxx~ ..... I'.J{ xxxxxxxxx-x~ 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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MITSUBISHI LSls 

M5M418160CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

tRAS tAP 

tCSH tpc tCPRH 

RAS 

VIH-~~ 

~.-VIL-

tRCO tCAS tCAS tCR:' 
tCAS I 

tep 

VIH-W­
UCAS/ LCAS 

VIL -

-'~~-~ 

~ 'II?W 

w 

tRAD tRAL 

tA~~ ~AH ~ i.L tCAH. tAsc tCAH tCAH tA 
rr-- ~ I r---- ~ ~ iff~ ~ 

AA .JII[ IYXX 11' 
VIH -) I- ROW -,.~ '- I COLUMN -' ~ ~ r- COLUMN -' '..f2)~}f- COLUMN I .... ~ 1~""1 - ROW 

VIL - ADDRESS '- ~ ADDRESS-1 r ~Y'"l""~I-A_D_D...,R~E_S_S-_2--';;"'i[f:~W'''''' ADDRESS-3 ..,F- I-,.-ADDRESS 

tRCS 

1 
VIH otxxxx 

VIL ~ x A A X. rJ!:;I IV 

tAA 

.~H 
-'ll_~'-

tRRH 

tRCH -'~ 

teDD 

. fNPUT~IH ;;.X;.;. ~ ~ ~ ~ rt 
VIL - ~~::;X~~~ 

tCOD 14-+ H tozc tcoo~ ~ tozc 

t~ Hi-Z }. f\ 

~ tCAC. ~ tCAC tOFF .--. OQ1-0Q16 I-Ii' 

b ~ 
tOFF~ ~ ~ tOFF~ tCLZ11 

OUTP~~-___ -I-_H_i_-Z-+-+-__ tC_LZ_(..f "]f- DATA 1\J+-___ ---K>I~,.,A"]r DATA -'\>H---_~Vlrv VADAL~~3 -'~_ 
VOL - .... VALlD-1 'I ~r" VALlD-2 ~I _/~~ __ ......;;..,'I 

tAA 

tRAC 

4 - 358 

tCPA 
I 

•.. MITSUBISHI 
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tCPA 

tOEZ 
~ 

14tooo. 



. MITSUBISHI LSls 

M5M418160CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Fast Page Mode Read Cycle 

tCSH 

VIH----::! r 

RAS 
VIL-

UCAS VIH­

(or LCAS)VIL-

LCAS VIH­

(or UCAS)VIL _ 

Ao-A9 

w 

VIH-

VIL -

VIH -

VIL 

~<--

tCf tRCO tCAS 

,- ~~ 
-'I.-

tCF--

W-
tRAO 

lA~ tRAH ~ tCAH ...... 

)( ~ ROW ~ 

~r COLUMN 
ADDRESS r .... ADDRESS-1 

tRCS 
r 

I;.XXXX X~ 
XXX X 7J 

tRAS 

tpc 

tcp tCAS 

~vr ~~~ 

~ teAH 

- J.. m.lr- COLUMN 
~.l'O..l'O.J& 

..., '( ~-" ADDAESS-2 

tAA 

AH tR~ 

V 
C VIH­I INPUTS 

xxxx xxxx xx xxxxx xxxxx xxxxx 

001-00a VIL -
(or 009-0016) 

E 
VOH­

OUTPUTS 
VOL -

F VIH-
INPUTS 

VIL -

009-0016 
(or 001-00a) 

E 
VOH­

OUTPUTS 
VOL-

xxxx 

I;.XX.XX 
{XXXX 
xxxx 

X~ x xxxxg.( .xxxxx .xl~ 

Hi-Z 

~~ ~ 
~ 

X.l'O.7't:r }. \. Hi-Z XXX 
xxx ~ ., 

~ tCAC 

~ 
~~ ~ Hi-Z DATA 

VALlD-1 

1M tCPA 

tRAe 
r 

tOEl .. ~ 
14tDl~1 tOEA ~ 

tRp 
tCPRH 

tR~ 

I
r 

~~ 
.., 

~ 

tcp teAs tC4- .... 

I ~~ ~V .., 

~~H tc~ 4-

V 
tRAL 

~ lASC. tCAH ~ 

- lI; ~}r COLUMN ~ ROW 

~ '9' ADDRESS -./' ADDAESS-3 
~r-

L tRRH 

tRCH tR~ 
~ 

V tRCH ~~. 

x xxxxxxx XIX. xxxxxxX 
x x x x.x...xxx 

tOlC 
~.::-=. tcoo 

)~ 1. ~ 
, l ,~ 

tOFF ~; ~ 
~ tCLl ~ 

... DATA \ }'t\j '- DATA -' 

~ I-----
VALlD-2 l ~~ VALlD-3 ... r 

tCPA tOR~ 

tOEl tOEl 
l"OlO~ ~ H ~ 

~ 14tOOri 
tODD t600 

tOCH tOCH ~ VIH - '1;. xxxxX~ 

I;.xxxxxxxxxx 
VIL - xxxx X 

~ 

~ 

l~~ 
IX xxxxx )Q 

• MITSUBISHI 
.... ELECTRIC 

:x "J~X.xxxx 

1<. x k xxxxx xxxxx JIll. 
J{ ,jil.- l( X 

4 - 359 



MITSUBISHI LSls 

et\ 'NARY M5M418160CJ,TP-5,-6,-7,-5S,-6S,-7S 
P R . . not a linal spacit.~~:\~~ c\'\ll1,ge. 
Notice', Tnls :;\fiC \\(I'I\t& are subl 

50rnePllral! FAST PAGE ~ODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

tCSH 
VIH---~ 

VIL -

VIH _'7't"lI~-+-+---....... ~ 
UCASI LeAS 

VIL -

, VIH-

VIL -

w 

INPUTS )OOCXXX>OC)(J\j f 
VIH-

VIL -~~:..,Q,oc..c~~ f~---"'-';~ 

OQ1-0Q16 

tRAS 
tRP 

tpc 

tos 

I OUTP~~~-________________ ~H~i-Z ____________________________ ___ 

~ VOL-

OE 

4 - 360 
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MITSUBISHI LSls 

L,,,,,,NARY M5M418160CJ,TP-5,-6,-7,-5S,-6S,-7S 
. 's not a \lnal s\>eG~;~~:I~~'Cha'VJ'" 

!~~~nletriC limitS are Sll 

\> FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Upper I (Lower) Byte Write Cycle (Early Write) 

tRAS 

tCSH tpC 
~ 

~ r-
VIH-

tf 
tRCO tCAS ~ tCAS ~ 

UCAS VIH-

(or LCAS)v 
IL-W- ~~k- V~ ... \r-

"'l~ 

~V ,f-

LCAS VIH-
(orUCAS) 

VIL-

tCRP 

I' 
~ 

tASR 
~ 

tRAH 
~ tCAH ... ~ tCAH tA~ 

VIL-)CR ~r COLUMN ~""~--'f- COLUMN 
[,,"~"'l~ 

~OO~~SS f- -' r ADDRESS-1 K.XXXA 
ADDRESS-2 

IKXXXA 

"'f-~-''''' "'~-'r 

VIH-

Ao-A9 

VIH 

r VIH­
INPUTS 

VIL-

DOl-DOs 
(or 009-0016) 

~ 
VOH-

OUTPUTS 
VOL-

h ~ ~ ~ x ,.xrxxv'x\~CS 

.J(...J(...J(...J(...J(...J(...J(...J(.. 

(XXX XXX 

<XXXXXXXXXXXXXX 

twCH ~ X xxx A twcs twCH IX X x X X\. twcs 
...JIXXX XX~W: ...w~xxxxx)o.~ 
'II(XX 

.J(...J(...J(...J(...J(...J(..~XXIX X .J(..~.J(.. 

~~~~~~~~~X£~ x }';.}';.}';.}';.}';.}';.}';. 

xx}';.xxxxx 

Hi-Z 

tAp 

tRSH /f- ~ ~ ... 

~ tCRr 

r-

V \ tCAS .I. 
-'k- 1+ 

~ ~ 

"'w 
tCAH ~ 

COLUMN "~ ROW 
ADDRESS-3 ADDRESS ....,f- --' 

twCH ~ I.. XXXXX~~ 
,}(. 

.J(...J(...J(...J(...J(..}';.}';.}';.}';.}';.}';. 

xxx}';.xxxxxxx 
XXXXXXXXXX.J(...J(..}';.}';.}';. 

~~ ~~ ~ tOH 

~PUT~IH "'lr ~r~"'lr "'r-~"'l~ ~r~}';.x}';. 
<. x x X 'AI DATA VALlD-1 ~ DATA VALlD-2 IXXXX}';.X}';.X~ DATA VALlD-3 l';Kxx}';.x}';.XXX 

(XXXXX}';.}';.}';.T -'..... "'f-~ -'..... ,j[~ -'r ..,f-"XXX}';.XXXX I···· VIL 

009-0016 
(or DOl-DOs) 

IOUTP~~~-________________________ ~ ________ H~i~-Z~ ______________________________________ __ 

L VOL-

OE 
VIH- : 

~- . 

• . MITSUBISHI 
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MITSUBISHI LSls 

",,'NAR'i" 'M5M418160CJ,TP-5,-6,-7,;5S,-6S,-7S 
PREl 'fiCl<tiOrf 

lin3\ spec' , chaOge, 
Notice: itliS i\~\~\~'itS are sublect to 

SO\YIGpa
f8

\Y18 FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Delayed Write) 

tRSH 
tRAS 

tRP 
tCSH tpc 

VIH- ~~ V
r 

~"-RAS 
VIL- .... r-

~ tRCD tCAS ~P teAs i tCr 

VIH 

W ~~~ JD~ ~ ~lU V UCAS/LCAS 
VIL -

tRAO 

~ ~AH tAsc tCAH 

M~ 
l4ItASC~ ~tCAH~ ~~ tASR 

VIH-)r ROW ~ f- COLUMN .. ~ jr COLUMN 
.... I. A. ..,~ 

ROW 
Ao-Ae ,Y YoI";. ............ xx 

VIL - .... ADDRESS r- .J ~ ADDRESS-1 ..,{'\r.x x .... .J .... 
ADDRESS-2 .., '- .... xxxx XXXI ADDRESS 

~
RCS twCH tRCS twCH 

tCWL 'r .. 
VIH -3(~xQx~8<x>8~>8~r-=--rl---I"'E-\f-.4 JOr~.-+--+------.,. .... ~~tC~W~L~IX~X~X~~XX~~~~X§ twp h7 \ twp 
'ilL ~XXXX""""R ~~ ,:...... x w 

tozc ~ ~toz~ ~ ~ 

fNPUT~'H (~fo<XXXJoO<Jxl).. ______ -I-~J.X;tvfJJ. DATA ~1lr"'y'llt-_+-__ ~j~~IIIiJ(I"" DATA k~~ I.X~~~~~X~~XX~ 
VIL ~ ~1i- VALlD-1 1'(' ~~ VALlD-2 ~ xxxx 

tozo 
OQ1-0Q16 +-. 

I OUTP~~~-------~------------~~m~-----r--~--~----~'U)-+-----+------------------­~ VOL-
:r~ Hi-Z ~ 
~ ~ 

tozo 
~ ~ toDD 

1 OE eXXXXXX:A 
VIH(XXXXX),; 

VIL '<.xx xxx x x'\. 

4 - 362 

tOEH 

""r-
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roe~ 
tODD 

tOEH .J 
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'xxxx 
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MITSUBISHI LSls 

M5M418160CJ, TP-5,-6,.7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Upper I (Lower) Byte Write Cycle (Delayed Write) 

VIH-

VIL -

UCAS VIH-

(or LCAS) 
VIL -

LCAS VIH-

(orUCAS)v 
IL -

VIH-
Ao-Ag 

VIL-

VIH-

Vi 
VIL -

r= VIH­
I INPUTS 

DOl-DOs VIL -

(or DOg-D016) 

~ 
VOH-

OUTPUTS 
VOL-

tRSH 
tRAS 

tCSH tpc 

-"\ 
r-

I 

~ tRCO tCAS ~ tCAS 

W -~ 
..,~ 

\~ 
-'----

~ 

~ 
W 

tRAO 

~ tRAH 
1++ ~ tCAH 

~ ~ 

=x ~ ROW 

~ - COLUMN ~I\,x xx x x j'- COLUMN -'~XXXXX 
... ADDRESS 0- ADDRESS-1 ~~ ~ .... ADDRESS-2 

r twCH tF twCH 

tCWL 
-'r ...-. ;r -~ (XX ~ twp XXXX 

'l.XXX:JC...:JC...X:JC...:JC...1 t:-:l 51 

(xxxxxxxxxxxxx XXXXXX XXXXXXX xXXXXXXXXIX 
~xxxxxxxxx :JC...:JC...:JC...:JC...~x x.xx:xXXXIX 

xxxxxxx XXXXXIX 

Hi-Z 

tozc 
tos tOH tozc 
H~ H e. 

tRP 

~V~ ~fL 

rr tCF-

l~ V .., 

"iPC tCRP 

r-' 

V 
.J.R~ tASR 

XA ":1'- ROW 

:JC...1,.l,.. ADDRESS 

~Wl 
:JC...X:JC...X:JC...X 

twP ~xxxxxxxxxxx 
..... .;!';.:JC...:JC... X xxx 

x XXXXXXXXXXXX 
XXXXXXXXXXXXXX 
xxxxxxxx 

~ 

f 
VIH 

INPUTS 
VIL 

x x x x--: 
<xxx 

J~~ DATA -~~ l~'" DATA r;~~~~;~~ 

DOg-D016 
(or DOl-DOs) 

~ 
VOH-

OUTPUTS 
VOL-

'l.XXXX 

tozo ...... 

VIH ·'l.X 
'l.XXXXXXA 

·<XXXXXX VIL - X'-

~~r-

~~ 
~, 

~ toDD 

VALlD-1 ...,~~ ~~~ VALlD-2 .., ~'xxxx:JC...x~ 
tozo 
H 

Hi-Z ~~ 
~ 

tOEZ 

~~ tOEH 
tOEH 

I toDD 

- "1r- ""It""XXXXX 
I\.;,XXXX 

\.XXXX 
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Some parametriC FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

'VIH-

VIL -

VIH 
UCASI [CAS 

VIL -

VIH-

VIL-

tRAS 
tRP 

tCSH tRSH 
~\ ~vr ~L 

I.-

tPRWC 

.~ tRCD tCAS ~ tc~s ~PC tc~ --'" 

W ~~~ ~" ~r ... ~II Y 
tRAD 

~ fr n 14 tCAH • ~ ~tCAH~ tASR 

)r ROW ~ r COLUMN r-"AAA 7r COLUMN 
-' ,r 

ROW YXXXX Y 'VXAXX XXX'" 

-' ADDRESS I_ I<-.- ADDRESS-1 ~vo;.xxx ..l ~ ADDRESS-2 
~ 

,.xxxxxx XXXI ..l~ ADDRESS 

r~ 
twCH tRC~ twCH 

tAWD t~ 
tAWD ~WL 

xx XX7r -'\ II -'~ IXXXXX X 

xx )V 
tCWD 

twp tCWD twp M;. 

VIH 

VIL ,''xx I;:.....;l ~ ,:... 

f VIH 
INPUTS 

VIL 

DQ1-DQ16 

~ VOH-
OUTPUTS 

VOL-

VIH 
OE' 

VIL 
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tozc 

IlXXXX 

<XXXX 

tozo 
~ 
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01 

1M 
'l 

~ ~ tCAC tos, ~ tDze .:--. e=-::. ~ 

ltv~ DATA ~~ )~ .... DATA 

I ~~ VALlD-1 ~' ~ ~~ 
VALlD-2 

~O 
tCLZ t /e~~~-l 
~ DATA 

Hi-Z .1J V VALlD-2 

tOEA ~ tOEAJI'. 
tOEZ ~ 

[ tOEH 
tODD ~ 

;- -"L/ 
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M5M418160CJ, TP-5,-6,-7 ,-58,-65,-78 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Upper I (Lower) Write, Read-Modify-Upper I (Lower) Write Cycle 

tRAS 

tRP 
tCSH tRSH 

VIL -

VIH -----I. 
~~~ ~vr 

.. ~----------------~--------+-------~--------------------~ 

.. ~ tRCD 

UCAS VIH-W 
(or LCAS)V 

IL -

LCAS VIH F 
(or UCAS) 

VIL -

tRAD 

tASR 
~ 

~AH tCAH 

VIH-~~ ROW 

Ao-A.9 VIL -:-~ ADDRESS 
\Air COLUMN 

~t- ADDRESS-1 

twCH 

w 

tRC_,S f----t tR~ 

~~~~~~~~~==i=t=tA~W~O~==~kt~ 1-' 
VIH- S::xxxx X::"TI tCWD -\ twp "6r 
VIL - ~~~~~r ~~V 

tPRWC 

tCAS 

twCH 

tAWD 

tCWD 

If-
...., 

...... 
tCWL 

tRPC tCRP 

1 r--

tASR 

.... ~ twp fXXXX XXxx 
xxxxxxxxxx 

~ VIH-~(X~X~X~~~x~~~~xX~x~~x~x~~x~x~x~~~xx~~xx~x~x~~~~~~~~~~~~~~~~~XX~~XX~~XX~~XX~~XX~~XX~X~X~~~x~X I INPUTS tx"xxxx xXxxx xx xxxxxx x; -::I-:::::~~~~ xxxxxxxxxx~ 
DOl-DOs VIL -

(or 009-0016) 

~ 
VOH- H"Z 

OUTPUTS ________ ~----~--+_~------_+-+~l-~----~----------~_+--------------------
VOL - tAA 

toze ~tCAC, ~ ~ t~ ~~ 
tRAC }~~ DATA -'rLXXXXXXxxxx 

X':.i')---+----+~~)(~""lK1 VALlD-2 JKXXXX x 
-''(I -Jr- . .., '- '\.x X X X X X X X X X 

~\} .... DATA -'~ ~ 
~(\~ VALlO-1 ~~ ~ f VIH-~====+~ INPUTS ~ 

VIL-~f-
tDZO 
H 009-0016 J2Z0 

(or DOl-DOs) I"" tcLZ ~ 
DATA 
VALlD-2 ~ 

H h. DATA ~.---., 

VOH- ~r}'''VALlO-l Hi-Z ~\jV 
OUTPUTS -------+--------------ru~II~------+~~--~---,~-~lri~------r----------------------­

VOL - tOEA "~ ,; 

~ tOEZ 

tODD 
tOEH 

-
OE 

tOEZ ~ 

~tOO[~ 
tOEH 

I 
~ 
"xxxx 
~xxxx --
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FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Self Refresh Cycle * 

Ao-A9 

tRP 

tRPe 
I I 

n .. 

tRPS 

~H 

VIH=~~_~ ___ _ 'xxx XXXXXX xxxxxxxxxxxxxxxxxxxx 
VL ~xxxxxxxxxxxxxxxxx xxxxxxxx xxxx 

r VIH -~~x~~xx~x~~~§~~~~~~~Xx~x~x~x~x~x~x~~xx~x~x~x~~~~X~~XX~X~~XX~X~x~x§x~x~x~x~x§x~x~§~~~ ~~T KXXXXXXX xxx xxx xxx xxxxxxxxxxxxxxx 
~-xxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

DQ1-DQ16 

IOUTPUTVOH-~~~~~~~~~~:~ ________________________________ ~H~I-Z~ ________________________________ __ 

L VOL-j 

tOEZ 
~ 
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M5M418160CJ, TP-5,-6,.7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Self Refresh Cycle* 

tAP 

VIH-
tAASS 

UCAS VIH-

(or LCAS) VIL- __ +, 

LCAS VIH-

(or UCAS) VIL -

VIH-
Ao-A9 

VIL -

tACH 

VIH-

W 
VIL -

r:PUT V'H-~~m~~~m~~~~~~~~~~ I .. ~. VIL -l:i 
OQ1-0Q16 

I OUTPUTVOH-~~~~~t-______________________ ~H!i-Z~ ______________________ __ 

L VOL-~ 

tOEZ 
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,\\I\'NABV M5M416165CJ,TP-5,-6,-7, 
noEL ' i\\Ca~io(\, ,e 5S 6S 7S f'" I' " t a lina\ spe\,sct to chanG' _ _ _ 

NotiCe', in's ':\~i~ limits ale st) I " , 

somepar3t)'\ , HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 
The use of double-layer metal process combined with twin-well 

CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RAS CAS Address, 

Type name access access access 
time lime time 

(max,ns) (max.ns) (max.ns) 

MSM41616SCXX-S,-5S 50 13 25 

M5M416165CXX-6,-6S 60 15 30 

M5M416165CXX-7,-7S 70 20 35 

XX=J,TP 

eStandard 42 pin SOJ, 50 pin TSOP 
eSingle 5.0V ±1 0% supply 
eLow stand-by power dissipation 

OE Cycle Power 
access 

time dissipa-
time lion 

(max.ns) (min.ns) (typ.mW) 

13 90 540 

15 110 430 

20 130 385 

5.5mW (Max) -------------------------. CMOS Input level 
eLow operating power dissipation 

M5M416165Cxx-5,-5S ------------------- 660.0mW (Max) 
M5M416165Cxx-6,-6S ------------------- 525.0mW (Max) 
M5M416165Cxx-7,-7S - - -- - - - -- -- - - - - - -- - 470.0mW (Max) 

eHyper-page mode, Read-modify-write,RAS-only refresh 
CAS before RAS refresh, Hidden refresh capabilities 

eEarly-write mode, OE and W to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 

e4096 refresh cycles every 64ms (Ao-All) 
* : Applicable to self refresh version (M5M416165CJ,TP-5S,-6S, 

-7S : option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-All Address inputs 

001-0016 Data inputs/outputs 

RAS Row address strobe input 

UCAS 
Upper byte control 
column address strobe input 

LCAS 
Lower byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+5.0V) 

Vss Ground (OV) 

PIN CONFIGURATION (TOP VIEW) 

vee 1 

P07 9 

DOs 
NC 11 

NC 

RAS 
All 

Al0 

AO 
Al 

vss 
41 0016 

0015 

0014 

0013 
vss 
0012 

0011 
0010 
DQ9 

Outlirie 42PON-A (400mil SOJ) 

vee 1 

W 

Al0 

Al 

A2 

A3 

vee 

0016 

0015 

0014 

0013 

vss 
0012 

0011 

0010 

41 DOg 

NC 

NC 

LCAS 

UCAS 

OE 

A7 

A6 

A5 

A4 

VSS 

Outline 50P3G-F (400mil TSOP Normal Bend) 

NC: NO CONNECTION 
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M5M416165CJ, TP-5,-6,-7 ,-58,-68,.78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

FUNCTION 

The M5M416165CJ, TP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, e.g., 

hyper page mode, RAS-ol1ly refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs Input/Output 

RAS LCAS UCAS W OE DOl-DOs D09-D016 

Lower byte read ACT ACT NAC NAC ACT DOUT OPN 
Upper byte read ACT NAC ACT NAC ACT OPN DOUT 
Word read ACT ACT ACT NAC ACT DOUT DOUT 
Lower byte write ACT ACT NAC ACT NAC DIN DNC 
Upper byte write ACT NAC ACT ACT NAC DNC DIN 
Word write ACT ACT ACT ACT NAC DIN DIN 
RAS-only refresh ACT NAC NAC DNC DNC OPN OPN 
Hidden refresh ACT ACT ACT NAC ACT DOUT DOUT 

CAS before RAS refresh ACT ACT ACT DNC DNC OPN OPN 
Stand-by NAC DNC DNC DNC DNC OPN OPN 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : invalid, APD: applied, OPN : open 

BLOCK DIAGRAM 
ROW ADDRESS 
STROBE INPUT RAS 

LOWER BYTE CONTROL __ 
COLUMN ADDRESS LCAS 

STROBE INPUT 

UPP~'b~0~~ ~~TA~~~ UCAS 
STROBE INPUT 

WRITE Co~~~m: W 

ADDRESS INPUTS 

Ao 
Al 

A2 
A3 
A4 

As 
A6 

A7 
AS 

A9 

Al0 
All 

SENSE REFRESH 
AMPLIFIER & 110 CONTROL 

MEMORY CELL 
(16777216BITS) 

• .. MITSUBISHI 
~ELECTRIC 

---..=-0 vcc (s.oV) 

+-----6 VSS (0V) 

I DOl) D02 
: LOWER DATA 
j INPUTS I OUTPUTS 

DOs 

D09j DOlO 
: UPPER DATA 
1 INPUTS I OUTPUTS 

D016 

OE ~~1frUT ENABLE 
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, ,HYPER PAGE MODE,16777216-BIT(1048576-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -1-7 
VI Input voltage With respect to Vss -1 -7 
Vo Output voltage -1 -7 
10 Output current 50 
Pd Power dissipation Ta=25°C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65 - 150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 4.5 5.0 5.5 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.4 6.0 V 
VIL Low-level i~ut voltaoe, all inputs -1 0.8 V 

Note1: All voltage values are with respect to vss. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Min 

VOH High-level output voltage IOH=-5.0mA 2.4 
VOL Low-level output voltage IOL=4.2mA 0 
loz Off-state output current Q floating OV ~VOUT ~ 5.5V -10 

II Input current OV~VIN ~ 6V, Other inputs pins=OV -10 

Average supply current MSM41616SC-S,-ss 
RAS, CAS cycling 

ICC1(AV) from Vcc operating MSM416165C-6,-6S tRc=twc=min. 

(Note 3,4,5) 
output open 

M5M41616SC-7,-7S 

RAS= CAS =VIH, output open 

Icc2 Supply current from Vcc, stand-by (Note 6) RAS= CAS ~Vcc -0.2V 
output open 

Average supply current 
MSM41616SC-5,-SS 

RAS CYCling, CAS=VIH 
ICC3(AV) from Vcc refreshing MSM41616SC-6,-6S tRc=mln. 

(Note 3,5) 
output open 

MSM41616SC-7,-7S 

Aver~e supply current MSM41616SC-S,-ss 
RAS=VIL, CAS cycling from cc 

Icc4(AV) Hyper-Page-Mode MSM41616SC-6,-6S tpc=min. 

(Note 3,4,5) 
output open 

MSM41616SC-7,-7S 

Aver~e supply current MSM41616SC-S,-ss CAS before RAS refresh cycling from cc __ 
ICC6(AV) CASbefore RAS refresh MSM41616SC-6,-6S tRc=min. 

mode (Note 3) 
output open 

MSM41616SC-7,-7S 

Stand-by: 
RAS~Vcc.Q.2V 

CAS~VCc.Q.2Vor CAS~O.2V 

CAS before RAS refresh: 
Average supply current RAS cycling CAS~O.2V or 

ICC8(AV) * from Vcc MSM416165C (S) CAS before RAS refresh cycling 
Extended-refresh cycle W~O.2V or ~Vcc.Q,2V 

(Note 6) OE~O.2V or ~VCC.Q.2V 
Ao~A11~O,2V or ~VCC.Q.2V 

DO=open, tRC=125Jls, 
tRAS=tRASmin~l JlS 

Average supply current 
RAS=CAS~0.2V ICC9(AV) * fromVCC MSM416165C (S) 

Self-refresh cycle 
.. Note 2: Current flOWing Into an IC IS POSitive, out IS ,negative. 

3: ICCl (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RA8=VIL and CCASi'UCAS=VIH . 

4 - 370 
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Limits 
Typ 

Unit 
V 
V 
V 

rnA 
mW 
·C 
·C 

Max 
Unit 

Vcc V 
0.4 V 
10 p.A 
10 p.A 

120 

95 rnA 

85 

2 

1 rnA 

0.3* 

120 

95 rnA 

85 

165 

130 rnA 

110 

120 

95 rnA 

85 

600 p.A 

400 p.A 
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M5M416165CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=O ....... 70·e, VCC=5.0V±10"lo. Vss=OV. unless otherwise noted) 

Parameter Test conditions 
Limits 

Unit Symbol Min Typ Max 

CI(A) Input capacitance. address inputs 5 pF 

CI(OE) Input capacitance. OE input VI=VSS 7 pF 

CI(W) Input capacitance. write control input 
f=1MHz 

7 pF 

CI(RAS) Input capacitance. RAS input VI=25mVrms 7 pF 

CI(CAS) Input capacitance. CAS input 7 pF 

ClIO Input/Output capacitance. data ports 7 pF 

SWITCHING CHARACTERISTICS (Ta=O ....... 70·C. Vcc=5.0V±10"lo. Vss=OV. unless otherwise noted. see notes ~.14.15) 

Limits 

Symbol Parameter M5M41616SC-S.-SS MSM41616SC-6.-6S MSM41616SC-7.-7S Unit 
Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7.8) 13 15 20 ns 

tRAC Access time from RAS (Note 7.9) 50 60 70 ns 

tAA Columu address access time (Note 7.10) 25 30 35 ns 

tCPA Access time from CAS precharge (Note 7.11) 30 35 40 ns 

tOEA Access time from OE (Note 7) 13 15 20 ns 

tOHc Output hold time from CAS 5 5 5 ns 

tOHR Output hold time from RAS (Note 13) 5 5 5 ns 

tCLZ Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOEZ Output disable time after OE high (Note 12) 0 13 0 15 0 20 ns 

twEZ Output disable time after WE low (Note 12) 0 13 0 15 0 20 ns 

tOFF Output disable time after CAS high (Note 12.13) 0 13 0 15 0 20 ns 

tREZ Output disable time after RAS high (Note 12.13) 0 13 0 15 0 20 ns 

Note 6: An initial pause of 500 J.IS is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock such as RAS-Only refresh). 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RASICAS cycles are required after prolonged periods (greater than 64ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(IOH=-5mA) I VOl=0.4V(IOL=4.2mA) load 100pF. 
The reference levels for measuring of output signal are 2.0V(VOH) and O.8V(VOL). 

8: Assumes that tRCD ~ tRCD(max) and lASC ~ lASC(max). and tcp~ tCP(max). 

9: Assumes that tRCD:ii tRCD(max) and tRAD :ii tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table. tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD ~ tRAD(max) and tASC :ii tASC(max). 
11: Assumes that tCP:ii tCP(max) and tAsc ~ tAsC(max). 
12: toEZ(max). twEZ(max). tOFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state (IOUT:ii 1±10 Jl.A I) 

and is not reference to VOH(min) or VOL(max). 
13: Output is disabled after both RAS and CAS go to high. 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 
(Ta=0-70·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter MSM41616SC-S,-SS MSM41616SC-6,-6S MSM41616SC-7,-7S 

Min Max Min Max Min Max 
tREF Refresh cycle time 64 64 64 
tREF* Refresh cycle time 128 128 128 
tRP RAS high pulse width 30 40 50 

tRCD Delay time, RAS low to CAS low (Note 16) 18 37 20 45 20 50 
tCRP Delay time, CAS high to RAS low 5 5 5 
tRPC Delay time, RAS high to CAS low 0 0 0 

tCPN CAS high pulse width 8 10 10 

tRAD Column address delay time from RAS low (Note 17) 13 25 15 30 15 35 
tASR Row address setup time before RAS low 0 0 0 
tAse Column address setup time before CAS low (Note 18) 0 10 0 13 0 13 
tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 8 10 10 
tDze Delay time, data to CAS low (Note 19) 0 0 0 
tDZO Delay time, data to OE low (Note 19) 0 0 0 
tRDD Delay time, RAS high to data (Note 20) 13 15 20 
tCDD Delay time, CAS high to data (Note 20) 13 15 20 
tODD Delay time, OE high to data (Note 20) 13 15 20 
tT Transition time (Note 21) 1 50 1 50 1 50 

. , 
Note 14: The timing requirements are assumed tT =2ns . 

15: VIH(min) and Vll(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ms 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

16: tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is 
controlled exclusively'by tCAC or tAA. 

17: tRAD(max) is specified as a reference point only. If tRAD s;; tRAO(max) and tAsc ~ tASC(max), access time is controlled exclusively by tAA. 
18: tASC(max) is specified as a reference point only. If tRCD S;; tRCD(max) and tAsc s;; tASC(max), access time is controlled exclusively by tCAC. 
19: Either tDZC or tozo must be satisfied. 
20: Either tROD or tCDD or tODD must be satisfied. 
21: tT is measured between VIH(min) and Vll(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read setup time before CAS low 
tRCH Read hold time after CAS high 
tRRH Read hold time after RAS high 
tRAl Column address to RAS hold time 
tCAl Column address to CAS hold time 
tORH RAS hold time after OE low 
taCH CAS hold time after OE low 

Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 
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Min 
90 

50 
8 

40 
13 

0 
(Note 22) 0 
(Note 22) 10 

25 
13 
13 
13 
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Max 

10000 
10000 

Limits 
MSM41616Sc-6,-6S MSM41616SC-7,-7S 

Min Max Min Max 
110 130 
60 10000 70 10000 
10 10000 13 10000 
48 55 
15 20 
0 0 
0 0 

10 10 
30 35 
18 23 
15 20 
15 20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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M5M4161.65CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter MSM41616SC-S,-SS MSM41616Sc-6,-6S M5M41616SC-7,-7S Unit 

Min Max Min Max Min Max 
twc Write cycle time 90 110 130 ns 
tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 8 10000 10 10000 13 10000 ns 

tCSH CAS hold time after RAS low 40 48 55 ns 

tASH RAS hold time after CAS low 13 15 20 ns 
twcs Write setup time before CAS low (Note 24) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 13 ns 
tCWL CAS hold time after W low 8 10 13 ns 
tAWL RAS hold time after W low 8 10 13 ns 
twP Write pulse width 8 10 13 ns 
tDS Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS low or W low 8 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M4161SSc-5,-SS MSM416165C-6,-6S M5M4f6165C-7,-7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 23) 109 133 161 ns 
tRAS RAS low pulse width 75 10000 89 10000 107 10000 ns 

tCAS CAS low pulse width 38 10000 44 10000 57 10000 ns 
tCSH CAS hold time after RAS low 70 82 99 ns 
tRSH RAS hold time after CAS low 38 44 57 ns 
tRcs Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 24) 28 32 42 ns 
tRWD Delay time, RAS low to W low (Note 24) 65 77 92 ns 
tAWD Delay time, address to W low (Note 24) 40 47 57 ns 
tOEH OE hold time after W low 13 15 20 ns 

Note 23: tRwc is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4IT. 
24: twcs, tcwD, tRWD and tAWD and, tCPwD are specified as reference points only. If twCSS5;;twCS(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tCWDS5;;tCWD(min), tRWDS5;;tRWD(min), tAWDS5;;tAWD(min) and tCPWDS5;; tCPWD(min) 
(for hyper page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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PREL~~!!~~~"" M5M416165CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

NotIce: "'f'''~:\fiC \\,,\,\',\5 8f~ sil I 

50
me 

para' . . .HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper page Mode Cycle 
(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, HI-Z control by OE orW) (Note 25) 

Limits 
Symbol Parameter MSM416165C·5,·SS MSM41616SC-&,·6S MSM41616SCo7,·7S 

Min Max Min Max Min Max 
tHPC Hyper page mode read/write cycle time 20 25 30 
tHPRWC Hyper page mode read write/read modify write cycle time 57 66 79 
tOOH Output hold time from CAS low 5 5 5 
tRAS RAS low pulse width for read write cycle (Note 26) 65 100000 77 100000 92 100000 
tcp CAS high pulse width (Note 27) 8 13 10 16 10 16 
tCPRH RAS hold time after CAS precharge 30 35 40 
tcpwo Delav time, CAS precharlle to W low (Note 24) 45 52 62 
tCHOL Hold time to maintain the data Hi·Z until CAS access 7 7 7 
tOEPE OE Pulse width (Hi-Z control) 7 7 7 
tWPE W Pulse width (Hi-Z control) 7 7 7 
tHCWD Delay time, CAS low to W low after read 28 32 42 
tHAWO Delay time, address to W low after read 52 62 72 
tHPWD Delay time, CAS precharge to W low after read 62 72 82 
tHcoO Delay time, CAS low to OE high after read 13 15 20 
tHAOD Delay time, address to OE high after read 25 30 35 
tHPOD Delay time, CAS precharge to OE high after read 30 35 40 

Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 

26: tRAS(min) is specified as two cycles of CAS input are performed. 

27: tCP(max) is specified as a reference pOint only. 

CAS before RAS Refresh Cycle (Note 28) 

Limits 
Symbol Parameter MSM416165CoS,-SS MSM416165c-6,-6S MSM416165C-7,-7S 

Min Max Min' Max Min Max 
tCSR CAS setup time before RAS low 5 5 5 
tCHR 'CAS hold time after RAS low 10 10 15 

- - - - -Note 28: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 
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MITSUBISHI LSls 

M5M416165CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by ·5· after speed item, like -55/-65/-75. The other characteristics and requirements than the below are 
same as normal devices. . 

TIMING REQUIREMENTS (Ta=O-70·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted, see notes 13,14) 

Syrrbol Parameter 

tRASS Self refresh RAS low pulse width 
tRPS Self refresh RAS high precharge time 

·tCHS Self refresh RAS hold time 

SELF REFRESH ENTRY Be EXIT CONDITIONS 

(1) In case of distributed refresh 

M5M416165C-5S 

Min Max 
100 
90 

-50 

Limits 
M5M416165C06S M5M416165C-7S 

Min Max Min Max 
100 100 
110 130 
- 50 ·50 

The last / first full refresh cycles (4K) must be made within tNs I tSN before / after seH refresh, on the condition of tNs~64ms and 

tSN~64ms. 

~ tNS ., ~ tSN _I 

-------·-----------~III~I-----~II~I~1 __________________________ ~~III~I------~II~II·-·-------------

Unit 

}loS 

ns 
ns 

DISTRIBUTED REFRESH 
<4K/64ms> 

DISTRIBUTED REFRESH 
<4K/64ms> 

(2) In case of burst refresh 

The last / first full refresh cycles (4K) must be made within tNS / tsN before / after self refresh, on the condition of tNs +tSN ~64ms. 

~ _,tSN,4 

~III~I --~IIII--~IIII~I~ ____________________________ ~I~II~II~I~III--~IIII~ 
BURST REFRESH 

<4K/64ms> 

• MITSUBISHI 
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BURST REFRESH 
< 4K/ 64ms > 
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EL\ \V\ \ NARY M5M416165CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
P R . 0\ a liflll\ specit.iC~~\~~~h8nge. 
Not"ca: Thi~:t~C \units ate suble 

Sorn
a

p0(0 HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 29) 

Read Cycle 

VIH-

Vil -

VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-A11 

~ 
l'O.XXxx.¥ 
l'O.XXXXI 

X.XXX.xl 

tASA 
~ 

/{xxxxx-"\i 
/{XXXXXXy 

~ 

tAco 

tAAo 

~ 
ROW 

tAC 

tAAS 

~ 
tCSH 

tRSH 

tCAS 

\ 
.tAAl 

tCAl 

~tASC. tCAH 

j COLUMN • 1rXxxxxxxx 
VIL - XXI ADDRESS ,"xxxxXI AD[l)RESS ~xxxxxxxxxxx IXX 

VIH-
w 

VIL -

VIH-
001 ...... 0016 

(INPUTS) VIL -

001 ...... 0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

4 - 376 

tACS 

I 
X XXX)(T /{xxxxxx xxxxx,' 
)(XXXXXX XXXXXl 

~~ 

"'-xxxxxxxxx xxxxxxxx Hi-Z 
"'-xxxxx xxxxxxxx XXXJIt. xx 

tCAC 

tAA 

tcLZ 

Hi-Z fa 
tAAC 

tozo ~ 
tOCH 

I 

II.;XXJlt.XJIt.JIt. xxxxxxxxxxxxxx:JII 
)(xxxxxxxxxxxxxxxxxxxx 

tORH 

Note 29 ~ Indicates the don't care input. 
~ VIH(min)~VIN~VIH(max) or Vll(min)~VIN:;VIL(max) 

Indicates the invalid output. 

'" MITSUBISH. I .... ELECTRIC 

tAEZ 

tOHA 

DATA VALID 

tAP 

L 
tCAP 

I 

tASR 
H 

,1 ROW 
XXN ADDRESS 

tRRH 

f-4 tACH 

XXXXXX 
xxxxxx 

~r-. 
tRoD 

xxxx 
xxx 

twEZif-~ 
tOFF 

toHC 

)-1i!:L 

tOEZ 

~ 
XX }I;.}I;.XXX 

n xx xxxxx 



P REO"" \ NA~~,. 
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MITSUBISHI LSls 

M5M416165CJ,TP-5,-6,-7,-5S,-6S,-7S 

Byte Read Cycle 

VIH-
RAS 

Vll-

LCAS 
VIH-

(or UCAS) Vll-

UCAS VIH-

(or LCAS) Vll-

VIH-
Ao-All 

Vll-

VIH-
w 

Vll-

001 ....... 008 VIH­

(or 009-0016) 
(INPUTS) Vil -

001 ....... 008 VOH­

(or 009-0016) 
(OUTPUTS) VOl-

009 ....... 0016 VIH­

(or 001-008) 
(INPUTS) Vil -

009 ....... 0016 VOH­

(or 091-008) 
(OUTPUTS) VOL -

VIH 

VIL 

HYPER PAGE MODE 16777216·BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RC 

tRAS tRP 

\ V L 
tCSH tCRP 

~ tRCo tRSH 

o;XXXX}I 

~ 

tCAS 

KXXXX 

~ ~XXXX.7 I 
~XXX:xI 

tRAo tRAl 

tCAl 
tASR tASR tRAH 

~ tCAH ~ ..... ~ 
ROW IlL X "-}q COLUMN IlKXXXXXXxxxxx xv ROW 

"xx ADDRESS XXA ADDRESS ~~xx ADDRESS 0; 

tRRH 
tRCS 

r H tRCH 

Z~~~~~xXX 
xx~ xxxxxxx 

XXXXXXX 

'<-xx x xxxxxxxx xxxxxxxxx xx xx xxxxxxx 
<XXx"-"- xxxx xxxxxxxxxxx xx xx xxxxxxx 

xxxx xx xxxxxxxxxxxxxxxxx x-I' 

Hi-Z 

~I toZC. 
tROD ~ 

~oo 

<xxx x~ Hi-Z IilCX xxx 
I(XXXXXXxxx xxxx 

tREZ 

tCAC tOH~ .-1------+ twEZ 

tAA tOFF 

tCll tOHC 

Hi-Z ,~ DATA VALID ~ 

<XXXXxx xxx 
o;xxxxxxxx 

tRAC 

tozo ~ 

xxxx "-"-"-xx 
"-xx XXXXXXl 

• MITSUBISHI 
.... ELECTRIC 

tOCH p; tODD 

~X 
If. xx xxx 

tORH 
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Ell\\l\'NARY M5M416165CJ,TP-5,-6,-7 ,-5S~-6S,-7S 
P R , ' not s fiMI specil,i~~;\~~ ch3o<;Je 
Notice', rh\~:tr\C l,",itS are sOb) 

SOfl'epars HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Early Write Cycle 

VIH­

VIL -

VIH 
LCAS/UCAS 

VIL -

VIH -
Ao-A11 

VIL -

w VIH-

\r 

tF 

)(xXxXxXxXD 

~ 

tASR tRAH ........ 

~ ROW 
I';.xxxx.a ADDRESS 

)(XXXXXXXX 
X.XXXXXXXX 

tRCO 

tA~ 

R"X"X"S\ 
!Xx x XI 
f'6Ot:;l' 

xx~r 
XXX~ 

XXXXXXXXXXXJtk' 

XXXXXXXX 001-0016 VIH­

(INPUTS) VIL - 'I';. x 

001-0016 VOH-

~ 

XXXXXJQI. 
XXXXl 

~ 

tw C 

tRAS L tRP 

I 
If \ 

tCSH 
tRSH r tCAS 

'I 
tASR 

tCAH ~ 

COLUMN 'KXXXXXXXXXX ROW ~XXXX XN 
ADDRESS .xXXI ADDRESS 

twCH 

tMXXXXXXXXXXX XXXX 
IIX X x x x x x x x X X xXxxxx 

-«xx xxxxxxxxxxxx 

tOH 

DATA VALID IVXX xxxxxxxxxxxxx>l' 
: 'vr;.x XXXXXXXXXXXXXX 

Hi-Z 
(OUTPUTS)VOL-----------~-------------------------------------------------------------------------
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M5M416165CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Early Write Cycle 

VIH-
RAS 

VIL-

LCAS 
VIH-

(or UCAS)' VIL-

UC~ 
VIH-

(or LCAS) VIL-

VIH-
Ao-All 

w VIH-

VIL-

DOl-DOs VIH _ 

(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or DOl-DOs) 
(INPUTS) VIL -

009-0016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL -

VIH­
OE 

~ 

tCRP tRCD 
~ 

~ 
KXXXXI 

<XXXX:li ~ ~XXXXI XXXX:I 

tA~ tAAH tAsc .... 

~ ROW ~ IXXXJ'& 
ADDRESS .~. 

twcs 
~ 

xxxXXXXXXXA 
KXXXXXXxxxxxxxxx~ 

K XXXX ~ 

KXXXXXXxxxxxxxxx 
KXXXXXXXXXXXXXXXXXX 

~ 

KXXXXXX xx ;,& 
xx 

KXXXXXXxxxxxxxxx~ 

twc 

tRAS L tRP 

r 
'I 1\ 

tCSH 

tASH 

tCAS 

~ 
I 

tCAH tASR 

~ 

COLUMN 
1XXXXX xxxxx xx\. ROW II XXXX xXXJ'& ADDRESS ~'\xxxxxxxxxx x, ADDRESS 

twCH 

xx~xxxxxxxxxxxx 

I~XX XXXXXXXXXXXXXX 
IKXX xxxxxxxxxxxxxx 

XXXX xxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxx XXXXJIO.JIO. XXXX 

Hi-Z 

tOH 

~XXXXXXXXXXXXXXXXXXXXXX 

DATA VALID WXXX x~xxxxxx 

Hi-Z 

VIL-~ 

. • MITSU. BlSHI 
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PRE':~~~~~::. M5M416165CJ, TP-5,-6,-7 ,-58,-68,-78 

No\\ce: TI1~~"(\e\f\C limitS afe su 

SolY'Cpaf HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-811) DYNAMIC RAM 

Delayed Write Cycle 

VIH 

Vll-

-- --VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-All 

VIL -

w VIH-

~ 

F 
xxxxx~ 

XXXXX7 
X:XXXXI 

~ tRAH 

~ ROW I{XXX)III' 

~ 
ADDRESS 

)(XXXX 

tRCO 

tASC 
~ 

.u::l'V\ 

.\6l'::JI 

-~ 
XXX,,) 

VIL X:XXXXXXXXXXXXXXXY 

001-0016 VIH­

(INPUTS) VIL -

)(XXXXXXXXX 
)(xxxxxxxxxxxx 
x 

tozc 
I 4-t 

~ 

twc 

tRAS lL tRP 

r 
! i\ 

tCSH tCRP 

tASH 

tCAS 

I 

tCAH ..... I4-tASR 

COLUMN 
I~XXX.X XXY ROW 

ADDRESS .~xxxx XXX:J1fI ADDRESS 

~ 
tRWl 

14 twp. , IXXXXXXXXXXXXXXX 
J(XXXXxxxxxxxxxxX 

twCH 

t~ toH 

. Hi-Z J~ DATA [I x x X x x x x x x x x x X 
IIX 

,~ VALID y.xxx 

~ 

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

4 - 380 

Hi-Z 

xxxxxxx 
xxxxxxxxxxxxxx 

Il'Z~1 

xx 
xx~ 

~ 

~~ Hi-Z 

tOEZ 18 
tOEH 
~ 

~ toDD 

XXXXXXX 
,.;x xxxxxxxx 



MITSUBISHI LSls 

M5M416165CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Delayed Write Cycle 

RAS 

LCAS 
(or UCAS) 

UCAS 
(or LCAS) 

Ao-A11 

w 

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH 

VIL -

VIH-

VIL -

001-00a VIH­

(or 009-0016) 
(INPUTS) VIL -

001-00a VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or 001-00a) 
(INPUTS) VIL -

009-0016 VOH­

(or 001-00a) 
(OUTPUTS) VOL -

VIH­

VIL -

twc 

tRAS 

~ 
tCSH 

t~ tAco tRSH 

xxxxxx ){XXXXX 
I(XXXXYJ 

tCAS 

){XXXXX 

~ ~ 

~ tRAH 
tAsc .-. tCAH 

I(XXXX\'l ROW :1!>lX\. COLUMN '«x 
XXXXXA ADDRESS IAXXX1A ADDRESS -~ 

~ 
~~~~~~xxxxxxx~~~ , 

I( x x x x x x x x ¥-x..xxxxx XXXxx.xxx 
XX X'}\''}\' X x xx X~ XXXX 

Hi-Z 

twCH 

t~ t~ 

xxxxxxxx Hi-Z j~ 
I';..}\. xxxxxxxxxx 

l~ xxx 

14 tCLZ • 

Hi-Z ~ 
tOEZ Ie 

~ ~ tODD 

xx.x.x XXxXX~ 

.x~ 
xxxxxxxxx.xxxxxx.xx.x.xxxx '~ 

• ,MITSUBISHI 
.... ELECTRIC 

L tRP 

I 
I 1\ 

L teRP 

I 
If 

----
4- tASR 

.}\.x xxx~ ROW 
xx xxxx~ ADDRESS 

~ 
tRWL 

~ 

\ 
IXXXXXXXXXXXXXX 

I<Xx.}\. x-XX')c:xxxx 

xxxxxxxxxxxxxx 
XX.}\.XXXXXXXXXXX X)II; 

tDH 

DATA t9X~~~~~~~~~ VALID 

Hi-Z 

tOEH 
~ 

;XXxx.x.xx.xXXXXXXXX 
'v..x x x .x.xx xx x xxx x x x 

"'-xxx XXXXXXX 

4 - 381 



MITSUBISHI LSls 

. EL'M'NARY P R , ' not 8 fif\B1 specif,i~~~!~:·CMnge. 
Notice: ThIS l!tfiC limitS 8fe sobl 

M5M'416165CJ,TP-5,-6,-7,-55,-65,-75 

Some pa
ram 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

VIH 
LCAS/UCAS 

VIL -

~ 

tCF 

xxxxD I( 

tASR tRAH 
~ 

tRCO 

\ 
tRAO 

tASC f4t 

tRWC 

tRAS L tAP 

I 
if! ~ 

tCSH tCRP 

tRSH 

tCAS 

I 

tCAH tASR 
~ 

Ao-A11 
VIH­

VIL -

~ " ROW .~ 
COLUMN 'IX,XXXX ROW 

VIH-
w 

VIL -

001-0016 VIH 

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL-

4...c 382 

I~ ICXXXX.a ADDRESS ADDRESS IeXXXXI .'6Ot::J 1KXXX 
tAWO 

tAcs r---+ tcwo 

tRWO 

x xxxxxxx-#- , ",x XX)(l' 
IeXXX XXXXY 

tozc to~ ......- ..... 

",x x xxxxxxx HI-Z J~ 
I(X XXXXXX 

tCAC, (;;!/l 
1M 

tCLZ 
M 

,~ 
~ 

Hi-Z DATA~ 

VALID 

tRAC 
11----'1 

~+-... tODD 

tozo ~toE~ 
-t ~tOEZ 

xx xxxxxxxxxx 
I(XXXXXXxxxxxxxxxxxxxx 

• MITSUBISHI 
.... ELECTRIC , 

x.a ADDRESS 
l( XXXXI 

~ 
tRWL 

twp 

IX X X X X X X X X X X X X 
X~xxx xxx 

xxxxx 

toH 

I\ltXXXXXXxxxxx 
DATA VALID ·'x x xxx 

Hi-Z 

9 
x 

~xxxxxxxxxxxx 
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M5M416165CJ, TP-5,-6,-7 ,-5S,-6S~-7S 

HYPER PAGE MODE 16777216-BIT(1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read-Write, Read-Modify-Write Cycle 

VIH-
RAS 

VIL - \ 

tCAP ..... tRCO 

LCAS 
VIH-

(or UCAS) VIL -

x )(XXXXX 
'l{xxxx4 

UCAS 
(or LCAS) 

VIH-
~ 

~ 'l{XXXXXI 
VIL -

tAAO 

tA~ tRAH 
tAsc ~ 

Ao-All 
~xxxx~ ROW ~ VIH-

VIL -
)(XXXXXl\ ADDRESS ~ 

VIH-
w XX)'l)'lXXXXX 

VIL -

DOl-DOs VIH­
(or 009-0016) 
(INPUTS) VIL -

001-00a VOH _ 

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or 001-00a) 
(INPUTS) VIL -

009-0016 VOH _ 

(or 001-00a) 
(OUTPUTS) VOL -

VIH-

VIL -

XX)'lX 

'l{XXX 
l'lX)'lXXXXX)'l 

xxxxxx 
xxxxxxxxx 

.... )'lX)'l 
ICXXX 

tRCS 14-- .... 

IXX~~~~ 

XXXX 
I)'lXXXXX 

tozc ~~ 

x xxxx 
.xxxxxxxx 

Hi-Z 

tRAC 

tozo 

xxxx 

tRWC 

tRAS L tRP 

Ii \ 
tCSH 

tASH 

tCAS L tCAP 

If 

tCAH tASR 

~ 

COLUMN I~X x:Nx\ ROW 
ADDRESS ~XXXXX x~ ADDRESS 

tAWO 
tCWL 

tcwo 
tAWL 

tRWO 
twp 

"I J;.XXXXXXXX-XXXX 
~ .#lX )'l)'lxxxV-A 

I 

IX X X X X X X X X X X X X XXXXXx XX)'l~ 
XX-XX~ ~XX xxxxxx 

Hi-Z 

tOS .... 
tOH 

Hi-Z 1~ ~Xxxx x DATA VALID 
,~ nKXXXXXXxxxx 

tCAC 
VI; x 

fAA 

=b ~ Hi-Z DATA 
VALID 

~ 
.. +---. tODD 

~ 9 .. tOEZ 

-.:xxxxxxxx xxx 
\X xx x >I' 

•. MITSUBlSHI 
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M5M416165CJ, TP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

VIH-

Vil -

VIH­
LCAS/ UCAS 

Vil -

Ao-All 
VIH-

Vil -

w VIH-

Vil 

001-0016 VIH 

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

Vil -

4 - 384 

\' 
tCSH 

tc~ 
tRCO tCAS 

W ~ 
tRAO 

lASR tRAH I. tCAH , .. ~ tASC 4-4 

~ 
199\. I"""r 

ROW LX 
YXXXY COLUMN-1 ADDRESS KX 
'lifSJSJ/' ~ 

tRCS 

tCAl 

xxxxx XXXX 
XXX XI 

tozc 

xxxxx xxxx 
xxxxx xxx xxx I~ tCAC , 

tAA 

Hi-Z 

~LZ 

~ 
tRAC 

tozo t~ 
tOCH 

KXxxxxxxxxxxxxxx~ 

)( xx x x ~xxx X x x x xxx,j< )l. 

tRAS tRP 

~ '---tHPC tRSH 

~ tCAS ~ tCAS 

~ 

~~~ I \ V 
tCPRH 

lAsc ~ tCAH ~ t~ ~ ~ ........ 
9''' OQ "\ 11.:;':: ,~. "1 ~ ROW 

COLUMN-2 ~ COLUMN-3 "lI\' ..?T ,. .n. ADDRESS 
'K...~ 'QS2 /"it: ~'II 

.... t~ 
tCAl tCAl .--.. tRCH 

xxxxxx 
XXX XXX 

tROD 
~ 

tcoo 

Hi-Z !Xx xx 
xx 

I~ tCAC. ~ tREZ 
tAA fAA tOHR 

tOFF 

~OH ~H tOHC 

DATA ~ DATA ~ DATA 

l~ VALlD-1 VALlD-2 VALlD-3 

.tCPA tCPA 
r 

toEZ 

X 
x 

~ toDD 



MITSUBISHI LSls 

M5M416165CJ, TP-5,-6,.7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read Cycle 

RAS RP 

VIH-
RAS ~ Vil - I 

tCSH tHPC tRSH 

tCRP 
~ 

tRCO ~_tC_A_S_-tI ~ 

LCAS 
VIH- xxxx 

(or UCAS) Vil -~ 

tCAS tCAS tCRP 

UCAS VIH-

(or LCAS) Vil - rs \ I 
tRAO tCPRH 

tAS~ ~ tASC~ ~ ~ ~ ~ ~ 

Ao-A11 VIH - ~1 ROW ~ COLUMN 1 ~l'~ COLUMN 2 -.l')?;.i)\., COLUMN-3 ~~m~ ROW 
Vil -~ ADDRESS '\2Qg - ~~rt' - ~:i..1' r ADDRESS 

tRCS 

w 

001-00a VIH - xxxx ..... x. .................... x..... ..... 
(orOQg-0016) I( XX.XXXXXX x 
(INPUTS) Vil - I( x x x x x x x x x x x x x 

001-00a VOH­
(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH - ~~~K5<~K5<~rt 
(or 001-00a) ,(XXXXXXIXX~ 
(INPUTS) Vil _ I( x x x x x X IX X X X X 

Hi-Z 

tozc 

tCAl 

x~ 
xxxXX 
xxxxx 

tozc 

tCAl 

~ tCAC. 

tM 

tCAl 

Hi-Z 

tRRH 

~ tRCH 

~~ 
tOHR 

XXXX 
\.KXXXX 
lotXXXX 

~ DATA 1\ 
'~ VAll 0-2 I( 

tCLZ ~ ~_-+--+--++-__ ---1-+-+-~f-

tCPA 

Hi-Z 

tROD 

tcoo 

~ 
~ 

twEZ~~ 
tOFF 

009-D016 VOH­

(or 001-00a) 
(OUTPUTS) VOl-

Hi-Z tCLZ ~~"-----1 _____ D_AT_A __ -+ __ ~_t°-'l°~",--____ D_:_;A_HC-+---'lL 
'~ .- VALlD-1 rv:.I,_ VALlD-3 r 

tRAC 

tozo tOEA 
........... 

tOCH 

VIH -X ){X~x' ..... O<:: ..... ~x'C:::>C::""']I;'xXx~ ..... 'xO<::X~X'C:::>C::Xx'x:>l-Jl 
Vil ){XX ]I; 

• MITSUBISHI 
..... ELECTRIC 

tCPA 

tOEZ 

xx x ~ 
AXX X X 

~ tODD 

4 - 385 



MITSUBISHI LSls 

L\M\NARY M5M416165CJ,TP-5,-6,-7,-5S,-6S,-7S 
PRE , t a jioa\ spec~,\(;~~\~~' change, 
NotiCe', 1'hl~ '\~~~ \\11I1\S afe Sl! .Ie 

$O,ne pa
ral1le 

HYPER ·PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-All 

VIL -

w VIH-

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH-

(OUTPUTS) VOL -

4 - 386 

RAS tRP 

, 
~ L 

. tCSH tHPC tASH 

tc~ 
tRCD tCAS ~ teAs ~ tCAS L tCRP 

r r----, ~ 

I ~ \ I \ I , 
~ 

tCAL tCAL 

!ASR 
~ tA~ ~ tASC ~ ~ tCAH • ~ .. ~ !Asc ........ 

~ t~ :~ ROW @ ~ ROW COLUMN-1 COLUMN-2 COLUMN-3 lotXXX"", ADDRESS ~ 
.lIE XXX)oJI MXXXA ADDRESS 

~ ~ ~ 

I~twcs. ~twCH. ~twCS. ~ twcH.'1 ~ ~ 

~ nnnn 
KXXXXXXxxxxxx xxx XXXXXX 
KXXXXXXXXXXXXIG. 12 xxx 1. ~XXXXlll. I~ .XXXXXXXXXXX 

I xxx .1. 

~ ~ ~tDS. ~ ~ ~ 
KX xxxxx X\j ;~. .n::lQ\ ~ x 

DATA DATA DATA KXXXXXXXXXXXX:tI YYVVJ. ~ ~XXXXX x 
VALlD-1 VALlD-2 j VALlD-3 j XXX)I 

)( 'C:Z::Z::J T::Z::Z::4 'xxxxx 

Hi-Z 

-------------------------------------------------------------------------------

.' MITSUBISHI .... ELECTRIC 



MITSUBISHI LSls 

M5M416165CJ, TP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Early Write Cycle 

VIH-

Vll-

LCAS 
VIH-

(or UCAS) Vll-

UCAS VIH-

(or LeAS) Vll-

VIH-
Ao-All 

Vll-

VIH-
w 

D01-DOa VIH­

(or 009-0016) 
(INPUTS) Vil -

D01-DOa VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH 

(or D01..,...DOa) 
(INPUTS) Vll-

009-0016 VOH­

(or D01-00a) 
(OUTPUTS) VOL -

tRAS tRP 

~ ~ IL 
tCSH tHPC tRSH 

tCRP 
~ 

~ 
,. 

){XXXX 
~ ~ 

tRCO tCAS ~ tCAS ~ tCAS L tCRP 

I 
~ f ~XXXXI' ~ ~ ~ 
~ 

tCAl teAL 

lASR .. ~ lAsc ........ ~ lAsc ~ ~ lAsc ~ ~ 
14 tASR ~ 

- ~ .~ ~ .~ 
~ ROW ROW 

~ ~ ~ 
ADDRESS COLUMN-1 IXXXX COLUMN-2 COLUMN-3 ADDRESS xxxx~ :'OlJlJ: ~ ~ I(XXXlI' .~ 

14twCS~ ~ 14twCS~ l'lWCH~~ ~ 
){XXXXX x¥ ~ :xxxxX:x XXXXXXX xxx ){XXXXXXXXXXXX ~ IoXXXXA Vxxx~ /" XXXJO,;.XXXXXXX 
){xxxxxxxxxxxx ~ n xxxx X\. I<AAXA J'i.)' VI, xxxxxxxxxxx 

~ ~ ~ lOS ~ ~ 

XXJO,;.XX~ DATA ·~x DATA JXXXJ'i.~ ~ x JO,;.)I 
VALlD-1 ~x VALlD-3 ~ x x x x x x JO,;. x JO,;. JO,;. x JO,;. •. 

1:X xxV ru<xxxJO,;.JO,;.xx¥-fx 

Hi-Z 

~ ~ 

xxxxxxxxxxxxxxxxxXXXJO,;.XXXA DATA 
){XXX xxxxxxx J'i..xI: VALlD-2 ){XXXXJO,;.xXJO,;.xXXXJO,;.xxXJO,;.JO,;.xxxxxY 

Hi-Z 

• . MtTSUBISHI 
.... ELECTRIC 

«xxxxxxxxxxxxx xx 
XXXXXXX xxx~ 

";XJO,;.XXXJO,;.X xxxJO,;.~xxxxxx~ 

4 - 387 



MITSUBISHI LSls 

ELl ",,\N ARY M5M416165CJ,TP-5,-6,-7,-5S,-6S,-7S 
P R . ot 8 tinal sp"ci\lC;:'~; change. 
NotiC"; l~~~:t~~C limits are sullIe, 

somepa HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-A11 

VIL -

~ 

tCRPi 
tRCO 

)( }gI' 

l(XXXXX7 

tRAO 

tASR I}RAH. tAsc ~ 

x x x xx X\. ROW ~ xxxx~ ADDRESS 

tCSH 

\ 

H 
tCAH 

COLUMN-1 

tAwo 

tR AS 

tCAS 

I 

~XXXXX 
IAXXXXXX 

~~ tcwo 
tc~ 

~ 
xxxxxxxxx XXX)if' 

~ x..x.xXXXXxx xxN' 
xxxxxxxxx XXXI 

w VIH-

tRWO 

~~ tos 
tOH 

J~ l(XXXXXXxx ')t' Hi-Z DATA xxx 

--tHPRWC 
tcp tCAS 

\ 

~ tCAH 

)/3.1 ·jI(.xxx 
XA COLUMN-2 , ~ 

tAWO 

~RCS1~ tcwo 

~W1 \ 
tcpwo 

tozc 
~ tos 

~ Hi-Z ~ 001-0016 VIH­

(INPUTS) VIL - xx XX xxx ,~ VALlD-1 ~ f. 

- 001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

4 - 388 

tCLZ ..... 

Hi-Z 

tRAC 

~ 
xxxxxxxxxx Xlk-xxx XI1. 
~x££xxxxxxxxxxx~x 

~ 
fAA 

~ 

~ 
r--, 

DATA Hi-Z 
VALID 

~ 
~ .... toDD 

~ 
~ tOEZ 

.• MITSUBISHI 
.... ELECTRIC 

tAA M 
--- 4-t~lz 

~ 
,..----, 
DATA 
VALID 
~ 

tCPA 
~ toDD 

tozo 

1~ ~ tOEZ 

\ U 

tRP 

FL 
~RWL 
_ tCRP 

I 

~ ~ tASR 

xxx ... ROW 
x lit. ADDRESS 

~ 
IXXXXXX 

x 
~xxxxxxx 

tOH 

------DATA IV,XXXX 
VALlD-2 
~ 

Hi-Z 

~ 
~x x 
,xxxxxx 



MITSUBISHI LSls 

M5M416165CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read-Write, Read-Modify-Write Cycle 

VIH 

VIL -

LCAS 
VIH-

(or UCAS) VIL -

UCAS VIH-

(or LCAS) VIL-

Ao-Al1 
VIH-

VIL-

w VIH-

VIL -

001 ....... 00S VIH­
(or 009 ....... 0016) 
(INPUTS) VIL -

001 ....... 00S VOH­
(or 009 ....... 0016) 
(OUTPUTS) VOL -

009 ....... 0016 VIH­
(or 001 ....... 008) 
(INPUTS) VIL -

009 ....... 0016 VOH­
(or 001 ....... 00S) 
(OUTPUTS) VOL -

J 

VIH­

VIL-

RAS 

~ 
tCSH 

~ 
tCRP 

H 

lolXXXXX.lI 
)(XXXXXI 

tRCD tCAS tHPRWC 

tcp teAs 

){X 

I XXx x x.x:, ~ ~ ){XXXXXl 

tRAD 

tASR tRAH tCAH ~ tCAH 
~ 4----t tAsc ~ 

XX ROW ~IXXXXXX 

~ 
~IXXX 

){X COLUMN-1 ~xx xxx x COLUMN-2 
ADDRESS ~ xx. XXI 

II\XXX 

){xxxxx ..... x 

"XxxxxxXX 
){X xx 

............... 

tAWD tAWD 

~~ 
tCWD tCWL 

~RCS1~ tCWD 44 

~ 
x~ ~ XXI 

tRWD 

XXXXx ..... xx ..... 
X xx fX xxx x 

Hi-Z 

~£. tos 
tDH 

XXX Hi-Z ~ DATA 

xxx PI' VALlO-1 

~ 
tAA 

tCLZ-+~ 

~ 
~ 

Hi-Z DATA Hi-Z 
VALID 

tRAC 
.....:!..... 

~ ..... tODD 

~ ~OE\ 
..... r-- .... tOEZ 

x 
..... xx 

• MITSUBISHI 
1"& ELECTRIC 

~W \ 
tCPWD 

..... x 

x x xxxx 

tDZC 

~ tDS 

~ Hi-Z ~ 
~ ~ 
~ tAA 

-t ~t~~ 

~ 
,........., 
DATA 1\ 
VALlD~ 
-:L. 

tCPA 4-fJ tODD 
tDZO 

, ~tOEA· H tOEZ 

\ U 

t P 
~ 

J L 
4-.-tRWL 

r tCRP 

1/ 

~ ~ tASR 

xxx\.. ROW 
~ ADDRESS 

:6 

~ 
IXXXXXX 
I~XXXXXX 

..... xXXXXXXx 
x ..... X:x;.("x 

xxxxx 

tDH 

-DATA w;.xxxx 
VALlD-2 ·,xxxx 

Hi-Z 

~ 
vx 
I\,'\{XXXXXX 

.... x. x 

4 - 389 



PREL\ 

MITSUBISHI LSls 

M5M4t6165CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16.777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-All 

VIL -

VIH-w 
VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

4 - 390 

tRAS tRP 

tRWL f, ~ tCR~ 
tCSH tHPC tHPRWC ~I-~ 

tCr tRCD tCAS ~ tCAS ~ tCAS 

¥¥1(¥~ r----, ,....., tCWL 11-1--
~ , 

~ \ I \ ~ 
~ 

tRAD 

lASR 
~ ~ 

lAsc ~ lAsc tCAH 
tASR .. tASC H ....... .... 

:J:lQq .1< '0. COLUMN-2 ~ ~~ 
E7'...I"..7'..7'.. 

,....--
~ ROW I'«XXJ/I COLUMN-1 I COLUMN-3 )I!;)I!;)I!;lf ROW 

)(XXX~ ADDRESS '\2SZ::I \i '::Z::,l/ I ')I!;)I!;XX xxxx~ ADDRESS ----
T~ ~~ 

?X'0 X )I!;f 
7'.. 
XXXX 

)(XXXXXX XXX}f' 

tDZC 

xxxxxxx xxxx 
)(XXXXX7'.. )l!;7'..)I!;X 

Hi-Z 

tRAC 

tDZO 

xxxxxxxxxxxxxxxxx 
')(XXXX~::X xx 

tCAL tCAL 
r 

\ 

t~ I*-~ 

~~ 
~~ ~ 

fAA 

tCLl -- .. twEZ 
4--t 

~ 
,....r---, 

DATA 
VALID 

II-:L 

tOEZ ~ 
~ tOCH ~ --f f-*-

J 
H 

tODD 

• MITSUBISHI 
.... ELECTRIC 

tCPWD 

tAWD 

tCWD 

~ \ Jt:XXXXX 
.D(XXXXX 
I 

~~~ ~ t~_ 
~ 

~ J~ 
r---, 

DATA 'l.XXXXXX 

~ 'J"f. VAll 0-3 lAX 

l 
----' 

tCLl ... 
~'DATA' VALID 

~ 
tCPA 

~t~ tOEZ tOEH 
18 ~ 

\ U -p; 

'7'..7'..7'.. 7'.. 7'.. X 

~ 

tODD 



MITSUBISHI LSls 

lM\NAR'i M5M416165CJ,TP-5,-6,-7,-5S,-6S,-7S 
PREl cilica\lol'. 

, ' (1ot a tinal spa 'b' €let \0 chal'ge 
Notice: "fh'-:n'!triC limitS are SU \ 

Some para HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

VIH-
Vll- __________________________________________________________________ __ 

VIH­
LCAS/UCAS 

Vil -

VIH-
Ao-All 

Vil -

w VIH-

001-0016 VIH­

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

--.I 

KXXXX 

~ 

tHpc 

~ ~ , I , 
tcp tCAS tCAS 

~ tCAH ~ tASC. tCAH ~ tCAH 

Xl. XJ'l. r:;, "PV\ 

~ XJl COLUMN-1 XXI COLUMN-2 1"- XJQl COLUMN-3 
XI ,X xxxx,.. U! .;.;:;sJ 

tCAl ~ tCAl 

~ twcs ~ ~twCH~ 

~ V 
tHCWD 

tHAWD 

~ tHPWD 
tD~ tDZC 

~ ..-. 
HI-Z 

~ DATA )C'xxxx Hi-Z 

k VALlD-2 
tCAC 

~ 

~ 
fAA fAA 

tCPA tCPA 

twez H 
tCLZ ..-. 

~ ~ W@'~ 
DATA Hi-Z 

~ DATA 
VALlD-1 VALlD-3 

tHCOD ~ tozc ~ ~ tOEA. 
tHAOD ~ 

tHPOD 

~ , 

4 - 391 



MITSUBISHI LSls 

EL'M'NARY M5M416165CJ,TP-5,-6,-7,-5S,-6S,-7S 
P R , ' not a tina\ spac~:~~~\~~'Ch\lnge, 
Noticll'. ih\~:tr\c limits are su 

$Olnepa
r8 

HYPER PAGE MODE 16777216-BIT'(1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by OE ) 

VIH­

Vll-

VIH­
LCAS I UCAS 

Vll-

VIH-
Ao-All 

tCRP r 
xxxx~ 

0;. x x XXII 

~ 

lASR 
~ 

VVV"X\ 
o;.xxx~ 

\ I 

tCSH 

tRCO tCAS 

~ ~ 
tRAO 

~ lAsc ..... tCAH 

ROW 
PVV)l! 

IU:hh 

tRAS tRp 

~ l-
tHPC tRSH 

~ tCAS tcp tCAS tCRP 

r--, 
~ ~ 

, I 
tCPRH 

lAsc ~ t~ ~ tCAH I ~ 
~ 

IV" 1("")('\ ~~ tsc~ ROW ~ X~ ~ COlUMN-1 

~ ADDRESS COLUMN-2 COLUMN-3 ADDRESS n.xx ~ {;{f f· 7' 
~~ .o.1c!l 4 Vll-

w VIH-

Vll-

DQ1-D016 VIH­

(INPUTS) Vil -

DQ1-D016 VOH­

(OUTPUTS) VOL -

VIH-

Vll-

4 - 392 

tRAl 

~~ 
XXXXXX XXXII 
~xxxxx xx'"" 

t~c 

o;.xxxxxx xxx Hi-Z 
o;.xxxxxx 
< h XXX ~ ~ ~ tCAC ~ 

lAA 1M tAA 

~LZ ~H ~ 
Hi-Z ~~ DATA 

)- 1'o.TA'~ DATA ~ 
H,Z ~~ VAlID-1 ~ V~~IO I 

tRAC 
tCPA 

tozo t~ ~ 

hh xx 
XXA XJn 

~xxxxxxxxxxx 

.. tOCH 
h ~ J , 
~ tOEPE 

. •. MITSUBISHI 
.... ELECTRIC 

VAlID-2 

tCPA 

tCHOl~ 

~ toEZ 

I \ 
..... tOEPE 

.. ~~ 
~ tRCH 

XXXX 
xxxx 

tRoD 
~ 

tcoo 

~ ~ 
tREZ ~ ~ 
tOHR 
tOFF 
toHC 

DATA 
)-

VALl 0-3 

tOEZ 

x xxx .. A xxx 

~ tODD 



MITSUBISHI LSls 

PRE\'~o~~ ~~~~" M5M416165CJ,TP-5,-6,-7,-5S,-6S,-7S 

strle lirnilS ere so)l 

para
rn 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( HI-Z control by W ) 

VIH-

VIH­
LCAS/UCAS 

Ao-A11 

w 

VIL -

VIH 

VIL -

VIH-

VIL 

001-0016 VIH 

(INPUTS) VIL 

~ 
tCSH 

tCE 
tRCD tCAS 

<XXXXl ~ ~ 
tRAO 

tASR 
~ tRAH. tAsc I~ tCAH. .. ~ 

.~ IlX ROW KXXXXV .... J'\.J'\.JW COLUMN-1 ~ ADDRESS KXXXY .lZ::tl:::/ .~ 

I. tRCS 

10(10( 

~~~~~ XXXXlI 
XXXY 

tozc 

xxxx 
l'!;XXX 

~ tCAC. 

tAA 

tCLl 
~ 

Hi-Z 

tRS A 

tHPC tRSH 

~ tCAS tcp tCAS 

r-----"! 

I , ~ ~ 

tCPRH 

~ ~ f>.SC tCAH 
~ ~ 

~s.\ .JQ ~ 
I~ COLUMN-2 YX xxv COLUMN-3 I'" 
~~ .'6l C4 

tRAL 
tRCH -4 t ....,. .. tRCS 

V 
Hi-Z 

14 tCAC. ~ 
tAA tAA 

~H twEZ ~ ~ 

), TA DATA Hi-Z J 001-0016 VOH­

(OUTPUTS) VOL - ~~ VALlD-1 ~ VALlD-2 , ~ 
tRAC 

tCPA tCPA 
tozo tOEA I r 

~ 
tOCH 

VIH xxxxxxxxxxxxxxxxx 
KJ'\. .)(:~ 

VIL 

tRp 

~ ~ 
tCRP 

I 
~ 

I~ tASR. 

r'\i r-~ 
ROW 7tI 

w;:::-.: ~~ 
ADDRESS 

~tR~ 

~ tRCH 

lIXXJ'\.X 

~ twEZ. 

tRoD 
tCDD 

~ ~ 
tREZ ~ ~ 
tOHR 

tOFF 

tOHC 

DATA 
)-VALlD-3 

tOEZ 

x xxx 
r; 

~ toDD 

4 - 393 



MITSUBISHI LSls 

\ \\1\\ NARY M5M416165CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
PREL . ecilica\iOn, e 

, not a tiM! sll b' act \0 chang 
Notka'. This IS , \iffiitS are Sll \ 

SOffi~ par3ffiet,nC HYPER·PAGE MODE 16777216--BIT (1048576--WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

VIH-

VIL -

VIH­
LCAS/ UCAS 

VIL -

VIH-
Ao-Al1 

VIL -

001-~016 VIH­

(INPUTS) VIL -

001-0016 VOH -

~ 

tCAP, 

yxxxx.If 
I(XXxxx.J' 

KXXXXXI 

tASA tAAH 
~ ~ 

KXXXXXl. ROW KXXXXX1I 

KXXXXJf.I ADDRESS 

tAC 

tRAS tAP 

I \ 
~C r tCRP 

W 
tASR ... 

IXXX X Xl. ROW IXXX XXXX XXXXXXlI 

·\xXXxxxxxxx xxxXXXX XJf.I ADDRESS 

Hi-Z 

(OUTPUTS)VOL - ----------------------------------

4- 394 



MITSUBISHI LSls 

M5M416165CJ, TP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle* 

VIH-

VIL -

VIH­

LCAS/UCAS 
VIL -

VIH 
Ao-A11 

VIL 

w VIH 

VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

---' 

xxx X 
~~x 

xxx 

tRC 

" 
tRC 

tAp tRAS 
» 

tRAS tRP 
(( 
# 

~ \ ~ ~ I r\ 
tRPC tCSR tRPC tCSR tRPC 

- .... .- f--I 
tCHR 

----~ 1/ 

tCHR 
~ ---tT r tCRP 

-., 
~ I / ~ V W "-" .... tCPN 

....... tASR 

, 
"""---- _I---

~xx~XXXXXXXXXXXXX XXXXXxxxxxxx ROW ~UMN 
~~~~x~ ~xx~~~~~ XXX XXx ~xX>7 ~DDRESS ADDR~ 

~ 

~ ~RH 

tF tRCH 
(( 

I\XXXXXXXX' XXXXX~.x. xxx .x..x..x..x.XXJI 
'-~~~~~.x.~ XXXX~~~~.x.x~.x..x..x.XXX~.x.~~ ~.x.x~~~ 

" 

xxxx Xxx xxx 
~xx~ xx·x XXXXXXXXXXXXX ~.x.~~~xx 

~ tREZ 
tOHR 

~ tOFF 
tOHC 

~S 
Hi-Z 

~ , 
xxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxx xxx 

XXXxxxxxxxxxxxxxx XXXXXXXXXXXXxxx 

• MITSUBISHI 
.... ELECTRIC 

xxxxxxxXXX 
.x.~ 

4 - 395 



MITSUBISHI LSls 

PRE'-~~~~~~~"," M5M416165CJ,TP-5,-6,-7,-5S,-6S,-7S 

Notice: This IS . liO'litS ere su 

S00'l8pe
r8

0'1etfiC HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 30) 

VIH-

VIL -

-- --VIH­
LCAS / UCAS

V1L 
_ 

VIH-
Ao-A11 

VIL 

w VIH-

VIL -

001 ...... 0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH­

VIL-

tRC 

tRAS , 
tCRP tRCD tRSH 

K.XXXX'6' \ 
tRAD 

tASR tRAH lAsc tCAH 

~ .K.XXXXV ROW COLUMN I¥; X ,. ADDRESS ADDRESS t,.;x 

~ 
tRAL 

K.XXX xx. 
XXXX:I 

~ tDZC 

K.XX xxx: 
leXXXXXX 

tCAC 

fAA 

~ 
HI·Z '~ 

tRAC 

tozo toEA 

tORH 

K.X xxxxxx 
K.xxxxxxxxxxx 
Ie xxxxxxxxxx 

.1 tRC 

l tRP ] tRAS tRP 

'I \ I '-
tCHR 

~ 

tASR 

xxxxx xxxx x ROW 
x xxxx xx :A.:A.N ADDRESS 

tRCH 
~ 

)I 
xxxxx 
1I<.XXXX 

tCDD 

~tRDO • 

HI-Z 

tREZ 

~ 
tOFF 

tOHC 

l HI-Z 
DATA VALID ,. 

tOEZ 

toDD 

XXXXXXXXXXX 
II.XXXXXXXXX:A.:A. 

I: xxxxxxxxxxx 

Note 30: Early write, delayed write, read write or read modify write cycle is applicable Instead of read cycle. 

4 -396 

Timing requirements and output state are the same as that of each cycle shown above. 

,. ··MITSUBISHI 
.... ELECTRIC 



Self Refresh Cycle * 

VIH-

VIH­
LCAS/UCAS 

VIL -

VIH 
Ao-A11 

VIL 

w VIH-

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

MITSUBISHI LSls 

M5M416165CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RP tR SS A RPS 

I ~ I \ 
tRPC 

~ ~ tCHS ~ tc~ 

I ~ V ~W ~iL 
t~ 

tASR ...... 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 

~ 

OOW X xxxx "¥" x x x x x xXxxxxxxxx~xxxxxxxxYf' ADDRESS -
~ 
~ tRCr 

xxxxxxx xxxxxxxxxxxxxxxx. 
xxxxxxxxxxxxxxxxxxxxxxxxx 

tROD 

tCDD 

Hi-Z xxxxx xxxxxxxxxxxxxxx xxxxxxx 
xxxxxxx xxxxxxx xxxxx~ 

+-t tREl v x """"xxx xx 
~tOHR 
f----I tOFF 
4-~ tOHC 

Hi-Z 
'( 

~ toEZ 
tODD 

xxx xxx xxxxxxx xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxx 
x xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxx 

4 - 397 



MITSUBISHI LSls 

PRE\'~~~~~::. M5M416165CJ,TP-5,-6,-7,-5S,-6S,-7S 

Notice: ihl~:t~C limits ore sub lee 

somepllrs . HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-8IT) DYNAMIC·RAM 

Upper I (Lower) Self Refresh Cycle* 

tRP tAps 

VIH-
RAS ~~ -\ 

VIL - 'S.:.. 
tRASS }"-

\~----~----------------------~~J 

tRPC 

UCAS 
~ ~ 

VIH- ,.. 
~~~ (or LCAS) VIL - I 

tRPC 

~F4 ~ 
mAS" VIH-

---.I W (or UCAS) VIL-

VIH-
Ao-All 

xxxxx xx 

VIL -
'Il" 

xxxxxxxxx xxxxxxxxx 
XA.XXXA.XX 

~H 
VIH-

W 
xxxxx 

YXXXXA.A.XA. 
xxxxxxxxxxxxxxxxxxxxxx 

xxx 
VIL -

DOl-DOe VIH-
(or 009-0016) ~A. 

(INPUTS) VIL -

,xxxx 

~ 

x xxxxxxx 
xxxx 

xxx 

xxxxxxxx 
XA.XX 

DOl-DOe VOH - ~~~~~s:a~ ______________ !:H~I-Z~ ______________ _ 
(or 009-0016) ~x xxx 
(OUTPUTS) VOL -::a.::; xX:a.::x::::!l~xx~Cx:.:::x::.x~ 

tCDD 

tODD 

009-0016 VIH - K X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X x 

(or001-00a) ----t---i----t-~~~~~~~~~~x~~xx~x~x~x~x~x~~~~~~x~x~~XX~x~x~x~x~x~x~x~x~x~~~~t (INPUTS) VIL - KXXx. xxx. x. xxx. x xx. x. x x. x. xx. xxx. x. x xx. xx 

tOFF 
~ 

~ 
009-0016 VOH - IC X X X X x HI-Z 
(or001-00a) K~X~X~X~x~~~1-------------------------------~~~-------------------------------
(OUTPUTS) VOL - 'Ii. 
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M5M418165CJ,TP-5,-6,-7, 
-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 
The use of double-layer metal process combined with twin-well 

CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RAS CAS Address 

Type name access access access 
time time time 

(max.ns) (max.ns) (max.ns) 

M5M418165CXX-5,-SS 50 13 25 

M5M418165CXX-6,-6S 60 15 30 

M5M418165CXX-7,-7S 70 20 35 

XX=J,TP 

.Standard 42 pin SOJ, 50 pin TSOP 

.Single 5.0V ±1 0% supply 
eLow stand-by power dissipation 

OE Cycle Power 
access time dissipa-

time lion 
(max.ns) (min.ns) (typ.mW) 

13 90 810 

15 110 675 

20 130 585 

5.5mW (Max) -------------------------- CMOS Input level 
.Low operating power dissipation 

M5M418165Cxx-5,-5S ------------------- 990.0mW (Max) 
M5M418165Cxx-6,-6S ------------------- 825.0mW (Max) 
M5M418165Cxx-7,-7S ------------------- 715.0mW (Max) 

.Hyper-page mode, Read-modify-write,RAS-only refresh 
CAS before FiAS refresh, Hidden refresh capabilities 

eEarly-write mode, OE and W to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 

.1024 refresh cycles every 16.4ms (Ao ..... As) 

* : Applicable to self refresh version (M5M418165CJ,TP-5S,-6S, 

-7S : option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-As Address inputs 

OQ1-0Q16 Data inputs/outputs 

RAS Row address strobe input 

UCAS 
Upper byte control 
column address strobe input 

LCAS 
Lower byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+5.0V) 

Vss Ground (OV) 

PIN CONFIGURATION (TOP VIEW) 

NC 

Ao 

Vss 

OQ15 

OQ14 

OQ13 

Vss 
OQ12 

OQ10 

Outline 42PON-A (400mil SOJ) 

Al 

A2 

A3 

vcc 

OQ16 

0013 

Vss 

OQ12 

OQll 

OQ10 

NC 

NC 

LCAS 

UCAS 

OE 

As 

A7 

A6 

A5 

Outline 50P3G-F (400mil TSOP Normal Bend) 

NC: NO CONNECTION 
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FUNCTION 
The M5M418165CJ, TP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, e.g., 

hyper page mode, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs Input/Output 

RAS LCAS UCAS W OE 001-D08 009-0016 
Lower byte read ACT ACT NAC NAC ACT DOUT OPN 
Upper byte read ACT NAC ACT NAC ACT OPN DOUT 
Word read ACT ACT ACT NAC ACT OOUT OOUT 
Lower byte write ACT ACT NAC ACT NAC DIN DNC 
Upper byte write ACT NAC ACT ACT NAC ONC DIN 
Word write ACT ACT ACT ACT NAC DIN DIN 
RAS-only refresh ACT NAC NAC ONC ONC OPN OPN 
Hidden refresh ACT ACT ACT NAC ACT OOUT DOUT 

CAS before RAS refresh ACT ACT ACT DNC DNC OPN OPN 
Stand-by NAC ONC DNC DNC ONC OPN OPN 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : invalid, APD: applied, OPN : open 

BLOCK DIAGRAM 
ROW ADDRESS 
STROBE INPUT RAS 

LOWER BYTE CONTROL __ 
COLUMN ADDRESS LeAS 

STROBE INPUT ~ I 
UPP~'b~0L~ ~'6~TRRE~~ UCAS ~ 

STROBE INPUT 

WRITE CO~~~8f IN 

ADDRESS INPUTS 

4 - 400 

AO 

Al 

A2 

Aa 

A4 

AS 

As 

A7 

As 

A9 

SENSE REFRESH 
AMPLIFIER & 110 CONTROL 

MEMORY CELL 
(16777216BITS) 

• MITSUBISHI 
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I 001) 002 
: LOWER DATA 
1 INPUTS I OUTPUTS 

008 

DQ9j 0010 
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1 INPUTS I OUTPUTS 

0016 
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M5M418165CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratinos 
Vcc Supply voltage -1 ...... 7 
VI Input voltage With respect to Vss -1 ...... 7 
Vo Output voltage -1 ...... 7 
10 Output current 50 
Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0 ...... 70 
Tstg Storage temperature ·65 ...... 150 

RECOMMENDED OPERATING CONDITIONS (Ta=0 ...... 70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 4.5 5.0 5.5 V 

Vss Supply voltage 0 0 0 V 
VIH High·level input voltage, all inputs 2.4 6.0 V 
VIL LOW-level input voltaae, all inputs -1 0.8 V 

Note1: All voltage values are with respect to vss. 

ELECTRICAL CHARACTERISTICS (Ta=0 ...... 70·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Min 

VOH High-level output voltage IOH=-5.0mA 2.4 

VOL Low-level output voltage IOL=4.2mA 0 
loz Off-state output current Q floating OV ~VOUT ~ 5.5V -10 

II Input current OV:S:VIN:S: 6V, Other inputs pins=OV -10 

Average supply current M5M418165C-5,·5S ----
RAS, CAS cycling 

Icc1(AV) from Vcc operating M5M418165C-6,-6S tRc=twc=min. 

(Note 3,4,5) 
output open 

M5M418165C-7,-7S 

RAS= CAS =VIH, output open 

ICC2 Supply current from Vcc, stand-by (Note 6) RAS= CAS ~Vcc ·0.2V 
output open 

Average supply current 
M5M418165C-5,-5S 

RAS CYCling, CAS=VIH 
ICC3(AV) from Vcc refreshing M5M418165C-6,-6S tRc=mln. 

(Note 3,5) 
output open 

M5M418165C-7,-7S 

Aver~e supply current M5M418165C-5,-5S 
RAS=VIL, CAS cycling from cc 

ICC4(AV) Hyper·Page-Mode M5M418165C-6,-6S tpc=min. 
output open 

(Note 3,4,5) M5M418165C-7,-7S 

Aver~e supply current M5M418165C-5,-5S' CAS before RAS refresh cycling from cc __ 
ICC6(AV) CAS"before RAS refresh M5M418165C-6,-6S tRc=min. 

mode (Note 3) 
output open 

M5M418165C-7,-7S 

Stand-by: 
RAS~Vcc.().2V 

CAS~VcC.().2V or CAS~O.2V 
CAS before RAS refresh: 

Average supply current RAS cycling CAS~O.2V or 
ICC8(AV) * fromVcc M5M418165C (S) CAS before RAS refresh cycling 

Extended-refresh cycle W;;fi,O.2V or ~VCC.().2V 

(Note 6) oe;;fi,O.2V or ~VCC.().2V 
Ao-Ag;;fi,O.2V or ~VCC.().2V 
DO=open, tRC=125Jls, 
tRAS=tRASmin-1 JlS 

Average supply current 
RAS=CAS~0.2V ICC9(AV) * fromVCC M5M418165C (S) 

Self·refresh cycle 

Note 2: Current flowing into an IC Is positive, out is negative. 
3: ICC1 (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICC1 (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RAS=VIL and LCASlUCAS=VIH . 

• MITSUBISHI 
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Limits 
Typ 

Unit 
V 
V 
V 

rnA 
mW 
·C 
·C 

Max 
Unit 

Vcc V 
0.4 V 
10 J.lA 
10 p.A 

180 

150 rnA 

130 

2 

1 rnA 

0.3* 

180 

150 rnA 

130 

165 

130 rnA 

110 

180 

150 rnA 

130 

500 p.A 

400 p.A 
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CAPACITANCE (Ta=0 ..... 70·C. Vcc=5.0V±10%. Vss=OV. unless otherwise noted) 

Parameter Test conditions 
Limits 

Unit Symbol Min Typ Max 

CI(A) Input capacitance. address inputs 5 pF 

CI(OE) Input capacitance. OE input VI=VSS 7 pF 

CI(W) Input capacitance. write control input f=1MHz 7 pF 

CI(RAS) Input capacitance. RAS input VI=25mVrms 7 pF 

CI(CAS) Input capacitance. CAS input 7 pF 

CliO Input/Output capacitimce. data ports 7 pF 

SWITCHING CHARACTERISTICS (Ta=0 ..... 70·C. Vcc=5.0V±10%. Vss=OV. unless otherwise noted. see notes 6.14.15) 

Limits 

Symbol Parameter M5M41816SC-5.-SS M5M418165C-6,-6S M5M418165C-7.-7S Unit 
Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 13 15 20 ns 

tRAC Access time from RAS (Note 7,9) 50 60 70 ns 

tAA Columu address access time (Note 7,10) 25 30 35 ns 

tCPA Access time from CAS precharge (Note 7,11) 30 35 40 ns 

tOEA Access time from OE (Note 7) 13 15 20 ns 

tOHC Output hold time from CAS 5 5 5 ns 

tOHR Output hold time from RAS (Note 13) 5 5 5 ns 

tCLl Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOEZ Output disable time after OE high (Note 12) 0 13 0 15 0 20 ns 

twEZ Output disable time after WE low (Note 12) 0 13 0 15 0 20 ns 

tOFF Output disable time after CAS high (Note 12,13) 0 13 0 15 0 20 ns 

tREZ Output disable time after RAS high (Note 12,13) 0 13 0 15 0 20 ns 

Note 6: An initial pause of 500 J1S is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock such as RAS-Only refresh). 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RASICAS cycles are required after prolonged periods (greater than 16.4ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(IOH=-5mA) I VOL=0.4V(IOL=4.2mA) load 100pF. 
The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(VcL). 

8: Assumes that tRCO ~ tRCO(max) and tASC ~ lASC(max). and tcp~ tCP(max). 

9: Assumes that tRCO :iii tRCO(max) and tRAO :a tRAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD ~ tRAO(max) and lAsc :a lASC(max). 
11: Assumes that tcp~ tCP(max) and lAsc ~ lASC(max). 
12: tOEZ(max), twEZ(max), tOFF(max) and tREZ(max)defines the time at which the output aChieves the high impedance state ( IOUT~ I ± 1 0 Jl AI) 

and is not reference to VOH(min) or VOL(max). 
13: Output is disabled after both RAS and CAS go to high. 
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M5M418165CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 
(Ta=0-70·C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter MSM41816SC-5,-SS MSM418165C-6,-6S MSM41816SC-7,-7S 

Min Max Min Max Min Max 
tREF Refresh cycle time 16.4 16.4 16.4 
tREF* Refresh cycle time 128 128 128 
tRP RAS high pulse width 30 40 50 

tRCO Delay time, RAS low to CAS low (Note 16) 18 37 20 45 20 50 
tCRP Dela~ time, CAS high to RAS low 5 5 5 

tRPC Delay time, RAS high to CAS low 0 0 0 
tCPN CAS high pulse width 8 10 10 

tRAO Column address delay time from RAS low (Note 17) 13 25 15 30 15 35 
tASR Row address setup time before RAS low 0 0 0 
tAsc Column address setup time before CAS low (Note 18) 0 10 0 13 0 13 
tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 8 10 10 
tOlC Delay time, data to CAS low (Note 19) 0 0 0 
tOlO Delay time, data to OE low (Note 19) 0 0 0 
tROO Delay time, RAS high to data (Note 20) 13 15 20 
tcoo Delay time, CAS high to data (Note 20) 13 15 20 
toDD Delay time, OE high to data (Note 20) 13 15 20 
IT Transition time (Note 21) 1 50 1 50 1 50 

Note 14: The timing requirements are assumed IT =2ns. 
15: VIH(min) and Vll(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ms 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

16: tRCO(max) is specified as a reference point only. If tRCO is less than tRCO(max), access time is tRAC. If tRCO is greater than tRCO(max), access time is 
controlled exclusively by tCAC or fAA. 

17: tRAO(max) is specified as a reference point only. If tRAO Ii:; tRAO(max) and tAsc ;:;;tASC(max), access time is controll.ed exclusively by tAA. 
18: tASC(max) is specified as a reference point only. If tRCO ~tRCO(max) and tAsc ~tASC(max), access time is controlled exclusively by tCAC 
19: Either tozc or tOlO must be satisfied. 
20: Either tRoD or tcoo or tODD must be satisfied. 
21: IT is measured between VIH(min) and Vll(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRc Read cycle time 
tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAg low 
tRsH RAS hold time after CAS low 
tRCS Read setup time before CAS low 
tRCH Read hold time after CAS high 
tRRH Read hold time after RAS high 
tRAl Column address to RAS hold time 
tCAl Column address to CAS hold time 
tORH RAS hold time after OE low 
tOCH CAS hold time after OE low 

Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 

MSM41816SC-S,-5S 

Min 
90 

50 
8 

40 
13 
0 

(Note22) 0 
(Note 22) 10 

25 
13 
13 
13 

• MITSUBISHI 
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Max 

10000 
10000 

Limits 
MSM41816SC-6,-6S MSM418165C-7,-7S 

Min Max Min Max 
110 130 

60 10000 70 10000 
10 10000 13 10000 
48 55 
15 20 
0 0 
0 0 

10 10 
30 35 
18 23 
15 20 
15 20 

Unit 

ns 
. ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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HYPER PAGE MODE 16777216:-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter MSM41816SC-S,-SS MSM41816SC-6,-6S MSM418165C-7,-7S Unit 

Min Max Min Max Min Max 
twc Write cycle time 90 110 130 ns 
tRAS, RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 8 10000 10 10000 13 10000 ns 

tCSH CAS hold time after RAS low 40 48 55 ns 

tRSH RAS hold time after CAS low 13 15 20 ns 
twcs Write setup time before CAS low (Note 24) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 13 ns 
tCWl CAS hold time after W low 8 10 13 ns 
tRWl RAS hold time after W low 8 10 13 ns 
twP Write pulse width 8 10 13 ns 
tDS Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS low or W low 8 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter MSM418165C-S,-SS MSM41816SC-6,-6S M5M418165C-7,-7S Unit 

Min Max Min Max Min Max 

tRWC Read write/read modify write cycle time (Note 23) 109 133 161 ns 

tRAS RAS low pulse width 75 10000 89 10000 107 10000 ns 
tCAS CAS low pulse width 38 10000 44 10000 57 10000 ns 
tCSH CAS hold time after RAS low 70 82 99 ns 
tRSH RAS hold time after CAS low 38 44 57 ns 
tRcs Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 24) 28 32 42 ns 
tRWD Delay time, RAS low to W low (Note 24) 65 77 92 ns 

tAwD Delay time, address to W low (Note 24) 40 47 57 ns 
tOEH OE hold time after W low 13 15 20 ns 

Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWl(min)+tRP(min)+4tr. 
24: twes, tCWD, tRWD and tAwD and, tCPWD are specified as reference pOints only. If twCS~twCS(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tcwD~tCWD(min), tRwD~tRWD(min), tAWD~tAWD(min) and tCPwoi;:; tCPWD(min) 
(for hyper page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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M5M418165CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper page Mode Cycle 
(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 

Limits 
Symbol Parameter MSM41816SC-5,-SS MSM418165C-6,-6S MSM41816SC-7,-7S 

Min Max Min Max Min Max 
tHPC Hyper page mode readlwrite cycle time 20 25 30 
tHPRWC Hyper page mode read write/read modi~ write cycle time 57 66 79 
tOCH Output hold time from CAS low 5 5 5 
tRAS RAS low pulse width for read write cycle (Note 26) 65 100000 77 100000 92 100000 
tcp CAS high pulse width (Note 27) 8 13 10 16 10 16 
tCPRH RAS hold time after CAS precharge 30 35 40 
tCPWD Delav time, CAS precharge to W low (Note 24) 45 52 62 
tCHOL Hold time to maintain the data Hi-Z until CAS acc!ilss 7 7 7 
tOEPE OE Pulse width (Hi-Z control) 7 7 7 
twPE W Pulse width (Hi-Z control) 7 7 7 
tHCWD Delay time, CAS low to W low after read 28 32 42 
tHAWD Delay time, address to W low after read 52 62 72 
tHPWD Delay time, CAS precharge to W low after read 62 72 82 
tHCOD Delay time, CAS low to OE high after read 13 15 20 
tHAOD Delay time, address to OE high after read 25 30 35 
tHPOD Delay time, CAS precharge to DE high after read 30 35 40 

.. . . .. 
Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle . 

26: tRAS(min) is specified as two cycles of CAS input are performed. 
27: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 28) 

Limits 
Symbol Parameter MSM418165C-5,-SS MSM418165C-6,-6S MSM41816SC-7,-7S 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 5 5 5 
tCHR CAS hold time after RAS low 10 10 15 

Note 28: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before AAS refresh mode. 

• MITSUBISHI 
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Unit 

ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
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SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by ·S· after speed item, like -5S/ -6S/ -7S. The other characteristics and requirements than the below are 
same as normal devices. 

TIMING REQUIREMENTS (Ta=0-70·C, VCC=5.0V±10%, Vss=ov, unless otherwise noted, see notes 13,14) 

Limits 
Symbol Parameter M5M418165C-SS M5M418165c-6S M5M418165C-7S Unit 

Min Max Min Max Min Max 
tRASS Self refresh RAS low pulse width 100 100 100 jIos 

tRPS Self refresh RAS high precharge time 
tCHS Self refresh RAS hold time 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

90 
- 50 

110 130 
- 50 - 50 

The last / first full refresh cycles (1 K) must be made within tNS / tSN before / after self refresh, on the condition of tNS~ 16.4rns and 

tSN~16.4ms. 

~ tNS .1 14 tSN .1 
-------------------~III~I-----~II~II~ _____________________________ ~~III~I------~II~II----------------

DISTRIBUTED REFRESH 
< 1K I 16.4ms > 

.(2) In case of burst refresh 

DISTRIBUTED REFRESH 
< 1 K I 16.4ms > 

ns 
ns 

The last / first full refresh cycles (1 K) must be made within tNS / tSN before / after self refresh, on the condition of tNS +tSN~ 16.4ms. 
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BURST REFRESH 
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Timing Diagrams (Note 29) 

Read Cycle 

VIH-

VIL -
\ 

~ 
VIH­

LCAS/UCAS 
xxxxxx. 
~J'\.J'\.J'\.J'\.I 

VIL - X:XXXXI 

tASA ~tRAH. 
~ 

Ao-A9 J'\..A. ROW 
I 

VIH-

tAC 

tAAS 

I 
tCSH 

tACO tASH 

tCAS 

\ 
tAAO 

tAAL 

tCAL 

~ tCAH 

wtJ'\.J'\.J'\.J'\.~ 
COLUMN V'l{yyy xx 

VIL -
ADDRESS 'XXXXXI ADDRESS YXXXXXXXXXXX 

VIH-w 
VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL _ 

VIH-

VIL -

ICXXXXXXxxx. 
KXXXXXXXX 

KXXXXXXxxx 
KXXXXX x xx' 

/ 

KXXXXXX 
KXXXXXX 

Note 29 

tACS 

r 
x XXXXX7' 

XXXI 

~I tOZC.1 

xxxxxxxx Hi·Z 

tCAC 

tAA 

~ Hi·Z 

tAAC 

tozo ~ 
tOCH 

XXXXXX 
XXXXXXXXXXXXXXX 

tORH 

Indicates the don't care input. 
VIH(min)~VIN:iiVIH(max) or VIL(min)~VIN:iiVIL(max) 

Indicates the invalid output. 

• MITSUBISHI 
"ELECTRIC 

tAEZ 

tOHA 

DATA VALID 

tAP 

L 
tCAP 

I 

tASA ... 
.1 ROW 

J'\.AI 
ADDRESS 

tAAH 

----. tACH 

XXXXXX 
XXXXXX 

~tcoo 
tROD 

~ 

x xxx 
xxx 

twEZ!t-H 

tOFF 
toHC 

~ 

tOEZ 

~ 
AJ'\. J'\.xX)6t 

n xx xXXXX 

4 - 407 



MITSUBISHI LSls 

M5M418165CJ,TP-5,-6,-7,-5S,~6S,-7S 

HYPER PAGE MODE 1677721 &-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read Cycle 

VIH-
RAS 

VIL -
~ 

~ tCRP. 

LCAS 
VIH-~ 

(or UCAS) VIL -
KXXXXI 
J'.,.Jf..Jf..Jf..1 

UCAS VIH-

(or LCAS) VIL -

I!;.A)II;AA 
KXXXX7 
I!;.)II;X)II;XI 

tASR I~RAH. ~ 

Ao-Ag 
VIH- "- ROW 

~ 

VIL - 't)';;)';;)';;)';;x...lV ADDRESS 

w VIH-
~A),;;X),;;),;;X 

VIL - ~XXXXX 

D01-DOa VIH 

(or D09-0016) 
(INPUTS) VIL 

DQ1-DOa VOH­

(or DOg-D016) 
(OUTPUTS) VOL-

'txxxxx 
~A),;;AA 

XX 
X 

tRC 

tRAS 

tCSH 

tRCO tRSH 

tCAS 

\ 
tRAO tRAL 

tCAL 

~ tCAH 

~ COLUMN ~)II;),;;A),;;),;; 
ADDRESS yxxxx,J: ''(: X X X X x x x x x x )';; 

tRCS 

r 

XX)';;)';; XX)';;)';;XXAXXXXXXX 
XXXX XXXXXXXXXXX 

XXXXXXXXXXXXXX 

Hi-Z 

~~ 
DOg-D016 VIH­

(or D01-DOa) 
(INPUTS) , VIL-

"X)« X x xxxxxxxx Hi-Z 
<XXXAAX)II;X 

tCAC 

tAA 
tCLZ 

Hi-Z 

I 

)';;)';; 

)';;)';; 

tRRH 

X 

IIoCX 

tROD 

tREi 

tOHR 

DOg-D016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL- ~~ DATA VALID 

VIH-
'txxxxx 

VIL ...;. <XXXX)II;A 

4 - 408 

tRAC 

tozo ~' 

XXXXXXXAAXXAXXAA 
XXXXXXXX)II;XXX)II;XXX 

• MITSUBISHI 
..... ELECTRIC 

tOCH 

tORH 

tAp 

'----tCRP 

I 

tASR 
~ 

)ll;XAV ROW 

XXXI' ADDRESS 

~ tRCH 

"'XXXXXXX 
A)';; 

\ 

xxxx 

~ 
r!00 

KX xxx 
".KX XXXX 

~r----. twEZ 

tOFF 

tOHC 

~ 
~ FS 
~ tODD 

x 
IXAXXXXXX 
~XXXXXXXX 



MITSUBISHI LSls 

M5M418165CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Early Write Cycle 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-

VIL -

VIH-w 
VIL -

001-0016 VIH­
(INPUTS) VIL _ 

001-0016 VOH-

~ 

tF 
tRCO 

~ \ ){XXXXlI' 

!ASR 
~ 

tRAH tA~ 

){XXXX~ ROW ~ >.LXXXY ){xxxx:a ADDRESS "6tO' ){){){XXI 

twcs 

){XX xxxxxx xx:a.,·r 
){XX xxxxx xx ){X:!.· 
XXX){){XXX){XXXXXXXX~ 

~ 

~]';xxxxxxx "X xxv 
~"X xxxxx XXI 

twc 

tRAS L tRP 

r 
f \ 

tCSH 
tRSH 

~ tCAS 

I 
!ASR 

tCAH ...... 

COLUMN ~X~~Yxxxxxxxxx~ ROW 
ADDRESS axxxxxxxxxxxx XXXA ADDRESS ·~ .................... xxx XXXlit' 

twCH 

lR .... xx xxb. IIXXXXXX xxxxxxxx 
-EXX"X"X"X xxxxxxxxx xxx]'; 

tOH 

DATA VALID Jx~xxxxx xxxxxxxxxxxxxx 
'1.X"X"X X"X X 0 xxxxxxxxxxxxxx 

Hi-Z 
(OUTPUTS)VOL_----------------------------------------------------------------------

•. MITsuBISHI 
~ELECTRIC: 4 - 409 



MITSUBISHI LSls 

EL\",,\NARY M5M418165CJ,TP-5,-6,-7,-5S,-6S,-7S 
P R , I\nal 5peCllicat\O(\~Mnge 
Notice: 1'h\5 i\~~\i~"i1S afe subi

ect 
to ' 

SOf(\fl pUfall\a HYPER PAGE MODE .16777216.-BIT (1 048576-WORDBY 16-BIT) DYNAMIC RAM 

Byte Early Write Cycle 

twc 

tRAS L tAP 

RAS 
V'H-

V'L -

I 
\ ~ ~ 

tCSH 

tCAP tACO tASH 

LCAS V'H-

(or UCAS) V'L -

UCAS V'H.,.... 

(or LCAS) V'L -

VIH-
Ao-A9 

V!L -

VIH-w 
V'L -

DOl-DOs VIH­
(or 009-0016) 
(INPUTS) V'L -

DOl-DOs VOH­

(or 009-0016) 
(OUTPUTS) VOL-

009-0016 V'H­

(or D01~00S) 
(INPUTS) V'L -

009-0016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL -

4 - 410 

~ 

xxxx . .J4 
~ 

'"'-xxxx K ,",-XXXXI 

tA~ tAAH tAsc tCAH 
~ 

lW;.XXX~-j ROW .~ COLUMN ·IXXx 
Z:XXX ~ ADDRESS 

IIXXXX ADDRESS I{XXXXl-' ~~ ·~xx 

twcs twCH 
14----' 

lW;. xxxx,,", 
xxxxxxxXXXXX\. 

~xxxxxxxxxxxxxxxx 

XXXX x xxxxxxxx x xxx lW;.XXXXXXxxxxxxxxxxxx 

Hi-Z 

~ toH 

~ xxxXXXXXXXA 
~ xxxXXXXXXXXA DATA VALID 

Hi-Z 

• . MITSUBISHI 
.... ELECTRIC 

tCAS 

~ 
1/ 

tASA 
~ 

x.fx\ ROW xxxxxxxxxx 
xxxxxxxxx, ADDRESS 

xxx 
xxxxxxxx~ 

xxxxxxxxxxxxxxxxxxxxx 

XXXX xx~xxxxx 
X xxxxxxxxxxxxxx 

:~xxxxxxxxxxxxxxxxxx~ 

KXXXXXXxxxxxxxxxxxxxxxx 



MITSUBISHI LSls 

M5M418165CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Delayed Write Cycle 

VIH 

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-As 

VIL-

w VIH-

001-0016 VIH 

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

tw C 

tAAS tAP 

r , ! \ 
tCSH tCAP 

F tACO tASH 

tCAS 

~XXXXXl-

)(XXXXY' ~ )cx X X XI 

~ tRAH lAsc teAH 
~ ..... 4-lASA 

~ ROW I:lQ'V\j 
<XXXloW' V(XXXY COLUMN V{XXXxX" x)c X XXXy ROW 

~ 
ADDRESS vs;s;J. ADDRESS .YXXXXX ADDRESS 

~ 
)C x X X X xxx XXXXII 
)CXXXXXXXXXXXXXXXY 

twCH 

tDze t~ 
~ 

)Cxxxxxxxxxxxxxxxxxx Hi-Z l~ 
)Cxxxxxxxxxxxx 

X ,~ 

~ 

Hi-Z ~~ 
tOEZ ~ 

I!OZ~I 
I4-----t tODD 

)Cxx 
)cxx ~ ~ ~ ~ ~X~ ~ ~ ~ ~ ~ ~~ ~ ~ 

• MITSUBISHI 
"ELECTRIC 

~ 
tAWL 

~ 

\ fxxxxxxxxxxxxxx~ 
K)c xxxxxxxxx 

tOH 

DATA [LXXXX xx », 
VALID IKXXXXXXxxxxxxx 

Hi-Z 

~H 

~XXXXXXXXXXX 

\()(XXXXXXXXXX 
~xx 

4 - 411 



MITSUBISHI LSls 

, ,"" \NARY M5M418165CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
PREL, 'licatlon , 

, hna\ spec. , 0 change, 
NotIce', ."is i\;~~\~T\i\S aro subject \ 

SOlT\a (lacarne ' HYPER PAGE MODE 16777216-BIT (1048576-WORDBY 16-BIT) DYNAMIC RAM 

Byte Delayed Write Cycle 

twc 

tRAS L tRP 

RAS 
VIH-

VIL -

I 
~ ,If ~ 

tCSH 

t~ tRcO tRSH 

LCAS 
VIH-

KXXXXX 
(or UCAS) VIL - ){XXXXXI 

tCAS L tCRP 

UCAS VIH-

(or LCAS) VIL -

I 
){XXXXX 

~ If ){XXXXXf 

~ tRAH 
lAsc ~ 

tCAH 

-- 4- lASR 

VIH- xxxxx, ROW I~r- COLUMN '«xxxxx XX X:XXXA ROW Ao-A9 
VIL -

VIH-
w 

VIL -

001-00a VIH­

(or 009-0016) 
(INPUTS) VIL -

001-00a VOH­
(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or 001-008) 
(INPUTS) VIL -

009-0016 VOH­

(or 001-008) 
(OUTPUTS) VOL -

VIH-

VIL -

4 - 412 

O'I;.X'XXXA 

KXXXXXX 
){XXXXX 

xxx 
xxx 

){XXX 
){XXXXXXX 

O'I;.XXXXXXX 
x.xxxxxxx 
x.xxxxxxx 

ADDRESS ,~[- ADDRESS 

~ 
XXXXX:# 

x 

XXXXXXXXXXXX ...... X ....... xxx x 
xxxxxxxxXXX ){XXXXXxxxxxxx 

Hi-Z 

twCH 

tozc t:. 
~ 

X~ Hi-Z J~ xxxxxx ,~ xxxxxx 

I" tCLl ~ 

Hi-Z ,~ 
e tOEz Ie 

~ tODD 

XXXXXXXXX.l'i 
xxxxx , 
xxxxxx ~ 

, • , MITSUBISHI 
"ELECTRIC 

xx XXX}(A ADDRESS 

~ 
tRWL 

~ , LXXX XXXXX 
«XXX X~ 

x 
XX xxx XXXX~ 

tOH 

DATA 'r;.XXXXx xxxx ¥.)<;,. 
VALID IJKXXXXXXxxx~ 

XXXX 

Hi-Z 

tOEH 
~ 

XXXXXXXXXXXXXXXX 

~x xxx 
'\;.XXXXXXXXXXXXXXX 



MITSUBISHfLSls 

M5M418165CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

VIH 
LCAS/ UCAS 

VIL -

VIH-
Ao-A9 

VIL -

VIH-
W 

VIL -

001-0016 VIH 

(INPUTS) VIL 

OQ1-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

tRWC 

tRAS 

\ 
tCSH 

tCF 
tRCO tRSH 

tCAS 

XI" 

\ I )(XXXXlt' 

tAAO 

lASR 
H 

tRAH 
lAsc ... 

tCAH 

xxxx1A, ROW ~ COLUMN ·I'J("XXXXXXX 
)(xxxx:a 

ADDRESS 
AXXX)(ll 

ADDRESS AXX 
.~' VV 

tAWO 

tACSr-- .... 
tcwo 

tRWO 

KXXX XI-
)(XXX XXXXXX)(J' 
>CXXX y 

tOlC t~ 
~~ 

KXX xxxxxxx Hi-Z J~ 
>Cxxxxxxx xxxxxxx 

tCAC ~ 

Hi-Z 

xx xxxx 
xxxx 

tAA 

~ 

,~ 
r----, 

DATA 
VALlD~ 

tRAC 
~ 

~+---t tODo 

tOlO ~ .... 14- tOEl 

xx 

xxxxxx 

• MITSUBISHI 
.... ELECTRIC 

x x x 

~ 
tRWL 

twP 

~ 

tDH 

DATA VALID 

~ 

x 
~ 
V0-

L tAp 

I \ 
tCRP 

lASR ... 
). ROW 

xxxx:a. ADDRESS 
XXXXI 

TXXXXXx;<;<}<XXXX 
xxxxxxxxxxxx~ 

xxxxxxxxxxxxx 

~xxxxx x x x x x x x X 
., x x x x x X x x x x x 

Hi-Z 

xx 
xxxxxxxx 

4 -- 413 



MITSUBISHI LSls 

PREU~~~~~~," M5M418165CJ, TP-5,-6,-7 ,-55,-65,-75 
_ f 

N tice~ ihis IS fI{~\n'its are suPlee 

s~n,e para1oe\f\{. HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read-Write, Read-Modify-Write Cycle 

tRWC 

tRAS I. tRP 

RAS 
VIH-

VIL - ~ J \ 
tCSH 

tCRP HI 
tRCD tRSH 

LCAS 
VIH- x 

l';.XXXXX 
(or UCAS) VIL - l<)«XXXXI 

tCAS I.. tCRP 

UCAS 
(or LCAS) 

VIH-
I\;.}I;.}I;.}I;.X}I;. 

~ If I\;.}I;.}I;.}I;.}I;.XI 
VIL -

tRAD .-
tASR tRAH tCAH tASR 
~ tAsc ~ .. 

VIH-
I\;. ROW ,J;:!QQ\ COLUMN .,L}I;.XXXXXXX xx XXXX" ROW 

VIL -

VIH 
w 

VIL -

D01-DOa VIH­

(or D09-D016) 
(INPUTS) VIL -

D01-DOa VOH­

(or D09-0016) 
(OUTPUTS) VOL -

DOg-D016 VIH­

(or DOl-DOe) 
(INPUTS) VIL -

DOg-D016 VOH­

(or D01-00a) 
(OUTPUTS) VOL -

VIH-

VIL -

4 - 414 

I\;. ~ ADDRESS ~ ADDRESS lItX}I;. 

X}I;.}I;. 

X 

I\;.X}I;.}I;.}I;.X}I;.}I;. 

I\;.XXXXXX 

xxxxxxxxx 
)(XXXXX xxxx 

xxx 

tAWD 

tRCS [4-- .... tCWD 

tRWD 

XXX}Q 

XXX7 

XX}I;.X IX}I;.XXXX}I;.}I;.}I;.X}I;.}I;.}I;. 

xxx 

tDzc 

xxxxxxxx 

Hi-Z 

tRAC 

xxx 

IXXX XXXXX 

HI-Z 

4-~ 
tDS~ 

HI-Z J~ 
tCAC '~ 

tAA 

tCLl 
4---+ 

~ 
~ 

DATA , VAUD 
~ 

~-t tODD 
tDZO ~ 

18 tOEZ 

x 

xxx 

'.. MITSUBISH. I .... ELECTRIC 

x..xxx xx ADDRESS 

tCWL 

tRWL 

twp .J 

"IAXXX}I;.xxxxxxxx \ !IX X X 
~ )I 

I 

}I;. 

XXXXXXX XXXXXXX 
}l;.XXXJII 

tDH 

DATA VALID 
.M,xxxxxxxxxx 
ft( X XXXX 
·~xxx 

Hi-Z 

~ 
xxxxxx xxxx 

\Xxx X 



MITSUBISHI LSls 

,,,,,'NARY M5M418165CJ,TP-S,,-6,-7,-5S,-6S,-7S 
P R EL ,hna\ specinca\lon~\1an\lO. 
NotiO." itlis is 1\~\~i\S 310 sublect ~o 

sorneparan1etnC HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

VIH 

Vil -

-- --VIH 
LCAS/UCAS 

Vil -

VIH-

tc~ 

~ 
lASR 

~ 

, 
tCSH 

tRCO 

tRAD 

~ lAsc ~ 

RAS 

tHPC 

tCAS ~ tCAS 

,....----, 

~ ~ ~ 

14 tCAH. 
lAsc 
~ ~ 

If:'Y iIr'll 09 
~ ~ ROW COLUMN-1 COLUMN-2 I'h ADDRESS 

Vil -

w VIH 

Vil 

001-0016 VIH 

(INPUTS) Vil 

001-0Q16 VOH­

(OUTPUTS) VOl-

VIH 

Vil 

tAcs 

xx 
xxxxx XXX;IIJ 

tozc 

~XX}I XXXX 
~x.x. XXXX 

Hi-Z 

tRAC 

tozo 

IC.XXXXXXxxx 
xxxx 

.~ ~f:7 . \l::.l 

tCAl tCAl 

HI-Z 

~ ~ 
tAA tAA 

~LZ tOOH 
~ 

~D! DATA ~ 
VALlD-1 

tCPA 

t~ 
I 

tOCH 

'" 

• MITSUBISHI 
"ELECTRIC 

tRP 

I '----
tRSH 

~ teAs 

~ 

V , ~ 
tCPRH 

lAsc ~ 
~ lASR • ........ 

;(;). ~~ ~;{\. ROW 
1iX COLUMN-3 111' x X1I' 

ADDRESS 
.J.~ ~~ '" ~r!~ 

teAL ~ tRCH 

IXXXXXX 

tROD 
~ 

tCDO 

x xx' 

~ 
x.X XX 

tAEZ 
tAA tOHR 

tOFF 
tDOH tOHC 
+-i 

DATA ~ DATA 
~ VALlD-2 VALlD-3 

tCPA 

toEZ 

x x 
I(X x 

x.x.x.x 

~ toDD 

4- 415 



MITSUBISHI LSls 

EL\M\NAR'i M5M418165CJ,TP-5,-6,-7,-5S,-6S,-7S 
P R . t " \\fl3\ speC\\\C~~\~~~nan\1e 
Notice: '~~~~=t~~ lirnitS afe suPlee 

so",epa HYPER PAGE MODE 16777216-BIT(1048576-WORDBY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read Cycle 

RAS 

VIH -

Vil -
~ 

tCSH tHPC tRSH 

tCRP tRCO ~ tCAS ~ ... 
LCAS 
(or UCAS) 

xxxx 
~ 

, 
~ 

VIH -

Vil -

tCAS tCAS 

UCAS 
(or LCAS) ~ ~ I ~ 

VIH-

Vil -

tRAO tCPRH 

lAS~ ~ lAsc ........ ~ ~ ~ t~ ~ 

Ao-A9 
~. ROW 

non JlQ1, /l~1 .n:;, O;~ 
~ COLUMN-1 COLUMN-2 COLUMN-3 

ADDRESS ~ ~J' 
I'(X 'lin 

~ V5N b.Q.I :::":7 

VIH -

Vil -

tRCS 

tCAl tCAl tCAl 

Vi 
)(XXXXXX xxxx, 

X xx XXx;<J 

tozc 

VIH 

Vil -

DOl-DOe VIH­

(or 009-0016) )(XXX xxx x x~ Hi-Z 

(INPUTS) Vil -
,)(XXX 

DOl-DOe VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or DOl-DOs) 
(INPUTS) Vil -

009-0016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL -

VIH-

Vil -

4 - 416 

)()(XX)(XX 
)(XXXXXXxx~ 

){XX 
){XX 

xxx X xxxxx 

14 tCAC. 
tM 

Hi-Z j ~ , 
tCLZ ~ 

tozc 
tCPA 

x xxxx 
xxxxx 

~ 
tAA 

tCLZ .... 
Hi-Z 

~ DATA 
VALlD-1 

tRAC 

tozo ~ 
tOCH 

xxxxxx,," 
xxxXXX 

•. MITSUBISHI 
· ... ELECTRIC 

DATA 
VALlD-2 

Hi-Z 

~ 
tAA 

tOOH 
4-4 

~ 
tCPA 

RP 

I \. 

tCRP 

/ 

~ 

ROW 
ADDRESS 

~~ 
I4---t tRCH 

XXXX 

xxxx)o( 

~ 
,~ 

~~ 
tOHR 

, 
tROD 

tcoo 

~ 
~ 

twEZ~ ~ 
tOFF 

tOHC 

DATA )-
VALlD-3 

tOEZ 

4-----J tODD 



MITSUBISHI LSls 

M5M418165CJ, TP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

VIH-

VIL -

VIH­

LCAS/ UCAS 
VIL -

VIH-

VIL -

VIH-w 
VIL-

001-0016 VIH­

(INPUTS) VIL -

001-D016 VOH-

(OUTPUTS) VOL -

RAS tRP 

\ I ~ 
tCSH tHPC tRSH 

tc~ 
tRCD tCAS ~ tCAS ~ tCAS L tCRP 

r 
r---"1 r-----, 

1/ ~ ~ ~ \ I \ ~ 
tCAl teAL 

tASR 
14 tRAH. tA~ ~ tASC ~ tCAH. ~ 

~ tASR • .. .-.. tAsc ~ 

~ ROW @ t~ :1iO!3. ~ 
ROW VXXX)V 

X.XXXJflo ADDRESS 
COLUMN-1 IJKXXXl\ COLUMN-2 I~ COLUMN-3 

~ ADDRESS .z::L::L::O 'f-'66l:::l/ . "t:L::Z::lY 

~twcs. ~ ~twCS. 4 twCH.
1 ~ ~ 

M)(')(X<1 nnr""r'1I 
)(xxxxxxxx JlXXXX .z;.xxxxxxx XXX 
){XXXXXXXXXXXXlG. IJ XXX .~ I.. xx.x.Jt. I xxx.x..x.xx.x.xxx 

...... .x. .:11. 

~ ~ tDH. ~ ~ ~ ~ 

y...x. ............ .x.x 
DATA ~ DATA .n:z:;A DATA 

I .................................... .x. ........................ 
KXXX.x.xxx ." ~ ............... X.x..x.XXxxxx """7(. ............ x.xx~ VALlD-1 VALlD-2 VALlD-3 \?I:C:Z:J .~ 'xxxxxxxxxxx 

Hi-Z 

------~-----------------------------------------------------------------

• MITSUBISHI 
"-aECTRIC ' 4 - 41i 



MITSUBISHI LSls 

El\",,\NARY M5M418165CJ,TP-5,-6,-7,-5S,-6S,-7S 
P R t a tinal SPflciiica:t~~·c\\anqe. 
Notice: 1his IS no lirnitS are 5t1\l\')C 

sornePan,f110tflC HYPER PAGE MODE 16777216 .. BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Early Write Cycle 

VIH-

VIL -

LCAS 
(or UCAS) 

UCAS VIH-

(or LCAS) VIL -

VIH-

VIL -

VIH-
w 

VIL -

DOt-DOs VIH­

(or 009-0016) 
(INPUTS) VIL-

DOl-DOs VOH­
(or 009-00tS) 
(OUTPUTS) VOL -

009-0016 VIH 

(or 001-008) 
(INPUTS) V,L 

009-0016 VOH­

(or DOt-DOs) 
(OUTPUTS) VOL -

4 -418 

RAS L 
tRP 

~ 11 ~ 
tCSH tHPC tRSH 

tCRP 

~ 

XXXXJI 

~ I'OXXXX 
~ I'OXXX.lI' 

~ 

tRCO tCAS ~ tCAS ~ tCAS L tCRP 

r 
I'OXXXX , I II K.XXXXl , 
~ 

tCAL tCAL 

lASR ~ ~ . tASC ....... ~ lAsc ---.. ~ lASC ~ 14 tCAH. 
~ 

I'OXXX;!Il ROW ~ J7JWu ~ .~ flOW .,/'-XXXM 
ADDRESS 

1m<. x x::. COLUMN-1 COLUMN-2 I .II. X X X Xli. COLUMN-3 .xxx. ADDRESS ~' ~~. UQg ~ .~ 

~ i4twCH ~ ~ ~~ ~ twCH~ 
¥xxxxxx~ ~ xxxx XXXXXX 
K.XXXXXXxxxxxx ;\,. ItXXXX IXXXX ~ I',XXXXXXxxxxx 

xx ~ LX XXXX ,lq Fxxxx x,," I XXXXXXXXXXX 

~ ~ ~ tos ~ ~ 

<.xxxxxxxxxxxx}u DATA ~x XXXXXX)I DATA IU'XXXXXXxxxxx 
<-xx x X xx;w' VALlD-1 ,~x XXXXX XI' VALlD-3 [~XXXXXxxxxx 

Hi-Z 

~ ~ 

x 
XXXXXXXXxXXXxxxxxxx~ 

xxx xXXXXXXXXXXXXXl 
DATA 

K.xxxxxxxxxxxxx XXXX7 VALlD-2 

Hi-Z 

•. MITSuBISHI 
.... ELECTRIC 

~xxxxxxxxxxxxxxxxxxxxxx 

1« X x, 
"'-xx XXXXXXXXXXXXXXX 



MITSUBISHI LSls 

M5M418165CJ, TP-5,-6,.7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

____ VIH 

LCAS/UCAS 
VIL-

VIH 

VIL -

VIH w 
VIL 

001-0016 VIH-

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS), VOL-

VIH-

VIL -

RAS 

\ 
tCSH .... 

tCRP, 
tRCD tCAS tHPRWC 

tcp tCAS 

~ ~ V ~ 
tRAD 

tASR IJRAH. tAsc ~ 
tCAH ~ tCAH 

H 

xxxxX.Jq ROW 

~ 
''';'xxxxx ,Jq 

~~ XXXXXXA ADDRESS COLUMN-1 I~~ XA COLUMN-2 
Y 

tAWD 
tc~ 

tAWD 

~~ tCWD ~RCS1~ tCWD 

~ twp 

XXX xxx XXXI-

\ ~~ ~ xxxxxx XX'Y 
XXXXXX x>u 

tRWD tCPWD 

~Z~ toH tozc 
tos ~ tDS 

xxxxx Hi-Z ~ DATA ~ Hi-Z ~ 
XXX xxx xxx xxx ~ VALlD-1 

~ " ~tCAC. 
fAA 

tCLZ .... ~ 

Hi-Z ~ ~ Hi-Z 
VALID 

tRAC 
~ 

~ .... tODD 

~ ~ 
~ tOEZ 

Kxxxxxxxxxxxxxxxd 
KXXXXXX x In 

• MITSUBISHI 
"-ELECFRIC 

tAA ~ 
---t ~t~lz 

'D! 
,........, 
DATA 
VALID 

~ 
tCPA 

4- tODD 
tDZO 

4~ ..... tOEZ 

\ J 

tRP 

FL 
~RWL 

tCRP 

Ii 

~ H tASR 

xxx). ROW 
xxx~ ADDRESS XJV 

~ 
~ ILXXXXXX 
'~ 

tOH 

~ 

DATA v:xxxx 
VALlD-2 ~~xxx -

Hi-Z 

~ 
v-xx I1KXXXXXX 

l:XXXXXX 

4 - 419 



MITSUBISHI LSls 

M5M418165CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read-Write, Read-Modify-Write Cycle 

LCAS 
(or UCAS) 

UCAS 
(or LCAS) 

Ao-A9 

w 

VIH-

VIL -

VIH-

VIH-

VIL -

VIH­

VIL -

VIH-

VIL -

DO 1""" DOs VIH­
(or 009 ...... 0016) 
(INPUTS) VIL -

DOl-DOs VOH­

(or 009-0016) 
(OUTPUTS) VOL -

OQg-0016 VIH 

(or DOl-DOs) 
(INPUTS) VIL -

009 ...... 0016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL -

VIH-

VIL -

4- 420 

tRAS 

\ 
tesH ... 

tc~ 

)(XXXXX 
'/{xxxxXj 

tACD tCAS tHPRWC 
tep tCAS 

x: 
X)cXXXXy ~ V \ )( 

tRAD 

tASR ~tRAH. tCAH ~ tCAH ........ tAsc ~ 

l@ )(XXXXA, ROW ~XXx A, 1KXXX )( XXXXJ9\ ADDRESS 
COLUMN-1 Yxx ~ COLUMN-2 

tAWD tAWD 

~e~ 
tcwo tc~ ~RCS1~ tewD 

~ 
KXX 

XXI' ~ KXX 

tRWO 

)( x¥xxxxx xxxxxx x 
.,{'-xx xx xxx x 

xxxxxx xxx 

Hi-Z 

~Z£. tos 
tOH 

~ ,~ x Hi-Z DATA, KXXXA x xxx VALlD-1 )(xxxxxxxx xxx 
tCAC 

~ 
tCLZ-+ __ 

Hi-Z 

tRAC 

~ 

xx 
xx xXXXXXXXAA 

xxxxxxxxxx 

'~ 
,....-, 
DATA Hi-Z 
VALID 

.....:.!..... 
14-,...:, toDD 

IlOE
\ ... r---4-tOEZ 

'. MITSUBISHI ..... ELECTRIC. 

~W \ 
tcPWO 

x x xxxxxxx 
x XXXX 
x x x 

tozc 
~ tos 

A Hi-Z J~ 
~ '~ 

l4 tAA 

--- ~t~~ 

~ 
'DATA' 
V~~IDIt 

tCPA 
I'---' 

~ ~ toDD 
tozo 

l' ~tOEAt ~ tOEZ 

\ LJ 

r '----
tRP 

jf-tRWL 

r tCRP 

I 

~ ~ tASR 

ROW ~ XXI\ ADDRESS 

~ 
IXXXXXX 

I#O.XXXXXX 

xxxxxxx 
XXXXXXX 

tOH 

-DATA 
~ VALlD-2 'AAAA 

Hi-Z 

~ 
"1It 
~xxxxxx 

1I:XXXXXX 



MITSUBISHI LSls 

M5M418165CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

VIH-

Vil -

VIH­

LCAS/UCAS 
VIL -

VIH 
Ao-A9 

Vil -

VIH-w 
Vll -

001-0016 VIH­

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

Vil 

tRAS tRP 

tRWl ;, , 
tCR~ 

tCSH tHPC tHPRwe --:!r-~ 

tCF tRCD tCAS ~ tCAS ~ tCAS 

~".---,~ 
,--, tCWl ,...1--

)()( XXXII , 
~ ~ I XXXX.7 

~ 
tRAD 

tASR 
14 tRAH. ~ 

tAse ~ tAsc tCAH 
tASR 

~ tASC ~ ~ ~ 

.ll>!l.. J. ~COLUMN-2~ ~~ 
Ir---

ROW T..XT..T..T..AT..~ ROW )(.T..T..T..T.. ... ~ COLUMN-1 '1£ COLUMN-31W1: X X X T.. 
){XXX:¥ ADDRESS .\lQ:J \: Q5.B I ·~XXXA T..T..T..T..")I ADDRESS 

I'---

~cs~ T~ tCAl tCAl 
I' 

xxxxxxx xxxx , 
){XXXXXX xxx» 

tDZC 

~ tD~ .. 
~ 

,-----, 
~ XXXXXXA XAXX DATA 

~XXXAXXX XXXX 
'~ VALlD-2 

~ 14 tCAC. ~ 

tAA . 

tClZ 
.~ if- twEZ 

~ 

~ ";A~ Hi-Z 
VALID" 

~~ 
tRAC 

tozo 
tOEZ ~ 

~tOCH • -1-* 

~~~~~~~~~~~~ I 
H 

tODD 

• MITSUBISHI 
.... ELECTRlC· 

tCPWD 

tAWD 

tCWD 

~ , LXXXXX 
..P:.XXXXX 
I 

~D~rt ~ tD~_ .. 
~r----' 

DATA '~XXAXXX =t VALlD-3 ~XXXX 

~~ ",---oJ 

~ 

t~ ~ 
r---, 
DATA 
VALID ., 

~ 
tCPA' 

~tH tOEZ 

~ I4t 

\ U 
xx 

'XXX xXX 

if4 
tODD 

4 - 421 



MITSUBISHI LSls 

EL\"",NARY M5M418165CJ,TP-5,-6,-7,-5S,-6S,-7S 
P R . '. no l a lina\ spec~:~~:\~(~\ change. 
Notice: 1 ~\~,\:UlC lifnits are SU 

SotH" para HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

VIH-

VIL- ____________________________________________________________________ __ 

VIH­
LCAS I UCAS 

Vil -

VIH-
Ao-A9 

w VIH 

Vil -

001-0016 VIH­

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

Vil -

4 - 422 

~ 

~ 
KXXXX 
KXXXX 

~ 

tHPC 

, I \ I , 
tcp tCAS tCAS 

tASC tCAH ~ tASC. 4-------4 
tCAH ~ tCAH 

~ LX XXXXl'\. l'9. ~r5<1 
COLUMN-1 COLUMN-2 COLUMN-3 X~ ~ X lalX X.JQl 

-Lt' ,X XXXX)IIf .~ ~~ 
tCAl ~ tCAl 

~ ~twCH~ 

~ I 
tHCWD 

tHAWD 

~ tHPWD tD~ tDlC 
~ ~ 

Hi-Z ~ , DATA 
~~~~. XX .r; Hi-Z 

r ~ VALlD-2 xx x 

~ ~ 

tCAC I-

tAA 
tCPA 

twEl .... 

({@/~ DATA 
VALlD-1 

tHCOD ~ 
tHAOD ~ 

tHPOD 

I 

'MITSUBISHI 
"-ELECTRIC 

I_ tCAC. 

tAA 
tCPA 

tCLZ~ 
Hi-Z 

~ 
tOlC ~~ 

, 

~ 

DATA 
VALlD-3 



MITSUBISHI LSls 

\ "'" NAR'\' M5M418165CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
PRE L t a firm! speciliC~:'~:change, 

, 'eo ,his is 1'0 I' its are subIa 
Motle· ramaHlC 1m 

SOI1\6pa HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by OE ) 

VIH­

VIL -
\ 

tCSH 

tRAS 

tHPC tRSH 
tCRP tRCD tCAS ~ tCAS tcp tCAS 

i 
-- --VIH­
LCAS I UCAS 

VIL -

VIH-
Ao-A9 

VIL -

w VIH-

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

OE. 
VIH­

VIL-

<XXXXII ~ 
~ 

tRAD 
lASR 
~ tCAH ... lASC ...... 

l(XXX)C1 ROW 

~ ADDRESS COLUMN-1 

-
r~ 

~XXX XXXII 
'r)lSl< x x x X xx»' 

tDlC 

<xxxxxx xxx xx 
xx ~ 

lAA 

~ 
Hi-Z ~ tRAC 

tDZO 
tOEA 

.......... 

Itxxxxxxxxxxxxxxx 

&~~~~~~~~~~~~~~ 
~, 

,-, 
I ~ ~ ~ 

tCPRH 

lAsc 
~ ~SC ~ ICAH. if-4 ~ 

0)1.~ r.[§ ~ COLUMN-2 COLUMN-3 
~15 ~ ~ 

tRAL 

HI-Z 

~ ~ tCAC • 

tAA tAA 

tDOH tCLZ 
~ ~ 

~ 
DATA _lDATA'~ DATA Hi-Z 

VALlD-1 > -~ VALlD-2 

~ tCPA tCPA 

tCHOL~ 
.. tOCH 

~ tOEZ ,...., 
~ I I , ~ 

H tOEPE ~ tOEPE 

tRP 

~ ~ 
tCRP 

I 

~ 

~5i: ~t'S\. ROW 

~~ ~~ 
ADDRESS 

4-tR~ 

~ tRCH 

xxxx 
~ 

tROD 
~ 

tCDD 

f88 g 
tREZ ~ ~ 
tOHR 

tOFF 

tOHC 

DATA )-VALlD-3 

tOEZ 

x xxx 

It:> xxx .. x xxx 

~ tODD 

4 - 423 



MITSUBISHI LSls 

PREL~~~~~~~" M5M418165CJ,TP-5,-6,-7,-5S,-6S,-7S 

Iiotice: Ih\~:triC lilllitS are SlI Ie , 

Sollie para HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( HI-Z control by W ) 

VIH-

VIL -

-- --VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-Ae 

VIH-w 
VIL -

001-0016 VIH-

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

4-424 

tRAS 

\ 
tCSH tHPC tRSH 

tc~ 
tRCO tCAS ~ tCAS tcp tCAS 

r-, 
< x x x XI' \ I \ I \ ~ 

tRAD tCPRH 
tASR 

~ tAsc I. tCAH • tAse ~ 
tAsc 
~ ~ ...... ~ ...... 

- .~ DO ~~ #0. ~ 
xx.xx~ ROW 1KXXJl I lit X '1111 IVI XXXXA COLUMN-1 COLUMN-2 COLUMN-3 

ADDRESS 
--:--- ~"\l5l5I 

C~ 
)(XXXXXX x X.xXlI 
h:xxxxx 1)6()(';1 

tozc 

K.x xxxx 

~x.x.x xx 

HI-Z 

tRAC 

tozo 

Kx.x.x.x 
K.xXXXX.x.xx.x.x.xxx.x.xx x.xxxx.x AXA 

:~ ~~ ,~ ~' 

tRAL 

tRCH'" + 

HI-Z 

I. tCAC. 
tAA 

I. tCAC. 

1M 
tcLZ ~H ~ 

~ b, TA ~ VALlD-1 

tCPA 
tOEA I 

~ 
tOCH 

.• "MITSUBlSH, I 
.... ELECTRIC 

1~4- tRCS 

\1 
\ 

~ 
1M 

twEZ tcLZ 
~ ~ 

DATA HI-Z J ~ VALlD-2 ' , 
tCPA 

r 

tRP 

I ~ 
tCRP 

~ 

~ 
~"H'" I"'IIt\ 

JrI ROW 

~::-: ":J'9 ADDRESS 

... tR~ 

~ tRCH 

KXXXX)( xx.x.x 
xxxx 

tROD 
~ 

teoo 

~ ~ 
tREZ ~ ~ 
tOHR 

tOFF 

tOHC 

DATA )-VALlD-3 

tOEZ 

x xxx 

~ toDD 



MITSUBISHI LSls 

M5M418165CJ, TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH­

VIL-

w ~::_ 

001-0016 VIH 

(INPUTS) VIL -

001-0016 VOH-

(OUTPUTS) VOL -

OE VIH 

VIL -

RC 

tRAS tRP 

~ V \ 

tCRP, 1C r tCRP 

I'txxxxx» 

W ~~~~~y 
tASR ~ ~ tASR~ 

ROW IX xx ~~~~~~~ }';.~~~~ ~~~JI\1 ROW ,A 
!I;. X ll}';.~X~XX~~xxxx~x xx}';.xx X~XXI 

!I;. X ADDRESS ·~xxxxxxxxxxxxx XXXXX XXXXI ADDRESS 

Hi-Z 

-------------------------------------------------------------------------

4 - 425 



MITSUBISHI LSls 

, .' ,,,,,'NARY M5M41'8165CJ,TP-5,-6,-7,-5S,-6S,-7S 
PREl .ftcation, 

. 's not a final spec~'ect to change. 
Notice: 11\IS I , limits are su I 

Some paralllctnC . HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle* 

w 

4 -426 

tRAS 

tCHR 

tRC 

" » 
II 

tRPC tCSR 

---t~ 11_ It----t 

V~ 
~~ 

tCHR 

RC 

tRAS tRP 

I \----
-"~C --., I r tCRP 

V 
1 

...... tASR 

II tF 
VIH':-mu~_~~~w-Ultxx.x x .x..x..x..x. xxxxxxxxxxxx" VIL 't: X X.x..x..x..x. .x. .x. }II; .x..x. }II; 1<IX X X X X X X X x x x x x x x }II; .x..x..x. X X X X XI 

# 

HI-Z 

If VIH-- ___ ~~~.x.}II;~~}II;x~~.x..x.~~~~~x~x~.x.~.x.~.x~~~~~~.x~x~~x.x.~~x.x.~.x.~.x~~~~~~~~~~~~~~~~ VIL _ IJI, .x x x x x x x x x x x x x x x x X.x..x..x. x x x x x.x x x.x x x.x .x x.x.x. x x x x 

~. 

. • MITSU. SIS. HI 
.... ELECTRIC 



MITSUBISHI LSls 

M5M418165CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 30) 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-

VIL -

w VIH-

VIH-
001-0016 
(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

tRC .J tRC 

tRAS L tRP J tRAS tRP 

\ 1/ \ ~ L 
tCRP tRCD tRSH tCHR 

KXXXXY' \ I ~XXXXI 

tRAD 
tASR 

tASR tRAH ·tAsc tCAH 

~ 
x, 

~xxxxv ROW COLUMN xxx xxxxx xx xxxv ROW 
~ ADDRESS ADDRESS xxxxxxxxxxx x xx» ADDRESS 

~ tRAL tRCH 
~ 

I 
~xxxx X ~ 
~xxxx 

'I. 

~xxx~ 

tCDD 

~ 14tRDD. 

~xxxxxxx xxxx Hi-Z xxxxx 
xxxx .hXXXX 

tREZ xxxxx 
tCAC ~ 
tAA tOFF 

~ tOHC 

Hi-Z ~~ ~ Hi-Z 
DATA VALID ,. 

tRAC 

tDZO 
tOEZ 

tOEA 

tORH tODD 

xxx xxxxxxxxXXX 
~xxxxxxxx xxx III I/,XXXXXXXXXXX x. x. x xxx I AX.XXXXXX 

Note 30: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

.• MITSUBISHI 
"'ELECTRIC 4 - 427 



MITSUBISHI LSls 

< EL\N\\NARY P R tinal specihca\\on~hange< 
M5M418165CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

Notice: iniS i!t~~\i~'its alB SllO\ect to 

sornepala
m 

HYPER PAGE MODE 16777216;.BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Self Refresh Cycle * 

VIH-

____ VIH­

LCAS/UCAS 

Ao ..... A9 

w 

VIL -

VIH 

VIL -

VIH-

VIL-

001 ..... 0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

4 -428 

x 
x 

tRP tRASS RPS 

I ~ V \ 
tRPC 

~ ~ tCHS H tc~ 

I ~ V ~W iL 
t~ 

tA~ 

-xxxxxxxxxxxxxx XXXX XXXX}&. 
RrNI X xxxxxx ;om ADDRESS -

~ 
I tRCH. tRCr 

~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxX.Jr 
~xxxxxxxxxxxxxxxxxxxxxx xxxXJ XI 

tROD 

teDD 

Hi-Z AX XAXX 
XXXXXXXXAXXAXXXXXXXXXXXX XXXXXXXXX 

if----i tREZ xxxxxx xxx xxxxxxxxx 
~tOHR 
i------t tOFF 

I+-----t tOHC 

Hi-Z 

~ tOEZ 
tODD 

xx xxxx xxxxxxxxxxx xxxxxx XXXX 
IJ xxx xV0xxxxxxxx XAXXXXXXAX xxx 



MITSUBISHI LSls 

EL'M'N~~Y P R lin3\ speclflca change 
,his :t;~~\~it5 are S.)b\8Ct to 

M5M418165CJ,TP-5,-6,-7,-5S,-6S,-7S 

pa
ram 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Self Refresh Cycle* 

tRP tRPS 

VIH- J~ 

VIL---, 

-, tRASS too 
\~~.------------------------~~~J .. 

tRPe 

UCAS 

(or LCAS) 

tRPe 

LCAS 

(or UCAS) 

Ao-As VIH-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A~~A ~AXAX xxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxx 
VIL _ ~ x x x x x x xxxx x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x 

w 

~H 

VIH~:-------~r-~~~x~x~x~x~x~x~x~x~~~~~x~x~x~x~x~x~~~~~~xx~x~x~x~~xx~x~x~x~~xx~x~x~x~~xx~x~~xx~~XcX~~~ ~AA xxxxxx xxxxxxxxxxxxx xxxx 
VIL XXXX xx x x xxxxx xx xx 

001-0016 VIH -~ '<.x~§x~~~§~§xX~X~§X~~~§~x8,;<~x~X~x~x~x~x~§xx~x~§xx~§xx~x~§X~~8§x~x~x~x~~§~~§xx~x~x§x~8xx~x; (INPUTS) VIL _ ~ X X x x x x x x x x x x x x x x X A X X xx x x x x x x x x x x X X X X x x x x x x x x ~ 

001-0016 VOH-gxx~x~x~x~x~~~x~~ ________________________________________________ ~H~i~-Z~ ________________________________________________ ___ 

(OUTPUTS) VOL XXXXXXXX II 

tOEZ 
~ 

• MrrsUBiSHI 
.... ELECTRIC 4 - 429 
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MITSUBISHI LSls 

M5M4V16400BJ, TP-6,-7,-65,-75 
FAST PAGE MODE 16n7216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 4194304-word by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS process,and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 

FEATURES 

RAS CAs Address OE Cycle Power 
Type name access access access access 

lime 
dissipa-

lion time lime time lime 
(max.ns) (max.ns) (max.ns) (max.ns) (min.ns) (typ.mW) 

MSM4V16400BXX-6,-6S 60 15 30 15 110 

MSM4V16400BXX-7,-7S 70 20 35 20 130 

XX...J,TP 

-Standard 26 pin SOJ,26 pin TSOP 
-Single 3.3V ±1 O%supply 
-Low stand-by power dissipation 

M5M4V16400B . . . . . . . . . 1.8mW (Max)CMOS Input level 
M5M4V16400B(S) . . . . . . O.72mW (Max)CMOS Input level 

-Low operating power dissipation 

270 

225 

M5M4V16400Bxx- 6,- 6S ............ 325.0mW (Max) 
M5M4V16400Bxx-7,-7S ............ 270.0mW (Max) 

-Fast-p~ mode , Read-modify-write, RAS-only refresh,CAS 
before RAS refresh, Hidden refresh and Self refresh capabilities 

-Early-write mode and OE to control output buffer impedance 
-All inputs, output TTL compatible and low capacitance 
-4096 refresh cycles every 64ms (Ao -All) 
-4096 refresh cycles every 128ms (Ao -A11) * 
* : Applicable to self refresh version only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN CONFIGURATION (TOP VIEW) 

(3.3V)Vcc 

DATA INPUTS/{DQ1 2 
OUTPUTS DQ2 

WRITE CONTROL W 
INPUT 

~9~o~~~~~~~ RAS 
Al1 

A10 

A~~~5~~ Ao 

A1 

A2 

A3 

(3.3V)Vcc 

Vss (OV) 

DQ4}DATA 

DQ3 ~~~~~fs 
3 CAS ~~6~~~ A~'ru~SS 

OUTPUT ENABLE 
INPUT 

ADDRESS 
INPUTS 

Outline 26POD - B (300mil SOJ) 

(3.3V)Vcc 

DATA, INPUTS/{ DQ1 2 
OUTPUTS DQ2 

WRITE CO~~~3!r W . 

~9~o~~~~~~~ RAS 
Al1 

A10 
ADDRESS 

INPUTS Ao 

A1 

A2 

A3 

26 Vss(OV) 

25 DQ4}DATA 
INPUTS/ 

24 DQ3 OUTPUTS 

3 CAS ~~6~~~A~'ru~ 

As 

A7 

OUTPUT ENABLE 
INPUT 

ADDRESS 
INPUTS 

(3.3V)Vcc Vss(OV) 

Outline 26P3D - E (300mil TSOP) 

" MITSUBISHI 
la.ELECTRIC 5-3 



MITSUBISHI LSls 

M5M4V16400BJ, TP·6,· 7 ,.6S,. 7S 
FAST PAGE MODE 167n216-BIT (4194304·WORD. BY 4·81T) DYNAMIC RAM 

FUNCTION 
The M5M4V16400BJ, TP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other 

functions, e.g., fast page mode, RAS-only refresh, and 
delayed-write. The input conditions for each are shown in Table 1. 

Table 1 ·'nput conditions for each mode 

Operation 
Inputs 

Row Column AAs CAS iii OE address address 
Read ACT ACT NAC ACT APO APO 

Write (Early write) ACT ACT ACT ONC APO APO 

Write (Delayed write) ACT ACT ACT DNC APO APO 

Read-modlfy-wrlte ACT ACT ACT ACT APO APO 

RAS-only refresh ACT NAC DNC DNC APO ONe 

Hidden refresh ACT ACT DNC ACT ONC DNC 

CASbelore RAS refresh ACT ACT NAC ONC ONC ONC 

Self refresh ACT ACT NAC DNC ONC ONC 

Stand-by NAC DNC ONC ONC ONC ONC 

Note: ACT: active, NAC : nonactive, ONC : don't care, VLO : valid, IVO : Invalld,APO : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAs 
ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL Vi INPUT 

AO 

Al 

A2 

A3 

A4 

ADDRESS INPUTS 
A5 

A6 

A7 

AS 

A9 

Al0 

All 
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Input/Output 
Refresh Remark 

Input Output 

OPN VLO YES 

APO OPN YES Fast page 
mode 

APD IVO YES identical 

APO VLD YES 

ONC OPN YES 

OPN VLO YES 

ONC OPN YES 

ONC OPN YES 

ONC OPN NO 

-~. Vrx;(3.3V) 

Vss(OV) 

DOl} 002 DATA 
DQ3 INPUTS I OUTPUTS 

OQ4 . 

OE ~~1frUT ENABLE 



MITSUBISHI LSls 

M5M4V16400BJ,TP-6,-7,-6S,.7S 
FAST PAGE MODE 16777216·BIT (4194304·WORD BY 4·BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 
Vee Supply voltage -0.5-4.6 

VI Input voltage With respect to Vss -0.5-4.6 
Vo Output voltage -0.5-4.6 

10 Output current 50 
Pd Power dissipation Ta=25·C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature -65- 150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70-C, unless otherwise noted) (Notet) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vee Supply voltage 3.0 3.3 3.6 V 

Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.0 VCC+0.3 V 

VIL Low-level input voltage, all inputs -0.3 0.8 V 

Note1: All voltage values are With respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=O - 70-C, Vee=3.3V ± 1 0%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ Max 

VOH High-level output voltage IOH:-2.0mA 2.4 Vcc 

VOL Low-level output voltage IOL=2.0mA 0 0.4 

loz Off-state output current Q floating OV:itVouT:it3.6V -10 10 

II Input current OV:itVIN:it 3.6V, Other inputs pins=OV -10 10 

t~~~:: supply current MSM4V16400B-6,-6S RAS", CAS" cycling 90 
ICCl (AY) operating tRc=twc=min. 

MSM4V16400B-7,-7S 
output open 

75 (Note 3,4) 

Supply current from Vcc , RAS= CAS =VIH, output open 2 

lcc2 stand·by MSM4V16400B RAS= CAS=OE=W=Ao .... All~VCC-0.2V 0.5 
(Note 5) MSM4V16400B(S) output open 0.2 

:~~~:: supply current MSM4V16400B-6,-6S RAS CYCling, CAS= VIH 
90 

1cc3(Ay) refreshing tRc=mln. ' 

MSM4V16400B-7,-7S 
output open 75 

(Note 3) 

t~~~:: supply current MSM4V16400B-6,-6S 
RAS.VIL, CAS cycling 70 

1CC4(Ay) Fast·Page·Mode tpc=min. 

(Note 3,4) MSM4V16400B-7,-7S output 'open 60 

Aver~e supply current MSM4V16400B-6,-6S CAS before RAS refresh cycling 
90 

from cc 
Iccs(Ay) ~before RAS" refresh tRc=min. 

mode 
MSM4V16400B-7,-7S output open 75 (Note 3) 

RAS cycling and CAS:it0.2V or 

ICC8(AV) Aver~e s,:1y current from 
Vee xte ad refresh MSM4V16400B(S) 

CAS before RA§!efresh cycling 
Vcc·0.2V:itOE=W=Ao·All,:a0.2V 0.4 

(Note 5) 
output open, 
tRC=32 I/o s,tRAS=tRASmin .... 1 I/o s 

Aver~e supply current 
MSM4V16400B(S) RAS=CAS:i0.2V,output open 

Iccs(Ay) from cc 0.2 
Self - Refresh cycle(Note 5) Vcc·0.2V:itOE=W=Ao .... All :it0.2V 

Note 2: Current flowing into an IC is positiVe, out is negatiVe. 
3: Icc1 (AV), Icc3 (AV) , Icc4 (AV) and lee6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: lee1 (AV) and 1cc4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

• MITSUBI, SHI 
~ELECTRIC 

Unit 
V 

V 

V 

mA 

mW 
·C 

·C 

Unit 

V 

V 

p.A 

p.A 

mA 

mA 

mA 

mA 

mA 

mA 

mA 
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M5M4V16400BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=0-70·C, Vcc=3 .3V± 10%, Vss .. OV unless otherwise noted) 

Symbol Parameter Test conditions 
Lilnits 

Unit 
Min Typ Max 

CI(A) Input ca~citance, address inputs 5 pF 
VI=VSS 

CI(OE) Input capacitance, ~ input f=1MHz 
7 pI" 

CI(W) Input capacitance, write control input VI=25mVrms 7 pF 
CI(RAS) Input capacitance, RAS input 7 pF 

CI(~ Input capacitance, ~ input 7 pF 

CliO Input/Output capacitance, data ports 7 pF 

SWITCHING CHARACTERISTICS (Ta=0-70·C, Vcc=3.3V ±10%, Vss=OV, unless otherwise noted, see notes 5,12,13) 

Limits 
Symbol Parameter M5M4VI6400B-6,-SS M5M4VI6400B-7,-7S Unit 

Min Max Min Max 

tCAC Access time from CAS (Note 6,7) 15 20 ns 

tRAC Access time from RAS (Note 6,8) 60 70 ns 

fAA Column address access time (Note 6,9) 30 35 ns 

tCPA Access time from ~ precharge (Note 6,10) 35 40 ns 

tOEA Access time from OE (Note 6) 15 20 ns 

tCLl Output low impedance time from ~ low (Note 6) 5 5 ns 

tOFF Output disable time after rnm high (Note 11) 0 15 0 15 ns 

tOEZ Output disable time after OE high (Note 11) 0 15 0 15 ns 

Note 5: An initial pause of 500jl s is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containin9..!.BAS clock such as RAS-Only refresh). __ _ __ _ 
Note the RAS may be c~ during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods 
(greater than 64 ms) of RAS inactivity before proper device operation is achieved. 

6: Measured with a load circuit equivalent to VOH=2.4V (IOH_-2mA) I vOL-2mA(lOL-2mA) loads and 100pF. The reference level for 
measuring of output signals are VOH=2.0V and VOL=0.8V . 

7: Assumes that tRCo ~ tRCo(max) and IASC~ IASC(max). 
8: Assumes that tRCo ~ tRCo(max) and tRAo ~tRAD(max). If tRCo or tRAo is greater than the maximum recommended value shown in this table, 

tRAc will increase by amount that tRCo exceeds the value shown. 
9: Assumes that tRAo ~ tRAo(max) and IASC~ IASC(max). 

10: Assumes that tcp ~ tCP(max) and IAsc ~ IASC(max). 
11: tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state ( I lOUT I .:at 1 Ojl A) and is not reference to 

VOH(min) or VOl(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 
(Ta=O -700c, Vcc=3.3V ±10%, Vss=OV, unless otherwise noted See notes 12,13) 

Limits 
Symbol Parameter M5M4 VI6400B-6.-SS M5M4VI6400B-7.-7S Unit 

Min Max Min Max 

tREF Refresh cycle lime 64 64 ms 

tREF Refresh cycle time * 128 128 ms 

tRP RAS high pulse width 40 50 ns 

tRCo Delay time, RAS low to ~ low (Note14) 20 45 20 50 ns 

tCRP Delay time, CAS high to RAS low 10 10 ns 

tApc Delay time, RAS high to CAS low 0 0 ns 

tCPN ~ high pulse width 10 10 ns 

tRAo Column address delay time from RAS low (Note15) 15 30 15 35 ns 

IASR Row address setup time before RJl:S'low 0 0 ns 

IAsc Column address setup time before CAS low (Note16) 0 10 0 10 ns 

tRAH Row address hold time after RAS low 10 10 ns 

tCAH Column address hold time after ~ low 15 15 ns 

tozc Delay time, data to ~Iow (NoteH) 0 0 ns 

tozo Delay time, data to DE low (Note17) 0 0 ns 

tCDD Delay time, ~ high to data (Note18) 15 15 ns 

tooo Delay time, OE"high to data (Note18) 15 15 ns 

tr Transition time (Note19) 1 50 1 50 ns 
.. 

Note 12: The timing requirements are assumed tr =5ns. 
13: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 
14: IRCO(max) is specified as a reference point only. If tRCo is less than tRCO(max). access time is tRAC. If tRCO is greater than IRCo(max). access 

time is controlled exclusively by tCAC or IAA. tRCo(min) is specified as tRCo(min) =tRAH(min) +2tH+IASC(min). 
15: tRAO(max) is specified as a reference point only. If tRA~ tRAo(maic) and IAso=ii tASC(max). access time is controlled exclusively by IAA. 
16: IASC(max) is specified as a reference point only. If tRCriil;. tRCO(max) and tA~ IASC(max). access time is controlled exclusively by tCAC. 
17: Either tozc or tozo must be satisfied. 
18: Either tCDD or toDD must be satisfied. 
19: tr is measured between VIH(min) and VIL(max). 

5-6 
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M5M4V16400BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304 .. WORD BY 4-BIT) DYNAMIC RAM 

Read and Refresh Cycles 
Limits 

Symbol Parameter M5M4V16400B-6,-6S M5M4V16400B-7,-7S Unit 
Min Max Min Max 

lAC Read cycle time 110 130 ns 

tRAS ~Iow pulse width 60 10000 70 10000 ns 

tCAS ~Iow pulse width 15 10000 20 10000 ns 

tcsH m-hold time after ~ low 60 70 ns 

tASH RAS"hold time after m low 15 20 ns 

tRcs Read Setup time before ~ low 0 0 ns 

tACH Read hold time after ~ high (Note 20) 0 0 ns 

tRRH Read hold time after RAS high (Note 20) 10 10 ns 

tRAL Column address to RAS hold time 30 35 ns 

tOCH m-hold time after OE low 15 20 ns 

tORH RA'§"hold time after OE low 15 20 ns 

Note 20: Either tACH or tARH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 
Limits 

Symbol Parameter M5M4V16400B-6,-6S M5M4V16400B-7,-7S Unit 
Min Max Min Max 

two Write cycle time 110 130 ns 

tRAS ~Iow pulse width 60 10000 70 10000 ns 

tCAS ~Iow pulse width 15 10000 20 10000 ns 

tCSH ~hold time after ~ low 60 70 ns 

tASH m-hold time after OA§ low 15 20 ns 

twos Write setup time before ~Iow (Note 22) 0 0 ns 

twoH Write hold time after ~ low 10 10 ns 

tCWl OA§ hold time after W low 15 20 ns 

tAWl ~ hold time after W low 15 20 ns 

twP Write pulse width 10 10 ns 

loS Data setup time before ~ low or W low 0 0 ns 
toH Data hold time after CAS low or W low 10 15 ns 

tOEH OE hold time after W low 15 20 ns 

Read-Write and Read-Modify-Write Cycles 
Limits, 

Symbol Parameter M5M4V16400B-6.-6S M5M4V16400B-7,-7S Unit 
Min Max Min Max 

tAwe Read write/read modify write cycle time (Note21) 155 180 ns 

tRAS RAS"low pulse width 105 10000 120 10000 ns 

teAS m-Iow pulse width 60 10000 70 10000 ns 

tCSH ~hold time after ~ low 105 120 ns 

tRsH RAS"hold time after ~ low 60 70 ns 

tRcs Read setup time before ~Iow 0 0 ns 

tCWD Delay time, CAS low to Wlow (Note22) 40 45 ns 

tRWD Delay time, RAS low to Wlow (Note22) 85 95 ns 

tAwo Delay time, address to W low (Note22) 55 60 ns 

teWl m-hold time after W low 15 20 ns 

tRWl ~hold time after W low 15 20 ns 

twP Write pulse width 10 10 ns 

loS Data setup time before W low 0 0 ns 

tDH Data hold time after Wlow 10 15 ns 

tOEH OJ: hold time after W low 15 15 ns 

Note 21: tAwe is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWl.(min)+tRP(min)+5tT. 
22: twos, tCWD,tRWD and tAwo and,tcpwo are specified as reference points only. If twcs ~ twoS(min) the cycle is an early write cycle and the 

DO pins will remain high impedance throughout the entire cycle. If tCWD ~ tCWD(min), tRWD ~ tRWD (min), tAwo ~ tAWO(min) and ICPWO ~ tePWD(min) 
(for fast page mode cycle only), the cycle Is a read-modify-write cycle and the DQ will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until ~ or OE goes back to VIH) Is indeterminate. 
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M5M4V16400BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT·( 4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 

Limits 

Symbol Parameter MSM4V16400B-6,-6S MSM4V16400B-7,-7S Unit 
Min Max Min Max 

tpc Fast page mode readlWrite cycle time 40 45 ns 

tpRWC Fast page mode read write/read modify write cycle time 85 95 ns 

tRAS ~Iow pulse width for read write cycle (Note24) 100 125000 115 125000 ns 

tcp ~high pulse width (Note25) 10 15 10 15 ns 

tCPRH ~hold time after ~ precharge 35 40 ns 
tcpwo Delay time, ~ precharge to Wlow (Note22) 60 65 ns 

Note 23: All previously specified timing requirements and switching characteristics .are applicable to their respective fast page mode cycle. 
24: tRAS(mln) is specified as two cycles of CAS input are performed. 
25: tcP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 26) 

Limits 
Symbol Parameter MSM4V16400B-6,·6S MSM4VI6400B-7.-7S Unit 

Min· Max Min Max 

tCSR CAS setup time before RAS low 10 10 ns 

tCHR ~hold time after ~Iow 10 15 ns 

tRSR Read setup time before ~ low 10 10 ns 

tRHR Read hold time after ~ low 10 15 ns 

Note 26: Eight or more CAS before RAS cycles instead of eight RAScycles are necessary for proper operation of CAS before RAS refresh 
mode. 

Self Refresh Cycle 
Limits 

Symbol Parameter M5M4V16400B-6S M5M4Vl6400B·7S Unit 
Min Max Min Max 

tRASS Self Refresh RASlow pulse width 100 100 Jls 
tRPS Self Refresh RAS" high precharge time 110 130 ns 

tCHS Self Refresh ~ hold time ·50 ·50 ns . 

tRSR Read setup time before ~ low 10 10 ns 

tRHR Read hold time after RAS .Iow 10 15 ns 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

The last I first full refresh cycles (4K) must be made within tNS I tSN before I after self refresh ,on the condition of 
tNS.::ii 64 ms and tSN.::ii 64 ms. 

14 tNs ~I IIIIIi tSN ~I 
------------------.~I~"~I-----~"~II~ ________________ ~lm"~I .. ---~·I""-lu-.--.----.-.-

DISTRIBUTED REFRESH 
<4K/64ms> 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
<4KI.64ms> 

The last I first full refresh cycles (4K) must be made within tNS I tSN before I after self refresh I on the condition of 
tNS + tSN :a 64 ms. 

5-8 

tSN 

A ~ 
""""II11r----nn-IIII -Willi ----I~I __________ --', 1111 

BURST· REFRESH 
<4K/64ms> 

1111 IIII 
BURST REFRESH 

<4K/64ms> 
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M5M4V16400BJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-8IT) DYNAMIC RAM 

TEST Mode SET Cycle 

Symbol Parameter 

twsR W setup time before RAS low 
twHR W hold time after AASlow 

DOl o--§ II 
002 o--§ I! 
D03 o--§ Ii 
D04 o--§ ii! 

Limits 

M5M4V16400B-6.-SS 

Min Max 

10 

10 

~ JUDGE ) 

~ JUDGE ) 

~ JUDGE ) 

~ JUDGE ) 

• MITSUBlSHI· 
.... ELECTRIC 

M5M4Vl6400B-7.-7S 

Min Max 

10 

15 

> o DOl 

> o D02 

> o D03 

~ o D04 

Unit 

ns 

ns 
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M5M4V16400BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4~BIT) DYNAMIC RAM 

Timing Diagrams (Note 27) 

Read Cycle 

Ao-A11 

W 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 
(OUTPUTS) 

OE 

5 - 10 

VIH-

VIH-

VIL-

VIH-

VIH-

VIH-

'VOH -

VOL -

VIH-

VIL -

tAC 

tAAS tAP 

~ ~ \ 
tCSH 

tCr 
tACO tASH ~C tCA~ 

tCAS 

xxxx~ , ~ ~ ~ 
tAAD tAAL 

tAS~ 
tAS:. ~ ~ tCAH tCPN 

~ ROW COLUMN >l" ~ ROW xxx".., 
ADDRESS ~ 

A~~~~~S I~X 
xx xxx 

AO-A11 . YC: x X A.xA.¥ xxxX IXX xx .. ADDRESS ~ .JIi. A.A.;6 

~ tAAH 

tACS I tACH 

~xxx xx xxxxxxxxxxx 
~xx:x xxxxxx,. wtxxxxxxxxxx 

tozc ... r-----. tCOD 

~xxx XA.XXXXXX Hi-Z ~ xxxxxxx xxx xxx x. x. x. x. X 
XXXx.xxx x.xxxxxxx x. 

tCAC .. 
tAA ~ 

tCLl 

Hi-Z 

~ DATA VALID \ Hi-Z , 
tAAC tOEZ 

tozo tOEA ~ tODD ~ 
tOCH 

XXXXXXXXXXXXxXXXXXXx.xxx~ x xx.X.XXx.xxx 
,xxxxxx~~~~xxxxxxxxxxxx~ I 

IJi. 
xxx xxxxxxxxxxxxxx. 

tOAH 

Note 27 
Indicates the don't care input. 
VIH(min)~VIN~VIH(max) or VIL(min)~VIN~VIL(max) 

Indicates the invalid output. 
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M5M4V16400BJ, TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216·BIT (4194304·WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

RAS 
VIH -

VIL -

VIH -

VIL -

VIH -
Ao-A11 

VIL -

VIH -
W 

VIL -

DQ1-DQ4 VIH -

(INPUTS) VIL -

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH -
OE 

VIL -

twc 

tRAS 

tRSH 

tCAS 

twCH 

tOH 

Hi-Z 

• MITSUBISHI 
"-ELECTRIC 

tRP 

ROW 
ADDRESS 
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M5M4V16400BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT ( 4194304 ... WORD· BY 4-BIT ) DYNAMIC RAM 

Write Cycle (Delayed write) 

Ao-All 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL -

VIH­

VIL-

VIH-

VIL -

VIH-

VIH-

VIL-

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

5 - 12 

VIH -

VIL -

twe 

tRAS tRP 

~ ~ ~ 
tesH 

F tRCD tRSH i PC r tCRP teAs 

~ k I W 
~ tRAH lAsc ~ 

tCAH ... "'tASR 

D f!Q'tY, ~ A1><6L~£~ >lXXXXX ROW 
A£o~~~S .xxx. ~x x~ ADDRESS '~ Ao-As 

~ 

~ 
tRWL 

~ 
x xxx xxx x x x xxx x X}Gl" ~ xxxx xxxx K.XXXXx X X X X X X X X x x x x '"II xxxx xxxx 

tweH 

tDZC ..... 
xxxxxxxxxxxxx~ Hi-Z 
~xxxxxxxxxxxxxxxx 

~ 

Hi-Z j~~ , , 
~ 

tOEZ +-II 

~xxxxxxxxxxxxxxxxx~ 1 
~xxxx xxxxxxxxxx~ ,A 

• MITSUBlSHI' 
.... ·ELECTRIC 

t~ tDH 

J~ DATA A. A. A. A. A. A. 

wxxxXxxxx xxx X x 

'~ VALID .w: x xxx xx 

Hi-Z 

::iH 

tODD 

..xxxxxxx xxx 

.. xx xxx 
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M5M4V16400BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT ) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao-All 

DQ1-DQ4 
(INPUTS) 

VIH-

VIH­

VIL -

VIH-

VIH-

VIH-

VIL -

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH -

VIL -

tRWC 

tRAS , 
tCSH 

tRCO tRSH 
tCRP i tCAS 

XXXXJIII ~ 

~ tRAO 

tAS:. tRAH 
tAsc i4f tCAH 

~ ROW .~ C_Q.LUMN xxx~ ~XX)( 

~ AA~~~~~S "'xxx.- A~~~l~S ftXX 
~ ~ 

tAWD 

tRCS 4-- .... tCWD 
tRWD 

xxxxxXX ~~~~~~}1 XXXXXXX 
~ 

tDS ~ 
tozc --- .... 

-&x.xxxx xxxxxxxx Hi-Z ~~ xxxxxxxx x tCAC 

tAA 

Hi-Z ~~ 'DATA \ 
tRAC 

rAllO' 
.....-~ 

tozo J~ ....... tOEz 
I 

~xxxxxxfx~xxx~ 
~xxxxxxxxxxxxxxxxxx 

. ,. MITSUBISHI 

.... ELECTRIC 

tODD 

tRP 

~ ~ 

,C i tCRP 

I W 
tASR 

t-4 

~ XXXXX x'St ROW 
xxxxx xx XXXXA ADDRESS 

tCWL 
tRWL 
twp 

~ 
.XXXXXXXXXXXX 

IP>XXXXXXxxxxxx 
k XXXXXX)I! 

tOH 

DATA VALID ~xxxxxxxxx 
·~xxxxxxxxxx 

Hi-Z 

~ 

xxxxxXXxxxxxxxXX 
~xxxxxxxxxxxxxxx 

5 - 13 



MITSUBISHI LSls 

M5M4V16400BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

Ao-All 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 
(OUTPUTS) 

OE 

5 - 14 

VIH-

VIL -

VIH -

VIL .,.... 

VIH -

VIL -

VIH-

VIL -

VIH -

VIL -

VOH -

VOL -

VIH -

VIL -

tRC 

tRAS 

Hi-Z 

• MITSUBISHI' 
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ROW 
ADDRESS 
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M5M4 V16400BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT( 4194304-WORD BY 4-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH-

OQ1-DQ4 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

tRC /I tRC 

tRP tRAS 
JJ 

tRAS tRP 

It 

J ~ i 
~~ 

~ ~ ~ 

~ tc~ tCHR ~ tCSR tCHR --~ I tCRP 

.... /I I4---t 

J 
r""""I 

~ If ~ If W '-t,cPN N 

/j 
--._~SR 

x xxxxxx xxxxxxxxxxxxx xxx xxxxxxxxxxx xx~; ROW COLUMN 
x XX~x X~xxxxxx xxx xxx~xxx xx_ ADORES ADDRESS 

); 

~H t~ tRHR tR~ tRHR tR~ 
I 

W ~XXXX ~XX xxx 
,,",XXXXX XI U::X XXXXXXX:6 . 

tt 

x xxxxxxxxxxxxxxx~xxxxxxxxxxx~xxxxxx~xxxxx 
V xxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxXXXXXXXX 

~~ 

.. JQEE 
--\ 

~S 
Hi-Z 

-' 
tOEZ 

~ ~xxxxxxxxxx~~x~X 
xxxxxxxXXXXXXXXXXXXX XXXXX 

I xx~xxxxx>txxxxx>l'Nx xxxxxxxxxxxx~x xxxx xxxx xxxxxx 

• MITSUBl5H1 
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. M5M4V16400BJ,TP-6,-7,-6S,.7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 28) 

CAS 

Ao ..... A11 

001 ..... 004 
(INPUTS) 

VIH-

VIH­

VIL-

VIH­

VIL -

VIH-

VIH-

VIL-

001-D04 VOH­

(OUTPUTS) VOL -

VIH-

5 -16 

tRC .L tRC 

L.. tRAS tRP J tRAS I. tRP , ~ \ I L 
tCRr tRCD tRSH tCHR 

XXX)II ~ ~ ~ 
tRAD 

tAs .... 
~ tAsc tCAH tASR H 

~ ROW 

~ COLUMN xxxv uc.x xx 
xxx .. ARID~~S A'l~~~~S r.t.x xxxxxxxxxx 
~ 

~ 

~ 
tRAL 

xxx ",xxxxxxxxxxxx xxx xxx xxxxx xx Xli' ~xxxxxxxxx 

~ tCDD 

XXXXX xxxx Hi-Z 
xxxxx 

XXXlC 
tCAC 

tAA ..-.tOFF 

~ 
Hi-Z '~ \ DATA VALID , 

tRAC toEZ ~ 
tDZO tOEA tODD 

tORH 

xxxxxxxxxxxxxxxx~ 

xxxxxxxxxxxxxxxx~ If. X 

Note 28: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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ROW 
DDRESS 

xxxxx 
xxxxx 

x 
x 

xxxxx 

Hi-Z 

xxx 
xxx 



MITSUBISHI LSls 

M5M4V16400BJ,TP-6;-7,.6S,.7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT ) DYNAMIC RAM 

Fast Page Mode Read Cycle 

CAS 

w 

OQ1--0Q4 
(INPUTS) 

VIH-

VIL.-

VIH­

VIL.-

VIH-

VIL.-

VIH-

VIL.-

VIH-

VIL.-

OQ1--0Q4 VOH­

(OUTPUTS) VOL. -

VIH­

VIL.-

tAAS ~ 

~ ~~ 

'--tCSH tpc ~ 
tCA~ tACO tCAS ~ tCAS ~ tCAS 

~~ -W ~ 
" 

~ , ~ 
tAAO tCPAH 

lASA 
i..L tRAH ~ 

lAsc ~H lAsc 
~ 14+ lASA 

lAsc ~ ~ ~ 

D ROW ,IV':!\. 
rtr-~x A JI~ ~" 

ADDRESS COLUMN-1 OL JMN- X. COLl MN-3 ROW 
Al-All (~~7I' Ao-A9 r.c:x~ ~I j [~~ ~I: ADDRESS 
~ 

I '''''' 
Io.o~ 

tAAL. tAAH 

~ACS I+t I r- II 
+---+ 

r-+ tACH 4-tACS tACH'" 4iRCS ,..tACH 

~ ~ ~ , ~ I(XXXXX xxxx~ 
SZ<xx~x xxxXoI ~ 

tozc tozc ~ ~ tozc , .... +r-

<xxx ~~)'i Hi-Z l Hi-Z 1~ <xxxx:x xx 

~ 
tCAC ~~ 

~ tAA 

~tcJ tOFF .... 
J tOFF 

~ ~ ..... I 
~tCL.Z 4---+ 

Hi-Z ' J 

~ OATA \ J~ DATA ~ J~ ~ ATA ~ I----., VALlD-1 , ., VALlD-2, ~ VAll 0-3 Ir 

tRAC tCPA 
tozo ~ 

I 
I .... +-tOEZ 

tOCH 
<xxx xxxxx x xx 
<xxx XX~X)& j~ -&-t.\. 
I(XXXXXXxxxxxxxxx ~ X xx 

....... ~ 
tO~~ 

• MITSUBISHI 
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tCPA 

E[.I ~ ~ tOEZ .... tOEZ 
OCH ~~ 

:X~ X)ll lOX 

.x X}(I~ .XX xxx 
I: x x ... xx xxx 

!+--to ~ 4--+ ~ 
tOAH tODD 
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M5M4V16400BJ,TP-6,.7,-6S,.7S 
FAST PAGE MODE 16777216-8IT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

CAS 

Ao-A11 

OQ1-0Q4 
(INPUTS) 

VIH-

VIL-

VIH­

VIL-

VIH-

VIH-

VIL-

OQ1-0Q4 VOH­

(OUTPUTS) VOL·-

VIH-

VIL -

5 - 18 

Hi-Z 
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M5M4V16400BJ, TP-6,-7,-6S,.7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4·BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

Ao-A11 

W 

DQ1-DQ4 
(INPUTS) 

VIH-

VIH­

VIL -

VIH-

VIH-

VIL -

VIH-

DQ1--DQ4 VOH­

(OUTPUTS) VOL-

VIH -

Vil -

tRAS tRP 

~ ~ '---tCSH tRSH 

tCRr tRCO tCAS L tpc .I 

l tcp tCAS 

KXXXXI' ~ I , II ............., 
tRWL ~ 

tA~ ~ tAse ~ 
tCAH ~ tCAH l.tCWL~ "tASR 

~ AD'6~~SS ~ ~ LUMN-1 ROW KXXXlII ~xxxx X. CblUMN-2 _xx xxxXV' 

~ Ao-A11 Ao-Ag nncxxxxx KX~ nrxx xxx;/t, ADDRESS 

F: tc~ tR'" 

~ ~ 
x. , Iff! ~. ~ «xxxxxx K x x X x x x x x x X XJII 

xxxx>l ~ I(X 

twCH twCH 

~ tOH toz~ tOH 
tos tos 

KXXXXXXxxxxJCO Hi-Z ~ DATA ~ . Hi-Z ~ DATA t'AXXXXX 
~xxxxxx 

~ VALlD-1 ~ ~ \ ALlD-2 
~xxxxx 

A. A. A. 

tCLZ ~-~ ..... I4-tcLZ 

Hi-Z ~~ Hi-Z 

~ 
Hi-Z 

tOEz+ ~ tOEZ ..... f-

~ ~ tODD tozo ~t .... f- ~tooo ~ 
~XX ~~~~~~~~Z 

x xx '- J 

• MITSUBISHI 
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LJ 'lli.XXXXXXX 
IU(xxxx* 
w:XXXXXX 
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M5M4V16400BJ,TP-6,-7,.6S,.7S 
FAST PAGE MODE 1677.7216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write,Read-Modify-Write Cycle 

CAS 

Ao-All 

DQ1-D04 
(INPUTS) 

VIH -

VIL -

VIH -

VIL -

VIL -

VIH-

VIL -

VIH-

VIL -

DQ1-D04 VOH­

(OUTPUTS) VOL -

VIH -
OE 

VIL -

5 - 20 

tA RAS ;='. , 
~ '---

tCSH JRWL 

tCRr tAco tCAS tPRWC .1· 

top tOAS 

(XXXXII , ~ ~ 1 (XXX» 
AAAAI - tRAO 

tA~ ~ .. tCAH ~ tCAH ~ ~tASR lAse 

~ 

0 XXXlU R( W ~(.LUMN-1 .. xxxxxx JL 
Q)[UMN-2 

~xxx xXXJG, ROW 
(XXX~ ADDRESS Ao-A9 RXXXXXX ~ ~x ADDRESS ~ Ao-All xx 'R ·.xx xxx, 

tAwo tAwo 

fO~ tewo tOWL 
tRqS 1. tCWD ... 

~ ~ 
XXXXXX x~ ~ .. ~~ ~ .l(XXXXXX 
XXXXXX XXXYI M.XXXXXX 

tRWO tcPWO 

toze tOH oze tOH 
4---+ tos ... tos 

Hi-Z 

~ DATA ~ ~ Hi-Z ~ DATA xxxxxx xxxx WKXXXX 
~ xXX){,J VAll 0-1 ~ ~ QI VAll 0-2 x 

~ tAA~ tAA 

tOLZ-./..~ DATA -+ -, DATA 
/VALlD-1 4-tCLZ / VALlD-2 

Hi-Z 

tRAe 

~ 

~XXXXXXXXXX 
(XXXXXXXXXXXAXX 

r-( 
~ ,/' 

Hi-Z 

....-.' 
.. toDD 

~ .. 4-tOEZ 

I 
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..... ELECTRIC 

~? I Hi-Z 

tePA 7 4-1 I 
~ ~ roo~ 

tozo ~ .. - 4tOEZ 

'U a~ x 



Self Refresh Cycle 

VIH-
RAS 

VIL -

VIH-
CAS 

VIL -

VIH-
Ao ...... A11 

VIL -

VIH-
W 

VIL -

001 ...... 004 VIH-

(INPUTS) 
VIL -

001 ...... 004 VOH-

(OUTPUTS) VOL -

VIH-

OE 
VIL -

MITSUBISHI LSls 

M5M4V16400BJ, TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4·BIT) DYNAMIC RAM 

tCPN 

tACH tRSR 

tOEZ 

tRASS 

tRHR 

• MITSUBISHI 
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tRPS 

Hi-Z 
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M5M4V16400BJ,TP·6,.7,.6S,.7S 
FAST PAGE MODE 16777216~8IT.( 4194304·WORD BY 4·8IT) DYNAMIC RAM 

TEST Mode SET Cycle (Note 29) 

Ao-A11 

w 

VIH-

VIL-

VIH­

VIL-

VIH-

VIL-

VIH-

VIL -

.J 

J 

<x 

tRP , 
tRPC 
~ tCSR ....... 

~ 
tCPN 

xx xx 
xx 

tRCH twSR 

~ ...,. 

~ 

tRAS tAP 

I ~ 

tCHR tRPC tCRP ... ~ ~~ 
I W 

tASR 

- ... - .. 
xxxxxxxxxx xxxx ROW 

xXXX'Xxxxxxxxx xxxx ADDRES 

twHR 

~xxxxxxxxxxxxxxx~xxxxxxx~ 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

DQ1-DQ4 VIH- otX xxxxxxxxxxxxxxxxxxxxxxxxxXXXXxxxxxxxxxxxxx :> 

(INPUTS) 
VIL-

<x xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx> 
xxxxx~xxxx~xxxx 

"'I-~ 
DQ1-DQ4 VOH - --\ Hi-Z 

(OUTPUTS) VOL - -' 
tOEZ 

OE 
VIH-

VIL -

10t 
x ~~xxxXXXXX~ffx~~xffxxxxxxxxxxxxxxxxxxxxxxxxx> 

6/ioX XxxxxxxxxxxxxxxxxxxxxxxxxxxXxxxxxxxxxxxxxxxxxxx> 

Note 29: The test mode function is initiated by a Wand CAS before RAS cycle ( WCBR cycle) as specified in timi~agram. 
The test mode function is terminated by either a CAS before RAS. refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 
During the test mode, the device is internally organized as 16 bits wide ( 1 M bytes depth). No addressing of CAO, CA 1 is required. 

5 - 22 

During a write cycle, data must be applied to all DO ( input) pins. The data can be different between DO pins. The data on each DO pin is written 
into 4 bits memory celis, respectively. During a read cycle, each DO ( output) pin shows the test result of the 4 bits, respectively. High state 
indicates that they are same. Low state indicateS that they are not same. 
During the test mode operation, WCBR cycle can be used to perform refresh. 
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M5M4V16400CJ,TP-5,-6,-7, 
-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 4194304-word by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

PIN CONFIGURATION (TOP VIEW) 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RAS 
- Address OE Cycle Power CAS 

Type name access access access access lime dissipa· 
time time time time tion 

(max.ns) (max.ns) (max.ns) (max.ns) (min.ns) (typ.mW) 

M5M4V164OOCXX-5,-5S 50 13 25 13 90 330 
M5M4V164OOCXX-6,-6S 60 15 30 15 110 270 

M5M4V164OOCXX-7,-7S 70 20 35 20 130 225 
XX=J,TP 

-Standard 26pin SOJ, 26pin TSOP 
-Single 3.3V±10% supply 
- Low stand-by power dissipation 

1.BmW (Max) - - - - - - - - - - - - - - - - - - - - - -CMOS Input level 
0.72mW (Max) * ------------------- -CMOS Input level 

- Low operating power dissipation 
M5M4V16400Cxx-5,-5S - - - - - - - - - - - - - - - -400.0mW (Max) 
M5M4V16400Cxx-6,-6S - - - - - - - - - - - - - - - -325.0mW (Max) 
M5M4V16400Cxx-7,-7S - - - - - - - - - - - - - - - -270.0mW (Max) 

- Self refresh capability * 
self refresh current - - - - - - - - - - - - - - - - - - - '200.0 fl A(Max) 

- Fast-page mode, Read-modify-write, RAS-only refresh 
-CAS before RAS refresh, Hidden refresh capabilities 

Early-write mode and OE to control output buffer' impedance 
- All inputs, output TTL compatible and low capacitance 
-4096 refresh cycles every 64ms (Ao-All) 
* Applicable to self refresh version(M5M4V16400CJ,TP-5S,-6S,-7S 
:option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 
Ao-All Address inputs 

DQ1-DQ4 Data inputs / outputs 

RAS Row address strobe input 

CAS Column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+3.3V) 
vss Ground (OV) 

• MITSUBISHI 
"ELECTRIC 

vss 

D04 

D03 

CAS 

OE 

A9 

Outline 26POD-B (300mil SOJ) 

vss 

D04 

D03 

CAS 

OE 

Outline 26P3D-E (300mil TSOP) 

5 - 23 
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M5M4V16400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

FUNCTION 

The M5M4V16400CJ, TP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, 

e.g., fast page· mode, RAS-only refresh, and delayed-write. The 
input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

Row Column 
RAS CAS W OE address address 

Read ACT ACT NAC ACT APD APD 
Write (Early write) ACT ACT ACT DNC APD APD 
Write (Delayed write) ACT ACT ACT DNC APD APD 
Read-modify-write ACT ACT ACT ACT APD APD 

RAS-only refresh ACT NAC DNC DNC APD DNC 

Hidden refresh ACT ACT NAC ACT APD DNC 
Self refresh ACT ACT NAC DNC DNC DNC 

CAS before RAS refresh ACT ACT NAC DNC DNC DNC 

Stand-by NAC DNC DNe DNC DNC DNC 
Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS _ 
STROBE INPUT CAS 
ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL 
INPUT 

W 

AD 

A1 

A2 

A3 

A4 

A5 
ADDRESS INPUTS A6 

A7 

As 

A9 
A10 

A11 

5 - 24 

,I 

MEMORY CELL 
(16777216 BITS) 

• MITSUBISHI 
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Input/Output 
Refresh Remark 

Input Output 
OPN VLD YES Fast 
VLD OPN YES page 
VLD IVD YES mode 

VLD VLD YES identical 

DNC OPN YES 
OPN VLD YES 
DNC OPN YES 
DNC OPN YES 
DNC OPN NO 

-"4 vee ('.'V) 

iVSS(Ov) 

I 

DQ1} DQ2 DATA 
DQ3 INPUTS/OUTPUTS 

DQ4 

OE OUTPUT ENABLE 
INPUT 
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M5M4 V16400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -0.5-4.6 
VI Input voltage With respect to Vss -0.5- 4.6 
Vo Output voltage -0.5- 4.6 
10 Output current 50 
Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65- 150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits Unit 

Min Nom Max 
Vcc Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltaQe a 0 0 V 

VIH High-level input voltage, all inputs 2.0 ~CC+0.3 V 

VIL Low-level input voltage, all inputs -0.3* * 0.8 V 
Note1: All voltage values .are with respect to Vss. 

* * : VIl(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to VSS.) 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=3.3V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Syrrbol Parameter Test conditions 
Limits 

Min Typ 

VOH High-level output voltage IOH=-2.0mA 2.4 
VOL LOW-level output voltage IOL=2.0mA 0 
loz Off-state output current a floating OV ~VOUT ~ 3.6V -10 
II Input current OV ::5NIN ~ 3.6V--,-Other in~uts Qins=OV -10 

Average supply current M5M4V16400C-5,-5S RAS, CAS cycling 
ICCl (AV) from Vcc, operating M5M4V16400C-6,-6S tRc=twc=min. 

(Note 3,4) M5M4 V16400C-7,-7S output open 

ICC2 Supply current from Vcc, stand-by (NoteS) RAS= CAS =VIH, output open 
RAS= CAS~Vcc-0.2V 

Average supply current M5M4 V16400C-5,-5S RAS cycling, CAS= VIH 
Icc3 (AV) from Vcc, refreshing M5M4V16400C-6,-6S tRc=min. 

(Note 3) M5M4V16400C-7,-7S output open 

Average supply current M5M4V16400C-S,-5S RAS=VIL, CAS cycling 
ICC4(AV) from Vcc, Fast-Page- M5M4V16400C-6,-6S tpc=min. 

Mode (Note 3,4) M5M4V16400C-7,-7S output open 

Average supply current M5M4V16400C-S,-5S CAS before RAS refresh cycling 
ICC6(AV) from Vcc, CAS before RAll M5M4V16400C-6,-6S tRc=min. 

refresh mode (Note 3) M5M4V16400C-7,-7S output open 
.. Note 2: Current flOWing Into an IC IS positive, out IS negative. 

3: ICCl (AV),'ICC3 (AV), ICC4 (AV) and Iccs (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

CAPACITANCE (Ta=0-70·C, Vcc=3.3V ±10%, Vss=OV, unless otherwise noted) 

Symbol Parameter 

CI(A) Input capacitance, address inputs 

CI(OE) Input capacitance, OE input 

CI(W) Input capacitance, write control input 

CI(RAS) Input capacitance, RAS input 
CI(CAS) Input capacitance, CAS input 
ClIO Input/Output capacitance, data ports 

Test conditions 

VI=VSS 
f=1MHz 
VI=25mVrms 

• . MITSUBISHI "-ELECTRIC 

Limits 
Min Typ 

Unit 

V 
V 
V 

rnA 
mW 
·C 
·C 

Max Unit 

Vcc V 
0.4 V 
10 p.A 

10 ~A 

110 

90 rnA 

75 
2 

0.5 
rnA 

110 

90 rnA 

75 
80 
70 rnA 

60 
110 
90 rnA 

75 

Max 
Unit 

5 pF 

7 pF 

7 pF 
7 JJF 
7 pF 
8 of 
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FAST PAGE MODE 16777216-81T (4194304-WORD BY 4-8IT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS(Ta=0-70·C, Vcc=3.3V±10%, Vss=OV, unless otherwise noted, see notes ~,12,13} 

Limits 

Symbol Parameter M5M4V16400C-5,-SS M5M4V16400C..s,..sS M5M4V16400C-7,-7S Unit 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 6,7) 13 15 20 ns 

tRAC Access time from RAS (Note 6,8) 50 60 70 ns 

fAA Column address access time (Note 6,9) 25 30 35 ns 

tCPA Access time from CAS Drecharae (Note 6,10) 30 35 40 ns 

tOEA Access time from OE (Note 6) 13 15 20 ns 

tCLl Output low impedance time from CAS low (Note 6) 5 5 5 ns 

tOFF Output disable time after CAS high (Note 11) 0 13 0 15 0 15 ns 

tOEZ Output disable time after OE high (Note 11) 0 13 0 15 0 15 ns 

Note S:An initial pause of SOO p. s is required after power-up followed by a minimum of eight initialization RAS cycles. The initialization cycles should be done 
either by "RAS-only refresh cycles or by CAS before RAS refresh c~s 0'l!L. 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) of 
'RAS inactivity before proper device operation is achieved. 
After the initialization cycles, RAS should be kept either higher than VIH(min) or lower than VIL(max) except RAS transition time. 

6:Measured with a load circuit equivalent to 2TTL loads and 100pF. The reference levels for measuring of output signals are 2.0V (VOH) and O.8V (VOL). 
7:Assumes that tRCD~tRCD(max) and tASC~tASC(max). 
8:Assumes that tRCD ~ tRCD(max) and tRAD~ tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC will 

increase by amount that tRCD exceeds the value shown. 
9:Assumes that tRAD~tRAD(max) and tAsc~tASC(max). 

10:Assumes that tcP~tCP(max) and tAsc ~tASC(max). 
II:tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (lOUT :i!1±10p. A I) and is not reference to VOH(min) 

or VOL(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(Ta=0-70·C, Vcc=3.3V±10%, Vss=OV, unless otherwise noted, see notes 12,13) 

Limits 
Symbol Parameter M5M4V16400C-5,-5S M5M4V164OOC-6,..sS M5M4V164OOC-7,-7S 

Min Max Min Max Min . Max 

tREF Refresh cycle time 64 64 64 

tRP RAS high pulse width 30 40 50 

tRCD Delay time, RAS low to CAS low (Note 14) 18 37 20 45 20 50 
tCRP Delay time, CAS high to RAS low 10 10 10 

tRPC Delay time, RAS high to CAS low 0 0 0 
tCPN CAS high pulse width 10 10 10 

tRAD Column address delay time from RAS low (Note 15) 13 25 15 30 15 35 

lASR Row address setup time before RAS low 0 0 0 
lAsc Column address setup time before CAS low (Note 16) 0 10 0 10 0 10 
tRAH Row address hold time after RAS low 8 10 10 

tCAH Column address hold time after CAS low 13 15 15 
tDzc Delay time, data to CAS low (Note 17) 0 0 0 

tDZO Delay time, data to OE low (Note 17) 0 0 0 

tCDD Delay time, CAS high to data (Note 18) 13 15 15 

tODD Delay time, OE high to data (Note 18) 13 15 15 

IT Transition time (Note 19) • 1 50 1 50 1 50 
, , 

Note 12:The timing reqUirements aye assumed IT=Sns. 
13:VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

rns 
ns 
ns 

ns 
ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

14:tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access'time is 

controlled exclusively by tCAC or tAA. tRCD(min) is specified as tRCD(min) =tRAH(min) +2tH+tASC(min). 
IS:tRAD(max) is specified as a reference point only. If tRAD E:;tRAD(max) and tAsc ~ tASC(max), access time is controlled exclusively by fAA. 
16:tASC(max) is specified as a reference point only. If tRCD ~tRCD(max) and tAsc ;;:: tASC(max), access time is controlled exclusively by tCAC. 
17: Either tDZC or tDZO must be satisfied. 
18:Either tCDD or tODD must be satisfied. 
19:tT is measured between VIH(min) and VIL(max). 
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M5M4 V16400CJ, TP·5,-6,-7 ,-55 ,-65,-75 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 
tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tAcs Read setup time after CAS high 
tRCH Read hold time after CAS low 
tRRH Read hold time after RAS low 
tRAL Column address to RAS hold time 
tOCH CAS hold time after OE low 
tORH RAS hold time after OE low 

. . 
Note 20: Either tACH or tRRH must be satisfied for a read cycle . 

Write Cycle (Early Write and Delayed Write) 

Symbol Parameter 

twc Write cycle time 
tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
twcs Write setup time before CAS low 
twcH Write hold time after CAS low 
tCWL CAS hold time after W low 
tRWL RAS hold time after W low 
twp Write pulse width 
tos Data setup time before CAS low or W low 
tOH Data hold time after CAS low or W low 
tOEH OE hold time after W low 

MSM4V16400CoS,'5S 

Min Max 
90 
50 10000 
13 10000 
50 
13 
0 

(Note 20) 0 
(Note 20) 10 

25 
13 
13 

MSM4V16400CoS,'SS 

Min 
90 
50 
13 
50 
13 

(Note 22) 0 
8 

13 

13 
8 
0 
8 

13 
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Max 

10000 
10000 

Limits 
MSM4V16400C-6,-6S MSM4V16400Co7,·7S Unit 

Min Max Min Max 
110 130 ns 

60 10000 70 10000 ns 

15 10000 20 10000 ns 

60 70 ns 

15 20 ns 

0 0 ns 

0 0 ns 
. 10 10 ns 

30 35 ns 

15 20 ns 
15 20 ns 

Limits 
MSM4V16400C-6,-6S MSM4V164OOC-7,·7S Unit 

Min Max Min Max 
110 130 ns 
60 10000 70 10000 ns 

15 10000 20 10000 ns 

60 70 ns 

15 20 ns 

0 0 ns 

10 10 ns 
15 20 ns 

15 20 ns 

10 10 ns 

0 0 ns 

10 15 ns 
15 20 ns 
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, M5M4 V16400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 
PRE. t a tina! speclhC: t 10 change. 
Notic8~ i~!~;:t~i~ limitS are s\Jule 

SOtTIElPa" ' , FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

Limits 
'Symbol Parameter MSM4V16400C·S,·ss MSM4V16400c-6,-6S MSM4V164OOC-7,·7S Unit 

Min Max Min Max Min Max 
tRwe Read write/read modify write cycle time (Note 21) 131 155 180 ns 
tRAS RAS low pulse width 91 10000 105 10000 120 10000 ns 
tCAS CAS low pulse width 54 10000 60 10000 70 10000 ns 
·tCSH 'CAS hold time after RAS low 91 105 120 ns 
tRSH RAS hold time after CAS low 54 60 .70. ns 
tRCS Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 22) 36 40 45 ns 
tRWD Delay time, RAS low to W low (Note 22) 73 85 95 ns 
tAWD Delay time, address to W low (Note 22) 48 55 60 ns 
tCWL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after W low 13 15 20 ns 
twp Write pulse width 8 10 10 ns 
tDS Data setup time before W low 0 0 0 \ ns 
tDH Data hold time after W low 8 10 15 ns 
tOEH OE hold time after W low 13 15 15 ns 

Note 21 :tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tT. 
22:twcs, tewD, tRWD and tAWD and, tCPWD are specified as reference points only. If twCS~twCS(min) the cycle is an early write cycle and the oa pins will 

remain high impedance throughout the entire cycle. If tCWD~tCWD(min), tRWD~tRWD (min), tAWD~tAWD(min) and tCPWDii:atCPWD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the oa (at access time and until CAS or DE goes back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Wrlte Cycle) (Note 23) 

Limits 
Symbol Parameter MSM4V164GOC-S,-5S MSM4V16400C-6,-6S MSM4V164OOC-7,.7S 

Min Max Min Max Min Max 
tpc Fast page mode read/write cycle time 35 40 45 
tPRWC Fast page mode read write/read modify write cycle time 76 85 95 
tRAS RAS low pulse width for read write cycle (Note 24) 85 125000 100 125000 115 125000 
tcp CAS high pulse width (Note 25) 8 12 10 15 10 15 
tCPRH RAS hold time after CAS precharg~ 30 35 40 
tCPWD Delay time, CAS precharge to W low (Note 22) 53 60 65 

.. . . . . Note 23: All previously specified timing reqUirements and sWitching characteristics are applicable to their respective fast page mode cycle . 
24: tRAS(min) is specified as two cycles of CAS input are performed. 
25: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 26) 

Limits 
symbol Parameter MSM4V16400C-5,-5S MSM4V16400C-6,-6S MSM4V164OOC-7,.7S 

Min Max Min Max Min Max 
tCSR CAS s~tup time before RAS low 10 10 10 
tCHR CAS hold time after RAS low 10 10 15 
tRSR Read setup time before RAS low 10 10 10 
tRHR Read hold time after RAS low 10 10 15 

- -Note 26: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode . 

5 - 28 
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Unit 

ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 

ns 
ns 
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M5M4V16400CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 16777216-81T (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by ·S· after speed item, like -5S/-6S /-7S. The other characteristics and requirements than the below are 
same as normal devices. 

ELECTRICAL CHARACTERISTICS(Ta=0-70· C, vcc=3.3V ± 1 0%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

CAS before RAS refresh cycling 

or RAS cycling & CAS ~0.2V 

OE&WE~O.2V 

Aver~e supply current or OE& WE ~Vcc-O.2V 
Icc8(AV) from cc M5M4V16400C (S) Ao ...... All~0.2V 500 

Slow-Refresh cycle 
(Note 5) or Ao ...... All ~Vcc-0.2V 

tREF=128ms (4096cycles) 
output = OPEN 

tRAs=tRAsmin ....... 1 f-l s 
Aver~e supply current 

RAS = CAS ~ 0.2V Icc9(AV) from cc M5M4V16400C (S) 200 Self-Refresh cycle output = OPEN 
(Note 5) 

TIMING REQUIREMENTS (Ta=0-70'C, Vcc=3.3V ±10%, Vss=OV,unless otherwise noted, see notes 12, 13) 

Limits 
Symbol Parameter M5M4V16400C-5S M5M4V16400C-6S M5M4V16400C-7S 

mASS Self Refresh RAS low pulse width 
tRPS Self Refresh RAS hioh orecharoe time 
tCHS Self Refresh RAS hold time 
tRSR Read setup time before RAS low 
tRHR Read hold time after RAS low 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

Min 
100 

90 

- 50 
10 

10 

Max Min Max Min Max 
100 100 
110 130 

- 50 - 50 

10 10 

10 15 

The last / first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh, on the condition of tNs~64ms and 
tSN~64ms. 

I" tNS _I I" tSN _I 

Unit 

pA 

pA 

Unit 

ps 
ns 
ns 

ns 

ns 

-.. -.. -.. -.. -.. -.. -.. -I~I~II~ .. -.. ~I~II~~I _________ Se_�fr_efr_es_hp_er_iod ______ ~~II~II-··-··~·I~II~I-··-··-··-··-··-· 
DISTRIBUTED REFRESH 

<4K/64 ms > 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
<4K/64 ms> 

The last / first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh, on the condition of tNS+tsN~64ms. 

t ~ 

~ ~ 
~1I-11---~I~III---~II-II~~1 ___ ~---_Se-lfr-efre-sh-pe-riod------~I~~IIII---~I~III---~IIII-

BURST REFRESH 
<4K/64ms> 

'. MITSUBI. 5H: I 
"ELECTRIC 

BURST REFRESH 
<4K/64 ms > 
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M5M4 V16400CJ, TP-5,-6,-7 ,-58,-68,-78 

Notice', Inl$ triC lirt"\S elf 

Sort,eparart'e FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Limits 
Symbol Parameter MSM4V164OOC-S,·SS MSM4V16400C-&,-&S MSM4V16400Co7,·7S 

Min Max Min Max Min Max 
tWSR W setup time before RAS low 10 10 10 
twHR W hold time after RAS low 10 10 15 

. " .. .. 
Note 27:The test mode function IS initiated by a Wand CAS before 'RAS' cycle (WCSR cycle) as specified In timing diagram . 

The test mode function is terminated by either a CAS before RAS refresh cycle (CSR refresh cycle) or a RAS only refresh cycle. 
During the test mode, the device is internally organized as 16-bits wide (1M bytes depth). No addressing of CAo and CAl Is required. 

Unit 

ns 
ns 

During a write cycle, data must be applied to all DO ( Input) pins. The data can be different between DQ pins. The data on each DO pin is written Into 
4-bits memory cells, respectively. During a read cycle, each DO (output) pin shows the test result of the 4-bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 

5 - 30 

During the test mode operation, only WCBR cycle can be used to perform refresh. 

DQ,a-§ #1 

#2 

#3 

#4 

~a-§ 
#5 

#6 

#7 

#8 

DQ3~ 
#9 

#10 

#11 

#12 

~4~ 
#13 

#14 

#15 

#16 

§-< JUDGE 

§-< JUDGE 

§-< JUDGE 

§-< JUDGE 
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M5M4V16400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28) 
Read Cycle 

Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

tRC 

tRAS tRP 

~ I ~ 
tCSH 

tCf 
tAco tRSH tRPC f ~ +-

tCAS 

XXXXXXX-6-

V W XXXXXXX7I \ xxxxxx-2I 
XXXXXXI 

tRAO tRAL tASR 
tASR ~ ~ tCAH ~ tCPN -+-+-.. 

.~, 
lYyyyyy yyy XxXxXx}IlAi XXXXXX:ln. ROW COLUMN .I)(XXXXX xxx ROW 

~ )[XXXXXXlI ~ ~ V00.Jt ADDRESS ADDRESS ADDRESS XXXXXXI nl"XXXXY 'XXXXXX xxx X x )II ... tRRH 

tRCS tRCH 
~ 

I 
xxxxxxxxxx ~ xxx xxx xxx XX 
~xxxxx XXXXXx::.r .~ 

XXXXXXXXX XXXXXXI ~XXXXXXXXX}( 

+~ tcoo ... 

XXXXXXXXXX IXXXXXXXX')C Hi-Z XXXXXXX 
~xxxxxx xxxxxxxx ~ 
XXXXXXXXX XXXXXXXX XXXXXX}( 

xxxxxxxxxx IXXXXXXxx:x xx 

tCAC 

tAA l ... tOFF~ 
tCLZ 

Hi-Z Hi-Z 

~ ~ DATA VALID 1/ 

tRAC ~ 
tozo ~ ~ 

toDD 

OCH 

xx xxxxxxxxxxxxx S«xxxxxx xxxxx..c J.?VV<. ~ 
{XXXXXXXxxxxxxxxxxxxxxXXXXX ~ XXx XXXXXXXXXXXXX}( 

tORH .... 

Note 28 
Indicates the don't care input. 
VIH(min)~VIN~VIH(max) or VIL(min)~VIN~VIL(max) 

Indicates the invalid output. 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M4V16400CJ,TP-5,-6,-7,-5S,-6S,-7S 

Some para . FAST PAGE MODE 16777216~BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

V~L 

VIH 

VIL 

DQ1-DQ4 VOH-

(OUTPUTS) VOL-

5 - 32 

VIH 

VIL 

twc 

tRAS tRP 

~ I ~ 
tCSH .. 

tF 
tRCO tRSH tRPC f tCAS I 

~ 

xxxxXJr 

~ I W XXXX}(l' 
XXXXXI 

lASR lAsc 
lASR 

tRAH tCAH ~ 
~ 

XXXXA ROW :~ COLUMN ~xxxxxxxxxxxxxxxxx' ROW 
xxxxd ~ xx 

ADDRESS ADDRESS IAl:XXX XXXA ADDRESS XXXXXI~ ~~. .~xxxxxxxxxxxxxxxx~ 

twcs twCH 

XXXXXXXXXXXXXX~,~ ·1£XXXXXXXXXXXXXXXXXXXX) 
xxxxxxxxxXXXXXXXAI I~XXXXXxxxxxxxxxXXXXXX) 

XXXXXXXXXXXXX ~xxxxxxxxxxxxxxxxxxxxx 

!! tOH 
I 

x x X\. 
~XXXXXXXXXXXXXXXXXXXXX) xxxxxxxxxXXXXXXXN DATA VALID XXXXXXXXXXXX AXXXXXXxxxxxxxxxxxxxxxx 

XXX"'-"'-.> 

Hi-Z 

-------------------------------------------------------------------------------------

•.. MITSUBISHI 
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M5M4V16400CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL-

VIH­

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

~ 

f! tAco 

~ , 
XXXXX»' XXXXXN 

e tRAH lAsc ....... 

XXXXA ROW 
,~ 

x.xxxxJa. IJl:XXXA XXXXXI' ADDRESS :1KXX"Z: 
~ 

~ 
~xxxx~ 
xxxxxxxxxxXXXXXXXI 
~xxxx xxxxhxxx}II 

tozc .... 
xxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxx~ 

x.xx X xxxxxxxxxxx,C:x 

Hi-Z 

tozo 

twc 

tAAS 

tCSH 

tCAH 

COLUMN 
ADDRESS 

... 

Hi-Z 

~ 

~~ 
~z 

tAP 

I i\ 
tASH tAPC tCAP 

tCAS Ii 4-

I W 
--'" ~A i+-

IXXXXXX xx xxxx\. ROW ~ xx x~ 
:lX:XXXXX xx XXXJI'~ ADDRESS 

~ 
tAWL 

~ 
~ 

~xxx,\!-xxxx~ 

II x X X X X X X X X X X X X X } rxxxxx,\!-xxx XXX} 

twCH 
--'" 

lOs 
--'" 

tOH 

~~ DATA \.~xxxxxxxxxxxx IVXXXXXXXXXXXX} 
VALID lAX: x XXXXXXXX} 

I 

~ Hi-Z 

I( 
tOEH 

~ ... 
~ ~ toDD 

xxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxx~ ~~~~~X~~~~~~~ ,xxxxxxx xxxxxxxxxxxxxxx Xl. 

VIH 

VIL xxxxxxxxxxxxxxxxxxxxxx )II. 'S:xxxxxxxxxxxxxxx 
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M5M4V16400CJ,TP-5,-6,-7,-5S,-6S,-7S 

, ,,1h1S IS no, 'IS are so\:J\ec 
Notice, r3fT'QtriC 111'1'1" 
some Va FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

tRWC 

tRAS tRP 

~ I ~ 
VIH 

VIL-

tCSH 

tCRP tRCO tRSH tRPC tCRP 

II .... tCAS 

~ XXXXXN 
VIH 

VIL xxx XXXI / W 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

VIH 

VIL 

VIH 

VIL 

VIH-

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

5 - 34 

tRAO 

tASR tRAH tAS\;: tCAH tASR 

-- f-I+-

~ ROW 
.fW')3. 

COLUMN 'I.xxxxx¥:x: xx XXX" ROW ~ XXXXX:xA ADDRESS ADDRESS IJI){XXXXXXX xx XXX:xA ADDRESS XXXXXXI :~ ',xxxx x XXXXI xx 
tAwo 

tRCS tcwo tCWL ....-~ 
tRWO tRWL 

twP 

~ ¥0 xXXX , ~xxxxx.f XXXXXXXX x XXXXXXI .IX X X X X X X X X X X X l( 
XXXXXXXX xxx~ XXXXXXXXXXXXl( 

tos tOH 
t~ -- j~ XXXXXXXXX xx Hi-Z LXXXXXXxxxx XXXXXXXX XXXXXXX}( DATA VALID VX xxxxxxxxx> 

~xxxx xx xxxx ,~ '~ x x x x x x x x x > 
tCAC 

tAA 

~ 
Hi-Z 

~ O;:;:;:i\ Hi-Z 

VALlD~ 
""'--

tRAC f-+ toDD 

tozo tOEA 
I+--- -. I+-tOEZ 

XXXXXXXXXXXXXXXXXXXXXX xxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxx~ 

• MITSUBISHI 
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M5M4V16400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

VIH-------,I 

CAS 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

VIL-

VIH-

VIL-

VIH-

VIL-

VIH 

VIL-

VIH 

VIL-

DQ1-DQ4 VOH-

tASR tRAH 

ROW 
ADDRESS 

tRC 

tRAS tRP 

ROW 
ADDRESS 

Hi-Z 

---------------------------------------------------------------------------------------------(OUTPUTS) VOL-

VIH 
OE 

VIL 

• MITSUBISHI 
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M5M4V16400CJ,TP-5,-6,-7,-5S,-6S,-7S 

CAS before RAS Refresh Cycle, Slow Refresh Cycle 

w 

OQ1 ...... 0Q4 
(INPUTS) 

VIH-

VIL-

VIH­

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

OQ1 ...... 0Q4 VOH 

(OUTPUTS) VOL-

VIH 

VIL 

5 - 36 

RC II tRC 

tRP tAAS 
)) 

tRAS tAp 

tt 

~ ~ ~ 
N 

~ ~ ~ 

tRPC tCSR tCHR tRPC tCSR tCHR ~~ r tCRP 
~ ~ "~'t ~ r--. 

~ V ~ ~ V ~ ~ ~ • 
~ 
tCPN tASR .. 

rt i.----- _I---

xxx xxxxx xxxxxxxxxxxxxxxxx IXI~~xxxxxx~~ ~~~~ ROW ~UMN xxxx IXXXXXX ~xx xx 
XAAAAAXXXI DDRESS DDR~ 

. . 
~H t~ tRHR t~ tRHR 

"I /I i 

W TXXXX ~xx;o;. 'lXXXXXXXXI' 
~xxx XI 
VI. ..... AA 

~~ 

'I 
xxx xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 
¥xx xxxxxxxxx xxxx .... xxxxxxxxxx 
xxxx xxxxxxxxxxxxxxxxxxxx~ ,xxxxx'xxxxxxxxx X 

~~ 

tOFF 

--- 4-

\ 
~S 

Hi-Z 

If 

tOEZ 
~ 

'I 
xxxxxxxxxxxxxxxxxxxx 'Xxxxx xxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxx 

I xxxxxxxxxx .... ,xx ........ xx;o;.xx .... x 

JJ 

•... MITSUBISI-II 
.... ELECTRIC 

tR~ 

XXXXXXXXXX7 
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M5M4 V16400CJ ,TP-5,-6,-7 ,-5S,-6S,-7S 
, ' not a final spec~'lect to cnange 

"{hiS IS , rrnitS afe SU 

parametriC \ FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

Ao-All 

w 

VIH-

VIL-

VIH­

VIL 

VIH 

VIL-

VIH 

VIL 

VIH 

~ 

tCRP tRCo 

~ XXXXXI xxxxx, 

tRAo 

lASR tRAH lAsc 

~ 
xxxx».. 

ROW xx x xx 711 

xxxxx" ADDRESS 
XXXXJI 

~ 

xxxxxxx XXX" 
xxxxxxx xxx, XXXXXXXX xxx»' 

~ 

xxxxxxx xxx xxxxxxxx xxx OQ1-0Q4 
(INPUTS) .xxxxxxxx VIL- xxxx 

OQ1-0Q4 VOH­

(OUTPUTS) VOL-

Hi-Z 

tRC 

tRAS 

tRSH 

~ 

tCAH 

COLUMN lXX M:X 
ADDRESS r,;:x 

~x 

tRAL 

tCAC 

tM 

~ 

~~ 

tRC .. 
tRP tRAS I. tRP 

V \ I L 
tCHR 

I 

lASR 
... f--+ 

IXXXXXXX XXXXXXX IXXXXXXX, ROW XXXXXXX %IXXXXXXX XXXXXX,X,V 
XXXXXXX IXIXXXXXXX XXXXXXJfI' ADDRESS 

IXXXXXXX XXXXXXX IXXXXXXX, 

~ tRF ~ 
W ~xxxxx xxxxxxxxxxxx> ";:xxxx xxxxxx> 'XXXX XXXXXXXXXXXX 'xxxx xxxxxx 

tCoD 

Hi-Z IXXXXX)< xxxxx 
'xxxxx 

~ 

\ Hi-Z 
DATA VALID 

I 
tRAC tOE.i.I-+ 

VIH 

VIL 

tozo tOEA 

tORH 

xxxxxxxxxxxxxxxxxx 
0000xxxxxxxxxxxxx~ 

xxxxxxxxxxxxxxxxxx L XXXXXXXXXXXXXXXXXXX nf. 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
And in any cycle, tRSR&tRHR should be satisfied not to enter TEST MODE. 

'. MITSUBISHI 
"ELECTRIC 

tODD 

'x x xx x x xx xxx XXXXXXXXXx.x 
xxxxxxxxxx.x XXXXXXXXXXX 
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EL'\\A'NAR'l M5M4V16400CJ,TP-5,-6,~7,-5S,-6S,-7S 
P R, .. ' not a final 5pec~:~~~I~;Change 
Nottce: ''',IS 1:\riC \in)itS are 51) 

somepararn FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

RAS 

CAS 

Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

tRAS 

VIH 

\ I 
VIL-

.. tCSH tpc ~ tCRP tRCO tCAS ~ tCAS ~ tCAS 

VIH ,...----, r---xxxx¥ 
\ ~ \ V ~ (XXXXI 

VIL ---
tRAO tCPRH 

lASR lAsc tCAH lAsc tRAH IJCAH~ 11CAH~ L. lAsc ... +-+ ~ ~ 

VIH xxxx'\ ' Iil'::z:1. «xx x'\ '~X x'\ 125; 
xxxx. AD~~~SS A x X XA C JLUMN-1 AXXX IXll. ~OL JMN-2 IJKX Xll. CO.L MN-3 

VIL 'lJDJ:Y 

r" VIH XXXXX }O[I-

(xxxxxx x~' 
VIL xxxxxx x~ 

VIH '-¥xxxxx xxxx 

VIL_~X~X~X~X~X~X:}Q~x~x~Q(xx:::Q 

tozc 

Hi-Z 

'x xI~ 

tRAL 

tRCH-+1i 1114" tRCS tRC~it Ii. tRCS 

~~ ~r 
tozc 
~I-~ 

., Hi-Z' 

:,,~ 

l .. tCAC~ ~~~ ~ ~ tCAC 

~ 
p----, 

I 

'S(5\ 

:::r:~ 

L 

lASF 
~1-4-

ROW 
ADDRESS 

KXXXX 
'XXX x, 
'\XXXXl -

tAA L~ __ +t~AA __ ~ tAA 

DQ1-DQ4 VOH-____ +-_H_i._Z-+ ___ ---..... J,[lf~~CWr---DA-T+A~\H+---~-<;~ DATA \J+-_~_tc~~t.r~~ DATA \. 
(OUTPUTS) VALlD-11 , VALlD-2 II V / ~ VALlD-3 "I-'-~---

VOL- " """'"' __ 
tRAC tCPA .. tCPA 

l4-_t_02!_O_~ ~ I~E=-- tOEA r tOEZ tOEA tOEZ 
~OCH 1- I~ ~ ---rr ~ -+f-4-

VIH=.~3~2~~3~2~~3~[===~~~~1~~~~~~~~~==~j~~~~~~~~~J...=-:=J~=~A~1X/'li:X~~X~~X~~X:7 XXXX~xxxxxxx xxx -L 

VIL xxxx xxx x x xxx:N0)Q t x xx '"- x xx ' 

.... ~ ~~ +-+ 
tODD to~D tORH 

5 - 38 
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MITSUBISHI LSls 

M5M4V16400CJ,TP-5,-6,-7,-5S,-6S,-7S 
to chaN;'" 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

tRAS 

t=:L ~ 
VIH-

VIL-

tCSH tpc ~ tCRP tRCD tCAS tcp tCAS ~ ... tCAS 

"I 

VIH 

VIL 

{Xxxxx x# 

\ I ~ I~' / 

Ao-All 

w 

OQ1-0Q4 
(INPUTS) 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

OQ1-0Q4 VOH-

(OUTPUTS) VOL-

VIH 

VIL 

xxxxx»' 
~ 

lA~ e lAsc tCAH lAsc tCAH lAsc tCAH .tASR ... .. - .. 
xxx x x, cxxxxx~ ~ 

ROW ~ l®( ROW COl UMN-1 xv COLUMN-2 IXYXX"lot(· (0 
~ ADDRESS Jll<.xxxxxn UMN~3 ADDRESS 

~ 

twcs twCH twcs ~ tw3s twCH 

- I "-xxxxxxx x x x x x x x x x x x x ». -r «xxx~ :r «xxx~ 

x x XXXXXXXXXXX,\ IIXXXXX\. Ihxxx~1 IIX x X x xxx0-
XXXXYY xxxx'Xl "YYYYY~ 

If)( 
Itxxxxxxy0 

~ tDH A ~ a ~ 
XXXXXXXX)ll. .J5l72\. ,1X5l'SA. LXXXXXXxx 

DATA DATA DATA xxx x x x x x x x x x x 0.!i I2'X XXI .. ')a'y"ll. Ial::XXXXXXXX 
~XXXXXXXXT VALlD-1 r1KXXXT VALlD-2 ~~ VALlD-3 r~ 

~ 

Hi-Z ----------------------------------------------------------------
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FAST PAGE MODE 16777216-BIT (4194304-WORD,BY 4-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

VIH 

VIL-

VIH 

VIL 

tCRP 

I 
XXXXlI!' 

V:66t/' 
~ 

tA~ 

,~ VIH-

\ 

tACO 

~ 

I!AA~ tASC 

tAAS 

tCSH tASH 

tCAS L tpc 

l tcp tCAS 

I ~ 

tCAH ~ 
tRWL--

tCAH .. 

'IXXXXXX XA IXXX 

~ ~ ROW C )LUMN-1 M:XXXXXX IXXII COLUMN-2 ~xx 

ADDRESS '';:xxxxxx IXXI '';:xx 
Ao-All 

,~ VIL-

w 

DQ1-DQ4 
(INPUTS) 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

r 
xxxxxxxxxxx. 
~ x xx XXXXXXXI 
XXXXX xxx'»' 

tozc 
~ 

xxx')! 
XXXXXXXXXXX 
yxx xxxxx 

... 
Hi-Z 

tozo 
4----+ 

~xxxxxxxxxxxxxx 

tCWL 
~ 

~ 
\ 

twCH 

tos tOH 

Hi-Z ~ DATA 

~ 
VALlD-1 

tCLl 
t--~ 

~~ 
Hi-Z 

tOEZ-+ ~ ... toDD 

VIL 
fXXXXXXXXXXXXXX~ / 
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tACS 1+ 
Iff! , 

twCH 

tozc tos __ f-!4-

~ Hi-Z ~ 
~ ~ 

tCLl 
..... ~ 

~ 
tOEZ-+ I-

tozo --r- +f- !+-tODD 

U 

F ~ 
tAP 

.J , 
1-14-

tASA l.tCWL~ +r-~ 

xxx, ROW xXXJV 

xxx» ADDRESS 

~ 
IXXXXXXX> 
JKXXXXXXX 

XXXXXXXX 
r.>I.XXXXXXX~ 

tOH 

DATA 
~ALlD-2 IAXXXXXXX 

Hi-Z 

~ 
~ 

lit 
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M5M4V16400CJ, TP-5,.6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216·BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write,Read-Modify-Write Cycle 

VIH 

Vll-

VIH 

Vll-

tCRP 

I 
XXXX~ 

XXXXXII 
~ 
~ 

tA~ 

~ 
tCSH 

tRCD 

~ 
tRAD 

~ tAsc 
teAH 

RAS 

.. 
tCAS .. tPRWC 

tcp tCAS 

I ~ 

~ tCAH 

.~ 

~ ~ xlA ~ ROW C(>LUMN-1 COLUMN-2 
VIH-

Ao-All XXXXI: IIXXXXXX '>' IIXXX 
.~ 

ADDRESS 1l"'J:{xxxx "7 ·~xx Vll-
tAWD tAWD 

w VIH 

Vil 

~x 0xXXXXX 
xxxxxxx 

VIH ·xxxxxxx 

Vil 

DQ1-DQ4 VOH­

(OUTPUTS) VOl-

XXXXXXX 
xxxxxxx xxxxxxx 

t~ 
XXXXII 

x')lVV 
XXXXI 

tRWD 

JE!r; 
xxx)c; Hi-Z iXXXX 

XXXX xxx./t IJCAC~ 
fAA 

tCLZ-J~ 
Hi-Z 

~ tRAC 

tozo tOEA 

tCWD tcwl 
.... tRCS' .. 

tCWD 

~p 
~ 

~ l{J ~ 

tCPwD 

tDH tDZC 
lOS ~ tDS 

~ DATAl ~ Hi-Z ~ 
~ 

VALlD-1 
~ ~ 

~ tAA 

d -*4-tc~ 
Hi-Z 

VALID-V ~~ ~ 

tCPA ~DD -. r-l+tODO 1+1-

F 1\ 

tAP 

JRWl 

.1 

if 
~ 

tASR .-of-

xxx».. ROW XXXI 
XXXXI ADDRESS 

~ 
~xxxxxxx 

~ ,.x,xxxxxxx,) 

tOH 

~xxxxx 
DATA I~ VALlD-2 ~xxxxx,) 

Hi-Z 

14---+ [+---+ -. I4-tOEZ tDZO"'I~ ... 
tOEH 

f-~tOEZ~ 

x xxxxxxxxx 
~ 

VIH 

xxxxxxxxxxxxxxx 
Vil .xxxxxxxxxxxxxxx J 
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M5 M4 V.16400CJ, TP-5,-6,-7 ,-55,-6S,-,75 
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lll 

FAST PAGE MODE 16777216-B11 (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Self Refresh Cycle 

CAS 

Ao ...... Al1 

W 

OQ1 ...... 0Q4 
(INPUTS) 

OQ1 ...... 0Q4 
(OUTPUTS) 

OE 
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VIL-

VIH-

VIL-

VIH-

VIL-

VIH-

VIL-

VOH-

VOL-

VIH-

VIL-

tAP 

tCPN 

tACH 

tOEZ 

tAASS 
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M5M4V16400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

w 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 
(OUTPUTS) 

"'"-
RP tRAS tRP 

VIH-

.J ~ V 
VIL- \ 

l .. tRPe
• 

tCSR tRPC tCRP 
~ 

tCHR .... --1+ j+-+ 
VIH-

J ~ / W VIL-

l" tCPN• 
tASR .. 

twHR 

VIH I~XXXXXXXXXXXXXXXX~XXXXXX xxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

VIL- ~xxxxxxxxxxxxxxxxxxxxx > 

VIH x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x > xx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
VIL-b ~xxxx~xxxxxxxxxxxxxxxxxxxxx 

Hi-Z 
... ~ 

VOH-- ~ 

~------------------------------------------------------------------VOL-_If 

_I tOEZ 

VIH- x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x > 
~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

VIL- .xxxxxxxxxxxxxxx>l 

Note 30: This cycle can be used for initialized cycle after power-up, however entried into Test Mode . 
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PREL~~~~~~~,. M5M4V16405CJ: TP:5,-6~-7, 
Notice', :~~~:triC \il~itS are . 55, 65, 75 
some P HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 

This is a family of 4194304-word by 4-bit dynamic RAMs with 
Hyper Page mode fuction, fabricated with the high performance 
CMOS process, and is ideal for large-capacity memory systems 
where high speed, low power dissipation, and low costs are 
essential. 

PIN CONFIGURATION (TOP VIEW) 

The use of double-layer metal process combined \,"lith twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self refresh current is low enough for 
battery back-up application. 

FEATURES 

-
RAS CAS 

Type name access access 
time time 

max.ns) (max.ns) 
M5M4V16405CXX-5,-SS 50 13 
M5M4V16405CXX-6,-6S 60 15 
M5M4V16405CXX-7,-7S 70 20 
XX=J,TP 

eStandard 26pin SOJ, 26pin TSOP 
eSingle 3.3V ± 1 0% supply 
eLow stand-by power dissipation 

Address 
access 

time 
(max.ns 

25 
30 
35 

OE Power Cycle 
access time dissipa-
time tion 

(max.ns) (min.ns) typ.mW 

13 90 330 
15 110 270 
20 130 225 

1.80mW (Max) -------------------------- CMOS Input level 
0.72mW (Max) * ------------------------. CMOS Input level 

eLow operating power dissipation 
M5M4V16405Cxx-5,-5S - - - - - - - - - - - - - - - - - - - - - 400mW (Max) 
M5M4V16405Cxx-6,-6S - - - - -- - - - - - - - - - - - - - - - 325mW (Max) 
M5M4V16405Cxx-7,-7S --------------------- 270mW (Max) 

eSelf refresh capability * 
Self refresh current --------------------------200 JlA(Max) 

eHyper~e mode (1024-column random access), Read-modify­
write, RAS-only refresh, CAS before RAS refresh, Hidden refresh 
capabilities. 
Early-write mode, OE and W to control output buffer impedance 

eAIi inputs, outputs TTL compatible and low capaCitance 
e4096 refresh cycles every 64ms (Ao -A11) 
* :Applicable to self refresh version (M5M4V16405CJ,TP-5S,-6S, 

-7S:option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 
Ao-A11 Address inputs 
DQ1 ....... DQ4 Data inputs/outputs 
RAS Row address strobe input 

CAS Column address strobe input 

W Write control input 

OE Output enable input 
Vcc Power supply (+3.3V) 
Vss Ground (OV) 

5 - 44 
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vcc 

W 

RAS 

A11 

Ao 

A1 

A2 

A3 

004 

003 

CAS 

OE 

A9 

AS 

A7 

Outline 26POD-B (300mil SOJ) 

vss 
DQ4 

DQ3 

CAS 

OE 

A11 A9 

A10 AS 

As 

A2 As 

A3 A4 

Outline 26P3D-E (300mil TSOP) 
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p ~e.L\ ~~!!~~~~. M5M4 V16405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

. . ihis is no\.a ·t ... are subject 
NotIce. ,ell,eHiC \10"\ -

somepa HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

FUNCTION 

In addition to Hyper Page Mode, normal read, write and read­
mOdify-write operations the M5M4V16405CJ,TP provides a number 

of other functions, e.g., RAS-only refresh, and delayed-write. The 
input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

RAS CAS W OE a~o:ss :t3~~~ 
Read ACT ACT NAC ACT APO APO 
Write (Early write) ACT ACT ACT ONC APO APO 
Write (Delayed write) ACT ACT ACT ONC APO APO 
Read-moditv-write ACT ACT ACT ACT APO APO 
RAS-only refresh ACT NAC ONC ONC APO ONC 

Hidden refresh ACT ACT NAC ACT APO ONC 
Self refresh ACT ACT NAC ONC ONC ONC 
CAS before RAS refresh ACT ACT NAC ONC ONC ONC 

Stand-~ NAC ONC ONC ONC ONC ONC 
Note: ACT: active, NAC: nonactive, DNC : don' teare, VLD : valid, IVD: invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 

~~~O~~~~~~~ RAS 

WRITE Co~~~m: W 

Ao 
Al 

A2. 
A:J 

A4 

As 
ADDRESS INPUTS A6 

A7 

A8 

A9 
Al0 

All 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & 1/0 CONTROL 

MEMORY CELL 
(16n7216 BITS) 

.• MlTSUBISHI 
"-ELECTRIC 

Input/Output 
Refresh Remark 

Input Output 
OPN VLO YES Hyper 
VLO OPN YES page 
VLO IVO YES mode 
VLO VLO YES identical 

ONC OPN YES 
OPN VLO YES 
ONC OPN YES 
ONC OPN YES 
ONC OPN NO 

-~ vec (3.3V) 

+--<? VSS (OV) 

I 

D02 DATA 
DQ1} 
DOG INPUTS/OUTPUTS 

004 

DE OUTPUT ENABLE 
INPUT 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage -0.5-4.6 

VI Input voltage With respect to Vss -0.5-4.6 
Vo Output voltage -0.5-4.6 

10 Output current 50 

Pd Power dissipation Ta=25°c 1000 
Topr Operating temperature 0-70 

Tstg Storage temperature -65 - 150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70°C,.unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 
VIH Hiah-Ievel. input voltage, all inputs 2.0 Vcc+O.3 V 
VIL LOW-level input voltage, all inputs -0.3** 0.8 V 

Note1: All vo~age values are with respect to Vss. 
** : VIL(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is wHh respect to VSS.) 

ELECTRICAL CHARACTERISTICS (Ta=0-70°C, Vcc=3.3V±10%, Vss=OV, unless otherwise noted) (Note2) 

Symbol 
Limits 

Parameter Test conditions Min Typ 
VOH High-level output voltage IOH=-2.0rnA 2.4 
VOL Low-level output voltaae IOL=2.0mA 0 
loz Off-state output current Q floating, OV :iiv OUT :ii 3.6V -10 
II Input current OV~VIN:ii+3.6V, Other inputs pins=OV -10 

Average supply current MSM4V16405C-S,-SS RAS, CAS cycling 
ICCl (AV) from Vcc, operating MSM4V1640SC-6,-6S tRc=twc=min. 

(Note 3,4,5) MSM4V16405C-7,-7S output open 

Icc2 RAS= CAS =VIH, output open 
Supply current from V ce, stand-by (Note 6) 

RAS= CAS ~ V cc -0.2V output open 

Average supply current MSM4 V16405C-S,-SS RAS cycling, CAS= V IH 
ICC3(AV) from Vcc, RAS only MSM4V1640SC-6,-6S tRc=min. 

refresh mode (Note 3,5) MSM4V1640SC-7,-7S output open 

Average supply current MSM4V1640SC-S,-ss RAS=VIL, CAS cycling 
ICC4(AV) from Vee, Hyper Page M5M4V16405C-6,-6S tHPc=niin. 

Mode .. (Note 3.4,5) MSM4V1640SC-7,-7S output open 

Average supply current MSM4V1640SC-S,-5S CAS before RAS refresh cycling 
ICC6(AV) from VCC, CAS before RAS MSM4V1640SC-6,-6S tRc=min. 

refresh mode (Note 3,5 MSM4V16405C-7,-7S output open 
.. Note 2: Current flOWing Into an IC IS POSitive, out IS negative . 

3: Icel (AV), leC3 (AY) , ICC4 (AY) and lee6 (AY) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: Icel (AV) and ICC4 (AY) are dependent on output loading. Specified values are obtained with the output open. 
5: Under condHion of column address being changed once or less while RAS=V IL and CAS=VIH 

CAPACITANCE (Ta=0-70°C, Vcc=3.3V±10%, Vss=OV, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Tvp 
CI(A) Input capacitance address inputs VI=VSS 
CI(CLK) Input capacitance, clock inputs f=1MHz 
CliO Input/Output capacitance, data ports VI=25mVrms 

5 - 46 

Unit 
V 
V 
V 

rnA 
mW 
°c 

-oC 

Max 
Unit 

Vcc V 
0.4 V 
10 J.lA 
10 J.lA 

110 
90 rnA 

75 
2 

rnA 
0.5 
110 
90 rnA 
75 

140 
115 rnA 

90 

110 
90 rnA 
75 

Max 
Unit 

5 pF 
7 pF 
8 pF 
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M5M4 V16405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70'C, VCC = 3.3V ±10%, Vss=OV, unless otherwise noted, see notes 6,14,15) 

Limits 
Symbol Parameter M5M4V16405C-5,-5S M5M4V16405C-6,-6S MSM4V16405C-7,-7S Unit 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7 8) 13 15 20 ns 

tRAC Access time from RAS (Note 7,9) 50 60 70 ns 

tAA Column address access time (Note 7,10) 25 30 35 ns 

tCPA Access time from CAS precharge (Note 7,11) 30 35 40 ns 

tOEA Access time from OE (Note 7' 13 15 20 ns 

tOHC Outout hold time from CAS high (Note 13) 5 5 5 ns 

tOHR Outout hold time from RAS high (Note 13 5 5 5 ns 

tcLZ Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOEZ Outout disable time after OE hiah (Note 12) 13 15 20 ns 

twEZ Output disable time after WE high (Note 12) 13 15 20 ns 

tOFF Output disable time after CAS high (Note 12,13) 13 15 20 ns 

tREZ Outout disable time after RAS hiQh (Note 12,13) 13 15 20 ns 
tOOH Outout hold time from CAS low 5 5 5 ns 

Note 6:An initial pause of 500 f-l s is required after power-up followed by a minimum of eight initialization RAS cycles. The initialization cyclE!s should be done 
either by RAS-only refresh cycles or by CAS before RAS refresh cycles o~ 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) of 
~ inactivity before proper device operation is achieved. 
After the initialization cycles, RAS should be kept either higher than V IH(min} or lower than VIL(max} except RAS transition time. 

7: Measured with a load circuit equivalent to 100pF. 
The reference levels for measuring of output signals are 2.0V(VOH) and O.8V(VOL). 

8:Assumes that tRCO~tRCO(max} and tASC~tASC(max} and tcp~ tCP(max}. 
9:Assumes that tRCO;:a;tRCO(max) and tRAO;:a;tRAO(max}. If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC will 

increase by amount that tRcO exceeds the value shown. 
10:Assumes that tRAO~ tRAO(max} and tASC;:a;tASC(max}. 
11 :Assumes that tcp;:a;tCP(max) and tASC~tASC(max}. 
12:tOEZ (max), twEZ(max}, tOFF(max} and tREZ(max}defines the time at which the output achieves the high impedance state (I our;:a; I ± 1 0 f-l AI ) and is not 

reference to VOH(min} or VO~). __ I 

13:0utput is disabled after both RAS and CAS go to high. 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(Ta=O -70'C, VCC = 3.3V ±10%, Vss=OV, unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter M5M4V16405C-5,-5S M5M4V16405C-6,-6S MSM4V16405C-7,-7S 

Min Max Min Max Min Max 

tREF Refresh cycle time 64 64 64 
tRP RAS high pulse width 30 40 50 

tRCO Delay time, RAS low to CAS low (Note 16) 18 32 20 38 20 42 

tCRP Delay time, CAS high to RAS low 5 5 5 

tRPC Delay time, HAS high to CAS low 0 0 0 

tCPN CAS high pulse width 8 10 13 

tRAO Column address delay time from RAS low (Note 17) 13 25 15 30 15 35 

tASR Row address setup time before RAS low 0 0 0 
tAsc Column address setup time before CAS low (Note 18) 0 10 0 13 0 13 

tRAH Row address hold time after RAS low 8 10 10 

tCAH Column address hold time after CAS low 8 10 10 

tozc Delay time, data to CAS low (Note 19) 0 0 0 
tozo Delay time, data to OE low (Note 19) 0 0 0 
tROD Delav time RAS hiah to data (Note. 20) 13 15 20 
tcoo Delay time, CAS high to data (Note 20) 13 15 20 
tODD Delay time, OE hiQh to data (Note 20) 13 15 20 
tT Transition time (Note 21) 1 50 1 50 1 50 

Note 14: The timing requirements are assumed tT=2ns. 
15: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 

ns 
ns 
ns 

ns 

ns 
ns 

ns 

16: tRCO(max} is specified as a reference pOint only. If tRCO is less than tRCO(max), access time is tRAC. If tRCO is greater than tRCO(max), access time is 
controlled exclusively by tCAC or tAA. 

17: tRAO(max) is specified as a reference point only. If tRAO~tRAO(max} and tAsc;atAsC(max), access time is controlled exclusively by tAA. 
18: tASC(max} is specified as a reference point only. If tRCO~tRCO(max} and tAsc~tASC(max}, access time is controlled exclusively by tCAC. 
19: Either tozc or tozo must be satisfied. 
20: Either tROD or tcoo or tODD must be satisfied. 
21: tT is measured between VIH(min} and VIL(max). 
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HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read and Refresh Cycles 

Limits 
Symbol Parameter MSM4V1640SC-5,-5S M5M4V164OSC-6,-6S MSM4V164OSC-7,-7S Unit 

Min Max Min Max Min Max 
tRc Read cycle time 90 110 130 ns 
tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low Dulse width 8 10000 10 10000 13 10000 ns 
tCSH CAS hold time after RAS low 40 48 55 ns 
tRSH RAS hold time after CAS low 13 15 20 ns 
tRCS Read SetuD time before CAS low 0 0 0 ns 
tRcH Read hold time after CAS hich (Note 22) 0 '0 0 ns 
tRRH Read hold time after RAS hiah (Note 22) 0 0 0 ns 
tRAL Column address to RAS hold time 25 30 35 ns 
tCAL Column address to CAS hold time 13 18 23 ns 
tORH RAS hold time after OE low 13 15 20 ns 
tOCH CAS hold time after OE low 13 15 20 ns 

Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter MSM4V1640SC-S,-SS MSM4V164OSC-6,-6S MSM4V164OSC-7,-7S Unit 

Min Max Min Max Min Max 
twc Write cycle time 90 110 130 ns 
tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 8 10000 10 10000 13 10000 ns 
tCSH CAS hold time after RAS low 40 48 55 ns 
tRSH RAS hold time after CAS low 13 15 20 ns 
twcs Write setup time before CAS low (Note 24) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 13 ns 
tCWL CAS hold time after W low 8 10 13 ns 
tRWL RAS hold time after W low 8 10 13 ns 
twP Write pulse width 8 10 13 ns 
tDS Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS low or W low 8 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M4V16405C-S,-5S MSM4V164OSC-6,-6S MSM4V164OSC-7,-7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 23) 109 133 161 ns 
tRAS RAS low pulse width 75 10000 89 10000 107 10000 ns 
tCAS CAS low pulse width 38 10000 44 10000 57 10000 ns 
tCSH CAS hold time after RAS low 70 82 99 ns 
tRSH RAS hold time after CAS low 38 44 57 ns 
tRcs Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 24) 28 32 42 ns 
tRWD Delay time, RAS low to W low (Note 24) 65 77 92 ns 
tAwD Delay time, address to W low (Note 24) 40 47 57 ns 
tOEH OE hold time after W low 13 15 20 ns 

Note 23: tRwe IS specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tr. 
24: twes, tCWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twCSii:otwCS(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tcwDi?=tCWD(min), tRWDi?=tRWD(min), tAWDii:otAWD(min) and tCPWDi1:tCPWD(min) (for hyper 
page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. If neither of the above 
condition (delayed write) of the DO (at access time and until CAS or OE goes bac,k to V IH ) is indeterminate. 
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M5M4 V16405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper page Mode Cycle 

(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 

Limits 
Symbol Parameter MSM4V16405C-5,-5S M5M4V16405C-6,-6S M5M4V16405Co7,-7S 

Min Max Min Max Min Max 
tHPC Hyper page mode read/write cycle time (Note 26) 20 25 30 
tHPRWC Hyper Page Mode read write / read modify write cycle time 57 66 79 
tRAS RAS low pulse width for read or write cycle (Note 27) 65 100000 77 100000 92 100000 
tcp CAS hioh pulse width (Note 28) 8 13 10 16 13 16 
tCPRH RAS hold time after CAS precharoe 28 33 38 
tCPWD Delay time CAS precharoe to W low (Note 24) 43 50 60 
tCHOL Hold time to maintain the data Hi-Z until CAS access 7 7 7 
tOEPE OE Pulse Width (Hi-Z control) 7 7 7 
twPE W Pulse Width (Hi-Z control) 7 7 7 
tHCWD Delay time, CAS low to W low after read 28 32 42 
tHAWD Delay time, Address to W low after read 40 47 57 
tHPWD Delay time, CAS precharge to W low after read 43 50 60 
tHCOD Delay time, CAS low to OE high after read 13 15 20 
tHAOD Delay time, Address to OE high after read 25 30 35 
tHPOD Delay time, CAS precharoe to OE high after read 28 33 38 

.. . . . . Note 25: All previously speCified timing requirements and sWitching characteristics are applicable to their respectIVe Hyper page mode cycle . 
26: tHPC(min} is specified in the case of read-only and early write-only in Hyper Page Mode. 
27: tRAS(min} Is specified as two cycles of CAS input are performed. 
28: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 29) 

Limits 
Symbol Parameter M5M4V16405CoS,-5S MSM4V16405C-6,-6S M5M4V1640SCo7,-7S 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 5 5 5 
tCHR CAS hold time after RAS low 10 10 15 
tCAS CAS low pulse width 17 17 22 
tRSR Read setup time before RAS low 5 5 5 
tRHR Read hold time after RAS low 10 10 15 

Note 29: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

Hidden Refresh Cycle (Note 30) 

Limits 
Symbol Parameter MSM4V16405CoS,-5S MSM4V16405C-6,-6S M5M4V16405Co7,-7S 

Min Max Min Max Min Max 
tRSR Read setup time before RAS low 5 5 5 
tRHR Read hold time after RAS low 10 10 15 

Unit 

ns 
ns 
ns 

ns 
ns 
ns 
ns· 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 

ns 
ns 

Unit 

ns 
ns 

Note 30: Read, early write, delayed write, read write or read-modlfy-wrlte cycle Is applicable to hidden refresh cycle. In all cases tRSR and tRHR should be 
satisfied. 
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Ell"" \ NAR"f M5M4 V16405CJ, TP-5,-6,-7 ,-55,-65,-75 
P R (\ \ina\ chan\\e 
Notice: .-his i\~i~\;rn\ts are 

50n"-' par3rtlC HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S" after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vcc=3.3V±10%, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

CAS before RAS refresh cycling 
or RAS cycling & CAS~ 0.2V 
OE&WE~0.2V 

Average supply current or OE & WE ,?:=Vcc-0.2V 
Icc8 (AV) from Vee M5M4V16405C (5) Ao- A11~0.2V 500 

Slow-Refresh cycle or Ao- A11,?:=VCC-0.2V 
(Note 6) tREF=128ms (4096cyeles) 

/ 
output=OPEN 
tRAs=tRAsmin. -1 f1. s 

Aver~e supply current 
RAS=CAS ~ 0.2V 

ICC9(AV)* from cc M5M4V16405C (5) 200 Self-Refresh cycle output = OPEN 
(Note 6) 

TIMING REQUIREMENTS (Ta=0-70'C, Vcc=3.3V±10%, Vss=OV, unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter MSM4V16405C-SS MSM4V1640SC-6S MSM4V1640SC-7S 

tRASS Self Refresh RAS low pulse width 
tRPS Self Refresh RAS high precharge time 
tCHS Self Refresh RAS hold time 
tRSR Read setup time before RAS low 
tRHR Read hold time after RAS low 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

Min 

100 
90 

- 50 
10 
10 

Max Min Max Min Max 

100 100 
110 130 
- 50 - 50 

10 10 
10 15 

The last! first full refresh cycles (4K) must be made within tNs / tSN before / after self refresh, on the condition of t Ns~64rns and 
tSN~64ms. 

~ tNS "1 ~ tSN ~I 

Unit 

J,lA 

J,lA 

Unit 

J,lS 

ns 
ns 

ns 
ns 

--------------------·~I~II~I------~I~II~I _________ Se_lfr_efr_es_hP_er_ioo ______ ~~II~II-··----~-I~II~I-----------------

DISTRIBUTED REFRESH 
<4K/64ms> 

DISTRIBUTED REFRESH 
<4K/64ms> 

(2) In case of burst refresh 

The last / first full refresh cycles (4K) must be made within t NS / tSN before / aftefself refresh, on the condition of t NS+tsN~64ms. 

5 - 50 

~ A 
~11~1I----~I~III----;II~II~~L _________ s_elf_~fr_esh~pe_rio_d ______ ~1 ~IIII---~I~III---~IIII-

BURST REFRESH 
<4K/64 ms> 
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MITSUBISHI LSls 

M5M4 V16405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle (Note 31) 

Limits 
Symbol Parameter M5M4Vl6405C-S,-5S M5M4Vl6405C-6,-6S M5M4Vl6405C-7,.7S Unit 

Min Max Min Max Min Max 
twSR W setun time_before RAS Inw 10 10 10 ns 
twHR W hold time after RAS low 10 10 15 ns 

- -Note 31:The test mode function is initiated by a W andCAS before RAS cycle (WCBR cycle) as specified in timing diagram. 
The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 
During the test mode, the device is internally organized as 16-bits wide (1M bytes depth). No addressing of CA 0 and CAl is required. 
During a write cycle, data must be applied to all DO ( input) pins. The data can be different between DO pins. The data on each DO pin is written into 
4-bits memory cells, respectively. During a read cycle, each DO (output) pin shows the test result of the 4-bits, respectively. High state indicates that 
they are same. Low state indicates that they are not same. 
During the test mode operation, only WCBR cycle can be used to perform refresh. 

001~ 
# 1 

#2 

#~ 

#4 

DQ'o--§ 
#Q 

#6 

#7 

#8 

DQ3~ 
#9 

#10 

#11 

#12 

DQ.o--§ #13 

i:l4 

#15 

#16 

§} JUDGE 

§} JUDGE 

§} JUDGE 

§} JUDGE 
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) 0002 

) 0003 

) 0004 
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PREL~~!!!~~~" 
M5M4 V16405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

Notice: ,hIS '!triC \\fnitS are SU 

Sarne pnfalY\ . HYPER PAGE MODE 16777216.:.BIT (4194304~WORD BY 4-BIT) DYNAMIC RAM 

Timing Diagrams (Note 32) 
Read Cycle 

-

VIH-

~ 
VIH­

Vil 

XXXXX-I-XXXXX:JI 
~ XXXXI 

tASR 

~ 

~ 

tAco 

tRAO 

tRAH 

~ 

~ ROW ~xxxxx'" xxxxxx:xr. 'N'-xx x XX1l 
VIH 

IADDRESS XXXXXX7 .l,X x X X X'/' Ao-All 
Vil 

,lRCS 

I 
~ XXXXXX:7I xxxxxxxxx ~ 

VIH-w 
Vil 

XXXXXXXXX XXXXXXI 

tozc 

tRAS 

\ 

I~ ASC~ tCAH 

COLUMN 
ADDRESS 

.-----. 

DQ1-DQ4 
(INPUTS) 

VIH 

Vil 

xxxxxxxxxx xxxxxxxxx 
xxxxxxxxx xxxxxxxxxx 

xxxxxxxx 
~ XXXXXXXX x 

tRC 

I tApc 

tCSH 

tRSH 

tCAS 

II 
tRAl 

tCAl 

>lKXXXXX~x ~x 
I~xxxxxxxxx xx 
\.xxxxxxxxxxx xx 

Hi-Z 

tAEZ 
tCAC 

DQ1-DQ4 VOH­

(OUTPUTS) VOl-

VIH-

tAA 
tCLZ 

Hi-Z 

tRAC 

tozo 

xxxxxxxxxx xxxxx .x: xxxxxx:x xxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxx 

tOHR 

~ DATA VALID 

~ 
tOCH 

I 

tORH 

tRP 

'---
tCRP -+ 4-

~ 
tASR 

1++ 
x x J<lJ ROW xx.;!. 

ADDRESS 
XXI 

tRRH 

~ tRCH 

xxxxxx> . ,xxxxxxx 
.')c x x x x x 
~xxxxXJo 

tcoo .--... 
xxxx 

.:x00N 
twEZ +--! 

tOFF 

tOHC --" 

Hi-Z 
)---

J 

tOEZ 

I~OOO~ 
xxxx xx XXX xx> 

~ xx 

Note 32 
Indicates the don't care input. 
VIH(min):iVIN:iVIH(max) or VIL(min)~VIN~Vll(max) 
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M5M4V16405CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Early Write Cycle 

OQ1 ..... 0Q4 
(INPUTS) 

VIH 

VIH 

VIL-

VIH-

VIL-

VIH 

VIL 

VIH 

VIL 

OQ1 ..... 0Q4 VOH-

(OUTPUTS) VOL-

tw C 

tRAS tRP 

I tRPC ~ ..... 
tCSH 

tCRP 
tAco tRSH 

I tCRP 
teAs -+ 4-

xxxxx~ V ~ XXXxx~ 

~ 

tA~ 
tASR 

tRAH .. 
lASc ~ 

tCAH ~ 

IO.X}I;.}I;.XA Z-}I;. XXX}I;. x~ ROW ~ COLUMN ROW }I;.}I;.X}l;.XI 
ADDRESS ADDRESS III( xx x x xxxx xx xx~ ADDRESS ~ XXXXy -,{Xx XXXX x XI 

twcs twCH .1 
1O.}I;.}I;.XX}I;.}I;.X}l;.}I;.}I;.X}l;.}I;.}I;.XX1,~ I LX}I;.}I;.X}I;.}I;. }I;.~}I;.}I;.}I;.X~ 
}l;.XX xxxxx~ IKXXXxxxxxxxxxxxxxxxxx~ 

xxx x xxxxx~ ~xxxxxxxxxxxxxxxxxxxxx> 

tos +-+ 
tOH 

c: xxxxxxxXXXA DATA VALID ~xxx x ~xxxxxxx~ 
xxxxxxxxxx~ II\XXXXXXXxxx xxxx~ 

Hi-Z 

-------------------------------------------------------------------------------------
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\NAR'l M5M4V16405CJ,TP-5,-6,-7,-58,-68,-78 
ooEl\ 'f ation rna lina\ speCI .

le t to ch8\"\ge. 

N()\ir,c·. i~,is ~t~~\rnitS are Sl.lb\CC 

some par0(1"1, HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Delayed Write Cycle 

RAS 

Ao-Al1 

w, 

OQ1-0Q4 
(INPUTS) 

VIH-

VIL-

VIH­

VIL-

VIH 

VIL 

VIH-

VIL-

VIH 

VIL 

OQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

5 - 54 

twc 

tRAS tRP 

\ I \ tApc 

tCSH - .. r-I+-

E tRCO tRSH 

tCAS -+ ~P 
~ 
XXYY>t:J/ ~ ~ ~ 

tASR tRAH tCAH 
~ .. tAsc ~ -+ I+- tASR 

AAAA}It. ROW ./iOOJA 
COLUMN 'LAAA ~ \, ROW 

AAAAXA ADDRESS I~ ADDRESS IAXAAXAA AX .lI. ADDRESS XXXXlt' XXXXI 

~ 

~ 
tRWL 

~ 
AAAAXAAAXXXAXAAXX» 

~ fXS.2<X~~~~~x xxxx> xxxxxxxxxxXXXXXXXI 
V>l"xxxxxxxxx lXXX 

)17 xxxxxxxxxxxxxx> 

twCH 

tozc tOH 
~ 

to~ 
I 

Hi-Z A~ \-xxxxxxxxxxxxxxxxx~ DATA IVXXXXXXxxxxxx> 
~xxxxxxxxxxxx X ,~ 

~ 

Hi-Z 

~ 
tozo tO~r--1+-

~ ~ toDD 

xxxxx~xx x~ 1\ 
~xxxxxxxxxxxxxxxxxxx ~\, 

•... '. MITSUBISHI 
.... ELECTRIC 

VALID ,\.Xxxxxxxxxxxx)o 

Hi-Z 

tOEH 
~ 

~~~XfXXXXXXXXXXX} 

~xxx AXXXXXXXX} 
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M 5M4 V16405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIH­

VIL-

VIH-

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

.. VIH 

VIL-

tRWC 

tRAS 

~ 
tCSH 

tCRP i I.. tRCO tRSH 

tCAS 

.~~~~~~ 
XXXXXI 

tRAO 
~ 

I.. 

tAS~ tRAH 
tASC ~ 

teAH 

XXXXX~ 
ROW 
~ COLUMN ~xx 

xxxxx:J/ ADDRESS ~ ADDRESS IIXXX 
XXXXX7 llXX 

tAWO 

tRCS ~ 4 tcwo 

tRWO 

x xx XXX)'l~ 
xx XXXXXXXI 

XXXXXXXX xxxxxx. 

tos 

tozc +- 4 

xx 
XXXXX Hi-Z J~ 

xxx xxxxxXX 
AAJI\. tCAC '~ 

tAA 

~ 
[DATA \ Hi-Z 

~ VALID 

tRAC ~ 
~f-4 toDD 

tozo tOEA .. ~ ... - !4-tOEz 

XXXXXXXXXXXXXXXXXXX~ 
~XXX xxx xxxx 

• MlTSUBISHI 
.... ELECTRIC 

.. tRP 

I 1\ 
tRPC 

tCRP -+ ~ 
V ~ 

~~~ 

X.XXXX 
x XX~ ROW 

xXX:>S. ADDRESS 
XXXX xx XXXX7 

tCWL 

tRWL 
twp 

~ 
~)'l)'l)'l)'l~ 

IL)'l XXXX)'lX~ 

~ XXXXXXXXXXXX 

tOH 

~x x 
DATA VALID 

"XXXXXX 
x 
X 

Hi-Z 

~ 
~XXXXXXXXXXW 
~XXX xxxxxx 
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. L\\\I\\N~~Y. M5M4Vt6405CJ,TP-5,-6,-7,-5S,-6S,-7S 
PRE til nnal ~pec.hC~t to cMnge. 
NotIce·. )"his i\;~~ \in,its are sub\<) , 

Some pe

fome 

. HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

Ao-All 

w 

OQ1-0Q4 
(INPUTS) 

VIH-

VIH 

Vll-

VIH 

Vil 

VIH-

Vil -

VIH­

Vil 

·OQ1-0Q4 VOH­

(OUTPUTS) VOl-

VIH 

5 - 56 

tRAS 

\ 
tCSH tHPC 

++ tRCO tCAS ~ tCAS 

~ 
r----, 

\ I ~ C:L::L:L::i 
tRAO 

tASR 
tRAH ~ tA~ ~ tAsc .,... 

XXXX1. ROW ~ .D:X 5(')\ .£5<5 
COLUMN-1 COLUMN-2 XXXXA ADDRESS I~ IAXX XA 1»1. X 

~ ~~ ~y ~ '<i:C:! 

~~ 
tCAl tCAl 

XXXXXX XXXX>l 
xxxxxx X~ 
~ x x x xx x x XXI 

tozc 

~xx xxxx Hi-Z 

~xx xxxx 

~ ~ 
tAA \1 tOOH 

.... 1--- ..... 

Hi-Z 
DATA '~ 

VALlD-1 

tRAC tCPA 

tozo t~ I 

tOCH 

Y'yy 
~XXXXXXX xx 
xxxxxxxXXXxxxxxXX~ 

. , ...... MITSUBISHI 
"ELECTRIC 

tRP 

I IL 
tRSH 

~ teAs 

,---, 
I , ~ 

tCPRH 

tA~ ~ 
tASR 
~ 

r><.\ t's("5 ~ ROW 
COLUMN-3 JI. ADDRESS 

~., ~ .. f,J 

tRAl ~t~ 
tCAl ~ tRCH .. 

~XXXX> 
,.;xxxx 
~xxx 

~ 
tROD 

tcoo 

~ g 
~ tREZ ~ ~ 
tAA tOHR 

tOFF 
tOOH tOHC -t-+-

DATA ~ DATA 
~ VALlD-2 VALlD-3 

tCPA 

tOEZ 

T. xx xx 

~ toDD 
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M5M4V16405CJ, TP-5,-6,.7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL-

VIH 

VIL-

VIH 

VIH-

VIL-

VIH 

VIL 

tRAS tAp 

~ I '--tCSH tHPC tRSH 

t+. 
tRCo tCAS ~ tCAS ~ tCAS --.. L tCRP .. 

r-----, ,...-----, I 
xx XXI ~ V \ I \ If 6Mit:I 

L tCAl t teAL 

tASR tRAH tASC tCAH tA~ ~ tA~ ~ ~ ..... ~ 
~ 

ROW lFJO.:J :F:?JiQ\. :~ ~ 
ROW 

COLUMN-3 
'xxx X'l, 

XXXXI 
ADDRESS 

IIXX"lC COLUMN-1 IX X X XI COLUMN-2 1D(XXXY ~ xxxxxxx}WY'i .~ ~ ~ 
ADDRESS 

YS.lS.lSJ -
~ ~ ~ ~ ~ ~ 

xxxxxxxxxxxx ~ rvvv"I XXXXXXXXXXX} 
~xxx:xxx 

x~ \ I XXX lit. Jl(XXX~ 

XX Ie xxx "\. I xxx ~ x .......... x 

tos toH tos ~ ~ ~ ~ 4----+ ~ 

I~ ~ 
DATA XXXXXXXXXXXXX\..4 DATA DATA .LXXX,,", ~xxxxxx 

.................... x ..... :x-n VALlD-1 ~ VAUO-2 roc~~ VAUO-3 ......................... :Jo 
loX X 

Hi-Z DQ1-DQ4 VOH­
(OUTPUTS) VOL---~------------------------~--------------------------------------
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M5M4V16405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read-Write, Read-Modify-Write Cycle 

Ao-All 

w 

OQ1-0Q4 
(INPUTS) 

VIH-

~ 
VIL-

tCRr 

VIH- xxxxxx.s. 
XXXXXX.71 

VIL-
xxx XXXI xxxxxr 

tASR ...., 

tRAS tRP 

r----___ -----'lF '-
tCSH 

tRCO 

~ 
tRAO 

tRAH tCAH ..-.... tAsc .. 

tCAS 
tcp 

tAsc 
~ 

tHPRWC 

tCAS 

tCAH tCWL 
~ ~tASR 

VIH xxxxx~. ROW ~ ,~xxx ~. ./-xxx x..J\t\. ROW 

VIL ~ ~ ~ ~~:. ADDRESS ~p-t-CO+-LU_M_N_-1""""'11~ ~ ~ ~ ~ ~ ~ ~ ~:'~---I O)_IL+-U_M_N_-2_-'lI~ ~ ~ ~: ~~:I'-A_D_D_R_E_S_S_ 
tAWO tAwo 

~~ ~1..L ___ tc_w_o __ ~ tc~ tRCS~~I4-__ tc_w_o_~ 
I ~ ... I 

V'H=m~XXX~XX§§lxxmrm-~~ ~?t (XXXXXXXX I' 
VIL (XXXXXXX 

twp 
~ t-xxxxx> 

\ I~XXXXX> 

tRWO tcPWO 

tOH tos 
...... *I<f---+I 

tOH tozc 
tos ...... -f4i..-----..--.t ~ 

VIH 

VIL 

~~~KS~c~KS~~~XS~<~~~~:~~~(~}X~~(~~_+--4_!H~i-=Z~--~~~~ DATA m~t~ __ ~_H_I_-Z ___ ~~;~1 DATA J,kxxxxxxx> 
XXXXXXXX xxx~ ~ VALlD-1 ~ ~ VALlD-2 ruc:xxx> 

~ I~ I'-__ ~-+-""I ~ tCAC ~I"~-+-___ "" 'x x x x 

tAA tAA~ 

Hi-Z 

tCLZJ-~ -+ ~t6~ 
OQ1-0Q4 VOH- Hi-Z ~~ Hi-Z ~ DATA 

(OUTPUTS) VOL _ -------+-----+--~rl/~~I>+----_t_-_+-_<Y~ ~ 

5 - 58 

tRAC I+"~ tODD tCPA ... _ ~tooo 
~ tOEA tozo LtOEH~ 

VIH - 'x'jOO;;xx:A.x;'lx~x;;x::r.;:x7l::r.;:xxjV::xx'jOO;;xx'j00;; xx:A\l 
xxxxxxxxxxxxxxxx 

.....-... .. -!+tOEZ "f-j ~ "_l4-tOEZ~ 
~---------------~\JroEA. ~------t~:x~KXXX~ 

_

·2x~x82x~~xx~~xx~~xx~~x~~xx~~xx~8k ___ J 
n;:xxxxxx> 
'yxxxxx 

VIL 
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M5M4V16405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

Ao-Al1 

w 

DQ1-DQ4 
(INPUTS) 

IF 
tRWL IT" 

tCRP~ 
VIH-

\ 
VIL-

tRAS 

~ ____ ~~ __ ~~ __ ~ _____ t~H~PR~W~C~ _______ ~~-~ 
teAs 

tCSH tHPC 
tCRP tAco tCAS ~ tCAS .. ~ j 

tCWL 

VIH (XXXX*- r----, ~ 
~~]I;.XI \ ~ , ~ \ 

VIL-~ 
tRAD 

lASR tRAH ~ 
lAsc tCAH lAsc tCAH 

lAsc ~ rt-+ ~ 

~ IXXXXX) 

tos ~ ,,~.. tos ~ 
-- ~ -f>1-14-~ 

tDZ 

VIH- ~)"{]I;.?<~~~]I;.J'XC]l;.~]I;.~~t]l;.lr;;.."{]I;.?<X~~]I;.J'XC]l;.~\_+_+ __ --!---+-Q;~)III~~~ ~~~~u.~X~]I;.~]I;.2]1;.~X~~]I;.~ x x x x x x x X'X x t W: .. VALlO-2 ~1Kr\,Xlr>+-+--t----<IV'XJ.I~~"- x x 
VIL~~~~~tQs;~~lQ~ .A " -I 'J ....!AA,--. IV ,---

lAA J tCAC 

ItCLZ 1--+ I-twEZ ~ 
-4=~ ~~ ---. 4-

DQ1-DQ4 VOH- ________ ~~-H-i.-Z--~------~~_V~~I~--------~+---~~~~--+-------
(OUTPUTS) VOL _ tRAC ~, rt ----.... 

~_t_D_ZO_~ t~ tCPA 

tacH tOEZ ~ ~E~ tOEZ ~ 
~I~~I--~-I~ ~I-- I~ I 

VIH- ~&~~~X~X~~~~~~~~~x~x~~1 I \Urr---~~~x~>t-xx5x(52x5(~~~~~ 
VIL - ::.:]I;.::x::::]I;.::.::x~c::.:::X]I;.~xCl(x::.:]I;.::x::::]I;.::.::x:::::.::::::x:.::]I;.~C;L]I;.x::.:x::x::::]I;.::.::x::::':::::$-__ ---l " ~xX]I;. ]I;. x x 

-+r-j4-
tODD 

• . MITSUBISHI 
.... ELECTRIC 

tODD 



PREL\~!~~~~,. 
MITSUBISHI LSls 

M5M4 V16405CJ, TP-5,-6,-7 ,-55,-65,-75 

N tlCrr ,'\1is IS I\O\;rnitS are sllb\CC 

S~fI;epar!lme\nc HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

V1H-
VIL- ____________________________________________________________________ __ 

Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

VIH­

VIL-

VIH 

Vil 

VIH-

Vll-

V1H-

Vll-

DQ1-DQ4 VOH­

(OUTPUTS) VOl-

VIH-

5 - 60 

~ 

XXXX 

xxxx. 

~ 

\ I ~ 

tcp tCAS tCAS 

~ tCAH ~ teAH 

x, ,IX xxx~ J2. 
COLUMN-1, IK: COLUMN-2 x ... 

X.I 

~ ~ 

~ XXXXl \2!1 

tCAl ~ tCAl 

~ ~ tHCWO \ 
tHAWO 

tOH 

tHPWD t~ 
~ 

~ 

Hi-Z ~> 
,-----01 

tCAC 

tAA 

tCPA twEz 

4\-'-

~ DATA ~ 
VALlD-1 

tHCOO ~ 
tHAOO ~ 

tHpOD 

I 

• MITSUBISHI 
.... ELECTRIC 

DATA 
VALlD-2 -

IX. 
\AXXXX 

'\(" xx 

Hi-Z 

I ~ 

l.lAse
• 

tCAH 

~'5Q\, 

:~ COLUMN-3 
~JS)/ 

tozc 
........ 

AA'X Hi-Z 

tAA 
l.

tCAC ~ 
tePA 

ro~=b DATA 
VALlD-3 

tozc tOEA 
~~ 

, 



MITSUBISHI LSls 

M 5M4 V16405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by OE ) 

Ao ...... All 

w 

OQ1-0Q4 
(INPUTS) 

VIH-

VIL-

VIH 

VIL-

VIH-

VIL-

VIH-

VIL 

VIH 

VIL-

OQ1-0Q4 VOH­

(OUTPUTS) VOL-

VIH 

VIL -

tRAS 

~ 
tCSH tHpc tASH 

tCRP tRCO tCAS ~ tCAS tcp tCAS 

±~ r--, 
XXXXl ~ ~ ~ ~ ~ 0t:;.{:U 

tRAO tCPRH 

tASR tRAI-\, tAse 
tCAH ~ f4

tCAH
• 

tA~ ~ ~ 

~l ~~., 

~ JQ ~ ROW 

~ ADDRESS COLUMN-1 I&.XX COLUMN-2 IIX XXI COLUMN-3 III 

~ ... ~ ~ 

tRAL 

~~ 
x 

C:XXXXXX XXXI 
C:XXXXXX XXY 

tOlC 

(XXX 
x Hi-Z 

xxxxxx xxx 
~ ~ ~ AAAAXAX AAA 

tAA tAA tAA 

~~ --+~H..-
tCl2 

..... -~ 
HI-Z ~~ Hi-Z 

tRAC 
tOlO 

xxxxxxxxxxxxxxx 
XXXXXXXX xxx 

~ DATA "' ,'DATA'~ DATA 
VALlD-1 rALlD-~ VALlD-2 

tOEl tCPA 
t~ 

~H 

:q 

:""'r- 4-
h 

\I~(E\ I 
-+ r-- +-tOEPE 

• MlTSUBiSHI 
.... ELECTRIC 

tCPA 

tCHOL~ 
~~ tOEZ 
~ 

I ~ 
-+ - i+-tOEPE 

tRP 

~ L 
tCRP 

~ 
1 

~ 
rlr'5 "'n ROW 

~ 
ADDRESS 

~~ 1W:sJ 
tRRH 

......... tRCH 

A.XXX~ 
~.xXXX}I 

.xXXX}I 

~ 
tROD 

tcoo 

~ >0 
tREl ~ ~ 
tOHR 

tOFF --. 
tOHC _ .. 

DATA >-VALlD-3 

tOEl 

?I)().: X>6(} 
1 .X}( XXX) 

~ toDD 
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PREL\~~!!~~~,. M5M4V16405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

Notice: ihi~!t~~~\mi\S are sub\ec 

sotne para HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-Bln DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by W ) 

RAS 

CAS 

Ao-Al1 

w 

OQ1-0Q4 
(INPUTS) 

tRAS RP 

VIH-

~ 
VIL-

I 

tCSH tHPC tRSH 

-~~ 
tRCO tCAS ~ tCAS tcp 

VIH- XXXX1f. 
,---, 

~ I , V 
VIL ,U:UUUI 

tCAS 

~ I 

tCRP 

tRAO tCPRH 

l .. 

tCAH ~ ~SR tRAH 
i4tCAH

• ~SC ~ 
~~ ~tCAH. ~~ 

VIH ~ IX5O.. ROW 
lXXXXI ADDRESS 

.. xx )Gl COLUMN-1 
~~l 

o:x SC~ Jr--II-+----'( fi~ r-+-t---,( ~t5 "I ~ ROW 
COLUMN-2 COLUMN-3 I. ~ ADDRESS 

VIL ~ 

~~ 
VIH xxx 

XXXI 

VIL XXXXXX XXXXI' 

tozc 

VIH- XXXXXX xxxx 

VIL - ~x~x~x~x~x~x~~x~x~x~xl!t 

'1QS ~~ ~I-+----'l' U~ I'--t-+----'I ~~ ~ ~ ~--

14--H_tR_A_L _~ .. tR~ 
tRCH~14- r1- .t-tRCS 4---+ tRCH 

HI-Z 

~ ~ 
~A ~A ~ 

~ 
~ 

tAA 

twEZ Itc~ 
~~4- ~ 

~xxxx> 
X 

tROO 

tcoo 

~ ;(5 

tREz ~ ri 
toHR 

tOFF 

tOHC --'" 

OQ1-0Q4 VOH­

(OUTPUTS) VOL-

Hi-Z '~~~~~--~-----~~~~ DATA lh 
VAlID-1 rv DATA ~ VALlD-3 

DATA Hi-Z PA 
VAlID-2 (1.1'-----1---'1 

tRAC tCPA 

tozo ~tOEA r 
tOCH 

VIH- S<S<~~?xxx5(":;~~;('X5?i xxxxxxxxxxxxxxxxx 
VIL c.x x 

5 - 62 " MITSU, , BlSHI .... ELECTRIC 

tCPA 

r tOEZ 

xxxxx> 
r, xxxxx> 
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RAS-only Refresh Cycle 

Ao-Al1 

w 

OQ1-0Q4 
(INPUTS) 

VIH-

VIH- ............................ -........ ........ ' ..... 

VIL-~~~ 

OQ1-0Q4 VOH-

MITSUBISHI LSls 

M5M4V16405CJ ,TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

tRAS 

Hi-Z 

tRC 

ROW 
ADDRESS 

-----------------------------------------------------------------------------------(OUTPUTS) VOL-

OE VIH 

VIL -: 

., MITSUBISHI 
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,,,,,'NARY 
P REt. l) {inel spec\hC~;\~~~Mnge. 

M5M4V16405CJ, TP-5,-6,-7 ,-55,-68,-78 

Notice: i\li~::t~~\;ro\\S are suPle 

sotn
e 

para HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-Bln DYNAMIC RAM 

CAS before RAS Refresh Cycle, Slow Refresh Cycle 

Ao-All 

OQ1-0Q4 
(INPUTS) 

VIH-

VIH­

VIL-

VIH 

VIL 

VIH 

VIL-

VIH 

VIL 

OQ1 ...... 0Q4 VOH­

(OUTPUTS) VOL 

VIH 

VIL 

5 - 64 

tRC 1/ tRC 

l.o 
tRP 

l.o 
tRAS 

» 
tRAS tAP 

{{ 

~ ~ I 
N 

~ I i\ 
tRPC t~ tCHR tRPC tCSR tCHR tRPC r teRP 
~ .~(( 4---+ .--t+-
~ 

~ V ~ V ~ W \.. 
" 

~ 

tCPN tASR .... 
(( 

xxx xxxxx xxxxxxxxxxxxX'« xxxxx In. ~ 
ROW COLUMN xx xxxxxxxxxxxxxx X~ ADDRESS DDRESS xxxxx-xx<-x x xxx.x:xx.' xxx xxx xxxx 7J I--

" 

ACH t~ tRHR 
(( tR~ tRHR tR~ 

'1 1 

W ~XXXXXXxXJI 
TXXXX 
~XXXXXXXXXXXXXXJ 

\XX XXXXXXl 
" 

(( 

xxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxx xxxxx xxxxxxxxx~xxxxxxx 

" 

tOFF 
-.c-!+ 

i\ ~S V 

tOEZ 

~ 
(( 

xxxx xxx 
~xxxxxxxxxxxxxxxxxx 

JI 

. '" MITSUBISHI .... ELECTRIC 
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MITSUBISHI LSls 

M5M4V16405CJ,TP-5,-6,-7,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAM.IC RAM 

Hidden Refresh Cycle (Read) (Note 33) 

Ao-All 

w 

OQ1-0Q4 
(INPUTS) 

VIH-

VIH 

VIL-

VIH 

VIL -

VIH 

VIL -

VIH 

VIL 

OQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH-

VIL -

tRC tRC 

tRAS tRP tRAS tRP 

~ I \ V L 
tCRP tRCD tRSH tCHR ... 

I 

XXXXXY' \ ~ XXXXXI 

XXXXlI' 

tRAD 
tASR 

tASR 
tRAH tAsc tCAH ... - ... 

~ 
XXXXA ROW COLUMN ~ 

,xxxxxxxx xxx yx\. 
ROW 

XXXXXI xxx XXJII. ADDRESS ADDRESS 
IX X x X x xxx ADDRESS (xxxx;/' f\.tx 1)( X)( x x x x x XXX :1 

f tRAL 

~ F ~ 
'lXX xxx 

W 
XXXXXl' 

'lXX xxx XXXXXl' 

{XXXXXXX x XXI ~ IXXX IXXX~ 

tCDD 

~ 
~ 

Hi-Z ·xxxx x xxxxxxx xxx xxxx 
xxxxxxx xxx 

tREZ .~ 
tCAC ~ tAA .. tOFF 

~ tOHC 

Hi-Z ~~ Hi-Z 
DATA VALID 

tRAC 

tDZO tOEA 
tOEZ 

tORH 
tODD 

i'SrX'S?S XXX xx x.)(:\. 
r~~~~~~ xxxxxxxxxxxxxxxxx ~ 

Note 33: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
In all cases tRSR and tRHR should be satisfied. 

• MITSUBISHI 
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M5M4 V16405CJ, TP-5,-6 ,-7,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Self Refresh Cycle 

RAS 

- Ao-All 

w 

DQ1-DQ4 
(INPUTS) 

/ 
VIH-

VIL------

I~ tRPC. 

VIH-

VIL- ___ -J / 
~ 

tCPN 

tOFF 

~-14-

RP RASS tRPS 

~ ~ ~ 
tCSR 

L.. tAPc 

...... 
.. ~~s t~ 

~ V W 

DQ1-DQ4 VOH- ~~ __________________________ H_i-_Z ____________________________ _ 

(OUTPUTS) VOL - -------fll 

5 - 66 

~ tOEZ 

VIH- xxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
~ xxxxxxxxxxxxxxxxxxxxXXXXYYYYYYYXXXXXXX~fxxxxxxx 

VIL- _____ ~~~~~~~QL~~~~~~QL~~~~~~C£~~~~~~~~~~~ 

". MITSUBISHI 
.... ELECTRIC 



MITSUBISHI LSls 

M5M4V16405CJ,TP-5,-6,-7,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

AP 

VIH-

J VIL-___ --" 

I" tAPC. 
tCSA 

~ 

~ I 
VIH-

VIL- ____ J 

~ 
tCPN 

VIH )()()()()(X)(XXXXXX 
X X X x x J'lIXXXXXXX 

VIL 

VIH-

VIL-

x 

tOFF 
,,1-1+' 

AAS AP 

~ ~ i\ 
tCHA 

--~ tF 

V W-
tASA -- f- ~. 

twHA 

DQ1-DQ4 VOH- \~ ________________ H_i-_Z _______________ __ 

(OUTPUTS) VOL - -----f' 

tOEZ 

~ 

VIH- ____ "~ 6I.~~~~§~~)(~X§X~x~~~x~x~x~x~x~x~X~X~~X~xx~x~~xx~x~~XX~x~~xx~x~~xx~X~X8~~~)()(~X~~)(X~){~)(~){~~~X~)(~X~~XX~X~) VIL- I. )(xxxxxxxxxxxxxxxxxxx ~x~XXXXXXXXXXXXXX) 

t:Jote 34: This cycle can be used for initialized cycle after power-up, however entried into Test Mode. 
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M5M4V17 400BJ, TP-6,-7 ,-65,-75 
FAST. PAGE MODE 16777216-BIT (4194304-WORD BY 4·8 IT. ) DYNAMIC RAM 

DESCRIPTION 
This is a family of 4194304-word by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS proce$s,and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase In system densities. 

FEATURES 

RAS CAS Address 5E Cycle Power 

Type name access access access access 
time 

dlsslpa· 
time time time time tlon 

(max.ns) (max.ns) (max.ns) (max.ns) (mln.ns) (typ.mW) 

MSM4V17400BXX"6,'SS 60 15 

MSM4V17400BXX-7,-7S 70 20 

XX,.J,TP 

eStandard 26 pin SOJ, 26 pin TSOP 
eSingle 3.3V ± 1 O%supply 
eLow stand-by power'dissipation 

30 15 110 360 

35 ~O 130 315 

MSM4V17400B . . . . . ~ . . 1.8mW (Max)CMOS Input level 
M5M4V17400B(S)' ..... 0.72mW (Max)CMOS Input level 

eLow operating power dissipation 
MSM4V17400Bxx- 6,- 6S' ........... 43S.0mW (Max) 
MSM4V17400Bxx-7,-7S' ........... 380.0mW (Max) 

eFast-p~mode , Read-modify-write,RAS-only refresh,CAS 
before RAS refresh, Hidden refresh and Self refresh capabilities 

eEarly-write mode and OE to control output buffer impedance 
eAIi inputs, output TIL compatible and low capacitance 
e2048 refresh cycles every 32ms (Ao -Al0) 
e2048 refresh cycles every 128ms (Ao -A 10) * 
* : Applicable to self refresh version only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN CONFIGURATION (TOP VIEW) 

(3.3V)Vcc 

DATA INPUTS/{OOl 2 
OUTPUTS 002 

WRITE cO~~~S!r W 

~~~o~~~~~8~ RAS 
NC 

{

Al0 8 

Ao 
ADDRESS A 

INPUTS 1 

A2 

A3 

(3.3V)Vcc 

VSS(OV) 

2 004}DATA 
INPUTSI 

003 OUTPUTS 

CAS ~~~A~'ru~SS 
OE ~~1h-UT ENABLE, 

ADDRESS 
INPUTS 

Outline 26POD - B (300mil SOJ) 

(3.3~)Vcc 

DATA INPUTS/{OOl 2 
OUTPUTS 002 

WRITE CO~~~S!r W 
ROW ADDRESS RAS 
STROBE INPUT 

NC 

{

Al0 

Ao 
ADDRESS A1 

INPUTS 
A2 

A3 

(3.3V)Vcc .... _--_ .. 

VSS(OV) 

004}DATA 
INPUTSI 

4 003 OUTPUTS 

CAS ~~~~A~~~~SS 
OE ~~1h-UT ENABLE 

A4 

ADDRESS 
INPUTS 

4 Vss(OV) 

Outline 26P3D - E (300mil TSOP) 

NC : NO CONNECTION 

5 - 68 
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M5M4V17400BJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (41'94304-WORD BY 4-BIT) DYNAMIC RAM 

FUNCTION 
The M5M4V17400BJ, TP provide, in addition to normal read, 
write, and read-modify-write operations, a number of other 

functions, e.g., fast page mode, RAS-only refresh, and 
delayed-write. The input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

Row Column RAS CAS Vi OE address address 
Read ACT ACT NAC ACT APO APO 

Write (Early write) ACT ACT ACT ONC APO APO 

Write (Delayed write) ACT ACT ACT ONC APO APO 

Read-modify-write ACT ACT ACT ACT APO APO 

RAS-only refresh ACT NAC ONC ONC APO ONC 

Hidden refresh ACT ACT ONC ACT ONC ONC 

~ before AAS" refresh ACT ACT NAC ONC ONC ONC 

Self refresh ACT ACT NAC ONC ONC ONC 

Stand-by NAC ONC ONC ONC ONC ONC 

Note: ACT: actiVe. NAC : nonactive, ONC : don't care, VLD : Valid, IVO : Invalid,APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT 

CAS 
ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL W INPUT 

AO 

11.1 

11.2 

11.3 

11.4 

ADDRESS INPUTS 
11.5 

11.6 

11.7 

AS 

11.9 

11.10 

MEMORY CELL 
(16m216 BITS) 

• MITSUBISHI 
"'ELECTRIC 

Input/Output 
Refresh 

Input Output 

OPN VLO YES 

APO OPN YES 

APO IVO YES 

APO VLO YES 

ONC OPN YES 

OPN VLO YES 

ONC OPN YES 

ONC OPN YES 

ONC OPN NO 

---~VCC(.3'3V) 
~VSS(OV) 

002 DATA 

Remark 

Fast page 
mode 
Identical 

DOl} 
OQ3 INPUTS I OUTPUTS 

004 
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M5M4V17400BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16m216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vcc Supply voltage -0.5-4.6 

VI Input voltage With respect to Vss -0.5-4.6 
Vo Output voltage -0.5-4.6 
10 Output current 50 

Pd Power dissipation Ta=25'C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature -65- 150 

RECOMMENDED OPERATING CONDITIONS (Ta=O -70-0, unless otherwise noted) (Note 1) 

Limits 
Unit Symbol Parameter 

Min Nom Max 

Vcc Supply voltage 3.0 3.3 3.6 V 

Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.0 Vcc+0.3 V 

Vil Low-level input voltage, all inputs -0.3 0.8 V 

Notel: All voltage values are With respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=O -70'C, Voo=3.3V ± 10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

VOH High-level output voltage IOH=-2.OmA 2.4 Vcc 

VOl Low-level output voltage IOl=2.0mA 0 0.4 

loz Off-state output current a floating OV ~Vo.JT.:iii3.6V -10 10 

II Input current OV .:iiiVIN ~ 3.6V, Other inputs pins=OV -10 10 . 

~~~'t9~ supply current MSM4V17400B-6,-6S RAS, CAS cycling 120 
1001 (AV) tRc=twc=min. 

operating 
(Note 3,4) MSM4V17400B-7,-7S 

output open 
105 

RAS= CAS =VIH, output open 2 

1002 Supply current from Vcc , MSM4V17400B RAS= CAS=OE=W=Ao-Al0f:,Voo -0.2V O.S stand-by 
(Note 5) MSM4V17400B(S) output open 0.2 

Aver~e supply current MSM4V17400B-6,-6S 
RAS CYCling, CAS= VIH 

120 from 00 
Icc3 (AV) refreshing tRc=mln. 

(Note 3) MSM4V17400B-7,-7S 
output open 105 

Aver~e supply current MSM4V17400B-6,-6S 
RAS=Vll, CAS cycling 

70 
1CC4(AV) 

from 00 
Fast-Page-Mode tpc=min. 

(Note 3,4) MSM4V17400B-7,-7S 
output open 

60 

Aver~e supply current MSM4V17400B-6,-6S 
CAS before RAS refresh cycling 

120 
1CC6(Av) 

from 00 
CAS before 11.AS refresh tRc=min. 
mode 

MSM4V17400B-7,-7S output open lOS (Note 3) 

. RAS cycling and CAS~O.2V or 

Icc8(Av) e6~r19~eSn1~yr;rr:~t from MSM4V17400B(S) 
CAS before RA§.!efresh cycling 
Vcc-0.2V ~OE=W=Ao-Al0~0.2V 0.3 

(NoteS) 
output open, 
tRC=64 J.I s,tRAS-tRASmin- 1 J.I s 

Icc9 (AV) 
~~~'t9~ supply current 

MSM4V17400B(S) 
RAS=CAS~0.2Y.z.output open 0:2 

Self-Refresh cycle (Note S) Vcc-0.2V~OE=W=Ao-Al0~0.2V 

Note 2: Current flowing into an IC is positive, out is negative. 
3: Iccl (AV), Icc3 (AV) , Icc4 (AV) and Icc6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: Icel (AV) and Icc4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

5 -70 
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Unit 
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M5M4V17400BJ, TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT ) DYNAMIC RAM 

CAPACITANCE (Ta=O -70·C, Vcc=3.3V ± 10%, Vss=OV, unless otherwise- noted) 

Symbol Parameter Test conditions 
Min 

Limits 

Typ Max 
Unit 

CI(A) Input capacitance, address inputs 
VI=VSS 

5 pF 

CI(OE) Input capacitance, ~ input 
f=1MHz 

7 pF 

CI(W) Input capacitance, write control input VI=25mVrms 7 pF 

CI(RAS) Input capacitance, rom input 7 pF 

CI(CAS) Input capacitance, CAS input 7 pF 

CliO Input/Output capacitance, data ports 7 pF 

SWITCHING CHARACTERISTICS (Ta=O - 7r:fC, Vcc=3.3V ± 10%, Vss=OV, unless otherwise noted, see notes 5,12,13) 

Limits 

Symbol Parameter M5M4V17400B-6,-SS M5M4V17400B-7,-7S Unit 
Min Max Min Max 

tCAC Access time from CAS (Note 6,7) 15 20 ns 

tRAC Access time from RAS (Note 6,8) 60 70 ns 

1M Columu address access time (Note 6,9) 30 35 ns 

tCPA Access time from ~ precharge (Note 6,10) 35 40 ns 

tOEA Access time from OE (Note 6) 15 20 ns 

tCLl Output low impedance time from CAS low (Note 6) 5 5 ns 

tOFF Output disable time after CAS high (Note 11) 0 15 0 15 ns 

toez Output disable time after OE high (Note 11) 0 15 0 15 ns 

Note 5: An initial pause of 500 p. s is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containin~ rom clock such as 'RAS-Only refresh). 
Note the lU\S may be c~ during the initial pause. And any 8 rom or ~/~ cycles are required after prolonged periods 
(greater than 32 ms) of rom inactivity before proper device operation is achieved. 

6: Measured with a load circuit equivalent to VOH=2.4V (IOH-2mA) I VOL-2mA(IOL-2mA) loads and 100pF. The reference level for 
measuring of output signals are VOH=2.0V and VOl=0.8V . 

7: Assumes that tRCD ~ IRCD(max) and IAsc ~ IASC(max). 
8: Assumes that tRCD ~tRCD(max) and tRAD~ tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, 

IRAc will increase by amount that tRCD exceeds the value shown. . 
9: Assumes that IRAo ~IRAO(max) and IAsc':;;IASC(max). 

10: Assumes that tcp ~ tcP(max) and 1Ase~ IASC(max). 
11: tOFF(max) and toez (max) defines the time at which the output achieves the high impedance state ( I lOUT I ~ 1 0 J.l A) and is not reference to 

VOH(min) or VOl(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 
(Ta=O -70'C, Vcc=3.3V ± 10%, Vss=OV, unless otherwise noted See notes 12,13) 

Limits 

Symbol Parameter M5M4V17400B-6,-SS M5M4V17400B-7.-7S Unit 
Min Max Min Max 

tREF Refresh cycle time 32 32 ms 

tREF Refresh cycle time * 128 128 ms 

tRP RAS high pulse width 40 50 ns 
tReD Delay time, ~ low to ~Iow (Note14) 20 45 20 50 ns 

tCRP Delay time, CAS high to RAS low 10 10 ns 

tRPC Delay time, RAS high to CAS low 0 0 ns 
tCPN ~ high pulse width 10 10 ns 

tRAD Column address delay time from RAS low (Note15) 15 30 15 35 ns 

IAsR Row address setup time before RAS low 0 0 ns 
lAse Column address $etup time before CAS low (Note16) 0 10 0 10 ns 

tRAH Row address hold time after RAS low 10 10 ns 

tCAH Column addr~ss hold time after ~ low 15 15 ns 

tozc Delay time, data to CAS low (Note17) 0 0 ns 

tDZO Delay time, data to OE low (Note17) 0 0 ns 

tCDD Delay time, CAS high to data (Note18) 15 15 ns 
tODD Delay time, OE high to data (Note18) 15 15 ns 

tr Transition time (Note19) 1 50 1 50 ns 

Note 12: The timing requirements are assumed tr =5ns. 
13: VIH(min) and VIl(max) are reference levels for measuring timing of input signals. 
14: IRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max). access time is tRAC. If tRCD is greater than tRCD(max). access 

time is controlled exclusively by tCAC or 1M. tRCD(min) is specified as IRCD(min) =tRAH(min) +2iH+IASC(min). 
15: IRAO(max) is specified as a reference point only. If tRAD~ tRAD(max) and IAsc':;; IASC(max). access time is controlled exclusively by IAA. 
16: IASC(max) is specified as a reference point only. If tROD~ tRCD(max) and tA~ tASC(max). access time is controlled exclusively by tCAC. 
17: Either tozc or tDZO must be satisfied. 
18: Either tCDD or tODD must be satisfied. 
19: tr is measured between VIH(min) and VIL(max). 
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M5M4V17 400BJ, TP"6,-7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read and Refresh Cycles 
Limits 

Symbol Parameter M5M4V17400B-6,-SS M5M4V17400B-7,-7S Unit 
Min Max Min Max 

tRC Read cycle time 110 130 ns 

tRAS ~ low pulse width 60 10000 70 10000 ns 

tCAS ~ low pulse width 15 10000 20 10000 ns 

tCSH ~ hold time after RAS low 60 70 ns 

tRSH m hold time after CAS low 15 20 ns 

tRCS Read Setup time before ~ low 0 0 ns 

tRCH Read hold time after CJ\§ high (Note 20) 0 0 ns 

tRRH Read hold time after RAS high (Note 20) 10 10 ns 

tRAL Column address to RAS hold time 30 35 ns 

tOCH m hold time after OE low 15 20 ns 

tORH RAS hold time after OE low 15 20 ns 

Note 20: Either tACH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 
Limits 

Symbol Parameter M5M4V17400B-6,-SS M5M4V17400B-7,-7S Unit 

Min Max Min Max 
twc Write cycle time 110 130 ns 

tRAS ros;g low pulse width 60 10000 70 10000 ns 

tCAS ~ low pulse width 15 10000 20 10000 ns 

tCSH ~ hold time after RAS low 60 70 ns 

tASH RAS hold time after CAS low 15 20 ns 

twcs Write setup time before ~ low (Note 22) 0 0 ns 

twcH Write hold time after CJ\§ low 10 10 ns 

tCWL ~ hold time after W low 15 20 ns 

tRWL RAS hold time after ,W low 15 20 ns 

twP Write pulse width 10 10 ns 

tos Data setup time before CAS low or W low 0 0 ns 

toH Data hold time after CJ\§ low or W low 10 15 ns 

tOEH OE hold time after W low 15 20 ns 

Read-Write and Read-Modify-Write Cycles 
Limits 

Symbol Parameter M5M4V17400B-6,-SS M5M4V17400B-7,-7S Unit 
Min Max Min Max 

tRwc Read write/read modify write cycle time (Note21) 155 180 ns 

tRAS RAS low pulse width 105 10000 120 10000 ns 

tCAS CAS low pulse width 60 10000 70 10000 ns 

tCSH CAS hold time after"RAS" low 105 120 ns 

tRSH RAS hold time after ~ low 60 70 ns 

tRCS Read setup time before "CAS" low 0 0 ns 

tCWD Delay time, "CAS" low to Wlow (Note22) 40 45 ns 

tRWD Delay time, RAS low to W low (Note22) 85 95 ns, 

tAWD Delay time, address-to W low (Note22) 55 60 ns 

tCWL CAS hold time after W low 15 20 ns 

tRWL 'RAS hold time after W low 15 20 ns 

twP Write pulse width 10 10 ns 

tos Data setup time before W low 0 0 ns 

toH Data hold time after W low 10 15 ns 

tOEH OE hold time after W low 15 15 ns 

Note 21: tRWC is specified as tRWC(min)=tRAC(max)+tOOD(min)+tRWL(min)+tRP(min)+5tT. 
22: twcs, tCWD,tRWD and tAWD and,tcPWD are specified as reference points only. If tw~ twcS(min)the cycle is an early write cycle and the 

5 - 72 

DO pins will remain high impedance throughout the entire cycle. If tCWD~ tCWD(min), tRWDiii:i tRWD (min), tAWD~ tAWD(min) and ICPWD ~ tCPWD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DQ (at access time and until CAS or qE goes back to VIH) is indetermil')ate. 
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M5M4 V17 400BJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-81T) DYNAMIC RAM 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 

Limits 
Symbol Parameter MSM4V17400B-6,-6S MSM4V17400B-7,-7S Unit 

Min Max Min Max 
tpc Fast page mode readlwrite cycle time 40 45 ns 

tpRWC Fast page mode read write/read modify write cycle time 85 95 ns 

tRAs RAS low pulse width for read write cycle (Note24) 100 125000 115 125000 ns 

tcp ~ high pulse width (Note25) 10 15 10 15 ns 

tCPRH RAS hold time after CAS precharge 35 40 ns 

tCPWD Delay time, CAS' precharge to W low (Note22) 60 65 ns 

Note 23: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
24: tRAS(mln) is specified as two cycles of-m input are performed. -
25: tcP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 26) 

Limits 
Symbol Parameter MSM4V17400B-6,-6S MSM4V17400B-7,-7S Unit 

Min Max Min Max 

tCSR CAS setup time before RAS low 10 10 ns 

tCHR CAS hold time after RAS" low 10 15 ns 

tRSR Read setup time before ~Iow 10 10 ns 

tRHR Read hold time after RAS low 10 15 ns 

Note 26: Eight or more CAS before RAS cycles instead of. eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 

Self Refresh Cycle 
Limits 

Symbol Parameter M5M4V17400B-6S M5M4V17400B-7S Unit 
Min Max Min Max 

tRAss Self Refresh RAS" low pulse width 100 100 J.lS 

tRPS Self Refresh RAS" high precharge time 110 130 ns 

tCHS Self Refresh ~ hold time -50 -50 ns 

tRSR Read setup time before ~ low 10 10 ns 

tRHR Read hold time after RAS" low 10 15 ns 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, on the condition 
of tNs:iii 32 ms and tSN:iii 32 ms. 

tNS tSN 
14 ." I'; ~I 

---.----------.. -.·~III~I·---·~II~II~--------------------------~I~II~I .. -·--~II~II-·-------···---
DISTRIBUTED REFRESH 

<2K/32ms> 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
<2K/32ms> 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, on the condition 
of tNS + tSN :iii 32 ms. 

tSN 

A ~ 
-1IIr--1 -'IIIr"IIII--mrIllI--lI ...... ____________________________ -----'1 1111 

BURST REFRESH 
<2K/32ms> 

• MITSUBISH. I 
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1111 1111 

BURST REFRESH 
<2K/32ms> 
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. M5M4V17400BJ,TP-6,7,6S,7S 
FAST PAGE MODE 16n7216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Symbol Parameter 

twsR W setup time before RJrn low 

twHR W hold time after'RAS low 

5 -74 

Limits 

MSM4V17400B-6.-6S 

Min 

10 

10 

'.. .. MITSUBISHI '-ELECTRIC 

Max 

MSM4V17400B-7,-7S 

Min Max 

10 

15 

Unit 

ns 

ns 
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M5M4V17400BJ,TP-6,-7,-6S,.7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Timing Diagrams (Note 27) 
Read Cycle 

Ao-A1.0 

001-004 
(INPUTS) 

001-004 
(OUTPUTS) 

VIH-

VIH-

VIL-

VIH-

VIH-

VIL -

VIH-

VOH -

VOL -

VIH-

VIL -

tAC 

tAAS , 
tCSH 

tCA~ tACO tASH 

tCAS 

xxxx ... 

~ ~ 
~ 

tAAo tAAL 

tAS~ ~AAH. ~ tCAH tCPN 

TT"r'ft 
COLUMN xxx.,.. ROW .... xxxxx" lIX xx 

XXXJlQlt ADDRESS ftIo{XXXXJUII ADDRESS AX xxx 
~ 

tACS r tACH 

AXX 
XXX xxx xx }If 

tozc .... -.. 

XXX xxx xxxx Hi-Z 
XXX xxx XXXX 
xxxx~ A. xxxx 

tCAC 

1M ~ 
tCLZ 

Hi-Z ~ DATA VALID ~ 
If 

tAAC t~ 
tozo 

~tOEA 

tOCH 
{Xxxxxxxxxxxxxxxxxxxxxxx~ xx 
XXXXXXXXXXXXXXXXXXXXXXXX I xx 

Note 27 

IJI,JIl 

tOAH 

Indicates the don't care input. 
VIH(min)~VIN~VIH(max) or VIL(min)~VIN~VIL(max) 

Indicates the invalid output. 

• MITSUBISHI 
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tAP 

~ \ 
~C tCA~ 

~ 
tASA 
~ 

A ROW .lU 

x xx ... ADDRESS 

H tAAH 

XX 
I __ A.A.A.A.A~ 

tcoo 

XA.A.XXXA. 
XXXXXX 

xxxxxxx 

Hi-Z 

toDD 

xxxxxxxxxxx~ 
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M5M4V17400BJ,TP-S,.7,-SS,-7S 
FAST PAGE MODE 16777216-81T (4194304-WORD BY 4-811) DYNAMIC RAM 

Write Cycle (Early write) 

RAS 

Ao-Al0 

VIH-

VIH­

VIL -

VIH"" 

VIL -

VIH­

VIL -

DQ1-DQ4 VIH-

(INPUTS) VIL -

DQ1-DQ4 
(OUTPUTS) 

VOH -

VOL -

VIH-

VIL -

twc 

tRAS 

~ 
tCSH 

tcp tRCO lASH 
tCAS 

W ~ ~ 
tA~ ·tRAH lASc IH tCAH 

ROW 
~ 

uxxx,.. COLUMN ....... ~ ADDRESS ADDRESS nxxxxxxxxxx 
'\.AoAo.oU 

twcs twCH 

xxxxxxxxxxxxxx~~ 
xxxxxxxx xw 

tos~ 
tOH 

xxxxxxxxxxx 
xx xx xx x x xxx x XXXII DATA VALID 
xx YYXXX-XXlf' 

Hi-Z 

.• MITSUBISHI 
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'I,x~x 
... xxx 

.,.JI< 
l&JI<XXXJI<JI<X 

xxx 

tRP 

~ ~ 

~C I tCRP 

W 
tA~ 

XXXXllol ROW 
xxx~ ADDRESS 

xxxxxxxxxxxxxx 
xxxxxxxx 

xxxxxxxxxxxxxx 
xxxx xx 

YY 
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M5M4V17400BJ,TP-6,.7,.6S,.7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

Ao-A1o 

W 

001-004 
(INPUTS) 

001-004 
(OUTPUTS) 

VIH-

VIL -

VIH­

VIL -

VIH-

VIL -

VIH-

VIH-

VIL -

VOH -

VOL -

VIH -

VIL-

twc 

tAAS , 
tCSH 

tcp tAco tASH 
tCAS 

XXXXII 

~ t 

~ tAAH tAsc f-...t tCAH 

D ROW 
~ 

COLUMN "'-;'JO;xJU 
ADDRESS ~ ADDRESS 

~ 
xXJO;xXJO;JO;JO;JO;JO;JO;JO;xxJO;~ 

xxxxxxxxxx "I 

twCH 

tozc 
......... t~ 

Hi-Z ~~ XXXX 
Xxxxxxxxxxxxxxxxxx 

Hi-Z 

xxxx 

~ 

j~~ , , 
fzo.1 

tOEZ ~ 

xxxxxxx~ 

xxxxxxx .a. 

• MITSUBISHI 
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toDD 

tAP 

~ ~ 

1PC I tCAP 

If W 
...... ~tAsA 

xx xJO; XXJO;XA. ROW 
JO;X xJO; XXJO;JO;~ ADDRESS 

~ 
tAWL 

~ 
~XJO;JO;XJO;JO;XJO;JO;XJO;xxx 

!X xxxxxxxxx 
t 

tOH 

DATA 
DKxx xxx 

VALID ,.. ... xxxxxxxxxxxx 

Hi-Z 

~H 

.xXXXxxxxxxx xx 
¥XXXXXXXXXX xx 
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M5M4V17 400BJ, TP·S,7 ,S5,75 
FAST PAGE MODE 16n7216.;BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write, Read-Modlfy-Write Cycle 

Ao-Al0 

001-004 
(INPUTS) 

VIH-

VIL-

VIH­

VIL -

VIH-

VIL -

VIH-

VIH-

VIL -

001-004 VOH-:­

(OUTPUTS) VOL-

5 -78 

VIH -

VIL -

tRWC 

tRAS , 
tCSH 

teRP ~ 
tRCO tRSH 

tCAS 

~ 

~ , tAAO 

tAsR tRAH 
lAsc iH tCAH 

~ 

~ ~ 
ROW 11f.l';.l';.l';~ COLUMN IW..l';A)II 

ADDRESS t~XX'll. ADDRESS t'.l';A)II 
~ ~ 

lAwo 

tAcs If-f-t tcwo 
tRWO 

.)1 

xx IX X X X X.l'; XI 

tozc It-H 
tos ~ 

xxxxxxxxx Hi-Z J~ 
xx XXXXXAA ,~ 

tCAC 

tAA 
DATA 

~~ '7( 
VALID 

Hi-Z 

tRAC 
~'rf 

If-~ toDD 
tozo ~OEA ~ jf--t tOEZ 

XXXXXXXXXXXXX 
.l'; 

XXXXX 

" MITSUBISHI 
"ELECTRIC 

tRP 

~ ~ 

1C 

I tCRP 

I( W 
lAS~ 

.l';.l';AA ROW 

.l';)IIA.l'; ADDRESS 

tCWL 
tRWL 
twP 

~ III. X xxxxxxxxxxx 
r.lCxxxxxxxxxxxx 

tOH 

~LXX 

DATA VALID ...cxx 

Hi-Z 

~ 
'x x 

'" xxxXXXXX 
1E: 



MITSUBISHI LSls 

M5M4V17400BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

Ao-Al0 

001-004 
(INPUTS) 

001-004 
(OUTPUTS) 

OE 

tRC 

tRAS tRP 

VIH-

VIL -

VIH- ~~><i"i1-------------------~<X1rt---

VIL -

VIH-

VIH-

VIL -

VIH~ 

VIL -

VOH -

VOL -

VIH -

VIL -

Hi-Z 

.• MITSUBlSHI· 
.... ELECTRIC 

ROW 
ADDRESS 
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M5M4V17400BJ,TP-6,.7,-6S,-7S 
FAST PAGE MODE 167n216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle 

Ao-A10 

001-004 
(INPUTS) 

001-004 
(OUTPUTS) 

OE 

5 - 80 

VIH-

VIH­

VIL -

VIH-';. 

VIL -

VIH-

VIL -

VOH-

VOL-

VIH-

VIL ... 

RC II tRC 

tAP tAAS 
» 

tRAS tRP 
II 

" J ~' i , ~ ~ 

~ t~ tCHR ~+If tc~ tCHR ~~ t tCRP 

J ~~ I ~ I W '-CPN " 

If --
_~SR - -xx xxxxx xxxxxxxxx xx xxx ROW COLUMN 

XXXXXXXX AAAAAAA 
AAAA DDRES ADDRESS 

» - ~ 
.!1H tA~ tRHR 

II tRsf-. tRHR tR~ 
"I "I 

V ~XXx xxxx. AXyt· 
~XXX XXX:,.-

" 

.( 

AAAAAAAAXAAA 
AA AXXXXXXxxxxxxxxx XAXXXXXXxxx 

~ ~ 
--\ 

~S 
Hi-Z 

-' 
tOEZ 

.( 

.XXXXAAAAAAAAXXXXXXxx xxxxxxxxxx 
I xxxxxxxxxxxxxxxxx XXXXAXXXXXXxxx XXXXXXAX 

N 
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M5M4V17400BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 28) 

RAS 

CAS 

Ao-A10 

001-004 
(INPUTS) 

VIH-

VIL-

VIH­

VIL-

VIH-

VIL -

VIH-

VIL-

VIH-

VIL-

001-004 VOH­

(OUTPUTS) VOL-

VIH-

VIL -

tAC 

tAAS , 
tCAr tACO tASH 

§!221 , 
tAAD 

tASA !H ~ tASC tCAH 

~ 

~ COLUMN CXXX'-l ROW uc:x 
lVVV'It ADDRESS ADDRESS nc:x 
~ 

~ 
tAAL 

~xx xxx .. 

~ 

xxxxx xxxx 
{XXXXx xx 
xxxxx xxxx 

tCAC 

tAA 

~ 
Hi-Z ~ 

tRAC 

tDZO tOEA 
tOAH 

{XXXXxxxx xxx 
xxxxxxxx xxx 

lAC 

tAP tAAS L tAP 

I \ I L 
tCHA , 

tAs H 

x x XlI. ROW x~~~~ x~x X~~xJIU 

xxxxx xxxx x x X x ... ~DDRES S 

~ 
",xx xxx xXX~xxxxxx 

~Xx~xxx x xx x~ 

tCDD 

Hi-Z xxxxx 
X 
~ 

~tOFF 

\ Hi-Z 
DATA VALID , 

tOEZ ----- tODD 

I xx x~ 
I: xx X 

Note 28: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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M5M4V17400BJ,TP-6,-7,-6S,-7S 
FAST PAGE -MODE 16777216·BIT (4194304·WORD BY 4·BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

CAS 

Ao-A10 

DQ1-D04 
(INPUTS) 

VIH-

VIL -

VIH-

VIL -

VIH-

VIH-

VIL -

D01-D04 VOH -

(OUTPUTS) VOL-

VIH-

VIL -

5 - 82 

tRAS 

~ ~ ____________ ~i~l-
tCSH 

tCRr tRCo 

2fI 
tASR 

xxxxx x xxxxx 

tRAo 

tRAH 

xxxx. 
XXXlit' 

xxxxx xxxx 
xxxxx~ 
xxxxx 

tAsc ~ 

toze 

~ 

tCAS 

l. tCAH
• 

Hi-Z 

tpc 

~ tCAS 

tA~ HtCAH lAsc t'CAH 
r--' ~ ~ 
I 

tRAL 

~tozc I ..... ~ tozc 

Hi-Z Ii ( 

r ~ r ~CAC 

HtASR 

~ tRRH • 

HtRCH 

w;.xxxx 

t J ~OFF • i.tCCLZ ~ ~ ~ tCL..; H tOFF ~ CLZ ~ ,.-----,. 

Hi-Z _~~Jr--D-A-+TA~~ j~r+-)A+-TA""" j~~ DATA \.~ 
----+---.,;;;;;;",+---~~ VALlD-1 I(Jo++-....,j,(jJ~" ~IVALlD-21~--V-~~ VALlD-3f 

tRAC tCPA 

M--'"to_z_O -+I t~ 
tOCH 

r :OEA _ I' 

I...... ~ tOEZ C':" ~ tOEZ 

ftr~"""'1S ~tOCH • 
x XJ'l xxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxx , 
xxxxxxxxxxxxxxx~~ 

• X xx 
I: X X X 

H'--""" 
toDD tozo 

• MITSUBISHI 
"-ELECTRIC 

xx 
XX"" 

~~ ........... 
tODD tozo tORH 

~ tOEZ 

X xxx 
I: X xxx 

I: X xxx 

~ 
tODD 
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M5M4V17400BJ,TP-6,-~,-6S,-7S 

FAST PAGE MODE 16777216·BIT (4194304-WORD BY 4·BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

CAS 

Ao-Al0 

DQ1 ..... 004 
(INPUTS) 

VIH-

VIL-

VIH­

VIL-

VIH-

VIL -

VIH-

VIL-

VIH-

VIL-

DQ1-004 VOH -

(OUTPUTS) VOL-

VIH-

VIL -

tRAS 

~L , 
tCSH tpc ~ tCRr tRCO tCAS tcp tCAS ~ tCAS 

XXXX~ 

~ ~ ~ ~~, ( XXXX, 

XXXXl 

lA~ ~ tAsc iH ~ tCAH • lAsc ~ lAsc II-! ~ ~ tASR 

~ ROW @ IXXXXXlG ,~ ( @ ROW XXXXIl CblUMN-1 .xxxxxx. C~lUMN-2II x X X X. 
ADDRESS ~XXXXI 

o UMN-3 ADDRESS 
~ '~ 

~ 
twCH twcs 

IXXxx~:r 
~ twcs 

.XXXX1I. r twCH 

~,IXXXXXX~ XXXXXXXXXXX1I. 

xxxxXXXXXXXA 

xxxxxxxxxxxx 

xxxxxxxxxxx)u 
XXXXXXXXXXXJ'lJ1 

IAXXXX.lII. 
r.w; x x x x )ft: ,"XXXXXJft 

~ tOH 
~ ~ ~ ~ 

~ 
DATA DATA 

VALlD-1 Rxxxn VALlD-2 '~ 

Hi-Z 

• MITSUBISHI 
"ELECTRIC 

~ DATA 

~ VALlD-3 

I'::XXXXXxxx 
r.w;xxxxxxxx 

xx 
xxx 

"'xxxxxxxx 
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M5M4V17400BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

Ao-A1o 

W 

D01-D04 
(INPUTS) 

VIH­

VIL -

VIH­

VIL-

VIH-

VIL -

VIH­

VIL -

VIH-

D01-D04 VOH­

(OUTPUTS) VOL -

VIH -

VIL -

5 - 84 

tRAS 

~ 
tCSH tASH 

tCR~ tRCO tCAS L tpc 
[ tcp tCAS 

~XXXXI' ~ ~ ~ KXXX:lIr 
~ 

tRWL 
tA~ ~ tAsc H 

tCAH ~ tCAH 

~ ROW @ COLUMN-1 &Xxx AA 1.1'1. A At' COLUMN-2 
_xx 

~: r'DDRESS r'AXAXXX AI! 

~ 
tcw~ tRC1-'" 

~ 
~XXAAXAXXXXXI' ~ IIfl ~XXXAAAXXXX;" 

twCH 

e... tOH toz~ 
tos 

XAXXXXX' Hi-Z ~ DATA ~ 
~xxxxxxxx 

~ VALlD-1 ~ 

tCLZ .... !-~ -t 
Hi-Z ~~ Hi-Z 

tOEZ ..... ~ 

~ ~ tODD toza -tt 
XAXXXXXXXX. 

~xxxxxxxxxxxxxx 

~xxxxxxxxxxxxxx ~, 
} 

'.' MITSUBISHI .... ELECTRIC 

twCH 

tos 

Hi-Z ~ 
~ 

~tCLZ 

~ 
toEZ ..... ~ 

.... ~taoo 

tRP r L 
.J 

'I 
~ 
~tCWL • ~tAsR 

IXXXXWI ROW 
XXR' ADDRESS 

~ 

tOH 

DATA xx 

VALlD-2 
xx 

Hi-Z 

~ 
JUIIOXAAXXX 

w:xxxxxx 
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M5M4V17400BJ, TP-6,.7,-6S,.7S 
FAST PAGE MODE 16n7216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write,Read-Modify-Write Cycle 

CAS 

Ao-A1o 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH -

VIL -

tRAS tRP r ~ L 
tCSH tRWL 

tCR~ tRCO tCAS tPRWC J 
tcp tCAS 

II 'lXXX]9' 
, I , 

XAAXI - tRAO 

tA~ ~RAH. H 
tCAH ~ tCAH ~ ~ tAsc tASR 

~ 1(1 'lxxx.a. ROW 
COLUMN-1 

UXXXXAX .a. 
COLUMN-2 

uxxx IXXX~ ROW 
'lAX.X~ ADDRESS ftXX.XXx.x ~ ftXXX IXXX .J(ft ADDRESS 
~ 

tAwo tAWO 

~C~ tcwo tc~ tRCS 1'" tcwo 

~r+ ~ 
(XXXXXX x.x.xx..-

~ ~~ ~ 
.. xxxxx.x. 

XXXXXX XXX]9' M.XXXXXX 

tRwo tcpwo 

tozc tOH tozc tOH r-r-f tos ~ tos 
x. x. x. x; Hi-Z ~ DATA ~ ~ Hi-Z ~ DATA 

, .. x. x. x. x. 

x.xxxxx xxxx SltXX x.x 

x.xxxxx XXXXol ~ VALlD-1 ~ ~ ~ VALlD-2 .11: XXXX 

~ tAA~ tAA 

tCLl -J.~ DATA -+ 'I DATA 

~~ 
/VALlD-1 ~tCLl VVALlD-2 

Hi-Z 

tRAC 

~ 

(XXX XXX 
'lX.XXXXXXX.XXXx.xx 

~ 
Hi-Z 

I 
II--

... tODD 

~ .... II- tOEZ 

I 
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~7 I Hi-Z 

tCPA :;: 1--1 I 
~ roD~ tozo ~ ..... r- ~OEZ 

\J ~ W;;XXXXX.X 
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Self Refresh Cycle 

RAS 

Ao-Al0 

w 

OQ1-0Q4 

(INPUTS) 

OQ1-0Q4 

(OUTPUTS) 

OE 
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VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VOH -

VOL -

VIH -

VIL-
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M5M4V17400BJ, TP-6,7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

tAP 
tAASS tAPS 

J , J \ 
tApc 

tAPC 
~ tc~ tCHS tCAP ... f- +-

J ~ I W 
tCPN tASA 

"'1--.-
(X xxxxxxx xxxxxxxx~xxxxx xxxxxxw ROW 
IV" xx 

~xxxxxxxxxxxxxxxxxx XXXXXXI' ADDRESS 

tACH 

~ 
tAHA 

h "' VI IXXXXXXxxx~x£££xxxxxxxx~~~~~XXXXXX) 
~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

S2<x 
~ 
~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

~xxxxxxxxxx~xxxxxxxxxxxxx~~~xxxxxxxxxxxxxxxxxxx~ 
~A.~A. 

... ~ 
--1\ Hi-Z 

-" 
tOEZ 

.x xx£fx~X£x~Xfx~X££xxxxxxxxxxx~~xxx 
MX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
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M5M4V17400BJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle (Note 29) 

Ao-Al0 

VIH-

VIH­

VIL-

VIH-

VIH-

J 

J 

<:x 
't)';; 

tRP 

tRPC 
If---..t t~ 

~r 
tCPN 

xx)';;;o;;.)';;)';;)';; 
)'l)';;)';;)'l)';;)';;)';; 

tACH twSR 

~ ....... 

~~ 

RAS tRP 

~ ~ \ 

tCHR tRPC tCRP 
..... T -;-~ 

( W 
tASR 

.... -It-
"",-)';;)';;;o;;.)'l;o;;.)';;xxxx )'l)'l)';;)';;)';;)'l)'l xX\I ROW 

)';;)';;)';;)';;)';;)';;)';;)';;)'l)';;)';;)';;)'l)';;)';;)';;)';;)';;)';;;o;;.)';;)';;)';;)';;)';;)';;X)';;)'l),;;X~J -ADORES 

twHR 

«XXXXXXXXXX)';;)'l)'l~~~~)';; )';;)'l)';;)';;)'l)';;)'l)';;)';; 
XXXXXXXXXXXXX~X )'l)'l)'l ) 

OQ1-0Q4 VIH- 'tX XXXXXX XXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX> 

(INPUTS) 
VIL-

<: XXXXXXXxxxx )'l)'l)'l)'l)'l)'l)'l)'l )'l)'l)'l)'l)'l)';;)'l)'l)'l~ 

xxxx 

"'r-~ 
OQ1-0Q4 VOH- --~ Hi-Z 

(OUTPUTS) VOL - -I( 

tOEZ 

OE 
VIH-

VIL -

'X ~xxxxxxxxxxxxxxxxx XX~X )'l JI')(x X )'l )'l )';; )'l )'l )'l }o 

)'l)'l)'l)'lXXXX )';;)'l)'l)'l)'l)';;)';;)'l)'l~ 

Note 29: The test mode function is initiated by a iii and CAS before RAS cycle ( WCBR cycle) as specified in timi~agram. 
The test mode function is terminated by either a CAS before "RAS refresh cycle (CBR refresh cycle) or a ~ only refresh cycle. 
During the test mode, the device is internally organized as 16 bits wide ( 1 M bytes depth). No addressing of CAO, CA 1 is required. 
During a write cycle, data must be applied to all DO ( input) pins. The data can be different between DO pins. The data on each DO pin is written into 
4 bits memory cells, respectively. During a read cycle, each DO ( output) pin shows the test result of the 4 bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 
During the test mode operation, WCBR cycle can be used to perform refresh. 
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some para FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4~BIT) DYNA~IC RAM 

DESCRIPTION 
This is a family of 4194304-word by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

PIN CONFIGURATION (TOP VIEW) 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. -
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RAS - Address OE Cycle Power eAS 
Type name access access access access time dissipa-

time time time time lion 
(max.ns) (max.ns) -(max.ns) (max.ns) (min.ns) (typ.mW) 

MSM4V17400cXX-S,-SS 50 13 
MSM4V17400cXX-6,-6S 60 15 
MSM4V17400CXX-7,-7S 70 20 

XX=J,TP 

-Standard 26pin SOJ, 26pin TSOP 
.Single 3.3V±10% supply 
- Low stand-by power diSSipation 

25 13 90 435 
30 ' 15 110 360 
35 20 130 315 

1.8mW (Max) - - - - - ,- - - - - - - - - - - - - - - - -CMOS Input level 
0.72mW (Max) * - - - - - - - - - - - ~ - - - - - - - -CMOS Input level 

- Low operating power dissipation 
M5M4V17400Cxx-5,-5S - - - - - - - - - - - - - - - -525.0mW (Max) 
M5M4V17400Cxx-6,-6S - - - - - - - - - - - - - - - -435.0mW (Max) 
M5M4V17400Cxx-7,-7S - - - - - - - - - - - - - - - '380.0mW (Max) 

-Self refresh capability * 
self refresh current - - - - - - - - - - - - - - - - - - - -200.0,u A(Max) 

- Fast-page mode, Read-modify-write, RAS-only refresh 
·CAS before RAS refresh, Hidden refresh capabilities 

Early-write mode and OE to control output buffer impedance 
- All inputs, output TTL compatible and low capacitance 
-2048 refresh cycles every 32ms (Ao-A1O) 

*Applicable to self refresh version(M5M4V17400CJ,TP-5S,-6S,-7S 
:option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 
Ao-Al0 Address inputs 

DQ1-DQ4 Data inputs/outputs 
RAS Row address strobe input 

CAS Column address strobe input 
W Write control input 

OE Output enable input 

Vee Power supply (+3.3V) 
VSS Ground (OV) 

5 - 88 
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vee VSS 

OQ4 

OQ3 

CAS 

OE 

Outline 26POO-B (300mil SOJ) 

VSS 

OQ4 

OQ3 

CAS 

OE 

Outline 26P30-E (300mil TSOP) 

NC:NO CONNECTION 
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M5M4V17400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE M~DE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

FUNCTION 

The M5M4V17400CJ, TP provide, in addition to normal read ,write , 
and read-modify-write operations, a number of other functions, 

e.g., fast page mode, RAS-only refresh, and delayed-write. The 
input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

Row Column 
RAS CAS W OE address address 

Read ACT ACT NAC ACT APD APD 
Write (Early write) ACT ACT ACT DNC APD APD 
Write (Delayed write) ACT ACT ACT ONC APO APO 
Read-modify-write ACT ACT ACT ACT APD APD 
RAS-onlv refresh ACT NAC DNC DNC APD DNC 
Hidden refresh ACT ACT NAC ACT APD DNC 
Self refresh ACT ACT NAC ONC ONC DNC 
CAS before RAS refresh ACT ACT NAC ONC ONC DNC 
Stand-QY NAC ONC ONC DNC DNC DNC 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAs 

~~~O~~~~~~~ AAS 

WRITE CONTROL W 
INPUT 

Ao 

Al 
A2 
A3 
A4 

ADDRESS INPUTS A5 

As 
A7 
As 

A9 
A10 

MEMORY CELL 
(167n216 BITS) 

• MITSUBISHI 
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Input/Output 
Refresh 

Input Output 
OPN VLD 
VLD OPN 
VLO IVO 
VLD VLO 
DNC OPN 
OPN VLO 
DNC OPN 
ONC OPN 
ONC OPN 

-~VCC(3~3V) 
+---<? VSS (OV) 

I 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO 

002 DATA 

Remark 

Fast 
page 
mode 
identical 

I D01} 

003 INPUTS/OUTPUTS 

004 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -0.5 -4.6 
VI Input voltage With respect to Vss -0.5 -4.6 
Va Output voltage -0.5 -4.6 
10 Output current 50 
Pd Power dissipation Ta=25°C 1000 
Topr Operating temperature 0 ..... 70 
Tstg Storage temperature -65 ..... 150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
limits Unit 

Min Nom Max 
Vcc Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.0 Vcc+0.3 V 
VIL Low-level input voltage, all inputs -0.3* * 0.8 V 

Note1: All voltage values are with respect to Vss. 
* * : VIL(min,) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to Vss.) 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=3.3V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol 
limits 

Parameter Test conditions Min Typ 
VOH High-level output voltage IOH=-2.0mA 2.4 
VOL Low-level output voltage IOL=2.0mA 0 
loz Off-state output current Q floating OV ~VOUT ~ 3.6V -10 

II Input current OV ~VIN ~ 3.6V Other inputs pins=OV -10 

Average supply current MSM4V17400C-S,-5S RAS, CAS cycling 
ICC1 (AV) from Vcc, operating MSM4V17400C-6,-6S tRc=twc=min. 

(Note 3,4) MSM4V17400C-7,-7S output open 

Icc2 Supply current from Vee, stand-by (NoteS) RAS= CAS =VIH, output open 
RAS= CAS~Vcc-0.2V 

Average supply current MSM4V17400C-S,-5S RAS cycling, CAS= VIH 
Icc3 (AV) from Vcc, refreshing MSM4V17400C-6,-6S tRc=min. 

(Note 3) MSM4V17400C-7,-7S olltputopen 

Average supply current MSM4V17400C-S,-5S RAS=VIL, CAS cycling 
ICC4(AV) from Vcc, Fast-Page- MSM4V17400C-6,-6S tpc=min. 

Mode (Note 3,4) MSM4V17400C-7,-7S output open 
Average supply current MSM4V17400C-S,-5S CAS before RAS refresh cycling 

ICC6(AV) from vcc, CAS before RAS MSM4V17400C-6,-6S tRc=min. refresh mode 
(Note 3) MSM4V17400C-7,-7S output open 

.. Note 2: Current flOWing Into an IC IS positive. out IS negatIVe . 
3: ICCI (AV). ICC3 (AV). ICC4 (AV) and ICes (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCI (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

CAPACITANCE (Ta=0-70·C, Vcc=3.3V ±10%, Vss=OV, unless otherwise noted) 

Symbol 

CI(A) 

CI(OE} 
CI(W) 
CI(RAS) 
CI(CAS) 
CliO 

5 - 90 

Parameter 

Input capacitance, address inputs 
Input capacitance, OE input 
Input capacitance, write control input 

Input capacitance, RAS input 
Input capacitance, CAS input 
InpuVOutput capacitance, data ports 

Test conditions 

VI=VSS 
f=1MHz 
VI=25mVrms 

'. '. MITSUBISHI 
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Limits 
Min Typ 

Unit 
'V 

V 
V 

rnA 
mW 
°C 
·C 

Max 
Unit 

Vcc V 
0.4 V 
10 J.tA 
10 Jl.A 

145 
120 mA 

105 

2 
mA 

0.5 
145 

120 rnA 
105 
80 
70 rnA 

60 
145 
120 rnA 

105 

Max 
Unit 

5 pF 

7 pF 

7 pF 
7 of 
7 of 
8 of 
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M5M4 V17 400CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70·C. Vcc=3.3V ±10%, Vss=OV, unless otherwise noted, see notes 5,12,13) 

Limits 

Symbol Parameter M5M4V17400C-5,-5S M5M4V17400C-6,-6S M5M4V17400C-7,-7S Unit 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 6,7) 13 15 20 ns 

tRAC Access time from RAS (Note 6,8) 50 60 70 ns 

tAA Column address access time (Note 6,9) 25 30 35 ns 

tCPA Access time from CAS orecharae (Note 6,10) 30 35 40 ns 

tOEA Access time from OE (Note 6) 13 15 20 ns 

tCLl Output low impedance time from CAS low (Note 6) 5 5 5 ns 

tOFF Output disable time after CAS high (Note 11) 0 13 0 15 0 15 ns 

tOEz Output disable time after OE hiQh (Note 11) 0 13 0 15 0 15 ns 

Note 5:An initial pause of 500 psis required after power-up followed by a minimum of eight initialization RAg cycles. The initialization cycles should be done 
either by RAS-only refresh cycles or by CAS before RAS refresh ~s o~_ 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RASICAS cycles are required after prolonged periods (greater than 32ms) of 
RAS inactivity before proper device operation is achieved. 
After the initialization cycles, "RAS should be kept either higher than VIH(min) or lower than VIL(max) except RAS transition time. 

6:Measured with a load circuit equivalent to 2TTL loads and 100pF. The reference levels for measuring of output Signals are 2.0V (VOH) and 0.8V (VOL). 
7:Assumes that tRCO~ tRCO(max) and tASC~tASC(max). 

8:Assumes that tRcO ~tRCO(max) and tRAO~ tRAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC will 

increase by amount that tRCO exceeds the value shown. 

9:Assumes that tRAO~tRAO(max) and tASC~tASC(max). 

10:Assumes that tcp~ tCP(max) and lAsc ~lASC(max). 
11 :tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (lOUT ~ 1±10 p A I) and is not reference to VOH(min) 

or VOL(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 
(Ta=0-70'C, Vcc=3.3V±10%, Vss=OV, unless otherwise noted, see notes 12,13) 

Limits 

Symbol Parameter M5M4V17400C-5,-SS M5M4V17400C-6,-6S M5M4V17400C-7,-7S 

Min Max Min Max Min Max 

tREF Refresh cycle time 32 32 32 

tRP RAS high pulse width 30 40 50 

tRCO Delay time, RAS low to CAS low (Note 14) 18 37 20 45 20 50 

tCRP Delay time, CAS high to RAS low 10 10 10 

tRPC Delay time, RAS high to CAS low 0 0 0 

tCPN CAS high pulse width 10 10 10 

tRAO Column address delay_ time from RAS low (Note 15) 13 25 15 30 15 35 

tASR Row address setup time before RAS low 0 0 0 

tAsc Column address setup time before CAS low (Note 16) 0 10 0 10 0 10 

tRAH Row address hold time after ~Iow 8 10 10 

tCAH Column address hold time after CAS low 13 15 15 

tozc Delay time, data to CAS low (Note 17) 0 0 0 

tozo Delay time. data to OE low (Note 17) 0 0 0 

tcoo Delay time, CAS high to data (Note 18) 13 15 15 

tODD Delay time, OE high to data (Note 18) 13 15 15 

tT Transition time (Note 19) 1 50 1 50 1 50 . . 
Note 12:The timing reqUirements are assumed tT=5ns . 

13:VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

14:tRCO(max) is specified as a reference point only. If tRCO is less than tRCO(max), access time is tRAC. If tRCO is greater than tRCO(max), access time is 

controlled exclusively by tCAC or tAA. tRCO(min) is specified as tRCO(min) =tRAH(min) +2tH+tASC(min). 

15:tRAO(max) is specified as a reference point only. If tRAO ~tRAO(max) and tAsc ~ tASC(max), access time is controlled exclusively by tAA. 

16:tASC(max) is speci1ied as a reference point only. It tRcO ~tRCO(max) and tAsc ~ tASC(max), access time is controlled exclusively by tCAG. 

17:Either tozc or tozo must be satisfied. 

18:Either teDo or tODD must be satis1ied. 

19:tT is measured between VIH(min) and VIL(max). 
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Read and Refre$h Cycles 

Symbol Parameter 

tRC Read cycle time 
tRAS RAS low pulse width 
tCAS CAS low pUlse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read setup time after CAShigh 
tRCH Read hold time after CAS low 
tRRH Read hold time after RAS low 
tRAL Column address to RAS hold time 
tOCH CAS hold time after OE low 
tORH RAS hold time after OE low 

Note 20: Either tACH or tRAH must be satisfied for a read cycle. 

Wri~e Cycle (Early Write and Delayed Write) 

Symbol Parameter 

twc Write cycle time 
tRAS RAS low j)ulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tw~s Write setup time before CAS low 
twCH Write hold time after CAS low 
tCWL CAS hold time after W low 
tAWl RAS hold time after W low 
twp Write Dulse width 
tos Data setup time before CAS low or W low 
tOH Data hold time after CAS low or W low 
tOEH OE hold time afterW low 

5 - 92 

MSM4V17400C-S,-5S 

Min Max 
90 
50 10000 

13 10000 
50 
13 
0 

(Note 20) 0 
(Note 20) 10 

25 
13 
13 

MSM4V17400C-S,-5S 

Min 
90 
50 
13 

50 
13 

(Note 22) 0 
8 

13 

13 
8 
0 
8 

13 

" ' MITSUBISH, I 
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Max 

10000 
10000 

Limits 
MSM4V17400c-6,-6S MSM4V17400C-7,-78 Unit 

Min Max Min Max 
110 130 ns 

60 10000 70 10000 ns 

15 10000 20 10000 ns 

60 70 ns 

15 20 ns 

0 0 ns 

0 0 ns 

10 10 ns 

30 35 ns 

15 20 ns 
15 20 ns 

Limits 
MSM4V17400c-6,-6S MSM4V174OOC-7,-78 Unit 

Min Max Min Max 
110 130 ns 
60 10000 70 10000 ns 

15 10000 20 10000 ns 

60 70 ns 
15 20 ns 
0 0 ns 

10 10 ns 
15 20 ns 

15 20 ns 

10 10 ns 
0 0 ns 

10 15 ns 

15 20 ns 
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M5M4V17400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter MSM4V17400C-S,-SS MSM4V17400c-6,-6S MSM4V17400C-7,.7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time . (Note 21) 131 155 180 ns 
tRAS RAS low pulse width 91 10000 105 10000 120 10000 ns 
tCAS CAS low pulse width 54 10000 60 10000 70 10000 ns 
tCSH CAS hold time after RAS low 91 105 120 ns 

tRSH RAS hold time after CAS low 54 60 70 ns 
tRCS Read setup time before CAS low 0 0 0 ns 
tewD Delay time, CAS low to W low (Note 22) 36 40 45 ns 
tRWD Delay time, RAS low to W low (Note 22) 73 85 95 ns 
tAWD Delay time, address to W low (Note 22) 48 55 60 ns 
tewL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after W low 13 15 20 ns 
twp Write pulse width 8 10 10 ns 
tDS Data setup time before W low 0 0 0 ns 

tDH Data hold time after W low 8 10 15 ns 
tOEH OE hold time after W low 13 15 15 ns 

, 

Note 21 :tRwc is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tT. 
22:twcs, tCWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcs~tWCS(min) the cycle is an early write cycle and the DO pins will 

remain high impedance throughout the entire cycle. If tCWD~tCWD(min), tRWD~tRWD (min), tAWD~tAWD(min) and tCPWD~tCPWD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 

Limits 
Symbol Parameter MSM4V17400C-S,-SS MSM4V17400C-6,-6S MSM4V17400c-7,-7S 

Min Max Min Max Min 
tpc Fast page mode read/write cycle time 35 40 45 
tPRWC Fast page mode read write/read modify write cycle time 76 85 95 
tRAS RAS low pulse width for read write cycle (Note 24\ 85 125000 100 125000 115 
tcp CAS high pulse width (Note 25) 8 12 10 15 10 
tCPRH RAS hold time after CAS precharge 30 35 40 
tCPWD Delay time, CAS precharge to W low (Note 22 53 60 65 

.. . . .. 
Note 23: All previously specified timing reqUirements and sWitching characteristics are applicable to their respective fast page mode cycle . 

24: tRAS(min) is specified as two cycles of CAS input are performed. 

25: tCP(max) is specified as a reference pOint only. 

CAS beforeRAS Refresh Cycle (Note 26) 

Limits 

Max 

125000 
15 

Symbol Parameter MSM4V17400C-S,-SS MSM4V17400C-6,-6S MSM4V17400c-7,-7S 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 10 10 10 
tCHR CAS hold time after RAS low 10 10 15 
tRSR Read setup time before RAS low 10 10 10 
tRHR Read hold time after RAS low 10 10 15 

- -
Note 26: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

• . MITSUBISHI 
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Unit 

ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 

ns 
ns 
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FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by ·S" after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 

ELECTRICAL CHARACTERISTICS(Ta=0-70'C, VcC=3.3V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min T~ Max 

CAS before RAS refresh cycling 
or RAS cycling & CAS ~0.2V 
OE&WE~0.2V 

Aver~e supply current or OE&WE ~Vcc-0.2V 
Iccs (AV) from cc M5M4V17400C (S) Ao- AIO~0.2V 500 

Slow-Refresh cycle 
(Note 5) or Ao -- AIO ~Vcc-0.2V 

tREF=128ms (2048cycles) 
output = OPEN 

tRAs=tRAsmin. -1 J1 S 
Aver~e supply current 

RAS = CAS ~ 0.2V ICC9(AV) from cc M5M4V17400C (S) 200 Self-Refresh cycle output = OPEN 
(Note 5) 

TIMING REQUIREMENTS (Ta=0-70·C, VCC=3.3V±10%, Vss=OV, unless otherwise noted, see notes 12,13) 

Limits 
Symbol Parameter M5M4V17400C-SS M5M4V174OOC-6S M5M4V174GOC-7S 

tRASS Self Refresh RAS low pulse width 
tRPS Self Refresh RAS hiah orecharae time 
tCHS Self Refresh RAS hold time 
tRSR Read setup time before RAS low 
tRHR Read hold time after RAS low 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

Min 
100 

90 

- 50 
10 

10 

Max Min Max Min Max 

100 100 

110 130 

- 50 - 50 

10 10 

10 15 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, on the condition of tNs~32ms and 

tSN~32rns. 

Unit 

p.A 

p.A 

Unit 

p's 
ns 
ns 

ns 

ns 

,... tNS ~I ,... tSN ~, 

-.. -.. -.. -.. -.. -.. -.. ~I~I~II-.. -.. ~I~II~I _________ Se_lfr_efr_~_hP_er_iod ______ ~I~I~II-··-··~·1~II~I-··-··-··-··-··-· 
DISTRIBUTED REFRESH 

<2K/32 ms> 
DISTRIBUTED REFRESH 

<2K/32 ms> 

(2) In case of burst refresh 
The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, on the condition of tNs+tsN~32ms. 
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~1I-11---~I~III---~III-I~~1 __________ Se_lfr_efre_sh_pe_riod _____ ~-1 ~1II1--~·I~III-----IIII-
BURST REFRESH 

<2K/32 ms > 
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M5 M4 V17 400CJ, TP-5,-6,-7 ,-5S ,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Limits 
Symbol Parameter MSM4V17400C-S,-5S MSM4V17400C-6,-6S MSM4V17400C-7,.7S Unit 

Min Max Min Max Min Max 
tWSR W setup time before RAS low 10 10 10 ns 
tWHR W hold time after RAS low 10 10 15 ns 

- - --Note 27:The test mode function is initiated by a Wand CAS before RA~cle (WCBR cycle) as specified in timin~gram. 
The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 
During the test mode, the device is internally organized as 16-bits wide (1 M bytes depth). No addressing of CAo and CAlis required. 
During a write cycle, data must be applied to all DO (input) pins. The data can be different between DO pins. The data on each DO pin is written into 
4-bits memory cells, respectively. During a read cycle, each DO (output) pin shows the test result of the 4-bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 
During the test mode operation, only WCBR cycle can be used to perform refresh. 

DQ1~ 
#1 

#2 

#3 

#4 

D~~ 
#5 

#6 

#7 

#8 

DQ'~ 
#9 

#10 

#11 

#12 

~~ 
#13 

#14 

#15 

#16 

§} JUDGE 

§} JUDGE 

§-< JUDGE 

§-< JUDGE 
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) • o DOl 

) • o D02 

) .. o D03 

) ~ o D04 
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FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28) 
Read Cycle 

VIH 

VIL-

VIH 

VIL-

tCf 

hxxxxX7I 
xxxxxx» 

XXXXXXI 

tASR .. 

\ 

tRCO 

tRAO 

I.RA~ 

VIH 

VIL 

~ ROW ~xxxxx" 
xxxxxx.- A~~~A~~S ~ XXXXXXI ~xxxx~ 

Ao-A10 

tRCS 

I 
XXXXXXXXXX XXXXXXXII 

~ ~ w VIH 

VIL XXXXXXXXX XXXXXXI 

~ 

1+-1 tOZC. 

OQ1-0Q4 

(INPUTS) 

VIH 

VIL 

xxxxxxxxxx 

~ 
XXXXXXXXX 

IXXXXXXxx:xa 

IXXXXXXxx 
xxxxxxxx 

Hi-Z 

tRC 

tRAS ... tRP 

~ ~ 
tCSH 

tRSH tRPC tCRP 
~ I +-

tCAS 

~ V W 
tRAL tASR 

tCAH tCPN -.1-1+-

COLUMN ~xx ~ .x~ ROW ~DDRESS III:XXXXXX XXXX XXXXI 
ADDRESS Ao-A10 x00J' 'XXXXXX IXXXX .. tRRH 

tRCH 

~xxxxxx 
'~xxxxxx~ 

~XXXXXXXXX)( 

tcoo 

HI-Z ·xxxxxxx 

XXXXXX 
.~ 

tCAC 

tAA ~ 
tCll 

Hi-Z OQ1-0Q4 VOH­

(OUTPUTS) VOL- {g! DATA VALID I 

VIH ·Scxx 
xxxxxxxxxx 

VIL xxxxxxxxxx 

Note 28 
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tRAC ~ 
tozo ~ toDD 

I OCH 

xx-L'X' ..... yyyy.,..x,. 'xxx 
xxxxxxxxxxxx 

XXXXXXXXXXXXX)( 
T. xxx IX X X X X X X X xx x x x x xxxxxxxx .... .>1...>1.. X .>1...>1.. 

toRH 

Indicates the don't care Input. 
VIH(min);;aVIN~VIH(max) or VIl(min):iiiiVIN;:ilVIL(max) 

Indicates the invalid output. 
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M5M4V17400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

RAS 

Ao-A10 

w 

DQ1-DQ4 
(INPUTS) 

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH-

(OUTPUTS) VOL-

twc 

tRAS tRP --

~ I 1\ 
tCSH 

tF 
tRCO tASH tRPC 

f I 
04-

tCAS 

~ \ V ~ xxxx.xr 

tASR tAsc 
tASR 

tRAH tCAH ++ .. 
~ ROW :~ COLUMN .~ x x x x x x x x x x x x x x x x x, ROW ADDRESS xtx"x')('I ADDRESS l~xxxxxxXXXXXXA XXXX)1A ADDRESS Ao-A10 ~~. Ao-A10 .~xxxxx 

twcs twCH 

XXXXXXXXXXXXX~,~ ·I,~ 
~xxxx~ ~xxxxxxxxxxx xxxxx~ 

tos tOH 
., ~ 

xxxxxxxxxxxxxxxx~ ·,xxxxxxxxxxxxxxxxxxxxxx 
~ DATA VALID IV; x x X x x Xf' xxxxx~ 
xxxxxxxxxXXXXXXXI :~XXXXXXXXXXXXXXXXXXXXX} 

Hi-Z 

-------------------------------------------------------------------------
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M5M4V17400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

Write Cycle (Delayed write) 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL-

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH-

5 - 98 

twc 

tRAS tRP 

\ I ~ 
tCSH 

tRCo tRSH tRPC tCRP 
~ f tCAS I i 

~ ~ / 'WI xxxxx~ XXXXXN 

~ tRAH lAsc tCAH t~R ~ +-

0 xXX J\ ROW ~ COLUMN IXXXXX}< xx XXXX\. ROW 
ADDRESS IVXXXN ADDRESS VXXXXXX xx ~xxXJV XXXX>aI. ~X~ ADDRESS XXXXXI AO-Al0 ~~: Ao""<Al0 'll{ x x X x x xx 

~ 

~ 
tRWL 

~ 
~~~~~~~~~~~~x~ ~ 

IXXXXXXXxx KXXXXXXxxxxxxxx 
~xxxxxxxxxx££J rxxxxxxxxxxx~ )\,X)\,XXXXXXXXXXX} 

twCH 

tozc ..... tos toH 

Hi-Z ~~ \-Kxxxxxxxxxxxx x£££££xxxxxxxxxx~ DATA 
xxx xxxxxxxxxxxxxxx VALID lAX: xx x X x x x xx x x >l 

xxx~ l~xXXXXXX} 

~ 

Hi-Z }~~ 
tDZO 

~Z ~ 
~ 

xxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxx XXXXXXXXXXXXXXXX .1. 

£x~~~xxxxxxxxxx0000000 "'}. 

• MITSUBISHI 
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Hi-Z 

!!H 

toDD 

~xxxxxxxxxxx 
x 

u::xxxxxxxxxxxxxxx 
~XXXXX} 



MITSUBISHI LSls 

M5M4V17400CJ,TP-5,-6,.7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

tRWC 

tRAS 

\ 
tCSH 

tCRP tRCD tRSH 

tCAS 

xxxxxxr 
XXXXX:xl' 

XXXXXXI 

tRAD 

tASR tRAIi tAsc tCAH 

XXX XX" ROW ,~ COLUMN ~ XXXXXXA ADDRESS ~ ADDRESS JlX:XX 
XXXXXXI Ao-Al0 ,~ Ao-Al0 'Y\N 

tAWD 
tRCS tCWD 
~ --- tRWD 

xxxxxx~ ~ XXXXXXXX XXXXXXXI xxxxx xxxx-00>/ 

tDS 
tDlC 
~ f--

xxxxxxxxx XXXXXXX Hi-Z l~ XXXXXXXX ~xxx 
xxxxxxxx xxxxxxxx )~ tCAC 

tAA 

tCLl 
~ 

~ o;:;:;~ 
Hi-Z 

VALID II 
tRAC 

~ 

~ tODD 

tDlO ~ ~ I+-tOEl 

xxxxxxxxxxxxxxxxxxxxxx 
~xxxx~xxxxxx XXXXXXXXXXXXXXXXXXXXXX xxxxxxxx 

• MITSUBISHI 
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tRP 

V ~ 

tRiC ~ 4-

V W 
tASR 
~ r-4-

-f0xx xx XXX" ROW xxxx xx ~ ADDRESS 
~ xx XXXXI 

tCWL 

tRWL .. twp 

~ 
I<.XXXXXXXX XX}! 

IIXXX X xx XXXX x X}! 
~xxxxxxxxxxxx 

tDH 

LXXXXXXxxxx 
DATA VALID vx x xx x x xxx x> 

,~xxxxx~ 
'"xxxxxxxxxx 

Hi-Z 

~ 
~xxxxxxxxxxxxxxxx 
~xxxxxxxx> 

\.x X X X X X X X X X X X X X X > ""xxxxxxxxxxxxxxx 
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PRE t a final spec\hca:I~:~h<)nge" 
Not\ce"" 1\1\s :t~~ liroilS are SUb!0C 

$oroeparan'l FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNA~IC RAM 

RAS-only Refresh Cycle 

CAS 

Ao-Al0 

w 

VIH-------,l 

VIL-

VIH-

VIL-

VIH-

VIL-

VIH 

VIL-

tASR 

tRC 

tRAS 

tRAH 

ROW 
ADDRESS 

OQ1-0Q4 

(INPUTS) 

VIH 

VIL~= 
OQ1-0Q4 VOH-

(OUTPUTS) VOL-

5 - 100 

Hi-Z -------------------------------------------------------
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M5M4V17400CJ,TP-5,-6,.7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, 'Slow Refresh Cycle 

VIH-
RAS 

VIL-

VIH-
CAS 

VIL-

tCPN 

VIH-
Ao-AlO 

VIL-

tRCH 

VIH-
W 

VIL-

OQ1-0Q4 VIH-

(INPUTS) VIL-

tOFF 

OQ1-0Q4 VOH-

(OUTPUTS) VOL-

tOEZ 

VIH-
OE 

VIL-

tRP tRAS 

tCHR 

tRSR tRHR 

tRC 

tRSR 

~ 

.• MITSUBISHI 
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tRC 

tRAS tRP 

tCHR 

tRHR 

Hi-Z 
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MITSUBISHI LSls 

M5M4V17400CJ,TP-5,-6,-7,-5S,-6S,-7S 

Notice: fe{l,euic 1I!'fII 

So!'fl
e 

p8 FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

RAS 

CAS 

Ao-Al0 

w 

VIH-

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

\ 

tCRP tRCD 

XXXXX'lt XXXXX}W' 
~ 

tRAD 

tASR tRAH tASC 

~ ~ AD~~~SS ~ AO-Al0 XXXX:JI' 

I~RCS 

xx xxx:0I xxxxxxxx 
~ 000J xxxxxxx XXXI 

~ 

xxxxxxxx xx x 
~ I~ DQ1-DQ4 

(INPUTS) VIL 
.00xXXXX xxx 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

Hi-Z 

tRC tRC 

tRAS tRP tRAS L tRP 
I 

I \ 1/ '-
tRSH tCHR 

\ I 
tASR 

tCAH -+-1+-

COLUMN rJ0 l.x,~ x~ ROW 
ADDRESS 

xxxxxxx IAXX IXIXXXXXXX XXXXXXX XXXXXXX.lI. ADDRESS 
Ao-Al0 'Vx IXIX xx xx xx XXXXXXX XXXXXXXI 

tRAL 

~ tF ~ 
W ..::xxxx xxxxxxxxxxN 
~ ~xxxxxx:> 'xxxx xxxxxxxxxxxx:> 

tCDD 

Hi-Z ·xxxxx 
~ xxxx)< 

tCAC 

tAA ~ 
~ 

J~ ~ Hi-Z 
DATA VALID 

If 
tRAC tOE-i._i+ 

VIH 

VIL 

5 - 102 

tDZO tOEA tODD 

I tORH 

xxxxxxxxxxxxxx x x x x x x x ~ xxxxxx~ 
xxxxxxxxxxxxxxxxxx~ If,xxxxxxxxxxx 
xxxxxx~ } ~ 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
And in any cycle, tRSR & tRHR should be satisfied not to enter TEST MODE. 
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M5M4V17400CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

Ao-Al0 

w 

OQ1-0Q4 

(INPUTS) 

... tRAS ~ 
,----, 

I '-----
VIH 

VIL-
\ 

~ 
tCAS 

tCSH 

tCRP tRCO tCAS ~~-~----------~~-------~~ ~ 
tpc 

tCAS 

I 
VIH XXXXlII" 

C.XXXXI \ 
VIL --

~ 

V \ 
~---------~ ~--------~ 

tRAO 

lASR tRAH l .. tCAH~ lASC ~ 

tCPRH lASR 

~!. ~ -~r---~ lAsc tCAH 
~~ 

VIH xxxx.xv AO'b~~SS J)l')l'\. C )LUMN-1 ~''':S<SX~xt>XX~X~~~'OI''''LUMN-2~t..~~g2~~~~:~~CO~LMN_3 I'V~ .. f;,~~ AOROORWESS 
VIL AO-Al0'\l::Jl::I Ao-Al0 -'xx .. JI---+-+---'I~'x -J~ ,.,,~~~ 

tozc tozc 
r--+ 

tRAL tRCH 

t~H--+r- ..... 

OQ1-0Q4 VOH- Hi-Z 
---------+------~-----<v 

(OUTPUTS) VOL-

VIH=~~~~-=~[Ljm xxxx 
VIL x x x x x x 
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M5M4V17400CJ,TP-5,-6,-7,-5S,-6S,-7S 
PRE , lina! spec\hCat\O~\hango, 
NotiCf)', This i:\~~\i~i\S are subject t 

$OIl1Ilpa
ra

n> FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

RAS 

CAS 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL-

tRCO 

VIH-

VIL-

VIH-

VIL-

VIH-(XX)(XX)(XX)()()()()(:M 

tRAS 

tCSH tpc 

tCAS tcp tCAS 

tAsc 

ROW 
ADDRESS 

Hi-Z DQ1-DQ4 VOH--------------------------------------------------------------------------(OUTPUTS) VOL-

~:: 

5 - 104 
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MITSUBISHI LSls 

M5M4 V17 400CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

F ~ ~ 

tAAS tAP 

VIH 

VIL-

tCSH tASH 

tCRP tACO tCAS L tpc J 

-I I tcp tCAS 

XXXXlf 
\ I \ ! VIH 

VIL ~ ~ 

Ao-Al0 

Iii 

DQ1-DQ4 

(INPUTS) 

VIH-

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

tA~ I~AA~ tASC tCAH ~ 
tAWl~:-~ 

tASA tCAH 
I .. 

tcw
). -+1-i+-

?'5?X'X\ ROW 

~ C()LUMN-1 ~xxxx .h'\, ~ x 
x, 

ROW 
~ ADDRESS COLUMN-2 xxxJW 

Ao~Al0 I~X x :xA 1f\!V'0 ~ ADDRESS 
~ AO~Al0 1l{XXXXX XJ \Xxx xx~ 

r ~ ~ ,eWL '", 

~ ~ 
xxxxxxxx~ 

~ f1I 
IX X xx X x X) , ~xxxxxxx 

xxx ~~~~ I~ 
rxxxxxxxx 

twCH tWCH 

tozc tos tOH tozc tos tOH 
~ -+-4-

::-:xxx.xxxxxxxxx Hi-Z 

~ DATA ~ Hi-Z 

~ DATA IXXXXXXX 
I~ 

~XX XXX VALlD-1 

~ 
~ALlD·2 '1.: X xxxx 

tCLZ tcLZ 
--I---~ -. ~ 

Hi-Z ~~ Hi-Z ~) Hi-Z 

tozo 
~ 

xxxx'xxxx~ 
XXXXXXXX~~~ xxx t'-

tOEZ~ • 

~ tODD 

/ 

• MITSUBISHI 
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tOEZ __ "'1-
tozo tOEH 

-+rr-
-+ -~tooo~ 

U ~ ~ 
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M5M4V17400CJ,TP-5,-6,-7,-5S,-6S,-7S 

Notice: l~iS~:t~~\i~its are s"b\i'l
ct 

$Ofl\epa
ral 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write,Read-Modify-Write Cycle 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH,..-

VIH 

VIL 

VIH­

VIL-

VIH 

VIL 

VIH 

VIL 

~ 
... 

tCRP tRCO 

I 
~ XXXX, 
XXXX:»' 
AAA~ 

tRAO -
tA~ IlRAH~ tASC 

~. A~~R~SS ~ XXXXI 
~ Ao~ Al0 

~C~ 

XXXXXXX xxxx, 
XXXXXXX xxx:»' 

~~ 
xxxxxxx XXXXXXX XXXX x xxx 
XXXXXXX xxx)t 

tRAS 

tCSH 
~ .. 

tCAS tPRWC 

tcp tCAS 

\ I ~ 

tCAH ~ tCAH 
. ~ 

C )LUMN-1 
IXXXXXX Jt. IX. X X 
~xxxxxx xxu 

COLUMN-2 l(XXX 
Ao ...... Al0 n[xxxxxx 'XXI' ~xx lX,X,,X,,X,,X,,X, II 

tAwo tAWD 

tCWD tCWL . 

... 

tRCS1· tCWD 

~p 
~ 

~ ~~ " tRWO tcPWO 

tDH tDZC 
tos .. tos 

Hi-Z ~ DATAl ~ ~ Hi-Z ~ 
VALlD-1 j ~ 

IJCAC. 
()I: 

M 
~ 

tAA .. tAA 

tCLZ-J-1--

d 
-.\-.-tclz 

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

Hi-Z Hi-Z 

~V 

;=:~ 
JRWL 

J 

~ I 

if 
I .. tcwi 

tASR 
+t--~ 

X xX\. 
XXXl( ROW 

XXX»" ADDRESS 

~ 
X 

xxxxxxxx 
rx'x'AA'x''x''x''x'~ 

tOH 

DATA u:xxxxx> 
VALlD-2 .l.XXXXXX 

'~xxxxx 

Hi-Z 

~ ~ tRAC 
~2 

.... t-+tooo tCPA ..... 1- .- tODD 

VIH 

VIL 
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tozo tOEA 

:~ ~114--+ .... ill-tOEZ tDZO"'~~ .... 1-+tOEZ 

,X,,X,,X,,X,,X,,X,xxxxxxxx.x 
xxxxxxxxxxxxxx.x 
xxxxxxxxxxxxxxx~ I 

" MITSUBISH. I ;"ELECTRIC 

\ U a.x,X,xxxxxx> 
~xxxxxxx> 
~xxxxxxx 



Self Refresh Cycle 

CAS 

Ao-Al0 

W 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL-

VIH-

VIL-

VIH-

VIL-

VIH-

VIL-

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH-

tRP 

tCPN 

tRCH 

tOFF 

tOEZ 

MITSUBISHI LSls 

M5M4 V17 400CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

tRASS 
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Hi-Z 
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MITSUBISHI LSls 

. M5M4V17400CJ,TP-5,-6,-7 ,-55,-65,-75 

Notice: !~~~~:triC limitS a(e SU \ 

someI' FAST PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Ao-A10 

w 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 
(OUTPUTS) 

5 - 108 

tRP tRAS tRP 

VIH-

J \ V i\ VIL-

l .. tRPC~ 
tCSR tCHR -.~ ~ +-+ 

VIH-

J ~ V W VIL-

1cPtt 
tASR .. 

VIH-xx I/(XXX xxx 

VIL 

VIH­

VIL-

xx XXXXXX x xxxxxxx 

tWHR 

VIH x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x xx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
VIL-JC-x ~XXXXXXXXXXXXXXXXXXXXJ:[XXXX'XXXX~ 

Hi-Z 
--~ 

VOH-- \ 

~------------------------------------------------------------------VOL-_If 

VIH-

VIL 

tOEZ 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx> 
... XAXXXXXXxxxxxx xxxxxxxxxxxxxxxxxxx xx xxxx~ 

I: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

Note 30: This cycle can be used for initialized cycle after power-up, however entried into Test Mode. 
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M5M,4V17405CJ,TP-5,-6,-7, 
-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 4194304-word by 4-bit dynamic RAMs with 
Hyper Page mode fuction, fabricated with the high performance 
CMOS process, and is ideal for large-capacity memory systems 
where high speed, low power dissipation, and low costs are 
essential. 

PIN CONFIGURATION (TOP VIEW) 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self refresh current is low enough for 
battery back-up application. 

FEATURES 
-

RAS Address OE Power CAS Cycle 
Type name access access access access dissipa-

time time time time time tion 
(max.ns) (max.ns) (max.ns) (max,ns) (min.ns) typ.mW 

MSM4V1740SCXX-S,-5S 50 13 25 13 90 435 
MSM4V1740SCXX-6,-6S 60 15 30 15 110 360 

MSM4V1740SCXX-7,-7S 70 20 35 20 130 315 

XX=J,TP 

-Standard 26pin SOJ, 26pin TSOP 
-Single 3.3V±10% supply 
_Low stand-by power dissipation 

1.80mW (Max) -- -- - - -- - --- - ----- --- - ---- CMOS Input level 
0.72mW (Max) * -------~----------------, CMOS Input level 

_Low operating power dissipation 
M5M4V17405Cxx-5,-5S - -- - - --- -- ---- --- - - - - 525mW (Max) 
M5M4V17405Cxx-6,-6S --------------------- 435mW(Max) 
M5M4V17405Cxx-7,-7S --------------------- 380mW (Max) 

-Self refresh capability * 
, Self refresh current - --- --- ----- - - -- ---- - - -- - -200 pA(Max) 
-Hyper ~e mode (2048-column random access), Read-modify-

write, RAS-only refresh, CAS' before RAS refresh, Hidden refresh 
capabilities. 
Early-write mode, OE and W to control output buffer impedance 

_All inputs, outputs TTL compatible and low capacitance 
_2048 refresh cycles every 32ms (Ao -Al0) 
* :Applicable to self refresh version (M5M4V17405CJ,TP-5S,-6S, 

-7S:option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 
Ao-Al0 Address inputs 

DQ1-DQ4 Data inputs/outputs 

RAS Row address strobe input 

CAS Column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+3.3V) 

Vss Ground (OV) 

.• MITSUBISHI 
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vec 

Ao 

Al 

A2 

A3 

A9 

As 

Outline 26POD-B (300mil SOJ) 

A2 

A3 

vec 

A9 

As 

As 

As 

A4 

vss 

Outline 26P3D-E (300mil TSOP) 

NC:NO CONNECTION 
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PREL~~~~~~~,.. M5M4 V17 405CJ, TP-5,-6,-7 ,-55,-65,-75 

Notice', 1'\'II~tfiC limits are &\1 I 

Some para HYPER PAGE MODE 16777216-BIT (4194304-W~RD BY 4-BIT) DYNAMIC RAM 

FUNCTION 

In addition to Hyper Page Mode, normal read, write and read­
modify-write operations the M5M4V17405CJ,TP provides a number 

of other functions, e.g., RAS-only refresh, and delayed-write. The 
input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

Jlir:ss Column RAS CAS W OE address 

Read ACT ACT NAC ACT APO APO 
Write (Early write) ACT ACT ACT ONC APO APO 
Write (Delayed write) ACT ACT ACT ONC APO APO 
Read-modify-write ACT ACT ACT ACT APO APO 
RAS-only refresh ACT NAC ONC ONC APO ONC 

Hidden refresh ACT ACT NAC ACT APO ONC 
Self refresh ACT ACT NAC ONC ONC ONC 
CAS before"RAS refresh ACT ACT NAC oNC ONC ONC 
Stand-by NAC ONC ONC ONC ONC ONC 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD: invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 

ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL W 
INPUT 

AO 
Al 

A2 
A3 
A4 

ADDRESS INPUTS AS 

5 - 110 

A6 
A7 

A8 

A9 
Al0 

MEMORY CELL 
(16n7216 BITS) 

• MITSUBISHI 
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Input/Output 
Refresh Remark 

Input Output 
OPN VLO YES Hyper 
VLO OPN YES page 
VLO IVO YES mode 
VLO VLO YES identical 

ONC OPN YES 
OPN VLO YES 
ONC OPN YES 
ONC OPN YES 
ONC OPN NO 

-4 Va; la3V) 

,VSSIOVI 

I 

DOl} , 
002 DATA 
~ INPUTS/OUTPUTS 

OE OUTPUT ENABLE 
INPUT 
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M5M4 V17 405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

ABSOLUTE .. -MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage -0.5-4.6 

VI Input voltage With respect to Vss -0.5-4.6 
Vo Output voltaoe -0.5-4.6 

10 Output current 50 

Pd Power dissipation Ta=25°C 1000 
Topr Operating. temperature 0-70 

Tstg Storage temperature -65 -150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70°C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vce Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltaoe, all inputs 2.0 Vcc+0.3 V 
Vll Low-level input voltage, all inputs -0.3** 0.8 V 

Note1: All voltage values are With respect to Vss. 
**: Vll(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to vss.) 

ELECTRICAL CHARACTERISTICS (Ta=0-70°C, Vcc=3.3V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Limits 
Symbol Parameter Test conditions Min Typ 
VOH Hiah-Ievel outout voltaae IOH--2.0mA 2.4 
VOL Low-level output voltage IOl-2.0mA 0 
loz Off-state output current Q floating, OV :;'VOUT :;. 3.6V -10 
II Input current OV::;;VIN::;;+3.6V, Other inputs pins=OV -10 

Average supply current MSM4V1740SC-S,-5S RAS, CAS cycling 
ICCl (AV) from Vcc, operating M5M4V17405C-6,-6S tRc=twc=min. 

(Note 3.4,5) M5M4V17405C-7,-7S output open 

RAS- CAS -VIH, o~ut oQen Icc2 Supply current from V CC, stand-by (Note 6) 
RAS= CAS;;::: V cc -0.2V output oQen 

Average supply current M5M4V17405C-5,-5S RAS cycling, CAS= VIH 
ICC3(AV) from Vcc, RAS only M5M4V17405C-6,-6S tRc=min. 

refresh mode (Note 3,5) M5M4V17405C-7,-7S output open 

Average supply current M5M4 V17405C-S,-SS RAS=Vll, CAS cycling 
ICC4(AV) from Vcc, Hyper Page M5M4V1740SC-6,-6S tHPc=min. 

Mode (Note 3,4,5) MSM4V1740SC-7,-7S Ol!tput open 
Average supply current MSM4V1740SC·S,-5S CAS before RAS refresh cycling 

ICC6(AV) from VCC, CAS before RAS MSM4V17405C-6,-6S tRc=min. 
refresh mode (Note 3,5 MSM4V17405C·7,-7S output open 

.. Note 2: Current flOWing Into an IC IS posillve, out IS negative . 
3: ICCl (AV), ICC3 (AV) , ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Under condition of column address being changed once or less while RAS=V Il and CAS=VIH 

CAPACITANCE (Ta=0-70°C, Vcc=3.3V± 10%, Vss=OV, unless otherwise noted) 

Symbol Parameter 

CI(A) Input capacitance, address inputs 
CI(ClK) Input capacitance, clock inputs 

CliO Input/Output capacitance, data ports 

Test conditions 

VI=VSS 
f=1MHz 
VI=25mVrms 
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Limits 

Min Typ 

Unit 
V 
V 
V 

rnA 
mW 
°c 
°c 

Max 
Unit 

Vcc V 
0.4 V 

10 J.lA 
10 - J.lA 

145 
120 rnA 

105 
2 

rnA 
0.5 
145 
120 rnA 
105 
140 
115 rnA 

90 

145 
120 rnA 
105 

Max 
Unit 

5 pF 
7 of 
8 pF 
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M5M4 V17 405CJ, TP-5,-6,·7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70·C, VCC = 3.3V ±10"lo, Vss=OV, unless otherwise noted, see notes 6,14,15) 

Limits 
Symbol Parameter MSM4V17405C-5,-5S MSM4V17405c-6,-6S MSM4V17405C-7,-7S Unit 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7 8) 13 15 20 ns 

tRAC Access time from RAS (Note 7,9) 50 60 70 ns 

tAA Column address access time (Note 7,10) 25 30 35 ns 

tCPA Access time from CAS precharge (Note 7,11) 30 35 40 ns 

tOEA Access time from DE (Note 7' 13 15 20 ns 

tOHC Output hold time from CAS high (Note 13) 5 5 5 ns 

tOHR Outout hold time from RAS high (Note 13\ 5 5 5 ns 

tCLZ Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOEZ Outout disable time after OE high (Note 12) 13 15 20 ns 

twEZ Output disable time after WE high (Note 12) 13 15 20 ns 

tOFF Output disable time after CAS high (Note 12,13) 13 15 20 ns 

tREZ Output disable time after RAS high (Note 12,13) 13 15 20 ns 
tOOH Output hold time from CAS low 5 5 5 ns 

. . . .. ... Note 6:An initial pause of 500 p. s is required after power-up followed by a minimum of eight Initialization RAS cycles. The initialization cycles should be done 
either by ~-only refresh cycles or by CASbefore 'AAS refresh cycles only. 
Note the'RAS may be cycled during the Initial pause. And any 8'AAS or RAS'/~ cycles are required after prolonged periods (greater than 32ms) of 

"i1AS inactivity before proper device operation Is achieved. 
After the Initialization cycles, "RAS'should be kept either higher than V IH(min) or lower than VIL(max) except"RAS transition time. 

7:Measured with a load circuit equivalent to 100pF. 
The reference levels for measuring of output signals are 2.0V(V OH) and 0.8V(VOL). 

8:Assumes that tRCOi6:tRCO(max) and tAsc~tASC(max) and tcp~ tCP(max). ' 
9:Assumes that tRCO~tRCO(max) and tRAo~tRAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC will 

Increase by amount that tRCO exceeds the value shown. 
10:Assumes that tRAO~ tRAO(max) and tAsc~tASC(max). 
11 :Assumes that tcP~tCP(max) and tAsC~tASC(max). 
12:tOEZ (max), tWEZ(max), tOFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state (I OUT;;iii I ± 1 0 p. AI) and is not 

reference to VOH(min) or VOL(max). 
13:0utput is disabled after both ~ and 'CAS go to high. 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 

(Ta=0-70·C, VCC = 3.3V ±10"lo, Vss=OV, unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter M5M4V1740SC·S,-SS MSM4V17405C-6,-6S MSM4V17405C-7,-7S 

Min Max Min Max Min Max 

tREF Refresh cycle time 32 32 32 
tRP RAS high Dulse width 30 40 50 

tRCO Delav time, RAS low to CAS low (Note 16) 18 32 20 38 20 42 

tCRP Delay time, CAS high to RAS low 5 5 5 

tRPC Delay time, RAS high to CAS low 0 0 0 

tCPN CAS high pulse width 8 10 13 

tRAO Column address delay time from RAS low (Note 17) 13 25 15 30 15 35 

tASR Row address setup time before RAS low 0 0 0 

tAsc Column address setup time before CAS low (Note 18) 0 10 0 13 0 13 

tRAH Row address hold time after RAS low 8 10 10 

tCAH Column address hold time after CAS low 8 10 10 

tozc Delay time, data to CAS low (Note 19) 0 0 0 

tozo Delay time, data to OE low (Note 19) 0 0 0 

tROD Delav time RAS hiah to data (Note 20) 13 15 20 

tcoo Delav time', CAS high to data (Note 20) 13 15 20 

tODD Delay time,OE hiah to data (Note 20) 13 15 20 

IT Transition time (Note 21) 1 50 1 50 1 50 

Note 14: The timing requirements are assumed IT=2ns. 
15: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ns 
ns 

ns 
ns 
ns 
ns 

ns 
ns 

ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

16: tRCO(max) is specified as a reference point only. If tRCO is less than tRCO(max), access time is tRAC. IftRCO is greater than tRCO(max), access time is 
controlled exclusively by tCAC or tAA. 

17: tRAO(max) is specified as a-reference point only. If tRAo~tRAO(max) and tASC ~ tASC(max), access time is controlled exclusively by tAA. 
18: tASC(max) is specified as a reference point only. If tRCO~tRCO(max) and tAsc~tASC(max), access time is controlled exclusively by tCAC. 
19: Either tozc or tozo must be satisfied. 
20: Either tROD or tCOD or toDD must be satisfied. 
21: IT is measured between VIH(min) and VIL(max). 

5 - 112 
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M5M4V17405CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read and Refresh Cycles 

Limits 
Symbol. Parameter MSM4V17405C-S,-SS MSM4V17405C-6,-6S MSM4V1740SC-7,-7S Unit 

Min Max Min Max Min Max 

tAC Read cycle time 90 110 130 ns 
tAAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 8 10000 10 10000 13 10000 ns 
tCSH CAS hold time after RAS low 40 48 55 ns 
tASH RAS hold time after CAS low 13 15 20 ns 

tACS Read Setup time before CAS low 0 0 0. ns 
tACH Read hold time after CAS high (Note 22) 0 0 0 ns 
tAAH Read hold time after RAS high (Note 22) 0 0 0 ns 

tAAl Column address to RAS hold time 25 30 35 ns 
tCAl Column address to CAS hold time 13 18 23 ns 
tOAH RAS hold time after OE low 13 15 20 ns 
tOCH CAS hold time after OE low 13 15 20 ns 

. . Note 22: Either tRCH or tAAH must be satisfied for a read cycle . 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter MSM4V17405C-S,-ss MSM4V1740SC-6;-6S MSM4V1740SC-7,-7S Unit 

Min Max Min Max Min Max 
twc Write cycle time 90 110 130 ns 
tAAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 8 10000 10 10000 13 10000 ns 
tCSH CAS hold time after RAS low 40 48 55 ns 
tRSH RAS hold time after CAS low 13 15 20 ns 
twcs Write setuD time before CAS low (Note 24) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 13 ns 
tCWL CAS hold time after W low 8 10 13 ns 
tRWl RAS hold time after W low 8 10 13 ns 

twP Write pulse width 8 10 13 ns 

tDS Data setuD time before CAS low or W low 0 0 0 ns 

tDH Data hold time after CAS low or W low 8 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter MSM4V17405C-S,-SS MSM4V1740SC-6,-6S MSM4V1740SC-7,-7S Unit 

Min Max Min Max Min Max 
tAWC Read write/read modify write cycle time (Note 23) 109 133 161 ns 
tAAS RAS low pulse width 75 10000 89 10000 107 10000 ns 
tCAS CAS low pulse width 38 10000 44 10000 57 10000 ns 
tcsH CAS hold time after RAS low 70 82 99 ns 
tRSH RAS hold time after CAS low 38 44 57 ns 
tACS Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 24) 28 32 42 ns 
tAWD Delay time, RAS low to W low (Note 24) 65 77 92 ns 
tAWD Delay time, address to W low (Note 24) 40 47 57 ns 
tOEH OE hold time after W low 13 15 20 ns 

Note 23: tRwc is specified as tAWC(min)=tAAC(max)+tODD(min)+tRWl(min)+tRP(min)+4tr. 
24: twcs, tCWD, tAwD and tAwD'and, tCPWD are specified as reference pOints only. If twcS~twCS(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tcwD~tCWD(min), tAWD~tRWD(min), tAWD~tAWD(min) and tCPWD~tCPWD(min) (for hyper 
page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. If neither of the above 
condition (delayed write) of the DO (at access time and until CAS or OE goes back to V IH ) is indeterminate. 
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M5M4V17405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY ~-BIT) DYNAMIC RAM 

Hyper page Mode Cycle 

(Read, Early Write, Read-Write, Read-ModifY:"Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 

Limits 
Symbol Parameter MSM4V174OSC-S,-SS MSM4V174OSC-6,-6S MSM4V174OSC-7,·7S 

Min Max Min Max Min Max 
tHPC Hyper page mode read/write cycle time (Note 26) 20 25 30 

tHPRWC Hyper Page Mode read write / read modify write cycle time 57 66 79 
tRAS RAS low pulse width for read or write cycle (Note 27) 65 100000 77 100000 92 100000 
tcp CAS hiah pulse width (Note 28) 8 13 10 16 13 16 
tCPRH RAS hold time after CAS precharge 28 33 38 
tCPWD Delav time CAS precharaeto W low (Note 24) 43 50 60 
tCHOL Hold time to maintain the data Hi-Z until CAS access 7 7 7 
tOEPE OE Pulse Width lHi-Z control) 7 7 7 
twPE W Pulse Width (Hi-Z control) 7 7 1 
tHCWD Delay time, CAS low to W low after read 28 32 42 
tHAWD Delay time, Address to W low after read 40 47. 57 
tHPWD Delay time, CAS precharge to W low after read 43 50 60 
tHCOD Delay time, CAS low to OE high after read 13 15 20 
tHAOD Delay time, Address to OE high after read 25 30 35 
tHPOD Delav time, CASprecharae to OE hiah after read 28 33 38 

.. . . . . 
Note 25: All previously specified timing requirements and sWitching characteristics are applicable to their respective Hyper page mode cycle . 

26: tHPC(min) is specified in the case of read-only and early write-only in Hyper Page Mode. 
27: tRAS(min) is specified as two cycles of CAS input are performed. 
28: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 29) 

Limits 
Symbol Parameter MSM4V174OSC-S,'5S MSM4V174OSC-6,-6S MSM4V1740SC·7,·7S 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 5 5 5 
tCHR CAS hold time after RAS low 10 10 15 
tCAS CAS low pulse width 17 17 22 
tRSR Read setup time before RAS low 5 5 5 
tRHR Read hold time after RAS low 10 10 15 

Note 29: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

Hidden Refresh Cycle (Note 30) 

Limits 
Symbol Parameter MSM4V174OSC·S,·5S MSM4V174OSC-6,-6S MSM4V1740SC·7,·7S 

Min Max Min Max Min Max 
tRSR Read setuD time before RAS low 5 5 5 
tRHR Read hold time after RAS low 10 10 15 

Unit 

ns 
ns 
ns. 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 

ns 
ns 

Unit 

ns 
ns 

Note 30: Read, early write, delayed write, read write or read-modify-write cycle is applicable to hidden refresh cycle. In all cases tRSR and tRHR should be 
satisfied. 
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M5M4V17405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S· after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta=0-70 'C, Vcc = 3.3V ±1 0%, Vss=OV. unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min Typ Max 

CAS before RAS refresh cycling 

or RAS cycling & CAS"~ 0.2V 

OE&WE~0.2V 

Aver~e supply current or DE & WE ;;;'Vcc-0.2V 

ICC8(AV) from cc MSM4V17405C (S) Ao....., A10~0.2V 500 p.A 
Slow-Refresh cycle 

(Note 6 or Ao....., A10 ;;;.Vcc-0.2V 

tREF=128ms (2048cycles) 

output=OPEN 

tRAs=tRAsmin. -1 f.l s 

Aver~e supply current 
RAS=CAS ~ 0.2V 

ICC9 (AV)* 
from cc M5M4V17405C (S) 200 p.A Self-Refresh cycle output = OPEN 

(Note 6) 

TIMING REQUIREMENTS (Ta=O-70"C, Vcc=3.3V±10%, Vss=OV. unless otherwise noted, see notes 14.15) 

Limits 

Symbol Parameter MSM4V1740SC-SS MSM4V1740SC-6S MSM4V1740SC-7S Unit 

Min Max Min Max Min Max 

tRASS Self Refresh RAS low pulse width 100 100 100 pS 
tRPS Self Refresh RAS high precharge time 90 110 130 ns 

tCHS Self Refresh RAS hold time - 50 - 50 - 50 ns 

tRSR Read setup time before RAS low 10 10 10 ns 

tRHR Read hold time after RAS low 10 10 15 ns 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 
The last 1 first full refresh cycles (2K) must be made within tNsl tSN before 1 after self refresh, on the condition of tNs~32ms and 

tSN~32ms. 

I~ tNS .1 14 tSN .\ 

--------------------·-�~II~I-------I~II~I _________ S_elf_re_fre_sh_p_eri_od ______ ~~II~II~·------~II-I~I-----------------

DISTRIBUTED REFRESH 
<2K/32 ms > 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
<2K/32 ms> 

The last 1 first full refresh cycles (2K) must be made within tNsl tSN before 1 after self refresh, on the condition of tNS +tSN ~32ms. 

~ 14tSN~1 
~1I~1I--~I~III--~II~II~~1 _________ S_elf_ffifr_esh~pe_riod ______ ~I~ ~1II1---~f~III---~IIII~ 

BURST REFRESH 
<2K/32 ms > 

• MITSUBISHI 
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< 2K/32 ms> 
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M 5M4 V17 405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle (Note 31) 

Limits 
Symbol Parameter M5M4V17405C-S,·5S M5M4V17405C-6,-6S M5M4V17405C·7,·7S 

Min Max Min Max Min 
twSR W setuDJime before RAS low 10 10 10 
twHR W hold time after RAS low 10 10 15 

Note 31 :The test mode function is initiated by a Wand CAS before RAS cycle (WCBR cycle) as specified in timing diagram. 
The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a RAS only refresh cycle. 
Du'ring the test mode, the device is internally organized as 16-bits wide (1M bytes depth). No addressing of CAO, CAl is required. 

Max 
Unit 

ns 
ns 

During a write cycle, data must be applied to all DQ ( input) pins. The data can be different between DQ pins. The data on each DQ pin is written into 
4-bits memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 4·bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. . 
During the test mode operation, only WCBR cycle can be used to perform refresh. 

DQ'a-§ 
#1 

#2 

#3 

#4 

DQ'o-§ 
#5 

#6 

#7 

#8 

DQ3~ 
#9 

#10 

#11 

#12 

DQ.o--§ #13 

ttH 

#15 

#16 
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§-< JUDGE 

§-< JUDGE 

§} JUDGE 

§-< JUDGE 
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MITSUBISHI LSls 

M5M4V17405CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Timing Diagrams (Note 32) 

Read Cycle 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH -

VIL -

VIH -

VIL -

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH -

(OUTPUTS) VOL-

VIH 

VIL -

tRC 

tRAS tRP 

\ V tRPC L 
tCSH 

~ 
tRCO tRSH 

tCRP 
tCAS -+ 4-

xx xx-#-
~ ~ ~ ~ XXXXXI 

XXXXI 

tRAO tRAL 

tASR 
tCAL tASR tRAH 

~ tCAH .... ~ ~ 
XXXXXX1 

ROW ~ COLUMN ~xxxxxx ~ ROW xxxxxxx" xx 
~ ADDRESS I~ 

llXXXXXX~ ~ IX:xx.a 
ADDRESS ADDRESS XX/~ XXXXXX)' ll{XXXX¥ -\.xx X X xx x xx x x xx 

tRRH 
L
tRCS ...-... tRCH 
I 

xx XX~ ~ xxxxxxxxxx 
~ ¥xxxx» ¥xxxx> 
xxxxxxxxx XXXXXXI I.'(xxxxx-> 

tozc ~-+--. 
tcoo 

4--r--
xxxxxxxxxx xxxxxxxX' Hi-Z xxxx 
xx_xxxxx-f>xx XX~ 00-2V 
~ ¥xxxxxx xxx> xxxx 

tCAC 
tREZ twEZ ~---i 

tOFF 
tAA tOHC 

tCLl tOHR 

~ 
Hi-Z Hi-Z 

DATA VALID ~ 

1... 
tRAC 

tozo ~ tOEZ 

tOCH I .. too~ 
xxxxxxxxxxxxxxxxxxxxxxxxxxx xx xxxxx 
~~~~~~~~~~~~~~~~~XX~XXX£A xx xx xx> 

,;. xx xxx~ 

tORH 

Note 32 
Indicates the don't care input. 

VIH(min)~VIN~VIH(max) or VIL(min)&VIN~VIL(max) 

Indicates the invalid output. 

• MITSUBISHI 
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MITSUBISHI LSls 

PREL~~~~~~~o, 
N tica: lhl5 IS" \1I1'I\t5 are SU) 

M5M4 V1.7 405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

5~",e p3tBrnet(lC HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Early Write Cycle 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH 

VIL -

VIH 

VIL -

VIH 

VIL -

VIH-

VIL 

VIH-

VIL -

DQ1-DQ4 VOH -

(OUTPUTS) VOL-

5 - 118 

VIH 

VIL -

twc 

tRAS tRP 

, V \ 
~ tRPC 

tCSH 
tCRP tRCO tRSH r tCAS -+ ~RP 
~ 
~ \ / ~ 

lASR tRAH tCAH ~~ ..... lAsc .. 

XXXXA. ROW COLUMN .IXXX 
;o;;)'l)'l~)'l;o;;;o;;)'l\1 ROW 

XXXX~ ",xxx ;o;;)'l)'l)'l)'l;o;;;o;;;o;;~ 

)'l)'l;o;;;o;;~ ADDRESS I@ ADDRESS ~;o;;xxx XXXXXXXXI ADDRESS 

twcs lWCH 
~ 

")'l)'l )'l)'l)'l)'l)'l)'ll. L;o;;;o;;;o;;)'l)'l;o;;)'l)'l 

~~~~~~~ 
,«;o;;;o;;;o;;)'l)'l;o;;;o;;)'l;o;;;o;;)'l;o;;;o;;)'l)'l 
xxxxxxxxxxxxxxxxxxxxx~ 

los I+--- tOH 

xxxxxxx~£ffx~x~ ,If<xx XXXXXXXXXXXX> 
~x ~ 

DATA VALID 
~XXXXXXXXXXXXXXXXX)'lXX)'l~ )'l)'l)'l)'l 

Hi-Z 

--------------~----------------~---------------------------------------

• MITSUBISHI 
.... ELECTRIC 



MITSUBISHI LSls 

M5M4V17405CJ,TP~5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Delayed Write Cycle 

RAS 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL -

VIH­

VIL -

VIH-

VIH 

VIL -

VIH 

VIL 

DQ1-DQ4 VOH -

(OUTPUTS) VOL-

VIH 

VIL 

twc 

tRAS tRP 

\ I \ tRPC 
tCSH -. -4-

tCRP tRCO tRSH 
.~ 

tCAS ~ 
~RP 

XXXXXX.l. 

~ ~XXXXx>r \ ~ ~x x x XI ~ 

~ tRAH 
tAsc ~ 

tCAH --. ~tASR 

~ ROW ~ COLUMN IXXX xxx x, ROW EXXX XXXXl( 
ADDRESS VXX'>t;I ADDRESS ~'ftt:£:if ADDRESS 'U<X X }';,. }';,.}';,.}';,.]';,.I 

l .. 

tCWL
• 

r tRWL 

twp 

xxxxxxxx xxxx.- ~ It;XXXXXXXXXXXXXlI 
~xxxxxXXXXXX71 \ J(-x xx ~~~~~~~~~~) ~xxxxx XXXXy ~ 

tWCH 

t zc to:. tOH 
14-+ 

~xxxxx xxxxxxxxx Hi-Z ~ DATA ~~XXXXXXXXXl' 
~xxxxx XXXXXXXXX 

~ VALID ~xxxxxx x x x x x X 1-X 

~ 

Hi-Z ,~ Hi-Z 

tozo tOEZ'" 

~ 
~XXXXXXXx~xxxxxxx A 

X\. ~XX}';,.}';,.X}';,.}';,.}';,.~XXXXXXX 

• MITSUBISHI 
.... ELECTRIC 

tOEH 
4- ~ 

~ toDD 

r.;.XXXXXXX XXXXXXXX~ 
'XXXXXXxX·)(CXX~~~~ 

5 - 119 



MITSUBISHI LSls 

M5M4 V17 405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

RAS 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIH­

VIL -

VIH-

VIL -

VIH-

VIL 

VIH 

VIL -

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH-

VIL -

5 - 120 

tRWC 

tRAS 

\ 
tCSH 

tCRPj 
tRCD tRSH 

tCAS 

~ ~ 

~ 
XXXXXI 

tRAD 

tASR tRAH tCAH .. tAsc .. 
XXXXX:1 ROW ~ COLUMN I~ XXXXX;q ADDRESS I~ ADDRESS 
XXXXXI 

r,x 
~ ,.;XX 

tAWD 

tRCS~ .... tCWD 

tRWD 

~xxx x ~ XXXXXXX ..... 
Xx ..... xxxxx xx X XXxxxV 

tDS 

tDZC~ f4 

~X""'X Hi-Z ~~ XX~)( 
.£0xxxxxx x X x.;<;<;<;<;< 

tCAC 

tAA 

tCLZ , 

Hi-Z ---:~ ~ 
tRAC 

~ .. ~ tODD 
tDZO tOEA 
~ -+- f4-tOEZ 

~XXXXXx~~~X£x~~X~ 
~Xx xxxxxx~XXXXX 

•. MITSUBISHI 
.... ELECTRIC 

tRP 

I \ 
tRPC 

-+ ~RP 
V ~ 

tASR ... -~ 
XXXXX XX IXXXX.l ROW XXXXX }G( x. ADDRESS IXxxXf~ xxxx xx 

tCWL 

tRWL 

twp 
rx'xxxx...... xxx 

~ LX X X X X X X x x x x X}o 
'~XXXXXXXXX) 

tDH 

~x DATA VALID 
~ 

Hi-Z 

~ 
~~XXXXXXXXXXXXX) 
'XXXXXXXXXXXXXX~ 



MITSUBISHI LSls 

PREU~~!!~~~" 
M5M4V17 405CJ, TP-5,-6,-7 ,-55,-65,-75 

Notice: This i:t~~\i!\'IitS are sublect 

SOIYlepata
m 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

Ao-A10 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

Vil -

VIH 

Vil -

VIH 

Vil 

VIH-

Vil -

VIH-

Vil -

DQ1-DQ4 VOH -

(OUTPUTS) VOl-

VIH-

Vil -

tAAS 

~ 
tCSH tHPC 

~ 
i..L tACO tCAS ~ tCAS 

1+ 
lXXXXJ&t r----1 

~ ~ I ~ ~ 

tAAD 

lASA ""'"- tRAH l .. 
tCAH

• 
lAsc 

l .. 
tCAH

• --'" lAsc .... ~ 
......----

~ .P5( ><:5\ .rx57' 
~ ROW 

AAAAJI. COLUMN-1 xxx XI COLUMN-2 ~A ADDRESS ~ ~ ~\:Ci ~y ~~ 

~~ 
tCAl tCAl 

)t'AAAAA AAAA 

A AAAAI 

AXAXXX XXXXI 

tDZC 

C:XX AAXX 
XXX xxx XXXX 

~ ~ 
tAA 

~I tOOH 
~r--~ 

Hi-Z DATA :~ VALlD-1 

tAAC tCPA 
--'" 

tozo t~ I 

tOCH 

~xxxxxxxxxxxx 
~XAAAAAXXXxxxx ~, 

• MITSUBISHI 
.... ELECTRIC 

Hi-Z 

tAP 

I L 
tASH 

~ tCAS 

,------., 
I 

tCPAH 

lAsc 14 tCAH. I" lASA. 
~ 

K\ ~'5 k\, ur)i. ROW COLUMN-3 JI. J[ ~ :x& ADDRESS 
~ ~ ~~ ~ 

tAAl +t~ 
tCAl ~ tACH 

~ 
~ 

~ 
tROD 

tcoo 

~ g 
~ I..L tAEZ ~ ~ 
lAA tOHA 

tOFF 
tOOH tOHC 

__ t--~ 

DATA '~ DATA )-
VALlD-2 VALlD-3 

tePA 

tOEZ 

xx xxx.> 
L 

" AA AXX 

~ tODD 

5 - 121 



MITSUBISHI LSls 

, ' N\'NAR'l M5M4V17405CJ,TP-5,-6,-7,-5S,-6S,-7S I 

PRE ~ ~\ a tlnal spec~,~~:'~~change-
Notice -, ihls ISt~C limitS are SU \ 

59
mB 

para
llW

, HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

Ao-A10 

w 

DQ1-DQ4 
(INPUTS) 

VIH -

VIH -

VIL -

VIH 

VIL 

VIH -

VIH-

VIL 

tRAS tRP 

~ V L 
tCSH tHPC tRSH 

tCRP tRCO tCAS 
~ tCAS .. ~ tCAS 

L 
tCRP 

-1=. r 
xxxx ... r----, ~ 

I C:XXXXI ~ V , I ~ 
~ 

L tCAl I tCAl 

lASR 
i..o.L.tRAH lAsc 

~ ~~ tCAH lAsc ~ ~ .... ~ ,~ ~ 

xxxx\ ROW 
,O:'5Ot. :~"j :~, [~ ROW (XXXXI ADDRESS 
IXX)II COLUMN-1 ,IX X X XI COLUMN-2 IX:XXXI COLUMN-3 IIXX X XI[ 

ADDRESS XXXXf ~Y;;t:;£fl '~ ~ V!:.1!:.2SJ 

twcs ~ ~ l ... tWCH.1 ~ ~ 14---+ 

~xx 
~ ~ ootXXXXXXXXXX) 

XXX\ IX-XXX:' ~XXX'lO 

~~~~~~> X xxxxxx )II. I( xxx ~ \. I xxx A- U. 

tos ~ ~ ~ 
tos tOH 

~ ~ ~ 

»XXXXXX ~ DATA ,~ DATA '~xxx x x x x x x X-x DATA 
x x x x x x x x x x x X 7.1' VALlO-1 ~ VALlD-2 I~ VALlD-3 I~ 

DQ1-DQ4 VOH- ________________________________________ H_I-Z ____________________________________ __ 

(OUTPUTS) VOl-

5 - 122 
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MITSUBISHI LSls 

M5M4V17 405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read-Write, Read-Modify-Write Cycle 

Ao-A10 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL -

VIH 

VIL 

VIH-

VIL -

VIH 

VIL 

VIH 

VIL 

DQ1-DQ4 VOH -

(OUTPUTS) VOL-

VIH-

VIL -

RAS 

F \ L 

tRP 

tCSH tRWL 

tCRP tRCO tCAS tHPRWC 
+ ... !fRP 

i tcp tCAS 

bXxxxxxxxX/r i ~ ~ ~ ~ xxxxx)' 
tRAO 

tASR tRAH tCAH tAsc tCAH tCWL ..... .......... tAsc .. ~ +---+ ~ tASR 

xxxxX\. 

~ 
,~ XI~. AXXX 070.. ROW ROW XXXXXI 

ADDRESS COLUMN-1 ~XXX XXI COLUMN-2 IV\: X X X xx~ ADDRESS xxxxXJr xlA r\.xxx 
·~xxxxxx X~ 

tAWO tAWO 

f~ tcwo tCWL 
tRCS,4- tcwo 

~ ..... 
~ ~~ ~A AA7)l"I( f>~W > 

~ ~ IXXXXXX> OI;.AXXXXAXX xx 'X'1 I6(XXXXXX 
OI;.XXXXXXXX XXXI 

tRWO tcPWO 

tozc tOH tozc tos tOH +-r+ tos ... 
xx xxxx Hi-Z ~ DATA ~ ~ Hi-Z ~ DATA 

rx"X"'X"X XXXXXXXX xxxx ,IXXXX> xxxxxx FoXXXx,. XXXX 
~ VAUD-1 ~ V VAUD-2 xxxxxxxxx xxxx 

~ tCAC \.XXXX 

tAA tAAJ 

tCLZ+i- ... -4-~t6LZ 
Hi-Z 

~ 
'";;r- Hi-Z Hi-Z DATA 
VALlD-l ~ 

~~ 
tRAC 

1"-----' ..... 

+f+ toDD tCPA +1- ... tooo 

I" toZO. 
tOEA 

~ .... -~tOEZ 
xxxxxxxxxxxxxxxx 
~xxxx01' 
xxxxxxxxxxxxxxxx~ 

• MITSUBISHI 
"'-ELECTRIC . 

tozo ~ · ... rr~ ... 1- .... tOEZ \CJ ~xxxxxxx 
~ 'x xxxxx> 
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MITSUBISHI LSls 

PREl.~~~~~~,.. M5M4 V17 405CJ, TP-5,-6,-7 ,-58,-6S,-78 

Notice: T~~~\~t(iC limits are su I 

some pa 'HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode .Mix Cycle (1) 

Ao-Al0 

w 

OQ1-0Q4 
(INPUTS) 

VIH 

VIH­

VIL -

VIH­

VIL 

VIH 

Vil -

VIH-

OQ1-0Q4 VOH -

(OUTPUTS) VOl-

VIH-

Vil -

5 -124 -

tRAS tRP 

tRWl ;: 
~ tCR~ 

tCSH tHPC tHPRWC '-.-+-
tC.~p tRCD tCAS ~ tCAS A tCAS 

tCWl 

lXXXX~ r---1 ,..., r-r---
XXXXI ~ ~ ~ I ~ I 
~ 

tRAD 

tASR tRAH l.tCAH ~ 
tAsc tCAH tAsc tCAH tASR 

tAsc ~ ...... 14----+ --tf-~ 

~ ~1 .~ ~ COLUMN.2~ ~~ 
I. xXXx'\~ ROW COLUMN-1 ~ COLUMN-31lt. XXXXI 

ADDRESS 
xx x x X XI ADDRESS 

~ ~~ '\! ;;s,a ~~ 

x 
XXXXXX XXXXI 
xxxxxx x~ 

xxxx 
xxxxxx xxx X xxx; 

Hi~Z 

xxxxxxxxx 
lXxxxxxxx 

r-~ 
twcs IJWCH~ 

tCAl tCAl 

\ 

tDZP 
tDS ~ -~. 

~ ~ 

~ r ~ VALlD-2/ 

-hLZ 1-+ I-twEZ 

~~~ DATA 
VALlD-l 

tRAC "'""--' 

tDZO ~ 
tOCH tOEZ 

~ 

/ xx 
XXX 

.... r-14-
tODD 

'.. MITSUBISHI -"ELECTRIC 

tCPWD 

tAWD 

tCWD ~. 
IXXXXX.) 

\ I"-XXXXX.) 

KXXXXX} 

~~. tos tDH 

~r-~~ 

l.~ ~ 
r-I---o, 

DATA xxxxxx ,r 
.JAA~ ~ VAll 0-3 xxx'x x x 

~~ 

tCAC ........ 
tcLZ 

-+ 

~ r---"\ DATA 

~ 
tCPA 

~~ tOEZ 

~ ~r- r-

\U '1: X 

\XXXXXX.) 

.... r-~ I 

tODD 



MITSUBISHI LSls 

M5M4V17 405CJ, TP-5,-6,-7 ,-5S,-6S,~ 7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

VIH-
RAS Vll- ______ ~ ____________________________________________________________ __ 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH­

Vil -

VIH-

Vil -

VIH-

Vil -

VIH-

Vil -

DQ1-DQ4 VOH -

(OUTPUTS) VOl-

VIH-

Vil -

-----.I 

c:xxxx 
x 

6Ifxxx 

~ 

~ 

~ 
, ~ 

tcp tCAS tCAS 

~ tCAH I" lASC. 
tCAH 

Xl. ~I'X xA 
COLUMN-1 COLUMN-2 x 

rvt 
x~ lit X 

xy 

~ W 

XI ~\2S. 

tCAl ~ L. 
tCAl 

~ 

~ tHCWO ~ 
tHAWO 

tHPWO t~ 

}~ Hi-Z 

'~ tCAC 

1M 
tCPA twEZ 

-+t-1'4I-

~ DATA 
VALlD-1 ~ 

tHCOO ~ 
tHAOO ~ 

tHPOO 

~ 

• MITSUBISHI 
.... ELECTRIC 

~ 
~ 

,..-----, 
~xxx DATA 

VALlD-2 ''\«xxx --

Hi-Z 

, , 
l'4I

tASC
• 

tCAH 

5<~ 

~ COLUMN-3 xx 

~~ 

tozc 
+-+ 

xx A Hi-Z 
xx x. 

1'41 tCAC. 
tAA 

tCPA 

tc~~ 
DATA 

VALlD-3 

tozc tOEA 
~ +----t 

, 

5 - 125 



MITSUBISHI LSls 

:'L,,,,,'NARY M5M4 V17 405CJ, TP-5,-6,-7 ,-5S,-6S,~ 7S 
PRE. not a linal specih~:'~\~~~nango. 
Notice: 1'n\~:triC limitS afe subl 

S9
me 

para , ' HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by OE ) 

Ao-Al0 

w 

OQ1-0Q4 
(INPUTS) 

VIH 

VIL -

VIH 

VIL -

VIH";" 

VIL 

VIH 

VIL 

VIH-

VIL -

OQ1-0Q4 VOH­

(OUTPUTS) 'VOL -

VIH 

VIL 

5 - 126 

tRAS 

\ 
tCSH tHPC tRSH 

~~ 
tRCO tCAS ~ tCAS tcp tCAS 

~. 
~ 

\ I , ~ , 
~ 

tRAO tCPRH 

tASR tRAH tCAH tA~ 
l .. 

tCAH
• tA~ ~ tAsc ...... 

~ ROW ~ 
/5{J{5"'1 1Q ~ 

XXXXI COLUMN-1 IIXX COLUMN-2 COLUMN-3 I.e 

~ 
ADDRESS 

'\2QQ~ '~ ~ 
tRAL 

C~ 
)l'I-xxxx x.x.x.~ 

XXXXXX xxXI' 
xxxxxx xx~ 

~xxx xx 
xxx xx 

Hi-Z 

x 
(XX 

tozc 

Hi-Z 

~ ~ ~ 
1M 1M 1M 

~~ tOOH tCLZ 

~~~ 

~ ~~ DATA ~ DATA~ DATA HI-Z 
VALlD-1 )--

~ VALlD-2 
tRAC 

tCPA 
tozo t~ tOEZ tCPA .. 

tCHOL~ ~~ 'II\- +-~ tOEZ 

x 
xxx~"" 

xxx.x 

...... 
tc EA 

/ \~ 
-. - +-tOEPE 

" 'MITSUBISHI .... ELECTRIC 

~ 

/ ~ 
-. ....,-I+-tOEPE 

tRP 

I L 
tCRP 

~ 

~ 
rsn n ROW x 

ADDRESS 
~~ ~'fJ 

~tR~ 
~ tRCH 

jI,Xxxx;o 
~,Xxxx 

,xxxx 

~ 
tROD 

tcoo 

~ RS 
tREZ ~ ~ 
toHR 

I..L tOFF 

tOHC 

DATA ~ VALlD-3 

tOEZ 

I) x xxx 
1 

, ..... toDD 



MITSUBISHI LSls 

M5M4 V17 405CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by W ) 

RAS 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL -

VIH­

VIL 

VIH 

VIL -

VIH-

VIL -

VIH-

VIL -

DQ1-DQ4 VOH­

(OUTPUTS) VOL-

VIH 

VIL 

RAS RP 

~ ~ ~ 
tCSH tHPC tRSH 

+~ 
tRCo tCAS ~ tCAS tcp 

i..L tCAS tCRP 

(XXXX)I. r----, 
xx XXI ~ V \ V ~ V 
~ 

tRAo tCPRH 

tASR tRAH 
tASC ~ loil

tCAH
• ~ ~ tA~ ~ ~ 

xxxx\ 
ROW 

.p:x ~~ n rn ~ro; t\ ROW COLUMN-2 I~ ~ COLUMN-3 .11. X X XlI. ~ ADDRESS COLUMN-1 ADDRESS :~ ~fY. r~ rtff :~~~ p~ ~ 

XXXXX 
~xx 
xxxxxx 

~ 
~xx 
XJ<;.J<;.J<;.J<;.J<;.J<;. 

xxxxxxx 
(XXX 

tRAL 

~~ tRCH-+ II H-~ I-tRCS 

J<;.M 

~~ x....xNI 
XXXXI' 

tozc 

XXXX Hi-Z 

xxxx 
~ ~ ~ 
tAA tAA .... tAA 

tCLZ toOH tWEZ tcLZ 
-'1--

~ 
--I--t+-

__ f-~ 
4---+ 

Hi-Z 

tRAC 

tozo 

x 
xxx 

J DATA ~ , VALlD-1 

tCPA 

~tOEA 
tOCH 

I 

. •. MITSUBISHI 
.... ELECTRIC 

DATA Hi-Z 

~ VALlD-2 

tCPA 

tRRH 
~I-r----+ 
~ tRCH 

, .. ~ 
.~ 

~ 
tROD 

tcoo 

W ;0 

tREZ ~ 2 
tOHR 

tOFF 

tOHC 

DATA ~ VALlD-3 

tOEZ 

I xx XXX) 
XY. X)66 r, 

4---+ tO~~ 
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MITSUBISHI LSls 

PRE\J~!~~~~,. M5M4V17405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

l'\otiCfl', ,his \\~~\~itS are "ub\e
ct 

to 

Some parem
a 

, HYPER PAGE, MODE 16777216-81T (4194304-WORD BY 4-BI1) DYNAMIC RAM 
(, 

RAS-only Refresh Cycle 

Ao-A10 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL -

VIH­

VIL 

VIH-

VIL 

~ 

tCRPj 

~ x 

tASR 
~ .. 

:to 
ROW x ''ADDRESS XXXXXI 

tRC 

tRAS tRP 

~ \ 

i C 

i tCRP 

WI 
tASR ---~ 

~ xxxxxxxxxxx xxxxxxxxxxx:to 
ROW IIXXXXXXXXX x X ADDRESS 

~XXXXXXXXXXXXXXXX xxxxxXXXXXXXI 

Hi-Z DQ1-DQ4 VOH- --------------------------------------------------------------------------(OUTPUTS) VOL-

5- 128 

VIH 

VIL -

'" ",MlTSUBlSHI ..... ELECTRIC 



MITSUBISHI LSls 

M5M4 V17 405CJ, TP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Slow Refresh Cycle 

RAS 

CAS 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL -

tCPN 

VIH-

VIL -

DQ1-DQ4 VOH -

(OUTPUTS) VOL - ----f 

tRP 

tRC 

tRAS 

• MITSUBISHI 
"'-ELECTRIC 

tRAS 

Hi-Z 

tRC 

tRP 

5 -:- 129 



MITSUBISHI LSls 

PREL\""'~\~~"l 
Th' is oot a \ina! sP~ 'billet to change, 

M5M4 V17 405CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

Notice: l~etriC lirnitS are so 

some para HYPER PAGE MODE 16777216-BIT (4194304 .. WORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 33) 

Ao-Al0 

OQ1;""'OQ4 
(INPUTS) 

VIH-

VIH 

VIL -

VIH 

VIL 

VIH 

VIL 

OQ1-0Q4 VOH -

(OUTPUTS) VOL-

VIH-

Vll-

tAC 

tAAS 

~ 

tCAP tACO tASH 

xxxxx. 
XXXX XI \ XXXXXI 
xxxx~ 

tAAO 

tASA tAAH tAsc tCAH 

~ xxxxx~ ROW COLUMN 
XXXXXXXXX~Tl ADDRESS ADDRESS 

~ tAAL 

{XXXXXXX 
~ &x ~~ 

'lXXXXXXX ~ 

I ... 
tozc 

xxx X XXX:-xxx X XX~ 

tCAC 

tAA 

~ 
Hi-Z 4~ 

tAAC 

tozo tOEA 

tOAH 

~XXXXXXXXXXXXXX~~ 
&XXXXXXXXXXXXXXXX~ 

tAC 

tAP tAAS tAP 

V ~ ~ L 
tCHA 

-'" 

V 
tASA 
... -+-

XXX.JIO .JIO.JIOv>i!x.x xxxx XXX\. ROW 
XX.JIOX xxxxxx IXXXX IX xx ... ADDRESS xxxx xxxxxx IXXXX IX XXI 

~ F ~ 
W 

XXXXXX> 
IX.JIO.JIO.JIOX.JIOXX)O 
IX.JIOXXXXxx)O 

tcoo 

~ 
Hi-Z XXXX} 

X.JIOX.JIO 

~ 
~ 

tOFF 

tOHC 

Hi-Z 
DATA VALID 

tOEZ 

tODD 

x - xxxx 

J:. 
x:-xxxx x~ MXXXX 

Note 33: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 

5 - 1·30 

Timing requirements and output state are the same as that of each cycle shown above. 
In all cases tASA and tAHR should be satisfied. 
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M5M4V17405CJ,TP-5,.6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (4194304-WORD BY 4-BIT) DYNAMIC RAM 

Self Refresh Cycle 

Ao-A10 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIL 

VIH­

VIL -

VIH 

VIL 

VIH 

VIL -

VIH 

VIL 

DQ1-DQ4 VOH 

(OUTPUTS) VOL-

VIH 

VIL 

RP RASS tRPS 

J ~ I \ 
tRPe 

14 tRPC~ tCSR 
~ tCHS tCRP .. ~ ~ 

J ~ V W 
14tCPN~ 

tASR 

~ 
(XXX x xxx x x x xxxx>s.?Sc x x x~ ROW (XXX xxxx xxxxxxxxxxxxxxxx x x x x X .M. 

ADDRESS 

tRCH tRSR tRHR .I ++j ~ I " 

W ~xx 
XXXXXXXXX~xxxx~xXXXXXXXXX~ 

I~XXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

~ XX xx XXXxXXXXXXXX~xx XX x~ 

~x xxxxxxx xXXXXxxxxxxxxxxxxxxx xxxxx xx x x 

tOFF 

"r- 4-

\ Hi-Z 

I 

.... tOEZ 

xxxx xxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxx 
I.. XXXX x xxxxxxxxxxx 

• MITSUBISHI 
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El'N\'NAR'l M5M4V17405CJ,TP-5,-6,-7,-5S,-6S,-7S 
P R, hna\ specI!.iCatlOI\hange 

'ce' This .s not " 'tS are SUb\!lCl to 
Not., ' ararne\fic \lrn l 

Sorne p , HYPER PAGE MODE 16777216-BIT (4194304~WORD BY 4-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Ao-Al0 

w 

DQ1-DQ4 
(INPUTS) 

VIH-

VIH­

VIL-

VIH-

VIH-

VIH 

VIL 

DQ1-DQ4 VOH 

(OUTPUTS) VOL-

VIH-

VIL 

5 - 132 

tRP tR AS RP 

/ ~ V ~ 

~ 
tCSR tCHR tRPC 

tF ~ --f 
I ~~ ,V W 

I~ tCPN. 

tASR __ r--
.-

xxxxxx ~xxx XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX~ 
ROW 

~ I~XXX XXX xx XXXXXXXXXXXXXX~ ADDRESS xxxx 

A tWSR twHR 
~ .. 

~~ 
IXXXXXXxxxxxxxxxxxxxxxxxxxxxXXXXXX} 
~xxxxxxxxx~x xxxxxxxxxx 

XXXXXXXXXXXxxxxxxxxxxxxxxxxxx 

xxxxxx xx XXXXXXXXXX xxxxxxxxx>¢¢¢¢{S xxxxxx xxxxxxxxxxxxxx 
;~x xxx xxxxxxxx XXXXXXxxxxxxxx xx 

tOFF 
+-14-

~ Hi-Z 

V 

tOEZ 

1++ 

xxxxxxx~xxxxxxxxxxxfx~~~xxxXXXXXX} 
~ XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX} 

Note 34: This cycle can be used for initialized cycle after power-up, however entried into Test Mode. 
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M5M4 V17800AJ, TP-6,-7 ,-6S,-75 
FAST PAGE MODE 16777216-BIT (2097152-WORDBY 8-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 20971S2-word by 8-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 

FEATURES 
RAS CAS Address OE Cycle Power 

Type name access acsess access access ame dlssipa-
time time time time tion 

(max.ns) (max.ns) (max.ns) (max.ns) (mln.ns) (typ.mW) 

M5M4V17800AXX-6.~S 60 15 30 15 110 360 

M5M4V178OOAXX-7.-7S 70 20 35 20 130 315 

XX=J, TP 

• Standard 28 pin SOJ, 28 pin TSOP 
• Single 3.3V± 10%supply 
• Low stand-by power dissipation 

1.8mW (Max) ..................................... CMOS Input level 
1.44mW*(Max) ................................... CMOS Input level 

• Low operating power dissipation 
MSM4V17800Axx- 6, -6S ........................ 43S.0mW (Max) 
MSM4V17800Axx-7, -7S ......................... 380.0mW (Max) 

• Self refresh capability * 
self refresh current ................. ::..:..:..:.: .......... 200.0~Max) 

• Fast-p~mode, Read-modify-write,RAS-only refresh, CAS 
before RAS refresh, Hidden refresh capabilities 

• Early-write mode and OE to control output buffer impedance 
• All inputs, output TTL compatible and low capacitance 
.2048 refresh cycles every 32ms (Ao ..... Al0) 

* Applicable to self refresh version (MSM4V17800AJ, TP-6S, 
-7S : option only) 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN CONFIGURATION (TOP VIEW) 

(3.3V) Vee 1 

DATA { ~~: 2 

oLNfp~\~ D03 

D04 

WRITE eO~~~3f W 6 

~~~o~~~~~~~ RAS 7 
NC 8 

28 Vss (OV) 

26 D07 DATA 
27 D08} 

INPUTS/ 
25 DOs OUTPUTS 
24 D05 

23 CAS ~?kg~~ I~~S~ESS 
22 OE ~~ITrUT ENABLE 

{ 

A~: 1: ADDRESS 
ADDRESS Al 11 INPUTS 

INPUTS 
A2 12 

A3 13 

(3.3V) Vee 14 15 Vss'(OV) 

Outline 28POK (400mil SOJ) 

(3_3V) Vee 1 

DATA { ~~: 2 
INPUTS/ 

OUTPUTS D03 
D04 

WRITE eO~~~3f W 6 

~~~o~~~~~~~ RAS 7 
NC 8 

28 Vss (OV) 

26 D07 DATA 
27 D08} 

INPUTS/ 
25 DOs OUTPUTS 

24 D05 

23 CAS~?kg~~I~~S~ESS 
22 OE ~~ITrUT ENABLE 

{ 

A~: 1: ADDRESS 
ADDRESS A 1 11 INPUTS 

INPUTS 
A2 12 

A3 13 

(3.3V) Vee 14 15 VSS (OV) 

Outline 28P3Y - H (400mil TSOP) 

NC : NO CONNECTION 

• MITSUBISHI 
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,'M5M4V17800AJ, TP-6,7 ,-6S,7S 
FAST PAGE MODE 16777216';BIT (2097152·WORD BY 8-BIT) DYNAMIC RAM 

FUNCTION 
The M5M4V17800AJ, TP provide, in addition' to normal read, 
write, and read-modify-write operations, a number of other 

functions, e.g., fast page mode, RAS-only refresh, and 
delayed-write. The input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Inputs 
Operation 

Jd~ ~~~:! RAS CAS Iii OE Iress 
Read ACT ACT NAC ACT APD APD 

Write (Early write) ACT ACT ACT DNC APD APD 

Write (Delayed write) ACT ACT ACT DNC APD APD 

Read-modify-writs ACT ACT ACT ACT APD APD 

RAS-only refresh ACT NAC DNC DNC APD DNC 

Hidden refresh ACT ACT DNC ACT APD DNC 

Self refresh ACT ACT DNC DNC DNC DNC 

'm before J!iAS refresh ACT ACT NAC DNC DNC DNC 

Standby NAC DNC DNC DNC DNC DNC 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT 

ROW ADDRESS 
STROBE INPUT 

WRITE CONTROL 
INPUT 

ADDRESS INPUTS 

5 - 134 

w 

AO 

A1 

A2 

A3 

A4 

AS 

AS 

A7 

AS 

A9 

A10 

COLUMN DECODER 

---------------

SENSE REFRESH 
AMP LIFER & 1/0 CONTROL 

MEMORY CELL 
('1Sm21S BITS) 

•.. MITSUBISHI 
.... ELECTRIC 

Input/OUtput 
Refresh Remark 

Input Output 

OPN VLD YES 

VLD OPN YES ~age 
VLD IVD YES identical 

VLD VLD YES 

DNC OPN YES 

OPN VLD YES 

DNC OPN YES 

DNC OPN YES 

DNC OPN NO 

---~VCC(3.3V) 

~VSS(OV) 

001 

002 

003 

DQ4 DATA 
DOS INPUTS I OUTPUTS 

DOS 

007 

DQ8 

De OUTPUT ENABLE 
INPUT 
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M5M4V17800AJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216~BIT (2097152·WORD BY 8·BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vcc Supply voltage -0.5-4.6 
VI Input voltage With respect to Vss -0.5-4.6 
Vo Output voltage -0.5-4.6 
10 Output current 50 

Pd Power dissipation Ta = 25'C 1000 

Topr Operating temperature 0-70 
Tstg Storage temperature -65~150 

RECOMMENDED OPERATING CONDITIONS (Ta = 0-70'C, unless otherwise noted) (Note 1) 

limits 
Unit Symbol Parameter 

Min Nom Max 

Vcc Supply voltage 3.0 3.3 3.6 V 

Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.4 3.6 V 

VIL LOW-level input voltage, all inputs -0.3 0.8 V 

Note1: All vOltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta = 0-70'C, Vcc = 3.3V±10%, Vss = OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Min 

Limits 

Typ Max 

VOH High-level output voltage IOH=-2.0mA 2.4 Vcc 

VOL Low-level output voltage 10L= 2.0mA 0 0.4 

loz Off-state output current Q floating OV:iVoUT:i3.3V -10 10 

II Input current OV:r.VIN :r.3.6V, Other inputs pins = OV -10 10 

Average supply current MSM4V17BOOA-6,-SS RAS, CAS cycling 120 
ICCl (AV) from Vee operating tRC = twc = min. 

(Note 3,4) MSM4V17BOOA-7,-7S output open 105 

Supply current from Vcc , stand-by RAS = CAS =VIH, output open 2 
Icc2 

RAS = CAS~Vcc -0.2V 0.5 

Average supply current MSM4V17BOOA-6,-SS RAS cycling, CAS = VIH 120 
Icc3 (AV) from Vee tRC= min. 

refreshing (Note 3) M5M4V17BOOA-7,-7S output open 105 

Average supply current M5M4V17BOOA-6,-SS RAS = Vll, CAS cycling 70 

1CC4 (AV) from Vee tpc= min. 
Fast-Page-Mode output open 

(Note 3,4) MSM4V17BOOA-7,-7S 60 

Average supply current 
MSM4 V17BOOA-6,-SS 120 from Vee CAS before ~ refresh cycling 

Ices (AV) CAS before RAS refresh tRC= min. 
mode 

(Note 3) MSM4V17BOOA-7,-7S output open 105 

Note 2: Current flOWing into an IC is positive, out is negative. 
3: ICCl (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 

CAPACITANCE (Ta = 0-70'C, Vcc = 3.3V±10%, Vss = OV, unless otherwise noted) 

Symbol Parameter 

CI(A) Input capacitance, address inputs 

CI(OE) Input capacitance, OE input 

CI(W) Input capacitance, write control input 
CI(AA§j Input capacitance, ~ input 
CI(CAS) Input capacitance, CAS input 

CliO Input/Output capacitance, data ports 

Test conditions 

VI = Vss 

f= 1MHz 
VI = 25mVrms 

• MITSUBISHI 
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Limits 

Min Typ Max 

5 

7 

7 

7 

7 

8 

Unit 

V 

V 

V 

mA 

mW 

'C 

'C 

Unit 

V 

V 

}loA 

}loA 

mA 

mA 

mA 

mA 

rnA 

Unit 

pF 
pF 

pF 

pF 

pF 

pF 
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M5M4V17800AJ,TP-6,-7,.6S,.7S 
FAST PAGE MODE 16777216-B.IT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta = 0-70t, Vcc = 3.3V±10%, Vss = OV, unless otherwise noted, see'notes 5,12,13) 

Limits 

Symbol Parameter MSM4V17800A-6.-6S MSM4V17800A-7.-7S Unit 
Min Max Min Max 

tCAC Access time from m (Note 6,7) 15 20 ns 

tRAC Access time from ~ (Note 6,8) 60 70 ns 

tAA Columu address access time {Note. 6,9) 30 35 ns 

tCPA Access time from m precharge {Note 6,10) 35 40 ns 

tOEA Access time from ~ {Note 6) 15 20 ns 

tCLl Output low impedance time from ~ low {Note 6) 5 5 ns 

tOFF Output disable time after CJ\S high {Note 11) 0 15 0 15 ns 

tOEZ Output disable time after ~ high {Note 11) 0 15 0 15 ns 

Note 5 : An initial pause of 50011 s is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a~ 
clock such as RAS-Only refresh). 
Note the RAS may be cycled during the initial pause. And any 8 RAS or'RAS/CAS cycles are required after prolonged periods (greater than 32 ms) 
of'RAS inactivity before proper device operation is achieved. 

6: Measured with a load circuit equivalent to 2TIL loads and 100pF. 
7 : Assumes that tRCD~tRCD (max) and IAse~tAse (max). 
8 : Assumes that IRCD:iitRCD (max) and tRAD:iitRAD (max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAe will 

increase by amount that tRCD exceeds the value shown. 
9 : Assumes that tRAD~tRAD (max) and IAse:illAse (max). 

10 : Assumes that tcP:iitcp (max) and IAse~lAse (max). 
11 : tOFF (max) and tOEZ (max) defines.the time at which the output achieves the high impedance state (lour:iiI±10 J.lAI) and is not reference to VOH (min) 

or VOL (max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 
(Ta= 0-70·C, Vcc = 3.3V±10%, Vss = OV, unless otherwise noted See notes 12,13) 

Limits 

Symbol Parameter MSM4V178AOO-6.-6S MSM4V17800A-7,-7S Unit 
Min Max Min Max 

tREF Refresh cycle time 32 32 ms 

tRP ~ high pulse width 40 50 ns 

tRCD Delay time, RAS low to CAS low (Note14) 20 45 20 50 ns 

tCRP Delay time, CAS high to RAS low 10 10 ns 

tRPC Delay time, 'RAS' high to ~ low 0 0 ns 

tCPN OJI;S'high pulse width 10 10 ns 

tRAD Column address delay time from 'RAS' low (Note15) 15 30 15 35 ns 

IASR Row address setup time before ~ low 0 0 ns 

lAse Column address setup time before ~ low (Note16) 0 10 0 10 ns 

tRAH Row address hold time after'RAS' low 10 10 ns 

tCAH Column address hold time after CAS low 15 15 ns 

tDZC Delay time, data to CAS low (Note17) 0 0 ns 

tDZO Delay time, data to OE low (Note17) 0 0 ns 

tCDD Delay time, ~ high to data (Note18) 15 15 ns 

tODD Delay time, OE high to data (Note18) 15 15 ns 

IT Transition time (Note19) 1 50 1 50 ns 

Note 12 : The timing requirements are assumed IT =5ns. 
13: VIH (min) and VIL, (max) are reference levels for measuring timing of input signals. 
14 : tRCD (max) is specified as a reference point only. If tRCD is less than IRCD (max), access time is tRAC, If tRCD is greater than IRCD (max), access time 

is controlled exclusively by tCAC or IAA, tRCD (min) is specified as tRCD{min) = tRAH (min) + 2tH + IAsc (min). 
15 : tRAD (max) is specified as a reference point only. If tRAD ~IRAD (max) and IASC ,:;ilAse (max), access time is controlled exclusively by IAA. 

16 : lAse (max) is specified as a reference point only. If tRCD ~IRCD (max) and IAse~tAse (max). access time is controlled exclusively by tCAC. 
17 : Either tDZC or tDZO must be satisfied. 
18 : Either ICDD or tODD must be satisfied. 
19 : IT is measured between VIH (min) and VIL (max). 

5 - 136 
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M5M4V17800AJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT ) DYNAMIC RAM 

Read and Refresh Cycles 
Limits 

Symbol Parameter M5M4V17800A-6,-6S M5M4V17800A-7,-7S 

Min Max Min Max 

tRC Read cycle time 110 130 

mAs ro\S low pulse width 60 10000 70 10000 

tCAS ~ low pulse width 15 10000 20 10000 

tCSH ~ hold time after ro\S low 60 70 

tRSH RAS" hold time after'OAS low 15 20 

tRCS Read Setup time after'OAS high 0 0 

tRCH Read hold time after ~ low (Note 20) 0 0 

tRRH Read hold time after RAS" low (Note 20) 10 10 

mAL Column address to RAS hold time 30 35 

tOCH ~ hold time after OE low 15 20 

tORH ~ hold time after OE low 15 20 

Note 20 : Either tRCH or tRRH must be satisfied for a read cycle_ 

Write Cycle (Early Write and Delayed Write) 

Symbol Parameter 

twc Write cycle time 

tRAS ro\S low pulse width 

tCAS ~ low pulse width 

tCSH ~ hold time after rom low 

tRSH ro\S hold time after ~ low 
twcs Write setup time before ~ low 

twcH Write hold time after'OAS low 
tCWL CAS hold time after W low 
tRWL m hold time after W low 
twP Write pulse width 

tos Data setup time before ~ low or W low 
tDH Data hold time after'OAS low or W low 

tOEH OE hold time after W low 

Limits 
M5M4V17800A-6,-6S 

Min Max 

110 

60 10000 

15 10000 

60 

15 

(Note 22) 0 

10 

15 

15 

10 

0 

10 

15 
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M5M4Y17800A-7,-7S 

Min Max 

130 

70 10000 

20 10000 

70 

20 

0 

10 

20 

20 

10 

0 

15 

20 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns ' 

ns 

ns 

ns 

ns 
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M5M4V17800AJ, TP-6,-7 ,-65,-75 
FAST PAGE MODE 16m216-BIT (2097152-WORD BY 8-BIT). DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 
Limits 

Symbol Parameter M5M4V17800A-6,-6S M5M4V17800A-7,-7S Unit 
Min Max Min Max 

tRwc Read write/read modify write cycle time (Note21) 155 180 ns 

tRAS m low pulse width 105 10000 120 10000 ns 

teAS CXS'low pulse width 60 10000 70 10000 ns 

tCSH ~ hold time after RAS low 105 120 ns 

tRSH 'RAS' hold time after ~ low 60 70 ns 

tRcs Read setup time before CAS low 0 0 ns 

tcwo Delay time, CAS low to W low (Note22) 40 45 ns 

tRWD Delay time, RAS low to W low (Note22) 85 95 ns 

tAwo Delay time, address to W low (Note22) ,55 60 ns 

tCWl CAS hold time after W low 15 20 ns 

tRWl RAS hold time after W low 15 20 ns 

twP Write pulse width 10 10 ns 

tos Data setup time before W low 0 0 ns 

tDH Data hold time after W.low 10 15 ns 
tOEH ~ hold time after W low 15 15 ns 

Note 21 : tRWC is specified as tRWC (min) = tRAC (max) + tODD (min) + tRWl (min) + tRP (min) + 5tr. 
22 : !Wes, tcwo, tRWD and tAwo and, tcpwo are specified as reference points only. If twcs~twcs (min) the cycle is an early write cycle and the 

DO pins will remain high impedance throughout the entire cycle. If tcwo~tCWD(min). tRWD~tRwD (min), IAWO~lAwo (min) and ICPWO~tcpwo (min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at acceSs time and until CAS or OE goes back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 

Limits 

Symbol Parameter M5M4V17800A-6,-6S M5M4V17800A-7,-7S Unit 
Min Max Min Max 

tpc Fast page mode readlwrite cycle time 40 45 ns 

tPRWC Fast page mode read write/read modify write cycle time 85 95 ns 

IRAs I RAS low pulse width for read write cycle (Note24) 100 125000 115 125000 ns 
tcp CAS high pulse width (Note25) 10 15 10 15 ns 

tCPRH I ~ hold time after ~ precharge 35 40 ns 
tcpwo Delay time, CAS precharge to W low (NotEi22) 60 65 ns 

Note 23 : All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle. 
24: IRAs (min) is specified as two cycles ofCAS' input are performed. 
25 : tcp (max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 26) 

Limits 

Symbol Parameter M5M4V17800A-6,-6S M5M4V17800A-7,-7S Unit 
Min Max Min Max 

tCSR ~ setup time before'RAS' low 10 10 ns 

tCHR CAS hold time after'RAS' low 10 15 ns 

tRSR Read setup time before'RJ(S low 10 10 ns 

tRHR Read hold time after ros;s- low 10 15 ns 

Note 26 : Eight or more CAS before RAS cycles instead of eightRAS cycles are necessary for proper operation of CAS before"RAS refresh 
mode. 
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M5M4V17800AJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16m216·BIT (2097152-WORD BY 8-BIT ) DYNAMIC RAM 

Timing Diagrams (Note 27) 

Read Cycle 

RAS 

CAS 

w 

001-004 
(INPUTS) 

oo1-DQ4 
(OUTPUTS) 

OE 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH -

VIL 

VIH 

VIL 

VOH -

VOL -

VIH, 

VIL -

tRC 

tRAS tRP 

~ ~ ~ 
tCSH 

tCRP tRcD tRSH tRPC 
tCf r tCAS 

.... 
X}{XXI , ~ ~ ~ 

tAAD tRAL tASR 
tASR 
~ ~ tCAH tCPN I-.. 

~ R)W .:xxxxx, fA.10LUMN x 
ROW }{}{}{ X. ADDRESS DDRESS ,.x:xxxxx xx )'I XX,. 

ADDRESS 
~ Ao-A11 ·,X}{}{}{ }{I Ao-A9 '. }{}{}{ ~x X}{JJ' 

.... tRRH 

tRCS tRcH 

I 
X x xxxx;xgJ I«XX xx xxx 
}{XXXXXX XXXXX]9' ':XXX}{XXXXXX 

tozc 14----+ tCDD 

}{}{XX}{}{X }{XXXXXX)C Hi-Z xxxxxX'X' 
xxxxxxx XXXXXXXX }{XXXXXX XA 

tCAC 

tAA ~ 
tCLl 

Hi-Z 

~ ~ Hi-Z 
DATA VALID 

I( 
tRAC t~ 

tozo 
~tOEA toDD 

tOCH 

xxxxx~X}{ x x-L' xxxxxxx~ 
xxxxxxxxx xxxxxxx .: XXXXXX}{XXXXXX 

tORH 

~ Indicates the don't care input. Note 27 
~ VIH(min)~VIN~VIH(max} or VIL(min)~VIN:iiVIL(max) 

~ Indicates the invalid output. 
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M5M4V17800AJ,TP-6,.7,-6S,.7S 
FAST PAGE MODE 16777216 .. BIT (2097152"WORD BY 8-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

Ao ...... All 

w 

D01-D04 
(INPUTS) 

D01-D04 
(OUTPUTS) 

5 - 140 

VIH -

V,L -

VIH 

V,L -

V,H -

VIL -

V,H 

VIL -

V,H -

V,L 

VOH -

VOL -

::: -

twc 

tRAS tRP 

~ ~ ~ 
tCSH 

. tCRP tRCO tRSH 9C 

I r tCAS 
tCRP 

WI ~ I W 
tA~ tRAH 

lASC • 

lASR 
teAH ~ 

.~ 
M(X 

~~~~ D ADS~~S A~<fi~~~~ ROW laxxx >& axxxxxxxxxxxxxxxxx>& ADDRESS Ao-All .~ Ao-A9 

twcs twcH 

~xxXXXXXXA~ 
xxxxxxxx ~~~~~""'''I 
xxxxxxxx x~ 

tOH 
tos ....... 

~~x~~~x x~ DATA VALID XXXXXXXXXXXXXXN' 

Hi-Z 

.• MITSUBISHI 
..... ELECTRIC 

IlXxxxxxx 
I.XXXXXxx 
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xxxx 
n xxxxxxxxxxxx 
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MITSUBISHI LSls 

M5M4V17800AJ"TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216·BIT (2097152·WORD BY a·BIT ) DYNAMIC RAM 

Write Cycle (Delayed write) 

Ao ..... A11 

w 

OQ1 ..... 0Q4 
(INPUTS) 

OQ1 ..... 0Q4 
(OUTPUTS) 

twc 

tAAS tAP 

VIH , I \ VIL 

tCSH 

tf 
tRCo tASH i PC I tCAP tCAS 

.l';X.l';.l';'" VIH 

VIL -.~ ~ ~ W 

VIH _ 

VIL -

VIH 

VIL 

VIH 

VIL 

VOH-

VOL-

VIH 

VIL 

~ tAAH 
tAsc ...... tCAH 

-- ....tASA 

D AD~~~SS 
.~ 

A~?'WE~~ 
·I.X.l'; XX:XXXA ROW 

lAX. X X .l'; x~ x.xxx.xa ADDRESS 
Ao-A11 .~ Ao-A9 ·"XX X:XXX:7 

~ 

~ 
tAWL 

~ 
.l';X.l';.l';.l';.l';.l';.l';.l';X.l';.l';.l';.l';X.l';~ , 1~~~~~~XX.l';.l';XX 
XXXXXXXX XX~' 

XXXX.l';XX.l';.l';XX.l';.l';.l';XI rX'X'L'xxxxxxxxxxxx 
twCH 

tozc tos 
~ Jr2M .l';XX.l';.l';XX.l';.l';.l';X.l';.l';.l';X.l';X.l'; Hi-Z 

X.l';.l';.l';XXXXXXxxx 

'~ 
~ 

Hi-Z 

.~~ ~ I( 

DZO tOEZ 

~ 

XXXX.l';XX.l';.l';.l';X.l';.l';.l';.l';X.l';.l';.l';~ 
XXXXXXXXXXXXXXXXXXX~ \ 

• ' MITSUBISHI 
.... ELECTRIC 

~ tODD 

toH 

DATA ~X.l';XX.l';.l';XX.l';.l';X.l'; 
VALID _.l';.l';.l';.l';.l';XX.l';.l';X~ 

Hi-Z 

tOEH 
~ 

,~.l';Xx.l';x.l';.l';X.l';.l';~ 
_x X X X X X.l';X.l';.l';.l';X.l';.l';X 
~XX.l';X.l';.l';XX.l';XX.l';.l';X 
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MITSUBISHI LSls 

M5M4V17800AJ,TP-6,-7,-6$,-7$ 
FAST PAGE MODE 167n216-BIT (2097152-WORD BY a-BIT.) DYNAMIC RAM 

Read-Write, Read-Modlfy-Wrlte Cycle 

Ao-A11 

w 

001-004 
(INPUTS) 

001-004 
(OUTPUTS) 

5 - 142 

VIH -

VIL -

VIH -

VIL -

VIH _ 

VIL -

VIH -

VIL 

VIH 

VIL '-

VOH-

VOL-

VIH 

VIL 

tRWC 

tRAS tRp , 
~ ~ 

tCSH 

tRco tRSH ~~r i tCRP 
tCRP i tCAS 

~ 

V W ~ tRAO 

tASR tRAH tCAH tASR 
~ tAsc .. 

~ 

~ AD'b~~sS 
.~ 

~6~~ r.XXXXXXX xx ROW I(Xxx:, xx x X.M x.x.xxa .. x.xx~ .:xxxxxxx ADDRESS Ao ...... A11 Ao ...... AQ ~ .~ 

tAwo 

tRcs ~ .... tcwo tCWL 

tFiwo tRWL 
twP 

xxx xxx 
~ 

AX.X.X X. 
xxx xxx. ~x.x.x x 

k 

tos H 
tOH 

tozc +- ..... 
Hi-Z J~ xxxxx x.x XXx.x DATA VALID xxxxxx xxxxxxxx 

tCAC ~?!}f1 

tAA 

tCLZ 

Hi-Z ~~ 'DATA ~ Hi-Z 
VALID If 

tRAC ~ r---. toDD 

tozo ~ tOEZ ~ 

xxxxxxxxxxxxxxxxxxxx x x·xxxxxx 
X xxxxxxx 

•.. MITSUBISHI 
.... ELECTRIC 
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MITSUBISHI LSls 

M5M4 V17800AJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

Ao-A11 

w 

001-004 
(INPUTS) 

001-004 
(OUTPUTS) 

tRC 

tRAS tAp 

VIH -

VIL -

V'H-~~~11----------------------~--------------~~~------

VIL -

VIH 

VIL 

VIH 

VIL 

VOH-

VOL-

Hi-Z 

.• MITSUBISHI 
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MITSUBISHI LSls 

M5M4V17800AJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16m216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle 

Ao-A11 

w 

001-004 
(INPUTS) .. 

001-004 
(OUTPUTS) 

5- 144 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH-

tRC 

" 
C 

tRP tRAS 
» 

tRAS tRP 

" 
J ~ i " , ~ ~ 

tRPC tCSR tCHR ~j tCSR tCHR .. + ., tCRP 

== ~ .... ,,14-' 

~~~ 'I ~ If W ~ I J 

" 

" 
... 10-~SR -

JeJe IXIXXXXXJe X}II; Je }II;}II;X" ROW COLUMN 
I(X x 

Je}ll;XJe X}II;}II;Je DDRES ADDRESS 
» - -

~H t~ tRHR t~ tRHR tR~ 
~I • "I 

W 'lXXXX X.)C Je X}( X}(}(}( X.l'lII 

"']0; "'')cJeJe .)CXX}(XX}(}(X. 

~ 

(I 

x JeJeXXX}(xxXJe]O;')c')cJeJe }II;]o;Je]O;.)C}II;Je.)C}II;JeJe')c')c]O;]O; X}(XX}(XX}( 
)( xxxxxxXJexxxx]O;xxx ]o;XXX}II;X}II;}II;JeX}II;}II;]o;X}II; XXXXXXXXXXXXXX 

.. ~FF 
--~ 

1/ 
Hi-Z 

._1{ VOL -
» 

-t+-

VIH x 
I 

VIL .. 
~EZ 

li 
XXXXXX}II;JeXX}II;}II;XX}II; xx~XXXX}II; 
xxxxxxxxxxXJexxxx]O;xx JeXX}II;}II;XX}II;JeXX}II;JeX}II; 
XXXXXXXXXXXXXXX ]o;X}II;}II;JeX}II;]O;]O;}II;}II; 

0'1 

' ... ; MITSUBISH .... 1 "ELECTRIC 
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MITSUBISHI LSls 

M5M4V17800AJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 28) 

Ao-A11 

001-004 
(INPUTS) 

001-004 
(OUTPUTS) 

w 

VIH 

VIL -

VIH 

VIL -

VIH -

VIL -

VIH 

VIL 

VIH 

VIL 

VOH-

VOL-

VIH 

VIL 

tAc 
tRAS , I 

tCRP tRCO tRSH 

i 
~ 

, 
tAAD 

tASR ~ ~tASC 
tCAH 

~ ROW @ ;~ci"~:;~ ' .. x 
xxx~ ADDRESS 

~ A -A11 Ao-A9 

~ 
tRAL 

..................... x ....... x I ............................ · 
xxxxxx xxx.,.. 

V':iN 

~ 

xxx 
xxxxxx IXXXX 

tCAC 
tAA 

~ 
Hi-Z 

~~ 
tRAC 

tozo tOEA 
tORH 

xxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxx 

.1 tRC 
tRP J tRAS L tRP 

\ ~ L 
tCHR 

~ 
tASR 

iH 

xxxxxxxxxx XXXXXX)ll. ROW 
xxxxxxxx xxxx hx.xI ADDRESS 
xxxxxxxx xxxx~: 

~ 
.XXXXX~·xxxx XXX X~ 
~XXxxxx xx xxxxxxxxxxxx 
w:xxxxxx xxx x~ 

tCDD 

Hi-Z ~ 
.xXXXX 

1+-+ tOFF 

~ Hi-Z 
DATA VALID 

I( 

tOEZ iN' 
tODD 

~xxxxxxxx 
611. xx xxx .......................................... 

Note 28: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

.• . MITSUBISHI 
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MITSU81SHI LSls 

M5M4V17800AJ, TP·6,-7 ,-65,-75 
FAST PAGE MODE 16777216-81T (2097152-WORD 8Y 8-81T) DYNAMIC RAM 

Fast Page Mode Read Cycle 

Ao-A11 

w 

OQ1-0Q4 

(OUTPUTS) 

5 - 146 

VIH -

VIL -

'liIH 

VIL -

VIH -

VIL -

VIH 

VIL 

VIH 

VIL 

VOH-

VOL-

VIH 

VIL 

tRAS tRP 
4-----+ 

~. 
,~ '-----

tCSH .... tpc ~ tCRP tRCO tCAS ~ tCAS tcp tCAS r 
~,....--~ -

W ~ I , I 
tRAO tCPRH 

"" tASR tRAH 14tCAH~ tASC tCAH tAsc IlCAH~ ~ tASR 
lASc ~ ~ .... .... 

B ADJ~~SS ,P::Z::)A 
C()LUMN-1 ,.xx .. II~ ,,, 

_xx,. OL UMN- ~x xw CO_l MN-3 w; ROW 

~ 
Ao;"'Ag ADDRESS Ao-A11. :1[X XI: ~, 

"'.::" 
tRAL 

~tRCH 
JRCS 

tRCH ~t 1 I4~RCS tRCH r-r- 1· RCS JAR~ 

XXXXX xxxx~ ~ ~ ~ r 'lCXXXXX 
X}I;;XX}I;; XXXJT.I 

tozc t z~ tozc tcoo ..... ~ 

j~ xxxxx xxxx Hi-Z l Hi-Z \ xx 
~ ~ ,~ 

14
tCAC ~ ~FFl ~ ~ 

L. tCAC tOFF 

fAA fAA 
~ 

... I4-tcu 
~tCLZ ~ 

Hi-Z ~~ DATA 1\ J~ DATA ~ J~ ~ DATA ~~ VALlD-1 If , VALlD-2 ~ ,~ VALlD-3 

tRAC tCPA 

tozo t~ 
I 

1-+ I4-tOEZ 
tbCH 

xxxxxxxxxxxxxxxx J~ 0. ~xxxxxxxxxxxxxx~ 

Il' .;ry hI('" 
tozo 

~~ 
tODD 

'" MITSUBISHI .... ELECTRIC 

tCPA gl Ie tOEZ 
OC ~ tOCH 

iH tOEZ 

rb ~ 'xx xxx 
IJ X jIIXX xxx ,. .z. ~ 

tozo toDD 
~ ~ H ~ 
tODD tORH 



MITSUBISHI LSls 

M5M4V17800AJ,TP-6,-7,.65,.75 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

Ao ...... A11 

w 

001 ...... 004 
(INPUTS) 

001 ...... 004 
(OUTPUTS) 

VIH ----....... 

V,L -

V,H -~~~~T---1 
V,L -~~(I 

V,H -~ ............. _.­

V,L -

VOH- Hi-Z 

'. MITSUBISHI .... ELECTRIC 5 - 147 



MITSUBISHI LSls 

M5M4V17800AJ,TP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 
(OUTPUTS) 

5 - 148 

VIH 

VIL -

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH -

VOL -

VIH 

VIL 

tRAS 

~ 
tCSH tRSH 

tCRP tRCO tCAS I. tpc 

i I tcp 

xxxx.' ~ 
, 

~ .x.x.x.x.lf 
.x.x.x79 

lA~ ~ lAsc ~ 
tCAH ~ tCAH 

~ 
AD~~~SS @ C )LUMN-1 ,«xx 

.xxx~ x~ C~[UMN-2 AO-A9 
... x.x.x.xxx 

~ Ao-A11 x X7~ 

~ 
tCWL tR; 
~ ~ 
~ 

~xxxxxx .. 
xxxxxxxxxXYI ~ '{fI 

twCH --
tozc tOH tozc 
~ tos ~ 

xXxx.xx.xx.xx.xx.xx.xx.xx~' Hi-Z ~ DATA ~ Hi-Z 
,xX.x .xx.x.x ~ 

~ 
VALlD-1 r. 

tCLZ "'r-... ... ~tCLZ 
Hi-Z 

tozo 
~ 

xxxxxxxxxxxxxx 
'X X X X X X X.f0xxxx x x x 

,~~ Hi-Z 

~ 
tOEZ"'I-~ 
~ to~D 

J 

• MITSUBISHI 
"'ELECTRIC' , 

tOEZ ... 

tOZo ... t ... 

LJ 

tCAS 

tRWL 

twCH 

tos 

~, 
~ 

I' 

I4-tooo 

tRP r L 
.1 

1/ 
I':' 
IJCWL~ elAsR 

ROW 
X X 11' ADDRESS 

XX7.1 

~ 

~ I~XXXXXX 

I<XXXXXX 

tOH 

DATA [&XXXXX 
IIALlD-2' _xxxN 

Hi-Z 

~ 
~xxxxxx x .. x 
~.x.xxx.x~ 



MITSUBISHI LSls 

M5M4V17800AJ,TP-6,-7,-65,.75 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modlfy-Wrlte Cycle 

Ao-A11 

w 

DQ1-DQ4 
(INPUTS) 

DQ1-DQ4 
(OUTPUTS) 

VIH _ 

Vil -

VIH 

Vil 

VIH 

Vil -

VIH 

Vil 

VIH 

Vil 

VOH-

VOL -

VIH 

Vil 

tRAS tRP 

~ , L 
tCSH ... - ~Wl tCRP tRCO tCAS tPRWC 

i 
~I 

tcp tCAS 

A.A.A)I;.JIr , I ~ I K.)I;.)I;.X»' - tRAO 

tA~ IlRAH~ ~ 
tCAH ~ tCAH ~CWl~ 

~tASR lAsc 

~ 

AD~~~SS ~ ICXXX-W CI)LUMN-1 -.A.A.A.A.A.X XIX:If C~LUMN-2 )l;.XW ROW 
ADDRESS 

~ Ao~A11 
Ao-A9 xx IXn ~: 

tAWD tAWD 

f-C~ tCWD tCWl 
tRCS1i4- tcwo 

~ 
~ ~ 

K.XXXXXX XXXXI' , f+~PI «xxxxxx 
)l;.A.A.)I;. xxx,I ~ X xxxxxx 

tRWD tCPWD 

tDZC tOH OZC tDH 
~ ... tos ... tos """- --" 

K.XXXXXX XXX)IC' Hi-Z ~ DATAl ~ fI!l Hi-Z ~ DATA ~ f0-x x 
~ VALlD-l ~ ~ ~ VALlD-2 

~ ~ fAA tAA 

tCLZ.J.~ 

~ 
+-;!d 

Hi-Z 

~ 
Hi-Z 

, ~,jt,'t, 'Hi-Z 
AUD-1( 

tRAC 
~ 

tCPA .....-r+ tODD I"'r- 4-tODD 
tDZO tOEA tozo~ .... r-~EZ~ ~~ .. I+-tOEZ 

X~ ) 
bt 
'U ~ )(X)I;.XXX)I;.XXXXXX)I;.X .. IU{XXXXXX 

"A. A. "-A.A.)I;. 

'MITSUBISHI 
.... ELECTRIC 5 - 149 



MITSUBISHI LSls 

M5M4V17800AJ, TP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216·BIT (2097152·WORD BY 8·BIT) DYNAMIC RAM 

TEST Mode SET Cycle 
Limits 

Symbol Parameter M5M4V17800A-6,-6S M5M4V17800A-7,-7S Unit 
Min Ma.x Min Max 

twsR W setup time before ~ low 10 10 ns 
twHR Whoid time aftermm low 10 15 ns 

Note 29 : The test mode function is initiated by a W andCA§ before"RAS cvcle (WCBR cycle) as specified in timin~ram. 
The test mode function is terminated by either a CA§before ~ refresh cycle (CBR refresh cycle ) or a~ only refresh cycle. 
During the test mode, the device is internally organized as 16 bits wide (1 M bytes depth). No addressi~ of CAO, CA 1 is required. 
During a write cycle, data must be applied to all DO (input) pins. The data can be different between DO pins. The data on each DO 
pin is written into 2 bits memory cells, respectively. During a read cycle, each DO (output) pin shows the test result of the 2 bits, 
respectively. High state indicates that they are same. Low state indicates that they are not same. 
During the test mode operation, WCBR cycle can be used to perform refresh. 

D01 o----d i~ 
o----d #3 

D02 
#4 

D03 o----d #5 

#6 

D04 o----d #7 

#8 

DOs o----d #9 
#10 

o----d #11 
D06 

#12 

D07 o----d #13 
#14 

DOa o----d #15 
#16 

5 - 150 

t=K JUDGE 

t=K JUDGE 

t=K JUDGE 

t=K JUDGE 

t=K JUDGE 

t=K JUDGE 

t=K JUDGE 

t=K JUDGE 

'. MITSUBISHI .... ELECTRIC 
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) ;. 0 D03 

) .. 0 D04 
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) .. 0 D06 

) .. 0 D07 

) .. 0 DOa 



MITSUBISHI LSls 

M5M4V17800AJ, TP-6,-7 ,-6S,.7S 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

VIH 

VIL 

VIH 

VIL 

VIH 
Ao-A11 

VIL 

VIH w 
VIL 

001-004 VIH 

(INPUTS) 
VIL 

001-004 VOH 

(OUTPUTS) VOL 

VIH 
OE 

VIL 

tRP 
tRAS tRP 

J , I ~ 
tRPC 
~ tCSR tCHR tRPC tCRP ...... .... +~ ~ 

J ~ ~~ W 
tCPN tASR 

.... f-14-
"' ..... .............................. "" I7oOI ..... XXXX XXXX ............... JlXXXXXX" ROW 
K"" ..... """" ..... """"x IX ..... "" .......... "" "" ..... xx .......... x"" .......... xx ..... ""xxx ..... xxxx • ADDRESS 
KX xx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxw 

tACH twSR twHR 

~ ~ 

~ 
I~XXXXX""''''''''''''''''''''''''''''''''''''''''''''''''''' XXXXXX~ 
~XXXXXXX ..... xxxxxxxxxxxxxxxxxxxx~ 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxx xxxxx~x xx x ..... X~ 
KX xxxxxxxxxxxxx XXXXxxxxxxxxxxxx X~ 

~r-~FF 
--\ . Hi-Z 

-' 
.....-~EZ 

' ..... XXXXXXXXXXXX XXXXXXXXXXXXXXJlXXXXXXXXXXXXXX 
loX xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

• MITSUBISHI 
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MITSU81SHI LSls 

M5M4V17800AJ, TP-6,-7 ,-68,-78 
FAST PAGE MODE 16777216·81T (2097152-W,ORD BY 8-8IT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by "S" after speed item, like -6S / -7S. The other characteristics and requirements than the 
below are same as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta = 0-70'C, Vcc = 3.3V±10%, Vss = OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Mil') Typ 

Icc9(AV) 
Aver~e supply current 
from, cc 
Self-Refresh cycle 

MSM4V1780OA (S) RAS = CAS:li 0.2V 

TIMING REQUIREMENTS (Ta = 0-70'C, Vce = 3.3V±10%, Vss = OV, unless otherwise noted See notes 12.13) 

Limits 
Symbol Parameter MSM4V17800A-6S MSM4V17800A-7S 

Min Max Min Max 

tRASS Self Refresh RAS low pulse width 100 100 

tRPS Self Refresh RAS high precharge time 110 130 
tCHS Self Refresh 'RAS' hold time -50 -50 
tRSR Read setup time before RAS low 10 10 

tRHR Read hold time after RAS low 10 10 

\ 

SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last! first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh; , 
on the condition of tNS .:iii 32 ms and tSN :iii 32 ms. 

~ ~ 

Max 

200 

Unit 

J.ls 
ns 

ns 

ns 

ns 

14 ~I 14 ~I 

-···-···-···-···-··~I"~I·-···~IIMI~I ______________ ~I~II~I .. -···~II~II-···-···-···-·· 

Unit 

J.lA 

DISTRIBUTED REFRESH 
< 2K/32ms > 

DISTRIBUTED REFRESH 
<2K/32ms> 

(2) In case of burst refresh 

The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, 
on the condition of tNS + tSN ~ 32 ms. 

tSN 

A ~ 
"'""111111'--1 -'l1li"'1111 ~"'I'I'II"IIII-----'~1 _______ ----', 1111 

5 - 152 

BURST REFRESH 
<2K/32ms> 

• MITSUBISHI 
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BURST REFRESH 

<2K/32ms> 



Self Refresh Cycle 

VIH -

VIL -

VIH -
CAS 

VIL -

VIH -
Ao-Al0 

VIL -

VIH -
W 

VIL -

D01-DOa VIH -

(INPUTS) 
VIL -

D01-DOa VOH-

(OUTPUTS) VOL-

VIH -
OE 

VIL -

MITSUBISHI LSls 

M5M4V17800AJ,TP-6,-7,.6S,.7S 
FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

tRP 

tCPN 

tRCH tRSR 

tOFF 

tRASS 

tRHR 

'. MITSUBISHI .... ELECTRlC 

tRPS 

Hi-Z 

5 - 153 



MITSUBISHI LSls 

\",,\N~R~ M5M4V17800CJ,TP-5,-6,-7, 
PRELnotalina\,SP:~~:~~~\~~'Change, -5S -6S -7S 
Notice', ~~!~~!tfIC lifflitS ate. , , 

SOll\eP . FAST PAGE MODE 16777216-BIT (2097152-WORDBY 8-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 2097152-word by 8-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

PIN CONFIGURATlO'N (TOP VIEW) 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RAS CAS !Address OE Cycle Power 
Type name access access access access time dlsslpa-

time m:'~s' m:~s' lime lion 
max.ns (max.ns' i1mln.ns) :typ.mW 

M5M4V17800CXX-5,-5S 50 13 25 13 90 435 
M5M4V17800CXX-6,·6S 60 15 30 15 110 360 
M5M4V17800CXX-7,-7S 70 20 35 20 130 31'5 
XX=J,TP 

-Standard 28pin SOJ, 28pin TSOP 
-Single 3.3V±1 0% supply 

- Low stand-by power dissipation 
1.8mW (Max) - - -- ---- -- - - ------- - -- ----- 'CMOS Input level 
0.72mW (Max) * -------------------------CMOS Input level 

- Low operating power dissipation 
M5M4V17800Cxx-5,-5S -~----------------- -525.0mW (Max) 
M5M4V17800CXx-6,-6S --------------------435.0mW (Max) 
M5M4V17800Cxx-7,-7S --------------------380.0mW (Max) 

- Self refresh capability * 
Self refresh current - - - - - ---- - --- - - --- - - - ----200.0,uA(Max) 

-Fast-page mode, Read-modify-write, RAS-only refresh 
-CAS before RAS refresh, Hidden refresh capabilities 

Early-write mode and OE to control output buffer impedance 
- All inputs, output TTL compatible and low capacitance 
-2048 refresh cycles every 32ms (Ao-Al0) 
* Applicable to self refresh version (M5M4V17800CJ,TP-5S,~6S, 

-7S:option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 
Ao-Al0 Address inputs 
DQ1-DQs Data inputs I outputs 

RAS Row address strobe input 

CAS Column address strobe input 

W Write control input 

OE Output enable input 

Vce Power supply (+3.3V) 

Vss Ground (OV) 
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RAS 

NC 

vss 

DOS 

DQs 

2 CAS 

Outline 28PON-A (400mil SOJ) 

Outline 28P3N-C (400mil TSOP) 

NC:NO CONNECTION 
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FUNCTION 
The M5M4V17800CJ, TP provide, in addition to normal read,write, 
and read-modify-write operations, a number of other functions, 

e.g., fast page mode, RAS-only refresh, and delayed-write. The 
input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

RAS CAS W OE ad~~ss ~~'::~ 
Read ACT ACT NAC ACT APO APO 
Write (Early write) ACT ACT ACT ONC APO APO 
Write (Delayed writel ACT ACT ACT ONC APO APO 
Read-modify-write ACT ACT ACT ACT APO APO 
RAS-onIY refresh ACT NAC ONC ONC APO ONC 
Hidden refresh ACT ACT NAC ACT APO ONC 
Self refresh ACT ACT NAC ONC ONC ONC 
CAS before ~ refresh ACT ACT NAC ONC ONC ONC 
~nd-b'L NAC ONC ONC ONe ONC ONC 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVO : invalid, APO : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 

~~~~~~~~~~RAS 'r---------------~_r~~~--~ 

WRITE CONTROL W 
INPUT 

Ao 

Al 
A2 
A3 
A4 

ADDRESS INPUTS AS 
A6 
A7 

As 
As 
A10 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & 1/0 CONTROL 

MEMORY CELL 
(167n216 BITS) 

, • MITSUBISHI 
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Input/Output 
Refresh Remark 

Input Output 
OPN VLO YES Fast 
VLO OPN YES page 
VLO IVO YES mode 
VLO VLO YES identical 

ONC OPN YES 
OPN VLO YES 
ONC OPN YES 
ONC OPN YES 
ONC OPN NO 

--==):VCC I3.3VI 

iVSSIOVI 

I 

001 

002 
003 

004 DATA 
DOs INPUTS I OUTPUTS 
006 

007 
DOs 

OE ~~TfrUT ENABLE 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -0.5- 4.6 
VI Input voltage With respect to Vss -0.5- 4.6 
Vo Output voltage -0.5- 4.6 
10 Output current 50 
Pd Power dissipation Ta=2S'C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65 -150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C ,unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits Unit 

Min Nom Max 
vcc Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.0 Vcc+0.3 V 
VIL Low-level input voltage, all inputs -0.3* * 0.8 V 

Note1: All vo~age values are With respect to Vss. 
* * : VIL(min.) is -2.0V when undershoot width is less than 25ns. (Undershoot width is with respect to vss.) 

ELECTRICAL .CHARACTERISTICS (Ta=0-70·C, Vcc=3.3V±100/0, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ 
VOH High-level output voltage IOH=-2.0mA 2.4 
VOL Low-level output voltage IOL=2.0mA 0 
loz Off-state output current Q floating OV ~VOUT ~ 3.6V -10 
II In~ut current OV ~ VIN ~ 3.6V, Other inputs pins=OV -10 

Average supply current M5M4 V17800C-5,-5S RAS, CAS cycling 
ICCI (AV) from Vcc, operating M5M4V17800C-6,-6S tRc=twc=min. 

(Note 3,4) M5M4V17800C-7,-7S output open 

Icc2 Supply current from Vce, stand-by (Note 5) RAS= CAS =VIH output open 
RAS= CAS~ Vcc -0.2V 

Average supply current M5M4V17800C-5,-5S RAS cycling, CAS= VIH 
Icc3 (AV) from Vce, refreshing M5M4V17800C-6,-6S tRc=min. 

(Note 3) M5M4V17800C-7,-7S output open 

Average supply current M5M4V17800C-5,-5S RAS=VIL, CAS cycling 
Icc4(AV) from Vcc, Fast-Page- M5M4V17800C-6,-6S tpc=min. 

Mode (Note 3,4) M5M4V17800C-7,-7S output open 

Average s~ current_ M5M4 V17800C-5,-5S CAS before RAS refresh cycling 
ICC6(AV) from vec, CAS before RAS M5M4V17800C-6,-6S tRc=min. refresh mode (t:Jote3) output open M5M4V1780OC-7,-7S 

.. Note 2: Current flOWing Into an IC IS POSitive, out IS negative. 
3: ICCI (AV), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCI (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the, output open. 

CAPACITANCE (Ta=0-70'C, Vec=3.3V±100/0, Vss=OV, unless otherwise noted) 

Symbol 

CI(A) 

CI(OE) 
CI(W, 
CI(RAS) 
CI~CASI 

CliO 
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Parameter 

InQUt capacitance, address inputs 
InQUt capacitance, OE input 
Input capacitance, write control input 

Input capacitance, RAS input 
Input capacitance, CAS input 
Input/output capacitance, data ports 

Test conditions 

VI=VSS 
f=1MHz 
VI=25mVrms 
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limits 
Min Typ 

Unit 

V 
V 
V 

mA 
mW 
°c 
·C 

Max Unit 

Vec V 
0.4 V 

10 JlA 
10 JlA 

145 
120 mA 

105 
2 rnA 

0.5 
145 

120 rnA 
105 
80 
70 mA 

60 
145 
120 rnA 

105 

Max Unit 

5 pF 

7 pF 

7 pF 

7 pF 

7 pF 

8 pF 
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SWITCHING CHARACTERISTICS (Ta=0-70'C, Vcc=3.3V±10%, Vss=OV, unless otherwise noted, see notes 5,12,13) 

Limits 

Symbol Parameter MSM4V17800C-S,-SS MSM4V17800c-6,-6S MSM4V17800C-7,-7S Unit 

Min Max Min Max . Min Max 
tCAC Access time from CAS (Note 6,7) 13 15 20 ns 

tRAC Access time from RAS (Note 6,8) 50 60 70 ns 

tAA Column address access time (Note 6,9) 25 30 35 ns 

. tCPA Access time from CAS orecharae (Note 6,10) 30 35 40 ns 

tOEA Access time from OE (Note 6) 13 15 20 ns 

tCLl Output low impedance time from CAS low (Note 6) 5 5 5 ns 

tOFF Output disable time after CAS high (Note 11) 0 13 0 15 0 15 ns 

tOEZ Output disable time after OE hi!lh (Note 11) 0 13 0 15 0 15 ns 

Note 5:An initial pause of 500 psis required after power-up followed by a minimum of eight initialization ~ cycles. The initialization cycles should be done 
either by RAS-only refresh cycles or by CAS before RAS refresh cycles only. 
Note the RAS may be cycled during the initial pause. And any 8 ~ or RASICAS cycles are required after prolonged periods (greater than 32ms) of 
RAS inactivity before proper device operation is achieved. 
After the initialization cycles, RAS should be kept either higher than VIH(min) or lower than VIL(max) except ~ transition time. 

6:Measured with a load circuit equivalent to 2TTL loads and 100pF. The reference levels for measuring of output signals are 2.0V(VOH) and 0.8V(VOL). 
7:Assumes that tRCO~tRCO(max) and tAsC~tASC(max). 

8:Assumes that tRCO ~tRCO(max) and tRAO~ tRAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC will 

increase by amount that tRCO exceeds the value shown. 

9:Assumes that tRAO~tRAO(max) and tASC~tASC(max). 
10:Assumes that tcP~tCP(max) and tASC~ tASC(max). 

11 :tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (lOUT ~ I± 1 0 p A I) and is not reference to VOH(min) 
or VOL(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 

(Ta=0-70'C, VcC=3.3V±10%, Vss=OV, unless otherwise noted, see notes 12,13) 

Limits 
Symbol Parameter MSM4V178OOC-S,-SS MSM4V17800c-6,-6S MSM4V17800C-7,-7S 

Min Max Min Max Min Max 
tREF Refresh cycle time 32 32 32 

tRP RAS high pulse width 30 40 50 
tRCO Delay time, RAS low to CAS low (Note 14) 18 37 20 45 20 50 
tCRP Del~ time; CAS high to RAS low 10 10 10 
tRPC Delay time, RAS high to CAS low 0 0 0 
tCPN CAS high pulse width 10 10 10 
tRAO Column address delay time from RAS low (Note 15) 13 25 15 30 15 35 

tASR Row address setup time before RAS low 0 0 0 
tAse Column address setup time before CAS low (Note 16) 0 10 0 10 0 10 
tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 13 15 15 
tozc Del~ time, data to CAS low (Note 17) 0 0 0 
tozo Del~ time, data to OE low (Note 17) 0 0 0 
tcoo Delay time, CAS high to data (Note 18) 13 15 15 
tODD Delay time, OE high to data (Note 18) 13 15 15 
tT Transition time (Note 19) 1 50 1 50 1 50 

. . Note 12:The timing requirements are assumed IT=5ns . 
13:VIH(min) and Vll(max) are reference levels for measuring timing of input signals. 

Unit 

ms 

ns 
ns 

ns 
ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

14:tRCO(max) is specified as a reference point only. If tRCO is less than tRCO(max), access time is tRAC. If tRCO is greater than tRCO(max), access time is 

controlled exclusively by tCAC or tAA. tRCO(min) is specified as tRCO(min) =tRAH(min) +2tH+tASC(min). 

15:tRAO(max) is specified as a reference point only. If tRAO ~tRAO(max) and tAsc ~ tASC(max), access time is controlled exclusively by tAA. 

16:tASC(max) is specified as a reference point only. If tRCO ~tRCO(max) and tAsc ~ tASC(max), access time is controlled exclusively by tCAC. 
17:Either tozc or tozo must be satisfied. 

18:Either tcoo or tODD must be satisfied. 

19:IT is measured between VIH(min) and VIL(max). 

.. .• MITSUBISHI 
111"& ELECTRIC 5 - 157 



MITSUBISHI LSls 

EUM' NARY M5M4V17800CJ, TP-5,-6,-7 ,-58,-68,-78 
P R fnal sl>eciflcatlon'~h8n9(!" 
Notice: This is nO\~i~:l are subject to 

arametrlC, 

some I> FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 
tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read setup time after CAS high 
tRCH Read hold time after CAS low 
tRRH Read hold time after RAS low 
tRAL Column address to"RAS hold time 
tOCH CAS hold time after OE low 
tORH RAS hold time after OE low 

Note 20. Either tRCH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 

Symbol Parameter 

twc Write cycle time 
tRAS RAS lOw Dulse width 
tCAS CAS low Dulse width 

'tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS' low 
twcs Write setuD time before CAS low 
twcH Write hold time after CAS low 
tCWL CAS hold time after W low 
tRWL RAS hold time after W low 
twp Write Dulse width 
tos Data setuD time before CAS low or W low 
tOH Data hold time after CAS low or W low 
toEH OE hold time afterW low' 
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Min Max 
90 
50 10000 
13 10000 
50 
13 
0 

(Note 20) 0 
(Note 20) 10 

25 
13 
13 

M5M4V178OOC-5,-5S 

Min 
90 
50 
13 
50 
13 

(Note 22) 0 
8 

13 
13 
8 
0 
8 

13 

" "MITSUBISH, I .... ELECTRIC 

Max 

10000 
10000 

Limits 
MSM4V17800C-6,-6S MSM4V17800C-7,-7S Unit 

Min Max Min Max 
110 130 ns 
60 10000 70 10000 ns 

15 10000 20 10000 ns 

60 70 ns 
15 20 ns 

0 0 ns 
0 0 ns 

10 10 ns 
30 35 ns 
15 20 ns 
15 20 ns 

Limits 
M5M4V17800C-6,-6S M5M4V178OOC-7,-7S Unit 

Min Max Min Max 
110 130 ns 
60 10000 70 10000 ns 
15 10000 20 10000 ns 

60 70 ns 
15 20 ns 

0 0 ns 

10 10 ns 
15 20 ns 

15 20 ns 

10 10 ns 

0 0 ns 

10 15 ns 
15 20 ns 



MITSUBISHI LSls 

'NARY M5M4V17800CJ, TP-5,.6,-7 ,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M4V178OOC-5,·5S M5M4V17800c-6,-6S M5M4V178OOC-7,·7S Unit 

Min Max Min Max Min l\4ax; 
tRWC Read write/read modify write cycle time (Note 21) 131 155 180 ns 

tRAS RAS low pulse width 91 10000 105 10000 120 10000 ns 

tCAS CAS low pulse width 54 10000 60 10000 70 10000 ns 

tCSH CAS hold time after RAS low 91 105 120 ns 

tRSH RAS hold time after CAS low 54 60 70 ns 

tRCS Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 22) 36 40 45 ns 
tRWD Delay time, RAS low to W low (Note 22) 73 85 95 ns 

tAWD Delay time, address to W low (Note 22) 48 55 60 ns 

tCWL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after Wlow 13 15 20 ns 
twp Write pulse width 8 10 10 ns 

tDS Data setup time before W low 0 0 0 ns 

tDH Data hold time after W low 8 10 15 ns 
tOEH . OE hold time after W low 13 15 15 ns 

Note 21:tRWC Is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+StT. 
22:twcs, tCWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcs~twCS(min) the cycle Is an early write cycle and the DO pins will 

remain high Impedance throughout the entire cycle. If tCWD~tCWD(min), tRWD~tRWD (min), tAWD~tAWD(min) and tCPwDSil;tCPWD(min) 
(for fast page mode cycle only), the cycle Is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither. of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 23) 

Limits 
Symbol Parameter M5M4V178OOC-5,·5S M5M4V178OOC-6,-6S M5M4V17800C-7,·7S 

Min Max Min Max Min 
tpc Fast page mode.readlwrite cycle time 35 40 45 
tPRWC Fast page mode read write/read modify write,cycle time 76 85 95 
tRAS RAS low pulse width for read write cycle (Note 24) 85 125000 100 125000 115 
tcp CAS high pulse width (Note 25) 8 12 10 15 10 
tCPRH RAS hold time after CAS precharge 30 35 40 
tCPWD Delay time, CAS precharge to W low (Note 22\ 53 60 65 

,. . . 
Note 23: All preViously specified timing reqUIrements and SWitching characteristics are applicable to their respective fast page mode cycle . 

24: tRAS(min) is specified as two cycles of CAS Input are performed. 
25: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 26) 

Limits 

Max 

125000 
15 

Symbol Parameter M5M4V178OOC-5,·5S M5M4V178OOC-6,-6S M5M4V17800C-7,·7S 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 10 10 10 
tCHR CAS hold time after RAS low 10 10 15 
tRSR Read setup time before RAS low 10 10 10 
tRHR Read hold time after RAS low 10 10 15 

- -- - -
Note 26: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

• MITSUBISHI 
.... ELECTRIC 

Unit 

ns 
ns 
ns 
ns 

ns 
ns 

Unit 

ns 
ns 

ns 
ns 
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SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by "S· after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. . 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C , Vcc=3.3V±10%, Vss=OV, unless otherWise noted) (Note 2) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

CAS before RAS refresh cycling 

or i1J\S cycling & CAS ~0.2V 
OE&WE~O.2V 

Aver~e supply current or OE & WE~Vcc-O.2V 
Icc8(AV) from cc 

M5M4V17800C (S) Ao .... Al0~0.2V 500 
Slow-Refresh cycle 

(Note 5) or Ao - Al0 ~Vcc-0.2V 
tREF=128ms (2048cycles) 
output = OPEN 
tRAs=tRAsmin. -1 J.ls 

Aver~e supply current 
RAS = CAS ~ 0.2V Icc9(AV)* from cc 

M5M4V17800C (S) 200 Self-Refresh cycle output = OPEN 
(Note 5) 

TIMING REQUIREMENTS (Ta=0-70·C, Vcc=3.3V±10%, Vss=OV, unless otherwise noted, see notes 12, 13) 

Limits 
Symbol Parameter M5M4V1780OC-5S M5M4V17800C-6S M5M4V1780OC-7S 

tRASS Self Refresh RAS low pulse width 
tRPS Self Refresh RAS high precharge time 
tCHS Self Refresh RAS hold time 
tRSR Read setup time before RAS low 
tRHR Read hold time after RAS low 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

Min 

100 

90 

- 50 
10 

10 

Max Min Max Min Max 

100 100 

110 130 

- 50 - 50 

10 10 

10 15 

The last / first full refresh cycles (2K) must be made within tNS / tSNbefore / after self refresh, on the,condition of tNs~32ms and 

tsN~32ms. 

14 tNS '1 14 tSN '1 

Unit 

J.lA 

J.lA 

Unit 

J.lS 
ns 
ns 
ns 

ns 

-.. -.. -.. -.. -.. -.. -.. ~ITIMII~ .. -.. ~I~"~~I _________________ s_elf_~_f~_Sh_pe_riO_d ____________ ~"~~II~ .. -~.-.MII~Irl·-··-··-·-··-··-· 
DISTRIBUTED REFRESH 

< 2K/32 ms> 
DISTRIBUTED REFRESH 

<2K/32 ms > 

(2) In case of burst refresh , 
The last / first full refresh cycles (2K) must be made within tNS / tSN before / after self refresh, on the condition of tNs+tsN~32ms. 
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TEST Mode SET Cycle 

Limits 
Symbol Parameter M5M4V17800C-5,-5S M5M4V17800c-6,-6S M5M4V17800C-7,-7S Unit 

Min Max Min Max Min Max 
twSR W setup time before RAS low 10 10 10 ns 
twHR, W hold time after RAS low 10 10 15 ns 

Note 27:The test mode function IS initiated by a Wand CAS before 1iAS cycle (WCBR cycle) as specified in timing diagram. 
The test mode function is terminated by either a CAS before RAS refresh cycle (CBR refresh cycle) or a"RAS only refresh cycle. 
During the test mode, the device is Internally organized as 16-bits wide (1M bytes depth). No addressing of CAo is required. 
During a write cycle, data must be applied to all DQ ( Input) pins. The data can be different between DQ pins. The data on each DQ pin is written into 
2-blts memory cells, respectively. During a read cycle, each DQ (output) pin shows the test result of the 2-bits, respectively. High state indicates 
that they are same. Low state indicates that they are not same. 
During the test mode operation, only WCBR cycle can be used to perform refresh. 

DQ1~ 

DQ2~ 

DQ3~ 

DQ4~ 

D05~ 

DQS~ 

DQ7~ 

DQS~ 

# 1 b-< JUDGE 
#2 

#3 b-< JUDGE 
#4 

#5 b-< JUDGE 
#6 

#7 b-< JUDGE 
#8 

#9 b-< JUDGE 
#10 

#11 b-< JUDGE 
#12 

#13 b-< JUDGE 
#14 

#15 b-< JUDGE 
#16 
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) ~ ODQl 

) ~ o DQ2 

) ~ o DQ3 

) ~ o DQ4 

) ~ o DOs 

) ~ o DQs 

) ~ o D07 

) ~ o DOs 
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Timing Diagrams (Note 28) 

Read Cycle 

Ao'-'Al0 

VIH-

VIH­

VIL-

VIH 

VIL-

~ 

tCAP 

r 
XXXXXXxt 

XXXXXX7 
XXXXXXI 

tASR 
~ ~ 

xxxxxx, ROW 
~XXXXlI. ADDRESS xx Ao-Al0 XXXXXXI 

tACO 

tRAO 

IXXXXX:" 
IEXXXX x,. 
r~ 

I 
Vi 

VIH xxxxxxxxx xxxxxx» 
XXXXXXXXX xx Xy 

tA C 

tRAS tRP 

I ~ 
tCSH 

tASH tRPC 
tCt 

tCAS 
~ 

~ I ~ 
tRAL tASA 

~ tCAH. tCPN ~ 

~90LUMN .&.XXXXX XXXX xxx", 
ROW DDRESS &l(XXXXX xxxx XXXXll 

Ao-A9 ADDRESS 
~xxxxxx xx 

....... tAAH 
tRcs tRCH 

XX~ 
VIL XXXXXXX ,"XXAX x) 

DOl-DOs 
(INPUTS) 

VIH 

VIL 

DOl-DOs VOH­

(OUTPUTS) VOL-

VIH-

VIL-
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4-l tozc • tCDO 

xxxx Hi-Z xxxxxxxxx xx 
(XXXXX ~xxbX 

tCAC 

1M illtOFF. 

- tcLZ 

HI-Z 0 \ 
DATA VALID 

I 
tRAC tOEZ 

tozo ~ 
........ 

tODD 
tOCH 

AA XXAX 
xxxxxxxxxxxxxxxxxxxxXXXXXX "XXx X 

Vxx XXXXXXXXXXXXXXXXXX L. xxx xxx 

Note 28 

tORH 

Indicates the don't care 'input. 
VIH(min)~VIN~VIH(max) or VIL(min):liVIN:iiiVIL(max) 

Indicates the Invalid output. 
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XXXX}o 
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Write Cycle (Early write) 

w 

DOl-DOs 
(INPUTS) 

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

, 
tf. 

tAco 

xxxxx~ x XXXX7.1 
xxxx~ 

tAsc 
tA~ tAAH 

~ 

{XXXXA ROW ~ 
XXXXXIl ADDRESS .c:XXXI 
xxxx~ AO-Al0 .~ 

twcs 

XXX'.r XJa. 
~.xxxx.xXXXXXXXXXXX~ 

xx~ 
~xxxxxxxxxxx 

tos 
~ 

~x xxxxxx 
.xxxx x~ 

twc 

tAAS tAp 

~ 

~ I 
tCSH 

tASH ,C 
i tCAP 

tCAS 

~ I W 
tASR 

tCAH ....... 

COLUMN ~XXXXXXXXXXXXXXXX~ 
ROW ADDRESS Imc:XXXXXXx xx xxxxx~ ADDRESS 

Ao-A9 ,xxxxxxxxxxXXXXXXN 

twCH 

lAXXXXX.xxxxxxxx X~ 
IKXXXxxxxx.x.xxx.xxxxxx.xx~ 

~xxxxxxxxxxxxxxxxxxxxx 

tOH 

DATA VALID ~XXXX XX~ 
~xxx.xxxxxxxxxxxxxx.xx 

D01 ........ DOs VOH- Hi-Z 

------------------------------------~-----------------------------------(OUTPUTS) VOL-
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, M\NARY 
PREL\ ," a\\OI\ 
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, ,1his is not a 'ts arc sublcct t 

MITSUBISHI LSls 

M5M4V17800CJ, TP-5,-6,-7 ,-55,-65,-75 

~ot,ce, aratnetriC \ltn' 

So,,,e P FAST PAGE MODE 167"216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

Ao-A10 

w 

DQ1-DQa 
(INPUTS) 

VIH 

VIL-

VIH 

VIL 

VIH 

VIL-

VIH 

VIL 

VIH-

VIL-

~ 

teRP tRCD 

t: 
}';x}';}';}';X# 

XXXXX»' 
(XXXXXI 

~ tRAH tASC 
~ 

XXXXA. ROW .LX'5("5\ 
CXXXX)iA ADDRESS 
C:XXXX.7 Ao-A10 .~ 

~ 
xxxx}';xxx}';xxxx}';x~ 

z2cXX ~~~~~~' 

tozc 
~ 

xxxx xxxxxxxxxxxxxxxxxxx 
XXXX]I;. xxx x 

tw C 

tRAS 

tCSH 

, 
tCAH 

COLUMN 
ADDRESS 

Ao-A9 

Hi-Z 

~ 

tRP 

~ ~ 
tRSH tRPe tCRP 

tCAS I ,-.. 
/ W 

... ~tASR 
IXXXXX xx xxx)(\. 

ROW I.eXXXXX x ...... X ADDRESS 
,)';}';}';x}'; }';}'; }';}'; ...... N 

~ 
tRWL 

~ 
IXXX x.x.x}';~ , ILXXX xxx.xx 
XXX ............ ]1;. ............ ]I;.} 

twCH 

t~ tDH 

J.~ DATA .xxx.x.xx.xx 

~~ VALID r1.XXXXX x 

DQ1-DQa VOH­

(OUTPUTS) VOL-

Hi-Z '~~ 
Hi-Z 

VIH 

VIL 

5 - 164 

~ 
tOEZ -+ 

]I;.]I;.xx~ 

~~~~~~~}';xxx}';~~~~~ A 

• '. MITSUBISHI 
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MITSUBISHI LSls 

M5M4V17800CJ ,TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT(2097152-WORD BY 8-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao ...... A10 

w 

OQ1 ...... 0QS 

(INPUTS) 

VIH-

VIL-

VIH 

VIL-

VIH 

VIL-

VIH 

VIL 

VIH 

VIL 

OQ1 ...... 0QS VOH­

(OUTPUTS) VOL-

VIH-

VIL~ 

\ 

teF 

l~~~~~" 
tASR ... 

xxxxx~ 

XXXXXlIl 
XXXXXI 

c:xxxxxxxx 
xxxxxxxx 
xxxxxx 

c:xxxxxxxx 
xxxxxxxx 

~X 
XXX 

Rwe 

tRAS tRP 

~ i\ 
tesH 

tRCO tRSH tRPC 

1 r tCRP 
tCAS , V 'WI tRAO 

tRAH tASC tCAH tASR 
~ 

ROW ~, COLUMN xx x 
ROW 

ADDRESS JlXXXX ADDRESS AXXXXXXXX xx XXXXlIl ADDRESS 
Ao-A10 ~ Ao-A9 '~ xx x~ 

tAwo 

tRCS ~~ 
tcwo 

tRWO 

XXXXXXX 
XXXXXXX 

xxxx» 

tozc .----. tos .. 

xxxxx Hi-Z }~ 
xxxxxxx ,~ 

tCAC 

tAA 

tCLl 
~ 

Hi-Z 

~ ~r\ VALIDV' 

tRAC 
~ 

~ toDD 
tozo l~tOEA~ ~EZ .... 

xxxx x 

xxxxxxxx 

• MITSUBISHI 
"-ELECTRIC 

tCWL 
tRWL 
twp 

, ~xXXXXXXX} 

1'{x}X ~ ~ ~ ~ ~ ~ ~"}? 

tOH 

~xxx 
DATA VALID xxx 

I~xxxxxxxxx 

Hi-Z 

~ 
I~XXXXXXxxxXXXXXX} 

~XXXXXX xxxx~x 

5 - 165 



RA5-only Refresh Cycle 

Ao-A10 

w 

VIH 

VIL-

VIH­

VIL-

VIH 

VIH­

VIL 

VIH-

~ 

tCr 
AAAAA.19 

tASR 
~ ~ 

lAAAAAA 
ROW 

AAAAXJIIIl ADDRESS xxxxx, 

MITSUBISHI LSls 

M5M4V17800CJ, TP-5,-6,-7 ,-58,-68,-78 

RC 

tRAS tRP 

V \ 

:r r tCRP 

W. 
tASR .... - ~ 

!\LXX 
XXXXXXAAAAAA 

ROW IJgtX AAA AXAXXJIIIl ADDRESS ~'..:xxxxxx xxxxxxxx, 

DQ1-DQa 
(INPUTS) ~- . 

DQ1-DQs VOH-

(OUTPUTS) VOL-

5 - 166 

Hi-Z 

-------------------------------------------------------------------------

• MITSUBISHI 
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MITSUBISHI LSls 

M5M4V17800CJ,TP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Slow Refresh Cycle 

Ao~Al0 

w 

DOl-DOs 
(INPUTS) 

VIH-

VIH­

VIL-

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

DOl-DOs VOH 

(OUTPUTS) VOL-

VIH 

VIL 

tRP 

~ ~ 

tRPC tCSR 
1+--+ +-+ 
~ 

~ --.l 
~ tCPN 

C:X X 

x 
xxx XXXXX 

!·r tRf 

W 

xx 
xxx xxxxx 

tOFF 

-+1-1+-

~ 
II 

tOEZ 

1+-+ 
xx 

xxxxxxxx 
L. X~X 

tRC /I 

tRAS 
)) 

(( 

V " \ 

tCHR 
tRPC tCSR 

-+-j+- r ~ 

I ~ ~ 
,II 

xxxxxxxx XXx 
xxxxxxxxx xx 

tRHR 

. 
.J 

tF 
r 

_x ~ 

'';X 
\XXXXXX I 

~ 

tr 

» 

~S 

tr' 
xxx. ~xx 
xxx xx 
xxx xx 

,II 

•. MITSUBISHI 
.... ELECTRIC 

tRC 

tRAS tRP 

~ ~ 

tCHR ~f I tCRP 

V W IL 
tASR 

i+-+ 

- i--
XXx\ ROW COLUMN xxxxxxxxXXXXXXXI DDRESS DDRESS xxxxxxxXXXXXXXXI - r---

tRHR .1 tRf 

XXXX XJII. 
xxxXXXXXXXI 

~xxxxxXXXXXXXXI 

x~xxxxx~fxXXXX 
xxxxxxxxxxxxx 

Hi-Z 

XXXXXX xxx 
XXXXXXXXXXXXXXXXXXXXXX 
xxxxxx xxxxxxxxx 

5 - 167 
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MITSUBISHI LSls 

M5M4V17800CJ, TP-5,-6,-7 ,-58,-6S,-78 

Nolle/f- 11~~'O~t;~~ limitS are sllbl
e 

Some par FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

Ao-Al0 

w 

D01-00a 
(INPUTS) 

VIH 

VIH 

VIL 

VIH-

VIL-

VIH 

VIL 

VIH 

00l-QOa VOH­

(OUTPUTS) VOL-

VIH-

VIL 

5 - 168 

tAC tRC 

tRAS tRP tRAS L tRP 

\ I ~ 1/ '---
teRP tRCO tRSH tCHR 

~ ~ \ "-"-"-7'0.71 
()()()(yy 

tRAO 
tASR 

tASR tRAH tASC tCAH -+-1+-

~ 
XXXXA ROW COLUMN "IX )()()(X )( X)(X)()()(lA. 

ROW 
XXXX:>GL ADDRESS ADDRESS II"- "-"-x 7'0. X X XXXXA ADDRESS Ao-Al0 AO-A9 ~ xx xx 

~ 
tRAL 

~ tRr ~ 
lXXXX x xx xxx W 

xxxxxxxxxx 
{XXX XXI x"-7'o.~ 
{XXXxxxx XX)f' 111:. xxx XXXXXXXX7'o."-XX 

tozc tcoo 
~ 

~XXX KXXX HI-Z 
xx x"-"-

tCAC 

tAA tOFF 

~ 
...... 

Hi-Z J~ ~ Hi-Z 
DATA VALID 

If 
tRAC 

tozo tOEA 
tOEZ .. -~ 

toDD 
tORH 

YY xxxx XXXXXXXXXXXXXXXXX 'xxxxxxxxxxx 
"-"-"-

xxx x «x xxxx 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
And in any cycle, tRSR&,tRHR should be satisfied not to enter TEST MODE. 
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MITSUBISHI LSls 

M5M4V17800CJ, TP-5,-6,-7 ,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

w 

D01-DOa 
(INPUTS) 

VIH 

VIH­

Vll-

VIH 

Vil 

VIH 

Vil 

VIH 

Vil 

D01-DOa VOH­

(OUTPUTS) VOl-

VIH 

Vil 

tRAS RP 
~ 
~ 

~ V L 
tCSH tpc ~ tCRP tRCO tCAS ~ tCAS ~ r tCAS 

,.-----, ---xxxx.:.-
~ ~ ~ V Y 7.7.7.7.1 \ XXXXI 

tRAD tCPRH 

tASR tRAH ~ 
tAsc tCAH tAsc 

~ ~tASR 
tAsc ~ ~ +--t +--t 

xxxx, ROW f@ .LX x, ~ ~"5< ~u ROW 
ADDRESS COLUMN-1 ~ ~ COLUMN- :KX Xl[ COLUMN-3 u: 

Ao-A9 ~ ADDRESS &XXXI Ao-Alr:J .xx IX XI ,X XI .~ ~lI 
tRAl ~tRCH 

r !---t tRCH .... Ii 1 __ tRcs tRCH ..... r- 1~ tRCS .!~~ 
<)'xxxxx XXXXN-
XXXXXX XXXX7 
xx XXXI 

toze 

x xXxx~ ~xxx 

~xxx xxxx x 

Hi-Z 

tRAC 

tozo 

X7.XXXXXXxxxx 
xxxxxxxxxxxx 

l7.7.7.7.7.7.X7.7.XX 

I~ ~ ~ rt 
IXXXXX 
~ ¥.xxxx 

toze toze teoo 
~ .... ~ ~ 

Hi-Z Hi-Z f.. ~ 
~ tOFF tOFF tOFF 

~ ItlCAC

• 

tCAC -+r-l ~ 1M ~ 
tAA 

• ~tc~1 
I 

~ ~ 
DATA \ DATA 1\ ~~ VALlD-1 I ~~ VALlD-2/ 

J~ 
,~ 

~ DATA 
VALlD-3 ~-

tCPA 

~ ~ 4-tOEz 
tOCH 

x xx 
r. x ~}~ K. X 

tozo 
~ ~ 
to~D 

• MITSUBISHI 
"-ELECTRIC 

pEA.1• OCH 

tePA 
r ... tOEZ IJOE~ t ... tOEz 

~C~ 
X x :xx xx 

• x X " xx xx 
I: x 1)1, XX XX} 

tozo 
4---+ ~ ~ ~ 
tODD tORH toDD 
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MITSUBISHI LSls 

M5M4V17800CJ, TP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

Vi 

DOl-DOs 
(INPUTS) 

VIH 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL-

VIH 

VIL 

DOl-DOs VOH-

(OUTPUTS) VOL-

5 - 170 

RAS 

J=L \ 
tCSH tpc ~ tCRP tRCD ~ tCAS r tCAS ~ tCAS 

- r---. 

~ I ~ V \ ~ , 
~ 

tASR l~tRA~ tA~ ~ 
tAsc tCAH tA~c tCAH ...... 1++ tASR 

~XXXXx\' ROW ~ COLUMN-1 
JXSl<XXX1 .~ COlUMN.3~ ROW' 

COLUMN-2~ XXXXXI ADDRESS II)( x x x x x}II. AO-A9 ADDRESS 
XXXXXI AO-Al0 ~XXXXXI ~ 

~ twCH twcs 
~ 

twcs twCH 

- _ .... 
fX<XXXXXXXXXX'\ I~ I~ 11< XX X X X x.;('.2 
X'0XXXXX~ ~~~~~) IIXXXXXJII 'Xxxxx c:xxxxxxxxxxxxx xxxxx xxxxx 

~ tDH ~ ~ ~ ~ 

~xx~xx~;" DATA ~ DATA 
.~ 

DATA IV Xxx X:> 
~xxxx VALlD-1 ~ 

VALlD-2 ~~ VALlD-3 ''x x x x x ¥:,l\l' 

Hi-Z -------------------------------------------------------------------------

• MITSUBISHI 
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MITSUBISHI LSls 

M5M4V17800CJ, TP-5,.6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Fast-Page Mode Write Cycle (Delayed Write) 

w 

OQ, ....... 0Qa 
(INPUTS) 

VIH 

VIL-

VIH 

VIL-

VIH-

VIL 

VIH 

VIL 

VIH 

VIL 

OQ, ...... OQs VOH­

(OUTPUTS) VOL-

VIH 

VIL 

FL ~ 

tRAS 

tCSH IRSH 

tCRr tRCD tCAS L 
tpc 

.1 

[ tcp tCAS 

x xxx xx..-

\ I \ I (: x x x x :x :;/' 
{)C~xxXJ' 

tRWL--f'r-14-
tASR tAsc ~ l.tRAH

• 
tcAH tCAH ..... .... 

xxxx)o. 

~ 
J.,l<xxxxx xx\. 6,X ROW C LUMN-1 

~ 
vx x x ADDRESS ~xxxxxx XXI COLUMN-2 

AO~A10 

~ 
(XXXXXXX XXXXXX-I-
~xxxx~ 

~XXXXX'X)tx, 

~ 

t- x xxx 
t-xxx x x X xx)'! 

Hi-Z. 

~ 
~xxxxxxxxx~xxxx 

~~~XXXX~~ 

Ao~A9 '~ 

tCWL IACt~ ~ 

~ 

~ tJJ 
twCH 

tDH tDZC 
tDS .. 

Hi-Z ~ DATA ~ Hi-Z 

~ VALlD-1 

tCLl tCLl 
~ .... ~ 

~} Hi-Z 

~ 
tOEZ-to ... tOEZ .. 

~ tODD tDZO-.t .... f--

~ J 

,. MITSUBISHI 
.... ELECTRIC 

'----l 

'\Xx 

, 
tWCH 

tDS 

~ 

It--tODD 

tASR 
~ --f'r-~ 

D(.~ ROW 
XX>'l ADDRESS 
XX7 

~ 
ItXXXXX~ 
LX 
~ 

XXXXXXJ< 

tDH 

DATA ~ 
VALlD-2 ~'-X:x XXX·) 

Hi-Z 

~ 
~~~~~~ 
I\.XXXXXX) 
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, ,,,,,'NARY 
PREL "calioo 

MITSUBISHI LSls 

M5M4V17800CJ, TP-5,-6,-7 ,-55,-65,-75 
finnl specht cn<lnge. 

Notice: This ~t~~\i~tS are sub\eC
t 

to 

somopa
r0m 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

Ao-Al0 

w 

DOl-DOe 
(INPUTS) 

VIH 

VIL-

~1'-----____ tRAS ___ ----1~'-
tCSH 

tRCO teAs tPRWC 
tcp tCAS 

VIH xxxxxx ... 

~ ~ i VIL-~ 
tRAO 

tASR tRAH 
..... ~ tASC'" 

~------------~ 

tCAH tAsc tCAH 
~ 

tCWL tASR .=----. ..... -14-

VIH- "~~x.xOO:::~~~'.{~.xOO:::}u"'~~"A-D-r6~""~-s-s-.I~ COLUMN_1~:'~~~~~x~~x~" COLUMN-2 )1:'~~~X~~A~.x~A~~~ ROW 
VIL xxxxx/l AO-Al0 ~JI-I~-A-O--A9~( 1'--+-+----'1 '\..... xx~ I'o-A_DD_R_E_S_S_ 

tAW~ tAWO 

tRCS tcwo tCWL tcwo 

I~ 1+------+l~~~tRtr..CWS~tr+-~-+-------.I twP 
VIH- "x~~""xO"~"'x""'lx"f"'x"':x~xll7"l!:x."""''''x'''''lx.''X~X~-I-r-+-I-+------"[ ~ ~ X.XXXXX} 

xxxxxxxx xxx» " I~XXXXX 

VIL t XX X x x x x x x XXI 1'-_~""x:iWx~xw:x~x""x~ 

tRWO tcPWO 

tos *-114-14_t_0-rH~ to~ tOH 
tos +HI14---~ 

VIH- ~?<~x~xX~X~~%~~X~X.~~xx~xl--t_GH!::I-Z~':......_J~~~ DATA II~~_+-H_i-_Z __ .~~YJII-D-A-T-A-.,[ r::lV'V9 
xxxxxxxx xxxx ~ VAlID-1 ~ ~ VAlID-2 

VIL - ~ lAIl'-_--I-"IIY ~ .l.oC#l,.... __ --'I ~ 

tAA fAA 

tCLZ-J~ L.J tCLl"/-... 

DOl-DOe VOH~ Hi-Z ~fDATAI\ HI-Z J~d HI-Z 
(OUTPUTS) VOL----------~---~---~~/ ~1/~----~-~~y~~2~--~-------

5..;. 172 

tRAC .... to~D tCPA.. toDD 

~ ~ ..... tOEZ tozo 1 14tOE\ "-l4-tOEZ ~ 

VIH=~~~~XXX~1Cl ---.JI 'U *~.x~ ~ ~ ~ ~;;; X VIL 

I,"XXXXXX 

• MITSUBISHI 
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Self Refresh Cycle 

Ao-A10 

w 

OQ1 ...... 0Qa 
(INPUTS) 

VIH-

VIL-__ __ 

VIH-

VIL-__ __ 

VIH-

VIL-

OQ1 ...... 0Qa VOH­

(OUTPUTS) VOL - -----f 

VIH-

MITSUBISHI LSls 

M5M4 V17800CJ, TP-5,.6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

tRP 

tOFF 

tRASS 

• MITSUBISHI 
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tRPS 

Hi-Z 
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MITSUBISHI LSls 

M5M4V17800CJ, TP-5,-6,-7 ,-55,-65,-75 

/ FAST PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Ao-Al0 

Vi 

DOl-DOs 
(INPUTS) 

VIH-

VIL 

VIH­

VIL 

VIH-

VIL 

VIH 

VIH 

VIL 

DOl-DOs VOH­

(OUTPUTS) VOL-

VIH 

VIL 

5 - 174 

tRP RAS tRP 

J ~ V i\ 
14 tRPC. 

tCSR tCHR tRPC CRP 
~ -+~ ~ 

/ ~~ V W 
~ 

tASR 

~ 

~xxxx xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ ROW xxxx xxxx xx x~x xxxxxxxxxxxxx~ ADDRESS xxx~xx~x x XXXI 
.-

~ 
twSR twHR 
~ 

~r 
LXxxxxxxxxxx~xxxxxxxxxxxxxx 

~XXXXxxxxxxxxxxxxxxxxxxx 

~xxxxx xxxxxxx x~ 

xxxx xxxx c:xx xxxxxxxxxxxxxxxxxxxxx xxx xxxxxx 
~x xxxxxxxxxxxxxxxxxxxxxx xxx xxxx xxxxxx 

tOFF ... ~ 
\ Hi-Z 

1/ 

1++ tOEz 

xxxxxxxxxXXXx xxxxxxxxxxxxxxxxxxxx~ 
x~xxxxxxxxxxxxxxxx~xxxxx x 

Note 30: This cycle can be used for initialized cycle after power-up, however entried into Test Mode. 

• . MITSUBISHI 
"ELECTRIC 

XXXXX x) 



MITSUBISHI LSls 

M5M4V17805CJ, TP-5,-6,-7, 
-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY a-BIT) DYNAMIC RAM 

DESCRIPTION 
This Is a family of 2097152-word by 8-bit dynamic RAMs with 
Hyper page mode fuctlon, fabricated with the high performance 
CMOS process, and is ideal for large-capacity memory systems 
where high speed', low power dissipation, and low costs are 
essential. 

PIN CONFIGURATION (TOP VIEW) 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. Self refresh current is low enough for 
battery back-up application. 

FEATURES 

~ ~ Address ~ Cycle Power 

Type name access access access access 
lime 

dlsslpa-
lime lime lime lime lion 

(max.ns) (max.ns) (max.ns) (max.ns) (mln.ns) (typ.mW) 

M5M4V17805CXX-5.-SS 50 13 25 13 90 435 
M5M4V17805CXX-6.-6S 60 15 30 15 110 360 
M5M4V17805CXX-7.-7S 70 20 35 20 130 315 

XX...J,TP 

-Standard 28 pin SOJ,28 pin TSOP 
-Single 3.3V±1 0% supply 
- Low stand-by power dissipation 

1.8mW (Max) ............................................... CMOS Input level 
0.72mW (Max)· ·············································CMOS Input level 

-Operating power dissipation 
M5M4V17805CXX-5,-5S ................................... 525mW (Max) 
M5M4V17805CXX-6,-6S ................................... 435mW (Max) 
M5M4V17805CXX-7,-7S ................................... 380mW (Max) 

-Self refresh capability· 
Self refresh current ............................................. 200 J.l A(Max) 

-Hyper page mode (1024-column random access), Read-modify­
write, ~-only refresh, ~ before ~ refresh, Hidden refresh 
capabilities. 
Early-write mode, ~ and W to control output buffer impedance 

-All inputs, outputs TTL compatible and low capacitance 
-2048 refresh cycles every 32ms (Ao-A10) 
* : Applicable to self refresh version(M5M4V17805CJ,TP-5S.-6S. 

-7S :option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 
Ao-A10 Address inputs 
001 ...... 0QS Data inputs I outputs 
~ Row address strobe input 
~ Column address strobe input 
W Write control input 

~ Output enable ,Input 
Vcc Power supply (+3.3V) 
Vss Ground (OV) 

• MITSUBISHI 
.... ELECTRIC 

004 5 

W 
~ 7 

NC 

Ao 
A1 
A2 

A3 A4 
Vce 

Outline 28PON-A (400mil SOJ) 

D03 4 

004 5 

W 
'RA"S' 7 

NC 

A10 

Ao 
A1 

A2 
A3 
Vee 

Outline 28P3N-C (400mil TSOP) 

NC: NO CONNECTION 
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MITSUBISHI LSls 

PREL\""'~~~Y M5M4V17805CJ,TP-5,-6.-7,~5S.-6S,-7S 
. . This is not a lIMI ~P=~l>iact to change. 

Notice. vic limItS til 

SolYl
e pal31noHYPER PAGE MODE 16777216-BIT (2097152-WORD BY a-BIT) DYNAMIC RAM 

FUNCTION 
In addition to Hyper Page Mode, normal read, write and read­
modify-write operations the M5M4V17805CJ, TP provides a 

number of other functlons,e.g., ~-only refresh, and delayed­
write. The Input conditions for each are shown In Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

Row Column 
~ ~ W ~ address address 

Read ACT ACT NAC ACT APO APO 
Write (Early write) ACT ACT ACT ONC APO APO 
Write (Delayed write) ACT ACT ACT ONC APO APO 

Read-modify-write ACT ACT ACT ACT APO APO 

'RAS'-onlv refresh ACT NAC ONC ONe APO ONC 
Hidden refresh ACT ACT NAC ACT APO ONC 
Self refresh ACT ACT NAC ONC ONC ONC 

~ before ~ refresh ACT ACT NAC ONC ONC ONC 
Stand-by NAC ONC ONC ONC ONC ONC 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT ~ 
ROW ADDRESS ~ 
STROBE INPUT 
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Input Output 
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OPN VLO YES Hyper 
VLO OPN YES page 
VLO IVO YES mOde 

VLO VLO YES 
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ONC OPN YES 
ONC OPN YES 
ONC OPN NO 
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I 
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M5M4V17805CJ,TP-5,.6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152"WORD BY a-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage -0.5-4.6 
VI Input voltage With respect to Vss -0.5-4.6 
Vo ~lput vo/!!lge -0.5-4.6 

10 Output current 50 

Pd Power dlssl!)ation Ta=25·C 1000 
Topr Operating temperature 0-70 
Tstg Storace temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta-0 ..... 70t, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 3.0 3.3 3.6 V 

Vss Supply voltage 0 0 0 V 

VIH High-level Input voltage, all inputs 2.0 VCC+O.3 V 

VIL Low-level input voltage, all inputs -0.3** 0.8 V 

Note1: All voltage values are with respect to Vss. 
*'" : VIL(mln) is -2.0V when undershoot width is less than 25ns.( Undershoot width is with respect to Vss.) 

ELECTRICAL CHARACTERISTICS (Ta .. 0 ..... 70·C, VCC= 3.3V±10%, Vss=OV, unless otherwise noted) (Note 2) 

Limits 
Symbol Parameter Test conditions Min Typ 

VOH High-level output voltage 10H = -2.0mA 2.4 
VOL Low-level output voltage IOL=2.0mA 0 
loz Off-state output voltage a floating, OV~VouT~3.3V -10 
II Input current OV :i VIN :i 3.SV, Other inputs pins=OV -10 

Average supply current MSM4V17805C-5,-5S ~,~cycling 
Icc1 (AY) from Vcc MSM4V17805C-6,-6S tAc-twc-min. 

operating (Note 3,4,5) MSM4V17805C-7,-7S output open 

Icc2 Supply current from V cc , stand-by (Note 6) ~= ~ =VIH outDut ODen 
~= ~;e;Vcc-O.2V output open 

Average supply current MSM4V17805C-5,-5S ~ cycling, ~= VIH 
ICC3(AY) from Vcc,l!fAS only MSM4V17805C-S,-SS tRc=min. 

refresh mode (Note 3,5) MSM4V17805C-7,-7S output open 

Average supply current MSM4V17805C-S,-5S ~=VIL, ~ cycling 
ICe4(AV) from Vce, Hyper Page MSM4V17805C-S,-ss tHPc=min. 

Mode (Note 3,4,5) MSM4V17805C-7 -7S output open 

Aver~ supply current MSM4V17805C-S,-SS ~ before l!fAS refresh cycling 
Icc6(Ay) from' ce MSM4V1780SC-6,-6S tAc=min. 

~ before l!fAS "efreSh j) 
mode Note 3,5 MSM4V17805C-7,-7S output open 

Note 2: Current flowing into an IC is poSitive, out is negative. 
3: lecl (AV), ICC3 (AY) ,ICC4 (AY) , and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: leCl (AY) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Under condition of column address being changed once or less while ~ .. VIL and ~=VIH. 

CAPACITANCE (Ta=O-70t', Vcc = 3.3V±10%, Vss=OV, unless otherwise noted) 

Symbol Parameter 

CIIA) Input capacitance, address Inputs 

CI(CLK) Input capacitance, clock inputs 
CliO Input/Output capacitance, data ports 

Test conditions 

VI=VSS 
f=1MHz 
VI=25mVrms 
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Limits 

Min Typ 

Unit 
V 
V 
V 

mA 

mW 
·C 
·C 

Max Unit 

Vcc V 
0.4 V 
10 J.'A 
10 J.lA 

145 
120 mA 
105 

2 
mA 

0.5 
145 

120 mA 

105 
140 

115 mA 

90 
145 

120 mA 
105 

Max 
Unit 

5 pF 

7 pF 

8 pF 
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M5M4 V1· 7805CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT ) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta-0-70t , VCC - 3.3V±10%; Vss-OV, unless otherwise noted, see notes 6,14,15) 

Limits 
Symbol Parameter M5M4VI7805C-5.-6S M5M4VI7805C-6.-6S M5M4VI7805C-7,-7S Unit 

Min Max Min Max Min Max 

tCAC Access time from ~ (Note 7,8) 13 15 20 ns 
tRAC Access time from 'RA§ (Note 7,9) 50 60 70 ns 

tM Column address access time (Note 7,10) 25 30 35 ns 

tCPA Access time from ~ preeharge (Note 7,11) 30 35 40 ns 

tOEA Access time from ~ (Note 7) 13 15 20 ns 

tOHC 0ll1pjJt hold time from ~ hjgh (Note 13) 5 5 5 ns 

tOHR Output hold time from 'RA§ high (Note 13) 5 5 5 ns 
tCL2 Output low impedance time from ~ low (Note 7) 5 5 5 ns 
tOEZ Output disable time after OE' high (Note 12) 13 15 20 ns 

twEl Output disable time after WE' high (Note 12) 13 15 20 ns 
tOFF Output disable time after ~ high (Note 12,13) 13 15 20 ns 
tREZ Output disable time after 'RA§ high (Note 12,13) 13 15 20 ns 

tOOH Output hold time from ~ low 5 5 5 ns 
, .. .. . .. . " Note 6:An Initial pause of 500 pSIS required after power-up followed by a minimum of eight Inltlahzatlon ~ cycles. The Initialization cycles should be done 

either by ~-only refresh cycles or by ~ before 'R'AS' refresh cycles only. 
Note the ~ may be cycled during the initial pause. And any 8 'R'AS' or 'R'AS'IOAS cycles are required after prolonged perlods(greater than 32 ms) of 
'R'AS' inactivity before proper device operation is achieved. 
After the initialization cycles, ~ should be kept either higher than VIH (min) or lower than VIL (max) except'R'AS' transition time. 

7: Measured with a load circuit equivalent to 100pF. 
The reference levels· for measuring of output signals are 2.0V(VOH) and 0.8V(VOL). 

8: Assumes that tRCD ~tRCD(max) and tAsc ~tAsc(max) and tcp~ tcp(max). 
9: Assumes that tRCO:atRCO(max) and tRAO:atRAO(max). If tRCO or tRAD is greater than the maximum recommended value shown in this table, tRAC 

will increase by amount that tAco exceeds the value shown. 
10: Assumes that tRAD~ tRAD(max) and tAsc:atAsc(max). 
11: Assumes that tcp :atcP(max) and tAsc~tAsc(max). 
12:tOEZ (max) ,twEZ(max) ,toFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state (Iour:ii I ±10pA I ) and is 

not reference to VOH{min) or VOL{max). 
13: Output is disabled after both-'R'AS' and ~ go to high. 

TIMING REQUIREMENTS (For Read, Write, Read-Modlfy-Wrlte ,Refresh, and Fast-Page Mode Cycles) 
(Ta=0-70·C, Vce = 3.3V ±10%, Vss=OV, unless otherwise noted, See notes 14,15) 

Limits 

Symbol Parameter MSM4V17805C-5.-5S M5M4 V17805C-6.-6S MSM4VI7805C-7.-7S 
Min Max Min Max Min Max 

tREF Refresh cycle time 32 32 32 
tRP 'RAShiah pulse width 30 40 50 
tRCD Delay time, 'RA§ low to ~ low (Note16) 18 32 20 38 20 42 
tCRP Delay time, ~ high to ~ low 5 5 5 
!RPC Delay time, ~ high to CAS' low 0 0 0 
tCPN ~ high pulse width 8 10 13 
!RAD Column address delay time from 'RA§ low (Note17) 13 25 15 30 15 35 
tASR Row address setup time before 'RAS low 0 0 0 
tAsc Column address setup time before CAS low (Note18) 0 10 0 13 0 13 

tRAH Row'address hold time after ~ low 8 10 10 
tCAH Column address hold time after ~ low 8 10 10 
tDZC Delay time, data to CAS low (Note19) 0 0 0 
tDZO Delay time, data to OE' low (Note19) 0 0 0 
tROD Delay time, ~ high to data (Note20) 13 15 20 
tCDD Delay time, ~ high to data (Note20) 13 15 20 
tODD Delay time, OE' high to data (Note20) 13 15 20 
tr tranSition time (Note21) 1 50 1 50 1 50 

Note 14:The timing requirements are assumed tr =2ns. 
15:VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 

ns 
ns 

ns 
ns 
ns 
ns 

ns 

ns 
ns 

ns 

ns 
ns 
ns 

ns 

ns 

ns 

16:tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time 
iscontrolied exclusively by tCAC or tAA. 

17:tRAD(max) is specified as a reference point only. If tRAD iii:. tRAD(max) and tAsc ~ tAsc(max), access time is controlled exclusively by tAA. 
18:tAsc(max) is specified as a reference point only. If tRCD ~ tRcD(max) and tASC. E;. tAsc(max), access time is controlled exclusively by tCAC. 
19: Either tDZC or tDzo must be satisfied. 
20:Either tROD or tCDD or tODD must be satisfied. 
21:tr is measured between VIH(min) and VIL(max). 
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M5M4V17805CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY a-BIT) DYNAMIC RAM 

Read and Refresh Cycles 

Limits 

Symbol Parameter M5M4V17805C-5.-5S M5M4V17805C-6.-6S M5M4V17805C-7.-7S Unit 
Min Max Min Max Min Max 

tRc Read cycle time 90 110 130 ns 

tRAS ~ low Dulse width 50 10000 60 10000 70 10000 ns 

tCAS ~ low Dulse width 8 10000 10 10000 13 10000 ns 

tCSH ~ hold time after ~ low 40 48 55 ns 

tRSH ~ hold time after ~ low 13 15 20 ns 

tAcs Read Setup time before ~ low 0 0 0 ns 

tACH Read hold time after ~ high (Note 221 0 0 0 ns 

tRRH Read hold time after ~ high (Note 22) 0 0 0 ns 

tRAl Column address to ~ hold time 25 30 35 ns 

tCAl Column address to ~ hold time 13 18 23 ns 
tORH ~ hold time after ~ low 13 15 20 ns 
tOCH ~ hold time after ~ low 13 15 20 ns 

Note 22: Either tACH or tAAft must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 

LilT,lits 
Symbol Parameter M5M4V17805C-5.-5S M5M4 V17805C-6.-6S M5M4Vl7805C-7,-7S Unit 

Min Max Min Max Min Max 

twc Write cycle time' 90 110 130 ns 
tRAS ~ low pulse width 50 10000 60 10000 70 10000 ns 
tCAS ~ iow pulse width 6 10000 10 10000 13 10000 ns 

tcsH ~ hold time after ~ low 40 48 55 ns 
tASH ~ hold time after ~ low 13 15 20 ns 

twcs Write setup time before ~ low (Note24) 0 0 0 ns 

twCH Write hold time after ~ low 8 10 13 ns 

tCWl ~ hold time after W low 8 10 13 ns 

tAWl ~ hold time after W low 8 10 13 ns 

twP Write pulse width 6 10 13 ns 

tos Data setup time before CAS low or W low 0 0 0 ns 

tDH Data hold time after ~ low or W low 8 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M4V17805C-5.-5S M5M4V17805C-6.-6S M5M4V17805C-7,-7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time (Note23) 109 133 161 ns 
tAAS ~ low pulse width 75 10000 89 10000 107 10000 ns 
tCAS ~ low Dulse width 38 10000 44 10000 57 10000 ns 
tcsH ~ hold time after ~ low 70 82 99 ns 
tAsH ~ hold time after ~ low 38 44 57 ns 
tAcs Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note24) 28 32 42 ns 
tAWD Delay time, ~ low to W low (Note24) 65 77 92 ns 
tAWD Delay time, address to W low (Note24) 40 47 57 ns 
tOEH ~ hold time after W low 13 15 20 ns 

Note 23: tRwc is specified as tRwc(min)=tAAC(max)+toDD(min)+tAWL(min)+tAP(min)+4tT. 
24:twcS. tCWD.tAwD and tAWD and.tcPwD are specified as reference points only. Iftwcs~twcs(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. IftCWD~tcWO(min), tAwO~tAWO (min), tAwo~tAwo(min) and tcpwo s;;tcPWO(min) (for 
hyper page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. If neither of the 
above condition (delayed write) of the DO (at access time and until ~ or ~ goes back to VIH ) is indeterminate . 
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.... ELECTRIC 5 - 179 



MITSUBISHI LSls 

M5M4V17805CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

Hyper page Mode Cycle 
(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, HI-Z control by ~ or W) (Note 25) 

limits 
Symbol Parameter MSM4Vl7805C-5 .. 6S MSM4Vl7805C-6,-6S MSM4V17805C-7 .. 7S 

Min Max Min Max Min Max 
tHPC Hyper page mode readlwrite cycle time (Note26) 20 25 30 
tHPRWC Hyper Page Mode read write I read modify write cycle time 57 66 79 

tRAS ~ low pulse width for read or write cYcle (Note27) 65 100000 77 100000 92 100000 
tcp ~ high pulse width (Note28) 8 13 10 16 13 16 
tCPRH ~ hold time after ~ precharge 28 33 38 
tCPWD Delay time, ~ precharge to W low (Note24) 43 50 60 
tCHOL Hold time to maintain the data Hi-Z until ~access 7 7 7 

tOEPE ~ Pulse Width CHi-Z control) 7 7 7 

twPE W Pulse Width (Hi-Z control) 7 7 7· 
tHCWD Delay time ~ low to W low after read 28 32 42 

tHAWD Delay time, Address to W low after read 40 47 57 

tHPWD Delay time, ~ precharge to W low after read 43 50 60 

tHCOD Delay time, ~ low to ~ high after read 13 15 20 

tHAOD Delay time, Address to ~ high after read 25 30 35 

tHPOD Delay time, ~ precharge to ~ high after read 28 33 38 

Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tHpc(min) is specified in the case of read-only and early write-only in Hyper Page Mode. 
27: tRAS(min) is specified as two cycles of~ input are Performed. 
28: tCP(max) is specified as a reference point only. 

~ before ~ Refresh Cycle (Nole 29) 

Limits 
Symbol Parameter MSM4Vl7805C-5 .. 5S MSM4V17805C-6,-6S MSM4Vl7805C-7 .. 7S 

Min Max Min Max Min Max 
tCSR ~ setup time before 'RAS" low 5 5 5 
tCHR ~ hold time after ~ low 10 10 15 
teAS ~ low pulse width 17 17 22 

tRSR Read setup time before ~ low 5 5 5 

tRHR Read hold time after ~ low 10 10 15 

Note 29: Eight or more ~ before ~ cycles instead of eight ~ cycles are necessary for proper operation of~ before ~ refresh mode. 

Hidden Refresh Cycle (Note 30) 

limits 
Symbol Parameter MSM4V17805C-5 .. 5S MSM4V17805C-6 .. 6S MSM4V17805C-7 .. 7S 

Min Max Min Max Min Max 
tRSR Read setup time before 'RAS" low 5 5 5 
tRHR Read hold time after ~ low 10 10 15 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 

Note 30: Read, early write, delayed write, read write or read-modify-write cycle is applicable to hidden refresh cycle. In all cases tRSR and tRHR should be 
satisfied. 
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M5M4V17805CJ, TP-5,.6,-7 ,-55,-65,.75 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by ·5· after speed item, like -55/ -65 / -75. The other characteristics and requirements than the below 
are same as normal devices. 

ELECTRICAL. CHARACTERISTICS (Ta=0-70·C , Vcc-3.3V±10%, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Limits 

Unit· 
Min Typ Max 

~ before ~ refresh cycling 
or ~ cycling & ~:ii0.2V 
~& WE':l0.2V 

Average supply current or ~ & m ~ Vcc-0.2V 

ICC8(AV) from Vcc MSM4V17805C (8) Ao-Alo:l0.2V 500 p.A 
Slow - Refresh cycle or Ao -Al0 ~Vcc-0.2V 

(note 6) tREF=128ms (2048 cycles) 
output .. OPEN 
tRAs=tRASmln. -1 p. s 

Average supply current 

ICC~(AV)· 
from Vce MSM4V17805C (S) ~-~:i!0.2V 200 p.A 
Self - Refresh cycle output = OPEN 

(note 6) 

TIMING REQUIREMENTS (Ta=0-70t, Vcc=;:3.3V±10%, Vss=OV, unless otherwise noted, See notes 14,15) 

Symbol Parameter 

tAMS Self refresh ~ low pulse width 
tAps Self refresh ~ high precharge time 
tCHS Self refresh ~ hold time 
tASR Read setup time before ~ low 
tAHR Read hold time after ~ low 

SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

M5M4Vl7805C-5S 
Min Max 
100 
90 

-50 
10 
10 

Limits 
M5M4V17805C-6S M5M4V17805C-7S Unit 
Min Max Min Max 
100 100 }Js 

110 130 ns 
-50 -50 ns 

10 to ns 
10 15 ns 

The last I first full refresh cycles (2K) must be made within t NS / tsN before I after self refresh, on the condition of t NS:i! 32 ms and tSN 
~32ms. . 

tNS tSN 
,- -, ,- -, 

-.. -.. -... -.. -.. -.. -'~II~I~I.-... ~I~"~I _______ Se_lf_re_fffi_sh_p_eri_oo ______ ~~II~II-··-··~·I~1I~I-··-··-··-··-··-· 
DISTRIBUTED REFRESH 

<2K/32ms> 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
<2K/32ms> 

The last I first full refresh cycles (2K) must be made within t NS / tSN before / after self refresh, on the condition of t NS + tSN :i! 32 ms. 

~ ~ 

~ ~ 
~1I~1I---~I1I1~~IIII~~1 ______ S_el_fre_fr_es_hp_er_ioo ______ ~~1 ~11II--~IIII~--~IIII-

BURST REFRESH 
< 2K/32 ms> 

. 'MITSUBISHI 
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BURST REFRESH 
<2K/32ms> 
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M5M4 V17805CJ, TP-5,-6,-7 ,-58,-68,-78 

HYPER ~ PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

TEST Mode SET Cycle (Note31) 

Umits 
Symbol Parameter M5M4Vl7805C-S,-5S M5M4V17805C-6,-6S M5M4Vl780SC-7,-7S 

Min Max Min Max Min Max 
twSR W setup time before ~ low 10 10 10 
twHR W hold time after ~ low 10 10 15 

Note 31 :The test mode function is initiated by a W and ~ before ~ cycle ( WCBR cycle) as specified in timing diagram_ 
The test mode function is terminated by either a ~ before ~ refresh cycle (CBR refresh cycle) or a ~ only refresh cycle. 
During the test mode, the device is internally organized as 16-bits wide ( 1 M bytes depth). No addressing of CAo is required. 

Unit 

ns 
ns 

During a write cycle, data must be applied to all DO ( input) pins. The data can be different between DO pins. The data on each DO pin is written 
into 2-bits memory cells, respectively. During a read cycle, each DO (output) pin shows the test result of the 2-bits, respectively. High state 
indicates that they are same. Low state indicates that they are not same. 
During the test mode operation, only WCBR cycle can be used to perform refresh. 

o--d #1 
DOl 

#2 

o--d #3 
D02 

#4 

o--d #5 
D03 

#6 

o--d #7 
D04 

#8 

o--d #9 
DOs 

#10 

o--d #11 
D06 

#12 

o--d #13 
D07 

#14 

o--d #15 
DOe 

#16 
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M5M4V17805CJ,TP-5,.6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Timing Diagrams (Note 32) 
Read Cycle 

Ao-Al0 

w 

D01-DOe 
(INPUTS) 

DOl-DOe 
(OUTPUTS) 

VIH­

Vll-

VIH­

Vll-

VIH­

Vll-

VIH­

Vll-

VIH 

Vll-

tRAS , 
r tRCO 

W , 
tRAO 

tASR tRAH 
~ H +--+ tCAH 

~ 
,~ COLUMN 

~ 
ROW IY.I(" ... 

ADDRESS 'f\lSl'"-xxxxxx:4' ADDRESS ~ 

tRCS 

J 
~ xxxxxxx 

:~~~~~~' xxx xxx x 

tozc .... r------

xxxxxxxx 'xxx x xxx x 
xxxx XIXXXXX~ 

tRC 

tCSH 

tRAL 

tCAl 

tCAC 

VOH­

VOl-

VIH­

Vll-

Hi-Z 

V0xxx xxxxx 
xxx xxxxxxx 
~xxxxxxxxxx 

tAA 

tell 

tRAC 

@ 
tozo ~ 

x 
xxxxxx 

tRP 

J tRPC L 
tRSH 

tCAS --+ ~p 
i W 

tASR .... 
xx,.. ROW 

xxxxxx xx, ADDRESS 

tRRH 

....-. tACH 

xxx~ 
xxxxxxxxxx~ 

tCDD 

+---~ 

Hi-Z xxxx)o 
XXXX}O 

IoJI{ xxxx 
tREZ twEZ I+-r-

tOFF 

tOHA 
tOHC 

J Hi-Z 
DATA VALID 

tOEZ 

tOCH ~ 
xx xxxxx}O 

I xx xxxxxx-

tOAH 

~ Indicates the don't care input. 
Note 32 ~ VIH(min):iVIN:iVIH(max) or VIL(min);:;VIN.:iiVIL(max) 

~ Indicates the invalid output. 
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",,'NARY M5M4V17805CJ,TP-5,-6,-7,-5S,-6S,-7S 
P REL'. 'ificaliOf' 

Notice: ,his is "otl\':n:~~a!r:r=~biect \0 cMf'9,'" 
p",r<1f(\6\flC 

Sof(\e 'HYPER PAGE MODE. 16777216~BIT (2097152-WORD BY a-BIT) DYNAMIC RAM 

Early Write Cycle 

Ao-A10 

w 

D01 ..... DOa 
(INPUTS) 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

DO, ..... DOa VOH-

, 
tcp tRco 

~ 
, 

tA~ tRAH 
tASC~ 

D 
~ 

ROW l«XX~ 

ADDRESS 
~ 

twcs 

xxxx,"r 
xxx x XXXXlIlI ' 

tosl4-+ 

XXXXXXXXla. 
xxxxxxxxxxxxxxx ... 
xxxxxxxXXXXXXXXl 

twc 

tRAS tRP 

~ \ 
~ tRPC 

tCSH 
tRSH 

tcAS -+ ep 

I ~ 
tCAH tA~ 

COLUMN XXXXXXXXX A.~ ROW 
ADDRESS 

y~ 
ADDRESS XXXXI 

twCH 

'1 x xxxxxxxx> 
wxxxxXxx xxx 

tOH 

.IICXXXYXXX xxxxxxxxxxxx> 
DATA VALID IIXXXXXxxxxx 

xxx 
xxx> 

Hi-Z 
(OUTPUTS) VOL- ---------------------------------
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M5M4V17805CJ,TP-5,-6,-7,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Delayed Write Cycle 

Ao-A10 

w 

D01 ..... DOs 
(INPUTS) 

D01 ..... D08 
(OUTPUTS) 

VIH­

VIL-

VIH­
VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VOH­

VOL-

VIH­

VIL-

twc 

tAAS tRP 

~ ~ ~ tApc 
tCSH - .. -4-

tf tAco tASH 
tCRP 

tCAS --+ ft--
xxxXJr , I ~ '5l5l5lSI 

~ tAAH 
lAsc ...... tCAH -.. .. lASR 

.~. W'L m ROW COLUMN x ROW wxxxx xxxxv 
ADDRESS 

~ 
ADDRESS 

Y'L 

~ 
cxxxxxxxxXXXXXXXM 

XXXXX)IW Itxxxxxxx 

twCH 

to~ to~ 
exxxxxxxxxxxxxxxxxx Hi-Z ~ cxxxxxxxxxxxxxx 

~ 
~ 

Hi-Z ,~. 
e 

~xxxxxxxxxxxxxxxx x xxxxxxxxxxxxxxxxxxxxx. xxxx x ~ xxxx 

• MITSUBISHI 
"'-ELECTRIC 

~ tOEZ 

Htooo 

xx xx XXXXI: ADDRESS 

~ 
tRWL 

~ 

\ IXXXXXXXXXXXXXX)I 
">lXY\c x x xx~ k 

toH 

DATA ~IX x x X x x x x x x x x )I 
Irxx 

VALID ..1[': 

Hi-Z 

~H 

tsl'xxxxxxxxxxx x x.x ~ 

~~ ~ ~x~x=x=«~ x x x x ~ 
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MITSUBISHI LSls 

PRELl 'NARY M5M4V17805CJ,TP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 167n216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Read-Write, Read-Modlfy-Wrlte Cycle 

Ao ..... A10 

w 

DQ1 ..... DQe 
(INPUTS) 

001 ..... 00e 
(OUTPUTS) 

5 - 186 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VOH­

VOL-

VIH­

VIL-

tRwe 

tRAS 

~ 
tesH 

tCR! 
tRCD tRSH 

tCAS 
<xxxx ... ~ xxxx ... 

06l:U tRAD 
It 

tAS~ tRAH 
lASc :e leAH 

~ ROW 
.~ 

COLUMN ItX 
UXXXAj 

~ ADDRESS RXXXlr' ADDRESS RXX 
.~ 

tAwo 

tRCS 40-~ 
tewD 
tRWO 

xxx XXXXXX)I 
AAI 

tozc +-~ 
tDS~ 

xxxxxxx xxxxxxxx Hi-Z ~ 
¥>l'xxx xxxx x 

'~ xxx xxxx tCAC 

1M 

~ 
roATA' Hi-Z 

,~ 
tRAC 

f VALlD4 .---. tODD 

"'"- tDZO IlOEA~ 
~ tOEZ 

.AA 
X ........ X .... A .... XXXA XXX XJII. 
xxxxxxxxxxxxxxxxxxxx~ 

• MITSUBISHI 
"ELECTRIC 

tRP 

i ~ 
--t f-!'PC 

tCRP 
~ ~ 

~ ~. 

tAs~ 

x x ROW XAXV 
XXXI1 ADDRESS 

tewL 
tRWL 
twp 

~ r0xxxxx 

k 
~xx xxx') 

tDH 

.«xxxxxxxxxx') 
DATA VALID xxx> 

xxxxxxx') 

Hi-Z 

~ 
AAAAA A .... AX ....... 
~XXXXXXXXXXXXXXX> 

xxxxxxxxxxx') 



MITSUBISHI LSls 

M5M4V17805CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

Ao-A1o 

w 

DOl-DOe 
(INPUTS) 

D01 ...... DOe 
(OUTPUTS) 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VOH­

VOI--

VIH­

VIL-

tR AS , 
tCSH tHPC 

teRP tAco tcAS ~ tCAS 

-+f-~ 

r!I ~ /r-J., 
tRAD 

tASR tRAH lASC .... i'4l
tCAH ~ lA~ ~ 

IrY I't~ rT"': 

D nnn. FOW ~)';.)';." ,jltX , 
CbLUMN-2:~ COLUMN-1 ~DDRES~ IIIXXXA ReX • 

.x 
x)';. 

xx)';.)';.x 

xx 
xx 

~ ~ ~~ 

~~ 
tCAl tCAl 

xxxx 
XI 

)';.~ 

to C 

xxxx 

~ ~ 
tAA 

~"I tOCH 
---+ I--~ 

~ 
Hi-Z DATA .~ VALlD-1 

tRAC tCPA 

tDZO t~ I 
tOCH 

x)';.)';.xx)';.~~ 

x)';.)';.xx)';.xx 

• MITSUBISHI 
.... ELECTRIC 

'~ 

Hi-Z 

RP 

~ L 
tRSH 

~ tCAS 

~,---,~ I 
1 

tCPRH 

tI~ l'4I
tCAH ~ j'4IlASR ~ 

~ r., ... ~ u ROW 
COLUMN-3 II d '" ADDRESS 

fo" .. ~ ~fW' 
tRAI-

-'" ~t~ 
teAL ~ tRCH 

..... )';.)';.)';.)';.> 
~ 

~ 
tROD 

tCDD 
~ "X"'l' 

¥ :is 
~ tREZ ~ & 
tAA tOHR 

tOFF 
tDOH tOHC ---f!'-- .... 

DATA ~ DATA 
V~L1D-2 VALlD-3 

...... 
tCPA 

tOEZ 

I X x)< x> 
~ X x)< x> 

~ tODD 
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MITSUBISHI' LSls 

MINARY M5M4V17805CJ,TP-5,-6,-7,-5S,-6S,-7S 
P R El' ecilication 

. . lhis is not a !ina\ 51> s~biec\ to change. 
Notice. Hie \\1",\5 are 

SOlne pa
rame 

HYPER PAGE MODE 167n216-.BIT (2097152-WORD BY 8-BIT ) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

Ao .... A10 

w 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

D01-DOs VIH-, 
(INPUTS) VIL-

D01-DOs VOH-

tRAS tRp 

~ ~ ~ 
tcsH tHpc tRSH 

tc~r tRcD tCAS ... ~ tCAS ~ ,tCAS I. tCRP 
_l~ r 

W ~ l--\ r--;~ , 
1 

t tCAL t tCAL 
tASR tRAH tAS~ ~tCAH • ~ ~tCAH • fA::. ~ ~ 

~ ROW ,n::?\. ~J;!':;Ol'lJ ~ [~,.J ROW 
COLUMN-1 COLUMN-2 COLUMN-3 

ADDRESS IAXXXXA ADDRESS 'V:D, '~' ~ ~ 

~ twCH"\ 
~ ~ ~ If/cs. ~ 
~ ~ xxx xxx' xxx .JI, 

xxxxxxxxxxx • • xxx .. • xxx : • &XXXXXXXXXXXlC xx .~ .; xxx .ll. •. xx 

~ ~ 14tos. ~ ~ ~ 

DATA 
,J;l'YQ\. DATA 

~ 
DATA xxxxxxw IIICX X X 'II IIt'XXXJII IrXX 

xxxx 

xxx xxxxx.,. VALlD-1 ~l::J5l5:D VALlD-2 tllXXXlI: 
~ 

VALIO-3 J,'II[XXXXXXXXXX}I 

Hi-Z 
(OUTPUTS) VOL------------------------------------------------------------------------
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VIH­

VIL-

• MITSUBISHI 
.... ELECTRIC 



MITSUBISHI LSls 

M5M4V17805CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 167n216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hyper Page Mode Read-Wrlte,Read-Modlfy-Wrlte Cycle 

Ao-A1o 

w 

DQ1-DQe 
(INPUTS) 

DQ1 ...... DQe 
(OUTPUTS) 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VOH­

VOL-

VIH­

VIL-

RAS 

~\ ~ 
tCSH --. ~WL. 

tCRr tRCD tCAS tHPRWC !f_AP 
tcp teAs 

XXXXI 

, ~ ~ II - tRAD 

tA~ ~RA~ tAsc ~ 
teAH ~ teAH ~ "tASR 

~ 

~ ROW x 1&: ROW xxxxw COLUMN-1 I1I'XXXXXX xw COLUMN-2 .. xxx xxx~ 
~. ADDRES~ ~~ x xx xx ,,; ~~x x ..j'y}(/' ADDRESS 

tAwo tAwo 

tAr-~ tewo tc~ tRCS 14- tewD 

~ ~ 
.. ~~ xxxxxxx xxx~ ~ , IIXX 

,. 
XXXXX XI KXXXXXXl' 

tRwo tCPWD 

~r:.. tos tDH tD~ tOH 

xxxxxxx xxx Hi-Z ~ DATA 
xxxx 

~ VALlD-1 
~ 

tAA 

tCLZ-*~ 
Hi-Z 

~ 
r;:;: Hi-Z 

tRAC 
~ 

+-f+ toDD 

~ ~ 
-+ -!+tOEZ 

xx 
XXXXXXXXXXXXXXX J xxx 

• MITSUBISHI 
.... ELECTRIC 

tos 

~ "-t" Hi-Z ~ DATA l' 

~ ,,~ VALlD-2 III.XXXXl' 
T 

tAA~ 
-+ '-tc~r--, 

~o.,. Hi-Z 

rAl1D-2 f 

tCPA "'-tODD 

~ ~ tOEZ 

\ U ~xxxxx,. 

I~XXXXXX> 
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MITSUBISHI LSls 

M5M4V17805CJ, TP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

Ao-A10 

w 

001 ..... 00e 

(INPUTS) 

001 ..... 00e 

(OUTPUTS) 
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VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VOH­

VOL-

VIH­

VIL-

tRAS 

~ tRWL , 
~~~ 

tCSH tHpc tHPRWC 

tc~r 
,-

tRCD tCAS ~ tCAS e. tCAS 
"I 

W 
,...---, ,....., l· -, I ~ , ~ tCWL 

tRAD 

tASR tRAH 
14

tCAH
• 

tA::" ~ tAsc tCAH tASR 
lASc ....... . --.---. 

~ 
,n::l\.i J:. ~ I iI~ 

AXXXJ4U 
...--

ROW 
~ COLUMN-1 COLUMN-21E> ~8! COLUMN-

~xxx ROW 
6.00RESC' ~AAX AAXA.XA ADDRESS 

" ~ I .. l.X.¥I c,.;.u ---
~~ ~ 

tCPWD 
twcs 

tAWD 
...... 

tCAl tCAl tewD 

~. 
XXXXX XXXXI 

, , :AXXAX> 

I 

tDZC tDZC ~ ~ t~ I--~. tos 
~. ~r-It-

xxxx ~ DATA ~~ ~ ro~ IExxxxxxJt 
xxxxx xxxx 

~ ',. VALlD-2~ 
j:.LZ "I ~ twEZ 

Hi-Z ~P-~ DATA 
VALIo.1 --tRAC 

tDZO ~ tOEZ 
~.""-fI 

xxxxxxxx xxxxxxxxxxxxxxxx tOCH I ~xxxxxxxxxxxxx x x x x xXxxx 

--. -4-

tODD 

• MITSUBISHI 
.... ELECTRIC 

~~ ~-. ~~~~ 

~ 

~~~ r----, DATA 
VAUD-3 

~ 
tCPA 

~t~~ ~ 

\LJ '\cxxxxxxxxxxx~ 
~xxxxx 

:-'r-14-
tODD 



MITSUBISHI LSls 

M5M4V17805CJ, TP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

Ao-A10 

w 

VIH­

Vll-

VIH­

Vll-

VIH­

Vll-

VIH­

Vll-

D01 ...... DOa VIH-
(INPUTS) Vll-

D01"""DOa VOH-
(OUTPUTS) VOl-

VIH­

Vll-

---1 

xxx 

~ 

, I ~ I ~ 
tcp tcAS tCAS 

tAsc tCAH ~ tCAH 
14

tASC ~ tCAH 
~ .n ""~ XA< 

COLUMN-1 
~ xxxx~ 

COLUMN-2 
~x IX X'-l 

COLUMN-3 IlX' a. X~ 
XXXX.., 

~ 'r-'-W 
tCAl tACH 
~ 

teAL 

~ FY tHCWD , 
tHAWD 

tHPWD toS____. 
~ 

to~ I+-

Hi-Z J~ , DATA ~ 
IIXX 

tCAc ,. VALlD-2 
~XXXX xx X 14tCAC ~ 

~ ~ 

1M 

tCPA 
twEZ 

+-~ 

~A 
DATA ~ 

VALlD-1 ~ 

tHCOD 

tHAOD ~ tODD 
tHPOD 1# 

.{ 

• MITSUBISHI 
"ELECTRIC 

1M 

tePA 

Hi-Z ~U~ 

tDze .--. ~ 

, 

:~ 

Hi-Z 

DATA 
VALlD-3 
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MITSUBISHI LSls 

PREL~~~~~~~,. M5M4V17805CJ,TP-5,-6,-7,-5S,-6S,-7S 
Notice: :~~~:tdC limitS afe SlI I 

Some P' HYPER PAGE. MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( HI-Z control by ~ ) 

Ao-A1o 

w 

D01-DOa 
(INPUTS) 

D01-DOa 
(OUTPUTS) 
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VIH­

Vil-' 

VIH­

,Vll-

VIH­

Vll-

VIH­

Vll-

VIH­

VIL-

VOH­

VOl-

VIH­

Vll-

Lo.- tRAs .... 

~ 
tCSH tHPC tRSH 

~~ tRCD tCAS ~ teAs tcp tCAS 

~ ~ l'r-\ I , 
tRAD tCPRH 

tASR tRAJi lAsc .... tCAH I~~ ~tCAH ~ ti~ ~tCAH • 

D ~ 
rrr:r. Ir"; ~ 

ROW COLUMN-1 COLUMN-2 
r«x IX~' 

COLUMN-3 
4DDRES~ IIIItA iAAA 

'Y::8 ~i;I -~ tRAl 

L tRCS r .... 

xxxxx xx:.' 
AAAA 

tozc 

Hi-Z 
xxxxx xxx 
xxx ~ ~ ~ 

1M 1M 

___ f--4-~ tOOH 

Hi-Z ~ DATA '. f~'~~ DATA 
VALlD-1~r ~ ~ VALlD-2 

tRAC tCPA l 
tozo 

~x x 
AAAXAAAXAXXXXXA 

to~ 
tOEA 
~ -'r-~CH 

/~~ 
--t r-!+tOEPE 

• MITSUBISHI 
.... ELECTRIC 

tCHOl~ 

~ 

I 
--to -

1M 

tOll 
'I 

H~Z '~ 
tCPA 

I- tOEZ 

~ 
i+tOEPE 

tRp .... 

~ 

l-
tCRP 

Y " ' 

~ 
"r r'ft 

'" ROW 
1R ADDRESS 

~~ ~ .. 
.. tR~ 
~ tRCH 

AAAA". 
. xxxx~ 

l.twEZ
• 

tRDD 
tCDD 

00 ~ 
tREZ ~ ~ 
toHA 

tOFF 
tOHC 

DATA ~ VALlD-3 

tOEZ 

.x 

4---t tODD 



MITSUBISHI LSls 

M5M4 V17805CJ, TP-5,-6,-7 ,-58,-6S,-78 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( HI-Z control by W ) 

Ao ..... A10 

w 

001-00S 
(INPUTS) 

OQ1-00S 
(OUTPUTS) 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VOH­

VOL-

VIH­

VIL-

mAS , 
tCSH tHPC tASH 

~. 
tAco tCAS ~ tCAS tcp tCAS 

2{1 ~ 
r-'1 ~~ ~ ~ , 

~ ~ 

!RAO tCPAH 
tASA tAAH lASc ~ 14

tCAH
• tA~ ~ tJ~ ~tCAH • 

D FOW :n::ti ~ ~~ :12 ~ 
[ADORES'" IAXXlCa COLUMN-1 COLUMN-2 (jKX xa. COLUMN-3 

~J ..... 1I'f' ~ ~ 

tRAL 
L tACS tACH .... -1+ 

"1-~ tRCS 

}{ 
toz:: twPE 

xxxxx x HI-Z 
xxxx 

~ ~ ~ 
fAA fAA fAA 

~ 1-t~E:' ~ -t~~ 
Hi-Z 

DATA '~ DATA HI-Z ~ 
VALlD-1 ~ k. VALlD-2 

tRAC tCPA tCPA 
tozo t~ r I 

tOCH 

xxxxxxx x xxx 
x:XXXXXX xxx 

• MITSUBISHI 
.... ELECTRIC 

tAp 

~ '-
tCAP 

1~ 

tASR 
~ 

~t" ~ ROW 

~~ ~ 
ADDRESS 

tAAH --'" 

~ tACH 

xxxx> xxxx 
~ 

~ 
tAoo 

tCDO 

~ g 
tAEZ ~ ~ 
tOHR 
tOFF 
tOHC 

DATA ~ VALlD-3 

tOEZ 

> 
I. ... IXX 'XXX7' 

ft-+ to~D 
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MITSUBISHI LSls 

PREl~~~~~~~" M5M4V17805CJ,TP-5,-6,-7,-5S,-6S,-7S 
Notice', ihls IS , limitS are sub\ec 
, e parametflC 

So", , HYPER PAGE MODE 167n216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

~-only Refresh Cycle 

Ao-A10 

w 

DQ1-DQs 
(INPUTS) 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

tRC 

tRAS 

~-~ ~- ~ 
(OUTPUTS) VOL- --------------.;...;.;..;;~---------------
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VIH­

VIL-
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MITSUBISHI LSls 

M5M4V17805CJ, TP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

~ before mm Refresh Cycle, Slow Refresh Cycle 

Ao .... A10 

w 

001 .... 00S 
(INPUTS) 

001 .... 00S 
(OUTPUTS) 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH-

VIL-

VOH-

VOL-

VIH-

VIL-

tRP 

J , 
~C t~ 

J""~ 
tCPN 

KX xxxx 

~H t~ 

V 

-..!.O~ --\ , 
-

tOEZ 

'x XXXXXX 
rx "'X'xx 

RC " RC 
» 

tRAS tRAS tRP 
(( 

i - , , \ 

tCHR -t~C,1 tc~ tCHR -t~C L tCRP 

I ~ If WI '--
tASR 

I 

xxxx xx XXXXXXXX xxxxXJW ROW COLUMN XXXXXXXXXXX XXXX xxxxxxxxXXXXXXXA I\DDRES ADDRESS XXXXXXXXX.ln 
~ 

tRHR 
(( tR~ tRHR t~ 'I 1 

~xxxx ~xxxxxxxxxxxxxx» 

",XXXXXXXlGr "' x~ 

,",xx xXXXXXXXTol -
(( 

X XXXXxx xxxxxxX)( 
xxxxxxxxx xxxxxxxxxxxxxxxxxxx~ -

~S 
Hi-Z 

XXXXXXXJIr XXXXXXXXXXXXX xxxxxXxxxxx)' 
xxxxxxxx xxxxxx x 

• MITSUBISHI 
"ELECTRIC 

xxxxxxxxx~xxxxxx> 

xx~ 
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ELUVUNARY P R .. a !ioal specli!catlOn change 
NotIce· ThIS \S 0

0 \",,;15 are sub\lle! to 

MITSUBISHI LSls 

M5M4V17805CJ, TP-5,-6,-7 ,-58,-6S,-7S 

Sorne p~\a",etf\C HYPER PAGE MODE 167n216-BIT (2097152-WORD BY 8-BIT ) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 33) 

Ao-Al0 

w 

D01 ....... DOa 
(INPUTS) 

D01 ....... DOa 
(OUTPUTS) 

VIH­

VIL.-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VOH­

VOL-

VIH­

VIL-

tA C 

tRAS , 
tCRr tRCD tRSH 

W ~ 
tRAD 

tASR .. ~tASC tCAH 

~ ~OW ~. COLUMN xxx", 
A XA~' ADDRESS ADDRESS 
~ 

14tRCS 
tRAL 

I(X xx 
AXAAAX xx »' 

~ 

xx 
I( xxxx 

.. 
xxx 

tCAC 

1M 

~ 
Hi-Z ~~ 

tRAC 

tozo tOEA 

tORH 
xxxxxxxxxxxxxxxx 

AXXAXXX 
XXXXXXXXXXX 

tA C 

tRP tRAS tAp 

I , I L 
tCHR 

~ 
lAS. 

xx xx~ ROW 
x AAXXA x ADDRESS 

~ ~ ~ 
VI ~A A AAXA.> 

¥.X xxx XXXXXXXX> 

tCDD 

~ 
Hi-Z IXXXXX.Jo 

~ 
x> 

~ 
tOFF 

tOHC 

Hi-Z 
DATA VALID 

tOEZ 

tODD 

~XXAXX XXXXX}O 
&XXXAXX xxxxx}o 

Ie xxx xxx XXXXX> 

Note 33: Early write, delayed write, read write or read modify write. cycle is applicable instead of read cycle. 
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Timing requirements and output state are the same as that of each cycle shown above. 
In all cases tRSR and tRHR should be satisfied. 
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Self Refresh Cycle 

Ao-A10 

w 

OQ1 ..... 0Qa 
(INPUTS) 

OQ1 ..... 0Qa 
(OUTPUTS) 

VIH­

VIL-

VIH­

VIL"";' 

VIH­

VIL-

VIH­

VIL-

VIH-

VIL-

VOH-

VOL-

VIH-

VIL-

MITSUBISHI LSls 

M5M4V17805CJ, TP-5,-6,-7 ,-55,-65,-75. 

HYPER PAGE MODE 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

tRP tRASS tRPS I.. 

.J ~ ~ ~ 
tRPe 

~ tc~ ..... t~s ~ ~ 

J ~ V W 
tCPN 

tASR 
.... r-~ 

ItX 
XXXX ROW xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxx 

ItX XXXXXXXXXXXXXXXXXXXXXXX x~ ADDRESS 

~H t~ tRHR 

I 

W xxxxxxxxxxxxxx xxxxxxxxxxxx> 
~xx xxxxx XXXXXXX Xl' 

ItX xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xx xxxxxxxxxxxx> 
ItX XXXXXXXXX XXXX XXXXXXXXXXXXl' 
ItX xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx x~ 

..... tcre 
--~ Hi-Z 

-I( 

-+r-~EZ 

loX xxxxxxxxxxxxxxxxxxx xxxxxxxxxxx xxxxxxxx> 
I:. X xxxxx xxxxx xxxxx xxxxxxxx 

• MITSUBISHI 
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MITSUBISHI LSls 

PREL\ . ,~~~y M5M4 V17805CJ, TP-5,.6,-7 ,-58,.65,.75 
. : This Is nat a lIf1a

l ~ ~ub\ec\ to change 

~~~: pa!a~etncllm\ts or HYPER PAGE MOD,E 16777216-BIT (2097152-WORD BY 8-BIT) DYNAMIC RAM 

TEST Mode SET Cycle 

Ao-A10 

w 

001-00e 
(INPUTS) 

DOt-DOs 
(OUTPUTS) 
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VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH-

VIL-

VOH-

VOL-

VIH-

VIL-

tAp tAAS tRP 

.J , 
~ ~ 

~ tc~ tCHA ~~ ~tCRP 

~ 
.lE:.XXltL 

.J "WI 
tCPN 

tASR 
~ -4-

xxxxxx~ ROW x )oW 
X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXft ADDRESS 

tRCH twSR twHR 

~ ~ 

\)~ XXXXX-'l 
rxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxx~ xxx XXXXXXX 

)Il)ll)llX x~ 
-'I 

XXXX xxxxxxxxxxxxxxxxxxxxxxxx~ 

-+ ~FF 
--\ Hl-Z 

-' 
~ ez 

x xxxxxxxxxx x xxxxx )Il)ll)ll)ll )Il)ll)ll-'l 
.c x xxxxxxxxxxxxxxxxxx 

Note 34: This cycle can be used for initialized cycle after power-up. however entried into Test Mode. 
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MITSUBISHI LSls 

M5M4 V16160BTP-6,-7 ,-68,-78 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16·BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideal for 
large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential.' 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 

FEATURES 

RAS CAS Address OE Cycle Power 
Type name access access access access 

time 
dlsslpa-

time time time time tion 
(max.ns) (max.ns) (max.ns) (max.ns) (min.ns) (typ.mW) 

MSM4V16160BTP-6.-SS 60 15 30 15 110 285 

MSM4V16160BTP-7.-7S 70 20 35 20 130 255 

• Standard SOpin TSOP 
• Single 3.3V ± O.3V supply 
• Low stand-by power dissipation 

1.8mW (Max) •••••••••••••••••••••••• CMOS Input level 
• Low operating power dissipation 

M5M4V16160BTP -6, -6S •••••••••••.••• 345.0mW (Max) 
M5M4V16160BTP-7, "7S •••••••••••••••• 310.0mW(Max) 

• Fast-p~ mode, Read-modify-write,RAS-only refreslt, CAS 
before RAS refresh, Hidden refresh capabilities 

• Early-write mode and OE to control output buffer impedance 
• All inputs, output TIL compatible and low capacitance 
.4096 refresh cycles every 64ms (Ao -A11) 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN CONFIGURATION (TOP VIEW) 

) Vee (3.3V 

DATA INPUTS/{ 
OUTPUTS 

D01 
D02 
D03 
D04 

) Vee (3.3V 

DATA INPUTS/{ 
OUTPUTS 

D05 
DOs 
D07 
DOs 
NC 

NC 
NC 
w 

RAS 
WRITE CONTROL 

INPUT­
ROW ADDRESS 
STROBE INPUT{ 

ADDRESS 
INPUTS 

An 
Al0 
Ao 
Al 
A2 
A3 

(3.3V ) Vee 

......., 

!: 
U'I 

i 
< 12 .... 

13 en .... 
14 en 

0 

~ 
"0 

39 

38 

37 

~ 
D 
D 

015 DATA INPUTSI 
014 OUTPUTS 

~1~O}V) 

0 013 
V 
D 
D 
~1~O}V) 
011 DATA INPUTS/ 
010 OUTPUTS D 

D Qg 
N C 

LOWER BYTE CONTR 
N ~

LUMNADDRESS 
STROBE INPUT 

~ UPPER BYTE CONTROL 
Uv/'\,;:) COLUMN ADDRESS 

A 

A 
A 
A 
A 

'OE' STROBE INPUT 

~ ~} OUTPUT ENABLE INP 

7 ADDRESS 
6 INPUTS 
5 
4 

V ss(OV) 

Outline 50P3W-L(400mil TSOP) 
NC : NO CONNECTION 
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M5M4V16160BTP-6,.7,.6S,.7S 
FAST PAGE MODE 16777216·BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

FUNCTION 
The M5M4V16160BTP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, 

e.g., fast page mode, RAS-only refresh, and delayed-write. The 
input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs Input/Output 

RAS LCAS UCAS W OE DQ1~DQ8 DQ9~DQ16 

Lower byte Read ACT ACT NAC NAC ACT DOUT OPN 

Upper byte Read ACT NAC ACT NAC ACT OPN DOUT 
Word Read ACT ACT ACT NAC ACT DOUT DOUT 

Lower Byte Write ACT ACT NAC ACT NAC DIN DNC 

Upper Byte Write ACT NAC ACT ACT NAC DNC DIN 

Word write ACT ACT' ACT ACT NAC DIN DIN 

RAS-only refresh ACT NAC NAC DNC DNC OPN OPN 

Lower Byte Hidden refresh ACT ACT NAC NAC ACT DOUT OPN 

Upper Byte Hidden refresh ACT NAC ACT NAC ACT OPN DOUT 

Hidden refresh ACT ACT ACT NAC ACT DOUT DOUT 

~before m refresh ACT ACT ACT DNC DNC OPN OPN 

Stand-by NAC DNC ONe DNC DNC OPN OPN 

Note: ACT: active. NAC : nonactive. DNC : don' t care, VLD : valid, IVD : Invalid, APD : applied, OPN : open 

BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT RAS 

COLUMN Ab~~~~8~;m,~tcAS 
UPPER BYTE CONTROL __ 

COLUMN ADDRESS STROBE INPUT UCAS 

WRITE CONTROL 
INPUT 

ADDRESS INPUTS 

5 -200 

w 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

A11 

COLUMN DECODER 

---- ...... _-------

MEMORY CELL 
(167n216BITS) 

, , .. MrrSUBISHI 
"ELECTRIC 

---~VCC(3.3V) 

~VSS(OV) 

I DQ1) DQ2 

: LOWER DATA 
1 . INPUTS I OUTPUTS 

Dae 

=1 
Dp10 

, UPPER DATA 
~ INPUTS I OUTPUTS 

DQ16 

Oe &~TfrUT ENABLE 
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M5M4V16160BTP·6,-7,-6S,-7S 
FAST PAGE MODE 16777216·BIT (1048576·WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.5-4.6 

VI Input voltage With respect to Vss -0.5-4.6 

Vo Output voltage -0.5-4.6 

10 Output current 50 

Pd Power dissipation Ta=25·C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature -65,...150 

RECOMMENDED OPERATING CONDITIONS (Ta=O- 70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vee Supply voltage 3.0 3.3 3.6 V 

Vss Supply voltage 0 0 0 V 
VIH High-level· input voltage, all inputs 2.0 Vcc+0.3 V 
VIL Low-level input voltage, an inputs -0.3 0.8 V 

Note1: All voltage values are With respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta=0-700c, Vcc=3.3V ±0.3V, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ 

VOH High-level output voltage IOH=-2.0mA 2.4 

VOL low-level output voltage IOL .. 2.0mA 0 

loz Off-state output current Q floating, 0v.1a VoUT."lii 3.3V -10 

II Input current OV~I~Vcc+0.3V,Other inputs pins=OV -10 

Aver~e supply current MsM4V16160B-6.-6S RAS, CAS cycling 
ICC1 (AY) from cc operatin2 tRc=twc=min. 

( ote 3,4,5) M5M4V16160B-7.-7S output open 

ICC2 
Supply current from Vcc , 
stand-by (Note 6) 

RAS"= OAS" =VIH. output open 

M5M4V16160B-6.-7 RAS= CAS ~Vcc -0.2V. output open 
M5M4V16160B-6S .. 7S RAS= CAS ;;:'Vcc -0.2V. output open 

Aver~e supply current M5M4V16160B-6.-6S ~ CYCling, ~= VIH 
Ices (AY) from cc refreshing tRc=mln. 

(Note 3,5) M5M4V16160B-7.-7S output open 

Aver~ supply current M5M4V16160B-6.-6S ~=VIL. CAS cycling 
1CC4(AV) from cc tpc=min. Fast-Page-Mode output open 

(Note 3,4,5) M5M4V16160B-7.-7S 

Aver~e supply current M5M4V16160B-6.·6S 
~ before 'RAS refresh cycling 

1CC6(AV) m be~ore RAS refresh tRc=min. 
mode 

(Note 3) M5M4V16160B-7.-7S 
output open 

.. 
Note 2: Current flOWing Into an IC IS pOSitive, out IS negatIVe . 

3: ICCl (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RAS=VIL and lCAS/UCAS=VIH . 

CAPACITANCE (Ta=o- 70·C Vcc=3 3V + 0 3V vss=ov unless otherwise noted) 

Symbol Parameter 

CIIA) Input capacitance, address inputs 
CI(¥) Input capacitance, OE input 

CI(Wj Input capacitance, W input 

CI(RASj Input capacitance, RAS input 
CI(~ Input capacitance, CAS" input 
CliO Input/Output capacitance, data ports 

Test conditions 

VI=VSS 

f=1MHz 
VI=25mVrms 

.• MITSUBISH. I 
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Limits 

Min Typ 

Max 

Vcc 

0.4 
10 

10 

95 

85 

2 

0.5 

0.15 

95 

85 

70 

60 

95 

85 

Max 

5 

7 
7 

7 

7 

8 

Unit 
V 

V 

V 

mA 

mW 

-c 
·C 

Unit 

V 

V 

JlA 

JlA 

mA 

mA 

mA 

mA 

mA 

Unit 

pF 
pF 

pF 

pF 

pF 
pF 
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M5M4V16160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta-0-70·C Vcc-3 3V ±03V vss-ov unless otherwise noted see notes 61314) , 
Limits 

Symbol Parameter MSM4V16160B-6,-6S MsM4V16160B-7.-7S Unit 
Min Max Min Max 

tCAC Access time from CAS (Note7,8) 15 20 ns 

tRAc Access time from RAS (Note7,9) 60 70 ns 

1M Column address access time (Note 7,10) 30 35 ns 
tCPA Access time from ~ precharge (Note 7,11) 35 40 ns 

tOEA Access time from OE (Note 7) 15 20 ns 
tClZ Output low Impedance time from CAS low (Note 7) 5 5 ns 
tOFF Output disable time after CAS high (Note 12) 0 15 0 15 ns 
toez Output disable time after OE high (Note 12) 0 1.5 0 15 ns 

Note 8: An initial pause of 500 118 Is required after power-up followed by a minimum of eight Initialization cycles (any combination of cycles 
contalnln&.!.. RAS clock such as RAS-Only refresh), _ __ 
Note the RAS may be ~ during the Initial pause. And any 8 RAS or RASICAS cycles are required after prolonged periods 
(greater than 84 ms) of RAS Inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to 100pF, VOH-2.4V(JoH--2mA) and VOL-0.4V(loL-2mA). The reference levels for measuring 
of output signals are 2.0V(VOH) and 0.8V(VOl) 

8: Assumes that tRco ~ tRco(n-.x) and lAse ~ lAse(n-.x). 
9: Assumes that tJ\co:a tRCD{n-.x) and tRAO:a tJ\AD(n-.x). H tJ\c0 or tRAD Is greater than the maximum recommended value shown in this table, 

tRAc will increase by amount that tRco exceeds the value shown. 
10: Assumes that tRAD ~ tRAD(n-.x) and lAse:a tAsc(n-.x). 
11: Assumes that tcp :atcP(mu) and lAse~ lAse(ITe.). 
12: tOFF("...) and tOEZ (lTeX) defines the time at which the output achieves the high impedance state ( Jour;:5j I ± 10 JiAI ) and Is not reference to 

VOH(mtn) or VOl(ITeX). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles) 
(Ta.O -70·C, Vcc-3.3V ± 0.3V, Vss=OV, unless otherwise noted, see notes 13,14) 

Limits 
Symbol Parameter MSM4V16160B-6,-6S MSM4V16160B-7,-7S Unit 

Min Max Min Max 
tREF Refresh cycle time 1-6,-7 64 64 ms 

tREF Refresh cycle time 1-6S,-7S 128 128 ms 
tRp RAS high pulse width 40 50 ns 

tRCO Delay time, RAS low to CAS low (Note15) 20 45 20 50 ns 

tCRP Delay time, CAS high to RAS low 10 10 ns 

tRPC Delay time, RAS high to CAS low 0 0 ns 

tCPN CAS high pulse width 10 10 ns 

tRAO Column address delay time from m low (Nole18) 15 30 15 35 ns 

tAsR Row address setup time before ~ low 0 0 ns 

lAse Column address selup lime before ~ low (Nole17), 0 10 0 10 ns 

IRAH Row address hold time after RAS low 10 10 ns 

tCAH Column address hold time after ~ low 15 15 ns 

tolC Delay lime, data 10 CAS low (Nole18) 0 0 ns 

lozo Delay time, data to ~ low (Note18) 0 0 ns 

tcoo Delay time, m high to data (Nole19) 15 15 ns 

tooo Delay time, ~ high to data (Note19) 15 15 ns 

tr Transition time (Nole20) 1 50 1 50 ns 

Note 13: The liming reqUirements are assumed tr =5ns. 
14: VIH(mln) and VIl(n-.x) are reference levels for measuring timing of Input signals. 
15: IRCD(rntIX) is specified as a reference point only. If tRCO Is less than tReO(ITeX), access time is tRAC. If tRCD is greater than IRCD(ITe.),access 

time is controlled exclusively by tCAC or 1M. tRCD(min) is specified as tRCD(mln) .tRAH(mln) +2tr+tAsc(mln). 
18: lRAD(max) is specified as a reference point only. If tRAD ~ tRAD(""') and tAsc:i IASC("...). access time is controlled exclusively by IAA. 
17: IASC(lTex) is specified as a reference point only. If tRCO ~ tRCD(lTex) and IAse~ IAse("...),· access time Is controlled exclusively by tCAC. 
18: Either tOlC or tolO must be satisfied. ' 
19: Either tcoo or tooo must be satisfied. 
20: tr is measured between VIH(mln) and VIl(max). 
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M5M4V16160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-81T (1048576-WORD BY 16-8IT) DYNAMIC RAM 

Read and Refresh Cycles 
limits 

Symbol Parameter MSM4V16160B-6.-6S MSM4V16160B-7.-7S 

Min Max Min Max 

IRe Read cycle time 110 130 

tRAs mlow pulse width 60 10000 70 10000 

tCAS ~ low pulse width 15 10000 20 10000 

tCSH ~hold time after RAS low 60 70 

IRSH RAS hold time after CAS low 15 20 

IReS Read Setup time before CAS low 0 0 
IReH Read hold time after ~ high (Note 21) 0 0 
IRRH Read hold time after RAS high (Note 21) 10 10 

IRAL Column address to ~ hold time 30 35 

tOCH ~hold time after OE low 15 20 

tORH RAS hold time after OE low 15 20 

Note 21 : Either IReH or IRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 

Symbol Parameter 

!we Write cycle time 

tRAs mlow pulse width 
tCAS CAS low pulse width 

tCSH CAS hold time after RAS low 

lAsH RAS hold time after CAS low 

!wes Write setup time before CAS low 

!weH Write hold time after ~ low 
tcWL ~ hold time after W low 
IRWL RAS hold time after W low 
twP Write pulse width 

los Data setup time before CAS low or W low 
toH Data hold time after CAS low or W low 
tOEH OE hold time after W low 

limits 
MSM4V16160B-6.-6S 

Min 

110 

60 

15 

60 

15 

(Note 23) 0 

10 

15 

15 

10 

0 

10 
15 
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Max 

10000 

10000 

MSM4VI6160B-7,-7S 

Min Max 

130 

70 10000 

20 10000 

70 

20 

0 

10 

20 

20 

10 

0 
15 
20 

Unit 

ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 
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M5M4V16160BTP-6,-7,-65,-75 
FAST PAGE MODE 16777216-81T (1048576-WORD 8Y 16-8IT) DYNAMIC, RAM 

. Read-Write and Read-Modify-Write Cycles 
limits 

Symbol Parameter MSM4VI6160B-6,-6S MSM4VI6160B-7,-7S Unit 
Min Max Min Max 

tRwe" Read write/read modify write cycle time (Note22) 155 180 ns 

tRAs RAS low pulse width 105 10000 120 10000 ns 

tCAS CAS low pulse width 60 .10000 70 10000 ns 

tCSH CAS hold time after RAS low 105 120 ns 

tRsH RAS hold time after CAS low 60 70 ns 

tRCS Read setup time before CAS low 0 0 ns 

tCWD Delay time, CAS low to W low (Note23) 40 45 ns 

tRWO Delay time, RAS low to W low (Note23) 85 95 ns 

tAwo Delay time, address to W low (Note23) 55 60 ns 

tcwL CAShold time after W low 15 20 ns 

tRWL RAShold time after W low 15 20 ns 

twP Write pulse width 10 10 ns 

tos Data setup time before W low 0 0 ns 

tOH Data hold time after W low 10 15 ns 

tOEH OE hold time after W low 15 15 ns 

Note 22: tRwe is specified as tRWC(mln)=tRAC(max)+tOOO(mln)+tRWL(mln)+tRP(min)+5tT, 
23: twcs, tCWO,tRwD and tAwo and,tcpwo are specified as reference points only. If twcSil:itwCS(min) the cycle is an early write cycle and the 

DQpins will remain high impedance throughout the entire cycle. If tcwoil:itCWO(mln), tRWOil:itRWO (min), tAWOil:itAWO(mln) and tcPwo il:itcPWO(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write,Read -Write, Read-Modify-Write Cyclel (Not~ 24) 

limits 

Symbol Parameter MSM4VI6160B-6,-6S MSM4VI6160B-7,-7S Unit 
Min Max Min Max 

tpc Fast page mode readlwrite cycle time 40 45 ns 

IPRWC Fasl page mode read wrlle/read,modlfy write cycle time 85 95 ns 

tRAS RAS low pulse width for read write cycle (Note25) 100 125000 115 125000 ns 

tcp CAS high pulse width (Note26) 10 15 10 15 ns 

tCPRH RAS hold time after ~ precharge 35 40 ns 

tcpwo Delay time, CAS precharge to W low (Note23) 60 65 ns 

Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle., 
25: tRAS(min) is specified as two cycles of CAS input are performed. 
26: tcP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 27) 

limits 

Symbol Parameter MSM4V16160B-6.-6S MSM4VI6160B-7.-7S ,Unit 
Min Max Min Max 

tCSR CAS setup time before AAS low 10 10 ns 

tCHR CAS hold time after RAS low 10 15 ns 

Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 
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M5M4V16160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28) 
Read Cycle 

Ao-A11 

tRC 

tAAS 

~~ tASH 
..;~ 

tCSH 

~ 
tRCO 

xXXXXXXXI 
-~ 

tCAS 
XXXXXXXXl 
xxx 

~ tCAH 

tAAL 

lASA 
tRAH 

IH lAsc jf--t -

xxxxxxx ~ ROW-' ~~r COLUMN -~fxXX 
xxxxx~ Jl!(XXXXX 
XXXXXXX~ J-~DDRESS~ J- ...;~ 

ADDRESS J- '\xxx xxx 

~~ 
XXXXXXXXXXXXX XXT" 
XXXXXXXXXXXXX X )II 

XXXXXXXXXXXXX XI 

tDZC 

xxxxxxxxxx Hi-Z 
xxxxxxxx 
XXXXXXXX"XX tCAC 

tAA 

tCLZ .. 
Hi-Z. 

~ 
tRAC 

tDZO .1 tOEA 

"I 
tacH 

xxxx xxxxxxxxxxxxxXXX 
~YX"X"XXYX"XYXXXY"Xxxxxxxxxxxx 

tOAH 

Note 28 Indicates the don't care input. 
VIH(min.) :a; VIN ,:5; VIH(max) or VIL(min.) :a; VIN :a; VIL(max) 

Indicates the 
invalid output. 

~ Indicates the skew of the two inputs. 
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tAP 

I)~ ~L 
~ 

~ tc~ 

~~~ tCPN -~~ 

~ 

x x x x"X\.,~1'-
ROW XXXI 

"Xx»..: ~ ADDRESS 

~ 
__ "X "Xx 

tACH .I,("XXX"XXX"X~ 
'1 VxX"XXXXXX 

tCDD 

Mo:XXXX~ 

X"XXXXXX 
~XXYXXX 

tOFF 

DATA VAll) ~ 
1/ 

~ 
tODD 

I ~XXXY"XYXXxY"XYx X XX X X 

R XYXYYX~ 
,~ 
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M5M4 V16160BTP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper / (Lower) Byte Read Cycle 

UCAS 

(or LCAS) 

LCAS 

(or UCAS) 

Ao-A11 

W 

~PUTS 
001-0Qa 
(or 009-0016) 

~TPUTS 

rpUTS 

009-0016 
( or 001-008) 

~TPUTS 

OE 
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tRC 

tRAS 

~~ tRSH 

..1~ 

tCSH 

~ 
tRCD tCAS 

.... yy .... yxxx}Ol" 
-~ XXXXXXXXT 

XXXXXXXlU ""t-

~ 
tCAH 

xXXXXXXXX1r 
xxx]' tRAD tRAL 
X~ 

~ ~AH lASC 
~ 

xxxxxx~ r ROW -~ COLUMN -r"XXXXX 
XXXXXX)IA Ir-AOORESS _ ADDRESS 

lXx>t'xx 
~ . ...; -~ 

L tRCS 

r 
xXXxxxxxxxxxx I~ 
XXXXXXXXXXXXX IX lU 

X 

x"x"xxx"x"xxxxxxx IXXXXX xx x xxxxxxxx 
XXXyyYXxxxxxx IXXXXX XX,)( IX II<XXXXXXXXXXXX 

Hi-Z 

tDZC tCAC 

x X X X x x x x x xXx~'" Hi-Z 
xxxx 

tAA 

tCLZ 

Hi-Z }~~ 
)t:::.data -'t-

tRAC 

tDZO tOEA 

XXXXXXXXXXXXXXxxxxxxxxxxxx tOCH 
XXXXXXXXXXXXXXXXXXXXXXXXXX Ja. xxxxxxxx x 
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tORH 

tAP 

}~ ~\ 
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~ tc~ 
tCPN 

~~ 
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V 
~ 
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ROW 
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1 
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xxx xx .XXXXXYXXXYXXXY 
xx XXXY 
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xx 
xxxxxxx 
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M5M4V16160BTP-6,-7,-65,-75 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

Ao-A11 

Vi 

rpUTS 

DQ1-DQ16 

twc 

tAAS 

~ 
0-

tCSH 

r tACO 

tCAS 

W ~~r 

~ ~ ~ tCAH 

J: ROW .... ~~r COLUMN 
ADDRESS ..., 

~ ...... ADDRESS 

twcs twCH 
}I;. }l;.A}I;.}I;.}I;.A}I;.}I;.AJI. -~ 
}I;. }l;.AXXX~ 
x: AA"',JI. 

I 

~ tDH 

AAAA}I;.A}I;.}I;.Xla. -
X}I;.AXXXX xxx xx X x xX DATA VALID 

xxxx"' .-

tAP 

~V~ 
.... r 

\ 

tASH 
~PC 

tCRr 

~IQ -w 
tASR 

~~~~~~~A-- ROW 
..., ~xxxx-I ..... ADDRESS 

J '1. ~AAA}I;.}I;.AA}I;.XA~}I;.}I;.XXX}l;. 
~~~~~~~~~~~~~~~~~~~ 

- ~xxxxXXXXXXXAAAAAXXXXXXxxx 
IMXXXXXXxxxxxxxxxxxxxxxxxxX 

-:I vr;AA}I;.AAXX xxx 

~TPUTS ____________________________________ ~H~i~-Z~~ ____________________________ _ 
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M5M4V16160BTP·6,-7,-6S,-7S 
FAST PAGE MODE 16m216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/(Lower) Byte Write Cycle (Early write) 

UCAS 

(or LCAS) 

~ 

(or UCAS) 

Ao-A11 

W 

rpUTS 

001-00e 
(or 009-0016) 

~TPUTS 

~PUTS 
009-0016 
(or 001-0Qe) 

twc 

tRAS 

-~ 
.... 

tCSH 

~ 
tRCO tRSH 

tCAS 

W --~ ... ~V 

~ 
~ 

l. lASR 
I ~ I_ lAsC ~ tCAH 

) r- ROW "~~ COLUMN rno; }II;}II; 

~ ADDRESS ADDRESS IAXXX 
.., ~ po-

twcs twCH 
.I 

XXXXXXXXXXXXX~,~ ., 
}ll;XXX}II;XX~ ~)';. 

x)';.}II;XX~XX}II;XX }II;)';.}II;}II;}II;)';.}II;}II;)';.)';.}II;}II;)';.)';.)';. 
XXXX}II;XXXXXXxxxx }II; )';.)';.}II;}II; ")(xxx 

Hi-Z 

~ tOH 

~xx)';.}II;xxxxxxJa. ~ -r-
DATA VALID I~}II; xxxxxxxxxxxxxXJJl 

xxxxxxxxxxxxx~ ~ ~r~X)';.}II; 

tAp 

~~ -"1\ 

r1 t~ 

V 
~ .~ 
V 
~ 

}II; x ~X"'1~ ROW xx x.x:XX:)A ADDRESS xx¥yy~ .... 

xxxx xxxxxxxxxxx 
xxxx xxxxxxx 

x xxxxxxxxxxxxxx 
xxx X 

xxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxx 

~TPurn ____________________ ~ ____________ ~H~i-;Z ________________________________ _ 
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M5M4V16160BTP-6,-7,-~S,-7S 

FAST PAGE MODE 16777216·BIT (1048576·WORD BY 16·BIT) DYNAMIC RAM 

Write Cycle ( Delayed write ) 

Ao-A11 

W 

FpUTS 
001-0016 

~PUTS 

twc 

tRAS tRP 

-~ 
'-

1\ ~I ... 

tCSH 

tRPC 

f tRCD tRSH 
... tcf 

tCAS 

W -~r ~IU -w-
~ tRAH lASC 

~ 

)r ROW .~' 
ADDRESS ...... ~~ -'r 

xxxxx>l)-
xxxxxxxx :JT 

tRCS ...... 

t~ 

xxxxxx 
xxxxxx 

1+-+ 
tozo 

xxx xxxxxxx 
xxx xxxxxxx}( A 

tCAH lASR 

COLUMN ~r I: x x X X xxxxx l."~ ROW XcXxxx x xv 
ADDRESS xx ADDRESS ..,jL.. .... ... 

tCWL 

tRWL 

~f\ twp 
fXxxxxxxxxxx xx 

xxxxxxxxxxxx 
.... ~xxxxxxxxxxxxxxxxxx~ 

twCH J 

~ tDH 

Hi-Z J~r -~xxxxxxxxxxxxx 

~~ ... DATA VALID [AX" X x x X x x x x x x X xx xx 
..,~~X 

tcLZ 

\. Hi-Z 

l 
tOEZ 

tODD ~ 
T "'xxxxx xxxxxxxxxxxx 

~xxxx xxxxxxxxxxxx "",xx 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M4V16160BTP-6,.7,.6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/(Lower) Byte Write Cycle ( Delayed write ) 

UCAS 
(or LCAS) 

LCAS 
(or UCAS) 

Ao-All 

w 

FpUTS 

DOl-DOs 
(or D09-D016) 

bTPUTS 

FpUTS 

D09-D016 
(or D01-DOa) 

~TPUTS 

OE 

5 - 210 

~~ 
..l ... 

~ 
tACO 

W ~ 

.~ 
~ 
~ ~ IJASC I 

)C ROW ~~ ADDRESS 
-~ -r-

I 
XXXXXXXXX)(~ 

XXXXXI XXXXXXXXXXXXXT 

tRCS 

~)(XXXXXXXX 
>l>txxxxxxxx~x 

toze 

xxxxxxxxxxxx Hi-Z 
xxxxxxxxxxxx r.I 

tozo 
~ 

~~ XXXXXXXXX)(XXXXXX .'" 

twc 

tAAS tAp 

ll~ 
...,~ 

~~ 

tCSH 

tASH fr tCr 

tCAS 

k- ~V Y 
lC tCr 

V-
tCAH ~ 

COLUMN 
- )(XX)()( .~~ ROW 

ADDRESS )(XXX)( .~~ ADDRESS .": f-

tCWl 

tAWl -, twp LXXX XXX 
~XXX XXX 

r-

twCH 

xx ............ xx ................................................ xxxxx X 
xxxxxxxxxx X ~XX xx~x xx x x xxxxxxxxxxxxxxx 
xxxxxX ............ A ...... XA A~XXXXXXXXXX X 

Hi~Z 

t~ tOH 

)~ 
~~k-

DATA VALID 
~~xxxxxxxxxxxxxx 
I~XXXXXXxxxxxxxxxx 
f- 'AX 

~ Hi-Z 

tOEZ 

~ ~ 
r-
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.... ELECTRIC 

~xxxxxxxxxxxxxfffxxxxxx 
~A~~Axxxxxxxxxxxxxxxxxx 



MITSUBISHI LSls 

M5M4V16160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Ao-A11 

W 

rpUTS 

001-0016 

~UTS 

tAWC 

tAAS tAP -, I~ -\ 
..... ~ 

tCSH 

I 
tACO tRSH 

~PC 

Wf 
tCAS 

W ~~~ ~U ~W 

tRAO 

~tASA ~ IlAAH ~ ~ 

J RO\~ -
ADDRESS ~ ~ 

x xx Xx~XI'~ 
xx xXXT ~ 

tRAC 

~~ 

xxxxxxxxxxxxx 
xxxxx xx ...... 

Hi-Z 

tozo 

~ 

xxxx xxx 
70. ........................ XXX ,1. 

tCAH tASA 

COLUMN .... xxxx xx X\. ROW vxx x x x ~ ADDRESS .., ..... VlX XI ""'r- ADDRESS 

tCWD ~ 
tAWD 

tRWO tRWL 

~\r- f-X 
xxxxxxxxxxxxx 

xxxxxxxxxx 
ex xxxxxxxxxxxi!x 

twp J 
'I 

tCAC 

tAA tD~ tOH 

-~«xx x xx x xxx xxx Hi-Z )~r-
~W'\-

DATA VALID I(Vlxxxxx x 

~ ~ ALI ,. 

F-o 
tOEA 

tODD 

~ 
tOEZ 

r-

• MITSUBISHI 
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...,~ 

Hi-Z 

~I 
~xxxxxxxxxxxxxxxxxxxx 

Vxxxxxxxxxxxxxxxxxxxx x x x x x x X» 
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MITSU81SHI LSls 

M5M4V16160BTP-6,.7,.6S,.7S 
FAST PAGE MODE 16777216-81T (1048576-WORD BY 1~BIT) DYNAMIC RAM 

Read-Upper/(Lower) Write, Read-Modlfy-Upper/(Lower) Write Cycle 

UCAS 
(or~) 

LCAS 
(or~ 

Ao-A11 

w 

~PUTS 
D01-DOa 
(or 009-0016) 

~UTPUTS 

rpUTS 

009-0016 
(or D01-DOa) 

~UTPUTS 

5 - 212 

tRwc 

tRAS tRP 

-~ 
~ 

~V~ -~ 

tCSH 

r tRCD tRSH" 
~C 

tCf 

tCAS 

W ~\~ ~I V 
~ 
~ 

~ ~ ~ 

J R~W ... ~r ADDRESS .""' ~ ... 

xxxxxxxx XXX ")III 
XXXXXXXX XXXI 

tRCS 

xxxxxxxx xxx xxx 
~xxx xxx xxx xx 

tRAC 

4-~ 

xxxxxxxxxxxxx 
~xxxxxxxxxxxxxxx~ 

Hi-Z 

~ 
xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXXX~ 

~C t~ 

V 
tCAH ~ 

COLUMN - MXXXX XXXXX XXXA""' ROW 
ADDRESS II\XXXXX 

...,~~ 
xxxxx xxxn .. ADDRESS 

tCWD 

tAWD 

tRWD 

-

XXXXXXXX 
xxxxxxxxxxxxx 

Hi-Z 

tAA t~ 

Hi-Z I~ 
tCAC 

~~ 

~cl 
~, 

tOEA ""k- " 

toEZ tODD 

rr 

/ 

" • MITSUBISHI 
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tCWL 

~ 
tRWL 

~xxxxxxxxxxxxxxxxxx 

~~ ,IX XXXXXXXXXXX --'D(XXXXXXxxx 

twp J 
"I 

XXXXXXXXXXXXXXXXXXXXXXXX 
xxxxx 

tDH 

-~ xxxxxxx 
DATA VALID IA X x X X X X X X X X X X -

Hi-Z 

tOEH ., 
~~xxxxxxxxxxxx~ 

"'"'xxxxxxxxxxxxxx x 



MITSUBISHI LSls 

M5M4V16160BTP-6,.7,-6S,.7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RA8-only Refresh Cycle 

W 

fpUTS 

DQ1-DQ16 

tAc 

tRAS 

ROW 
ADDRESS 

I Hi-Z 

~TPUTS------------------------------------------------------------

• MITSUBISHI 
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MITSUBISHI LSls 

M5M4 V16160BTP-6,-7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle 

Ao-A11 

w 

FUTS 
001-0016 

~TPUTS 

OE 

5 - 214 

tRC tRC 
tRP tRP 

tRAS 

.--l~ -, Jl~ -, tRAS J)~ -L 
..... -' ... .:.s-

tRPC tCSR ..... WC tCSR tRPC rof ~ ~ 
tCHR 1 

I ~ -\~ ~IU -~~ ~~ W 
~ 

XXXXXX xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXAj~ ROW xxx XXXXXXXXxxxx xxxxxxx xxxx x~ r- ADDRESS xxx 

tRCH 

4----+1 
x 'vxxxxxxxxxxxxxxxxxxxxxxxxxx xxx¥-

~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxx¥-

tOFF 
+----+ 

tCDD 

xxxxxxxxxxxxxxxxxxxxxxx xxx 
xxxxxxxxxxxxxxxxxxxxxxxx xxxx 

XXXX~l,\ ¥0-xxxxxxx 
Hi-Z 

xxxxxxxxxx 

tOEZ 

tODD 

XXXXXXXXXXXXXXXXX~XXXXXXXXXXXXXXXXXXXX X 
I. 

LX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
xxxxxxxxx££xxxxxxx~xxxxxxxxxxxxxxxxx x 

• MITSUBISHI 
.... ELECTRIC 



MITSUBI,$HI LSls 

M5M4V16160BTP-6,.7,-68,.78 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/CLower) CAS before RAS Refresh Cycle 

RAS 

UCAS 
(or LCAS) 

LCAS 

(orUCAS) 

Ao-All 

w 

~UTS 
DOl-DOs 
(or 009-0016) 

~TPU1S 

rpUTS 

009-0016 
(or DOl-DOs) 

~TPUTS 

OE 

RP tRC tRC 

tRAS tRP 
tRAS ... 

---.I~ ~i\ l!~ ~i\ If- ... 

IL ....... ... ..,'-

tRPC tCSR 
~C tCSR f1 ~r 

+-I 

J~ ~~ ~ ~~ 
tCHR -i "'DtXXXI 

'v& 
.....--. 
tCPN 

~1 ~ ~ ~ ~ .~ 
XXXXXXloIIf-

V V V X XXXXXXI 
xxxxx. 

~ 
...?xx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~f- ROW x xxxxxxxxxxxxxxxxxxxxxxxxxxxxx .... ADDRESS ¥x T~ 

tACH 

4--tI 
'C:XXXXXXXXXXXx xxxxxxx xxx xxxxx xxx 
~XXXXXXXXXXXXXXXXXXXXXXXXXXXX xxxxxxxxxxxx 

t FF .. 
x xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx Z~X xxxxxxxxxxxxxxxxxxxxxxxxxxxx XXXXXXXXXXXX 

tOEZ 
4-- .. 

hx Hi-Z x xxx 

tCDD 

~ 
xxZX~~~XXXXXx~xxxxxxxxx~ XXX xx 

lKXXXXXX xxxxxxxxxx~x xxxxxxxx~ 

tOEZ 

XXXX XXXXXlA Hi-Z 
xxxx 

I; 
I( 

XXXXXlY 

tODD 

xxxxxxxXXXXXXXXXXX Xx£x~xxxxxx~ 
xx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

• MITSUBISHI 
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MITSU81SHI LSls 

M5M4V16160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216·81T (1048576-WORD 8Y 16-81T) DYNAMIC R~M 

Hidden Refresh. Cycle (Read) (Note 29) 

tRC tRC 

tRAS tAp tAAS tAp 

-~ V~ -~ ~~ -"--'po -"'~ "'"-

tcp 

tRCD tASH tCHR 
~C 

tf 

~ -~~ ~t.W W 
tRAD 

tA~ ~ tAsc 
tCAH tASR ....-. 

Ao-A11 ~)r RCW • ~- COLJMN -roo A: X X}II; }II; xxxxxxx X =-'-"'1 ROW 
~ADDRESS ,., ADDRESS AXXX XXXX x .A ADDRESS 

~ .- ..,~ '(xxx X xxx X ,,' .l 

tRAL 

~ L tRCS 

X}ll; 

w xxxxx XXXI 'xxxx 
XXXXX XXI' "XXX x 

tDZC 
tCDD 

rpUTS 

001-0016 

~TPUTS 

xxxxx x Hi-Z xxx> 
xxxxx x 

tAA 
xxxx 

tCAC 

tRAC toFF 

tCL2 
14-+ 

W< Hi-Z 7. DATA VALID ~ 
) If 

tozo tOEA tOEZ 

tODD 

tORH 
xxxxxxxxxxxx- XXXXXXX}II;XXXXXXxx 

~~~~~~~~~~~~ Ar F. XXxA. x 
« xxxxx 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable as well as read .cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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MITSUBISHI LSls 

M5M4V16160BTP-6,.7,-6S,.7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/CLower) Hidden Refresh Cycle (Byte Read) (Note 29) 

UCAS 

(or LCAS) 

LCAS 

(orUCAS) 

Ao-A11 

w 

r:PUlS 

001-0Qe 
(or 009-0016) 

bTPUlS 

rpUlS 

009-0016 
(or 001-0Qe) 

~UTPUTS 

RC cl tR C 

tRAS tRP J tRAS tRP 

~~ lr ~o- .,V 
r- ~\ 
IJRPC~ 

"'0- ., 

tRCO tRSH ~ rot tc~ tCHR 

W -~ 
.l~ 

~~ 
~ W 

tc~ t~ 

W V 
tRAO 

~~ ~C tCAH tASR 

)r R~V -~ r- COLUMN I\~)( )( X)(~~)()(~~)()(~)()(~LJ ROW 
... tOORESS _ ~ ADDRESS ~xx 

)(~)(~W 
r'~ ADDRESS I.- ~ 

~ ~ tRAL ~ 
XXX xxx XXXI' xx 

~xx xXXXh: ,'\tx xxx 
XXX}l' VI<~JIO.JIO.JIO.~JIO.JIO. 

x XXXXXXXXXXXXX 

xx xxxxxxxx X~J'i.JIO.:I'\.:I'\. 
xxxxy 
xxxxxx 

xx xxxx xxxxxxxxx xxxxxxxxxx 

Hi-Z 

tozc tCOD 

xx Hi-Z xxxxh xxxxx x xxxxh XJlO. 
tCAC 

tOFF 

~ 
Hi-Z ~~ DATA VALID r\. 

data V -'~ 

tAA 
tRAC tOEZ 

e.. tOEA tODD 

toRH 

X x x x x x X X X X X ~~ 
~ 
~xxxxxxx 

XX~X~~)()(XxX ~ ~X)(XXXXx~ 
L 
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MITSU81SHI LSls 

M5M4V16160BTP-6,.7,.6S,.7S 
FAST PAGE MODE 16777216-8IT,( 1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

RAS 

UCASI LCAS 

Ao-All 

W 

rpUTS 

OQ1-0Q16 

bTPUTS 

OE 

5 - 218 

tCSH 

~r-

1\ 

tcp tRCD tCAS 

~' -~~ 

tRAD 

tAS~ ~H rl ~ 
)~ ROW~ r-~ COLl MN 

ADDRESS AOORESS-1 
f- ~-'roo 

tRCS 

r 
xy-

leX 

~~ 
)(XXXX xxx 
){XXXX 

~ 

tRAS 

tpc 

~ tCAS tcp 

~~~ ~~~ ~~~ 

tCAH 

tAP 

tCPRH 

tRSH~ /~ ~~ 
--'" 

~ 
tCAS 
~I-I-t 

~~ 

tAAl -'" 

tCAH 

tCRP~ 

~ W 

CO UMN _. R)(Iik\ f- COLI MN '" ~I -,.. ROW 
AOORESS-2 -"" ~~ ~ AOORESS-3 .., ~~ ~OORESS 

tARH 

fAA fAA 

--t ~lH RCH 

tR~ --t IitA~ ~ ~ 

V y tACH ~ 

tCDD tCDD .............. tozc 
tCDD 

1 ~ tDzc 
I\. Hi-Z ) ). l~ 

~ ~ ~~ 
~ ~~ ~ tOFF ... tCLZ tOFF .... 

Hi-Z IC~~ r DATA .- ~ DATA -
tcLZ -1JJ 

~ DATA ..; ~ I---

fAA 

tRAC 

~ tOEA 

tOCH 
XXXXXXXXXXX 
){XXXXXXXXXX ~ 

VALlO-1 

tCPA 
r 

tOEZ 

~ ... 
~ IH 

tODD 
tOCH 

x-
I XXXX _1. 

I: xxxxx ,,\ 

• MITSUBISHI 
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VALlO-2 ~ ~~ VALlO-3 _ 
~ 

tCPA 

I toRH 
-H 

tOE~ ~ ~ 
tOE~ 

IlODD
• ~ 

tODD 

14
tOCH 

• x 
I. X ~ X 



MITSUBISHI LSls 

M5M4V16160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

Upper/CLower) Fast Page Mode Read Cycle 

RAS 

UCAS 

(or LCAS) 

LCAS 
(orUCAS) 

Ao-All 

W 

~PUTS 
DOl-DOs 
(or 009-0016) 
~UTPUTS 

rpUTS 

009-0016 
(or DOl-DOs) 

~UTPUTS 

tCSH 

--:lr 

\.-

tCRP tRCD tcAS 

1 
V ~r-
tc~ 

~ 
tRAD 

tAS~ ~H ~ tCAH 

)( ~ ROW ~ f- ~O UMN 
ADDRESS 

,.... ., r .... ,... ADDRESS-1 

tRcs 

I 
xxxxx ¥ 

~ 

xxxxx xxx xxx x X 
x xxx x x 

XXXXX XXX)! xxx xxx 

~~ 
xxxxx xxx x xxxxx xxx 

tCAC 
~ 

tCLZ 

~ Hi-Z 

tAA 

tRAC 

~ toEA 

tOCH 

xxxxxxxxxxx)t. 
xxxxxxXXXXX X-

tRAS 

tpc 

tcp tCAS 

l~ 
.., 

-, 
.... ,... 

~ tCAH 

-' Ii ~~ COLUMN 
Dl XXI[ 

.., 1"( ~. ADDRESS-2 

tAA 

HH 
tRCS 

~ 

V 
xxxxx xxxx 
xxxxx xxx x 
xxxxx xxxx 

Hi-Z 

tCDD 

~ I:DZC~ 
l~ Hi-Z 

~ ~ 
tCAC 

tOFF 
+---t 

~ DATA ... 
VALlD-1.., 

tCPA 

to~ ~ 
~ ~ 
tODD 

tOCH 

xxx x ~~ ~ 

k X'X'xxxxx ;II;. 

tRP 

tCPRH 

tR~ 

..., 
lr ~\ 

~ 

tcp 
.J9AS tC1---t +-

...,1 \.- ~~~ 
+-t~h tc~ 

+-

V 
tRAL 

~tASC I tCAH ~ 
-' ~ ~}r ( OLUMN ~ ROW 

IX XI ADDRESS i'<: W' ADORESS-3 

1 tRRH 

~ tR~ 

V tRCH -~ 

Ll'O.X X xx X xx xx xxxxxxx 
xx xxxxx xx xx xxxxxxx 
xx xxx xx xx XIX xxxxxxx 

~ 
IJCDD ~ tCDD 

l~ ") ~ 
~ 1 
-' ~~ 

tCAC 

~ tOFF ...- ..... 
.~ 

tcLZ Jv '- DA'A -'I\. '- DATA ~~ 
VALlD-2...,1i I~~ VALlD-3...,f- -

t tOR'i-. CPA 

tOE~ 
~ ~ 

tOEZ .... 
.-.-. ~ tODD 

~ 
~ xxxxx J K' N"xxxx ~ X'\ I( 

xx 
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MITSUBISHI LSls 

M5M4V16160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle ( Early Write ) 

tRAS 

Ao-A11 

CS . twCH 1iC~5O\ twcs twCH JOOOm.twcs twCH 

r~PUTS 
001-0016 

I. Hi-Z 
~UTPUTS~··--------------------------~~-----------------------------------

OE 

5 - 220 
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MITSUBISHI LSls 

M5M4V16160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Upper/CLower) Byte Write Cycle ( Early Write ) 

RAS 

UCAS 
(or LCAS) 

LCAS 
(or UCAS) 

Ao-A11 

W 

rpUTS 

D01-DOa 
(or DQ9-D016) 

~UTPUTS 

rpUTS 

D09-D016 
(or D01-DOa) 

tRAS 
tAP 

tCSH tpc 

-~ tASH l~ -~ ~ ~ '-

tcp 
tRCO tCAS ~ tCAS ~ ~ tCAr 

~ -~~ I)~ ,.... 
~ y \,.... ~V i\ tCAS J 

""'lIf- ...l =I-

tCR~ 
~ ~ 

~ ·W 
tA~ tAAH 

~ tCAH ~ tCAH tA~ tCAH ~ ~ 

) r- ROW ~: C )LUMN -' .... IJQ(;A""l 
COLUMN """'~jr- COLUMN "~ ROW 

~DDRESS ADDRESS-1 M.AA )IQ[ 

ADDRESS-2 ~ ADDRESS-3 ~DDRESS --""'~~) '- ...l~ ... F- '...J 

XAXXXXXXAX'- twcs twCH A. x A X x," twcs twCH L A x x A ~ twcs twCH ~ ~AAAAXA ~ L.o IAAAAAA ""- u...XXXXX'-1L 
roo--

X~ ~X x }I; A A A ~ 
XXXXXX 

XXXXXXXXXX~ -A-XXXXXXXXXX 

}l;XXX xxx XXXXX XXXXXXXXXXXX XXXXXXXXXXXXXX 
'Il"XAA}I;AX}I;XAXA A X X X X X XXAAAAAXXXXXX XXXXX~XX XXXXXXXXXXX 

Hi-Z 

~~ ~~ ~tOH 
xx r- ....... ~.,r- - ... ~.,""" ...... fX 

XAAAXAAAAV DATA VALlD-1 I'kxxxxx DATA VALlD-2, '" J DATA VALlD-3 ~AAAAAXX 
XXAXXXXXXI 

<- -IF-'litttiI ~~ .., t~'!J r- -.r-"to- A A A A A X X 

~UTPUTS ________________________________ H_i-_Z ____________________________________ ___ 
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MITSUBISHI LSls 

M5M4V16160BTP-6,.7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle ( Delayed Write ) 

Ao-A11 

rpUTS 

001-0016 

~UTPUTS 

OE 

5 - 222 

tASH 
tAAS tAp 

tCSH tpc 

~~~ 1/-
~ 

-L 

t~ tACO tCAS ~ tCAS l tc~ 

W -~~ ~D~ ~~ ~'8 V 
tAAO 

~ ~H tAsc tCAH IJASC • ~CAH • I4-llAWL 
I 

tASA 
~~ 

:)- ROW ~- COLUMN - IXXXXX 
.7r- COLUMN IX x x X x X\..r- ROW 

oJ ~OORESS ~ -' r- AOORESS-1 ., IVY x x X :M AOORESS-2 tv< x x xx~ ... ADDRESS 
oJ... ., 

r twCH tACr twCH 

tc~ ~ 
tewL 

XXXXN -\~ W ~\ twP AXXXXXXxxxxx 
XXXXI ;!:"" ~ 

toze 
~ tOH tozc 
~ ~ ~ ~ 

)~ ..... 0 TA [""~x x 
xxxxx YX xxx 
xxxxx 

l~ O,TA ~~ 
~r VALlO-1 ~~~ ~, ~ VALlO-2· 

"""' xxxx 

iLZ~ 
~' 

~ tozo 

~ 
tODD 

7 XXXXXXJn 
XXXXXXXA 

tozo 
~ 

Hi-Z 

tOEH 

-
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MITSUBISHI LSls 

M5M4V16160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216·BIT (1048576·WORD BY 16·BIT) DYNAMIC RAM 

Fast Page Mode Upper I (Lower) Byte Write ( Delayed Write ) 

OCAS 
(or LCAS) 

LCAS 

(orOCAS) 

Ao-All 

~PUTS 
DOl-DOs 
(or D09-D016) 

~UTPUTS 

rpUTS 

D09-D016 
(or DOl-DOs) 

~UTPUTS 

tRSH 
tRAS tAp 

tCSH tpc 

~\ I
r 

~~ 
...l .... .... 

t~ tRCO tCAS ~ tCAS nC 
tCR~ 

W ~\ 
..,E:""'"""""" 

~~ .... ~ V oJ,.... ~I 

tc~ i tCr 

W V 
tRAO 

~ 
tRAH 
I.-. I~sc~ tCAH 

~ ~ ~~ tASR 

~ r- ROW ~ I'- (0 UMN ~IXXXX "'l~ 

CC LLMN ~xxxx x~- ROW 
~DDRESS r- ADDRESS-1 r ~... ADDRESS-2 r \lV'--x xx:r.." .... ADDRESS 

r twCH tRCS twCH 

. tc~ r 4-+ 
tCWL 

XXI'I ~\ H ~\ I:XXXXXXxxxxx 
XT twP twp I.£-X xx 

~ !rQ' ~ 

xxx xxxxxxx xxx XXXXXX xxxxxxxx xxxxxxxxxxxx~ 
xxx xxxX.x.x.x x.x x xxxxxxxx xxxxx~ 

Hi-Z 

tos tOH tozc tos tOH 
tozc ~ f---+ 

........ +-----+ ~ 
)~ - DATA ~ ~ \. j~J ..... D/TA - W.x .x.x .x.x.x.x .x 

xxxxx 

tozo 
~ 

xx .x .x.x A 

~~ .... VALlD-1...,'" 
, 

~~ 
~r 

~ toDD 
r 

tozo 
~ 

Hi-Z 

tOEH 

~ .... 

• MITSUBISHI 
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~r' ~ VALlD-2 ., 'f-'f!&..xxxx.x.xx.xxx~ 

~ 
~ 

tOEZ 

fro;-
tOEH 

·1 
~ 
~ voo..x.x.x 
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MITSUBISHI LSls 

M5M4V16160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT .(1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

Ao-A11 

Vi 

rpUTS 

D01-D016 

~UTPUTS 

5 - 224 

tAAS 
tAp 

tCSH tRSH )'- -L -~ 
.- --"" 

tpRWC 

t~ tRCD tCAS tcp 
tCAS ~C tc~ IH 

W ~~~ 
• ., 
~~ ~~ ~~ V 

tRAD 

~ ~H A~ ~ lCAH tASR 
~ 

)r ROO ~ ~ COLUMN r-rxxxx ..,~ 

COLU~ N - t-no:xxxxx -~ ROW xx..., 
.:~DDRESS k- ADDRESS-1 ~)II)II;)II;)II; ~ k- ADDRESS-2 ~~ . ~l- ADDRESS 

~ 

rR~ twCH 
tRC~ twCH 

tAWD tc~ tAWD 
'1'CWL 

xx.xxxx XX)llp' -1\ twp '(r tCWD 
-t\. twP xxxxxxx 

x XT tCWD xxxxxxxx 
IE3 

tRAC J 
1M 

tDZC 
tCAd tDS ~I tDZC 
~ ~ .. t~ ~ 

l~r- DATA ~~ J~ ~ DJTA r-
xxxxx 
lCXXXX 

tDZO 

1 
~ 
xxxxxxx 

~~l- VALlD-1 .$~l ~ ~" 
.... VALlD-2 

~ 
tOEA n 

toEZ 

I tODD 
I 

;-

~o 
tCLZ 

/e~~'6-1 
~ 

Hi-Z 1'lI V 

~ 
tOEZ~ tOEH 

tODD 

-'J '"'Ii::. 
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M5M4V16160BTP-6,-7,-65,-75 
FAST PAGE MODE 1S7n216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle 

UCAS 
(or LeAS) 

LCAS 

(or OCAS) 

Ao-A11 

W 

~PUTS 
DQ1-DOa 
(or D09-DQ16) 

~UTPUTS 

rpUTS 

D09-DQ16 
(or DQ1-DOa) 

~UTPUTS 

OE 

RAS 
tRP 

tCSH tRSH 

~~ l~ ~~ 
~ 

tPRWC tRPC 

t~ l tCRP 
tRCD tCAS ~ tCAS 

~ 

W -, 
.., 
~r----. 

" I V .... r- .., 

t~ ,C tCR~ 

W V 
tRAD 

~ ~AH tAsc tCAH ~ ~ tASR f----t 

~ - ROW ~ - COLUMN ... r-IXX x x ..,r- COLUMN-r\«xxxxxx XX'14.,}r- ROW 
~DDRESS r- ADDRESS-1 "" 

JIll: xxx X ~ t- ADDRESS-2., 
AXXXXXXX XXXA ADDRESS 

~ ... 'f..~xxx ~ \(')('"x x X}I ~t-

tRCSr twCH 
twCH 

~ tR~ 
tAWD 

tc~ 
tAWD 4--t 

tCWL 
xxxxxx XXlUl 

tCWD ~f\ twP W- --~ twP I:XXXXXXXXXXX 
XXX xxx XXI xxxXXXXX tCWD ... ~ , .-

~x xxx xxxxxx xx xxx xxx x~xxxxxxxxxx 

~x xx xxx xxxxxxxxxxxx xxxx 

Hi-Z 

tAA tAA 

tDZC I!CAC. tDS tDH tDZC tCAC tDS tDH ....--. ~ ....--. ~ ~ 4-------+ 
tRAC 

)~ ~'\ ~~ XXXXX .... DATA ~ r- DATA ....... «XXXXXXXXXX 
v;xxxx~ xxxxx ~~ .... VALlD-1 ..,~ ., ~r' It- VALlD-2 .., ~"xxxxxxxxxx 

tDZO 
~ tDZO 4--t 

tcLZ tCLZ 

~ t\ DATA ~ 

~~ 
DATA 

~ VVALlD-1 Hi-Z ] VALlD-2 

toEA ~1 ~ 'f; 

~ tOEZ J 
tOEZ ~ tOEH 

tODD tOEH 
"I tODD 

xxx xxx 
,.... -, U "xxxxx 

'9(XXXX - V{XXX 
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M5M4V16160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216·BIT (1048576-WORD BY 16·BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by "S" after speed item, like -6S / -7S. The other characteristics and requirements 
than the below are same as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta .. 0-70·C, Vee=3.3V± 0.3V, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter 
Limits 

Unit Test conditions 
Min Typ Max 

~ cycling~:it 0.2Vor 
~ before ~ refresh cycling 
W :it 0.2V or ~ Vcc - 0.2V 

ICCB Supply current from Vcc MSM4V16160B '(5E :ii 0.2V or ii:. Vcc - 0.2V 400 pA 
Extended refresh cycle -6S,-75 Ao-A11:it 0.2Vor ~ Vcc - 0.2V 

DO = open 
tREF = 128ms 
tRAS .. tRAS min-1 pS 

Average supply current 
MSM4V16160B RAS =. CAS :it 0.2V Icc9 (AV) from Vee ·6S,-7S 

200 pA 
Self - Refresh cycle 

TIMING REQUIREMENTS (Ta=O - 70·C, Vcc=3.3V ± 0.3V, Vss=OV, unless otherwise noted See notes 13,14) 

Limits 
Symbol Parameter MSM4V16160B-6S MSM4V16160B-7S Unit 

Min Max Min Max 
tRASS Self Refresh RAS low pulse width 100 100 ps 

tRPS Self Refresh RAS high precharge time 90 110 ns 

tCHS Self Refresh RAS hold time -50 -50 ns 

SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh, on the condition 
of tNS~ 64 ms and tSN .;:ii 64 ms. 

tNS tSN 
1< ~I IE ~I 

------------------~.I~II~I-----~II~I~I ________________ ~.mlll~I-----~-I~II~ln-------------
--------­DISTRIBUTED REFRESH 4096 cycles 

<4K/64 ms> 
4096 cycles DISTRIBUTED REFRESH 

<4K/64 ms > 

(2) In case of burst refresh 

5 - 226 

The last / first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh, on the condition 
of tNS + tSN :iii 64 ms. 

1111 1111 
BURST REFRESH 

<4K/64ms> 

tNS 
~ 

JllL I 
4096 cycles 
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~ 

I 1111 1111 1111 --4096 cycles BURST REFRESH 
<4K/64 ms > 
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M5M4V16160BTP-6,-7,-68,-78 
FAST PAGE MODE 167n216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Self Refresh Cycle 

tAp 

tRPC 

~ 
UCAS /ICAS" J-"" 

___ ...J 

Ao-All 

tACH 

H 
N:JIIXXX 

rpUT 
xxxxxxxxx xx 

001-0016 

tRPS 

~~, j~~ 
1\,1. tRASS 
~~--------------~~-----------------~~ 

I I 

•. 

)(XX)C XXXX 

XXXXXXXXXXXXXXXXXXXXXX 
xxxx XXXX 

tRPC tCRP 

leHS 1 r 
~ 

JIIXX)C)()C)C)CXXXXXX 

X)CXXXXXXXXXXXX 
xxx 

I _~ XXX~I\' _----2!!Hi-~Z __ _ 
~UTPUT ~ x~ I 

tOEZ 

~ 

~XXXXXXXXXXXXXXXXXXXXX 

IXX xxx x 
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M5M4V16160BTP-6,-7,-65,-75 
FAST PAGE MODE 16777216·BIT (1048576~WORD BY 16-BIT) DYNAMIC RAM 

Upper/(Lower) Self Refresh Cycle· 

tRP 

tRASS 

UCAS 
(or LeAS) 

[CAS 

(or aeAS) 

Ao-A11 

tRCH 

w 

rpUT 

001-0016 

~UTPUT 88~~~~r-------------------~H~i-Z~--------------~---------
tOEZ 
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M5M4 V18160BTP-6,-7 ,-65,-75 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process,and is ideal for 
large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 

FEATURES 

RAS CAS Address OE Cycle Power 
Type name acoess access access access 

time 
dlssipa-

time time time time tion 
(max.ns) (max.ns) (max.ns) (max.ns) (min.ns) (typ.mW) 

MSM4V18160BTP-6,-6S 60 15 30 15 110 450 

MSM4V18160BTP-7,-7S 70 20 35 20 130 390 

• Standard SOpin TSOP 
• Single 3.3V ± O.3V -supply 
• Low stand-by power dissipation 

1.8mW (Max) •••••••••••••••••••••••• CMOS Inpullevel 
• Low operating power dissipation 

M5M4V18160BTP -6. -6S •••.••..•.••••• 620.0mW (Max) 
M5M4V18160BTP-7, -7S •••••••••••••••• 540.0mW (Max) 

• Fast-p~ mode, Read-modify-write,RAS-only refresh, CAS 
before RAS refresh, Hidden refresh capabilities 

• Early-write mode and OE to control output buffer impedance 
• All inputs, output TIL compatible and low capacitance 
• 1024 refresh cycles every 16.4ms (Ao -A9) 

APPLICATION 
Main memory unit for computers, Microcomputer memory. Refresh 
memory for CRT 

PIN CONFIGURATION (TOP VIEW) 

DATA INPUTSl 
OUTPUTS 

Vee 
D01 
D02 
D03 
D04 

) Vee 

(3.3f 

(3.3 

DATA INPUTS_J 
OUTPUTb1 

D05 
DOs 
D07 
D08 
NC 

NC 
NC 

d ITE CONTROL INPUT 

ROW ADDRESS/ 
STROBE INPUT NC 

NC 

ADDRESS 
INPUTS r A1 

A2 
A3 

(3.3V )Vcc 

12 

13 

14 

'-' 

i: c.n 
I 
< .... 39 
C» .... 38 

en 37 
0 

~ 
"a 

~1~O}V) 
015 DATA INPUTSI 
014 OUTPUTS 
013 

~ 
D 
0 
D 

~1~0}V) 
011 DATA INPUTSI 
010 OUTPUTS 
Q9 
C 

V 
D 
0 
D 
D 
N 

N C LOWER BYTE CONTRO 
COLUMN ADDRESS 

ICASlSTROBE INPUT 

A 
A 
A 
A 

A 

~UPPER BYTE CONTR 
~ COLUMN ADDRESS 
VC\.. STROBE INPUT 

9 rOUTPUT ENABLE 8 INPUT 

~ ADDRESS 
As INPUTS 

4 
V ss (OV) 

Outline 50P3W-L(400mil TSOP) 

NC : NO CONNECTION 
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M5M4V18160BTP-6,.7 ,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576·WORD BY 16-BIT) DYNAMIC RAM 

The M5M4V18160BTP provide, in addition to normal read, write, 
and read-modify-write operations, a number of otherv functions, 

e.g., fast page mode, RAS-only refresh, and delayed-write. The 
input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs Input/Output 

RAs LCAS UCAS W- OE D01~D08 DQ8~D016 

Lower byte Read ACT ACT NAC NAC ACT 

Upper byte Read ACT NAC ACT NAC ACT 

Word Read ACT ACT ACT NAC ACT 

Lower Byte Wrll8 ACT ACT NAC ACT NAC 

Upper Byte Wrll8 ACT NAC ACT ACT NAC 

Word write ACT ACT ACT ACT NAC 

RAS-only refresh ACT NAC NAC DNC DNC 

Lower Byte Hidden refresh ACT ACT NAC NAC ACT 

Upper Byte Hidden refresh ACT NAC ACT NAC ACT 

Hidden refresh ACT ACT ACT NAC ACT 

~ before m refresh ACT ACT ACT DNC DNC 

Stand-by NAC DNC DNC DNC DNC 

Note: ACT: active. NAC : nonactive. DNC : don' t care, VLD : valid, IVD : InValid, APD : applied, OPN : open 

BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT RAS 

LOWER 8YTE CONTROL __ 
COLUMN ADDRESS STROBE INPUT LCAS 

UPPER BYTE CONTROL __ 
COLUMN ADDRESS STROBE INPUTUCAS 

WRITE CONTROL 
INPUT 

ADDRESS INPUTS 

5 - 230 

Vi 

COLUMN DECODER 

MEMORY CELL 
(16m216BITS) 
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DOUT OPN 

OPN DOUT 

DOUT DOUT 

DIN DNC 

DNC DIN 

DIN DIN 

OPN OPN 

DOUT OPN 

OPN DOUT 

DOUT DOUT 

OPN OPN 

OPN OPN 

---~VCC(3.3V) 

~VSS(OV) 

I 001) 002 
: LOWER DATA i INPUTS I OUTPUTS 

Das 

DQ9j 0010 

: UPPER DATA i INPUTS I OUTPUTS 

0016 
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M5M4V18160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 167n216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 
Vcc Supply voltage -0.5-4.6 

VI Input voltage With respect to Vss -0.5-4.6 

Vo Output voltage -0.5-4.6 

10 Output current 50 

Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0_70 

Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta:O- 70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Min Nom Max 
Unit 

Vcc Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.0 Vcc+0.3 V 
VIL Low-level input voltage, all inputs -0.3 0.8 V 

Note1: All voltage values are With respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta:0-70"C, Vcc:3.3V± 0.3V, Vss:OV, unless otherwise noted) (Note2) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ 

VOH High-level output voltage IOH:-2.0mA 2.4 

VOl.. Low-level output voltage IOl..:2.0mA 0 
loz Off-state output current Q floating, OV:i. VOUT:i. 3.3V -10 

II Input current OV:i.VIN:i.Vcc.0.3V,Other inputs pins:OV -10 

Aver~e supply current MSM4V18160B-6,-6S RAS, CAS cycling 
Icc1 (AV) from 00 operating tRc=twc:min. 

(Note 3,4,5) MSM4V18160B-7,-7S output open 

R7\S .. ~ =VIH, output open 
1002 Supply current from Vcc , 

MSM4V18160B-6,-7 RAS= CAS iii: Vcc -0.2V, output open stand-by (Note 6) 
MSM4V18160B-6S,-7S RAS= CAS fi:.Vcc -0.2V, output open 

Aver~e supply current MSM4V18160B-6,-6S RAS cycling, CAS= VIH 
1CC3(AV) from 00 refreshing tRc=mln. 

(Note 3,5) MSM4V18160B-7,-7S output open 

Aver~e supply current MSM4V18160B-6,-6S 
"RA§=VIL, c,;;g cycling 

1CC4(AV) from 00 
Fast-Page-Mode IPc=min. 

(Note 3,4,5) MSM4V18160B-7,-7S 
output open 

Aver~e supply current MSM4V18160B-6,-6S m before "RA§ refresh cycling 
1CC6(AV) 

from 00 __ 
-m before RAS refresh tRc=min. 
mode MSM4V18160B-7,-7S 

output open 
(Note 3) 

Note 2: Current flowing into an IC is positive, out is negative. 
3: ICCl (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RAS=VIL and LCAStUCAS=VIH . 

CAPACITANCE (Ta=O- 70·C, Voo:3.3V ±0.3V, Vss=OV, unless otherwise noted) 

Symbol Parameter 

CI(A) Input capacitance, address inputs 
CI~ Input capacitance, t5E input 

CI(W) Input capacitance, W input 
CI(RAS) Input capacitance, RAS input 
CI(~ Input capaCitance, c,;;g input 

CliO Input/Output capacitance, data ports 

Test conditions 

VI=VSS 

f=1MHz 
VI=25mVrms 
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Limits 
Min Typ 

Max 

Vcc 

0.4 

10 
10 

170 

150 

2 

0.5 

0.15 

170 

150 

85 

75 

170 

150 

Max 

5 
7 
7 

7 
7 

8 

Unit 
V 

V 

V 
mA 

mW 

-C 

·C 

Unit 

V 

V 
pA 

pA 

mA 

mA 

mA 

mA 

mA 

Unit 

pF 
pF 

pF 

pF 
pF 

pF 
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M5M4V18160BTP-6,.7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=O -70·C Vcca3 3V± 03V Vss=ov unless otherwise noted see notes 61314) 

Limits 

Symbol Parameter M5M4VI8160B-6,-6S M5M4VI8160B-7,-7S Unit 
Min Max Min Max 

tCAC Access time from CAS (Note7,8) 15 20 ns 

tRAC Access time from RAS (Note7,9) SO 70 ns 

1M Column address access time (Note 7,10) 30 35 ns 

tCPA Access time from ~ precharge (Note 7,11) 35 40 ns 

tOEA Access time from OE (Note 7) 15 20 ns 

tCLZ Output low impedance time from CAS low (Note 7) 5 5 ns 

tOFF Output disable time after CAS high (Note 12) 0 15 0 15 ns 

toez Output disable time after OE high (Note 12) 0 15 0 15 ns 

Note S: An initial pause of 500 ~ is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles 
containini!.-RAS clock such as RAS-Only refresh). _ _ _ 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods 
(greater than 16.4 ms) of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to 100pF, VOH=2.4V(loH=-2mA) and VOL",0.4V(loL .. 2mA). The reference levels for measuring 
of output signals are 2.0V(VOH) and 0.8V(VOL) 

8: Assumes that tRcD~ tRCD(max) and tAsc~ tASC(max). 
9: Assumss that tRcD.:iii tRCD(max) and tRAo.:iiii tRAo(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, 

tRAc will increase by amount that tRCD exceeds the value shown. 
10: Assumes that tRAD ~ tRAo(rnax) and tAsc.:iii tASC(max). 
11 : Assumes that tcp .:iii tCP(max) and tAsc ~ tASC(max). 
12: tOFF(max) and toez (max) defines the time at which the output achieves the high impedance state ( IOUT.:iii I ± 1 0 ILA I ) and is not reference to 

VOH(min) or VOL(max). 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Wrlte ,Refresh, and Fast-Page Mode Cycles) 
(Ta=O -70·C, Vcc=3.3V ±0.3V, Vss=OV, unless otherwise noted, see notes 13,14) 

Limits 

Symbol Parameter M5M4VI8160B-6,'6S M5M4VI8160B-7,-7S Unit 

Min Max Min Max 

tREF Refresh cycle time I-s, -7 1S.4 16.4 ms 

tREF Refrssh cycle time I-SS,-7S 128 128 ms 

tRP RAS high pulse width 40 50 ns 

tRCo Delay time, RAS low to CAS low (Note15) 20 45 20 50 ns 

tCRP Delay time, CAS high to RAS low 10 10 ns 

tRPC Delay time, RAS high to CAS low 0 0 ns 

tCPN CAS high pulse width 10 10 ns 

tRAD Column address delay time from RAS low (Note1S) 15 30 15 35 ns 

tASR Row address setup time before ~ low 0 0 ns 

tAsc Column address setup time before CAS low (Note17) 0 10 0 10 ns 

tRAH Row address hold time after RAS low 10 10 ns 

tCAH Column address hold time after CAS" low 15 15 ns 

tozc Delay time, data to CAS low (Note18) 0 0 ns 

tozo Delay time, data to OE low (Note18) 0 0 ns 

tCDo Delay time, CAS high to data (Note19) 15 15 ns 

tODD Delay time, OE high to data (Note19) 15 15 ns 

IT Transition time (Note20) 1 50 1 50 ns 

Note 13: The timing requirements are assumed IT =5ns. 
14: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 
15: tRCo(max) is specified as a reference point only. If tRCD is less than tRCo(max), access time is tRAC. If tRCo is greater than tRcD(max), access 

time is controlled exclusively by tCAC or 1M. tRCD(min) is specified as tRCD(min) =tRAH(min) +2tT +tASC(min). 
16: tRAO(max) is specified as a reference point only. If tRAD~ tRAD(max) and tAsc.:iii tASC(max), access time is controlled exclusively by IAA. 
17: tASC(max) is specified as a reference point only. If tRCo~ tRCo(max) and tA~ tASC(max), access time is controlled exclusively by tCAC. 
18: Either toic or tDZO must be satisfied. 

,19: Either tCDD or tODD must be satisfied. 
20: IT is measured between VIH(min) and VIL(max), 
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M5M4V18160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

Read and Refresh Cycles 
limits 

Symbol Parameter MSM4V18160B-6,-SS MSM4V18160B-7,-7S 

Min Max Min Max 

tRc Read cycle time 110 130 

tRAs RAS low pulse width 60 10000 70 10000 

tCAS ~ low pulse width 15 10000 20 10000 

tCSH CAS hold time after RAS low 60 70 

tRSH RAS hold time after CAS low 15 20 

tRes Read Setup time before CAS low 0 0 

tRcH Read hold time after ~ high (Note 21) 0 0 
1RRH Read hold time after RAS high (Note 21) 10 10 

tRAl Column address to ~ hold time 30 35 

tOCH ~ hold time after OE low 15 20 

tORH RAS hold time after OE low 15 20 

Note 21 : Either tRCH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 

Symbol Parameter 

twc Write cycle time 

mAs RAS low pulse width 

tCAS CAS low pulse width 

tCSH CAS hold time after RAS low 

tRSH RAS hold time after CAS low 
twcs Write setup time before CAS low 

twcH Write hold time after ~ low 

tCWl ~ hold time after W low 
tRWl RAS hold time after W low 
twP Write pulse width 

tos Data setup time before CAS low or W low 
toH Data hold time after CAS low or W low 
tOEH OE hold time after W low 

limits 

MSM4V18160B-6,-SS 

Min 

110 

60 

15 

60 

15 

(Note 23) 0 
10 

15 

15 

10 

0 

10 

15 

.• MITSUBISHI 
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Max 

10000 

10000 

MSM4V18160B-7,-7S 

Min Max 

130 

70 10000 

20 10000 

70 

20 

0 

10 

20 

20 

10 

0 

15 
20 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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M5M4V18160BTP-6,.7,.6S,-7S 
FAST PAGE MODE 16n7216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 
Limits 

Symbol Parameter M5M4VI8160B-6,-6S M5M4VI8160B-7.-7S Unit 
Min Max Min Max 

tRwc Read write/read modify write cycle time (Note22) 155. 180 ns 

tRAs RAS low pulse width 105 10000 120 10000 ns 

tCAS CAS low pulse width 60 10000 70 10000 ns 

tCSH CAS hold time after RAS low 105 120 ns 

tRSH RAS hold time after CAS low 60 70 ns 

tRCS Read setup time before CAS low 0 0 ns 

tcwo Delay time, CAS low to W low (Note23) 40 45 ns 

tRWO Delay time, RAS low to W low (Note23) 85 95 ns 

tAwo Delay time, address to W low (Note23) 55 60 ns 

tCWL OAShold time after W low 15 20 ns 

tRWL ftAShold time after W low 15 20 ns 

twP Write pulse width 10 10 ns 

tos Data setup time before W low 0 0 ns 

tDH Data hold time after W low 10 15 ns 

tOEH OE hold time after W low 15 15 ns 

Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(mln)+5tT. 
23: twcs, tCWD,tRWD and tAwo and,tcpwo are specified as reference points only. If twcs~twcS(mln) the cycle is an early write cycle and the 

DOpins will remain high impedance throughout the entire cycle. If tcwD~tCWD(min), tRWD~tRWD (min), tAWO~tAWD(mln) and ICPWO ~tCPWD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 24) 

Limits 

Symbol Parameter M5M4VI8160B-6,-6S M5M4V18160B-7,-7S Unit 
Min Max Min Max 

tpc Fast page mode readlwrite cycle time 40 45 ns 

tPRWC Fast page mode read write/read modify write cycle time 85 95 ns 

tRAS RAS low pulse width for read write cycle (Note25) 100 125000 115 125000 ns 

tcp CAS high pulse width (Note26) 10 15 10 15 ns 

tCPRH RAS hold time after OAS' precharge 35 40 ns 

tcPWD Delay time, CAS precharge to W low (Note23) 60 65 ns 

Note 24: All previously specified timing requir~ts and switching characteristics are applicable to their respective fast page mode cycle. 
25: tRAS(mln) is specified as two cycles of CAS input are performed. 
26: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 27) 

Limits 

Symbol Parameter M5M4VI8160B-6,-6S M5M4VI8160B-7,-7S Unit 
Min Max Min Max 

tCSR CAS setup time before RAS low 10 10 ns 

tCHR CAS hold time after RAS low 10 15 ns 

Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh 
mode. 
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M5M4V18160BTP-6,.7,-6S,.7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

Timing Diagrams (Note 28) 
Read Cycle 

Ao-A9 

tRC 

tRAS tAP 

~\ tRSH 
)~ L -' .... .., .... 

tCSH ~ tc~ 

~ 
tRCO 

XXXXXXXX.JII" -~ 
tCAS 

..,D~ ~~~ 
XXXXXXX7J tCPN 
XXX 

~ tCAH 

tAAL 

lASA 
tAAH 

iH lAsc ~ 

ROW -' .... ~Lxxxxxxx ~e xxxxxxx 
:\.ADDRESS ..., 

COLUMN Jll(XXXXXXX 
xxxxxX:X~ """ ....... ADDRESS 'f-~xxx 

xxx xxx 
xx 
xxx xxx 

xxxxx 
xxxxxxxxxx 
XXXXX xx 

xxxxxxxx 
Xx.xxx.x.xx 

Note 28 

~~ 
xx xx ....... 

xxx ~I 
XI 

tozc 

Hi-Z 

tCAC 

tAA 

'tCLZ .J 

Hi-Z ~ 
tAAC 

tDZO tOEA 

tOCH 

XXXXXXXXXXXX,X 
tOAH x.x.x.XXXXXXXxxx 

Indicates the don't care input. 
VIH(min.) :it VIN :it VIH(max) or VIL(min.) :it VIN :it VIL(max) 

Indicates the 
invalid output. 

Indicates the skew of the two inputs. 

• MITSUBISHI 
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(I 
~ 

xx xx xxx~J"" 
xx xx ROW 
x XXXXI' ... ADDRESS 

~ 
-no;xxxxxxxxx 

tACH "XXXXXXXXX 
'I'~xxxxx 

tCDD 

'?Cxxxxxx 
XXXx>¢¢<: 
~XXXXXx 

tOFF 

DATA VAll) \ 
I 

~ 
tODD 

I xxxxxxxxxxxx 
I/'. XXXXXXXXXXXX 

I; x. x. 
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M5M4V18160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 167n216-BIT (1048576·WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Byte Read Cycle 

UCAS 

(or LCAS) 

LCAS 
(or UCAS) 

Ao-A9 

w 

~PUTS 
DOl-DOs 
(or DOs-D016) 

~UTPUTS 

rpUTS 

009-0016 
( or DOl-DOs) 

~UTPUTS 

OE 

5 - 238 

tRC 

tRAS 

~\ tRSH 

-' .... 

tCSH 

~ 
tRCD tCAS 

XJQf 
-~~ X7 

~ 
tCAH 

XXXXXXXx,', tRAD tRAL 

tASR ~H tAsc 
~ ~ 

XXXXXX1 r ROW ~r COLUMN 
~ 

'\LXX 
XXxxxx~ ___ ADDRESS .... ADDRESS 

~ -' .., 

L tRCS 

r 
xxxxxxxxxxxxx IXX" 

XXXXxxxx IXN 

xxxxxxxxxxxx xxxxxxxxxxxx 
xxxxxxx xxxxxxxxxxx xxxx 

Hi-Z 

tDZC tCAC 

xxxxxxxxxxx Hi-Z 
xxxxxxxxxxx 

tAA 

tCLl 

Hi-Z J~' 
)k::.data -'0-

tRAC 

tDZO tOEA 

~~~~~~xxxxx~~ 
tOCH 

('\. 
Jao. xx.xxx.x 

•. MITSUBISHI 
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tORH 

tRP 

)~ 

.,~ r\ 
~ tc~ 

tCPN 

~I 
~ 

~ 

rpC

1 tCr 

V 
~ 

JIIXx\"'" ROW XXA ADDRESS 
-' .... 

tRCH ~ 
1 
"xxxxxxxx 

"XXX 

xxx xxx 
xxx xxx 

tCDD 

I', xx 

tOFF 

DATA VALID i\ 
V 

..... tOEZ 

tODD 

XXXXXX x 
j{ xxxxxx 
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M5M4V18160BTP-6,.7,-6S,-7S 
FAST PAGE MODE 16777216 .. BIT (1048576 .. WORD BY 16·BIT) DYNAMIC RAM 

Write Cycle (Early write) 

Ao-A9 

w 

rpUTS 

001-0016 

twc 

tRAS 

~ ... 
tCSH 

r tRCD 

tCAS 

W -i\\ ... 

l.
tASR 

• ~ ~ tCAH 

J r ROW -~: COLUMN 
~ ADDRESS .., ADDRESS 

twcs twCH 
xxxxxx~ •. ~ 

xxxxxxxxxxx~ 
xxxxxxxxxxxxxxxx~ 

I 

~ tDH 

xxxx xxxxx.X\.lr 
xxxxxxxxXXXXXXXA DATA VALID 

r-

tRP 

~ 

-~ ~( 

tRSH 
~C 

tCr 

~IU -w 
tASR 

~ b{)I;.)I;.)I;.)I;.)I;.)I;.)I;.)I;.)I;.X~ r 
ROW A)I;.)I;.XXXXXXXXXXA ADDRESS ...., ,,~xxxxxxxxx" k-

J ~)I;.XXXXXXxxxxxxxxxxxxxxxx 
l~xxxxxxx x~xxxxx 
~xxxxxxxxxxxxxxxxxxxxxxxx 

~ ~xxxxxxxxxxxx~xxxxxxxxx 
I~XXXXXxxxx x~ 

...., 

~UTS ____________________________________ ~H~i~~~ ______________________________ __ 
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M5M4V18160BTP-6,-7,-6S,.7S 
FAST PAGE MODE 16777216-BIT( 1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/(Lower) Byte Write Cycle (Early write) 

UCAS 

(or LCAS) 

LeAS 
(or UCAS) 

Ao-A9 

W 

rpUTS 

D01-DOs 
(or 009-0016) 

~TPUTS 

~PUTS 
009-0016 
(or D01-DQa) 

twc 

tRAS tAp 

""'\1.- ~~ ~I\ 

tCSH 

~ 
tRCD tRSH r1 tF 

tCAS 

W -~ .. ~ ~V V 
~ ~ tF 

W V 
I~ tAsR ~ ~ l~tASC ~ tCAH ~ 

)( ~ ROW -~~ COLUMN fiIO)IIAA)II)II)II)II)II)II ,r-
ROW 

l- ADDRESS ADDRESS 11\)11)11)11 A)II)II)II)II)II)II "lA ADDRESS 
-~ ..... ~ ~~ 

twcs twCH 
~ 

xxxxxxxxxxxxX.X\. .r I":AAXAAAAAA xxxxxxxxxxx 
xxxxxxxXXXXXXXA IIAAAXAAAAAA xxxxxxxxxxxxxx 

XXXXXXXXXXXXX)IIXXXXX 
XXXX 

xxxx AXXXAAXXAAXAAAXXAA 
X XXXXXXXXXXXXXXXXXXX xxxxxxxxxxxxxxxxxx xxxx 

Hi-Z 

~ tDH 

X~.,P'- ~ IAA)IIAXX XXXXXXXXX xx 
xxxxxxxxxxxxxx~ DATA VALID lK.XXXAAA xxxxxxxxxxxx 
XXXXXX 

XXI-,~ ...., VLX,XXXXXXxxxxxxxxxxxxx 

~TPUTS __________________________________ ~H~i-~Z ________________________________ _ 

OE 

5 - 238 
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M5M4V18160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle ( Delayed write ) 

Ao-A9 

W 

FuTS 
D01-D016 

bTPUTS 

tw C 

tRAS tRP 

~\ I
r -f\ 

-' .... ~ 

tCSH 

RPC 

f tRCD tRSH ~ 
tCf 

tCAS 

W -~~ ~IU -V-

~ tRAH tAsc 
~ 

)r ROW .~' 
ADDRESS ....... ..,.... ""r-

xxx xxxxxx xxxxxxxXXXXXXXT 
xxxxxxXXXXXXXN 

tRCS ...... 

t~ 

xxxxxxxxxxxxxx 
XXXXXXXXXXXXXX X)I\ 

++ 
tDZO 

XXXXXXXxxxxxxxx,)( 
XXXXXXXXX A 

tCAH tASR 

COLUMN ~r- ~ x xxx xxx xx }. ROW 
ADDRESS x xxxxx )(~ ADDRESS 

....,~ .... 
tCWL 

tRWL 

~\ axxxxxxxxxxxxxxxxxx 
twp ~~xxxxxxxxxxxxxxx~ 

.... ..JQ(xxxxxxx xx~ 
twCH .I 

t~ tDH 

Hi-Z )~ -1\Jl\l"h xxxx~ 
~~ 

DATA VALID IXXX XXXXXXXXXXXX ...,r- XXX}I 

~ Hi-Z 

rolt tODD 

~ 
T ~xxxxxxx~xxxxxx~ 

~ XXXXXXXXXXXXXXXX 
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M5M4V18160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 167n216-B11 (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/CLower) Byte Write Cycle ( Delayed write) 

DCAS" 
(or LCAS) 

LCAS 
(or UCAS) 

Ao-A9 

W 

FPUTS 
001"008 
(or 009-0016) 

~UTS 

FPUTS 
DQ9-D016 
(or 001-008) 

~TPUTS 

OE 

5 - 240 

~~~ 

r tRCO 

~ .~ 

~ 
~ 
~ ~ ~ 

)C ROW ~~r ADDRESS IL -'~ 

I 

XXXXXXXXXXXXXXYI 

XXXXXXXXI .L 
tRCS 

xxxxxxxxxxx 
xxxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXXXX 

tozc 

YXXXX Hi-Z 
XXXXXXXXXxxx 

~ 

~YYXXXXXXXXX~~ 
X XXXXXXXXXX .\. 

twc 

tRAS tRP 

V~ 
-""~ 

~~ 

tCSH 

tRSH fr tCf 

tCAS 

r- ~V Y 
lPC tCf 

V-
tCAH 14tAsR • 

COLUMN •• ~A""" .xXfxx:J(xX X X\. ~ ROW 
ADDRESS n!;:J(A:J( )I!:J(:J( 

xl"'~ ADDRESS .., 

tCWL 

tRWL -, twp LXXX YYYY ~ 
AXXX XXXXXXXX 

~ ...... .x 

twCH 

.................. xxx ................................... xxxxx 
XXX xxx x ...... xx ...... x XX 

XXXXXXXXYYX 
XX:J(XXX :J(XX:J(XXXXX YYYYY 

HI-Z 

t~ tOH 

")~r-
DATA VALID 

-r~x 

~~~ 
il\XX 

..,~ 

~ Hi-Z 

tOEZ 

~ 
toDD ~ 

..,r-
:J(xx XYYX 

~XXXXYXXXXXXXXXXXXXX 
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M5M4V18160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT( 1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

tRWC 

tRAS tRP 

-~ ~/~ -\ 
..... 

tCSH 

I 
tRCO tRSH 

~PC r tCAS 

W ~~~ ~:U ~W 

tRAO 

~tAsR ~ ~ ~ tCAH tASR 

Ao-A9 3 RO'V_ -~" COLUMN -·.(xxxx xx )a. -:1"- ROW 
ADDRESS ..., ADDRESS I'I&XXXX XXXJr;XX XA ADDRESS .... ~r- ..,Eo- -'Ir-

tcwo ~ 
tAWD 

tRWD tRWL 

W -\ .(xxxxx~~~xxxxx~ X1YY~ xx XJr;XT ~ ~xxxxxxxxxxxxx£x~x£x 

tRAC twp J 
"I 

4-~ tCAC 

fAA tos tOH 
~ rpUTS 

Jr;XXXXX~ Hi-Z J~~ -·Jl'xx x xx x x xx x xx 

~~'r-
DATA VALID "M.xxxxxx~ 

~<-'U( xxxx 

001-0016 

~TPUTS Hi-Z ~ ~ Hi-Z 
ALI, 

F--
tOEA 

tODD 

!j +----+ .tOEH ~I 
tOEZ 

... xxxxXJr;xxxxxxxxxx I\XxxxxxXXXX xxxx 
XXXXXXXXXXXXXXXX .1. 'XXXXXXXXXXXXXXXXXXXX 
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M5M4V18160BTP-6,-7,-65,-75 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle 

UCAS 
(or~) 

LCAS 
(orDCAS) 

Ao-A9 

w 

!=PUTS 

DOl-DOe 
(or D09-DQ16) 

~UTPUTS 

rpUTS 

009-0016 
(or DOl-DOe) 

~TPUTS 

5 - 242 

tRwe 

tRAS tRP 

-\~ ;"- -\ 
tesH 

r tRCD tRSH 
we 

tCf 
tCAS 

W -\.- ~V -W-
~ l1C 

t~ 

W V 
~ ~ ~ tCAH ~ 

=x f- R~W ... ~r COLUMN -1\.« x x x x x~ x x X AJf- ROW 
~ ADDRESS ..., ADDRESS ...,~ xx~ ~ ~. ADDRESS f- "" .... 

tewD tCWL 

tAWD +---+ 
tRWD tRWL 

.l'lXX.l'l ~i\ AXX .l'lxxx.xx.x.x.x 
.IV xxxx y ..JII!::XXX .xxx.x.xxx.x.x 

.... 

tRCS twp J 
"I 

X x0 ~x.x xxx.x.xxxxx xxxx .xxx xxxxxxx.xx .x .x »xxx~ xx :XXxxx.x.xxxxx xxx xxx.x.xxxx.x x x 

tRAC 

~~ 

xxx x.x x .x x.x .x x ~ 
¥xxxx~ 

Hi-Z 

l.tDz~1 

xxxxxxxxxxxx 
xxxxxx~XXxXX ».. 
x x~x xl->-

Hi-Z 

tAA tl. 

Hi-Z J~ 
'I,'f'j 

tCAC 

tcLZ 

~~ 

~ 
tOEA -'~ 

tOEZ tODD 

.• MITSUBISHI 
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tDH 

7' l.x x x .x .x x x x x x x x x x x x .x 
DATA VALID AXXXXX~xxxxxxx 

..., 

Hi-Z 

tOEH 

~ 
~XXXXXXXXXXXXXXxXXXXXX 

~xxxxxxxxxxxxxxxxxxxxx 
YXYXYXY 



MITSUBISHI LSls 

M5M4V18160BTP-6,-7,-68,-78 
FAST PAGE MODE 16n7216-BIT (1048576·WORD BY 16·BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

W 

fpU~ 
001-0016 

tRO 

tRAS 

ROW 
ADDRESS 

I Hi-Z 
~TPUTS------------------------------------------------------------
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M5M4V18160BTP-6,-7,-68,.78 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle 

Ao-A9 

w 

FUTS 
001-0016 

~UTS 

5 - 244 

tRC tRC 
tRP tRP 

tRAS 

--.J~ ~~ 1?~ ""\ tRAS .IJ
r 

L ~ 

tRPC tCSR 
!4-+ ~C tCSR 

i f ~ ~ 
tCHR 

J ~ -\~ ~18 ~~ ~6 W 

~ 
xxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxx~r ROW 
xxx xxxxxxxxxxxxxxxxxxxxx y~~ ADDRESS 

tRCH 

~I 
~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
~xxxxxxxxxxxxxxxxxxx~x££x~x££XXXXXXXXXXXXXXXX 

tOFF 
~ 

tCDD 

~XXXXXxxxxxxxxxxxxxxxxxxxxxxxx 

xxx xxx XXXXXXXXXXXXXXXXXXx 

~ Hi-Z 
N>t--xxxxxx.xxxxx. x 

L 

IX 

tOEZ 

tODD 

x xxxxxxxxxxx XXXXXXXXx.xxxxxx XX.XXX¥ 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxx~xxxxx XXXXXXXXXXXXXXXX 
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M5M4V18160BTP-6,-7 ,-6S,-!S 
FAST PAGE MODE 16777216·BIT (1048576·WORD BY 16·BIT) DYNAMIC RAM 

Upper/CLower) CAS before RAS Refresh Cycle 

RAS 

UCAS 
(or LCAS) 

LCAS 

(or UCAS) 

Ao-A9 

Vi 

~UTS 
D01-DOe 
(or 009-0016) 

~TPUTS 

rpUTS 

009-0016 

(or D01-DOe) rTPUTS 

OE 

tR P tRC tRC 

tRAS tRP 
tRAS 

llr /~ -\~ JI- ~\ 
-' 

~ - -' 

tRPC tCSR ...... ~C tCSR f1 rot 
J~ ~~ ~ ~~ 

tCHR y' ~XXX)II" 

~ 
~ 
tCPN 

~Cr1 ~ e, ~ ~ ~ 
xxxxx;?i IV V V XXXXXN 

~ 

xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxx~J"'" ROW 
xxxxxxx xxxxxxxxxxxxx~£xx x~xxxxxxx x~ .- ADDRESS 

tRCH 

H 
~xx \Xxxxxxx 

t )FF 
Ht 

xxx xxx x xxxxxxxxx 
xxxxxxx xxxxxxxxx 

tOEZ 

~ ~ 
.le. 

X ~I 

tCDD 

~ 

tOEZ 

XXXX XXXXXA 
x 

tODD 

I xxxxxxxxxxxx 
A xxxxxxxxxxxxx 

x~xxxxx xxxxxxxxxxxxxxxxxx 
XX~XX x xxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxx xX)( 

Hi-Z 

x~xxxxxxxxxx~ xxxx 
xxxxx~xx xX~xxxxxxxx 

Hi-Z 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxXxxxxxxxxXXxxxxxxxxxxxxxx 
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M5M4V18160BTP-6,.7,.68,-7S 
FAST PAGE MOPE 16777216-BIT (1048576-WORD BY 16-BIT ) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

tAc tAC 

tAAS tAP tAAS tRP 

-----::! r-
V~ -\ V- L \r-_ ..,~ .... ...,~ 

tE 

tRCO tASH tCHA 
~C 

tf 

~~ ~ -~ .... ,W 
tAAO 

tA~ I!AAH ~ ~ tCAH tASA 

Ao-A9 )r FK:W " ~~r COL~_MN -\. A: X)';; x )';; xx)';;)';; xx)';;)';; x)';; ~'\ ..,- ROW 
... ADDRESS.., ADDRESS AX)';;)';; x x XXXXXXXx~yy .JI. ADDRESS ... r- ""'l '(x xxxxxxxx -'l-

tAAL 

~ L tAcs 

xx 
w xxxx '\xxxx XXYXXXXYXXX 

xxxx ""XXXXXX xxxxx 

tozc 
tcoo 

fpUTS 

D01-D016 

bTPUTS 

xxxxx x Hi-Z xxxx 
XXXX x)';; tAA xxxx~ 

tCAC 
tAAC tOFF 

teLZ H 

~ Hi-Z i. DATA VALID ~ 
~ If 

tozo tOEA tOEz 

tODD 

tORH 
~xx 

xxx -xxx xxxxx 
XXX ~\. I: xXX)';;xxx xx 

x-x-xxx xxx r- leX xxxxxxxxxxxxxxxx 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable as well as read cycle. 

5 - 246 

Timing requirements and output state are the same as that of each cycle shown above. 
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M5M4V18160BTP-6,.7,.6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/(Lower) Hidden Refresh Cycle (Byte Read) (Note 29) 

UCAS 

(or LCAS) 

LCAS 

(or UCAS) 

Ao-Ae 

W 

~PUTS 
DQ1-DQe 
(or D09-DQ16) 

bTPUTS 

rpUTS 

D09-DQ16 
(or DQ1-DQe) 

~UTPUTS 

tR C J. RC 

tRAS tRP J tRAS tRP 

}I ~~ 1/ ~--
'-

~~ 
~ ...... .., 

tRCD tRSH ~ 

l t~ tCHR 

W ~~ 
..... -~ W-

tc~ t~ 

W ~V 

tRAD 

~~ ~C tCAH tASR 

)r ROlli "~ ~ ~t\0 It-QOLUMN ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ JI. ~ ROW 
..l!'DDRESS ~ ..... ADDRESS Il. ~~~~~~~~~ .}J[~~ ADDRESS 

~~ tRAL ~ 
xx ,~xx~~~xx~ xxxxxxxxxxxx 
x~ ~ Jt' vo;;xx~~~xx~ xxxxxxx 

~A"""''''''''''''''''''''''''''''' xx X ..................... ~ xx xxxxxxxxxxxxx 
xx x ~ ................................... xxxx~ .............. ~ xxxxxxxxxxxxx 

Hi-Z 

tozc tCDD 

xx x I'" Hi-Z I~XXXXXX 

xxxxxx !Xx x 
tCAC 

tOFF 

~ 
HI-Z ~- DATA VALID ~ 

data V ... ~ 

tAA 
tRAC tOEZ 

~ 
tOEA tODD 

tORH 

x x x x ~ x x x x x x x," xxxxxxxxxxxxxx 
XXXXXXXXXXXX1t. R XXXXXX X 

L 
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M5M4V18160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576·WORD BY 16·BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

Ao-A9 

W 

rpUTS 

001-0016 

bTPUTS 

5 - 248 

tRAS tRP 

tCSH tpc tCPRH 

---::l ... 

~ 
tRSH .. J~ -~ .., 

tcp tCAS 
~ 

tRCD 
~ tCAS tcp tCRP~ 

tCAS 

W- -~~ ~~r -~~- .~~r ~ ~e-~~ V 

tRAD tRAL 

tASFi tAAH rl l,tCAH. tA~ tCAH 
tCAH 

~ jH ~ ~ 
r COLl MN 

Ir"r"t i"Jto.>.. jr- CO - :i!X ~F .AA UMN )t ROW ~ CO~~ MN '"~ ~f- ROW 
ADDRESS. AOORESS-1 xx .")Qr\ AOORESS-2 _ ~ ~.- AOORESS-3 ,...;~OORESS I- ~..l l- I"'"' -'.- I-~ 

tAcs 

r 
XXXXX XT 
XXAAA ~ 
XXXXX 7 

tozc 
4---+ 

~ ~ 
XXXXX 

tCAC 
4----t 

Hi-Z rou~ 

tAA 

tRAC 

~ tOEA 

tOCH 
xxxxxxxxxxx 
xxxxxxxxxxx ~ 
XX)'; 

-
1M 

.... ~H tRCS 

~ 4-

V 
tCDD 

~ ~ tozc 
~ Hi-Z 

~ t 
~ 

tOFF iH 

~ r DATA .. 
... VAll 0-1 

tCPA 
I 

tOEZ 

~ .. 
~tOEA • 

H 
tODD 

tOCH 
XXXXXA 

/-
b( 

XXXXX ~" 
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tRRH 
tAA 

RCH 
-f IttR~ 

~ 

V tRCH ~ 
tcoo ~ ~ tozc 

tcoo 

1~ J ~ 
...; ~ ~~ 

~~ tOFF 
~ 

tOFF i+'I tCLZ~ 
r DATA -\. ~ DATA .... ~ -I- VALlO-2_~ ~n VALlO-3 _ 

tCPA 

I tORH 
~ 

tOE~ 
~ ~tOEA • 

toE~ 

IlODD
• ~ 

tODD 
l,toCH I 

XXXA),; xxxxx 
L xxx)';)'; ~ I- xxxxx 



MITSUBISHI LSls 

M5M4V18160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/(Lower) Fast Page Mode Read Cycle 

RAS 

UCAS 

(or LCAS) 

LCAS 

(or UCAS) 

Ao-A9 

w 

~PUTS 
D01-DOe 
(or D09-D016) 

~UTPUTS 

rPUTS 

D09-D016 
(or D01-DOe) 

~UTPUTS 

tRAS 

tCSH tpc 

--:lr-

\ 

tCRP tRCD tCAS tcp tCAS 

l 
V ~~ 1"- -, 

-'.- .., ...... tCr 
~ 

tRAD 

tAs~ ~H I~SC ~ tCAH ~ tCAH 

) r- ROW -~ r- ~O UMN - 1. ~.T C()LUMN 
K xxx ADDRESS ADDRESS-1 1,( 'l::U-" ADDRESS-2 .., 

1M 

tRCS 
HH tR~ r 

}';. V xxxxx 1T 

xx XXXX XXXXXIX XXXXX xxx}';. 
XXXX XIX XXXXX XXXX 
X}';.}';.XX 

XXXX XX 
x}';.}';.xX IX XXXXX xxxx }';.X}';.X }';.XX}';. 

~~ 
XXXXX XXX 
X}';.}';.}';.}';. }';.XX 

~ 
tCLZ 

~ Hi-Z 

1M 

tRAC 

~ tOEA 

tOCH 

xxxxXXXXXXXA 
xxx 

Hi-Z 

tCDD 

~~ 
l ~ Hi-Z , ~ 

tCAC 
tOFF 
~ tCLZ 

D"TA ~ VALlD-1 

tCPA 

to:;: 
~ 

H ,~ 
tODD 

~ XXXXX ~ 

b ¥.;<xxx. 
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tOCH 

tRP 

tCPRH 

tR~ 

' .., 
l~ ~"-... 

~ 

tcp tCAS tC1-~ 

..,/ ~~ J1 W-
4-t~H tC'!r~ 

V 
tRAL 

~tASC ~ tCAH tASR 
~ 

I:. ~]f- ~ OLUM.N I ~ ROW 
Q ~ ADDRESS-3 ADDRESS .... ~-''''' 

1 tRRH 

ILRCH 

H tR~ 

V tRCH -~ 

XiX XX}';.XX XI}';. X}';. 
~~~~~~~ XIX XXXXX XIX XX 

x. X I}';. }';.}';.}';.}';. XX XXxX'X'X'x 

tDZC 

~~ tCDD 

l~ J~ 
~~ ~~ 

~~ ~ tOFF 
~ tCLZ 

1~ r- DA'A -, f- DATA ~~ 
VALlD-2 -.£ I~~ l- VALlD-3..,f- -

tCPA 
tORb 

tOEZ 
IJDZO ~ ~OEA ~ tOEZ 

~ ~ 

~ ~ 
tODD tODD 

~ XXXXl')C~. I XXXXX 
I) X}';.}';.)f;.)f;. .'" r-~ ~l- I<- XXXXX 
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M5M4V18160BTP-6,.7,.65,-75 
FAST PAGE MODE 16n7216·BIT (1048576·WORD BY 16·BIT ) DYNAMIC RAM 

Fast Page Mode Write Cycle ( Early Write ) 

tRAS 

Ao-A9 

CS twCHDJ~ntwCS twCH K;.~~twcs twCH 

rpUTS 

001-0016 

I . Hi-Z 
~UTPUTS------------------------------------------------------------------

OE 

5 - 250 
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M5M4V18160BTP-6,-7,-6S,.7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Upper/(Lower) Byte Write Cycle ( Early Write ) 

RAS 

UCAS 

(or LCAS) 

LCAS 

(or UCAS) 

Ao-A9 

w 

rPUTS 

001-0Oe 
(or 009-0016) 

~TPUTS 

rpUTS 

009-0016 
(or D01-DOe) 

tRAS 
tRP 

tCSH tpc 

~\ ~ 
je- ~\ 

~ '-

tc~ tRCO tCAS ~ tCAS ~ ~ tCRr 

W- \r- )~ ~~ ~~~ \. tCAS .I W .., l- I~ 

tCR~ 
~ ~ 

W W 
tA~ ~AH 

~ tCAH ~ tCAH tA~ tCAH ~ 

) e- ROW ~r C()LUMN "':~J CCLUMN 
~~~., .... COLUMN "~ ROW 

~ ~ ADDRESS ~OORESS 
'- -'I-

ADDRESS-1 AOORESS-2 ADDRESS-3 ..,'--' .... ..., -' ..,~ ...l~ 

xxxxxxxxxX\. twcs twCH ~ x x x X,"- twcs twCH L x x X x ~ twcs twCH x«{ xxxxxxxxxxJ\. IX IXXXXXx\'.~ 

xxxxxxxxxx~ ..,KXXXXX~ _XXXXXX-A- ~xxxxx~ 

xxx x 
X ............... Axxxxxxxx XIXX XXXXX xx~xxxxx xxxx xxxx 
XX .......... XXAXXXXXX XIXX xxxxX XXXXXXXXxxxx AXXXxxxxxxxxxx 

Hi-Z 

~ ~ ~ tOH ~_ tOH 

X J.... ~~~e- ~~ ~\ xx 
.~ ~""''''''AXXXXX 

DATA VALlD-1 I~ DATA VALlD-2 ~'6t:;li5f' DATA VALlD-3~xxxxxxxx xXXXXXXXXI .... -li'-...l.... ..,L.....l... ..,~ 

~UTPUTS ________________________________ H_i-_Z ____________________________________ ___ 

. • _ MITSUBISHI 
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M5M4V18160BTP-6,-7,-68,-78 
FAST PAGE MODE 167n216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle ( Delayed Write ) 

Ao-A9 

W 

rpUTS 

D01-D016 

~UTPUTS 

OE 

5 - 252 

tRSH 
tRAS tAp 

tCSH tpc 

-~ V~ 
~ 

~~ 

t~ tRCO tCAS ~ tCAS i
C 

tCf 

w ~~~ ~D~ ~~ JD V 
tRAO 

~ ~H tAsc tCAH ~ ~CAH. 4-~ tASR I ~ . 
)r ROW ~ ... COLUMN LX ..,... COLUMN ... IXXXXX ~ ROW 

.. ~DDRESS ~ .. t'" ADDRESS-1 ""l 'xxxx ..... ADDRESS-2 ..., IUC. X X X X xxxXf'~ ADDRESS 

r twCH tACr twCH .. 
tCWL tc~ 

-r\ tr -f\ >II' twp twp ~xxxxxxxxxxx 
X 

tozc 

XXXXA. 

:;0 
xxxxxxx 
XXXXXX}( A 

~ 

tos tOH tozc 
F +=-+! ~ 

~M" D TA ~[ 
~r· VALlD-1J~~ 

tozo 
~ 

tCLZ 

~~ Hi-Z 

~' 

~ toDD 
tOEH 

1 
-r-

• MITSUBISHI 
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~f 0- VALlD-2 ~"xx 

~~ 
\~ 
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MITSUBISHI LSls 

M5M4V18160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216·81T (1048576·WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Upper I (Lower) Byte Write ( Delayed Write ) 

UCAS 

(or LCAS) 

~ 
(or OCAS) 

Ao-A9 

~pUTS 
DOl-DOs 

tASH 

tAAS tAp 
tCSH WC 

~~ V~ 

~~~~------------------------+-+-----~----------------~~~ 

tACO tCAS 
~C 

I tc~ 

t~ 

tAAO 

tCAH 
tASR 

"'1~ ROW..... ( 0 UMN r-IXXXX "'1~ CC LL MN ~ ~
~--~~--~L ----

t-DDRESS ~ ~ ADDRESS-1 fXXXX~ .... ADDRESS-2 

twCH ~ twCH tACS 

I tc~ I"C!I!I~I-+ ____ ---::!I. ~L 
~xx'x:1{x~xXx~X'X~X'N::Jt:,::----t-"t---------: .... =\~ twP I m- .... \ twp I:. X X X X X X X X X X X 
X X X X X X X X XI I" IN \~:;~~~x~x2x~x~~xx~x~x~x~x p~ 31,'- xx 

XXXXXXXXXX xx~XX XXXXXX XXXXXX XXXXX~ 
xxxxxxxxxxx y~XX XXXXXX xxx xxx 

(or D09-D016) 
I 0 Hi-Z ~UTPUTS----------------~~-------+~~~---+~----------~--~--------------

tozc rpUTS 

D09-DQ16 

(or DOl-DOs) ~\. ~. 

~UTPUTS ______ -+ __________ ~~~~L~~ ____ +-_H~i-Z~~ ____ ~ ~~A~~----~--------~-----

tozo 
H 

~
tOEZ toEZ 

tOEH ~----t tOEH 

~ I~ 1 
x x x x x x 7---.11r~-------------------~~r- ..i::-----------------------::ty!CIx~A.,.._rlOl'x"ll:;_"x~x~~ 
~x~x~xQ:!::x~x~X~X~~A ____ __' ~ 
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MIT$UBISHI LSls 

M5M4V18160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY·16-BIT.) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

Ao-A9 

rpUTS 

001-0016 

~UTPUTS 

OE 

5 - 254 

tRAS 
tRP 

tCSH tRSH 
ll~ ~fL ~~ 

~ --""'f-

tpRWC 

~ tRCo tCAS tcp tCAS ~C tc~ ~ 

W -~~ ~IO~ ~~ Iff V 
tRAo 

~ ~H A~ ~ tCAH tASR 
~ 

)r ROY ~ "":" COLUMN -I\LXXXX .jr- COLW N - . or. )110)110 
-F 

ROW 
-' t-00RESS J- ~ AOORESS-1 1,,",-)11;.)11;.)11;.)11;. ~l- AOORESS-2 ., 1fV")IIO )110 ADDRESS f- ~l-

rR~ twCH 
tRC~ twCH 

tAwo tc~ tAwo 
'TcWL 

-~ W -~ JlVV'yy It It It yyy~ :xx:»' 
~ tcwo twP XX)ll;. 

xxxxxx~ 'XXT tcwo 
~ ~ 

)(XXXXXXXX)IIO 

tRAC J 
tAA 

tc;J tos ~I tozc 
tos 
~ tozc ~ ~ ~ 

....... 
'2~r OA A ~~ )~ F D,cTA ~ 

X)II;.)II;.)II;. XXXX 
x 

tozo 
~ 

xxxxxx 
xxxxxx ~ 

I ~~r- VALlO-1 ~~~ 14tCAC. ~" 
... VALlO-2 

~O 
tCLZ 

11 " e~~1'6.1 
~ DATA 

Hi-Z I ~V VALID-2 

tOEA -n Vl 
tOEZ ~ 

tOE~ t tODD 
tOEH 

toDD 

/ -'U-
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MITSUBISHI LSls 

M5M4V18160BTP-6,-7,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16·BIT) DYNAMIC RAM 

Fast Page Mode Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle 

DCAS 
(or LCAS) 

LCAS 

(or OCAS) 

Ao-A9 

W 

~PUTS 
001-0Oa 
(or 009-D016) 

~UTPUTS 

rpUTS 

OOQ-D016 
(or 001-DOa) 

~UTPUTS 

OE 

RAS 

tRP 
tCSH tRSH 

~ r-

-~ \.- ~V 
tPRWC tRPC 

tCRP 

t~ tRCD tCAS ~ tCAS l ~ 

W ~~ 
..,---::1 

I\~ I V ~ I ..... 

t~ ,C tCRr 

W V 
tRAD 

~ ~AH lAsc tCAH ~ ~ lASR 4-----+ 

~ 
.... ROW 

~ 
.... COLUMN ..... ~ ,- COLUMN \,IKXXXXX ~ .... ROW 

~DDRESS r- ADDRESS-1 .., 
llXXXXXX 

~r ADDRESS l.~ ~... ADDRESS-2.., ~ 

tRCS

r twCH 
twCH 

----+ tR~ 
lAWD 

tc~ 
lAWD ~ 

tCWL .Jr\ ~ .J~ Nxx xxxxxx XXXI 
tCWD twP twP 

x 
XXXXXX XXT x~ 

~ tcwD p r:. 

.xxxx xxxxxx xx xxx xxx XI"X xxxxxxxxxxxX xxxx XIXX xx xxx xxxxxxx.x~ 

Hi-Z 

tAA tAA 

tDZC I!CAC. ~ ~ tD~ l.
tCAC 

• t~ ~ 
tRAC 

}~ '- DATA .... U!\ ~~ '- DATA .J·~.x.xxxxxxxxx xxx xxxxx .x..x..x.x. 

.... tDZO 

tOEA 

.... 
xxxxxx 

~~_ VALlD-1 ~~ r ~V' .... VALlO-2 .., 
~.x 
"-

tDZO 
~ 

I!CLZ'I 
tCLZ 

~ ~ DATA V 
DATA 

~ VVALlD-1 Hi-Z W VALlD-2 

Vr4 ~ 

tOEZ 
~ 

tOEZ .. tOEH 

tODD 
tOEH t---+ 

tODD 

~U 
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xx 

'I 
I'XXXXX 
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M5M4V18160BTP-6,-7 ,-6S,. 7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16·BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by "S" after speed item, like -6S / -7S. The other characteristics and requirements 
than the below are same as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta .. O - 70°C, Vcc=3.3V± 0.3V, Vss=OV; unless otherwise noted) (Note 2) 

Symbol Parameter Test cofl(litions 
Limits 

Unit 
Min Typ Max 

~ cycling~:it 0.2V or 
~ before ~ refresh cycling 
W :it 0.2V or ~ Vee - 0.2V 

Ices 
Supply current from Vcc M5M4V18160B ~ :it 0.2V or ~ Vcc - 0.2V 300 I-'A Extended refresh cycle -6S.-7S Ao-As:it 0.2V or ~ Vee - 0.2V 

DO .. open 
tREF .. 128ms 
tRAS = tRAS mln-1l-'s 

Average supply current 
M5M4V18160B RAS = CAS:it 0.2V ICC9(AV) fromVcc 200 I-'A 

Self - Refresh cycle 
-6S,-7S 

TIMING REQUIREMENTS (Ta=O - 70·C, Vcc=3.3V ± 0.3V, Vss=OV, unless otherwise noted See notes 13,14) 

Limits 
Symbol \ Parameter M5M4V18160B-SS M6M4V18160B-7S Unit 

Min Max Min Max 

tRASS Self Refresh RAS low pulse width 100 100 I-'s 
tRPS Self Refresh RAS high precharge time 90 110 ns 

tcHS Self Refresh RAS hold time - 50 -50 ns 

SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

The last / first full refresh cycles (1 K) must be made within tNS / tSN before / after self refresh, on the condition 
of tNS:;a 16.4 ms and tSN :;a 16.4 ms. 

tIlE tNS __ I 14 tSN _I 
-... -... -... -... -.'~III~I.-... ~II~II~ ______________ ~IIml~I"-··_~II~II-···-···-_··-·_ 

---,,-
DISTRIBUTED REFRESH 1024 cycles 

< 1K/1S.4 rns > 

. 
1024 cycles DISTRIBUTED REFRESH 

<lK/1S.4 rns > 

(2) In case of burst refresh 

5 - 256 

The last / first full refresh cycles (1 K) must be made within tNS / tSN before / after self refresh, on the condition 
of tNS + tSN :;a 16.4 ms. 

tNS 
~ 

1111 1111 ! I 
BURST REFRESH 1024 cycles 

< 1K/1S.4rns > 

• MITSUBISHI 
"ELECTRIC 

tSN 

~ 

I! 
1024 cycles 

1111 1111 

BURST REFRESH 
< 1K/1S.4 rna > 



MITSUBISHI LSls 

M5M4V18160BTP-6,.7,-6S,.7S 
FAST PAGE MODE 167n216·BIT (1048576-WORD BY 16·BIT) DYNAMIC RAM 

Self Refresh Cycle 

tAP 

~- -f\ I 
JL::. 
I 

tAPC 

I_ tCPN. 
tCSA 
~ 

-~ 

-~~ I 

Ao-A9 x xxxxxx 
X xxxxxxxxxxx 

tACH 

H 
JCxxxx 

Vi .y;; x. x. X 

toFF 
~ 

xxxx xxx 
xxxx xxx 

xxxx 
xxxx 

toEZ 

~ 

.itXXXXXX 
IX xxxx.x.x 

tAASS .. 
" 

.. 
"' 

XXXXXXXXXXXXXXXXXXXXX 

xx.x.xxx.x.xxx.x.x 

xxxxxxxxxxxxxxxxxxxxx 
xxxxxxxx 

Hi-Z 

XXXXXXXXXXXXXXXXXXXXX 
xx.x.x xxxxxxxxx 

• MITSUBISHI 
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tAPS 

};- -"----+ 
I 

tAPC tCAP 

tCHS 1 r 
~~ 
~ 

..,~ 

ROW XXXX')IN 
XXXXY...l r ADDRESS 

XXX XXx.x 
x.x.xxx.x.xxxxxxx 

xxx xxx 
x 

x. x. x. x.v 

XXXXXXXXXXXXX 
x~ 
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M5M4V18160BTP-6,.7,.6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16·BIT) DYNAMIC RAM 

Upper/(Lower) Self Refresh Cycle· 

UCAS 

(or LCAS) 

LCAS 

(or~) 

Ao-A9 

w 

5 - 258 

tAP 
tAPS 

~"~I.~ _____________ t_A_AS_~ _________________ ~.vJ~ ~~ 
r. 

tAPe tAPe teAP 

~ 
tAPe J teAP 

~'I r 
W 

XXXXXXXXXXXXxxxx XXXXXXXXXXXXXXXX 
xxxxxx xxxxxxxxxxxxxxxx XXXXXXXXXXXXXXXX 

'\X xxx 
~ xxxx ,xxxxxxxxxxxx xxxx 

XXXX 
XXXX 

xxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx ~X 
xxxx xxxx xxxx x 

Hi-Z 
XXXXXXXXX'IIT 

tOEZ 
~ 

xxxxxxxxxxxxxxxxx xxxxxxxxxxxXXXXXXXXXXXX 
~xxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

• MITSUBISHI 
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M5M4V16165BTP-6,-7,-6S,-7S 
HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 

The use of double-layer aluminum process combined with 
triple-well CMOS technology and a single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costs. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 

FEATURES 

RAS CAS 
Type name access access 

lime time 
(max.ns) (max.ns) 

M5M4V16165BTP-6,-6S 60 15 

M5M4V16165BTP-7,-7S 70 20 

eStandard 50 pin TSOP 
eSingle 3.3V ±0.3V supply 
eLow stand-by power dissipation 

Address OE Cycle Power 
access access 

time dissipa-
time time lion 

(max.ns) (max.ns) (min.ns) (typ.mW) 

30 15 110 285 

35 20 130 255 

1'.8mW (Max) ---- ------- -- - ---- - - -- -- -- CMOS Input level 
eLow operating power dissipation 

M5M4V16165BTP-6,-6S ------------------ 345.0mW (Max) 
M5M4V16165BTP-7,-7S ------------------ 310.0mW (Max) 

et:!YQ.er-page mode, Read-modify-write, RAS-only refresh 
CAS before RAS refresh, Hidden refresh capabilities 

• Early-write mode and OE to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 

e4096 refresh cycles every 64ms (Ao ...... All) 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-All Address inputs 

OQ1-0Q16 Data inputs/outputs 

RAS Row address strobe input 

UCAS 
Upper byte control 
column address strobe input 

LCAS 
Lower byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+3.3V) 

Vss Ground (OV) 

PIN CONFIGURATION (TOP VIEW) 

Al0 

A2 

A3 

vcc 

0016 

0015 

0014 

0013 

Vss 

0012 

0011 

0010 

NC 

LCAS 

UCAS 

OE 
A9 

A7 

A6 

A5 

A4 

vss 

Outline 50P3W-L (400mil TSOP Normal Bend) 

NC : NO CONNECTION 

• MITSUBISHI 
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M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

FUNCTION 

The M5M4V16165BTP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, e.g., 

hyper page mode, RAS-only refresh,and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 . Input conditions for each mode 

Operation 
Inputs Input/Output 

RAS LCAS UCAS W OE DQ1-DQa DQ9-DQ16 

Lower byte read ACT ACT NAC NAC ACT DOUT OPN 
Upper byte read ACT NAC ACT NAC ACT OPN OOUT 
Word read ACT ACT ACT NAC ACT OOUT OOUT 
Lower byte write ACT ACT NAC ACT NAC OIN DNC 
Upper byte write ACT NAC ACT ACT NAC ONC DIN 
Word write ACT ACT ACT ACT NAC OIN OIN 
RAS-only refresh ACT NAC NAC ONC ONC OPN OPN 
Hidden refresh ACT ACT ACT NAC ACT OOUT OOUT 

CAS before RAS refresh ACT ACT ACT ONC ONC OPN OPN 
Stand-by NAC ONC ONC ONC ONC OPN OPN 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD: applied, OPN : open 

BLOCK DIAGRAM 
ROW ADDRESS 
STROBE INPUT RAS 

LOWER BYTE CONTROL __ 
COLUMN ADDRESS LCAS 

STROBE INPUT 
UPPER BYTE CONTROL UCAS 

COLUMN ADDRESS 
STROBE INPUT 

WRITE Co~~~e~ IN 

AO 

Al 

A2 

A3 

A4 
AS 

ADDRESS INPUTS A6 

A7 

Aa 

A9 

Al0 
All 

5 - 260 

SENSE REFRESH 
AMPLIFIER & I/O CONTROL 

MEMORY CELL 
(16777216BITS) 

'. MITSUBISHI 
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---..:=..{) vee (MY] 

.--6 VSS (OV) 

I DQ1) DQ2 
i LOWER DATA i INPUTS / OUTPUTS 

DQa 

DQ9j DQ10 
: UPPER DATA i INPUTS / OUTPUTS 

DQ16 

OE ~~1frUT ENABLE 
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M5M4 V16165BTP-6,-7 ,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -0.5-4.6 
VI Input voltage With respect to Vss -0.5-4.6 
Vo Output voltage -0.5-4.6 
10 . Output current 50 
Pd Power dissipation Ta=25'C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.0 VCC+O.3 V 
VIL Low-level input voltage, all inputs -0.3 0.8 V 

Note1: All voltage values are with respect to VSS. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted) (Note2) . 

Symbol Parameter Test conditions 
Min 

VOH I:Ugh-level output voltage IOH=-2.0mA 2.4 
VOL Low-level output voltage IOL=2.0mA 0 
loz Off-state output current ,Q floating OV:5:.VOUT :5:.VCC -10 
II Input current OV~VIN~VCC+O.3V, Other inputs pins=OV -10 

Average supply current M5M4V16165B-6,-6S RAS, CAS cycling 
Icc1(AV) from Vcc, operating tRc=twe=min. 

(Note 3,4,5) M5M4V16165B-7,-7S output open 

Supply current from Vcc, stand-by (Note 6) RAS= CAS =VIH, output open 

ICC2 M5M4V16165B-6,-7 RAS= CAS~Vcc -0.2V, output open 

M5M4V16165B·6S,.7S RAS= CAS~Vcc -0.2V, output open 

Average supply current M5M4V16165B-6,-6S RAS CYCling, CAS=VIH 
Icc3 (AV) from Vcc, refreshing tRc=mln. 

(Note 3,5) M5M4V16165B-7,-7S output open 

Aver~e supply current M5M4V16165B-6,-6S RAS=VIL, CAS cycling 
ICC4(AV) from cc . 

Hyper·Page-Mode tpc=min. 

(Note 3,4,5) M5M4V16165B-7,-7S output open 

Aver~e supply current M5M4V16165B-6,-6S CAS before RAS refresh cycling from cc 
ICC6(AV) CAS"before RAS refresh tRc=min. 

mode (Note 3) M5M4V16165B-7,-7S output open 

Note 2: Current flowing into an IC is positive, out is negative. 
3: ICC1 (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current Is measured at the fastest cycle rate. 
4: ICC1 (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column address can be changed once or less while RAS=VIL and LCASlUCAS=VIH . 

Limits 
Typ 

Unit 
V 
V 
V 

rnA 
mW 
·C 
·C 

Max 
Unit 

Vcc V 
0.4 V 
10 J.lA 
10 J.lA 

95 
rnA 

85 

2 

0.5 rnA 

0.15 

95 
rnA 

85 

130 
rnA 

110 

95 
rnA 

85 
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M5M4V16165BTP-6,-7,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=00 ...... 70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted) 

Parameter Test conditions 
Limits 

Unit Symbol Min Typ Max 

CI(A) Input capacitance, address inputs 5 pF 

CI(OE) Input capacitance, OE input VI=VSS 7 pF 

CI(W) Input capacitance, write control input f=1MHz 7 pF 
CI(RAS) Input capacitance, RAS. input VI=25mVrms 7 pF 
CI(CAS) Input capacitance, CAS input 7 pF 
ClIO InpuVOutpuf capacitance, data ports 8 pF 

SWITCHING CHARACTERISTICS (Ta=00 ...... 70·C, Vcc=3.3V±0.3V,Vss=OV, unless otherwise noted, see notes 6,14,15) 

Limits 

Symbol Parameter M5M4V16165B-6,-6S M5M4V16165B·7,·7S Unit 
Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 15 20 ns 

tRAC Access time from RAS (Note 7,9) 60 70 ns 

lAA Columu address access time (Note 7,10) 30 35 ns 

tCPA Access time from CAS precharge (Note 7,11) 35 40 ns 

tOEA Access time from OE (Note 7) 15 20 ns 
tOHC Output hold time from CAS 5 5 ns 

tOHR Output hold time from RAS (Note 13) 5 5 ns 

tCLZ Output low impedance time from CAS low (Note 7) 5 5 ns 

tOEZ Output disable time after OE high (Note 12) 0 15 0 20 ns 
twEZ Output disable time after WE high (Note 12) 0 15 0 20 ns 

tOFF Output disable time after CAS high (Note 12,13) 0 15 0 20 ns 

tREZ Output disable time after RAS high (Note 12,13) 0 15 0 20 ns 
. . .. Note 6: An Initial pause of 500 j.IS is required after power-up followed by a minimum of eight Initialization cycles (any combination of cycles containing a RAS 

clock such as RAS-Only refresh). 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 64ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(IOH=-2mA) I VOL=0.4V(IOL=2mA) load 100pF. 
The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(VOL). 

8: Assumes that tRCD ~ tRCD(max) and tASC ~ tASC(rnax). and tcp~ tCP(max). 

9: Assumes that tRCD;:;; tRCD(max) and tRAD ;:;;tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD ~ tRAD(max) and lAsc ;:;; lASC(max). 
11: Assumes that tcp;:;; tCP(max) and lAsc ~ lASC(max). 
12: tOEZ(max), twEZ(max), tOFF(max) and tREZ(max) defines the time at which the output achieves the high impedance state ( lOUT;:;; 1±10uA I) 

and is not reference to VOH(min) or VOL(max). 
13: Output is disabled after both RAS and CAS go to 'high. 
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M5M4V16165BTP-6,-7,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576 .. WORD BY 16-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 
(Ta=0 ...... 70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter M5M4V16165B-6,-6S M5M4V16165B-7,-7S 

Min Max Min Max 
tREF Refresh cycle time I -6,-7 64 64 
tREF Refresh cycle time I -6S, -7S 128 128 
tRP RAS high pulse width 40 50 

tRCO Delay time, RAS low to CAS low (Note 16) 20 45 20 50 
tCRP Delay time, CAS high to RAS low 5 5 

tRPC Delay time, RAS high to CAS low 0 0 

tCPN CAS high pulse width 10 10 

tRAO Column address delay time from RAS low (Note 17) 15 30 15 35 
tASR Row address setup time before RAS low 0 0 

tASC Column address setup time before CAS low (Note 18) 0 13 0 13 
tRAH Row address hold time after RAS low 10 10 
tCAH Column address hold time after CAS low 10 10 
tozc Delay time, data to CAS low (Note 19) 0 0 
tozo Delay time, data to OE low (Note 19) 0 0 
tROD Delay time, RAS high to data (Note 20) 15 20 
tcoo Delay time, CAS high to data (Note 20) 15 20 
toDD Delay time, OE high to data (Note 20) 15 20 
IT Transition time (Note 21) 1 50 1 50 

Note 14: The timing requirements are assumed IT =2ns. 
15: VIH(min) and Vll(max) are reference levels for measuring timing of inputsignals. 

Unit 

ms 
ms 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

16: tRCO(max) is specified as a reference point only. If tRCO is less than tRCO(max), access time is tRAC. If tRCO is greater than tRCO(max), access time is 
controlled exclusively by tCAC or tAA. 

17: tRAO(max) is specified as a reference point only. If tRAO ~ tRAO(max) and tAsc ~tASC(max), access time Is controlled exclusively by tAA. 
18: tASC(max) is specified as a reference point only. If tRCO ~ tRCO(max) and tAsc ~tASC(max), access time is controlled exclusively by tCAC. 
19: Either tozc or tozo must be satisfied. 
20: Either tROD or tcoo or tODD must be satisfied. 
21: IT is measured between VIH(min) and Vll(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 
tCAS CAS low pulse width 

tCSH CAS hold time after RAS low 

tRSH RAS hold time after CAS low 
tAcs Read setup time before CAS low 

tRCH Read hold time after CAS high 
tRRH Read hold time after RAS high 
tRAl Column address to RAS hold time 
tCAl Column address to CAS hold time 
tORH RAS hold time after OE low 
tacH CAS hold time after OE low 

Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 

(Note 22) 
(Note 22) 
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Limits 
M5M4V16165B-6,-6S M5M4V16165B-7,-7S 

Min Max Min Max 
110 130 

60 10000 70 10000 
10 10000 13 10000 
48 55 
15 20 
0 0 
0 0 

10 10 
30 35 
18 23 
15 20 
15 20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter M5M4V1616SB-6,-6S M5M4V16165B-7,-7S Unit 

Min Max Min Max 
twc Write cycle time 110 130 ns 
tAAS RAS low pulse width 60 10000 70 10000 ns 
tCAS CAS low pulse width 10 10000 13 10000 ns 

tCSH CAS hold time after RAS low 48 55 ns 
tASH RAS hold time after CAS low 15 20 ns 
twcs Write setup time before ~ low (Note 24) 0 0 ns 
twCH Write hold time after CAS low 10 13 ns 
tCWL CAS hold time after W low 10 13 ns 
tAWL RAS hold time after W low 10 13 ns 
twP Write pulse width to 13 ns 
tDS Data setup time before CAS low or Wlow 0 0 ns 
tDH Data hold time after CAS low or W low 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M4V1616SB-6,-6S M5M4V16165B-7,-7S Unit 

Min Max Min Max 
tAWC Read write/read modify write cycle time (Note 23) 133 161 ns 
tAAS RAS low pulse width 89 10000 107 10000 ns 
tCAS CAS low pulse width 44 10000 57 10000 ns 
tCSH CAS hold time after RAS low 82 99 ns 
tASH RAS hold time after CAS low 44 57 ns 
tACS Read setup time before CAS low 0 0 ns 
tCWD Delay time, CAS low to W low (Note 24) 32 42 ns 
tAWD Delay time, RAS low to W low (Note 24) 77 92 ns 
tAWD Delay time, address to W low (Note 24) 47 57 ns 
tOEH OE hold time after W low 15 20 ns 

Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tr. 
24: twcs, tCWD, tAWD and tAWD and, tCPWD are specified as reference pOints only. If twCS~twCS(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tCWD~tCWD(min), tAWD~tAWD(min), tAWD~tAWD(min) and tCPWDi1i:; tCPWD(min) 
(for hyper page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) Is indeterminate. 
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M5M4 V16165BTP-6,-7 ,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper page Mode Cycle 
(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 

Limits 
Syrrool Parameter M5M4V16165B-6,-6S M5M4V16165B-7,-7S 

Min Max Min Max 
tHPC Hyper page mode read/write cycle time 25 30 
tHPRWC Hyper page mode read write/read modi~ write cycle time 66 79 
tOOH Output hold time from CAS low 5 5 
tRAS RAS low pulse width for read write cycle (Note 26) 77 100000 92 100000 
tcp CAS high pulse width (Note 27) 10 18 13 18 
tCPRH RAS hold time after CAS precharge 35 40 
tCPWD Delay time, CAS precharge to W low (Note 24) 52 '62 
tCHOL Hold time to maintain the data Hi-Z until CAS access 7 7 
tOEPE OE Pulse width (Hi-Z control) 7 7 
twPE W Pulse width (Hi-Z control) 7 7 
tHCWD Delav time, CAS low to W low after read 32 42 
tHAWD Delay time, address to W low after read 62 72 
tHPWD Delav time, CAS precharge to W low after read 72 82 
tHCOD Delay time, CAS low to OE high after read 15 20 
tHAOD Delay time, address to OE high after read 30 35 
tHPOD Delay time, CAS precharge to OE high after read 35 40 

, . . . 
Note 25: All previously specHled timing requirements and sWitching characteristics are applicable to their respective Hyper page mode cycle . 

26: tRAS(min) is specified as two cycles of CAS input are performed. 
27: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 28) 

Limits 
Syrrool Parameter M5M4V16165B-6,-6S M5M4V16165B-7,-7S 

Min Max Min Max 
tCSR CAS setup time before RAS low 10 10 
tCHR CAS hold time after HAS low 10 15 

-
Note 28: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

• MITSUBISHI 
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Unit 

ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
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M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 29) 

Read Cycle 

VIH-

Vil -

____ VIH­

LCAS/UCAS 
Vil -

VIH-
Ao-A11 

Vil -

w 
Vil -

VIH-
001-0016 
(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

5 - 266 

tRC 

tRAS 

\ V 
tCSH 

r tRCD tRSH 

tCAS 

j4. 

~ ~ 
tRAD 

tRAl 

tCAl 
tASR 
~ ~tASC~ tCAH 

~ 
1'Xxxxx~J ~7:.XX7:.7:.XX]f ROW 1K ]II COLUMN IlI'X. 

xxx 
It 7:. xxx 7:.}(I ADDRESS ~ I ADDRESS .1ItXX7:. 7:.7:. X xxx 

tRCS 

I 
~xxxxxxxx XXXXXX7' 

It 7:.7:.7:. X 7:. 7:. X 7:. 7:. X7:.X7:.X}(I 

~I tDZC~ 

l(XXXXXXxxx xxxxxxxx HI-Z 
){X7:.X7:. 7:.XX7:. 

tCAC 

tAA 

tCLl 

Hi-Z <~ 
tRAC 

tozo ~ tOCH 

NxXXXXX7:. 7:.7:.7:. 7:.7:.7:. X 7:. X 7:. 7:. 7:.7:. 
)(xxxxxxxxxxxxxx xxxxxxx 

tORH 

Note 29 Indicates the don't care input. 
VIH(min);:ilVIN~VIH(max) or Vll(min);a;VIN;a;VIL(max) 

Indicates the invalid output. 
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tREZ 

tOHR 

DATA VALID 

tAP 

L 
tCRP 

~ 

tASR ..... 
ROW 

ADDRESS 

tRRH 

~ tACH 

xxx 
IX 

7:. 
7:. 

\ 

~~ 
tROD 

xxx 
".}( XXXX 

twEZ!4--1 

tOFF 
tOHC 

)-lE-

tOEZ 

~toDD. 

xx 
X 7:. 

,.. xx xxxxx 



MITSUBISHI LSls 

M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read Cycle 

RC 

tRAS tRP 

RAS 
VIH-

VIL -
~ I '---tCSH tCRP 

~ tRCD tRSH 

LCAS 
VIH-
~ 
~ (or UCAS) VIL -

UCAS VIH-

(or LCAS) VIL -

VIH-
Ao-All 

VIL -

VIH-
w 

001-00a VIH _ 

(or 009-0016) 
(INPUTS) VIL -

001-00a VOH­

(or 009-0016) 
(OUTPUTS) VOL-

009-0016 VIH­

(or 001-00a) 
(INPUTS) VIL-

009-0016 VOH­

(or 001-00a) 
(OUTPUTS) VOL -

VIH-

VIL -

tCAS 

o{XXXX}( 

\ I{XXXX~ 

o{XXXXI 
tRAD tRAL 

tCAL 
tASR tRAH 

~ tCAH ..... .----. 
'I<XXXX)d I{ X X X X X"X'\, ROW COLUMN I~XXXN v;,xxxxxxxxxxx X 

<xxxx~ ADDRESS ADDRESS ~,,-x xx x x x Xxxxx x '~ 

tRRH 
tRCS 

r 
*"xxxxxxxx xxxxxxxx><,J' 
Vxxxxxxxx XXXXXXI 

O{XXXXXXXxX XXX~XX X xXXXXXXXX xx 
I{XXXXXXXXX XXX~XX X x~xxxxxx xx ,;w;.xxxx x 

Hi-Z 

~~ 
tRDD 

o;,xxxxXXXXX xxxxxx"xx Hi-Z 
o;,xxxxxxxxx ~'" tREZ 

tCAC tOHR 

tAA 
tCLZ 

Hi-Z ~ DATA VALID 

tRAC 

tDlO ~ 

~XXXXXXXXXXXXX~XXXXXX~ 
~xxxxxxxxxxxxxxxxxxxxxxxxx 
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tOCH 

tORH 

I 

tASR 
~ 

xxxv ROW 

x XXI ADDRESS 

H tRCH 

'lIXXXXX-« 
LXXXXX~ 

xx XXXXXXX 
xx xxxxXXX 

"X "X "X 

~ 
tCDD .... 
~x XXXx..: 

'~ ~ 

~-+---f twEl 

tOFF 
tOHC 

~ 
OEl 

4----+ tODD 

j(-XXXXxx}; 
l *XXXXXX I 
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M5M4V16165BTP-6,-7,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Early Write Cycle 

VIH-

VIL -

____ VIH­

LCAS/UCAS 
VIL -

VIH-
Ao-All 

VIL -

w VIH-

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH-

\ 

tF 
tRCO 

)(xxxxxr 

~ x.xxxx~ 
XXXXXI 

tASR tRAH tA~ 
~ 

~xxxx" ROW ~ Xxx ~ x .. ~ ADDRESS x x XXXI .~ 

twcs 

)( X X X X X X X X X X X X X X X ~ :t=. 
~xxxxxxxx xxx~ 

~xxxxxxxxxxxxx~ 

~ 

~xx XX~ 
Nxxxxxx XXXXl 

tw C 

tRAS L tRP 

r 
! \ 

tCSH 

tRSH 

~ tCAS 

I{ 

tCAH tA~ 

COLUMN xxxxxxxxxxxx"", ROW 
xxxxx ADDRESS ADDRESS XXXXXXXXXXXX»' 

twCH 

"\l'XXXXXxxxxxxx xx 
xxxxxxxx 

~xxxxxxxxxxxxxxxxxxxxx 
I 

tOH 

DATA VALID IVXXXXXxxx xxxXXX 
·uo;.xxxxxxx xxxxxxxx 

Hi-Z 
(OUTPUTS)VOL_-----------------------------------------------------------------------
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M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Early Write Cycle 

VIH-
RAS 

VIL -

LCAS 
VIH-

(or UCAS) VIL -

UC~ VIH-

(or LCAS) VIL -

VIH-
Ao-A11 

VIL -

VIH-
w 

VIL -

OQ1-00S VIH _ 

(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH­

(or 009-0016) 
(OUTPUTS) VOL-

OQ9-0016 VIH­

(or DOl-DOs) 
(INPUTS) VIL-

009-0016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL-

twc 

tRAS L tRP 

r 
~ Ii ~ 

tCSH 

tCRP tRCO tRSH 
~ 

l'l ...... )'; ... 
l'l ...... )'; ... , 

x: \ X:XXXXI 

~~ tRAH lAsc tCAH 
~ 

l(Xxx)(\. . R'"X"'X\. COLUMN I)'; ROW ~ ){XXXXI ~ ... l'l ......... XI ADDRESS r-~ ADDRESS 

twcs tWCH 
~ 

){XX ),;X~ 
l'l ...... X x :o?' 

){XXXXXX),;XXXXXXXXXXX "'xxx),;xxxx 
){XXXXXXXXXl(l(XXXXXXX XXXXXXXXX 

Hi-Z 

~ tOH 

){XXXXXXXXX ...... ~ 
l'lXX xx.z;.o DATA VALID 

Hi-Z 

• MITSUBISHI 
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tCAS r--
1/ 

lASR 
~ 

xx)'; XXx.\} ROW XX ... ~~ xx ADDRESS 

I( ~~~~~~~~~~~~ 
XXXXXXXX~XXXX 

XX~; xxxx~ 
xx ...... ~ 

I~X XXXXXXXXXXXXXXXX 
XXXXXXXX~ «x 
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M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Delayed Write Cycle 

VIH 

VIL -

____ VIH­

LCAS/UCAS 
VIL -

VIH-
Ao-All 

VIL -

VIH-w 
VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

5 - 270 

twc 

tRAS Jo tRP 

r 
\ ! ~ 

tCSH tCRP 

F tRCD tRSH 

tCAS 

!'; 

~ , I XXXXN 
!';.XXX)IJ 

IftASR
• 

tRAH tASC tCAH 
~ .... 4-tASR 

-~l ~. ROW COLUMN xx~ ROW 
~ I1KXXXY 1KXXXXX 

xx-A' '5lSZO ADDRESS -'VSJSJ/ ADDRESS -'-xx xx x ADDRESS 

~ 
~X~XXXXXXXXXX~ 
KXXXXXXXXX XVV 

twCH 

tDZC t~ 
~ 

~XX XXXX~ Hi-Z l~ 
Vxxxxxxxx x x x xX~'l ~~ 

~ 

Hi-Z ~~ 
tOEZ!4t .tDz~1 
~ tODD 

KXXXXXXxxxxxxxxxxxxxxx 
~ xx x xxxxx x x xxxxx '\. 
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~ 
tRWL 

14 twp. 

\ LXXXX XXXXX 
IJ(XXX XX 

tDH 

DATA xxxxxxxxx 
VALID IAXXXXXXXXXXXXX 

Hi-Z 

tOEH 
~ 

iX. XXXXXXXXXXX 

~x xxxxxx 
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M5M4V16165BTP-6,-7,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Delayed Write Cycle 

VIH-
RAS 

VIL -

LCAS 
VIH-

(orUCAS) VIL -

UC~ 
VIH-

(or LCAS) VIL -

VIH-
Ao-A11 

VIL -

~ 

t~ 

I{XXXXX 
I(XXXXXI 

xxxxxx 

~ 

~ 

x:XXXX~] 

twc 

L . tRP 
~------------------------------~r 

ir---'/ 

tRAS 

If ~ 
~--------------------------------------------~ ~------

tCSH 

tRCO tRSH 

~ ___________ t~C~AS~ ________ ~ ~~1-__ tC_R_P __ ~ 

l 
~ f 

~ ~lASR 
tRAH lAsc ----. tCAH 

ROW :/OO!\. COLUMN 
XXXXXA ADDRESS ~ -v::L::U ADDRESS 

-I<XXXXX xx X:XXXA 
IA)';.XXXXX xx XXXXA 

ROW 
ADDRESS 

I. tCWL. 

tRWL 

w VIH - ~ x x x x x x x x x x x x x x x..-

VIL _ ~xxxx~~~~~~: 

001-00S VIH-
(or0Q9-0016) XXXXy~xxxxxxxxxxxx 

~xx xx XX~X 
(INPUTS) VIL -

001-00S VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH-

(or001-00S) }X{~~~~~ 
(INPUTS) VIL -

t~ 

xxxxxxxxxx xxxxx~xxxxx~ 
xXXXXXXXXIXXX xx~xxxxx~ 

Hi-Z 

Hi-Z 

twCH 

t~ tOH 

j~ DATA x.xxxxxxxxXX'-XX 

'~_-+V_A_L_I_D_""IIA< X X X X x x x x ~ 
~ .,_ , x x x x x x 

009-0016 VOH _ ~ 
(or 001-00S) _______________ --.;H~i-..;;Z;...... ______ _+_------_ff ;' j}o-+ ______ -+-____ .....;H~i..;;-Z;...... ____________ _ 

(OUTPUTS) VOL -

VIH - x x x x x x x x x x x x X X xx x x x x x Yx k-

VIL - ~~ x~~~~~~~~~~~~~}: ~ 

tOEZ .. 

~tooo 
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tOEH -..-. 

XXXXXXXX~ 
YXXXXxxxxx 
xXXXXXXXXX 
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M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216 .. B11 (1048576-WORD BY 16-BI1) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL-

VIH 

VIL 

VIH-w 
VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

5 - 272 

tRwc 

tRAS I. tRp 

I 
~ } ~ 

tCSH tCRP 

tCF 
tRCO tRSH 

tCAS 

K.xx.x.x~ 

~ I lO:x.x.x.x.7 

tRAO 

tASR tRAH tCAH tASR 
~ tASC ~ ~ 

KXXXX~ ROW ~ COLUMN I'.ICXXXXXXX x-x XXXX~ ROW I\CXX-XV 
~.x.xx.x~ ADDRESS lAX X x ](A ADDRESS ~xx xxxx .N ~~ 

tAWO 

tRCSr-r-
tcwo 

tRwo 

KXXXX-XX-X xxx*" 
-6txxx .x.xxX»' 
l'& .xx.xx., 

tozc t~ 
4---1 

xx X "X' HI-Z J~ )(XXXXXxx 
:{xx W tCAC 

1M 

~ 

,~ 
,............, 

HI-Z DATA 
VALID ---tRAC 

~--t toDD 

tozo ~tOE~ 

-- ~tOEZ 

xxx lO:xxxxxxx.xxxxxx.x X)4 
xxxxxxxx x·xxxxx xxxxxxxx 

•. MITSUBISHI 
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.x¥J' ADDRESS 

tCWL 

tRWL 

twp 

\ 
IX.XXXXXXXXXXXX 

K xxxxxxxxxxx 
r..cxxx 

tOH 

DATA VALID I\CX,,;xxxxxxxxx 
'l.XXXXXXXXXXX 

HI-Z 

9 
~xx x x x x.x x x 
~xxxx.xxxxxxxxxxx 
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M5M4V16165BTP-6,-7,-6S,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read-Write, Read-Modify-Write Cycle 

RAS 

LCAS 
(or UCAS) 

UC~ 
(or LCAS) 

Ao-All 

w 

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

DOl-DOs VIH­

(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or DOl-DOs) 
(INPUTS) VIL -

009-0016 VOH­
(or DOl-DOs) 
(OUTPUTS) VOL -

VIH 

VIL 

tRWC 

tRAS 

~ 
tCSH 

tCRP H 
tRCD tRSH 

l(X 
l(XXXXXf 

tCAS 

l(XXXXX \ X.XXXXXl 

tRAD 

tA~ tRAH 
tAsc Itt tCAH 

ROW :f7:}{}\ COLUMN ~XX ,m(XXX'I' 
X.XXXXXA ADDRESS ~ ADDRESS AXX 

xxx X xxx X 

XXx xx 
l(XXXXXXxx 

xxxxxxxxx 

KXX 
KXX 

tAWD 

tRCS It---t tCWD 

tRWD 

XXXXXXJoIII 

xxxxxXi/ 

xx ~xx xx 
,x x x ~xxxx xx 

Hi-Z 

tDZC ~~ 
tDS .. 

IXXXXXXxx Hi-Z ~~ 
xx 

'~ tCAC 

tAA 

-

Hi-Z tb r----, DATA 
VALID 

tRAC 
~ 

.. f-t tODD 
tDZO ~ 

.. tOEZ 

XXXXXXXX 
xv 
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I. tRP 

j i\ 

L tCRP 

If 

tASR .. 
XIXX XXX"" ROW 
x x XXXXI\ ADDRESS 

tCWL 

tRwL 

twp 

~ 
., ~xxx 
IrXXXX xxx~ 

I 

xxxxxxxxxxxxxxx~ 
xxxxxxxxxxxxxxx~x£x~ 

tDH 

.~x xx 
DATA VALID 

'Vx xx 

Hi-Z 

9 
XXXXXXXXXXXXXXXX 
\Xxxxxx xxxx:x;. 
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M5M4V16165BTP~6,-7 ,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

VIH 

____ VIH 
LCAS/UCAS 

Vil -

VIH-
Ao-A11 

Vil -

w VIH 

Vil 

001-0016 VIH 

(INPUTS) Vil 

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

Vil 

5 - 274 

AAS 

\ 
tCSH tHPC 

tc~ 
tACO tCAS ~ tCAS 

r---, 

W ~ I ~ 
tAAO 

tASA 
~ ~ 

tASC ~ .. tASC ~ ~ 

~ 
:~' :~ ~?\ :09 ROW YXXXY COLUMN-1 YXX ~Y COLUMN-2 wo; x 

ADDRESS '~ .~ ~21 ~ 

tACS 

tCAl tCAl 

){X XXX:7 
KXXXX XXXXI 

tozc 

.,(-X X¥b, Hi-Z 

.,(-x XXXX 

~ xx I~ tCAC. 

1M tM 

~LZ tOOH 
~ 

Hi-Z ~~ DATA ~ 
VALlD-1 

tRAC tCPA 

tozo t~CH 
r 

){XXXXXXXXXXxxxxx 
~xxxxxxxxxxxxxxx~ 

• MITSUBISHI 
;"'ELECTRIC 

tRP 

L 
tASH 

~ tCAS 

~,..---,~ I 
tCPAH 

tA~ ~ ~ 

;2~ R~ ~~ 
ROW 

~ COLUMN-3 IY x XY 

'&.r! ~~ ~J 
ADDRESS 

+-r!~ 
tCAl ~ tACH 

~ 

tROD ~ 
tcoo 

x xx 

~ 
x xx 

tAEZ 
tM tOHA 

tOFF 
tDOH tOHC H 

DATA ~ DATA )-VALlD-2 VALlD-3 

tCPA 

toEZ 

'Xx IXXXXX 
xxx 

~ toDD 



MITSUBISHI LSls 

M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read Cycle 

RAS 

LCAS 
(or UCAS) 

UC~ 
(or LCAS) 

Ao-All 

w 

VIH-

Vil -

VIH-

Vil -

VIH-

Vil -

VIH-

Vil -

VIH-

Vil -

D01-DOa VIH­
(or DOs-D016) 
(INPUTS) Vil -

D01-DOa VOH­

(or DOs-D016) 
(OUTPUTS) VOL -

DOs-D016 VIH­

(or D01-DOa) 
(INPUTS) Vil -

DOS-0016 VOH­

(or D01-DOa) 
(OUTPUTS) VOL -

VIH-

Vil -

tRAS 

\ 
tCSH tHPC tRSH 

tCRP tRCO ~ tCAS ~ ~ 

l'k)';;)';;)';;.lt' ~ ~ ~ 

tCAS tCAS 

~ ~ I ~ 
tRAO tCPRH 

lASR ~ I_ tCAH. lAsc ~ ~ ~ tCAH • 
~ lAsc f---a ~ 

~ ROW J~ .. 
COLUMN-l 

J?;l ~l\ 
COLUMN-2 

~ <;>\ 
COLUMN-3 

~ ~ ~r/' ~ )."/' ~ 
ADDRESS 

tRCS 

tCAl tCAl tCAl 

){XX )';;~ 
l'kX),;; ),;;XXlI' 
xxx 

)';;')fI 

tozc 

..... J'i. 
Hi-Z ){XX)';;XX XJ'i."'"x ~ 

XXXXX 
)(XJ'i.),;;X),;; 

~~~ 

){XXx 
l'kXXX 

)';;x ...... 

~ 
tAA 

Hi-Z 

~LZ~~ 
tozc 

tCPA 

)';;)';;x 

xxx 
~ tCAC. 

1M 

tCLZ ~ 
Hi-Z ~~ DATA 

VALlD-l 

tRAC 

tozo tOEA 
~ 

tOCH 

)'l)'lX)'l)'l)'l)'l)'l 
xxx)';;xxxx" 

• MITSUBISHI 
.... ELECTRIC 

DATA 
VALlD-2 

Hi-Z 

~ 
lAA 

tOOH 
~ 

K) 
tCPA 

tRP 

I ~ 

tCRP 

I 

~ 

~ ROW 
ADDRESS )';;')fI 

~~R8.!!... 
4------t tRCH 

XX)';;)';; X , )';;)';;XX 

xxxx 

~ 
'~ 

~~ 
tOHR 

I 

tROD 

tcoo 

~ 
~ 

twEZ +-----. 
tOFF 

tOHC 

DATA 
~ VALlD-3 

tOEZ 

XX X x 
I. £X' ¥ 7)t 

4---4 tODD 

5 - 275 . 



MITSUBISHI LSls 

M5M4 V16165BTP-6,-7 ,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

VIH-

Vil -

VIH­
LCAS/UCAS 

Vil -

VIH-
Ao-All 

VIH-w 

001 ...... 0016 VIH­

(INPUTS) Vil -

001-D016 VOH-

(OUTPUTS) Val -

5 - 27.6 

tRAS tRP 

\ I '--tCSH tHPC tRSH 

tc~ 
tRCo tCAS ~ teAs ~ teAs l teRP 

I ,...---, ..---. 

,il ~xxx )Q(. 

\ i \ i \ ~ l 

teAL teAL 

tASR 
~ tA~ ~ tASC -~ ~ teAH • 

~ tASR. 
~ ~ tAse ....... 

~ ~~ -~ :~ ROW @ ROW COLUMN-1 COLUMN-2 ~ COLUMN-3 ICXXX»O ADDRESS IJKX x XA 

~ ADDRESS ~ ~ -lZ::.tt:lY 

~ ~twCH. 14twCS~ ~ twCH.
1 
~ -~ 

~ Mnn-l 
){xxxxxxxxxx¥ ~ Xxxxxxxxxxx 
~xxxxxxxxxxxx .... xxx " ~xxxx'" b. xxxxxxxxxxx AJl..A.A.X t, 1t. A.XXXX 

~ ~ ~ tos. ~ ~ ~ 

~ x x- A. A. A. A. X A. A. A. A., 
DATA ~ DATA ~ DATA IXxxxxxx~ 

)(xxxxxxxxxxxXlI' xxxx !W';.xxxxxxx~ 

)( x x x x x x x x x x X XI VAUD-1 
~ 

VALlD-2 J 
~ 

VALlD-3 J -,xxxxxxxxxxx 

Hi-Z 

------------------------------------------------------------------------------

• MITSUBISHI 
"ELECTRIC 



MITSUBISHI LSls 

M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Early Write Cycle 

RAS 

LCAS 
(or UCAS) 

UCAS 
(or LCAS) 

Ao-All 

w 

VIH-

Vil -

VIH-

Vil -

VIH-

Vil -

VIH­

Vn:'-

VIH.­

Vil -

001 ..... 008 VIH­
(or 009 ..... 0016) 
(INPUTS) Vil -

001 ..... 008 VOH­
(or 009 ..... 0016) 
(OUTPUTS) VOL -

009 ..... 0016 VIH­
(or 001 ..... 008) 
(INPUTS) Vil -

009 ..... 0016 VOH­
(or 001 ..... 008) 
(OUTPUTS) VOL -

tRAS RP 

~ f '--
tCSH tHPC tRSH 

tCRP 
~ , ,. 

){xxx.x. 
~ 

tAco. tCAS ~ tCAS ~ tCAS L tCRP 

r 
~ 

~ ~ I ~ I 
teAL tCAl 

tASR .. ~ tAsc ~ I_ tCAH. tAsc ~ ~ tCAH • tAsc ~ ~ 
~ 

){XXXA ROW Q .l5<'5<"5n ~ ~ ROW 
){XXXXI 

ADDRESS COLUMN-1 &XXX}& COLUMN-2 IAXXXXA COLUMN-3 I";XXX.lll ADDRESS 
~xxx.¥ ~~ :\t::tl:U. ~ 

~ l. twcH
• ~ l.twcH

• ~ ~ 
~xx XXXXX ~ ~ xxxxxx 

x~ I.X'XXX xxxxx KXX I. XXX~ xxxxx~~ ){XX x X x'X"x'Y\ II. ~ I. xxx . 't. I . 

~ ~ ~ ~ 

XXX1. DATA ~~ x~. DATA ilxxxxxx~ 'lxxxxxxxxxxxx~ 

'lXX xxxx" VALlD-1 ~Z4' VAll 0-3 I~XXXX '~xxxx XX:xl 

Hi-Z 

~ ~ 

){xxxxxxxxxxx xxx XXXX.A DATA ){X XXXXXXl( 
){xxxxxxxxxxxxxxxxxxxxxxx~ 

VALlD-2 

Hi-Z 

• MlTSUBISHI 
.... ELECTRIC 

J-.fxxx xx xxxx 
IIXX XXXXXXXXXX 
"X xxxxxxxxxx 

5 - 277 



MITSUBISHI LSls 

M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

____ VIH 

lCAS/UCAS 
VIL 

VIH 
Ao-All 

VIL 

w VIH 

Vil -

001-0Q16 VIH 

(INPUTS) Vil 

001-0Q16 VOH­

(OUTPUTS) VOL -

VIH-

Vil -

5 - 278 

RAS 

~ 
tCSH 4 

tCRPi 
tRCD tCAS tHPRWC 

tcp tCAS 

KXXXXXXIt 
~ ~ ~ ~ 

tRAO 

tASR ~ tAsc .... tCAH ~ teAH 
~ 

K 

~ 
'JI(XX ROW M. XXXXX.l'I .l'Il. 

.z..XXXXN 
ADDRESS COLUMN-1 XX.l'I XA COLUMN-2 lAX X X.l'I 

x "if YXXl!: 

tAWD 
tCWl 

tAwo 

~~ 
tewD ~ ~RCS1~ tewD 

14 twp 

)(XXXXXXXX XXX)Y. 

\ ~~ ~ X~~XXXXX 
XXI' 
XJoI' 

tRWD tcPWO 

~~ tDH tDze 
tDS ~ tDS 

J~ ~ ~ )(XXXXXX 
XXX 'X' Hi-Z DATA HI-Z x 

Nxxxxxxxxx X xX ~~ VALlD-1 ~ 'I 

Hi-Z 

~xx 

)(xxxxxxxxx 

14tcAc~ 
fAA 

tCLZ ..... .. 
~ ~ 

Hi-Z 
VALID 

tRAC 
~ 

... ~ tODD 

14 tOZO. ~ 
H tOEZ 

~~»~ xx 

'MITSUBISHI 
.... ELECTRIC 

tAA M 
----

+- t~lz 

~ 
,..---, 
DATA 
VALID 

~ 
tCPA 

+- tODD 

1°~ .... tOEZ 
tOEA 

\ J 

tRP 

FL 
~tRWL 

tCRP 

II 
~tcw~ .... tASR 

:a. ROW 

:~ ADDRESS 

~ 
IXXXXXX 
I~XXXXX 

tDH 

-DATA "xxxx 
VALlD-2 ~'-XXXX -

HI-Z 

~ 
xX" 

'XXXXXX 



MITSUBISHI LSls 

M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read-Write, Read-Modify-Write Cycle 

RAS 

LCAS 
(or UCAS) 

UCAS 
(or LCAS) 

Ao-All 

w 

VIH 

VIL-

VIH-

VIH-

VIL -

VIH­

VIL -

VIH-

VIL -

DOl-DOs VIH­

.(or 009-0016) 
(INPUTS) VIL -

001 -DOs VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or DOl-DOs) 
(INPUTS) VIL -

009-0016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL -

VIH-

VIL -

RAS r \ '---
tRP 

tCSH .... ~tRWL 
tc~ 

KXXXXX 
KXXXXXI 

tRCD tCAS tHPRWC 
tcp teAs t: tCRP 

X:X / X:X;o;.;o;.XX.l' \ V ~ KXX;o;.X;,t;I 

tRAD 

tASR tRAH tCAH ~ tCAH tCWL 
~ ~ tAsc ~ ~ ..... tASR 

~ ROW ~ 
~;o;.;o;.x;o;.xx ~ lIXXX;.c XXX~ ROW 

COLUMN-1 COLUMN-2 ADDRESS ~ ADDRESS nxxxxxx YI\ I\X X x;.c xxxn 

tAWD tAWD 

~~ 
tCWD tc~ ~RCS1~ tCWD 

~ ~ 
~xxxxxx , ~?1 

lX'xxxxx 
~x , ~XxXXX~ 

tRWD 

~xxxx xxxx xxxxx x x 
)(XXXX xxxxx X X 
)(XXXX xxxxx X X 

Hi-Z 

~~. ~± tDS .... 

~ xx Hi-Z DATA )(xxxxxxxx IXX 

'~ VALlD-1 I(XXX xx 
~ 

1M 

tCLZ -4-14-

~ Hi-Z 

tRAC 

~ 

xxxx ;o;.;o;.}/. 
KXXXXXXXXXXXXXXX}/. 

,........, 
DATA Hi-Z 
VALID 
~ 

~ ..... tODD 

I!OE\ 

...... t-f-tOEZ 

• MITSUBISHI 
.... ELECTRIC 

tCPWD 

x xxx xxxxxxxxxx 
X xx x xxxxxxxxxx 
X xx x xxxxxxxxxx 

toze tDH 
~ tDS 

~ Hi-Z ~ .~ DATA 
I~ 

~ ~ VALlD-2 

H 
~ 

tAA 

--+ ~tc1z 

~ 
r----, 
DATA Hi-Z 
VALID 

~ 
tCPA 

4- tODD 
tDZO 

~ I ~tOEA· ... tOEZ 

\ U 
~XXXX£ 

~ x 

5 - 279 



MITSUBISHI LSls 

M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

VIH-

VIL -

____ VIH­

LCAS/UCAS 

Ao-A11 

w 

VIL -

VIH,­

VIL -

VIH-

VIL 

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

5 - 280 

tRAS tRP 

tRWL ;, , 
tCR~ 

tCSH tHPC tHPRWC ~-~ 

tCF tRCD tCAS ~ tCAS ~ tCAS 

r-----, xxxx~ 
l'(;.XXXXlo 

~ I ~ l'(;.XXX)f' 
~ 

tRAD 

tASR 
~ ~ tCAH. tA~ ~ ~ tAsc 4--t 

II ~~ It. ~ ROW l'(;.XXXXY 111( xx .. COLUMN-1 1111: XXY COLUMN-2 
ADDRESS l'(;. '\lSZ::I .~ SJSZ/ -

. tRCS twcs ~ 
teAL CAL 

r 

*XXXXX ~ 
l'(;.XXXXXX XXX)f" 

tDZC 

~ tD~ .... 
~~ i~~~~» ~ xxxx 
,'~~ ~ 

tAA 

tell ... ... twEZ 

4-t 

~ 
,...r---, 

Hi-Z DATA 
VALID 

~~ 
tRAC 

tDZO ~ tOEZ 

~ .... ~ 
~xxxxxxxxxxxxxxx 

~xx~ J 
H 

tODD 

• MITSUBISHI 
.... ELECTRIC 

r-, tCWL ,...1---

I , I 

tAsc tCAH 
tASR .... 

~ ~~ 
,..--

ROW 
COLUMN-3 1KXXXX xx xxxy 

XX"X';/' ADDRESS ., -tCPWD 

tAWD 

tCWD 

~ , LXXXXX 

.IX X X x >l\!" 
I 

...!D~ ... ~ tD~_ ... 
~ ~-----, 

DATA .z.xxxxxx 

~ r VALlD-3 n;xxxxxx 

1 
,---...j 

tCLl 

~~ DATA 
, VALID 

~ 
tePA 

~t~ tOEZ tOEH 
4t +-1 

\ J 
-.:.xxxxxx 
l:XXXXXX 

...... 
tODD 



MITSUBISHI LSls 

M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

VIH-

Vil 

____ VIH­

LCAS/UCAS 
Vil -

VIH-
Ao-A11 

w VIH 

Vil -

001-0016 VIH­

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

Vil -

~ 

PlXXXX 
PlXXXX 
){XXX)'IO. 

~ 

tHPC 

~ I \ , , 
tcp tCAS tCAS 

lAsc' tCAH ~ lASC. tCAH 14 lASC. tCAH 
~ 

X\. LX XXXX~ I'9. "S~ 
x COLUMN-1 ~ xxxxx COLUMN-2 COLUMN-3 

X6' 
U! .i,;:)5J Il10.,., \.X XXXX)II' 

tCAl ~ tCAl 

~ 14twCH
• 

~ V 
tHcwo 

tHAWO 

~ tHPWO 
to~ tozc ... ........ 

Hi-Z ~ ~ DATA 1 ~ xx j>\ 
Hi-Z , k VALlD-2 r~ xx j>\ 

~ tCAC 1-

tAA tAA 

tCPA tCPA 

twEZ ~ tcLZ~ 

~ ~ @:#A DATA Hi-Z 

~ VALlD-1 

tHCOO ~ tozc ~~ 
tHAOD 

tHPOO 
~ 

~ 

• MITSUBISHI 
"ELECTRIC 

\ 

~ 

DATA 
VALlD-3 

5 ~ 281 



MITSUBISHI LSls 

M5M4 V16165BTP-6,-7 ,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by OE ) 

VIH­

VIL -

____ VIH­

LCAS I UCAS 
VIL -

VIH-
Ao-All 

VIL -

w VIH-

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

5 - 282 

tRAS 

~ 
tCSH tHPC tRSH 

tCRP tRCO tCAS ~ tCAS tcp tCAS r 
66tXX'A 

r----, , I , 
~ 

, 
~ 

tRAO tCPRH 
tASR 
~ tCAH tAsc ~ tCAH. t~sc ~ .. tAsc ~ ~ ~ -
~ ~~ 1'X ~ xxxx\. ROW I';.XXXA\.l 

I';.xxxx,-, ADDRESS COLUMN-1 

~~ 
COLUMN-2 COLUMN-3 

- ~ ~ 
tRAL 

r-=~ 
~xxxxxx ~~ ~xxxxxx 

to.lC 

o;.xxxxx x xxx Hi-Z 
<xxxx 
<xxxxxxx xxx 

~ ~ ~ 
tAA tAA tM 

~LZ 
~~~ ~ 

Hi-Z ~ DATA DATA DATA 
"'Z ,~ VALlD-1 

)- 1~ VALlD-2 

tRAC a tCPA tCPA 

tozo t~ tCHOL~ 
~ tOCH '4- tOEZ 

"IO.xxxxxxxxx x .. 
,...., 
~ 

,...., 
~xxxxxxxxxxx~ J ~ J 1\ o;.xxxxxxxxx xx 

~ tOEPE 4-1 tOEPE 

• MITSUBISHI 
.... ELECTRIC 

tRP 

~ 
tCRP 

~ 

~ 

~~ ~~ ROW 

~;lS; ~J! ADDRESS 

4--r!-R~ 
f---t tRCH 

.. xxxx .,.;.xxxx 

I twEZ 

tROD 
~ 

tcoo 

~ r:; 
tREZ ~ ~ 
tOHR 

tOFF 
tOHC 

DATA 
VALlD-3 )-

tOEZ 

f xxx 
10 xxx 
6 X XXX 

~ tODD 



MITSUBISHI LSls 

M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by W ) 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-A11 

VIL -

w VIH-

VIL -

OQ1-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

RAS 

\ 
tCSH tHPC tRSH 

tc~ tRCO tCAS ~ tCAS tcp tCAS 

r----, 

~ 
, ~ ~ I ~ 

tRAO tCPRH· 
tASR 
~ tAsc ~ ~ I_ tCAH ~ ~ ~ tCAH ~ ~ ........ 

-- .~ 112 t.(~ ,.,;, ~ 
ROW ){XXXXY V<XXlf COLUMN-1 Y>X 'N COLUMN-2 IWX X~ COLUMN-3 IVI 

KXXX.lf' ADDRESS .\CB .\Cl ~'-:J .'t:.::: w?SlI -
tRAL 

L tRCS tRCH -t t 1-,- 4- tRCS 

K'xxxxxxxxxYx ~ \r ){XXXXXX XXX.lf' 

tozc 

l{xxx x xxxx Hi-Z 
){XXXXXX xxxx 

14 tCAC. ~ ~ 
tAA fAA tAA 

tCLl ~OH twEZ tCLl 
~ ~ 4--4 

Hi-Z '~ DATA 

~ 
DATA ~ Hi~Z J ~ VALlD-1 VALlD-2 'I , 

tRAC 
tePA tCPA 

tOEA tozo r 
~ 

tOCH 

){XXXXXXXXXXXXX~ 

KXXXXXXXXXXXXXXXX~ 

• MITSUBISHI 
;"ELECTRIC 

RP 

I ~ 
tCRP 

I 
1 

14 tASR ~ 

,..~ I"'" In. 
ROW Y 

~~ ':I.r;:/ ADDRESS 

.. tR~ 

~ tRCH 

~ 
~xxxx 

twEZ 

tROD 
tcoo 

~ & 
tREZ ~ ~ 
tOHR 

tOFF 

tOHC 

DATA )-VALlD-3 

tOEZ 

IX'A. ~ 
I1(XX XX).; 

~ toDD 

5 - 283 



MITSUBISHI LSJs 

M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

VIH-

Vil ~ 

VIH­
LCAS I UCAS 

Vll-

Ao-A11 

w 

VIH­

Vll-

001-0016 VIH 

(INPUTS) Vil -

001-0016 VOH-

(OUTPUTS) VOL -

5 - 284 

tRC 

tRAS tRP 

\ ~ ~ 

tCRP t ~C ~ tCRP 

I(XXXXX)IJ 

VI ~AAAAAI 

~AAXXXI 

tASR ~ ~ tASR H 

~AAAAlQ. 
ROW 

XAAAXXAAXAA AAAAAAAAXXlQ. 
ROW I III XXXXXXAAXAAXAA XXAI 

KXXXXXI ADDRESS xxxxxxxxxxxxXXXXXXXXI ADDRESS 

Hi-Z 

----------------------------------------------------------------------

'. MITSUBISHI "ELECTRIC 



MITSUBISHI LSls 

M5M4 V16165BTP-6,-7 ,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle* 

VIH-

VIL -

_' ___ VIH-

LCAS I UCAS 
VIL -

VIH 
Ao-A11 

VIL -

w VIH-

VIL -

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH 

(OUTPUTS) VOL -

VIH 

VIL 

tAC 
" 

tAC 

tRP tRAS 
» 

tAAS tAP 
If 

~ K ~ 
}} 

\ I ~ 
tAPC tCSA tCHA 

--~" 
tCSA tCHA 

--fC r -~ f- ........ 
-----

tCAP 

I ~ / ~ I W '------.3 
j 

~I 

... tCPN 

....... tASA 

, - -~ ROW COLUMN XXXXXXxxxxxxxXXXX YYYYYYYYYYY xxxv 
xxx xxxxxxxxxxxxxxXXXXx xxxxXXXXXXXXXXXxxxx~ DDRESS ADDAESS 

) - -
... ~AH 

t~ tACH 
II 

~XXXXXYYYYYYXXXXXXYYYXYYY?X~~~X~~ xxxxxxx~ 
~XXXXXXXXXXXXXXXXX~X YYYYXXXXx~XXXXXXXN 

~I 

I 

yx XXXXXYXXXXXXxx ~XXfYY~~~~~~~~~~~~ 
~x ~XXXXXXXX~~xxx xxxxx 

~ tAEZ 
tOHA 

~ tOFF 
tOHC 

;5 Hi-Z 

14
toEZ

• 

xxxxxxx xxxxxxxx: 
~xxxxxxxxxxxx~xxxxx 

Xy?x~Y?~XXX~xxxxx xx 
XX~ffx~~YYXXXXXX~ 

• MITSUBISHI 
.... ELECTRIC 5 - 285 



MITSUBISHI LSls 

M5M4V16165BTP-6,-7,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 30) 

VIH-

VIL -

____ VIH­

LCAS/UCAS 
VIL -

VIH-

VIL -

VIH-w 
VIL -

VIH-
001-0016 
(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

5 - 286 

tRC ..t tRC 

tRAS L tRP "I tRAS tAP , ! \ V L 
tCRP tRCD tRSH tCHR 

i"xxxx»' ~ ~ ~ 

tRAD 

tASR tRAH lAsc 
lASR 

tCAH 

~ 
'#xxx ROW KXXXXV ROW COLUMN v;. X xxxxxxxxxxxxxx xv 

ItXXXXI' ADDRESS ADDRESS '~x xx xxxxxx ')II ADDRESS 

~ tRAL 
tRCH 

14tRRH~ 

I 
KXXXXX1'OX I~ ~ KXXXXXXX 1'01'01'0.7 

tCDD 

~ ~ 

~xxx xxxx Hi-Z 'xxxxx 
KXXXXX1'O..;o; 1'01'01'0 ...... xxxxx 

..;0; .................. 
XJO ~ tCAC 

~ 
tAA tOFF 

~ tOHC 

Hi-Z ~~ HI-Z 
DATA VALID 

tRAC 

tOEA 
tOEZ 

tDZO 

tORH tODD 

~~~~~~~..;o; ...... ~~ xxx x 
XXX II.xxx";O;";O; ...... 1'OXXXX 

XXXXX x IX XXXXXX1'O..;O;XX..;O; 

Note 30: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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VIH-

VIL -

____ VIH­

LCAS/UCAS 

Ao ....... All 

w 

VIL -

VIH-

VIL 

VIH-'­

VIL -

001 ....... 0016 VIH­

(INPUTS) VIL -

001 ....... 0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

~~ 

; 
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M5M4V16165BTP-6,-7,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

tRP tRASS tAps 

I ~ V \ 
tRPC 

~ ~ tCHS H tCF-+ 

~ / 
XX::L ..... 

I W ~ 
t~ 

tASR .-.. 
xxxxxxxxxxx~xxxxxxxxx~ 

~ 

ROW X XxXXXXXXXXXXXXXXX~XXXXXXXXX~ ADDRESS -
~tRRH~ 

I tRCH~ tRCr 
~XXX~XXXXX~XXXXXXXXXx x x x x XXXXXxXXXXJ 
WXS::XXX XXXXXXxXxXxXxXXXXXXXXX xxxxOXXXX 7 

tROD 

tCDD 

Hi-Z ~~~~~~~~~~~XXx x XX~~~«=-2 
I4---t tREZ xxxxx~XXXXXXXXXXXX xxxxxxxxx~ 
~tOHR 
i-----i tOFF 
~tOHC 

~ tOEZ 

xxxxxxx 
xxx 

Hi-Z 

tODD 

xxxxxxxxxxxxxxxxx xxxxxxxxxx~ 
X~XXXXXX~XffXXXXXXXXXXX ~~~~ 
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M5M4V16165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by "S· after speed item, like -6S/ -7S. The other characteristics and requirements than the below are same 
as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vee=3.3V±0.3V, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Limits 

Min TVp Max 

RAS cycling CAS;;a;0.2V or 
CAS before RAS refresh cycling 

Average supply current W;;a;0.2V or ?iVee-0.2V 
ICC8(AV) from Vee M5M4V16165B (S) OE~0.2V or ?iVcc-0.2V 400 

Extended refresh mode Ao-A11;;a;0.2Vor ?iVcc-0.2V 
tREF= 128ms, output open 
tRAS=tRASmin-1 p s 

Average supply current 
lec9(AV) from Vec M5M4V16165B (S) RAS=CAS;;a;0.2V 200 

Self-refresh cycle 

TIMING REQUIREMENTS (Ta=0-70'C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 13,14) 

Limits 
Symbol Parameter M5M4V16165B-6S M5M4V16165B-7S 

tRASS Self refresh RAS low pulse width 
tRPS Self refresh RAS high precharge time 
tCHS Self refresh RAS hold time 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

Min Max Min Max 
100 100 
110 130 
- 50 - 50 

The last / first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh, on the condition of tNs;;a;64ms and 

tSN~64ms. 

~ tNS _I 14 tsN ~I 

------------------~-I~II~I-----~II~II~ ______________________________ ~I~II~I-----~-I~II~I----------------

Unit 

pA 

pA 

Unit 

ps 
ns 
ns 

DISTRIBUTED REFRESH 
<4K/64ms> 

~ DISTRIBUTED REFRESH . 
4096 cycles < 4K I 64ms > 

(2) In case of burst refresh 

The last / first full refresh cycles (4K) must be made within tNS / tSN efore / after self refresh, on the condition of tNS +tsN;;a;64ms. 

~ 
1111 1111 1111 I -BURST REFRESH 4096 cycles 

<4K/64ms> 
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M5M4V18165BTP-6,-7,-6S,-7S 
HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 
The use of double-layer aluminum process combined with 

triple-well CMOS technology and a Single-transistor dynamic 
storage stacked capacitor cell provide high circuit density at 
reduced costS. Multiplexed address inputs permit both a reduction 
in pins and an increase in system densities. 

FEATURES 

RAS 
Type name access 

time 
(max.ns) 

M5M4V18165BTP-6,-6S 60 
M5M4V1816SBTP-7,-7S 70 

-Standard 50 pin TSOP 
.Single 3.3V ±0.3v supply 

eAS 
access 

time 
(max.ns) 

15 

20 

• Low stand-by power dissipation 

Address 
access 
time 

(max.ns) 

30 

,35 

OE Cycle Power 
access time dissipa-

time tion 
(max.ns) (min.ns) (typ.mW) 

15 110 450 

20 130 390 

1.8mW (Max) ------------- ------------- CMOS Input level 
• Low operating power dissipation 

M5M4V18165BTP-6,-6S------------------- 615.0mW (Max) 
M5M4V18165BTP-7,-7S------------------- 540.0mW (Max) 

.~r-page mode, Read-rnodify-write, ~-only refresh 
CAS before RAS refresh, Hidden refresh capabilities 

• Early-write mode and OE to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 

.1024 refresh cycles every 16.4ms (Ao-As) 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-As Address inputs 

001-0016 Data inputs/outputs 

RAS Row address strobe input 

UCAS 
Upper byte control 
column address strobe input 

LCAS 
Lower byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vee Power supply (+3.3V) 

Vss Ground(OV) 

PIN CONFIGURATION (TOP VIEW) 

0015 

0014 

0013 

Vss 
0012 

0011 

DOlO 

41 DOs 

NC 

NC 

LCAS 

UCAS 

OE 

As 

NC 

Al A6 

A2 As 

A3 A4 

vee Vss 

Outline 50P3W-L (400mil TSOP Normal Bend) 

NC : NO CONNECTION 
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.... ELECTRIC 5 - 289 



MITSUBISHI LSls 

M5M4-V18165BTP-6,-7,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-8IT) DYNAMIC RAM 

FUNCTION 

The M5M4V18165BTP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, e.g., 

hyper page mode, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs Input/Output 

RAS LCAS UCAS W OE 00l-DOa 009-0016 
Lower byte read ACT ACT NAC NAC ACT DOUT OPN 
Upper byte read ACT NAC ACT NAC ACT OPN DOUT 
Word read ACT ACT ACT NAC ACT DOUT DOUT 
Lower byte write ACT ACT NAC ACT NAC DIN DNC 
Upper byte write ACT NAC ACT ACT NAC DNC DIN 
Word write ACT ACT ACT ACT NAC DIN DIN 
RAS-only refresh ACT NAC NAC DNC DNC OPN OPN 
Hidden refresh ACT ACT ACT NAC ACT DOUT DOUT 

CAS before RAS refresh ACT ACT ACT DNC DNC OPN OPN 
Stand-by NAC DNC DNC DNC DNC OPN OPN 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD: applied, OPN : open 

BLOCK DIAGRAM 
ROW ADDRESS 
STAOBEINPUT RAS 

LOWER BYTE CONTROL __ 
COLUMN ADI:>RESS LCAS 

STROBE INPUT 

UPP~'6~GL~ ~~~TRRE~~ UCAS 
STROBE INPUT 

WAITE CO~~~3f IN 

ADDRESS INPUTS 

5 - 290 

AO 

Al 

A2 

A3 

A4 

As 

A6 

A7 

As 

A9 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & I/O CONTROL 

MEMORY CELL 
(16777216BITS) 
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---.=-0. VCC (3.3V) 

.-----c) VSS (0V) 

I 001) 002 
! LOWER DATA i INPUTS / OUTPUTS 

DOs 

D09j 0010 
: UPPER DATA i INPUTS / OUTPUTS 

0016 
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M5 M4 V18165 BTP-6,-7 ,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratin!ls 
Vcc Supply voltage -0.5-4.6 
VI Input voltage With respect to Vss -0.5-4.6 
Vo Output voltage -0.5 ..... 4.6 
10 Output current 50 
Pd Power dissipation Ta=25°C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.0 VCC+O.3 V 
VIL Low-level input voltage, all inputs -0.3 0.8 V 

Note1: All voltage values are with respect to vss. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Min 

VOH Hi!lh-Ievel outout volta!le IOH=-2.0mA 2.4 
VOL LOW-level output voltage IOL=2.0mA 0 
loz Off-state output current Q floating OV ~VOUT ~ vcc -10 
II Input current OV~VIN~VCC+O.3V, Other inputs pins=OV -10 

Average supply current M5M4V18165B-6,-6S ----
RAS, CAS cycling 

ICC1(AV) from Vcc, operating tRc=twe=min. 
(Note 3,4,5) M5M4V18165B-7,-7S output open 

Supply current from Vcc, stand-by (Note 6) RAS= CAS =VIH, output open 

Icc2 M5M4V18165B-6,-7 RAS= CAS~Vcc -0.2V, output open 

M5M4V18165B-6S,-7S RAS= CAS~Vcc -0.2V, output open 

Average supply current M5M4V18165B-6,-6S RAS CYCling, CAS=VIH 
ICC3(AV) from Vcc, refreshing tRc=mln. 

(Note 3,5) M5M4V18165B-7,-7S output open 

Aver~e supply current M5M4V18165B-6,-6S RAS=VIL, CAS cycling 
ICC4(AV) 

from cc 
Hyper-Page-Mode tpc=min. 

(Note 3.4,5) M5M4V18165B-7,-7S output open 

Aver~e supply current M5M4V18165B-6,-6S CAS before RAS refresh cycling from cc __ 
Icc6(AV) "CAS before RAS refresh tRc=min. 

mode (Note 3) M5M4V18165B-7,-7S output open 

Note 2: Current flowing Into an IC is positive, out is negative. 
3: ICCl (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column address can be changed once or less while RAS=VIL "and [CJ\5JUCAS=VIH . 

• MITSUBISHI 
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Limits 
TVD 

Unit 
V 
V 
V 

mA 
mW 
°c 
°c 

Max 
Unit 

Vcc V 
0.4 V 
10 jJ.A 
10 p.A 

170 
mA 

1.50 

2 

0.5 mA 

0.15 

170 
rnA 

150 

130 
rnA 

110 

170 
rnA 

150 
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M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=0-70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted) 

Symbol' Parameter Test conditions 
Min 

Limits 
Unit 

Typ Max 

CI(A) Input capacitance, address inputs 5 pF 

CI(OE) Input capacitance, OE input VI=VSS 7 pF 

CI(W) Input capacitance, write control input f=1MHz 7 pF 
CI(RAS) Input capacitance, RAS input VI=25mVrms 7 pF 
CI(CAS) Input capacitance, CAS input 7 pF 
CliO Input/Output capacitance, data ports 8 pF 

SWITCHING CHARACTERISTICS (Ta=0-70·C, Vcc=3.3V±O.3V, Vss=OV, unless otherwise noted, see notes' 6,14,15) 

Limits 

Symbol Parameter MSM4V18165B-6,-6S MSM4V1816SB-7,-7S Unit 
Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 15 20 ns 

tRAC Access time from RAS (Note 7,9) 60 70 ns 

tAA Columu address access time (Note 7,10) , 30 35 ns 

tePA Access time from CAS precharge (Note 7,11) 35 40 ns 

tOEA Access time from OE (Note 7) 15 20 ns 
tOHC Output hold time from CAS 5 5 ns 

tOHR Output hold time from RAS (Note 13) 5 5 ns 

tCll Output low impedance time from CAS low (Note 7) 5 5 ns 

tOEZ Output disable time after OE high (Note 12) 0 15 0 20 ns 
twEZ Output disable time after WE high (Note 12) 0 15 0 20 ns 

tOFF Output disable time after CAS hiOh (Note 12,13) 0 15 0 20 ns 

tREZ Output disable time after RAS high (Note 12,13) 0 15 0 20 ns 

Note 6: An Initial pause of 500 f.1S is required after power-up followed by a minimum of eight innialization cycles (any combination of cycles containing a RAS 
clock such as RAS-Only refresh). 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 16.4ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(IOH=-2mA) I VOL=0.4V(IOl=2mA) load 100pF. 
The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(VOL). 

8: Assumes that tRCD ~ tACD(max) and tASC ~ tASC(max). and tcp~ tCP(max). 

9: Assumes that tACD;:a; tACD(max) and tAAD ;:a;tAAD(max). If tRCD or tAAD Is greater than the maximum recommended value shown In this table, tRAC 
will increase by amount that tACO exceeds the value shown. 

10: Assumes that tAAD ~ tAAD(max) and tAsc ~ tASC(max). 
11: Assumes that tCP;:a; tCP(max) and tAsc ~ tASC(max). 
12: tOEZ(max), twEZ(max), tOFF(max) and tREZ(max) defines the time at which the output achieves the high Impedance state ( IOUT;:!ii I ± 1 OuA I) 

and is not reference to VOH(min) or VOL(max). 
13: Output is disabled after both RAS and CAS go to high. 
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M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 
(Ta=0-70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter M5M4V18165B-6,-6S M5M4V18165B-7,-7S 

Min Max Min Max 
tREF Refresh cycle time I -6,-7 16.4 16.4 
tREF Refresh cycle time I -6S, -7S 128 128 
tRP RAS high pulse width 40 50 

tRCD Delay time, RAS low to CAS low (Note 16) 20 45 20 50 
tCRP Delay time, CAS high to RAS low 5 5 
tRPC Delay time, RAS high to CAS low 0 0 

tCPN CAS high pulse width 10 10 

tRAD Column address delay time from RAS low (Note 17) 15 30 15 35 
tASR Row address setup time before RAS low 0 0 
tAsc Column address setup time before CAS low (Note 18) 0 13 0 13 
tRAH Row address hold time after RAS low 10 10 
tCAH Column address hold time after CAS low 10 10 
tDZC Delay time, data to CAS low (Note 19) 0 0 
tDZO Dela'[ time, data to OE low (Note 19) 0 0 
tROD Delay time, RAS high to data (Note 20) 15 20 
tCDD Delay time, CAS high to data (Note 20) 15 20 
tODD Delay time, OE high to data (Note 20) 15 20 
tT Transition time (Note 21) 1 50 1 50 

Note 14: The timing requirements are assumed tT =2ns. 
15: VIH(min) and Vll{max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ms 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

16: tRCD(max) is specified as a reference pOint only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tACD(max), access time is 
controlled exclusively by tCAC or fAA. 

17: tRAD(max) is specified as a reference point only. If tRAD iii:; tRAD(max) and tAsc :iO tASC(max), access time is controlled exclusively by tAA. 
18: tASC(max) is specified as a reference point only. If tRCD iii:; tRCD(max) and tAsc ~ tASC(max), access time is controlled exclusively by tCAC. 
19: Either tDZC or tDZO must be satisfied. 
20: Either tROD ortCDD or tODD must be satisfied. 
21: tT is measured between VIH(min) and Vll(max). 

Read and Refresh Cycles 

Symbol Parameter 

tAc Read cycle time 
tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRsH RAS hold time after CAS low 
tAcs Read setup time before CAS low 
tRCH Read hold time after CAS high 
tARH Read hold time after RAS hioh 
tRAl Column address to RAS hold time 
teAL Column address to CAS hold time 
tORH RAS hold time after OE low 
taCH CAS hold time after OE low 

Note 22: Either tRCH or tARH must be satisfied for a read cycle. 

(Note 22) 
(Note 22) 

• ·MITSUBISHI 
.... ELECTRIC 

Limits 
M5M4V18165B-6,-6S MSM4V1816SB-7,-7S 

Min Max Min Max 
110 130 
60 10000 70 10000 
10 10000 13 10000 
48 55 
15 20 
0 0 
0 0 

10 10 
30 35 
18 23 
15 20 
15 20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter M5M4V18165B-6,-6S M5M4V18165B·7,·7S Unit 

Min Max Min Max 
twe Write cycle time 110 130 ns 

tRAS RAS low pulse width 60 10000 70 10000 ns 
teAs CAS low pulse width 10 10000 13 10000 ns 
tesH CAS hold time after RAS low 48 55 ns 

tRSH RAS hold time after CAS low 15 20 ns 
twes Write setup time before CAS low (Note 24). 0 0 ns 
twCH Write hold time after CAS low 10 13 ns 
tewL CAS hold time after W low 10 13 ns 
tRWL RAS hold time after W low 10 13 ns 
twP Write pulse width 10 13 ns 
tDS Data setup time before CAS low or W low .. 0 0 ns 
tDH Data hold time after CAS low or W low 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M4V18165B-6,-6S M5M4V18165B·7,·7S Unit 

Min Max Min Max 
tRwe Read write/read modify write cycle time (Note 23) 133 161 ns 
tRAS RAS low pulse width 89 10000 107 10000 ns 
tCAS CAS low pulse width 44 10000 57 10000 ns 
tCSH CAS hold time after RAS low 82 99 ns 
tRSH RAS hold time after CAS low 44 57 ns 
tRCS Read setup time before CAS low 0 0 ns 
tCWD Delay time, CAS low to W low (Note 24) 32 42 ns 
tRWD Delay time, RAS low to W low (Note 24) 77 92 ns 
tAWD Delay time, address to W low (Note 24) 47 57 ns 
tOEH OE hold time after W low 15 20 ns 

Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tT. . 
24: twcs, tCWD, tRWD and tAWD and, tCPWD are specified as reference pOints only. If tweSi1:.twCS(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If teWDi1:.tCWD(min), tRWDi1:.tRWD(min), tAWDi1:.tAWD(min) and tCPWDi1:. tepWD(min) 
(for hyper page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper page Mode Cycle 
(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 

Limits 

Symbol Parameter M5M4V18165B-6,-6S M5M4V18165B-7,-7S 

Min Max Min Max 
tHPC Hyper page mode read/write cycle time 25 30 
tHPRWC Hyper page mode read write/read modify write cycle time 66 79 
tOOH Output hold time from CAS low 5 5 
tRAS RAS low pulse width for read write cycle (Note 26) 77 100000 92 100000 
tcp CAS high pulse width (Note 27) 10 18 13 18 
tCPRH RAS hold time after CAS precharge 35 40 
tcpwo Delav time, CAS precharge to W low (Note 24) 52 62 
tCHOL Hold time to maintain the data Hi-Z until CAS access 7 7 
tOEPE OE Pulse width (Hi-Z control) 7 7 
twPE W Pulse width (Hi-Z control) 7 7 
tHCWO Delay time, CAS low to W low after read 32 42 
tHAWD Delay time, address to W low after read 62 72 
tHPWD Delay time, CAS precharge to W low after read 72 82 
tHCOD Delay time, CAS low to OE high after read 15 20 
tHAOD Delay time, address to OE high after read 30 35 
tHPOD Delay time, CAS precharge to OE high after read 35 40 

.. . . .. 
Note 25: All previously specified timing reqUIrements and sWitching characteristics are applicable to their respective Hyper page mode cycle . 

26: tRAS(min) is specified as two cycles of CAS input are performed. 

27: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 28) 

Limits 
Symbol Parameter M5M4V18165B-6,-6S M5M4V18165B-7,-7S 

Min Max Min Max 
tCSR CAS setup time before RAS low 10 10 
tCHR CAS hold time after RAS low 10 15 

Note 28: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

• MITSUBISHI 
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Unit 

ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
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M5M4V18165BTP-6,-7,-65,-75 

HYPER PAGE MODE 16777216 ... BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 29) 

Read Cycle 

VIH .... 

VIL -

____ VIH 

LCAS! UCAS 
VIL -

VIH-

VIL -

w VIH-

VIL -

VIH-
001-0016 
(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -
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tRC 

tRAS 

\ V 
tCSH 

r, tRCO tRSH 

tCAS 

;o;. ........................ .ow. 

~ XXXXXJ 
x.xx.x.x 

tRAO 
tRAl 

tCAl 
tASR 
~ ~ tCAH 

~ 
L.x ...... .xXXl. 

I(XX.x ............ xV ROW 11K .x .x .x x.x I COLUMN IlrX .x .x x .x x .x .x x x .x 
!(x.x.xx.x}(l ADDRESS .~XXXXXI ADDRESS 1CXXXX 

tRCS 

I 
"'X'X'XXXXXX.X ~XXXxn ~ .x X}(l 

~I tOZC. 

!(XXXXXXXXx KXX x Hi-Z 
~XX KXX.xx.x..x.x.x 

tCAC 

tAA 

~ HI-Z 

tRAC 

tozo ~ 
tOCH 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
tORH 

Note 29 Indicates the don't care Input. 
VIH(min):a;VIN:a;VIH(max) or VIL(min):a;VIN:a;VIL(max) 

Indicates the invalid output. 
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xx» ADDRESS 

tRRH 

~ tACH 

'\}X 
x.x.xx.x.x 

~ tcoo r--
tROD 

xx.fx 

twEZ~H 
.................. .x 

tOFF 

toHC 

)-t!tL 

tOEZ 

~ 
xx 

.xxx 
r. xxx XXXXX 



MITSUBISHI LSls 

M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read Cycle 

RAS 
VIH-

VIL -
\ 

~ tCRP. tRCO 

LCAS 
VIH-

(or UCAS) VIL -

KXXXXJiI 
~ 
,;0;.,;0;.,;0;.,;0;.1 

UCAS VIH-

(or LCAS) VIL -

1'>,;0;.,;0;.,;0;.,;0;. 

KXXXX7 
I<.XXXXI 

tRAO 

tASR 
~ .... 

Ao-Ag 
VIH- 'I(XX,;o;.,;o;.X\. 

~,;o;.,;o;.x,;o;.x,;o;.:v 
ROW ¥.x,;o;.,;o;.,;o;.,;o;.7!11 

VIL -

VIH w 
VIL -

DOl-DOs VIH _ 

(or DOg-D016) 
(INPUTS) VIL -

DOl-DOs VOH­
(or DOg-D016) 
(OUTPUTS) VOL-

~XXXXXXI ADDRESS ''xxx XXI 

tRCS 

I 
«<XXXXXXX XXXXXX~ 
IC).?)«xxxxxx.x. ,;o;.xxxXXI 

0( x xxxxxxxxx 
<XXXx,;o;.,;o;.,;o;..x.,;o;. XXXxxxxxx 
0( xh 

RC 

tRAS 

tCSH 

tRSH 

tCAS 

\ 
tRAL I 

tCAL ! 

~tASC. tCAH 

COLUMN V'Ox,;o;.xxxxxxx,;o;.,;o;. 
ADDRESS '1'-XXX xxxx xx,;o;.x 

,;0;.,;0;. 
,;o;.x«{~~;~~~ 
,;o;.x~xxxxx~x 

Hi-Z 

~Itozc. 

009-0016 VIH­

(or DOl-DOs) 
(INPUTS) VIL -

<x.. XX X x xxx,;o;.xxx 
{Xxx,;o;.x,;o;.,;o;.XX 

xxxx~ 
XXXIf' 

Hi-Z 

Hi-Z 

tCAC 

fAA 
tCLZ 

I 

I 

xx 
xx 

tRRH 

xx 
xx 

XI")! 

tROD 

tAEZ 

tOHR 

009-0016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL - ~~ DATA VALID 

VIH- <xxxxx,;o;.x,;o;.~xx 
o(xxxxxxxxxx 

tRAC 

tozo ~ 

x ,;0;. x x x,;o;. x x x X L'A 
xxxxxxxxxxxX' 

. • MITSUBISHI 
.... ELECTRIC 

tOCH 

tORH 

tRP 

L 
tCRP 

tASR 
~ 

xxxv ROW 
XXYI ADDRESS 

H tRCH 

\~ 
:v-xxxx,;o;. 

xx IX X X X xxx 
XX IXXXXXXX 
xx IXXXXXXX 

~ 
!OO 

h ~ 
'\..Il<X xxN 

4--1---t twEZ 

tOFF 

tOHC 

P 
~ ~ 
~ tODD 

IXXXXXX«< 
l~x xx 



MITSUBISHI LSls 

M5M4V18165BTP-6,-7,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Early Write Cycle 

VIH-

VIL -

_____ VIH­
LCAS I UCAS 

VIL -

VIH -
Ao-Ae 

VIL -

w VIH-

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH-

~ 

tF 
tRCO 

X:XXXXxt 
)tXXXX'lf' 

tASR tRAH tA~ 
~ 

x:xxxx\. ROW ~ )t 
~ ADDRESS x x x X XI 

twcs 

XxxxxxxxxxX\ .-r~4 xxxx 
xxx xxxxxxxxx.a. 

xxxxxxxxxxxx~ 

~ 

x:xxxxxxxxxxxxxxxxv 
X:XXXXAxxxxxxx~ 

tw C 

tRAS L tRP 

r 
If \ 

tCSH 

tRSH 

~ tCAS 

\ f 

tCAH 
tA~ 

~xxxx xxx~ ROW COLUMN IN'- x x x x x x x x x x x x x x x x XA ADDRESS ADDRESS ~xxxx xJ 

twCH 

·I.~xx XXXXXXXX~ 
:~~~~~~~~~~~~~~~~~~~ 

I 

tDH 

DATA VALID IVX x xxx XXXX AAA x~ 
f~AXXXAAXXXAAXAXXX 

Hi-Z 
(OUTPUTS)VOL_----------------------------------------------------------------------

5 - 298 
• MITSUBISHI 

.... ELECTRIC 



MITSUBISHI LSls 

M5M4V18165BTP-6,-7,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Early Write Cycle 

VIH-
RAS 

VIL -

LCAS 
VIH-

(or UCAS) VIL -

UCAS VIH-

(or LCAS) VIL -

VIH-
Ao-Ag 

VIL-

VIH-

VIL -

DOl-DOs VIH­
(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or DOl-DOs) 
(INPUTS) VIL -

009-0016 VOH-, 

(or DOl-DOs) 
(OUTPUTS) VOL -

twc 

tRAS L tRP 

r 

\ j \ 
tCSH 

teRP tRCO tRSH ....... 
X:XXXX.li 
X:XXXX7 
~""'''''''''''YI 

tCAS 

~ 
xxxxx K 1/ ~ 

tA~ tRAH tAsc tCAH tASR 
H +---f 

xx x X)d 
ROW 

.~ 
COLUMN 

~xxxxxxxxxXXXXXXX1 
ROW X ..... X XXI IX XX)oII( IXXXXXXX XXXXX)« 

KXXXX", ADDRESS .~ ADDRESS \X.XXXXXX XXXXXXJ' ADDRESS 

twcs twCH 
~ 

)(xxxxxxxxxx x xxxxxxxxxx~ 

~~~~xxxxxx~~~~~~ I.LXXX XXXXXXXXXXXxx. 
..,KXXX XXX XX xxVX' 

xxx )(xxxxxxxxxxxxxxxxxx XXXXXX xxxxxxxxxx~xxxxxxxxx 

lXxxxxxxxxxxxxxxxxx XXX xxx xxxxxxxxxxxxxxxxxxxxxxx 

Hi-Z 

~ tOH 

x:XXXXXXXXXXXXXXX~ ~I.X x xxxxxx-xxx 
X:XXXXXXXXXXXXXxx~ DATA VALID ~xxx xxxxxxxx ~Z 

Hi-Z 

• MITSUBISHI 
'" ELECTRIC . 5 - 299 



MITSUBISHI LSls 

M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Delayed Write Cycle 

VIH-

VIL -

VIH­
LCAS/UCAS 

. VIL-

VIH-
Ao-Ae 

VIL -

w VIH-

VIL 

001-0016 VIH-

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL -

5 - 300 

twc 

tRAS tAp 

r 
~ t \ 

tCSH tCRP 

F tRCO tRSH 

tCAS 

I'\.~~.)';~~ 

~ ~ I )( x x X XI 

e tRAH tASC tCAH 
~ -- ~tASR 

~. .Q;lC;A 
O()';XX)IW ROW 11IICXX XY COLUMN 11K)';)';)'; x)'; xx )'; x)'; XY ROW 

~ 
ADDRESS .v:sZ:J ADDRESS .~XXXX xXX'JU ADDRESS 

~ 
I'\.~~~~~~xxx),;xx 

XXXXXXXXXXXXXXXXY 

twCH 

tozc tos 

~ 

xxxxx~~ HI-Z l~ 
1'\.~~X~~X~XXXX )~ 

~ 

Hi-Z ~~ 
tozo tOEZ .. 

~ ~ toDD 

Xx~~~x~x~xxxxxXXXXXXXX 

)(xxxxxxxxxxxxxxxxx 

• MITSUBISHI 
"ELECTRIC 

~ 

~ 
tRWL 

I_ twP ~ 

\ 
~xxx 
.lX~~~~~xx),;xx),;xxx 

KXXXXXXxxxxxxxxx 

tOH 

DATA VX<X.h.h.h.h.h.h 

VALID ¥~.h~~X~xxxxxx 

Hi-Z 

~H 

~.hXX~ 

XXXXXXXXXXXX 



MITSUBISHI LSls 

M5M4V18165BTP-6,-7,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Delayed Write Cycle 

RAS 

LCAS 
(or UCAS) 

UC~ 
(or LCAS) 

Ao-A9 

Vi 

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH­

VIL -

VIH-

VIL -

DOl-DOe VIH­
(or 009-0016) 
(INPUTS) VIL -

DOl-DOe VOH­
(or 009-0016) 
(OUTPUTS) VOL -

009 ...... 0016 VIH­

(or DOl-DOe) 
(INPUTS) VIL -

009 ...... 0016 VOH­

(or 001 ...... 00e) 
(OUTPUTS) VOL -

VIH-

VIL -

twc 

tRAS L tRP 

r 
~ If ~ 

tCSH 

t~ tRCD tRSH 

I(XXXXX 
iIlXXXX](I 

tCAS L tCRP 

r 
l(XXXXX 
~ 

, If 

~ tRAH 
lAsc ~ 

tCAH 
~ 

___ lASR 

l(XXXX'\1 ROW '~f- COLUMN ~xx xxx)\. ROW .,«XXXXV ~ KXXx:"':d XXXXA ADDRESS ~~ ADDRESS ''x 

~ 
~XXXXXXXXXXXXXXXXX~ 

x 

»XX 

X:XXX 
X:XXX 

l'lX 

l'lX 

xXxx )If , 

XXXXXXXXXXXXXXX XXXXXXXXXXXX 
XXXxxxxxx XXXXXXXXXXXX 

xxx 

Hi-Z 

twCH 

t~ t~ 

XXXXX x x x x xxxx Hi-Z j~ 
XXXXXX~ ~~ 

~ 

Hi-Z ~ 
~ 

tOEZ Ie 
I+----t tODD 

XXXX XXXXXX::'-
xxxxxxxxxxxx 
XXXXXXXXXXXXXXX A 

• MITSUBISHI 
"ELECTRIC 

X.J'o.I ADDRESS 

~ 
tRWL 

14 twp. 

\ 
LXXXXXXXXXXXXXX 

I.e x x XXXXXXx XXXXX 
"xx 

xx XXXXXXXXXXXXXXX 
xx XXXXXXXXXXXXXXX 

tDH 

DATA ~~~~~~~~~~ VALID 
'xxx xx 

Hi-Z 

tOEH 
~ 

,:~~~~~~~~~~~ 
~XXXXXXXXXX~ 

5 - 301 



MITSUBISHI LSls 

M5M4V18165BTP-6,. 7 ,.6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

____ VIH­

LCAS/UCAS 
VIL 

VIH-
Ao-A9 

VIL -

VIH-w 
VIL -

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

5 - 302 

VIH­

VIL -

tRWC 

tRAS I.. tAp 

r 
~ ~ \ 

tCSH tCRP 

tCF 
tRCD tRSH 

tCAS 

x.-
~ I xxxx.J 

tRAD 

tASR 
tRAH tCAH tASR H tASC ~ ~ 

KXXXX\. ROW .~ COLUMN IXxxxxxxx x xxxx\. ROW 
JoCxxxx;a ADDRESS !AXXXXA ADDRESS X':x:xxxxxxx x x~ ADDRESS JoCXXXXI -'06l::I ~ xx x 

tAWD tCWL 

tRCSr-r-
tCWD tRWL 

tRWD twp 

~xxx ~ 
IXX xxx 

K xx \ ~A XXXXX 
xx xxx~ 'Xxx xxx 

tDZC .- ..... 
t~ tDH 

xxx 
XXXXX HI-Z J~ VI;. xxx 

)(XXXX xxxxxx ()!I DATA VALID 
tCAC 

',xxxxxxxxxxx 

tAA 

tCLl 
~ 

,~ 
,.----. 

Hi-Z DATA HI-Z 

VALID I 
'-----' 

tRAC .. ~ tODD 

tDZO ~ 
~tOEHI 

.... ~tOEZ 

x.x x xxxxxxx xx x x x.;< ~xxxxxx xxxx 
xx xxxxxxxxxxxx>l'A 

• MITSUBISHI 
"-ELECTRIC 

~x x 



MITSUBISHI LSls 

M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read-Write, Read-Modify-Write Cycle 

RAS 

LCAS 
(or UCAS) 

UC~ 
(or LCAS) 

Ao-A9 

w 

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

DOl-DOs VIH­

(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or DOl-DOs) 
(INPUTS) VIL -

009-0016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL -

VIH 

VIL 

tRWC 

tRAS L tRP 

\ Ii ~ 
tCSH 

tCRP H 
tRCD tRSH 

~ 
~ AAA7CAI 

tCAS I. tCRP 

If X:XAAXX 
~ KXXXXXI AAXXAI 

tRAD 

tAs:. tRAH tCAH tASR 
tAsc .. ... 

KXXXXX', ROW :~ COLUMN I'if)!-xx x x x x x xx xxxx,) ROW 
)(XXXXX/\ ADDRESS nXXXln ADDRESS VAXAXAXXXAX x ~ .~ 

tAWD 

tRCS ~~ 
tCWD 

tRWD 

KXXXXXXXA XXXXXXX)ij 
KXXXXXXXA XXXXXXA7 

~xxxx 
XXXXXXX A ...... A ............ AAXXXX~ 

XXXXXXXX XXXXXXXXXXX~ 

Hi-Z 

tDlC ~4 
tDS++ 

KXXXXXXxx IXXXXXXxx Hi-Z 1~ 
)(XXXXXXXX IXXXXXXXX 'W tCAC 

tAA 

Hi-Z Cb ~ DATA 
VALID 

tRAC 
f---.J 

4---t tODD 
tDlO ~tOEA. 

~ tOEl 

~x ............ A ...... AA ...... A 
~XXAAXX~X.X. 

., MITSUBISHI 
.... ELECTRIC 

XA ADDRESS 

tCWL 

tRWL 

twp .J 

\ 'II.XXXXXAXXXXXX 
Jlt.XXXXXXXXXXXX 

I 

XXXXXXXXXXXXXXXXXX~ 
XXXXXXXXXXXXXXXXXX~ 

tDH 

DATA VALID 
,«xxxxxxxxxx 
nlXXXXXXXXXX 

Hi-Z 

9 
w;xxxxxxxxx xxxxX 

'xxx xxxxx 

5 - 303 



MITSUBISHI LSls 

M5M4V18165BTP-6,-7 ,-6S~-7S 

HYPER PAGE MODE 16777216~BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

____ VIH 

LCAS/UCAS 
Vil -

VIH-

Vil -

VIH w 
Vil -

001-0016 VIH 

(INPUTS) Vil 

001-0016 VOH­

(OUTPUTS) VOL -

5 - 304 

VIH 

Vil 

RAS 

~ 
tCSH tHPC 

tc~ 
tRCD tCAS ~ tCAS 

r----, 

W ~ I ~ 

tRAD 

lASR 
I~ tRAH. ~ 

lAsc ~ tCAH • 
~ tASC ~ ........ 

~ 
:p:z:)h If:"%' ~'5l W ROW 

COLUMN-1 ~ ~ COLUMN-2 11K X 
ADDRESS 

'~ ~ )('?1 '\2S2: 
tRCS 

tCAl tCAl 

I(XXXX xxxx 
KXXXX~ XXXXI 

tDZC 

I(XXXX xXXX Hi-Z 
I(XXXX xxxx 

~ ~ 
tAA fAA 

~LZ ~OH 

Hi-Z 

~ DATA ~ 
VAll 0-1 

tRAC tCPA 

tozo tOEA r 

~ 
toCH 

xx XXXXXXXXXXX 
xxx xx )4 

• MITSUBISHI 
;'ELECTRIC 

tRP 

~ L 
tRSH 

~ tCAS 

r-----, 

~ ~ I 
tCPRH 

tASC I~ tCAH. I~ tASR • ....... 
~~ ~fI: ,?. ROW 21 COLUMN-3 

~~ !"i,e::: l'-,4 ADDRESS 

... t~ 
tCAl 4---t tACH 

'ltXXXXXX 
xxxxxx 

twEZ 

tROD ...==... 
tCDD 

~ tREZ 

tM tOHR 
tOFF 

tOOH tOHC H 

DATA ~ DATA 
~ VAll 0-2 VAll 0-3 

tCPA 

toEZ 

rxx xxxx 
.:xx xxxx 

~ toDD 



MITSUBISHI LSls 

M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read Cycle 

LCAS 
(or UCAS) 

UC~ 
(or LCAS) 

Ao-A9 

w 

VIH-

Vil -

VIH-

Vil -

VIH-

VIH-

Vil -

VIH-

Vil -

DOl-DOs VIH­
(or 009-0016) 
(INPUTS) Vil -

DOl-DOs VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or DOl-DOs) 
(INPUTS) Vil -

009-0016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL -

VIH-

Vil -

RAS 

\ 
tCSH tHPC tRSH 

tCRP tRCO ~ tCAS ~ ~ 

2fi!f.?J , I 

tCAS tCAS 

~ \ V ~ 

tRAO tCPRH 

tAS~ ~ tASC f.--4I ~ tA~ ~ tCAH. t~ ~ 
~ ~ ~ ,.~ r"r 7&1. 

ROW COLUMN-2 COLUMN-3 lCXXX1f\ ADDRESS ~ 
COLUMN-1 

~ l..l' ~ lio.lS.. ~7 

tRCS 

tCAl tCAl tCAl 

xxxx 
hxx 
lCXXX 

tozc 

~x xxx x xx Hi-Z 

x.xxx xxx xxx 

~ 
fAA 

~ 
Hi-Z J DATA , 

VAlID-2 

tCLZ ~ 

tozc 
tCPA 

.,()6{xx Hi-Z 

xxxxxxx IXXXXX 

~ ~ 
fAA tAA 

tOOH 
tCLZ ~ ~ 

Hi-Z DATA ~ VAlID~1 ~ 
tRAC 

tozo ~ 
tOCH 

hxxxxxxxxfx~xfx~~~ 
I{XXX XX 

• MITSUBISHI 
.... ELECTRIC 

tCPA 

tR P 

I \. 

tCRP 

V 

14 tASR. 

ROW 
' ADDRESS 

~.!..~ 
~ tRCH 

xxxx 
~~ 

XXXX 

~ 
~ 

--~ tOHR 

tROD 

tcoo 

~ 
~ 

twEZ ~f----t 
tOFF 

tOHC 

DATA )-VAlID-3 

tOEZ 

xx xx x 
""X 

~ tODD 

5 - 305 



MITSUBISHI LSls 

M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

VIH­

VIL -

VIH - ~~x]rtt--------1 
LCAS/UCAS 

VIL -

VIH-

VIL -

w 

001-0016 VIH - 5(5~xxX'S~R'X50ru 
(INPUTS) VIL - ~L:li::::¥:loI::::.cllC:al::::':IClIc-.::':.c:I ~ __ -'I 

001-0016 VOH-

tRAS 

HI-Z 

tRP 

tASR 

ROW 
ADDRESS 

----------------------------------------(OUTPUTS) VOL -

5 - 306 
• MITSUBISHI 

.... ELECTRIC 



MITSUBISHI LSls 

M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Early Write Cycle 

LC~ 
(or UCAS) 

UC~ 
(or LCAS) 

Ao-A9 

w 

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH­

VIL-

OQ1-0Q8 VIH­

(or OQ9-0Q16) 
(INPUTS) VIL-

OQ1-0Q8 VOH­
(or OQ9-0Q16) 
(OUTPUTS) VOL -

OQ9-0Q16 VIH­

(or OQ1-0Q8) 
(INPUTS) VIL -

OQ9-0Q16 VOH­

(or OQ1-0Q8) 
(OUTPUTS) VOL -

RAS tRP 

\ t '-
tCSH tHPC tRSH 

tCRP .. 
It}';.}';.}';.}';. \ ~ ~ 

tRCO tCAS ~ tCAS ~ tCAS L tCRP 

r 
!';}';.}';.}';.}';. 

~ ~ I !';}';.}';.}';.}W \ 
~ 

tCAL teAL 

lASR ~ ~ tAse ........ 14 tCAH. lAsc ~ ~ lAsc 4--t 14 teAH • 
~ 

ROW ~ J'5<"X'X\ .~ .~ ROW 

ADDRESS COLUMN-1 II}';.}';.}';.}& COLUMN-2 IA}';.}';.}';.}';. COLUMN-3 IJK}';.}';.}';.)Jl 
ADDRESS 

~ .~ ~ ~ 

14
twcs

• ~ ~twCS. ~ ~ ~ 
)(xxxxxxxxxxxx ~ ~ xxxxxxxxxxx 
~}';.x}';.}';.}';.}';.}';.-"-",, I..~:A *X I. -"-"}';.~ I Itxx}';.}';.x}';.}';.}';.}';.}';.}';.}';. }. /}I. XXXXX\. r.. }';.}';.}';. .1. r. }';.}';.}';.}';.}';.}';.}';.}';.}';.}';.}';. 

~ ~ ~ ~ 

"xxxxxxxxxxxx~ DATA xxx x x~ DATA ~xxxx~ 
~X-"-"-"-"-"-"6 VALlD-1 ~\xXXXXXX IXX }';.I VALlD-3 ['-X:X-"~ xxxx 

HI-Z 

~ ~ 

)(xxxxxxx 
~}';.x-,,}';. 
xxxxxxxxxxxxxx 

xxxxx~ DATA XXXXX}(I 
VALlD-2 

XXXXX.7 

HI-Z 

L. 

• MITSUBISHI 
.... ELECTRIC 

xxxxxxxxxxxxxx 
~}';.-"}';.}';.xxx-"XXXXXXXXXXXXXX 

~xxxxxxxxxxxxxxxxxxxxxx 

5 - 307 



MITSUBISHI LSls 

M5M4V18165BTP-6,-7,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read-Write, Read-Modlfy-Wrlte Cycle 

VIH-

Vil -

____ VIH 

LCAS/UCAS 
Vil 

VIH 

Vil 

w VIH 

Vil -

OQ1-0016 VIH 

(INPUTS) Vil 

001 -0016 VOH­

(OUTPUTS) VOL -

VIH-

Vil -

5 - 308 

tR S A 

\ 
tCSH ..... 

tCRP, 
tRCO tCAS tHPRWC 

tcp tCAS 

KXXXXXXI" 

~ I ~ KXXXXXZ 

tRAO 

tASR ~ tASC ~ 
tCAH ~ tCAH 

~ 

;>tXXXX.M. ROW ~ 
~xxxxx .M. :«xx 

;>tXXXXXA ADDRESS COLUMN-1 AX XXXXX XA COLUMN-2 AXXX 

tAwo 
tc~ 

tAwo 

~~ tewo ~RCS1~ tewD 

~ 
KXXXXXXXX 

~ ~rI ~ ~xx XXXXII 
XXX.7 

xxxxxxxxx XXXI 

tRWD tcPWO 

~z~ toH tozc 
tos ~ tos 

xxxx~ ~ Hi-Z J~ DATA ~ Hi-Z ~ 
x X~x xxx ~~ VALlD-1 

~ 'f: ~tCAC~ 
tAA 

tClZ ..... 4-

Hi-Z '~ 'DATA' Hi-Z 
VALID 

tRAC 
~ 

4--' tODD 

I_ tozo ~ 11OEA~ 
H tOEZ 

xxx .. 
KXxxxxxxxxxxxxxx~ 

KXXXX~xxxxxx 

• MITSUBISHI 
.... ELECTRIC 

tAA ~ 
-t ~t~lz 

~~ 'DATA' 
VALID 
~ 

tCPA 
~ tODD 

tozo 

1~ ~ tOEZ 

\ J 

tRP 

FL 
~RWl 

tCRP 

II 
~tcw~ H tASR 

·XXXI. ROW 
XXXlA ADDRESS 

~ 
~ 
I~ 

tDH 

~ 

DATA ·Jlt.XXXX 
.~ VALlD-2 .~xxx -

Hi-Z 

~ 
I1ICXXXXXX 
\:XXXXXX 



MITSUBISHI LSls 

M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

LCAS 
VIH-

(or UCAS) VIL -

UCAS VIH-

(or LCAS) VIL-

VIH-
Ao-A9 

VIL -

w VIH-

VIL-

DOl-DOs VIH­

(or 009-0016) 
(INPUTS) VIL -

DOl-DOs VOH­

(or 009-0016) 
(OUTPUTS) VOL -

OQg-0016 VIH­

(or 001-008) 
(INPUTS) VIL -

DQg-0016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL -

VIH-

VIL -

tRAS 

\ 
tCSH .... 

tc~ 

~. 
){XXXXXI 

tRCD tCAS tHPRWC 
tcp tCAS 

xx XXXX;.; 

~ V ~ ){XXXXX.7 
XXXXXXI 

tRAD 

tASR tRAH tCAH ~ tCAH 
4--f .-.... tAsc ~ 

){xxxx. . IXXXXXX • ROW ~ ~xxx 
h:xxx~ ADDRESS 

COLUMN-1 
~ x~ COLUMN-2 ~ 

tAWD tAWD 

~C~ 
tCWD tCWL 

~RCS1~ tCWD ~ 
~ twp 

KXXXXXXxx XXXXI 

\ KXXXXXXxx IXXXXI 

tRWD 

X.XXXXXJlO.JIO.X .... XXXXX xxxxx 
x.xxxxxxxx XXXJIO.X 
x.xxxx 

Hi-Z 

~~ tDS 
tDH 

~ DATAl x X){XXX Hi-Z x.xx 
xxx xxxxx 'CJ' VALlD-1 

~ 
tAA 

tCLZ-4-~ 
Hi-Z 

tRAC 

~ 

xx KXXXXXXxxXXXXXXJIO. 

" XXXXXX 

~ 
r---, 
DATA Hi-Z 
VALID 
~ 

r-. tODD 

~ .... ~tOEZ 

•. MITSUBISHI 
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~W \ 
tCPWD 

X x x 
X X X X 
X x x x 

tDZC 
~ tDS 

~ Hi-Z ~ 
~ ~ M tAA 

~ +-t~~ 

~ 
,......., 

DATA 1\ 
VALlD~ 

-2 

tCPA 
I"---' 

4-~ tODD 
tDZO 

1'~ ~ tOEZ 

\ J 

tRP r '----
~tRWL 

.~ tCRP 

I 

~ H tASR 

xxx\., ROW 

XXH ADDRESS 

~ 
IXXXXXX' 

IJtXXXXXX' x 

xxxxxx 
xxx~ 

tDH 

DATA Iv;.XXXX 
VALlD-2 l.XXXX 

Hi-Z 

~ 
~ 1(XXXXXX 
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M5M4V18165BTP-6,-7,.68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

VIH-

VIL -

____ VIH­

LCAS/UCAS 
VIL -

VIH 

VIL -

VIH-w 
VIL 

001-0016 VIH­

(INPUTS) VIL -

001-0Q16 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

5 - 310 

tRAS tRP 

tRWL F ~ tCR~ 
tCSH tHPC tHPRWC -tr-~ 

tCF tRCD tCAS ~ tCAS e. tCAS 

r----, ,...-, .tCWL ,..~ 

){XXXXlt ~ I ~ ~ 
, ~ KXXXN 

~ 
tRAD 

lASR I" tRAH~ I_ tCAH • 
lAsc ~ lAsc tCAH 

lASR 

~ tASC ~ ~ .... 
,1 ,~ :1 ~y COlUMN·. ~ ~~ 

.---
ROW ROW KXXXX1f 1KXX. COLUMN-1 111:. COLUMN-311JC x X X X xxxx~ 

KXXXN ADDRESS '\i!5JY " ~ I 
.,xxxx XXXXlIf' ADDRESS - ~ 

rr~ ~~ 
tCAL tCAL 

I' 

){XXXXXX x~ 
){XXXXXX XXXN 

tDZC 

~ t~ 
~ 

~ r-----"l 
~xxxx xxxx DATA 
~XX XXXX 

'~ VALlD-2 
I" tCAC. 
tM 

tCLl .... ~ twEZ 

~ 
HI-Z ~ 

..... ---, 
DATA 
VALID 

~;L 
tRAC 

tDZO ~ tOEZ 

~tOCH • ..... ~ 
KXXXXXXxxxxxxx~ 

/ KXXXXXXxxxxxxxxxxx xx xxx 

H 
tODD 

• MITSUBISHI 
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tCPWD 

lAWD 

tcWD 

~ , &.xxxxx 
JXxxxxx 
I 

..!D~rt 
tD~f- ~ ~ 

~ .,~ r--f----, 
DATA 

~ ~ ~L~ 
n.x 

~~ 
~ 
tCLl .... ... 

~ 
,...--, 
DATA 
VALID 

~ 
tCPA 

~tOEA tOEZ tOEH 

~ ~ ~. 

\ U -.:.XXXXXX 
xx 

~ 
tODD 
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M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

VIH-
VIL- ____________________________________________________________________ __ 

____ VIH­

LCAS/UCAS 
VIL -

VIH-
Ao-A9 

VIH-w 
VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL 

~ 

)(XXXX 
)(XXXX 
)(XXXX 

~ 

tHpc 

, , , , \ 
tcp tCAS tCAS 

~ 
tCAH 

~ tCAH ~ tCAH 

~ n xxxXJG. r;, "';~ 
K.}VI COLUMN-1 IX xxx X XI COLUMN-2 COLUMN-3 

'XI '-X XXXX}oJ' Q .I.~ 

tCAL ~ tCAL 

~ twcs ~ ~twCH~ , I 
tHCWO 

tHAWO 

~ tHPWO to~ tozc 
+- ~ 

Hi-Z ~ ~ DATA' ~xxxx !Xxx x Hi-Z xx -.f' 
~ 

VALlD-2 "I'.XXXX xx .... 
tCAC 1- ~ 

tAA tAA 

tCPA tCPA 

twEZ ... 
tCLZ~ 

~ ~ w:y~ 
DATA Hi-Z 

~ VALlD-1 

tHCOO I tozc 4-4~ 
tHAOO 

tHPOO 
~ 

~ 

• MITSUBlSHI 
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, 

~ 

DATA 
VALlD-3 
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M5M4V18165BTP-6,-7,.68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( HI-Z control by OE ) 

VIH-

VIL -

____ VIH­

LCAS I UCAS 
VIL -

VIH-
Ao-As 

VIL -

w VIH-

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

5 - 312 

tRAS 

\ 
tCSH tHPC tRSH 

tcp tRCD tCAS ~ tCAS tcp tCAS 

r-, , 
'<.XXXXII \ ~ ~ I \ ~ 

tRAD tCPRH 
lASR 
~ tCAH lASC 

~ t~sc ~ .. lASC ~ ~ ........ 
xxxx\. ROW ~ 

1'VV'&'l ~ ~ \LXX XXXXI 
ADDRESS COLUMN-1 COLUMN-2 ~ COLUMN-3 

~~ ~ ~ 
tRAL 

r~ 
KXXXXXX xxX'I 
')('X<xxxx xx>! 

tDlC 

'txx~xxx x~ Hi-Z 
'txxxxxx 
'<.xxxxxx XXX ~ ~ ~ 

lAA tAA tAA 

~LZ ~OH ~ 
Hi-Z ~ DATA )- -<'DATA'~ DATA ~ H~Z ~ 

VALlD·1 ~ V~~ID! VALlD·2 

tRAC 

~ tCPA tCPA 

tDZO t~ tCHOL~ 
~ tacH 

~ tOEZ 
'tx ]1<.]1<.)1 ~ ~ ) ~XXXXX XX~~ I \ \ 'lxxxxxxxxxxxxxxx 

~ tOEPE ~ tOEPE 

•. MITSUBISHI 
.... ELECTRIC 

tRP 

~ ~ 
tCRP 

I 

~ 

~'X 5('5\, ROW 

~;J:S ~;/ ADDRESS 

.... tR~ 
....-. tRCH 

. ~twEZ~ 
tRDD 

tCDD 

~ ~ 
tREZ ~ ~ 
tOHR 

tOFF 

toHC 

DATA 

~ VALlD·3 

tOEZ 

]I<. XX]I<. 
Z. x xxx 

~ tODD 
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M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-8IT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Zcontrol by W ) 

VIH-

VIL.-

VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-Ae 

w VIH-

VIL -

001-0016 VIH­

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOL -

VIH -

VIL -

tR AS 

, I 
tCSH tHPC tRSH 

tc~ tRCO tCAS ~ tCAS tcp teAs 

r----, 

~ ~ ~ \ I \ 
tRAO tCPRH 

tASR 

~ 14 tCAH • tAsc ~ 
tAsc ~ ~ tAsc ~ ~ ~ 

- ,~ .1lQ b;::~ K'J ~. 
ROW KXXXXY 1KXXJI COLUMN-1 ''';'x N COLUMN-2 IYX xxv COLUMN-3 I'" 

ADDRESS .lZ::B ·W 'tI.'.:/ :~ ~ ,.. It --
tRAL 

L tRcS tRCH 4 + 
K x XXXXI 
~AAA X xXXJ 

tozc 

XX xxxx Hi-Z 
XA XXXX 

~ 
tAA 

14 tCAC. 

tAA 
tCll ~OH 
~ 

~~ K} Hi-Z bATA 
VALlD-1 

tRAC 
tCPA 

tDZO tOEA I 

4--f 
tOCH 

KXxxxxxxxxxxxxx~ 

I'i.AAA ............ ~~~~~~ XA 

• MITSUBISHI 
.... ELECTRIC 

-t~ tRCS 

\{ 
~ 
tM 

twEZ 

~ ~ 

~ DATA Hi-Z 
VAll 0-2 , 

tCPA 
I" 

tRP 

~ 
tCRP 

~ 

~ 
1"""1 ~ 

ROW '111 

;x~ ~ 
ADDRESS 

__ tR~ 

~ tRCH 

t(~ 
,~ 

~ twEZ ~ 
tROD 

tCDD 

~ R 
tREZ ~ ~ 
tOHR 

tOFF 

tOHC 

DATA >-VALlD-3 

tOEZ 

/; rxY ~ 
~ NX'); r:: 
~ tOOD 
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M5M4V18165BTP':6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

VIH-

VIL-

____ VIH­

LCAS/ UCAS 
VIL-

Ao ..... Ae 
VIH 

VIL 

W VIH 

VIL-

001-0016 VIH­

(INPUTS) VIL -

001 ..... 0016 VOH-

(OUTPUTS) VOL -

5 - 314 

VIH 

VIL -

tRC 

tRAS tRP 

~ ~ \ 

tCRPr 1C 

~ tCRP 

x» 

W KXXXXX7 
KXXXXXI 

tASR 
~ .... tASR H 

KXXXX..la. ROW IXXXXXXXxxxxx XXXXXXXXXXXXXXX..la. ROW )(XXXXX'Ir I.XXXXXxxxxxxxxxxxxxxx XXXXXXXX'Ir 
)(XXXXXI ADDRESS XXXXX XXXXXXXI ADDRESS 

Hi-Z 
-------------------------------------------------------------------------

• MITSUBISHI 
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M5M4V18165BTP-6,-7,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle* 

VIH-

VIL -

____ VIH­

LCAS/UCAS 
VIL -

VIH 

VIL 

VIH w 
VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

tRC 

" 
tRC 

tAp tRAS 
» 

tRAS tRP 
(f 

I ~ 
~~ 

I ~ ~ \ 
tRPC tCSR tCHR ~~" 

tCSR tCHR tRPC 

~ -rt ~ ~ ~ -Jr tCRP 

I-~ 

~ I V .~ / ~ \.. ----l 
" ~ tCPN 

~ tASR 

I 

X XXX xxx xxxxxxxxxxxxx ROW COLUMN 
x xxxx xxxxxxxXXX XXXXXXxxxxxXXX DDRESS ADDRESS xxx 

) 

~ ~RH 

tF tRCH 
I( 

~xx 
xxxxxxxxxxxxxxxxxxxxxxxxx xx XXXXXXXX7' 

'-x xxxxXXxxxxx~xxxxx~XXXXXX XXXXXXXXl 

" 

x xxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
){x 

~ tREZ 
tOHR 

~ tOFF 
tOHC 

14tOEZ. 

xxxxx 
.,;xxxxx 

xxxxxxxxxxxxx xxx xxxxxxxx~x xxxxxxxx 

~S 
Hi-Z 

I, 

XXXX xxxxxxxxxxxXXXX 
xxxxxxxxXXX X:XXXXXXXXXXXXX 

~. 

• MITSUBISHI 
"ELECTRIC 

XXXXX~ 

xx xxx 
xxxxxxxxxx 
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M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 30) 

VIH-

VIL -

____ VIH­

LCAS/UCAS 

Ao-Ae 

w 

VIL -

VIH­

VIL -

VIH-

VIH 
001-0016 
(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

5 - 316 

tRC 
J" 

tRC 

tRAS L tRP J tRAS tRP 

\ ! \ ~ L 
tCRP tAco tRSH tCHR 

,.. 
\ I KXXXXN' 

KXXXXI 

tRAD 
tASR 

tASR tRAH tAsc tCAH 

~ KXXXXM ROW COLUMN lKX xxxxxxxxxxxxxxx x ROW 
KXXXXll ADDRESS ADDRESS ~ I~XX x ADDRESS 

f tRAL 
tRCH 
~ 

.,{'xxxxxxx ~ X 
KXXXXXXX xxx~ 11( xxxx 

tCDD 

~ ~ 

~x xx xxxx Hi-Z 'xxxxx 
~xxxx XXXx xxxxx 

~ 
1/10. 

tCAC 

tAA 
~ 

tOFF 

~ tOHC 

Hi-Z ~~ Hi-Z 
DATA VALID I 

tRAC 

tDZO tOEA 
tOEZ 

tORH tODD 

KXXXXXXXXXXX X 

~~~~~~~~XXXXX 
Wi. I',XXXXXXxxxxx 

Note 30: Early write, delayed write, read write or read modify write cycle Is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

• MlTSUBlSHI 
~,ELECTRIC 



Self Refresh Cycle * 

VIH-

____ VIH­

LCAS I UCAS 
VIL -

VIH-
Ao-A9 

w VIH-

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH­

VIL -

XXXXXX 
x.,xxxxx 

MITSUBISHI LSls 

M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD.BY 16-BIT) DYNAMIC RAM 

RP tR SS A RPS 

I ~ V i\ 
tRPC 

~ ~ tCHS ~ tc~ 

~ / ~ 
oJ 

I '--t~ 

tASR 
~ 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 
~ 

ROW X x x xxxxxxxxxxxxxxxxx x xxx x xxxxxx,)"/\ ADDRESS -
~ 
~ tRCr 

~xxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 
~xxxx~xxxxx~xxxxxxxxxx~xxxxxx¥ 

tROD 

tCDD 

Hi-Z fXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxx 

~tREZ ~xxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxx 
~tOHR 
r----J tOFF 

f4-~tOHC 

~ tOEZ 

xxxx 
n x;o;xx 

Hi-Z 

tODD 

xxxxxx~xxxxxxx 
XXXXXXXXx~xxxx 

• MITSUBISHI 
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xx<x.xxxx 
XXXXXXXX;o;XXX 

;0;;0;7' 
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M5M4V18165BTP-6,-7,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by "S" after speed item, like -6S/ -7S. The other characteristics and requirements than the below are same 
as normal devices. 

ELECTRICAL CHARACTERISTICS (Ta=0 ...... 70·C, Vee=3.3V±0.3V, Vss=OV, unless otherwise noted) (Note 2) 

Symbol . Parameter Test conditions 
Limits 

I Min Typ Max 

RAS cycling CAS~0.2V or 
~S before RAS refresh cycling 

Average supply current W~0.2V or ~Vee-0.2V 
leC8(AV) from Vee M5M4V18165B (S) OE~0.2V or ~Vee-0.2V 300 

Extended refresh mode Ao ...... A9:a0.2V or ~Vee-0.2V 
tREF= 128ms, output open 
tRAS=tRASmin-1 p. s 

Average supply current 
lee9(AV) from Vee M5M4V18165B (S) RAS=CAS~0.2V 200 

Self-refresh cycle 

TIMING REQUIREMENTS (Ta=0-70·C, Vee=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 13,14) 

Limits 
Symbol Parameter M5M4V18165B-6S M5M4V18165B-7S 

tRASS Self refresh RAS "low pulse width 
tRPS Self refresh RAS high precharge time 
tCHS Self refresh RAS hold time 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

Min Max Min Max 
100 100 
110 130 
- 50 - 50 

Unit 

p.A 

p.A 

Unit 

p's 

ns 
ns 

The last / first full refresh cycles (1 K) must be made within tNS / tSN before J after self refresh, on the condition of tNS~ 16.4ms and 

tSN~16.4ms. 

~ tNS ~I 14 tSN _I 

------------------~-I~II~I-----~II~I~I ________________ ~~1I1~1-----~-1~11~1----------------

DISTRIBUTED REFRESH 
< 1K I 16.4ms > 

(2) In case of burst refresh 

'----y-----/ 
1024 cycles 

~ DISTRIBUTED REFRESH 
1024 cycles < 1 K I 16.4ms > 

The last I first full refresh cycles (1 K) must be made within tNS / tSN before / after self refresh, on the condition of tNS +tSN:a 16.4m$. 

~ 
1111 1111 1111 I -BURST REFRESH 1024 cycles 

< 1 K I 16.4ms > 

5 - 318 
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~I tSN ~ 

I 1111 -1024 cycles 

1111 1111 

BURST REFRESH 
< 1K/16.4ms > 
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\\\I\\NAR'i M5M4V16160CTP-5,-6,-7, 
'II!'"'1t Lil:: r L... a \inll\ change 

ali' -5S,-6S,-7S 
FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 
The use of double-layer metal process combined with twin-well 

CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RAS CAS 

Type name access access 
time time 

(max.ns) (max.ns) 

M5M4V1616OCTP-5,-5S 50 13 

M5M4V1616OCTP-6,-6S 60 15 

M5M4V1616OCTP-7,-7S 70 20 

eStandard 50 pin TSOP 
eSingle 3.3V ±0.3V supply 
eLow stand-by power dissipation 

Address 
access 
time 

(max.ns) 

25 

30 

35 

OE . Cycle Power 
access time dissipa-

time lion 
(max.ns) (min.ns) (typ.mW) 

13 90 360 

15 110 285 

20 130 255 

1.8mW (Max) - -- -- ----- --- -- -- -- --------CMOS Input level 
eLow operating power dissipation 

M5M4V1616OCTP-5,-5S ------------------·435.0mW (Max) 
M5M4V16160CTP-6,-6S ------------------·345.0mW (Max) 
M5M4V16160CTP-7,-7S ------------------·310.0mW (Max) 

eFast-page mode, Read-modify-write,RAS-only refresh 
CAS before RAS refresh, Hidden refresh capabilities 

eEarly-write mode and OE to control output buffer impedance 
All inputs, output TIL compatible and low capacitance 

e4096 refresh cycles every 64rns (Ao -A 11) 
* .: Applicable to self refresh version (M5M4V16160CTP-5S,-6S, 

-7S : option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao:"'All Address inputs 

DQ1-DQI6 Data inputs I outputs 

RAS Row address strobe input 

UCAS 
Upper byte control 
column address strobe input 

LCAS 
Lower byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vee Power supply (+3.3V) 

Vss Ground (OV) 

PIN CONFIGURATION (TOP VIEW) 

vcc 1 

003 4 0014 

DOs 7 

Al0 

Al 

A2 

A3 

vce 

0013 

Vss 

0012 

0011 

0010 

41 ~Os 

NC 

As 

A4 

VSS 

Outline 50P3G-F (400mil TSOP Normal Bend) 

NC : NO CONNECTION 

.• MITSUBISHI 
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\M\NA~Y M5·M4V16160CTP-5,-6,-7,,-5S,-6S,-7S 
PREL . eCilicat,on. e 
. . t a Iinal sll . ct to chang . 
Notic"" Th\~!,~~ limits are $UO\0. . 

Sofne par3 FAST PAGE MODE t6777216~B.IT(1048576';WOR:D BY 16-.BIT) DYNAMIC RAM 

FUNCTION 

The M5M4V16160CTP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions,e.g" 

fast page mode" RAS-.ohly refresh, and delayed-write. The input 
conditions for .each are .shown in Table 1.. 

Table 1 Input conditions for each mode 

Operation 
Inputs Input/Output 

RAS LCAS UCAS W OE D01-DOa OOe-.o016 

Lower byte read ACT ACT NAC NAC ACT DOUT OPN 
Upper byte read ACT NAC ACT NAC ACT OPN DOUT 
Word read ACT ACT ACT NAC ACT DOUT DOUT 
Lower byte write ACT ACT NAC ACT NAC DIN ONC 
Upper byte write ACT NAC ACT ACT NAC DNC DIN 
Word write ACT ACT ACT ACT NAC DIN DIN 
RAS-only refresh ACT NAC NAC DNC DNC OPN OPN 
Hidden refresh ACT ACT ACT NAC ACT DOUT DOUT 
CAS before RAS" refresh ACT ACT ACT DNC DNC OPN OPN 
Stand-by NAC DNC DNC DNC ONe OPN OPN 

" 
Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD: applied, OPN : open 

BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT RAS 

LOWER BYTE CONTROL __ 
COLUMN ADDRESS LeAS 

STROBE INPUT 
UPPER BYTE CONTROL UCAS 

COLUMN ADDRESS 
STROBE INPUT 

WRITE CO~~~8f W 

AO 
Al 

A2 

A3 

A4 
As 

ADDRESS INPUTS A6 

A7 
Aa 

Ae 

Al0 
All 

5 - 320 

SENSE REFRESH 
AMPLIFIER & 1/0 CONTROL 

MEMORY CELL 
(167n216BITS) 

• MITSUBISHI 
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---..=....0 vee (3.3V) 

+----6 VSS (0V) 

001) 002 . 

: . LOWER DATA i INPUTS I OUTPUTS 

OOa 

OO9j 0010 
: UPPER DATA 
! INPUTS I OUTPUTS 

0016 

DE &~1f,.UT ENABLE 
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M5M4V16160CTP-5,-6,-7,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -0.5-4.6 
VI Input voltage With respect to Vss -0.5-4.6 
Vo Output voltage -0.5-4.6 
10 Output current 50 
Pd Power dissipation Ta=25'C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.0 VCC+O.3 V 
VIL Low-level input voltage, all inputs -0.3 0.8 V 

Note1: All voltage values are with respect to vss. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Min 

VOH High-level output voltage IOH=-2.0mA 2.4 
VOL LOW-level output voltage IOL=2.0mA 0 
loz Off-state output current Q floating OV;;;aVouT;;;a 3.3V -10 
II Input current OV~VIN;;;a 3.6V, Other inputs pins=OV -10 

Average supply current M5M4V16160C-5,-5S ----
RAS, CAS cycling 

ICC1(AV) from Vcc operating M5M4V16160C-6,-6S tRc=twc=min. 

(Note 3,4,5) 
output open 

M5M4V16160C-7,-7S 

RAS= CAS =VIH, output open 

Icc2 Supply current from Vcc, stand-by (Note 6) RAS= CAS ~Vcc -0.2V 
output open 

Average supply current 
M5M4V16160C-5,-5S 

RAS cycling, CAS=VIH 
Icc3(AV) from Vcc refreshing M5M4 V16160C-6,-6S tRc=mln. 

(Note 3,5) 
output open 

M5M4V16160C-7,-7S 

Aver~e supply current M5M4V16160C-S,-SS 
RAS=VIL, CAS cycling from cc 

ICC4(AV) Fast-page-mode MSM4V16160C-6,-6S tpc=min. 

(Note 3,4,5) MSM4V16160C-7,-7S 
output open 

Aver~e supply current MSM4V16160C-5,-SS CAS before RAS refresh cycling 
ICC6(AV) from cc 

CAS' before RAS refresh M5M4V16160C-6,-6S tRc=min. 

mode (Note 3) 
output open 

MSM4V16160C-7,-7S 

Stand·by: 
RAS;;;;VCC..(J.2V 
CAS;;;;VCC..(J.2V or CAS~O.2V 

CAS before RAS refresh: 
Average supply current RAS cycling CAS~0.2V or 

ICC8(AV)* from Vcc MSM4V16160C (S) CAS before RAS refresh cycling 
Extended-refresh cycle W~0.2Vor -;:'VCC..(J.2V 

OE~O.2V or -;:'VCC..(J.2V 
(Note 6) AO-A11~O.2Vor ;;;;VCC..(J.2V 

OQ=open, tAC=125}1S, 
tAAS=tAASmin-l }IS 

Average supply current 
RAS=CAS;;;a0.2V ICC9(AV) * fromVcc MSM4V16160C (S) 

Self-refresh cycle 

Note 2: Current flowing into an IC is positive, out is negative. 
3: ICCl (AV), ICca (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICc4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address c!fn be changed once or less while RAS=VIL and LCASlUCAS=VIH . 

• MITSUBISHI 
"ELECTRIC 

Limits 
Typ 

Unit 
V 
V 
V 

rnA 
mW 
·C 
·C 

Max 
Unit 

Vcc V 
0.4 V 
10 )J.A 
10 ).lA 

120 

95 rnA 

85 

2 

0.5 rnA 

0.15 * 

120 

95 rnA 

85 

80 

70 rnA 

65 

120 

95 rnA 

85 

400 ).lA 

200 ).lA 
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'NARY M5M4 V16160CTP-5,-~,-7 ,-5S,-6S,-7S 
PRELl 'fcation, 

, ' not." tinal ~pec~,lect to change. 
NotIce'. T~~~I;triClin'lits are slJ ! 

Son'lepa FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=0-70'C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted) 

Parameter Test conditions 
Limits 

Unit Symbol Min Typ Max 

CI(A) Input capacitance, address inputs 5 pF 

CI(OE) Input capacitance, OE input VI=VSS 7 pF 

CI(W) Input capacitance, write control input f=1MHz 7 pF 
CI(AAS) Input capacitance, RAS input VI=25mVrms 7 pF 
CI(CAS) Input capacitance, CAS input 7 pF 
CliO Input/Output capacitance, data ports 7 pF 

SWITCHING CHARACTERISTICS (Ta=0-70'C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 

Symbol Parameter MSM4V1616OC-S,-S$ MSM4V16160C-6,-6S MSM4V16160C-7,-7S Unit 
Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 13 15 20 ns 

tAAC Access time from RAS (Note 7,9) 50 60 70 ns 

tAA Columu address access time (Note 7,10) 25 30 35 ns 

tCPA Access time from CAS precharge (Note 7,11) 30 35 40 ns 

tOEA Access time from OE (Note 7) 13 15 20 ns 

tCLl Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOFF Output disable time after CAS high (Note 12) 0 13 0 15 ' 0 15 ns 
tOEZ Output disable time after ~ high (Note 12) 0 13 0 15 0 15 ns 

Note 6: An initial pause of 500 ItS is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock such as RAS-Only refresh). 
Note the !=lAS may be cycled during the initial pause. And any 8 RAS' or RAS/CAS cycles are required after prolonged periods (greater than 64ms) 
of RAS inactivity before proper device operation is achieved, ' 

7: Measured with a load circuit equivalent to VOH=2.4V(loH=-2mA) I VOL=0.4V(IOL=2mA) load 100pF. 
The reference levels for measuring of 'output signal are 2.0V(VOH) and 0.8V(VOL). 

8: Assumes that tACO !i::; tACO(max) and tASC !i::; tASC(max). 
9: Assumes that tACO ~ tACO(max) and tAAO ~ tRAO(max). If tACO or tAAO is greater than the maximum recommended value shown in this table, tAAC 

will increase by amount that tACO exceeds the value shown. 
10: Assumes that tAAO !i::; tAAO(max) and tAsc ~ tASC(max). 
11: Assumes that tcp ~ tCP(max) and tAsc ~ tASC(max). 
12: tOFF(max) and tOEZ(max) defines the tim; at which the output achieves the high impedance state (lOUT ~ I ± 10 J1A I) and is not reference to VOH(min) 

or VOl(max). ' 
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M5M4 V16160CTP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Fast-Page Mode Cycles) 
(Ta=0-70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 13,14) 

Limits 
Symbol Parameter MSM4V16160C-S,-SS MSM4V16160C-6,-6S MSM4V16160Co7,-7S 

Min Max Min Max Min Max 
. tREF Refresh cycle time 64 64 64 

tREF* Refresh cycle time 128 128 128 

tRP RAS high pulse width 30 40 50 

tRCO Delay time, RAS low to CAS low (Note 15) 18 37 20 45 20 50 
tCRP Delay time, CAS high to RAS low 10 10 10 

tRPC Delav time, RAS hiQh to CAS low 0 0 0 

tCPN CAS high pulse width 10 10 10 

tRAO Column address delay time from RAS low (Note 16) 13 25 15 30 15 35 
tASR Row address setup time before RAS low 0 0 0 

tASC Column address setup time before CAS low (Note 17) 0 10 0 10 0 10 
tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 13 15 15 
tOlC Delay time, data to CAS low (Note 18) 0 0 0 
tOlO Delav time, data to OE low (Note 18) 0 0 0 
tcoo Delay time, CAS high to data (Note 19) 13 15 1.5 
toDD Delay time, OE high to data (Note 19) 13 15 15 

tT Transition time (Note 20) 1 50 1 50 1 50 
. . Note 13: The timing requirements are assumed IT =5ns . 

14: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ms 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

·ns 
ns 

15: tRCO(max) is specified as a reference point only. If tRCO is less than tRCO(max), access time is tRAC. If tRcO is greater than tRCO(max), access time is 
controlled exclusively by tCAC or tAA. tRCO(min) is specified as tRCD(min) =tRAH(min) +2IT +tASC(min). 

16: tRAO(max) is specified as a reference point only. If tRAD ~ tRAO(max) and tAsc ~ tASC(max), access time is controlled exclusively by tAA. 
17: tASC(max) is specified as a reference point only. If tRCO ~ tRCD(max) and tASC ~ tASC(max), access time is controlled exclusively by tCAC. 
18: Either tOlC or tOlO must be satisfied. 
19: Either tCDO or tODD must be satisfied. 
20: IT is measured between VIH(min) and VIL(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH GAS hold time after RAS low 
tRSH RAS hold time after CAS. low 
tRCS Read setup time before CAS low 
tRCH Read hold time after CAS hiQh 
tRRH Read hold time after RAS high 
tRAL Column address to RAS hold time 
tOCH CAS hold time after OE low 
tORH RAS hold time after OE low 

Note 21: Either tAcH or tRRH must be satisfied for a read cycle. 

MSM4V16160CoS,-SS 

Min 
90 

50 
13 
50 
13 

0 
(Note 21) 0 
(Note 21) 10 

25 
13 
13 

• MITSUBISHI 
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Max 

10000 
10000 

Limits 
MSM4V16160C-6,-6S MSM4V1616Gc-7,-7S 

Min Max Min Max 

110 130 

60 10000 70 10000 
15 10000 20 10000 
60 70 
15 20 
0 0 
0 0 

10 10 
30 35 
15 20 

15 20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

5 - 323 



MITSUBISHI LSls 

PRE1.;~~~ ~~~~" M5M4 V16160CTP-5,-6,-7 ,-5S,-6S,-7S 

Nof.ce: ihis :,;iC liroits are sub! 

SoroeP
B1am

, " FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter MSM4V16160C·S,·SS MSM4V16160C-6,-6S MSM4V16160Co7,-7S Unit 

Min Max Min Max Min ' Max 

twc Write cycle time 90 110 130 ns 
tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 13 10000 15 10000 20 10000 ns 
tCSH CAS hold time after RAS low 50 60 70 ns 
tRSH RAS hold time after CAS low 13 15 20 ns 
twcs Write setup time before CAS low (Note 23) 0 0 ,0 ns 
twCH Write hold time after CAS low 8 10 15 ns 
tCWL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after Wlow 13 15 20 ns 
twp Write pulse width 8 10 15 ns 
tDS Data setup time before CAS low or W low, 0 0 0 ns 
tDH Data hold time after CAS low or W low 10 15 15 ns 
tOEH OE hold time after W low 13 15 20 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter MSM4V1616()C·S,·SS MSM4V16160C-6,-6S MSM4V16160C-7,-7S Unit 

Min Max Min Max Min Max 

tRWC Read write/read modify write cycle time (Note22) 131 155 180 ns 
tRAS RAS low pulse width 91 10000 105 10000 120 10000 ns 
tCAS CAS low pulse width 54 10000 60 10000 70 10000 ns 
tCSH CAS hold time after RAS low 91 105 120 ns 
tRSH RAS hold time after CAS low 54 60 70 ns 
tRCS Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 23) 36 40 45 ns 
tRWD Delay time, RAS low to W low (Note 23) 73 85 95 ns 
tAWD Delay time, address to W low (Note 23) 48 55 60 ns 
tCWL CAS hold time after W low 13 15 20 ns 
(RWL RAS hold time after W low 13 15 20 ns 
twp Write pulse width 8 10 10 ns 
tDS Data setup time before W low 0 0 0 ns 
tDH Data hold time after W low 10 10 15 ns 
tOEH OEhold time after W low 13 15 15 ns 

Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tT. 
23: twcs, tCWD, tRWD and tAwD and, tCPWD are specified as reference points only. If twcS;;:;twCS(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tCWDSi:tCWD(min), tRWDs:tRWD(min), 'tAWDs:tAWD(min) and tCPWDiii= tCPWD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 

Limits 
Symbol Parameter MSM4V16160C·S,·SS MSM4V16160C-6,-6S MSM4V16160Co7,'7S 

Min Max Min Max Min 
tpc Fast page mode read/write cycle time 35 40 45 
tPRWC Fast page mode read write/read modify write cycle time 76 85 95 
tRAS RAS low pulse width for read write cycle (Note 25) 85 125000 100 125000 115 
tcp CAS high pulse width (Note 26) 8 12 10 15 10 
tCPRH RAS" hold time after CAS precharge 30 35 40 
tCPWD Delay time, CAS precharge to W low (Note 23) 53 60 65 

.. . . . . Note 24: All previously specified timing reqUirements and sWitching characteristics are applicable to their respective fast page mode cycle . 
25: tRAS(min) is specified as two cycles of CAS input are performed. 
26: tCP(max) is specified as a reference point only. 
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M5M4V16160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle (Note 27) 

Limits 
Symbol Parameter MSM4V16160C-S,·SS MSM41 V6160C-6,-6S MSM4V16160C-7,-7S Unit 

Min Max Min Max Min Max 

tCSR CAS setup time before RAS low 10 10 10 ns 

tCHR CAS hold time after RAS low 10 10 15 ns 

Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

SELF REFRESH SPECIFICA liONS 
Self refresh devices are denoted by ·S" after speed item, like -5S/ -6S/ -7S. The other characteristics and requirements than the below are 
same as normal devices. 

TIMING REQUIREMENTS (Ta=0-70'C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 13.14) 

Symbol Parameter 

tRASS Self refresh RAS low pulse width 

tRPS Self refresh RAS high precharge time 

tCHS Self refresh RAS hold time 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

MSM4V16160C-SS 

Min Max 

100 

90 
- 50 

Limits 
MSM4V16160C-6S MSM4V16160C-7S 

Min Max Min Max 

100 100 
110 130 

- 50 - 50 

The last / first full refresh cycles (4K) must be made within tNS / tSN before / after self refresh, on the condition of tNs~64ms and 

tSN~64ms. 

tNS tSN 
~ ~ ~ ~ 

-------------------~I~II~I-----~II~II~ ______________ ~I~II~I~-----~II~II----------------

Unit 

JiS 

ns 

ns 

DISTRIBUTED REFRESH DISTRIBUTED REFRESH 
<4K/64ms> <4K/~ms> 

(2) In case of burst refresh 

The last / first full refresh cycles (4K) must be made within tNs / tSN before / after self refresh. on the condition of tNS +tsN~64ms. 

~ ~ltSN~ 
~III~I --~III~I ~1~111~~1 ______________ ~~I 1~1II--~IIII~~IIII-

BURST REFRESH 
<4K/64ms> 

BURST REFRESH 
< 4K/64ms > 
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\\1\' NARY M5M4V16160CTP-5,-6,-7,-58,-68,-78 
PREl.\ 'lication 

, t a linal speCI, ct to change, 
Notice', This I:\ri~ \ifflits are subIa, 

SOfflepllfaffl FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28 ) 

Read Cycle 

VIH-

VIL -
-~ 

""'..-

~ 

tRC 

tRAS 

tRSH 

tCSH 

tRCO 

VIH­
LCAS/ UCAS 

VIL -
~ 
~ 

-~ tCAS 

~ tCAH 
tRAL 

~ 
tRAH 

IH tASC ....--. 

~ rI ROW,~ ~. COLUMN ~\Uxx 

)(XXXXX '\. ADDRESS ~ f- -' ... 
ADDRESS . .,,-"<"xx 

VIH -

VIL -

~~ 
~xxxxxxxxxxxx XX.71 

VIH -

xxxxxxxxxxx XD xx VIL -

tozc 

r VIH-

INPUTS 
VIL -
~ Hi-Z 

~ tCAC 

tAA 

tCLZ J 

x 
x 

DQ~'-DQ" VaH _ 

OUTPUTS 
VOL -

Hi-Z 

tRAC 
~. 

tozo tOEA 

tOCH 

~xxxxxxx x~~?~~ tORH 
xx X x~xxxxxx x X x xXxxxxxxxxxxxxxxx 

VIH -

VIL -

Note 28 Indicates the don't care input. 

tRP 

/- ~L 
..., 

~ tCRP 
~ 

~ID~ tCPN -'W~ 

l. tASR
• 

XLX.XWJ~ ROW xx x)( 
)( x~~ .... ADDRESS 

~ 
-'t-'X X xxx 
~xxxxxxxxx 

tRCH ~xx xx 'I 

tcoo 

]S2':x:xxxxx 
xxxx~ 

tOFF 

~ DATA VALID 
1/ 

~ 
tODD 

"XXXxxxxxxxxx 
I xxxxxx 

I{ 
x xxxxxx 

VIH(min.) ,;:;a; VIN ,;:;a; VIH(max) or VIL(min.) ,;:;a; VIN ,;:;a; VIL(max) 
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M5M4V16160CTP-5,-6,-7,-55,-65,-75 

FAST PAGE MODE 16777216-BIT(1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Byte Read Cycle 

VIH-

VIL -

UCAS VIH 

(or LCAS) VIL 

~ VIH 

(orUCAS) VIL 

VIH 
Ao-All 

VIL 

VIH 

w 
VIL 

F 
VIH­

INPUTS 
VIL 

DOl-DOs 

(or~OQg-0016~OH _ 

OUTPUTS 
VOL-

f 
VIH 

INPUTS 
VIL 

009-0016 
( or ~Ol-DOs) 

~ VOH-
OUTPUTS 

VOL-

VIH 
OE 

VIL 

tRC 

tRAS tRP 

-r\ tRSH J~ \ 1:-0. ..,f. 

tCSH ~ tCRP ........ 

~ 
tRCO tCAS tCPN 

KXXA7<AA-r- ~\ 
0-

W KXXXXXXI ~t )(AAXXXY ~~ 

~ 
tCAH ~ tF-

KXX7<7<AAT 

V KXXXXXXI tRAO tRAL 
~ 

~ ~AH ~ ~ 
)(xxx)t,'] '-- ROW -' 

~ COLUMN 
~ LX x x x x x x XX)! XXx\' Jr- ROW 

~ ~X XX 
r- ADDRESS .., ADDRESS XXXI ~ ... ADDRESS 

~ """ ..,,-'\.X XX)! 

tRCS tRCH ~ 
I "I 

)(XXX X7< 7)0 '\.::"xx .,()txx XX XI ~7<7<7<A7<AA« 

KXXXA7<XXXX X xx xxxxxxxxxxxxxxx xx XXXXXXXXXXXXXX 
)(XXX X X xx xxxxxxxxxxxxxxx xxxxxxxxxx~ 

AJ<. 

Hi-Z 

tozc tCAC tcoo 

KXXXXXXXX Hi-Z 7<XXXXXX 
)(xxxxxxxx ~,z.xxxxxxxxxxb 

tAA tOFF 

tCLZ 

Hi-Z ~e ~ ) INVALID 
DA AVALID 

,=OATA """ ... If 

KXXXXX 
)(XXXXXX 

tRAC 

tozo tOEA 

x XXx xxx 
XXXXXXXX 

• MITSUBISHI 
.... ELECTRIC 

.~ tOEZ 

tODD 

tOCH 
l~~xxxxx~~ xxxx 

tORH 
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PREL\~!~~~~"" M5M4V16160CTP-5,-6,-7,-55,-65,-75 

Notice: lhiS \:t~~ limits 3t0 91.1 Ie, 

Some pa
ral11 

. FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

VIH-

VIL -

tRCO 

VIH - -~--+-+------~ 
UCAS/ LCAS 

VIL -

VIH-
Ao-A11 

VIL -

Iii VIH-

VIL -

001-0016 

tRAS 

tCSH 

COLUMN 
ADDRESS 

tCAH 

twc 

tCAS 

twCH 

tOH 

tRSH 

tASR 

ROW 
ADDRESS 

I OUTPui~H- _________________________ H_i'Z_. _____________________________ _ 

~ VOL-

OE 
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M5M4V16160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Byte Write Cycle (Early write) 

VIH-

VIL -

UCAS VIH-

(or LCAS) VIL -

LCAS VIH 

(or UCAS) VIL -

VIH-
Ao~All ' 

VIL -

VIH-

w 
VIL 

f 
VIH­

I.NPUTS 
VIL 

001-00S 
(or 009-0016) 

I OUTPUT~OH­
~ VOL-

~ 
VtH 

INPUTS 
VIL 

009-0016 

~\ 
.... 

~ 
tRCO 

W 
~ 

r 
W-

14tASR • ~ ~ 

)C ROW "~~ 
ADDRESS 

--"lIfo- ~_ 

twcs 

~XXXXXXXXXXX~,~ 
1'\...I'I...I'I...I'I...I'I...I'I...I'I.X~x~ 

KX..I'I.X..I'I.XX..I'I...I'I...I'I...I'I...I'I...I'I...I'I.XXX 
KXXXXXXXX..I'I.XXXXXXX 

~ 
xxx ,f-

l<.XXXxxz..xxxxxx x x x xv 
1'1...1'1...1'1...1'1...1'1...1'1...1'1...1'1. -'k-

twc 

tRAS tRP 

--, 

~V ~L 

tCSH 

tRSH ~C tp 
tCAS 

\~ ~V V 
tRPC tCRP 

~ I 
V 

tCAH ~ 
COLUMN ~x XX~f- ROW 

ADDRESS ~~xxxxx XX~~~~ ADDRESS 

twCH J 

'I,~ x x XXXXXXXXXXX~ 
~XXXXXXXXXX..I'I...I'I...I'I.~ 

XIXXx..I'I.xxx..I'I...I'I.x..I'I.xxxxx..I'I.xxxxxxxxxxxxxxxxxxx 
XXXXXXXXXX xxxxxxxxx~xXXX~ 

Hi-Z 

tOH 

DATA VALID ~~XXXXXXXXXXXXXXXXX~XXXX 
~~XXXXXXXXXXXXX~XXXX 

(i::::::~OH-_____________________________________ H_i-_Z ________________________________ __ 

~ VOL-

VtH 

OE 
VIL -
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M5M4V16160CTP-5,-6,-7,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

WC 

tRAS tRP 

VIH-

~~~ ~V~ ~\ 

tCSH 

tRPC 

F tRCO tRSH ~ 
tCf 

tCAS 
VIH­

UCAS/ LCAS 
VIL - fr 7~~ ~W -w 
~ tRAH lAsc 

~ 

)C "~" ROW 
ADDRESS 

..,.... -1~ 

VIH-
Ao-All 

VIL-

VIH 
w 

VIL -

f 
VIH-

INPUTS 
VIL -

001-0016 

~ VOH-
OUTPUTS 

VOL -

VIH-

VIL -
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)(xxxxxxxxxxxxx 
9XXXXXXXXXXxJ 

tRCS ~ 

tozc 
~ 

1';. .............. xxx 
)cxxxxxxxxx xx rJ' KX 

~ 
tozo 

.............. :1);(r-
KXXXXXXxxxxxxxx (\. 
I{XXXXXXXXXXXXXX A 

tCAH lASR 

~r- ~ 
COLUMN vx x x x x x x-"'X"'x ~ 

ROW 
ADDRESS ""' .... ~xxxx xxxx Xlr- ADDRESS 

tCWL 

tRWL 

~\ twP ~xxxxxxxxxxxxxxxx 

~ 
xxxxxxxxxxx~ 

twCH 

t~ 

Hi-Z )~r 
~~ 

~ roI toDD 

1 

• MITSUBISHI 
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.I 

tOH 

-'~x xxxxxxxxx 
DATA VALID XXXXXXxxxxxxxxxx 

~~~XXX~x XXX 

Hi-Z 

~ 
~ ....... x ....... 

'XXXXXX 
~xxxxxxxxxxxxxxxxxxxx 
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M5M4V16160CTP-5,-6,.7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Byte Write Cycle (Delayed write) 

twc 

tRAS tRP 

VIH-

RAS 
;r 

VIL -

~~ 
-'r-
F--------------------------------------------------~~~ 

tCSH 

r tRCO tRSH 

tCAS 
VIH UCAS f' ~~~ ,1( (or LCAS) VIL -

C 
LCAS 
(or UCAS) 

VIH-

if VIL -

~ ~ ~ tCAH 

VIH- ..... ROW :x ~r VIL - r- ADDRESS ... --'r-
Ao-All 

COLUMN ~~xxxxx xxx x x x x X X ~r ROW 
'F-__ +-+-__ A_D_D_R_E_S_S ________ --=:1..:JfM x x x x x x x x x x Y --']I-<-___ A __ D_D_R_E_SS ____ _ 

I 
VIH l'lXXX x xx x:x.;t,-

w l'lxxxxxxxxxxxxYI 
VIL_hxx xxXXY ~ 

tRCS 

~PUTS VIH x x x x x x x x x x x x 
,.... VIL .KXXXXXXXXXXX 

009-0016 
(or ~Ol-DOs) 

t VOH-
OUTPUTS 

VOL-

Hi-Z 

tWCH 

tCWL 

tRWL 

-'r-I\I4-_--"'tw..:..cP __ ~ IXXX x~xxxx~ 
~XX XXXXXXXXXXXX 

r ~XXXXXXXXXXXXX~ 

Hi-Z 

OE VIH = §~~~~~~~X~~XX~~XX§}(~J\~_...J xxx xxxxxXX '"\ 
VIL - xxx .A 
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MITSUBISHI LSls 

. l'tJ\'NARY M5M4V16160CTP-5,-6,-7,-5S,-6S,-7S 
PRE. t a tinsl spec~.i~~~\~;~nan\le. 
Notice', lhi~:t~~\i!l\\tS ere su I· 

some para FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

tRWC 

tRAS tRP 

VIH-
~~ ~V~ -,,' b VIL -

tCSH 

~ tRCD tRSH 
~RPC 

r tCAS 

VIH­

UCAS/ LCAS 
VIL - W -~r ~19 -w 

VIH-

Ao-All 
VIL -

VIH-
w 

r: VIH-

INPUTS 
VIL -

001-0016 

~ VOH-
OUTPUTS 

VOL -

VIH-

OE 
VIL -

5 - 332 

tRAO 

~ l~tRAH ~ ~ 

~ ROIv ~ ADDRESS ~ 

KXXXXXX KXXXXJI 
~)II;)II;)II; )II;)II;)II;:}'~ 

I

tRCS ~ 
tRAC 

14-1 tozc ~ 

X-XXXXXXXXXxx 
KXXXXXX)II;)II;)II;)II;)II; 

Hi-Z 

~ 
l()II;)II;X)II;X)II;XX ~ 

X-XXXXX X 

tCAH tASR 

-"<-LX .... X!+J>-COLUMN 1X)t' .................. .................................... ROW 
ADDRESS ... 'f-XXX)II; ...... )11;)11;)11;)11;)11;)11; >Uo- ADDRESS 

tCWD ~ 
tAWD 

tRWD tRWL 

-"~ IX ...... )11;)11;)11;)11;)11; 

.A)II;)II; ...... )II;)II;)II;)II;)II;)II;)II;)II;X)II;XXXX 

twp J 
'1 

tCAC 

fAA tDs tDH , ... 
Hi-Z -"<-l~"-

DATA VALID IYXXXXX xx 

~~ ... ..,~X 

~ ~ ALI , 

F--< 
tOEA 

tODD 

~ tOE: 

<-

• MITSUBISHI 
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MITSUBISHI LSls 

M5M4V16160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Upper I (Lower) Write, Read-Modify-Upper I (Lower) Write Cycle 

VIH-

UCAS VIH-

(or LCAS) VIL-

LCAS VIH-

(or UCAS) VIL -

VIH-
Ao-All 

VIL -

VIH 
w 

r. VIH­
INPUTS 

VIL -

DOl-DOs 
(or 009-0016) 

~ VOH-
OUTPUTS 

VOL-

r VIH-
INPUTS 

VIL -

DQs-D016 
(or DOl-DOs) 

t VOH­
OUTPUTS 

VOL-

VIH 

VIL 

tRWC 

tRAS tRP 

~\ vr 

-=>F-
~~ 

tCSH 
tRPC 

r tRCD tRSH .... 
tCf 

tCAS 

W ~\r V ~w 

~ 
W 
~ ~ ~ 

) ROW "~" ADDRESS 
~F- .-

xxx x xx» ·~xxx 
~ 

V)(f 

tRCS 

xxx xxxxx xxx x x xxxxx 

tRAC 

.-~ 

h: X x x x X xXxxxxxxx.JlC 
xxxxxxxxxxxx 

Hi-Z 

~ 

)(XXXXXXXXXXx.x.x.x 
~ xxxxxXXXxxxxxxX 

tRPC 
tc~ 1 

V 
tCAH ~ 

COLUMN --' .... xx~,F- ROW 
ADDRESS AXXXXX ~~~~ ~ .... ADDRESS ...,F-

tCWD 
~ tAWD 

tRwD tRWL 

-'i\ ~xxxxxxxxxxxxxxxxx 

~xxxxxxxxxxx~ 

x xxxxxxxxxxx 
xxxx 

Hi-Z 

tAA t~ 

Hi-Z ~~ 
'~ .... 

tCAC 

tCLZ 

~~ 
roEA~ 

tOEZ 
tODD 

• . MITSUBISHI 
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0-

twp J 
"I 

xx 
xxxxxxxxxxxx{{xxxxxxx~ 

XXXXxxxxx XXXXXXXX 

tDH 

DATA VALID -<~xx~xXXX :~xxxxxxxxxxxx ... 

Hi-Z 

~H 
~XX){Xx xxxx~ 

~xxxx xxxxxxxxxxx~ 
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MITSUBISHI LSls 

M5M4V16160CTP-5,-6,-7,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

tRC 

tRAS 

VIH -

VIL -

VIH _~"""''''''''''--------------------""","",'''''''lI''''''IIr-+----
UCAS/ LCAS 

VIL -

VIH-
Ao-A11 

VIL -

ROW 
ADDRESS 

fNPUTS VIH 

VIL -~.g",Q~oA"/;~lIwQ,.o~,Q"",Q,.oCIo...CI~~lIwQ,.o~,Q"",Q,.oCIo...CI~~~~~.oCIo...CI~~lIwQ,.o~,Q",,,Q,.oCIo...CI~lwCIwII:lWCIo..oI:lIw 

DQ1-DQ16 

I OUTPU.;(?H - H.Z 

~ VOL-

5 - 334 

VIH 

VIL -
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M5M4V16160CTP-5,-6,-7,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

VIH-

VIL -

VIH­
UCAS/ LCAS 

VIL -

Ao-All 

w 

tRC tRC 

tCSR 

tCDD 

FNPUTS VIH - -----.:--t---~~~~~~~~~~~~~~~~~~~~~~~~ VIL -

DQ1-DQ16 

IOUTPUT~OH-~~~~~~ ______ j-______________ ~H~i-Z~ __________________________ __ 

~ VOL-:l, 

tOEZ 

tODD 
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MITSUBISHI LSls 

M5M4V16160CTP-5,-6,-7,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-8IT) DYNAMIC RAM 

Upper I (Lower) CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

VIH-

RAS 
VIL -

UCAS VIH-

(or LCAS) 

LCAS VIH 

(or UCAS) VIL -

VIH-

Ao-A11 
VIL -

VIH 

VIL 

~ 
VIH 

INPUTS 
VIL 

001-00a 
(or 009-0016) 

I OUTPUTS
VOH 

L VOL 

~ 
VIH-

INPUTS 
VIL 

009-0016 

(or 001-00a\OH_ 

I OUTPUTS L VOL 

VIH 

OE 
VIL 

5 - 336 

tAP tAC tAC 

tAAS tAP 
tAAS J 

J"- -"\ yr .~\ l~ 
-' 

\.--' ... ..,'-.... 

tAPC tCSA ~C tCSA ~ ICf 
...... 

I 
~ 

~~ ~ ~r tCHA -Y .'~ 

I\cp~ 

~1 ~ !4 ~ ~ ~ 
««x V V V ~ 

~ 
X~~~ 

xxxxxxxxxxx~xx x~xxxxx ~.., ... 
ROW 

xxxxxxx~xxxxxxxxxxxxxxxxxxx XI 
ADDRESS xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx y~ .... 

tACH 

H 
~~~~~~~~~~~~~~xxx~x~~~~~ x xx 

tOFF .... 
KX x xxx xxxxxxxxxxxxxx x 
KX xxxxxxxx XXXXXXXXXXXXXXXXXXXXXx xxxxxx 

~xx 
x 

V-xx x xx 

I; 

~ ~ 
x Hi-Z 

tCDD 

~ 
XXXXXX xxxxxxxxxxxxxx 
xxx 

tOEZ 

xxxxx Hi-Z 
xxx 
xxxxx 

tODD 

xxxxxxxXXXXXXXXXXXXXXXX XXxxxxxxx 
x xxxxxxxxxxxxxXXXXxxxxxxxxxxxxx~ 

• MITSUBISHI' 
IIi'& ELECTRIC 

·xxxxxxxx 

xxxxxxxxxx 



MITSUBISHI LSls 

M5M4V16160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216~BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

VIH-

VIL -

____ VIH­

UCAS/LCAS 
VIL -

VIH-

Ao-A11 
VIL -

VIH-

w 
VIL -

f VIH-
INPUTS 

VIL -

OQ1-0Q16 

I VOH-

~PUTS 
VOL-

VIH-

VIL-

tRC tRC 

tRAS tRP tRAS tRP 

~ 

~ .. V
r ~\ ~~ ~'--

-~ .-

tF 

tRCD tRSH tCHR 
~C 

F 
~ ~~r ~~ ~-V 

tRAD 

t~ l~tRAH. ~ tCAH tASR 

) r ROW -' ~r COLUMN ~I\xxxxxx XXXXXXXXXXXXxX~ ~r ROW 
ADDRESS ADDRESS }';x}';}';x}'; xx T~ .. ADDRESS .- .., '- .... -,r 

tRAL 

~ L tRCS 

)("xxx 7' ,(XXX}';xx}';xx X~ 
){XXX 'f...Xxxxxxxxxxx x}';XXXXXXX 

J<. 

tozc 
tCDD 

lit x Hi-Z ]~ 
lItXXXX x 1M ~~ 

tCAC 
tRAC tOFF 

rou~ Hi-Z 

~ DATA VALID -

tozo tOEA tOEZ 

tODD 

tORH 
xxxxxxx XXXXXXXXXXXXXX 
xxXXXXX.x }\ L XXx xX.x xx XXXXXX 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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,,,,,'NARY M5M4V16160CTP-5,-6,-7,-58,-68,-78 
P REL . eci\icatlOrL e 

, ' {lot \l IIf1ll1 SP '(lct to chang 
Notice'. ,hIS '!triC I\mits are sub! 

somepara
m 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Hidden Refresh Cycle (Byte Read) (Note 29) 

RC .1 tRC 

tRAS tRP J tRAS tRP .. 
-~r ) \.- .V 

.... -L ~ -, 

tRCO tRSH 
~C 

tCRP 

VtH-

RAS 
VIL -

tF 
tCHR r 

W 
--' 

~/r W ~~ 
UCAS 

(or LCAS) 

VIH-

tCRP 

~ I 

~ ~V LCAS 

(or UCAS) 

VtH 

VIL -

VIH-

VIL -

VIH 

VIL 

~ 
VIH-

.INPUTS 
VIL-

001-00e 
(or 009-0016) 

~ VOH':" 
OUTPUTS 

VOL-

r VtH­

INPUTS 
VIL -

009-0016 
(or DOl-DOe) 

~ 
VOH-

OUTPUTS 
VOL-

VIH 

VIL 

5 - 338 

tRAO 

)~~~ 
~C tCAH tASR 

.... 
COLUMN .... fXX X XXXxxxxxxx r ROW 

ADDRESS r- ADDRESS 
IXX :x XXX X x 

ADDRESS 
r ~u;.x xxxxxxxx vx< ' .... 
r~ tRAL ~. 

xxx xxx x x, !\Xx X xxxx xxxxxxxxxxx 
xxx xxx x XI' , ~Xxx xxx xxxxxxxxxxx 

lCXXX XX X xxxxxxxxxxx xxxxxxxxxxxxxxxx x~x XX~ xx x xxxx x xxxxxxxxX.xx xxxxxxxxxxxxxxxx xxx 

Hi-Z 

tozc tcoo 

»x 
X Hi-Z XXXX 
x xxxx 

tCAC 
tOFF 

~ 
Hi-Z €?r \ 

DATA DATA VALID I r 
tAA 

tRAC tOEZ 

~ 
tOEA tODD 

tORH 
xxxxxxxxxxx~ xxxx xxx 
W X XVA~ 

f ~X 
lCXXX x~.- IX 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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MITSUBISHI LSls 

M5M4V16160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

tRAS 

tCSH tpc 

---:l~ 

r\.-
VIH-

RAS 
VIL -

tF 
tRCD tCAS 

~ tCAS 

VIH­
UCASI LCAS 

VIL - W-

tRAD 

~~~ ..,~r ~~ 

tASRtRAH tASC tCAH tA~ tCAH H ~ U~ 

)r ROW~~ ~ ~}r-VIH- r- COLUMN 

ADDRESS r .... ADDRESS-1 Ao-Al1 
VIL -

VIH xxxx 
)';XJCX)'; .... x w 

VIL 'ex 

r VIH 
INPUTS 

VIL 

OQ1-0Q16 

b VOH-
OUTPUTS 

VOL-

"-xxxx 
{X 

tRCS 

I 
XYf' 

~~ 
xxx .... 

XXIr 

Hi-Z 

tRAC 

~ 
'")("-X),;XXX),;~~~ 

A 

VIH 

OE 
VIL 

~ 

taz~ 

tAA 

tOEA 

tOCH 

~ 

COLUMN , 
~ ~ .... ADDRESS-2 ...., 

tAA 

tRCH 
--f rtR~ I+-

IV 
tcoo ~ ~ tozc 

J.. \ Hi-Z 

" l I. tCAC ~ 

tOFF~ 

f- DATA .... 1\ ~ 
..... VALlD-1 If ~ 

tCPA 
I' 

to~z 14- tDZO 

~~ ~ tOEA. 

tODD 
tOCH 

xx)';xx 
IX xxxxx A 

• MITSUBISHI 
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tRP 

tCPRH 

tRS~ I
r 

~~ 
..,'-

~ 
tcp tCRr 

tCAS 
I+-~r-

~~~ ~~ :tW 'W' 

tRAL 

tCAH 
~ ~ 

~ :El') PAj'- COLUMN ~~ ~ .... ROW 

-,~ ~r- ADDRESS-3 I...;~ADDRESS ....,~ 

tRRH 
tAA 

tRCH 
-4 
If't± 4-

IV tRCH ~~ 

tCDD .... tozc tCDD 

j, ~ ~&V 
, t: ~~ 

tCAC tOFF 1-1' ...-. 
tOFF .... tCLZ~ 

'- DATA "', ~ 
DATA ..... ~ ~ VALlD-2 .J ~ ..... VALlD-3 .., 
~ 

~ 

tCPA 
I 

tORH 
~ 

tOEZ tOEZ 

~ ~ ~tOE\ 
..... 

lotio 
~ 

I. tOCH • 

Ie X)';)';X \. 
XXXXX 

L XXX)';)'; ~ " LJ, ~XXXX 
IX XX 
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MITSUBISHI LSls 

PREL\~!!!,~~~"" M5M4'V16160CTP-5,-6,-7,-58,-68,-78 

Nolice: ihis I:t~~ limits are subll) -

Some par am FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Fast Page Mode Read Cycle 

tRAS tRP 

tCPRH 
tCSH tpc 

RAS 

t~ 
VIH-~r- "'---'-lr 
VIL- ~I~~-------------------+-+--------------------~-----------r-Ji~~ 

tRCD tCRP 

I 
tCAS tcp tCAS ~C~ -J tC1- *-tcp 

UCAS VIH ~ 

(or LCAS)VIL-Sf 

tc~ 

~\ ~t1 W 

tRAD 

tA~ ~AH tCAH 

VIH _yr ROW r-~r COLUMN 
Ao-Al1 VIL _ ADDRESS '- -'~ ADDRESS-1 

tRCS 

I 

(.XXXX XI w VIH - <XXXX X)iII· 

VIL -

-' 

..., 

~ tCAH 

A ~f- COLUMN 

" ~k-
ADDRESS-2 

tAA 
tRCH tR~ 
~. 

V 

tRAL 

~ tASC~ tCAH 14tASR~ 

~p., ~ COLUMN I ~ ROW 

~~ ~'jr ADDRESS-3 ADDRESS 

L tRRH 

tRCH tR~ H 
V- tRCH -'~ 

C VIH - ~~x~x§x~x~~x~~xx~mx~~xxmlx~x~x~x~x~~~x~x§x~x§x~~§~mx~mxm~x~x~x~~xx~x~xm~x~x~m~x~x~x~x~x§x~x~ I INPUTS ~ ~ X xxx xxxxx xX¥x.xx xxxxxxx xx x 
DOl-DOs VIL -

(or 009-0016) 

OUTPUTS ______ ~--__ _+--~_+-------+~------_+~-H-i-~Z--+_~~------_+_+~~~~---------E
-VOH-

VOL-
tDZC 

tCDD ~.:=:. 

l ~ 
~ f.. F VIH "X'xxx XX7't:t-

INPUTS oexxxxx xxx 
VIL x x x x xxx 

Hi-Z 

~ tCAC ~s. 009-0016 
(or DOl-DOs) 

E 
VOH­

OUTPUTS 
VOL-

5 - 340 

J-ii-Z 

,.------ r ~ tOFF~'---'-

DATA -'11\)H-______ ~lY"lr- DATA -'f\.>++ _____ -()J'1~r- DATA -'~_ 
tCLl ~--,r--+-+--~ ~tCLl ~ tCLl H 

VALlD-1 -X -' VALlD-2 ..,~ ~ n .. VALlD-3 ,'l. 
tAA tCPA tCPA tOR~ 

tRAC 

tDZO tOEA 
~ 

lOCH 

.r 

tOEZ 
.... If-~ 
~ ~ 
tODD 

I:X.XXXX 
#:XXXXX 1. 

IX xxxxx )Q 

• MITSUBISHI 
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tOCH 

tOE~ 
~ ~tOE\ 

b 
tODD 

r~ 
l~ ~ n< xxx x 

I( xxxxx ~ 

tOEZ 
~ 
I\ODti 

-xxxxx 
I. XXX}';X 

I{ xxxxx 



MITSUBISHI LSls 

M5M4V16160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

tCSH 
VIH-----,. 

VIL -

tRCO 

VIH _~~-+-+----......h:­

UCAS/ LCAS 
VIL -

VIH-
Ao-All 

VIL -

tCAS 

INPUTS xxxxx f VIH-~ VIL -~Q,Q~~;:w;:"r ~ ___ --.;;~ 

DQ1-DQ16 

tRAS 

tpc 

COLUMN 
ADDRESS-3 

tRP 

I OUTP~~~- __________________________________ ~H~i-Z~ ______________________________________ __ 

~ VOL-

OE ::: = 
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PREl\~~!!~~~,. M5M4V16160CTP-5,-6,-7,-5S,-6S,-7S 

Notice: ihis '\::~\~;i~S are subject to c 

Sorne pa
rame 

FAST PAGE MODE 16777216,.BIT (1048576-WORD BY 1-6-BIT) DYNAMIC RAM 

Fast Page Mode Upper I (Lower) Byte Write Cycle (Early Write) 

VIH 

UCAS VIH-
(or LCAS) V 

IL -

LCAS VIH-
(or UCAS) 

VIL-

~\ 
..... 

tf 

W-
tCRP 

I 
>ff 

tASR tRAH 
~ ... 

tR S A 

tCSH 

tRCO tCAS ~ 

--, ..,~ 

~V ..... 

~ 
tCAH ~ 

tRP 
tpc 

tRSH II"'"" ~\ 
~ r-

tCAS 
~ ~ tCRr 

~ ..... l~ \. tCAS V .1 
........ + 

tRPC 

~ ~ 

W 
tCAH lAsc .......... teAH ~ 

VIH-) r- ROW ~r COLUMN - ... ~...,r- COLUMN ~~ 15!5!';.. 1- COLUMN ~~ ROW 
~OORESS ADDRESS-1 I~ ADDRESS-2 ,~ ADDRESS-3 ADDRESS r- ... ",=- ~-=:; f- -' ...,~ --

Ao ...... All 
VIL -

VIH 
w 

VIL 

r VIH­
INPUTS 

VIL-

DOl-DOs 
(or 009-0016) 

~ 
VOH-

OUTPUTS 
VOL-

r;PUT~IH I···· VIL 

009-0016 
(or DOl-DOs) 

~ x x Y:x\ twcs twCH ~xxxx~ twcs twCH IX X X X X\ twcs twCH xxxxx 
~lxxxxx" ...... ~xxxxxx~~ .... xxxxxxx xxxxxxx x"W' 

x~ 

r;.xxxxxxxxx xxx x~x xxxxxxxxxxx 
r;.xxxxxxxxxx xxx xxx xxxxxxxxxxx xxxxxxxx 
-;.xxxxxxxxx xxx xxx xx xxx xxxxxxxxx~ 

Hi-Z 

~~ ~ tOH ~ tOH 

xx 'W~ -~..,~ ~r-~"'f- -,- xx 
~xxxx~1\ DATA VALlD-1 XXXXV DATA VALlD-2 ~ DATA VALlD-3 )t(xxxxxxxx 

XxxxxxY ..... ..,r-~-'"", ""'-.~~..... ..,,-,,"xxxxxxxx 

I OUTP0~~-________________ ~ ________________ H~i~-Z~ ______________________________________ __ 

L VOL-

5 - 342 
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M5M4V16160CTP-5,-6,.7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Delayed Write) 

VIH-

VIL -

VIH 

UCAS/ LCAS 
VIL -

VIH-
Ao-All 

VIL -

VIH 
w 

VIL 

INPUTS 
VIL f 
VIH 

OQ1-0Q16 

b VOH-
OUTPUTS 

VOL-

VIH 

OE 
VIL 

tRSH 
tRAS 

tRP 
tCSH tpc 

-\ 
0-

l~ 
"-

~~ 

tRPC 

~ tRCO tCAS e tCAS 1 tCF 

W ~~ ~~ ~ U V 
tRAO 

~ 1!AH n 14 tCAH • e ~ +-~ tASR 

)r ROW ~ f- COLUMN ........ xxxxx "}f- COLUMN -.... 

x x x.J
r ROW vx xx 

..... ADDRESS ~ ... 0- ADDRESS-1 "" lV'X"X'>6 n ..... ADDRESS-2 ,(XXXXX XXXI ........ ADDRESS 

~ 
twCH tRCr tCWL 

\~ XXXX7r Iff XXX)v twP 
XXXX XXX7 c........;; ~ 

toze ~ ~toz~ 
'lXXXX ~~ DATA ~~ 
<XXXX v ~r VALlD-1 ~ 

~O 
tcLZ 

~~ Hi-Z 

~' 

~ tozo tOEH 

~ 
toDD 

:xJr" 
XA 
xx\ 

;- -'r-

• MITSUBISHI 
"-ELECTRIC 

.., 

twCH 

~ 
tCWL 

"f\ IXXXXXXxxxxx 
twp KXxxxxxxxXj(X' 

..... -', oX X X X X X X X X X X x 

~ ~ 
}~f- DATA rI..XXXXXX~ 

~II' Ir- VALlD-2 ~xxx xx 
'- xxxx 

~~ 
~~ 

roEZ~ tOEH ~ 

to~D 0\ 

~~~~~ 
,"xx X X 

5 - 343 



MITSUBISHI LSls 

PREL\~~~~~~,. M5M4V16160CTP-5,-6,-7,-5S,-6S,-7S 

Notice', ThiS \!t~~ \ilnitS ",re subj(lC 

Some pa
ram 

FAST PAGE MODE 16777216w BIT (1048576wWORD BY 16wBIT) DYNAMIC RAM 

Fast Page Mode Upper I (Lower) Byte Write Cycle (Delayed Write) 

VIH-

VIL-

OCAS VIH-

(or LCAS) , 
VIL-

LCAS VIH-

(or UCAS)V 
IL-

VIH_ 
Ao-All 

VIL-

VIH 

w 
VIL 

r= VIH 
I INPUTS 

OQ1-00S VIL 

(or 009-0016) 

~ 
VOH-

OUTPUTS 
VOL -

tAAS 

tCSH 

~~ 
..Jr-_ 

~ tACO tCAS ~ 

W -, lr=----~~ = 

~ 
W 

tAAO 

~ tAAH I~sc~ tCAH 
~ ~ H 

:) '- ROW 

~ 
.... COLUMN ~ .J'""" COLUMN 

ADDRESS, ADDRESS-1 \r ADDRESS-2 '(~xxxx .- .... r 

r twCH 
tF tCWL 

~XXXYJ ~l\~ ff 
o;;XXXXXA.A.H 

twp 

F--=l ~ 

~xxxx x x xx xx xx XXXXXX XIXXX xx 
... ,X,X A.A.,X A.A.~,X,X ,X,XA. XIXXA.A. 

Hi-Z 

-

tozc ~ '~ t~ 

tASH 

tAP 
tpc 

Ic-
..,f-

~L 

tCAS Ii tCF 

l~ Y .., 

i
PC 

tc~ 

V 
...!.A~ tASA 

~xxxxx xxxx~'- ROW 
... "t;.Xxx xx XXXX'~.- ADDRESS 

tWCH 

rc-WL 

~~ F"A.A. A. 
~twP Jl::XX,XA.,X 

~ r- XXXX ,X 

XXXXXIX A. A. A. A. XXXXXX 
A. A. ,X A.A.,X,X A. A. xx 

~ ~ 

f 
VIH 

INPUTS 
VIL 

o;.XXXX-'· 

~K <X,X xx 
DATA ~J, l~ ... DATA rIXXXXA.XX,XXX 

IIICXXXXXX XX,<< 

009-0016 
(or 001-0QS) 

~ 
VOH-

OUTPUTS 
VOL-

VIH -

DE 
VIL 
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M'SM4V16160CTP-5,-6,-7,-55,-65,-75 
PR 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

VIH 

UCASI LCAS 
VIL -

VIH-
Ao-A11 

VIL -

VIH 

VIL 

f VIH 
INPUTS 

VIL 

OQ1-0Q16 

1 VOH-

~TPUTS 
VOL-

VIH 

OE 
VIL 

tRAS 
tRP 

tesH tRSH 

~I\ -rvr 
~L 

r- ..... ~ 

tPRwe 

~ tRCD tCAS ~ teAs ~e tc~ 

>if ~~~ D~ ~ g V 
tRAD 

~ fr 9~ ~ ~ tASR 

)r ROW ~~ "- COLUMN. ~r- ..,'- ...,.. 
"1~ 

vxxxx v COLUMN x xxxN ROW 

~ ADDRESS 1_ ADDRESS-1 .,;<-\Xxxx -' ~ ADDRESS-2 -->,-YXXXXX XXJl'J --'~_ ADDRESS .-

M~ twCH tRe~ twCH 

tAWD tc~ tAWD ~WL 
oexxxx x--7' --'\ twP 9 --'\i IXXXXXXXXX~ 
<XXXX tCWD tCWD twP KXXXXXXXX~» 
o(x f:Y li .....----.: ~ 

tRAC 

tAA 

tDZC 
tc;b tDS ~ tDZC 
~ R ... ~ ~ 

"xx Il~~ DATA -:w~ )~,... DATA 
k-- XXXXXX 

'!;xxxx IrI' 

tOEA 

tDZO 

l ~ 

I 
(Xxxxx.x 
<xxxxx:x~ 

(XXXXXX Xl-'-

I~r'<- VALlD-1 ~rr ~teAe. ~I ~ VALlD-2 

~O 

t /~~[1~-1 
~ DATA 

Hi-Z :AJ V VALlD-2 

'if:. ~ tOEZ 

tOEH to~ 
tODD L. 

tODD 

~\LI 
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PREl~o~~~~~~",' M5M4V16160CTP-5,-6,-7,-5S,-6S,-7S 

Notice', 1\'1,$ I\ric lirnits are su \ 

sorne pa
rarne 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Upper I (Lower) Write, Read-Modify-Upper I (Lower) Write Cycle 

tRAS 

tRP 
tCSH tRSH 

VIL-

VIH -----t 
~~ -J~ 

I~F~~------------------------~------~--------------------~~~ 

UCAS VIH-W 
(or LCAS)V 

IL -

LCAS VIH-W 
(or UCAS) 

VIL-

~SR 
~ 

tRCD 

tRAD 

~AH 

tPRWC 

tCAS 

tRPC tCRP 

~ ~ 

tCAH ~SR 

~ ~ ~ ; ; ; ~ I COLUMN ~r-: ~ ; x x x x x x X x'"Jf- ROW 

-, l ~ x x x XI '~= ADDRESS-2 -=:I~X x x X XI ~_l"'iOO-__ A_D_D_R_ES_S __ _ 

VIH - Vf- ROW I\AI r COLUMN 

Ao ...... All VIL _ --f\ ADDRESS ~<- ADDRESS-1 

tRc-is f-----J twCH 
tR~ 

twCH 

~WD ~ 
tCWL ~~~~~~~~=1=t=~=W=D====~t~ 1- -

VIH - sz.x< x x: x x x: x X 71 tCWD ~r\ twp 61' 
VIL _ <;«f- x x x x X N ff-ir-------.! ~ ~ w tCWD 

~\ twp IXXXXXXxxxxx 
IKXXXXXX XXXXX 

~ VIH-~~xx~~~~~x~x~x~~~~~x~~xx~x~x~~x~~xx~~x~~~~~~x~x~x~x~~~~~~~~~~~~~~~~ I INPUTS xxxxxx xxxx XX xxxxx x .xxxxxx X xxxxxxx? 
DOl-DOs VIL -

(or 009-0016) 

~ 
VOH- Hi-Z 

OUTPUTS ------------+----~~-r~----------+-r~~----+~---------------~~-----------------------
VOL - ~A 

tDZC tCAC 
~ 

tRAC ..I. ~ 

f VIH- {XXXX 14--..:;.,;;,.=---I------.tjr''\t'- DATA -'\.r~ ")~ ... DATA 
INPUTS ~x~x~~~------------_t--~~~SX IJ~>---+---~--~KI 

VIL - )cXXXX~f- ~, -'k- VALlD-1 --,I,~ ~, k- VALlD-2 

OO~6 ~ ~ 
(or DOl-DOs) ~LZ ~ DATA ~ DATA 

VALlD-2 

rLXXXXXXXXXX 
Atxxxxxxxxxx 
~'"x 

~ VOH- ~1./VALlD-l Hi-Z \j~ 
OUTPUTS ---------~---------------~I~------+-~---~---~~~I.~~---~------------------------

VOL - tOEA '/':.~ ,J 

OE 
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Self Refresh Cycle * 

VIH-

VIH­

UCAS/LCAS 
VIL -

VIH-
Ao ...... All 

VIL -

VIH-

Vi 
VIL -

MITSUBISHI LSls 

M5M4V16160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

tRP 
tRPS 

tRASS 

ROW 
ADDRESS 

tRCH 

r VIH-m~mm~~~~ INPUT 
VIL -

DQ1-DQ16 

I OUTPUTVOH-~O<KX~~~ ____________ ~ ________ ~H~i-Z~ ______________________ ___ 

L VOL - ~~CiI.CI.cw:':.Cf 

tOEZ 
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EL'N\'NARY M5M4V16160CTP-5,.6,-7,-5S,-6S,-7S 
P R . no' a lina\ speciti~~~\~~~hange 
NotiCo: ,his 1!"iC lirl'its are subl 

Sorl'e para", . FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Self Refresh Cycle *. 

tRP tRPS 

~~ ~MS J~ 
\~~----------~------------~~~~ 

tRPC 

~ ~ 
UCAS 

(or LCAS) /
-,. ~~-

VIL- ___ fJ' ~.-

VIH-

tRPC 

i:OAS" 
(or UCAS) 

w 

~H 

VIH=.---------r-~~~~~~xx~~~~~~~x~x~x~x~~xx~x~x~x~x~x~x~x~x~x~x~x~x~x~x~x~x~~x.~~~~~~~~x~x~~xx~ ~xxxxxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxx 
VIL - ,"xx xxxx xxxx xx x xxx xxx xxx 

INPUT 0( x x x x x x x x x x x x x x x x x x r VIH-o(xxxxxxx xxxxxxxxxxxxxxxxxxx x xx 

VIL _ xxx 

OQ1-0Q16 

I OUTPUTVOH-~[T L VOL - :L::~~OC~::r 
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M5M4V18160CTP-5,-6,-7, 
-5S,-6S,-7S 

FAST PAGE MODE t6777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 
The use of double-layer metal process combined with· twin-well 

CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RA§ ~ 
Type name access access 

time time 
(max.ns) (max.ns) 

M5M4V1816OCTP·5,-5S 50 13 

M5M4V1816OCTP-6,-6S 60 15 

M5M4V1816OCTP·7,·7S 70 20 

eStandard 50 pin TSOP 
eSingle 3.3V ±0.3V supply 
eLow stand-by power dissipation 

Address 
access 
time 

(max.ns) 

25 

30 

35 

OE Cycle Power 
access 

time 
dissipa-

time lion 
(max.ns) (min.ns) (typ.mW) 

13 90 540 

15 110 450 

20 130 390 

1.8mW (Max) - - - - - - - - - - - - - - - - - - - - - - - - - - CMOS Input level 
eLow operating power dissipation 

M5M4V1816OCTP-5,-5S -----------------. 650.0mW (Max) 
M5M4V18160CTP-6,-6S - --------- -------. 540.0mW (Max) 
M5M4V1816OCTP-7,-7S -----------------. 470.0mW (Max) 

.Fast-page mode, Read-modify-write,RAS-only refresh 

PIN CONFIGURATION (TOP VIEW) 

Al 

A3 

vee 

0014 

0013 

Vss 

0012 

0011 

0010 

OE 

A7 

A6 

As 

A4 

vss CAS before RAg refresh, Hidden refresh capabilities 
eEarly-write mode and OE'to control output buffer impedance 

All inputs, output TTL compatible and low capacitance 
e1024 refresh cycles every 16.4ms (Ao-A9) 

Outline SOP3G-F (400mil TSOP Normal Bend) 

* : Applicable to self refresh version (M5M4V18160CTP-5S,-6S, 

-7S : option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-A9 Address inputs 

OQ1-0Q16 Data inputs/outputs 

RAS Row address strobe input 

UCAS 
Upper byte control .. 
column address strobe input 

LCAS 
Lower byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vee Power supply (+3.3V) 

Vss Ground (OV) 

• MITSUBISHI 
"ELECTRIC 

NC: NO CONNECTION 
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M5M4V18160CTP-5,-6,-7,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY .16-BIT) DYNAMIC RAM 

FUNCTION 

The M5M4V18160CTP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, e.g., 

fast page mode, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs Input/Output 

RAS LCAS UCAS W OE DOl-DOs 009-0016 

Lower byte read ACT ACT NAC NAC ACT OOUT OPN 
Upper byte read ACT NAC ACT NAC ACT OPN OOUT 
Word read ACT ACT ACT NAC ACT OOUT OOUT 
Lower byte write ACT ACT NAC ACT NAC DIN ONC 
Upper byte write ACT NAC ACT ACT NAC ONC DIN 
Word write ACT ACT ACT ACT NAC DIN DIN 
RAS-only refresh ACT NAC NAC ONC ONC OPN OPN 
Hidden refresh ACT ACT ACT NAC ACT OOUT OOUT 
CAS before liAS" refresh ACT ACT ACT ONC ONC OPN OPN 
Stand-by NAC ONC ONC ONC ONC OPN OPN 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : invalid, APD: applied, OPN : open 

BLOCK DIAGRAM 

ROW ADDRESS 
STROBE INPUT RAS 

LOWER BYTE CONTROL __ 
COLUMN ADDRESS LCAS 

STROBE INPUT ~ I 
UPPER BYTE. CONTROL UCAS c..J---I 

COLUMN ADDRESS 
STROBE INPUT 

WRITE CO~~~3!r IN 

ADDRESS INPUTS 

5 - 350 

Ao 

Al 

A2 

A3 

A4 

AS 

A6 

A7 

As 

A9 

LOWER 

UPPER 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & I /0 CONTROL 

MEMORY CELL 
(167n216BITS) 

• MITSUBISHI 
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---. ..:=-QVCC(3.3V) 

~VSS(OV) 

I DOl) 002 

: LOWER DATA i INPUTS I OUTPUTS 

DOs . 

DQ9j DOlO 
: UPPER DATA 
1 INPUTS I OUTPUTS 

0016 

OE &~1frUT ENABLE 
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M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -0.5-4.6 
VI Input voltage With respect to Vss -0.5-4.6 
Vo Output voltage -0.5-4.6 
10 Output current 50 
Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.0' VCC+O.3 V 
VIL Low-level input voltage, all inputs -0.3 0.8 V 

Note1: All voltage values are with respect to vss. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Min 

VOH High-level output voltage IOH=-2.0mA 2.4 
VOL Low-level output voltage IOL=2.0mA 0 
loz Off-state output current a floating OV;;;;VOUT;;;; 3.3V -10 
II Input current OV;;;;VIN ;;;;3.6V, Other inputs pins=OV -10 

Average supply current M5M4V18160C-5,-5S ----
RAS, CAS cycling 

ICC1(AV) from Vcc operating M5M4V18160C-6,-6S tRc=twc=min. 

(Note 3,4,5) 
output open 

M5M4V18160C-7,-7S 

RAS= CAS =VIH, output open 

Icc2 Supply current from Vcc, stand-by (Note 6) RAS= CAS ?;'Vcc -0.2V 
output open 

Average supply current M5M4V1816OC-5,-5S 
RAS cycling, CAS=VIH 

Icc3(AV) from Vcc refreshing M5M4V18160C-6,-6S tRc=mm. 

(Note 3,5) 
output open 

M5M4V18160C-7,-7S 

Aver~e supply current M5M4V18160C-5,-5S 
RAS=VIL, CAS cycling from cc 

ICC4(AV) Fast-page-mode M5M4V18160C-6,-6S tpc=min. 

(Note 3,4,5) 
output open 

M5M4V18160C-7,-7S 

Aver~e supply current M5M4V18160C-5,-5S CAS before RAS refresh cycling 
ICC6(AV) from cc 

CASbefore RAS refresh M5M4V18160C-6,-6S tRc=min. 

mode (Note 3) 
output open 

M5M4V18160C-7,-7S 

Sland-by: 
RAS~Vcc-o.2V 
CAS~ Vcc-o.2V or CAS~O.2V 

CAS before RAS refresh:· 
Average supply current RAS cycling CAS~O.2V or 

ICC8(AV) * from Vcc M5M4V18160C ($) CAS before RAS refresh cycling 
Extended-refresh cycle ~O.2V or ~Vcc-o.2V 

OE~O.2Vor ~VCC-O.2V 

(Note 6) Ao-A9~O.2Vor ~VCC-o.2V 

OO=open, tRC=125,us, 
lRAS=tRASmin.-l,us 

Average supply current 
RAS=CAS;;;;0.2V ICC9(AV) * fromVcc M5M4V18160C (S) 

Self-refresh cycle 

Note 2: Current flowing into an IC is positive, out is negative. 
3: ICCl (AV), Icca (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RAS=VIL and LCASlUCAS=VIH . 

• MITSUBISHI 
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Limits 
Typ 

Unit 
V 
V 
V 

rnA 
mW 
·C 
·C 

Max 
Unit 

Vcc V 
0.4 V 
10 J.lA 

. 10 J.lA 

180 

150 rnA 

130 

2 

0.5 rnA 

0.15 * 
180 

150 rnA 

130 

80 

70 rnA 

65 

180 

150 rnA 

130 

300 J.lA 

200 J.lA 
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El\N\\NARY M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 
P R 'inal specificatlon'change, 
No\ice' This i:t~~\\~it$ era subject to 

Some par am FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=0-70·C,Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted) 

Parameter Test conditions 
Limits 

Unit Symbol Min Typ Max 

CI(A) Input capacitance, address inputs 5 pF 

CI(OE) Input capacitance, OE input VI=VSS 7 pF 

CI(W) Input capacitance, write control input f=1MHz 7 pF 

CI(RAS) Input capacitance, RAS input VI=25mVrms 7 pF 

CI(CAS} Input capacitance, CAS input 7 pF 

ClIO InpuVoutl)ut capacitance, data ports 7 pF 

SWITCHING CHARACTERISTICS (Ta=0-70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 6,13,14) 

Limits 

Symbol Parameter MSM4V18160C-S,-5S MSM4V18160c-6,-6S M5M4V1816OC-7,-7S Unit 
Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 13 15 20 ns 

tRAC Access time from RAS (Note 7,9) 50 60 70 ns 

1M Columu address access time (Note 7,10) 25 30 35 ns 
tCPA Access time from CAS precharge (Note 7,11) 30 35 40 ns 

tOEA Access time from OE ,(Note 7) 13 15 20 ns 

tCLl Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOFF Output disable time after CAS high (Note 12) 0 13 0 15 0 15 ns 

tOEZ Output disable time after OE" high (Note 12) 0 13 0 15 0 15 ns 

Note 6: An initial pause of 500 lIS is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock such as RAS-Only refresh). 
Note the RAS may be cycled during the initial pause. And any 8 RAS" or AAIDCAS cycles are required after prolonged periods (greater than 16.4ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(loH=-2mA) I VOL=0.4V(lOL=2mA) load 100pF. 
The reference levels for measuring of output signal are 2.0V(VOH) and O.8V(VOL). 

8: Assumes that tRCD ii: tRCD(max) and lAsc ~ tASC(max). 
9: Assumes that tRCD ;a; tRCD(max) and tRAD ~ tRAD(max). If, tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 

will increase by amount that tRCD exceeds the value shown. 
10: Assumes that tRAD ~ tRAD(max) and lAsc ;a; lASC(max). 
11: Assumes that tCP;:i tCP(max) and lAsc ~ tASC(max). 
12: tOFF(max) and tOEZ (max) defines the time at which the output achieves the high impedance state (lOUT ~ I ±10 JlA Il and is not reference to VOH(min) 

or VOL(max). 

5 - 352 
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M5M4 V18160CTP-5,-6,-7 ,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Fast-Page Mode Cycles) 
(Ta=0~70·C, Vcc=3.3V±0.3V, VSs=OV, unless otherwise noted, see notes 13,14) 

Limits 
Symbol Parameter MSM4V18160C-S,·SS MSM4V18160C-6,-6S MSM4V18160Co7,.7S 

Min Max Min Max Min Max 

tREF Refresh cycle time 16.4 16.4 16.4 
tREF* Refresh cycle time 128 128 128 

tRP RAS high pulse width 30 40 50 

tRCO Delay time, RAS low to CAS low (Note 15) 18 37 20 45 20 50 

tCRP Delay time, CAS high to RAS low 10 10 10 

tRPC Delav time, RAS hillh to CAS low 0 0 0 

tCPN CAS high pulse width 10 10 10 

tRAO Column address delay time from RAS low (Note 16) 13 25 15 30 15 35 
tASA Row address setup time before RAS low 0 0 0 

tAsc Column address setup time before CAS low (Note 17) 0 10 0 10 0 10 
tAAH Row address hold time after RAS low 8 10 10 

tCAH Column address hold time after CAS low 13 15 15 
tozc Delay time, data to CAS low (Note 18) 0 0 0 
tozo Delay time, data to OE low (Note 18) 0 0 0 

tcoo Delay time, CAS high to data (Note 19) 13 15 15 
toDD Delay time, OE high to data (Note 19) 13 15 15 
tT Transition time (Note 20) 1 50 1 50 1 50 

Note 13: The timing requirements are assumed tT =5ns. 
14: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ms 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

15: tACO(max) is specified as a reference point only. If tACO Is less than tRCO(max), access time Is tAAC. If tACO is greater than tACO(max), access time is 
controlled exclusively by tCAC or tM. tACO(min) is specified as tACO(min) =tAAH(min) +2tT +tASC(min). 

16: tAAO(max) is specified as a reference point only. If tRAO S;: tAAO(max) and lAsc ~lASC(max). access time is controlled exclusively by tAA. 
17: tASC(max) Is specified as a reference point only. If tACO ;;:;tACO(max) and tASC ~tASC(max), access time Is controlled exclusively by tCAC. 
18: Either tozc or tozo must be satisfied. 
19: Either tcoo or tODD must be satisfied. 
20: tT is measured between VIH(min) and VIL(max). 

Read and Refresh Cycles 

Limits 
Symbol Parameter MSM4V18160CoS,·SS MSM4V18160C-6,-6S MSM4V18160Co7,·7S 

Min Max Min Max Min Max 

tRC Read cycle time 90 110 130 
mAS RAS low pulse width 50 10000 60 10000 70 10000 
tCAS CAS low pulse width 13 10000 15 10000 20 10000 
tCSH CAS hold time after RAS low 50 60 70 

tASH RAS hold time after CAS low 13 15 20 

tACS Read setup time before CAS low 0 0 0 
tACH Read hold time after CAS hillh (Note 21) 0 0 0 
tRRH Read hold time after RAS hillh (Note 21) 10 10 10 

tRAL Column address to RAS hold time 25 30 35 

tOCH CAS hold time after OE low 13 15 20 

tORH RAS hold time after OE low 13 15 20 

Note 21: Either tRCH or tRAH must be satisfied for a read cycle. 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter M5M4V1816GC-S,·SS MSM4V1816GC-6,-6S MSM4V18160C-7,-7S Unit 

Min Max Min Max Min Max 
twc Write cycle time 90 110 130 ns 
tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
tCAS CAS low pulse width 13 10000 15 10000 20 10000 ns 

tCSH CAS hold time after RAS low 50 60 70 ns 

tRsH RAS hold time after CAS low 13 15 20 ns 
twcs Write setup time before CAS low (Note 23) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 15 ns 
tCWL CAS hold time after W low 13 ' 15 20 ns 
tRWL RAS hold time after W low 13 15 20 ns 
twp Write pulse width 8 10 15 ns 
tos Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS low or W low 10 ,15 15 ns 
tOEH OE hold time after W low 13 15 20 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M4V1816GC-S,·SS MSM4V18160C-6,-6S MSM4V18160C-7,-7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 22) 131 155 180 ns 

tRAS RAS low pulse width 91 10000 105 10000 120 10000 ns 
tCAS CAS low pulse width 54 10000 60 10000 70 10000 ns 
tCSH CAS hold time after RAS low 91 105 120 ns 
tRSH RAS hold time after CAS low 54 60 70 ns 

tRCS Read setup time before CAS low 0 0 0 ns 
tCWD Del~ time, CAS low to W low (Note 23) 36 40 45 ns 
tRWD Delay time, RAS low to W low (Note 23) 73 85 95 ns 
tAWD Delay time, address to W low (Note 23) 48 55 60 ns 
tCWL CAS hold time after W low 13 15 20 ns 
tRWL RAS hold time after W low 13 15 20 ns 
twp Write pulse width 8 10 10 ns 
tDS Data setup time before W low 0 0 0 ns 
tDH Data hold time after W low 10 10 15 ns 
tOEH OE hold time after W low 13 15 15 ns 

Note 22: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+5tT. 
23: twcs, tCWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twcs~twCS(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tCWD~tCWD(min), tRWD~tRWD(min), tAWD~tAWD(min) and tCPWD~ tCPWD(min) 
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is Indeterminate. 

Fast-Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) (Note 24) 

Limits 
Symbol Parameter M5M4V1816OC-5,-SS M5M4V18160C-6,-6S M5M4V18160C-7,-7S 

Min Max Min Max Min Max 
tpc Fast page mode read/write cycle time 35 40 45 
tPRWC Fast page mode read write/read modify write cycle time 76 85 95 
tRAS RAS low pulse width for read write cycle (Note 25) 85 125000 100 125000 115 125000 
tcp CAS high pulse width (Note 26) 8 12 10 15 10 15 
tCPRH RAS hold time after CAS" precharge 30 35 40 
tCPWD Delay time, CAS precharge to W low (Note 23) 53 60 65 

,. , . . . Note 24: All previously specified timing reqUIrements and switching characteristics are applicable to their respective fast page mode cycle . 
25: tRAS(min) is specified as two cycles of CAS input are performed. ' 
26: tCP(max) is specified as a reference point only. 
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M5M4 V18160CTP-5,-6,-7 ,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle (Note 27) 

Limits 
Symbol Parameter MSM4V1816OC-S,-SS MSM4V1816OC-6,-6S MSM4V18160C-7,-7S Unit 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 10 10 10 ns 
tCHR CAS hold time after RAS low 10 10 15 ns 

- - - -
Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by MS· after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 

TIMING REQUIREME~ ~ (Ta=0 ...... 70t, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 13,14) 

Limits 
Symbol Parameter M5M4V18160C-5S M5M4V18160C-6S M5M4V18160C-7S Unit 

Min Max Min Max Min Max 
tRASS Self refresh RAS low pulse width 100 100 100 !-,S 

tRPS Self refresh RAS high precharge time 
tCHS Self refresh RAS hold time 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

90 
- 50 

110 130 
- 50 - 50 

The last 1 first full refresh cycles (1K) must be made within tNS 1 tSN before 1 after self refresh, on the condition of tNs~16.4ms and 

tSN~16.4ms. 

~S _ 

~ ~ ~ ~ 
-------------------~I~II~I-----~II~I~I ______________ ~~III~I------~II~II·---------------

DISTRIBUTED REFRESH 
< 1K/16.4ms > 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
< 1K/16.4ms > 

ns 
ns 

The last 1 first full refresh cycles (1 K) must be made within tNS 1 tSN before 1 after self refresh, on the condition of tNS +tsN~ 16.4ms. 

~ .1 tSN 14 

-III~I --~IIII--~IIII~I~ ____________ ~~II-III~I~III---III~1 
BURST REFRESH 

<1K/16.4ms> 

•. MITSUBISHI 
~ELECTRIC 

BURST REFRESH 
< 1K/16.4ms> 
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L\ "" \ NARY M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 
PRE . t 3 \\(\a\ spec\flC0~1~;~hal\ge 
No\iC(r. 1his ~\~~ \ilnits are su\)II)C 

Some pa
ram 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 1 ~-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28) 

Read Cycle 

VIH- -' 

r 

\~ 
tCSH 

tRCO 

VIH­
LCAS/ UCAS 

VIL -
-'~ )(XXXXXN' 

KXXXXXT 

tRAO tCAH 

tASR tRAH .... tAsc +--t 

Ao-Ae 
x ROW'" 

~ 
COLUMN 

.x ADDRESS .. ADDRESS X f- -'r-

VIH 

VIL 

VIH-
XXXXXX 

~~ 
XXYI 

VIL -
XXXXXX XXI 

tozc r VIH-

INPUTS 
VIL -

KX.x.x.x~ 
)(XXXX~ 

tAA 

lAc 

tRAS 

tRSH 

tCAS 

tRAL 

~~.x.x.x.xxxx 
"xx.x xxx.x 

<-

Hi-Z 

tCAC 

DQ~'-DQ" VOH _ 

OUTPUTS 
VOL-

tCLZ 

Hi-Z ~r -'~ 

tRAC 

tozo .1 tOEA 

I tOCH 

tI\. ,{-xxxxx xxxxxxxxxxxxxxxx tORH 1'\. 
VIH""; 

VIL - )(XXXXXXXXXXXXXXXXXXXXX 

Note 28 Indicates the don't care input. 

tRP 

t- "--..,<-

~ tc~ 

ID~ tCPN 
-'~r 

14
tASR

• 

A,jr ROW 
Xl( 

ADDRESS XiXX.x X7~~ 

~ 
~XXXXXXXXX 

tRCH XXX 
I 

tcoo 

.. foX X 
L .xxx.xxx 

" xxxxxx .xx 

tOFF 

\ 
DATA VALID 

1/ 

~ 
tODD 

xxxx 
~ xx x xx 

'I( X XXXXXXXXXXXX 

VIH(min.) .:;; VIN .:;; VIH(max) or VIL(min.) .:;; VIN .:;; VIL(max) 

5 - 356 
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M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Byte Read Cycle 

VIH-

VIL -

UCAS VIH 

(or LCAS) VIL 

LCAS VIH 

(orUCAS) VIL 

VIH 

Ao-A9 
VIL 

VIH 

w 
VIL 

F 
VIH­

INPUTS 
VIL -

DOl-DOs 

(orbD09-D016~OH _ 

OUTPUTS 
VOL-

f 
VIH 

INPUTS 
VIL -

009-0016 
( or 001-008) 

~ VOH-
OUTPUTS 

VOL-

VIH 
OE 

VIL 

tRC 

tRAS -, tRSH 

r-

tCSH 

~ 
tRCO tCAS tCPN 

xxx xxx x ....... ~\ Ir-'IlV"- x x x x;:' 
XXXXXX.7 .... ... '-

~ 
tCAH 

xxxxxxx-r-
X. XI tRAO tRAL 
xxxxxx"Y 

~ ~AH ~tASC. 

... '- ROW ~ 

~r COLUMN ~~~~~~~~~ x x xx Xli. 
ADDRESS ADDRESS 

xx 
xxxx )1'" ...,~ ~xxxxxx xx 

I- tRCS tRCH 

I 
xxx X:>GI 

xxxxxxxxx~ VI 

x.xxxxxxxxxx xx x xxxxxxxxx xx 
~xxxxxxxxx XX~ ...... x~xxxxxxxxx xx xxx 

Hi-Z 

tozc tCAC 

x x x x x x x x :x-'k-xxxxxxxxx Hi-Z 

'x x x x x xXxxxxx, II 
tAA 

tCLZ 

HI-Z I~· DA AVALID 'I::.0ATA 
-' ... 

xXXXxxxx 
xxxxxxx 

tRAC 

tozo tOEA 

XXXXXX 
xxxxxx :" 

• MITSUBISHI 
.... ELECTRIC 

tOCH 

tORH 

tRP 

JL- ~I\ 
F-

~ tc~ 

-W~ 

M t~ 

V 
~ 

,J'- ROW 

X YJ'~ .... ADDRESS' 

~ 
"I 
~XXX 

~XXxxxxx 

xxxxxxxxxxxxxx 
xxxxxxxxxxxxx~ 

tcoo 

xxxxxX'>l' 
~ XXXXXXX xx 

tOFF 

r\ 
-If .... tOEZ 

tODD 

XXXXXXXXXXXX 
I xxxxxxxxxxxx 

IX. xxxxxx 
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l\ ",,'NARY M5M4V18160CTP-5,-6,-7,-55,-65,-75 
PRE foal spec\iicatlon~hange, 
Notice', 'This is notli~i:S are subiect to ' 

Sorne parametriC FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early write) 

VIH-

VIL -

VIH­
UCAS/ LCAS 

VIL -

VIH-
Ao-A9 

VIL -

W 
VIH-

VIL -

r VIH­
INPUTS 

VIL -

OQ1-0Q16 

twc 

tRAS 

~\ 
-'r-

tCSH 

r tRCO 

tCAS 

~ ~~~ 

~ ~ ~ tCAH 

)( 0- ROW ~~r COLUMN 
.... ADDRESS ADDRESS 

~ r-

twcs twCH 

~xxxxxxxxX'-:F 
l(xxxxxxxxxxxxxXA 

~ tOH 

l(XXXXX x x }';.x~ 0-

~xxxxxhxxx.:A DATA VALID 
l(XX XXXXXXXXXX}IJ .-

tRP 

~Vr-
-' 

L-
tRPC 

tRSH 
.. 

tCRr 

~U ~W 

tASR 

~\~xxxx~r 
ROW l{ x x XXXxxxxxxJt[ 

ADDRESS ~ ,XX X~~~ 

J 

lLXXXXXXXXXXXX XX~ 
I~Xxxxxxxxxxxxxxxxxxxx~ 

~ ~xxxxxxxxxxxxxxxxxxxxxxx 

~x~xx~~x~~~~~~~~::::xxxxx 

I OUTPui~H- _______________________________________ H_i_-Z __________________________ ~ ____ ___ 

~ VOL-

5 - 358 
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M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Byte Write Cycle (Early write) 

VIH-

VIL -

UCAS VIH-

(or LCAS) VIL -

LCAS VIH 

(or UCAS) VIL -

VIH-
Ao-A9 

VIL -

VIH 

w 

f 
VIH 

INPUTS 
VIL 

001-00S 
(or 009-0016) 

b VOH-
. OUTPUTS 

VOL-

!;PUTS VIH~ 
1"'1' VIL 

009-0016 

twc 

tRAS tRP 

~~ ~~ ~L 
..... 

tCSH 

~ 
tRCO tRSH MC 

tF 
tCAS 

W ~\ / V ~~- .., 

~ 
tRPC tCRP 

~ I 
?f V 
~ ~ ~ tCAH ~ 

)C ROW .~~ COLUMN ~.;w;. .......... xxxX\..}'- ROW 
ADDRESS ADDRESS ~~~~~~~~~~~~~r ADDRESS 

..... ~ r-

A .r twCH ..I 

lCXXXX l~xxxxxxxxxxxxxxxxxx~ 
x:xxxx x'\ ~XXXXXX XXXXxxx 

~XXXX XXXX 

XXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
lCXXXXXXXXXXXXX XXXXXXXXXX x~xx x XXXXXXXXXXXXXXX 
xxx 

Hi-Z 

~ tOH 

,'- ~~ 

xxxxxxxxxxxxxXY' DATA VALID I~XXXXXxxxxxxxxxxxxxxxxxxx 

x:xxxxxxxxxxxx~ '<XX xxxxxxxxxxxxxxx 

(I::::::~OH-_____________________________________ H_i-_Z __________________________ ~ ____ __ 

~ VOL-

• MITSUBISHI 
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PREL~~~~~~~" M5M4V18160CTP-5,-6,-7,-58,-68,-78 

Notice-. ThIs IS " lim'lt'S are suv\e 

SO!l\ep3ram<ltf\C . • FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Delayed write) 

WC 

tRAS tRP 

VIL -

VIH----......,[ 

~~r ~vr 
~--------------------------------------------------~ 

~ \",' -------
tCSH 

tRCO tRSH 

tCAS 

VIH W 
UCASI LCAS 

VIL -

E 

tRAH tCAH tASR 

Ao-A9 
VIH -).... ROW ... ~'.... COLUMN -'r ..,f- ROW vxxxxx XXXXXXJtl 
VIL - -,~ .... __ A_D_D_R_E_S_S __ ~ ..,~ -'~""_I-_I-A_D_D_R_E_S_S _____ ~ -,~ ~ x x x x x x x x"xL.l'V -'_I .... "'-__ A_D_D_R_E_S_S __ __ 

w 

tozc .--... 

f 
VIH I';, .................................... XXXA .. 

INPUTS ){XXXXXXXx xx 
V~ xxxxxxxxxxxxxx 

tCWL 

t~ ,tOH 

Hi-Z ). SOJ -to- .................................... .... 
DATA VALID XXXXx xxx x .... 

'jO'~~_+ ______ ...;iIIl, '\X. x x X x x x x x x x x x x x 

001-0016 .... ~ 

I ' tozo --1?:A. 
~TPU~~:=-------------------+-----to<~/~-4-----~-~H~i-~Z-------------------------

tODD ~ 

5 - 360 
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~xxxxx 
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,xxxxxxxxxxxxxxxxxxxxx 
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M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE· MODE 16777216·BIT (1048576·WORD BY 16·BIT) DYNAMIC RAM 

Upper I (Lower) Byte Write Cycle (Delayed write) 

twc 

tRAS tRP 

~ ~ 

1\ \c- ~V 
VIH-

VIL -

tCSH 

r tRCO tRSH riPC 
tCf 

tCAS 

~ ~~~ ~V V UCAS 

(or LCAS) 

VIH 

VIL -

r 
.~ LCAS 

(or UCAS) 

VIH-

VIL -

~ ~ ~ 

)( r- ROW -~r 
k- ADDRESS ..., ..... 

VIH-

Ao-A9 

VIH ................ ~ 
w 1'\, .......... 

.I'\,]I;.x ..... x VIL -

XXXXXXT

h xxy 

r VIH 
INPUTS 

VIL 

D01-DOa 
(or 009-0016) 

t VOH-
OUTPUTS 

VOL-

r VIH 
. INPUTS 

VIL 

009-0016 
(or D01-DOa) 

t VOH-
OUTPUTS 

VOL-

VIH-

OE 
VIL 

tAcs 

~X""''''''x XXXXIX 
'tCxxxxxx X X X X XXXXIX 

tozc 

xxx~'" Hi-Z fix xxxxxx 
l'lXXXXXXxxxxx 

-tozo 
~ 

l'lXXXXXXXXXXXXXX.x \. l'lXXXXXX~x .......... xX.x 

tRPC 

1 tCf 

V 
tCAH ~ 

-'~~~~ 
............... ]1;. 

COLUMN XXXXX]I;.X xx./- ROW 
ADDRESS ...,~'.:.xxx x ..... xxxxx XJ .... ADDRESS 

tCWL 

tRWL 

~\ twp L ............... )(~~~ ......................... ~~~~ 
~XXX 

... ..... ..... x ..... xx ..... XXXX")(: 

twCH 

XXX ..... I ......................... XX ..... .......... XXXXX XXXX 

xxxxxxx ..... x XXXx xxx~ 

-
Hi-Z 

t~ tOH 

l~"- -'~ ,. .......... x 
DATA VALID YXXXXXXxxxxxxxxx 

~~r ...,~~XXx .......................... XXXXXX 

tCLl 

Hi-Z 

tOEZ 

i
too6 ~ 
f-

~XXXXXXXXXXXXX .......... x ..... xXXX 
~XXXXXAXXX ..... XXXXXXXXXX 

.......... '" 
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'EL\ M \ NARY-+-- M5M4V18160CTP-5,-6,-7,-55,-65,-75 
P R . . not a lina! $pec~i~~:\~~~Mnge 
Notice: T~~~\:\fiC limitS are su \ 

somell
a 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

tRWC 

tRAS tRP 

VIH-
~\ ~/r ~\ 

.-VIL -

tCSH 

~ tRCD tRSH !APC 

~f 
tCAS 

VIH­
UCAS/ LCAS 

VIL -~ ~~~ ~IB ~w 

VIH-

VIL -

VIH-
w 

r: VIH-

INPUTS 
VIL -

OQ1-0Q16 

~ VOH-
OUTPUTS 

VOL-

VIH-

OE 
VIL-

5 - 362 

tRAD 

~ 14tRAH ~ ~tASC~ 

~ 
ROIl{ ~ ~ ADDRESS ..., 

lC.XXXXXX XXXXII 
x:xxxxxx XXX""~ ItACS ~ 

tRAC 

~I tDZC~ 

~Xxx x x x x x x x xxxx 
X xxxxxx 

Hi-Z 

~ tDZO~ 

X:XXXXXXXXX xxx n 
A lC.XXXXXXXXXXXXXX 

tCAH tASR 

COLUMN 
~r x," .-

ROW x xxxxxx xv 
Ii. 

ADDRESS ~xxxx xxxxxx )1'1 k- ADDRESS 

tCWD 

tAwD 

tRWD 

~\ 

tCAC 

tM tD~ 

Hi-Z ~~r 
~~r-

~ ~ AU, 
~ 

tOEA 

tODD 

70Ei 
']~ 

• MITSUBISHI 
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~ 

tRWL 

IXX XXXXXXXXXX 
.1( x XXXXXXXXXXX -AX xx 

twp .I 
'I 

toH 

~r 

DATA VALID !VXXXX x xx 
..,,""~xxxxxxxxxxx 

Hi-Z 

~I 
~xxxxxxxx xx 
~XXXXXX XX 
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M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Upper I (Lower) Write, Read-Modify-Upper I (Lower) Write Cycle 

~ 

UCAS 

(or LCAS) 

LCAS 

(or UCAS) 

w 

VIH- ~\ 
VIL -

r 
VIH-

W VIL -

F 
VIH-

W VIL -

~ 

tRWC 

tRAS tRP 

F--________ ~,vr ~\ __ 
r" 

tCSH 

tRCD 

~ tCAH 

tRPC tCRP 

1 ~ 

tASR ..--. 
VIH-~ ROW ..... ~~ COLUMN ~~ 
VIL - .fi1'-_A_D_D_R_E,...S_S __ -'l....,~1'-.-_-+-+_A_D_D_R_E_S_S ____ ~..,-~ 

XXXXX 
xxxxx 

XXX~ ROW 
x x X :Jf "" ... Fr-_A_D_D_R_E_S_S __ 

tCWD 
tAWD 

tRWD tRWL 

VIH-~X~X~X~X~~~~~~~-r-~~---------~~~F __ ~~A~ACA~~)(~~~~x~X~XCX~X~~XX~X ~x ~xxxxXXXXX~AXXX 

VIL_~xXXXXI ~xxxxxxxxxxxxx~ 

twp J tRCS 
·1 

I.: VIH - xxxxX'X'~x 
I INPUTS VIL _ ~:VXX 

AAAA 
XAAXXXXXXx 

AX XX~XXXX~ 

xxxxxxxxxxxx~XXXX~ x x xxxxxxxxxx xxxXXXXXXXX~XXXXXXXX 

DOl-DOs 
(or 009-0016) 

tRAC 

~ VOH- H"Z 
OUTPUTS ---------------------------~---~~------~-------------I-~~---------------------------------------------

VOL - +-1 tDZC. 

tM tDS .... 
~UTS VIH - )(:XX)X~X)Oc:xxxxxxxx><X:xX)X~» ___ +--.;..;H;..;i-Z;;""-+ __ -1):>~()(J 
,.... VIL XXXXXXXXXXXX '~ 

DQs-0016 tCAC 

tDH 

~~XXXXXXXXXXXX~ 
DATA VALID ''\XXXXXXXXXXX~ 

(or OQ1-00S) tCLl 

I OUTPUT~OH - Hi-Z ~Q~ ___ +-______ +-______ H_i-Z ______________________________ _ 

L VOL- tOEA ~ 
~ ,tOEZ~ ~ 

VIH -_. ~)(~X3~x~xg~x~x8~x~~x~x~~x~x~~x~xg~x~x8~"'~.::... __ ~ r=--------:!tE5~X(5C:X'55::XX:5~XX:xX::;;;XXx~x(5C:x'5x~x~x~xXX_51x~x~x'5Y:x~xx:x:'51~ 
VIL xx X"5.?'S('2 WXXXXXXXXXXXXXXXX~ 
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\\V\\NARY 
PREL 'ficstion, 

, ' not 14 final !lpeC~'ect to chsl'{1e, 

M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 

\'IQtice' Th'':n'!triC limitS arc su \ 

$omepsra FAST PAGE MODE 16777216-81T (1048576 .. WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

VIH­

VIL -

tAc 

tRAS 

VIH-~~~~--------------------------------------------------------------------------------~rm~--------------

UCASI LeAS 
VIL -

VIH-

VIL -

VIH 
W 
VIL-~ 

ROW 
ADDRESS 

fNPUTS VIH 
VIL-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

OQ1-0Q16 

IOUTPUT~H- ____________________________________________________ ~H~i-~Z ________________________________________________________ __ 

~ VOL-

5 -:- 364 
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M5M4V18160CTP-5,-6,-7,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

VIH-

VIL -

VIH­
UCASI LCAS 

VIL -

VIH-
Ao-A9 

VIL -

VIH-

w VIL -

VIH-

FNPUTS 
VIL -

OQ1-0Q16 

~ 
VOH-

OUTPUTS 
VOL-

VIH­

VIL -

tRC tRC 
tRP tAp 

tRAS 

~~ -, l!~ ~ tRAS .1)'- ~ -'r- :.r-.... 

tRPC tCSR ...... ~C tCSR 

~ ~ 
tCHR ., If 

~ ~\~, JD ~ .... ~O W 
tASR 

~xx xxx xxxxxxxxxxxxxxxxX~x xxx),. ...,f-
ROW !(.xx xxxx xxxx xxxxxxxxxx xxX)(l' 

)(XX xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXT'~~ ADDRESS 

~ 
~xxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXxxxxxxxxxxxxx 

,"x x x x xxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxx 

~xxx XXXXXXXXXXXXXXXXXXXXX)()(XX 'x X xxx 

I_ tOFF ~ 

tCDD 

XXXXXXXXXXXXXXXXXXXXXXXXX)(XXXXXXXXXXXXX 
xxxxxxxxxxxxxxxxxxxxx xxxxxxxxx 

xxx 

KXXXxxxxx~ Hi-Z 
)(XXXXXxxxw 

tOEZ 

tODD 

'X xxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXX xxxxxxxx 
Ax xxx xxxxx~xxxxxx 

• MITSUBISHI 
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EL\ \ NARY· M5M4V18160CTP-5,-6,-7,-55,-65,-75 
P R not a final spec~.i~~:'~~·change. 

amatric limitS are SII I, 

par FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) CAS before RAS Refresh Cycle, Extended Refresh Cycle * 

VIH-
RAS 

VIL -

UCAS VIH-

(or LCAS) VIL -

LCAS VIH 

(or UCAS) VIL -

VIH-
Ao-A9 

VIL -

VIH 

VIL 

F VIH­
INPUTS 

VIL -
001-00a 
(or 009-0016) 

I OUTPUTS
VOH 

L VOL 

F VIH 
INPUTS 

VIL 
009-0016 

(T :::U~~VOH 
L VOL-

VIH 
OE 

VIL 

5 - 366 

tRP tRC tRC 

tRAS tRP 
tRAS 

J~ ~~ J!~ ~~ ~V 
-

fL ...... ..l 

tRPC tc~ !iC tCSR ~ ~r 

J 
~ 

~~ ~ ~~ tCHR -Y '~ 

tcP: 

~~ ~ ~ ~ ~ ~ 
)( x x x x. IV V V xxxx 
~ 

~ 
X:XXXx XXXXXXXXXXXXXXXX~XXXXXXXXX X .... A}f- ROW x:XXX .... ~~~~~~~~~~~~~~~~~~~~~~ .... x ........ xx .... ~~~~ .... xx ........ ~~~ ~ ADDRESS )(x ............ 

tRCH 
4---1 
~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxx 
~xxxxxx~£~xxxxxxxxxxxxxxxx 

tOFF 
~ ... 

)(x xxxxxxxx 
)(X xxxxxxxx xxx ~~~~~~~~~~~~~xxxxx~~~~~~~~~~ .... x .... xx .... xxx .... xxx 

)(X 

x:x 
!eX 

"):.X 
X 

r, 

~ r-f+ 
xx Hi-Z 
xx 
xx 

tCDD 

~ xxxxxxxxxx xxxxxxxxxxxxxxxxxxx 

'" xxxxxxxxxxxxxx XXXXXXXXXX 

tOEZ 

XXX~I~ Hi-Z 
xx .... x .... 
xxxxx 

tODD 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
.... xx ........ xx xxxxxxxxxxxxxxxxxxxxxxxx 

xx 

. • MITSUBISHI 
"ELECTRIC 

XXXXXXX 
xxx 



MITSUBISHI LSls 

M5M4V18160CTP-5,-6,-7,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 29) 

VIH-

VIL -

____ VIH­

UCAS/LCAS 
VIL -

VIH-

Ao-A9 
VIL -

VIH 

w 
VIL 

f 
VIH 

INPUTS 
VIL -

OQ1-0Q16 

I VOH-

~TPUTS 
VOL -

VIH-

VIL -

tRC tRC 

tRAS tRP tRAS tRP 

~ 

~V ~\~ Jlf- ~"---\.-

tF 

tRCD tRSH tCHR 
~C 

F w ~r ,~ W 
tRAD 

t~ l'4
tRAH

• ~ tCAH tASR 

) r ROW ~- COLUMN I\Kxxxx,x x x x x x x x x x x x x x ;?)(" 7IV ROW 
rADDRESS .., ADDRESS ~It " x x x x IX xxxxxxxxxxxxxxx T~ ..... ADDRESS 

f- -' ..... 

tRAL 

~ L tRCS 

)(XXXX xxX'T" ~xxxxx xx xxxxxxxxx 
)(XXXX XX»" \Xxxxxxxx xxxxxx~ 

UOl x. x. x 

tDZC 
tCDD 

"Il'xxxx x Hi-Z ]~ 
){XXXX X tAA ~~ 

tCAC 

tRAC tOFF 

rou~ Hi-Z 

~ DATA VALID -

tozo tOEA 
tOEZ 

tODD 

tORH 
x xxxxxxxxxxxx ~ ~ x x x xxxxxxx x x x x x x X 

~XXXX L x . .£0- x x . .fx 

Note 29: Early write, delayed write, read write or r.ead modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 

• MITSUBISHI 
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EL\\V\\NARY 

MITSUBISHI LSls 

M5M4V18160CTP-5,-6,-7,-55,-65,-75 
P R . . \'lot!\ fi\'la\ specit~~~\~~~han\le 
N tice: Th'S ,$. rmitS are sob!. 

s~m~p8fame\f\C;\ FAST PAGE MODE16777216~BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Hidden Refresh Cycle (Byte Read) (Note 29) 

VIH-

RAS 
VIL -

UCAS VIH-

(or LCAS) VIL -

LCAS VIH-

(or UCAS) 

VIH-

Ao"-A9 
VIL -

VIH 

VIL 

~ 
VIH 

INPUTS 
VIL 

OQ1-00S 
(or 009-0016) 

~ VOH-
OUTPUTS 

VOL-

r VIH 

INPUTS 
VIL -

009-0016 
(or DOl-DOs) 

~ 
VOH-

OUTPUTS 
VOL-

RC 

tRAS 

~~~ .., 

tACO tRSH 

t~ 

W ~\~ 

tF 

~ 
tRAO 

~ e ~C tCAH 

) '- ROW -' 

~~C COLUMN (IXX 

.... ADDRESS ADDRESS 
IXX 

~ .- ~'\Xx 

r~ tRAL 

~~~ 
~xx;r 

KX8 

ICXXXXX ocxxxx X XXXXXXXXXXX 
0:XXX K,XXXX X XXX XXX 

Hi-Z 

tozc 

~~~~~x 
x Hi-Z 

tCAC 

~" Hi-Z INVALID 
DATA 

. ..J~ 

tAA 

tRAC 

~ 
tOEA 

tORH 

.L tRC 

tAP J tAAS tRP 

l~ \~ ~V 
~ -L l.tRPC~ 

~C 
tCAr tCHR 

... 
V~ 
~ W 

~ 
W 

tASR 

xxxxxxxxxxx lJr ROW xxxxxxxxxxx 
ADDRESS xxxxxxxxxxx I~ .... 

~ 
I\X 
'-xxx xx 

xxxxxxxxxxxxxxxx xxxxxxxxxx~ 
xxxxxxxxxxxxxxxxx x~ 

tcoo 

xxx x 
KXXXX 

tOFF 

\ 
PATA VALID 

I 

toEZ 

tODD 

VIH ·){XXXXXXXXXX~ xx 

VIL 

5 - 368 

xxxxxXXXXXXXA I- xxxxxxxxxxxx 
x xx 

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown above. 
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MITSUBISHI LSls 

M5M4V18160CTP-5,-6,-7,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read Cycle 

VIH-

RAS 
VIL -

VIH­
UCAS/ LCAS 

VIL -

----::l~ 

~~ 

tF 

~ 

tRAD 

tRAS 

tCSH tpc 

tRCD tCAS ~ tCAS 

-~ 9~ ~~ 

tA~ ~AH ~ 14 tCAH. tA;:. tCAH 

)r ROW"~ 

w 

VIH­

VIL -
ADDRESS ~ 

VIH 
I 

'<xxxx x JIr 

<.XXXX XI 
VIL 'cxxxx y 

~ COLUMN 

'""- ADDRES5-1 

tRCS 

~~ 

f VIH :~ .... 
INPUTS 

VIL 

OQ1-0Q16 

b VOH-
OUTPUTS 

VOL-

xxxx xxx 
xxxx xxx 

HI-Z 

VIH-'<x xxx 
<XXXXXXX 

VIL xxx xxx 

14tCAC. 

tcu~ 

tAA 

tRAC 

~ tOEA 

tOCH 

,..,..., 
'Xx ~}~ COLUMN 

If' xx ~~ ADDRESS-2 
~ 

tAA 

-t r tR5.t ... 
IV 

tCDO ~ ~ tozc 

1. \. Hi-Z 

" l 
~ 

tOFF~ 

% '- DATA "'i\ 
~ VALlD-1 'II 

tCPA 
I 

to~z ~ ~ 
iH ~ tOEA. 

tODD 
tOCH 

IXXXXX 

xx 

• MITSUBISHI 
.... ELECTRIC 

tRP 

tCPRH 

tRS~ 

V
r 

~~ 

~ 
tcp tCR~ 

tCAS 
... +-~ 

9
r 

~ IIff 'W 

tRAL 

tCAH 
~ ~ 

-' :~ &.r- "~ ~ .... ROW y COLUMN 

.,:~ ~~ ADDRESS-3 
.,~ I_!-DDRESS 

tRRH 
tAA 

tRCH 
..... f't~~ 

'W tRCH ~~ 

tCDD ~~ tozc tCOD 

). ~ ~rR 
'1 ~ ~~ 

~~ tOFF 

tOFF .... 
~ 

'- DATA ""\. 
tCLZ~ 

I>J DATA...l\ 
.... VALlD-2 ~l ~ n~ VALlD-3...,l -

tCPA 
I 

tORH 
~ 

tOEZ tOEZ 

H l.tDZO
• ~tOEA. ~ 

toto 
14tODD. 

14 tOCH I 
xxxxX xxxxx 

k xxxxx X" L)i, xxx« 

5 - 369 



MITSUBISHI LSls 

El\ "" \ NA~Y M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 
P R a ~i\'\a\ Sl'cciHC!lt\~:~,han\l9, 
Notice: ,his i\~~'\irn\ts are subl

6Ct 

sorn
e

p3ra
me 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Fast Page Mode Read Cycle 

~K VIH-
RAS 

VIL-

tcp 

.~ 
UCAS VIH 

(or LCAS)VIL-

tc~ 

LCAS VIH­

(or UCAS)VIL _ .~ 

!ASR 
~ 

tCSH 

Ir-

tRCD tCAS 

~~ 
~ ... -

tRAD 

~AH ~ tCAH 

VIH-y r ROW ~r COLUMN 
ADDRESS r ~.-

ADDRESS-1 VIL -

tRCS 

1 
('xxx 
<XXXX XI w 

VIH 

\ VIL 

tRAS 

tpc 

tcp tCAS 

,vr 
~~r' 

~ tCAH 

~ I.. m.j~ COLUMN 

-, '< ~Ir- ADDRESS-2 

1M 

HH tR~ 

V 
C VIH I INPUTS 

xxxx xXXX xx xxxxx xxxxx }O;xxxx 

DOl-DOe VIL 
(or 009-0016) 

E 
VOH­

OUTPUTS 
VOL-

INPUTS 

~xxx 

~ .{Xxxx f VIH-

VIL -

009-0016 
(or DOl-DOe) 

E VOH­
OUTPUTS 

VOL-
----

x}O;xx xx }O;xxx}O; x}O;}O;xx 

Hi-Z 

~~ 
tCDD 
~ 14tOZC~ 

~tI 
)~ Hi-Z 

}o;xx ~~ 

~ tCAC 

kU~ 
~ 

~ Hi-Z DATA 
VALlD"1 

1M tCPA 

tRAC tOEZ 
.... ~ 

~ tOEA ~ ~ 
tODD 

tR P ... 
tCPRH 

tR~ 

If- ~\ 
..,'-

~ 

tcp tCAS tC1-~ 

I -\ ~-Y .... 

~tRP[1 tCRP 
- -+j-~ 

V 
tRAL 

~ tCAH ~ 

~\, ~ ~.,,- COLUMN ~ ROW IX. X 1 
....,1' ~ ~r ADDRESS-3 ADDRESS 

l tRRH 

tRCH ' tR~ 
~ 

V tRCH -~ 

}O; X}O;X XIX. X}O;XXX}O;X 
x' xxx}O;xxx XIX }o;}o;xx}o;xx 

tDZC 

14 tcOO• ~ tCDD 
---- ~~ l~ 

~~ ~~ 
~~ ~ ~ tCLl ~ 

r DATA -''" J >.J'- DATA ~ ~ VALlD-2 ...,l ~ ~ VALlD-3-:1 
~ 

tOR~ 
r 

tCPA 

tOE~ 
14tDZO ~ ~ 

tOEZ ..... 
~O ~ 

tOCH tOCH ~ VIH '(XXXxxxx}O;xx?'! 
{XXXXXXXX xxx}. 

VIL ·{}O;xxx}O;xx}O;xx }O;Io-

5 - 370 

~ ~.). 
I}o; xx}O;xx X 
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rxxxxx 
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MIT~UBISHI LSls 

M5M4V18160CTP-5,-6,-7,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Early Write) 

tCSH 

VIH -------~-

VIL -

tRCO 

VIH _'7":':>tt-+-+---~!b:on 
UCASI LCAS 

VIL -

VIH-
Ao-A9 

VIL -

VIH -;o<XX)<J(J<XX)~twcs 

tRAS 

tCAS 

twCH!l>C>(xx)(~twcs 

G:.NPUT~IH -:X>OC:<X)oOC1Q\l 
I. VIL -~~~::...::;:,~;" 1'-----.-011 

OQ1-DQ16 

tpc 

twCH twcs 

tos 

COLUMN 
ADDRESS-3 

tWCH 

tRP 

I OUTP~~~-_______________ ~H~i-Z~ ___________________ __ 

~ VOL-

• MITSUBISHI 
"-ELECTRIC 5 - 371 



MITSUBISHI LSls 

PREL~~~~~~~g, M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 

Notice', inls ~triC limits are su I 

sornapararn FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Upper I (Lower) Byte Write Cycle (Early Write) 

VIH-

UCAS VIH-
(or LCAS)V 

IL -

LCAS VIH 
(or UCAS) 

VIL-

~~ 
.... 

tf 

W 
tCRP 

I 
~ 

tASR tRAH 
~ ~ 

t S RA 

tCSH tpc 

tRCD tCAS ~ tCAS ~ 
.. ~ ->V~ \0-

l~ 
.... ..., 

~ tCAH ~ tCAH tA~ 

VIH-)t w~" COLUMN 
~ ~, 

COLUMN ~r 
~D~~ESS '- ~ .... ADDRESS-1 JlCXXXA. 

ADDRESS-2 
IIICXX1a 

-, '\O{;:/-' ,-'(liI~0-
Ao-As 

VIL -

VIH-
w 

VIL -

r VIH­
INPUTS 

,VIL -

DOl-DOs 
(or 009-0016) 

~ 
VOH-

OUTPUTS 
VOL-

'txxxxxx~ twcs 
"xXxx x XXXXXX~~ 

't 
<'xxxxxxxxxxx 
<xxxxxxxxxxx XIX 

~ 

twCH .c x x x X A twes twCH IXX XX~ twcs 
-..lUx X xx x"W: ~ 1fCXXXXX1~ 
'IKXXXXX~ 

xxx xxxxxxxxxxxxx 
xxxxxX'>{)l\cx x xxxxxxxx 
XXXXXX~ ~ IXXXXXXxx 

Hi-Z 

~ ~~ ~ 

tRP 

~tRSH~ V~ ~\. 

~ tCRr 

\. tCAS J, V .... 1=1-

~ ~ 

~ 
tCAH ~ 

COLUMN ~~ ROW 
ADDRESS-3 ADDRESS ..,f-- -' 

twCH .cXXXXXXXXX 
X X 

xxxxxxxxxxxxx 
XXXXXXXXXXXXX 

-

tDH 

~PUT~IH - ~.~..,r ....... ~-,'- -'r x 
'txxxxxxxx~ DATA VALlD-1 ~xxxxv DATA VALlD-2 I~ DATA VALlD-3 I\k'xxxxxxx~ I···· VIL ,<.XXXXXXXXT 0- ~-''''' -'~~-'.... ~~xx 

009-0016 
(or DOl-DOs) 

IOUTP0~~-___________________________________ Hi_-Z ________________________________________ ___ 

L VOL-

5 - 372 

VIH-

~- ' ' 

• MITSuBlSHI 
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MITSUBISHI LSls 

M5M4V18160CTP-5,-6,-7,-58,-68,-78 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Write Cycle (Delayed Write) 

VIH-

VIL -

VIH 

UCAS/lCAS 
VIL -

~\ 
~ 

tCRP 

~ 

W 
tRAO 

~ ~AH 

tCSH 

tRCO tCAS 

-~.-

A ~ 

tRSH 
tRAS 

tRP 
tpc 

V
r 

f-

~L 

~P tCAS i tCF 

iDP 
~ 10 V 

14tASC~ ~tCAH~ ~I tRWL. tASR 

)r ROW ~ f- COLUMN 
~r- 'r COLUMN 

... ....... 
ROW vx VJ( x x XXXN 

VIH-

VIL -
. ADDRESS ... ADDRESS·1 .., ... ""'-xxx ~ ... ADDRESS·2 " .............................. ...... Xl'J -'.-

ADDRESS ... ...-' 

~ 
VIH ·(XXXXXXXXX7r 

w 
VIL 

INPUTS 
VIL f 
VIH 

DQ1-0Q16 

b VOH-
OUTPUTS 

VOL-

xxxxxxxx» 
x X XXX XXXI 

tozc 

,ryyyy 

<xxxx 

tozo ..... 
VIH .... )11;.)1;)1;)11;.)11;.)1; 

OE <XXX)II;.)II;.X:A 
VIL ·cxxxxxx x," 

twCH tRCS 

tCWL r 
-\~Pg 
~ ~ 

~ ~toz~ 

2M: DATA ~~ 
~ VAlID-1 ~ 

tell 

~~ 
~~ 

tOEZ 

~ 

~O 

Hi·Z 

tOEH 

-' 

• . MITSUBISHI 
.... ELECTRIC 

.., 

twCH 

~ 
tCWL 

~\ rxxx x ...... x 
twp It;XXXX~xxxx 

r- ............ )11;. X X x 

~ ~ 
)~ ... DATA "' ·~xx xxx 

-r' ... VAlID-2 .. ~xx 
)11;.)11;. 

xxx 
r )1;)11;.)1; 

~ 
ro~ tOEH .J 

toDD "\ 
~)II;.)II;.)II;.X 

~)I;XX)I; 

,"xxx X 

5 - 373 



MITSUBISHI LSls 

El\ N\ \ NARV M5M4V18160CTP-5,-6,-7,-55,-65,-75 
P R fM\ S\lecific"tIO"~ha"ge, 

, 's not a • ubicct to 
Notice', ,hIS 'ettlC lil,,'lts are S 

som
e

\l3
f3m 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Upper I (Lower) Byte Write Cycle (Delayed Write) 

VIH-

OCAS VIH­

(or LCAS) 
VIL -

LCAS VIH­

(orUCAS)v 
IL -

~\ 
.... 

~ 
W 
~ 

W 

tRAS 

tCSH 

tRCD tCAS ~ 
~~~ 

,~ 

~l 

tRAD 

tRSH 

tpc 

tCAS 

~r-

~ 
tRAH ~ tCAH 

14 tAsc • ~ H 

VIH-
Ao-A9 

VIL -

VIH 

VIL 

~ VIH-
I INPUTS 

DOl-DOs VIL -

(or 009-0016) 

~ 
VOH­

OUTPUTS 
VOL-

=x r ROW 

~ 
'- COLUMN \'xxxx Jr COLUMN 

ADDRESS r- ADDRESS-1 ~xxxx '~~ ADDRESS-2 
~ '-

r twCH 
tF 

tCWL 

hx .x~ ...lr ...-. 

Iff ~.x.x.xx7..H \ .. tw~ 
OC.XXXXXXX.X1 

Ii::......:l 

ex xxx X x.;<;<;< X xx xx 
V0-.xx x.xxx.xx x v.,;oc.x x 

xxxxxx XXXXXX 

Hi-Z 

tDZC 
~ tDH tDZC 
~ ~ 

~~XXXXX 
I{..,.x.x.x.x.x 

twCH 

~\ 

XXXXXIX 
XXXXXIX 

tDS 
~ 

tRP 

~vr ~"---

fr tCF 

l~ V ..., 

i
PC 

tCRP 

'r-+ 
V 

~~ tASR 

J'- ROW 
ADDRESS 

...l .... 

rc-WL 
nr. .x .x .x .x.x 

twp ~.x.xxxxxxxx.xx 
.- O<.XXXXXX ]I;. 

x.x.x.xx.x.x .x 
XXXXXXXX X 
XXXXXXXX x 

~ 
'(XXXX-!r J~ DATA -'~~ l~'" DATA ~LXXX xx 
,(XX f 

WI 
INPUTS 

,(XXXX"'r VIL -

009-0016 
(or DOl-DOs) 

~ 
VOH­

OUTPUTS 
VOL-

VIH 

VIL -

5 - 374 

tDZO 
iH 

XXXXXJH-
(X A 
(X X\. 

~V VALlD-1 ..,~'\l· 
tDZO 

5~ 
~, 

~ tODD 

7 

....... 

Hi-Z 

tOEH 

""'r 

• MITSUBISHI 
;'ELECTRIC 

1IKXX.x xx 

~~' ... VALlD-2 ~"XXX xx 

~ 
~ 

tOEZ 

~-i tOEH 

'I tODD 

,r 1-1C.XXXX 

~ 
'xxxx 



MITSUBISHI LSls 

M5M4V18160CTP-5,-6,-7,-55,-65,-75 

FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Fast Page Mode Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

VIH 

UCAS/~ 
Vll-

VIH-

Vll-

VIH 

Vil 

f VIH 
INPUTS 

Vil 

OQ1-0Q16 

~ VOH-
OUTPUTS 

VOL -

VIH 

OE 
VIL 

tRAS 
tRP 

tCSH tRSH 

-~~ ~/~ ~~ 
tPRWC 

~ tRCO tCAS tcp tCAS ~C tc~ .... 
W ~~~ ID~ ~~ ~V W-

tRAD 

~ .!:r :9. ~ ~ ~ tASR 

)r ROW ~ r COLUMN r- A -,t- ~ .... 6. ............... ~,f-

:~ tx 
COLUMN v;w; ..... .x ..... .x.x.x ..... .x.xN ROW 

-' ADDRESS 1- ADDRESS-1 ADDRESS-2 ADDRESS ..... r~xxx ...... ...... f- ~.x.x.x .x YJ)I=. 

r~ 
twcH tRC~ twcH 

tAWD tc~ 
tAWD ~Wl 

~""'X ~X:W 

tRAC 

tozc 

cxxxx 
(XX.x ..... 

tozo 
IH 

.xxxxx 

~~~~~ A 
Xl .... 

Iff -f\ -~ IXXXXXXXXXXX 

tCWD 
twp tCWD twP 

r-~~~~~~~~~~ ~P' '"'-

1..0 tAA 

tc~b tDS ~ tozc 
~ H ... ~ ~ 

tOEA 

l 

/ 

}~~ DATA 1~~ DATA ~~ 
I~~ VALlD-1 ~~ ~ "Jt' VALlD-2 

t 
~ 

tOEZ 

tODD 

J!!fO 
tCLl 

/e~~~-1 
H 

Hi-Z PJ V 

~ 
. to~ tOEH 

tODD 

\IJ 

• MITSUBlSHI· 
.... ELECTRIC 

DATA 
VAlID-2 

~ ..... .x""''''''''''''''''XX 
Il'i:XXXXXXXXXX 

A .......... .x 

tOEH 
" 

"T"XXXXX .x 
"'lIO..x.x .......... 

~ 

5 - 375 



MITSUBISHI LSls 

PREll ~~~~~~'" M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 
Notice', i~~~:t;i~ \irnitS 3re suble , 

sorn
e

p3 FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-8IT) DYNAMIC RAM 

Fast Page Mode Read-Upper I (Lower) Write, Read-Modify-Upper I (Lower) Write Cycle 

VIH-

VIL-

UCAS VIH-

(or LCAS)V 
IL -

LCAS VIH-
(or UCAS) 

VIL-

~~ 

~ 
W 
~ 

W-

tCSH 

.... 

tRCo tCAS 

~~ 
.... 

tRAo 

tR S A 

tRP 
tRSH 

l~ ~L 
..., 

tPRWC tRPC 

~ tCAS ~ tcRf. 
-,~~ ~r l~ V ..., 

,C tCF 

V 
tASR ~H ~ tCAH r ~ tCAH ~ tASR ,~ 

VIH-

Ao-A9 
VIL -

VIH-

w 
VIL -

C VIH­
\ INPUTS 

DOl-DOs VIL -

(or 009-0016) 

~ 
VOH-

OUTPUTS 
VOL-

f 
VIH~ 

INPUTS 
VIL -

009-0016 
(or D01-DOa) 

~ 
VOH-

OUTPUTS 
VOL-

VIH-

OE 
VIL 

5 - 376 

=x r- ROW 

..... ADDRESS 

XXXXXX 
<xxx 

xx 

~I~ 
{Xxx 

x X x x~r-

tozo 
~ 

<XXXXXX 
<;<;«XXXX:»' 

~ COLUMN -~A.XXX~IX COLUMN 
~r- XX,",'-

ROW 

~~~~~xxx '=- ADDRESS-1 :::J'f-~xxx~ ~ .... ADDRESS-2 ..... XXXI-,...- ADDRESS 

1 twCH 
twCH 

~ tR~ 
tAWD 

t~ 
tAWD ~WL 

XX7I -'1\ twp fT -'\ twP 
IXXXXXXxxxxx 

}II tCWD I.#CXXXX .......... X 
~F---;l ~y tcwo r-

xx xx xx xxx xxxxx 
xxx xx XXXXXX xxxx xxx xxxXXXXXXXIX xxxxxxxxxx 

Hi-Z 

tAA 1M 

tDZC l.tCAC
, ~ ~ t~ ~ ~ ~ 

tRAC J~~ DATA ~ J ... l~ r- DATA .... r-IXXXXxxxxxx 

tOEA 

-

~~r- VALlD-1 '"' ~~ 
tozo 

tCLZ 
if--+ 

~~ ~ 

' '1Ff 

tOEZ 

tODD 

H 

/~~~~-1 Hi-Z 

tOEH 

-\ 
-

'. MlTSUBlSHI .... ELECTRIC 

~~ ~ VALlD-2 --.. 
IJII;.X 
r'\.X x 

e. 
V 

DATA 

J~ VALlO-2 

~lf: ' 

~ 
toEZ 
~ tOEH 

'1 tODD 

U IUCXXXX 



MITSUBISHI lSls 

M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 

FAST PAGE MODE 167n216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Self Refresh Cycle * 

VIH - j'­
VIL ----./ 

tRP 

~~.-_______________ tR_:_S_S ________________ ~jk~,Jr 

I I 

tRPC 

~ ~tCSR. 

tRPS 

UCAS/LCAS VIH - J-'" -~r-
VIL-. ___ 

01 " .. 

~H 

VIH-.---------r~~~X~~~~~~~~~A~~AA~A~A~A~~AA~A~A~A~~AA~A~~AA~~~~~~~~~~~~~~~X~X~X~X 'xx AAAX XXXXXXXXXAAX XAXXX xx 
~XXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX VIL -

r VIH-lIlxXXXAXX XXXXX 
INPUT lIlXXXXXXX XXXAXXXX XXAXXXXX xxxxxxxxx 

VIL - KXX XXXX X xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx x xxx x x x~xx xx 

xxx AAXX XXXXXX 

001-0016 

~UTPUT VOH- KXXXX xxx ~ 
KAXXXAXX ~ 

VOL- AXX 

, tOEZ 

~ 

• MITSUBISHI 
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Hi-Z 

5 - 377 



MITSUBISHI LSls 

PREL\~~!!~~~9' 
Notice: ,his ~t~i~ limitS 0HI sub\0

C 

M5M4V18160CTP-5,-6,-7,-5S,-6S,-7S 

somDparaO'l FAST PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Self Refresh Cycle * 

UCAS 
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M5M4V16165CTP-5,-6,-7, 
-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 
The use of double-layer metal process combined with twin-well 

CMOS technology and a Single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RAS CAS 
Type name access access 

time lime 
(max.ns) (max.ns) 

M5M4V16165CTP·5,·5S 50 13 

M5M4V16165CTP-6,-6S 60 15 

M5M4V16165CTP·7,-7S 70 20 

.Standard 50 pin TSOP 
eSingle 3.3V ±10% supply 
eLow stand-by power dissipation 

Address OE Cycle Power 
access access time dissipa-
time time lion 

(max.ns) (max.ns) (min.ns) (typ.mW) 

25 13 90 360 

.30 15 110 285 

35 20 130 255 

1.8mW (Max) -------------------------- CMOS Input level 
eLow operating power dissipation 

M5M4V16165CTP-5,-5S -----------------·435.0mW (Max) 
M5M4V16165CTP-6,-6S - - - - - - - - - - - - - - - - -. 345.0mW (Max) 
M5M4V16165CTP-7,-7S -----------------·310.0mW (Max) 

.Hyper-page mode, Read-modify-write,RAS-only refresh 

PIN CONFIGURATION (TOP VIEW) 

Al0 

Al 

A3 

vee 

0016 

0015 

0014 

0013 

0011 

0010 

NC 

LCAS 

UCAS 

OE 

A9 

A7 

A6 

A5 

A4 

VSS CAS before RAS refresh, Hidden refresh capabilities 
.Early-write mode, OE and W to control output buffer impedance 

All inputs, output TTL compatible and low capacitance 
e4096 refresh cycles every 64rns (Ao-All) Outline 50P3G-F(400mil TSOP Normal Bend) ~ 

* : Applicable to self refresh version (M5M4V16165CTP-5S,-6S, 

-7S: option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-All Address inputs 

001-0016 Data inputs/outputs 

RAS Row address strobe input 

UCAS 
Upper byte control 
column address strobe input 

LCAS 
Lower byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vee Power supply (+3.3V) 

VSS Ground (OV) 

• . MITSUBISHI 
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NC: NO CONNECTION 
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM, 

FUNCTION 
The M5M4V16165CTP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, e.g., 

hyper page mode, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 

Tablet Input conditions for each mode 

Operation 
Inputs Input/Output 

RAS LCAS UCAS W OE 001-008 009-0016 

Lower byte read ACT ACT NAC NAC ACT OOUT OPN 
Upper byte read ACT NAC ACT NAC ACT OPN DOUT 
Word read ACT ACT ACT NAC 'ACT DOUT DOUT 
Lower byte write ACT ACT NAC ACT NAC DIN DNC 
Upper byte write ACT NAC ACT ACT NAC DNC DIN 
Word write ACT ACT ACT ACT NAC DIN DIN 
RAS-onIY refresh ACT NAC NAC DNC ONC OPN OPN 
Hidden refresh ACT ACT ACT NAC ACT OOUT DOUT 
CAS before RAS" refresh ACT ACT ACT DNC DNC OPN OPN 
Stand-by NAC DNC DNC DNC DNC OPN OPN 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : invalid, APD: applied, OPN : open 

BLOCK DIAGRAM 
ROW ADDRESS 
STROBE INPUT RAS 

LOWER BYTE CONTROL __ 
COLUMN ADDRESS LCAS 

STROBE INPUT 
UPPER BYTE CONTROL UCAS 

COLUMN ADDRESS 
STROBE INPUT 

WRITE CO~~~8i IN 

ADDRESS INPUTS 

5 - 380 

Ao 

A1 
A2 
A3 

A4 
AS 
A6 
A7 
A8 

A9 
A10 
A11 

LOWER 

UPPER 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & 110 CONTROL 

MEMORY CELL 
(167n216BITS) 

---..=.-0 VCC (3,,3v) 

+----<:S VSS (0V) 

I 001) , 002 
: LOWER DATA 
1 INPUTS I OUTPUTS 

008 

D09j 0010 
: UPPER DATA 
1 INPUTS I OUTPUTS 

0016 

OE ~1frUT ENABLE 



MITSUBISHI LSls 

PREL\ 'NARY M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
VCC Supply voltage -0.5-4.6 
VI Input voltage With respect to Vss -0.5-4.6 
Vo Output voltage -0.5-4.6 
10 Output current 50 
Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 
VIH High-level input voltage, all inputs 2.0 VCC+O.3 V 
VIL LOW-level input voltage, all inputs -0.3 0.8 V 

Note1: All voltage values are with respect to vss. 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Min 

VOH High-level output voltage 'IOH=-2.0rnA 2.4 
VOL LOW-level output voltage IOL=2.0mA 0 
loz Off-state output current Q floating OV,!5;VOUT,!5; 3.3V -10 
II Input current OV,!5;VIN ,!5; 3.6V, Other inputs pins=OV -10 

Average supply current M5M4 V16165C-5,-5S RAS, CAS cycling 
ICC1(AV) from Vcc operating M5M4 V16165C-6,-6S tRc=twc=min. 

(Note 3,4,5) 
output open 

M5M4V16165C-7,-7S 

RAS= CAS =VIH, output open 

ICC2 Supply current from Vcc, stand-by (Note 6) RAS= CAS ?;'Vcc -0.2V 
outpufopen 

Average supply current 
M5M4 V16165C-5,-5S 

RAS CYCling, CAS=VIH 
ICC3(AV) from Vcc refreshing M5M4V16165C-6,-6S tRc=mln. 

(Note 3,5) 
output open 

M5M4V16165C-7,-7S 

Aver~e supply current M5M4V16165C-5,-5S 
RAS=VIL, CAS cycling from cc 

ICC4(AV) Hyper-Page-Mode M5M4V16165C-6,-6S tpc=min. 
output open 

(Note 3,4,5) M5M4V16165C-7,-7S 

Aver~e supply current M5M4V16165C-5,-5S CAS before RAS refresh cycling 
ICC6(AV) from cc 

CAS"before RAS refresh M5M4V16165C-6,-6S tRc=min. 
mode (Note 3) 

output open 
M5M4V16165C-7,-7S 

Stand-by: 
RAS~VCC.().2V 

CAS~VCC.().2V or CAS~O.2V 
CAS before RAS refresh: 

Average supply current RAS cycling CAS~O.2V or 
ICC8(AV)* from Vcc M5M4V16165C (S) CAS before RAS refresh cycling 

Extended-refresh cycle W~O,2V or ~VCC.().2V 

(Note 6) 0E~O.2V or ~VCC,(),2V 
Ao-A11 ~O,2V or ~VCC.().2V 
OO=open, tRC=125#s, 
tRAS=tRASmin-l #s 

Average supply current 
RAS=CAS~0.2V ICC9(AV)* fromVCC M5M4V16165C (S) 

Self-refresh cycle 

Note 2: Current flowing into an IC is positive, out is negative. 
3: ICCl (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Address can be changed once or less while RAS=VIL and LCASlUCAS=VIH . 

• MITSUBISHI 
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Limits 
Typ 

Unit 
V 
V 
V 

rnA 
mW 
·C 
·C 

Max 
Unit 

Vcc V 
0.4 V 
10 J.lA 
10 p.A 

120 

95 rnA 

85 

2 

0.5 rnA 

0.15* 

120 

95 rnA 

85 

165 

130 rnA 

110 

120 

95 rnA 

85 

400 p.A 

200 p.A 
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HYPER PAGE MODE 16777216~BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAPACITANCE (Ta='0-70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min Typ Max 

CI(A) Input capacitance, address inputs 5 pF 

CI(OE) Input capacitance, OE input VI=VSS 7 pF 

CI(W) Input capacitance, write control input 
f=1MHz 7 pF 

CI(RAS) Input capacitance, RAS input VI=25mVrms 7 pF 

CI(CAS) Input capacitance, CAS input 7 pF 

CliO Input/Output capacitance, data ports 7 pF 

SWITCHING CHAR.ACTERISTICS (Ta=0-70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 6,14,15) 

Limits 

Symbol Parameter MSM4V1616SC-S,-SS MSM4V1616SC-&,-6S MSM4V16165C-7,-7S Unit 
Min Max Min Max Min Max 

tcAC Access time from CAS (Note 7,8) 13 15 20 ns 

tRAC Access time from RAS (Note 7,9) 50 60 70 ns 

fAA Columu address access time (Note 7,10) 25 30 35 ns 

tCPA Access time from CAS precharge (Note 7,11) 30 35 40 ns 

tOEA '- Access time from OE (Note 7) 13 15 20 ns 

tOHC Output hold time from CAS 5 5 5 ns 

tOHR Output hold time from RAS (Note 13) 5 5 5 ns 

tCLl Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOEZ Output disable time after OE high (Note 12) 0 13 0 15 0 20 ns 
twEZ Output disable time after WE low (Note 12) 0 13 0 15 0 20 ns 

tOFF Output disable time after CAS high (Note 12,13) 0 13 0 15 0 20 ns 

tREZ Output disable time after RAS high (Note 12,13) 0 13 0 15 0 20 ns 

Note 6: An Initial pause of 500 ~ is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock such as RAS-Only refresh). 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RASICAS cycles are required after prolonged periods (greater than 64ms) 
of RAS inactivity before proper device operation Is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(IOH=-2mA) / VOL=0.4V(IOL=2mA) load 10QpF. 
The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(VOL). 

8: Assumes that tRCD ;;: tRCD(max) and tASC ;;: lASC(max). and tcp~ tCP(max). 

9: Assumes that tRCD ;:iii tRCD(max) and tRAD ;:iii tRAD(max). If tRCD or tRAD is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCD exceeds the value shown. 

10: Assumes that tRAD;;: tRAD(max) and lAsc ;:iii lASC(max). 
11: Assumes that tCP;:i tCP(max) and lAsc Si: lASC(max). 
12: tOEZ(max), twEZ(max), tOFF(max) and tREZ(max)defines the time at which the output achieves the high Impedance state ( IOUT;:i 1±10p.AI) and Is not 

reference to VOH(min) or VOL(max). 
13: Output is disabled after both RAS and CAS go to high. 
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M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles) 
(Ta=0-70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter MSM4V16165C-S,-SS MSM4V16165c-6,-6S MSM4V1616SC-7,-7S 

Min Max Min Max Min Max 
tREF Refresh cycle time 64 64 64 
tREF* Refresh cycle time 128 128 128 
tRP RAS high pulse width 30 40 50 
tRCD Delay time, RAS low to CAS low (Note 16) 18 37 20 45 20 50 
tCRP Delay time, CAS high to RAS low 5 5 5 
tRPC Delay time, RAS high to CAS low 0 0 0 
tCPN CAS high pulse width 8 10 10 
tRAD Column address delay time from RAS .Iow (Note 17) 13 25 15 30 15 35 
tASR Row address setup time before RAS low 0 0 0 
tAse Column address setup time before CAS low (Note 18) 0 10 0 13 0 13 
tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 8 10 10 
tozc Delay time, datato CAS low (Note 19) 0 0 0 
tDZO Delay time, data to OE low (Note 19) 0 0 0 
tRoD Delay time, RAS high to data (Note 20) 13 15 20 
tCDD Delay time, CAS high to data (Note 20) 13 15 20 
tODD Delay time, OE high to data (Note 20) 13 15 20 
IT Transition time (Note 21) 1 50 1 50 1 50 

.. Note 14: The timing reqUirements are assumed tT =2ns. 
15: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ms 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

16: tRCD(max) Is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCO is greater than tRCO(max), access time is 
controlled exclusively by tCAC or fAA. 

17: tRAD(max) is specified as a reference point only. If tRAD ~ tRAD(max) and tAsc ~ tASC(max), access time is controlled exclusively by tAA. 
18: tAse(max) is specified as a reference point only. If tRCD ~ tRCD(max) and tASC!i:'o tAsC(max), access time is controlled exclusively by tCAC. 
19: Either tozc or tozo must be satisfied. 
20: Either tROD or tCDO or tODD must be satisfied. 
21: tT is measured between VIH(min) and VIL(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 
tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read setup time before CAS low 
tRCH Read hold time after CAS high 
tRRH Read hold time after RAS high 
tRAl Column address to RAS hold time 
tCAl Column address to CAS hold time 
tORH RAS hold time after OE low 
taCH CAS hold time after OE low 

Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 

MSM4V1616SC-S,-SS 

Min 
90 
50 

8 
40 
13 
0 

(Note 22) 0 
(Note 22) 10 

25 
13 
13 
13 

• MITSUBISHI 
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Max 

10000 
10000 

Limits 
MSM4V16165C-6,-6S MSM4V16165C-7,-7S 

Min Max Min Max 
110 130 
60 10000 70 10000 
10 10000 13 10000 
48 55 
15 20 
0 0 
0 0 

10 10 
30 35 
18 23 
15 20 
15 20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
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Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter MSM4V1616SC-S,-SS MSM4V16165C-6,-6S MSM4V16165C-7,-7S Unit 

Min Max Min Max Min Max 
twc Write cycle time 90 110 130 ns 
tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 
teAs CAS low pulse width 8 10000 10 10000 13 10000 ns 
test.! CAS hold time after RAS low 40 48 55 ns 
tRSH RAS hold time after CAS low 13 15 20 ns 
twcs Write setup time before CAS low (Note 24) 0 0 0 ns 
tweH Write hold time after CAS low 8 10 13 ns 
tewL CAS hold time after W low 8 10 13 ns 
tRWL RAS hold time after W low 8 10 13 ns 
twp Write pulse width 8 10 13 ns 
tDS Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS low or W low 8 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter MSM4V1616SC-S,-SS MSM4V1616SC-6,-6S MSM4V1616SC-7,-7S Unit 

Min Max Min Max Min Max 
tRWC Read write/read modify write cycle time (Note 23) 109 133 161 ns 
tRAS RAS low pulse width 75 10000 89 10000 107 10000 ns 
teAs CAS low pulse width 38 10000 44 10000 57 10000 ns 
tesH CAS hold time after RAS low 70 82 99 ns 
tRSH RAS hold time after CAS low 38 44 57 ns 
tRCS Read setup time before CAS low 0 0 0 ns 
tewD Delav time CAS low to W low (Note 24) 28 32 42 ns 
tRWD Delay time, RAS low to W low (Note 24) 65 77 92 ns 
tAwD Delav time, address to W low (Note 24) 40 47 57 ns 
tOEH OE hold time after W low 13 15 20 ns 

Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tr. 
24: twcs, tewD, tRWD and tAWD and, tCPWD are specified as reference points only. If twes~twCS(min) the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tCWDiii:teWD(min), tRWD~tRWD(min), tAWD~tAWD(min) and tepwD~ tCPWD(min) 
(for hyper page mode cycle only), the cycle is a read-modify-write cycle and the DO~contain the data read from. the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or OE goes back to VIH) is indeterminate. 
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M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper page Mode Cycle 
(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 

Limits 
Symbol Parameter MSM4V1616SC.s,·5S MSM4V1616SCo6,-&S M5M4V1616SCo7,·7S 

Min Max Min Max Min Max 
tHPC Hyper page mode readlwrite cycle time 20 25 30 
tHPRWC Hyper page mode read write/read modify write cycle time 57 66 79 
lDoH Outout hold time from CAS low 5 5 5 
tRAS RAS low pulse width for read write cycle (Note 26) 65 100000 77 100000 92 100000 
tcp CAS high pulse width (Note 27) 8 13 10 16 10 16 
tCPRH RAS hold time after CAS precharge 30 35 40 
tCPWD Delay time, CAS precharge to W low JNote 24) 45 52 62 
tCHOL Hold time to maintain the data Hi-Z until CAS access 7 7 7 
tOEPE OE Pulse width (Hi·Z control) 7 7 7 
twPE W Pulse width (Hi·Z control) 7 7 7 
tHCWD Delav time, CAS low to W low after read 28 32 42 
tHAWD Delay time, address to W low after read 52 62 72 
tHPWD Delay time, CAS precharge to W low after read 62 72 82 
tHCOD Delay time, CAS low to OE high after read 13 15 20 
tHAOD Delay time, address to OE high after read 25 30 35 
tHPOD Delay time, CAS precharge to OE high after read 30 35 40 

Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 
26: tRAS(min) is specified as two cycles of CAS input are performed. 
27: tCP(max) is specified as a reference point only: 

CAS before RAS Refresh Cycle (Note 28) 

Limits 
Symbol Parameter MSM4V1616SCoS,·SS MSM4V1616SC06,-6S M5M4V1616SCo7,·7S 

Min Max Min Max Min Max 
tCSR CAS setup time before RAS low 5 5 5 
tCHR CAS hold time after RAS low 10 10 15 

Note 28: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 

• MITSUBISHI 
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Unit 

ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
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SELF REFRESH SPECIFICATIONS 

Self refresh devices are denoted by ·5· after speed item, like -5S/-6S/-7S. The other characteristics and requirements than the below are 
same as normal devices. 

TIMING REQUIREMENTS (Ta=O-70·C, Vcc=3.3V±O.3V, Vss=OV, unless otherwise noted, see notes 13,14) 

Symbol, Parameter 

tRASS Self refresh RAS low pulse width 
tRPS Self refresh RAS high precharge time 
tCHS Self refresh RAS hold time 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

M5M4V16165C-5S 

Min Max 

100 
90 

- 50 

Limits 
M5M4V16165C-6S M5M4V16165C-7S 

Min Max Min Max 
100 100 
110 130 
- 50 -50 

The last I first full refresh cycles (4K) must be made within tNS I tSN before / after self refresh"on the condition of tNs~64ms and 

tSN~64rns. 

~ tNS ., '4 tSN ., 

-----------------,--~II~II-----~II~I~I ______________ ~~III~I------~II~II----------------

Unit 

ps 
ns 
ns 

DISTRIBUTED REFRESH 
< 4K/64ms > 

DISTRIBUTED REFRESH 
<4K/64ms > 

(2) In case of burst refresh 

The last / first full refresh cycles (4K) must be made within tNS / tSN before I after self refresh, on the condition of tNS +tsN~64ms. 

5 - 386 
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-1II~1--~1II~1 ~1~1II~~1 ______________ ~~I I~III--~IIII~~IIII-
BURST REFRESH 

<4K/64ms> 
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M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 29) 

Read Cycle 

VIH-

Vil -

____ VIH 

LCAS/UCAS 
Vil -

VIH-
Ao-All 

Vil -

'Ii 
VIH-

Vil -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

Vil -

tRC 

tRAS 

~ I 
tCSH 

~ 
tRCO tRSH 

tCAS, 

~. ~ XXXXXI 

tRAl 
tRAO 

tCAl 
tASR 
~ ~ tCAH 

~ 
... XXXXX.M 

ROW 
.lXXxxx\. 

COLUMN r.pO-xxx AAXXA 
Y.XXXXXlI' X.lII' XXXAXA IXX 
I( X,XXX x XI ADDRESS XI ADDRESS .• xxx~xx 

tRCS 

I 
~xx 7' 
IlXAXXXAXXX A 

4-1 tozc~ 

KXXXXXX xx Hi-Z 
I'<AAXXA AXXAXXXX 

tCAC tREZ 

tM 
tOHR 

Hi-Z ~ DATA VALID 

tRAC 

tozo ~ 
tOCH 

xxx 
XXXXAXXXAXXXAAAAXX xn 
I(XXX 

Note 29 

XXXXXX~XXXXAXXXX~ 

tORH 

~ Indicates the don't care input. 
~ VIH(min)~VIN~VIH(max) or Vll(min)~VIN~VIL(max) 

~ Indicates the invalid output. 

• MITSUBISHI 
.... ELECTRIC 

tRP 

L 
tCRP 

I 

tASR .-. 
XA Ad ROW A X XlI' 
X)N' ADDRESS 

tRRH 

~ tACH 

xxxx« 
XXAXXX 

~:... 
tROD 

xxx' 
XAX 

' twEZ'--1-

tOFF 
tOHC 

ptL 

tOEZ 

~tooo~ 

#.lAX AXXXX 
~ £,,-X XX 

5 - 387 



MITSUBISHI LSIS 

EL\",,\NARY M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S 
P R , final SllecifiC3ll~n~nange, 
Notice: 1n\~i:\~~\~;ts are sllbiect 0 ' 

So",epar0 HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read Cycle 

VIH-
RAS 

VIL -

LCAS 
VIH-

(or UCAS) VIL -

UCAS 
VIH-

(or LCAS) VIL -

VIH-
Ao-Al1 

Vil -

VIH-
w 

DOl-DOe VIH­
(or 009-0016) 
(INPUTS) Vil -

DOl-DOe VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or DOl-DOe) 
(INPUTS) Vil -

009-0016 VOH­

(or DOl-DOe) 
(OUTPUTS) VOl-

VIH-

Vil -

5 - 388 

C 

tRAS 

~ ) 
tCSH 

~ tCRP. tRCo tRSH 

o{XXXX}i 
~XXXXI 

tCAS 

XXXX}If \ 
tRAo tRAL 

tCAl 
tASR 

~ tCAH 
~ ~tAsc. 

ROW COLUMN )';.XlI' ~ :JIll I\KXXXXXx)';. 
XXI ADDRESS ~l:XxxX"N ADDRESS r" x x )';. x x x x x x x x 

tRRH 
tRCS 

r 
lCX)e~ ){xxxxxxxxx XXXXXXlfI 

){xxxxxxx XXI 

O{XXxxxxxxx x xxxxxxxxxxxxx x 
<x xxx xxxxxxxxx xxxxxxxxx x 
cx xxxxxxxxxx 

HI-Z 

~Itozc. 
tROD 

xxxx xxxxxxxx Hi-Z x xxxxx XXXXXXXXfJI x 
tREZ 

tCAC tOHR 
1M 
tCLl 

HI-Z ~~ DATA VALID 

tRAC 

tozo ~ 

<IX.XXXXXXXXXXXXXXXXXX~ 
<xxxxxx XXX XXX XX~ 

• MITSUBISHI 
.... ELECTRIC 

tOCH 

tORH 

tRP 

'---tCRP 

I 

tASA 
t--f 

XXXV ROW 
xxx/' ADDRESS 

~ tACH 

>!"X X 
IX.)';.~)';.)';.)';.X 

xx~X9 

tCoD 
~ ... 

KX XXXX 
'\. X xxx 

..... - twEZ 

tOFF 
toHC 

~ 

p; tODD 

)eX 

i~~~~~~» xx 



MITSUBISHI LSls 

PRII·· ..... ,.W-
M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Early Write Cycle 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

ViH-
Ao-Al1 

VIL ....; 

VIH-
w 

VIL -

001-0016 VIH-

(INPUTS) VIL 

~ 

tF 
tRCO 

){XXXXXI: 
){XXXXY 

tASR tRAH tA~ ...... 
xxxxx, ROW ~ 
~ ADDRESS 

D{ xx XI 

~)';)';)';)II;.I .~ 

twcs 

x x)';XX)';)II;.)';)II;.)II;..la.~·1 
)11;.)11;.)11;.)'; 

XXXX)II;. X.l. 
xxxx ~ 

~ 

)';)';)II;.)';)II;.)II;.)II;.V 
XXXXX)';XI 

\ 

tw C 

tRAS L tRP 

r 
If \ 

tCSH 

tRSH 

~ tCAS 

I 
tCAH 

tA~ 

COLUMN Jl(XX xxx x>\. ROW 
ADDRESS IA}'; )11;.)11;. )';)11;.)11;. )'; .xa ADDRESS 1I!:)II;.)';)';)';)II;.)II;.)';)';)II;.)II;. )';)# 

twCH I 

1.1{)'; x)'; X xx 
£.)11;.)11;. 
~)II;. xx 

1X)';)II;.)II;. )';)11;.)11;.)';)';)11;.)11;.)';)11;.)11;.)';)11;. 

tOH 

DATA VALID v)';)';xxx )II;.)';;»XXXXXXXXx..?Sc. 
'UXXXX XXXXXXX)';)II;.)II;.)II;.)II;. 

Hi-Z 001-0016 VOH-

------------------------------------------------------------------------~ (OUTPUTS) VOL -

5 - 389 



MITSUBISHI LSls 

PRE~~~~~~~~"" M5M4 V16165CTP-5,-6,-7 ,-5S,-6S,-75 

No\ice: Tt~~~triC limits are SU ) 

$omepa
r 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Early Write Cycle 

VIH-
RAS 

VII:-

LCAS 
VIH-

(orUCAS) VIL -

UCAS VIH-

(or LCAS) VIL-

VIH-
Ao-All 

,VIL -

VIH-
w 

VIL-

DOl-DOs VIH _ 

(or 009-0016) 

\ 

tCRP ....... 
KXXXX 

~ 

KXXXX 
K X X X XI 

tASR tRAH ....... , 

~ ROW KXXXXI 
)(XX XXI.J ADDRESS 

KXXX 
KXXXXXXxxxx 
IC.XXXXXXxxxx 

IC.XXXXXXxx 

tRCO 

tAsc 
~ 

,RVV\. 
IIXXXJOI 
.~ 

twcs 
~ 

x," 
X~ 

xxx~ 

twc 

tRAS I. tRP 

r 
f ~ 

tCSH 

tRSH 

tCAS 

~ 
K II 

tCAH tASR 
~ 

COLUMN ·~xxxxxxxxxxxxxxxx~ 
ROW IXXXXXXxxxxxXXXXXXJOI 

ADDRESS 'U:XXXXXXXXX XX7 ADDRESS 
I 

twCH 

#xxx xxxXXXXX 
I"-XXX XXXXXXXX 

XXXXXX XXXXXXXX 

x~xx XXXXXXXXXXXXXXXXXXXX 

(INPUTS) VIL - IC.XXXXXXxxxxxxxxxxxx XXX xxx xxxxxxxxxxxxxxxxxxxXXXX 

DOl-DOs VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or DOl-DOs) 
(INPUTS) VIL -

009-0016 VOH­

(or DOl-DOs) 
(OUTPUTS) VOL -

VIH-

IC.XXXX 
I<XXXXXXXXXXX 

Hi-Z 

~ tOH 

DATA VALID 

Hi-Z 

VL- " 

5 - 390 
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LXXXXxxxxxxxxxxxxxXXXXX 
~xxxxxxxxxxxxxxxxxxxxxx 



MITSUBISHI LSls 

M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Delayed Write Cycle 

VIH 

VIL -

VIH­
LCAS I UCAS 

VIL -

VIH-
Ao-All 

VIL -

w VIH 

VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL 

twc 

tRAS .10 tRP 

r 
\ t \ 

tCSH tCRP 

F tRCO tRSH 

tCAS 

1'10. ................ 701-

KXXXXY ~ I XXXXYJ 

e tRAH tASC tCAH 
~ ..... if-tASR 

~ ROW o~ COLUMN ................. 
ROW o;X .... X1W I1KXX:XY VC:XXXX 

~ 
ADDRESS oVSJ5it ADDRESS o~XXXX ........ XR ADDRESS 

~ tCWL. 
tRWL r-== ~ 

!cxx xXXII \ LXX xxxxxxx 
XXXX .... XX .... X XX.l!I' XXXX}l; .... }I; x..)v< 

twCH 

tOlC t~ toH 
f-t 

KXXXXxxx Hi-Z ~~ DATA [LXX xxxx 
~X""xx ~ VALID III:XXXX X~ o~ 

~ 

Hi-Z (~ Hi-Z 

tOEH 
tOlO tOEl4t ~ 
~ ~ tODD 

XXXXXX- ~XXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXX}I;XXXXXXA ~XXXXXX}I;""}I; xx 
}l;Xx.xxx.x. 

5 - 391 



MITSUBISHI LSls 

El\ MlNAR"l M5M4 V16165CTP-5,-6,-7 ,-55,-65,-75 
P R _ ot a fillol s\lec\f.iC:~~I~~-cMnge­
Nolice: ihis IS ~ c limits ate subia 

Some param0tn HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Delayed Write Cycle 

RAS 

LCAS 
(or UCAS) 

UCAS 
(or LCAS) 

Ao-All 

w 

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH­

VIL -

VIH-

VIL -

D01-DOa VIH­

(or 009-0016) 
(INPUTS) VIL -

D01-DOa VOH­

(or 009-0016) 
(OUTPUTS) VOL -

DQ9-D016 VIH­

(or D01-DOa) 
(INPUTS) VIL-

009-0016 VOH­

(or D01-DOa) 
(OUTPUTS) VOL -

VIH-

VIL -

5 - 392 

twc 

tRAS L tRP 

r 
\ If \ 

tCSH 

t~ tRCD tRSH 

KXXXXX 
I(XXXXYJ 

tCAS L tCRP 

I 
x.xxxxx ~ If x.xxxx-A XXX XXI 

~ tRAH 
lAsc ~ 

tCAH --. __ lASR 

x.xxxx\. ROW r J!iJ5l\. Jf- COLUMN -«xxxxx xx XXXA ROW 
I(XXxxJt. ADDRESS AXXXJA ADDRESS IAXXXXXX xx 

'C:il.::ICI r 

~ 
x.xxxxx 

~~~ xxxxxx 

x.xxxxxxxxx 
x«~~~~~ 

xxxxxxxxxxxx 
xxxxxxxxxx Kxxxxxxxxxxxx 

Hi-Z 

twCH 

tpzc 
~ t~ 

x.xxxxxxxxXXXxxxxxxxX Hi-Z J~ 
KXXXXXX~x 

l~ x xxxxxxxxxxxxxx 

~ 

Hi-Z ~ 
~ 

tOEZ .. 

...--. tODD 

I(XXXXXXXXXXXXXXXXXXXXX~ 

I(XXxxxxxxxxXXXXXXXXXXX \. 

l(XXXXX XXXXXXXXXXX~ "-

• MITSUBISHI 
.... ELECTRIC 

~ 
tRWL 

~ 

~ IXXxX~ «xxxxxxxx 

xx xxx 
xx xxxxxxx 

tDH 

DATA -~xx 

VALID 
IM.XX 
'x 

'Hi-Z-

tOEH 
~ 

xxxx 
«xxx 
~XXX 

ADDRESS 

X 
X 

xx 
xx 

~ 

xxxxx 
xx 
xx 



MITSUBISHI LSls 

M5M4V16165CTP-5,.6,.7,-5S,-6S,-7S 

HYPEfI PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

VIH­

LCAS/UCAS 
VIL -

VIH-
Ao-A11 

VIL -

VIH-
w 

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-D016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

tAWC 

tAAS I. tAP 

I 
\ II \ 

tCSH tCAP 

tCF 
tACO tASH 

tCAS 

KKXXXx.-
\ V lCXXXX"Y 

lCXXXXI 
tAAO 

tASA tAAH tCAH tASA H tAsc ~ ~ 

ICXXXX' ROW ~ COLUMN 
.~ Y)( Y)()()(\. ROW \LXXXV 

~ ADDRESS ''l:XXXI' ADDRESS 
AXXXXXXX xxx», 

ADDRESS 
~ XI 

tAWO tCWL 

tACS r-- .... tcwo tAWL 

tAWO twp 

ICXXXXXXX xxx 
\ 

17< 7< 7< 7< X X X X X X X X X 
KXXX7< ~~ A~~~~~~~~~~X9 ICXX 

tozc t~ tOH 

~f-+ 
Hi-Z ~ )(xxxxxxx xx ~xxxxxxxxxx 

~xxxx xxV (;!/' DATA VALID 
tCAC 

'vxxxxxx~ 

tAA 

~ 

{~ 
~ 

Hi-Z DATAl\. Hi-Z 

VALID If 
'-----' 

tAAC 
~+-. tODD 

tozo ~ -+ 14- tOEZ 9 
xxxxxxx ... 

KxxxxxxxxxxxxxxxxX~A 

~x xxxxxx~)(' 

• MITSUBISHI 
"ELECTRIC 

,.~ x x x x x x ««<: 
~ X X X x x x x X X x'x x x x 

5- 393 



MITSUBISHI LSls 

ELl N\' NARY M5M4 V16165CTP-5,-6,-7 ,-5S,-6S,-7S 
P R . . not a final spec~~~~\~;~hange 
Notice: ihls :triC limits afe SU \ 

some para'" HYPER PAGE MODE 16777216-BIT(1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read-Write, Read-Modify-Write Cycle 

VIH-
RAS 

VIL -

, 
tCRP H 

LCAS 
VIH- )(X 

(orUCAS) VIL -
)otXXXXXI 

UCAS VIH- )otxxxxx 
(or LCAS) 

VIL -
leXXXXXI 

tA~ tRAH 

Ao-All leXXXXX, ROW 
VIH-

VIL -
IC xxx X lel\ ADDRESS 

VIH-
w 

VIL -

001 ..... 00S VIH­
(or 009 ..... 0016) 
(INPUTS) VIL -

D01 ..... 00S VOH­

(or 009 ....... 0016) 
(OUTPUTS) VOL -

)otxxxxxxxx IXX 
)otx xx xx 

~xxxxxx 

)otxxxxx 

x )otxxxxxxx 

tRCO 

~ 
tRAO 

tAsc .. 

~, 

~ 

tRcS ..._ .... 

}G , 

tozc ~ .... 
xiX 

009 ..... 0016 VIH­

(or 001 ....... 00S) 
(INPUTS) VIL -

leXX xxx¥0-

tRWC 

tRAS I. tRP 

if ~ 
tCSH 

tRSH 

tCAS I. tCRP 

f 

tCAH tAsR 
~ 

COLUMN ..LXXXXXXxx IXX xxx~ ROW 
ADDRESS nxxxxxxxx IXX XXXXI\ ADDRESS 

tAwo 

tcwo ~ 
ti=lwo 

. tRWL 

twP .J , 'I XXXXX 
XXXXX 

I 

xxxxXX~ 

xxxx 

Hi-Z 

tos~ 
toH 

Hi-Z ~~ XXXX 
DATA VALID 

r:t:fl tCAC 

tAA 

009 ..... 0016 VOH _ 

(or 001 ..... 00S) 
(OUTPUTS) VOL -

HI-Z ~ r----, 
Hi-Z DATA 

VIH- KXXXXXXxxxx 
"'-x 

VIL -

5 - 394 

VAllO 
I-..J 

tRAC .. f--t tODO 
tozo ~tOE~ 

.. tOEZ 

xxxxxx 
xxxxxxx 

• MITSUBISHI 
"ELECTRIC 

9 
xx x 
~x xxxxx 



MITSUBISHI LSls 

M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

VIH-

Vil -

VIH­
LCAS I UCAS 

Vil -

Ao-A11 
VIH-

Vil -

w VIH 

Vil 

001-0016 VIH 

(INPUTS) Vil 

.001-0016 VOH­

(OUTPUTS) VOl-

VIH-

Vil -

RAS 

\ 
tCSH tHPC 

tc~ 
tRCO tCAS ~ tCAS 

r----, 

rfff \ ~ ~ 
tRAO 

tASR ~ tRAH ~ ~ 
tAsc 
~ ~ tASC ........ ~ 

~ ROW I~ :£6 ~~. m 
COLUMN-1 COLUMN-2 vex 

ADDRESS lAX ~ .v:f:,j5jf l::.:::::. ~f:7 :\25.2 

tRCS 

tCAl tCAl 

¥-.h.h.h 
l';XXXX 

tozc 

x.xx xxxx Hi-Z 
x 

XXX 

~ ~ 
tAA tAA 

~LZ tOOH 
~ 

Hi-Z '~ DATA ~ 
VALlD-1 

tRAC tCPA 

tozo ~~ 
I 

tOCH 

.,(xxxxxxxxxxxxxxx 
'1I:.
X

X
X

X x X xx XXXX~ 

• MITSUBISHI 
.... ELECTRIC 

tRP 

I L 
tRSH 

~ tCAS 

~~~ I 
tCPRH 

lAsc 
14 tCAH ~ ~ tASR ~ 

~ 

D~ ~;;: ~~ ROW ]I COLUMN-3 ~ )( 

'F-4' ADDRESS ~;J. ~ 
~t~ 

tCAl ~ tRCH 

xxxxx~ xxxxxx 
XXXXXX 

tROD 
~ 

tcoo 

[Xx xx 

~ 
!Xx XX 

tREZ 
tAA tOHR 

tOFF 
tOOH tOHC H 

DATA ~ DATA 
~ VALlD-2 VALlD-3 

tCPA 

tOEZ 

~f=X ~ 

~ toDD 

5 - 395 



MITSUBISHI LSls 

El\Nt\NARY M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S 
P R \iMI speciiicatlo\hangc 
Notice: This is ~otli~its sre ·subiect to 

so!Y\!lpararnetflC HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read Cycle 

LCAS 
(or UCAS) 

UCAS 
(or LCAS) 

Ao-All 

VIH­

Vil -

VIH-

Vil -

VIH-

Vil -

VIH -

Vil -

VIH-

Vil -

\ 
tCSH 

tCRP tRCO .. 
XXXX>I 

2!:&J 

tCAS 

~ ~ 

tRAO 

tASR ~ tAsc ........ ~ tCAH. 
.' .. 
~ ROW ~ JO? 

COLUMN-1 ~ X X XX.7\ ADDRESS "Qt:U ~ \:S.2! 

tRCS 

tCAl 

I{XX xxx )(XX 

tRAS 

tHPC tRSH 

~ tCAS ~ 

~ ~ 

tCAS 

I , 
tCPRH 

~ 14 tCAH. ~ ~ 

~~ r.fjQ ~~ COLUMN-2 COLUMN-3 .lIQI' 

~~ flri' ~ 

tCAl tCAl 

tozc 

00l-00a VIH­

(or 00e-0016) 
(INPUTS) Vll-

)(XXXXX xxx x xxx Hi-Z 

00l-00a VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or 001-00a) 
(INPUTS) Vil -

009-0016 VOH­

(or 001-00a) 
(OUTPUTS) VOL -

VIH-

Vil 

5 - 396 

I{XXXXX 

)(XXXXXX IXXXXX 
KXXXXXX IXXXXX 

Hi-Z 

xxxxx 
xxxxxxxxxxxx 

~ 
tM 

Hi-Z 

~ 
tCLl ~ 

tozc 
tCPA 

~ 
tAA 

tCLl ..... 

'~ DATA 
VALlD-1 

tRAC 

tozo tOEA 
~ 

teCH 
X xx JIll 
xxxx 

• MITSUBISHI 
.... ELECTRIC 

DATA 
VALlD-2 

Hi-Z 

~ 
tAA 

tOOH 
~ 

~ 
tCPA 

tAp 

I '-

tCRP 

I 

~ tASR. 

ROW 
IXXX~ ADDRESS 

~r!B~ 
~ tRCH 

X:XXXX 
UC:XXXX 

J~ 
,~ 

4-~ 
tOHR 

\ 
I\. 
~ 

tRoD 

tcoo 

~ 
~ 

twEZ ~--. 
tOFF 

tOHC 

DATA )-VALID-3 

tOEZ 

X 
AXX X X 

~ tODD 



MITSUBISHI LSls 

M5M4 V16165CTP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle 

VIH-

Vil -

____ VIH­

LCAS/ UCAS 
Vil -

VIH-
Ao-A11 

Vil -

VIH-w 

001 ...... 0016 VIH­

(INPUTS) Vil -

001 ...... 0016 VOH-

(OUTPUTS) VOL -

tRAS tRP 

\ ~ L 
tCSH tHPC tRSH 

tc~ 
tRCO tCAS ~ tCAS ~ tCAS L teRP 

r 
~ 

r-----. ,..----, 

1/ '\ ~ \ I ~ ~' 

teAL teAL 

tASR 
~ tA~ ~ tAse ~ tCAH. ~ 

~ tASR • 
~ .......... tAsc ~ 

~ t~ :~ ·~l ROW ~ ROW 
){XXX~ ADDRESS 

COLUMN-1 IIKX XX" COLUMN-2 A:XXXl'JIo COLUMN-3 «<XXXA ADDRESS 
~ 'f-~ :l:&:Z:I ~'~ 

I.twcs
• ~ twCH. ~ • tWCH.

1 
~twCS. ~ 

~ ~ 
~~xxx~ xxxxxxxx.x.xx.x.x ~ ~ KXXXXXXx.xxxxxl'lll. n xx.x .J. D ~ (\ !.. x x x xx.xx.x.x.xx.x.Axx.xx.1). J1f..X.AAX. " 

~ ~ ~ ~ ~ ~ 
x. X. A X. X. A x., I5rY"'5l'\. ,~ DATA 

IA x A X. X x. x. x. x. x. x. 
.,(')l'xXXXXX.xXx.xx~ DATA . IX.. X x Xl. DATA 

~ 
xxxx. ~xxxxxx.XXXXX x.x 

x~XXXXXXI VALlD-1 VALlD-2 1 .~ VALlD-3 J'XXXXxxxxxxx. 
~ 

Hi-Z 

------------------------------------------------------~-----------------

• MITSUBISHI 
..... ELECTRIC 5 - 397 



MITSUBISHI LSls 

PR ~~ ~~~ ~;;;~~:,~"'" M5M4 V16,165CTP-5,-6,-7 ,-55,-65,-75 

Notlc"r, IS triC limitS are SU 

Some paramo HYPER PAGE MODE 16777216';'BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Early Write Cycle 

VIH-
RAS 

Vil -

LCAS 
VIH-

(or UCAS) Vil -

UCAS VIH-

(or LCAS) Vil -

VIH-
Ao-All 

Vil -

VIH-
w 

Vil -

DOl-DOs VIH­

(or 009-0016) 
(INPUTS) Vil -

DOl-DOs VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or 001-008) 
(INPUTS) Vil -

009-0016 VOH­

(or 001-008) 
(OUTPUTS) VOL-

5 - 398 

tAAS L 
AP 

\ ~ ~ 
tCSH tHPC tASH 

tCAP ... 
)(XXXX ~ 

". 

~ I 

tACO tCAS ~ tCAS ~ tCAS I.. tCAP 

I 
)( 

~ I ~ I ~ --
tCAl tCAl 

lASA ~ ~ tASC ~ 
I_ tCAH ~ lAsc .......... ~ lAsc ~ ~ 

~ 

~ ROW ,~ JS2'S('){\ ~ rx'X}l\ ROW 
~ COLUMN-2 ADDRESS COLUMN-1 I.E x x X)oW. IXXXXI COLUMN-3 I .. XXXI ADDRESS ~'(;,{:;D ~ ~ ~ 

~ ~twCH~ I_twcs~ ~ ~ _ twcH~1 

XXXX ~ ~ .x.x.x.xxxxxxxx 
xxx ,. I; xxx». I( XXXXXXXXXXX x .x.x.x.x.xx.x.x .1 IX ,. xxx , 1)1. xxxxxxxX}6t;,t 

~ ~ ~ ~ 

'lXXXXXXXXXXXX~ 
<XXXXXx.xXXx.xXY1 

KXXX.xx.x.xxxx 
XXXXXXXXXXX 
)(XXXXXX ]I;'XX 

DATA L.xXXXXX 
.x.x.xx.xxx~ DATA 

,. 
xx vx.xxxxxxxxxx 

VALlD-1 xx XXXXXXXI: VALlD-3 '\Xxx xx x 

Hi-Z 

~ l. tOH
• 

xx DATA I:..XXXXXXxxxx xxxxxx 
X XXXIl XXXXx xxxXXX 
]I; VALlD-2 .XXXX]I;XXX]I;]I;]I;X]I;XX]l;]I;XXXXX 

HI-Z 

• MlTSUBISHI 
.... ELECTRIC 



MITSUBISHI LSls 

M5M4 V16165CTP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-All 

VIL -

w VIH-

VIL -

001 ...... 0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL-

RAS 

~ 
tCSH 

---
tCRP, 

tRCD tCAS tHPRWC 

tcp tCAS 

KXXXXXR 

\ ~ ~ ){""-""-,,,,-,,,,-1'<:J' 

tRAD 

tASR ~ tASC ..... tCAH ~ tCAH 
~ 

){ ROW 

~ I~X~~~ ». IJSl<XX 
){ ADDRESS COLUMN-1 XA COLUMN-2 1'Y><'-",,-1'<1'<1'< 

tAWD 
tc~ 

tAWD 

~~ tCWD ~RCS1~ tCWD 

~ 
KXXXXXXxx ..... 1'< 1'< 1'< .}V' 

~ ~~. K ~~~X xx ~ 
tRWD tCPWD 

~~ tDH tDZC 
tDS If4 tDS 

KXXXX Hi-Z J~ DATA ~ Hi-Z ~ x xx 1'<1'<1'< ~ VALlD-1 ~ 'rt ..... ""-1'<1'<""-1'<""-1'<1'< 

~ 
1M 

tCLZ ...... ~ 

Hi-Z ~ 
~ 

Hi-Z DATA 
VALID 

tRAC 
~ 

~ ... tODD 

14 tDZO. e 
~ tOEZ 

KX1'<xxxxxxxxxZfx~xd 
){XXXXXXXXXXXXXXXX 

• MITSUBISHI 
.... ELECTRIC 

tAA ~ 
----

~t~lz 

'~ ~ VALID 

~ 
tCPA 4-ft tODD 
tDZO 

170Et ..... tOEZ 

\ J 

tRP 

FL 
~RWL 

tCRP 

i 
~tcw~ ..... tASR 

xxx), ROW 
""-1'<X::A ADDRESS 1'<""-JV 

~ 
IXXXXXX 

ILXXXXXX: 
xxxxxx 

tDH 

DATA 
~ 

VXXXX 
VALlD-2 .~xxx -

Hi-Z 

~ 
I1.'(.XXXXXX 
l.XXXXXX 

5 - 399 



MITSUBISHI LSls 

PRELl M \~,~!V • . M5M4 V16165CTP-5,-6,-7 ,-5S,~6S,-7S 
. is not a tlnal ,>p. b'llct to chang , 

Notice: iht~lltr\c limits are su I 

somepala HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read-Write, Read-Modify-Write Cycle 

RAS 

LCAS 
(or UCAS) 

UCAS 
(or LCAS) 

Ao-All 

VIH-

VIL -

VIH-

VIH-

VIL -

VIH­

VIL -

~ 

tc~ 

y.xxxx 
~ 

tRCD 

XXXXXX 
~ 

XI 

tRAD 

tASR tRAH 
H 4---t tAse 

XXXXX,," ROW· ~ ~ ADDRESS 

tRAS 

tCSH 

tCAS 

~ 

tCAH ...... 

COLUMN-1 
~XXXXX 

~xx 

tAWD 

.... 

tHPRWC 
tcp tCAS 

V ~ 

~ tCAH 

~l 
1It' 

XI\ COLUMN-2 1\ 
~ 

tAWD 

~~ 
tCWD tCWL 

~RCS1~ tCWD ~ 
~ twp 

VIH-w 
VIL -

DOl-DOe VIH­

(or 009-0016) 
(INPUTS) VIL -

DOl-DOe VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or DOl-DOe) 
(INPUTS) VIL -

009-0016 VOH­

(or DOl-DOe) 
(OUTPUTS) VOL -

VIH-

VIL -

5 - 400 

KXXXXXXX 
~ KXXXXXXXX XXXXJ 

tRWD 

){XXXxxxxx xx xxxxxx 
~xxxx IXX xxxx IXXX 
xxxXXXXXXIX xxxxxxxx 

Hi-Z 

~Z£. tDS 
tDH 

~ DATA xxx Hi-Z xxxxx x 
XXXXXx '~ VALlD-1 

tCAC 

~ 
tCLZ-+~ 

Hi-Z 

tRAC 

~ tDZO I 

~xxxxxxxxxxx.x 
KXXXXXXxxxxx 

~ 
,...--, 
DATA HI-Z 
VALID 
~ 

14- ..... tODD 

~ ... t-4-tOEZ 

•. MITSUBISHI 
"-ELECTRIC 

~W ~ 

tCPWD 

x x xxx 
X X xxxxxxxx 

xx'xx 

tDZC 

~ tDS 

~ Hi-Z J~ 
~ 
~ 

~ 
tAA 

-t ~t~lz 

~ 
,.........., 
DATA 
VALID ,. 

tCPA 
~ 
~ ~ toDD 

tozo 

" ~tOEA~ ~ tOEZ 

\ U 

tRP r L 
~tRWL 

~ 
tCRP 

1/ 
~tcw~ ..... tASR 

ROW 
XI' ADDRESS 

~ 
I. 

lit x 

xxxxxxx 
xxxxx xxx.x 

tDH 

~, 
DATA IXXXX 

VALlD-2 ·,xxxx 

HI-Z 

~ 
!\Xx 
1tXXXXXX 



MITSUBISHI LSls 

M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY.16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

VIH-

VIL -

VIH­
LCAS/UCAS-

VIL -

VIH-
Ao-All 

VIL -

VIH w 
VIL 

001-0016 VIH-

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

tRAS tRP 

tRWL ;, 
~ tCR~ 

tCSH tHPC tHPRWC ~1-4-

tCF tRCD tCAS ~ tCAS ~ tCAS 

I~~ 
,......, tCWL r--

~ ~ ~ I 
~ 

tRAD 

lASR 
14 tRAH. ~ 

lAsc ~ lAsc tCAH lAS~ 
~ tASC ~ ~ 

.:i :u::l9t.. It. '0. COLUMN-2 ~ ~~ 
r---

ROW ROW 
I~ COLUMN-1 ,,;. 

~ 
COLUMN-3IlK X X X X xxxxxy 

lCXXX)ll' ADDRESS "'V:Sl::I .~ '::L::4 I ,xxxx XXXX~ 
ADDRESS 

...-.......-- ~ 

tRcs r-T~ 
tCPWD 

tAWD 
tCAL tCAL tCWD 

r 

~ «xxxxx x.xxxxxx XXXX 
\ I~ x.xxxxxx xxx~ JX.xxxxx 

I 

tDZC 

... ~ ~~ .. ~ tol tD~_ 
~ 

~ ~ ~ ~r----'" x.x DATA DATA ,~XXXX 
x. 

'~ 
VALlD-2 

~ 't VALlD-3 '\,?'xXXXXX 
14 tCAC. ~ 

l 
\0.----1 

1M 

tCLZ -- ~ twEZ tCLZ 
~ Ir-r---, ~ 

Hl-Z ~ DATA ~'DATA' VALID VALID 
~:L...J ~ 

tRAC tCPA 

tDZO ~ ~~ 
tOEZ tOEH tOEZ 

~tOCH • .... -k-
~ ~ 

xxxxxxxxx xxx 

/ \ U "«xxxxxx 
lC"XXX xxx " 'V0-xxxxx xxx x "xxxxxx 

H ~ 
tODD tODD 

5 - 401 



MITSUBISHI LSls 

'M\NA~'i M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S 
P R EL .. ecificatlon , 

, . not a final 51> 'ct to change, 
Notice'. ThIS IS 'c ""',its are subia, 

SO,,1apara
n
,a

trl 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

VIH-
Vll- ____________________________________________________________________ __ 

VIH­
LCAS I UCAS 

Vll-

VIH-
Ao-A11 

Vll-

w VIH 

Vil -

001-0016 VIH­

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

Vil -

5 - 402 

~ 

)(Xx,xx 

xx 
~xxxx 

~ 

tHPC 

~ I ~ " ~ 
1 

tcp tCAS tCAS 

lAsc tCAH ~ lASC~ ~ 
tCAH 14 lAsc ~ tCAH 

X, I.X IXXXX)'.l 19. r;~ 
COLUMN-1 &x xxxxXI COLUMN-2 IK x )Gl COLUMN-3 

XI XN ~ ~~ 

tCAl ~ tCAl 

~ twcs ~ l.twCH~ 

~ V 
tHCWO 

tHAWO 

~ tHPWO 
to:. tozc ... ...... 

Hi-Z 

~ 
~ DATA 1 IV"-xxxx xx 71 Hi-Z 

VALlD-2 ,~ xxxx xx 71 

tCAC 1- "'" xx.x. 14 tCAC ~ 
fAA fAA 

tCPA tCPA 

tWEZ .... tCLZ~ 

~ ~ ~ 
DATA Hi-Z 

~ VALlD-1 

tHCOO ~ tozc ~~ 
tHAOO 

tHPOO 
~ 

I 

• MITSUBISHI 
;"'ELECTRIC 

, 

~ 

DATA 
VALlD-3 



MITSUBISHI LSls 

M5M4 V16165CTP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by OE ) 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-A11 

VIL -

VJH-w 

001-0016 VIH­

(INPUTS) VIL -

001-0Q16 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

tRAS 

~ ~ 

tCSH tHPC tRSH 
tCRP tRCD tCAS ~ tCAS tcp tCAS r ,....--, 

~XXXXlI ~ I , I ~ 9Si!i!iI 
tRAD tCPRH 

lASR 
~ tCAH lAsc 

~ 
lAsc 
~ .. lAsc ~ ~ ~ 

-
~ 

~r:;, .~ m ~~~ ROW )(.XXXJal 
)(. ADDRESS COLUMN-1 

~~ 
COLUMN-2 COLUMN-3 

~~~ XXXXI .~ ~ -
tRAL 

r~ 
xx xXXII, 

l"Zxxxxx xx» 

tD~C 

'S«xxxxx xxx Hi-Z 
xx x 

o;xxxxxx xxx ~ ~ tCAC ~ ~ 
lAA tAA tAA 

~LZ tDOH tcLZ 

r-~~ 
t--f 

~ 
Hi-Z ~ 

DATA DATA DATA Hi-Z 
VALlD-1 )- --<~ V~~ID! VALlD-2 

tRAC 
~tOE~ tCPA tCPA 

tDZO 
tOEA 

tCHOL~ .......,. 
~ tOCH 

~ tOEZ 
o;x xxxxxxxxx .. n ~ } ~fxxxx~~~~~~~~~~~ I ~ \ 

..... tOEPE H tOEPE 

• MITSUBISHI 
.... ELECTRIC 

tRP 

"-
tCRP 

I 

14 lASR • 

~~ ROW 

~~ ADDRESS 

tRRH 

t---t tRCH 

XXXX 
,.;xxxx 

tROD 
~ 

tCDD 

~ ~ 
tREZ ~ ~ 
tOHR 
tOFF 

tOHC 

DATA 
VALlD-3 )-

tOEZ 

}II; xxx 
}II; xxx 

L X XXX 

~ tODD 

5 - 403 



MITSUBISHI LSls 

PREL~~~~~~~g, M5M4V16165CTP-5,-6',-7,-58,-68,-78 

N tice: 1"\\ls IS f\ , I'fYI'lts are sub)" 

S~lnep1lra",atr~ I HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle ( Hi-Z control by W ) 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-

\ 

tc~ 
... 
"'>t>06tI 
~ 

tASR 
~ -

tCSH 

tRCO tCAS 

, 
tRAO 

~ tAse ~ ~ 
J:"JCff,:1 n::J 

I 

tRAS tRP 

~ '--
tHPC tRSH 

~ tCAS tcp tCAS tCRP 

,..---, 

~ I ~ ~ 
tCPRH 

~ ~ !,SC tCAH 
~ ~ ~ 

~ 1M ~ ~ !I:\ 
Ao-A11 ItxxxJW ROW I1KXXJI COLUMN-1 1L:Xx l-d COLUMN-2 IYX x~ COLUMN-3 IV' :N ROW 

w VIH-

001-0016 VIH-

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

5 - 404 

)l\.XXX~ ADDRESS :v:sl5I :~ -J.W '~ :.z::4 -
tRAL 

~~ 
tRCH4 II "1""4- tRCS 

X XX 1011-

V ~xx «W ~xx 

tozc 

xx xxXX Hi-Z 
ItXXXXXX xxV 

~ 14 tCAC • ~ 
tAA tAA 1M 

tCLl ~OH tWEZ ~ ..... ..... 
Hi-Z ~ b, TA ~ DATA Hi-Z ~. VALlD-1 VALlD-2 

tRAC 
tCPA tCPA 

tozo tOEA I ..-. 
tOCH 

)l\.XXxxxxxxxxxxxxxx 
X:XXXXXXXX~X 

Jl'...JI'...~ 

• MITSUBISHI 
"-ELECTRIC 

~r:x ':J":::/ 
ADDRESS 

... tR~ 

..--.. tRCH 

xxxx 
xxxx 

~ 
tROD 
tcoo 

~ ~ 
tREZ ~ ~ 
tOHR 

tOFF 

tOHC 

DATA 

~ VALlD-3 

tOEZ 

x xxx 
r: x xxx 

]I( 

~ tODD 



MITSUBISHI LSls 

M5M4V16165CTP-5,-6,-7,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only Refresh Cycle 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-A11 

~ 

tCRPr 

ICXXXXXla 
.,z.-XXXXJUI 

XXXXXI 
Kxxxx'}(I 

tASR 
~ H 

x ROW 
x ADDRESS )(XXXX'}(I 

tRC 

tRAS 

IXX XXXXXXXXXXXXXXXXXXXX 
I1rXX xxxxxxxxxxxxxxxxx~ 
~X xXXXX 

VIH- ; 
W 

VIL-

001 ...... 0016 VIH 

(INPUTS) VIL -

Hi-Z 

tRP 

V ~ 

~C r-- tCRP 

W 
tASR~ 

xxx.x\. ROW XXXXI 

XXXXXI ADDRESS 

001 ...... 0016 VOH-
(OUTPUTS)VOL - ----------------------------------------

• MITSUBISHI 
"ELECTRIC 5 - 405 



MITSUBISHI LSls 

El,,,,,'NARY M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S 
P R , "not a tinal spec~,~::\~~"Change, 
Notice: ihls ~:tri(; limitS are Sll I 

So"\o para" HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle* 

VIH-

VIL -

-- --VIH­
LCAS/UCAS 

VIL -

VIH 
Ao-A11 

VIL 

w VIH 

VIL 

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

5 - 406 

VIH 

VIL 

tRC II 

tRP tRAS 
.» 
It 

( \ I 
~~ 

\ 

tApc tCSR tCHR -+~II 
tCSR tCHR -r- t-- ~ ~ 

--, 

~ V ~ I 
---" 

" ... tCPN 

KXX X xxxxxxxxxxxxx xxxx 
x.xx x xxxx xxx xxxx 

J 
... ~RH 

tRCH 
It 

x rv;xxxxxxxx xxxxxxx 
~xxxxxxxxxxxxxxxxx~xxx 

~~ 

, 
xxx ~ Xx xx xxxxxxxxx 
xxx xxxxxxxxxxxxxxxxxx xxxxxxxx 

~ tREZ 
tOHR 

~ tOFF 
tOHC 

;S 
Hi-Z 

14tOEZ. , 
xxxx ~xxxx~xxxxxx~x~x 

P~xxxx~xxxxx~X xxx X 

• MITSUBISHI 
"-ELECTRIC 

tRC 

tRAS tRP 

I 1\ 

-i~ r tCRP 

V 
11[ 

W "-j 

..... tASR 

- I--

xxxxxxx,A ROW COLUMN 

XXXXXXXYI' DDRESS ADDRESS - -

tF 

xxxxxxxxxxxxxxxxx~ 

xxxxxxxxxXXXXXXXl 

xxxxxxxxxxxxXX 
xxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxx 
xXXXXXXXXXXXX xx 



MITSUBISHI LSls 

M5M4V16165CTP-5,-6,-7,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hidden Refresh Cycle (Read) (Note 30) 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-
Ao-All 

VIL -

w VIH-

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

tRC ..L tRC 

tRAS L tRP J tRAS tRP 

~ If \ ~ L 
tCRP tRCD tRSH tCHR 

KXXXXY' ~ ~ I(XXXXI 

tRAD 
tASR 

tASR tRAH tAsc tCAH 

~ 
#xxx xxx ROW COLUMN xyu ROW I(XXXX.If' "X xxx xx 

I( xxx XI~ ADDRESS ADDRESS :~X xxxxxxxxxxxxxxx xx xx~ ADDRESS 

~ 
tRAL tRCH 

~tRRH~ 

JIlX XXN ~ 
JIlXXXXXXX XXX.7 1I(XXXX 

tCDD 

~ tDZC ~ 

KXXXXXX:X xxxX' Hi-Z xxxxx ICXXXXXXX XXXX 

~ 
xxxx1')c 

tCAC 

tAA ~ 
toFF 

~ tOHC 

Hi-Z ,~ Hi-Z 
DATA VALID , 

tRAC 
tOEZ 

tozo tOEA 

tORH tODD 

KXXXxxxxxxxx 'XXXXXXXXXXX 
I(XXXXXXxxxx ... .xxxxxxxxxxx 
hxxxxxxxxx I hxxxxxxx.z...t 

Note 30: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle. 
Timing requirements and output state are the same as that of each cycle shown al;love. 

• MITSUBISHI 
.... ELECTRIC 5 - 407 



MITSUBISHI LSls 

EL\""\NA:~Y M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S 
P R .. . tinsl spaCI\.lca change 
l\Iow;a: ThIS \S n~\i~itS are subject to 

SOIl'S pBfam

ctllC 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Self Refresh Cycle * 

VIH­

VIL -

VIH­
LCAS/UCAS 

VIL -

Ao-A11 
VIH-

VIL -

w VIH-

VIL -

001 ...... 0016 VIH­

(INPUTS) VIL -

001 ...... 0016 VOH -

(OUTPUTS) VOL -

VIH-

VIL -

5 - 408 

RP tR SS A tR PS 

I ~ ~ ~ 
tRPC 

~ ~ tCSR. tCHS H tc~ 

I ~ / W ~~ 
t~ 

tASR 
~ 

l"'"'-
x xxxxxxxxxxxxxxxxxxxxxxxx )oil RCYNX x xxxxxxxxxxxxxxxxxxxxxxxx XI\ ADDRESS -tRRH 
~ 

~ tRCr 
xx x~z«~~xx.xxx XXXXXXxxxxxxxxXX~ 

xxx XXXXXXl 

tROD 

teDD 

Hi-Z xx xXJ( 

~ 
tREZ xxxxxxxxx xxxxxxxxxxxxxxxxxxxxx 
tOHR 

~ 
tOFF 
tOHC 

Hi-Z 

~ tOEZ 
tODD 

xxxxxxx xxx xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

"" A 
xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

• MITSUBISHI 
..... ELECTRIC 



MITSUBISHI LSls 

M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S . 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Self Refresh Cycle* 

tRP 

VIH-
tRASS 

VIL -

UCAS VIH-

(or LCAS) VIL- __ ofJ 

LCAS VIH-

(or UCAS) 

VIH-
Ao-All 

VIL -

tRCH 

VIH-

W 
VIL -

001-0016 VOH-~~~~~r-______________________ ~H~i-Z~ ______________________ __ 

(OUTPUTS) VOL _ ~ 

tOEZ 

• MITSUBISHI 
.... ELECTRIC 5 - 409 



MITSUBISHI LSls 

M5M4V18165CTP-5,-6,-7, 
-5S,~6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16~BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 16-bit dynamic RAMS, 
fabricated with the high performance CMOS process, and is ideal 
for large-capacity memory systems where high speed, low power 
dissipation, and low costs are essential. 
The use of double-layer metal process combined with twin-well 

CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

RAS CAS Address OE Cycle Power 

Type name access access access access time dissipa· 
time time lime lime lion 

(max.ns) (max.ns) (max.ns) (max.ns) (min.ns) (typ.mW) 

M5M4V18165CTP-5,-5S 50 13 25 13 90 540 

M5M4V18165CTP-6,-6S 60 15 30 15 110 450 

M5M4V18165CTP-7,-7S 70 20 35 20 130 390 

-Standard 50 pin TSOP 
• Single 3.3V ±0.3V supply 
• Low stand-by power dissipation 

1.8mW (Max) ----- -- ------- - - - ---- -- - - - CMOS Input level 
• Low operating power dissipation 

M5M4V18165CTP-5,-5S ------------------ 650.0mW (Max) 
M5M4V18165CTP-6,-6S -~-------------- -- 540.0mW (Max) 
M5M4V18165CTP~7,-7S ------------------ 470.0mW (Max) 

• Hyper-page mode, Read-modify-write,RAS-only refresh 
CAS before RAS refresh, Hidden refresh capabilities 

• Early-write mode, DE and W to control output buffer impedance 
All inputs, output TTL compatible and low capacitance 

.1024 refresh cycles every 16.4ms (Ao--A9) 

* : Applicable to self refresh version (M5M4V18165CTP-5S,-6S, 
-7S: option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT ' 

PIN DESCRIPTION 

Pin name Function 

Ao-A9 Address inputs 

DQ1-DQ16 Data inputs/outputs 

RAS Row address strobe input 

UCAS 
Upper byte control 
column address strobe input 

LCAS 
Lower byte control 
column address strobe input 

W Write control input 

OE Output enable input 

Vcc Power supply (+3.3V) 

Vss Ground (OV) 

PIN CONFIGURATION (TOP VIEW) 

vce 1 

A3 

vee 

0014 

0013 
vss 
0012 

0011 
0010 

41 009 

NC 

Outline 50P3G-F (400mil TSOP Normal Bend) 

NC: NO CONNECTION 

5 - 410 
• MITSUBISHI 
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MITSUBISHI LSls 

M5M4V18165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

FUNCTION 
The M5M4V18165CTP provide, in addition to normal read, write, 
and read-modify-write operations, a number of other functions, e.g., 

hyper page mode, RAS-only refresh, and delayed-write. The input 
conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs Input/Output 

RAS LCAS UCAS W OE DOl-DOs 009-0016 
Lower byte read ACT ACT NAC NAC ACT DOUT OPN 
Upper byte read ACT NAC ACT NAC ACT OPN DOUT 

Word read ACT ACT ACT NAC ACT DOUT DOUT 

Lower byte write ACT ACT NAC ACT NAC DIN DNC 

Upper byte write ACT NAC ACT ACT NAC DNC DIN 
Word write ACT ACT ACT ACT NAC DIN DIN 

RAS-only refresh ACT NAC NAC DNC DNC OPN OPN 

Hidden refresh ACT ACT ACT NAC ACT DOUT DOUT 

CAS before RAS refresh ACt ACT ACT DNC DNC OPN OPN 

Stand-by NAC DNC DNC DNC DNC OPN OPN 

Note: ACT: active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : invalid, APD: applied, OPN : open 

BLOCK DIAGRAM 
ROW ADDRESS 
STROBE INPUT RAS 

LOWER BYTE CONTROL __ 
COLUMN ADDRESS LCAS 

STROBE INPUT 
UPPER BYTE CONTROL UCAS 

COLUMN ADDRESS 
STROBE INPUT 

WRITE Co~~~m: IN 

ADDRESS INPUTS 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

As 

A9 

SENSE REFRESH 
AMPLIFIER & 1/0 CONTROL 

MEMORY CELL 
(16777216BITS) 

• MITSUBISHI 
· .... ELECTRIC 

---..=...0 VCC (3.3V) 

+-----CS VSS (0V) 

I 001) 002 
: LOWER DATA 
i INPUTS I OUTPUTS 

DOs 

D09j 0010 
: UPPER DATA 
1 INPUTS I OUTPUTS 

0016 

OE ~~1frUT ENABLE 

5 - 411 
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, ,,,,,'NARY M5M4V18165CTP-5,-6,-7,-5S,-6S,-7S 
PREL eciiicatlon. e 

. t !I iinal!lP b'ect to chanll . 
Notice', ,his '\~~ lirnits are 5U I ' 

sorne par arne HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Vcc Supply voltage -0.5":,,,4.6 
VI Input voltage . With respect to Vss -0.5-4.6 
Vo Output voltage -0.5-4.6 
10 Output current 50 
Pd Power dissipation Ta=25'C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C. unless otherwise noted) (Note 1) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vcc Supply voltage 3.0 3.3 3.6 V 
VSS Supply voltage 0 0 0 V 
VIH High-level input voltage. all inputs 2.0 VCC+O.3 V 
VIL Low-level input voltage, all inputs -0.3 0.8 V 

Note1: All voltage values are with respect to VSS. 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted) (Note2) 

Symbol Parameter Test conditions 
Min 

VOH High-level output voltage IOH=-2.0rnA 2.4 

VOL Low-level output voltage IOL=2mA 0 
loz Off-state output current Q floating OV ~VOUT ~ 3.3V -10 
II Input current OV~VIN ~ 3.6V, Other inputs pins=OV -10 

Average supply current M5M4V18165C-5,-5S 
RAS, CAS cycling 

ICC1(AV) from Vcc operating M5M4V18165C-6,-6S tRc=twc=min. 

(Note 3,4,5) 
output open 

M5M4V18165C-7,-7S 

RAS= CAS =VIH, output open 

Icc2 Supply current from Vcc, stand-by (Note 6) RAS= CAS fi:.Vcc -0.2V 
output open 

Average supply current 
M5M4V18165C-5,-5S 

RAS CYCling, CAS=VIH 
Icc3(AV) from Vcc refreshing M5M4V18165C-6,-6S tRc=mln. 

(Note 3,5) M5M4V18165C-7,-7S 
output open 

Aver~e supply current M5M4V18165C-5,-5S 
RAS=VIL. CAS cycling from cc 

ICC4(AV) Hyper-Page-Mode M5M4V18165C-6,-6S tpc=min. 

(Note 3,4.5) M5M4V18165C-7,-7S 
output open 

Aver~e supply current M5M4V18165C-5,-5S CAS before RAS refresh cycling from cc ICC6(AV) CAS"before RAS refresh M5M4V18165C-6,-6S tRc=min. 
mode (Note 3) 

output open 
M5M4V18165C-7,-7S 

Stand-by: 
RAS~VcC.().2V 

CAS~VcC.().2V or CAS~O.2V 
CAS beforeRAS refresh: 

Average supply current RAS cycling CAS~O.2V or 
ICC8(AV) * from Vcc M5M4V181,65C (S) CAS before RAS refresh cycling 

Extended-refresh cycle W~O.2V or ~VcC.().2V 

(Note 6) OE~O.2V or ~VCC.().2V 
Ao-A9~O.2Vor ~VCC.().2V 

OO=open, tRC=125J's, 
tRAS=tRASmin-l J's 

Average supply current 
RAS=CAS~0.2V ICC9(AV) * fromVCC M5M4V18165C (S) 

Self-refresh cycle 

Note 2: Current flowing into an IC is positive, out is negative. 
3: ICCl (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
5: Column Addresscari be changed once or I~ss while RAS=VIL and LCASlUCAS=VIH . 
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Limits 
Typ 

Unit 
V 
V 
V 

rnA 
mW 
·C 
·C 

Max 
Unit 

Vcc V 
0.4 V 
10 I JlA 
10 JlA 

180 

150 rnA 

130 

2 

0.5 rnA 

0.15* 

180 

150 rnA 

130 

165 

130 rnA 

110 

180 

150 rnA 

130 

300 p.A 

200 JlA 
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M5M4V18165CTP-5,-6,-7,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=0-70·C, Vcc=3.3V±3.3V, Vss=OV, unless otherwise noted) 

Parameter Test conditions 
Limits 

Unit Symbol Min Typ Max 

CI(A) Input capacitance, address inputs 5 pF 

CI(OE) Input capacitance, OE input VI=VSS 7 pF 

CI(W) Input capacitance, write control input f=1MHz 7 pF 

CI(RAS) Input capacitance, RAS input VI=25mVrms 7 pF 

CI(CAS) Input capacitance, CAS input 7 pF 

CliO InpuVOutput capacitance, data ports 7 pF 

SWITCHING CHARACTERISTICS (Ta=O -70·C, VCC=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 6,14,15) 

Limits 

Symbol Parameter M5M4V18165C-5,-5S M5M4V18165C-6,-6S M5M4V18165C-7,-7S Unit 
Min Max Min Max Min Max 

tCAC Access time from CAS (Note 7,8) 13 15 20 ns 

tRAC Access time from RAS (Note 7,9) 50 60 70 ns 

tAA Columu address access time (Note 7,10) 25 30 35 ns 

tCPA Access time from CAS precharge (Note 7,11) 30 35 40 ns 

tOEA Access time from OE (Note 7) 13 15 20 ns 

tOHC Output hold time from CAS 5 5 5 ns 

tOHR Output hold time from RAS (Note 13) 5 5 5 ns 

tCLl Output low impedance time from CAS low (Note 7) 5 5 5 ns 

tOEZ Output disable time after OE high (Note 12) 0 13 0 15 0 20 ns 

twEZ Output disable time after WE low (Note 12) 0 13 0 15 0 20 ns 

tOFF Output disable time after CAS high (Note 12,13) 0 13 0 15 0 20 ns 

tREZ Output disable time after RAS high (Note 12,13) 0 13 0 15 0 20 ns 

Note 6: An initial pause of 500 JIS is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles containing a RAS 
clock such as RAS-Only refresh). 
Note the RAS may be cycled during the initial pause. And any 8 RAS or RASICAS cycles are required after prolonged periods (greater than 16.4ms) 
of RAS inactivity before proper device operation is achieved. 

7: Measured with a load circuit equivalent to VOH=2.4V(IOH=-2mA) / VOL=0.4V(IOL=2mA) load 10OpF. 
The reference levels for measuring of output signal are 2.0V(VOH) and 0.8V(VOL). 

8: Assumes that tRCO ~ tRCO(max) and tAsc ~ tASC(max). and tcp~ tCP(max). 

9: Assumes that tRCO;:;; tRCO(max) and tRAO ;:;;tRAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, tRAC 
will increase by amount that tRCO exceeds the value shown. 

10: Assumes that tRAO ~ tRAO(max) and tASC ;:;; tASC(max). 
11: Assumes that tcp;:;; tCP(max) and tAsc ~ tASC(max). 
12: tOEZ(max) ,twEZ(max), tOFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state ( lOUT;:;; I± 1 0 J.lA I ) 

and is not reference to VOH(min) or VOL(max). 
13: Output is disabled after both RAS and CAS go to high. 
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M5M4V18165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT(1 048576-WORD BY 16-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyp.er-Page Mode Cycles) 
(Ta=0-70·C, Vcc=3.3V±0.3V, Vss=OV, unless otherwise noted, see notes 14,15) 

Limits 
Symbol Parameter M5M4V18165C-5,-SS M5M4V18165C-6,-6S M5M4V18165C-7,·7S 

Min Max Min Max Min Max 
tREF Refresh cycle time 16.4 16.4 16.4 
tREF* Refresh cycle time 128 128 128 
tRP RAS high pulse width 30 40 50 

tRCO Delay time, RAS low to CAS low (Note 16) 18 37 20 45 20 50 
tCRP Delay time, CAS high to RAS low 5 5 5 

tRPC Delay time, RAS high to CAS low 0 0 0 

tCPN CAS high pulse width 8 10 10 

tRAO Column address delay time from RAS low (Note 17) 13 25 15 30 15 35 
tASR Row address setup time before RAS low 0 0 0 

tASC Column address setup time before CAS loW (Note 18) 0 10 0 13 0 13 
tRAH Row address hold time after RAS low 8 10 10 
tCAH Column address hold time after CAS low 8 10 10 
tozc Delay time, data to CAS low (Note 19) 0 0 0 
tozo Delay time, data to OE low (Note 19) 0 0 0 
tROD Delay time, HAS high to data (Note 20) 13 15. 20 
tcoo Delay time, CAS high to data (Note 20) 13 15 20 
toDD Delay time, OE high to data (Note 20) 13 15 20 
tT Transition time (Note 21) 1 50 1 50 1 50 

Note 14: The timing requirements are assumed tT =2ns. 
15: VIH(min) and Vll(max) are reference levels for measuring timing of input signals. 

Unit 

ms 
ms 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

16: tRCO(max) is specified as a reference point only. If tRCO is less than tRCO(max), access time Is tRAC. If tRCO is greater than tRCO(max), access time Is 
controlled exclusively by tCAC or 1M. 

17: tRAO(max) is specified as a reference point only. If tRAO !1:, tRAO(max) and tAsc :iitASC(max), access time is controlled exclusively by 1M. 
18: tASC(max) is specified as a reference point only. If tRCO ~ tRCO(max) and lAsc ~ lASC(max), access time Is controlled exclusively by tCAC 
19: Either tozc or tozo must be satisfied. 
20: Either tROD or tcoo or toDD must be satisfied. 
21: tT is measured between VIH(min) and VIL(max). 

Read and Refresh Cycles 

Symbol Parameter 

tRC Read cycle time 

tRAS RAS low pulse width 
tCAS CAS low pulse width 
tCSH CAS hold time after RAS low 
tRSH RAS hold time after CAS low 
tRCS Read setup time before CAS low 
tRCH Read hold time after CAS high 
tRRH Read hold time after RAS high 
tRAl Column address to RAS hold time 
tCAl Column address to CAS hold time 
tORH RAS hold time after OE low 
tacH CAS hold time after OE low 

Note 22: Either tRCH or tRRH must be satisfied for a read cycle. 
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M5M4V18165C-5,·5S 

Min 
90 

50 
8 

40 
13 
0 

(Note 22) 0 
(Note 22) 10 

25 
13 
13 
13 
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Max 

10000 
10000 

Limits 
M5M4V·18165C-6,-6S M5M4V18165C-7,'7S 

Min Max Min Max 

110 130 

60 10000 70 10000 
10 10000 13 10000 
48 55 
15 20 

0 0 
0 0 

10 10 
30 35 

18 23 

15 20 
15 20 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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M5M4V18165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Write Cycle (Early Write and Delayed Write) 

Limits 
Symbol Parameter M5M4V18165C-5,-5S M5M4V18165C-6,-6S M5M4V18165C-7,-7S Unit 

Min Max Min Max Min Max 
twe Write cycle time 90 110 130 ns 

tRAS RAS low pulse width 50 10000 60 10000 70 10000 ns 

tCAS CAS low pulse width 8 10000 10 10000 13 10000 ns 

tesH CAS hold time after RAS low 40 48 55 ns 

tRSH -RAS hold time after CAS low 13 15 20 ns 

twcs Write setup time before CAS low (Note 24) 0 0 0 ns 
twCH Write hold time after CAS low 8 10 13 ns 

tCWL CAS hold time after W low 8 10 13 ns 
tRWL RAS hold time after W low 8 10 13 ns 
twP Write pulse width 8 10 13 ns 
tDS Data setup time before CAS low or W low 0 0 0 ns 
tDH Data hold time after CAS low or W low 8 10 13 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 
Symbol Parameter M5M4V18165C-5,-5S M5M4V18165C-6,-6S M5M4V18165C-7,-7S Unit 

Min Max Min Max Min Max 

tRwc Read write/read modify write cycle time (Note 23) 109 133 161 ns 

tRAS RAS low pulse width 75 10000 89 10000 107 10000 ns 

tCAS CAS low pulse width 38 10000 44 10000 57 10000 ns 

tCSH CAS hold time after RAS low 70 82 99 ns 

tRSH RAS hold time after CAS low 38 44 57 ns 

tRCS Read setup time before CAS low 0 0 0 ns 
tCWD Delay time, CAS low to W low (Note 24) 28 32 42 ns 
tRWD Delay time, RAS low to W low (Note 24) 65 77 92 ns 

tAWD Delay time, address to W low (Note 24) 40 47 57 ns 
tOEH DE hold time after W low 13 15 20 ns 

Note 23: tRWC is specified as tRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tT. 
24: twcs, tCWD, tRWD and tAWD and, tCPWD are specified as reference points only. If twCS~twCS(minj the cycle is an early write cycle and the DO pins 

will remain high impedance throughout the entire cycle. If tcwD~tCWD(min), tRwD~tRWD(min), tAWD~tAWD(min) and tCPwD~ tCPWD(min) 
(for hyper page mode cycle only), the cycle is a read-modify-write cycle and the DO will contain the data read from the selected address. 
If neither of the above condition (delayed write) of the DO (at access time and until CAS or DE goes back to VIH) is indeterminate. 

• . MITSUBISHI 
"ELECTRIC 5 - 415 



MITSUBISHI LSls 

\N"NARY M5M4V18165CTP-5,-6,-7,-5S,-6S,-7S 
P L 'f\catIO(\' 

, ' not a linlll speC~'ect to change. 
Notice: ihls IS ic limits are su I 

Some pararnetf .. HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BI!) DYNAMIC RAM 

Hyper page Mode Cycle 
(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25) 

Limits 
Symbol Parameter M5M4V181~5Co5,·5S M5M4V18165C-6,-6S M5M4V18165Co7,-7S 

Min Max Min Max Min Max 
tHPC Hyper page mode read/write cycle time 20 25 30 
tHPRWC H~r page mode read write/read modify write cycle time 57 66 79 
tOOH Output hold time from CAS low 5 5 5 
tRAS RAS low pulse width for read write cycle (Note 26) 65 100000 77 100000 92 100000 
tcp CAS high pulse width (Note 27) 8 13 10 16 10 16 
tCPRH RAS hold time after CAS precharge 30 35 40 
tcpwo Delay time, CAS precharge to W low (Note 24) 45 52 62 
tCHOL Hold time to maintain the data Hi-Z until CAS access 7 7 7 
tOEPE OE Pulse width (Hi-Z control) 7 7 7 
twPE W Pulse width (Hi-Zcontrol) 7 7 7 
tHCWO Delay time CAS low to W low after read 28 32 42 
tHAWO Delay time, address to W low after read 52 62 72 
tHPWO Delay time, CAS precharge to W low after read 62 72 82 
tHCOO Delay time, CAS low to OE high after read 13 15 20 
tHAOO Delay time, address to OE high' after read 25 30 35 

!tHPOO Delay time, CAS precharge to OE high after read 30 35 40 
Note 25. All previously specified timing reqUirements and sWitching characteristics are applicable to their respective Hyper page mode cycle. 

26: tRAS(min) is specified as two cycles of CAS input are performed. 
27: tCP(max) is specified as a reference point only. 

CAS before RAS Refresh Cycle (Note 28) 

Limits 
Symbol Parameter M5M4V18165c.5,-SS M5M4V18165C-6,-6S M5M4V18165Co7,-7S 

Min Max Min Max Min Max, 
tCSR CAS setup time before RAS low 5 5 5 
tCHR CAS hold time after RAS low 10 10 15 

- - - - -Note 28: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode. 
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M5M4 V18165CTP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS 
Self refresh devices are denoted by ·S· after speed item, like -5S/ -6S/ -7S. The other characteristics and requirements than the below are 
same as normal devices. 

TIMING REQUIREMENTS (Ta=0~70'C, Vcc=5.0V±10%, Vss=OV, unless otherwise noted, see notes 13,14) 

Limits 
Symbol Parameter MSM4V1816SC-SS MSM4V1816Sc-6S MSM41V8165C-7S Unit 

Min Max Min Max Min Max 
tRASS Self refresh RAS low pulse width 100 100 100 }los 

tRPS Self refresh RAS high precharge time 

tCHS Self refresh RAS hold time 

SELF REFRESH ENTRY & EXIT CONDITIONS 

(1) In case of distributed refresh 

90 110 130 
- 50 - 50 - 50 

The last / first full refresh cycles (1 K) must be made within tNS / tSN before / after self refresh, on the condition of tNs;i 16.4ms and 

tSN;i16.4ms. 

~ tNS .1 14 tSN .1 

-------------------~II~II-----~II~II~ ______________ ~~III~k----~II~II----------------
DISTRIBUTED REFRESH 

< 1K I 16.4ms > 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
< 1K/16.4ms > 

ns 
ns 

The last / first full refresh cycles (1 K) must be made within tNS / tSN before / after self refresh, on the condition of tNS +tsN;i 16.4ms. 

~ ~ltsNl4 
~III~I --~IIII--~IIII~~1 ______________ ~I~II~II~I~III--~III~I 

BURST REFRESH 
< 1K/16:4ms > 

BURST REFRESH 
< 1K/16.4ms > 
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M5M4V18165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC R~M 

Timing Diagrams (Note 29) 

Read Cycle 

VIH-

VIH­
LCAS I UCAS 

Vil 

VIH-

Vil -

w VIH-

Vil -

001-0016 VIH­

(INPUTS) Vil -

001""';0016 VOH­

(OUTPUTS) Val _ 

VIH-

Vil -
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tRC 

tRAS 

\ V 
tCSH 

r tRCD tRSH 

tCAS 

~ 

1 \ ;o;XXXXI 

tRAD 
tRAl 

tCAl 
tASR 
~ ~tASC. tCAH 

~ 

~~~~~X\ ,~~. COLUMN 
.~xxxxxxxxx 

ROW IXS('S{XXXXI ~~~~~~~~~~ ~XXXXXXI ADDRESS .~ ADDRESS 

tRCS 

J 
K xX>f'x ~ 
~xxxxxxxxx XXX XXXI 

f-~ 

c~ ~ Hi-Z xxxx XXXX 
II).: xxx xxxx ~ X,," 

tCAC 
tREZ 

tM 
tOHR 

Hi-Z ~ DATA VALID 

tRAC 

tozo ~ tacH 

KXXXXXXXXXXXXXXXXXXXXXXXXXX 
KXXXXXXxxxxxxxxxxxx~xxxx~ 

tORH 

Note 29 Indicates the don't care input. 

VIH(min)~VIN;;iVIH(max) or Vll(min)~VIN~Vll(max) 

Indicates the invalid output. 
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tRP 

'-
tCRP 

~ 

tASR 
~ 

xx,," ROW XXXY 
XXN ADDRESS 

tRRH 

~ tRCH 

x xX' 
LX x£-

~ tCDD~ 
tROD 

x ~ xx 

twEZ!4--l 

tOFF 
toHC 

)--lli:L 

tOEZ 

l· tODD
• 

xxx 

£ »=: XXXXX 
x x x x >'x 



Byte Read Cycle 

VIH-
RAS 

VIL -

LCAS 
VIH-

(or UCAS) VIL -

UCAS VIH-

(or LCAS) VIL -

VIH-

VIL -

w VIH 

VIL -

DOl-DOe· VIH 

(or DOs-D016) 
(INPUTS) VIL 

DOl-DOe VOH­

(or DOs-D016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or DOl-DOe) 
(INPUTS) VIL -

009-0016 VOH­

(or DOl-DOe) 
(OUTPUTS) VOL-

VIH-

VIL -
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M5M4V18165CTP-5,-6,-7,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

tRC 

tRAS 

\ I 
tCSH 

~ tRCD tRSH 

oc.xxxx 

~ 

tCAS 

~XXXX~ 

\ Z:9ZI 
tRAD tRAL 

tCAL 
tASR tRAH 
~ +-----. ~tASC~ tCAH 

ROW l"l:fxxx XN COLUMN XXlf .vc..xxxxx x 
.... )';.)';.)';.x)';.XI. ADDRESS ~l.XXXXX.7 ADDRESS ~~XXXXXX)';.)';.)';.)';.x 

x 

tRRH 
tRCS 

I 
)(xxxxxxxxx xx~ 
)(Xxxxxxxxx XXXXXXl 

<XXXXXXXXX XXXXXXXXX XXXx)';.x)';. >s& oc.xxxxxx)';.)';.x )';.x)';.)';.)';.)';.)';.x)';. x~xxxx 
)';.)';. 

Hi'Z 

~ltDZC~ 
tROD 

XXXXXXXX Hi-Z 
XXX X xxx)';.)';. XXX)';.)';.)';.XXfll' 

tREZ 

tCAC tOHR 

fAA 
tCLZ 

Hi-Z ~~ DATA VALID 

tRAC 

tDza ~ 

<xxx XXXXXXXXXXXXXXXXX 
<xxx)';.)';.x£ff

X x~xx 
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tacH 

tORH 

tRP 

'--tCRP 

Y 

tASR 
~ 

ROW 
xY(;l ADDRESS 

H tRCH 

xxxxxxx 
IXXXXX XX 

¥ XXXXXXX 

V xxx)';.xxx 

tCDD 
14-- 4 

x.;< XXXX 
,..,?-~ 

4-r--- twEZ 

tOFF 

tOHC 

~ 
~ a 
~ tODD 

IXXXXXXXX'" 
XXX X 
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PREU~~!!~~~,. M5M4V18165CTP-5,-6,-7,-5S,-6S,-7S 
. . s not a I ubl0Ct to 

NotIce: ih'~e\TiC limits are S 

sornepa
ra 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY l6-BIT) DYNAMIC RAM 

Early Write Cycle 

VIH-

V1L -

VIH­
LCAS/UCAS 

Ao-A9 

w 

VIL -

VIH-

VIH­

VIL -

001-0016 VIH 

(INPUTS) VIL -

001-0016 VOH-

~ 

teRP tRCO 

I 
~xxxXJa" 

\ )(XXXX;, 
xx~ XXI 

tASR ...... tRAH tA~ 

)(XXXX1. ROW ~ xxxxx:a 
~ xx XXXI ADDRESS 

twcs 

~xxxxxx~,F 
xxxxx,xxxV0fx XXXX)' 
)(xxxxxxxxxxxxxxxx~ 

~ 

xxxx )(xxxxxxxxxxxxxxxxv 
~xxxxxxxxxxxu 

twc 

tRAS L tRP 

r 
t ~ 

tCSH 
tRSH 

~ tCAS 

If 
tCAH ~ 

COLUMN .,;.xx xxxxxxxx~ ROW 
ADDRESS 

JlXXXXXXX XJl 
ADDRESS 1IC.XXXXXX XXXXXY 

twCH 

'1« XXXXXX xxxxxxx 
IIXXXXXXxxxxxxxxxxxxxxx 
~ xxxxxxxxxxx 

tOH 

DATA VALID v XXXXXXXXXXX 
xxxxxxxxxx xx 

Hi-Z 
(OUTPUTS)VOL_--------------------------------------------------------------------
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M5M4V18165CTP-5,-6,.7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Early Write Cycle 

twc 

tRAS L tRP 

r 
J \ RAS 

VIH-

Vll- \ 
tCSH 

lCRP tRCD tRSH 
~ 

LCAS 
VIH- xxxxx 

(orUCAS) 
X:XXXXI 

Vll- ~XXxYl 

~ ______________ ~t~C~AS~ ____________ ~ ~ 

~~~------i\ 1Ir---+---UCAS 
VIH- l(XXXX 

~ (or LCAS) Vll-

tA~ tRAH tAsc 
H 

lCAH tASR 
~ 

VIH- l(XXXXl. 
ROW Ao-As XXXXXI[ 

.~ 1r-+-+-C-O-l-U-M-N--.lJ« x x x x x x x x x x x x ~ r---
R
-
O
-
W
---

P-----~~~ ADDRESS t\: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~;. ~ ~ ~ ~yJl-_A_D_D_R_E_S_S __ Vll- NxxYP 

w VIH - l( x x x x x x 
l(XXXXXX 

Vll- )(XXXXX 

DOl-DOe VIH-

ADDRESS 

XXX xxx 

twcs 
~ 

(orDOs-D016) xxxxxxxxx 
(INPUTS) Vll_l(xxxxxxxxxx xxx 

DOl-DOe VOH­
(or DOs-D016) 
(OUTPUTS) VOL -

twCH 

xxxxxxxxxxxxxxx 
~xxxxxxxxxxxxxxxxxxxXX 

XXXXXX)(XXXXxxxxxxxxxx 

Hi-Z 

tDH 

DOs-D016 VIH - ~~X~X~X~X~X~~XX§~~§~~X~)Il~ :~ x x x x x x x x x x x x x x x x x x x X X x (or DOl-DOe) )(xxxxxxx DATA VALID ""xxxxx xx~xxxxx 
(INPUTS) Vil - x ~-----------1 

DOs-D016 VOH­
(or DOl-DOe) 
(OUTPUTS) VOL -

Hi-Z 
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"-ELECTRIC 5 - 421 



MITSUBISHI LSls 

M5M4V18165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Delayed Write Cycle 

VIH-

VIL -

VIH­
LCAS/ UCAS 

VIL -

VIH-
Ao-As 

VIL -

w VIH 

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL -

5 - 422 

twe 

tRAS Jo tRP 

r 
\ if \ 

tesH tCRP 

F tRCO tRSH 

teAs 

~ , I ~ ~ 

~ tRAH tASC teAH 
~ .... 4-tASR 

~ ROW :OQS(\.) COLUMN ,IXXX """" .l ROW ';:XXx:;.v ~ xx ),;XXXy 

SZ:ll:J. ADDRESS ADDRESS I\XX)'; ADDRESS .\6lSlI~ l;.)';)';X)';)'; xx )';X)';)rI 

~ 
tRWL 

~ ~ 

*XX ~-:-»XXXXXII ~ ~X)';)';)';""""XXXXX~ 
1'<)'; xx)'; ),;XXX),;),;N KX)';xx)';)';)';)';x)';x)';)';)';x 

twCH 

toze tos 

~ .... 
l';.XXX hxx~~~~X Hi-Z ~~ 
KXXX '''g;I-

~ 

Hi-Z ~~ 
tOEZ fo 

~ 
~ toDD 

~XXXXXXXXXXXXXXX~ 
~XX)';)';XXX)';)';)';XX)';X)';~)';~ 

• MITSUBISHI 
.... ELECTRIC 

tOH 

DATA lUX XXXXXX 
VALID ~X )';x)';)';)';"" 

Hi-Z 

~H 

~XXXX )'; X)';)'; XX)'; 
~)';)';X)';)';)';XX)';XXXXXxx 



MITSUBISHI LSls 

M5M4V18165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Delayed Write Cycle 

VIH-
RAS 

VIL -

LCAS 
VIH-

(or UCAS) VIL -

UCAS VIH-

(or LCAS) VIL -

VIH-
Ao-A9 

VIL -

VIH-
w 

VIL -

001-008 VIH­

(or 009-0016) 
(INPUTS) VIL -

001-008 VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or 001-008) 
(INPUTS) VIL -

009-0016 VOH.,.. 

(or 001-008) 
(OUTPUTS) VOL -

VIH-

VIL -

twc 

tRAS L tRP 

r 
~ I 1\ 

tCSH 

t~ tRCD tRSH 

I{XXXXXT 
KXXXXXI 

tCAS ~ tCRP 

r 
~XXXX ~ If KXXXXXI 

""""'" 

~ tRAH 
lAsc t------f 

tCAH 

----
~lASR 

~ ROW .1l'Y:"2\ COLUMN ~X xx X.X~ ROW I"-XXXV 
I~X xX X:XXX~ ~ ADDRESS .'l::CLI ADDRESS 

~ 
~~::::::~~~~~~~~~7 
leX xXXXXXXXXI 

KXXXXXXxxxxxxxxxxxxxxx xxx 
KXXXX xxxxxxxxxxx xxxxxx~x 

Hi-Z 

twCH 

tDZC 
~ t~ 

KXXXXXXXXXXXXXXXXXXX Hi-Z ~~ ~~f~~""xxxxxxxxxxx 
l~ x xxxxxxxxxxxxx 

~ 

Hi-Z ,~ 
~ 

tOEZ ~ 

~ tODD 

KXXXXXXXXXXXXXXX X~ XXXXXXXXXX 
KXXXXXXXXXX""XXX x~ ~ 

• MITSUBISHI 
"ELECTRIC 

ADDRESS 

~ 
tRWL 

~ 

\ 
J:,tX-xxxxxxxxxx~x 

xxxxx~~~~~ 

X ~xx"xxxxx"x"x"XX">: x xxxxxxx~ 

tDH 

DATA LXXXXXXxxxxxx 

VALID ~XXXXXX~ X 

Hi-Z 

tOEH 
~ 

·XXX XX~ 
\.Xxx ~g~~ ,"XXXX xx 

5 - 423 



MITSUBISHI LSls 

\N\\NARY M5M4V18165CTP-5,-6,-7,-5S,-6S,-7S 
P L lfica\\ofl. 

. ' flot a linal spa\iect to cM",ge 
Notice: ih's '\,;c limitS are SIJ 

somepara
me 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Read:'Write, Read-Modify-Write Cycle 

VIH-

VIL -

VIH 

LCAS I UCAS 
VIL -

VIH-

VIL -

w VIH-

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

5 - 424 

tRWC 

tRAS L tRP 

I 
~ i 1\' 

tCSH tCRP 

tCf 
tRCO tRSH 

tCAS 

K x x x x .x.-
I ~ 

, 
tRAD 

tASR 
tRAH tCAH tASR H tASC~ ~ 

~ ROW ,~ COLUMN 'IXXXXXXXX 
~XXXXXXX 

X.x IXXXX~ ROW ¥xxx» I(xxxx:a ADDRESS ''x x XI ADDRESS I(XXXXI ~ ~x 

tAWD 

tRCS r--~ 
tCWD 

tRWO 

Kxxxxxxx xxx 
I(XXXXXXX xx~ 

I(XXXXXXX ~XXXXI 

tozc t~ 
+---+ 

xxxxxxx xxxxx x x .x .x x Hi-Z J~ KXXXXXXX x 
~~ I(XXXXXXX XX 

tCAC 

tAA 

tCLl 
4---+ 

~~ 
~ 

Hi-Z DATA 
VALID -----tRAC 

~----. tODD 

tozo ~ 
-- ... tOEZ 

x:xxx.x~xxx x>I 
XXXxxxxxxxxxxxxxxxxxx 

',' MITSUBISHI .... ELECTRIC 

x.x XXXX:JL ADDRESS 

~ 
tRWL 

twp , XXXXXXXX 
.~ XXXXXXXX 
'X" xx 

tOH 

XX~ I¥XX DATA VALID r,;xx x xx x xx xxx 

Hi-Z 

9 
.xxx XXXxxxxxx 
~x££xxxxxxx~ 



MITSUBISHI LSls 

M5M4V18165CTP-5,-6,-7,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Read-Write, Read-Modify-Write Cycle 

VIH-
RAS 

VIL -

LCAS 
VIH-

(or UCAS) VIL -

UCAS VIH -

(or LCAS) VIL -

VIH-
Ao-A9 

VIL -

VIH-
w 

VIL -

001-00a' VIH­
(or 009-0016) 
(INPUTS) VIL 

OOl-OOa VOH _ 

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­
(or 001-006) 
(INPUTS) VIL -

009-0016 VOH­
(or 001-0Q6) 
(OUTPUTS) VOL -

OE, 
VIH­

VIL -

tRWC 

tRAS L tAP 

~ ~ ~ 
tCSH 

tCRP H 
tRCD tRSH 

ICXXXXX 

'l{XXXXXf 

tCAS L tCRP 

I 'l{X \ 'l{XXXXXI 

tRAD 

tA~ tRAH 
tAsc .. 

tCAH tASR .. 
xxxx~ ROW ~ COLUMN ,IXXXXXXX xxx~ ROW 

XJ\ ADDRESS 
~ 

ADDRESS I'( 

tAWD 

tRCSI+--'" 
tCWD 

tRWD 

'l{XXXXXXXX xxxxx~ 
'l{XXXXXX ' x>¢<i 

xxxxxxxxx xxxxxxxxx 'I{ 

'I{ XXXX XXXX ,xxxxxxx~x 
xx 

Hi-Z 

tDZC 4----t 
tDS~ 

;o;.xxxxxxxx IXXXXXXXX Hi-Z 1~ 
;o;.xxxxxxxx IXXxxxxxx 

'~ tCAC 

tAA 

tCLZ 
~ 

~ 
r-----\ 

Hi-Z DATA 
VALID 

tRAC 
~ 

4- _____ 
tODD 

tDZO ~tOEA. 
.. tOEZ 

xxxxxxxXXxxxxxxx 
xxxxxxxxxxxxxxxx 

• MITSUBISHI 
~ELECTRIC 

Xxx xx xxxx/\ ADDRESS 

tCWL 

tRWL 

twp J 

\ 
l ..... AA If:,(')()(-x x xx x xx XX 
~ x x x x x Yx"x"'). 
I 

xxxxx xxxxxxxxxxxxx 
x~ fXxxxxxxxxxxx 

}C)II 

toH 

DATA VALID 
,I{XXXX~ 
no;.xxxx~ 

Hi-Z 

9 
~xxxxxxxxxx~ 
~ x. x. x x Yx"x"'). 

5 -425 



MITSUBISHI LSls 

M5M4V18165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle 

VIH 

Vil -

____ VIH 

LCAS/UCAS 
Vil -

VIH-
Ao-As 

Vil -

w VIH 

Vil 

001-0016 VIH 

(INPUTS) Vil 

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

Vil 

5 - 426 

RAS 

~ 
tCSH tHPC. 

tCF 
tRCO tCAS ~ tCAS 

Ir------1 

~ \ I \ 
tAAO 

lASR 
14 tRAH ~ ~ 

lAsc ~ tCAH ~ 
~ tASC --... ....-. 

~ 
~E])(\ ISC ~~ £lQ ROW 
.~ COLUMN-1 YXX XY COLUMN-2 ~ ADDRESS ~ ~!' .V5.6i1 ~ 

tRCS 

tCAl tCAl 

0:XX )( xxx~ y 
){x xxx 1'1.1'1.1'1.1'1.1 

tozc 

l';.XXXX xxxx Hi-Z 

*XXX}( ~ ~ ~ 
tAA tM 

~LZ tOOH 
M 

Hi-Z '~ DATA ~ 
VALlD-1 

tRAC tCPA 

tozo t~ 
r 

tOCH "-
)ll;.xxxxxXXXXXXxxxx 
)ll;.xxxxxxxxxxxxx~x~ 

•. MITSUBISHI 
..... ELECTRIC 

t RP 

~ L 
tRSH 

~ tCAS 

r---, 

I \ ~ 
tCPRH 

tASC 
14 tCAH. ~ H 

::t~ 1l''5I! '51~ 
ROW 

cJ COLUMN-3 
ADDRESS 'f,t.'f 1'Ii~ ~~ 

.... t~ 
tCAl ...--.. tACH 

,.;:XXXXXX 
xxxxxx 

twEZ 

tROD ~ 
tcoo 

V ~ 

~ -Ix ~ 
tREZ 

tAA tOHR 
tOFF 

tOOH tOHC H 

DATA ~ DATA 

l~ VALlD-2 f- VALlD-3 

tCPA 

toEZ 

I 

~ tODD 



MITSUBISHI LSI~ 

M5M4 V18165CTP-5,-6,.7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read Cycle 

VIH -
RAS 

Vil -

LCAS 
VIH-

(or UCAS) Vil -

UCAS VIH-

(or LCAS) Vil -

VIH-
Ao-A9 

Vil -

Vi 
VIH-

Vil -

Dell -DOs VIH­
(or 009-0016) 
(INPUTS) Vil -

D01-DOa VOH­

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or D01-DOa) 
(INPUTS) Vil -

009-0016 VOH­

(or D01-DOa) 
(OUTPUTS) VOL -

VIH-

Vil -

tR S A 

~ 
tCSH tHPC tRSH 

tCRP tRCO ~ tCAS ~ ~ 

~ ~ ~ 

tCAS tCAS 

~ \ ~ ~ 

tRAD tCPRH 

tAS~ ~ tRAH ~ tAsc ........ 14 tCAH ~ ~ 14 tCAH ~ t~ ~ tCAH ~ 

~ ROW ~ -J&.. ~l\; ~ <;~ 
COLUMN-3 If;.xxxn ADDRESS ~ 

COLUMN-1 
~ ~~ 

COLUMN-2 
~ ".::.1' ~ 

tRCS 

)( 

If;. 

xxx xxx 
x ..... xxxXXX x 

Hi-Z 

tozc 

I{XXXXXX IXXXXX 
l'lXXXXXX IXXXXX 

tCLZ 

Hi-Z 

tRAC 

tozo 

If;.XXXXXX 
I{XXXXXX 

tCAl tCAl 

tDZC 

xxx 
xxxxx 

~ 
tAA 

J ~ 
tCLZ ........ 

tCPA 

~ tCAC~ 
tAA 

~ 

~ DATA 
VAll 0-1 

tOEA 
~ 

tOCH 

• MITSUBISHI 
.... ELECTRIC 

tCAl 

Hi-Z 

DATA 
VAll 0-2 

Hi-Z 

~ 
tAA 

tOOH 
........ 

K) 
tCPA 

RP 

I \. 

tCRP 

V 

~ 

xX\l ROW 
ADDRESS 

~~~ 
~ tRCH 

~~ 
~ 

J~ 
'~ .. ~ 

tOHR 

tROO 

tcoo 

~ 
twEZ 4----' 

tOFF 

tOHC 

DATA 
~ VAll 0-3 

tOEZ 

XX X X 
J::XX X~ X 

4----t tODD 

5 - 427 



MITSUBISHI LSls 

PREl~~~ !'1!'~~,.. M5M4V18165CTP-5,-6,-7,-5S,-6S,-7S -

Notice: 'This :t~C limits are sublec 

Some pa
ram 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY .16-BIT) DYNAMIC RAM 

Hyper Page Mode Early Write Cycle' 

VIH-

VIL -

VIH­

LCAS/UCAS 
VIL -

VIH-
Ao-A9 

VIL -

w VIH-

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH-

(OUTPUTS) VOL -

5 - 428· 

tRAS tRP 

~ ~ L 
tCSH tHPC tRSH 

tc~ 
tRCO tCAS ~ tCAS ~ tCAS L tCRP 

I ,-----., ,..----, 

II )(XXX» 
~ ~ \ I ~ ~ 

tCAL tCAL 

lASR 
14 tRAH, lAsc 

~ lAsc ~ tCAH ~ ~ ~ 
~ ...... ......... lAsc ~ 

~ ROW .~ t~ ~ ~~ ROW 
x.xxx~ 

I.XXJIIII COLUMN-1 IJKXXXJII COLUMN-2 IAXXX~ COLUMN-3 ~XXXA 
.z::L::i:::O ADDRESS .~ .~ .~ t .'6lY;:4 ADDRESS 

14twCS~ ~twCH. 14
twcs

, 4 twcH~1 rtwcs~ ~ twCH. 

~ ~ 

}X 
XXXX. 

XXXII't. 
JlXXXX 

.). .. XXXA I. XXXXXX 

~ ~ tDH~ ~ ~ 14
toS

• ~ 

DATA 
nnnn 

DATA 
~ 

DATA XXXXXXXX'1l IXXXJiIr 
x. x. XI VALlD-1 

• VSZ::J!:J 
VALlD-2 oJ .~ 

VALlD-3 

Hi-Z -------------------------------------------------------------------------



MITSUBISHI LSls 

M5M4 V18165CTP-5,.6,.7 ,-55,-65,-75 

HYPER·PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Early Write Cycle 

VIH-
RAS 

LCAS 
VIH-

(or UCAS) VIL -

UCAS VIH-

(or LeAS) VIL -

VIH-
Ao-Ag 

VIL -

VIH-
w 

001 ...... 008 VIH­

(or 009-0016) 
(INPUTS) VIL -

001-008 VOH­
(or DOg-D016) 
(OUTPUTS) VOL -

009-0016 VIH­
(or 001-008) 
(INPUTS) VIL -

DOg-D016 VOH­

(or 001-008) 
(OUTPUTS) VOL -

tRAS tR P 

\ ~ L 
tCSH tHPC tRSH 

r 

tCRP 
~ 

l(XXXX; ~ 
~ 

tRCO tCAS ~ tCAS ~ tCAS L. tCRP 

r 
"'XXXX , 

~ I I(XXX'XI , 
~ 

tCAL tCAL 

lASR .. ~ lAsc ...... ~ lAse ---.. ~ lAsc ---.. • tCAH _I 
~ 

~ ROW @ FZ"'ilV\ ~ f'X'X'X\ ROW 
XXXXI' ADDRESS COlUMN-1 

~ 
COlUMN-2 COlUMN-3 XXXXJIl ADDRESS 
~ .~. 

~ ~ ~ ~ ~ ~ 
x.xXXXXX~ ~ ~ XXXXXXXXXXX 

L~1 ixxxxxxxxxxx xxxxx I' )("xx~ 

xxxxx 1 JXxxxx X\ L XXXX X\. IX xxxxxxxxxxx 

~ ~ ~ ~ 

DATA U'xxxxx xx X '-4 DATA IVX xx 
O(XXXXXXXXXXXXy VALlD-1 r\.xxxx xX~k VALlD-3 '\'X x x x x x x x x x x 

HiZ 

~ ~ 

~~~~~~~~~~~~~~~~~~~~~~~ DATA 
VALlD-2 

XXXXXXXXXXXXXXXXXXXXXXXX~ 

Hi-Z 

'. . MITSUBISHI 
.... ELECTRIC 

.'x~xfx~x~xxxxxxxxxxxxxx 
XXXXXXXXXXXxxxxxx 

·Yxxxxxxxx XXXXXXXXXXXXX 

5 - 429 



MITSUBISHI LSls 

M5M4V18165CTP-5,-6,-7,-58,-68,-78 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read-Write, Read-Modify-Write Cycle 

VIH-

VIL -

VIH­
LCAS I UCAS 

VIL 

VIH-

VIL 

w VIH-

VIL 

001-0016 VIH-

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL -

5 - 430 

RAS 

\ 
tCSH 4 

tCRP, 
tRCD tCAS tHPRWC 

tcp tCAS 

lItXXXXXXlt 

~ I \ ){XXXXX7 

tRAD 

tASR ~RAH~ tAsc ...... tCAH ~ tCAH ....... 

~XXX)(l ROW ~ 
J5l<Xxxx }01 '~X 

COLUMN-1 
']V COLUMN-2 ~ ADDRESS lAX X 1'0 1'0 

tAWD 
tc~ 

tAWD 

~~ tCWD ~RCS1~ tewD 

~ 
VXxxxxx'x xxx}W 

~ ~~ \ ){XXXXX 

tRWD tCPWD 

~~ tDH tDze 
tDS ....... tDS 

){xxxxxxxx xxx HI-Z J~ DATA ~ Hi-Z ~ 
){xxxxxxh x 

'~ VALID-1 ~ f 

Hi-Z 

){XXXXXXX1'OA1'OX 
){xxxxxxxxxxx 

~ 
tAA 

tCLZ --. 4-

tRAC 

14 tDZO, 

,~ 
p----, 

Hi-Z DATA 
VALID 

~ 
t-rt tODD 

IJOEA~ 
.... tOEZ 

• " MITSUBISHI 
~ELECTRIC 

tAA M 
---+ 4-t~Lz 

~ 
'DATA' 
VALID 
~ 

tCPA 
~ tODD 

tDZO 

,- 14toEA- ~ tOEZ 

\ l-J 

tRP 

FL 
tRWL 
~. tCRP 

1/ 
~tcw~ ~ tASR 

ROW 
AAA.A ADDRESS r~ 

~ 
x 

tDH 

DATA 
~ 

IVXXXX 
VALlD-2 r,xxxx 

~. 

Hi-Z 

~ 
~xxxxxx 

,"XXXX1'OX 



MITSUBISHI LSls 

M5M4V18165CTP-5,-6,-7,-5S,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Byte Read-Write, Read-Modify-Write Cycle 

RAS 

LCAS 
(or UCAS) 

UC~ 
(or LCAS) 

w 

VIH-

VIL -

VIH-

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

OQ1-0QS VIH­

(or 009-0016) 
(INPUTS) VIL -

OOr-OOs VOH _ 

(or 009-0016) 
(OUTPUTS) VOL -

009-0016 VIH­

(or 001-00S) 
(INPUTS) VIL -

009-0016 VOH­

(or 001-008) 
(OUTPUTS) VOL -

VIH-

VIL -

RAS 

~ 
tCSH 

--tc~ 

Kx.xxxx)j 
I<XXX XXI 

tRCD tCAS tHPRWC 
tcp tCAS 

~ I \ \ ~ 
tRAD 

tASR tRAH tCAH ~ tCAH 
~ ~ tAsc ~ 

KXXXXA. ROW ~ ./XXXXXX ~J ,/XXX 

I(XXXXXI\. ADDRESS 
COLUMN-1 Il\X.x x x xx J,. COLUMN-2 I\XXX 

tAWD tAWD 

f~ 
tCWD tcwL 

~RCS14- tcwD ~ 
~ twp 

~XXX XXXI 

\ VXXXXXXX XXXI 
:I 

tRWD 

I<XXXXXXXXX XXXXX 
I(XXXXXXXX XXXXXXXX 
I(XX XXXXX XXXXX 

Hi-Z 

~z~ tDS 
tDH 

~ INN- Hi-Z DATA 

~~~~~~X{ OXX VALlD-1 
tCAC 

~ 
tCLZ -tit--

Hi-Z 

tRAC 

~ 

KXXXXXXxxxxxx~~x~ 
I(XXXXXXxxxxxxxxx 

~~ 
r----. 
DATA Hicz 
VALID 

-1 
I'--' 

4-f-i tODD 

I~OE\ 
-t ~tOEZ 

• MITSUBISHI 
.... ELECTRIC 

~W \ 
tCPWD 

X X"X "XXXXXXXXX 
X X xxxxxXXX 
X x xxxx 

tDZC 

~ tDS 

~ Hi-Z J~ 
~ ~ M tAA 

~ ~t~Lz 

~ 
,..........., 
DATAl\. 
VALlD Il 
~ 

tCPA 4-f- tODD 
tDZO 

1'~ ... tOEZ 

\ J 

r '----
tRP 

~tRWL 

~ 
tCRP 

:; 

~ H tASR 

XX~ ROW 
xxV ADDRESS 

~ 

I~ XXXXXX)c 

XXXXXXXXXX 
x0 X 

XX 
xxxxxxxxxx 

tDH 

-DATA ~XXXX 
VALlD-2 ·,XXXX 

Hi-Z 

~ 
~ 
.~ 

5 - 431 



MITSUBISHI LSls 

El\ "" \ NARY M5M4V18165CTP-5,-6,-7,-58,-68,-78 
P R , 0' 1\ tinal specihC:~'~;'Ch3nge 
Notice', ,his \S n limits afe sublC 

some parametriC HYPER PAGE MODE 167,7721&-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (1) 

VIH-

VIL -

VIH­

LCAS/ UCAS 
VIL -

VIH-
Ao-A9 

VIL -

VIH-w 
VIL -

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

5 - 432 

tRAS tRP 

tRWL f, ~ tCR~ 
tCSH tHPC tHPRWC ~r-~ 

tCF tRCD tCAS ~ tCAS ~ tCAS 

~ 
r-----, ,--, tCWL ,...-

\ I \ I \ I XXXX)f' 
~ 

tRAD 

tASR 
14 tRAH. ~ tA~ 14

tCAH
• 

tAsc tCAH 
tASR 

~ tASC f-4 H 

J!7!A ,~ ~ .. ~-
~ 

r---
.;cxxxxxxx\r ROW 

COLUMN-1 y x xv COLUMN-2 ~ COLUMN-3 we: xxxXV' ROW 

ICXXX)f' ADDRESS ~ " Q!:J1 I :w: . 'xx 16 ADDRESS - - ""---

tRCS ~~ 
tCPWD 

tAWD 
tCAL tCAL tCWD r 

~ ){XXXXXX .Xl 

\ .., \ xxxx X.lol' 

I 

tDZC .. ~ ~~r+ ~ tD~ tD~r-

NX'-:?xxx ~~ xxxx 
:¢¢¢¢c:x ~~ 14

tCAC
• 

tAA 

tCLZ ..... 4- twEZ 

~ 

~ 
,.....1----, 

Hi-Z DATA , VALID 
~~ 

tRAC 

tozo ~ tOEZ 

~tOCH • -f~ 
)(XXX XXXX)( J xxxxxxxxxxxxxxxxx x " 

H 
tODD 

• MITSUBISHI 
.... ELECTRIC 

~ 

~ -,~ Ir-~ DATA [J.XXXXXX 

~ ~~ VAll 0-3 R:XXXXXX 

~r---t I\-~ 

~ 
..... t~LZ 

~ 
fDATA 1 

VALID 

~ 
tCPA 

~t~ toEZ tOEH 

~ 4----+\. 

\ U 
"1KXXXXXX 
'XXXXXX 

H 
toDD 



MITSUBISHI LSls 

M5M4 V18165CTP-5,-6,-7 ,-55,-65,-75 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Mix Cycle (2) 

VIH­

Vil 

VIH­
LCAS/UCAS 

Vil -

VIH 
Ao-A9 

w VIH 

Vil -

001-0016 VIH­

(INPUTS) Vil -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

Vil 

~ 

)(XXXX 
~xxX:X 

){XXXX 

~ 

tHPC 

, , \ , ~ 
tcp tCAS tCAS 

lASC tCAH ~ lASC, tCAH 14 lAsc , tCAH 
4----------JI 

X\. L:X X~ ~ ~~ 
x COLUMN-1 I_X COLUMN-2 COLUMN-3 
)(I '~ ~ ~ ~W 

tCAl ~ tCAl 

~ twcs , ~ 

~ /-
tHCWO 

tHAWO 

~ tHPWO 
to~ tozc 

~ ........ 
Hi-Z ~ ~ I~ X :XX ~ 

Hi-Z 

" 
,VALlD-2 

~ ~ 

tCAC 

fAA 
tCPA 

twEZ ~ 

~ 
DATA 

VALlD-1 

tHCOO 

~ tHAOO ~ 
tHPOO 

~ 

• . MITSUBISHI 
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'~.xXXX XX .x 
1- 14 tCAC. 

fAA 
I 

tCPA 

tCLZ~ 
Hi-Z 

~ 
tozc ~~ 

\ 

~ 

DATA 
VALlD-3 
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M5M4V18165CTP-5,-6,~ 7,-55,-65,-75 

are 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

.Hyper Page Mode Read Cycle ( Hi-Z control by OE ) 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH-

VIL -

w VIH-

VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH-

VIL 
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tRAS tRP 

~ I L 
tCSH tHPC tRSH 

tCRP tRCD tCAS ~ tCAS tcp tCAS tCRP r ,..---, 
~XXXXII ~ I ~ I ~ I ~ 

tRAD tCPRH 
tASR 

~ tCAH tAsc 
~ hsc ~ ~ 

~ tAsc ~ .......... ......... ----- .n;<9. IV' ;r'i7\ ~~ ~(\ ~ ROW ROW ~ X In. ~ ~ COLUMN-1· COLUMN-2 COLUMN-3 ADDRESS ~>I ~ ?£f t~~ ~~ ADDRESS -
tRAL 

~~ 
I(xxxxxx XXXII 

'l<XXXXXX xxx xx>! 

tDLC 

xxx xx xxx Hi-Z 
otxxxxxx xxx 

xx xxx 
~ ~ ~ 

tAA tAA tAA 

~LZ ~H ~ 
Hi-Z ~ 

DATA 
)- ~'DATA'~ DATA , 

HI-Z ~~ 
VALlD-1 ~ V~~ID! VALlD-2 J 

tRAC 

~ tCPA tCPA 

tDZO t~ tCHOL~ 
.. tOCH 

~ ~ tOEZ 
~~~~~~~~~~~~~ 

h ~ ~ / , J ~~~~~~~~~~~~~ 
~ tOEPE ~ tOEPE 

• MITSUBISHI 
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+-r!-R~ 
~ tRCH 

xxxx , XXXX 

~ 
tRDD 

tCDD 

tREZ ~ ~ 
tOHR 

tOFF 

tOHC 

DATA 
~ VALlD-3 

tOEZ 

-Ix ~ 
I. X xxx 

I.. X XXX 

4---J tODD 
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M5M4 V18165CTP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Hyper Page Mode Read Cycle (Hi-Z control by W) 

VIH-

VIL -

VIH­

LCAS/UCAS 
VIL -

VIH-.. 

VIL -

VIH-w 
VIL -

001-0016 VIH­

(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL -

RAS 

\ 
tCSH tHPC tRSH 

tc~ tRCD tCAS ~ tCAS tcp tCAS 

,............, 
~' 

~ 
, I ~ I \ 

tRAD tCPRH 
tASR 

I~ tRAH ~ ~ tAsc ~ ~ ~ I~ tCAH ~ ('-SC 
~ I~ tCAH ~ 

- .~ 10 ~ .~ ~~ ~ ROW 
~X XXY COLUMN-3 IVi COLUMN-1 COLUMN-2 

~ ADDRESS '\l5CI . ~ ,,~ .l(Sl ;,lSlI 
~ 

tRAL 

r~ 
tRCH -t it 

){ XXXXI .".. x x x x x XXX)I 

tDlC 

){XXXXXX xxxx Hi-Z 
~xxxx xxxfX'-

~ ~ 
tAA tAA 

tCLl ~OH ...... 
Hi-Z ~ )'~TA ~ VALlD-1 

tRAC 
tCPA 

tDlO tOEA r .-.-... 
tOCH 

~XXXXXXXXXXXXXXXX~ 

I';.XXXXX XXXXXXXXXl. 

. • MITSUBISHI 
"-ELECTRIC 

I~+ tRCS 

'¥. 
~ 
tAA 

twEl tCLl 
~ ~ 

DATA Hi-Z 

~ VALlD-2 '( 

tCPA 
I' 

RP 

I L 
tCRP 

I 

~ 
,..~ r"~ 

ROW ]II 

~::.:: ~~ . ADDRESS 

4-tR~ 

4-----+ tRCH 

~ 
~ 

~ 
tRDD 

tCDD 

~ ~ 
tREl ~ ~ 
tOHR 

tOFF 

tOHC 

DATA )-VALlD-3 

tOEl 

X XXX 
I; x xxx ,. x 

+----t tODD 
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!,~:~~~~~~~~,. M5M4 V18165CTP-5,-6,-7 ,-5S,-6S,-7S 

somepnram0 HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

RAS-only ~efreshCycle 

VIH-

VIH­
LCAS/UCAS 

VIL-

Ao-A9 

w 

VIH-

VIH 

VIL -

OQ1-0Q16 VOH-

\ 

tCRP I. 
~ .................... ]q. 

.... 7 
~""""XXXI 

tASR 
~ .... 

~"""""""".lQ. ROW 
~ .... XXXXI 
)CXXXXXI ADDRESS 

lRC 

tRAS tAp 

V i\ 

1C r tCRP. 

W 
tASR iH 

IY.xxx ............ ................. ............ .lQ. 
ROW I.XXXXXxxxxxxxxxxxxxxxxxxx .XXXXI 

UXXXXXXXXXXXXXXXXXXXXXXX XXXXI ADDRESS 

Hi-Z 
---------------------------------------------------------------------------------

(OUTPUTS) VOL -

5 - 436 
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M5M4 V18165CTP-5,-6,-7 ,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle, Extended Refresh Cycle* 

VIH-

VIL -

VIH­
LCAS/UCAS 

VIL -

VIH 

VIL 

w VIH 

VIL -

001-0016 VIH 

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

tAc II tRC 

tRP tRAS 
» 

tRAS tRP 
(( 
~~ 

I ~ I ~ I ~ 

tRPC tCSR tCHR ~~II 
tCSR tCHR -i~ r----I ~ ~ ~ tCRP 

-""I 

~ V ~ I I W ~ -----J 

" ;t tCPN 

~ tASR 

to--
xxx xxxxxxxxxxxxxxxxxxx xxxx~XXXXxXXY ROW COLUMN 

X:XX x ......................... xxxxxxxxx xxxxxxxxxxxxxxxxx~ r'DDRESS ADDRESS -. 
f-I ~RH 

tF tRCH 
(( 

XXXXXXXXXXX xxx xxxxxxxxxxx,. 
~xxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxx~ 

~~ 

x:x xxxxxxx XXXXXXXXXXXxxxxxX 
xxx xxx ............... x .......... xxx ..... xxx ..... xxxxxxxxxxxxxxx xxxxxx .............................. 

~ tREZ 
tOHR 

~ tOFF 
tOHC 

~S 
Hi-Z 

l .. 
tOEZ

• 

xxxxxxxxxxx xxxxxxxxxxxxxxxxxxx xx .., xxxxxxxxxxxx xxxxxxxxxxxxx .................... ............... xxx 
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M5M4V18165CTP-5-6 -7 -55 -65 -75 
, . "'" 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC R,AM 

Hidden Refresh Cycle (Read) (Note 30) 

VIH-

VIH­

LCAS/UCAS 
VIL -

VIH-
Ao-A9 

VIL -

VIH-w 

VIH-
001-0016 
(INPUTS) VIL -

001-0016 VOH­

(OUTPUTS) VOL -

VIH..:... 

VIL -

5 - 438 

tRC 
"I. 

tRC 

tRAS L tRP J tRAS tRP 

\ I \ I '--
tCRP tRCO tRSH tCHR 

J(XXXX)f' ~ ~ XXXX:J(I 
P';.XXXXI 

tRAO 
tASR 

tASR tRAH lAsc tCAH 

!@! 'St..xxxxxxx:J!J.. ROW COLUMN I\KX XXXXX 
XIX xxx}. ROW 

ADDRESS ADDRESS P';.XXXXI ADDRESS ~\.?\c xxx IXX 

~ tRAL tRCH 
14tRRH. 

J(xxxxxx XXX X 
¢¢<XX U(.xxx~ 

tCDD 

~ ~tRDO. 

~xx xxxx HI-Z XXXXX 

~ xxx 
~ 

xXXXX 

tCAC 

lAA 
~ 

tOFF 

~ tOHC 

Hi-Z ~~ Hi-Z 
DATA VALID 

tRAC 
tOEZ 

tozo tOEA 

tORH tODD 

I(XXXXXXXXX X xxx XX). 
J(xxxxxxxxxxxxxxxxx~ I xxxxxxxxxxx 
~xxxxxxxxxxx~x xxxxx 

Note 30: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle, 
Timing requirements and output state are the same as that of each cycle shown above. 

.• MITSUBISHI 
.... ELECTRIC 



Self Refresh Cycle * 

VIH-

VIL -

VIH­
LCAS/UCAS 

w 

VIL -

VIH-

VIH­

VIL -

001-0016 VIH-

(INPUTS) VIL 

001-0016 VOH­

(OUTPUTS) VOL -

VIH 

VIL 

KX 
~x 

MITSUBISHI LSls 

M5M4V18165CTP-5,-6,-7,-5S,-6S,-7S 

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

tRP tRASS tRPS 

I ~ V ~ 
tRPC 

~ ~ tCHS H tc~ 

I ~ / W 
..J 

'-
t~ 

tASR 
~ 

x xxxxxxxxxxxxxx~x xxxxx~; -
ROW X xxxxxxxxxxxxxxxxxxxxx~x££xxxxxx~ ADDRESS -

tRRH 
~ 
~ tRCr 

D(XXX xxxXXXXxx xxxxxxxxx~ 

~XXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 

tROD 

tCDD 

Hi-Z .x.xx.x.xx.x.xx .x. .x.xx .x..x.x x 
xxxxxXXXxxxx xxxxxxx x 

~tREZ xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx x 
~tOHR 
f-----t tOFF 

~~tOHC 

Hi-Z 

~ tOEZ 
tODD 

xxx .XXxxxxx xxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
R" xx xx xxxxxxxxxxxxxxx~ 

•. MITSUBISHI 
..... ELECTRIC 

x x x x xxxx x x X X X X 
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ELl"",,,,ARY M5M4V18165CTP-5,-6,-7,-5S,-6S;-7S 
P R . . (lot 8 tinsl speCin~~:'~~·CMnge. 
Notice: ihls's 'c litTIits are subl 

SoiMpar8metrl , HYPER PAGE MODE 16777216~BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper I (Lower) Self Refresh Cycle* 

tRP 

VIH-
tRASS 

VIL -

DCAS VIH-

(or LCAS) VIL - ___ _+' 

LCAS VIH-

(or UCAS) VIL -

VIH-
Ao-A9 

VIL-

tRCH 

VIH-

W 
VIL -

OQ1-0Q16 VOH-~~~~~~~~ ____________________ ~H~i_~Z ____________ ~ __________ __ 

(OUTPUTS) VOL - ~c:.::::::L':I!::-.c":r 

5 - 440 
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M5M4V18167CTP-5,-6,-7, 
-55,-6S,-7S 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

DESCRIPTION 
The M5M4V18167CTP is pipeline burst dynamic RAM organized 
1048574-words by 16-bits. This is fablicated with the high 
performance CMOS process, and is ideal for large-capacity 
memory systems where high speed, low power dissipation, and low 
cost are essential. 

The use of double-layer metal process combined with twin-well 
CMOS technology and a single-transistor dynamic storage stacked 
capacitor cell provide high circuit density at reduced costs. 
Multiplexed address inputs permit both a reduction in pins and an 
increase in system densities. 

FEATURES 

~ ~ Address ~ Cycle Power 

Type name 
access access access access dlsslpa· 
time time time time lime lion 

(max.ns) (max.ns) (max.ns) (max.ns) (min.ns) (typ.mW) 

M5M4V18167CTp·5.·5S 50 10 25 10 90 540 

M5M4V18167CTP·6.-6S 60 11.6 30 12 110 450 

M5M4V18167CTP·7 .. 7S 70 15 35 15 130 390 

• Standard 50 pin TSOP 
• Single 3.3V +O.3V, -O.15V supply (3.15V-3.6V) 

• Low stand-by power dissipation 
1 .8mW (Max) ....................................... CMOS Input level 

• Low operating power dissipation 
M5M4V18167CTP- 5,-5S ........................ ·650.0mW (Max) 
M5M4V18167CTP- 6,-6S ........................ ·540.0mW (Max) 

M5M4V18167CTP- 7,-7S ........................ ·470.0mW (Max) 

PIN CONFIGURATION (TOP VIEW) 

Vee 1 

001 2 

002 3 

DQa 4 

NC 

w 

A2 
Aa 
Vee 

• Pipeline Burst mode, 'RAS'-only refresh, ~ before ~ refresh, 
Hidden refresh capabilities , Outline 50P3G-F (400mil TSOP Normal Bend) 

• Early-write mode and C5'E' to control output buffer impedance 
All inputs, output L VTTL compatible and low capacitance 

.1024 refresh cycles every 16.4ms (Ao-A9) 
.: Applicable to self refresh version (M5M4V18167CTP-5S,-6S, 

-7S: option) only 

APPLICATION 
Main memory unit for computers, Microcomputer memory, Refresh 
memory for CRT 

PIN DESCRIPTION 

Pin name Function 

Ao-A9 Address inputs 

001-0016 Data inputs I outputs 

fiAS Row address strobe input 

~ 
Upper byte control 
column address strobe input 

[CAS 
Lower byte control 
column address strobe input 

W Write control input 
()E Output enable input 

Vce Power supply (+3.3V) 
Vss Ground (OV) 

• MITSUBISHI 
"-ELECTRIC 

NC:NO CONNECTION 
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M5M4V18167'CTP-5,-6,-7,-58,-68,-78 

PIPELINE BURST MODE 167n216-BIT (1048576-WORD BY 16-B'IT) DYNAMIC RAM 

FUNCTION 
The M5M4V18167CTP provide, in addtion to normal read, write, 
and read-modify-write operations, a number of other functions, e.g., 

pipeline burst mode, ~ only refresh. The input conditions for 
each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
Inputs 

~ ~ ~ W 
Lower byte read ACT ACT NAC NAC 

Upper byte read ACT NAC ACT NAC 

Word read ACT ACT ACT NAC 
Lower byte write ACT ACT NAC ACT 
Upper byte write ACT NAC ACT ACT 
Word write ACT ACT ACT ACT 
~-only refresh ACT NAC NAC DNC 
Hidden refresh ACT ACT ACT NAC 
~ before ~ refresh ACT ACT ACT DNC 
Stand-by NAC DNC DNC DNC 

Note: ACT: active, NAC : nonactive, ONC : don't care, VLO : valid, IVO : Invalid, APO : applied, OPN : open 

BLOCK DIAGRAM 

ROW AOORESS 
STROBE INPUT ~ 

Low6MfM~ ~~~~~~ ~ 
STROBE INPUT 

UPP6~~~~~g~~~~k~ 
STROBE INPUT 

WRITE CO~J~8f W 

AOQRESS INPUTS 

5 - 442 

MEMORY CELL 
(16777216BITS) 

• MITSUBISHI 
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OE' 
ACT 
ACT 
ACT 
NAC 
NAC 
NAC 
DNC 
ACT 
DNC 
DNC 

Input/Output 
DOl-DOs DOe-D016 

DOUT OPN 
OPN DOUT 

DOUT DOUT 
DIN DNC 
DNC DIN 
DIN DIN 

OPN OPN 
DOUT DOUT 
OPN OPN 
OPN OPN 

D,010 
: UPPEROATA 

DOe ) 

: INPUTS I 
: OUTPUTS 

D'016 

OUTPUT ENABLE 
INPUT 
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PRI!i~-""'=-
M5M4V18167CTP-5,-6,-7,-55,-65,-75 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Burst Address Sequence Table ---- INTERLEAVE LINEAR 
1st X .• XOO X .. X01 X .. X10 X .. X11 X .. XOO X .. X01 X .. X10 X .. X11 
2nd X .. X01 X .. XOO X .. X11 X .. X10 X .. X01 X .. X10 X..x11 X .. XOO 
3rd X .. X10 X .. X11 X .. XOO X .. X01 X .. X10 X .. X11 X .. XOO X .. X01 
4th X .. X11 X .. X10 X .. X01 X .. XOO X .. X11 X .. XOO X .. X01 X .. X10 

Burst Address Sequence Set Cycle 

tRP tRAS 

1'" )~ ~ 
I 

tRPC tCSR tCHR .I 

-J ~~ 
I' 

tCPN T 
twRP twRH 

~ 

I 'I 
xxxxxxxxxxxxxxxxx~ ~xxxxxx~xxxx;x 

xxxxxxxxxxxxxxxxx~ ~xxxxxxxxxxxxxxxxxxxxxxxxxxx;x w 
I I 

tASR tRAH 

.I. I 
Ao (XXXX~xxxxxxx~ "'XXXX~XXXXXX~XXXX~ 

tASR tRAH 

r 'I 
xxxxxxxxxxxxxxxxx~ _xxxxxxxxxxxxxxxxxxxxxxxxxx 
~xxxxxx0XXXX~ I~XXXXXXXXXXXXXXX~XXXXX~ 

As-Ae 

1101-16 
OPEN 

~ Don'tcare 

Note 1: Address Table for Burst address sequence setting cycle. ---- Ae As A7 As A5 A4 A3 A2 Al Ao 
Linear X X L L H L L L L L 
Interleave X X L L H L L L L H 

2: The burst sequence Will remain set untlll the deVice power IS Interrupted or another Burst address sequence setting cycle. 
3: A ~ only or CBR refresh cycle must follow the Burst address setting cycle to exit the programming mode. 

• MITSUBISHI 
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M5M4V18167CTP-5,-6,-7,-55,-65,-75 

Notice: ,his iSt~~\i~its are subject to c 

Some parame PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
VCC Supply voltage -0.5 ....... 4.6 

VI Input voltage With respect to Vss ~0.5"""'4.6 

Vo Output voltage -0.5 ....... 4.6 

10 Output current 50 
Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0 ....... 70 
Tatg Storage temperature -65 ....... 150 

RECOMMENDED OPERATING CONDITIONS (Ta-0-70·C, unless otherwise noted) (Note 4) 

Symbol Parameter Limits 
Min Nom Max 

Unit 

Vcc Supply voltage 3.15 3.3 3.6 V 

Vss Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.0 ~cc+0.3 V 
VIL loW-level input voltage, all inputs -0.3 0.8 V 

Note 4 : All voltage values are With respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta=0~70 ·C, Vcc=3.15V-3.6V, Vss=OV, unless otherwise noted) (Note5) 

Limits Symbol Parameter Test conditions Min Typ Max 

VOH High-level output voltage IOH=-2.0mA 2.4 

VOL Low-level output voltage IOL=2.0mA 0 

loz Off-state output current a floating OV:;;VouT:i3.3V -10 

II Input current OV:iVIN:i3.6V, Other inputs pins ... OV -10 

Average supply current MSM4V18167C-5,-5S 'RAS', ~ cycling 
Icc1 (AV) from Vee, operating MSM4V18167C-6.-6S tRc=twc=min .. 

(Note 6,7,8) MSM4V18167C-7,-7S output open 

Supply current from Vcc, stand-by 
'RAS'-~ ",VIH, output open 

Icc2 (Note 8) 
'RAS'= ~~Vcc -0.2 V 

Icc2* Supply current from Vcc, stand-by (Note 9) 'RAS'= ~i!:;Vee -0.2 V 
Average supply current MSM4V18167C-5,-5S 'RAS' cycling, ~= VIH 

ICC3(AV) from Vcc, refreshing M5M4V18167C-6,-6S tRc=mln. 
(Note 6,8) MSM4V18167C-7.-7S output open 

Average supply current MSM4V18167C-5,-5S 'RAS'-VIL, ~ cycling 
ICC4(Av) fromVCc ,MSM4V18167C-6,-6S Pipeline-Burst-Mode tpc=min. 

(Note 6,7) MSM4V18167C-7,-7S output open 

Average supply current MSM4V18167C-5,-5S ~ before'RAS' refresh cycling 
Icc6(AV) fromVcc MSM4V18167C-6,-6S 

~ before ~ refresh tRc=min. 
mode (Note 6) MSM4V18167C-7,-7S output open 

~ cycling ~:iiiO.2V or~ before ~ 

ICC8(Av) * 
Average supply current from Vcc refresh cycling 
Extended-Refresh-Mode (Note 9) (W,~,Ao-A9 :iiiO.2V or ~VCC-O.2V) 

DQ=open,tRc=125~s,tRAS=tRAs min.-1 ~5 

ICC9(AV) * 
Average supply current from Vcc 

'RAS'= ~ :i0.2V, output open 
Self~Refresh-Mode (Note 9) 

Note 5: Current flowing into an IC is positive, out is negative. 
6: ICC1 (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
7:ICC1 (AV) and ICC4 (AV) are dependent on output loading. Specified values are obtained with the output open. 
8:Column Address can be changed once or less while ~=VIL and ~~=VIH . 
9:An initial pause of 500 ~s is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles 

containing a ~ clock such as ~-Only refresh). 
Note the ~ may be cycled during the initial pause. And any 8 ~ or RASICAS cycles are required after prolonged periods 
(greater than 16.4 ms) of ~ inactivity before proper device operation is achieved. 

5 - 444 
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Vcc 
0.4 
10 

10 
180 
150 
130 

2 
0.5 
150 
180 
150 
130 
150 
140 
120 
180 
150 
130 

300 

200 

Unit 
V 
V 
V 

mA 
mW 
"C 
·C 

Unit 

V 
V 
J.lA 
J.lA 

mA 

mA 

J.lA 

mA 

mA 

mA 

J.lA 

J.lA 
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M5M4V18167CTP-5,-6,-7,-5S,-6S,-7S 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

CAPACITANCE (Ta=0 ...... 70 "C, Vcc=3.15V ...... 3.SV, Vss=OV, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Min Typ Max 
CI(A) Input capacitance, address. inputs 5 
CI~ Input capacitance; OE' input 

VI=VSS 7 
CI(W) Input capacitance, write control input 

f=1MHZ 
7 

CI~ Input capacitance, ~ input VI=25mVrms 7 
CI~ Input capacitance, ~ input 7 
CliO Input/Output capacitance, data ports 7 

SWITCHING CHARACTERISTICS (Ta=0 ...... 70·C, Vcc=3.15V ...... 3.SV, Vss=OV, unless otherwise noted, see notes 10,11) 

Symbol Parameter 

tCAC Access time from ~ 

mAc Access time from ~ 
tAA Column address access time 
tCPA Access time from ~ precharge 
toEA Access time from OE' 
tooH Data hold time from ~ Low 
tOll Output low impedance time from ~ low 
tCLl Output low impedance time from ~ low 
tOEZ Output disable time after OE" high 
twEZ Output disable time after WE' low 
tOFF Output disable time after ~ high 
tREZ Output disable time after ~ high 

Note 10: AC Measurments tr=2ns. 

11 : AC Characteristics test condition 

(1) Input timing Specification 

2_8V----~ 
: 1.4VI1.4V: Test point 

OV·---
2n~ 

(3) Output Load 

Output 

(for Access time) 

Limits 
M5M4V18167C-5,-5S M5M4V18167C-6,-SS M5M4V181Q7C-7,-7S 

Min Max Min Max 
(Note 12) 10 11.S 

(Note 13) 50 SO 
(Note 14) 25 30 
(Note 15) 30 35 

10 12 
3 3 

3 3 

3 3 
(Note 1S) 4 10 4 10 
(Note 1S) 4 10 4 10 

(Note 1S,17) 4 10 4 10 
(Note 16,17) 4 10 4 10 

(2) Output timing Specification 

-D-_1.4V/1.4V:Testpoint 

~
3'3V 

. 1.2kn 

Output 

50pF ~ 870n 

Min Max 
15 

70 

35 
40 

15 
3 
3 
3 
4 15 
4 15 
4 15 
4 15 

Note 12: Assumes that tRco ~tRCO(max) and tAsc iii:tAsc(max) and tcp ~ tCP(max). 

Unit 

pF 
pF 
pF 
pF 
pF 
pF 

Unit 

ns 
ns 

ns 
ns 
ns 

ns 

ns 
ns 

ns 

ns 
ns 
ns 

13: Assumes that tRco:iitRco(max) and tRAO:iitRAO(max). If tRCO or tRAO is greater than the maximum recommended value shown in this table, 

tRAc will increase by amount that tRco exceeds the value shown. 

14: Assumes that tRAo~tRAO(max) and tAsc:iitAsc(max). 

15: Assumes that tcp :iitcP(max) and tAsc;;;' tAsc(max). 

16: tOEZ (max), twEZ(max) , tOFF(max) and tREZ(max)defines the time at which the outpu't achieves the high impedance state ( IOUT~ I ±10 p.A I ) 
and is not reference to VOH(min) or VOL(max). 

17: Output is disabled after both ~ and ~ go to high. 

• MITSUBISHI 
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M5M4V18167CTP-5,-6,-7,-55,-65,-75 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (for Read, Write, and Refresh Cycles) 
(Ta-0 ...... 70-c, VCC - 3.15V ...... 3.6V, Vss=OV, unless otherwise noted, See notes 10,11) 

Limits 
Symbol Parameter MSM4V18167C·5,·5S MSM4V18167C·6,6S MSM4V18167C·7,7S Unit 

Min Max Min Max Min Max 
tAp ~ high pulse width 30 40 50 ns 

tAco Delay time, ~ low to ~ low (Note18) 18 25 20 31,8 20\ 40 ns 
tCRP Delay time ~ high to ~ low 10 10 10 ns 

tApc Delay time, ~ high to ~ low 5 5 5 ns 

tCPN ~ high pulse width 10 10 10 ns 
tAAD Column address delav time from 'RAS" low (Note19) 15 25 15 30 15 35 ns 

tAsR Row address setup time before ~ low 1.5 1.5 1.5 ns 

lASC Column address setup time before ~ low (Note20) 1.5 1.5 1.5 ns 
tAA~ Row address hold time after'RAS" low 8,5 8.5 8.5 ns 
tCAH Column address hold time after ~ low 8.5 8.5 8.5 ns 
tozc Delay time, data to ~ low (Note21) 0 0 0 ns 
tozo Delay time, data to ~ low (Note21) 0 0 0 ns 
tADO Delay time, 'RAS" high to data (Note22) 13 15 20 ns 
tcoo Delav time, ~ hiah to data (Note22) 13 15 20 ns 
tODD Delay time, ~ high to data (Note22) 13 15 20 ns 

tRC Read cycle time 90 110 130 ns 
tAAS ~ low pulse width 50 10000 60 10000 70 10000 ns 
tCAS ~ low pulse width 5 10000 5 10000 5 10000 ns 
tAcs Read Setup time before ~ low 3 3 3 ns 

tACH Read hold time after ~ high (Note 23) 5 5 5 ns 

tARH Read hold time after ~ high (Note 23) 10 10 10 ns 
tORH ~ hold time after ~ low 13 15 20 ns 

tOCH ~ hold time after ~ low 13 15 20 ns 

twcs Write setup time before ~ low 3 3 3 ns 
twCH Write hold time after~ low 5 5 5 ns 
twEP Write pulse width 7 7 7 ns 

tCRW ~ Low to~ High (Required only for Write Cycle) 15 15 15 ns 
lOs Data setup time before ~ low or W low 3 3 3 ns 
tDH Data hold time after ~ low or W low 5 5 5 ns 

tr Transition time 1.5 50 1,5 50 1.5 50 ns 
tREF Refresh cycle time 16.4 16.4 16.4 ms 
tREF* Refresh cycle time 128 128 128 ms 

Note 18: tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRcD(max), access 
time is controlled exclusively by tCAC or fAA. 

19: tRAD(max) is specified as a ref~rence point only. If tRAD ~ tRAD(max) and tAsc ,:ii; tAsc(max), access time is controlled exclusively by fAA. 
20: tAsc(max) is specified as' a reference point only. If tRCD ~ tRCD(max) and tAsc iii:. tAsc(max), access time is controlled exclusively by tCAC. 
21 : Either tDzc or tDZO must be satisfied. 
22: Either tROD or tCDD or tODD must be satisfied. 
23: Either tRCH or tRRH must be satisfied for a read cycle. 

5 - 446 
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MITSUBISHI LSls 

M5M4 V 18167CTP-5,-6,-7 ,-55,-65,-75 

PIPELINE BURST MODE 16777216-BIT (1048576·WORD BY 16-BIT) DYNAMIC RAM 

Pipeline Burst Mode Cycle (Read,Read terminated Read,Wrlte,Wrlte terminated Write,Read-Wrlte,Wrlte-Read) (Note 24) 

Limits 
Symbol Parameter MSM4V18167C-5.-SS MSM4V18167C-6.-SS MSM4V18167C-7.-7S 

Min Max Min Max Min Max 
tpc Pipeline Burst EDO Cycle 15 16.6 20 
tooH Output hold time from ~ low 3 3 3 
mAS ~ low pulse width for read write cycle (Note25) 50 125000 60 125000 70 125000 
tcp ~ high pulse width (Note26) 5 5 5 
tCHOL Hold time to maintain the data Hi -Z until ~ access 7 7 7 
tOEP C5'E" Pulse Width 7 7 7 
twEP W Pulse Width 7 7 7 
twET W Pulse Width (for Write comand termination) 7 7 7 
twLC W Lock out from ~ High 3 3 3 

Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle. 

25: tRAS(min) is specified as two cycles of CAS input are performed. 

26: tcP(max) is specified as a reference point only. 

~ before ~ Refresh, and WCBR Cycle (Note 27) 

Limits 
Symbol Parameter MSM4V18167C-5.-SS MSM4V18167C-6.-SS MSM4V18167C-7.-7S 

Min Max Min Max Min Max 

tCSA ~ setup time before ~ low 10 10 10 

tCHA ~ hold time after i1AS low 15 15 15 

twAP WE' setup time before ~ low 10 10 10 
twAH WE' hold time after ~ low 10 10 10 

Note 27: Eight or more ~ before ~ cycles Instead of eight ~ cycles are necessary for proper operation of CAS before i!lAS' refresh mode. 

• MITSUBISHI 
.... ELECTRIC 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 
ns 
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PREll M' ~~!y M5M4V18161CTP-5,-6,-1,-5S,-6S,-1S 
. . This is not a final sp ub\ect to change. 

Notice. Hic limits are s 

someparam

e 

PIPELlt:'E BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Timing Diagrams (Note 28) 
Read Cycle 

tRAS 

tR C 

tRP 

,~ Jr \. 
\ 

Ao-A9 

w 

001-0016 
(INPUTS) 

001-0016 
(OUTPUTS) 

5 - 448 

tCRP tRCD tCAS tcp tcAS 

~ ~~ 
, 

\ J"" ~ 

tRAD 
tAsc tCAH 

tAsR tRAH 

-. 
ROW COLUMN " Kxxxxx 'Xxxxx xxxxxx 

ADDRESS xxxxx. 
~ 

ADDRESS IIICXXXX xxxxxx 

tRCS 

xxxxxx xxxxxxx 
xxxxxx xxxxxx~ 

tozc 

x XXlI Hi-Z 
xxxxxx xxx xxx 

tCAC 

tAA 

tCLl 
Hi~Z ~, 

I.:J~ 
tRAC 

tDZO tOEA 

tOCH 

XXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXxxxxxxxXXX 

tORH 

Note 28 :m Indicates the don't care input. 

~ Indicates the invalid output. 

• MITSUBISHI 
.... ELECTRIC 

tCRP 

J 
~ 

tAsR 
4--+ 

xx xx~ 
ROW 

XX:II ADDRESS 

- ,.., tRRH 

~ tRCH 

xxxxxxxxxxx 
KXXXXXXxxxx 

-- tRDD I 
tCDD 

,. 

tODD 

.,;XXXXXX 
XXXXXX 

tREZ 
~ twEZ -

tOFF 

I 

DATA VALID 
, Hi-Z 

J 

tOEZ 

#A.JI\.JI\.JI\. XXXXXXX 
XXXXXXX 



MITSUBISHI LSls 

M5M4V18167CTP-5,-6,-7,-55,-65,.75 
change. 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16·BIT) DYNAMIC RAM 

Byte Read Cycle 

~ 
(or~ 

~ 
(or~ 

Ao-A9 

w 

001-0Oa 
(or 009-0016) 
(INPUTS) 

001-0Oa 
(or 009-0016) 
(OUTPUTS) 

009-0016 
(or 001-00a) 
(INPUTS) 

009-0016 
(or OQ1-00a) 
(OUTPUTS) 

tRC 

tRAS tRP 

'r- " t. 
\ } ~ 

tCRP tAco tCRP 

~~ 
tCAS tcp tCAS 

,----, 
~~ 

, r 
~ to 1\ J 

mAD 

1 SR mAH tAsc tCAH 

~ )(x)()( ROW COLUMN 
ADDRESS .lI ADDRESS 

~ 
I 

tRCS 

)(x)()( xx 
XXI 

xxxx XXXXXX 
XXXX XXXXXXXAAX 

Hi·Z 

tDZC 

xxxxxxxx Hi·Z 
XXXXXXX IXXXXXXXXX 

X 

1M 

Hi·Z tCLl 

tAAC 

tozo I 

)(XXX)(XXX )II 

XXXXXXXX)()(XXX)(XXX)(XXX)(XXX)( 

•. MITSUBISHI 
"'ELECTRIC 

tASR 

.~ 
)()( IXXX xxxw ROW 

.}';AA.}';.}';.}';.}'; I.}';.}'; XXXA ADDRESS 
I 

tRRH 

~ tACH 

x )()(X)( 

xxxxxxx xxx XX xxx 
AAXXXXX XA xx xxxxxxxxxx x 

tROD 
-'" 

~ 

~ tCDD 

~f- I+-tooo 

XX)( 
~xxxxxxxxxx xxxx 

tCAC tREZ I+-----t twEZ 

tOFF 
I I 

~' \ Hi·Z 

.;41\ DATA VALID J 

I tOEA tOEZ 

tacH 

I~XX)(XX)(~ 
XXX)(XXXXXX)(X 

tORH 
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Write Cycle 

w 

001 ...... 0016 
(INPUTS) 

001 ...... 0016 
(OUTPUTS) 

5 - 450 

MITSUBISHI LSls 

'NARY M5M4V18167CTP-5,.6,.7,.58,-68,-78 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

\ .. 
\ 

tCRP tRCO 

~( 
, 

tASR tRAH tAsc 

~ I( ROW -K.}QSl< 
~ ADDRESS ~~~ I'-

1-

.twcs 

KXxxxxxxx~ 
~x~~xx~~~x~~~~~~ 

tos 

leX AXXXXXXXX1I 
~ ~ ~ ~ X~ ~ ~ x ~ ~.~ ~ ~ ~ 

twc 

tRAS tRP 

, , 
}~ 

\ 

tCRW 

tCAS tCRP 

, 
\ jr-

tCAH ~ 

COLUMN ~AAAXXXXXXxxxxxxx 
ROW 

ADDRESS • ~A~~~AA~~X~~XX~~~I'- ADDRESS 

twCH 

~xxxxxxxxxxx~~~¥ 
.v. x ~ ~ x x ~ ~ x ~ ~ x x ~ ~ ~ x ~ ~ x ~ ~ ~ X}I 

tOH 

~xxxxxxxxxxxxxxx )I 

DATA VALID ~A~~X~~~x~~xx~~x~~~~X~}I 

Hi .. Z 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M4V18167CTP-5,-6,-7,-55,-65,-75 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Byte Write Cycle 

~ 

(or~ 

~ 
(or~ 

w 

001-00s 
(or 009-0016) 
(INPUTS) 

001-00s 
(or 009-0016) 
(OUTPUTS) 

009-0016 
(or 001-00s) 
(INPUTS) 

009-0016 
(or 001-00s) 
(OUTPUTs) 

twc 

tRAS tRP , -J '\ \ J 

tCRP tRCO tCRW 

W 
tCAS 

tCRP 

W ~ l 

lASR tRAH lAsc 

~, -ROW 
~xxxx 

_\ ADDRESS I.XX»' --
twcs 

xxxxxxxxxxxxxxx..a 
xxxx XX.lQI. 

XXXXA 

xxxxxxxxxxxxxXxxxx 
xxx x x xx x x x x 

tos 

xxxxxxxxxxxxxxX!'JI 
xxxxxxxxxxxxxxx 

x 

\ J 

tASR 
tCAH ......... 

COLUMN ~xxxxxxxxxxx ROW 
ADDRESS I~XXXXXxxxx xx~, ADDRESS 

twCH 

....xxxxxxxxxxxxxxx x,« 
Jll:XXX xxxxxxx xx.") 

xxxxxxxxxxXXxxxxxxxxxxXxxxxx xx.") 
xxxxxxxXxxxx xxxxxx xx)' 

Hi-Z 

tOH 

xxxxxxxxxxxxxxx 
DATA VALID 

Hi-Z 

• MITSUBISHI 
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~xxxxxxxxxxxxxxxxxxxxx9 
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MITSUBISHI LSls 

P REU Nil ~,~!y M5M4V18167CTP-5,-6,-7,-5S,-6S,-7S 
Notice: ihis is not\,0 i~~8~r~:Ubiec\ to change, 

aramctrlC If" 

SomeP PIPELINE BURST MODE 167772i6-BIT (1048576·WORD BY 16-BIT) DYNAMIC RAM 

Pipeline Burst Mode Read Cycle (1) 

Ao""'A9 

w 

001 
....,0016 
(INPUTS) 

-, 

tCRP 
tCSH tpc 

... -. 
tRCD tCAS tcp .. tCAS tcp 

,...., ,...., 
9 1 

~ 
~ ~ 

lASR tCAH tRAH lASC 

Q] r ROW' B3 COL xx xxx.,c. 
lADDRJ m .xxx xxxxx 

~~ 
8& 2J 

tDZC 

; tCM 

xx XXXXl 
xx xxx 

~ 
CLZ ... -. --Hi-Z 

Jl 

-fxxx xxxx 

l~tCAC • 

~~ ... 

, tRAS JRP 

r 
\... 

J1 Jl lJl J1 Jl J1 ~ 
lASc tCAH lASC tCAH lASR 

"'f-~ 
xxx COL ,xxx IXXXXX XXX.X ~ COL xx xx~ JCl :~~ xx,. n xx xxxx xxxx xxx 0 .xxx xx x 

tRCH 

tCDD 
~~ 

tROD 1--- f4-
.!RE~ 

Hi-Z ~ 
~ 

~ l~tcAC • l.
tCAC

• IJCAC. l~tCAC • ~ ~ 
tOFF 

~~H ~~H ~~ r!'~H ~~ ~~ ~ .... ... ... .... ... ... ~ 
001 
""'0016 
(OUTPUT 

~ Dout ~ Dout 1 V;1 Dout ~ r Dout
' ~ Dout ~ r Dout' ~ Dout 1 

~ rDOU~ l n+3 A 
Dout 1 

S) 
tRAC 

tDZO 

tOLZ 

XXXXXXXXXXJCl 
XXXXXXXXXXX 

5 - 452 
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tOEA 

I 

m+l J m+2j lm+3J 
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tODD 
I 

tOEZ 

xxx xxxx 



MITSUBISHI LSls 

M5M4V18167CTP-5,-6,-7,-5S,-6S,-7S 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Pipeline Burst Mode Byte Read Cycle (1) 

RAS tRP 

--, 
" l. J "-

tCRP 
tCSH tpc 

-.-~ 
tRCD lcA&. Jcp llcAS JCP 

~ 
(or~ ~ 

1 
,..., 

" J1 Lfl J1 Jl Lfl Jl Lfl 
lmAS" 
(or~ 

., 
~ 

tAS~ tRAH tASc tCA~ 

~ 
ROW , 

~ COL 
ADDRj l. m 

~ ~ 
w ~ a 
D01 ..... DOS 

(or DOlI 
~Da16) 

(INPUTS) 

x 
x 

xxxx 
xxxx 

xx 
xx 

tozc 

tCM 

~ 

x 
xxx 

l .. 

tcAC
• 

tCLZ 

D01 ..... DOs 
(or 0011 

~ f-14-

..... 0016) 

(OUTPUTS ) 

6 DOlI ..... DOl 
(or DOl 
-DOs) 
(INPUTS) 

h 

6 DOlI-DOl 
(or DOl 
-DOs) 
(OUTPUTS ) 

x 

Hi-Z 

~xxx xxxx 

,.~ 
( 'j 

ocx~ Ih xxxxxx x 

tRAC 

tozo toEA 

tOLZ I 

xxxxxxxxxxx 
\;XXX xxx 

L..J 

tRD 

I'" -~ 

I l~ ~ ~ 
tAc tCAH tAsc tCAH 

tASR 
.... f- 4-

xxx COL 'xxx xxxxx ocxxxx XX" COL xx XXIX ,. 
ROW 

xxx n xxx xxxxx ocxxxx xx,. 0 xx XXiX )II ADDR 

tRCH 

tCDD ~ 
tROD'" - H+-

..!R~ 
Hi-Z ~ 

~ 
~ l .. 

tCAC
• ~ ~ l .. 

tcAC
• ~ ~ ~ tOFF 

tDOH 
~~ .!.~ ~~ ~~ ~~ ~~ ~ -. -~ ... ... -. .. .. .. ~~ 

Oout 1 ~ 'Oout ~ Dout 1 ~ ~ 'Dout' ~ t%1 'Oout ~ Dout~ Dout Dout Oout 
m J l.m+l m+2 J l.m+3 J l. n J l.n+l l. n+2 n+3 J 0 

~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxfx x 
Il{X xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx x 

Hi-Z 

• MITSUBISHI 
..... ELECTRIC 

tCOH 
""-

tOEZ 

·xxxx 
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MITSUBISHI LSls 

M5M4V18167CTP-5,~6,-7 ,-~S,-6S,-7S 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Pipeline Burst Mode Read Cycle (2) 

Ao-A9 

w 

001 

tRAS JRp 

--, h 
~--------------------------------------------------------~~ ~ 

tCRP tCSH tpc 

"'-4-
tAco ItCA&,. tcp lCA&. Jcp 

tASR RAH tAsc tCAH tAsc tCAH 

.x1 ROW ~ COL 
~ ADDR [}Q m 

XX.x XXXX)C,I.>l.XXXXXXX 

xx XXXXXIXXXXX xx 

tozc 

, 

Hi-Z 

tAsc tCAH tASR 

I ..... i-~ 

tACH 

tRDO~ 
tCOO ... t-- ... 

I. tREZ 

-0016 ~xx xxxxxx 

(INPUTS) tCM 
~tCAC~ ~ ~~ ~ ~ l.tCAC~ 

tOLZ ..... _-+
1 
.. 

~~~~ ~ ~ ~~~~ ~~ 
tcLZ ... -~ .,..r-!+- "'-rr tCLZ "'-4- ... ~ .l4- .,.. 

001 Hi-Z Hi-Z· I 
-0016 _-+-__ -+ ____ ....... ~~D~UI)~ ~~I ~~~~~i ~1-+------.,/~l D~UI ~ ~~~I ~l ~~~t lJj ~~t , 

~~ ~ ~ tRAC tOEZ tOEA .... tODD 

tozo tOEA tCHOL ... tOELZ 

.... t-- 4- ~tOCH i.oL tOEZ 

.XXXXXXXXXX 
xxxx XXXXX 

XXXX 
D{XXXX 
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MITSUBISHI LSls 

M5M4V18167CTP-5,-6,.7,-55,-65,-75 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Pipeline Burst Mode Read Cycle (Read Terminated Read) 

tRAS 

~ 
l 

tc RP 
tCSH tpc 

... - ~ 
tAco tCAS tcp tCAS tcp 

,....., ,....., 
lJl lJl lJl ~ ~ ~ ~ 

tASR tRAH lAsc tCAH tAsc tCAH tAsc tCAH 

Ao-A9 ~ ROW' ~ COL rxxx xx xx XXXl COL XXXXX COL 'XXX 

w 

001 

-0016 

(INPUTS) 

ADDRj m 

~~ 
H-x rf-
00i. ~ 

xx xxx 
xx xxx 

xx XXXX 

tozc 

tCM 

tCAC ~ 

tCLZ ~ -~ 
~ 

XXXXX xxx n UIi XXXXXJI 

I 
tRCH twEP tRCS 

I 

~ 

Hi-Z 

l .. 
tCAC

• l .. 
tCAC

• 1, ... tCAC. 

~~ r!.~ r!D~ twEZ ... ~ 

001 

-0016 

(OUTPUTS 

Hi-Z 

~ 'Dout ~ , Dout' ~ Dout ~~ Dout 

) 
tRAC 

tozo tOEA 

tOLZ I 

~ 
XXXXXXXXXXX 

l. m lm+lj m+2 m+3 

" MITSUBISHI 
"'-ELECTRIC 

j 

0 xx 

I 

~ 

JRP 

,-, 
j '-

lJl lJl , 
~ 

tASR -r-'" 
IXXXXX XXX XX X X ROW 

XXXX XXXX xx X ADDR 

tRCH 

] 

~ 
tRDD --" I..L 

tCDD 

tREZ 

~~ 
~" 

l ... 
tCAC

• ~ l .. 
tCAC

• 

r!~ ... r.!.~ -. r.!.~ T 
~ Dout' ~ , Dout' ~ Dout 

o j l 0+1 J 0+2 

t~ 
tOEZ 

IXXXX 
XXXX 
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~,~!~~~~,~~~~.. M5M4V18167CTP-5,-6,-7,-5S,-6S,-7S 

som\lparametrlC PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Pipeline Burst Mode Write Cycle 

001 
-0016 
(OUTPUTS) 

5 - 456 

tRAS 

Hi-Z 
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MITSUBISHI LSls 

M5M4V18167CTP-5,.6,-7,.55,.65,-75 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Pipeline Burst Mode Byte Write Cycle 

...., 

tCRP 
~,--

~ 
(orUO'A§) I~ 

~ 

(or~ I~ 

tASR 

l 

tCSH 

~ 
tRCO 

tRAH lAsc 
--'-

tCAS .. tcp 

] 
,...., 

~ 

tCAH .. 
~rROW , E8 COL ~ 
" lAOORJ m IX: x X 

I. twcs 
• 

w ~ 

-+ 001 .... 0Oe 
(or DOs 

XXXXXX 
.... 0016) 
(INPUTS) 

xxxxxx 

001 .... 0Oe 
(or DOs 
-0016) 
(OUTPUTS) 

00S .... 0016 
(or 001 
.... 00e) 
(INPUTS) 

00S .... 0016 
(or 001 
.... 00e) 
(OUTPUTS) 

toH 

::1 .. 
~n~ 

I 

tpc 

tCAS tcp 

n 
L..J 

~ 
XXXX 

~ ~S .. 

Oinm 
m+1 

I 

tRAS 

J1 lJl Jl J1 

lAsC tCAH 
-"' 

~ I~ COL 100x. ~ 
XXXX XX:xI n xx XXXX 

~ ~ ~ ~ 
~tos .. I+tos .. ~tos -+1-!+tos .. 

Oin~ 
m+2 

rOin.~ 
m+3 o~n lQ?J rOin~ l n+1 

I I I 

Hi-Z 

Hi-Z 

,.. MITSUBISHI 
.... ELECTRIC 

I 

lJl 

~ 
XXXXX 

tOH 

el .. 
Oin~ 
n+2 

I 

tRP 

h 
~ 

~ 

J1 Jl LI 

tAsc tCAH tASR 
.... 1-14-

"V"0x: COL ~ 00£0x ROW 
xxx 0 IXXX xxx X ADDR 

~ 

~ 
xxx 

tOH 

~ ~ ~ .. ~OS .. f4.tos 

Oin~ o~n~ Din -.:xxxxx 
n+3 0+1 _xxx xx 

I I I 
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'N\'NA~Y P ccilicatlon, e 
, ' oat IlliOa\ 59 b'cct to chang , 

MITSUBISHI LSls 

M5M4V18167CTP-5,-6,.7,-58,-68,-78 
, Notice: :~;~:triC limits are SI.l \ 

Some P PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Pipeline Burst Mode Write Cycle (Write terminated Write) 

tRAS tRP 

tASR tRAH tASC tCAH tASC tCAH tAsc tCAH tAS 

COL COL COL ROW 
m o ADDR 

w 

001 
-0016 
(INPUTS) QQQQOQ~1W~~~~~~~~~~~~QQQQ~~~~~~f!.42~~~~2 

001 
-0016 
(OUTPUTS) 

5 -458 

HI-Z 
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MITSUBISHI LSls 

M5M4V18167CTP-5,-6,-7,-55,-65,-75 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-8IT) DYNAMIC RAM 

Pipeline Burst Mode Read-Write Cycle 

...., 
tCRP 

tCSH 

-.-~ 
tAco tCAS tcp 

,......, 
~ ~ 

R ~AH lAsc tCAH 

Ao-A9 :3 ROW' gg COL ~ 
AOOR~ m 

~~ 
w ~ ~ 

001 

-0016 

(INPUTS 

II: X 
II: X 

) 

001 

-0016 

(OUTPUTS ) 

xxx 
xxx 

Hi-Z 

IXXX 

tozc 

tCM 

tCAC 

tCLZ .... 

tRAC 

tRAS 

tpc 

tCAS tcp 

n 01 Lr' L...J '--' 

lAsc tCAH lAsc 

~ hxxx IXXX COL XXXXXXJC:I 
XXXX XXXX XX:xI n IX.XXXXXX 

tCHOL 

tRCH ~CS 
, 

~~ 
tos -. 

Hi-Z M 
r;,.;c;j 

--. l~tCAC. ~ l~tCAC. 
~ 

r!~ -.!.~ ~~ ~ - .... .... .... .... 

~ Oout V2 Oout' ~ Oout ~ Dout 
m J m+l ~ m+2 m+3 

tozo tOEA 
IJOEZ. 

tOLZ 
I ~ 

]01 
tCAH 

COL '~ 0 ~xx 

tOH 
~ 

.... -. 

~ Din 
0 

x xxxx 

• MITSUBISHI 
.... ELECTRIC 

tAp 

h 
~ 

tCRW 
~ 

Lr' Lr' U-~ 

lASR 
-. r-14-

xxxx ~ ~ ROW 
,xxxxx xxxx XXX ADDR 

twCH 

~ 

~-. ~ 4-tos -. es 

o'nN 
0+1 

Oin~ 
0+2 

Din ~xxxxxxx .... 
0+3 

I I I 

Hi-Z 

xxx xx xx XXX]! 
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MITSUBISHI LSls 

El\ "" \ NA.RY M5M4V18167CTP-5,-6,.7,-5S,-6S,-7S 
P R , 0\ a final speciftZ::'~;~hange, 
Notice: T~~~:t~C limitS are subj , 

somell
a 

PIPELINE 8URST MODE 16777216-8IT (1048576-WORD 8Y16-81T) DYNAMIC RAM 

Pipeline Burst Mode Byte Read-Write Cycle 

..., 
tCRP 

"'1--

~ 

(or~ I~ 

~ 
(or~ I~ 

tAs R 

tCSH 

.... 
tRco 

lRAH tAsc 

tRAS 

!Pc 

IWAS IlCP WAS Jcp 

h ,...., 
lFJ1 W W ~ 

tCAH rASC tCAH 

tRP 

,--, 
j '-

tCRW 
~ 

L.P J1 IF LI -

rAsc tCAH tAsR ... f- .... 

~ r~~ ~ COL xx xxxx;x IXXXXX xxx COL xxxx,xx~ COL xx XXXX xxxxx xxxx ROW 
m xx xxxx;x IXXXXX xxx n XXXXXXlII 0 xx xxxx XXX X ADDR 

w 38 

Os 001 .... 0 
(or DOe 
.... 0016) 
(INPUTS 

I{X 
x 

I{ 

) 

Os OQ1 .... 0 
(or DOe 
.... 0016) 
(OUTPU TS) 

016 DOe"" 0 
(or 001 
.... OOS) 
(INPUTS 

x 

) 

016 0Q9 .... 0 

(or 001 
.... OOS) 
(OUTPU TS) 

I'~~ 
8r 

tozc 

xxx xxx 

tCM 

tCAC ~ 
tCL2 "'f-'" 

Hi-Z 

~ 

xxxx xxxxxx x 

!RAc 

tozo tOEA 

tOL2 I 
I{XXXXXXxxxx' 
I{XXXXXXxxxx 

5 - 460 

tCHOL ... 
I 

tRCH twcs twCH 

, 

twEO 
4--

Hi-Z 

~ ~ IJCAC ~ 

-.~ ... ~~H ... ~H ~ 

Doul~ Doul ~ 'Doul~ 
Doul ., 

m '..,4 m+l j lm+2 :A m+3 j 

xxxxxx~xxxxxxxxxxx 

Hi-Z 

~ 

~ 

J 

• MITSUBISHI 
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~ 

~S .. ~ ~ 
toH 

~ r:l .. ~ .. +-tos .. "'tos 
r¥ Din' ~ Dln~ 'Dln~ 'Din Wl:XXX;X 

3- xXXX 
LXA o J 0+1 1.0+2 lO+ 

I I I 

Hi-Z 

XXXXXXXXXXXXXXXXXXXXXXXXX 

xxxxxxxxxxx~xxxxxxxxxxx~ 

~xxxxxxxxxxxxxxxxxxxxxxxx;x 
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M5M4V18167CTP-5,-6,-7,-5S,-6S,-7S 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Pipeline Burst Mode Write-Read Cycle 

w 

001 
-0016 
(INPUTS 

] 

tc P 
tCSH 

.... - ~ 
tRCD tCAS tcp 

,...., 
~ 

, 
~ 

R ~AH lAsc tC!H 

~ ROW ~ r COL xx !Xxx 
ADDR l m xx 

~ 

~ 

toH 

::! ... ... 
xxxxxx,. D~nm 

) I 

tpc 

i.1CAS tcp ,...., 
J1 ~ 

xxxxx IXXXXX xxxx xxxx 
XXXXX 'xxxxx 

M ~ 
~tos .... +-tDS ... 

Dln~ 
m+1 

Dln~ 
lm+2 

I I 

Hi-Z 

tRAS JRp 

I ,..., 
"-

Lfl 'LP J1 J1 r r 
w ~ 

lAsc tCA-l lAsc tC!H lASR ... - 4-

~xx COL xxxxx,. COL xx xxxx xxxx ROW xxx xxxxx 'xxx IXXXXX XXXX X x 
IXXX n XXXXX)II 0 xx xxxx xxxx.x xx x AD DR 

twLC 
tRCH 

twCH 
4------+ 

Y)()( , 
~ J~ 

tROD 
tRCS 
~ 

tCDD M ~ tR:Z 
~tDS ... +-tDS 

Din~ 
Hi-Z ~, Dln~ 

m+3 n 1ft.lSI ~, 
I I 

IJCAC ~ ~ ~ 
tCLZ tDOH tDOH ~ .... r-~ ... -~ ... -4- I 001 

-0016 
(OUTPU ~ Doul ~ Doul ~ Doul 

/' TS) 

toLZ'" 

~~~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 
~AXXIXIXAXXXXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIXIX 

• MITSUBISHI 
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0 0+1 

-~ 

~ 

0+2 

tODD 

I 
tOEZ 

IIC'XXX 
XXXX 

IIX IX IX IX 

5 - 461 
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M5M4V18167CTP-5,-6,-7,-5S,-6S,-7S 

afametrlC 

Some? PIPELINE BURST MODE 16777216-BIT (1048576-WORDBY 16-B.IT) DYNAMIC RAM 

Pipeline Burst Mode Byte Write-Read Cycle 

tRAS tRP 

-, h 
""'-

tCRP tCSH tpc 

~ f-~ 
tRCO tCAS tcp tCAS tcp 

~ 

(or~ ~~r 
n 

W 
,...., 

Lf1 L..J Lf1 L..J 'Lf1 ~ LP L...J 

~ 

(or~ ~ 
tAs,. tRA~ tAsc tCAH tAC tCAH tAc tCAH tASR 

..... -~ 

Ao-A9 :a ROW Ea COL rxxx xxxx xxxx XXlCl COL xxxxX' COL xxxx xxx .x.xxxx x x ROW 
AD DR m xx n yyyyy 0 xxx xxxxx x x lAOOR 

~ 

w ~~ 

I(XXXXXX 

D01-DOs 
(or DOs 
-D016) 
(INPUTS) 

D01-DOs 
(or DOs 
-D016) 
(OUTPUTS ) 

16 

tOH 

"-I~ .. 
o~n IO<J 

I 

tOH :; ~ .. 4-tos .. 

Oln~ m+1 Oin,~ m+2 
I I 

Hi-Z 

twLC 

~ 
~ 

JWQJ 

~ 

H 
i4-tos .. 

~ 
i+tos 

Hi-Z 
Oln~ Din WOA 

m+3 n AlVf 
I I 

~ 
tCLZ 

.--~ 

~ 

DOs-DO 
(orD01 
-DOs) 
(INPUTS) 

I(XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

16 DOs-DO 
(orD01 
-DOs) 
(OUTPUTS ) 

x 

Hi-Z 

tOLZ • 

yyy xxxxxxxxxxxx 
I(XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

xxxx 

5 - 462 
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XXXX 

f--~ 

~ 

tRCH 

, 
~ tROD 

tcoo ... f- ~ 
tR~Z 

) 

~~ 
~~ 

IJCAC. ~ 
tOOH .~H ~ "I-I+-

~tJ ~ JDout ~ ~ Dout 
0+1 J 0+2 

"" 

XXXXXXXXXXXX.XX 
XXXXXXXXXXXx.xx 

~~ .. 
toEZ 

rxxxx~ 

~ 
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M5M4V18167CTP-5,-6,-7,-55,-65,-75 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

'RA§-only Refresh Cycle 

, 
\ 

tCRP ....... 

~ 

tASR tRAH 

Ao-A9 

w 

001':""0016 
(INPUTS) 

001-0016 
(OUTPUTS) 

~ 

ROW 
ADDRESS. -

tRC 

tRAS tAp , \ .. } ~ 

tRPC tCRP ...... ~ 

~~' 
tASR ...... 

KXX~~AAXXXX~~~~~~~X~AAXX~ 
XAAXAAAAAAXXXXA~AAXXXA~XXAXA~ 

Hi-Z 

• . MITSUBISHI 
.... ELECTRIC 

ROW 
ADDRESS 
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El'M'NA~Y M5'M4V18167CTP~5;-6,-7 ,-5S,-6S,-7S 
P R. final specit.icat,on·change. 
Notice: ,his \S ~ot\i~it$ are sub\ect to 

Soma parametriC PIPELINE BURST MODE 16n7216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

~ before ~ Refresh Cycle, Extended Refresh Cycle * 

tRC " tRc 

tRP tRAS 
» 

tRAS tRP 

" 
~ ~t-

, " ~t- . J \ . J ~ J 

Ao .... A9 

w 

001 .... 0016 
(INPUTS) 

001 .... 0016 
(OUTPUTS) 

5 - 464 

J 1\ 

tRpc tCSR tCHR 

"'~~IL 
tCSR tCHR ... ... I--~ 

~n ~~ .J ~~~ -J 
--..J J J 

" 
tCPN 

II 

)II .xXXX.lCxx.xx .x x x x x x x X . .x x x 
XXX.lC .x x.xxx 

» 
I-tr- I4-tRRH 

I+r-. tR twRP twRH ~RP twRH~1 
CH 1 -I 1 

~W ~ 

OW:.lCxxx.xxxxxx .xJl ".xxxx.x.xxx 

xxxx xxxxxxxxxxxxxxxxxxx X xxxxxxxx 
xxxx xxxx xxxx 

...... tREl 

14----+ tOFF , 
~S 

Hi-Z 

J 

~ 
1I 

xxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxx 

" 

. • MITSUBISHI 
"-ELECTRIC 

1\ 

~~ t~ 

,~,. ~ 
~ ~ 

~ 
"Xxx ROW COLUMN 

'''OORES OORESS 

~ 
>cxx>cxx>cx>c 

"Xx"X"Xx"X 

"Xxx"XxxXXXXXXXlC 
xxxxX' 

xxxxxxxX'xxxx 
xX'xxX'xX'X'X'X'X'x 
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M5M4V18167CTP-5,-6,-7,-55,-65,-75 

PIPELINE BURST MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Self Refresh Cycle· 

Ao-Ae 

w 

001-0016 
(INPUTS) 

001-0016 
(OUTPUTS) 

PS 
~ 

tAp tRASS 

~ ~r- j~ ,~ 
j ~ ~ - tApc 

l.
tAPc

• ~ 
tCRP ... ~ 14-, 

~ 
tCHS 

l~ ~~, ,~ 
~ ~ ~ 

tCPN 

tASR L.. 
~ 

Jo:.~~~ JI~~~JlJI~~ JI ROW 
JI~~JI XJl~JlJlJI~~JlJlJlJlJlJlJI~JlJlJI~~JlJI~~JIJI ADDRESS 

~ 
tRCS 

tACH ~RP twRH ... I--~ 

I2\.XJSJ .XXXXXX JlXXXA~~70. XX 

~ ~JlJI~~JI JlJI~~JlJlJI~JI XX1IX 

tADD 

tCDD 

Hi-Z xxxx xxxxxxxxxxx 

~:: 
~x70.70.X xxxxx 

, Hi-Z 

J 
toEZ 

'... toDD 

~ ~ xx 
~ xxxxx 
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P L\~~~~~~.. M5M4V18167CTP-5,~6,-7,-5S,-6S,-7S 
Notice', ,his "\~~ \irnits !Ire SUU\cc 

SOIt\epa
rarne 

' PIPELINE BURST MODE 167n216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM 

Upper/CLower) Self Refresh Cycle* 

~ 
(or~) 

Ao-A9 

w 

001-0016 
(INPUTS) 

001-0016 
(OUTPUTS) 

5 - 466 

tRP tRASS tRPS 

~l ) ... , ,~ 
--i ~ J 

tRPC 

~ ~ 
tCRP ... r--~ 

" 
, tCHS 

~ ~~~ ~r-
---i ~ J ~ 

~~ 
f tASR 

AA 
xxxxxxxxxxxxxxxxxxxxxxx~~ ROW 

AA ~-::»xxxxxxxxxx xxx ~ADDRESS XAAXXXXXX~ 

~ 
tRcs 

tRCH t!RP twRH .... - ~ 

~~~ 
, XXXXXXX XXAAXXXXXXXXXAAXXX" 

~ 
-.XXXXXXXXXXXXXXXXXXXXXXXXXXXXX~~ 

tRoD 

tCDD 

Hi-Z 
xx~xxxxxxxxxxxxxxxxxxxxxxx> xxxxxxxxxxxxxxxxx 

~mez 
tOFF , 

J 
... tOEZ 

'AAXXAXX 
~XAAX 

I~XX~xxxxxxxxxxxxx AA~~xxxxxxxxxxxxxxxxx~ 

Hi-Z 

tODD 

XXX~XAXXAAXXA 

XXXXXXAAAAAAAAAAA 

• ',MITSUBfSHI 
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M5M4V18167CTP-5,-6,-7,-55,-65,-75 

PIPELINE BURST MODE 16777216·BIT (1048576-WORD BY 16·BIT) DYNAMIC RAM 

SELF REFRESH SPECIFICATIONS * 
Self refresh devices are denoted by "SO after speed item, like -58 / -6S / -7S. The other characteristics and requirements than the below 
are same as normal devices. 

TIMING REQUIREMENTS (Ta=0-70·C, Vcc=3.15V-3.6V, Vss=OV, unless otherwise noted See notes 13,14) 

Symbol Parameter 

tRAss Self Refresh ~ low pulse width 
tAps Self Refresh .~ high precharge time 
tCHS Self Refresh ~ hold time 

SELF REFRESH ENTRY & EXIT CONDITIONS 
(1) In case of distributed refresh 

MSM4V18167C-5S 
Min Max 
100 
90 

-50 

Limits 
MSM4V18167C-6S MSM4V18167C-7S Unit 
Min Max Min Max 
100 100 jJs 

110 130 ns 

-50 -50 ns 

The last / first full refresh cycles (1 K) must be made within tNS / tsN before / after self refresh, on the condition of tNS~ 16.4 ms and 

tsN ~ 16.4 ms. 

I_ iNs ~I I_ tsN ~I 

------------------.~I~II~I-----~II~II~ ________________________________________ ~I~II~I .. ---~-I~II~lu-------------
DISTRIBUTED REFRESH 

< 1K/16.4 ms> 

(2) In case of burst refresh 

DISTRIBUTED REFRESH 
< 1K/16.4 ms > 

The last / first full refresh cycles (1 K) must be made within tNS / tsN before / after self refresh, on the condition of tNS + tsN ~ 16.4 ms. 

tNS tsN 
~ -I I-

-1II-1--~III~I~I~III~~1 ______________ ~I~I~III--~IIII--~I1I1-
BURST REFRESH 

< 1 K 1 16.4ms > 

• MITSUBISHI 
~ELECTRIC 

BURST REFRESH 
< 1 K 116.4 ms > 

5 - 467 
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M5M4S 16S31 CTP-7,-8,-1 0 
a 1\M\ change. 

ara 

16777216-BIT (2-BANK X 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

DESCRIPTION 
The M5M4S16S31CTP is a 2-bank x 104B576-word by B-bit 

Synchronous DRAM, with SSTl * 1 interface. All inputs and out 
puts are referenced to the rising edge 'of ClK. The 
M5M4S16S31CTP realizes very high speed data transfer using 

2-word parallel operation and small signal interface. 

PIN CONFIGURATION (TOP VIEW) 

* 1 SSTL : Stub Series Terminated Logic 

FEATURES 

Max. ClK 
Type name frequency access time 

M5M4S16S31CTP-7 150MHz 5ns 

M5M4S16S31CTP-8 125MHz 6ns 

M5M4S16S31CTP-10 100MHz Bns 

• Single 3.3V±O.3V power supply 
• Clock frequency 150MHz I 125MHz 1100MHz 
• Fully synchronous operation referenced to clock rising edge 
• Dual bank operation controlled by BA (Bank Address) 
• CAS latency-1/213/4 (programmable) 
• Burst length-1/214IB (programmable) 
• Burst type-sequential I interleave (programmable) 
• Column access-2N-rule 
• Auto precharge I All bank precharge controlled by A 1 0 
• Auto refresh and Self refresh 
.4096 refresh cycles I 64ms 
.SSTl Interface 
.300-mil, 44-pin Thin Small Outline Package (TSOP II) with O.Bmm 

lead pitch 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

ClK Master clock 

CKE Clock enable 
CS Chip select 

RAS Row address strobe 

CAS Column address strobe 

WE Write enable 
DQo-7 Data 110 
DQM Output disableiwrite mask 
AO-l0 Address input 

BA Bank address 

Vref Input reference voltage 

voo Power supply 

VooQ Power supply for output 

Vss Ground 

VssQ Ground for output 

• MITSUBISHI 
.... ELECTRIC 

Voo 1 

000 2 

VssQ 3 

001 4 

VooQ 5 

002 6 

VssQ 7 

Outline 44P3L-B (300mil TSOP) 

NC : NO CONNECTION 

6-3 
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PREl~~~~~~~,. M5M4S16S31CTP-7,-8,-10 
Notice: ihls IS riC limitS are subl8C , 

somepsrs
met 

16777216-BIT (2-BANK X 1048576-WORD BY a-BIT) SYNCHRONOUS DYNAMIC RAM 

BLOCK DIAGRAM 

I 

L. 

6-4 

MEMORY ARRAY 

BANK #0 , 

MODE 
REGISTER 

AO-l0 BA 

000-7 

CONTROL CIRCUITRY 

MEMORY ARRAY 

BANK #1 

ClK CKE CS RAS CAS WE DaM 

• MITSUBISHI 
.... ELECTRlC, 
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\",,\NARY M5M4S16S31CTP-7,-8,-10 
PREl ificatiOn, 

, ' not a I\na\ spec '~ct to change 
Notice: lt1l's ,':triC limitS are subl 

Some par an 16777216-:-BIT (2-BANK X 104a576-WORD BY a-BIT) SYNCHRONOUS DYNAMIC RAM 

PIN FUNCTION 

Pin 1/0 

ClK Input 

CKE Input 

CS Input 

RAS, CAS, WE Input 

AO-10 Input 

BA Input 

DQo-7 Input! output 

DQM Input 

Voo Vss Power suoolv 
VooQ;VssQ Powersup~ 

Vie! Input 

Function 

Master clock: All other inputs are referenced to the rising edge of ClK. 

Clock enable,: CKE controls internal clock. When CKE is low, internal clock for the 
following cycle is ceased. CKE is also used to select auto I self refresh. After self refresh 
mode is started, CKE becomes asynchronous input. Self refresh is maintained as long 
as CKE is low. 

Chip select: When CS is high, any command means No operation. 

Conbination of RAS, CAS, WE defines basic commands. 
AO-10 specify the Row I Column address in conjunction with BA. The Row address is 

specified by AO-10. The Column address is specified by AO-9 (X4), Ao-a (x 8). A10 is 

also used to indicate precharge option. When A10 is high at a read I write command, an 
auto precharge is performed. When A10 is high at a precharge command, both banks 
are precharged. 

Bank address: BAis not simply All. BA specifies the bank to which a command is 
applied. BA must be set with ACT, PRE, READ, WRITE commands. 

Data in and Data out are referenced to the rising edge of ClK. 

Din mask I output disable: When DQM is high in burst write, Din for the current cycle is 
masked. When DQM is high in burst read, Dout is disabled at the next but one cycle. 

Power supply for the memory array and peripheral circuitry. 

VooQ and VssQ are supplied to the output buffers only. 
Reference voltage for all inputs. Vref should be typically 0.45 x VooQ. 

• MITSUBISHI 
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EL'\\I\'NARY M5M4S16S31CTP-7,-8,-10 
P R linal specificatlon·change. 
Notice: ihis iSt~~\i~itS are suoiect to 

some par arne 16777216-BIT (2-BANK X 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

BASIC FUNCTIONS 
The M5M4S16S31CTP provides basic functions, bank (row) 
activate, burst read / write, bank (row) precharge, and auto / self 
refresh. 

Each command is defined by control signals of RAS, CAS and 
WE at ClK rising edge. In addition to 3 signals, CS ,CKE and Al0 
are used as chip select, refresh option, and precharge option, 
respectively. 

To know the detailed definition of commands, please see the 
command truth table. 

CS Inmtttttt:1 

RAS rm~:~r:~:~rrttl 

CAS !tn:::::t:tmt:::l 

WE rn:m:t:::tmt::1 

In:tt::t:mt:::t Chip Select: L=select, H=deselect 

!:::tttt:mtJ 

!ttntn:t:nJ 

l:tnntmt:n:1 

Command 

Command 

Command J 
define basic commands 

CKE I:~:ttt~rtttl 

Al0 !:tttttttmt 

!:t~tttmt~m:1 Refresh Option @refreshcommand 

!::tllttttl Precharge Option @precharge or read/write command 

Activate (ACT) (RAS=L, CAS=WE=H) 
ACT command activates a row in an idle bank indicated by SA. 

Read (READ) (RAS=H, CAS=L, WE=H) 
READ command starts burst read from the active bank indicated 
by SA. First output data appears after CAS latency. When Al0=H 
at this command, the bank is deactivated after the burst read 
(auto-precharge, READ A). 

Write (WRITE) (RAS=H, CAS=WE=L) 
WRITE command starts burst write to the active bank indicated by 
SA. Total data length to be written is set by burst length. When 
Al0=H at this command, the bank is deactivated after the burst 
write (auto-precharge, WRITE A). 

Precharge (PRE) (RAS=L, CAS=H, WE=L) 
PRE command deactivates the active bank indicated by SA. This 
command also terminates burst read / write operation. When Al0 
=H at this command, both banks are deactivated (precharge all, 
PRE A). 

Auto-Refresh (REFA) (RAS=CAS=L, WE=CKE=H) 
REF A command starts auto-refresh cycle. Refresh address 
including bank address are generated internally. After this 
command, the banks are precharged automatically. 

.6 - 6 
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M5M4S16S31 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

COMMAND TRUTH TABLE 

Command Mnemonic CKE CKE -
n-1 n CS 

Deselect DESEL H X H 
No Operation NOP H X L 

Row Address Entry & 
Bank -Activate ACT H X L 

Single Bank Precharge PRE H X L 
Precharge All Banks PREA H X L 
Column Address Entry & Write WRITE H X L 

Column Address Entry & Write 
with Auto-Precharge WRITEA H X L 

Column Address Entry & Read READ H X L 

Column Address Entry & Read 
with Auto-Precharge READA H X L 

Auto-Refresh REFA H H L 
Self-Refresh Entry REFS H L L 

Self-Refresh Exit REFSX 
L H H 
L H L 

Burst Terminate TERM H X L 
Mode Register Set MRS H X L 

H=Hlgh Level, L=Low Level, V=Vahd, X=Don't Care, n=CLK cycle number 
Note 1. A7-A9 =0, Ao-A6 =Mode Address 

• MITSUBISHI 
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-
RAS CAS WE BA A10 AO-9 

X X X X X X 
H H H X X X 

L H H V V V 

L H L V L X 
L H L V H X 
H L L V L V 

H L L V H V 

H L H V L V 

H L H V H V 

L L H X X X 
L L H X X X 
X X X X X X 
H H H X X X 
H H L X X X 
L L L L L V*1 

6-7 
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EL\N\\NARY M5M4S16S31CTP-7,-8,-10 
P R tioal specificauon·changa. 
Notice: l~iS i\~~\~its are subiect to 

Soma pa
rame 

16777216-BIT (2-BANK X 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

FUNCTION TRUTH TABLE 

Current state CS RAS CAS WE 
IDLE H X X X 

L H H H 

L H H L 

L H L X 
L L H H 
L L H L 
L L L H 

L L L L 

ROW ACTIVE H X X X 
L H H H 

L H H L 

L H L H 

L H L L 

L L H H 
L L H L 

L L L H 

L L L L 

READ H X X X 
L H H H 

L H H L 

L H L H 

L H L L 

L L H H 

L L H L 

L L L H 

L L L L 

WRITE H X X X 
L H H H 
L H H L 

L H L H 

L H L L 

L L H H 

L L H L 

L L L H 

L L L L 

6-8 

Address Command 

X DESEL 

X NOP 
BA TBST 

BA, CA,Al0 READ/WRITE 
BA,RA ACT 

BA,Al0 PRE/PREA 

X REFA 

Op-Code, 
MRS 

Mode-Add 

X DESEL 

X NOP 

BA TBST 

BA, CA, Al0 READ/READA 

BA,CA,Alo WRITE / WRITEA 

BA,RA ACT 
BA Al0 PRE/PREA 

X REFA 

Op-Code, 
MRS 

Mode-Add 

X DESEL 
X NOP 

BA TBST 

BA,CA,Al0 READ/READA 

BA,CA,Alo WRITE / WRITEA 

BA,RA ACT 

BA,Al0 PRE/PREA 

X REFA 

Op-Code, 
MRS Mode-Add 

X DESEL 
X NOP 
BA TBST 

BA,CA,Al0 READ/READA 

BA, CA, Al0 WRITE / WRITEA 

BA,RA ACT 

BA,Alo PRE/PREA 
X REFA 

Op-Code, MRS 
Mode-Add 

• MITSUBISHI 
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Action 

NOP 

NOP 

ILLEGAL *2 

ILLEGAL *2 
Bank Active, Latch RA 

NOP*4 

Auto-Refresh * 5 

Mode Register Set * 5 

NOP 
NOP 

NOP 

Begin Read, Latch CA, 
Determine Auto-Precharge 

Begin Write, Latch CA, 
Determine Auto-Precharge 

Bank Active /ILLEGAL * 2 
Precharge / Precharge All 

ILLEGAL 

ILLEGAL 

NOP (Continue Burst to END) 

NOP (Continue Burst to END) 
Terminate Burst 

Terminate Burst, Latch CA, 

Bigin New Read, Determine 
Auto-Prechame * 3 
Terminate Burst, Latch CA, 
Begin Write, Determine Auto-
Precharge * 3 

Bank Active /ILLEGAL * 2 
Terminate Burst, Precharge 

ILLEGAL 

ILLEGAL 

NOP (Continue Burst to END) 
NOP (Continue Burst to END) 

Terminate Burst 

Terminate Burst, Latch CA, 
Bigin Read, Determine Auto-
Precharge * 3 

Terminate Burst, Latch CA, 
Begin Write, Determine Auto-
Precharge * 3 

Bank Active /ILLEGAL * 2 
Terminate Burst, Precharge 

ILLEGAL 

ILLEGAL 
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16777216-BIT (2-BANK X 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

FUNCTION TRUTH TABLE (Cont.) 

Current state CS RAS CAS 
READ with H X X 
AUTO L H H 
PRECHARGE L i-t H 

L H L 

L H L 

L L H 
L L H 
L L L 

L L L 

WRITE with H X X 
AUTO L H H 
PRECHARGE L H H 

L H L 

L H L 

L L H 
L L H 

L L L 

L L L 

PRECHARGING H X X 
L H H 

L H H 
L H L 

L L H 
L L H 
L L L 

L L L 

ROW H X X 
ACTIVATING L H H 

L H H 

L H L 

L L H 
L L H 
L L L 

L L L 

WRITE H X X 
RECOVERING L H H 

L H H 
L H L 

L L H 
L L H 
L L L 

L L L 

WE Address Command 

X X DESEL 
H X NOP 
L BA TBST 

H BA,CA,Al0 READ/READA 

L BA, CA,A1O WRITE I WRITEA 

H BA,RA ACT 
L BA,A1O PRE/PREA 
H X REFA 

L Op-Code, 
MRS Mode-Add 

X X DESEL 
H X NOP 
L BA TBST 
H BA, CA,A1O READ/READA 

L BA, CA, AlO WRITE I WRITEA 

H BA,RA ACT 
L BA,A1O PRE I PREA 
H X REFA 

L 
Op-Code, 

MRS Mode-Add 

X X DESEL 
H X NOP 
L BA TBST 
X SA, CA, A10 READ/WRITE 
H BA,RA ACT 
L BA,A1O PRE/PREA 
H X REFA 

L Op-Code, MRS 
Mode-Add 

X X DESEL 
H X NOP 
L BA TBST 
X BA, CA,A1O READ/WRITE 

H BA,RA ACT 
L BA;A1O PRE/ PREA 
H X REFA 

L Op-Code, MRS 
Mode-Add 

X X DESEL 
H X NOP 
L BA TBST 
X BA, CA,A1O READ/WRITE 

H BA,'RA ACT 
L BA,A1O PRE/PREA 
H X REFA 

L Op-Code, 
MRS 

Mode-Add 

, ',' ,MITSUBISHI 
"-ELECTRIC 

Action 

NOP (Continue Burst to END) 
NOP (Continue Burst to END) 

ILLEGAL 

ILLEGAL 

ILLEGAL 

Bank Active {ILLEGAL * 2 

ILLEGAL * 2 
ILLEGAL 

ILLEGAL 

NOP (Continue Burst to END) 
NOP (Continue Burst to END) 
ILLEGAL 
ILLEGAL 

ILLEGAL 

Bank Active I ILLEGAL *2 

ILLEGAL*2 
ILLEGAL 

ILLEGAL 

NOP (Idle after tRP) 
NOP (Idle after tRP) 
ILLEGAL*2 
ILLEGAL*2 

ILLEGAL *2 
NOP*4 (Idle after tRP) 
ILLEGAL 

ILLEGAL 

NOP (Row Active after tRCO) 

NOP (Row Active after tRCO) 
ILLEGAL*2 
ILLEGAL*2 

ILLEGAL * 2 
ILLEGAL*2 
ILLEGAL 

ILLEGAL 

NOP 
NOP 
ILLEGAL*2 

ILLEGAL*2 

ILLEGAL*2 

ILLEGAL*2 
ILLEGAL 

ILLEGAL 

6-9 
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Some paterna 16777216-BIT (2-BANK X 104a576-WORD BY a-BIT) SYNCHRONOUS DYNAMIC RAM 

, FUNCTION TRUTH TABLE (Cont.) 

Current state CS RAS CAS WE Address Command Action 

REFRESHING H X X X X DESEL NOP (Idle after tRC) 

L H H H X NOP NOP (Idle after tAc) 
L H H L BA TBST ILLEGAL 

L H L X BA,CA, Al0 READ/WRITE ILLEGAL 

L L H H BA RA ACT ILLEGAL 
L L H L BA,Al0 PRE/PREA ILLEGAL 
L L L H X REFA ILLEGAL 

L L L L Op-Code, MRS ILLEGAL 
Mode-Add 

MODE H X X X X DESEL NOP (Idle after tRSC) 

REGISTER L H H H X NOP NOP (Idle after tRse) 
SETTING L H H L BA TBST ILLEGAL 

L H L X BA,CA,Al0 READ/WRITE ILLEGAL 

L L H H BA,RA ACT ILLEGAL 
L L H L BA,Al0 PRE/PREA ILLEGAL 
L L L H X REFA ILLEGAL 

L L L L Op-Code, 
MRS ILLEGAL 

Mode-Add 

ABBREVIATIONS: H=High Level, L=Low Level, X=Don't Care 
BA=Bank Address, RA=Row Address, CA=Column Address, NOP=No OPeration 

Note 1. All entries assume that CKE was High during the preceding clock cycle and the curre-nt clock cycle. 
2. ILLEGAL to bank In specified state; function may be legal in the bank Indicated by BA, depending on the state of that bank. 
3. Must satisfy the "2n-rule", bus contention, bus turn around, write recovery requirements. 
4. NOP to bank precharglng or in idle state. May precharge bank indicated by BA. 
5. ILLEGAL if any bank is not Idle. 

ILLEGAL = Device operation and/or data-Integrity are not guaranteed. 

6 - 10 
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16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

FUNCTION TRUTH TABLE for CKE 

Current state CKE CKE 
CS RAS CAS WE Add Action n-1 n 

SELF- H X X X X X X INVALID 
REFRESH*1 L H H X X X X Exit Self-Refresh (Idle after tAc) 

L H L H H H X Exit Self-Refresh (Idle after tRC) 
L H L H H L X ILLEGAL 
L H L H L X X ILLEGAL 
L H L L X X X ILLEGAL 
L L X X X X X NOP lMaintain Self-Refresh) 

POWER DOWN H X X X X X X INVALID 
L H X X X X X Exit Power Down to Idle 
L L X X X X X NOP (Maintain Self"Refresh) 

ALL BANKS H H X X X X X Refer to Function Truth Table 
IDLE*2 H L L L L H X Enter Self-Refresh 

H L H X X X X Enter Power Down 
H L L H H H X Enter Power Down 
H L L H H L X ILLEGAL 
H L L H L X X ILLEGAL 
H L L L X X X ILLEGAL 
L X X X X X X Refer to Current State =Power Down 

ANY STATE H H X X X X X Refer to Function Truth Table 
other than H L X X X X X Begin CLK Suspend at Next Cycle * 3 
listed above 

L H X X X X X Exit CLK Sus~end at Next Cvcle * 3 

L L X X X X X Maintain CLK Suspend 

ABBREVIATIONS: H=High level, l=low level, X=Don't Care 

Note 1. CKE low to High transition will re-enable ClK and other inputs asynchronously. A minimum setup time must be satisfied before any command other 
than EXIT. 

2. Power-Down and Self-Refresh can be entered only from the All Banks Idle State. 
3. Must be legal command. 

'.. MITSUBISHI .... ELECTRIC 6 - 11 
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SIMPLIFIED STATE DIAGRAM 

6 - 12 
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POWER ON SEQUENCE 
Before starting normal operation, the following power on sequence 
is necessary to . prevent a SDRAM from damaged or 
malfunctioning. 

1. Apply power and start clock. Attempt to maintain CKE high, 
DQM high and NOP condition at the inputs. 

2. Maintain stable power, stable clock, and NOP input conditions 
for a minimum of 500J.ls. 

3. Issue precharge commands for all banks. (PRE or PREA) 
4. After all banks become idle state (after tRP), issue 8 or more 

auto-refresh commands. 
5. Issue a mode register set command to initialize the mode 

register. 

After these sequence, the SDRAM is idle state and ready for 
normal operation. 

MODE REGISTER 
Burst Length, Burst Type and CAS Latency can be programmed 
by setting the mode register (MRS). The mode register stores 
these data until the next MRS command, which may be issued 
when both banks are in idle state. After tRse from a MRS 
command, the SDRAM is ready for new command. 

I BA I A10 I A9 I As I A7 I As I As I A4 I A3 I 
I 0 I 0 o I 0 I 0 I LTMODE I BT I 

CL CAS LATENCY 

000 R 

001 

010 2 
LATENCY 
MODE 011 3 

100 4 

101 R 

A2 I Al 

BL 

I 
I 
I 

BURST 
LENGTH 

110 

111 

R 

R 

BURST 
'-------I TYPE 

R : Reserved for Future Use 

• MITSUBISHI 
'" ELECTRIC 

CLKJULn 

CAS_ 

WE~ 

BL BT=O 

000 

001 2 

010 4 

011 8 

100 R 

101 R 

110 R 

1 1 1 R 

---- fIB) 

BT= 1 

2 

4 

8 

R 

R 

R 

R 

o SEQUENTIAL 

INTERLEAVED 

6 - 13 
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elK 

Command littttttt:1 Re~d bttitttttttiti.ttttitti~~ritt~~Hrittttttrrittttt~i~ittf~fititttfmit~it~1 w~ite Mrritti~lttiiiH~it~it~ri~i~i~i~i~Mli~i@i@i~i~i:rl~H 
Address rtt~ri~it~r] 1 '~ritt~itritt~i~tit~rri~i~i~it~i~i~i~:t~~ttttmt~t~tti~itt~ritt~it@fitttri1~fit~i~rfi~it~frrril ~ '~tigWft~itt~ttttitI~iH1Hi[~itfi~i#tU 

DO 

CL=3 
BL=4 

Initial address 

A2 A1 Ao 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

0 0 

0 1 

1 0 

1 1 

0 

1 

6 - 14 

I 

I 

:~ 
CAS latency 

BL 

0 1 2 

1 2 3 

2 3 4 

3 4 5 

8 

4 5 6 

5 6 7 

6 7 0 

7 0 1 

0 1 2 

1 2 3 

4 

2 3 0 

3 0 1 

0 1 

2 

1 0 

Burst type 

/ 
Column addressing 

Sequential 

3 

4 

5 

6 

7 

0 

1 

2 

3 

0 

1 

2 

4 5 6 7 

5 6 7 0 

6 7 0 1 

7 0 1 2 

0 1 2 3 

1 2 3 4 

2 3 4 5 

3 4 5 6 

'MITSUBISHI 
"-ELECTRIC 

0 

1 

2 

3 

4 

5 

6 

7 

0 

1 

2 

3 

0 

1 

1 

0 

3 

2 

5 

4 

7 

6 

1 

0 

3 

2 

1 

0 

Interleaved 

2 3 4 5 6 

3 2 5 4 7 

0 1 6 7 4 

1 0 7 6 5 

6 7 0 1 2 

7 6 1 0 3 

4 5 2 3 0 

5 4 3 2 1 

2 3 

3 2 

0 1 

1 0 

7 

6 

5 

4 

3 

2 

1 

0 
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16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

OPERATIONAL DESCRIPTION 

BANK ACTIVATE 
The SDRAM has two independent banks. Each bank is activated 
by the ACT command with the bank address (BA). A row is 
indicated by the row address A1o-o. The minimum activation 

interval between one bank and the other bank is tRRD. 

PRECHARGE 
The PRE command deactivates the bank indicated by BA. When 
both banks are active, the precharge all command (PREA, PRE+ 
A10=H) is available to deactivate them at the same time. After tRP 
from the precharge, an ACT command can be issued. 

Bank Activation and Precharge All (BL=4, CL=3) 

ClK 

Command 

A10 

BA 

DO 

READ 
After tACO from the bank activation, a READ command can be 
issued. 1 st output data is available after the CAS latency from the 
READ, followed by (Bl-1) consecutive data when the Burst length 
is BL. The start address is specified by Aa-o (x8) I A9-o (x 4), and 

the address sequence of burst data is defined by the Burst Type. A 
READ command may be applied to any active bank, so the row 
precharge time (tAP) can be hidden behind continuous output data 
(in case of Bl=8) by interleaving the dual banks. When A10 is high 
at a READ command, the auto-precharge (READA) is performed. 
Any command (READ, WRITE, PRE, ACT) to the same bank is 
inhibited till the internal precharge is complete. The internal 
precharge start timing depends on CAS latency. The next ACT 
command can be issued after tAP from the internal precharge 
timing. 

• MITSUBISHI 
"ELECTRIC 
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Precharge all 
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Dual Bank Interleaving READ (BL=4, CL=3) 

ClK 

Command 

AO-9 

A10 

SA 

DO 
I 

:l1li 
CAS latency 

i i Burst length 

READ with Auto-Precharge (BL=4, CL=3) 

ClK 

t 
Internal precharge begins 

READ Auto-Precharge Timing (BL=4) 

ClK 

1~:::IIIi:Ii::::~t::::::::::::::::i:::~::::i:::::1 RE~D 1::I::II::;:::f::I::::::::::::f~:i:I::::::I:::f::::II!:If:I:I:ll:::~::I::::::II:::f:I~I::::f::::t::::I:::::i:::::::::I:::::~:ff:~~::tI::::::::::::::t::::i::::::::::::::~::::::::1:::1::::i::f::I:::::1 
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I I I I I 
I I I I I 
I 

CL=4 DQ~----~------~----~----------~------------~'~ 
~~~~~~~~~~ 

Cl=2 DQ:----:--_:----:---:----:-1~~~~~~JL~~--:---:----:--_:--

CL=1 DQ4----+---4----~--~1L~~~~~~JL~~--:---:----t----:---_:--

Internal precharge start timing 

" MITSUBISHI .... ELECTRIC 
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16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

WRITE 
After tAco from the bank activation, a WRITE command can be 
issued. 1st input data is set at the same cycle as the WRITE. 
Following (BL-1) data are written into the RAM, when the Burst 
Length is BL. The start address is specified by As-o ( x8) / As-o 

(x4), and the address sequence of burst data is defined by the 
Burst Type. A WRITE command may be applied to any active 
bank, so the row precharge time (tAP) can be hidden behind 
continuous input data (in case of BL=8) by interleaving the dual 
banks. From the last input data to the PRE command, the write 
recovery time (twA) is required. When A10 is high at a WRITE 
command, the auto-precharge (WRITEA) is performed. Any 
command (READ, WRITE, PRE, ACT) to the same bank is 
inhibited till the internal precharge is -complete. The internal 
precharge begins at twA after ~he last input data cycle. The next 
ACT command can be issued after tAP from the internal precharge 
timing. 

Dual Bank Interleaving WRITE (BL=4) 

CLK 

, 
, , , 

I I If' I I I I I , 

Command .ACT .... W~·IA~ __ W~·lp~E ....... 

" "~ twA .' , , , , 

A 1
0 II\I\\i\\\\!I~!\l:\\!\1 Xa t:Iliii\\i\\!\iI!t\\Ii\l\\\i!\\ii\\\!i\i\\iiiii!iii\1 0 I Xb 1:::!::!:::!:!:I:!:::::::::i1:!::\::i:ili:i\:!::::::::::::::1 ~ I 0 1:!:::::::::::::!ii!!!!!!!!!!!::!::::::!I::!::!!!!11!!!!!i:t!if,ii:!i:tli:i!!ll:l:::l:!!~l:i!!:l:l!l!l:l!i!!!!~!l!l!l:l::1 

BA~!~r ~:Io~ 
DO IllI1Illlil!i:i\:1!1!i!i!:!i!i:!:i!Ii!ii:I:ii!!i!!!i!i!:i!l!l!!illI!!!I\:\!I:!:I:I!!!!!!i!!i!!!i!!!!!!\!illl111 DaO Dal I Da2 I D~3 I DbO Dbl Db2 Db3 I\!jjjm\~:~\::!:!!!!::!:!:\!!:\!!::!:\j\!j!\t\\\\\:~tl 

, , , 
Burst length 

WRITE with Auto-Precharge (BL=4) 

CLK 
, , 
I , 

I I I I I I I I I I 

Command 

: ~ I tReD I IJI'. I I I I '4 I tRP I .: : 

Ao-s 

Al0~~" ~~ ... 
BA l\jijj~l!!!I!I!!!~j!i,!!tl 0 1f,!i!II!!:jjj:i:::~:::t~:!:::l:!:::::~:::':f::::::::!1 0 1:!:::!::::::::::j:::!!!!:!:!!::::::::!:!!!!!:!!!:,!:l:f!j!j!j:1j:::::!1:f!::::f!j!::::~lI:ffj:::j~j:j:j:!j:jijjj:l:jIjj::jj:j::jjjlj:j!j!:!I!!!:!j!j!j!!!l!jj:j~j:jj:1::::::i::::ii~:::!:::::::::j:!:Ij:i'i!1!:I:::::1 0 1::j!iji:ii!i!:Ij:i::i::::!!li:1 

: :: ::~ twR ~: :: : 

00 11i1!1!111!!!111Ii1~!i11Il1i1!1~lilil1j1Ij!1!1!ljl!1!111!~1!Il!Il!11!!11!Illlll!11!1111!!1!1!111Ill!!1!1111111111 DaO I Da 1 I Da2 I Da3 tlll1!~!!1!1!!1!!!I!1!I!1!!!!I!1:1!1!!1!111!lI!!!\!1!!1!1\1!f1:!1!!I1:::1lil!!:!11!\\\:\:\::j\\!\I:~:\I\\!\::\\\\:~\I\II\\!I!1!j\\\lI\!!!!\\1\!\:!!!!f\j1!1:1 
, , 

: t 
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16777216-BIT (2-BANK X 104a576-WORD BY a-BIT) SYNCHRONOUS DYNAMIC RAM 

BURST INTERRUPTION 

(Read Interrupted by Read} 
Burst read operation can be interrupted by new read of the same 
or the other bank. As M5M4S16S31CTP/ M5M4S16S21CTP adopt 
2-words parallel transfer architecture to realize very high speed 
data rate, JEDEC 2n-rule is required, where 2, 4 or 6 read to read 
interval is allowed in case of BL=8. 

Read Interrupted by Read (BL=8, CL=3) 

eLK 

Command 

AO-9 

A10 

BA 

DO 

(Read Interrupted by Write) 
Burst read operation can be interrupted by write of the same or the 
other bank. JEDEC 2n-rule also must be kept here. In this case, 
the DO should be controlled adequately by using the DOM to 
prevent the bus contention. The output is disabled automatically 2 
cycles after WRITE assertion. 

Read Interrupted, by Wri~e (BL~8, CL=~) 
I I I I 
I I I I 
t I I I 

ClK 

Command 

AO-9 

A10 

BA 

DOM 

Q 

D 

DOM control 

6 - 18 
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16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

(Read Interrupted by Precharge) 
Burst read operation can be interrupted by precharge of the same 
bank. JEDEC 2n-rule also must be kept here. A PRE command 
disables the data output, depending on the CAS latency. The 
figure below shows when the dataout is terminated. 

Read Interrupted by Precharge (BL=4) 

ClK 

Command 

DO 
Cl=4 

Command 

DO 

Command 

DO 

Cl=3 

Command 

DO 

Command 

DO 

Cl=2 

Command 

DO 

Command 

DO 

Cl=1 

Command 

DO 

f 
f 
f 

'f 

" ' MITSUBiSHI 
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Notice: i"IS IS tric limits afe subl . 

Some param
e 

16777216;'BIT (2-BANK X 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

(Read Interrupted by Burst Terminate) 
Similarly to the precharge, burst terminate command can interrupt 
burst read operation and disable the data output. JEDEC 2n-rule 
also must be kept here. The figure below shows when the dataout 
is terminated. 

Read Interrupted by Burst Terminate (BL=4) 

elK 

Command 

DO 
CL=4 

Command 

DO 

Command 

DO 
CL=3 

Command 

DO 

Command 

DO 
CL=2 

Command 

DO 

Command 

DO 
CL=1 

Command 

DO 

6 - 20 
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16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

(Write Interrupted by Write) 
Burst write operation can be interrupted by new write of the same 
or the other bank. JEDEC 2n-rule also must be kept. 2, 4 or 6 write 
to write interval is allowed in case of Bl=8. 

Write Interrupted by Write (BL=8) 

ClK 
I I I I I I I I I I • I I 

Command "'+.+"'w~~+~ 
AO-9 .~I~~I~~k~~I~ 

A 10 If:i:f:Ii:fii:f:II::::1 o lii::iii:iii:iiiii:ii;iiiiiii:il 0 lii::ii:::ii:ttti:i:i:il 0 lii:ti:i:iiiii:::i:i:::i:i:::iI:iit:::::::Ii::i:iiIi::iit:i:i:::iii:iii:i:::1:1 0 1:::::::::i::t:::i:::::::iiI:::::i:::::I::::iiiiiii:::;i:::::::::::::::::::iiiii:fiIi:f::::::::::::if:I;:f::::f:t:1 
, ; I I I I I I I I 

I I I I I I I I 

BA l:ff::f:::Ifj:::i:::i:i:::::1 

DO 

, , 
, , 

(Write Interrupted by Read) 
Burst write operation can be interrupted by read of the same or the 
other bank. JEDEC 2n-rule also must be kept here. The input data 
on DO at the interrupting READ cycle is "don't care:'. 

Write Interrupted by Read (BL=8, CL=3) 

ClK 

I I I I I , I I I I I I I I 
I I I I I I I I I I I I I I 

I I I I I , , , 
I I I I I 

AO-9 1::i:i:i:i:iiij::1:iiiii:iil YI li:Iiii1iiij:iliI:i:II Yj li::ii!i~!i!:!i!it:::iiiii:!i:i:::::i:::::i:ijiii:::i:i!::iii:::ii::i::iii::i:i:i!iii:i:i:ii:iii:::::!iii!:!:i:iijiii,f:iiiiiiti!iii:::i:i:i:i:i:i:iJii:i:i:1 Yk ~ YI 1 
, 

A 10 I:Iiii::t!i:iii::::ti:1 
, , 

, I I I I I 
I I \ f I I 
I I I I I 

o li:::ii:!ii:i:i:i!:::i:iii:i:iii:i::!:::::!:::!:!:!:::!:!:!tt:t::!:::::!::!i:i::ii:ii::::::i!i!i!i1!::::i!i!i:::::::i!::!:i!:::::i!i!:::!!!i!:::!!:i::!!::1 o 1:!::!:i::::!::!:ji::!:!:::!:i::tii:i:i::i::i:i~!:!II::::i:::ii:i:i:i:::i:i;:Ii:::i:::!:1 0 

, " , , , 
I " 

, , , 

o lii:ii:iiiiiiiii:iiii:iiiiiiti:iiii:~::ii:iii:iittiiItiiiiiiii:iiii:i:iii:i:iii:::i::::IiIii:ii:iiii::i:i:ii:iiiiiI:::iii::i:i:iiiiii:ii:i:] 0 li:ii:iiit:iiIiii::ii:i,ii:ii:iii:i::i:ii::iii:ii:iii:Iit:ii):i:i:i:::Iii:ii::i::i:] 

DOM ~--~--+-~--~--~II _~ __ ~~ __ ~ __ ~ 
DO 
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16777216-BIT (2-BANK X 104a576-WORD BY a-BIT) SYNCHRONOUS DYNAMIC RAM 

(Write Interrupted by Precharge) 
Burst write operation can be interrupted by precharge of the same 
bank. JEDEC 2n-rule also must be kept here. Because the write 
recovery time (twR) is required between the last input data and the 
next PRE, 4th data should be masked with DQM shown as below. 

Write Interrupted by Precharge (BL=8) 

ClK 

Command 

SA 

DQM 

DQ 

VI 

o 

o 

, , 
, , I 

, I I 
, I I 
, I 
, I 
, I 
I I 

Xb 

Xb 

o 

I , 

1::::~::[::::::I:::::::::::tllll:lllllllllllllill:l::llll:lllllllll:[ll:lllllllilll[lI[~llll:llllllltllllillll:lll::I:::lll:::::tt:i::::l:l:::::] 
I , I I I 
I 1 I I I 

I I I 
I I I 
I I , 
I I , 
I I , 
I I I 

I 

I I 

L This data should be masked to satisfy twR requirement. 

(Write Interrupted by Burst Terminate) 
Burst terminate command can terminate burst write operation. In 
this case, the write recovery time is not required and the bank 
remains active. The figure below shows the case 4 words of data 
are written. JEDEC 2n-rule also must be kept here. 

Write Interrupted by Burst Terminate (BL=8) 

ClK 

Command 

AO-9 

Ato 

o 

DQM 

DQ 
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~ I I. iii i i j I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 

I 

1:[:tt[l[:[i[Il[lt[l[:[l[:[i:[l[:[:[[i:[l[l[:[l[I:::[:[:[:[:l:[:l:[:i:[:[:[:[lI[:[:l:t[[[Il[:[:jl[:[l[:::tt[:[:[:[:[][i[:[:[l[[[:[:[:[l[:[:[l[:[:[l[:[:[lj:[l[:[:[l[:[l[:[:[I:[:[:I[i[:[:[:t[Il[Ilt[lI[it[][lt[Il[lt[llIi[ll[l[j[lllll[l[:[ltJ[lil[[[j[l[l[Il[jI[j[j[j[j[j[lj[l[l[j[j[j[j[j[l[j[j[j[j[j[j[j[jij[j[ltt[J 

: i : ! i ! i 

. 
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PREl\ 
M5M4S16S31 CTP-7,-8,-1 0 

\s 

16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

AUTO REFRESH 
Single cycle of auto-refresh is initiated with a REFA (CS=RAS= 
CAS=l, WE=CKE=H) command. The refresh address is generated 
internally. 4096 REFA cycles within 64ms refresh 16Mbit memory 
cells. The auto-refresh is performed on each bank alternately 
(ping-pong refresh). Before performing an auto-refresh, both banks 
must be in the idle state. Additional commands must not be 
supplied to the device before tAC from the REFA command. 

Auto-Refresh 

ClK 

RAS 

, , , , , , • , , --
, , , 
:'4 

, " , " 
:NOP or DESLECT: ' 
: I : : 

, , , 
~: 

, , , , • , , 
eKE 

, ~, 

I I I I I I 1 I I , I I I I 

AO-l0 

~~~ 
BA 1:::::::::::::::l::::::::::I:::I:I:::::::r:::::::::::::::::::::::::::::!:!:::!::::::::::I::::::::::::::::::I:!:::::::::::::::::::::::::!:::::::::::::::!:r!:::!:::::::::::!:::!:::::!:::!::I::::t:iI::::t!::::!:::::::::I::::::::!:::!:::::!:I::::::I::i::::t::::::::::::::::!:::!:!:I:!::::::::::::::::!::::::::!:::::::!::::::I::::t::!::::::::::::::::tt::I::::::::::::::I::I:::::!::::I:!:::::::::::::!::Ii:] 

: ::_ I I : I : : : I : , ,t ' " ! ' t I 

Auto refresh on bank 0 

.• MITSUBISHI 
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Auto refresh on bank 1 
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1677721 ~BIT (2-BANK X 104a576-WORD BY a-BIT) SYNCHRONOUS DYNAMIC RAM 

SELF REFRESH 

Self-refresh mode is' entered by issuing a REFS command (CS= 
RAS=CAS=l, WE=H, CKE=l). Once the self-refresh is initiated, it 
is maintained as long as CKE is kept low. During the self-refresh 
mode, CKE is asynchronous and the only enabled input (but 
asynchronous), all other inputs including ClK are disabled and 
ignored, and power consumption due to synchronous inputs is 
saved. To exit the self-refresh, supplying stable ClK inputs, 
asserting DESElor NOP command and then asserting CKE 
(REFSX). After tAc from REFSX both banks are in the idle state 
and a new command can be issued after tRC, but DESEl or NOP 
commands must be asserted till then. 

Self-Refresh 

I , 
I , 

CLK---f1--r .~~ ~~ 
cs!l i IllllllllllIllillllllllll~l~:~ll:lllll~ll~lll~li~~~~ll~~l~l~ ~~ll~~l~:l~:~~llllllll~l~l~lll~~~lIl~~l~ll~i~l~~~l~l~ll~~l~lll~lltllll~~li~l~ll~ll~l~~ll:l~liI:l:l:lli~l~l~ll~lllll~l~Il~lllllll~lll~Ill~l~~ll~l~~llll~l~~~~:l~~li:lllll~l~llil . !~ l ~ ~ N~P .. ! . I ! iii 

I . I I I I I I I 1 I I I I ... I I 

CAS.' ~~~~:. 
WE.~ ~. 
CKETl " ~~, , , , , , ,m~ newoommand 

-,o~~""x 
BA~~~~~ 
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Self refresh entry , Self refresh exit for recovery 
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M5M4S 16S31 CTP-7,-8,.1 0 

16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

CLKSUSPEND 
CKE controls the internal ClK at the following cycle~ Figure below 
shows how CKE works. By negating CKE, the next internal ClK is 
suspended. The purpose of ClK suspend is power down, output 
suspend or input suspend. CKE is a synchronous input except 
during the self-refresh mode. ClK suspend can be performed 
either when the banks are active or idle, but a command at the 
following cycle is ignored. 

ext.ClK 

CKE 

int.ClK 

Power Down by CKE 

ClK 

CKE I 

I 

I 

Command Ir::::::!:!(::::::::::f!1 PRE I::::::::::::::::(::::::::::::::::::I::::::::::!::::::::::::I:::::::::::::::::!::::::::;:::::I 

I 

I 
I 

CKE I 

I 
I 
I 

DQ Suspend by CKE 

ClK 

CKE 

Command 

DO 

I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

I 
I 
I 
I 
I I 

I I I 

I::::II::::!::::::::::::::::::::::::::::::::':::::::::::::::::::::::::::::::::!1::::::::::I 

I I I 
I I I 
I I I 

!~ 
I 
I 
I 

NOP 

!~ 
I 
I 
I 

NOP 

-------1 
~ ~ 
~ ~ 
~ ~ 

Stand-by power down 

NOP NOP NOP NOP 

Active power down 

j 
I 
I 

NOP NOP NOP NOP 

• MITSUBISH. I 
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~ 
I 
I 
I 

I 

NOP NOP 

.: 
I 
I 
I 

NOP NOP 

~ 
I I 
I I 
I I 
I I 
I I 

I 
I 
I 
I 
I 
I I 

I:::::::::t::!:t::::::::::::::::::::::::::::!:::::::::::II 

I I 
I I 
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16777216-BIT (2-BANKx 104a576-WORD BY a-BIT) SYNCHRONOUS DYNAMIC RAM 

OOMCONTROL 

DaM is a dual function signal defined as the data mask for writes 
and the output disable for reads. During writes, DaM masks input 
data word by word. DaM to write mask latency is o. During reads, 
DaM forces output to Hi-Z word by word. DaM to output Hi-Z 
latency is 2. 

OOM Function 

elK 

Command 

DaM 

00 
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PREl\ 
M5M4S16S31 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Voo Supply voltage With respect to Vss -0.5-4.6 

VooQ Supply voltage for output With respect to VssQ -0.5-4.6 
VI Input voltage With respect to Vss -0.5-4.6 
Vo Output voltage With respect to VssQ -0.5-4.6 
10 Output current 50 
Pd Power dissipation Ta=25'C 1000 
Topr Operating temperature 0-70 
Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Voo Supply voltage 3.0 3.3 3.6 V 
Vss . Supply voltage 0 0 0 V 
VooQ Supply voltage for output 3.0 3.3 3.6 V 
VssQ Supply voltaQe for output 0 0 0 V 
VREF I nput reference voltage 1.3 1.5 1.7 V 
VIH High-level input voltage, all inputs VREF+O.4 VooQ+O.3 V 
VIL Low-level input voltage, all inputs -0.3 VREF-D.4 V 
Vn Termination voltage VREF-D.OS VREF VREF+O.OS V 

CAPACITANCE (Ta=0-70°C, Voo=VooQ=3.3±0.3V, Vss=VssQ=OV, VREF=0.45XVooQ, unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

Limits 
Typ Max 

CI(A) Input capacitance, address pin 5 

Input capacitance, control pin 
VI=VSS 

5 CI(C) 
f=1MHz 

CI(K) Input capacitance, CLK pin VI=25mVrrns 5 
ClIO Input capacitance, 1/0 pin 7 

AVERAGE SUPPLY CURRENT from VDD (Ta=0-70°C, Voo=VooQ=3.3±0.3V, Vss=VssQ=OV, unless otherwise noted) 

Symbol Parameter Test conditions 

Icc1s Operating current, single bank tRc=min, tCLK=min, BL=1, CL=3 or 4 
Icc1d Operating current, dual bank tRc=min, tCLK=min, BL=1, CL=3 or 4 
Icc2h Stand-by current, CKE=H Both banks idle, tCLK=min, CKE=H 
Icc21 Stand-bY current CKE=L Both banks idle, tCLK=min, CKE=L 
Icc3 Active stand-by current Both banks active, tCLK=min, CKE=H 

19C4 Burst current tCLK=min, BL=4, CL=3 or 4, 1 bank idle 
Iccs Auto-refresh current tRc=min, tCLK=min 
Iccs Self-refresh current 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Ta=0-70°C, VOD=VooQ=3.3±0.3V, Vss=VssQ=OV, Vn=0.45XVooQ, unless otherwise noted) 

Symbol Parameter 

VOH(OC) High-level output voltage (DC) 

VOL(OC) LOW-level output voltage (DC) 
lo~ Off-state output current 
II Input current 

Test conditions 

IOH=16mA 

IOL=16mA 
Q floating Vo=O - VooQ 
VIH = 0 - VooQ+0.3V 

. .• MITSUBISHI 
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Limits 

M5M4S16S31CTP 
-7 -8 -10 

Max Max Max 
155 140 115 

230 205 170 
65 60 50 
10 9 7 
95 80 65 

120 100 80 
140 125 105 

8 8 8 

Limits 
Min Max 

Vn+O.8 
Vn-0.8 

-10 10 
-10 10 

Unit 
V 
V 
V 
V 

mA 
mW 
·C 
·C 

Unit 

pF 
pF 

pF 
pF 

Unit 

rnA 
rnA 
rnA 
rnA 
rnA 
rnA 

rnA 
mA 

Unit 

V 

V 
J.lA 
J.lA 
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AC TIMING REQUIREMENTS (Ta=0-70°C, Voo=VooQ=3.3tO.3V, Vss=VssQ=OV, VREF=0.45X VooQ, unless otherwise noted) 
Input pulse levels ------------------------. VREFtO.4V 
Input timing measurement level --------------- VREF 

Symbol Parameter 

tCLK ClK cycle time 

tCH ClK high pulse width 
tCL ClK low pulse width 
tT Transition time of ClK . 

tiS Input setup time (all inputs) 
tlH Input hold time (all inputs) 
tRC Row cycle time 
tAco Row to column delay 
tRAS Row active time 
tRP Row precharge time 
twR Write recovery time 
tRRO Act to act delay time 
tRSC Mode register set cycle time 
tpOE Power down exit time 
tREF Refresh interval time 

ClK 

Signal 

6 - 28 

Limits 
M5M4S16S31CTP-7 M5M4S16S31CTP-8 M5M4S16S31CTP-10 

Min 

Cl=1 27 
Cl=2 13.5 
Cl=3 9 
Cl=4 6.7 

2.5 
2.5 

1 
1.5 
0.5 
80 
21 
50 
28 
14 
21 

14 
7 

VREF 

VREF 

• MITSUBISHI 
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Max Min Max Min 

28 30 
14 15 

9.5 10 
8 10 
3 4 
3 4 

10 1 10 1 
1.5 2 

1 1 
90 100 
24 30 

10000 ,55 10000 60 . 

32 40 
16 20 
24 30 
16 20 
8 10 

65.6 65.6 

Any AC timing Is referenced 
to the input signal crossing 
through the VREF level. 

Max 

10 

10000 

65.6 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
rns 
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M5M4S16S31 CTP-7,-8,-1 0 

16777216-BIT (2-BANK X 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70°C, Voo=VooQ=3.3±0.3V, Vss=VssQ=OV, unless otherwise noted) 

Limits 

Symbol Parameter MSM4S16S31CTp-7 M5M4S16S31CTP-8 M5M4S16S31 CTp-10 

Min Max Min Max Min 

Cl=1 25 26 

Access time from ClK 
Cl=2 11.5 12 

tAc 
Cl=3 7 7 

Cl=4 5 6 

tCAC Column access time 25 26 

tRAC Row access time 50 55 

tOH Output hold time from ClK 2 2.5 3 
tOll Delay time, output low impedance from ClK 0 0 0 

tOHZ Delay time, output high impedance from ClK 2 7 2.5 8 3 

OUTPUT LOAD CONDITION 

son 

VOUT 

30pF "J" 

DQ 

Output timing measurement 
reference Point 

• MITSUBISHI 
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1------ VREF 

. Max 

27 

12 

8 
8 

27 

57 

10 

Unit 

ns 
ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 
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$omapa
ram 

16777216-BIT (2-BANK X 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

WRITE CYCLE (single bank) Bl=4 

ClK 

':iii:tiIi::!:iiittIIIiI~itIti~ , , ~ ii:::ii::Ii:I!i:i:i:i:i:i:i:i:i:i:i:i:i:i:i:!::i:i:i:i:i:i:i:i:Iri:i~:t:IIi; 'iii~im:iii:tijtii:iii:tiiiiiiiiiiiiiii1:tiititii WE • 

CKE 

DOM 

, 
, 
, 
i 

, , , , , , , , 
I I iii i 

, , , , 

, , , , , , , , , , , , , , , , , , , , , , , , , 
I I I I I 

AO-9 iii:::i:i:ii:i:::i:ti::X : Xi:~:i:iii::ii:::iiiii:iii::::::iiiiiiiiii::ii:i!i::i:i::::~iiiX y Xi::::i::~i:::ii::i:i:ii:~ii:iiii:iiiiiii:iiii::i:i::i:i::::iii:iiii:iii:i:i~:jit::i:i:Iii:i~:i:tiil:i:I:iI::Iii~iiiiii!:i:iiiii:iiiI:iI:iii:i~iiiiiiiiiii:i:i::::i::iii:iiiirii:i:iii:i:iii:i:i:iiiii:i!:iii:i:iii:::iX ~ X:::::::i:~:iii:i:!::::::::i:i:::i:i:I::::::::~it::::::II 

Al0 

SA 

DO 

6 - 30 

I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
, I I I I I I I I I I I I I 
, I I I I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

, 
, , 

.. L::i:iii:iIii:~:iiiiiiiiII:iIIIIIiiII' A~:::iIii:i:i:i:)ii:i:iii:i:iiiiiii:::iiiii~:iliiii:~:::::t::::::::r:::lr::::::::r:::::::It~::::t:rA LtI:t:::I::::t:::::::::::::~::t::I:~::t:::r::::::::::::::j::::::::I::' Lj:1It~:::::::I:::::::I::::::::I:::::::::::::::::: 
: :: :::~ tWA ., : :: :: 

: :: v-:::vv-f:vv-f:v~ '::: :: , " 7LJ\A!:..AI\!...AA!:J\ "" " 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
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M5M4S16S31 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

WRITE CYCLE (dual bank) BL=4 

WE 

eKE 

DOM 

Al0 

BA 

DO 

., 
1 
1 
1 
1 

I 

\:::i::::::::rj:::::::::::::::::::::::::t~:::::::iii::::' 
1 1 
1 1 
1 1 
1 1 

I I 
1 
1 
1 
1 
1 
1 
1 

1 
I' 
1 

1/ \::~::::::::::::::!::::::::::t:~:r::~:r~:::t:r:::~ i 1\ 
1 1 

A:::::::::~:::::::!:::::::::~:r::r::~:~::::!:::::::::~::rm::t:::':t:r~!:A A::::::::~:r::~,:::::~:::::::::::::::::r:::~:::::::~:::::r: 
1 1 1 1 1 1 
1 1 1 1 
1 1 1 1 1 1 
1 1 

I I i i 
1 1 

I I 

~R .: IOIII~I--_tw--L-R __ "., 

------------~------~~~~~~~~---------:~-----------
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
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\",,\NARY M5M4S16S31CTP-7,-8,-10 
PREL IIcificatiOn, II 

, ' not a final 5P 'act to chang , 
Notice: This '\ric limits are subl 

someparam0 • 16777216-BIT (2-BANK X 1048576-WORD BY 8;'BIT) SYNCHRONOUS DYNAMIC RAM 

READ CYCLE (single bank) Sl=4, Cl=3 

ClK 

WE • \::::::II:::!:::::fI::I::::::::::!:::rrry 

CKE 

DaM 

I 
I 
I 
I 

I 

1 I 
1 I 
1 I 
1 I 

i i 

AO-9 :I:I::!:::::::::::::X ~ XI:::::::::::::!::::~:::::::III:::::i::::::::::::::X 
I I I I 
I I I I 
I I t I 
1 I I 
I I I 

A10 

SA 

tRC 

\::r::::::::::I::::::::::::::::::::::::I!:::::::::::::::::::::r:f'::I:::::::::~ 
1 1 I 
1 I I 
I I ·1 
1 I I 

I I I 

1 
I' 1 
1 
1 

tR 

~ 
1 1 1 
1 1 1 

I I I 

I 
I 
I 

': 

~ 
iii 

DO --------:-----:----------:-----t-PA-C----~~~~~--~------------------------
I ~:4--_i:r-----;-.~:: ' : : 
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M5M4S16S31 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

READ CYCLE (dual bank) Bl=4, Cl=3 

ClK 

I I 
I I 
I I 

I 
I WE. ,t::::::::t::,:::::::::]::::::t::::,::::::::::::::1 V ;:::::::::::t::!::t:::::::::::tI::::!:::::::::::t' \~\~Ar~~::::::::::::~:~:::::I~::::::::::::~::t:::~:~::::::t::~:A ~/ I 't::::::::::::::!:::::::::::::::::::::::t::~:::::::::::::::::: 

CKE 

DOM 

I 
I 
I 
I 

I 

I I 
I I 
I I 
I I 
I I 

I I 

I I I I 
I I I I 
I I I I 
I I I I 

I Iii 

I 

I 

I I 

I I 

I I 

AO-9:::::::tj::t::::::::X Xa xt::t:::::]:::::::::::::I::::::::::~::::::::t:X y X X x~ Xttt:::::i:::::t:::::::I:::::t!::::::::::t:X y X::::::::::::::::j!:::::::j:Ij:::::i::::j::t1:I:j:::j:j:::::jt:~j:::::::j:::::j:j:j:Ii~:ii!i:iiijiii:ijijX x~ Xiiijij:iijijijiii!jIitii:ij:jijijij::iJiiiiiiii:i:i:i:iij 

A10 

BA 

DO 

I I I I I I I I I I I I I • I 

: : : : : : :: ::: ::: 
I I I I I I I I I I 
I I I : I I I I I I 

I 
I 
I 

------~----------------:-----tC-A-C----~~~~~~~~ 
:. ~ i :. tCAC i ~ iii i i 

tRAC 
I~.-----t-----t----~----~ •• ::::j::j~-L: __ tR~A~c~ ____ l-____ l: __ .~: : : : : 
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,,,,,'NARY M5M4S16S31CTP-7,-8,-10 
PREl. itication. 

. ot a final spec . ct to change. 
Notice: This ~t~C limits are suble 

somoparam 16777216-BIT (2-BANK X 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

WRITE to READ (single bank) Sl=4, Cl=3 

ClK 

WE • 

CKE 

DQM 

, , 
I 

I , , , , I , , 
I , , 

I , I I , 
I , I , , 

I I ! I ! 

I 
I 
I 
I 
I 

I I I I i-r-r-r 
I I I I 

I ! ! I 
I , 
I , 
I , 
I , 
I , 
I , 
I , 

I , 
I , 
I , , , 

\::::::\t:\:\:\:I\t:\:\:\:::\:~~~\:iN\tt:tt:\:tit:tt:1::t:t:tt:titii 
,. I 

I I 
I I 
I I 
I I 

L:::ii\:::\:\::::::':\:\:\:\i\:\:\:\tt:::\i,\::::t::::tt:::\::::!:\:::\:\:\:\:\I 
, I I 
, I , 
, I , 
, I I 

iii 

-~...,.!~!~ 
Al0 

SA 

DQ 

6 - 34 

I I 
I I 

I I 
I 
I 

I 

KfX,·, ~'" Xf,·, KfX: --!4i4~-_-_-_---!"'i~t_C-A~C==:~~:qx~~ 
, I , , l l l l l l l 
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M5M4S16S31 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

WRITE to READ (dual bank) SL=4, CL=3 

I 
I 
I 
I 
I 

I I 
I 

I 

WE __ 'l~~~I~~~~~lIII~t~~~~I~~~I~~t~~~I~i II \~~~I~:~:~~~~~~!I~~I~~~:~I~~~~~~~~::~~:~~~I~:~~:~' \,--\~A_~I~~~I~~~!~~~~~~~~_:~~~t~~~~~~~I~~~~!_~~~~:~~~I_::i -':-"-II / \~~~~~~~I~I~j~~I~:~~~~~~I~~~~~~~~~:~:!~::~II~~I 
I I I I 

CKE 

DOM 

A10 

SA 

DO 

I 
I 
I 

I 

I I 
I I 
I I 

I I 

I I I I I I 
I I I I 
I I I I 
I I I I I I 

I I I I I I 
I 

I I 
I I 
I 
I 
I I 
I 

I 
I I 
I I 

I 

I I 

;-Xi~iXxxr~ ;~l~ 
I I I I I I I I I 
I I I I I I I I I 

I 
I I 

I 
I I tw I I 

: ~:4r---~----~.: : 

---------------------~~~~----i4----t-~-A-c-------.~~~ 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I 'I I I I I 
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PREL\~~~~~~_ M5M4516S31CTP-7,-8,-10 

Notice: 1~iS '\~~\\~its are subject t 

Saine para
me 

16777216-BIT (2-BANK X 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

READ to WRITE (single bank) Sl=4, Cl=3 

ClK 

CKE 

DOM 

Ao-s 

A10 

SA 

DO 

6 - 36 

:41 I 

I I 

~:~; 
: :4 : : ~: 

tRAS 

I 
I 

,::::::::::::::::::::::::::::::::::~rm::::::::::::::::::::::::::l:::::::::i:::::::::::::::::::r::::i::::::::::::r::::::::::;:::::::::::::::::::::r 
I 
I 
I 
I 

I , 

,::::::m:i::::::::::::::::~::::::::::::::::i:::::::::::::::::::::::::::::::i::::::::::::::::r::::~:::::::::f:ri 
I I I 
I I I 

: ': : 
_ \::::tt::::::~:::I:::t:::::::::::It:::::tt:\ 4::::::::::::::::::\::::::::::::::::::::::::::::::\::::::::::::::::::::::::::::::\:::::::::::::::::::::::::::::::i::tt::::::::::::::::::::~:::::::::::::A Jl::::::::::::::i::::::::::::::::::::::::::::::\:::::::::::::::::::::::::::::::1::::::::::::::::::::::::::::::i:t:::::::::V 

! ! '!' !!! !! !!!! 

~-r-r~~ 
iii iii iii iii 

I I 
I I 
I I 
I I 

for output disable 

• MITSUBISHI 
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M5M4S16S31 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

READ to WRITE (dual bank) Bl=4. Cl=3 

ClK 

CS 

RAS 

WE • 

CKE 

DQM 

AO-9 

A10 

BA 

DQ 

I 
I 
I 
I 
I 

I 

I 
I 

1l1li 
I 

I 
I 
I 

\~lI:l:lI::it~l:Il:l:l:l:lt:l:l:i~I:lt:::~7 v 
, 
I 
I 
I 
I 

tRC 

, , , , 

I I 

\:l:~:I~:~:~:~:~:~:~:~:~I:~:~:~:~:~:~:~:i~:l:l:::l:l:l:~:~ .. 
I I 

I I 
I. I 
I I 

I I 

for output disable 

• MITSUBISHI 
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, , 
I 

, 
, 

Jd:~:~:~:~:l:l:~:::lI:l::f1 , , , , , 
I 

':l:~:~~~I:~:::'::::::~:~t:~t:~:~:~:~:l!tI:::::::A r 
I I 
I , 
I , 
I , 
I , 

I I 
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",,'NARY M5M4S16S31CTP-7,-8,-10 
PREll . aciticatioO. e 

. . not a \loal sp b'ecl to chaNI ' 
Notice: This IS . limitS' are SU \ 

SOIT,eparametrlC 16777216-BIT (2-BANKx 104a576-WORD BY a-BIT) SYNCHRONOUS DYNAMIC RAM 

WRITE with AUTO-PRECHARGE. Sl=4 

elK 

eKE 

DOM 

AO-9 

Al0 

,~ 

• I 
I 

I 

I 

: tRCO : 

: : 

I 
I 
I 

'Illltl:llllllIIIIIIll:l!IIllllllA 

I 
I 
I 

:~ 

All:m:l:llt:~IIllltlltlllltittlIIIIlll~Illllll11ltlll1!lllllll:l:l:l:ll:ttt!ttII:1~ll1i::::1::lI::::t:::l:::'1l::::tI::~:::I:~:l1:l:l:ll' 
I I I 
I I I 
I I I 
I I I 

iii 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~: 

':1lI::l:::l~llIl:I:::l:l:1l:1!:l::::1l:1l 
I 
I 
I 
I 
I 

I 

-~~~~Xi~ 
:: ::::::::::::: 

I I I 
I I 
I I I 
I I 
I I 

SA _ kIll:::llI:lil::l1Il::tl:I:l::':::::l:::::::l' hl1lI:1l:l:::::l:ltIl:It::::litl::l:::::1:::::::l:::::i1:t:1l:ll111:;:::::::Il:::tt:1l:~::l:l:::l:::::l:l::::tl::::jt::l:::tl1:f1::j:I1::::::t:Il::::i::::1::1, i L:l:::lm::lIlil:::I::lt:l:::::::ll::lll:ll:::l:l:l:l:l:l 

----...... --... !---!i---x+xdx~ 1 ! ! i ! : ! DO 
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iii t 
Internal prec arge starts 
this timing depends on BL 
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M5M4S16S31 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

READ with AUTO-PRECHARGE Bl=4. Cl=3 

ClK 

eKE 

DOM 

DO 

tRCD 

,\[\:\:::\:\:\!:::r:r::::r:::::rir::rrv 
I I 
I I 
I I 
I I 
I I 
I I 

I I 

I 

~' 

;;:::::::::r::;!;:::rI::l\:;:II!:::r::::r:::I:r:::!:::::::::ttt:rI!r:::\::Ir:l:\:::\IIt:rr::::::;t:!:::II:Iir::::::::!:::::tt:; 
I 1 I I , , , 
I I I I I I 
I I I I I I 
I I I I I I 

I I I I I 

I 
I 
I 

I , I I 

1t:::::::\t:!r::\::t:::r::::::::i::::t:rr:::II:!II:I::::' 
I I I 
I I I 
I I I 

• I 
I I 
I I 

I 

------~:----------~----,------t-CA-C----~~~~~~---------------------------
i~41-_-+ __ -+ __ t_R_A-:-'/ __ ~!--_~!--+: it) i 

Internal precharge starts @CL=3. BL=4 
this timing depends on CL and BL 
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\NARY M5M4S16S31CTP-7,-8,-10 
PREL\ '{cation, 

, ' not a final spec~,lcct to change, 
1h.s's , r ,its are su I 

parametriC In 16777216-BIT (2-BANK X 1048576-WORD BY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

SELF-REFRESH ENTRY 

I 
I 
I 

WE .- A:::~:~:~:~:~:~:~:i~:~:~:~:~:~~~:~:~:~:~:~:~:~:~,:~:~:~:~:~Il 

eKE 

Al0 

SA 

DO 

I I 

I 

I I I I I I I I I I I I I 
I , I I I I I I I I I I I 
I I I I I I I I I I I I I 
I , I I I I I I I I I I I I I I 

I 
I 
I 
I .. 

I 
I 
I 

t 

I 
I 

I 

I I I I I I I I I I I I I I 

I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
1 I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 

If any bank IS active, t must be precharged 
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EL\N\\f\lAR'l M5M4S16S31CTP-7,-8,-10 
P R . ot a tinal spec\f:'C~:'~;~hange. 
Notice: loiS ISt~C fun\ts are subia., 

Soma parame 16777216-BIT (2-BANK X 104a576-WORD BY a-BIT) SYNCHRONOUS DYNAMIC RAM 

SELF-REFRESH EXIT 

ClK 

WE 

CKE 

DOM 

Ao-e 

SA 

DO 

6 - 42 

NOPorDESEl , 
I 
I 
I 
I 

~' 

I I I I I I I tRC I I I iii i ;~ i I I I I 

I I 
I I 
I I 
I I 

~, 
I 

I 
, I 

I 
I 
I 

I 
I 
I 
I 

'::::I:r::::i:::::::::::::::::: 

I I I I I I I I I I I I I I , 
I I I I I I I I I I I I I I , 
I I I I I I I I I I I I I I I ;-r 

I I I I I I I I I I I I I I 

I 
I 
I 

i 
Internal elK re-start 
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M5M4S16S31 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 1048576-WORDBY 8-BIT) SYNCHRONOUS DYNAMIC RAM 

MODE REGISTER SET Sl=4, Cl=3 

ClK 

I 

I 
I 
I 
I 
I 

WE .- ..,..,-- \::::::::::::::::::I:::::::::::::::::::::::::::::!::::::::::::::, 
I I 

':::::::::::::::::1:::::::::::::::::::::::::::::1:::;:::::::::::::f::::::::i::::t::::::::::;:I:::ij::::::::::::::::::::::::::::::!:I::::::::I: 
I I I I I 

I 
I 
I 

I I 
I , 

I 

I I I I I 
, , I I I 
I I I I I 
I I I I I 
I I I I I 

CKE I I I ! I I I I 
I I I I I I 
I ,. I I I I 

.: I : 

DQM " I I 

--~----~----_'~----~----~----~----~'----~------~----~----~----~----~----~----~----~---

A10 

SA 

DQ 

I I I I 
I I 

I I I I 

I I I I I I I I I 

: ::::: 1::::: 
I I I I I I 'I I I I I I 

--~I----------~:----·:-----:----~:-----:------I----------~:----·'-----tC-:A-C----:~~~~ 

j
: : "111;-.'----'----'--..: : : 

If any bank is active, it ml,lst be precharged 

I', tRAC I I I : :4 : : I 
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El' ",,'NARY M5M4S 16S21 CTP-7,-8,-1 0 
P R . . not II tinal specit.~~~I~:·Cha"ge. 
Notice: This IS ric limits are sub\ 

Some paramet 16777216-BIT (2-BANK X 2097152-WORD BY 4-BIJ) SYNCHRONOUS DYNAMIC RAM 

DESCRIPTION 
The M5M4S16S21CTP is a 2-bank x 2097152-word by 4-bit 

Synchronous DRAM, with SSTl *1 interface. All inputs and out 

puts are referenced to the rising .. edge of ClK. The 

M5M4S16S21CTP realizes very high speed data transfer using 
2-word parallel operation and small signal interface. 

PIN CONFIGURATION (TOP VIEW) 

* 1 SSTL: Stub Series Terminated Logic 

FEATURES 

Max. ClK 
Type name frequency access time 

M5M4S16S21 CTP-7 150MHz 5ns 
M5M4S16S21 CTP-8 125MHz 6ns 
M5M4S16S21 CTP-1 0 100MHz Bns 

• Single 3.3V±0.3V power supply 
• Clock frequency 150MHz /125MHz /1 OOMHz 
• Fully synchronous operation referenced to clock rising edge 
• Dual bank operation controlled by BA (Bank Address) 
• CAS latencY-1/213/4 (programmable) 
• Burst length-1/2/4/B (programmable) 
• Burst type-sequential/ interleave (programmable) 
• Column access-2N-rule 
• Auto precharge / All bank precharge controlled by A 10 
• Auto refresh and Self refresh 
.4096 refresh cycles /64ms 
• SSTl Interface 
.300-mil, 44-pin Thin Small Outline Package (TSOP II) with O.Bmm 

lead pitch 

APPLICATION 
Main memory unit for computers, Microcomputer memory, 
Refresh memory for CRT 

PIN DESCRIPTION 

Pin name Function 

ClK Master clock 

CKE Clock enable 
CS Chip select 

RAS Row address strobe 

CAS Column address strobe 

WE Write enable 
DQo-3 Data I/O 

DQM Output disable/write mask 
AO-l0 Address input 

BA Bank address 

Vref Input reference voltage 

Voo Power supply 

VooQ Power supply for output 

Vss Ground 
VssQ Ground for output 

6 - 44 
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DOo 4 

VooQ 5 

Outline 44P3L-B (300mil TSOP) 

NC : NO CONNECTION 



MITSUBISHI LSls 

,,,,,\NARY M5M4S16S21CTP-7,-8,-10 
PREL . ifieation 

. . not a tlnal spec h ct to change. 
This IS . r its afe SU ,0 

parametrl~ 1m 16777216-BIT (2-BANK X 2097152-WORD BY 4-BfT) SYNCHRONOUS DYNAMIC RAM 

BLOCK DIAGRAM 

I 

L. 

MEMORY ARRAY 

BANK #0 

MODE 
REGISTER 

AO-l0 BA 

000-3 

CONTROL CIRCUITRY 

MEMORY ARRAY 

BANK #1 

ClK CKE CS RAS CAS WE DaM 

• MITSUBISHI 
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" \\I\\NARY M5M4S16S2tCTP-7,-8,-10 
P REL \iicatiOn 

, final speC!, , to change, 
Notice', 'This \S ~~\~itS are subject 

someparaO'let 16777216-BIT (2-BANK X 2097152~WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

PIN FUNCTION 

Pin I/O 
ClK Input 

CKE Input 

CS Input 

RAS, CAS, WE Input 

AO-10 Input 

BA Input 

DQo-3 Input I output 

DQM Input 

Voo Vss Power sU",ppl'L 
VooQ, VssQ Power supply 
Vref Input 

6 - 46 

Function 

Master clock: All other inputs are referenced to the rising edge of ClK. 

Clock enable: CKE controls internal clock. When eKE is low, internal clock for the 
following cycle is ceased. CKE is also used to select auto I self refresh. After self refresh 
mode is started, CKE becomes asynchronous input. Self refresh is maintained as long 
as CKE is low. 

Chip select: When CS is high, any command means No operation. 

Conbination of RAS, CAS, WE defines basic commands. 
AO-10 specify the Row I Column address in conjunction with BA. The Row address is 

specified by AO-10. The Column address is specified by AO-9 (x4), Ao-a (x 8). A10 is 

also used to indicate precharge option. When A10 is high at a read I write command, an 
auto precharge is performed. When A10 is high at a precharge command, both banks 
are precharged. 

Bank address: BA is not simply All, BA specifies the bank to which a command is 
applied. BA must be set with ACT, PRE, READ, WRITE commands. 

Data in and Data out are referenced to the rising edge of ClK. 

Din mask I output disable: When DQM is high in burst write, Din for the current cycle is 
masked. When DQM is high in burst read, Dout is disabled at the next but one cycle. 

Power supply for the memory array aod peripheral circuitry. 

VooQ and VssQ are supplied to the output buffers only. 
Reference volta!le for all inputs. Vref should be typically O.45xVooQ. 

• MITSUBISHI 
.... ELECTRIC 



MITSUBISHI LSls 

M5M4S16S21 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

BASIC FUNCTIONS 
The M5M4S16S21CTP provides basic functions, bank (row) 
activate, burst read / write, bank (row) precharge, and auto / self 
refresh. 

Each command is defined by control signals of RAS, CAS and 
WE at ClK rising edge. In addition to 3 signals, CS ,CKE and Al0 
are used as chip select, refresh option, and precharge option, 
respectively. 

To know the detailed definition of commands, please see the 
command truth table. 

ClK JLn..Jl 
CS Immmttt:lmJ 

RAS Itt:tttmttl 

CAS 1111111111 

WE Ittttttttl 

CKE I::::mmtmm:mm:tl 

[::::ttt:::ttl Chip Select: L=select, H=deselect 

rtttt:t::tl 

1::1m:m:tt1tl 

Ijtljttjtjt:jj 

Command 

Command 

Command 1 
define basic commands 

11mmjjjjjj1j::::m::l Refresh Option @refresh command 

A 10 rr:JJ:rrrrl l:ijjjjjjj:jJl:rr::J Precharge Option @precharge or readlwrite command 

Activate (ACT) (RAS=L, CAS=WE=H] 
ACT command activates a row in an idle bank indicated by BA. 

Read (READ) -(RAS=H, CAS=L, WE=H] 
READ command starts burst read from the active bank indicated 
by SA. First output data appears after CAS latency. When Al0=H 
at this command, the bank is deactivated after the burst read 
(auto-precharge, READ A). 

- Write (WRITE) (RAS=H, CAS=WE=L] 
WRITE command starts burst write to the active bank indicated by 
SA. Total data length to be written is set by burst length. When 
Al0=H at this command, the bank is deactivated after the burst 
write (auto-precharge, WRITE A). 

Precharge (PRE) (RAS=L, CAS=H, WE=L] 
PRE command deactivates the active bank indicated by SA. This 
command also terminates burst read / write operation. When Al0 
=H at this command, both banks are deactivated (precharge all, 
PRE A). 

Auto-Refresh (REFA) (RAS=CAS=L, WE=CKE=H] 
REF A command starts auto-refresh cycle. Refresh address 
including bank address are generated internally. After this 
command, the banks are precharged automatically. 

• MITSUBISHI 
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PREl~~~~~~"," M5M4S16S21 CTP-7,.8,-1 0 

Notice: ihls I\ric limitS ale su I 

Somo pa
rame 16777216-BIT.(2-BANK X 2097152-WORD BY.4-BIT) SYNCHRONOUS DYNAMIC RAM 

COMMAND TRUTH TABLE 

Command Mnemonic CKE CKE CS n-1 n 

Deselect DESEL H X H 
No Operation NOP H X L 

Row Address Entry & 
Bank Activate ACT H X L 

Single Bank Precharge PRE H X L 
Precharge All Banks PREA H X L 
Column Address Entry & Write WRITE H X L 

Column Address Entry & Write 
with Auto-Precharge WRITEA H X L 

Column Address Entry & Read READ H X L 

Column Address Entry & Read 
with Auto-Precharge READA H X L 

Auto-Refresh REFA H H L 
Self-Refresh Entry REFS H L L 

Self-Refresh Exit REFSX L H H 
L H L 

Burst Terminate TERM H X L 
Mode Register Set MRS H X L 
- - - -H-Hlgh level, l-low level, V=Vahd, X-Don't Care, n-ClK cycle number 

Note 1. A7-A9 =0, Ao-A6 =Mode Address ' 

6 - 48 
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RAS CAS WE BA A10 Ao-e 

X X X X X X 
H H H X X X 

L H H V V V 

L H L V L X 
L H L V H X 
H L L V L V 

H L L V H V 

H L H V L V 

H L H V H V 

L L H X X X 
L L H X X X 
X X X X X X 
H H H X' X X 

,H H L X X X 
L L L L L V*1 
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M5M4S16S21 CTP-7,-8,-1 0 

16777216-BIT (2~BANK x 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

FUNCTION TRUTH TABLE 

Current state CS RAS CAS WE 
IDLE H X X X 

L H H H 

L H H L 
L H L X 

L L H H 
L L H L 
L L L H 

L L L L 

ROW ACTIVE H X X X 
L H H H 

L H H L 

L H L H 

L H L L 

L L H H 
L L H L 

L L L H 

L L L L 

READ H X X X 
L H H H 

L H H L 

L H L H 

L H L L 

L L H H 
L L H L 

L L L H 

L L L L 

WRITE H X X X 
L H H H 
L H H L 

L H L H 

L H L L 

L L H H 

L L H L 

L L L H 

L L L L 

Address Command 

X DESEL 

X NOP 

BA TBST 

BA. CA.A1o READ/WRITE 

BA.RA ACT 

BA.A1o PRE/PREA 

X REFA 

Op-Code. 
MRS 

Mode-Add 

X DESEL 

X NOP 

BA TBST 

BA. CA.A1o READ/READA 

BA. CA.A1o WRITE / WRITEA 

BA.RA ACT 

BA A10 PRE/PREA 

X REFA 

Op-Code. 
MRS 

Mode-Add 

X DESEL 
X NOP 

BA TBST 

BA.CA. A10 READ/READA 

BA.CA. A10 WRITE / WRITEA 

BA.RA ACT 

BA.A1o PRE/PREA 

X REFA 

Op-Code. 
MRS Mode-Add 

X DESEL 
X NOP 
BA TBST 

BA. CA. A10 READ/ READA 

BA. CA.A1o WRITE / WRITEA 

BA.RA ACT 

BA.A1o PRE/PREA 
X REFA 

Op-Code. MRS 
Mode-Add 

. • MITSUBISHI 
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Action 

NOP 

NOP 
ILLEGAL *2 

ILLEGAL *2 
Bank Active. Latch RA 

NOP*4 

Auto-Refresh * 5 

Mode Register Set * 5 

NOP 
NOP 

NOP 

Begin Read. Latch CA. 
Determine Auto-Precharge 

Begin Write. Latch CA. 
Determine Auto-Precharge 

Bank Active /ILLEGAL * 2 
Precharge / Precharge All 

ILLEGAL 

ILLEGAL 

NOP (Continue Burst to END) 

NOP (Continue Burst to END) 
Terminate Burst 

Terminate Burst. Latch CA. 

Bigin New Read. Determine 
Auto-PrecharQe * 3 

Terminate Burst. Latch CA. 
Begin Write. Determine Auto-
Precharge * 3 

Bank Active /ILLEGAL * 2 

Terminate Burst, Prechar~e 

ILLEGAL 

ILLEGAL 

NOP (Continue Burst to END) 
NOP (Continue Burst to END) 

Terminate Burst 

Terminate Burst. Latch CA. 
Bigin Read. Determine Auto-
Precharge * 3 

Terminate Burst. Latch CA. 
Begin Write. Determine Auto-
Precharge *3 

Bank Active I ILLEGAL * 2 

Terminate Burst. Precharge 

ILLEGAL 

ILLEGAL 
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,,,,,'NARY M5M4S16S21CTP-7,-8,-10 
P -ticlltlon-

- ot a final speCI - ct to change-
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FUNCTION TRUTH TABLE (Cont.) 

Current state CS RAS CAS WE 
READ with H X X X 
AUTO L H H H 
PRECHARGE L H H L 

L H L H 

L H L L 

L L H H 
L L H L 
L L L H 

L L L L 

WRITE with H X X X 
AUTO L H H H 
PRECHARGE L H H L 

L H L H 

L H L L 

L L H H 
L L H L 

L L L H 

L L L L 

PRECHARGING H X X X 
L H H H 

L H H L 
L H L X 

L L H H 
L L H L 
L L L H 

L L L L 

ROW H X X X 
ACTIVATING L H H H 

L H H L 

L H L X 
L L H H 
L L H L 
L L L H 

L L L L 

WRITE H X X X 
RECOVERING L H H H 

L H H L 

L H L X 
L L H H 
L L H L 
L L L H 

L L L L 

6 - 50 

Address Command 

X DESEL 
X NOP 
BA TBST 
BA,CA,Al0 READ I READA 

BA, CA, Al0 WRITE / WRITEA 

BA,RA ACT 
BA,Al0 PRE/PREA 
X REFA 

Op-Code, 
MRS 

Mode-Add 

X DESEL 
X NOP 
BA TBST 
BA, CA,Al0 READ/READA 

BA, CA, Al0 WRITE / WRITEA 

BA,RA ACT 
BA, A10 PRE/PREA 
X REFA 
Op-Code, 

MRS Mode-Add 

X DESEL -
X NOP 
BA TBST 
BA, CA, Al0 READ/WRITE 

BA,RA ACT 
BA, Al0 PRE/PREA 
X REFA 

Op-Code, MRS 
Mode-Add 

X DESEL 
X Nap 

BA TBST 
BA, CA,A1O READ/WRITE 

BA,RA ACT 
BA,Al0 PRE/PREA 
X REFA 

Op-Code, MRS 
Mode-Add 

X DESEL 
X Nap 
BA TBST 
BA, CA, Al0 READ/WRITE 

BA,RA ACT 
BA,Al0 PRE/PREA 
X REFA 

Op-Code, MRS 
Mode-Add 

- • - MITSUBISHI 
"ELECTRIC 

Action 

NOP (Continue Burst to END) 
NOP (Continue Burst to END) 

ILLEGAL 

ILLEGAL 

ILLEGAL 

Bank Active I ILLEGAL * 2 

ILLEGAL*2 
ILLEGAL 

ILLEGAL 

NOP (Continue Burst to END) 
NOP (Conti'nue Burst to END) 
ILLEGAL 
ILLEGAL 

ILLEGAL 

Bank Active / ILLEGAL * 2 
ILLEGAL*2 
ILLEGAL 

ILLEGAL 

NOP (Idle after tRP) 
NOP (Idle after tRP) 

ILLEGAL*2 
ILLEGAL*2 

ILLEGAL*2 
NOP*4 (Idle after tRP) 
ILLEGAL 

ILLEGAL 

Nap (Row Active after tRCO) 

NOP (Row Active after tRCO) 
ILLEGAL*2 
ILLEGAL*2 

ILLEGAL*2 

ILLEGAL*2 
ILLEGAL 

ILLEGAL 

NOP 
NOP 
ILLEGAL * 2 

ILLEGAL*2 

ILLEGAL*2 

ILLEGAL*2 
ILLEGAL 

ILLEGAL 
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16777216-BIT (2-BANK x 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

FUNCTION TRUTH TABLE (Cont.) 

Current state CS RAS CAS WE Address Command Action 

REFRESHING H X X X X DESEL NOP (Idle after tAC) 

L H H H X NOP NOP (Idle after tAC) 
L H H L BA TBST ILLEGAL 

L H L X BA, CA, A10 READ/WRITE ILLEGAL 

L L H H- BA,RA ACT ILLEGAL 

L L H L BA,A1o PRE/PREA ILLEGAL 
L L L H X REFA ILLEGAL 

L L L L Op·Code, MRS ILLEGAL 
Mode-Add 

MODE H X X X X DESEL NOP (Idle after tASC) 

REGISTER L H H H X NOP NOP (Idle after tASC) 
SETTING L H H L BA TBST ILLEGAL 

L H L X BA, CA, A10 READ/WRITE ILLEGAL 

L L H H BA,RA ACT ILLEGAL 
L L H L BA,A1o PRE/PREA ILLEGAL 
L L L H X REFA ILLEGAL 

L L L L Op-Code, 
MRS ILLEGAL 

Mode-Add 

ABBREVIATIONS: H=High Level, L=Low Level, X=Don't Care 
BA=Bank Address, RA=Row Address, CA=Column Address, NOP=No OPeration 

Note 1. All entries assume that CKE was High during the preceding clock cycle and the current clock cycle. 
2. ILLEGAL to bank in specified state; function may be legal in the bank indicated by BA, depending on the state of that bank. 
3. Must satisfy the '2n-rule', bus contention, bus turn around, write recovery requirements. 
4. NOP to bank precharging or in idle state. May precharge bank indicated by BA. 
5. ILLEGAL if any bank is not idle. 

ILLEGAL = Device operation and/or data-integrity are not guaranteed. 

• MITSUBISHI 
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16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRO,NOUS DYNAMIC RAM 

FUNCTION TRUTH TABLE for CKE 

Current state CKE CKE 
CS RAS CAS WE \ Add Action n-1 n 

SELF- H X X X X X X INVALID 
REFRESH * 1 L H H X X X X Exit Self-Refresh (Idle after tAc) 

L H L H H H X Exit Self-Refresh (Idle after tRC) 
L H L H H L X ILLEGAL 
L H L H L X X ILLEGAL 
L H L L X X X ILLEGAL 

L L X X X X X NOP (Maintain Self-Refresh) 
POWER DOWN H X X X X X X INVALID 

L H X X X X X Exit Power Down to Idle 
L L X X X X X NOP (Maintain Self-Refresh) 

ALL BANKS H H X X X X X Refer to Function Truth Table 
IDLE*2 H L L L L H X Enter Self-Refresh 

H L H X X X X Enter Power Down 
H L L H H H X Enter Power Down 
H L L H H L X ILLEGAL 
H L L H L X X ILLEGAL 
H L L L X X X ILLEGAL 
L X X X X X X Refer to Current State -Power Down 

ANY STATE H H X X X X X Refer to Function Truth Table 
other than H L X X X X X Begin CLK Suspend at Next Cycle * 3 
listed above 

L H X X X X X Exit CLK Suspend at Next Cvcle*3 
L L X X X X X Maintain CLK Suspend 

ABBREVIATIONS: H=High level, l=low level, X=Don't Care 

Note 1. CKE Low to High transition will re-enable ClK and other inputs asynchronously. A minimum setup time must be satisfied before any command other 
than EXIT: 

2. Power-Down and Self-Refresh can be. entered only from the All Banks Idle State. 
3. Must be legal command. 

6 - 52 
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M5M4S16S21 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

SIMPLIFIED STATE DIAGRAM 

POWER 
APPLIED 

----I ... 

• ·MITSUBISHI 
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----~_~ Automatic Sequence 

-----I.. Command $equence' 
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SOllla parametriC 16777216-BIT (2-BANK X 2097152~WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

POWER ON SEQUENCE 
Before starting normal operation, the following power on sequence 
is necessary to prevent a SDRAM from damaged or 
malfunctioning. 

1. Apply power and start clock. Attempt to maintain CKE high, 
DQM high and NOP condition at the inputs. 

2. Maintain stable power, stable clock, and NOP input conditions 
for a minimum of 50011s. 

3. Issue precharge commands for all banks. (PRE or PREA) 
4. After all banks become idle state (after tRP), issue 8 or more 
, auto-refresh commands. 
5. Issue a mode register set command to initialize the mode 

register. 

After these sequence, the SDRAM is idle state and ready for 
normal operation. 

MODE REGISTER 
Burst Length, Burst Type and CAS Latency can be programmed 
by setting the mode register (MRS). The mode register stores 
these data until the next MRS command, which may be issued 
when both banks are in idle state. After tRse from a MRS 
command, the SDRAM is ready for new command. 

I SA I A10 I A9 I As I A7 I As I A5 I 

CL CAS LATENCY 

000 R 

001 

010 2 
LATENCY 
MODE 

011 3 

100 4 

101 R 

A1 I AD I 
BL J 
I 

I 

BURST 
LENGTH 

110 

111 

R 

R 

L..-----I BURST 
TYPE 

R : Reserved for Future Use 

6 - 54 
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CLKJLIl.Sl 

CAS" 

WE" 

.. .. .. 
BL BT=O BT= 1 

000 

001 2 2 

010 4 4 

011 8 8 

100 R R 

101 R R 

110 R R 

1 1 1 R R 

o SEQUENTIAL 

INTERLEAVED 
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16777216-BIT (2,.BANK x 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

ClK 

Command l~ttttttt~1 Read [:~t:~:~:tt~tttt:tt=:=ttffff:~jf:tt~:tttttttt~fttttttt:~:tt~:l:ttttt:~:ttt~:tt~1 w~ite It:tt~tt:tttttm~tttttt:~f:\:~ffffft] 
Address It~t:~tf~~~~f] y rfffff:I=ff:I~fft:IttItII~tttttttfttffffftt:tttfftfftttffff:t~:1 y Itttttfttfit=tJJtfttt:tttttttH 

OQ 

CL=3 
BL= 4 CAS latency 

Initial address BL 

A2 Al Ao 

0 0 0 0 1 2 

0 0 1 1 2 3 

0 1 0 2 3 4 

0 1 1 3 4 5 

8 

1 0 0 4 5 6 

1 0 1 5 6 7 

1 1 0 6 7 0 

1 1 1 7 0 1 

0 0 0 1 2 

0 1 1 2 3 

4 

1 0 2 3 0 

1 1 3 0 1 

0 0 1 

2 

1 1 0 

Burst type 

/ 
Column addressing 

Sequential 

3 

4 

5 

6 

7 

0 

1 

2 

3 

0 

1 

2 

4 5 6 7 

5 6 7 0 

6 7 0 1 

7 0 1 2 

0 1 2 3 

1 2 3 4 

2 3 4 5 

3 4 5 6 

• MITSUBISHI 
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0 

1 

2 

3 

4 

5 

6 

7 

0 

1 

2 

3 

0 

1 

1 

0 

3 

2 

5 

4 

7 

6 

1 

0 

3 

2 

1 

0 

Interleaved 

2 3 4 5 6 

3 2 5 4 7 

0 1 6 7 4 

1 0 7 6 5 

6 7 0 1 2 

7 6 1 0 3 

4 5 2 3 0 

5 4 3 2 1 

2 3 

3 2 

0 1 

1 0 

7 

6 

5 

4 

3 

2 

1 

0 
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OPERATIONAL DESCRIPTION 

BANK ACTIVATE 
The SDRAM has two independent banks, Each bank is activated 
by the ACT command with the bank address (BA). A row, is 
indicated by the row address A10-0., The minimum activation 

interval between one bank and the other bank is tRRD. 

PRECHARGE 
The PRE command deactivates the bank indicated by BA. When 
both banks are active, the precharge all command (PREA, PRE+ 
A10=H) is available to deactivate them at the same time. After tAp 
from the precharge, an ACT command can be issued. 

Bank Activation and Precharge All (BL=4, CL=3) 

ClK 

Command 

A10 

BA 

DQ 

READ 
After tRCD from the bank activation, a READ command can be 

, issued. 1 st output data is available after the CAS latency from the 
READ, followed by (Bl-1) consecutive data when the Burst length 
is BL. The start address is specified by Aa-o (x8) I A9-0 (x 4), and 

the address sequence of burst data is defined by the Burst Type. A 
READ command may be applied to any active bank, so the row 
precharge time (tRP) can be hidden behind continuous output data 
(in case of Bl=8) by interleaving the dual banks. When A10 is high 
at a READ command, the auto-precharge (READA) is performed. 
Any command (READ, WRITE, PRE, ACT) to the same bank is 
inhibited till the internal precharge is complete. The internal 
precharge start timing depends on CAS latency. The next ACT 
command can be iSsued after tRP from the internal precharge 
timing. 

• MITSUBISHI 
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\lm\ 16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

Dual Bank Interleaving READ (BL=4, CL=3) 

ClK 

Command 

AO-9 

A10 

BA 

DO 

READ with Auto-Precharge (BL=4, CL=3) 

ClK 

Command 

Ao-s 

A10 

BA 

DO 

READ Auto-Precharge Timing (BL=4) 

ClK 

I 
I 

:"41 
CAS latency 

i i 

I 

~ Burst length 

t 
Internal precharge begins 

Command liI:iiiiiii!rmiril ACT 

I 
~R~D~ 

I 

Cl=4 DQ~--~----~--~----~--~~--~----~ 
~~---~~~~~~~~~ 

CL=1 DQ~----~---r----T----+~ 
~-----~-----~-----~-r~ 

Internal precharge start timing 

• MITSUBISHI 
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WRITE 
After tACO from the bank activation, a WRITE command can be 
issued .. 1 st input data is set at the same cycle as the WRITE. 
Following (BL-1) data are written into the RAM, when the Burst 
Length is BL. The start address is specified by As-o ( x8) I As-o 

(x4), and the address sequence of burst data is defined by the 
Burst Type. A WRITE command may be applied to any active 
bank, so the row precharge time (tAP) can be hidden behind 
continuous input data (in case of BL=8) by interleaving the dual 
banks. From the last input data to the PRE command, the write 
recovery time (twA) is required. When Al0 is high at a WRITE 
command, the auto-precharge (WRITEA) is performed. Any 
command (READ, WRITE, PRE, ACT) to the same bank is 
inhibited till the internal precharge is complete. The internal 
precharge begins at twA after the last input data cycle. The next 
ACT command can be issued after tAP from the internal precharge 
timing. 

Dual Bank Interleaving WRITE (BL=4) 

ClK 

Command ACT 

AO-9 

, 
, , 

Write 

: '.. twA 
Al0 

SA I::::!:::!:::!\::::!:::!::tl 
, , 

o 1:!t::t:!::\::::::t:::::::::II::!:j:::::::::I::1 0 
, , , , 

WRITE with Auto-Precharge (BL=4) 

ClK 
, , 

o 

I:I:::::::::~::::t::::::::::::::::::t::j:::::I:tI 
, , , , 

Da1 I Da2 I Da3 I DbO 

Burst length 

, 
I I I I 

o 1:::::::::::I:i::::J!:::::::::::::::::::::::i:::::::::::::::::::::::::::::I:j:::::::::::::::::::::::::::::::::1:::::::::::::::1 

I I I I 

Db1 Db2 

, , , , , , 
Command ACT 

, : tACO : 

Write 
_ACT_ 

, 
, I I I '.. I tRP I ~: : 14 , , 

Ao-s 

Al0 

SA 
, , , , 

DO 

6 - 58 

~ 

y 

o 

DaO 

: : : tWR I I: : 
I I '4 .... I I , 

• MITSUBISHI 
..... ELECTRIC 

I I I I I t : : : : 
Internal precharge begins 



\NARY 
specification. hange 

are subject to C 

MITSUBISHI LSls 
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16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

BURST INTERRUPTION 

(Read Interrupted by Read) 
Burst read operation can be interrupted by new read of the same 
or the other bank. As M5M4S16S31CTPI M5M4S16S21CTP adopt 
2-words parallel transfer architecture to realize very high speed 
data rate, JEDEC 2n-rule is required, where 2, 4 or 6 read to read 
interval is allowed in case of Bl=8. 

Read Interrupted by Read (BL=8, CL=3) 

ClK 

Command 

AO-9 

Al0 

BA 

DQ 

(Read Interrupted by Write) 
Burst read operation can be interrupted by write of the same or the 
other bank. JEDEC 2n-rule also must.be kept here. In this case, 
the DO should be controlled adequately by using the DQM to 
prevent the bus contention. The output is disabled automatically 2 
cycles after WRITE assertion. 

Read Interrupted, by Wri~e (BL=;8, CL~) 
I I I I 
I I I I 
I I I I 

ClK 

Command 

Al0 

BA 

DOM 

o 

o 

DQM control 

• MITSUBISHI 
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(Read Interrupted by Precharge) 
Burst read operation can be interrupted by precharge of the same 
bank. JEDEC 2n-rule also must be kept here. A PRE command 
disables the data output, depending on the CAS latency. The 
figure below shows when the dataout is terminated. 

Read Interrupted by Precharge (BL=4) 

ClK 

Command 

DO 
Cl=4 

Command 

DO 

Oommand 

DO 
Cl=3 

Command 

DO 

Command 

DO 
Cl=2 

Command 

DO 

Command 

DO 
Cl=1 

Command 

DO 

6 - 60 
• MITSUBISHI 

;"ELECTRIC 



MITSUBISHI LSls 

PREL\""'~!:~Y M5M4S16S21 CTP-7,-8,-1 0 
, ' not a hnal 5P \' ct to change, 

,hIS IS , frnitS afe 51! lIe, 

parametriC I 16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

(Read Interrupted by Burst Terminate) 
Similarly to the precharge. burst terminate command can interrupt 
burst read operation and disable the data output. JEDEC 2n-rule 
also must be kept here. The figure below shows when the dataout 
is terminated. 

Read Interrupted by Burst Terminate (BL=4) 

ClK 

Command 

DO 
Cl=4 

Command 

DO 

Command 

DO 
Cl=3 

Command 

DO 

Command 

DO 
Cl=2 

Command 

DO 

Command 

DO 
Cl=1 

Command 

DO 
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(Write Interrupted by Write) 
Burst write operation can be interrupted by new write of the same 
or the other bank. JEDEC 2n-rule also must be kept. 2, 4 or 6 write 
to write interval is allowed in case of Bl=8. 

Write Interrupted by Write (BL=8) 

ClK 

Command 

AO-9 

A 10 I::I::::::::::::::::::::::::I 0 I::::::::::::::::I::::::::;:::I 0 I:::::::I::::::I::::::::::I 0 1:::::::i:::::::::::::::::::::::::I:::::::::::::::I:::::::::::I:::::::i:::::::::::::::::] 0 U:::::::::::il:::::::::::I:::::::::::l::l:l:::i:l:::lllll:l:::l:ll:::tt::l::l:::::::l:::l:::l:::::l:::::::l:l::ll:lt:::::1 
I 1 I I I I I I I 

BA 1:::::I:l:::!:::::::::::::::1 0 1::l:::lI:l::l!:::::::::I::1 0 I::::::;:::::::::!::::::::::::::I 1:::::l:l:::::l:I::l:::l:l:l:l::::::I:::::::::i!::::::::l::t:::l:l:::::::::::!:l:::::l:l:l:::1 0 Il:::l:l:l:::l:ii!i::t::i::::::t:Ii:::l::[::::I:::::t::::::::::::::::i:::::::::::::::::::::::::::::::::[:::::::::::::::1 

DO 

: : : ::: :::: 
, 

" , , 

(Write Interrupted by Read) 
Burst write operation can be interrupted by read of the same or the 
other bank. JEDEC 2n-rule also must be kept here. The input data 
on DO at the interrupting READ cycle is "don't care". 

Write Interrupted by Read (BL=8, CL=3) 

ClK 

Command 1 .... :I: .... :::::::: .... ;:;::::: .... :::::::::&...I _w_rit9--!O:01::;:;;;;;;;;::t::;;;;;;;;::::!::;;;;;;;;::::::::.,...:tl_R_EA_D.....I1t;:;;;i:::::::;;;;;;;;::::;:::;;;;;;;;:t::;;;;;;;;;j::::,;;;;;;;;I:::: .... ::::;:::""":::!:::;;;;;;;;;:::I:;;;;;;;;:;:I:;;;;;;;;::::::::;;;;;;;;:::::i::;;;;;;;;:;::::::;;;;;;;;::::::::;;;;;;;;::::::::;;;;;;;;::::::::;;;;;;;;:::t:;;;;;;;;::::::::;;;;;;;;::I::;;;;;;;;::;i:::i;;;;;;;;:lI:i;;;;;;;;::::I ..... :I_w_rit_9 ..tl1i: .... ::i:::::;;;;;;;;:::i::!:;;;;;;;;::::::::;;;;;;;;::::::::;;;;;;;;:::::::;;;;;;;;::::::::;;;;;;;;!:::::::;;;;;;;;::::::::;;;;;;;;::::::::;;;;;;;;::::::::;;;;;;;;::::I;;;;;;;;::::::::;;i;L::I_R_~_D-,1 
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16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

AUTO REFRESH 
Single cycle of auto-refresh is initiated with a REFA (CS=RAS= 
CAS=l, WE=CKE=H) command. The refresh address is generated 
internally. 4096 REFA cycles within 64ms refresh 16Mbit memory 
cells. The auto-refresh is performed on each bank alternately 
(ping-pong refresh). Before performing an auto-refresh, both banks 
must be in the idle state. Additional commands must not be 
supplied to the device before tRC from the REFA command. 

Auto-Refresh 

ClK 

CS 

RAS 

WE 

I , , , , --, , ---, 
I I I 

: i NOP or DESLEcri 
:4 I I I , I I I .: 

, 
CKE 

,l1li minimum tRC ~: 
, , 

AO-10 

, , , , , , , 

[ilililllilil(lllllllillltIlllllllllllllllillllillliliillil 
I , 

: : : ! : ! : : : ! : ! : ! 

BA 
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Auto refresh on bank 0 
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16777216-BIT (2-BANK x 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

SELF REFRESH 

Self-refresh mode is entered by issuing a REFS command· (CS= 
RAS=CAS=l, WE=H, CKE=l). Once the self-refresh is initiated, it 
is maintained as long as CKE is kept low. During the self-refresh 
mode, CKE is asynchronous and the only enabled input (but 
asynchronous), all other inputs including ClK are disabled and 
ignored, and power consumption due to synchronous inputs is 
saved. To exit the self-refresh; supplying stable ClK inputs, 
asserting DESEl or NOP command and then asserting CKE 
(REFSX). After tRC from REFSX both banks are in the idle state 
and a new command can be issued after tAc, but DESEl or NOP 
commands must be asserted till then. 

Self-Refresh 

• MITSUBISHI 
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EL,,,,,'NARY M5M4S16S21 CTP-7,-8,-1 0 
P R . . not a final specil.i~~;'~;~M"ge. 
N tice·-nIlS IS.. rrnitS !lIe subl 

s~me 'p3farnetnC I 16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

CLKSUSPEND 
CKE controls the internal ClK at the following cycle. Figure below 
shows how CKE works. By negating eKE, the next internal ClK is 
suspended. The purpose of ClK suspend is power down, output 
suspend or input suspend. CKE is a synchronous input except 
during the self-refresh mode. ClK suspend can be performed 
either when the banks are active or idle, but a command at the 
following cycle is ignored. 

Power Down by CKE 

elK 

DQ Suspend by CKE 

elK 

eKE 

Command 

DO 

6 - 66 

ext.ClK 

CKE 

int.ClK 

• MITSUBISHI 
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M5M4S 16S21 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

OQMCONTROL 

DOM is a dual function signal defined as the data mask for writes 
and the output disable for reads. During writes, DOM masks input 
data word by word. DOM to write mask latency is O. During reads, 
DOM forces output to Hi-Z word by word. DOM to output Hi-Z 
latency is 2. 

OQM Function 

eLK 

Command 

DOM 

DO 

masked by OOM=H 

• . MITSUBISHI 
"ELECTRIC 

disabled by OQM=H 

6 - 67 
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M\NARY M5M4S16S21CTP-7,-S,-10 
PREl\ . ecification. €I 

. . not a \IOa\ sp biect to cMng . 
Notice: ihls :tric I\lYlits are 511 

Sarne pacarn 16777216-B11 (2-BANK X 2097152-WORD BY 4-B11) SYNCHRONOUS DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 
Voo Supply voltage With respect to Vss -0.5""4.6 
VooQ Supply voltage tor output With respect to VssQ -0.5""4.6 
VI Input voltage With respect to Vss -0.5""4.6 
Vo Output voltage With respect to VssQ -0.5""4.6 
10 Output current 50 
Pd Power dissipation Ta=25·C 1000 
Topr Operating temperature 0",,70 
Tstg Storage temperature -65"" 150 

RECOMMENDED OPERATING CONDITIONS (Ta=0""70·C, unless otherwise noted) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Voo Supply voltage 3.0 3.3 3.6 V 
Vss Supply voltage 0 0 0 V 
VooQ Supply voltage tor output 3.0 3.3 3.6 V 
VssQ Supply voltage for output 0 0 0 V 
VREF I nput reference voltage 1.3 1.5 1.7 V 
VIH High-level input voltage, all inputs VREF+O.4 VooQ+O.3 V 
VIL low-level input voltage, all inputs -0.3 VREF'().4 V 
VTT Termination voltage VREF-O.05 VREF VREF+O.05 V 

CAPACITANCE (Ta=0-70°C, Voo=VooQ=3.3±0.3V, Vss=VssQ=OV, VREF=0.45XVooQ, unless otherwise noted) 

Parameter Test conditions 
Limits 

Symbol Min Typ Max 
CI(A) Input capacitance, address pin 

VI=VSS 
5 

CI(C) Input capacitance, control pin 5 
CI(K) Input capacitance, ClK pin 

f=1MHz 
5 VI=25mVrms 

ClIO Input capacitance, I/O pin 7 

AVERAGE SU PPL Y CURRENT from Voo (Ta=0-70°C, voo=VooQ=3.3±0.3V, Vss=VssQ=OV, unless otherwise noted) 

Symbol Parameter Test conditions 

ICC1S Operating current, single bank tRc=min, tCLK=min, BL=1, CL=3 or 4 
ICCld Operating current, dual bank tRc=min, tCLK=min, BL=1, CL=3 or 4 
Icc2h Stand-by current, CKE=H Both banks idle, tCLK=min, CKE=H 
Icc21 Stand-by current, CKE=L Both banks idle, tCLK=min, CKE=L 
Icc3 Active stand-by current Both banks active, tCLK=min, CKE=H 
Icc4 Burst current tCLK=min, BL=4, CL=3 or 4, 1 bank idle 
Icc5 Auto-refresh current tRc=min, tCLK=min 
Icc6 Self-refresh current 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Ta=0-70°C. Voo=VooQ=3.3±0.3V. Vss=VssQ=OV. VTT=0.45X VooQ. unless otherwise noted) 

Symbol Parameter 

VOH(OC) High-level output voltage (DC) 

VOL(OC) LOW-level output voltage (DC) 
loz Off-state output current 
II Input current 

6 - 68 

Test conditions 

IOH=16mA 

IOL=16mA 
Q floatinQ Vo=O - VooQ 
VIH = 0 - VooQ+0.3V 

• MITSUBISHI 
.... ELECTRIC 

Limits 

M5M4S16S21 CTP 
-7 -8 -10 

Max Max Max 
155 140 115 
230 205 170 

65 60 50 
10 9 7 
95 80 65 

120 100 80 
140 125 105 

8 8 8 

Limits 
Min Max 

VTT+0.8 
VTT-0.8 

-10 10 
-10 10 

Unit 
V 
V 
V 
V 

mA 
mW 
·C 
·C 

Unit 

pF 
pF 

pF 
pF 

Unit 

rnA 
rnA 
rnA 
rnA 
rnA 
rnA 

rnA 
rnA 

Unit 

V 

V 
J.1A 
J!A 
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PRE.L\ 
M5M4S16S21 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

AC TIMING REQUIREMENTS (Ta=0-70°C, Voo=VooQ=3.3±O.3V, Vss=VssQ=OV, VREF=0.45XVooQ, unless otherwise noted) 

Input pulse levels ------------------------- VREFtO.4V 
Input timing measurement level --------------- VREF 

Symbol Parameter 

tClK ClK cycle time 

tCH ClK high pulse width 

tCl ClK low pulse width 

tT Transition time of ClK 

tiS Input setup time (all inputs) 

tlH Input hold time (all inputs) 

tRC Row cycle time 

tRCO Row to column delay 

tRAS Row active time 

tRP Row precharge time 

twR Write recovery time 

tRRO Act to act delay time 

tRSC Mode register set cycle time 
tpOE Power down exit time 

tREF Refresh interval time 

ClK 

Signal 

Limits 

M5M4S16S21CTP-7 M5M4S16S21CTP-8 M5M4S16S21CTP-10 

Min 

Cl=1 27 

Cl=2 13.5 

Cl=3 9 

Cl=4 6.7 

2.5 

2.5 

1 

1.5 

0.5 

80 

21 

50 

28 
14 

21 

14 
7 

VREF 

VREF 

• MITSUBISHI 
.... ELECTRIC 

Max Min Max Min 

28 30 

14 15 

9.5 10 

8 10 

3 4 
3 4 

10 1 10 1 
1.5 2 

1 1 

90 100 
24 30 

10000 55 10000 60 

32 40 
16 20 

24 30 

16 20 
8 10 

65.6 65.6 

Any AC timing is referenced 
to the input signal crossing 
through the VREF level. 

Max 

10 

10000 

65.6 

Unit 

ns 
ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ms 

6 - 69 
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L,\V\'NARY M5M4S16S21CTP-7,-8,-10 
PRE final specii.ica~\~;·ch!!nge. 
Notice: ,\'liS i:t~~\i~it$ afe subjeC 

some pa
ram 

16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70°C, Voo=VooQ=3.3±0.3V, Vss=VssQ=OV, unless otherwise noted) 

Symbol Parameter 

tAc Access time from ClK 

tCAC Column access time 
tRAC Row access time 

tOH Output hold time from ClK 
tOLZ Delay time, output low impedance from ClK 
tOHZ Delay time, output high impedance from ClK 

OUTPUT LOAD CONDITION 

50n 

VOUT 

30pF 'J" 

DQ 

tAc 

6 -70 

Cl=1 
Cl=2 
Cl=3 
Cl=4 

Limits 
MSM4S16S21CTP-7 M5M4S16S21CTP-8 

Min Max Min Max 

25 26 
11.5 12 

7 7 
5 6 

25 26 
50 55 

2 2.5 
0 0 
2 7 2.5 8 

Output timing measurement 
reference Point 

MSM4S16S21CTP-10 

Min Max 
. 27 

12 
8 
8 

27 
57 

3 
0 
3 10 

1------ VREF 

. .• MITSUBISHI 
~ELECTRIC 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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M5M4S16S21 CTP-7,-8,.1 0 

16777216-BIT (2-BANK x 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

WRITE CYCLE (single bank) Bl=4 

ClK I I I 
: : tRC : 

1!~ i ~! 

T\-+I V Y '-V 
tRAS tRP 

1; ~~r----+----~-----4'----~~----~----~----~--~~~I~'----4------~----~--~~ 

I I 
I I 

I 
I 
I 
I 

WE .. ,:::::::::::::!:!:!!m:!t:!:m::::::::!~t::::::::::A ~ L:tt!::::::!::::::::::::::::::::::!:::::::i::::::::t:::::::::::::::::1::::::::::::::, ,\:::::::::::::::::~::::::tI:::::::::::t:!:::::::::::::::::: 
I I 

CKE 

DOM 

AO-9 

Al0 

BA 

DO 

I 
I 
I 
I 

I 

I 
I 

I 

I I 

I I 
I I 
I I 
I I 

I I 

I 
I 
I 
I 

I I 
I I 
I I 
I I 

i i 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I 
I 
I 

• L::II::::::::I::IIt:::::::::t::I:III:\ Lf::!l::::::::::j:::!:!:::::!!::!ltf!:!:,:::II!::::!:!:::!::::::l!::::!:::::!::II:::::::::f,::::t:IA LIfIfl:::::::::::::::::::::::!:!II::IIIf::::::!IIJ:!::::::::A 1 A::@@!:!f~:I::I:!:::!I:Ii!:~::!:I::II 
I I I I I I tWR I I I I I : :: :::~ .. ,:::::. 
: :: v-:::vv-ivv-ivviv. :::::: , "9'Y'~~ """ 

I I I I 
I I I I 
I I I I 
I I I I 

• . MITSUBISHI 
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El'M\"'.A~Y M5M4S16S21CTP~7,-8,-10 
P R tinal speclilcatl . ·change. 
Notice: ,his :t~~\~itS 3re subiect to 

Some parall\ 16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

WRITE CYCLE (dual bank) Bl=4 

ClK 

WE. 
CKE 

DOM 

AO-9 

A10 

BA 

DO 

6 -72 

I 
I 

I 

I I 
I I 
I I 

I 
I I 

'q"t~:;;;;~~~~t;;;;;;~~~f:;;;;I\!i;i;iijOil~~~~~ ... ~~~~~;;;;;~~~~:;;;;~l;;;;;i\\\\i"'i ... l~~~~0il~~~~"'~L-""",/-,7 j ~ 

iii i i 
I I 
I I 
I I 
I I 
I I 

I 
I 

I 

I I 
I I 
I I 

/\ 

.• MITSUBISHI 
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':~;I~~~~~~l~~~~i~~~~~~~~~~~l~l~~~~~~~l~~~l~~~i~~~~~~~~~~~~~~l~~~~~~~~~1~~1~~~~l~l~~~~~~r 
I 
I 
I 
I 
I 

~ 
I I I 
I I I 
I I I 

I I I 

I 

~ 
twR 

~: 

~: 

~ 
I I 
I I 

i i 
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\M\NARY M5M4S16S21CTP-7,-8,-10 
PR '{,cation, 

. ' not a final specbt ,'ect to change, 
1\>IS ~tfiC limits are SIl \ 

para
rn 

16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

READ CYCLE (single bank) Bl=4. Cl=3 

ClK 

tAe 

tAp . 
~. 

WE • \itiiitit!itttittiit'tttii7 'mitiiiiii'iiiiiiiiiiiiiiiiiiiiiitii~tiiimiiiiiiitiiiiii,iiiiiiiiiitA Aiiiiiiiitir!iiiiiiiiriiiiiiiiiiiiit,iiiiiiiiiiiiii::iriiiiii:::!tt:t:; 'li::ii:i:I::!:i::i:::i::I:i:ttt~:::i:tti:miirit!tiiir:ti: 

CKE 

DOM 

A10 

BA 

DO 

I 
I 
I 
I 

I 

I I 

I I 
I I 
I I 

I I 

• I I 
• I I I I I 

• I I I I I 

I I I 

I • I 

• I • 
I I • 

I I I I I • 
I I I I I I 

• I I 
I I I 

I I I I I I 

":~·:~1~ 
I 
I 

I 

· · · I I I I 

----------i----------------------::.====:~=A=e===:=:. ~~~~-------------------------------------
: tRAC I I I I I 

14 : ~: : : : 
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PREL\~~!!~~~... M5M4S16S21CTP-7,-8,-10 
Notice: ihls \St~~ \\lI\itS afB sutl\e 

SOIl\B paral1
1e 

16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

READ CYCLE (dual bank) Bl=4, Cl=3 

ClK 

, , , , , , tRCD , , , tRCD , , , , 
:04 

, , 
~' , , ~ , , , 

, , , , 

WE .. ':m:::::::::::::!:::t:I:::::::::::::::::~:::::::::::::1 V 'I:::::::::::::::!:::::::::::::::::::I::::::!:::::::::::::::; \\ II ~ 
CKE 

DOM 

, , , , 
I 

, , , , , , , , 
I I 

, , , , , , , , , , , , , , , , 
I I I I I I , , 

, , , , , , , , , , 
, , , , , , 

AO-9::::t:::1::I:t:::X x~ X:t:::::::::::::~I::::::::::::~:::::::I1:::::I:::::X ~ X X x~ X::I:::::::::::,::::::::::::::::::I]::!:::::::::::::::X y X:::::::::::::I:!:::::::::::::::::::::::::::::~::::::::::::::::::::::::::::::j:::::::::::::::Ir::::::r:::::::::::X x~ X::::::r:::::::,m:::::::::::::::::::::::::!:::::::::::::::::: 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I : I I 1 I I , 

Al0 ' 

BA 

DO 

6 - 74 

, 
, , 

----:--------,---tc-A-c----~8B$8~S+ 
, :04 ~: 104 tCAC i • i : :, :, :, , tRAC 
... :iII----;...-----...---...----i-04--....;....~~ : tRAC : ~ i i l : i 

• . MITSUBISHI 
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M5M4S16S21 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 2097152-WORD BY 4~BIT) SYNCHRONOUS DYNAMIC RAM 

WRITE to READ (single bank) Bl=4, Cl=3 

ClK 

~' 

WE. 'l:j:j:::j:j:j:j':j:Ij:IIIj:j:j:j:!~:j:j:jt:j:A Ljtt:tj:j~t~:tjt::t:j:j:j:jj:::j:j:::t::::::jt:::::~:t::::t::' 
I I I i~ A::::::::::::::::::~:::::::::::::::::::::::::::::~:::::i::t::::::::::t::!::::::IrI 

CKE 

DQM 

I 
I 
I 
I 
I 

I 

I I 
I I 
I I 
I I 

I I 

I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 

iii 
f I I I 

! I ! I 
I I I 

I I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

Ao-9 ::::::::M:::::::::::::X : X:::::t:t:::!:t::::::::::::::::::::::lt:t::::X i X:::::::::::::::::i::::::::::::::::::::::::::::~:::::]::::::::::::::::::l:::t:::::::X ~ X:::::::::::::::::!t:::::::::::j:::::::::::::!::::::::::::::::::::::::::::I:::::::j::::::::::::::::::::~::::~:::::t::::::::::::::::i:::::t:::::::::::::::::::'::t:I:Itt::::i:::::::::::::::::: 

A10 

BA 

DO 

I I I I I I I I I I I I I 
I I I I I I I I I I I I I 
I I I I 1 I I I I f I I I 
I I I I I I I 'I I I I I 
I I I I I I I I I I I I 
I I I I I I t I I I I I 

I 

I 
I 

.. ;:::::::::::::::::I:::::::::l::t:::::::::!::::::tt, L::::::tI:::,:::::::r::::::::::::t:j:::::::::t:::::::::::::::::J::::::::t:::~ i ;:t:::::I:::j:::::::::::::::I~:t:::!::::t:r:::::::::::I::~r:::::::::, A:::::::::::::::::!::::::::::::::::::::I:::::i:tt:I:It::::::::!:t:m:::t 
I I I I I I , I I I I' I 
I I I I I I I I I I I I I 
I I I I I I I , I I I I I 
I t I I I I I I I I I I I 

: :: '{;;J:3;!$$ ~ :tc~:. qx~qrf-
iii i i: iii i ! 
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. EL\",,\NARY M5M4S16S21CTP-7,-8,-10 
P ft .' not afinel spec~~~:'~:~hange. 
Notice: lnls l\riC lifflits are sU 

Soffl
e 

pa
reme 

16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

WRITE to READ (dual bank) SL=4, CL=3 

ClK 

WE ., 

CKE 

DOM 

, , 
I 
I 

I 

, 
:~ 

, , 
: tACO: 

, , 

.' 
, , 
:l1li 

, , , , , , , , 

, , 
: tACO: 

''IW];j;j;~l~~~~i:W~l~j~;j;j;~!"",~;j;j;~~l~l;j;j;~l~~~i:Wl~l~j:;j;j;:l~~~;i:W}:!~~fi:W;~~~~~;j;j;~~~~~i:W'_+-«/:"'.I7 :~ 

I I I! I 

, , , , , , , , , , 

\\-\~...I:iA=~:::::::i:i:i:i!1=:::::::::=:::::I=:::::::::~~=.t:::::i:i:i:I::'"--!-I/r....J7 ~ 
I 1 I I 

iii i 

AO-9 '-i--r 'XX1"'- ; -r-rrlTr 
A10 

SA 

DO 

6 -76 

I 
I 
I 
I 

: :t~l~~Ill[~1~i~~lll~~~~ll~~~~ll~1~~ll~~~~1~~~~l11~~jlll1l~~~1 

I I tw ' I I 

I l I 1IIII;1III1----7---.. ~; I III 
~~~~--i-4--t~-A-c---.~~~ 

l iii; iii i i 
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PRE~~~~~~~~,. 
Th~~~etriC limitS are SU 

M5M4S16S21 CTP-7,-8,-1 0 

par 16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

READ to WRITE (single bank) Bl=4, Cl=3 

ClK 

WE 

CKE 

DOM 

AO-9 

A10 

BA 

DO 

, tRAS 

:4 I I , 

'~~~~~~~~~~~~~1~~~~~~~~1~1~11~~t~I~~1~jl~~~~~~~~~~~~~~1~~~I~~~~iff~~f~~~~~~~:t~::~~:t~~::t~A 
, , , 
, I , , , , , , , , , , 

I I I I I I I I I I I 
I I I I I I I I I' I 
I I I I I I I I I I I 
I I I I I I I I I I I 

,,~~~ 
iii iii i if! i i 

, , 
, 

: .. 

, , 
' .. 

tRAC : 

, , , , , , , , , , , , 
, , , 

for output disable 
, , 
, , , , , , 

: tCAC 

• MrrSuBiSHI 
.... ELECTRIC 
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~' 

r 
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,M\NARV PREL 0ciiication. e 
. . not a tinal SP \)\0Ct to chang . 

M5M4S16S21 CTP-7,-8,-1 0 

Notice: Th's '!triC limits are SU 

Some par am 16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

READ to WRITE (dual bank) Bl=4, Cl=3 

ClK 

CKE 

6 -78 

for output disable 
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M5M4516521 CTP-7,-8,-1 0 

16777216-BIT (2-BANK x 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

WRITE with AUTO-PRECHARGE Sl=4 

ClK 

WE 

CKE 

DOM 

AO-9 

Al0 

., 
, , , , 
: 

'..-

! tRCO 

'!f!!!f!ff=!f!!!!!!f!!!!f!!i!!ji!!!f!t' 
, 
, , 
: 

, , 
~' 

tRC 

, 
, , 

: .. , 
twR+tRP 

, , , , , 

A!!f!f!!f~!!ifff!!!!!!!!!f!i!if!!!!!!!:!!!!f!!!!!!~i!f!!ft:I!!!!!!!!!if:!!!:!!!:!I:!:IIi!:!!!I!!I:!!!!!!!!!Ij!!!!I!!f!II:f!~f!!ff!!!I!:!!!!!!~!!!!f!t7 

, , , , 
" , 
" , 
" , 

, 
~' 

'!!!!!!!!!f!Ii!!fI!!I!f!I!!!,fI!!H!! 
, , , , 
: 

SA • A!!!!!!!!!!tI!it:!:I!!!:t!:!!!!!!ti!:!:!:!!!:!:!:' A!!!!:!!!t!!!:!:i!t!!!!!!!!!:tt!:t!i!:!!!:!:!:!!!!!:!:!!!!!!!!!:!!iI:!!!:!!!:::!:!:!:!!!:!!f!!!:ttt!:!:t!I::it!:!:!::!!:::!t:!:!!t,!:ttt!:!:!:!tt!!i!!!:t!!!:!!!I!!:!!t!:i:!:!:t!:!!!, i L:!:!::!!:!:!!::!!:I:!:!!!::!!tI!!!t!!!:!I!II:!!!! 

__ --____ ! ___ ! -xtxdxdxxh i! !!! DO 

I I I I I 

j j 1 j t 
Internal precharge starts 
this timing depends on BL 

• MITSUBISHI 
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EL\M\NARY M5M4S16S21CTP-7,-8,-10 
P R final specificat\ol'l~hange. 
Notice: This i\~~\~it$ ere subject \0 

Some par3rn
e

. 16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

READ with AUTO-PRECHARGE Sl=4, CL=3 

ClK 

,<III 
tAP 

, 

.' 

·:~~~~~lll~ll~~ll~~~~l~ll~~ll~l~l~ll~~l~~ll~llllll~~ll~iUlll~llll~llllllll~lll~l~lllllllll~~~ 
, 
I 
I 
I 
I 

WE • ':::t:I:t~:::I::::::III::::'::::I::ri ~ 
CKE 

DOM 

AO-9 

A10 

SA 

DO 
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, , , 
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, , 
I 

, , , 
, , -----------------------------W-A-C---:,---~~~~~--------------------------
:+-__ -!-__ -!-_t_R_A...,.~<III __ ~!__--!__ ... • it! i , 
, 
:4 , 

Internal precharge starts @CL 3, BL=4 
this timing depends on CL and BL 
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EL'l\I\'NAR'l M5M4S16S21 CTP-7,-8,-1 0 
P R . . oot a final SPIlC~.'C::\~;·Change. 

lhlS IS . rmits are SII Ie> 

parametriC \ 16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

AUTO-REFRESH 

ClK 

CKE 

DOM 

SA 

DO 

I 
I 
I 
I 
I • 

I 
I 
I 
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I I 
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. I I 
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I 
I 
I 
I I I 

~ 
I I I I I 
I I I I I 
I I I I I 

I I I I I 

I I I I t I " I 

I 

I 
I 
I 

I 
I 
I 
I 
I 

'ililItiiili!liiiiifiii:iiilil . 

I 
I 
I 

I 

I I I I I I • I I I I I I I -- I I I '" 
I I I I I 
I I I I 1 

f' , " 

i 
If any bank IS active. it must be precharged 
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- \M\NARY M5M4S16S21CTP-7,-8,-10. 
PRELecifiC3t100- e 

. . - oot a tiMI sp p' act to chaog '. 
Notice'. ThIS ':uiC limitS afe su I 

somapa
ram 

16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

SELF-REFRESH ENTRY 

ClK 

I 
I 
I WE. 

CKE 

DOM 

I 
I 

I 

A:::::::::::::t:!::::::::t::::::::::::t:!::::::::it:::, 
I I 
I , 

I , 

I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 

I 
I. , 
I 
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I 

I I I , I I I I I I I I I I I I 

AO-9 

Al0 

SA 

DO 

6 - 82 
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I 
I -

I 
I , 
I , 

I 
I 

, 
I 

I I I I I I I I I I I I I I 

, 
I 
I 

t 
If any bank IS active, it must be precharged 
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\ "" \ NAR'i M5M45 16521 CTP-7,-8,.1 0 
PREL . ecifieatlOO. e 

. . . "ot a floal 5P h 6et to cha"g . 
Notice: 1\\\$ IS ic limits are su I 

someparSf\\ett 16777216-BIT (2-BANK X 2097152-WORD BY 4-BIT) SYNCHRONOUS DYNAMIC RAM 

MODE REGISTER SET Sl=4, Cl=3 

ClK 

1 
1 
1 
1 

1 
1 
1 WE. ~l~ '\:\:\:\:\:\:\:I!I\:I\II:II\!:\:\:\:\:\:\:\? ~ 

CKE 

DOM 

AO-9 

Al0 

SA 

DO 

6 - 84 

1 
1 
1 

1 1 
1 1 
1 1 
1 1 
1 1 

I I I I I I I ! I I I I 

I I I I 
I I I I 
I I I I I 

~ : I I ~ 

~~~~~ 
--.:----~,----~:------~----~:-----.-----.:-----.,----~:------:-------, -----.:----~:---{ ~ ~, ~,' 

: : 1 tCAC 

l
' 1 !'II:41--~-----7-'--.. 1 1 

If any bank is active, It must be precharged 

:4 tRAC l l 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 
JAPAN==================== 
Overseas Marketing Division 
Semiconductors 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telephone: (03) 3218-2863 
Facsimile: (03) 3218-2852 

Overseas Marketing Manager 
Kita-Itami Works 
4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-232S 

HONG KONG ================ 
Mitsubishi Electric (H.K.) Ltd. 
41st fl., Manulife Tower, 169, 
Electric Road, North Point, Hong Kong 
Telephone: 510-0555 
Facsimile: 510-9830,510-9822, 

510-9803 

SINGAPORE =========== 
Mitsubishi Electric Sales Singapore Pte 
Ltd 
307 Alexandra Road # 05-01 /02 
Mitsubishi Electric Building 
Singapore 159943 
Telephone: 4732308 
Facsimile: 4738944 

TAIWAN =================== 
MELCO-TAIWAN CO., Ltd. 
1 st fl., Chung-Ling Bldg., 
363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 
Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 

U.S.A. =========== 
NORTHWEST 
Mitsubishi Electronics America, Inc. 
1070 East Arques Avenue 
Sunnyvale, CA 94086 
Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 

SOUTHWEST 
Mitsubishi Electronics America, Inc. 
5665 Plaza Drive 
Cypress, CA 90630-0007 
Telephone: (714) 236-6270 
Facsimile: (714) 236-6184 

ROCKY MOUNTAIN 
Mitsubishi Electronics America, Inc. 
1113 Spruce Street, Suite 503 
Boulder, CO 80302 
Telephone: (303) 546-6300 
Facsimile: (303) 546-6242 

NORTHERN 
Mitsubishi Electronics America, Inc. 
9800 Bren Road East, Suite 243 
Minnetonka, MN 55343-9671 
Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 

NORTH CENTRAL 
Mitsubishi Electronics America, Inc. 
800 N. Bierman Court 
Mt. Prospect, IL 60056 
Telephone: (708) 298-9223 
Facsimile: (708) 803-4224 

SOUTH CENTRAL 
Mitsubishi Electronics America, Inc. 
9000 Royal Lane 
Irving, TX 75063 
Telephone: (214) 929-0046 
Facsimile: (214) 929-5363 

NORTHEAST 
Mitsubishi Electronics America, Inc. 
200 Unicorn Park Drive 
Woburn, MA 01801 
Telephone: (617) 937 -4300 
Facsimile: (617) 938-1075 

MID-ATLANTIC 
Mitsubishi Electronics America, Inc. 
800 Cottontai I Lane 
Somerset, NJ 08873 
Telephone: (908) 469-8833 
Facsimile: (908) 469-1909 

SOUTH ATLANTIC 
Mitsubishi Electronics America, Inc. 
2500 Gateway Center Blvd., Suite 500 
Cary, NC 27560 
Telephone: (919) 460-0404 
Facsimi Ie: (919) 460-6205 

SOUTHEAST 
Mitsubishi Electronics America, Inc. 
Town Executive Center 
6100 Glades Road #210 
Boca Raton, FL 33433 
Telephone: (407) 487-7747 
Facsimile: (407) 487-2046 

ATLANTA 
Mitsubishi Electronics America, Inc. 
6100 Atlantic Blvd. 
Norcross, GA 30071 
Telephone: (404) 368-4852 
Facsimile: (404) 662-5208 

SAN DIEGO 
Mitsubishi Electronics America, Inc. 
16980 Via Tazon, Suite 220 
San Diego, CA 92127 
Telephone: (619) 451-9618 
Facsimile: (619) 592-0242 

NEW YORK 
Mitsubishi Electronics America, Inc. 
300 Westgate Business Cntr., Ste. 160 
Fishkill, NY 12524 
Telephone: (914) 896-0896 
Facsimile: (914) 896-8639 

PUERTO RICO 
Mitsubishi Electronics America, Inc. 
American Airlines Building, Suite 500 
1509 Lopez Landron 
Santurce, PR 00911 
Telephone: (809) 728-5040 
Facsimile: (809) 728-5180 

CANADA=================== 
Mitsubishi Electric Sales Canada, Inc. 
6185 Ordan Drive, Unit # 110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone: (416) 670-8711 
Facsimile: (416) 670-8715 

Mitsubishi Electronic Sales Canada, 
Inc. 
340 March Road, Suite 502 
Kanata, Ontario, Canada K2K 2E4 
Telephone: (613) 591-3348 
Facsimile: (613) 591-3948 
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GERMANY================= 
Mitsubishi Electric Europe GmbH 
Headquarters 
Gothaer Str. 8 
40880 Ratingen, Germany 
Telephone: 2102-486-0 
Facsimile: 2102-486-367 

Mitsubishi Electric Europe GmbH 
Munich Office 
Fraunhoferstr. 
85737 Ismaning, Germany 
Telephone: 89-96079430 
Facsimile: 89-96 07 94 11 

Mitsubishi Electric Europe GmbH 
Stuttgart Office 
Zettachring 12 
70567 Stuttgart, Germany 
Telephone: 711-7287470 
Facsimile: 711-72 47 21 

Mitsubishi Electric Europe GmbH 
Frankfurt Office 
(Power Semiconductors) 
Promenadenstr. 16 
64625 Bensheim, Germany 
Telephone: 6251-62097 
Facsimile: 6251-62099 

FRANCE=================== 
Mitsubishi Electric France S. A. 
55, Avenue de Colmar 
92563 Rueil Malmaison Cedex, France 
Telephone: 1-47. 08. 78. 00 
Facsimile: 1-47.51. 36. 22 

ITALY ==================== 
Mitsubishi Electric Europe GmbH 
Milano Branch Office 
Centro Direzionale Colleoni 
Palazzo Perseo 2 
20041 Agrate Brianza, Milano, Italy 
Telephone: 39-605 31 
Facsimile: 39-605 32 12 

SWEDEN=================== 
Mitsubishi Electric Europe GmbH 
Hammarbacken 14 
19127 Sollentuna, Sweden 
Telephone: 8-6251000 
Facsimile: 8-625 10 33 

SPAIN ============= 
MELCO Iberica, S. A. 
Parque Empresarial San Fernando 
Av. de Castilla, 2-Edif, Italia, I. PI. 
28831 San Fernando de Henares 
Madrid, Spain 
Telephone: 1-677 56 53 
Facsimile: 1-677 55 62 

U.K. ============== 
Mitsubishi Electric (UK) Ltd. 
Travellers Lane 
Hatfield 
Herts AL10 8XB, U.K. 
Telephone: 707-27 61 00 
Facsimile: 707-27 86 92 

AUSTRALIA ================= 
Mitsubishi Electric Australia Pty. Ltd. 
348 Victoria Road 
Rydalmere Nsw 2116, Australia 
Telephone: (2) 684-7777 
Facsimile: (2) 898-0484 
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