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DYNAM Ie RAMs 

Classification Process 

I DYNAMIC 
RAMs NMOS ~ 

1-2 
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GUIDE TO SELECTION OF IC MEMORIES 

Memory capacity Configuration 
(bits) (words x bits) 

~ 64K 

H 256K 

y 512K 

~~64KX1 
r--

r--
r--
r--
r--

-
-

-
-

-

-{16KX4~ 
L 

64K X4 f 
L 

64K X8 ~ 
L 

• MITSUBISHI 
..... ELECTRIC 

Type name Features 

M5K4164AP-12 - ta -120ns 
With refresh terminal 

M5K4164AP-15 - ta-150ns 
With refresh terminal 

M5K4164ANP-12 - ta =120ns 

M5K4164ANP-15 - ta=150ns 

M5K4164ANP-20 - ta=200ns 

M5K4164AL-12 - ta-120ns 
With refresh termi nal 

M5K4164AL-15 - ta-150ns 
With refresh terminal 

M5K4164ANL-12 r--- ta = 120ns 

M5K4164ANL-15 r--- ta=150ns 

M5K4164AND-12 t-- ta = 120ns 

M5K4164AND-15 t-- ta=150ns 

M5M4416P-12 r--- ta=120ns 

M5M4416P-15 t-- ta =150ns 

MH6404ADl-15 t-- ta-150ns 
With refresh terminal 

MH6404ANDl-15 t-- ta=150ns 

MH6408AD-15 t-- ta-150ns 
With refresh terminal 

MH6408AND-15 r--- ta=150ns 



DYNAMIC RAMs 

Classification Process 

I DYNAMIC 
RAMs NMOS 

MITSUBISHI LSls 

GUIDE TO SELECTION OFIC MEMORIES 

Configuration 
(words x bits) 

r--1 256K X 1 i 
r-----

I--

I--

I--

e---

~ 

-

-
Memory capacity 

(bits) 

256K 

-

~ -

-

-

-

-

-

-

-

--164KX4 : 

L 

• MITSUBISHI 
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Type name Features 

M5M4256S- ]2 - la=120ns 

M5M4256S-]5 - la=150ns 

M5M4256S-20 - ta =200ns 

M5M4257S-]2 - la-120ns 
With nibble-mode 

M5M4257S-]5 - la-150ns 
With nibble-mode 

M5M4257S-20 - la-200ns 
With nibble-mode 

M5M4256P- ]2* - ta = 120ns 

M5M4256P- ]5* - la=150ns 

M5M4256P-20* - la=200ns 

M5M4257P- ]2* - la-120ns 
With nibble-mode 

M5M4257P-]5* la=150ns 
-

With nibble-mode 

M5M4257P-20* - la = 200ns 
With n ibble-rnode 

M5M4256L-]2** - la =120ns 

M5M4256L- ]5** - la=150ns 

M5M4256L-20'* c-- la=200ns 

M5M4257L-] 2** ta-120ns 
I-- With nibble-mode 

M5M4257L- ]5** 
la = 150ns 

I-- With nibble-mode 

M5M4257L-20" 
la=200ns 

I-- With nibble-mode 

M5M4464P-] 2" r-- la=120ns 

M5M4464P-] 5" f-- la=150ns 

* : New product * * : Under development 

1-3 



STATIC RAMs 

Process 

--i NMOS f 

Classification 

I STATIC /-
RAMs 

y CMOS ~ 

1-4 
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GUIDE TO SELECTION OF IC MEMORIES 

Memory capacity 
(bits) 

I 16K ~ I 

Ii 64K 

16K L 

Configuration 
(words x bits) 

2KX81 

H 16KX1 L 

~ 4KX4 I 

8K X8 I 

L 

L 

L 

2KX8 /-.--

f---

f---

f---

f---

I--

I--

-

-

-
-

-
- 16KX1 I---

- 4KX4 f----

• MITSUBISHI 
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Type name Features 

M58725P-15 I-- ta=150ns 

M58725P I-- ta=200ns 

M5M2167P-55 I-- ta =55ns 

M5M2167P-7O '-- ta=70ns 

M5M2168P-55 ~ ta=55ns 

M5M2168P-7O ~ ta =70ns 

M5M5165P-70/** 
P-70i... ** I-- ta = 70ns 

M5M5165P-l0/ * ta=100ns P-l0L* f---

M5M5165P-12/ * I-- ta=120ns P-12L* 
M5M5165P-15/ * I-- ta=150ns P-15L* 

M5M5116P-15 I-- ta=150ns 

M5M5116P I-- ta =200ns 

M5M5116FP-15 r---- ta=150ns 

M5M5116FP I-- ta =200ns 

M5M5117P-15 I-- ta = 150ns 

M5M5117P I-- ta =200ns 

M5M5117FP-15 I-- ta=150ns 

M5M5117FP I-- ta = 200ns 

M5M5118P-15 r---- ta=150ns 

M5M5118P r---- ta =200ns 

M5M5118FP-15 I-- ta=150ns 

M5M5118FP I-- ta =200ns 

M5M21 C67P-35 *. 
I-- ta =35, 45, 55n -45, -55 s 

M5M21C68P-35 *. 
I-- ta = 35, 45, 55

1
n -45, -55 s 

* : New product * *: Under development 



MASK ROMs 

Classification Process 

NMOS 

MITSUBISHI LSls 

GUIDE TO SELECTION OFIC MEMORIES 

Memory capacity 
(bits) 

Configuration 
(words x bits) 

• MITSUBISHI 
.... ELECTRIC 

Type name 

M5M2364-XXXP 

M5M2365- xXXP 

M5M23128-XXXP 

M5M23256- xXXP 

M5M231000-XXXP 

.. 
M5M23C64- xXXP 

.. 
M5M23C65- xXXP 

* *: Under development 
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MOS EPROMs 

Process 

1-6 
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GUIDE TO SELECTION OF IC MEMORIES 

Memory capacity 
(bits) 

• MITSUBISHI 
.... ELECTRIC 

Type name 

M5L2764K-2 

M5L2764K 

M5L27128K-2 

M5L27128K 

M5L27256K-2** 

M5L27256K** 

M5L27256K-S** 

M5M27CI28K-2** 

M5M27CI28K*' 

M5M27CI28K-S** 

Features 

* * : Under development 



MOS EAROMs 

Classification Process 

MITSUBISHI LSls 

GUIDE TO SELECTION OF IC MEMORIES 

Configuration 
(words x bits) 

• . MITSUBISHI 
.... ELECTRIC 

Type name 

M58658P 

M58659P** 

M58653P 

M58657P 

M5G1400P 

* * : Under development 
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.64K-Bit DYNAMIC RAM 

OIL 

Memory 

Type Structure 
capacity 
(configu-
ration) 

M5K4164AP-12 

M5K4164AP-15 
64K 

(64KX 1) 

M5K41.64ANP-12 
NMOS 

M5K4164ANP-15 

M5K4164ANP-20 

M5M4416P-12 64K 

M5M4416P-15 (16K X 4) 

Zil 

Memory 

Type Structure capacity 
konfigu-' 

ration 

M5K4164AL-12 

M5K4164AL-15 
NMOS 

64K 

M5K4164ANL-12 
(64K X 1) 

M5K4164ANL-15 

Chip carrier 

Memory 

Type Structure 
capacity 
(configu-
ration) 

M5K4164AND-12 

NMOS 
64K 

(64K X 1) 
M5K4164AND-15 

1-8 
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INDEX BY FUNCTION 

Access Cycle 
Power Low power 
dis- dissipation Refresh time 

pin Max 
(ns) 

120 

Yes 

150 

120 

150 
No 

200 

120 

150 

Refresh 
pin 

Yes 

No 

Refresh 
pin 

No 

time sipation Max(mW) Specifications 
Min Typ 

Operating 
(ns) (mW) time 

.128 refresh cyoles 

220 175 275 
every 2 ms 

.1-pin automatic and 
self-refreshing 
capability 

.CAS input allows 
hidden refresh, hidden 

260 150 250 automatio refresh, 
and hidden 5elf-
refresh operation. 

.128 refresh cycles 

220 175 275 every 2ms. 
_CAS input allows 

hidden refresh 
operation 

260 150 250 

330 125 225 

220 175 275 .128 refresh oycles 

every 2m3 
260 150 250 • 4-bit oonfiguration 

Access 
time Specifications 

Max(ns) 
.Same eleotrioal oharacteristios as the 

120 MSK4164AP and ANP-senes . 
• Package 16pin zig zaQ in-line 
.S-pin automatic and self-refresh 

150 capability 

120 .Same electrical characteristics as the 
MSK4164AP and ANP series. 

.Package: 16-pin zig-zag in-line 
150 

Access 
time Specifications 

Max(ns) 

.Same electrical characteristios as the 
120 M5K4164AP aod ANP series 

.Paokage: 18-pin of which two are open 
• Lead pitch: 1 ,27 mm 
.External dimensions: 7.2 X 1 0.8 X 1.9mm 

150 

•. MITSUBISHI 
;"ELECTRIC 

'" ~ Inter-",," 

~~ changeable Page 
u~ products ro::J 

<1.0 

16P4 2-3 

See 
-

page1-12 
1-

16P4 2-3 

16P4 2-14 
See 

page1-12 
-
2-24 

-

18P4 2-65 

'" ~ ",," I nter-
~~ changeable Page 
u~ 
ro ~ products 

<1.0 

- 2-34 

16P5A 

- 2-45 

'" ~ Inter-",,, 
~~ changeable Page 
u~ 

products ro ~ 
0.0 

18DO 
See 

page 1-12 
2-55 



SIL MODULE 

Memory 
capacity Type Structure konfigu-
ration) 

256K 
MH6404AD1-15 

(64KX 4) 

512K 
MH6408AD-15 

(64K X 8) 

NMOS 

256K 
MH6404AND1-15 

(64KX 4) 

512K 
MH6408AND-15 

(64K X 8) 

.256K-Bit DYNAMIC RAM 
OIL 

Memory c 
.2 Ql capacity 

Type Structure ~" 
(configu- u 0 

§ E 
ration) LL 

M5M4256P-12* 

M5M4256S-12 

<D 

M5M4256P-15* " 0 
E 
<D 

M5M4256S-15 OJ 

'" D.. 

M5 M4256P-20' 

M5M4256S-20 
256K 

M5M4257P-12* (256KX 1) 

M5M4257S-12 NMOS 

Q) 

M5M4257P-15' " 0 
E 
Q) 

M5M4257S-15 :0 
.0 

Z 
M5 M4257P-20' 

M5 M4257S-20 

M5M4464P-12" <D 

" 256K 
0 
E 

(64KX4) <D 
OJ 

M5M4464P-15" '" D.. 

* : New produot * * : Under development 

MITSUBISHI LSls 

INDEX BY FUNCTION 

Access Number 
Refresh time of chip Specifications 

pin 
Max(ns) 

carrier 

Four units 
.Packaqe: 22-pm 51 L 

configuration 

(64K X 4-bit) eExternal measurements: 
7.6X56X3.5mm 

Yes 

Eight Units 
ePackaQ8: 30-pin 51 L 

configuration 

(64K X 8-bit) .External measurements: 
8.4X76X7mm 

150 

Four units 
• Packaqe: 22-pln 51 L 

configuration 

(64K X 4-blt) • External measurements: 
7.6X56X3.5mm 

No 

Eight units 
.Packaqe: 30-pln 

confiquratlon 

(64K X 8-blt) eExternal measurements: 
8.4X76X7mm 

Access Cycle Power Low power 
dissipation dissipation 

time time Max(mW) Specifications Typ 
Max( ns) Min(ns) (mW) Operating time 

360 
.256 refresh cycles 

every 4ms 
120 230 260 •. CAS before RAS 

413 
refresh operation 
capability 

.CAS input allows 

330 
hidden refresh 
operation. 

150 260 230 

385 

275 

200 330 190 

303 

360 
.256 refresh cycles 

every 4ms . 
120 230 260 • CAS before RAS 

413 
refresh operation 
capability . 

• CAS input allows 

330 
hidden refresh 
operation 

150 260 230 

385 

275 

200 330 190 

303 

.256 refresh cycles 

120 230 260 360 
every 4ms. 

.CAS before RAS 
refresh operation 
capability 

.CAS input allows 

150 260 230 330 
hidden refresh ope· 
ration 

.4·bit configuration 

• MITSUBISHI 
.... ELECTRIC 

'" ~ lnter-0>'" 
t~ changeable Page 
ro ~ products 
"- 0 

22S5 - 2-185 

30S5 - 2-206 

22S5 - 2-196 

30S5 - 2-217 

'" ~ Inter-0>'" 
t~ changeable Page 
ro ~ products 

"- 0 

16P4 2-80 
-

16S1 2-110 
-

16P4 2-80 
-

16S1 2-110 

-
16P4 2-80 
,--

16S1 
See 

2-110 
page 1-12 

16P4 2-95 

f-------
16S1 2-125 

f----

16P4 2-95 

f-------
16S1 2-125 

f-------
16P4 2-95 

f-------
16S1 2-125 

18P4 - 2-170 

1-9 
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INDEX BY FUNCTION 

ZIL 

Memory c 
Access Cycle Pcwer Low power " ~ Inter-.9 Q) dissipation dissipation 

",,, 
Type Structure capacity ~"O time time Max(mW) Specifications ~:§ changeable 

(configu- u 0 Typ u~ §E ro 0 products 
ration) LL Max(ns) Min(ns) (mW) Operating time (L 0 

M5 M4256L-12** 
Q) Q) 

120 230 260 360 .Same eleotrioal 

M5M4256L-15** 0)"0 150 260 230 330 oharacteristics as co 0 
0.. E the M5M4256P and 

M5 M4256L-20** 256K 200 330 190 275 M5M4257P series. 
16P5A NMOS .Paokage 16-pin -

M5M4257L-12** (256KX 1) ~Q) 120 230 260 360 zig-zag in line . 
M5 M4257L-15** 

.0"0 
150 260 230 330 .00 

M5 M4257L-20** 
z E 

200 330 190 275 

.16K-Bit STATIC RAM 
Typical " ~ Inter-Memory Supply Access Cycle ",,, 

Memory power ro c 
Type Structure configuration voltage time time ~:.=: changeable 

dissipation u~ capacity 
(WordXBit) (V) ro 0 products Typ(mW) Max(ns) Min(ns) (LO 

M58725P-15 
M58725P 

2KX8 

1V15M2167P-55 

M5M2167P-70 
NMOS 16KXl 

M5M2168P-55 

M5M2168P-70 
4KX4 

M5M5116P-15 

M5M5116P 

M5M5116FP-15 

M5M5116FP 

M5M5117P-15 
M5M5117P 

M5M5117FP-15 
16K 2KX8 

M5M5117FP 

M5M5118P-15 CMOS 
M5M5118P 

M5M5118FP-15 

M5M5118FP 

M5M21 C67P-35** 

M5M21 C67P-45** 16KXl 

M5M21 C67P-55** 

M5M21 C68P-35** 

M5M21 C68P-45** 4KX4 

M5M21 C68P-55** 

.64K-Bit STATIC RAM 

Memory 
Type Structure Memory 

configuration capacity 
(WordXBit) 

M5M5165P-70** 

M5M5165P-10* 

M5M5165P-12* 
M5M5165P-15 * 
M5 M5165P-70r* CM OS 64K 8KX8 

M5 M5165P-1 OL' 

M5M5165P-12L* 

M5 M51 65P-15L* 

* : New product ** : Under development 

1-10 

150 
250 

200 

55 
400 

70 

500 
55 

70 

150 

200 

150 

200 

150 

5±10% 
200 

150 
150 

200 

150 

200 

150 

200 

35 

45 

200 
55 

35 

45 

55 

Supply 
Power dissipation 

voltage Operating Standby 
(V) Typ(mW) Max(mW) 

11 

5±10% 150 

0.55 

• MITSUBISHI 
"ELECTRIC 

150 

200 
24P4 

See 
55 

70 
20P4 pagel-14 

55 

70 
20P4 

150 See 

200 
24P4 

pagel-14 

150 -
200 

24P2W 

150 

200 
24P4 

150 See 

200 
24P2W 

pagel-14 

150 

200 
24P4 

150 

200 
24P2W 

35 

45 20P4 -

55 

35 

45 20P4 -
55 

Access " ~ Inter-Cycle 0>" 
time time ~:§ changeable 

u~ 

Max(ns) Max(ns) 
ro 0 products 

(L 0 

70 70 -

100 100 
See 

120 120 

150 150 
pagel-14 

28P4 
70 70 -

100 100 

120 120 
See 

150 150 
pagel-14 

Page 

2-140 

2~155 

Page 

3-3 
-

3-9 

f---

3-13 

4-3 

4-8 

4-13 

4-18 

4-23 

4-28 

-

-

Page 

4-33 



.MASK ROM 

I 
Typical 

Memory Supply 
Type IStructure 

Memory 
configuration voltage power 

capacity dissipation 
(WordXBit) (V) Typ(mW) 

M5M2364-XXXP 200 
64K 8KX8 

M5M2365-XXXP 150 

M5 M23128-XXXP NMOS 128K 16KX8 

M5 M23256-XXXP 256K 32KX8 5±10% 200 

M5M231 OOO-XXXP" 1M 128KX1\ 

M5 M23C64-XXXP" 
M5 M23C65-XXXP" 

CMOS 64K 8KX8 100 

Memory Supply Typical 

Structure 
Memory 

configuration voltage 
power 

Type capacity dissipation 
(WordXBit) (V) (mW) 

M5L2764K-2 
64K 8KX8 300 

M5L2764K 
NMOS 

M5L27128K-2 
M5L27128K 

350 

M5M27C128K-2" 128K 16KX8 

M5M27C128K" CMOS 
5±5% 

160 

M5M27C128K-3" 
M5L27256K-2" 
M5L27256K" NMOS 256K 32KX8 300 

M5L27256K-3" 

Memory Supply Typical 

Type Structure Memory configu ration voltage power 
capacity 

(WordXBit) 
dissipation 

(V) (mW) 

M58658P 320 20X16 *1 
M58659P" 512 32X 16 *1 
M58653P MNOS 700 50X14 *1 200 

M58657P *1 
1400 100 X 14 

M5G1400P *2 

*1 VGG-Vss=-35V±8% 

*2 VGG-Vss=-35V±8% 

* * : Under development 

+20% 
VSS-VGNo=5V - 5% 

• MITSUBISHI 
.... ELECTRIC 
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INDEX BY FUNCTION 

,,~ 

Inter-Access Cycle ",,, 
time time ~:§ changeable Page 

u~ 

'" ~ products Max(ns) Min(ns) 0-0 

250 - 28P4 M K37000 5-3 

- 24P4 M K36000 5-7 
- ",PD23128 5-16 

250 
MK38000 5-19 -

28P4 
- - 5-22 

350 - - 5-10 

350 - 24P4 - 5-13 

Access Inter-

time 
Type of Package 

changeabl~ Page output outlines 
Max(ns) 

products 

200 - See 
28K1 6-3 

250 - page 1-16 

200 - -
6-10 

250 -

200 See 
r-----

250 - pagel-16 6-19 
28K4 

300 -
200 - r----
250 - 127256 -
300 - i27256-3 

Access Cycle Inter-
time time 

Package changeable Page 
outlines products Max(ns) Min(ns) 

- - 7-15 

- - -
20",8 - 14P4 - 7-3 

- - 7-9 

- ER1400 7-23 

1-11 



AMD 

Mitsubishi Advanced 

Electric Micro 

Devices 

M5K4116P-2 Am9016F 

M5K4116P-3 Am9016E 

M5K4164AP-12 

M5K4164AL-12 

M5K4164AP-15 

M5K4164AL-15 

M5K4164ANP-12 

M5K4164ANP-15 

M5K4164ANP-20 

M5K4164ANL-12 

M5K4164ANL-15 

M5K4164AND-12 

M5K4164AND-15 

MH6404AD1-15 

MH6408AD-15 

~ 
MH6404AND1-15 

<C MH6408AND-15 
II: 

M5M4416P-12 
0 

~ 
M5M4416P-15 

<C M5M4256S-12 
2 
> M5M4256S-15 
C 

M5M4256S-20 

M5M4257S-12 

M5M4257S-15 

M5M4257S-20 

M5M4256P-12 

M5M4256P-15 

M5M4256P-20 

M5M4257P-12 

M5M4257P-15 

M5M4257P-20 

M5M4256L-12 

M5M4256L-15 

M5M4256L-20 

M5M4257L-12 

M5M4257L-15 

M5 M4257L-20 

M5M4464P-12 

M5 M4464P-15 

1-12 
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GUIDE TO INTERCHANGEABILITY 

... 

G I FSC 
General Fairchild Fujitsu 

Instrument Semiconductor 

MB8116H 

MB8116E 

MB8265A-12 

MB8265A-15 

MB8264A-12 

MB8264A-15 

MB81416-12 

MB81416-15 

MB81256-12 

MB81256-15 

MB81257-12 

MB81257-15 

MB81256-12 

MB81256-15 

MB81257-12 

MB81257-15 

• MITSUBISHI 
..... ELECTRIC 

INTEL INTERSIL 
Hitachi 

Intel Intersil 

HM4716Ac2 2117-2 

HM4716A-3 2117-3 

HM4865AP-12 

HM4865AP-15 

HM4864AP-12 

HM4864AP-15 

HM4864CC-2 

HM 50256-12 

HM50256-15 

HM50256-20 

HM50257-12 

HM50257-15 

HM50257-20 

HM50256-12 

HM50256-15 

HM50256-20 

HM50257-12 

HM50257-15 

HM50257-20 



MOTOROLA 

MOSTEK Motorola 
NSC 

Mostek Semiconductor 
National 

products 
Semiconductor 

MK4116-2 MCM4116-15 MM5290-2 

MK4116-3 MCM4116-20 MM5290-3 

MK4164N-15 

MK4564N-15 

M K4556-12 

MK4556-15 

MK4556-20 

MCM6257-12 

MCM6257-15 

MK4556-12 

M K4556-15 

MCM6257-12 

MCM6257-15 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABILITY 

Nippon 

Electric Oki 

,uPD416-3 

,uPD416-2 

,uPD4164C-12 

,uPD4164C-15 

MSM41256-12 

,uPD41256C/D-15 MSM41256-15 

,uPD41256C/D-20 MSM41256-20 

MSM41257-12 

,uPD41257C/D-15 MSM41257-15 

,uPD41257C/D-20 MSM41257-20 

MSM41256-12 

,uPD41256C/D-15 MSM41256-15 

,uPD41256C/D-20 MSM41256-20 

MSM41257-12 

,uPD41257C/D-15 MSM41257-15 

,uPD41257C/D-20 M SM41257-20 

• MITSUBISHI 
;"ELECTRIC 

TI 

Texas Toshiba Remarks 

Instruments 

TMS4116-15 TMM416P-2 

TMS4116-20 TMM416P-3 

TM S4164-15NLJ TMM4164P-3 

TMS4416-15 

TMM41256C-12 

TMM41256C-15 

TMM41256C-12 

TMM41256C-15 

1-13 



AMD 

Mitsubishi Advanced 

Electric Micro 

Devices 

M58725P-15 

M58725P 

M5M2167P-55 Am2167-55 

M5M2167P-70 Am2167-70 

M5M2168P-55 

M5M2168P-70 

M5M5116P-15 

M5M5116P 

M5M5116FP-15 

M5M5116FP 

~ 
M5M5117P-15 

« M5M5117P 
a: 
0 

M5M5117FP-15 

S 
M5M5117FP 

M5M5118P-15 
III 

M5M5118P 

M5M5118FP-15 

M5M5118FP 

M5M5165P-70 

/P-70L 

M5M5165P-10 

/P-10L 

M5M5165P-12 

/P-12L 

M5M5165P-15 

/P-15L 

AMD 
Mitsubishi Advanced 

Electric Micro 

Devices 

M5M2364-XXXP 

~ M5M23C64-XXXP 
0 M5M2365-XXXP a: 
:.i: M5M23C65-XXXP 
III 

M5M23128-XXXP « 
~ M5M23256-XXXP 

M5M231000-XXXP 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABILITY 

AMI FSC 

American Fairchild Fujitsu 

Microsystems Semiconductor 

M B8128-15 

MB8167A-55 

MB8167A-70 

MB8168-55 

MB8168-70 

MB8417-15 

MB8417-20 

MB8416-15 

MB8416-20 

MB8418-20 

M B8464-12 
/-12L 

M B8464-15 

/-15L 

AMI FSC 
American Fairchild Fujitsu 

Microsystems Semiconductor 

• MITSUBISHI 
;"ELECTRIC . 

Hitachi 
INTEL INTERSIL 

Intel Intersil 

HM6167H-55 i2167-55 

HM6167H-70 i2167-70 

HM6168H-55 

HM6168H-70 

HM6116L-3 

HM6116L-4 

HM6116LFP-3 

HM6116LFP-4 

HM6117LP-3 

HM6117LP-4 

HM6117LFP-3 

HM6117LFP-4 

HM6264P-l0 

/LP-10 

HM6264P-12 

/LP-12 

HM6264P-15 

/LP-15 

Hitachi INTEL INTERSIL 

Intel Intersil 

.. 



MOTOROLA 

MOSTEK Motorola NSC 

National 
Mostek Semiconductor 

products Semiconducior 

MOTOROLA 

MOSTEK Motorola NSC 

Mostek Semiconductor 
National 

products Semiconductor 

MK37000 

MK36000 

MK38000 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABILITY 

Nippon 
Oki 

Electric 

.uPD4016C-3 MSM2128-15 

.uPD4016C-2 MSM2128-20 

.uPD2167D-3 

.uPD2167D-2 

.uPD447C-3 MSM5127-15RS 

.u PD447C-2 MSM5127-20RS 

.uPD446C-3 MSM5128-15RS 

.uPD446C-2 MSM5128-20RS 

.uPD449C-3 MSM5129-15RS 

.uPD449C-2 MSM5129-20RS 

MSM5165-12RS 

.uPD4364C-15/ MSM5165-15RS 
C-15L(150ns) 

.uPD4364C-20/ 
C- 20 L (200ns) 

Nippon 
Oki 

Electric 

.u PD23128 

• MITSUBISHI 
.... ELECTRIC 

TI 

Texas Toshiba Remarks 

Instruments 

TMM2016P 

TMM2016P-2 

TC5516AP 

TC5516AFP 

TC5517AP 

TC5517AFP 

TC5518BP 

TC5518BF 

TC5565P-12 

/PL-12 

TC5565P-15 

/PL-15 

1'1 
Texas Toshiba Remarks 

Instruments 

24pin 

28pin 

1-15 



AMD 

Mitsubishi Advanced 

Electric Micro 

Devices 

M5L2764K-2 

M5L2764K 

M5L27128K-2 

:E 
M5L27128K Am27128-25 

0 M5M27C128K-2 
II: 

M5M27C128K a. 
w 

M5M27C128K-3 

M5L27256K-2 

M5L27256K 

M5L27256K-3 

AMD 

Mitsubishi Advanced 

Electric Micro 

Devices 

M58653P 

:E M58657P 
0 M5G1400P II: 
cr: M58658P w 

M58659P 

1-16 
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GUIDE TO INTERCHANGEABILITY 

AMI FSC 

American Fairchild F1Jjltsu 
Microsystems Semiconductor 

MBM2764-20 

MBM2764-25 

MBM27128-25 

MBM27C128-25 

MBM27C128-30 

AMI FSC 

American Fairchild Fujitsu 

Microsystems ~emiconductor 

.•. MITSUBISHI 
.... ELECTRIC 

INTEL INTERSIL 
Hitachi Intel Intersil 

02764-2 

HN482764G 02764 

HN4827128-25 027128 

027128 

027256 

D27256-3 

Hitachi 
INTEL INTERSIL 

Intel Intersil 



MOTOROLA 

MOSTEK Motorola 
NSC 

Mostek Semiconductor 
National 

products 
Semiconductor 

M K2764-8 

MOTOROLA 

Motorola 
NSC 

MOSTEK 
National 

Mostek Semiconductor 
products Semiconductor 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABILITY 

Nippon 
Oki 

Electric 

"PD2764D MSM2764AS 

"PD27128D-2 

"PD27128D 

Nippon 
Oki 

Electric 

• MITSUBISHI 
;"'ELECTRIC 

TI 

Texas 

Instruments 

TI 

Texas 

Instruments 

Toshiba Remarks 

TM M2764D-2 

TMM2764D 

TM M 27128D-20 

TMM27128D-25 

GI 

Toshiba General 

Instrument 

ER 1400 

1-17 
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ORDERING INFORMATION 

FUNCTION CODE 
Mitsubishi integrated circuits may be ordered using the following simplified alphanumeric 

type·codes which define the function of the ICs and the package style. 

For Mitsubishi Original Products 

Example: M 5 87 25 P 15 
-,- -- --

T 

~ 

1-18 

M: Mitsubishi integrated circuit prefix 

Temperature range 
5: Standard industrial/commercial 

(0 to 70/75°C or -20 to 85°C). 
9: High reliability 

Series designation using 1 or 2 alpha· 
numeric characters. 
Ol~09: CMOS 
1: Linear circuit 
3: TTL 
10-19: Line<!r circuit 

32 ~ 33: TTL(equivalent to Texas 
Instruments' SN74 series) 

41~47: TTL 
84: CMOS 
85 : P·channel silicon·gate MaS 
86: P·channel aluminum·gate MaS 
87 : N·channel silicon·gate MaS 
88: P·channel aluminum·gate ED·MOS 
89: CMOS 
9: DTL 
SO~S2: Schottky TTL (equivalent to 

Texas Instruments' SN74S 
series) 

Circuit function identification code using 2 
digits. 

Package style 
K: Glass·sealed ceramic 
P: Molded plastic 
5: Metal·sealed ceramic 
D: Chip carrier 

Electrical characteristic identification code 
using 1 or 2 digits. 

',MITSUBISHI 
"ELECTRIC 
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ORDERING INFORMATION 

For Second Source Products 

Example: M 5 M 4256 

T 
- -

PACKAGE CODE 

P -12 
r-

'--

M: Mitsubishi integrated circuit prefix 

Temperature range 
5: Standard industrial/commercial 

(0 to 70/75° C or -20 to 85° C) 
9: High reliability 

Series designation of original source 
using 1 or 2 alphabetical characters. 
C: Motorola's MC series 
G: General Instrument's series 
K: Mostek's MK series 
L: I ntel's series 
M: Mitsubishi electric 
T: Texas Instruments' TMS series 
W: Western Digital's series 
Circuit function identification code of the 
original source type name 

Package style 
K: Glass-sealed ceramic 
P: Molded plastic 
5: Metal-sealed ceramic 

Electrical characteristic identification code 
using 1 or 2 digits. 

Package style may be specified by using the following simplified alphanumeric code. 

Example: 24 P 4 

TL---+--+---Number of pins 

'----+---Package structure 
D: Ceramic chip 
K: Glass-sealed ceram ic 
P: Molded plastic 
s: Metal-sealed ceramic 

L-___ Package outline 

0: Leadless 
1: DIL without fin 
2: Flat without fin 
4: DI L without fin (improved) 
5: SI L without fin 

SA: ZI L without fin 

• MITSUBISHI 
"ELECTRIC 1-19 



TYPE 14P4 14-PIN MOLDED PLASTIC DIL 

19+0. 5 
-0.2 

I' I 

2. 54±0. 25 O. 5±0. 1 

1.5±8:i 

TYPE 16P4 16-PIN MOLDED PLASTIC DIL 

1-20 

+0.5 
19 -0.2 

O. 5±0. 1 

1. 5:1::8: i 

• MITSUBISHI 
.... ELECTRIC 

MITSUBISHI LSls 

PACKAGE OUTLINES 

Dimensions in mm 

7. 62±0. 3 

/ ,----, \ 

i:\ I' 
o 27+0. 07 

, -0.05 

7,6-10 

Dimensions in mm 

7. 62±0. 3 

I \ 
1\ / I 

+0.07 
0.27 -0.05 

7,6-10 



TYPE 16S1 16-PIN METAL-SEALED CERAMIC DIL 

1.27MAX 

2. 54±O. 25 

TYPE 16P5A 16-PIN MOLDED PLASTIC ZIL 

0 

1. 27±O.25 

20.15~~:~ 

O.5~n 

0 

• MITSUBISHI 
..... ELECTRIC 

MITSUBISHI LSls 

PACKAGE OUTLINES 

Dimensions in mm 

8.15MAX 

1 ~ K ! I, ;1 
l I 

I 

O. 25 ~g: 65 

7. 62~6' 38 

Dimensions in mm 

2. 8±O. 2 

r-:-:---1 1. 2±O. 1 

"'N 

~1 I 
'"" <.ri 

mZ f--~ I--
o~ ;:n:: 

Z I· I 
~ I I I 

O. 27 ~g: g~ 
N~'l 

1. 2±O. 2 

! 
I 2. 55±O. 3 

1-21 



TYPE 18P4 18-PIN MOLDED PLASTIC OIL 

24 +0.5 
-0.2 

0.5±0.1 

2. 54±0. 25 

TYPE 1800 18-PIN LEAD LESS CHIP CARRIER 

1-22 

'" o 
+ I co 

;: 

7. 2±0. 3 

1 

! 

i 

-

-C 

Ef-
.-
~ 

-Ee-

-£ 

t:= 

• MITSUBISHI 
~ELECTRIC 
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PACKAGE OUTLINES 

4.5MAX 

3MIN 

5.0 

3.81±0.1 

Dimensions in mm 

7. 62±0. 3 

! ' .... J } 

i\ )i 

+0.07 
I 0.27 -0.05 

7.6-10 

Dimensions in mm 

@@®f81 ... HE 0.6±0.2 



TYPE 20P4 20-PIN MOLDED PLASTIC OIL 

I' 24 :t:g: ~ I 

~::::::: :o]~ 

2. 54±0. 25 
0.5±0.1 1.5+0. 3 1+0. 3 

--+---+--_---=0'-'--. 1 _-----'O.~1 -+-

TYPE 22S5 22-PIN CHIP CARRIER 

1. 27MAX 

• MITSUBISHI 
'" ELECTRIC 

MITSUBISHI LSls 

PACKAGE OUTLINES 

Dimensions in mm 

7. 62±0. 3 

f ,----, \ 

i\ J I 

I ° 27 +0.07 
. -0.05 

7.6-10 

Dimensions in mm 

1-23 
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PACKAGE OUTLINES 

TYPE 24P4 24-PIN MOLDED PLASTIC OIL 

31. 1 ~~: ~ 

o 

L ! " __ J 
.... __ .... 

~I 
---.-

~ 
o 
+1 
'" 

~ )~ I~ 
H H t-

HHfu~) H H H f-

U U 
~=n5.5MAX 
~2.8MIN 

0.5±0.1 

2. 54±0. 25 
1. 2+0. 3 

-0.1 

TYPE 24P2W 24-PIN MOLDED PLASTIC FLAT 

o 
o 

N 

o 
+1 ..,. 
.; 

d d 
'---___ ~15:::±::.::0::.::. 2~ ___ ~ +1 +1 
1- ~ N 

m;_ 
0.5±0.2 _ I ~ 

z 

Dimensions in mm 

15. 24±0. 3 

1"( 
\ C_::I' "I 

o 27+0. 07 
. -0.05 

I" 
15.2-17 

"I 

Dimensions in mm 

o 11. 93±0. 3 

) ~1~ 
1+ 
9~ 

1-24 
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PACKAGE OUTLINES 

TYPE 28P4 28-PIN MOLDED PLASTIC OIL Dimensions in mm 

I ~7~: I 

~~:::::::::: ~~] 
15. 24±0. 3 

~=~ : ~~AA 

~ II ~ -2. 5MIN. 2. BMIN 

I i 2. 54±0. 25 m O. 5±0. 1 

11. 2~~: ~ 
15.2-17 

TYPE 28Kl 28-PIN GLASS-SEALED CERAMIC OIL WITH TRANSPARENT LID 

~-:t!:::: 
0.56MAX 

2. 54±0. 3 
1. 30±0. 2 

• MITSUBISHI 
~ELECTRIC 

[I 

I 

Dimensions in mm 

16MAX 

~I 
II 

I, 

II I 

+0.07 
0.25 -0. 05 

15.2-17 

1-25 
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PACKAGE OUTLINES 

TYPE 28K4 28-PIN GLASS-SEALED CERAMIC OIL WITH TRANSPARENT LID 

2. 54±O. 25 
~""I--IE-

36.7±O.6 

TYPE 30S5 30-PIN CHIP CARRIER 

1~26 

.,. 
o 
+1 
en 
..r 

O.5MIN 

ill5.1MAX 

-t.OM1N 

o. 46±O. 1 

•... MITSUBISHI 
.... ELECTRIC 

Dimensions in mm 

I 15. 24±O. 3 I 
:: > 

Dimensions in mm 
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 

1. INTRODUCTION 

A system of letter symbols to be used to represent the 

dynamic parameters of intergrated circuit memories and 

other sequential circuits especially for single-chip micro­

computers, microprocessors and LSls for peripheral 

circuits has been discussed internationally in the TC47 

of the International Electrotechnical Committee (IEC). 

Finally the IEC has decided on the meeting of TC47 in 

February 1980 that this system of letter symbols will be 

a Central Office document and circulated to all countries 

to vote which means this system of letter symbols will 

be a international standard. 

The system is applied in this LSI data book for the 

new products only_ Future editions of this data book 

will be applied this system. The IEC document which 

describes "Letter symbols for dynamic parameters of 

sequential integrated circuits, including memories" is 

introduced below. In this data book, the dynamic para­

meters in the IEC document are applied to timing 

requirements and switching characteristics. 

2. LETTER SYMBOLS 

The system of letter symbols outlined in this document 

enables symbols to be generated for the dynamic para­

meters of complex sequential circuits, including memo­

ries, and also allows these symbols to be abbreviated to 

simple mnemonic symbols when no ambiguity is likely 

to arise. 

2.1. General Form 

The dynamic parameters are .represented by a general 

symbol of the form:-

tA(BC-DC)F ..................................... (1) 

where: 

Subscript A indicates the type of dynamic parameter 

being represented, for example; cycle 

time, setup time, enable time, etc. 

Subscript B indicates the name of the signal or terminal 

for which a change of state or level (or 

establishment of a state or level) con­

stitutes a signal event assumed to occur 

first, that is, at the beginning of the time 

intervaL If this event actually occurs last, 

that is, at the end of the time interval, 

the value of the time interval is negative. 

Subscript C indicates the direction of the transition 

and/or the final state or level of the signal 

represented by B. When two letters are 

used, the initial state or level is also indi­

cated. 

Subscript 0 indicates the name of the signal or terminal 

for which a change of state or level (or 

establishment of a state or level) consti­

tutes a signal event assumed to occur last, 

that is, at the end of the time interval. If 

this event actually occurs first, that is, at 

the beginning of the time interval, the 

value of the time interval is negative. 

Subscript E indicates the direction of the transition 

and/or the final state or level of the signal 

represented by D. When two letters are 

used, the initial state or level is also indi­

cated. 

Subscript F indicates additional information such as 

mode of operation, test conditions, etc. 
Note 1: Subscripts A to F may each consists of one or more letters. 

2: Subscripts 0 and E are not used for transition times. 

3· The "-" in the symbol (1) above is used to indicate "to"; hence the sym­

bol represents the time interval from signal event B occuring to signal 

event 0 occuring, and it is important to note that this convention is used 

for all dynamic parameters including hold times. Where no misunder­

standing can occur the hyphen may be omitted. 

2.2. Abbreviated Form 

The general symbol given above may be abbreviated 

when no misunderstanding is likely to arise. For example 

to: 

or tA(B) 

or tAID) often used for hold times 

or tAF no brackets are used in th is case 

or tA 

or tBC-DE often used for unclassified time 

intervals 

2.3. Allocation of Subscripts 

In allocating letter symbols for the subscripts, the most 

commonly used subscripts are given single letters where 

practicable and those less commonly used are designated 

by up to three letters. As far as possible, some form of 

mnemonic representation is used. Longer letter symbols 

may be used for specialised signals or terminals if this 

aids understanding. 

3. SUBSCRIPT A 
(For Type of Dynamic Parameter) 

The subscript A represents the type of dynamic para­

meter to be designated by the symbol and, for memo­

ries, the parameters may be divided into two classes: 

a) those that are timing requirements for the memory 

and 
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b) those that are characteristics of the memory. 

The letter symbols so far proposed for memory circuits 

are listed in sub·clauses 3.1 and 3.2 below. 

All subscripts A should be in lower·case. 

3.1; Timing Requirements 

The letter symbols for the timing requirements of semi· 

conductor memories are as follows: 

Term 

Cycle time 

Time interval between two signal events 

Fall time 

Hold time 

Precharging time 

Rise time 

Recovery time 

Refresh ti me interval 

Setup time 

Transition time 

Pulse duration (width) 

3.2. Characteristics 

Subscript 

c 
d 
f 

h 

pc 

rec 

rf 

su 

w 

The letter symbols for the dynamic characteristics of 

semiconductor memories are as follows: 

Characteristic Subscript 

Access time a 
Disable time dis 
Enable time en 

Propagation time p 

Recovery time rec 
Transition time 

Valid time v 
Note: Recovery time for use as a characteristic is limited to sense recovery time. 

4. SUBSCRIPTS BAND D 
(For Signal Name or Terminal Name) 

The letter symbols for the signal name or the name of 

the terminal are as given below. 

All subscripts Band D should be in upper·case. 

Signal or terminal Subscript 

Address A 

Clock C 

Column address CA 

Column address strobe CAS 
Data input D 

Data input/output DO 

Chip enable E 

Erasure ER 

Output enable G 
Program PR 

Data output 0 
Read R 

Row address RA 

Row address strobe RAS 

Refresh RF 

ReadMirite RW 

Chip select S 
Write (write enable) W 

Note 1: In the letter symbols for time intervals, bars over the subscripts, for ex­

ample CAS, should not be used. 

2: It should be noted, when further letter symbols are chosen, that the sub­

script should not end with H, K, V, X, or Z. (See clause 5) 

3- If the same terminal, or signal, can be used for two functions (for example 

Data input/output, Read!Write) the waveform should be labelled with the 

dual function, if appropriate, but the symbols for the dynamic parameters 

should include only that part of the subscript relevant to the parameter. 

5. SUBSCRIPTS C AND E 
(For Transition of Signal) 

The following symbols are used to represent the level or 

state of a signal: 

Transition ()f signal 

High logic level 

Low logic level 

Subscript 

H 
L 

Valid steady·state level (either low or high) V 

Unknown,changing, or 'don't care' level X 

High-impedance state of three-state output Z 

The direction of transition is expressed by two letters, 

the direction being from the state represented by the 

first letter to that represented by the second letter, with 

the letters being as given above. 

When no misunderstanding can occur, the first letter 

may be omitted to give an abbreviated symbol for sub­

scripts C and E as indicated below. 
All subscripts C and E should be in upper·case. 

Subscript 

Examples Full Abbreviated 

Transition from high level to 
low level HL L 

Transition from low level to 
high level LH H 

Transition from unknown or 
changing state to valid state XV V 

Transition from valid state to 
unknown or changing state VX X 

Transition from high·impedance 
state to valid state ZV V 

Note' Since subscripts C and E may be abbreviated, and since subscripts Band 0 

may contain an indeterminate number of letters, it is necessary to put the 

restriction on the subscripts Band 0 that they should not end with H, L, 

V, X, or Z, so as to avoid possible confusion. 
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6. SUBSCRIPT F (For Additional Information) 

If necessary, subscript F is used to represent any addi­

tional qualification of the parameter such as mode of 

operation, test conditions, ·etc. The letter symbols for 

subscript F are given below. 

Subscript F should be in upper-case. 

Modes of operation 

Power-down 

Page-mode read 

Page-mode write 

Read 

Refresh 

Read-modify-write 

Read-write 

Write 

Subscript 

PO 

PGR 

PGW 

R 

RF 

RMW 

RW 

W 
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FOR DIGITAL INTEGRATED CIRCUITS 
New symbol Former symbol 

Cj 

Co 

Gi/o 

Cj(¢) 

f 

f(¢) 

I 

Iss 

'SS(AV) 

ICC 

ICC(AV) 

ICC(PD) 

100 

IDD(AV) 

IGG 

IGG(AV) 

I, 

I'H 

I,L 

10H 

10L 

102 

102H 

102L 

los 

Iss 

Pd 

NEW 

NRA 

Rj 

RL 

ROFF 

RON 

ta 

ta(A) ta (AD) 

ta(CAS) 

ta (E) ta(CE) 

ta (G) ta(OE) 

ta(PR) 

ta (RAS) 

ta (5) ta(cs) 

to 

tOR to (RD) 

tORF to(REF) 

tOPG to(PG) 

tORMW to(RMR) 

tow to(WR) 

1-30 

Parameter-definition 

Input capacitance 

Output capacitance 

Input/output terminal capacitance 

Input capacitance of clock input 

Frequency 

Clock frequency 

Current-the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value 

Supply current from VSS 

Average supply current from Vss 

Supply current from Vee 

Avarage supply current from Vee 

Power-down supply current from Vee 

Supply current from Voo 

Average supply current from VOD 

Supply current from VGG 

Average supply current from VGG 

Input current 

High-level input current-the value of the input current when VOH is applied to the input considered 

Low-level input current-the value of the input current when Val is applied to the input considered 

High-level output current-the value of the output current when VOH is applied to the output considered 

Low-level output current-the value of the output current when VOL is applied to the output considered 

Off-state (high-impedance state) output current-the current into an output having a three-state capability with input condition so applied that 

it will establish according to the product specification, the off (high-impedance) state at the output 

Off-state (high-impedance state) output current, with high-level voltage applied to the output 

Off-state (high-impedance state) output current, with low-level voltage applied to the output 

Short-circuit output current 

Supply current from VSS 

Power dissipation 

Number of erase/write cycles 

Number of read access unrefreshed 

Input resistance 

External load resistance 

Off-state output resistance 

On-state output resistance 

Access time-the time interval between the application of a specified input pulse during a read cycle and the availability of val id data signal at an output 

Address access time-the· time interval between the application of an address input pulse and the availability of valid data signals at an output 

Column address strobe access time 

Chip enable access time 

Output enable access time 

Data access time after program 

Row address strobe. access time 

Chip select access time 

Cycle time 

Read cycle time-the time interval between the start of a read cylce and the start of the next cycle 

Refresh cycle time-the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 

Page-mode cycle time 

Read-modify-write cycle time-the time interval between teh start of a cyde in which the memory is read and new data is entered, and the start of 

the next cycle 

Write cycle time-the time interval between the start of a write cycle and the start of the next cycle 
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Former symbol 

td 

td I ¢) 

td (CAS-RAS) 

td (CAS-W) td I CAS-WR) 

td (AAS-CAS) 

td I RAS-W) tdIRAS-WR) 

tdis (R-Q) tdisIR-DA) 

tdis IS) tpXZ(CS) 

tdis(w) tPXZ(WR) 

tDHL 

tDLH 

ten (A-O) tpZV(A-DO) 

tenIR-O) tPZVIR-DQ) 

ten(s-o) t PZX (OS-DQ) 

t f 

th 

th IA) thlAD) 

th lA-E) th (AD-CE) 

th IA-PR) th(AD-PRO) 

thlcAS-OA) 

thIOAS-D) th ICAS-DA) 

th ICAS-Q) th (CAS-OUT) 

th (CAS-AAS) 

th(OAS-W) t h (CAS-WA) 

th (0) thiDA) 

th ID-PR) thiDA-PRO) 

th IE) thlOE) 

thIE-D) th IOE-DA) 

th IE-G) th IOE-OE) 

th IR) th (RD) 

th(RAS-CA) 

t h (AAS-CAS) 

thIRAS-D) th(RAS-DA) 

thIRAS-W) th (RAS-WR) 

th IS) thlOS) 

thlW) thlWR) 

th (W-OAS) thlwR-OAS) 

thIW-D) th (WR-DA) 

th IW-RAS) th IWR-RAS) 

tpHL 

tpLH 

tr 

trec(w) twr 

tree (PO) tR(PD) 

tsu 
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Para meter -defin it ion 

Delay time-the time between the specified reference points on two pulses 

De!ay time between clock pulses-e.g., symbology, delay time, clock 1 to clock 2 or clack 2 to clock 1 

Delay time, column address strobe to row address strobe 

Delay time, column address strobe to write 

Delay time, row address strobe to column address strobe 

Delay time, row address strobe to write 

Output disable time after read 

Output disable time after chip select 

Output disable time after write 

High-level to low-level delay ttme } 

Low-level to high-level delay time 

the time interval between specified reference points on the input and on the output pulses, when the 

output is going to the low {high) level and when the device is driven and loaded by specified networks. 

Output enable time after address 

Output enable time after read 

Output enable time after chip select 

Fall time 

Hold time-the interval time during which a signal at a specified input terminal after an active transition occurs at another specified input terminal 

Address hold time 

Chip enable hold time after address 

Program hold time after address 

Column address hold time after column address strobe 

Data-in hold time after column address strobe 

Data-out hold time after column address strobe 

Row address strobe hold time after column address strobe 

Write hold time after column address strobe 

Data-in hold time 

Program hold time after data-in 

Chip enable hold time 

Data-in hold time after chip enable 

Output enable hold time after chip enable 

Read hold time 

Column address hold time after row address strobe 

Column address strobe hold time after row address strobe 

Data-in hold time after row address strobe 

Write hold time after row address strobe 

Chip select hold time 

Write hold time 

Column address strobe hold time after write 

Data-in hold time after write 

Row addres~ hold time after write 

High-level to low-level propagation time } the tim~ interval between specified reference points on the inpu.t and on the output pulses wh~n the 
output IS going to the low {high) level and when the device is driven and loaded by typical devlc\es 

Low-level to high-level propagation time of stated type 

Rise time 

Write recovery time-the time interval between the termination of a write pulse and the initiation of a new cycle 

Power-down recovery time 

Setup time-the time interval between the application of a signal which is maintained at a speciited input terminal and a consecutive active 

tarnsition at another specified input terminal 

tsu (A) tsu (AD) Address setup time 

tsu (A-E) tsu (AD-CE) Chip enable setup time before address 

tsu (A-W) tsu (AD-WR) Write setup time before address 

tsu (CA-AAS) Row address strobe setup time before column address 
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New symbol Former symbol Parameter-definition 

tSU(D) tsu (DA) Data-in setup time 

tsu (D-E) tsu (DA-GE) Chip enable setup time before data-in 

tsu (D-W) tSU(DA-WA) Write setup time before data-in 

tsu (E) tSU(GE) Chip enable setup time 

tSU(E-P) tSU(GE-P) Precharge setup time before chip enable 

tsu (G-E) tSU(OE-GE) Chip enable setup time before output enable 

tSU(P-E) tsu (P-GE) Chip enable setup time before precharge 

tSU(PD) Power-down setup time 

tsu (A) tSU(AD) Read setup time 

tsu (A-GAS) tsu (RA-CAS) Column address strobe setup time before read 

tsu (RA-CAS) Column address strobe setup time be'fore row address 

tsu (S) tsu (CS) Chip select setup time 

tsu (S-W) tsu (CS-WA) Write setup time before chip select 

tsu (W) tsu (WR) Write setup time 

lTHL High-level to low-level transition time } the time interval between specified reference points on the edge of the output pulse when the output is 

lTLH 
going to the low ihigh) level and when a specified input signal is applied through a specified network and 

Low-Ievel- to high-level transition time the output is loaded by another specified network 

tv (A) tdV(AD) Data valid time after address 

tv (E) tdv(CE) Data valid time after chip enable 

tV(E)PA tv (CE)PA Data valid time after chip enable in program mode 

tv (G) tV(OE) Data valid time after output enable 

tv (PA) Data valid time after program 

tv (S) tV(CS) Data valid time after chip select 

tw Pulse width (pulse duration) the time interval between specified reference points on the leading and training edges of the waveforms 

t':'(E) tW(CE) Chip enable pulse width 

tW(EH) tW(CEH) Chip enable high pulse width 

tW(EL) tw (EL) Chip enable low pulse width 

tW(PA) Program pulse width 

tW(A) tW(AD) Read pulse width 

tW(S) tW(CS) Chip select pulse width 

tW(W) tW(WA) Wrtie pulse width 

tW(¢) Clock pulse width 

Ta Ambient temperature 

Topr Operating temperature 

Tstg Storage temperature 

VBB Vee supply voltage 

VCC Vee supply voltage 

VDD Voo supply voltage 

VGG VGG supplV voltage 

VI Input voltage 

VIH High-level input voltage-the value of the permitted high-state voltage at the input 

VIL Low~level input Ijoltage-the value of the permitted low-state voltage at the input 

Va Output voltage 

VOH High-level output voltage-the value of the guaranteed high-state voltage 'range at the output 

VOL Low-level output voltage-the value of the guaranteed low-state voltage range at the output 

VSS Vss supply voltage 

Note, These abbreviations, With some exceptions, are excerpted from I EC publication 148. 
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1. PLANNING 
In recent years, advances in integrated circuits have been 

rapid, with increasing density and speed accompanied by 

decreasing cost. Because of these advances, it is now 

practical and economically justifiable to use these devices 

in systems of greater complexity and in which they were 

previously considered too expensive. All of these advances 

add up to increased demand. 

We at Mitsubishi foresaw this increased demand and 

organized our production facilities to meet it. We also 
real ized that simply increasing production to meet the 

demand was not enough and that positive steps would have 

to be taken to assure the reliability of our products. 

This realization resulted in development of our Quality 

Assu rance System. The system has resulted in improved 

products, and Mitsubishi is able to supply its customers' 

needs with ICs of high reliability and stable quality. This 

system is the key to future planning for improved design, 

production and quality assurance. 

2. QUALITY ASSURANCE SYSTEM 
The Qual ity Assurance System imposes quality controls 

on Mitsubishi products from the initial conception of a 

new product to the final delivery of the product to the 

customer. A diagram of the total system is shown in Fig. 1. 

For ease of understanding, the system is divided into three 

stages. 

2.1 Quality Assurance in the Design Stage 

The characteristics of the breadboard devices are carefully 

checked to assure that all specifications are met. Standard 

integrated circuits and high·quality discrete components are 

used. During the design stage. extensive use is made of a 

sophisticated CAD program, which is updated to always 

include the latest state-of-the·art techniques. 

2.2 Quality Assurance in the Limited-
Manufacturing Stage 

Rigid controls are maintained on the environment, incom· 

ing material and manufacturing equipment such as tools 

and test equipment. The products and materials used are 

subjected to stringent tests and inspections as they are 

manufactured. Wafer production is closely monitored. 

Finally, a tough quality assurance test and inspection is 

made before the product is released for delivery to a 

customer. This final test includes a complete visual inspec­

tion and electrical characteristics tests. A sampling 

technique is used to conduct tests under severe operating 

conditions to assure that the products meet reliability 

specifications. 

2.3 Quality Assurance in the Full Production Stage 

Full production of a product is not started until it has been 

confirmed that it can be manufactured to meet quality and 

reliability specifications. The controls, tests and inspection 

procedures developed in §2.2 are continued. The closest 

monitoring assures that they are complied with. 

3. RELIABILITY CONTROL 

3.1 Reliability Tests 
The newly established Reliability Center for Electronic 
Components of Japan has established a qualification system 

for electronic components. Reliability test methods and 

procedures are developed to mainly meet MI L·STD-883 

and J IS C .7022 specifications. Details of typical tests used 

on Mitsubishi ICs are shown in Table 1. 

Table 1 Typical reliability test items and conditions 

Group Item Test condition 

High temperature Maximum operating ambient 1000h operating life temperatu re 

1 High temperature 
Maximum storage temperature 1000h storage life 

Humidity (steady 85°C 85% RH 500h state) life 
Soldering heat 260°C lOs 

2 Thermal shock o ~ 100°C 15 cycles, 10m i n/cyc!e 
Temperature Minimum to maximum storage temperature 
cycle 10 cycles of 1 h/cycle 
Soldering 230°C, 55, use rosin flux 

Lead i ntegr ity Tension: 5009 lOs 
Bending stress: 2509,90°,2 tme 

Vibration 20G, X, Y, Z each direction, 4 times 
3 1 00 ~ 2000Hz - 4 min/cycle 

Shock 1500G, O.5ms in XI' VI and Z, direction, 
5 times. 

Constant 20000G, VI direction, 1 min acceleration 

3.2 Failure Analysis 
Devices that have failed during reliability or acceleration 

tests are analyzed to determine the cause of failure. This 

information is fed back to the process engineering section 

and manufacturing section so that improvements can be 

made to increase reliability. A summary of failure analysis 

procedures is shown in Table 2. 

Table 2 Summary of failure analysis procedures 

Step Description 

o Inspection of leads, plating, soldering and welding 
a Inspection of materials, sealing, package and marking 

1. External o Visual inspection of other items of the specifications 

examination o Use of stereo microscopes, metallurgical microscopes, 
X-ray photographic equipment, fine leakage and 
gross leakage testers in the examination 

o Checking for open circuits, short circuits and para-
metric degradation by electrical parameter measure-
ment 

2. Electrical a Observation of characteristics by a synchroscope or a 

tests curve tracer and checking of important physical 
characteristics by electrical characteristics 

o Stress tests such as environmental or life tests, 

if required 

o Removal of the cover of the device, the optical 
inspection of the internal structure of the device 

3. Internal 
oChecking of the silicon chip surface 
o Measurement of electrical characteristics by probes, 

examination if applicable 
o Use of SEM, XMA and infrared microscanner 

if required 

o Use of metallurgical analysis techniques to 
supplement analysis of the internal examination 

4. Chip analysis a Slicing for cross sectional inspection 
o Analysis of oxide film defects 
o Analysis of diffusion defects 
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Fig; 1 Quality assurance system 
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TYPICAL RESULTS OF RELIABILITY TESTS 
AND FAILURE ANALYSES 

1. Results of Reliability Test 

Formerly, sufficient reliability for memory MOS LSls was 
obtained by using metal-sealed ceramic packages, but with 
the development of high-reliability plastic molding tech­

nology, production has been shifted to plastic molded 

memory MOS LSls. 
The following tests are performed: 
(1) Operating life test: Durability is tested at high temper­

ature under operating state conditions by applying 
clock pulse inputs as shown in Fig_ 2_ 

(2) DC biased test: Durability is tested at high temperature 

biasing DC voltage, as shown in Fig. 3. 
(3) High temperature storage: The durability of devices 

stored at high temperatures is tested. 
Typical results of memory MOS LSI life tests are 

shown in Table 3. The failure rate computed from this 
reliability data using an appropriate acceleration factor is 
100FIT or less (1FIT = 1O-9 /hour) 

Fig.2 Operating life test procedure for 256K-bit dynamic 
RAM 

PIN CONFIGURATION (TOP VIEW) 

A4As 

As D'N R/W RAS Ao Al A2 Vee 

D,N=DATA IN 

RAS=ROW ADDRESS STROBE 

CAS-COLUMN ADDRESS STROBE 

R/W= READ/WRITE 

DouT=DATA OUT 

I OPERATING LIFE TEST CONDITIONS 
600n5 

RAS 

I 
CAS I I 
Ao-A8 'I:JJ. ~ 
R/W I I 
~N I 

All addeess including the A, to A, eowadde'-es-ses-a-nd-­
column addresses are cycled through In binary sequence 
such that the entire 256K bits are accessed. 
VSS=VIL =OV. Vcc=6. av. VIH=5. OV 

Fig. 3 DC biased test procedure for 64K-bit static RAM 
(M5M5165P) 

GNO 

Table 3 Examples of Endurance Test Results 

Type Package Test category Sample Component 
Failures Remarks size hours 

200 200000. 0 

125'C 
16 pin 

Operating 
5000 4S0000 1 

Functional 

M5M4256P plastic- life failures 

M5M4257P molded 
150T 200 200000 1 

Functional 

OIL failure 

~,J!'_ 
"",g, 

150'C 200 200000 0 

16 pin 240 240000 0 
Operating 

M5M42565 metal- life 
125T 

sealed 5886 235440 3 
Functional 
failures 

M5M42575 ceramic 
OIL High 

temperature 150'C SO 80000 0 
storage 

16 pin Operating 125T 1200 1200000 1 Functional 
M5K4164AP plastic- life failure 

M5K4164ANP molded High 

OIL temperature 150'C 300 300000 0 
storage 

.. 

480 480000 0 
28 pin Operating 

125°C 
plastic- life 

Functional M5M5165P 
molded 5324 212960 2 failures 

OIL High 
temperature 150"C 100 1 00000 0 
storage 

20 pin Operating 
125"C 640 640000 1 

Functional 
M5M2167P plastic- life failure 

M5M2168P molded High 

OIL temperature 150'C 310 320000 0 
storage 

Operating 125'C 172 171000 0 

M5M5116P 24 pin life 

M5M5117P plastic- DC 125'C 160 160000 0 

M5M511SP 
molded biased 
DIL High 

temperature 150"C 160 1 60000 0 
storage 

28 pin Operating 
125'C 364 364000 1 

Functional 
glass-sealed life failure 

M5L2764K ceramic 
High DIL with 

glass lid 
temperature 150'C 144 144000 0 
storage 

28 pin Operating 115'C 264 264000 0 glass- life 
M5L2712SK sealed 

High 
ceramic temperature 150'C 144 144000 0 
OIL storage 
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QUALITY ASSURANCE AND RELIABILITY TESTING 

Table 4 Examples of Environmental Test Results 
Test category Test conditions 

Thermal 
Soldering heat 260"C, lOs 

environ- Thermal shock -55"C -125"C, 1 Omin!cycle. ·15 cycles 
ment 

Temperature cycling -65"C-150"C,lh!cycle. 100cycles 

Mecha- Shock l,500G 0.5ms Xh Yj, and Z, directions, 3 times 
nical Vibration 20G,20-2000Hz X, V, and Z directions environ· 
men! Constant 

acceleration 30000G, Y, direction for 1 min 

CONCLUSION 
Mitsubishi Electric's Quality Assurance System is being 

expanded to provide stronger emphasis on the following 

points: 

1. Establishment of quality and reliability levels that 

satisfy customers' requirements. 

2. Expansion of the reliability tests of wafers and assembly 

processes for better evaluation, and standardization of 

circu it and design ru les. 

3. Establishment of procedures for speeding up the intro­

duction of new technology and improved methods that 

raise reliability and to improve the accelerated life tests 

for better failure analysis. 

4. Establishment of a system for collecting data on failures 

in the field, which will then be analyzed to develop 

improved methods for increasing reliability. 

We welcome and appreciate the cooperation of our 

customers in developing design specifications, establishing 

quality levels, controlling incoming inspections, developing 

assembly and adjusting processes and collecting field data. 

Mitsubishi is anxious to work with its customers to develop 

les of increased reliability that meet their requiremehts. 
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Type Sample size Failures Remarks 

M5M4256P 
M5M4257P 
M5M42565 1,000 0 -

M5M42575 

M5M42565 
1,000 0 -

M5M42575 
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PRECAUTIONS IN HANDLING MOS ICs/LSls 

A MaS 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 MaS IC/lSls contain internal protection 

circuits at each input terminal to prevent this. It is inherent­

ly necessary to apply reverse bias to the P-N junctions of a 

MaS 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 recommenda­

tions should be followed in handling MaS devices. 

,_ KEEPING VOLTAGE AND CURRENT TO EACH 
TERMINAL BELOW MAXIMUM RATINGS 

1. The recommended ranges of operating conditions 

provide adequate safety 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 MaS IC/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 

1. All electric equipment, work table surfaces and operat-

ing 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 maki ng 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 M [1 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 IC/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 OFMOS 
IC/LSls 

1. The printed wiring lines to input and output terminals 

of MOS IC/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 input/output, or input and/or 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 IC/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 electro­

static 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. 
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M5K4164AP-12, -15 

65 536·BIT (65 536·WORD BY 1.BIT) DYNAMIC RAM 

DESCRIPTION 
PIN CONFIGURATION (TOP VIEW) 

REFRESH INPUT REF Vss (OV) 

This is a family of 65 536-word by l-bit dynamic RAMs, 

fabricated with the high performance N-channel silicongate 

MOS 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 polysilicon 

process technology and a single-transistor dynamic storage 

cell privide high circuit density at reduced costs, and the 

use of dynamic circuitry including sense amplifiers assures 

low power dissipation_ Multiplexed address inputs permit 

both a reduction in pins to the standard 16-pin package 

configuration and an increase in system densities_ The 

M5K4164AP operates on a 5V power supply using the 
on-chip substrate bias generator_ 

DATA INPUT 15 ... CAS ~?~g~EN 1~~8fESS 
WRITE I • ... Q DATA OUTPUT CONTROL INPUT 

ROW ADDRESS 
STROBE INPUT 

ADDRESS INPUTS ADDRESS INPUTS 

(WI Vee 

FEATURES Outline 16P4 

• High speed 

Access lime Cycle time Power diSSipation 

Type name ~max I (min) (typ) 

(nsl (ns) (mW) 

• Output is three-state and directly TTL-compatible 

• 128 refresh cycles every 2ms 

M5K4164AP-12 120 220 175 (16K dynamic RAMs M5K4116P, S compatible) 

M5K4164AP-15 150 260 150 • CAS controlled output allows hidden refresh 

• Output data can be held infinitely by CAS 
• Single 5V±10%-supply • Pin 1 controls automatic- and Self-refresh mode_ 
• Low standby power dissipation: 22mW (max) 

• Low operating power dissipation: 300mW (max) 

• Unlatched output enables two-dimensional chip selec­

tion and extended page boundary 

• Interchangeable with Fujitsu MB8265A and Motorola's 
MCM6664 in pin configuration 

APPLICATION 
• Early-write operation gives common 1/0 capability 
• Read-modify-write, RAS-only refresh, and page-mode 

capabilities 

• Main memory unit for computers 

• All input terminals have low input capaciatance and are 
directly TTL-compatible 

BLOCK DIAGRAM 
DATA INPUT 

WRITE CONTROL INPUT 

COLLUMN ADDRESS 
STROBE INPUT 
ROW ADDRESS 
STROBE INPUT 

ADDRESS INPUTS 

COLUMN DECDDER 

MEMORY CELL 
164 ROWS X 256 COLLUMNS 

SENSE REFRESH AMPLIFIER 

MEMORY CELL 
(64 ROWS x 256 COLUMNSI 

COLUMN DECODER 

MEMORY CELL 
(64 ROWS x 256 COLUMNSI 

SENSE REFRESH AMPLIFIER 

f-

12 
f­
OJ o 

Vee (5V) 

Vss (OV) 

14 Q DATA OUTPUT 

MEMORY CELL J (64 ROWS X 256 COLUMNSI 

COLUMN DECODER 
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M5K4164AP"12, -.15 

65 536~BIT(65 536-WORD BY I.BIT) DYNAMIC RAM 

FUNCTION 

The M5K4164AP provides, in addition to normal read, 

write, and read-modify-write operations, a number of other 
functions, e.g., 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 CAS W 

Read ACT ACT NAC 

Write ACT ACT ACT 

Read·modify-write ACT ACT ACT 

tfAS"'only refresh ACT NAC ONC 

Hidden refresh ACT ACT ONC 

Automatic refresh NAC ONC ONC 

Self refresh NAC ONC ONC 

Hidden automatic refresh NAC ACT ONC 

Hidden self refresh NAC ACT ONC 

Standby NAC ONC ONC 

Inputs 

0 

ONe 

VLO 

VLO 

ONC 

ONC 

ONC 

ONC 

ONC 

ONe 

ONC 

Output 

Refresh Remarks Row Column REF 0 address address 

APO APO NAC VLO YES 
Page mode 

APO APO NAC OPN YES identical except 
refresh is NO. 

APO APO NAC VLO YES 

APO ONC NAC OPN YES 

APO ONC NAC VLO YES 

ONC ONC ACT OPN YES 

ONC ONC ACT OPN YES 

ONC ONC ACT VLO YES 

ONC ONe ACT I VLO YES 

ONC ONC NAC OPN NO 

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

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 65536 memory cells in the 

M5K4164AP the 16-bit address signal must be multiplexed 
into 8 address signals, which are then latched into the. 
on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 8 row-address bits; next, the negative­
going edge of the column-address-strobe pulse (CAS) 
latches the 8 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 

1. The delay time from RAS to CAS td IRAS.CASI is set 
between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 

inhibited almost until tdIRAS-CASI max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 

access time, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time tdIRAS-CASI is set larger than the 
maximum value of the limits. In this case the internal 

inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time. 

Data Input 
Data to be written into a selected cell is strobed by the later 
of the two negative transistons of W input and CAS input. 
Thus when the W input makes its negative transition prior 
to CAS input (early write). the data input is strobed by 
CAS, and the negative transition of CAS is set as the 

reference point for set-up and hold times. In the read-write 
or read-modify-write cycles, however, when the IN input 
makes its negative transition after CAS, the IN negative 
transition is set as the reference point for setup and hold 

times. 

Data Output Control 
The output of the M5K4164AP is in the high-impedance 

state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 

data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The output will remain in the high-impedance state 

throughout the entire cycle in an early-write cycle. 

These output conditions, of the M5K4164AP, which 
can readily be changed by controlling the timing of the 
write pulse in a write cycle, and the width of the CAS 

pulse in a read cycle, offer capabilities for a number of 
applications, as follows. 
1_ Common I/O Operation 

If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common 1/0 data bus. 
2 Data Output Hold 

The data output can be held between read cycles, without 
lengthening the cycle time. This enables .extremely flexible 
clock-timing settings for RAS and CAS. 
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MsK4164AP-12, -15 

6S S36·BIT (6S S36·WORD BY I.BIT) DYNAMIC RAM 

3. Two Methods of Chip Selection 
Sirice the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high· 
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended·Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 256 column locations in a single chip. In this 
case, RAS must be appl ied to all devices. 

Page-Mode Operation 
This operation allows for multiple·column addressing at the 
same row address, and eliminates the power dissipation 
associated with the negative·going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles is eliminated, thereby de­
creasing the access and cycle times. 

Refresh 
Each of the 128 rows lAo - ~ ) of the M5K4164AP must 
be refreshed every 2 ms to maintain data. The methods of 
refreshing for the M5K4164AP are as follows. 
1. Normal Refresh 

Read cycle and Write cycle (early write, delayed write or 
read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom-

o mended for systems which utilize "wire-OR" outputs since 
output bus contention will occur. 
2. RAS Only Refresh 

A RAS-only refresh cycle is the recommended technique 
for most applications to provide for data retention. A 
RAS-only refresh cycle maintains the output in the 
high-impedance state with a typical power reduction of 
20% over a read or write cycle. 
3. Automatic Refresh 

Pin 1 (REF) has two special functions. The M5K4164AP 
has a refresh address counter, refresh address multiplexer 
and refresh timer for these operations. Automatic refresh is 
initiated by bringing REF low after RAS has precharged 
and is used during standard operation just like RAS-only 
refresh, except that sequential row addresses from an 
external counter are no longer necessary. 

At the end of automatic refresh cycle, the internal 
refresh address counter will be automatically incremented. 
The output state of the refresh address counter is initiated 
by some eight REF, RAS or RAS/CAS cycle after power is 
appl ied. Therefore, a special operation is not necessary to 
initiate it. 

RAS must remain inactive during REF activated cycles. 
Likewise, REF must remain inactive during RAS generated 
cycle. 

4. Self-Refresh 
The other function of pin 1 (REF) is self-refresh. Timing 

for self-refresh is quite similar to that for automatic refresh. 
As long as RAS remains high and REF remains 'Iow, the 

M5K4164AP will refresh itself. This internal sequence 
repeats asynchronously every 12 to 16 ilS. After 2 ms, the 
on-chip refresh address counter has advanced through all 
the row addresses and refreshed the entire memory_ Self­
refresh is primarily intended for trouble free power-down 
operation. 

For example, when battery backup is used to maintained 
data integrity in the memory. REF may be used to place 
the device in the self-refresh mode with no external timing 
signals necessary to keep the information alive. 

In summary, the pin 1 (REF) refresh function gives the 
user a feature that is' free, save him hardware on the board, 
and in fact, will simplify his battery backup procedures, 
increase his battery life, and save him overall cost while 
giving him improved system performance. 

There is an internal pullup resister (:::; 3MQ) on pin 1, so 
if the pin 1. (REF) function is not used, pin 1 may be left 
open (not connect) without affecting the normal operations. 
5. Hidden Refresh 

A features of the M5K4164AP is that refresh cycle may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is refered to as hidden refresh. 

Hidden refresh is performed by holding CAS at V IL and 
taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, automatic refresh and 
self-refresh, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 
need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the M5K4164AP is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5K4164AP as chip-select in the memory system, but if 

RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5K4164AP operates on a single 5V power supply. 

A wait of some 500ils and eight or more dummy cycle is 
necessary after power is applied to the device before 
memory operation is achieved. 
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MsK4164AP-12, -15 

65 536-BIT (65 536-WORD BY I-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Limits 

VCC Supply voltage -1-7 

V, Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25'C 700 

Topr Operating free-air temperature range 0-70 

Tstg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta =0 -70·C. unless otherwise nDtedllNote 11 

Symbol 
Limits 

Parameter Unit 
Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

V'H Hlgh-Iel/et input voltage, all mputs 2.4 6.5 V 

V'L Low-level input voltage. all inputs -2 0.8 V 

Note 1. AI! voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta= 0 -70·C. Vcc=5V±10%, Vss= OV. uniessotherwisenotediiNote21 

Symbol 
Limits 

Parameter Test conditions 
Min Typ 

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

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

10Z Off-state output current Q floating OV'i> VouT'i>5.5V -10 

I, I nput current OV'i>V,N'i>6.5V, All other pins oOV -10 

'CCI(AV) 
Average supply current from Vee, M5K4164AP-12 RAS.CAS cycling 

operating (Note 3, 4) M5K4164AP-15 tCR=tCW= min output open 

ICC2 Supply current from Vee, standby RAS~V'H output open 

'CC3(AV) 
Average supply current from Vee, M5K4164AP-12 RAS cycling CAS =V'H 
refreshing (Note 3) M5K4164AP-15 t C(REF)= min, output open 

ICC4(AVI Average supply current from Vee, M5K4164AP-12 RAS=V'L, CAS cycling 

page mode (Note 3, 4) M5K4164AP-15 t CPG = min, output open 

I CCS(AV) Average supply current from Vee, M5K4164AP-12 RAS~V'H. REF cyding 

automatic refreshing (Note 3) M5K4164AP-15 tc (REF) = mIn. output open 

ICC6(AVI Average supply current from Vee, self refreshing 
RAS=VIH. REF=V'L 
output open 

C'IAI Input capacitance. address inputs 

C, (DI Input capacitance, data input V,=Vss 

C'lW) Input capacitance. write control input f=IMHz 

C'IAAS) Input capacitance, RAS input V,=25mVrms 

C, (CAS) Input capacitance, CAS input 

C'lAEF) Input capacitance, REF input 

Co Output capacitance VO~VSS. f = lMHz, V,=25mVrms 

Note 2: Current flowing into an Ie is positive, out is negative 

3: ICC1{AV), ICC3(AV). ICC4(AV) and ICC5{AV) are dependent on cycle rate Maximum current is measured at the fastest cycle rate. 

4: Icc 1 (AV) and I CC4(AV) are dependent on output loading. Specified values are obtained with the output open, 
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Max 

VCC 

0.4 

10 

10 

~ 
45 

4 

~ 
35 

40 
-

35 

~ 
35 

8 

5 

5 

7 

10 

10 

10 

7 

Unit 

V 

V 

V 

mA 

mW 

'C 

'C 

Unit 

V 

V 

"A 

"A 

mA 

mA 

mA 

mA 

mA 

mA 

pF 

pF 

pF 

pF 

pF 

pF 

pF 
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MsK4164AP-12, -IS 

65 536·BIT (65 536·WORD BY t.BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(T a = 0 -70°C. Vee = 5 V ± 10%, v 55 = 0 V. unless otherwise noted, See notes 5, 6 and 7) 

M5K4164AP-12 M5K4164AP-15 
Symbol Parameter 

Alternative 
Limits Limits 

Symbol 
Min Max Min Max 

leAF Refresh cycle time I REF 2 2 

t W (RASH) RAS high pulse width I RP 90 100 

t W(RASL) RAS low pulse width I AAS 120 10000 150 10000 

t W (CASLl CAS low pulse width ICAS 60 co 75 co 

t W (CASH) CAS high pulse width INoH' 8~ I CPN 30 35 

t h (RAS·CAS) CAS hold time after RAS I CSH 120 150 

t h (CAS· RAS) RAS hold time after CAS I ASH 60 75 

Id (CAS AAS) Delay time, CAS to RAS (Note 9) I CAP 20 -20 

t d (RAS-CAS) Delay time, RAS to CAS (Note 10) I ACD 25 60 30 75 

t su (RA- AAS) Row address setup time before RAS I ASR 0 0 

t su (eA-CAS) Column address setup time before CAS tAse 0 0 

t h (RAS-RA) Row address hold ti me after RAS t RAH 15 20 

I h (CAS"CA) Column address hold time after CAS I CAH 20 25 

th(RAS-CA) Column address hold time after RAS I AR 90 95 

t THL 

t TLH 
Transition time IT 3 35 3 35 

- --Note An initial pause of 500/1s IS required after power-up followed by any eight RAS or RAS/CAS cycles before proper deVice operation is achieved 
The switching characteristics are defined as t THL = t TLH = 5ns. 

7 Reference levels of input signals are VIH min and VIL max. Reference levels for transition time are also between VIH and VIL. 
8 Except for page-mode 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

9: td (CAS-RAS) requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle n. e For systems where CAS has not been decoded with RAS _) 
10' Operation within the td eRAS-CAS) max limit insures that ta (RAS) max can be met. td (RAS-CAS) max is specified reference point only:if 

td (RAS-CAS) IS greater than the specified td (RAS-CAS) max limit, then access time IS controlled exclUSively by ta (CAS). 

Id(RAS"CAS)mln = th (RAS"RA)min + 21 THL( tTLH) + tsu (CA"CAS)mln. 

SWITCHING CHARACTERISTICS (Ta=O~70·C. Vcc=5V±10%. VSs=OV. unless otherw'5enotedl 

Read Cycle 

M5K4164AP-12 M5K4164AP-15 
Symbol Parameter Alternative 

Limits Limits 
Symbol 

Min Max Min 

lOR Read cycle time I RC 220 260 

Isu (A"CAS) Read setup time before CAS lACS 0 0 

Ih (CAS"A) Read hold time after CAS (Note 11 \ I RCH 0 0 

thl RAS-R) Read hold time after RAS (Note 111 I RRH 10 20 

Idis (CAS) Output disable tir~Je (Note 121 IOFF 0 35 0 

la (CAS) CAS access time (Note 131 t CAC 60 

la (RAS) RAS access time (Note 141 t AAC 120 

Note 11; Either th (AAS-R) or th (CAS-R) must be satisfied for a read cycle 
Note 12: td is (C AS) max defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL 

Note 13: This is the value when td (RAS-CAS) ~ td (RAS~CAS) max. Test conditions: Load=2T TL, CL= 100pF 

Max 

40 

75 

150 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 14' This is the value when td (RAS-CAS) < td (RAS-CAS) max. When td (RAS.CAS) ~ td (RAS-CAS) max. ta (RAS) will increase by the amount that 
td (RAS-CAS) exceeds the value shown Test conditions; Load =2T TL, CL= 100pF 

Write Cycle 

Symbol Parameter 

lew Write cycle time 

tsu (W'CAS) Write setup time before CAS (Note 17) 

Ih (CAS"W) Write hold time after CAS 

Ih (AAS"W) Write hold time after RAS 

Ih (W.AAS) RAS hold time after write 

th (W"CAS) CAS hold time after writ.e 

IW(WI Write pulse width 

Isu CO"CAS) Data-in setup time before CAS 

Ih (CAS"O) Data-in hold time after CAS 

Ih (AAS"D) Data-in hold time after RAS 

M5K4164AP-12 
Alternative Limits 

Symbol 
Min 

I RC 220 

I WCS -5 

IWCH 40 

IWCR 90 

I AWL 40 

ICWL 40 

Iwp 40 

IDS 0 

IOH 40 

IOHR 90 

• MITSUBISHI 
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Max 

M5K4164AP-15 

Limits Unit 

Min Max 

260 ns 

-10 ns 

45 ns 

95 ns 

45 ns 

45 ns 

45 ns 

0 ns 

45 ns 

95 ns 
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M5K4164AP-12, -15 

6S S36·BIT (6S S36·WORD BY 1.BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 
M5K4164AP-12 M5K4164AP-15 

Symbol Parameter 
Alternative 

Symbol 
Limits Limits 

Min Max Min 

tCAw Read-write cycle time (Note 15) I RWC 245 295 

tCRMW Read-modify-write cycle time (Note 161 IRMWC 265 310 

Ih (W-RAS) AAS hold time after write I RWL 40 45 

Ih (W-CAS) CAS hold time after write ICWL 40 45 

Iw(w) Write pulse width Iwp 40 45 

Isu (R-CAS) Read setup time before CAS t ROS a a 
Id (RAS-W) Delay time, R'AS 10 write (Note 17) IRWD 100 120 

Id (OAS-W) Delay time. LAS to wri~e (Note 17) IOWD 40 60 

Isu (D-W) Data-in setup time before write IDS a a 
Ih(W-D) Data"in hold time after write IDH 40 45 

Idls (OAS) Output disable time IOFF a 35 a 
la (OAS) CAS access time INote 13) IOAO 60 

la (RAS) RAS access time INote 141 t RAO 120 

Note 15: t CRWmm is defined as tCAW min = td (RAS- W) + th .(W- RAS) + tw (RASH) + 3t T LH (trHL) 

16: t cAM W min is defined as t CAM W mtn = fa (RAS)maX + th (W-AAS) + tw (RAS H) + 3t TLH(tTHL) 

17: t su tW-CAS). td (RAS- W). and td (CAS-W) do not define the limits of operation, but are included as electrical characteris,tics only 

When tsu (W- CAS)~ t su 'W -CAS )mm, an early-write cycle is performed. and the data output keeps the hIgh-impedance state 

Max 

40 

75 

150 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

When td (RAS-W)~td (RAS-W)mln, and td (CAS-W)~tsu (W-CAS)mln a read-write cycle is performed. and the data of the selected address wIll be rcad out 

on the data output 

For all conditions other ,than those described above. the condition of data output lat access time and until CAS goes back to VtH) IS not defined_ 

Page-Mode Cycle 

Symbol Parameter 

Ie PGR Page-mode read cycle time 

Ic PGW Page-Mode write cycle time 

Ie PGRW Page-Mode read-write cycle time 

ICPGRMW Page-Mode read-modify-write cycle time 

Iw (OASH) CAS high poise width 

Automatic Refresh Cycle 

Symbol Parameter 

Ie (REF) Automatic Refresh cycle time 

Id (RAS-REF) Delay time. RAS to R"t"t=' 

Iw (REFL) REF low pulse width 

Iw (REFH) REF high pulse width 

Id (REF-RAS) Delay lime, REF to RAS 

Isu (REF-RAS) RE F pulse setup time before RAS 

Self-Refresh Cycle 

Symbol Parameter 

Id (RAS-REF) Delay tilTle, RAS to R'EF 

Iw (REFL) REF low pulse width 

Id (REF-RAS) Delay time, REF to RAS 

2-8 

M5K4164AP-12 
Alternative 

Limits 
Symbof 

Min Max 

I PO 140 

I PO 140 

- 150 

- 170 

lOp 55 

M5K4164AP-12 
Alternative 

Lim'lts 
Symbol 

Min Max 

I FO 220 

I RFD 90 

IFP 60 8000 

t FI 30 

I FSR 30 

IFRD 250 

M5K4164AP-12 
Alternative 

Symbol Limits 

Min Max 

I RFD 90 

IFBP 8000 00 

IFBR 310 

•. MITSUBISHI 
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M5K4164AP-15 

Limits 

Min Max 

145 

145 

180 

195 

60 

M5K4164AP-15 

Limits 

Min Max 

260 

100 

60 8000 

30 

30 

295 

M5K4164AP-15 

Limits 

Min Max 

100 

8000 00 

345 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

os 

ns 

Unit 

ns 

ns 

ns 
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MsK4164AP-12, -15 

65 S36-BIT (65 S36-WORD BY I-BIT) DYNAMIC RAM 

TIMING DIAGRAMS (Note 181 

Read Cycle 
~~-------------------------- leR 

w 

Q 

~~-----------------IW(RASL)--------------------~ 

~~-------- I h (RAS- CAS ),-------------------1 

------"\1 1----- th (RAS CA) --------~ • .,I 
VIH -

V,L -

VIH -

V,L - ____ -' 

VOH -

I 
__ ~+~------:_t h (CAS- RA S) ----------0., 

1--------~-tW(CASL)--------~ 

COLUMN 
ADDRESS 

L t aICASI--------1 

1--_______ ta I RAS) ----------------~., 

---------- HIGH IMPEDANCE STATE -------~~(i 
VOL -

DATA VAliD 

Write Cycle (Early Write) 

w 

0 

Q 

V 1L -

VIH -

lew --------------------------------.-; 
1--------------------twIRASL)--------------------~~ 

______ "\.1 1------------------- t h (RAS-, CAS )--------------------11 
1--_____ 1 h (RAS-CA) _ 

V,L - ____ _ 

VIH -

VIL -~~~~6C~~~~~~--~~--+_---~~~~~~~Ci~~JJ~~~j(~~~~~~~~~~ 

V,H -

V,L 

VOH -

VOL -

1--__ -------1 h (RAS- D) ---------1 

--------------------HIGH IMPEDANCE STATE--------------------------

• MITSUBISHI 
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MsK4164AP-12, -15 

65 536·BIT (65 536·WORD BY I.BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

w 

Q 

o 

~~-------------------------------ICRW/lcRMW------------------------------------~~ 

~----------------------------IW(RASLJ------------------------------~ 

~---------------------------lh(RAS-CAS)----------------------------~ 

"---------1 h (RAS- CA ) --------~-~I 

Id(CAS-RAS) 

VIH -\l\,'\/\I\~l/VV 

V,L -.lCl<:::.c.~ClC"~UI 

~ __ ----7---------_lh(CAS-RAS)------------------~ 

____ -+~----~----------_IW(CASL)------------------~ 

RAS-Only Refresh Cycle (Note 19) 

Q 

Note 18 

2-10 

VOL -

ZM' Indicates the don't care input 

~-----------------------ICR----------------------------__ 

"-------- 1 W (RAS L ) ------__ ~ 

ROW 
ADDRESS 

1---------- 1 W (RASH) ________ _ 

HIGH IMPEDANCESTATE---------------------------------------

Note19. CAS=VIH,W,A 7,D=don'tcare 

~ The center-line indicates the high-impedance state 

.• MITSUBISHI 
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M5K4164AP-12, -15 

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM 

Page-Mode Read Cycle 

~~----------------------------tW(RASL)----------------------------------~ 

th(CAS-RAS) 

CAS 

VOH -
Q VOL _-HIGH IMPEDANCE STATE 

w 

Page-Mode Write Cycle 

~-------------------------------- tW(RASL)-------------------------------~~ 

V'H 

CAS 

V,H -n:d~~~ 
w 

V,L -~~~~~~~--~~~~~~~~L-----~AA~~~~(}"~~~~----~~~~~~~~~ 

o 

• MITSUBISHI 
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MsK4164AP-12, -15 

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM 

Automatic Pulse Refresh Cycle (Multiple Pulse) (Note 201 

Automatic Pulse Refresh Cycle (Single Pulse) INoie 201 

RAS 

REF 

VIH -

VIL 
td ( RAS- REF) 

Self-Refresh Cycle INote 201 

RAS 

V ,H -

V,L -

Note 20: CAS, Addresses, 0 andWare don't care. 

Hidden Automatic Pulse Refresh Cycle 
READ CYCLE 

tarRASI 

VO H -

Q VOL - ----------+~I 

tsu (REF-RAS) 

twlREFLI 

HIHHSH Cvr!1 

tdIREF-RASI 

DATA VALID 

Isu IREF-RASI 
i-E-----'----'----'--"'"itdIREF-RASI 

fir F Rf SH CVCU 

IdlslCASI 

~~-----------------------------------------LLU 

2-12 
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MSK4164AP.12, ·15 

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM 

Hidden Self-Refresh Cycle (Note 21) 

READ CYCLE 

Vi 
V,H 

V,L 

td(RAS-REF) 

V,H 
Iw(REFL) 

REF 
V,L 

ta(RAS) 

VOH 
Q DATA VALID 

VOL 

Note 21: If the pin 1 (REF) function is not used. pin 1 may be left open (not connect) 

Hidden Refresh Cycle (Note 19) 

Vi 
V,H 

V,L 

VOH 
Q 

VOL 

READ CYCLE 

teR 

tW(AASL) 

Iw (RASH) 

REFRESH CYCLE 

leR 

t w ( RASL) 

td(CAS-RAS) 
td (RAS-CAS) Ih (CAS-RAS) 

IW(CASH) 

tw (CASU 

ISU(RA-RAS) th(RAS-RA) 

• MITSUBISHI 
.... ELECTRIC 

ISU(RA-RAS) 

DATA VALID 

Id(REF-RAS) 

Idls (CAS) 

REFRESH CYCLE 

leR 

IW(RASL) 

tdls (CAS) 
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M5K4164ANP-12, -15 

65 536-BIT (65 536-WORD BY I-BIT) DYNAMIC RAM 

DESCRIPTION 

This is a family of 65 536-word by l-bit dynamic RAMs, 
fabricated with the high performance N-channel silicongate 

MOS 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 polysilicon 
process technology and a single-transistor dynamic storage 
cell privide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 
both a reduction in pins to the standard 16-pin package 
configuration and an increase in system densities. The 

M5K4164ANP operates on a 5V power supply using the 
on-chip substrate bias generator. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 

• High speed 

DATA INPUT 

WRITE 
CONTROL INPUT 

ROW ADDRESS 
STROBE INPUT 

ADDRESS INPUTS 

(5V) 

NC Vss (OV) 

15 +- CAS ~~~g~EN 1~~8fESS; 
14 -+Q DATA OUTPUT 

ADDRESS INPUTS 

Outline 16P4 

Access time Cycle time Power dissipation • Output is three-state and directly TTL-compatible 
Type name (max) (min) (typ) 

(ns) (ns) (mW) • 128 refresh cycles every 2ms 

M5K4164ANP-12 120 220 175 (16K dynamic RAMs M5K4116P, S compatible) 

M5K4164ANP-15 150 260 150 • CAS controlled output allows hidden refresh 
• Output data can be held infinitely by CAS 

• Single 5V±100/0-supply 
• Low standby power dissipation: 22mW (max) 

• Interchangeable with Mostek's MK4564 and 
Motorola'S MCM6665 in pin configuration 

• Low operating power dissipation: 300mW (max) 
• Unlatched output enables two-dimensional chip selec­

tion and extended page boundary 

APPLICATION 

• Main memory unit for computers 
• Early-write operation gives common I/O capability 
• Read-modify-write, RAS-only refresh, and page-mode 

capabilities 

• All input terminals have low input capaciatance and are 
directly TTL-compatible 

BLOCK DIAGRAM 
DATA INPUT 

WRITE CONTROL INPUT 

COLL~~R~:f?~~3f CAS 

2-14 

ROW ADDRESS 
STROBE INPUT 

ADDRESS INPUTS 

AO 

COLUMN DECODER 

MEMORY CELL 
(64 ROWS X 256 COLLUMNS 

SENSE REFRESH AMPLIFIER 

MEMORY CELL 
(64 ROWS X 256 COLUMNS) 

COLUMN DECODER 

MEMORY CELL 
164 ROWS X 256 COLUMNS) 

SENSE REFRESH AMPLIFIER 

MEMORY CELL J' (64 ROWS X 256 COLUMNS) 

COLUMN DECODER 

• MITSUBISHI 
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M5K4164ANP·12, ·15 

65 536·BIT (65 536·WORD BY I·BIT) DYNAMIC RAM 

FUNCTION 

The M5K4164ANP provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e.g., 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 CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify-write ACT ACT 

RAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

Standby NAC ONe 

Inputs 

W D 

NAC ONC 

ACT VLO 

ACT VLO 

ONC ONC 

ONe ONC 

DNC DNC 

Output 

Row Column Refresh Remarks 

address address 0 

APO APO VLO YES 
Page mode 

APD APO OPN YES identical except 

APO APO VLO YES 
refresh is NO 

APO ONC OPN YES 

APO ONC VLO YES 

ONC ONC OPN NO 

Note, ACT active, NAC nonactive, ONe. don't care, VLD valid, APD applied,OPN open 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 65536 memory cells in the 
M5K4164ANP the 16-bit address signal must be multiplexed 
into 8 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) iatches the 8 row-address bits; next, the negative­
going edge of the column-address-strobe pulse (CAS) 
latches the 8 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 

1. The delay time from RAS to CAS td (RAS-CAS) is set 
between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAS) max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to col umn address. 

2. The delay time td(RAS-CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time. 

Data Input 
Data to be written into a selected cell is strobed by the later 
of the two negative transistons of W input and CAS input. 
Thus when the IN input makes its negative transition prior 
to CAS input (early write l. the data input is strobed by 
CAS, and the negative transition of CAS is set as the 

reference point for set-up and hold times. In the read-write 
or read· modify-write cycles, however, when the IN input 
makes its negative transition after CAS, the W negative 
transition is set as the reference point for setup and hold 
times. 

Data Output Control 
The output of the M5K4164ANP is in the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The output will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle. 

These output conditions, of the M5K4164ANP, which 
can readily be changed by controlling the timing of the 
write pulse in a write cycle, and the width of the CAS 
pulse in a read cycle, offer capabilities for a number of 
applications, as follows. 
1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common I/O data bus. 
2 Data Output Hold 
The data output can be held between read cycles, without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS. 

• MITSUBISHI 
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M5K4164ANP.12, ·15 

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM 

3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs, of selected chips in the matrix in a high· 
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended·Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 256 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Page-Mode Operation 
This operation allows for multiple·column addressing at the 
same row address, and eliminates the power dissipation 
associated with the negative'going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles is eliminated, thereby de· 
creasing the access and cycle times. 

Refresh 
Each of the 128 rows (Ao ~ A6 ) of the M5K4164ANP 
must be refreshed every 2 ms to maintain data. The 
methods of refreshing for the M5K4164ANP are as follows. 
1. Normal Refresh 

Read cycle and Write cycle (early write, delayed write or 
read·modify·writet refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read·modify·write cycle for refresh is not recom· 
mended for systems which utilize "write·OR" outputs since 
output bus contention will occur. 
2. RAS Only Refresh 

A RA5-only refresh cycle is the recommended technique 
for most applications to provide for data retention. A 
RAS'only refresh cycle maintains the output in the 
high·impedance state with a typical power reduction of 
20% over a read or write cycle. 
3. Hidden Refresh 

A feature of the M5K4164ANP is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh. 

Hidden refresh is performed by holding CAS at VI Land 
taking RAS high and after a specified precharge period, 
executing a RAS·only cycling, but with CAS held low. 

The advantage of th is refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 
nee'd for off·chip latches. 

Power Dissipation 
Most of the circuitry in the M5K4164ANP is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5K4164ANP as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand·by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5K4164ANP operates on a single 5V power supply. 

A wait of some 500J,ls and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 

2-16 
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M5K4164ANP.12, ·15 

65 536-BIT (65 536-WORD BY I-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Paramater Conditions Limits 

VCC Supply vohage -1-7 

V, I nput voltage With respect to Vss -1-7 

Va Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25·C 700 

Topr Operatmg free-air temperature range 0-70 

Tstg Storage temperature range -65- ISO 

RECOMMENDED OPERATING CONDITIONS (Ta=0-7O"C, unlessotherwisenotedl (Note 11 

Limits 
Symbol Paramcter Unit 

Min Nom M" 

VCC Supply voltage 4 .5 5 .5 V 

Vss Supply voltage 0 0 V 

High-level input voltage, all Inputs 2 .4 6.5 V 

Low·level input voltage, all Inputs -2 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 I (Note. 21 

Symbol Parameter Test conditions 
Min 

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

VOL Low-level output voltage IOL=4.2mA 0 

10Z Off-state output current Q floating OV";VOUT";5.5V -10 

I, I nput current OV ;";V'N ;";6. 5V, All other pinS = OV -10 

'CClIAV) 
Average supply current fromVCC. M5K4164ANP-12 RAS,CAS cycling 

operating (Note 3. 4~ M5K4164ANP-15 tCR=tCW= min output open 

ICC2 Supply current from Vee. standby RAS=V'H output open 

ICC3(AV) 
Average supply current from Vee. M5K4164ANP-12 RAS cycling CAS=V'H 
refreshing (Note 3) M5K4164ANP-15 tC(REF)= mm. output open 

Average supply current from Vee, M5K4164ANP-12 RAS=V'L, CAS cycling 
I CC.(AV) 

page mode (Note 3, 4) M5K4164ANP-15 tcPO= min, output open 

C, (AI Input capacitance, address inputs 

C, (0) Input capacitance, data input V,=VSS 

C, (Wi Input capacitance, write control Input f=1MHz 

C, (RAS) I nput capaCitance, RAS input V,=25mVrms 

C, !CAS) Input capaCitance, CAS Input 
-. 

Co Output capacitance VO=VSS, f= lMHz, V, ~25rnVrms 

Note 2 Current flowing Into an IC is positive. out IS negative. 

3 ICC 1 (AV). I CC3(AV). and I CC4(AV) are dependent on cycle rate. Maximum current IS "Tleasured at the fastest cycle rate. 

ICC 1 (AV) and I CC4(AV) are dependent on output loading. Specified values are obtalr ed wit·l the output open. 

• MITSUBISHI 
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Limits 

Typ Max 

VCC 

0.4 

10 

10 

50 

~ 
4 

40 
r---

35 

40 
r---

35 

5 

5 

7 

10 

10 

7 

Iinit 

V 

V 

V 

mA 

mW 

·C 

·C 

Unit 

V 

V 

iJ.A 

iJ.A 

rnA 

rnA 

mA 

rnA 

pF 

pF 

pF 

pF 

pF 

pF 
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M5K4164ANP·12, ·15 

65 536-BIT (65 536-WORD BY I-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta = 0 -70GC. Vee = sv ± 10%, Vss = OV. unless otherwise noted. See notes 5, 6 and 7) 

M5K4164ANP-12 M5K4164ANP-15 
Alternative 

Limits Limits Symbol Parameter 
Symbol 

Min Max Min Max 

leRF Refresh cycle time I REF 2 2 

I W(RASH) RAS high pulse width I RP 90 100 

I W(RASU RAS low pulse width I RAS 120 10000 150 10000 

t W(CASU CAS low pulse width I CAS 60 00 75 00 

t W(CASH) CAS high pulse width (NoteSI I CPN 30 35 

I h (RAS-CAS) CAS hold time after RAS I CSH 120 150 

I h (CAS- RAS) RAS hold time after CAS I RSH 60 75 

Id (CAS-RAS) Delay time, CAS to RAS INote91 I CRP -20 -20 

I d (RAS-CAS) Delay time, RAS to CAS (Note10) I RCo 25 60 30 75 

I SU(RA-RAS) Row address setup time before RAS I ASR 0 0 

I su (CA-CAS) Column address setup time before CAS IASC 0 0 

I h (RAS-RA) Row address hold time after ~ I RAH 15 20 

I h (CAS-CA) Column address hold time after CAS I CAH 20 25 

I h (RAS-CA) Column address hold time after RAS I AR 90 95 

ITHL 
Transition time IT 3 35 3 35 

I TLH 

- --
Note 5: An initial pause of 500J,ls is required after power-up followed by any eight RAS or RAS/CAS cycles before proper device operation IS achieved. 

6: The switching characteristics are defined as t THL =t TLH =5ns. 
7: Reference levels of input signals are VIH min. and VI L max, Reference levels for transition time are also between VI H and V, L. 
8: Except for page-mode, 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

9: td(CAS-RAS) requirement is only applicable for RASJ~AS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS.) 

10: Operation within the td (RAS-CAS) max limit insures that ta (RAS) max can be met. td (RAS-CAS)maX is specified reference point only:if 

td (RAS-CAS) is greater than the specified td (RAS--CAS) max limit, then access time is controlled exclusivel,! by ta(CAS)· 

Id (RAS-CAS)mrn = Ih (RAS-RA)mrn + 21 THL(t TLH) + I SU(CA-CAS)mln_ 

SWITCHING CHARACTERISTICS (Ta =0-70·C, Vc6=5V ± 10%, VSS=OV, unless Otherwise noted) 

Read Cycle 
M5K4164ANP-12 M5K4164ANP-15 

Symbol Parameter 
Alternative 

Limits 
Symbol 

Min Max Min 

leA Read cycle time I RC 220 260 

Isu (R-CAS) Read setup time before CAS I RCS 0 0 

Ih (CAS-R) Read hold time after CAS INote 111 I RCH 0 0 

Ih (RAS-R) Read hold time after RAS INote 111 I RRH 10 20 

Idls (CAS) Output disable time INote 121 IOFF 0 35 0 

la (CAS) CAS access time INote 131 I CAC 60 

la (RAS) RAS access time INote 141 I RAC 120 

No.te 11: Either th (RAS-R) or th (CAS-R) must be satisfied for a read cycle. 
Note 12: tdis (CAS)maX defines the time at which the output 'achieves the open circuit condition and is not reference to VOH or VOL 
Note 13: This is the value when td (RAS-CAS)~ td (RAS-CAS)max. Test conditions; Load =:= 2T TL, Cl ==- 100pF 

Limits 

Max 

40 

75 

150 

Note 14: This is the value when td (RAS-CAS)< td (RAS-CAS)max. When td (RAS·CAS)~td (RAS-CAS)max. ta (RAS) will increase by the amount that 
td (RAS-CAS) exceeds the value shown. Test conditions; Load = 2T TL. CL =: 100pF 

Write Cycle 

Symbol Parameter 

lew Write cycle time 

Isu (W-CAS) Write setup time before CAS 

Ih (CAS-W) Write hofd time after CAS 

Ih (RAS-W) Write hold time after RAS 

Ih (W-RAS) RAS hold time after write 

Ih (W-CAS) CAS hold time after write 

Iw(W) Write pulse width 

Isu (O-CAS) Data-in setup time before CAS 

Ih (CAS-D) Data-in hold time after rn 
Ih (RAS-o) Data-in hold time after RAS 

2-18 

M5K4164ANP-12 
Alternative 

Limits 
Symbol 

Min 

I RC 220 

INote 171_ Iwcs -5 

IWCH 40 

IWCR 90 

IRWL 40 

ICWL 40 

Iwp 40 

lOS 0 

IDH 40 

loHR 90 

• MITSUBISHI 
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Max 

M5K4164ANP-15 

Limits 

Min Max 

260 

-10 

45 

95 

45 

45 

45 

0 

45 

95 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MSK4164ANP-12, -15 

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

M5K4164ANP-12 M5K4164ANP-15 

Symbol Parameter 
Alternative 

limits Limits Unit 
Symbol 

Min Max Min Max 

tCRW Read-write cycle time (Note 15~ t RwC 245 295 

tCRMW Read-modify-write cycle time INote 161 tRMWC 265 310 

th (W-RAS) RAS hold time after write t RWL 40 45 ns 

th (W-CAS) CAS hold time after write tCWL 40 45 

tW(W) Wr ite pu 15e width twp 40 45 ns 

tsu (R-CAS) Read setup time before CAS t RCS 0 0 ns 

td (RAS-W) Delay time, ~ to write INote 171 tRWD 100 120 ns 

td (CAS-W) Delay time, CAS to write (Note 171 tCWD 40 60 ns 

tsu (D-W) Data-in setup time befor'e write t DS 0 0 

th (W-D) Data-in hold time after write t DH 40 45 ns 

tdls (CAS) Output disable time tOFF 0 35 0 40 ns 

ta (CAS) CAS access time (Note 131 t CAC 60 75 ns 

ta (RAS) RAS access time (Note 141 t RAC 120 100 ns 

Note 15: tcRwmln is defined as tCRwmin =td (RAS-W)+th(W-AAS)+tw (RASH)+ 3tTLH(tTHL) 

16: t CRM W min is defined as t cAM w min = ta (RAS)maX + th (W-RAS) + tw (RAS H) + 3t TLH (tTHL) 

17: tsu (W- CAS), td (RAS- W), and td (CAS-W) do not define the limits of operation, but are included as electrical characteristics only. 

When tsu (W-CAS)~ tsu (W -CAS)min, an early-write cycle is performed, and the data output keeps the high·impedance state 

When td (RAS-W)~ td (RAS-W)mln. and td (CAS-W)~tsu (W-CAs)min a read-write cycle is performed, and the data of the selected address will be read out 

on the data output. 

For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to VIH) is not defined. 

Page-Mode Cycle 

Symbol Parameter 

to POR Page-mode read cycle time 

to POW Page-Mode write cycle time 

to PORW Page-Mode read-write cycle time 

tCPGRMW Page-Mode read-modify-write cycle time 

tw (CASH) CAS high pulse width 

M5K4164ANP-12 
Alternative 

Symbol 
Min 

t PC 140 

t PC 140 

- 150 

- 170 

t CP 55 

• MITSUBISHI 
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Limits 

Max 

M5K4164ANP-15 

Limits 

Min Max 

145 

145 

180 

195 

60 

Unit 

ns 

ns 

ns 

ns 

ns 
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6S S36-BIT (6SS36-WORD BY i-BIT) DYNAMIC RAM 

TIMING DIAGRAMS (Note 18) 

Read Cycle 
~~------------------------ teR 

w 

Q 

1-~----------------tW(RASL)I------------------~ __ 

I-~ ______________ t h (RAS-CAS »-----------------__ 
V IH ------- I--------th (RAS-CA )-----------11 
V,L 

-+-++--- td(CAS- RAS) 

- __ +~------'I-th (CAS-RAS )---------1 

V,H 

r----,-tW(CASL)----------1 ,-+-~~ _________ __ 

V,L - ____ .1 

ViL -

VOH -

COLUMN 
ADDRESS 

Lta(CAS)------~ 
1---------------- ta (RAS) -------------------' 

----------HIGH IMPEDANCE STATE-------~~ 
VOL -

DATA VALID 

Write Cycle (Early Write) 

w 

D 

Q 

2-20 

V,H -

I-~------------------------- tcw-----------------------------~ 

1------------------tW(RASL)---------------~ 

______ 1 I------'-------------th (RAS- CAS )1-------------------11 
1------th(RAS-CA) -I 

VIL -~~~~~~~~~~ __ ~ ____ ~ ______ ~~~~~~~~~~~~~JW~~JU~~~~ 

f-------t h (RAS- 0 ),------------1 

~:: -----------------HIGH IMPEDANCE STATE-..... ------------------

• MITSUBISHI 
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MsK4164ANP-12, -15 

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

Ao-A7 
V,H -

VIL -

Vi V,H -

V,L -

Q 

D 

~~-----------------------------tCRW/tCRMW------------------------------------~ 

~--------------------------tW(RASL)----------------------------~ 
I-~ _______________________ th (RAS- CAS )--------------------------~ 

1-________ 1 h (RAS- CA ) ---------·~I 

t-------,----------t h (CAS- RAS) ----------------~-1 

--~_+4-----~----------tW(CASL)----------------~ 

COLUMN 
ADDRESS 

ltd (RAS- W) 

l- td (CAS-W) 

I 
\4 ta(CAS) IdiS(CAS) 

RAS-Only Refresh Cycle (Note 19) 

Q 

Note 18 

r-----------------------tCR--------------------------~ 

~------- 1 W (RAS L) --------~ 

VOH -
VOL _----------~----------------------HIGH IMPEDANCE STATE------------------------------------

Indicates the don't care input 
Note 19 CAS = VIH, W, A7, D = don't care. 

The center-line indicates the high-impedance state 

• MITSUBISHI 
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MsK4164ANP-12', -15 

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM 

Page-Mode Read Cycle 

~~----------------------~~----tW(RASL)----------------------------------~ 

th(RAS-CAS)~ 

th(RAS-CA)i I 
td (CAS-RAS) I I 

td(RAS-CAS) 

CAS 

Q 

w 

Page-Mode Write Cycle 

w 

o 

2-22 

~--------------------------------tW(RASL)--------~--------------------~-< 

th(RAS-CAS)----, 

th(RAS-CA)i I 
td (CAS-RAS) I .. 

td(RAS-CAS) 

V,H -

V,L ~""", ... ~" ,, _____ "1" 

• MITSUBISHI 
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Hidden Refresh Cycle 

W 
V,H 

V,L 

VOH 
Q 

VOL 

READ CYCLE 

tCR 

tW(RASL) 

td (CAS-RAS) 

MITSUBISHI LSls 

M5K4164ANP.12, ·15 

65 536-BIT (65 536-WORD BY I-BIT) DYNAMIC RAM 

tw (RASH) 

REFRESH CYCLE 

tCR 

t w ( RASL) 

REFRESH CYCLE 
tCR 

t w ( RASL) 

td(RAS-CAS) th(CAS-RAS) 

• MITSUBISHI 
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DATA VALID 

tdls (CAS) 
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MSK4164ANP-20 

6SS36-BIT (6SS36-WORD BY I-BIT) DYNAMIC RAM 

DESCRIPTION 
PIN CONFIGURATION (TOP VIEW) 

NC'" 1 Vss (OV) 

This is a family of 65536-word by l-bit dynamic RAMs, 
fabricated with the high performance N-channel silicongate 
MOS 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 polysilicon 
process technology and a single-transistor dynamic storage 
cell privide high circuit density at reduced costs, and the 
uSe of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 
both a reduction in pins to the standard 16-pin package 
configuration and an increase in system densities. The 
M5K4164ANP operates on a 5V power supply using the 
on-chip substrate bias generator. 

DATA INPUT 

WRITE 
CONTROL INPUT 

15 +- CAS ~~~g~~ 1~~~fESS 

FEATURES 

Access time Cycle time Power dissipation 

ROW ADDRESS RAS -+ 4 
STROBE INPUT 

ADDRESS 
INPUTS 

(5V) Vee 

Outline 16P4 

DATA OUTPUT 

ADDRESS 
INPUTS 

Type name (maxi (mini (typl 
(nsl (ns) (mWI 

• CAS controlled output allows hidden refresh. 

M5K4164ANP-20 200 330 125 
• Output data can be held infinitely by CAS. 

• Single 5V±20/ supply 

• Interchangeable with intel's 2164 and Motorola's MCM 
6665 in pin configuration. 

• Low standby power dissipation: 22.0 mW (max) 
• Low operating power dissipation: 225 mW (max) 
• Unlatched output enables two-dimensional chip selec­

tion and extended page boundary 
• Early-write operation gives common I/O capability 
• Read-modify-write, RAS-only refresh, and page-mode 

capabilities 
• All input terminals have low input capacitance and are 

directly TTL-compatible 
• Output is three-stage and directly TTL-compatible 
• 128 refresh cycles every 2ms 

(16K dynamic RAMs M5K4116P, S compatible) 

BLOCK DIAGRAM 

APPLICATION 

• Main memory unit for computers. 

DATA INPUT D 2 )-----------'---------~_;:::::J~~ 

WRITE CONTROL INPUT W 3 }--------- -----<:1 

COL~~R~~tP?~$0¥ Vee< 5V) 

2-24 

ROW ADDRESS 
STROBE INPUT 

ADDRESS INPUTS 

COLUMN DECODER 

MEMORY CELL 
164 ROWS X 256 COLUMNS) 

SENSE REFRESH AMPLIFIER 

MEMORY CELL 
164 ROWS X 256 COLUMNSI 

COLUMN DECODER 14 Q DATA OUTPUT 

MEMORY CELL 
164 ROWS X 256 COLUMNS) 

SENSE REFRESH AMPLIFIER 

COLUMN DECODE R 

MEMORY CELL J' 164 ROWS X 256 COLUMNS) 

--
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.... ELECTRIC 



MITSUBISHI LSls 

MSK4164ANP·20 

6SS36·BIT (6SS36·WORD BY I·BIT) DYNAMIC RAM 

FUNCTION 

The M5K4164ANP provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e.g., 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 CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify-write ACT ACT 

RAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

Standby NAC DNC 

Inputs 

W D 

NAC DNC 

ACT VLD 

ACT VLD 

DNC DNC 

DNC ONC 

DNC ONC 

Output 

Row Column Refresh Remarks 

address address 
Q 

APD APO VLD YES 
Page mode 

APD APO OPN YES identical except 

APO APD VLD YES 
refresh is NO 

APD DNC OPN YES 

APO ONC VLD YES 

DNC DNC OPN NO 

Note: ACT active. NAC nonactive, DNe don't care, VLO valid, APD applied, QPN open, 

SUMMARY OF OPERATIONS 

Addressing 
To select one of the 65536 memory cells in the 
M5K4164ANP the 16-bit address signal must be multi­

plexed into 8 address signals, which are then latched into 
the on-chip latch by two externally-applied clock pulses. 

First, the negative-going edge of the row-address-strobe 
pulse (RAS) latches the 8 row-address bits; next, the 
negative-going edge of the column-address-strobe pulse 
(CAS) latches the 8 column-address bits_ Timing of the 

RAS and CAS clocks can be selected by either of the fol­

lowing two methods: 
1. The delay time from RAS to CAS td (RAS.CAS) is set 

between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 

inhibited almost until td(RAS.CAS)max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time td (RAS.CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 

time. 

Data Input 
Data to be written into a selected cell is strobed by the later 
of the two negative transitions of W input and CAS input. 
Thus when the W input makes its negative transition prior 
to CAS input (early write), the data input is strobed by 

CAS, and the negative transition of CAS is set as the 

reference point for set-up and hold times. In the read-write 
or read-modify-write cycles, however, when the W input 
makes its negative transition after CAS, the W negative 
transition is set as the reference point for setup and hold 
times. 

Data Output Control 
The output of the M5K4164ANP is in the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 

data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active con­
dition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The output will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle. 

These output conditions, of the M5K4164ANP which 
can readily be changed by controlling the timing of the 
write pulse in a write cycle, and the width of the CAS pulse 
in a read cycle"offer capabilities for a number of applica­
tions, as follows. 

1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common I/O data bus. 
2. Data Output Hold 

The data output can be held between read cycles, without 
lengthening the cycle time, This enables extremely flexible 
clock-timing settings for RAS and CAS. 

• MITSUBISHI 
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MSK4164ANP-20 

6SS36 .. BIT (6SS36-WORD BY I-BIT) DYNAMIC RAM 

3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high­
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended-Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 256 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Page-Mode Operation 
This operation allows for multiple-column addressing at the 
same row address, and eliminates the power dissipation 
associated with the negative-going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles is eliminated, thereby de­
creasing the access and cycle times. 

Refresh 
Each of the 128 rows (Ao ~ A6 ) of the M5K4164ANP must 
be refreshed every 2 ms to maintain data. The methods of 
refreshing for the M5K4164ANP are as follows. 
1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 
read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh i§ not recom­
mended for systems which utilize "write-OR" outputs since 
output bus contention will occur. 
2. RAS Only Refresh 
A RAS-only refresh cycle is the recommended technique 
for most applications to provide for data retention. A 
RAS-only refresh cycle maintains the output in the high­
impedance state with a typical power reduction of 20% 
over a read or write cycle. 
3. Hidden Refresh 
A features of the M5K4164ANP is that refresh cycles 
may be performed while maintaining valid data at the out­
put pin by extending the CAS active time from a previous 
memory read cycle. This feature is refered to as hidden 
refresh. 

Hidden refresh is performed by holding CAS at V1L and 
taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, but with CAS held low_ 

The advantage of this refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 
need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the M5K4164ANP is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5K4164ANP as chip-select in the memory system, bu't if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5K4164ANP operates on a single 5V power supply. 

A wait of some 500t-ls and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 

2-26 
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MSK4164ANP-20 

65536-BIT (65536-WORD BY i-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Paramater Conditions Limits 

VCC Supply voltage -1-7 

V, I nput voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25'C 700 

Topr Operating free-air temperature range 0-70 

T5tg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unless otherwise noted) INote 11 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4,5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

V'H High-level input voltage, all inputs 2.4 Vcc+1 V 

V'L Low-level input voltage, all inputs -2 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) INote21 

Symbol Parameter Test conditions 
Min 

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

VOL Low-level output voltage IOL=.4·2mA 0 

10Z Off-state output current Q floating OV ~VOUT ~5.5V -10 

I, I nput current OV ~V'N. ~6. 5V, All other pins - OV -10 

ICCt(AVI 
Average supply current from Vee. 

M5K4164ANP-20 
RAS,CAS cycling 

operating (Note 3, 4) teA =t cw = min output open 

ICC2 Supply current from Vee, standby RAS=V'H output open 

Average supply current from Vee, RAS cycling CAS =V'H 
I CC3(AVI 

refreshing (Note 3) 
M5K4164ANP-20 

tC(REFI= min. output open 

ICC.(AV) 
Average supply current from Vee. RAS =V'L, CAS cycling 

page mode (Note 3, 4) M5K4164ANP-20 
tCPG= min, output open 

C, (AI Input capacitance. address inputs 

C, (01 Input capacitance, data input V,=Vss 

C, (W) Input capacitance, write control input f=1MHz 

C, (RASI Input capacitance, RAS input Vi=25mVrm5 

C, (CAsl Input capacitance, CAS input 

Co Output capacitance VO-VSS, f= 1MHz, Vi=25mVrm5 

Note 2 Current flowing into an Ie is positive; out is negative. 

3 I Ce1 CAY). I CC3(AV), and I CC4(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate, 

4: ICC 1 (AV) and ICC4(AV) are dependent on outpu,1Ioading, Specified values are obtained with the output open. 
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Limits 

Typ Max 

VCC 

0.4 

10 

10 

40 

4 

30 

30 

5 

5 

7 

10 

10 

7 

UnIt 

V 

V 

V 

mA 

mW 

'C 

'C 

Unit 

V 

V 

I'A 

I'A 

mA 

mA 

mA 

mA 

pF 

pF 

pF 

pF 

pF 

pF 
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6SS36-BIT (6SS36-WORD BY I-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta =0 -70°C. Vcc= 5 v ± 10%. v 55 =OV. unless otherwise noted, See notes 5, 6 and 7) 

M5K4164ANP-20 
Alternative 

Symbol Parameter Limits 
Symbol 

Max Min 

IORF Refresh cycle time IREF 2 

I W(RASH) RAS high pulse width IRP 120 

IW(RASL) RAS low pulse width I RAS 200 10000 

I W(CASL) CAS low pulse width ICAS 100 00 

I W(CASH) CAS high pulse width (NoteS) ICPN 40 

I h (RAS-CAS) CAS hold time after RAS ICSH 200 

I h (CAS-RAS) RAS hold time after CAS I RSH 100 

Id (CAS-RAS) Delay time, CAS to RAS (Note 9) ICRP -20 

Id(RAS-CAS) Oelay time. RAS to CAS (Note 101 I RCD 30 100 

ISU(RA-RAS) Row address setup tim~ before RAS I ASR 0 

I su (CA- CAS) Column address setup time before CAS I ASC 0 

Ih(RAS-RA) Row address hold time after RAS I RAH 25 

Ih(CAS-CA) Column address hold time after CAS I CAH 35 

I h (RAS-CA) Column address hold time after RAS I AR 120 

I THL 
Transition time IT 3 

I TLH 
50 

- ---
Note 5· An initial pause of 500.us is required after power-up followed by a.ny eight AAS or AAS/CAS cycles before proper device operation is achieved_ 

The switching characteristics are defined as t THL = t TLH =5ns, 
7 Reference levels of input signals are VIH min. and Vil max. Reference levels for tranSition time; are also between ViH and VI L. 
8: Except for page·mode. 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

td(CAS-RASI requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS) 

10' Operation within the td (RAS-CAS) max limit insures that t a eRAS) max can be met. td (RAS-CAs)max is specified reference point only;if 
td (RAS-CAS) is greater than the specified td (RAS-CAS) max limit, then access time is controlled exclusively by ta (CAS), 

I d (RAS- CAs)mln = Ih (RAS-RA) min + 2 I THL(t TLH) + I su (CA-CAS)mln_ 

SWITCHING CHARACTERISTICS (Ta=0-70'C, Vcc=5V±10%, Vss=OV, unlessotherwisenoted) 

Read Cycle 
M5K4164ANP-20 

Alternative 
Symbol Parameter Limits 

Symbol 
Min 

leR Read cycle time I RC 330 

Isu (R-CAS) Read setup time before CAS I RCS 0 

Ih (cAS-R) Read hold time after CAS (Note 111 I RCH 0 

Ih (RAS-R) Read hold time after RAS (Note 111 IRRH 25 

Idls (cAS) Output disable time (Note 121 IOFF 0 

la (CAS) CAS access ti me (Note 131 I CAC 

.la(RAS) RAS access time (Note 141 I RAC 

Note 11 Either th (RAS-R) or th (CAS-A) must be satisfied for a read cycle. 
Note 12 tdIS(CAS)maX defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL. 

Note 13: This is the value when·td (RAS-CAS)~td (RAS-CAS)max. Test conditions; Load == 2T TL, CL = 100pF 

Max 

50 

100 

200 

Note 14: This is the value when td (RAS-CAS)< td (RAS-CAs)max. When t d (RAS-CAS)~ td (RAS-CAS)maX, ta (RAS) will increasp by the amount that 

td (RAS-CAS) exceeds the value shown Test conditions; Load = 2T Tl, CL = 100pF 

Write Cycle 

Symbol Parameter 

low Write cycle time 

Isu (W-CAS) Write setup time before CAS 

Ih (CAS-W) Write hold time after CAS 

Ih (RAS-W) Write hold time after RAS 

Ih (W-RAS) RAS hold time after write 

Ih (W-CAS) CAS hold time after write 

Iw(w) Write pulse width 

Isu (D-CAS) Data-in setup time before CAS 

Ih (cAS-D) Data-in hold time after CAS 

Ih (RAS-D) Data-in hold time after RAS 

2-28 

Alternative 

Symbol 

I RC 

INote 171 I WCS 

IWCH' 

I WCR 

I RWL 

ICWL 

Iwp 

los 

I DH 

I DHR 
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Limits 

Min Max 

330 

-10 

55 

120 

55 

55 

55 

0 

55 

120 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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6SS36-BIT (6SS36-WORD BY I-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

Alternative 
M5K4164ANP-20 

Symbol Parameter 
Symbol 

limits Unit 

Min Max 

tCRW Read-write cycle time {Note 151 t RWC 340 ns 

tCRMW Read-modify-write cycle time {Note 161 tRMWC 390 ns 

th (W-RAS) RAS hold time after write. t RWL 55 ns 

th (W-CAS) CAS hold time after write tCWL 55 ns 

tw(W) Write pulse width twp 55 ns 

Isu (R-CAS) Read setup time before CAS t RCS 0 ns 

Id {RAS-W) Delay time, RA5 to write {Note 171 t RWD 150 ns 

td {CAs-wI Delay time, CAS to write {Note 171 tCWD 80 ns 

Isu {D-W) Data-in setup time before write t DS a ns 

th (W-D) Data-in hold time after write t DH 55 ns 

tdls (CAS) Output disable time t OFF 0 50 ns 

la (CAS) CAS access time {Note 131 t CAC 100 ns 

la(RAS) RAS access time {Note 141 t RAC 200 ns 

Note 15· tcRwmm is defined as tCRw"min = td (RAS-W) + th(W-RAS) + tw (RASH) + 3t TLH(tTHL) 

16· t CRMW min is defined as t CRMW min = ta {RAs)maX + th (W-RAS) + tw (RAS H) + 3t TLH(tTHL) 

17: tsu (W-CAS), td (RAS-W), and td (CAS-W) do not define the limits of operation, but are included as electrical characteristics only. 

When tsu (W-CAS)~tsu (W-CAS)min. an early·write cycle is performed, and the data output keeps the high-impedance state 

When td (RAS-W)~td(RAs-·w)min and td (CAS-W)~tsU(W-CAS)min a read-write cycle is performed, and the data of the selected address will be read out 

on the data output. 

For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to VI H) is not defined. 

Page-Mode Cycle 

Symbol Parameter 

te PGR Page-mode read cycle ti me 

to PGW Page-Mode write cycle time 

te PGRW Page-Mode read-write cycle time 

tc PGRMW Page-Mode read-modify"write cycle time 

Iw (CASH) CAS high pulse width 

Alternative 

Symbol 

t PC 

tpc 

-

-

I CP 

• MITSUBISHI 
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limits 

Min Max 

190 

190 

230 

245 

80 

Unit 

ns 

ns 

ns 

ns 

ns 
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6SS36-BIT (6SS36-WORD BY I-BIT) DYNAMIC RAM 

TIMING DIAGRAMS (Note 18) 

Read Cycle 
r-~------------------------ tOR 

Q 

I->----------------t W (RASL )--------------------<-< 

r->------c--------t h (RAS- CAS )-------------------<0-1 

V IH _-----""\.1 f--------th (RAS-CA)------~-~I 

V,L -

VOH -

VOL -

__ +-+-J-~ td(CAS-RAS) 

_____ .... ~------'I-t h (CAS-RAS) ----------i 

f-------~tW(CASL)--------~ ,-+-~~----____ --------__ 

tSU(RA-RAS) th(RAS-RA) tSU(CA-CAS) 

COLUMN 
ADDRESS 

Lta (CAS )---------1 

'-_____________ ta (RAS) -------------------1 

------------------H IGH IMPEDANCE STATE ----------~~ 

ROW 
ADDRESS 

_-l-----+-_ tdiS(CAS) 

DATA VALID 

Write Cycle (Early Write) 

D 

Q 

2-30 

1---------------------------- tow------------------------------~ 

f-----------------~t W (RASL) ---------------------i 

_____ """'1 f------------------th (RAS-CAS)--------------------"'I 

f------th(RAS-CA) -I 

V,H -

V,L - _____ J 

V,H -

V,L -~~~~~~~~~~~----~--~--__ ~~~~~~~~~~~~~~~~~~~~~~~~ 

f--------th (RAS-D )------------1 

VOH -

VOL ----------------------------HIGHIMPEDANCESTATE---------------------------------

• MITSUBISHI 
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MSK4164ANP-20 

65536·BIT (65536·WORD BY 1.BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

w 

Q 

D 

~~----------------tCRW/tCRMW--------------------1 

~---------------tW(RASL)----------------~ 

f------------___ t h (RAS-CAS )----------------i 

f-----t h (RAS-CA )-------1 

td(CAS-RAS) I----,------t h (CAS- RAS) -----------1 

-~_+-----~-----tW(CASL)--------~ 

1----- td (CAS-W) ----~-

V,H -~~~~~~~~~ ............ ~I_ ....................................... ~ 
V,L -.::.:::.~~~:£;;t.~~11 

ta(CAS)---i tdIS(CAS) __ f--j--

RAS-Only Refresh Cycle (Note 19) 

Ao-As 

Q 

Note 18 

VOH -

~~----------tcR-------------~ 

~~--- tw (RASL) ----_ 

ROW 
ADDRESS 

VOL _ ...... --......... ----------... --... --... --HIGH IMPEDANCE STATE--... ------------...... ----------------

Indicates the don't care input 
Note 19. CAS=VtH. W, A7, O=don'tcare. 

The center-line indicates the high-Impedance state 

• MITSUBISHI 
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MSK4164ANP-20 

65536-BIT (65536-WORD BY I-BIT) DYNAMIC RAM 

Page-Mode Read Cycle 

~~----------------------------tW(RASL)----~----------------------------~ 

VOH -
Q --- HIGH IMPEDANCE STATE 

th(CAS-R) 

Iii 

Page-Mode Write Cycle 

Vi 

D 

2--32 

~ ________________________________ tW(RASL) ________________________________ ~ 

th(RAS-CAS)~ 

th(RAS-CA)j I 
td (CAS-RAS) I 

'MITSUBISHI 
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Hidden Refresh Cycle 

W 
V,H 

V,L 

VOH 
Q 

VOL 

READ CYCLE 

tOR 

tw( RASL) 

MITSUBISHI LSls 

MSK4164ANP-20 

65536-BIT (65536-WORD BY 1-BIT) DYNAMIC RAM 

tw (RASH) 

REFRESH CYCLE 

tOR 

REFRESH CYCLE 
tOR 

tW(RASL) 

td(CAS-RAS) 
td(RAS-CAS) th(CAS-RAS) 

tw( CASH) 

tW(CASL) 

tsU(RA-RAS) th(RAS-RA) 

• MITSUBISHI 
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tsu (RA-RAS) 

DATA VALID 

tdis (CAS) 
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65 536-BIT (65 536-WORD BY I-BIT) DYNAMIC RAM 

DESCRIPTION 

This is a family of 65536-word by l-bit dynamic RAMs, 
fabricated with the high performance N-channel silicongate 
MOS 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 polysilicon 
process technology and a single-transistor dynamic storage 
cell privide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 
both a reduction in pins to the 16-pin zigzag inline package 

configuration and an increase in system densities. The 
M5K4164AL operates on a 5V power supply using the 
on-chip substrate bias generator. 

FEATURES 

• High speed 

Access time Cycle time Power dissipalion 
Type name (max) {min) (typl 

ins) (ns) (mWI 

MSK4164AL-12 120 220 175 

MSK4164AL-15 150 260 150 

• 16 pin zigzag inline package 
• Single 5V±1 0% supply 
• Low standby power dissipation: 22mW (max) 
• Low operating power dissipation: 

M5K4164AL-12 
M5K4164AL-15 

275mW (max) 
250mW (max) 

• Unlatched output enables two-dimensional chip selec­
tion a nd extended page boundary 

• Early-write operation gives common I/O capability 
• Read-modify-write, RAS-only refresh, and page-mode 

capabilities 

BLOCK DIAGRAM 
DATA INPUT 

WRITE CONTROL INPUT 

COLUMN ADDRESS 
STROBE INPUT 
ROW ADDRESS 
STROBE INPUT 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUT A6 

COLUMN ADDRESS CAS 
STROBE INPUT 

REFRESH INPUT REF 

WRITE CONT.ROL W INPUT 

Ao 

ADDRESS 
A, 

INPUTS 
A7 

A4 

!] 

--+ ~] 

--+ §] 
--+ fl 

~1 
--+ lJ] 

--+ 1}1 

--+ l§J 

[~ --+ Q DATA OUTPUT 

3: fa 
'" L_ 

Vss (OV) 

~ [§ <-- 0 DATA INPUT 

~ .- -- ROW ADDRESS 
". L~ <-- RAS STROBE INPUT 

~ [12 <-- A2 ADDRESS INPUT 

J"> 
.!. IT)1 Vee (5V) 

'" [(4 <-- AS} ADDRESS 

[(6 <-- A3 INPUTS 

Outline 16P5A 

• All input terminals have low input capaciatance and are 
directly TTL-compatible 

• Output is three-state and directly TTL-compatible 
• 128 refresh cycles every 2ms 

(16K dynamic RAMs M5K4116P, S compatible) 

• CAS controlled output allows hidden refresh 
• Output data can be held infinitely by CAS 

APPLICATION 

• Main memory unit for computers 
• Refresh memory for CRT 

REFRESH INPUT REF COLUMN DECODER 

ADDRESS INPUTS 

2-34 

MEMORY CELL 
164 ROWS X 256 COLUMNS I 

SENSE REFRESH AMPLIFIER 

MEMORY CELL 
164 ROWS X 256 COLUMNSI 

COLUMN DECODER 2 Q DATA OUTPUT 

MEMORY CELL 
164 ROWS X 256 COLUMNSI 

SENSE REFRESH AMPLIFIER 

MEMORY CELL J' 164 ROWS X 256 COLUMNSI 

COLUMN DECODER 

• MITSUBISHI 
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M5K4164AL-12, -15 

65 536-BIT (65 536-WORD BY I-BIT) DYNAMIC RAM 

FUNCTION 
The M5K4164AL provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e.g., page mode, RAS·only refresh, and delayed· 
write. The input conditions for each are shoVlin in Table 1. 

Table 1 Input conditions for each mode 

Operation 
RAS CAS W-

Read ACT ACT NAC 

Write (Early write) ACT ACT ACT 

Read-modify-write ACT ACT ACT 

RAS·only refresh ACT NAC ONC 

Hidden refresh ACT ACT ONC 

Automatic refresh NAC DNC DNC 

Self refresh NAC DNC DNC 

Hidden automatic refresh NAC ACT DNC 

Hidden self refresh NAC ACT DNC 

Standby NAC DNC ONC 

Inputs 

0 

DNC 

VLD 

VLD 

ONC 

ONC 

DNC 

DNC 

DNC 

DNC 

DNC 

Output 

Row Column Refresh Remarks 

address address REF Q 

APD APD NAC VLD YES 

APD APD NAC OPN YES 
Page mode 
identical. 

APO APO NAC YLO YES 

APO ONC NAC OPN YES 

APO ONC NAC VLD YES 

DNC DNC ACT OPN YES 

DNC DNC ACT OPN YES 

DNC DNC ACT VLD YES 

DNC DNC ACT VLD YES 

DNC DNC NAC OPN NO 

Note ACT active, NAC nonactive, ONe don't care, VLD : valid, APD applied, OPN; open. 

SUMMARY OF OPERATIONS 
Addressing 
To select oneofthe 65 536 memory cells in the M5K4164AL 
the 16-bit address signal must be multiplexed into 8 address 
signals, which are then latched into the on·ch ip latch by 
two externally-applied clock pulses. First, the negative­
going edge of the row-address-strobe pulse (RAS) latches 
the 8 row·address bits; next, the negative·going edge of the 
column-address-strobe pu.lse (CAS) latches the 8 column­
address bits. Timing of the RAS and CAS clocks can be 

selected by either of the following two methods: 
1. The delay time from RAS to CAS td(RAS-CAS) is set 

between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAS)max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access ti me, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time td(RAS'CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
timp.. 

Data Input 
Date to be written into a selected cell is strobed by the later 
of the two negative transitions of W input and CAS input. 
Thus when the W input makes its negative transition prior 
to CAS input (early write), the data input is strobed by 
CAS, and the negative transition of CAS is set as the 
reference point for set-up and hold times. I n the read-write 

or read-modify-write cycles, however, when the W input 
makes its negative transition after CAS, the W negative 
transition is set as the reference point for setup and hold 
times. 

Data Output Control 
The output of the M5K4164AL is in the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high·impedancestate to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The output will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle. 

These output conditions, of the M5K4164AL, which can 
readily be changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer capabilitie's for a number of applications, 
as follows. 
1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common I/O data bus. 
2. Data Output Hold 
The data output can be held between read cycles, without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS. 
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65 536-BIT (65 536-WORD BY I-BIT) DYNAMIC RAM 

3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high­
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended-Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 256 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Page-Mode Operation 
This operation allows for multiple-column addressing at the 
same row address, and eliminates the power dissipation 
associated with the negative-going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles is eliminated, thereby de­
creasing the access and cycle times. 

Refresh 
Each of the 128 rows (Ao - A6 ) of the M5K4164AL must 
be refreshed every 2 ms to maintain data. The methods of 
refreshing for the M5K4164AL are as follows. 
1. Normal Refresh 

Read cycle and Write cycle (early write, delayed write or 
read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom­
mended for systems which utilize "wire-OR" outputs since 
output bus contention will occur. 
2. RAS Only Refresh 

A RAS-only refresh cycle is the recommended technique 
for most applicatipns to provide for data retention. A 
RAS-only refresh cycle maintains the output in the 
high-impedance state with a typical power reduction of 
20% over a read or write cycle. 
3. Automatic Refresh 

Pin 5 (REF) has two special functions. The M5K416AL 
has a refresh address counter, refresh address multiplexer 
and refresh timer for these operations. Automatic refresh is 
initiated by, bringing REF low after RAS has precharged 
and is used during standard operation just like RAS-only 
refresh, excep.t that sequential row addresses from an 
external counter are no longer necessary. 

At the end of automatic refresh cycle, the internal 
refresh address counter will be automatically incremented. 
The output state of the refresh address counter is initiated 
by some eight REF, RAS or RAS/CAS cycle after power is 
appl ied. Therefore, a special operation is not necessary to 
initiate it. 

RAS must remain inactive during REF activated cycles. 
Likewise, REF must remain inactive during RAS generated 
cycle. 

4. Self-Refresh 
The other function of pin 5 (REF) is self-refresh. Timing 

for self-refresh is quite similar to that for automatic refresh. 
As long as RAS remains high and REF remains low, the 
M5K4164AL will refresh itself_ This internal sequence re­
peats asynchronously every 12 to 16 Jls. After 2 ms, the on­
ch ip refresh address counter has advanced through all the row 
addresses and refreshed the entire memory. Self-refresh is 
primarily intended for trouble free power-down operation. 

For example, when battery backup is used to maintained 
data integrity in the memory. REF may be used to place 
the device in the self-refresh mode with no external timing 
signals necessary to keep the information alive. 

In summary, the pin 5 (REF) refresh function gives the 
user a feature that is free, save him hardware on the board, 
and in fact, will simplify his battery backup procedures, 
increase his battery life, and save him overall cost while 
giving him improved system performance. 

There is an internal pullup resister ("" 3MU) on pin 5, so 
if the pin 5 (REF) function is not used, pin 5 may be left 
open (not connect) without affecting the normal operations. 
5. Hidden Refresh 

A feature of the M5K4164AL is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is refered to as hidden refresh. 

Hidden refresh is performed by holding CAS at V1L and 
taking RAS high and after a specified pre charge period, 
executing a RAS-only cycling, automatic refresh and 
self-refresh, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted: In many applications this eliminates the 
need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the M5K4164AL is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and appl ied to the 
M5K4164AL as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5K4164AL operates on a single 5V power supply. 

A wait of some 500Jls and eight or more dummy cycle is 
necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Paramater Conditions Limits 

VCC Supply voltage -1-7 

V, Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25'C 700 

Topr Operating free-air temperature range 0-70 

Tstg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unless otherwise noted) INote 11 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 0 0 V 

V'H High-level input voltage, all inputs 2.4 6.5 V 

V'L Low-level inpul voltage, all inputs -2 0.8 V 

Note 1 All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vcc=5V±10%, Vss=OV, unlessotherwisenoted)INote21 

Limits 
Symbol Parameter Test conditions 

Min Typ 

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

VOL Low-level output voltage IOL=4.2rnA 0 

10Z Off-state output current Q floating OV ",VOUT ",5 5V -10 

I, I nput current OV "'V'N"'6.5V, All other pins = OV -10 

Average supply current from Vee, M5K4164AL-12 RAS. CAS cycling 
'CCHAV) operating INote 3. 41 tOR = tow = min output open M5K4164AL-15 

ICC2 Supply current from Vee. standby RAS=V'H output open 

Average supply current from Vee, M5K4164AL-12 RAS cycling OAS =V'H 
'CC3IAVI refreshing INote 31 tC(REF)= min, M5K4164AL-15 output open 

Average supply current from Vee, M5K4164AL-12 RAS =V'L, OAS cycling 
ICC4IAV) 

page mode (Note 3, 41 tCPG= min, M5K4164AL-15 output open 

Average supply current from Vee, M5K4164AL-12 RAS=V'H, REF cycling 
'CCS(AV) 

automatic refreshing ~Note 3) to (AEF)=mln. output open M5K4164AL-15 

'CC6(AV) Average supply current from Vee, self refreshing 
RAS~V'H, REF=V'L 
output open 

0, (A) Input capacitance, address inputs 

0, (0) Input capacitance, data input V,=VSS 

O'IW) Input capacitance, write control input f=lMHz 

0, (RAS) Input capacitance, RAS input Vi=25rnVrrns 

0, (CAS) Input capacitance. CAS input 

O'IREF) Input capacitance. REF input 

00 Output capacitance VO=VSS, f= 1MHz, Vi=25rnVrrns 

Note 2: Current flowing into an IC is positive, out is negative. 

3' I CCl (AV). I CC3(AV). I CC4(AV) and I CCS(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

ICC 1 (AY) and I CC4(AV) are dependent on output loading. Specified values are obtained with the output open. 

• MITSUBISHI 
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Max 

VCC 

0.4 

10 

10 

50 

45 

4 

40 

35 

40 

35 

40 

35 

8 

5 

5 

7 

10 

10 

10 

7 

Unit 

V 

V 

V 

rnA 

mW 

'c 
'c 

Unit 

V 

V 

I1A 

I1A 

rnA 

rnA 

rnA 

mA 

rnA 

rnA 

rnA 

mA 

rnA 

mA 

pF 

pF 

pF 

pF 

pF 

pF 

pF 
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65 536·BI"I' (65 536·WORD BY I.BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta =0 ~70"C. Vcc=5V ± 10%. VSS=OV. unless otherwise noted. See notes 5, 6 and'7) 

M5K4164AL-12 M5K4164AL-15 

Symbol Parameter 
Alternative 

Limits Limits 
Symbol 

Min Max Min Max 

IORF Refresh cycle time I REF 2 2 

I W(RASH) RAS high pulse width t RP 90 100 

IW(RASLJ RAS low purse width I RAS 120 10000 150 10000 

I W(CASLJ CAS low pulse width ICAS 60 00 75 00 

I W(CASH) CAS high pulse width INoteSI ICPN 30 35 

t h (RAS-CAS) CAS hold time after R AS ICSH 120 150 

I h (CAS- RAS) RAS hold time a:fter CAS I RSH 60 75 

Id (CAS-RAS) Delay ti me, CAS to R AS INote 91 tCRP ~20 -20 

I d (RAS-CAS) Delay time, RAS to CAS INote 101 I RCO 25 60 30 75 

I su (RA- RAS) Row address setup time before RAS I ASR 0 0 

I SU (CA-CAS) Column address setup time before CAS I ASC 0 0 

I h (RAS-RA) Row address hold time after RA"'S I RAH 15 20 

I h (CAS-CA) Column address hold time after CAS I CAH 20 25 

I h (RAS-CA) Column address hold time after RAS I AR 90 95 

ITHL 
Transition time IT 3 

I TLH 
35 3 50 

Note 5 An initial pause of 500~s is required aft!'!r power·up followed by a.ny eight REF, RAS or RAS/CAS cycles before proper device operation is achieved. 
6 The switching characteristics are defined as t THL = t TLH = 5ns. 

Reference levels of input signals are VIH min. and Vil max. Reference levels for transition time are also between VIH and Vil. 

Except for page· mode. 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

td(CAS·RAS) requirement is only applicable for RAS/CA~ cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS) 

10' Operation within the td (RAS-CAS) max limit insures that- t a (RAS) max can be· met. td (RAS-CAS)ma x is specified reference point onlY,if 
td (RAS-CAS) is greater than the specified td (RAS-CAS) max limit. then access time is controlled exclusively by taICAS). 

Id (RAS-CAslmln = Ih (RAS-RA)mln + 21 THL(t TLH) + I su (CA-CAS)mln, 

SWITCHING CHARACTERISTICS (Ta=0-70'C, Vcc=5V±10%, VSs=OV, unlessotherwisenoted) 

Read Cycle 

Alternative 
M5K4164AL-12 M5K4164AL-15 

Symbol Parameter limits 
Symbol 

Min Max Min 

lOR Read cycle time I RC 220 260 

tsu ,IR-CAS) Read setup time before CAS t RCS 0 0 

Ih (CAS-R) Read hold time after CAS INote 111 IRCH 0 0 

Ih (RAS-RI Read hold time after RAS INote 111 tRRH 10 20 

Idls (CAS) Output disable time INote 121 IOFF 0 35 0 

la (CAS) CAS access time INote 131 I CAC 60 

la (RAS) RAS access time (Note 141 I RAC 120 

Note 11 Either th (RAS-R) or th (CAS-R) must be satisfied for a read cycle, 
Note 12: tdls (CAS)maX defines the time at which the output achieves the open circuit condition and is not reference to VO H or Vo l 

Note 13: This is the value when't9 (RAS-CAS)~td (RAS-CAs)max. Test conditions; Load == 2T TL. Cl == 100pF 

Limits 

Max 

40 

75 

150 

Note 14 This is the value when td (RAS-CAS)< td (RAS-CAS)max. When td (RAS-CAS)~td (RAS-CAS)max. ta (RAS) will incre?se by the amount that 
td (RAS-CAS) exceeds the value shown Test conditions; Load == 2T TL. Cl "" 100pF 

Write Cycle 

Symbol 

low 

Isu (W-CAS) 

Ih (CAS-W) 

Ih (RAS-W) 

Ih (W-RAS) 

Ih (W-CAS) 

Iw(W) 

Isu (O-CAS) 

Ih (CAS-D) 

Ih (RAS-O) 

2-38 

Parameter 

Write cycle time 

Write setup time before CAS 

Write hold time after CAS 

Write hold time after RAS 

RA'S"'hold time after write 

CAS hold time after write 

Write pulse width 

Data·in setup time before CAS 

Data·in hold time after CAS 

Data·in hold time after RAS 

Alternative 

Symbol 

I RC 

(NC?te 17) IWCS 

IWCH' 

IWCR 

IRWL 

ICWL 

twp 

los 

IOH 

IOHR 

• MITSUBISHI 
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M5K4164AL-12 M5K4164AL-15 

Limits Limits 

Min Max Min Max 

220 260 

-5 -5 

40 45 

90 95 

40 45 

40 45 

40 45 

0 0 

40 45 

90 95 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Read-Write and Read-Modify-Write Cycles 

Alternative 
M5K4164AL-12 M5K4164AL-15 

Symbol Parameter 
Symbol 

Limits Limits Unit 

Min Max Min Max 

ICAW Read-write cycle time INote 151 IRWC 245 280 ns 

ICRMW Aead-mod!fy-wnte cycle tim~. (Note 16) I RMWC 265 310 ns 

Ih (W-RASi RAS hold time after write I RWL 40 45 ns 

Ih (W-CASi CAS hold time after write ICWL 40 45 ns 

IW(Wi Write pulse width Iwp 40 45 ns 

Isu (R-CAS) Read setup time before CAS I RCS 0 0 ns 

Id (RAS-W) Delay time, AAS 10 write INote 171 IRWD 100 120 ns 

Id (CAS-W) Delay time, CAS to write INote 171 ICWD 40 60 ns 

Isu (D-W) Data-in setup time before write IDS 0 0 ns 

Ih(W-D) Data-in hold time after write IDH 40 45 ns 

Idls (CAS) Output disable time IOFF 0 35 0 40 ns 

la (CAS) CAS access time INote 131 ICAC 60 75 ns 

la (RAS) RAS access time INote 141 I RAC 120 150 ns 

Note 15 t CAW min is defined as tCRW min = td (RAS-W) + th (W-RAS) + tw (RASH) + 31 TLH(hHL) 

16 tCRM~ min isdefinedastcRMW min =ta(RAs)maX +thCW-RAS)+tW(RAS H)+3t TLH (tTHL) 

17 tsu (W-CAS). td (RAS-W). and td (CAS-W) d') not define the limits of operation, but are included as electrical characteristics only. 

When tsu (W'CAS)~ tsu (W -CAS)mln, an early·write cycle is performed, and the data output keeps the high· impedance state 

When td (RAS-W)~ td (RAS-W)mln. and td (CAS-W )~tsU(W-CAS)min a read-write cycle is performed, and the data of the selected address will be read out 

on the data output. 

For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to VtH) is not defined. 

Page-Mode Cycle 

Symbol Parameter 

Ic PGR Page-mode read cycle time 

Ie PGW Page-Mode write cyc:e time 

t e PGRW Page-Mode read-write cycle time 

t.e PGAMW Page-Mode read-modify-write cycle time 

Iw (CASH) CAS high pulse width 

Automatic Refresh Cycle 

Symbol Parameter 

Ie (REF) Automatic Refresh cycle time 

Id IRAS-REF) Delay time, RAS to REF 

Iw (REFL) REF low pulse width 

tw (REFH) REF high pulse width 

Id (REF-RAS) Delay time, REF to RAS 

Isu (REF-RAS) RE F pulse setup time before RAS 

Self-Refresh Cycle 

Symbol Parameter 

Id (RAS- REF) Delay time, RAS to REF 

Iw (REFL) REF low pulse width 

Id (REF-RAS) Delay time, REF to RAS 

Alternative 

Symbol 

Ipc 

IpC 

-

-

ICp 

Alternative 

Symbol 

I FC 

I RFD 

IFP 

I FI 

IFSR 

IFRD 

Alternative 

Symbol 

IRFD 

IFBP 

IFBR 

• MITSUBISHI 
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Limits Limits 

Min Max Min Max 

140 145 

140 145 

150 180 

170 195 

55 60 

M5K4164AL-12 M5K4164AL-15 

Limits Limits 

Min Max Min Max 

220 260 

90 100 

60 8000 60 8000 

30 30 

30 30 

250 295 

M5K4164AL-12 M5K4164AL-15 

Limits Limits 

Min Max Min Max 

90 100 

8000 "" 8000 "" 
250 295 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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TIMING DIAGRAMS 
Read Cycle INote 19) 

INote 18) 

~~------------------------toR 

Q 

~~----------------tW(RASL)I------------~----~~ 

~--______________ th (RAS-CAS ),-------------_o-1 

V,H _------1 f-o-----th(RAS-CA)---~·_I1 
V,L -

- ___ +-~----'I-th (CAS-RAS)----~ 
V,H _------t,.++------~- 1---,---7-tW(CASL)-------~ 

V,L - ____ -' 

VOH -

COLUMN 
ADDRESS 

L-ta(CAS)-----~ 
1-----_________ ta (RAS) ---------------., 

----------HIGH IMPEDANCE STATE-------~~ 
VOL -

DATA VALID 

ROW 

ADDRESS 

Write Cycle (Early Write) INote 19) 

RAS 

CAS 

o 

Q 

2-40 

V,H t h (RAS-CA) 

V,L -

V,H -
V,L -

V IH -n7?~~",7VVV~'X',l.~ ___ --'-

tW(RASL) 

th(RAS'CAS) 

-I 

tow 

th (CAS-RAS) 

tW(CASL) 

-I 

ROW 

ADDRESS 

V,L -~~~~~~~~~~ __ ~ __ ~ ____ ~~~~~~~~~~~~~~~JJ~1J~~~~ 

f-----th (RAS-O )-----"" 

~:: -----------------HIGH IMPEDANCE STATE------------_______ _ 
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Read-Write and Read-Modify-Write Cycles INote 191 

AO-A, 
V,H -

V,L -

Vi V,H -
V,L -

Q 
VOL 

D 

~-------------------------------tCRW/tCRMW------------------------------------~ 

~------------------------~tW(RASL)----------------------------~ 
I-__ --_____________________ th (RAS- CAS )--------------------------~ 

I---------t h (RAS-CA )----------..;1 
r--------,c---------t h (CAS- RAS) ----------------~~ 

--~_+------~----------tW(CASL)~--------------~ 

td (CAS-W) 

L-,,,,",, tdIS(CAS) 

RAS-Only Refresh Cycle (Note 201 

Q 

Note 18 

1---------------------~tcR--------------------------~ 

r-------- t W (RAS L ) ---------j 

ROW 

ADDRESS 

VOL _----------------------------------HIGH IMPEDANCE STATE------------------------------------

~ Ind,cates the don't care ;nput 
Note 19, REF = V,H 

~ The center-line Indicates the high-Impedance state 

20. CAS=REF=V,H, Vi, D=don'tcare, 
A7 may be VIH or VIL. 

• MITSUBISHI 
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Page-Mode Read Cycle INote 191 

~~----------------------------tW(RASL)----------------------------------~ 

VOH -
Q VOL _---HIGH IMPEDANCE STATE 

w 

Page-Mode Write Cycle INote 191 

IN 

0 

2-42 

VIH 

VIL 

VIH 

VIL -

VIH 

VIL -

VIH -
VIL 

~ ________________________________ tW(RASL) ________________________________ ~ 
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Automatic Pulse Refresh Cycle (Multiple Pulse) (Note 211 

RAS 

td(RAS-REF) 
f-----"==---'-"=-'"'i�d (REF-RAS) 

Automatic Pulse Refresh Cycle (Single Pulse) (Note 211 

RAS 
V,H 

V,L ---.I 
~ f\ 

Id ( RAS- RE F) Isu (REF-RASI 

Iw(REFL) 
Id (REF-RAS) 

V,H 
REF 

V,L 

~ ¥It 
Self-Refresh Cycle INote 211 

RAS VIH---{ ~ VIL -
Id (RAS-REF) Id (REF-RAS) 

~:: = _______ ·~I...: ___________ I_W_(R_E_F_L_) _________ ---'y: · 
Note 21 CAS, Addresses, 0 and IN are don't care, 

Hidden Automatic Pulse Refresh Cycle 
READ CYCLE REFRESH CYCLE REFRESH CYCLE 

Vi 

ta (RAS) tdIS(CAS) 

Q DATA VALID 
VOH -
VOL---------------~KI ~~ ________________________________________ ~LU 

• MITSUBISHI 
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Hidden Self-Refresh Cycle 
READ CYCLE 

W 
V,H 

V,L 

REF 
V,H 

V,L 

Idls (CAS) 

Q 
VOH 

VOL 
DATA VALID 

Note 22. If the pin 5 (REF) function is not used, pin 5 may be left open (not connect). 

Hidden Refresh Cycle INote 191 

READ CYCLE 

leR 

IW(RASL) 

tw (RASH) 

REFRESH CYCLE 

teR 

Iw( RASL) 

td(CAS-RAS) 
Id (RAS-CAS) th (CAS- RAS) 

W 
V,H 

V,L 

VOH 
Q 

VOL 

2,--44 

Iwl CASH) 

Iwl CASL) 

IsuIRA-RAS) th(RAS-RA) Isu (RA-RAS) 

DATA VALID 

•. MITSUBISHI 
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leR 

t w ( RASL) 

Iw (RASH) 

ROW 

tdls (CAS) 
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DESCRIPTION 
PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUT A6 -+ I1 

This is a family of 65536-word by 1-bit dynamic RAMs, 
fabricated with the high performance N-channel silicongate 
MOS 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 polysilicon 
process technology and a single-transistor dynamic storage 
cell privide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation_ Multiplexed address inputs permit 
both a reduction in pins to the 16-pin zigzag inline package 
configuration and an increase in system densities_ The 
M5K4164AN L operates on a 5V power supply using 
the on-chip substrate bias generator_ 

COL~~R~:~~~~i CAS -+ 1] 
DATA OUTPUT 

! [! 
INO CONNECTIONI NC §J ~ ._ 
WRITE CONTROL W -+ -, ;; L~ 

INPUT L .... ,..-

Vss (OV) 

+- D DATA INPUT 

+- RAS ~~~O:~~~~~~ 
-, r :;-0 +-- A2 ADDRESS INPUT 

ADDRESS A 1 -+ flJ ~ ~:2 { 

Ao -+ "91 ~ L~ 

INPUTS A7 --+ 131 ..!. L_ 

-~ UI :-=t-4 +- A } 
A4 -+ 151 "- s ADDRESS 

-" D} +- AJ INPUTS 

Vee (SV) 

FEATURES Outline 16P5A 

• High speed 

Access time Cycle time 
Type name lmaxl (min) 

Insl Insl 

Power dissipation 
Itypl 
ImWI 

• All input terminals have low input capaciatance and are 
directly TTL-compatible 

M5K4164ANL-12 120 220 175 

M5K4164ANL-15 150 260 150 

• 16 pin zigzag inline package 
• Single 5V±10% supply 
• Low standby power dissipation: 22mW (max) 
• Low operating power dissipation: 

M5K4164ANL-12 275mW (max) 
M5K4164ANL-15 250mW (max) 

• Unlatched output enables two-dimensional chip selec­
tion and extended page boundary 

• Early-write operation gives common I/O capability 
• Read-modify-write, RAS-only refresh, and page-mode 

capabil ities 

BLOCK DIAGRAM 
DATA INPUT D 

WRITE CONTROL INPUT Vi 

COL~rRNo~f9~~3~ CAS 

~.g~Mf9~~3f RAS 

• Output is three-state and directly TTL-compatible 
• 128 refresh cycles every 2ms 

(16K dynamic RAMs M5K4116P, S compatible) 
• CAS controlled output allows hidden refresh 
• Output data can be held infinitely by CAS 

APPLICATION 

• Main memory unit for computers 
• Refresh memory for CRT 

MEMORY CELL 

Vee ISV) 

Vss 10V) 

164 ROWS X 256 COLUMNSI 

SENSE REFRESH AMPLIFIER l-
S 

Ao MEMORY CELL u 
a: 

Al 
164 ROWS X 256 COLUMNSI U 

..J 

A2 COLUMN DECODER 0 
a: 2 Q DATA PUTPUT 

A3 
ADDRESS INPUTS 

A. 

As 

A7 

MEMORY CELL 
194 ROWS x 256 COLUMNSI 

SENSE REFRESH AMPLIFIER 

MEMORY CELL 
164 ROWS X 256 COLUMNSI 

COLUMN DECODER 

• MITSUBISHI 
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FUNCTION 

The M5K4164ANL provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions e.g., page mode, RAS-only refresh, and delayed· 
w;ite. Th~ input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
RAS CAS 

Read ACT ACT 

Write (Early write) ACT ACT 

Aead-modify-write ACT ACT 

RAS·only refre$h ACT NAC 

Hidden refresh ACT ACT 

Standby NAC ONC 

Inputs 

W D 

NAC ONC 

ACT VLO 

ACT VLO 

ONC ONC 

ONC ONC 

ONC ONC 

Output 

Column Refresh Remarks Row 0 address address 

APO APO VLO YES 
Page mode 

APO APO OPN YES identical. 

APO APO VLO' YES 

APO ONC OPN YES 

APO ONC VLO YES 

ONC ONC OPN NO 

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

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 65536 memory cells in the 
M5K4164ANL the 16-bit address signal must be multiplex­
ed into 8 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 8 row-address bits; next, the negative­
going edge of the column-address-strobe pulse (CAS) 
latches the 8 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 

1. The delay time from RAS to CAS td (RAS-CAS) is set 
between the minimum a~d maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAS) max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time td(RAS-CAS) is set larger· than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already bl!!en released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time. 

Data Input 
Data to be written into a selected cell is strobed by the later 
of the two negative transistons of W input and CAS input. 
Thus when the Iii input makes its negative transition prior 
to CAS input (early write), the data input is strobed by 
CAS, and the negative transition of CAS is set as the 

reference point for set-up and hold times. In the read-write 
or read-modify-write cycles, however, when the Iii input 
makes its negative transition after CAS, the W negative 
transition is set as the reference point for setup and hold 
times. 

Data Output Control. 
The output of the M5K4164AN L is in the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read'modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data 'in the selected cell will be 
read: This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The output will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle. 

These output conditions, of the M5K4164ANL, which 
can readily be changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer cClpabilities for a number of applications, 
as follows. 
1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common I/O data bus. 
2 Data Output Hold 
The data output can be held between read cycles, without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings-for RAS and CAS. 

2-46 
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3. Two Methods of Chip Selectioh 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high· 
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended·Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 256 column locations in a single chip. I n this 
case, RAS must be applied to all devices. 

Page· Mode Operation 
This operation allows for multiple-column addressing at the 
same row address, and eliminates the power dissipation 
associated with the negative-going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles is eliminated, thereby de­
creasing the access and cycle times. 

Refresh 
Each of the 128 rows (Ao ~ A6 ) of the M5K4164AN L 
must be refreshed every 2 ms to maintain data. The 
methods of refreshing for the M5K4164ANL are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

read-modify·write r refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom­
mended for systems which utilize "write·OR" outputs since 
output bus contention will occur. 
2. RAS Only Refresh 

A RAS-only refresh cycle is the recommended technique 
for most applications to provide for data retention. A 
RAS-only refresh cycle maintains the output in the 
high-impedance state with a typical power reduction of 
20% over a read or write cycle. 

3. Hidden Refresh 
A feature of the M5K4164AN L is that refresh cycles may 

be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is refered to as hidden refresh. 

Hidden refresh is performed by holding CAS at V I Land 
taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 
need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the M5K4164AN L is dynamiC, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5K4164ANL as chip-select in the memory system, but if 

RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5K4164AN L operates on a single 5V power supply. 

A wait of some 500lls and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Paramater Con(jiJions Limits 

VCC Supply voltage -1-7 

V, Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25'C 700 

Topr Operating free-air temperature range 0-70 

Tstg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unlessotherw;senoted) INote 1) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

V'H High-level input voltage, all inputs 2.4 6.5 V 

V'L Low-level input voltage, all inputs -2 0.8 V 

Note 1 All voltage values are WIth respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vcc=5V±1O%, Vss=OV, unlessotherwisenOled)INote2) 

Symbol Parameter Te~t conditions 
Min 

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

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

loz Off-state output current Q floating OV";VouT";5.5V -10 

I, Input current OV";V,N";6.5V, All other pins = OV -10 

'CCt(AV) 
Average supp'v current from Vee. M5K4164ANL-12 RAS,CAS cycling 

operating (Note 3, 4) M5K4164ANL-15 t CR =1 ow = min output open 

ICC2 Supply current from Vee, standby RAS=V'H output open 

'CC3(AV) 
Average supply current from Vee, M5K4164ANL-12 RAS cycling CAS =V'H 
refreshing (Note 3) M5K4164ANL-15 t C(REF)= min. output open 

'CC.(AV) 
Average supply current from Vee, M5K4164ANL-12 RAS=V'L, CAS cycling 

page mode (Note 3, 4) M5K4164ANL-15 tCPG= min, output open 

C, (A) Input capacitance. address inputs 

C, (D) Input capacitance. data input V,=Vss 

C, (W) Input capacitance, write control input f=IMHz 

C, (RAS) Input capacitance. RAS input V,=25mVrms 

C, (CAS) Input capacitance, CAS input 

Co Output capacitance Vo=Vss, f= 1MHz, V;=25mVrms 

Current flowmg into an Ie is positive. out is negative. Note 2 
3 
4: 

ICC1(AV). 'CC3(AV). and ICC4(AV) are dependent on cycle rate Maximum current is measured at the fastest cycle rate. 

ICC 1 (AV) and I CC4(AV) are dependent on output loading. Specified values are obtained with the 9utput open. 
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Limits 

Typ Max 

VCC 

0.4 

10 

10 

50 

45 

4 

40 

35 

40 

35 

5 

5 

7 

10 

10 

7 

Unit 

V 

V 

V 

mA 

mW 

'C 

'C 

Unit 

V 

V 

t/A 

t/A 

mA 

mA 

mA 

mA 

mA 

mA 

rnA 

pF 

pF 

pF 

pF 

pF 

pF 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta =0 - 70·C, Vcc=5V ± 10%. Vss=OV, unlessotherwisenoted,Seenotcs5,6i:1lld7) 

M5K4164ANL-12 M5K4164ANL-15 
Symbol Parameter 

Alternative 
limits Limits 

Symbol 
M'n M{lx Mm Ma' 

tCRF Refresh cycle time I AEF 2 2 

I W (AASH) AAS high pulse width lAP 90 100 

IW(AASL) RAS low pulse width I AAS 120 10000 150 10000 

I W(CASL) CAS low pulse width ICAS 60 00 75 00 

t W(CASH) CAS high pulse width INote 81 ICPN 30 35 

I h IAAS-CAS) CAS hold time after RAS ICSH 120 150 

I h (CAS- AAS) RAS hold time after CAS I RSH 60 75 

Id (CAS-AAS) Delay time, CAS to RAS INote 91 I CAP -20 -20 

IdIAAS-CASI Delay time. AAS to CAS INote 101 1 ACO 25 60 30 75 

I SU(AA-AAS) Row address setup time before RAS I ASA 0 0 

t SU(CA-CAS) Column address setup time before CAS I ASC 0 0 
--

Ih(AAS-AA) Row address hold time after RAS I AAH 15 20 

I h (CAS-CAl Column address hold time after CAS I CAH 20 25 

I h IAAS-CA) Column address hold time after RAS IAA 90 95 

I THL 
Transition time IT 3 35 3 50 

t TLH 

Note 5 An initial pause of 500,us is required after power-ulJ followed by any eight RAS or RAS/CAS cycles before proper device operation IS achiever! 

The switching characteristics are defined as t THL = t TLH = 5ns. 
Reference levels of input signals are VI H min. and VI L max. Reference levels for transition time are also between VI Hand V il . 

Except for page-mode. 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

td(CA·S-RASI requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS.) 

10: Operation within the td eRAS-CAS) max limit insures that t a (RAS) max can be met. td (RAS-CAS)maX is specified reference pOint nnlY,ii 
td (RAS-CAS) is greater than the specified td (RAS-CAS) max limit, then access time is controlled exclusively by ta (CAS)· 

td (RAS-CAs)min = th (RAS-RA)min + 2t THL(t TLH) + t su (CA-CAS)m"ln_ 

SWITCHING CHARACTERISTICS (Ta~0-70·C. Vcc=5V±10%, VSs=OV, unlessotherwisenoted) 

Read Cycle 

M5K4164ANL-12 M5K4164ANL-15 
Alternative 

Symbol Parameter Limits Limits 
Symbol 

Min Ma' Min M" 

ICA Read cycle time lAC 220 260 

Isu (A-CAS) Read setup time before CAS lACS 0 0 

Ih (CAS-A) Read hold time after CAS INote t 11 I ACH 0 0 

Ih I AAS-A) Read hold time after RAS INote 111 IAAH 10 20 

Idls (CAS) Output disable time INote 121 IOFF 0 35 0 40 

la (CAS) CAS access time INote 131 I CAC 60 75 

la (AAS) RAS access time INote 141 I AAC <120 150 

Note 11 Either th (RAS-R) or th (CAS-R) must be satisfied for a read cycle. 
Note 12 tdls (CAS)max defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL 
Note 13· This is the value when td (RAS-CAS)~td (RAS-CAS) max. Test conditions; Load:::: 2T TL, CL :::: 100pF 

Note 14 This is the value when td lRAS.CAS)< td (RAS-CAS)max. When td (RAS·CAS)~td (RAS-CAS)max. ta (RAS) will increase by the amount that 
td (RAS-CAS) exceeds the value shown. Test conditions, Load = 2T TL. CL = 100pF 

Write Cycle 

Symbol Parameter 

lew Write cycle time 

Isu (W-CAS) Write setup time before CAS 

Ih (CAS-W) Write hold time after CAS 

Ih (AAS-W) Write hold time after RAS 

Ih (W-AAS) RAS hold time after write 

Ih (W-CAS) CAS hold time after write 

Iw(W) Write pulse width 

Isu (o-CAsl Data-in setup time before CAS 

Ih (CAS-OI Data-in hold time after CAS 

Ih (AAS-O) Data-in hold time after RAS 

M5K4164ANL-12 
Alternative 

SymQol 

lAC 

INote 171 I WCS 

IWCH 

I WCA 

I AWL 

ICWL 

Iwp 

lOS 

IOH 

IOHA 

• MITSUBISHI 
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Limits 

Min Max 

220 

-5 

40 

90 

40 

40 

40 

0 

40 

90 

M5K4164ANL-15 

Limits 

Min Ma' 

260 

-5 

45 

95 

45 

45 

45 

0 

45 

95 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Read-Write and Read-Modify-Write Cycles 

Alternative 
M5K4164ANL-12 M5K4164ANL-15 

Symbol Parameter 
Symbol 

Limits Limits Unit 

Min Max Min Max 

tCRw Read-write cycle lime (Note 15) tRwc 245 280 ns 

tORMW Aead-modify-write cycle time INote 161 t RMWC 265 310 ns 

th (W-RAS) AAS hold time after write t RWL 40 45 ns 

th (W-CAS) CAS hold time after write tCWL 40 45 ns 

tW(W) Write pulse width twp 40 45 ns 

tsu (R-CAS) Read setup time before CAS t RCS 0 0 ns 

td (RAS-W) Delay time, RA'S tn write (Note 171 tRWD 100 120 ns 

td (CAS-W) Delay time. CAS to write INote 171 tCWD 40 60 ns 

tsu (D-W) Data-in setup time before write t DS 0 0 ns 

th (W-D) Data-in hold time after write tDH 40 45 ns 

tdls (CAS) Output disable time t OFF 0 35 0 40 ns 

ta (CAS) CAS access time INote 131 tCAC 60 75 ns 

ta (RAS) AAS access time INote 141 t RAC 120 150 ns 

Note 15 t CRWm1n is defined as tCRwmin = td (RAS-W) + th (W-RAS) + tw (AASH) + 3t TLH(trHL) 

16 t CRM W min is defined as t CAM w min = ta (RAs)max + th (W-RA~) +tw (RAS H) + 3t TLHCtTHL) 

17 tsu (W-CAS). td (AAS-W). and td (CAS-W) do not define the limits of operation, but are -included as electrical characteristic~ only. 

When tsu (w- CAS)~ tsu (W -CAS)n1in, an early-write cycle is performed, and the data output keeps the high-impedance state 

When td (AAS-W);;;:; td (RAS-W)mln. and td (CAS-W );;;:;tsu (W-CAS)mln a read-write cycle is performed, and the data of the selected address will be read out 

on the data outJ)ut. 

For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to V'HI is not defined. 

Page-Mode Cycle 

Symbol Parameter 

to PGA Page-mode read cycle time 

to PGW Page-Mode write cycle time 

to PGAW Page-Mode read-write cycle time 

tCPGRMW Page-Mode read-modify-write cycle time 

tw (CASH) CAS high pulse width 

2-50 

Alternative 
M5K4164ANL-12 

Symbol 

t PC 

tpc 

-

-

t CP 

'MITSUBISHI 
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Limits 

Min Max 

140 

140 

150 

170 

55 

M5K4164ANL-15 

Limits 

Min Max 

140 

145 

180 

195 

60 

Unit 

ns 

ns 

ns 

ns 

ns 
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TIMING DIAGRAMS INote 181 

Read Cycle 
~~------------------------ teR 

w 

Q 

f-~------~-------tw IRASL)---------------------<~ 

f---'--------------t h (RAS- CAS I ----------------.~ 

V IH _-----~ t-----th (RAS-CA)I--------~-_<I 

V,L -

V,H -

V,L - ____ J 

V,L -

VOH -

I 
---+-~---'- th (CAS-RAS)------i 

"-------'-- t w (CASLl--------~ 

COLUMN 
ADDRESS 

L-ta(CAS)----~ 
i-------------ta(RASI -----------~ 

----------HIGH IMPEDANCE STATE-------~~ 
VOL -

DATA VALID 

ROW 
AODRESS 

Write Cycle (Early Write) 

CAS 

w 

o 

Q 

~---------------------------tcw -----------------------------~ 
f------------------tW(RASLI---------------------<~ 

_____ ""'\.1 f---------------th (RAS-CAS) ----------------<0_-11 
V ,H - >----th(CAS-CA) -I 
VIL -

f----'----th (CAS-RAS) ------~ 

V ,H -
V,L - ____ -' 

V IH -

tW(RASH) 

VIL -~~~~~~~~~~~--~--~--~~~~~~~~~~~~~~~~~~~L4~~~~ 

V,L 

f-----th (RAS-D)------~~ 

VOH -
VOL ----------------HIGH IMPEDANCE STATE--------------------

• MITSUBISHI 
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Read-Write and Read-Modify-Write Cycles 

RAS 

AO~A7 
V,H -

V,L -

W V,H -

V,L -

Q 
VOL 

0 
V,H 

V,L 

~--------------------------------tCAW!tCAMW----------------------------------~ 

~--------------------------tW(AASL)------------------------------4 

f-o------------------------- th (AAS- CAS )------------------------1 
I-__ ---th (AAS-CA)----•• -;I 

I----i-----th (CAS-AAS)----------~ 

- __ ~ __ --~-----tW(CASL)--------~ 

I 
,~(RAS-W) 

td (CAS-W) 

L--,.,,,", tdis (CAS) 

RAS-Only Refresh Cycle INote191 

RAS 

Q 

Note 18 

2-52 

1-------------tCR--------------~ 

t------tW(AASU-----i 

ROW 

ADDRESS 

VOH 

VOL --~------------------------------HIGH IMPEDANCE STATE------------------------------------

X§Xm Indicates the don't care Input 
Note 19 CAS=VIH. W, 0 = don't care. 

~ The center-line indicates the high-impedance state 
A7 may be VIH or VIL. 
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Page-Mode Read Cycle 

~------------------------------tW(RASL)----------------------------------~ 

CAS 

VOH -
Q VOL _--- HIGH IMPEDANCE STATE 

th (CAS-R) 

w 

Page-Mode Write Cycle 

w 

th(RAS-CAS)~ 

th(RAS-CA)i I 
td (CAS-RAS) 

''''-~-7--­
td(RAS-CAS) 

o 
VIH _~ri~ Jr----~L.cI~~ 11-----,1 I!!'<!l'l"l'l'l'~~ 
VIL 

• MITSUBISHI 
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Hidden Refresh Cycle 

Vi 
V,H 

V,L 

VOH 
Q 

VOL 
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READ CYCLE 

tOR 

tW(RASL) 

td (CAS-RAS) 

MITSUBISHI LSls 
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65 536-BIT (65 536-WORD BY I-BIT) DYNAMIC RAM 

tw (RASH) 

REFRESH CYCLE 
tOR 

tW(RASL) 

REFRESH CYCLE 
tOR 

tW(RASL) 

td (RAS-CAS) th (CAS- RAS) 
tw( CASL) 

tW(CASH) 

tSU(RA-RAS) th(RAS-RA) 

• MITSUBISHI 
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tsU(RA-RAS) th(RAS-RA) 

tdls (CAS) 

DATA VALID 
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DESCRIPTION 

This is a family of 65 536-word by 1-bit dynamic RAMs, 
fabricated with the high performance N-channel silicongate 

MOS 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 polysil icon 
process technology and a single-transistor dynamic storage 
cell privide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 

both a reduction in pins to the 18-pin chip carrier package 
configuration and an increase in system densities. The 
M5K4164AND operates on a 5V power supply using the 
on-chip substrate bias generator. 

FEATURES 

• Performance ranges 

PIN CONFIGURATION (TOP VIEW) 

o NC Vss CAS 

NC ~~JM5K4164ANDC~~ NC 

AO -:6:J 
A2 :,:~ 

... -, r-" r-" ,.-, 
: 8: : 9: :10: :,,: 
At Vee A, As 

m A3 

[I? A4 

Outline 1800 

Access time Cycle time 
Type name (max~ (min) 

(ns) (ns) 

Power dissipation 
(typ) 
(mW) 

• All input terminals have low input capaciatance and are 
directly TTL-compatible 

M5K4164AND-12 120 220 175 
• Output is three-state and directly TTL-compatible 

150 
• 128 refresh cycles every 2ms 

M5K4164AND-15 150 260 
(16K dynamic RAMs M5K4116P, S compatible) 

• Single 5V±10%supply • CAS controlled output allows hidden refresh 
• Low standby power dissipation: 22mW (max) • Output data can be held infinitely by CAS 
• Low operating power dissipation: 

APPLICATION M5K4164AND-12 

M5K4164AND-15 

275mW (max) 
250mW (max) • Main memory unit for computers 

• Unlatched output enables two-dimensional chip selec­
tion and extended page boundary 

• Early-write operation gives common I/O capability 
• Read-modify-write, RAS-only refresh, and page-mode 

capabilities 

BLOCK DIAGRAM 
DATA INPUT 

WRITE CONTROL INPUT W 

COL~~RNO:f?~~0f CAS 

ROW ADDRESS 
STROBE INPUT 

ADDRESS INPUTS 

MEMORY CELL 
(64 ROWS X 256 COLUMNS) 

SENSE REFRESH AMPLIFIER 

MEMORY CELL 
(64 ROWS X 256 COLUMNS) 

COLUMN DECODER 

MEMORY CELL 
(64 ROWS X 256 COLUMNS) 

SENSE REFRESH AMPLIFIER 

.... 
:5 
u 
a: 
U 
-' o 
a: .... 
z 
o 
u 
g 

MEMORY CELL J' (64 ROWS X 256 COLUMNS) 

COLUMN DECODER 

• MITSUBISHI 
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Vee ('V) 

Vss (OV) 
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FUNCTION 

The M5K4l64AND provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e_g., 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 CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify-write ACT ACT 

RAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

Standby NAC ONC 

Inputs 

W 0 

NAC ONC 

ACT VLD 

ACT VLO 

ONC ONC 

ONC ONC 

ONC ONC 

Output 

Row Column Rehesh Remarks 

address address 0 

APO APO VLO YES 
Page mode 

APO APO OPN YES identical except 

APO APO VLO YES 
refresh is NO. 

APO ONC OPN YES 

APO ONC VLO YES 

ONC ONC OPN NO 

Note: ACT: active, NAC: nonactive. ONe; don't care, VLD: valid, APD: applied. OPN: open, 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 65536 memory cells in the 
M5K4l64AND the l6-bit address signal must be multi­
plexed into 8 address signals, which are then latched into 
the on-chip latch by two externally-applied clock pulses. 
First, the negative-going edge of the row-address-strobe 
pulse (CAS) latches the 8 column-address bits; next, the 
negative-going edge of the column.address-strobe pulse 
(CAS) latches the 8 column-address bits. Timing of the 
RAS and CAS clocks can be selected by either of the 
following two methods: 
1. The delay time from RAS to CAS td (RAS-CAS) is set 

between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAS) max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time td(RAS-CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time. 

Data Input 
Data to be written into a selected cell is strobed by the later 
of the two negative transistons of W input and CAS input. 
Thus when the IN input makes its negative transiti.on prior 
to CAS input (early write), the data input is strobed by 
CAS, and the negative transition of CAS is set as the 

reference point for set-up and hold times. In the read-write 
or read-modify-write cycles, however, when the IN input 
makes its negative transition after CAS, the IN negative 
transition is set as the reference point for setup and hold 
times. 

Data Output Control 
The outut of the M5K4164AND is in the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The output will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle. 

These output conditions, of the M5K4l6AND, which 
can readily be changed by controlling the timing of the 
write pulse in a write cycle, and the width of the CAS pulse 
ina read cycle, offer capabilities for a number of applica­
tions, as follows. 

1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common I/O data bus. 
2 Data Output Hold 
The data output can be held between read cycles, without 
lengthening the cycle time. This enables extremely f!exible 
clock-timing settings for RAS and CAS. 

2-56 
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3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high· 
impedance state. This means that CAS and/or RAS can 
both be decoded for ch i p selection. 
4. Extended-Page Boundary 
By decoding CAS, the page boundary can be Jxtended 
beyond the 256 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Page-Mode Operation 
This operation allows for multiple-column addressing at the 
same row address, and eliminates the power dissipation 
associated with the negative-going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles is eliminated, thereby de­
creasing the access and cycle times. 

Refresh 
Each of the 128 rows (Ao ~ A., ) of the M5K416AND must 
be refreshed every 2 ms to maintain data. The methods of 
refreshing for the M5K4164AND are as follows. 
1_ Normal Refresh 

Read cycle and Write cycle (early write, delayed write or 
read-modify-write ~ refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom­
mended for systems which utilize "write-OR" outputs since 
output bus contention will occur. 
2. RAS Only Refresh 

A RAS-only refresh cycle is the recommended technique 
for most applications to provide for data retention. A 
RAS-only refresh cycle maintains the output in the 
high-impedance state with a typical power reduction of 
20% over a read or write cycle. 

3_ Hidden Refresh 
A features of the M5K4164AND is that refresh cycles 

may be performed while maintaining valid data at the out­
put pin by extending the CAS active time from a previous 
memory read cycle. This feature is refered to as hidden 
refresh. 

Hidden refresh is performed by holding CAS at V I Land 
taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, but with CAS held low. 

The advantage of th is refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 
need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the M5K4164AND is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5K4164AND as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
iindependent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5K4164AND operates on a single 5V power supply. 

A wait of some 500/-ls and eight or more dummy cycles 
is necessary after power is applied to the dev ice before 
memory operation is achieved. 

• MITSUBISHI 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parama1er Conditions limits 

Vce Supply voltage -1-7 

V, Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =Z5'C 1000 

Topr Operating free"air temperature range 0-70 

Tstg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unless otherwise noted) INote 11 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

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

V,L Low-level input voltage, all inputs ~Z 0.8 V 

Note 1. All voltage values are With respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vcc=5V±10%, Vss=OV, unlessotherwisenoted)INote2) 

Symbol Parameter Test conditions 
Min 

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

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

102 Off-state output current Q flOating OV",VOUT",5.5V -10 

I, I nput current OV"'V'N"'6.5V, All other pins'" OV -10 

Average supply current from Vee. M5K4164AND-12 RAS,CAS cycling 
lec'IAv) operating (Note 3, 4) M5K4164AND-15 tCR=tCW= min output open 

ICC2 Supply current from Vee. standby RAS=V,H output 9pen 

Average supply current from Vee, M5K4164AND-12 RAS cycling CAS=V'H 
lee3(AV) 

refreshing (Note 3) M5K4164AND-15 t C{AEF)= min. output open 

I CC4IAV) 
Average supply current from Vee. M5K4164AND-12 RAS =V,L, CAS cycling 

page mode (Note 3, 4) M5K4164AND-15 t CPG= min, output open 

C'IAI Input capacitance, address inputs 

C, (01 Input capacitance, data input V,=VSs 

C, (W) Input capacitance, write control input f=IMHz 

C, (RAS) Input capacitance, RAS input V,=25mVrms 

C'ICAS) Input capacitance. CAS Input 

Co Output capacitance VO=VSS, f = lMHz, V,=25mVrms 

Note 2. Current Howlng into an Ie is positive, out is negative. 

3. I CO 1 (AV). I CC3(AV). and I CC4(AV) are dependent on cycle rate, Maximum current is measured at the fastest cycle rate. 

4. ICC 1 (AV) and I CC4(AV) are dependent on output loading. Specified values are obtained with the output open, 
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Limits 

Typ 

Unit 

V 

V 

V 

mA 

mW 

'c 
'c 

Unit 
Max 

Vcc V 

0.4 V 

10 t/A 

10 t/A 

50 mA 

45 mA 

4 rnA 

40 mA 

35 mA 

40 mA 

35 mA 

5 pF 

5 pF 

7 pF 

10 pF 

10 pF 

7 pF 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta=O --10·C. Vcc=sv -t 10%. Vss=OV, unless otherwise noted, See notes 5,6and 7) 

M5K4164ANO-12 M5K4164ANO-15 

Symbol Parameter 
Alternative 

Symbol 
Limits Limits 

Min Max Min Max 

leRF Refresh cycle time t REF 2 2 

I W (RASH) RAS high pulse width IRP 90 100 

I W (RASL) RAS low pulse width I RAS 120 10000 150 10000 

I W(CASL) CAS low pulse width ICAS 60 00 75 00 

I W (CASH) CAS high pulse width (Note 8) ICPN 30 35 

I h (RAS-CAS) CAS hold time after RAS ICSH 120 150 

I h (CAS-RAS) RAS hold time after CAS I RSH 60 75 

Id (CAS-RAS) Delay time, CAS to RAS INote 9) ICRP -20 -20 

Id(RAS-CAS) Delay time, RAS to CAS (NatelO) I RCo 25 60 30 75 

I SU(RA-RAS) Row address setup time before RAS I ASR 0 0 

I SU (CA-CAS) Column address setup time before CAS IASC 0 0 

Ih(RAS-RA) Row address hold time after RAS IRAH 15 20 

I h (CAS-CA) Column address hold time after CAS I CAH 20 25 

Ih(RAS-CA) Column address hold time after RAS I AR 90 95 

I THL 
Transition time IT 3 35 3 50 

ITLH 

Note 5. An initial pause of 5001-'5 is required after power·up followed by any eight RAS or RAS/CAS cycles before proper device operation is achieved 

6 The switching characteristics are defined as t THL = t TLH = Sns. 
Reference levels of input signals are V 1H min, and VI L max. Reference levels for transition time are also between VIH and V, L. 

Except for page·mode. 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

9 tdICAS.RAS) requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS.) 

10. Operation within the td (RAS.CAS) max limit insures that ta (RAS) max can be met. td (RAS-CAS)maX is specified reference point onlY,if 

td (RAS-CAS) is greater than the specified td (RAS-CAS) max limit, then access time is controlled exclusively by taICAS)' 

td (RAS-CAs)mln = th (RAS-RA)mln + 2t THL(t TLH) + t SU(CA·CAS)mm. 

SWITCHING CHARACTERISTICS (Ta=0-70'C, Vcc=5V±10%, VSs=OV, unlessOtherw;senoted) 

Read Cycle 

M5K4164ANO-12 M5K4164ANO-15 
Alternative 

Symbol Parameter Limits 
Symbol 

Min Max Min 

te R Read cycle time I RC 220 260 

Isu (R-CAS) Read setup time before CAS I RCS 0 0 

Ih (CAS-R) Read hold time after CAS INote 111 I RCH 0 0 

thIRAS-R} Read hold time after RAS (Note 111 IRRH 10 20 

Id,s (CAS) Output disable time INote 12) IOFF 0 35 0 

la (CAS) CAS access time (Note 13) ICAC 60 

la (RAS) R AS access time (Note 14) I RAC 120 

Note 11 Either th (RAS-R) Of th (CAS-R) must be satisfied for a read cycle. 
Note 12. tdls (CAS)maX defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL 
Note 13. This is the value when td (RAS-CAS)~td (RAS-CAS)max. Test conditions; Load'" 2T TL, CL = 100pF 

Limits 

Max 

40 

75 

150 

Note 14. This is the value when td (RAS-CAS)< td (AAS-CAS)maX, When td (AAS-CAS)~td (RAS-CAS)maX, ta (RAS) will increase by the amount that 
td (AAS-CAs)exceeds the value shown. Test conditions; Load = 2T TL. CL = lOOpF 

Write Cycle 

Symbol Parameter 

leW Write cycle ti me 

Isu (W-CAS) Write setup time before CAS 

Ih (CAS-W) Write ho4d time after CAS 

Ih (RAS-W) Write hold time after RAS 

Ih (W-RAS) RAS hold time after write 

Ih (W-CAS) CAS hold time after write 

Iw(w) Write pulse width 

Isu (D-CAS) Data-in setup time before CAS 

Ih (CAS-D) Data-in hold time after CAS 

Ih (RAS-o) Data-in hold time after RAS 

M5K4164ANO-12 
Alternative 

Symbol 

t RC 

(Note 17) IwCS 

tWCH 

IWCR 

I RWL 

ICWL 

Iwp 

lOS 

10H 

10HR 
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Limits 

Min Max 

220 

5 

40 

90 

40 

40 

40 

0 

40 

90 

M5K4164ANO-15 

limits 

Min Max 

260 

5 

45 

95 

45 

45 

45 

0 

45 

95 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Read-Write and Read-Modify-Write Cycles 

Alternative 
M5K4164AND-12 M5K4164AND-15 

Symbol Parameter Limits limits 
Symbol 

Min Max Min 

I CAW Read-write cycle time (Note 15) t'Awe 245 280 

tORMW Read-modify-write cycle time INote 16) IAMWC 265 310 

Ih (W- AAS) RAS' hold time after write IAWL 40 45 

Ih (W-CAS) CAS hold time after write ICWL 40 45 

Iw(w) Write pulse width Iwp 40 45 

Isu (A-CAS) Read setup time before CAS I AeS 0 0 

td (AAS-W) Delay time; RAS to write (Note 17) IAWD 100 120 

Id (CAS-W) Delay time, CAS to write INoie 17) ICWD 40 60 

Isu (D-W) Data-in setup time before write IDS 0 0 

Ih (W-D) Data-in hold time after write IDH 40 45 

Id,s (CAS) Output disable time IOFF 0 35 0 

la (CAS) CAS access time INote 13) ICAC 60 

la (RAS) RAS access time INote 141 IRAC 120 

Note 15. tcAwmln is defined as tCRwmin ::;;td (RAS-W)+thcw-AAS)+tw (RASH) + 3tTLH(tTHL) 

16. t cAM W min is defined as t oAMW min = ta (RAS)maX + th (W-RAS) + tw (RAS H) + 3t TLH (hHL) 

17. tsu (W-CAS), td (RAS-W). and td (CAS-W) do not define the limits of operation, but are included as electrical characteristics only, 

When tsu (W-CAS)~tsu (W-CAS)niin, an early-write cycle is performed, and the data output keeps the high-impedance state 

Max 

40 

75 

150 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

When td (RAS-W)~td (RAS-W)min, and td (CAS-W}~tsu (W-CAS)min a read-write cycle is performed, and the data of the selected address wilt be read out 

on the data output. 

For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to VIH) is not defined_ 

Page-Mode Cycle 

Symbol Parameter 

Ie PGR Page-Mode read cycle time 

Ie PGW Page-Mode write cycle time 

Ie PGRW Page-Mode read-write cycle time 

lePGRMW Page-Mode read-modify-write cycle time 

tw (CASH) CAS high pulse width 

2-60 

M5K4164AND-12 
Alternative 

Symbol 

I PC 

I PC 

-

-

I CP 

• MITSUBISH. I 
.... ELECTRIC 

Limits 

Min Max 

140 

140 

150 

170 

55 

M5K4164AND-15 

Limits 

Min Max 

145 

145 

180 

195 

60 

Unit 

ns 

ns 

ns 

ns 

ns 
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M5K4164AND·12, ·15 

65 536·BIT (65 536·WORD BY I·BIT) DYNAMIC RAM 

TIMING DIAGRAMS (Note 181 

Read Cycle 
~~------------------------ ICR 

AO-- A? 

Q 

f-~---------------IW(RASL)---------------------o-i 

~--------------- I h (RAS-CASI----------------4-i 

V ,H _-----..... 1 r-----lhtRAS-CAI-------__ ""1 
V,L -

V,H 

V,L - ____ -' 

V,L -

VOH -

I 
---4-1---------.:- th (CAS-RAS)----------" 

t-----.-IWtCASL I-------~ ~+_ ... ..----------

COLUMN 
ADDRESS 

L--ta (CAS)I------< 

f-------------- la (RAS) -------------------1 

---------- HIGH IMPEDANCE STATE-------_+_~ 
VOL -

DATA VALID 

Write Cycle (Early Write) 

RAS 

CAS 

V ,H 
0 

V,L 

VOH 
Q 

VOL 

~~-------------------------Icw -----------------------------~ 

t-------------------IW(RASL)---·----------------~ 

-----..... 1 r-------------- th (RAS-CAS) ---------------... -~I 
r------th(CAS-CA) -I 

-

-

1------ th (CAS- RAS) ----'-' 

r-----th (RAS-O)-------i 

-----------------HIGHIMPEDANCESTATE--------------------

• MITSUBISHI 
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85 538-BIT (85 S38-WORD BY I-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

w 

Q 

o 

~r-------------------------------tCRW/tCRMW----------------------------------~ 

~------~------------------tW(RASLJ------------------------------' 

1------------------------ th (RAS- OASJ----------------------------i 

I------th (RAS-OAJ-----------tl 

t---------;---------t h (OAS- RASJ --------------------1 
--~~------~----------tW(OASLJ------------------l 

r" __________ td (OAS- W J ----------~ I t.d (RAS-WJ 

V,H _~~~~rr~~~~------~I-_--------------------------~ 
V'L -~~~"~~;,l,.~ 

ta(OASJ----1 tdis (OASJ -f---l---

RAS-Only Refresh Cycle INote 19) 

Q 

Note 18 

2--62 

~r--------------------tcR--------------------------~ 

I-----tw (RASLJ---------j 

----------------------------------HIGH IMPEDANCE STATE--------------------------________ __ 

~ Indicates the don"t care input 
Note 19 CAS~V'H, W, A"D ~don"tcare" 

~ The center-line indicates the high-impedance state 

• MITSUBISHI 
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M5K4164AND.12, ·15 

65 536·BIT (65 536·WORD BY I.BIT) DYNAMIC RAM 

Page-Mode Read Cycle 

CAS 

Q 

w 

V'_H 

VOH ~ 

~ ______________________________ tW(RASL) __________________________________ ~ 

____ ~th(RAS-CAS)~ 

th (RAS- CA)---j I 

td (CAS-RAS) 1-1 ___ ~_ 

td (RAS- CAS) 

V ---HIGH IMPEDANCE STATE 
OL ~ 

Page-Mode Write Cycle 

CAS 

W 
V,H 

V,L ~ 

0 
V,H -

V,L ~ 

~--------------------------------tW(RASL)--------------------------------~ 

th(RAS-CAS)~ 

th(RAS-CA)i I 

td (CAS-RAS) 
I';;-=--'---~ 

td (RAS- CAS) 

• MITSUBISHI 
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Hidden Refresh Cycle 

W 
V!H 

V,L 

VOH 
Q 

VOL 

2-64 

READ CYCLE 

tOR 

t w ( AASL) 

td (CAS-RAS) 

MITSUBISHI LSls 

MSK4164AND-12, -15 

65 536-BIT (65 536-WORD BY I-BIT) DYNAMIC RAM 

tW(AASH) 

REFRESH CYCLE 

tOA 

tW(RASL) 

REFRESH CYCLE 
tOA 

tW(RASL) 

td (RAS-CAS) th (CAS- RAS) 
tw( CASL) 

tW(CASH) 

tsU(RA-RAS) th(RAS-RA) 

• MITSUBISHI 
"ELECTRIC 

tsU(RA-RAS) th(RAS-RA) 

tdls (CAS) 

DATA VALID 
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MSM4416P-12, -15 

65 536-BIT (16 384-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
This is family of 16348-word by 4-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon-gate 
MOS 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 polysilicon 
process technology and a single-transistor dynamic storage 
cell provide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 
both a reduction in pins to the standard 18-pin package 
configuration and an increase in system densities. The 
M5M4416P operates on a 5V power supply using the 
on-chip substrate bias generator. 

OUTPUT ENABLE 0 E --> 1 
INPUT 

DATA IN/{DQ1." 2 
DATA OUT DQz'" 3 

WRITE -
CONTROL INPUT W --> 4 

ROW ADDRESS RAS --> 5 

STRO:~~;;;~T { ::: : 
A4 --> 8 

(5V) Vee 

Vss (Ov) 

17 H DQ4 g~iA IN/DATA 

16 ..... CAS COLUMN ADDRESS 
STROBE INPUT 

DATA IN/DATA 
OUT 

ADDRESS INPUTS 
lAo & A,-··ROW 

ADDRESS 
Only I 

FEATURES Outline 18 P4 

• Performance ranges • All Inputs, outputs TTL compatible and low capacitance 

Access time Cycle time Power dissipation • 3-State unlatched outputs 
Type name (max} (min) 

(ns) Insl 

M5M4416P-12 120 220 

M5M4416P-15 150 260 

• 16,384 x 4 Organization 

Itypi 
ImWI 

175 

150 

• 128 refresh cycles/2ms. Pin 10 is not needed for refresh 
• Early write or OE to control output buffer impedance 
• Read-Modify-Write, RAS-only refresh, Hidden refresh 

and Page mode capabilities 

• Wide RAS pulse width for Page mode ..... 30j.ts max 

• Industry standard 18-pin dual in line package 

• Single 5V ±10% supply 
• Low standby power dissipation: 
• Low operating power dissipation: 

M5M4416P-12 
M5M4416P-15 

BLOCK DIAGRAM 

25mW (max) 

275mW (max) 

250mW (max) 

APPLICATION 

• Refresh memory for CRT 

COLUMN ADDRESS . ---------~r;:;_;;_;7;;;,:;;;;;;:;:;;-, STROBE INPUT CAS 16}-

ROW ADDRESS RAS 5 }-----------IL...,....::.:.:,:::.:..: __ .J 
STROBE INPUT ' 

WRITE Vi 4 )------------+------<t-.J 
CONTROL INPUT 

ADDRESS INPUTS 

a: 
w 
o 
o 
u 
w 
o 

~ 
a: 

L--____ _ 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & I/O CONTROL 

MEMORY CELL 

165.536 BITSI 

• MITSUBISHI 
~ELECTRIC 

~Vee(5V) . r~("') 

DQ1} DQz DATA 
INPUTS/ 

DQ3 OUTPUTS 
DQ4 

OUTPUT ENABLE 
INPUT 

2-65 
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6S S36-BIT (16 384-WORD BY 4-BIT) DYNAMIC RAM 

fUNCTION 

The M5M4416P provides, in addition to normal read, write, 
and read-modify-write operations, a number of other 
functions, e.g., page mode, RA5-only refresh, hidden 
refresh, and delayed-write. The input conditions and output 
states for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Inputs 

Operation 
RAS CAS Vi OE 

Read ACT ACT NAC ACT 

Write (Early Write) ACT ACT ACT DNC 

Read-modify-write ACT ACT ACT ACT 

RA5-only retfesh ACT NAC DNC DNC 

Hidden refresh ACT ACT DNC ACT 

Standby NAC DNC DNC DNC 

Note. ACT active, NAC nonacitive, ONe don't care, VLD valid, APD applied, OPN open. 

SUMMARY OF OPERATIONS 
address (AO through A71 
Fourteen address bits are required to decode 1 of 16,384 
storage locations. Eight row-address bits are set up on pins 
AO through A7 and latched onto the chip by the 
row-address strobe (RAS). Then the six column-address bits 
are set up on pins A 1 through A6 and latched onto the chip 
by the column-address strobe (CAS). All addresses must be 
stable on or before the falling edges of RAS and CAS. RAS 
is similar to a chip enable in that it activates the sense 
amplifiers as well as the row decoder. CAS is used as a chip 
select activating the column decoder and the input and 
output buffers. 

write enable (WI 
The read or write mode is selected through the write enable 
(W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write 
enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when 
the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high-impedance state allowing a 
write cycle with OE grounded. 

data-in (001 through 0041 
Data is written during a write or read-modify write cycle. 
Depending on the mode of operation, the falling edge of 
CAS or W strobes data into the on-chip data latches. These 
latches can be driven from standard TTL circuits without a 
pull-up resistor. In an early-write cycle, W is brought low 
prior to CAS and the data is strobed in by CAS with setup 
and hold times referenced to this signal. In a delayed write 
or read-modify-write cycle, CAS will already be low, thus 

Input/Output 

Row Column 
Input Output Refresh Remarks 

address adress DO DO 

APD APD OPN VLD YES 

APD APD VLD OPN YES Page mode identical 

APD APD VLD VLD YES 

APD DNC DNC OPN YES 

APD DNC OPN VLD YES 

DNC DNC DNC OPN NO 

the data will be strobed in by W with setup and hold times 
referenced to this signal. In delayed or read-modify-write, 
OE must be high to bring the output buffers to high 
impedance prior to impressing data on the I/O lines. 

data-out (001 through 004) 
The three-state output buffer provides direct TTL compati­
bility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as 
data-in. The output is in the high-impedance (floating) state 
until CAS is brought low; In a read cycle the output goes 
active after the access time interval ta (C) that begins with 
the negative transition of CAS as long as ta(R) and ta(OE) 
are satisfied. The output becomes valid after the access time 
has elapsed and remains valid while CAS and OE are low. 
CAS or OE going high returns it to a high impedance state. 
In an early-write cycle, the output is always in the 
high-impedance state. In a delayed-write or read-modify­
write cycle, the output must be put in the high impedance 
state prior to applying data to the DO input. This is 
accomplished by bringing OE high prior to applying data, 
thus satisfying tOEHO. 

output enable (OE) 
The OE controls the impedance of the output buffers. 
When OE is high, the buffers will remain in the high 
impedance state. Bringing OE low during a normal cycle 
will activate the output buffers putting them in the low 
impedance state. It is necessary for both RAS and CAS to 
be brought low for the output buffers to go into the low 
impedance state. Once in the low impedance state, they will 
remain in the low impedance state until OE or CAS is 
brought high. 

2-66 
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M5M4416P-12, -15 

6S S36·BIT (16 384·WORD BY 4.BIT) DYNAMIC RAM 

Page-Mode Operation 

This operation allows for multiple-column operating at the 
same row address, and eliminates the power dissipation 
associated with the cycling of RAS, because once the row 
address has been strobed, RAS is maintained. Also, the time 
required to strobe in the row address for the second and 
subsequent cycles is eliminated, thereby decreasing the 
access and cycle times. 

Refresh 

Each of the 128 rows (Ao~~) of the M5M4416P must be 
refreshed every 2 ms to maintain data. The methods of 
refreshing for the M5M4416P are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 
read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom­
mended for systems which utilize "wired·OR" outputs since 
output bus contention will occur. 

2. RAS Only Refresh 
A RAS·only refresh cycle is the recommended technique 
for most applications to provide for data retention. A 
RAS-only refresh cycle maintains the outputs in the 
high-impedance state with a typical power reduction of 
20% over a read or write cycle. 

3. Hidden Refresh 
A features of the M5M4416P is that refresh cycles may be 
performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is refered to as hidden refresh. 

Hidden refresh is performed by holding CAS at V1L and 
taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data ports indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 
need for off-chip latches. 

Power Dissipation 

Most of the circuitry in the M5M4416P is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4416P as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 

The M5M4416P operates on a single 5V power supply. 
A wait of some 500J.ls and eight or more dummy cycles 

is necessary after power is appl ied to the device before 
memory operation is achieved. 

• MITSUBISHI 
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6S S36·BIT (16 384·WORD BY 4.BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol parameter Condtions Limits 

VOO Supply volrage -1-7 

VI I nput voltage Wi th respect to V ss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta=25'C 700 

Topr Operating free-air temperature range 0-70 

Tstg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unless otherwise noted) INote 1! 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VOO 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 

V'L Low·level input voltage, aIL inputs -2.0 0.8 V 

Note 1: All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, VOO=5V±10%, VSS=OV, unless otherwise noted) INote 2) 

Symbol Parameter Test conditions 

VOH High-level output voltage IOH=-2mA 

VOL Low-level output voltage IOL=4.2mA 

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

I, Input current OV;£;V,N;£;6.5V, All other pins =OV 

IC01(AV) 
Average supply current from Vee, M5M4416P-12 RAS, CAS cycling 
operating (Note 3,4) M5M4416P-15 tc(rd) =tc(W) = min output open 

1002 Supply current from Vee. standby RAS=VIH output open 

Average supply current from Vee, M5M4416P-12 RAS cycling CAS=V'H 
1003(AV) retreshing (Note 3) M5M4416P-15 to (Prd) = min, output open 

Aver~ge supp!v current from Vee' M5M4416P-12 RAS=V'L, CAS cycling 
I C04(AV) page mode (Note 3.4) M5M4416P-15 to (Prd) = min, 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 tastest cycle rate. 
4: IcC1(AV) and 'CC4(AV) are dependent on output loading. Specified values are obtained with the output open. 

CAPACITANCE (Ta=0-70'C, Voc =5V±10%, Ifss=OV, unless otherwise noted) 

Symbol 

CI(A) 

CI WE) 

CI(W) 

C, (RAS) 

CI (CAS) 

CI/O 

2-68 

Parameter 

Input capacitance, address inputs 

Input capacitance, OE input 

Input capacitance, write control input 

Input capacitance, RAS input 

Input capacitance, CAS input 

Input/Output capacitance, data ports 

Test conditions 

V,=Vss 

f=lMHz 

Vi=25mVrms 

•.. MITSUBISHI 
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Limits 

Min Typ 

2.4 

0 

-10 

-10 

Limits 

Min Typ 

Unit 

V 

V 

V 

mA 

mW 

'C 

'C 

Unit 
Max 

VCO V 

0.4 V 

10 f.'A 

10 /1A 

55 mA 

50 rnA 

4.5 rnA 

45 mA 

40 mA 

45 mA 

40 mA 

Unit 
Max 

5 pF 

7 pF 

7 pF 

10 pF 

10 pF 

10 pF 
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M5M4416P-12, -15 

65 536-BIT (16 384-WORD BY 4.BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70'C, Voo=5V±10%, VSs=OV, unless otherwise noted)INote 5) 

M5M4416P-12 M5M4416P-15 
Symbol Parameter 

Alternative 
Symbol 

Limits Limits 

Min Max Min Max 

ta(o) Access ti me from CAS INote 6,7) 10AO 60 75 

la (R) Access time from RAS INote 6,8) I RAO 120 150 

la(OE) Access time from OE INote 6) - 30 40 

IdiS(OH) Output disable time after CAS high INote 9) IOFF 0 25 0 30 

Idls(OE) Output disable time after OE high INote 9) - 0 25 0 30 

Note 5: An initial pause of 500~s is required after power-up followed by any 8 RAS or RAS/CAS cycles before proper device operation is achieved. 

Note that RAS may be cycled during the initial pause. 

And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 2ms) of RAS inactivity before proper device operation is achieved. 

6: Measured with a load circuit equivalent to 2TTL loads and 100pF. 

7: Assume that tRCCL ~ tRLCL max. 

Unit 

ns 

ns 

ns 

ns 

ns 

8: Assume that tRLCL < tRLCL max. If tRLCL is greater than tRLCL max then ta(R) will increase by the amount that tRLCL exceeds tRLCL max. 
9: tdis(CH) max and tdis(OE) max define the time at which the output achieves the high impedance state (IOUT~ \±10J.1Aj) and are not reference to VOH 

min or VOL max. 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycles) 
(Ta=0-70'C, Voo=5V±10%, VSs=OV, unless otherwise noted, See notes 10,11) 

M5M4416P-12 M5M4416P-15 
Symbol Parameter 

Alternative 
Limits Limits Unit 

Symbol 
Min Max Min Max 

10(RF) Refresh cycle time I REF 2 2 ms 

IW(RH) RAS high pulse width I RP 90 100 ns 

I RLOL Delay time, RAS low to CAS low INote 12) I ROD 25 60 30 75 ns 

10HRL Delay time, CAS high to RAS low INote 13) 10RP -20 -20 ns 

Isu (RA) Row address setup time before RAS low IASR 0 0 ns 

Isu (OA) Column address setup time before CAS low IASO 0 0 ns 

Ih(RA) Row address hold time after RAS low I RAH 15 20 ns 

Ih(OLOA) Column address hold time after CAS low 10AH 20 25 ns 

Ih(RLOA) Column address hold time after RAS low IAR 80 100 ns 

IT Transition time (rise and fa\l) INote 14) IT 3 50 3 50 ns 

Note 10: The timing requirements are assumed tT=5ns. 
11: VIH min and VIL max are reference levels for measuring timing of input signals. 
12: tRLCL max is specified as a reference point only; if tRLCL is less than tRLCL max, access time is ta(R), if tRLCL is greater than tRLCL max, access time is 

tRLCL + taco)· tALCL min is specified as tRLCL min. = th(RA) + 2 tT + tSU(CA). 
13: 
14: 

tCHRL requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS). 
tT is measured between V'H min and V'L max. 

Read and Refresh Cycles 

Symbol Parameter 
Alternative 

Symbol 

10 (rd) Read cycle time IRO 

IW(RL) RAS low pulse width IRAS 

IW(OL) CAS low pulse width 10AS 

tW(OH) CAS high pulse width 10PN 

Ih (RLOH) CAS hold time after RAS low 10SH 

Ih (CLRH) RAS hold time after CAS low I RSH 

Isu (rd) Read setup time before CAS low IROS 

Ih(OHrd) Read hold time after CAS high INote 15) I ROH 

Ih(RHrd) Read hold time after RAS high INote 15) I RRH 

Ih(OEOH) CAS hold time after DE low -

Ih (OERH) RAS hold time after OE low -

th (OLOE) OE hold time after CAS low -

Ih (RLOE) OE hold time after RAS low -
tOOEL Delay time, Data to DE low -

IOEHD Delay time~ OE high to Data -

IRHO L Delay time, RAS high to CAS low -

Note 15: Either th(CHrd) or th(RHrd) must be satisfied for a read cycle. 

• MITSUBISHI 
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M5M4416P-12 M5M4416P-15 

Limits Limits 

Min Max Min Max 

220 260 

120 10000 150 10000 

60 75 

30 30 

120 150 

60 75 

0 0 

0 0 

10 10 

30 40 

30 40 

60 75 

120 150 

0 0 

25 30 

0 0 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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65 536·BIT (16 384·WORD BY 4.BIT) DYNAMIC RAM 

Write Cycles (Early Write and Delayed Write) 

M5M4416P-12 M5M4416P-15 

Symbol Parameter 
Alternative 

Symbol 
Limits Unit 

Min Max Min Max 

tC(W) Write cycle time t RC 220 260 ns 

tW(RL) RAS low pulse width t RAS 120 10000 150 10000 ns 

tW(CL) CAS low pulse width tCAS 60 75 ns 

tW(CH) CAS high pulse width t CPN 30 30 ns 

th (RLCH) CAS hord time after RAS low tCSH 120 150 ns 

th (CLRH) RAS hold time after CAS low t RSH 60 75 ns 

tsu (WOL) Write setup time before CAS low INote 17) twos -5 -5 ns 

th IOLW) Write hold time after CAS low tWOH 40 45 ns 

th(RLW) Write hold time after RAS low tWOR 100 120 ns 

th(WCH) CAS hold time after Write low tOWL 40 45 ns 

th(WRH) RAS hold time after Write low t RWL 40 45 ns 

tW(W) Write pulse width twp 40 45 ns 

tsu (D) Data setup time tDS 0 0 ns 

th (WLD) Data hold time after Write low t DH 40 45 ns 

th (OLD) Data hold time after CAS low tDH 40 45 ns 

th (RLO) Data hold time after RAS low tOHR 100 120 ns 

t OEHO Delay time, OE high to Data - 25 30 ns 

th (WOE) OE hold time after Write low -- 25 30 ns 

Read-Write and Read-Modify-Write Cycles 

M5M4416P-12 M5M4416P-15 
Symbol Parameter 

Alternative 
Limits Limits Unit Symbol 

Min Max Min Max 

tc(rdW) Read write/read modify write cycle time INote 161 tRWO 295 345 ns 

tWIRL) RAS low pulse width t RAS 195 10000 255 10000 ns 

tW(OL) CAS low pulse width tOAS 135 180 ns 

th (RLCH) CAS hold 'time after RAS low t OSH 195 255 ns 

th(OLRH) RAS hold time after CAS low t RSH 135 180 ns 

tW(CH) CAS high pulse width tOPN 30 30 ns 

tsu (rd) Read setup time before CAS low t ROS 0 0 ns 

t OLWL Delay time, CAS low to Write low INote 17) tOWD 90 110 ns 

t RLWL Delay time, RAS low to Write low INote171 tRWO 150 185 ns 

th(WCH) CAS hold time after Write low tOWL 40 45 ns 

th(WRH) RAS hold time after Write low t RWL 40 45 ns 

tW(W) Write pulse width twp 40 45 ns 

tsu (D) Data setup time t os 0 0 ns 

th (WLD) Data hold time after -Write low tDH 40 45 ns 

th (OLOE) OE hold time after CAS low - 60 75 ns 

th (RLOE) OE hold time after RAS low - 120 150 ns 

t OOEL Delay time, Data to OE low - 0 0 ns 

tOEHD Delay time, OE high to Data - 25 30 ns 

Note 16: to(rdW) is specified as to(rdW) min"" ta(A) max + tOEHD min + th (WAH) min + tW(AH) min +4 tT. 
17: tSU(WCL), tCLWL and tRlWL are specified as reference points only. If tSU(WCL) ~ tSU(WCL) min, the cycle is an early write cycle and the DQ pins will 

remain high impedance throughout the entire cycle. If tCLWL ~ tCLWL min and tRLWL ~ tRLWL min, 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 is satisfied, the condition of the DQ (at access time and until CAS 
or OE goes back to V,H) is indeterminate. 
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65 536-BIT (16 384-WORD BY 4-BIT) DYNAMIC RAM 

Page-Mode Cycle (Note 18) 

M5M4416P-12 M5M4416P-15 

Symbol Parameter 
Alternative 

Symbol Limits Limits 

Min Max Min Max 

tc(Prd) Read cycle time tpc 120 145 

tC(PW) Write cycle time tpc 120 145 

twiRL) RAS low pulse width (Note 19) t RAS 240 30000 295 30000 

tC(PrdW) Read write/read modify write cycle time - 195 250 

tWIRL) RAS low pulse width (Note 20) t RAS 390 30000 505 30000 

tW(CH) CAS high pulse width t cp 50 60 

Note 18: All previously specified timing requirements and switching characteristics are applicable to their respective page mode timing. 

19' Specified for read or write cycle. 

20- Specified for read·write or read·modify-write cycle. 
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M5M4416P.12, ·15 

65 536·BIT (16 384·WORD BY 4·BIT) DYNAMIC RAM 

TIMING DIAGRAMS INote211 

Read Cycle 

th (ALC~) 

I t~ 
w VIH-~ 

VIL-~· 

~I 

Ie (cd) 

th (ALCH) 

tW(AL) 

tW(AH) 

ROW 
ADDRESS 

DQ1- D Q4 
(INPUTS) f\{')()(D-----High-Z --"';''';'''-~:IO(X:X.; 

2-72 

DQt- D Q4 
(OUTPUTS) 

ta(c) 

ta(R) 

VOH -
-----:---High-Z--~_+---_(J 

VOL -

V,H 

V,L 

Note21. 

th (CLOE) 

Ih (ALOE) 

~ Indicates the don't care input. 
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M5M4416P-12, -15 

65 536-BIT (16 384-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Early Write) 

to (cd) 

th (ALCH) 

tW(AL) 

th (ALCA) 

RAS 
VIH 

VIL 

tW(CL) 

VIH 

~""". 
CAS 

VIL 

th (CLCA) 

ROW Ao-A7 
ADDRESS 

th(CLW) 

W 
VIH 

VIL 

DQ,-DQ4 
(INPUTS) VIL 

DQ,-DQ4 VOH ---------------High-Z _______________ _ 
(OUTPUTS) VO L -

OE 
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Write Cycle (Delayed Write) 

Vi 

DQ,-DQ. VIH 

(INPUTS) VIL 

DQ,-D~. VOH -

(OUTPUTS) VOL -

2-14 

MITSUBISHI LSls 

M5M4416P .. 12, -15 

65 536·BIT (16 384·WORD BY 4.BIT) DYNAMIC RAM 

tC(W) 

th(RLCH) 

tW(RL) 

th(RLCA) 

tSU(OA) 

th (OLOA) 

COLUMN 
ADDRESS 

th (OLRH) 

tW(OL) 

ta(R) 

High-Z 
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M5M4416P.12, ·,15 

6S S36·BIT (16 384·WORD BY 4·BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

w 

DQ1- DQ4 
(INPUTS) 

DQ1- DQ4 
(OUTPUTS) 

VIH 

VI L _.JV,"'V"',, __ -.II 

to(rdW) 

th(RLCH) 

tW(RL) 

th(RLOE) 
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MsM4416P-12, -15 

65 536·BIT (16 384·WORD BY 4·BIT) DYNAMIC RAM 

RAS-Only Refresh Cycle (Note 22) 

2-76 

V'H -

V'L -

v," ==:1 
V'L 'IliiIit 

Vi ~:: = 

tWiRL) 

~HRL 

II th iRA) 

~UiRA) 
ROW ADDRESS 

to( d) r 

'{ 

i\ 
tWiRH) 

tRH~ ~CHRL 

ROW ADDRESS 

DQt-DQ4 VV',HL _-., 
(INPUTS) • 

DQ,-DQ4 
(OUTPUTS) 

VOH - ____________ High-Z _____________ _ 

VOL -

OE V'H = 
V'L. 

Note 22, 
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Page-Mode Read Cycle 

w 

V,H-

V,H -

V'L-

V,H­

V,L-

V,H -

V, L --¥-~~~~I:l...a..AI.::J 

th (ALOH) 

th (ALOA) 

DQ,­

DQ4 
(INPUTS) 

V,H -

VIL-~~~~~~~~~~ 

VOH-___ -i-_ 
DQ4 VOL-

(OUTPUTS) 

MITSUBISHI LSls 

MsM4416P-12, -15 

65 536·BIT (16 384·WORD BY 4·BIT) DYNAMIC RAM 

tW(AL) 

to (Prd) th (OLAH) tW(AH) 

tW(OL) tW(OL) tW(CL) 

V,H -7\An707v'j\)\lViJV~ f-:':":'::':=".j .Jt7V\.'fV\J\J\!'.:x' ho~~~1 iMrT"'!~"'IfIr"T"'r"\l ~==+i Ir";':;;:;~ .... 
DE 

VIL-~~~~~~~~~~~ __ ~~~~~~~~ ___ ~~~~~?~~~ ___ ~~~~~ 

th(ALOE) 
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MsM4416P-12, -15 

6S S36-BIT (16 384-WORD BY 4.BIT) DYNAMIC RAM 

Page-Mode Write Cycle 

tWIRL) 

th{RLCH) 

VIH _--""'\I IE-___ t.:.:h-'!(R.:::L"'C"'A)'---_-.j 

VIL_ 

th(CLRH) 

DQ,- VOH-_________ .:...._...:.. ___ High-Z --....;--.:....-----... f---..:...-...;..---------
DQ4 VOL­

(OUTPUTS) 
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Hidden Refresh Cycle 

tW(RL) 

th (RLRA) 

RAS 
V,H-

V,L -

tRLCL 

V'H-
CAS 

V,L -

V,H-
Ao-A1 

V'L-

'if 
V'H_ 

V,L_ 

MITSUBISHI LSls 

MsM4416P-12, -15 

6S S36-BIT (16 384-WORD BY 4-BIT) DYNAMIC RAM 

tC(rd) 

tW(RL) 

th(CLRH) tW(RH) 

tW(CL) 

to(rd) 

tW(RH) 

L 
ROW 

ADDRESS 

DQ1- V,H _ 

DQ4 V'L_ 
(INPUTS) 

~~~~~~~~~~~~-------:------Hi9h-Z -------....;..--1 

DQ1- VOH-

DQ4 VOL -
(OUTPUTS) 

V,H _ 
OE 

V,L-

DATA VALID 
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M5M4256P-12, -15, -20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a fami Iy of 262 144-word by 1-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon gate 
MOS 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 polysilicon 
process combined with silicide technology and a single­
transistor dynamic storage cell provide high circuit density 
at reduced costs, and the use of dynamic circuitry including 
sense amplifiers assures low power dissipation_ Multiplexed 
address inputs permit both a reduction in pins to the stand­
ard 16-pin package configuration and an increase in system 
densities. In addition to the RAS only refresh mode, the 
Hidden refresh mode and CAS before RAS refresh mode 
are available. 

FEATURES 
Access time Cycle time Power diSSipation 

Type name (max) (min) (typ) 
(ns) (ns) (mW) 

M5M4256P-12 120 230 260 

M5M4256P-15 150 260 230 

M5M4256P-20 200 330 190 

• Standard 16-pln package 
• Single 5V±10% supply 
• Low standby power dissipation: 25mW (max) 
• Low operating power dissipation: 

M5M4256P-12 ........... 360mW (max) 
M5M4256P-15 ........... 330mW (max) 
M5M4256P-20 ........... 275mW (max) 

• Unlatched output enables two-dimensional chip selec­

tion .and extended page boundary. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUT As" 1 Vss (OV) 

DATA INPUT 

WRITE 
CONTROL INPUT 

15 +- CAS ~~~g~~ 1~~3~ESS 
DATA OUTPUT 

ROW ADDRESS RAS .. 4 

STRO::~::~: 1 :: : : 
INPUTS 

A, .. 7 

(5V) Vee 

Outline 16P4 

• Early-write operation gives common I/O capability 
• Read-modify-write, RAS-only-refresh, Page-mode capa­

bilities 
• CAS before RAS refresh mode capability 
• All input terminals have low input capacitance and are 

directly TTL-compatible 

• Output is three-state and directly TTL-compatible 
• 256 refresh cycles every 4ms. Pin 1 is not needed for 

refresh. 

• CAS controlled output allows hidden refresh 

APPLICATION 
• Main memory unit for computers 
• Microcomputer memory 

DATA INPUT D 2 }---------------------------, 

WRITE CONTROL 
INPUT W 3 r------~-------___<I 

COL~~R~~~~~~0~ CAS 

ROW ADDRESS 
STROBE INPUT 

ADDRESS 
INPUTS 

A2 

A3 

A4 

As 

A6 

32K 
a: 
w 

MEMORY 
0 
0 

ARRAY u 
w 
0 

COLUMN 

32K 

" MEMORY 0 
a: 

ARRAY 

32K 32K 
MEMORY MEMORY 
ARRAY ARRAY 

32K 32K 
MEMORY MEMORY 
ARRAY ARRAY 

a: 
w 32K 
0 

MEMORY 0 
u ARRAY w 
0 

DECODER 

32K 

" MEMORY 0 
a: ARRAY 

INPUT 
LATCH 

'= ::J 
u 
a: 
U 
.J 
0 
a: 
I-
z 
0 
u 

'S 

I 

~VCcC5V) 
I 

1'"'''' 
I 

~,------_J 
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M5M4256p·12, ·15, ·20 

262 i44-BIT (262 i44-WORD BY i-BIT) DYNAMIC RAM 

FUNCTION 

The M5M4256P provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e_g., 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 CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify"write ACT ACT 

AAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

CAS before RAS refresh ACT ACT 

Standby NAC ONC 

Inputs 

W 0 

NAC ONC 

ACT VLO 

ACT VLO 

ONC ONC 

ONC ONC 

ONC ONC 

ONC DNC 

Output 

Row Column Refresh Remarks 

address address 0 

APO APO VLO YES * 
APO APO OPN YES 

APO APO VLO YES 

APO ONC OPN YES 

ONC ONC VLO YES 

ONC ONC OPN YES 

ONC ONC DPN NO 

Ncte ACT active, NAC nonactive, ONe don't care, VLD valid, APO applied,OPN open 
* Page mode identical except refresh isNo 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262 144 memory cells in the 
M5M4256P the 18-bit address signal must be multiplexed 
into 9 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 9 row-address bits; next, the negative­
going edge of the column-address-strobe pulse (CAS) 
latches the 9 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 
1. The delay time from RAS to CAS td (RAS-CAS) is set 

between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAS) max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time td(RAS-CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time. 

Data Input 
Data to be written into a selected cell is strobed by the later 
of the two negative transitions of W input and CAS input. 
Thus when the W input makes its negative transition prior 
to CAS input (early write), the data input is strobed by 
CAS, and the negative transition of CAS is set as the 

reference point for set-up and hold times. In the read-write 
or read-modify-write cycles, however, when the W input 
makes its negative transition after CAS, the W negative 
transition is set as the reference point for setup and hold 
times. 

Data Output Control 
The output of the M5M4256P IS In the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The output will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle. 

These output conditions, of the M5M4256P, which can 
readily be changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer capabilities for a number of applications, 
as follows. 
1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common I/O data bus. 
2 Data Output Hold 
The data output can be held between read cycles, without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS. 
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262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a h igh­
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended-Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 512 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Page-Mode Operation 
This operation allows for multiple-column addressing at the 
same row address, and eliminates the power dissipation 
associated with the negative-going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles is eliminated, thereby 
decreasing the access and cycle times. 

Refresh 
Each of the 256 rows (Ao - A7) of the M5M4256P must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4256P are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom­
mended for systems which utilize "wired-OR" outputs 
since output bus contention will occur. 

2. RAS Only Refresh 

In this refresh method, the CAS clock should be at a 
VIH level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad­
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 
If CAS falls tsuR (CAS-RAS) earlier than RAS and if CAS 

is kept low by thR (RAS-CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal 8-bit 
counter is put into the address buffer to refresh the cor­
responding row. The output will stay in the high impedance 
state. 

If CAS is kept low after the above operation, RAS cycle 
initiates RAS Only Refresh with internally generated re­
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the external 
address. 

If CAS is kept low after the normal read/write cycle, 
RAS cycle initiates the RAS Only Refresh using the inter­
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 

4. Hidden Refresh 

A feature of the M5M4256P is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh. 

Hidden refresh is performed by holding CAS at VI Land 
taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 

need for off-ch i p latches. 

Power Dissipation 
Most of the circuitry in the M5M4256P is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4256P as chip-select in the memory system, but if 
RAS is decode.d, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5M4256P operates on a single 5V power supply. 

A wait of some 500Jls and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Limits 

VCC Supply voltage -1-7 

V, I npu t 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 free-air temperature range 0-70 

Tstg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C. unless otherwise noted) INote 11 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vce Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

V'H High-level input voltage, all inputs 2.4 6.5 V 

V'L Low-level input voltage, all inputs -2 0.8 V 

Note 1 All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta =0-70·C. Vee=5V ± 10%. VSS=OV. unless otherwise noted) INote 21 

Symbol Parameter 
limits 

Test conditions 
Min Typ 

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

VOL Low-level output voltage IOL=4.2rnA 0 

102 Oft-state output current Q floating OV";VoUT";5.5V -10 

I, Input current OV";V'N";VCC. Other input pins =QV -10 

M5M4256P-12 ----
ICC'(AV) 

Average supply current from Vee. 
M5M4256P-15 

RAS. CAS cycling 
operating 1Note 3, 4) tCR=tCW= min, output open 

, 
M5M4256P-20 

ICC2 Supply current from Vee, standby RAS = CAS = VIH output open 

M5M4256P-12 

I CC3 (AV) 
Average supply current from Vee, 

M5M4256P-15 
RAS cycling CAS=V'H 

refreshing (Note 3) tCiRAS')= min. output open 
M5M4256P-20 

M5M4256P-12 
RAS=V'L, CAS cycling 

ICC. (AV) 
Average supply current from Vee, 

M5M4256P-15 
page mode (Note 3, 4) t CPQ= min, output open 

M5M4256P-20 

Average supply current from Vee, M5M4256P-12 
CAS before RAS refresh cycling 

ICC6(AV) CAS before RAS refresh mode M5M4256P-15 
tC(RAS) = min, output open 

[Note 31 M5M4256P- 20 

C, (A) Input capacitance, address inputs 

C, (D) Input capacitance, data input V,=Vss 

C, (W) Input capacit~nce, write control input f=1MHz 

C, (RAS) Input capacItance. RAS input Vi=2SmVrms 

C, (CAS) Input capacitance, CAS input 

Co Output capacitance VO=VSS. f= 1 MHz. V,=25rnVrrns 

Note 2 Current flowing into an Ie is positive, out is negative, 

I CCt (AV), I CC3(AV), I CC4(AV) and ICC6(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

ICC 1 (AV) and I CC4(AV) are dependent on output loading. Specified values are obtained with the output open. 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

rnA 

rnW 

·C 

'C 

Unit 
Max 

VCC V 

0.4 V 

10 J.lA 

10 J.lA 

65 rnA 

60 rnA 

50 rnA 

4.5 rnA 

55 rnA 

50 rnA 

40 rnA 

50 rnA 

45 rnA 

40 rnA 

60 rnA 

55 rnA 

45 rnA 

5 pF 

5 pF 

7 pF 

10 pF 

10 pF 

7 pF 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta = 0 - 70°C, Vee = 5V 1:: 10%. VSS =OV. unless otherwise noted, See notes 5, 6 and 7) 

Limits 

Symbol Parameter 
Alternative 

M5M4256P-12 M5M4256P-15 M5M4256P-20 
Symbol 

Min Max Min Max Min Max 

IORF Refresh cycle time IREF 4 4 4 

I W(RASH) RAS high pulse width I RP 100 100 120 

IW(RASL) RAS low pulse width I RAS 120 10000 150 10000 200 10000 

I W(CASL) CAS low pulse width I CAS 60 75 100 

I W(CASH) CAS high pulse width (Note 8) ICPN 30 35 40 

Ih (RAS-CAS) CAS hold time after RAS ICSH 120 150 200 

Ih (CAS-RAS) RAS hold time after CAS I RSH 60 75 100 

td (CAS-RAS) Delay time, CAS to RA'S (Note 91 I CRP 30 30 40 

Id (RAS-CAS) Delay time, RAS to CAS (Note 101 I RCD 20, 60 25 75 30 100 

Isu (RA-RAS) Row address setup time before RAS I ASA 0 0 a 
Isu (CA-CAS) Column address setup time before CAS IASC ~5 ~5 ~5 

I h (RAS-RA) Row address hold time a1ter RA'S IRAH 15 ,20 25 

I h (CAS-CA) Column address hold time after CAS ICAH 20 25 35 

I h (RAS-CA) Column address hold time after RAS IAR 80 100 135 

I THL 
'Transiti'on time IT 3 50 3 50 3 50 

I TLH 

Note 5 An initial pause of 500J,ls is required after power,uJj followed by any eight RAS or RAS/CAS cycles before proper device operation is achieved. 

6 The switching characteristics are defined as t THL = t TLH = 5ns. 
Reference levels of input signals are VIH min. and VIL max. Reference levels for transition time are also between VIH and VIL. 

Except for page-mode. 

9 td (CAS-RAS) reqUirement is applicable for all RAS/CAS cycles. 

10 Operation within the t d (AAS-CAS) max limit insures that ta (RAS) max can be met. 1 d (AAS-CAS)maX is specified reference point only;if 

td (RAS-CAS) is greater than the specified td (AAS-CAS) max limit, then access time is controlled exclusively by ta (CAS). 

td (AAS-CAs)mln = 1 h (AAS-AA)mm + 21 THL(t TLH) + 1 5U(CA-CAS)mm_ 

SWITCHING CHARACTERISTICS (Ta=0-70·C. Vcc=5V±10%, VSs=OV, unlessotherw,senoted) 

Read Cycle 

Alternative 
Limits 

Symbol Parameter M5M4256P -12 M5M4256P-15 
Symbol 

Min Max Min Max 

lOR Read cycle time I RC 230 260 

I su (R-CAS) Read setup time before CAS I RCS 0 0 

Ih (CAS-R) Read hold time after CAS (Note 11) I RCH" 0 0 

Ih( RAS-R) Read hold time after R7i:S (Note 111 IARH 20 20 

Id,s (CAS) Output disable time (Notel21 IOFF 0 35 0 40 

ta (CAS) CAS access time (Note 13) ICAC 60 75 

la(RAS) R AS access time (Note t4) IRAC 120 150 

Either t h (AAS- A) or t h (CAS-A) must be satisfied for a read cycle. 
tdls (CAS)maX defines the time at which the output achieves the open circuit c.ondition and is not reference to VOH or VOL 
This is the value when 1d (AAS-CAS)~td (AAS-CAS)max. Test conditions; Load = 2TTL, CL = 100pF 

M5M4256P-20 

Min Max 

330 

0 

0 

25 

0 50 

100 

200 

Note 11 

12 
13 
14 This is the value when t d (RAS-c"AS)< t d (RAS-CAS)max. When t d (AAS-CAS)~ t d (RAS-CAS)maX, ta (RAS) will increase by the amount that 

t d (AAS-CAS) .exceeds the value shown Test conditions; Load = 2T TL, CL = 100pF 

Write Cycle 

Symbol Parameter 

loW Write cycle time 

ts u (W-CAS) Write setup time before CAS 

Ih(CAS-W) Write hold time after CAS 

Ih (RAS-W) Write hold time after RAS 

Ih (W-RAS) RAS hold time after write 

Ih(W-CAS) CAS hold time after write 

Iw(w) Write pulse width 

I su (D-CAS) Data·in setup time before CAS 

Ih (CAS-D) Data-in hold time after CAS 

Ih(RAS-D) Data-in hold time after RAS 

2-84 

Alternative 
M5M4256P-12 

Symbol 
Min 

t RC 230 

'(Note 17) I WCS ~10 

IWCH 

IWCR 

I RWL 

ICWL 

IWp 

IDS 

IDH 

IDHR 

• MITSUBISHI 
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40 

100 

40 

40 

40 

a 
30 

90 

Max 

Limits 

M5M4256P-15 M5M4256P-20 

Min Max Min Max 

260 330 

~10 ~10 

45 55 

120 155 

45 55 

45 55 

45 55 

a 0 

35 40 

110 140 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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M5M4256P-12, -15, -20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

Read, Write and Read-Modify-Write Cycles 

Limits 
Alternative 

Symbol Parameter M5M4256P-12 M5M4256P-15 M5M4256P-20 
Symbol 

Min Max Min Max 

tCAW Read-write cycle time (Note 15) tAwC 260 295 

tCRMW Read·modify-write cycle time INote 16) I RMWC 275 310 

Ih(W-RAS) RAS hold time after write I RWL 40 45 

Ih (W-CAS) CAS hold time after write ICWL 40 45 

Iw(W) Write pulse width Iwp 40 45 

tsu (A"CAS) Read setup time before LAS I RCS 0 0 

Id(RAS-W) Delay time, RAS to write (Note 17) I RWD 110 135 

Id(CAS-W) Delay time, C"AS to write INote 17) ICWD 50 60 

Isu (D-W) Data-in set-up time before write IDS 0 0 

Ih (W-D) Data-in hold time after write IDH 40 45 

Idls (CAS) Output disable time IOFF 0 35 0 40 

la(CAS) CAS access time (Note 13~ ICAC 60 75 

la(RAS) RAS access time INote 14) I RAC 120 150 

Note 15 t CRWmln is defined as tCRW min = td (RAS-CAS) max + td (CAS-W) min + th (W-RAS) + t W (RASH) + 3t TLH(tTHL) 

16 t CRM W min is defined as t CAM W min = ta (AAS)maX + th (W-RAS) + t W (RAS H) + 3t TLH(tTHL) 

Min 

370 

390 

55 

55 

55 

0 

180 

80 

0 

55 

0 

17 t SU (W-CAS). td (AAS-W). and td (CAS- W) do not define the limits of operation, but are ipcluded as electrical characteristics only, 

When t su (W _ CAS)~ t su (W -CAS)mtn, an early-write cycle is performed, and the data output keeps the high-impedance state 

Max 

50 

100 

200 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

When td (AAS-W)~ td (AAS-W)mln. and td (CAS-W)~t SU (W-CAS) min a read-write cycle is performed, and the data of the selected address will be read out 

on the data output. 

For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to V1H ) is not defined, 

Page-Mode Cycle 

Limits 

Symbol Parameter Alternative 
M5M4256P-12 M5M4256P-15 

Symbol 
Min Max Min Max 

ICPG Page-mode cycle time I PC 125 145 

Iw (CASH) CAS high pulse width I CP 55 60 

tCPGRW Page-mode RW cycle time IpCRW 160 180 

ICPGRMW Page-mode RMW cycle time I PCRMW 170 195 

CAS before RAS Refresh Cycle INote lS} 

Limits 

Symbol Parameter 
Alternative 

M5M4256P-12 M5M4256P-15 
Symbol 

Min Max Min Max 

I su R (CAS-RAS) CAS setup time for auto refresh I CSR 30 30 

IhR (RAS-CAS) CAS hold time for auto refresh I CHR 50 50 

IdR (RAS-CAS) Precharge to CAS active time I RPC 0 0 
- - -

Note 18. Eight or more CAS before RAS cycles is necessary for proper' operation of CAS before RAS refresh mode. 

• MITSUBISHI 
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M5M4256P-20 

Min Max 

190 

80 

230 

250 

M5M4256P-20 

Min Max 

40 

50 

0 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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M5M4256P.12, -15, -20 

262 144·BIT (262 144·WORD BY I.BIT) DYNAMIC RAM 

TIMING DIAGRAMS (Note 191 

Read Cycle 
~~------------------------ tOR 

w 

Q 

f->----------------- t w (RASL) -------------------<-i 

!->---------------- th (RAS- CAS) ----------------0-1 

-----""'10.1 f-----th(RAS-CA)-------~_.,.j1 
V,H -

V,L -

I 
---o-+~------- th (CAS-RAS)-----------l 

~---~tW(CASL)------__1 
V,H 
V,L - ____ J 

tSU(RA-RAS) th(RAS-RA) tSU(CA-CAS) 

V ,H 

COLUMN 
ADDRESS 

V IL -:...I(,;~ ...... ~ ...... .u.'"'II""'u..., L--ta(CAS)---~ 
1----------- ta (RAS) ----------~ 

VOH -
DATA VALID VOL _----------HIGH IMPEDANCE STATE--------+~ 

~"--____ ~L/ 

ROW 
ADDRESS 

Write Cycle (Early Write) (Note211 

R7iS 

CAS 

Ao~A8 

w 

o 

Q 

2-86 

tcw 

tw (RASL) 

th (RAS-CAS) -I V ,H --th (RAS-CA) 

I V,L -

td (CAS-RAS) th (CAS-RAS) 

td (RAS-CAS) tW(CASL) 

V ,H -

V,L -

V,H -

V,L -~~~~~~~~~~~--~--~--~~~~~~~~~~~~~~~~~~~~~~~~ 

V,H _'n:"l~~~~~~~ 

V,L 

!-~--- th (RAS-D)'--------l 

VOH ------------------HIGHIMPEDANCESTATE-------------------------
VOL :-

• MITSUBISHI 
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MITSUBISHI LSls 

M5M4256P-12, -15, -20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

AO-As 

w 

Q 

0 

~~--------------------------------tCRW/tCRMW------------------------------------~ 

~-----------~----------------tW(RASL)------------------------------~ 

~---------------------------th(RAS-CAS)I--------------------------~" 

~------- th (RAS-CA) 

t-~-----,--------- th (cAs-RAs)----------------~_i 

-----1--------~----------tW(CASL)------------------~ 

COLUMN 
ADDRESS 

td(CAS-W)-------~ 
I :d (RAS-W) 

V ,H -~:ory~~"~r:7Y'X";;~---il----------------i 
V I L -.:.:::.c.c"~~:.Ll,-"-v 

ta(CAS)-- tdls (CAS) - ___ +--

VOH 

VOL -

V,H 

V,L 

RAS-Only Refresh Cycle (Note 20) 

RAS 
V,H 

V,L 

V,H 
Ao-A7 

V,L 

Q 

Note 19. 

r-~----------tCR--------------~ 

ROW 
ADDRESS 

--------------------HIGH IMPEDANCE STATE--------------------

Indicates the don't care input 
Note 20. CAS=VIH,W, o ""don'tcare 

AB may be VIH or VfL 

The center-line indicates the high-impedance state 

• MITSUBISHI 
"" ELECTRIC 2-87 



MITSUBISHI LSls 

M5M4256P-12, -15, -20 

262 144-BIT(262 144-WORD BY I-BIT) DYNAMIC RAM 

Page-Mode Read Cycle 

~~----------------------------tWCRASL)----------------------------------~ 

thCRAS-OAS)~ 

thCAAS-OA)i I 

Ao-As 
VIL -

VOH -
Q 

VOL 
-HIGH 

-

th (CAS-A) 

Vi 
V IH 

VIL 

Page-Mode Write Cycle 

Ao-As 

IN 

D 

2-88 

~--------------------------~----tW(AASL)--------------------------------~ 
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M5M4256P.12, .15, ·20 

262 144-BIT (262 144-WORD BY 1-BIT) DYNAMIC RAM 

Hidden Refresh Cycle 

AO-A8 

Vi 

Q 
VOH 

VOL 

I ----, 

AEAD CYCLE 

teA 

twl RASL) 

td(CAS-RASI 

tw I AASH) 

tdIRAS-CAS) thlcAS-RAS) 

tW(CASH) 

th(CAS-CA) 

--HIGH IMPEDANCE STATE 

AEFAESH CYCLE 

teA 

tWICASL) 

DATA VALID 

AEFAESH CYCLE 
teR 

thAIAAS-CAS) 

CAS before RAS Refresh Cycle (Note 211 

RAS 
VIH-

V'L-

- V'H-
CAS 

VIL-

Ao-A8 
V'H-

V,L -

AEAD CYCLE REFRESH CYCLE 

tCA 

REFRESH CYCLE 

tCA 

tW(RASL) 

thA(RAS-CAS) 

READ OR WRITE 
CYCLE 

o VOH - }----------------I~----HIGH IMPEDANCE STATE------------
VOL- __ -'_-f 

Note 21: W, 0 = don't care. 
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M5M4256P-12, -IS, -20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

TYPICAL CHARACTERISTICS 
NORMALIZED ACCESS TIME 

VS.SUPPLY VOLTAGE 
1.3 

U; .. 
~ 1.2 
.:J 
LW 
2 1.1 i= 
<f> 
<f> 
LW 
U 1.0 u .. 
0 
LW 0.9 N 
~ .. 

Ta ~25'C 
I\. 

\ 
~ 

I~ 
f'... 

....... t--
2 
0: O.S 
0 
z 

1.3 

Vi .. 
!5 1.2 
.:J 
LW 
2 1.1 
i= 
<f> 
<f> 
LW 
U 1.0 u .. 
0 
t.W 0.9 N 
~ .. 
2 
0: O.S 
0 
z 

NORMALIZED ACCESS TIME 
VS. AMBIENT TEMPERATURE 

Vee~5.oVI 
./ 

V 
/ 

V 

V 
'" 

0.7 
4.0 5.0 6.0 0.7_ 20 0 20 40 60 SO 100 
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Vl 

S 
U; .. 
c: 

.:J 
<l 
LW ; 

'2 
i= 
<f> 
<f> 
LW 
U 
U .. 

" Q 

r­
z 
LW 
0: 
0: 
::J 
U 

'-' 
Z 

~ 
0: 
LW 
n­
o 

25 

20 

15 

10 

0 

-5 

SUPPLY VOLTAGE Vee (V) 

ACCESS TIME VS. LOAD 
CAPACITANCE 

II 
Vee=4.5V 

_ Ta=25'C 

'" 
/ 

V 

/ 
/ 

..-

100 200 300 400 500 600 

LOAD CAPACITANCE ,CL (pF) 

OPERATING CURRENT 
VS, AMBIENT TEMPERATURE 

SO~--+---+---+---+---+-~ 

40~--+---+---+---+---+-~ 

30~--+---+---+---+---+-~ 

20~--+---+---+---+---+-~ 

10 _L.....,.,ZO,...-LO --""'Zl.,.0--4l.,.0-""'6'!"0-""'Sl.,.0--}1 00 

AMBIENT TEMPERATURE Ta (,C) 

« 
-S 

" Q -
r-
z 
LW 
0: 
0: 
::J 
U 

'-' ;;;: 
r-.. 
0: 
t.W 
n-
o 

" Q 

r­
z 
LW 
0: 
0: 
::J 
U 

'-' 
Z 

~ 
0: 

if 
o 
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SO 

70 

60 

50 

40 

30 

20 

60 

50 

40 

30 

20 

10 

o 

AMBIENT TEMPERATURE Ta ('C) 

OPERATING CURRENT 
VS. SUPPLY VOLTAGE 

Ta l=25,cl 

f--1eR=260ns 

/ 
/'" 

V V 
/ 

4.0 5.0 6.0 

SUPPLY VOLTAGE Vee (V) 

OPERATING CURRENT 
VS. CYCLE RATE 

I 
Vec=5.5V 

/ f-- Ta=2S'C 

/ 
V 

/ 
V 

/ 
V 

/ 

" 
2 3 

CYCLE RATE 1/1 eR (MHz) 

./ 

6 
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-S 
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53 4 

f--
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UJ 
a: 
a: 
OJ 
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>-
OJ 
Cl 
Z 
<l: 
f--
Vl 

80 

<t 70 -S 
M 
0 

53 60 

f-
Z 
UJ 
a: 50 
a: 
OJ 
U 

I 40 
Vl 
UJ 
a: 
LL 

30 UJ 
a: 

20 

60 

<t 
50 -S 

M 
0 

53 40 

f--
Z 
UJ 30 a: 
a: 
OJ 
u 
I 20 
Vl 
UJ 
a: 
LL 
UJ 10 
a: 

0 
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M5M4256P.12, ·15, ·20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

STANDBY CURRENT 
VS. SUPPLY VOLTAGE 

Ta=125•C 
I 

~ ----~ 
V 

~ 

4.0 5.0 6.0 

SUPPLY VOLTAGE VCC (V) 

REFRESH CURRENT 
VS. SUPPLY VOLTAGE 

Ta";'25'C ) 
tCA =260ns 

........-

,./ 
V 

V 
....-

./ 
4.0 5.0 6.0 

SUPPLY VOLTAGE Vec (V) 

REFRESH CURRENT 
VS. CYCLE RATE 

VCC~5.5vl 
~ Ta=25'C 

/ 
/ 

V 
V 

/ 

2 

CYCLE RATE 1/tCR (MHz) 

/ 

<t 
-S 
'" 0 

53 
f--
Z 
UJ 
a: 
a: 
OJ 
u 
>-
OJ 
Cl 
Z 
<l: 
f--
Vl 

<t 
-S 

M 
0 

53 

f--
Z 
UJ 
a: 
a: 
OJ 
u 
I 
Vl 
UJ 

IE 
UJ 
a: 

<l: 

-S 
., 
0 
5} 

f--
Z 
UJ 
a: 
a: 
OJ 
u 
UJ 
Cl 
0 
:;; 
UJ 

'" <l: 
<l. 
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STANDBY CURRENT 
VS. AMBIENT TEMPERATURE 

VCC~5.5V 

3 

2 
---r--- - I---

o 
-20 0 20 40 60 80 100 

AMBIENT TEMPERATURE Ta (,C) 

REFRESH CURRENT 
VS. AMBIENT TEMPERATURE 

60 

VCC=5.5V 

50 _tcA=260ns 

40 

-
30 

20 

10 

o 
-20 0 20 40 60 80 100 

60 

50 

40 

30 

20 

10 

AMBIENT TEMPERATURE Ta (,C) 

PAGE MODE CURRENT 
VS. SUPPLY VOLTAGE 

Ta125·cl 
r-tcPG = 140ns 

....-V 

~ 
V 

)/ / 

4.0 5.0 6.0 

SUPPLY VOLTAGE Vcc (V) 
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262 144-BIT (262 144-WORD BY 1-BIT) DYNAMIC RAM 

PAGE MODE CURRENT 
VS. AMBIENT TEMPERATURE 

.. 
o 
o 

f­
Z 
w 
a: 
a: 
::J 
u 
w 
o 
o 
::;; 

60 

50 

40 

30 

20 

10 

o 

Vee=S,SV 
tePG = 140n3 

-

20 20 40 60 80 100 

AMBIENT TEMPERATURE Ta ("C) 

ADDRESS AND DATA INPUT 
VOL TAGE VS. SUPPL Y VOLTAGE 

2: 3, 0 
.J 

:> 
I 

:> 
w 

~ 2.0 
..J 
o 
> 
f-

2 
z 
<r 1.0 
f-
<r 
o 
o 
z 
<r 
<f) 
<f) 
w 
a: 
o 
o 
<r 

Ta~2S·C 

vt::t-:: ~ -
:::: b::== ~.) 

4.0 5,0 6,0 

SUPPLY VOLTAGE Vee (V) 

ADDRESS AND DATA INPUT 
~VOLTAGE VS. AMBIENT TEMPERATURE 
C 3,0 
.J 

:> 
i. 
:> 
w 

'" <r 2,0 
f-
..J 
o 
> 
f-

2 
z 
<r 1,0 
f-
<r 
o 
o 
z 
<r 
if; 
if; 
w 
a: 
o 
o 
<r 

o 
~20 

1 ! 
Vee=S,OV 
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VIL (max.) 

o 20 40 60 80 100 

AMBIENT TEMPERATURE Ta ("C) 
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..s 50 .. 

0 

53 40 
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a: 30 
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::J 
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w 20 0 
0 
::;; 
w 10 '" ;;: 

0 

PAGE MODE CURRENT 
VS. CYCLE RATE 

Vee=S.SV 
t- Ta= 2S·C 

~ 
/' 

/ 

/' 
V 

8 10 12 

CYCLE RATE l/t ePG (MHz) 

ADDRESS AND DATA INPUT 
~ VOLTAGE VS. AMBIENT TEMPERATURE 
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.J 

:> 
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w 

~ 2.0 
f­
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::J 
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z 
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262 144-BIT (262 144-WORD BY l-BIT) DYNAMIC RAM 

RAS, CAS AND WE INPUT 
VOLTAGE VS. SUPPLY VOLTAGE 

3.0 

Ta~2S·C 

2.0 

~ --L.---
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k--f--; -- f..-- VIL (max.) 
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RAS/CAS CYCLE 
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M5M4257P-12, -15, -20 

262 144·BIT (262 144·WORD BY I.BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 262 144-word by 1-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon gate 
MOS 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 polysi licon 
process combined with silicide technology and a single­
transistor dynamic storage cell provide high circuit density 
at reduced costs, and the use of dynamic circuitry including 
sense amplifiers assures low power dissipation. Multiplexed 
address inputs permit both a reduction in pins to the stand­
ard 16-pin package configuration and an increase in system 
densities. In addition to the RAS only refresh mode, the 
Hidden refresh mode and CAS before RAS refresh mode 
are available. 

FEATURES 
Access time Cycle time Power dissipation 

Type name (max) (min) (typ) 
(ns) (ns) (mW) 

M5M4257P-12 120 230 260 

M5M4257P -15 150 260 230 

M5M4257P -20 200 330 190 

• Standard 16-pm package 
• Single 5V±10% supply 
• Low standby power dissipation: 25mW (max) 
• Low operating power dissipation: 

M5M4257P-12 ........... 360mW (max) 
M5M4257P-15 ........... 330mW (max) 
M5M4257P-20 ........... 275mW (max) 

• Unlatched output enables two-dimensional chip selec­
tion 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUT As -+ I Vss (OV) 

DATA INPUT 

WRITE 
CONTROL INPUT 

15.- CAS ~~~g~~ I~~S~ESS 

ROW ADDR ESS RA S -+ 4 
STROBE INPUT 

ADDRESS 
INPUTS 

(5V) Vee 

Outline 16P4 

DATA OUTPUT 

ADDRESS 
INPUTS 

• Early-write operation gives common I/O capability 
• Read-modify-write, RAS-only-refresh, Nibble-mode 

capabilities. (Pin 1 is used for nibble mode) 

• CAS before RAS refresh mode capability 
• All input terminals have low input capacitance and are 

directly TTL-compatible 

• Output is three-state and directly TTL-compatible 
• 256 refresh cycles every 4ms. Pin 1 is not needed for 

refresh. 
• CAS controlled output allows hidden refresh 

APPLICATION 
• Main memory unit for computers 
• Microcomputer memory 

DATA INPUT D 2 r-------------------------------------------------, 
WRITE CONTROL 

INPUT 

ADDRESS 
INPUTS 

w 

A2 

A3 

A4 

A5 

A6 

cr: 
32K 32K 32K w 

MEMORY 0 
MEMORY MEMORY 0 

ARRAY u ARRAY ARRAY w 
0 

COLUMN 

32K 32K 32K S 
MEMORY MEMORY MEMORY 0 

ARRAY 
cr: 

ARRAY ARRAY 

cr: 
CD 32K 
0 

MEMORY 0 
u ARRAY CD 
0 

DECODER 

32K 
S MEMORY 0 
cr: ARRAY 

INPUT 
LATCH 

II 
w 
0 
0 
u 
w 
0 
W 
-..J 
tIl 
tIl 

Z 
l-
S 
U 
II 

U 
-..J 
0 
II 
I-
z 
0 
u 

I 

~VCC<5V) 
, 

1'""W' 

I 

~ 

L---L------_J 
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FUNCTION 

The M5M4257P provides, in addition to normal read, 
write, and read·modify·write operations, a number of other 
functions, e.g., nibble 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 CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify-write ACT ACT 

AAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

CAS before RAS refresh ACT ACT 

Standby NAC ONC 

Inputs 

W 0 

NAC ONC 

ACT VLO 

ACT VLO 

ONC ONC 

ON.C ONC 

DNC ONC 

DNC ONC 

Output 

Row Column Refresh Remarks 

address address 0 

APO APO VLO YES * 
APO APO OPN YES 

APO APO VLO YES 

APO ONC OPN YES 

ONC ONC VLO YES 

ONe ONC OPN YES 

ONe ONC OPN NO 

Note ACT active, NAC nonactive, DNe don't, care, VLD valid, APD : applied, OPN open. , _ CAS 
* Nibble mode identical except refresh IS No. and Nibble mode column address IS ONe while toggling . 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262144 memory cells in the 
M5M4257P the 18·bit address signal must be multiplexed 
into 9 address signals, which are then latched into the 
on·chip latch by two externallY'applied clock pulses. First, 
the negative·going edge of the row·address·strobe pulse 
(RAS) latches the 9 row·address bits; next, the negative­
going edge of the column-address·strobe pulse (CAS) 
latches the 9 column·address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 
1. The delay time from RAS to CAS td (RAS-CAS) is set 

between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAS) max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on·chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time td(RAS'CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time. 

Data Input 
Data to be written into a selected cell is strobed by the later 
of the two negative transitions of W input and CAS input. 
Thus when the IN input makes its negative transition prior 
to CAS input (early write). the data input is strobed by 
CAS, and the negative transition of CAS is set as the 

reference point for set-up and hold times. In the read·write 
or read· modify-write cycles, however, when the IN input 
makes its negative transition after CAS, the IN negative 
transition is set as the reference point for setup and hold 
times. 

Data Output Control 
The output of the M5M4257P IS In the high·impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read·modify·write, or a delayed·write cycle, the 
data output will go from the high·impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The output will remain in the high·impedance state 
throughout the entire cycle in an early,write cycle. 

These output conditions, of the M5M4257P, which can 
readily be changed by controlling the timing of the write 
pulse in awrite cycle, and the width of the CAS pulse in a 
read cycle, offer capabilities for a number of applications, 
as follows. 
1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common I/O data bus. 
2 Data Output Hold 
The data output can be held between read cycles, without 
lengthening the cycle time. This enables extremely flexible 
clock·timing settings for RAS and CAS. 

2-96 
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3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high· 
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended·Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 512 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Nibble-Mode Operation 
The M5M4257P is designed to allow high speed serial read, 
write or read·modify·write access of 4 bits of data. The 
first of 4 nibble bits is accessed by the normal mode with 
read data coming out at ta(CAS) time. Next 2, 3 or 4 nibble 
bits is read or writen by bringing CAS high then low 
(toggle) while RAS remains low. Thus the time required to 
strobe in not only the row address but also the column 
address is eliminated, thereby faster access and shorter 
cycle time than that of Page·Mode is achieved. 

Address on pin 1 (row address A8 and column address 
A8) is used to select 1 of the 4 nibble bits for initial access. 
Toggling CAS causes row A8 and column A8 to be in· 
cremented by the internal shift register with A8 row being 
the least significant address and allows to access to the next 
nibble bit. If more than 4 bits are accessed during this mode 
the same address bit will be accessed cyclically. In Nibble· 

Mode, any combination of read, write and read·modify· 

write operation is possible (e.g. first bit read, second bit 

write, third bit read·modify·write, etc.). 

Refresh 
Each of the 256 rows (Ao ~ A7) of the M5M4257P must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4257P are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

read-modify·write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read·modify·write cycle for refresh is not recom· 
mended for systems which utilize "wired·OR" outputs 
since output bus contention will occur. 

2. RAS Only Refresh 

In this refresh method, the CAS clock should be at a 
V1H level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad· 
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 
If CAS falls tSUR(CAS-RAS) earlier than RAS and if CAS 

is kept low by thR (RAS-CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal 8·bit 
counter is put into the address buffer to refresh the cor· 
responding row. The output will stay in the high impedance 
state. 

If CAS is kept low after the above operation, RAS cycle 
initiates RAS Only Refresh with internally generated reo 
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the external 
address. 
__ If CAS is kept low after the normal read/write cycle, 
RAS cycle initiates the RAS Only Refresh using the inter· 
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 
4. Hidden Refresh 

A feature of the M5M4257P is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh. 

Hidden refresh is performed by holding CAS at V I Land 
taking RAS high and after a specified precharge period, 
executing a RAS·only cycling, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 
need for off·chip latches. 

Power Dissipation 
Most of the circuitry in the M5M4257P is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and appl ied to the 
M5M4257P as chip·select in the memory system, but if 
RAS is decoded, all unselected devices go into stand·by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5M4257P operates on a single 5V power supply. 

A wait of some 500l1s and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Limits 

Vee Supply voltage -1-7 

V, 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 free·air temperature range 0-70 

Tstg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-7O"C, unless otherwISe noted) (Note 11 

limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

V'H High·level input voltage, all inputs 2.4 6.5 V 

V'L Low-level input voltage, all inputs -2 0.8 V 

Note 1 All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=0-70"C, Vee=5V±10%, Vss=OV, unlessotherwisenoted)INote21 

limits 
Symbol Parameter T est conditions 

Min Typ 

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

VOL Low,level output voltage IOL=4.2mA 0 

10Z Off·state output currerlt 'Q floating OV~VouT~5.5V -10 

I, Input current OV~V'N~VOe, Other input pins = 0 V --'10 

M5M4257P-12 
RAS, CAS cycling 

ICel(AV) 
Average supply current tram Vee. 

M5M4257P-15 operating (Note 3, 4) tCR=tCW= min, output open 
M5M4257P-20 

IC02 Supply current from Vee, standby RAS = CAS = V'H output open 

M5M4257P-12 
Average supply current from Vee, 

M5M4257P-15 
RAS cycling CAS =V'H 

1003 (AV) 
refreshing (Note 3) tC(RAS)= min, output open 

M5M4257P -20 

M5M4257P-12 
RAS=V'L, CAS cycling 

1005 (A V) 
Average supply current from Vee 

M5M4257P-15 
nibble mode t CN= min, output open 

M5M425 7P -20 

Average supply current from Vee, M5M4257P-12 
CAS before RAS refresh cycling 

1006 (AV) CAS before RAS refresh mode M5M4257P-15 
toe RAS) = mi n, output open 

INote 31 M5M4257P-20 

C, CA) Input capacitance. address inputs 

C, (0) Input capacitance. data iflPut V,=Vss 

C, (W) Input capacitance, write control input f=IMHz 

C, (RAS) Input capacitance, RAS input Vi=25mVrms 

C, (OAS) Input capacitance, CAS input 

Co Output capacitance VO=VSS, f=IMHz, V,=25mVrms 

Current flOWing Into an IC IS positive, out is negative. Note 2: 

3: 
4' 

ICC 1 (AV), ! CC3(AV). ICC5(AV) and ICC6(AV) are dependent on cycle rate. Max.imum current is measured at the fastest cycle rate. 

ICC 1 (AV) and I CCS (AV) are dependent on output loading. Specified values are obtained with the output open. 
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Unit 

V 

V 

V 

mA 

mW 

"C 

"C 

Unit 
Max 

Veo V 

0.4 V 

10 I"A 

10 I"A 

65 mA 

60 mA 

50 mA 

4.5 mA 

55 mA 

50 mA 

40 mA 

30 mA 

25 mA 

23 mA 

60 mA 

55 mA 

45 mA 

5 pF 

5 pF 

7 pF 

10 pF 

10 pF 

7 pF 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Nibble-Mode Cycle) 
(Ta = 0 ~ 70°C, Vee =SV 1: 10%, Vss =QV. unless otherwise noted, See notes 5, 6 and 7) 

Limits 

Symbol Parameter 
Alternative 

M5M4257P-12 M5M4257P-15 M5M4257P-20 
Symbol 

Min Max Min Max Min Max 

tCRF Refresh cycle time IREF 4 4 4 

I W(RASH) RAS high pulse width IRP 100 100 120 

IW(RASLl RAS low pulse width I RAS 120 10000 150 10000 200 10000 

IW(CASLl CAS low pulse width ICAS 60 75 100 

I W(CASH) LAS high pulse width INote81 ICPN 30 35 40 

Ih (RAS-CAS) CAS hold time after RAS ICSH 120 150 200 

Ih (CAS-RAS) RAS hold time after CAS I RSH 60 75 100 

Id (CAS-RAS) Delay time, CAS to RAS INote 91 I CAP 30 30 40 

~(RAS-CAS) Delay time. RAS to CAS INote 101 I RCD 20 60 25 75 30 100 

Isu (RA-RAS) Row address setup time before RAS I ASR 0 0 0 

Isu (CA-CAS) Column address setup lime before CAS IASC -5 -5 -5 

Ih (RAS-RA) Row address hold time after FfA""S I RAH 15 20 25 

Ih (CAS-CA) Column address hold time after CAS ICAH 20 25 35 

th (RAS-CA) Column address hold time after AAS IAR 80 100 135 

I THL 
Transition time tr 3 50 3 

I TLH 
50 3 50 

Note 5 An initial pause of 500,us is required after power-up fo!lowed by any eight RAS or RAS/CAS cycles before proper device operation is achieved. 
6 The switching characteristics are defined as t THL = t TLH = Sns. 

Reference levels of input signals are VIH min. and VI L max. Reference levels for transition time are also between VIH and VI L. 
Except for nibble-mode. 

9 td (RAS~CAS) requirement is applicable for all RAS/CAS cycles. 

10 Operation within the td (RAS-CAS) max limit insures that ta (RAS) max can be met. td (RAS-CAS)maX is specified reference point only.if 
td (RAS-CAS) is greater than the specified td (RAS-CAS) max limit, then access time is controlled exclusively by ta (CAS). 

td (RAS-CAs)mm = t h (RAS-RA)mm + 2t THL (t TLH) + t 5U(CA-CAS)mln. 

SWITCHING CHARACTERISTICS (Ta =0-70'C, Vcc=5V ± 10%, VSS=OV, unless otherwise noted) 

Read Cycle 

Alternative 
limits 

Symbol Parameter 
Symbol 

M5M4257P-12 M5M4257P-15 

Min Max Min Max 

leR Read cycle time IRC 230 260 

Isu (R-CAS) Read setup time before CAS IRCS 0 0 

Ih (CAS-R) Read hold time after CAS (Note 11) I RCH 0 0 

Ih (RAS-R) Read hold time after AAS INote 11) tRRH 20 20 

Idls (CAS) Output disable time INote121 IOFF 0 35 0 40 

la (CAS) CAS access time INote 131 tCAC 60 75 

la (RAS) RAS access time (Note 14) I RAC 120 150 

Note 11 Either th (RAS-A) or th (CAS-A) must be satisfied for a read cycle. 
12 td IS (CAS)ma x defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL 

13 This is the value when td (RAS-CAS)~ t d (RAS-CAs)max. Test conditions, Load = 2TTL. CL = 100pF 

M5M4257Fo-20 

Min Max 

330 

0 

0 

25 

0 50 

100 

200 

14 This is the value when td (RAS-CAS)< td (RAS- CAS)max. When td (RAS·CAS)~ td (RAS-CAS)max. t a (RAS) will increase by the amount that 
td (AAS-CAS) exceeds the value shown. Test conditions; Load = 2TTL CL = 100pF 

Write Cycle 

Symbol Parameter 

tew Write cycle time 

Isu (W-CAS) Write setup time before CAS 

Ih (CAS-W) Write hold time after CAS 

Ih (RAS-W) Write hold time after RAS 

Ih (W-RAS) ~hold time after write 

Ih IW-CAS) CAS hold time after write 

Iw(w) Write pulse width 

Isu (D-CAS) Data-in setup time before ("AS 

Ih (CAS-D) Data-in hold time after rn 
Ih (RAS-D) Data-in hold time after RAS 

Alternative 
M5M4257P-12 

Symbol 
Min 

I RC 230 

(Note 17) IwCS -10 

IWCH 40 

IWCR 100 

I RWL 40 

I CWL 40 

Iwp 40 

IDS 0 

IDH 30 

I DHR 90 
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Max 

Limits 

M5M4257P-15 M5M4257P-20 

Min Max Min Max 

260 330 

-10 -10 

45 55 

120 155 

45 55 

45 55 

45 55 

0 0 

35 40 

110 140 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Read, Write and Read-Modify-Write Cycles 

Limits 
Alternative 

Symbol Parameter M5M4257P -12 M5M4257P-15 
Symbol 

Min Max Min Max 

tCAw Read-write cycle 1i me INote 15) IAWC 260 295 

tCRMW Read-modify-write cycle time INote 161 IAMWC 27:; 310 

Ih IW-AAS) RAS hold time after write I AWL 40 45 

Ih (W-CAS) CAS hold time after write ICWL 40 45 

Iw(w) Write pulse width Iwp 40 45 

Isu (A-CAS) Read setup time before 00 lACS a a 
I d (AAS-W) Delay time, RAS to write (Note'7) I AWD 110 135 

Id(CAS-W) Delay time, CAS to write INote 17) ICWD 50 60 

Isu (D-W) Data-in set-up time before write IDS a a 
Ih (W-D) DaM-in hold time after write IDH 40 45 

Idls (CAS) Output disable time IOFF 0 35 a 40 

la (CAS) CAS access time INote 131 I CAC 60 75 

la (AAS) R AS access time INote 141 I AAC 120 150 

Note 15- I CAWmln IS defined as ICAW min = td (AAS-CAS)maX + td (CAS-W)min + th (W-AAS) + tw (AASH) + 3t TLH(tTHL) 

16: t CRM W min is defined as t CRM W mm :::: ta (RAS) max + th (W-RAS) + tw (RAS~H) + 3t TLH (tTHL) 

M5M4257P-20 

Min Max 

370 

390 

55 

55 

55 

a 
180 

80 

a 
55 

a 50 

100 

200 

17 tsu (W¥CAS). td (RAS-W). and td (CAS-W) do not define the limits of operation, but are included as electrical characteristics only. 

When tSU(W-CAS) ~ tSU(W-CAs)mln, an early·write cycle is performed, and,the data output keeps the high-impedance state 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

When td (RAS-W)6 td (RAS-W)min _ and td (CAS- W)~ tsu (W-CAS)mln a read-write cycle is performed, and the data of the selected -address will be read ou't 

on the data output. 

For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to VIH) is not defined, 

Nibble-Mode Cycle 

limits 

Symbol Parameter Alternative 
Symbol 

M5M4257P -12 M5M4257P-15 M5M4257P -20 

Min Max Min Max Min Max 

ICN Nibble mode cycle time tNC 55 70 90 

IaN (CAS) Nibble mode a~cess time t NAC 30 40 50 

tWN (CASL) Nibble mode CAS low pulse width INCAS 30 40 50 

IWN(CASH) Nibble mode precharge'time t NP 15 20 30 

th N (CAS- RAS) Nibble'mode RAS hold time t NASH 30 40 50 

IdN (CAS-W) Nibble mode CAS to WRITE delay t NCWD 30 40 50 

IWNAMW (CASL) Nibble mode RMW CAS pulse width I NCAW 65 85 105 

IhNAMW(W-CAS) Nibble mode WRITE to CAS lead time t NCWL 30 40 50 

thNAMW (CAS-AAS) Nibble mode RMW RAS hold time tNWSH 65 85 105 

tSUN(W-CAS) Nibble mode WRITE setup time before CAS t NWCS 0 0 a 

CAS before RAS Refresh Cycle INote 181 

Limits 

Symbol Parameter 
Alternative 

M5M4257P -12 M5M4257P-15 M5M4257P-20 Symbol 
Min Max Min Max Min Max 

ISUR(CAS-RAS) CAS setup time for auto refresh t CSA 30 30 40 

Ih A (AAS-CAS) CAS hold time for auto refresh I CHA 50 50 50 

tdA (AAS-CAS) Prec'harge to CAS active time I APC 0 0 0 
- - -

Note 18. Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 

Nibble Mode Addr'essing Sequence Example 

Sequence Nibble bit 
Column address 

Ao A, A2 A3 A4 As 

RAS/CAS 1 a 1 0 1 a 1 

toggle CAS 2 0 1 a 1 0 1 

toggle CAS 3 a 1 0 1 0 1 

toggle CAS 4 a 1 a 1 0 1 

toggle CAS 1 0 1 0 1 0 1 

2-100 

Row address 

A6 A7 As Ao At A2 A3 

a 1 0 a 1 0 1 

0 1 0 a 1 0 1 

a 1 1 0 1 0 1 

0 1 1 0 1 a 1 

0 1 a a 1 0 1 
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A4 As 

0 1 

0 1 

a 1 

0 1 

0 1 

A6 A7 AS 

a 1 0 I External address 

0 1 1 

0 1 0 
Internally generated address 

a 1 1 

0 1 a 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 



MITSUBISHI LSls 

M5M4257P-12, -15, -20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

TIMING DIAGRAMS (Note 19) 

Read Cycle 
~~------------------------tCR 

AD-Ag 

w 

Q 

~-----------------twIRASL)--------------------'-1 

~---------------th IRAS-CAS) -----------------1 

V IH _-----"""'1 f------- th (RAS- CA )---------j~ 

V,L - I 

I 
----<o-t---------th I CAS- RAS )----..-, 

V,H 
I----c__tw ICASLl--------1 ,...+--1 ..... ---------

V,L - ____ .1 

COLUMN 
ADDRESS 

ROW 
ADDRESS 

V,H _"~~~"~~rv~~1r-------~I-------------------~--~~~~~~~~ 
V'L -""" .......... I,;;.I.l.A.....:~ ..... I..i:.~ taICAS)---__ 

I-----------ta I RAS)---------------1 

VOH 
----------HIGH IMPEDANCE STATE-------~~ 

VOL -
DATA VALID 

Write Cycle (Early Write) 

AD-Ag 

w 

D 

Q 

V,H -

r----------------------------tcw --------------------------~ 
f------------------tW(RASL)------------------~~ 

-----""'\.I f-o---------------th (RASiCAS) ----------------." .. -11 
t------th(RAS-CA) i 

f-----'----- th (CAS- RAS)------'-1 

--~-+---c__----tw (cAsLl-----1 

tW(RASH) 

V,L - ____ -' 

V,L -

V ,H -

ROW 
ADDRESS 

V,L -~~~~~~~~~~~--~--~----~~~~~~~~~~~~~~~~~~~~~~~ 

V ,H -

V,L 

VOH -

VOL 

I-----th (RAS-D)-----~ 

-----------------HIGHIMPEDANCESTATE---------------------
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Read-Write and Read-Modify-Write Cycles 

Ao-As 

w 

Q 

o 

~ _______________________________ tCRW/tCRMW----------------------------------~ 

~------~------------------tW(RASL)------------------------------1 

1-------------------------- t h (RAS-CAS)'----------------------------f 

1-------- t h (RAS- CAl '------~·_11 

f--------i---------- th (CAS-RAS)----------------...-, 

--~-+ __ ------;----------- t W (cAsLl------------------f 

f--------- td (CAS- W ) ----------1 

V,H -~~Jjbc~"~~~--------rl.---------------------------, 
v IL -~'"'~~~aLlo..ll 

, ta (CAS) tdlS (CAS) --....... t---

RAS-Only Refresh Cycle INote 20) 

RAS 
V ,H 

V,L 

V ,H 
AO-A7 

V,L -

Q 
VOL -

Note 19. 

2-102 

f-~--------------------tCRI--------------------------__I 

f--------- t W (AASL) -------_1 

ROW 
ADDRESS 

----------------------------------HIGH IMPEDANCE STATE------------------------------------

Indicates the don't care Input 
Note 20. CAS =VIH,W, 0 = don't care 

As may be V'H or VI(. 

The center-line indicates the high-impedance state 
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Nibble Mode Read Cycle (Note 211 

VIH -
CAS 

V'L-

tsu ( RA 

V,H -
AD- A8 

V'L-

w 

VOH -

tW(RASL) 

th (RAS-CA) 

th (RAS-CA) tON 

tWN(CASL) 

ta N{ CAS I 
tdlS( CAS) 
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Nibble Mode Read-Modify-Write Cycle 
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CAS before RAS Refresh Cycle I Note 221 
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Note 22: IN, D = don't care. 
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ADDRESS AND DATA INPUT 
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DESCRIPTION 
This is a family of 262 144-word by 1-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon gate 
MOS process, and is ideal for large-capacity memory 
systems where high speed, lOiN power dissipation, and low 
costs are essential. The use of double-layer polysilicon 
process combined with silicide technology and a single­
transistor dynamic storage cell provide high circuit density 
at reduced costs, and the use of dynamic circuitry including 
sense amplifiers assures low power dissipation. Multiplexed 
address inputs permit both a reduction in pins to the stand­
ard 16-pin package configuration and an increase in system 
densities. In addition to the RAS only refresh mode, the 
Hidden refresh mode and CAS before RAS refresh mode 
are available. 

FEATURES 
Access time Cycle time Power dissipation 

Type name (max) (min) (typ) 
(ns) (ns) (mW) 

M5M4256S-12 120 230 260 

M5M4256S-15 150 260 230 

M5M4256S-20 200 330 190 

• Standard 16-pin package 
• Single 5V±10% supply 
• Low standby power dissipation: 22mW (max) 
• Low operating power dissipation: 

M5M4256S-12··········· 413mW (max) 
M5M4256S·15 ........... 385mW (max) 
M5M4256S-20 ........... 303mW (max) 

• Unlatched output enables two-dimensional chip selec­
tion and extended page boundary. 
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• All input terminals have low input capacitance and are 

directly TTL-compatible 
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• CAS controlled output allows hidden refresh 

APPLICATION 
• Main memory unit for computers 
• Microcomputer memory 
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FUNCTION 

The M5M4256S provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e_g., 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 CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify-write ACT ACT 

RAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

CAS before RAS refresh ACT ACT 

Standby NAC ONC 

Inputs 

W 0 

NAC ONC 

ACT VLO 

ACT VLO 

ONC ONC 

ONC ONC 

ONC ONC 

ONC ONC 

Output 

Row Column Refresh Remarks 

address address 
Q 

APO APO VLO YES * 
APO APO OPN YES 

APO APO VLO YES 

APO ONC OPN YES 

ONC ONC VLO YES 

ONC DNC OPN YES 

ONC ONC OPN NO 

Note ACT active, NAC nonactive, DNe don't care, VLO valid, APD applied, QPN open 

* Page mode identical except refresh is No 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262 144 memory cells in the 
M5M4256S the 18-bit address signal must be multiplexed 
into 9 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses_ First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 9 row-address bits; next, the negative­
going edge of the column-address-strobe pulse (CAS) 
latches the 9 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 

1. The delay time from RAS to CAS td (RAS-CAS) is set 
between the minimum and maximum values of the 
limits_ In this case, the internal CAS control signals are 

inhibited almost until td(RAS-CAS) max ('gated CAS' 
operation)_ The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e_g_ 
access time, and the address inputs can be easily changed 
from row address to column address_ 

2. The delay time td(RAS-CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time_ 

Data Input 
Data to be written into a selected cell is strobed by the later 
of the two negative transitions of W input and CAS input. 
Thus when the Vii input makes its negative transition prior 
to CAS input (early write), the data input is strobed by 
CAS, and the negative transition of CAS is set as the 

reference point for set-up and hold times. In the read-write 
or read-modify-write cycles, however, when the Vii input 
makes its negative transition after CAS, the W negative 
transition is set as the reference point for setup and hold 
times. 

Data Output Control 
The output of the M5M4256S IS In the high-impedance 
state when CAS is high_ When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data_ Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS_ 

The output will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle_ 

These output conditions, of the M5M4256S, which can 
. readily be changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer capabilities for a number of applications, 
as follows_ 

1. Common I/O Operation 
If all write operations are performed in the early·write 
mode, input and output can be connected directly to give a 
common I/O data bus. 
2 Data Output Hold 
The data output can be held between read cycles, without 
lengthening the'cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS. 

• MITSUBISHI 
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3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high­
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended-Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 512 column locations in a single chip. In this 
case, RAS mustbe applied to all devices. 

Page-Mode Operation 
This operation allows for multiple-column addressing at the 
same row address, and eliminates the power dissipation 
associated with the negative-going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles is eliminated, thereby 
decreasing the access and cycle times. 

Refresh 
Each of the 256 rows (Ao - A7) of the M5M4256S must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4256S are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses_Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom­
mended for systems which utilize "wired-OR" outputs 
since output bus contention will occur. 

2. RAS Only Refresh 

In this refresh method, the CAS clock should. be at a 
V1H level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad­
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle_ 

3. CAS before RAS Refresh 

If CAS falls tsuA (CAS-AAS) earlier than RAS and if CAS 
is kept low by thR (AAS-CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal 8-bit 
counter is put into the address buffer to refresh the cor­
responding row. The output will stay in the high impedance 
state. 

If CAS is kept low after the above operation, RAS cycle 
initiates RAS Only Refresh with internally generated re­
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the ,external 
address. 

If CAS is kept low after the normal read/write cycle, 
RAS cycle initiates the RAS Only Refresh using the inter­
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 

4. Hidden Refresh 
A feature of the M5M4256S is that refresh cycles may 

be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh. 

Hidden refresh is performed by holding CAS at V I Land 
taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, but with CAS held low_ 

The advantage of th is refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 
need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the M5M4256S is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4256S as chip-select in the memory system, but if 
RAS is decod~d, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5M4256S operates on a single 5V power supply. 

A wait of some 500,us and eight or more dummy cycles 
is necessary after power is appl ied to the device before 
memory operation is achieved. 
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M5M4256S-12, -15, -20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions limits 

Vee Supply voltage -1-7 

V, Input voltage With respect to Vss -1-7 

Va Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25'C 1000 

Topr Operating free·air temperature range 0-70 

Tstg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta =0-70'C, unless otherwISe noted) INote 11 

Limits 
Symbol Pararneter Unit 

Min Nom Max 

Vee Supply voltage 4 .5 5 5.5 V 
--

VSS Supply voltage 0 0 0 V 

V'H High-level input voltage, all inputs 2 .4 6.5 V 

V'L Low-level input voltage, all inputs -2 0.8 V 

Note 1 All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vee=5V±10%, Vss=ov, unlessotherwisenoted)INote21 

limits 
Symbol Parameter Test conditions 

Min Typ 

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

VOL Low-level output voltage IOL=4.2mA 0 

102 Off-state output current Q floating OV~VOUT~5.5V -10 

I, Input current OV~V'N~VCC, Other input pins =OV -10 

M5M42565-12 ----

leC'(AV) 
Average supply current from Vee, 

M5M42565-15 
RAS, CAS cyc'ing 

operating (Note 3, 4) tCR=tCW= min, output open 
M5M42565-20 

ICC2 Supply current from Vee, standby RAS =CAS=V'H output open 

M5M42565 -12 
Average supply current from Vee, RAS cycling CAS=V'H 

ICC3(AV) M5M42565-15 
refreshing (Note 3) t C(RAS)= min, output open 

M5M42565-20 

M5M42565-12 
RAS=V'L, CAS cycling Average supply current from Vee, 

M5M42565-15 Icc, (AV) page mode (Note 3, 4) t CPG= min, output open 
M5M42565-20 

Average supply current from Vee, M5M42565-12 
CAS before RAS refresh cycling 

ICC6(AV) CAS before R AS refresh mode M5M42565-15 
to (RAS) = min, output open 

INote 31 M5M42565-20 

C, (A) I nput capacitance, address inputs 

C, (D) Input capacitance, data input V,=VSS 

C, (W) Input capacitance, write control input f=lMHz 

C, (RAS) Input capacitance, RAS input Vi=25mVrms 

C, (CAS) Input capacitance, CAS input 

Co Output capacitance VO=VSS, f= 1 MHz, V;=25mVrms 

Note 2 Current flowing into an IC is positive, out is negative. 

3 I eel (AV), ICC3(AV), ICC4(AV) and ICC6(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

ICC 1 (AV) and I CC4(AV) are dependent on qutput loading. Specified values are obtained with the output open. 
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Unit 

V 

V 

V 

mA 

mW 

'C 

'C 

Unit 
Max 

Vec V 

0.4 V 

10 J.lA 

10 J.lA 

75 mA 

70 mA 

55 mA 

4 mA 

60 mA 

55 mA 

45 mA 

55 mA 

50 mA 

45 mA 

60 mA 

55 mA> 

45 mA 

5 pF 

5 pF 

7 pF 

10 pF 

10 pF 

7 pF 
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MSM42S6S-12, -15, -20 

262 1'44-BIT(262 144-WORD IBy I-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta =0-70'C, Vcc=5V ~ 10%, VSS=OV, unless otherwise noted, See notes 5, 6and 7) 

Limits 

Symbol Parameter 
Alternative 

M5M4256S-12 M5M4256S-15 M5M4256S-20 
Symbol 

Min Min Max Max Min Max 

tORF Refresh cycle time tREF 4 4 4 

t W(RASH) AAS high pulse width t RP 100 100 120 

t W(RASL) RAS low pulse width tRAS 120 10000 150 10000 200 10000 

t W(CASL) CAS low pulse width tCAS 60 75 100 

t W(CASH) CAS high pulse width INoteS) t CPN 30 35 40 

th (RAS-CAS) CAS hold time after RA!i tCSH 120 150 200 

th (CAS-RAS) AAS hold time after CAl; tRSH 60 75 100 

td (CAS-RAS) Delay time, ~ to RAS INote 9) tCRP 30 30 40 

td (RAS-CAS) Delay iime, RAS to CAl; INote 10) tRCO 25 60 25 75 30 100 

tsu (RA-RAS) Row address ~etup time before R'A'S tASR 0 0 0 

tsu (CA-CAS) Column address setup time before CAS tASC 0 -5 -5 

th(RAS-RA) Row address hold time after J1.AS tRAH 15 20 25 

t h (CAS-CA) Column address hold time after CAS tCAH 20 25 35 

t h(RAS-CA) Column address hold time ;;Ifter ~ tAR 80 100 135 

tTHL 
Transition time tT 3 50 3 50 3 50 

tTLH 

Note 5: An initial pause of 500$.15 is required after power-up followed by any eight RAS or FfAS/EAS cycles before proper device operation is achieved. 
6: The switching charact.eris;tics are defined as t THL =t TLH ~5ns. 
7: Reference levels of input signals are VI H min. and Vil rna)(. Reference levels for transition time are also between VI Hand Vll. 

8: Except for page· mode. 

9. td (CAS-RAS) reqUirement is applicable for all 'FtAS/CAS cycles. 

10: Operation within the t d (RAS-CAS) max limit insures that ta (RAS) max can be met. td (RAS-CAS)maX is specified reference point only;if 
td (RAS-CAS) is greater thar'! the specified t d (RAS-CAS) max limit. then access time is controlled exclusively by ta (CAS). 

td (AAS-CAs)mlO = th (RAS-RA)min + 2t THL(tTLH) + t SU(CA-CAS)min_ ' 

SWITCHING CHARACTERISTICS (Ta=O-70·C, Vcc=5V±10%, VSs=OV, unlessotherwisenoted) 

Read Cycle 

Alternative 
Limits 

Symbol Parameter M5M4256S-12 M5M4256S-15 Symbol 
Min Max Min Max 

tOR Read cycle ti me tRc 230 260 

tsu (R-CAS) Read setup time belon, CAS tRCS 0 0 

th(CAS-R) Read hold time after CAS INote It) t RCH 0 0 

th( RAS-R) .Read hold time after RAS INote 11) tRRH 20 20 

tdls (CAS) .Output disable time INote 12) tOFF 0 35 0 40 

tao(CAS) CAS access ti me INote 131 tCAC 60 75 

ta(RAS) RAS access time INote 14) tRAC 120 150 

Note 11: Eilherth (RAS-R) or th (CAS-R) must be satislied lor a read cycle, 
12: tdls (CAS)maX defines the time at which the output achieves the open circuit ~ndition and is not reference to VOH or VOL. 
13: This isthe value when td(RAS-CAS)Oi:td(RAS-CAs)maX, Test oonditions; Load = 2TTL, CL = l00pF 

M5M4256S-20 

Min Max 

330 

0 

0 

25 

0 50 

100 

200 

14: This is the value when t d (RAS-CAS)< t d (RAS-CAS)maX, When td (RAS-CAS);;;;: td (RAS-CAS)maX, ta (RAS) will increase by the amount that 
t d (RAS-CAS) .exceeds the value shown. Test conditions; Load = 2TTL, 'CL = lOOp,F 

Write Cycle 

Symbol' Parameter 

tow Write cycle time 

tsu (W-CAS) Write setup t'ime before CAS 
" 

th(CAS-W) Write hold time after CAS 

th (RAS-W) Write hold-time after RAS 

th(W-RAS) I1AS"hold time after write 

th(W-CAS) ~hold time after write 

tW(W) Write pulse width 

tsu (O-CAS) Data-in setup time before 00 

th (CAS-O) Data-in hold time after ~ 

th (RAS-O) Data-in hold time after FfAS 

2-114 

Alternative 
M5M4256S-12 

Symbol 
Min 

t RC 

INote 17) twcs 

t WCH 

tWCR 

t RWL 

tCWL 

twp 

tos 

tOH 

tOHR 

• MITSUBISHI 
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230 

5 

40 

100 

40 

40 

40 

0 

30 

90 

Max 

Limits 

M5M4256S-15 M5M4256S-20 

Min Max Min Max 

260 330 

10 10 

45 55 

120 155 

45 55 

45 55 

45 55 

0 0 

35 40 

110 140 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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M5M4256S-12, -15, -20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

Read, Write and Read-Modify-Write Cycles 

Limits 
Alternative 

Symbol Parameter 
Symbol 

M5M4256S -12 M5M4256S-15 M5M4256S-20 

Min Max Min Max 

tCRw Read-write cycle Ii me INote 151 tRwc 260 295 

tCRMW Read-modify-write cycle time INote 16} tRMWC 275 310 

th (W-RAS) RAS hold time after write t RWL 40 45 

th (W-CAS) CAS hold time after write tCWL 40 45 

tW(W) Write pulse width Iwp 40 45 

tsu (R-CAS) Read setup time before CAS I RCS 0 0 

Id (RAS-W) Oelay time, 'RA'S to write INote 1 7} IRWD 110 135 

I d (CAS-W) Delay time, LAS to write INote 17} ICWD 50 60 

ISU(D-W) Data-in set-up time before write IDS 0 0 

Ih (W-D) Data-in hold time after write IDH 40 45 

Idls (CAS) Output disable time IOFF 0 35 0 40 

la (CAS) c:AS access time (Note 13) ICAC 60 75 

la (RAS) RAS access time (Note 14) I RAC 120 150 

Note 15 t CRWmln is defined as tCRW min = td (RAS·CAS) max + td (CAS-W) min + th (W-AAS) + tw (RASH) + 3t TLH(tTHL) 

16: t CAM w min is defined as t CRMW min = ta (AAS)maX + th (W-RAS) + tW(RAS H) + 3t TLH(trHL) 

Min 

370 

390 

55 

55 

55 

0 

180 

80 

0 

55 

0 

17 tsu (W-CAS), td (RAS-W). and td (CAS-W) do not define the limits of operation, but are included as electrical characteristics only 

When t su (W-CAS)~tsu (W-CAS)mln, an early-write cycle is performed, and the data output keeps the high-impedance state 

Max 

50 

100 

200 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

' ns 

ns 

ns 

ns 

ns 

ns 

When t d (RAS-W)~ td (RAS-W)mm. and t d (CAS-W)~t SU (W-CAS) mm a read-write cycle is performed, and the data of the selected address Will be read out 

on the data output. 

For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to V'Hl is not defined. 

Page-Mode Cycle 

Limits 

Symbol Parameter 
Alternative 

M5M4256S -12 M5M4256S -15 
Symbol 

Min Max Min Max 

ICPG Page-mode cycle time t PC 125 145 

Iw (CASH) CAS high pulse width t CP 55 60 

tCPGRW Page-mode RW cycle time I pCRW 160 180 

tOPGRMW Page-mode RMW cycle time t PCRMW 170 195 

CAS before RAS Refresh Cycle (Note 18) 

Limits 

Symbol Parameter 
Alternative 

M5M4256S -12 M5M4256S-15 
Symbol 

Min Max Min Max 

tsuR (CAS-RAS) CAS setup time for auto refresh I CSR 30 30 

t ~ R (RAS-CAS) CAS hold time for auto refresh t CHR 50 50 

t d R (RAS-CAS) Precharge to CAS active time I RPC 0 0 
-Note 18. Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 
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M5M4256S-20 

Min Max 

190 

80 

230 

250 

M5M4256S - 20 

Min Max 

40 

50 

0 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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M5M4256S-12, -15, -20 

262 144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

TIMING DIAGRAMS (Note 191 

Read Cycle 
~~------------------------ ICR 

w 

Q 

~>----------------- I w (RASL)'--------------------o-.j 

1--------------- Ih(RAS-CAS)----------------o-l 

-----"'" t-----th(RAS-CA)-------~I--< V,H -
V,L -

V ,H -

V,L -~~~~~~~~~~ 

I 
----o-l-----'-th (CAS-RAS)------< 

f----'-tw (CASU ----~ 

COLUMN 
ADDRESS 

Lta(CAS)---~ 
1-------- ta (RAS) -'-------------., 

VOH -
DATA VALID VOL _----------HIGH IMPEDANCE STATE-------..... ~ 

~-____ -iUL/ 

RDW 
ADDRESS 

Write Cycle (Early Write) 

Ao-As 

w 

o 

Q 

2-116 

V 1H -

r---------------tcw ---------------~ 

f-----------tW(RASL)-----------~ 

_____ ""'1 f----------th (RAS-CAS)----------<--ll 

f-----th(RAS-CA) -I 
td (CAS-RAS) I---'---th (CAS-RAS) -------'-l 

---+-_-'----tw (CASU --------I 

tw (RASH) 

V1L - ____ -' 

V ,H -

RDW 
ADDRESS 

V,L -~~~~~~~~~~~-----~--__ ~~~~~~~~~~~~~~~~~~~~~~~ 

V IH _.,..,r'II"~r'II"~~7'M'r,....I'M'~~"'" 

V,L 
DATA VALID 

f------ th (RAS-O),------., 

VOH -
VOL ----------------HIGH IMPEDANCE STATE----------_________ _ 
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MITSUBISHI LSls 

M5M4256S-12, -15, -20 

262 144-BIT (262 144·WORD BY I-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

Vi 

Q 

o 

~~--------------------------------tCRW/tCRMW------------------------------------~ 

~r---------------------------tW(RASL)------------------------------~ 

~r--------------------------th(RAS-CAS)----------------------------" 

~~----~ th (RAS-CA) ----------"'1 
~r-----,---------- th (CAS- RAS) ------------------1 

-----4------~-----------tW(CASL)-----------------~ 

RAS-Only Refresh Cycle (Note 20) 

RAS 

Ao-A7 

Q 

Note 19. 

V ,H 

V,L 

V ,H 

V,L 

VOH -

VOL -

~~---------------------tCR---------------------------~ 

ROW 
ADDRESS 

------------------------------------HIGH IMPEDANCE STATE--------------------------------------

Indicates the don't care input 
Note 20. CAS =VIH,W, 0 = don't care. 

~ The center-line indIcates the high-impedance state 

As may be VIH or VIL 
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M5M4256S-12, -15, -20 

262 144·BIT (262 144·WORD BY I·BIT) DYNAMIC RAM 

Page-Mode Read Cycle 

~------------------------------tW(RASLJ----------------------------------~ 

.th(RAS-CAS)~ 

th(RAS-CAJi I 
th (CAS-RASJ 

Ao-As 

VOH -
Q VOL _--.- HIGH IMPEDANCE STATE 

th (CAS-RJ 

w 

Page-Mode Write Cycle 

AO-As 
V IH 

VIL 

W 
V IH 

VIL 

0 
V IH 
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r-.--------------------------------tW(RASLJ--------------------------------~ 

th(RAS-CASJ--, 

th(RAS-CAJi I 
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M5M4256S.12, ·15, ·20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

Hidden Refresh Cycle 

w 

Q 

READ CYCLE 

teR 

t W( RASL) 

tdICAS-RASl 

td (RAS- CAS) th (CAS- RAS) 

tW(CASH) 

th(CAS-CA) 

--HIGH IMPEDANCE STATE 

REFRESH CVCLE 

teR 

tW(CASL) 

DATA VALID 

REFRESH CVCLE 
teR 

thR(RAS-CAS) 

tdls (CAS) 

CAS before RAS Refresh Cycle (Note 21) 

o 

READ CYCLE REFRESH CYCLE 

tOR 

REFRESH CYCLE 

tOR 

READ OR WRITE 
CYCLE 

VOH- }---------------1I~---HIGH IMPEDANCE STATE------------
VOL-___ -{ 

Note 21: W, 0 = don't care. 
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M5M4256S-12, -15, -20 

262 144-BIT (262 144-WORD BY 1-BIT) DYNAMIC RAM 

TYPICAL CHARACTERISTICS 
NORMALIZED ACCESS TIME 

VS. SUPPLY VOLTAGE 
1.3 

U; 

" ::; 1.2 
:J 
ill 
:;; 

1.1 i= 
U'l 
U'l 
ill 
U 1.0 u 

" 0 
ill 0.9 r::J 
..J 

" :;; 
0:: 0.8 
0 
z 

0.7 

2S 

'? 20 
S 
U; 

" IS ::; 
:J 
<I 10 
ill 
:;; 
i= 
U'l 
U'l 
ill 
U 
U 

" 

-S 

70 

~ 
SO ~ 

0 
.'3 SO 

f-
Z 
ill 40 0:: 
0:: 
:0 
U 

CJ 30 
~ 
f-

" a: 20 ill 
Q. 
0 

10 

, Ta '=2S'C 

1\ 

\ 
I~ 
~ r-...... 

........ 
~ 

4.0 S.O S.O 

SUPPLY VOLTAGE VCC (V) 

ACCESS TIME VS. LOAD 
CAPACITANCE 

I .I. 
VCC=4.SV 

_Ta=2S'C 

,/ 

V 
V 

/ 
/" 

,/ 

100 200 300 400 SOO SOO 

LOAD CAPACITANCE CL (pF) 

OPERATING CURRENT 
VS. AMBIENT TEMPERATURE 

Vcc'=S.sJ 
r-- tCR=2S0ns 

I 

20 0 20 40 SO 80 100 

AMBIENT TEMPERATURE Ta ("C) 

1.3 

en 
" ::; 1.2 

:J 
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:;; 1.1 i= 
U'l 
U'l 
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1.0 u 
u 
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~ 70 
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:0 
U 

CJ 40 
~ 
f-
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60 

~ 
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f-
Z 
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" 0:: 10 g: 
0 
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NORMALIZED ACCESS TIME 
VS. AMBIENT TEMPERATURE 

II 
VCC=S.OV 1/ 

"V 
/ 

V 

/' 
". 

20 40 SO 80100 

AMBIENT TEMPERATURE Ta ("C) 

OPERATING CURRENT 
VS. SUPPLY VOLTAGE 

Tal=2S'~1 
_tcR=2S0ns 

V 
./'" 

( / 
",,/ 

/" 
/"" 

4.0 S.O S.O 

SUPPLY VOLTAGE VCC (V) 

OPERATING CURRENT 
VS. CYCLE RATE 

VCC~S.5V! 1/ 
I-Ta=2S'C 

1/ 
1/ 

/ 
/ 

2 3 4 S 

CYCLE RATE l/t CR (MHz) 
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M5M4256S-12, -IS, -20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

STANDBY CURRENT 
VS. SUPPLY VOLTAGE 

Ta~25"C 

/ V --~ 
..------

4.0 5.0 6.0 

SUPPLY VOLTAGE Vee (V) 
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STANDBY CURRENT 
VS. AMBIENT TEMPERATURE 

6 
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- r--r-- f...- -r-

o 
-20 0 20 40 60 80 100 

AMBIENT TEMPERATURE Ta (,C) 

REFRESH CURRENT 
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M5M4256S-12, -15, -20 
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262 i44-BIT (262 i44-WORD BY i-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 262 l44-word by l-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon gate 
MOS 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 polysilicon 
process combined with silicide technology and a single­
transistor dynamic storage cell provide high circuit density 
at reduced costs, and the use of dynamic circuitry including 
sense amplifiers assures low power dissipation. Multiplexed 
address inputs permit both a reduction in pins to the stand­
ard l6-pin package configuration and an increase in system 
densities. In addition to the RAS only refresh mode, the 
Hidden refresh mode and CAS before RAS refresh mode 
are available. 

FEATURES 
Access time Cycle time Power dissipation 

Type name (max) (min) (typ) 
(ns) (ns) (mW) 

M5M4257S-12 120 230 260 

M5M4257S-15 150 260 230 

M5M4257S-20 200 330 190 

• Standard l6-pm package 
• Single 5V±10% supply 
• Low standby power dissipation: 22mW (max) 
• Low operating power dissipation: 

M5M4257S-12 ........... 413mW (max) 
M5M4257S-15 ........... 385mW (max) 
M5M4257S-20 ........... 303mW (max) 

• Unlatched output enables two-dimensional chip selec­
tion 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUT As'" I Vss (OV) 

DATA INPUT 
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CONTROL INPUT 

15 ... CAS mg~~ I~~B~ESS 
DATA OUTPUT 
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STRO::~::~: 1 :: : : 
INPUTS 

A1 .... 7 

(5V) Vee 

Outline 16S1 

• Early-write operation gives common I/O capability 
• Read-modify-write, RAS-only-refresh, Nibble-mode 

capabilities. (Pin 1 is used for nibble mode) 
• CAS before RAS refresh mode capability 
• All input terminals have low input capacitance and are 

directly TTL-compatible 
• Output is three-state and directly TTL-compatible 
• 256 refresh cycles every 4ms. Pin 1 is not needed for 

refresh. 

• CAS controlled output allows hidden refresh 

APPLICATION 
• Main memory unit for computers 
• Microcomputer memory 
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FUNCTION 

The M5M4257S provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
fUActions, e.g., nibble 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 CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify-write ACT ACT 

RAS·onfy refresh ACT NAC 

Hidden refresh ACT ACT 
-

CAS before RAS refresh ACT ACT 

Standby NAC ONC 

Inputs 

W 0 

NAC ONC 

ACT VLO 

ACT VLO 

ONC ONC 

ONC ONC 

ONC ONC 

ONC ONC 

Output 

Row Column Refresh Remarks 

address address 
Q 

APO APO VLO YES * 
APO APO OPN YES 

APO APO VLO YES 

APO ONC OPN YES 

ONC ONC VLO YES 

ONC ONC OPN YES 

ONC ONC OPN NO 

Note ACT' active, NAC . nonactive, ONe: don't care, VLD . valid. APD applied,OPN open _ 

* Nibble mode identical except refresh is No, and Nibble mode column address is ONe While toggling CAS 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262144 memory ·cells in the 
M5M4257S the 18-bit address signal must be multiplexed 
into 9 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-ad dress-strobe pulse 
(RAS) latches the 9 row-address bits; next, the negative­
going edge of the column-address-strobe pulse (CAS) 
latches the 9 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 

1. The delay time from RAS to CAS td (RAS-CAS) is set 
between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAS) max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e_g. 
access time, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time td(RAS-CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time. 

Data Input 
Data to be written into a selected cell is strobed by the later 
of the two negative transitions of W input and CAS input. 
Thus when the IN input makes its negative transition prior 
to CAS input (early write), the data input is strobed by 
CAS, and the negative transition of CAS is set as the 

reference point for set-up and hold times. In the read-write 
or read-modify-write cycles, however, when the IN input 
makes its negative transition after CAS, the IN negative 
transition is set as the reference point for setup and hold 
times. 

Data Output Control 
The output of the M5M4257S is in the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The output will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle. 

These outpUt conditions, of the M5M4257S, which can 
readily be changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer capabilities for a number of applications, 
as follows. 
1. Common lID Operation 
If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common 110 data bus. 
2 Data Output Hold 
The data output can be held between read cycles, without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS. 
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3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high­
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended-Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 512 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Nibble-Mode Operation 
The M5M4257S is designed to allow high speed serial read, 
write or read-modify-write access of 4 bits of data. The 
first of 4 nibble bits is accessed by the normal mode with 
read data coming out at ta(CAS) time. Next 2, 3 or 4 nibble 
bits is read or writen by bringing CAS high then low 
(toggle) while RAS remains low. Thus the time required to 
strobe in not only the row address but also the column 
address is eliminated, thereby faster access and shorter 
cycle time than that of Page-Mode is achieved. 

Address on pin 1 (row address AS and column address 
AS) is used to select 1 of the 4 nibble bits for initial access. 
Toggling CAS causes row AS and column AS to be in­
cremented by the internal shift register with AS row being 
the least significant address and allows to access to the next 
nibble bit. If more than 4 bits are accessed during this mode 
the same address bit will be accessed cyclically. In Nibble­

Mode, any combination of read, write and read-modify­

write operation is possible (e.g. first bit read, second bit 

write, third bit read-modify-write, etc.). 

Refresh 
Each of the 256 rows (Ao ~ A7) of the M5M4257S must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4257S are as follows. 

1 .. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom­
mended for systems which utilize "wired-OR" outputs 
since output bus contention will occur. 

2. RAS Only Refresh 

In this refresh method, the CAS clock should be at a 
VIH level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad­
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 
If CAS falls tSUR(CAS-RAS) earlier than RAS and if CAS 

is kept low by thR (RAS-CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal S-bit 
counter is put into the address buffer to refresh the cor­
responding row. The output will stay in the high impedance 
state. 

If CAS is kept low after the above operation, RAS cycle 
initiates RAS Only Refresh with internally generated re­
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the external 
address. 

If CAS is kept low after the normal read/write cycle, 
RAS cycle initiates the RAS Only Refresh using the inter­
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 

4. Hidden Refresh 

A feature of the M5M4257S is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh .. 

Hidden refresh is performed by holding CAS at VI Land 
taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, but with CAS held low. 

The advantage of th is refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 
need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the M5M4257S is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4257S as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5M4257S operates on a single 5V power supply. 

A wait of some 500tls and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Limits 

Vee Supply voltage -1-7 

V, 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 free-air temperature range 0-70 

Tstg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta~0-70·C, unless otherwise noted) INotell 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 0 0 V 

V'H High-level input voltage, all inputs 2.4 6.5 V 

V'L Low-level input voltage, all inputs -2 0.8 V 

Note 1 All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta =0-70·C. Vee~5V ± 10%. VSS=OV, unless otherwise noted) (Note 21 

limits 
Symbol Parameter Test conditions 

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';;;VoUT';;;5.5V -10 

I, Input current OV';;;V'N';;;VCe, Other input pins =OV -10 

M5M4257S-12 
RAS, CAS cycling 

I ee1(AV) 
Average supply current from Vee, 

M5M4257S-15 operating (Note 3, 4) tCR=tCW= min. output open 
M5M4257S-20 

I CO2 Supply current from Vee; standby RAS=CAS=V'H output open 

M5M4257S-12 

loe3 CAY) 
Average supply current from Vee, 

M5M4257S-15 
RAS cycling CAS=V'H 

refreshing (Note 3) toeRAS)~ min. output open 
M5M4257S-20 

M5M4257S-12 
RAS=V'L, CAS cycling 

le05 CAY) 
Average supply current from Vee 

M5M4257S-15 
nibble mode t CN= min. output open 

M5M4257S -20 

Average supply current from Vee, M5M4257S -12 
CAS before RAS refresh cycling 

lee6(AV) CAS before RAS refresh mode M5M4257S-15 
tC(RAS) = min, output open 

(Note 3} M5M4257S -20 

C, (A) Input capacitance, address inputs 

C, (D) Input capacitance, data input V,~VSS 

C, CW) Input capacitance, write control input f~lMHz 

C, eRAS) Input capacitance, RAS input V,=25mVrrns 

C, (OAS) Input capacitance, CAS input 

Co Output capacitance VO=VSS, f= lMHz, Vi~25mVrms 

Current flowing into an IC is positive; out is negative. Note 2 

3 
4: 

ICC 1 (AV). I CC3(AV). leC5(AV) and leC6(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

I co 1 (AV) and I COS (AV) are dependent on output loading. Speciiied values are obtained ,with the output open. 
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Unit 

V 

V 

V 

rnA 

mW 

·C 

·C 

Max 
Unit 

Voe V 

0.4 V 

10 ",A 

10 ",A 

75 rnA 

70 rnA 

55 rnA 

4 rnA 

60 rnA 

55 rnA 

45 rnA 

35 rnA 

30 rnA 

28 rnA 

60 mA 

55 rnA 

45 rnA 

5 pF 

5 pF 

7 pF 

10 pF 

10 pF 

7 pF 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Nibble-Mode Cycle) 
( Ta = 0 -7o g e, Vee = sv ± 10%, Vss = OV. unless otherwise noted, See notes 5, 6 and 7) 

Limits 

Symbol Parameter 
Alternative 

M5M4257S-12 M5M4257S-15 M5M4257S-20 
Symbol 

Min Max Min Max Min Max 

ICAF Refresh cycle time IREF 4 4 4 

I W (RASH) RAS high pulse width IRP 100 100 120 

IW(RASL) RAS low pulse width I RAS 120 10000 150 10000 200 10000 

IW(CASL) CAS low pulse width ICAS 60 75 100 

I W(CASH) CAS high pulse width INote 8) t CPN 30 35 40 

Ih (AAS-CAS) CAS hold time after RAS ICSH 120 150 200 

Ih (CAS-AAS) RAS hold time after CAS I RSH 60 75 100 

Id (CAS-RAS) Delay time, CAS to RAS INote 9) t CAP 30 30 40 

Id (RAS-CAS) Delay time, RAS to CAS' (Note 10) I ACO 25 60 25 75 30 100 

Isu (AA-AAS) Row address setup time before RAS IASA 0 0 0 

Isu (CA-CAS) Column address setup time before CAS IASC 0 -5 -5 

Ih (AAS-RA) Row address hold time after FfA."S I RAH 15 20 25 

Ih (CAS-CA) Column address hold lime after CAS I CAH 20 25 35 

Ih (RAS-CA) Column address hold time after RAS I AR 80 100 135 

I THL 
Transition time 

I TLH 
IT 3 50 3 50 3 50 

Note 5 An initial pause of SOOps is required after power-up followed by any eight RAS or RASICAS cycles before proper device operation is achieved. 

6 The switching characteristics are defined as t THL =t TLH =5n5. 
Reference levels of input signals are V, H min. and VI L max. Reference levels for transition time are also between V IH and VI L. 
Except for nibble-mode. 

td (RAS-CAS) requirement is applicable for all AAS/CAS cycles 

10 Operation within the td (RAS-CAS) max limit insures that ta (RAS) max can be met. td (RAS-CAS)maX is specified reference point only;if 
td (RAS-CAS) is greater than the specified td (RAS-CAS) max limit, then access time is controlled exclusively by ta (CAS)' 

td (RAS- CAS)mln = t h (RAS-RA)mm + 2t THL (t Tu.d + t SU (CA-CAS)mln. 

SWITCHING CHARACTERISTICS (Ta=0-70·C. Vcc=5V±10%, Vss=OV, unless otherwise noted) 

Read Cycle 
Limits 

Alternative 
Symbol Parameter 

Symbol 
M5M4257S-12 M5M4257S-15 

Min Max Min Max 

ICR Read cycte time lAC 230 260 

Isu (A-CAS) Read setup time before CAS I RCS 0 0 

Ih (CAS-R) Read hold time after CAS (Note'1) I RCH 0 0 

Ihl AAS-R) .Read hold time after RAS- INote 11) IRRH 20 20 

Idls (CAS) Output disable time INote12) IOFF 0 35 0 40 

la (CAS) CAS access time INote 13) ICAC 60 75 

la (RAS) RAS access time (Note 14) I AAC 120 150 

Note 11 Either th (RAS-R) or th (CAS-R)~ must be satisfied for a read cycle. 
12 tdi5 (CAS)maX defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL 
13: This is the value when td (RAS-CAS)~ td (RAS- CAS)max. Test conditions; Load'" 2TTl, CL = 100pF 

M5M4257S-20 

Min Max 

330 

0 

0 

25 

0 50 

100 

200 

14 This is the value when td lRAS-CAS)< td (RAS-CAS)max. When td (RAS-CAS)~ td (RAS-CAS)max. ta (RAS) will increase by the amount that 
td (RAS-CAS) exceeds the value shown. Test conditions; Load = 2TTL. 'C L = 100pF 

Write Cycle 

Symbol Parameter 

Icw Write cycle time 

Isu (W-CAS) Write setup time before CAS 

Ih (CAS-W) Write hold time after CAS 

Ih (RAS-W) Write hold time after RAS 

Ih (W-RAS) RAS hold time after write 

Ih (W-CAS) CAS hold time after write 

tW(W) Write pulse width 

Isu (O-CAS) Data-in setup time before CAS 

Ih (CAS-D) Data-in hold time after CAS 

Ih IAAS-O) Data-in hold time after RAS 

Alternative 
M5M4257S-12 

Symbol 
Min 

I RC 

(Note 17) I wcs 

IWCH 

IWCR 

IAWL 

ICWL 

Iwp 

los 

IOH 

IOHR 

• MITSUBISHI 
"ELECTRIC 

230 

-5 

40 

100 

40 

40 

40 

0 

30 

90 

Max 

Limits 

M5M4257S-15 M5M4257S-20 

Min Max Min Max 

260 330 

-10 -10 

45 55 

120 155 

45 55 

45 55 

45 55 

0 0 

35 40 

110 140 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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M5M4257S-12, -15, -20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

Read, Write and Read-Modify-Write Cycles 

Alternative 
Limits 

Symbol Parameter 
Symbol 

M5M4257S-12 M5M4257S-15 

Min Max Min Max 

tCRw Read-write cycle time (Note 15) tRWC Z60 Z95 

tCAMW Read-maddy-write cycle time (Note 161 tRMwC Z75 310 

th (W-RASI RAS hold time after write I RWL 40 45 

Ih (W-CAS) CAS hold time after write ICWL 40 45 

Iw(w) Write pulse width Iwp 40 45 

Isu (R-CAS) Read setup time before CAS t RCS 0 0 

td (RAS-W) Delay time., RAS to write (Note 171 I RWD 110 135 

Id (CAS-W) Delay time, CAS to write (Note 171 ICWD 50 60 

Isu (D-W) Data-in set-up time before write t DS 0 0 

Ih (W-D) Data-in hold time after write I DH 40 45 

~AS) Output disable time t OFF 0 35 0 40 

la (CAS) CAS access time (Note 131 ICAC 60 75 

la (RAS) RAS access time (Note 141 I RAC 1Z0 150 

Note 15 I ORWmln is defined as IORW min = Id (RAS-CAS) max + td (CAs-w)min +Ih (W-RAS) + Iw (RASH) + 31 TLH(tTHL) 

16 t CRM W min is de~ined as t CRM W min = ta (RAS )max + th (W-RAS) +tw (RAS·H) + 3t TLH (tTHL) 

M5M4257S-20 

Min Max 

370 

390 

55 

55 

55 

0 

180 

80 

0 

55 

0 50 

100 

ZOO 

17 tsu (W~CAS), td (RAS-W). and td (CAS-W) do not define the limits of operation, but are included as electrical characteristics only. 

When tSU(W-CAS) ~ tSU(W-CAS)mln, an early-write cycle is performed, and the data output keeps the high-impedance state 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

When td (RAS-W)~ td (RAS-W)mln. and td (CAS-W}~tsu (W-CAS)min a read-write cycle is performed, and the data of the selected address will be read ou't 

on the data output. 

For all conditions other than those described above, the condition of data output (at access time and until CAS goes-back to VIH) is not defined. 

Nibble-Mode Cycle 

Limits 

Symbol Parameter Alternative 
Symbol 

M5M4257S-12 M5M4257S-15 M5M4257S-20 

Min Max Min Max Min Max 

ION Nibble mode cycle time INO 55 70 90 

IaN (CAS) Nibble mode access time I NAC 30 40 50 

IWN (CASL) Nibble mode CAS low pulse width INOAS 30 40 50 

IWN(CASH) Nibble mode precharge time INP 15 ZO 30 

IhN (CAS-RAS) Nibble mode RAS hold time t NRSH 30 40 50 

IdN (CAS-W) Nibble mode CAS to WR ITE delay t NCWD 30 40 50 

IWNRMW (CASL) Nibble mode RMW CAS pulse width t NCRW 65 85 105 

IhNRMW(W-CAS) Nibble mode WR ITE to CAS lead time t NOWL 30 40 50 

Ih NRMW (CAS-RAS) Nibble mode.RMW RAS hold time I NWSH 65 85 105 

ISUN(W-OAS) Nibble mode WR ITE setup time before CAS tNWOS 0 0 0 

CAS before RAS Refresh Cycle (Note 18) 

Limits 

Symbol Parameter 
Alternative 

M5M4257S-12 M51V14257S-15 M5M4257S-20 
Symbol 

Min Max Min Max Min Max 

Isu R (CAS-RAS) CAS setup time for auto refresh I CSR 30 30 40 

Ih R (RAS-CAS) CAS hold time for auto refresh IOHR 50 50 50 

IdR(RAS-CAS) Precharge to CAS active time I RPC 0 0 0 

- - --
Note 18. Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 

Nibble Mode Addressing Sequence Example 

Sequence Nibble bit 
Column address 

Ao At A2 A3 A4 As 

RAS/CAS 1 0 1 0 1 0 1 

toggle CAS 2 0 1 0 1 0 1 

toggle CAS 3 0 1 0 1 0 1 

toggle CAS 4 0 1 0 1 0 1 

toggle CAS 1 0 1 0 1 0 1 

2-130 

Row address 

A6 A, As Ao At A2 A3 

0 1 0 0 1 0 1 

0 1 0 0 1 0 1 

0 1 1 0 1 0 1 

0 1 1 0 1 0 1 

0 1 0 0 1 0 1 

• MITSUBISHI 
.... ELECTRIC 

A. As 

0 1 

0 1 

0 1 

0 1 

0 1 

As A, As 

0 1 0 I External address 

0 1 1 

0 1 0 

0 1 1 

0 1 0 

) '"""''''' -"~ .,,~ 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 



MITSUBISHI LSls 

M5M4257S-12, -IS, -20 

262144·BIT (262 144·WORD BY I.BIT) DYNAMIC RAM 

TIMING DIAGRAMS (Note 19) 

Read Cycle 
~--------------------------tCR 

w 

Q 

~------------------t W (RAsL)------------------------i 

I-----------------t h (RAS- CAS) -----------------i 

V IH _-----.... 1 1-------- th (RAS· Co )---------~I 

V,L -

I 
-~-+-------'--th (CAS- RAS )----------i 

V,H ----------~++----------~r_--~ ~------~-tW(CASL)------~ ,-+--.~-----------------
V,L - ____ J 

V,H -

COLUMN 
ADDRESS 

V,L - .... I1..10;= .......... .Io".l;'"'f' .... ~~ L-t a(CAS)-------1 

f-------------ta (RAS)-----------------1 

VOH 
------------------- HI G H I MPE DANCE STATE ---------------+~ 

VOL -
DATA VALID 

ROW 

ADDRESS 

Write Cycle (Early Write) 

Ao-AS 

w 

o 

Q 

V 1H -

V IL - ________ _ 

V 1H -

t-~----------------tcw ----------------~ 

1----------tW(RASL)----------~~ 

I---------th (RAS-CAS) -----------...-il 

f----th(RAS-CA) -I 
td (CAS-RAS) t-----:---th (CAS-RAS)----~ 

-~ ...... _--'---tw (CASLI-------1 

tW(RASH) 

ROW 
ADDRESS 

VIL -~~~~~~~~~~--~--+-----~~~~~~~~~~~~~~~~~~~~~~ 

DATA VALID 

~-------th (RAS-O)---------1 

VOH -
VOL ------------------------HIGHIMPEDANCESTATE-------------------------------------

• MITSUBISHI 
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MITSUBISHI LSls 

M5M4257S·12, ·15, ·20 

262 144-BIT (262 144-WORD BY I.BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

w 

Q 

o 

~r-------------------------------tCRW/tCRMW-----------------------------------' 

~--------------------------tW(RASL)-----------------------------" 

1-------------------------- th ( RAS- CAS )-----------------'---------_1 

I--------th (RAS-CA) 

I-r-----'c---------- t h (CAS- RAS )-----------------1 

----+~----~----------tW(CASL)---------------_1 

RAS-Only Refresh Cycle (Note 201 

RAS 

AO-A7 

Q 

Note 19. 

2-132 

V,H 

VIL 

V1H 

V,L 

VOH -

1-r--------------------tCRI--------__________________ ~ 

1-------- t W (RASL)-----------i 

ROW 
ADDRESS 

VOL _-----------------HIGH. IMPEDANCE STATE------------------

~ Indicates the don-t care input 

~ The center-line indicates the high-impedance state 

Note 20. CAS =VIH,W. 0 = don't care 
As may be VIH or VIL. 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M4257S-12, -15, -20 

262 144-BIT (262 144-WORD BY 1-BIT) DYNAMIC RAM 

Nibble Mode Read Cycle INote211 

CAS 

Vi 

tw I RASL) 

th I RAS-CA I 

th I RAS-CAI 

tWN(CASLI 

V,H -

V'L-

IsU(R-CAS) 

tsu I R-CAS) 

V,H -)(~~~~---------i-----------------t~~~,,~~:l~::::::--+-~~x>~;ar=t:f=:::::----1~~ 
V'L-

taNICASI 

VOH -

tdis (CAS) 

taN( CAS) 

-;;*-I-E-tdls I CAS) 

Q -----HIGH IMPEDANCE STATE 
VOL -

Note 21. Pin 1 at Row Time and Column Time Determines the Starting Address of the Nibble Cycle. 

Nibble Mode Write Cycle (Early Write) 

Ao-As 

Vi 

D 

Q 

tWN (RASL) 

V I H -------------.,[ 

V'L-

th (RAS-CAS I 
thN ICAS-RAS) 

tWN(CASLl 

V'H-

V'H-

V'L-

V'H-

V'L-

V,H -

V,L -.-Q""6 ..... Q,,,,6""*' ~-----......;7I '-.I...lIi ...... .I...lIiJ liO----..Jf 

VOH-
VOL_------------------------------------H1GH IMPEDANCE STATE--------------------------------------

• MITSUBISHI 
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M5M4257S·12, .15, ·20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

Nibble Mode Read-Modify-Write 
WN RASL) 

--J r = ~ th (RAS-CAS) th (W-RAS) 
tWN(CA~H) td (RAS-CAS) 

-th(RAS-C~~ )~ thew. CAS) ~ tWNI CASLi 
tW(CASL) 

~ -
i\ 'I r\ 1/ -

tSU(RA-RAS) th( CAS-CAl t h NRMW (CAS- RAS) 

Ao-As 

w 

o 

Q 
VOH 

VOL 

th (RAS-RA) td(CAS-W) 
tsu (CA-CAS) 

=) ROW )( COLUMN 

~ [><.xx~ 
ADDRESS ADDRESS XXX ~xxx XX XX 

th(RAS-W) 

tsu~ th(CAS-W) 
tsu (R-CAS) 

1 

=~ <».- fIIIU 
tsu (D-CAS) th (CAS-D) tsu (D-W) 

-x 
~ DATA 

~ ~ -:>00000 VALID 

th (RAS-D) taN(CAS) 

-
HIGH IMPEDANCE STATE 

- --' 

Hidden Refresh Cycle 

W 
V!H 

V,L 

VOH 
Q 

VOL 

2-134 

READ CYCLE 

teR 

tw (RASLJ 

td (CAS-RAS) 
td (RAS-CAS) th (CAS-RAS) 

t w ( CASH) 

th(CAS-CA) 

tsu (RA-RAS) th (RAS-RA) 

REFRESH CYCLE 

teR 

tW(CASLJ 

,DATA VALID 

• MITSUBISHI 
.... ELECTRIC 

I 

Y~ xx ~ 

tw(w) , 
~ fI;!:N'R> 

th (W-o) 

DATA ~ ~ VALID 

tdls (CAS) 

DATA r VALID 

REFRESH CYCLE 
teR 

tW(RASL) 

th A (RAS-CAS) 

tdis (CAS) 



MITSUBISHI LSls 

M5M4257S-12, -15, -20 

262 144-BIT (262 144-WORD BY 1-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle INote 221 

RAS 
V'H-

V'L-

V'H-
CAS 

VIL-

Ao-Aa 
V'H-

V'L-

READ CYCLE REFRESH CYCLE 

tCR 

twCRASLI 

REF RESH CYCLE 

tCR 

READ OR WRITE 
CYCLE 

Q 
VOH­

~------------------------~~-----HIGH IMPEDANCE STATE----------------------
VOL - ______ -{ 

Note 22: W, 0 = don't care 

TYPICAL CHARACTERISTICS 
NORMALIZED ACCESS TIME 

VS. SUPPLY VOLTAGE 
1.3 

;;; 
<l 
[( 

~ 
1.2 

'" :> 1.1 f= 
en 
en 

'" U 1.0 u 
<l 
0 

'" 0.9 r:! 
-.J 
<l 
:> 
a: 0.8 
0 
z 

0.7 

25 

'" 20 c 

;;; 
<l 15 [( 

~ 
<l 10 
'" :> 
f= 
en 
en 

'" U 
U 
<l 

-5 

\ Ta~25'C 
f\ 

\ , 

~ 
~ ....... 

........... 

4.0 5.0 6.0 

SUPPLY VOLTAGE Vee (V) 

ACCESS TIME VS. LOAD 
CAPACITANCE 

VC~~4.5J 
I--Ta~25'C 

V 
V V 

./ 
V 

'" 
1 00 200 300 400 500 600 

LOAD CAPACITANCE CL (pF) 

1.3 

iii 
<l ::: 1.2 
~ 

'" :> 1.1 f= 
en 
en 
'" U 1.0 u 
<l 
0 

'" 0.9 r:! 
<l. 
:> 
a: 0.8 
0 
z 

iii 1.6 
<{ 

" z 
~ 1.4 
UJ 
::;: 
i= 1.2 
(/J 
(/J 
UJ 
U 
u 1.0 <l 
UJ 
-' 

'" '" 0.8 z 
0 
UJ 
N 

0.6 :::; 
<l 
::;: 
a: 
0 0.4 z 
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NORMALIZED ACCESS TIME 
VS. AMBIENT TEMPERATURE 

vce~5.0) 
1./ 

/V 
/" 

,/ 

V 
'" 

20 40 60 80 100 

AMBIENT TEMPERATURE Ta ("C) 

NIBBLE MODE ACCESS TIME 
VS. SUPPLY VOLTAGE 

, 

Ta~25A 

'" ............... r--...... f' 

4.0 5.0 6.0 

SUPPLY VOLTAGE Vce (V) 
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M5M4257S·12, ·15, ·20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

~ 1.3 
S 
z 

:J 1.2 
w 
:;;: 
>= 
(/) 1.1 
(/) 
w 

~ 1.0 
w 
--' 
ill 
ill 
z 0.9 
o 
w 
N 
~ 0.8 
:;;: 
a; 

§1 0.7 

NIBBLE MODE ACCESS TIME 
VS. AMBIENT TEMPERATURE 

Vo~=S.o~ 

./ 
V 

L 
/' 

V 

20 0 20 40 60 80 100 

AMBIENT TEMPERATURE Ta CC) 

OPERATING CURRENT 
VS. AMBIENT TEMPERATURE 

70r---~--~--~--~--~--' 

VOO'=S.sJ 
« 
E 

C) 
C) 

f­
Z 
w 
a: 
a: 
:::J 
u 

'" z 
i= « 
a: 
w 
CL 
o 

« 
-5 
'" C) 

:: 
f-
z 
w 
a: 
a: 
:::J 
u 
>-
CD 
0 
z 
« 
f-
(/) 

60 I-- tOR = 260n8 --+--+--+--1 
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3 

2 

0 

AMBIENT TEMPERATURE Ta ('C) 

STANDBY CURRENT 
VS. SUPPLY VOLTAGE 

Ta=1 2S' C 

----
...-

......-
V V 
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4.0 S.O 6.0 

SUPPLY VOLTAGE VOO (V) 

« 
-5 
0 
C) 

f-
Z 
w 
a: 
a: 
:::J 
u 

'" z 
i= « 
a: 
w 
CL 
0 

« 
-5 

" :: 
f-
Z 
w 
a: 
a: 
:::J 
u 

'" z 
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3 
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M5M4257S-12, -15, -20 

262 144·BIT (262 144·WORD BY I·BIT) DYNAMIC RAM 

REFRESH CURRENT 
VS. SUPPLY VOLTAGE 

Ta!2S·C I 
t CR = 260ns 

~-

V V 

~ 
/ 

./ 
/'" 

4.0 5.0 6.0 

SUPPLY VOLTAGE VCC (V) 

REFRESH CURRENT 
VS. CYCLE RATE 

VCC~S.Sv' 
r- Ta =2S·C ' 

V 
V 

V 
L/ 

3 

1/ 

CYCLE RATE l/tCR (MHz) 

NIBBLE MODE CURRENT 
VS. AMBIENT TEMPERATURE 

-vcJ=S~ 

M 
o 
o 

I­
Z 
w 
a: 
a: 
~ 
u 
I 
U) 
w 
a: 
CL 
w 
a: 

-0: 
-S 
~ 

0 
!:! 

I-
Z 
w 
a: 
a: 
::J 
u 
w 
0 
0 
::;; 
':J 
al 
al 

Z 

~ 
-S 
~ 

REFRESH CURRENT 
VS.AMBIENT TEMPERATURE 

VCC=S.SV 

50 f-- t CR= 260ns ~-+~-+~-t-~-l 

30r-~~~~~r-~+-~+---1 
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./ 
/ 

V , 

4.0 5.0 6.0 

SUPPLY VOLTAGE VCC (V) 

NIBBLE MODE CURRENT 
VS. CYCLE RATE 

Vc~=S.sJ y 
Ta=2S·C L' 

V 
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10 

o 
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M5M4257S-12, -15,-20 

262 i44-BIT (262 i44·WORD BY i-BIT) DYNAMIC RAM 

ADDRESS AND DATA INPUT 
VOLTAGE VS. SUPPLY VOLTAGE 

..J 3.0 
-> 
i 

-> 
UJ 
to 

~ 2.0 
o 
> 
f­::J 
"­
Z 

~ 1.0 
o 
o 
z 
<l: 

~ w 
a: 
o 
o 
<l: 

o 

Ta~25'C 

V~ --
::::: ~ ~ 

4.0 5.0 6.0 

SUPPLY VOLTAGE Vee (V) 

ADDRESS AND DATA INPUT 
~VOLTAGE VS. AMBIENT TEMPERATURE 

~ 3.0 

-> 
I 

-> 
UJ 
to 
;: 2.0 
..J 
o 
> 
f­::J 
"­
Z 

;: 1. 0 
<l: 
o 
o 
Z 
<l: 
</J 

, .' Vee=5.0V 

V,H (min.) 

V,L (max.) 

</J 
UJ 
a: 
o 
o 

l!...20 0 20 40 60 80 100 

<l: 

C 
..J 

-> 
IW i 
~-> 
o UJ 
Z to 
<l: <l: 

IOl ~ <l: 0 o > 

I' f-
Ol::J 
<l: "-
a: ~ 

AMBIENT TEMPERATURE Ta (,C) 

RAS. CAS AND WE INPUT 
VOLTAGE VS. SUPPLY VOLTAGE 

3.0 

Ta ~25'C 

2.0 

~ +--
L---

1.0 
k-+-~ -I-- V,L (max.) 

4.0 5.0 6.0 

SUPPLY VOLTAGE Vee (V) 

ADDRESS AND DATA INPUT 
~VOLTAGE VS. AMBIENT TEMPERATURE 
C 

..J 3.0 
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M5M4257S-12, -15, -20 

262 i44-BIT (262 i44-WORD BY i-BIT) DYNAMIC RAM 

RAS. CAS AND WE INPUT 
VOLTAGE VS. AMBIENT TEMPERATURE 

RAS. CAS AND WE INPUT 
VOLTAGE VS. AMBIENT TEMPERATURE 

3.0 
I .1 

Vcc=5.0V 
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M5M4256L-12, -15, -20 

262 144-BIT (262 144-WORDBY I-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 262 144-word by l-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon gate 
MOS 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 polysilicon 
process combined with silicide technology and a single­
transistor dynamic storage cell provide high circuit density 
at reduced costs, and the use of dynamic circuitry including 
sense amplifiers assures low power dissipation. Multiplexed 
address inputs permit both a reduction in pins to the 16 pin 
zigzag inline package configuration and an increase in 
system densities. In addition to the RAS only refresh mode, 
the Hidden refresh mode and CAS before RAS refresh 
mode are available. 

FEATURES 
Access tIme Cycle time Power dissipation 

Type name (max) (min) (typ) 
(ns) (ns) (mW) 

M5M4256L-12 120 230 260 

M5M4256L-15 150 260 230 

M5M4256L- 20 200 330 190 

• 16 pin zigzag inllne package 
• Single 5V±10% supply 
• Low standby power dissipation: 25mW (max) 
• Low operating power dissipation: 

M5M4256L-12 ........... 360mW (max) 
M5M4256L·15 ........... 330mW (max) 
M5M4256L-20 ........... 275mW (max) 

• Unlatched output enables two-dimensional chip selec· 
tion and extended page boundary. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUT A6 i1 
COLUMN ADDRESS 

CAS ~J 
[~ -Q DATA OUTPUT 

STROBE INPUT ri VSS (OV) 
ADDRESS INPUT As -+ §J 

L_ 

WRITE CONTROL :!: [§ +-D DATA INPUT 

INPUT Vi fJ '" 
RAS ~~:O:~?~:J~ :!: ~8 +-

Ao ~] 
.... L_ 

g [1~ +- A Z ADDRESS" INPUT '''"'~ { A, -+ (,] r 
ff~ Vee (5V) 

INPUTS 
AT -+ 1)} 
A4 -+ (51 

~:4 +- As } ADDRESS 

[(6 +- A3 INPUTS 

Outline 16P5A 

• Early-write operation gives common I/O capability 
• Read-modify·write, RAS-only·refresh, Page·mode capa­

bilities 
• CAS before RAS refresh mode capability 
• All input terminals have low input capacitance and are 

directly TTL-compatible 
• Output is three-state and directly TTL-compatible 
• 256 refresh cycles every 4ms. Pin 1 is not needed for 

refresh. 
• CAS controlled output allows hidden refresh 

APPLICATION 
• Main memory unit for computers 
• Microcomputer memory 

, DATA INPUT D 6 }--------------------------, 
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M5M4256L-12, -15, -20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

FUNCTION 

The M5M4256L provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e_g_, 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 CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify-write ACT ACT 

RAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

CAS before RAS refresh ACT ACT 
Standby NAC ONC 

Inputs 

Iii 0 

NAC ONC 

ACT VLO 

ACT VLO 

ONC ONC 

ONC ONC 

ONC ONC 

ONC ONC 

Output 

Row Column Refresh Remarks 
0 

address address 

APO APO VLO YES * 
APO APO OPN YES 

APO APO VLO YES 

APO ONC OPN YES 

ONC ONC VLO YES 

ONC ONC OPN YES 

ONC ONC OPN NO 

Note ACT: active, NAC: nonactive, ONe: don't care, VLO: valid, APD: applied, OPN: open. 

* Page mode identical except refresh is No, 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262144 memory cells in the 
M5M4256L the 18-bit address signal must be multiplexed 
into 9 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses_, First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 9 row-address bits; next, the negative­
going edge of the column-address-strobe pulse (CAS) 
latches the 9 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 
1. The delay time from RAS to CAS td (RAS-CAS) is set 

between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAS) max ('gated CAS' 
operation). The external CASsignal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time td(RAS-CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time. 

Data Input 
Data to be written into a selected cell is strobed by the later 
of the two negative transitions of W input and CAS input. 
Thus when the Vii i'nput makes its negative transition prior 
to CAS input (early write), the data input is strobed by 
CAS, and the negative transition of CAS is set as the 

reference point for set-up and hold times. In the read-write 
or read-modify-write cycles, however, when the Vii input 
makes its negative transition after CAS, the Vii negative 
transition is set as the reference point for setup and hold 
times. 

Data Output Control 
The output of the M5M4256L IS In the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained' until CAS goes 
high, irrespective of the condition of RAS. 

The output will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle. 

These output conditions, of the M5M4256L, which can 
readily be changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer capabilities for a number of applications, 
as follows. 
1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common 1/0 data bus. 
2 Data Output Hold 
The data output can be held between read cycles, without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS. 
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M5M4256L-12, -15, -20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high­
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4.' Extended-Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 512 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Page-Mode Operation 
This operation allows for multiple-column addressing at the 
same row address, and eliminates the power dissipation 
associated with the negative-going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for·the 
second and subsequent cycles is eliminated, thereby 
decreasing the access and cycle times. 

Refresh 
Each of the 256 rows (Ao - A7) of the M5M4256L must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4256L are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom­
mended for systems which utilize "wired-OR" outputs 
since output bus contention will occur. 

2. RAS Only Refresh 

In this refresh method, the CAS clock should be at a 
V IH level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad­
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 

If CAS falls tsuR (CAS-RAS) earlier than RAS and if CAS 
is kept low by thR (RAS-CAS) afterRAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal 8-bit. 
counter is put into the address buffer to refresh the cor­
responding row. The output will stay in the high impedance 
state. 

If CAS is kept low after the above operation, RAS cycle 
initiates HAS Only Refresh with internally generated re­
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the external 
address. 

If CAS is kept low after the normal read/write cycle, 
RAS cycle initiates the RAS Only Refresh using the inter­
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 

4. Hidden Refresh 

A feature of the M5M4256L is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh. 

Hidden refresh is performed by holding CAS at VI Land 
taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 

need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the M5M4256L is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4256L as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5M4256 L operates on a si ngle 5 V power supply. 

A wait of some 500,us and eight or more dummy cycles 
is necessary after power is applied to the device befor~ 
memory operation is achieved. 
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262 144·BIT (262 144·WORD BY 1.BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Limits 

VCC Supply voltage -1-7 

V, 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 free-air temperature range 0-70 

TSIg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta =0-70·C. unlessotherw"enoted) INute 11 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

VSS Supply vultage 0 0 0 V 

V'H High-level input voltage, all inputs 2.4 6.5 V 

V'L Low-level input voltage, all inputs -2 0.8 V 

Note 1: All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=0-7O"C. Vcc=5V±10%. VSs=OV. unlessotherw;senOled)INote21 

Limits 
Syrnbol Parameter Test conditions 

Min Typ 

VOH High-level output voltage 10H= -SmA 2.4 

VOL Low-level output voltage IOL =4. 2mA 0 

loz Off-state output current Q floating OV";VoUT";5.5V -10 

I, Input currf'nt OV";V'N";VCC. Other input pins = OV -10 

M5M4256L-12 ----

ICC1(AV) 
Average supply current from Vee. 

M5M4256L-15 
RAS. CAS cycling 

operating (Note 3. 41 t CR = t CW = min. output open 
M5M4256L-20 

I CC2 Supply current from Vee. standby RAS =CAS=VIH output open 

M5M4256L-12 

I CC3 (AV) 
Average supply current from Vee, 

M5M4256L-15 
RAS cycling CAS=V'H 

refreshing (Note 3) tC(RAS)= min. output open 
M5M4256L- 20 

M5M4256L-12 
RAS=V'L. CAS cycling Average supply current from Vee, 

M5M4256L-15 I CC4 (AV) page mode (Note 3, 4) t CPG= min. output open 
M5M4256L-20 

Average supply current from Vee. M5M4256L- 12 
CAS before RAS refresh cycling 

ICC6(AV) CAS before RAS refresh mode M5M4256L-15 
to (RAS) = min. output open 

(Note 31 M5M4256L-20 

C, CA) I nput capacitance, address inputs 

C, (D) Input capacitance, data input V,=VSS 

C, (W) Input capacitance, write control input f=lMHz 

C, (RAS) Input capacitance, RAS input Vi=25mVrms 

C, (CAS) Input capacitance, CAS input 

Co Output capacitance VO-VSS. f-1MHz. V,-25mVrms 

Note 2 Current flowing into an Ie is positive. out is negative. 

3 ICC 1 CAV), I CC3(AV), I CC4(AV) and Ice6(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

ICC 1 CAy) and ICC4(AV) are dependent on output loading. Specified values are obtained with the output open 
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Unit 

V 

V 

V 

mA 

mW 

'C 

'C 

Unit 
Max 

VCC V 

0.4 V 

10 /.LA 

10 /.LA 

65 rnA 

60 mA 

50 rnA 

4.5 rnA 

55 rnA 

50 mA 

40 rnA 

50 mA 

45 rnA 

40 mA 

60 rnA 
--

55 rnA 

45 mA 

5 pF 

5 pF 

7 pF 

10 pF 

10 pF 

7 pF 
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262 i44·BIT (262 i44·WORD BY 1.BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh,and Page-Mode Cycle) 
(Ta =O-10"C. Vcc=SV.!: 10%. Vss=OV. unlessotherwisenoted;Seenotes5,6and7) 

limits 

Symbol Parameter 
Alternative 

M5M4256L-12 M5M4256L-15 M5M4256L-20 
Symbol 

Min Max Min Max Min Max 

leAF Refresh cycle time IAEF 4 4 4 

I WIAASH) RAS high pulse width lAP 100 100 120 

I wIAASL) RAS low pulse width I AAS 120 10000 150 10000 200 10000 

tW(CASL) CAS low pu Ise width ICAS· 60 75 100 

t WICASH) CAS high pulse width (Note81 ICPN 30 35 40 

Ih IAAS-CAS) CAS hold time after RAS ICSH 120 150 200 

Ih (CAS-RAS) RAS hold time after 00 I ASH 60 75 100 

td (CAS-RAS) Delay time, <:AS to RAS (Note 9) I CAP 30 30 40 

Id I RAS-CAS) Delay time, RAS to CAS INote 101 IRCO 25 60 25 75 30 100 

Isu (RA-RAS) Row address setup time before ~ IASR 0 0 0 

Isu ICA-CAS) Column address setup time before CAS IASC 0 -5 -5 

I h (AAS-RA) Row address hold time after RA."S I AAH 15 20 25 

I h ICAS-CA) Column address hold time after CAS ICAH 20 25 35 

t h IAAS-CA) Column address hold time after AAS IAA 80 100 135 

I THL 
Transition time IT 3 50 

I TLH 
3 50 3 50 

Note 5 An initial pause of 500~s is required after power·u~ followed by any eight RAS or RAS/CAS cycles before proper device operation is achieved. 
6 The switching characteristics are defined as t THL = t TLH = 5ns. 

Reference levels of input signals are VIH min. and V1l max. Reference levels for transition time are also between VIH and Vil­

E xcept for page· mode. 

td (CAS-RAS) requirement is applicable for all RAS/CAS cycles 

1 Q' Operation within the t d (RAS-CAS) max. limit insures that ta (RAS) max can be met. t d (RAS-CAS)maX is specified reference point only;if 
td (RAS-CAS) is greater than the specified t d (RAS-CAS) max limit. then access time is controlled exclusively by ta (CAS). 

Id (AAS-CAs)mon = I h (AAS-RA)mon + 21 THL It TkH) + I su iCA-CAS)mln_ 

SWITCHING CHARACTERISTICS (T. =0-70'C, Vcc=5V ± 10%, VSS=OV. unless otherwISe noted) 

Read Cycle 

Alternative 
limits 

Symbol Parameter M5M4256L-12 M5M4256L-15 
Symbol 

Min Max Min Max 

leA Read cycle time I RC 230 260 

Isu (A-CAS) Read setup time before CAS lACS a a 
Ih(CAS-A) Read hold time after CAS (Note 11) I ACH a a 
Ihl RAS-R) Read hold time after RAS INote 111 IARH 20 20 

Id.ls ICAS) Output disable time INote 121 IOFF 0 35 a 40 

ta (CAS) CAS access time (Note 131 I CAC 60 75 

I'IRAS) RAS access time (Note 141 tRAC 120 150 

Note 11 Either t h (RAS- A) or t h (CAS- R) must be satisfied for a read cycle. 

12 td IS (CAS)ma x defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL 
13 This is the value when td (RAS-CAS)~ t d {RAS-CAS)max. Test conditions; Load = 2T TL. Cl = l00pF 

M5M4256L-20 

Min Max 

330 

0 

a 
25 

0 50 

100 

200 

14: This is the value when t d (RAS-CAS)< td(RAS-CAS)max. When t d (RAS-CAS)~ t d (RAS-CAS)max. ta (RA'S) Will increase by the amount that 
t d (AAS-CAS) ,exceeds the value shown Test conditions. Load = 2T TL Cl = 100pF 

Write Cycle 

Symbol Parameter 

lew Write cycle time 

Isu (W-CAS) Write setup time before CAS 

Ih (CAS-W) Write hold time after CAS 

Ih (RAS-W) Write hold time after RAS 

IhIW-AAS) RAS"hold time after write 

Ih IW-CAS) CAS hold time after write 

Iw(w) Write pulse width 

Isu (c-CAS) Data·in setup time before CAS 

Ih (CAS-O) Data·in hold time after CAS 

I h (RAS-O) Data-in hold time after FfAS 

2-144 

Alternative 
M5M4256L-12 

Symbol 
Min 

I RC 230 

(Note 17) IWCS 5 

IWCH 40 

IWCR 100 

I RWL 40 

ICWL 40 

Iwp 40 

lOS a 
IOH 30 

IOHA 90 
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Max 

Li.mits 

M5M4256L-15 M5M4256L-20 

Min Max Min Max 

260 330 

-10 -10 

45 55 

120 155 

45 55 

45 55 

45 55 

a a 
35 40 

110 140 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Read, Write and Read-Modify-Write Cycles 

Limits 
Alternative 

Symbol Parameter 
Symbol 

M5M4256L-12 M5M4256L-15 M5M4256L-20 

Min Max Min Max Min 

tCRw Read-write cycle time INote 151 IAWC 260 295 370 

tCRMW Read-modify-wrlte cycle time INote 161 tRMwC 275 310 390 

Ih(W-AAS) RAS hold time after write 

'
AWL 

40 45 55 

Ih (W-CAS) CAS hold time after write ICWL 40 45 55 

Iw(w) Write pulse width Iwp 40 45 55 

tsu (R-CAS) Read setup time before CAS lACS 0 0 0 

I d (AAS-W) Delay time, R'AS to write (Note'7) IAWO 110 135 180 

'd(CAS-W) Delay time, LAS to write INote 171 Icwo 50 60 80 

Isu (O-W) Data-in set-up time before write loS 0 0 0 

Ih (W-O) Data-in hold time after write IOH 40 45 55 

Idls (CAS) Output disable time IOFF 0 35 0 40 0 

la (CAS) CAS access time (Note 13) 'CAC 60 75 

la (RASI RAS access time (Note 141 I RAC 120 150 

Note 15 tcRwmln is defined as tCRwmln = td(RAS·CAs)max+td(CAS-W)min+th(W-RAS)+t w (AASH)+ 3tTLH(tTHLl 

16 t CRM W min is defined as t CRMW min = ta (RAS)maX + th (W-RAS) + tw (RAS H) + 3t TLH(tn .. L) 

17 t SU (W-CAS). td (RAS- W). and td (CAS- W) do not define the limits of operation, but are included as electrical characteristics only 

When t su (W-CAS)~ t SU (W -CAS)mm, an early-write cycle is performed, and the data output keeps the high-impedance state 

Max 

50 

100 

200 

Unit 

ns 
ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 
ns 

When td (RAS-W)~td (RAS-W)mln. and td (CAS'W)~t SU (W-CAS) min a read-Write cycle is performed, and the data of the selected address will be read out 

on the data output. 

For all conditions other than those described above, the condition of data output ~at access lime and until CAS goes back to V 1H ) is not defined. 

Page-Mode Cycle 

Symbol Parameter Alternative 
M5M4256L-12 Symbol 

Min Max 

lePG Page-mode cycle time t PC 125 

Iw (CASH) CAS high pulse width I CP 55 

lePGRW Page-mode RMW cycle time t pCRW 160 

tCPGRMW Page-mode RMW cycle time tpCRMW 170 

CAS before RAS Refresh Cycle INote 181 

Symbol Parameter 
Alternative 

M5M4256L-12 Symbol 
Min Max 

ISUA(CAS-RAS) CAS setup time for auto refresh I CSR 30 

I h R (AAS-CAS) CAS hold time for auto refresh I CHR 50 

IdA (RAS-CAS) Precharge to CAS active time I APC 0 

Note 18 Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode 
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Limits 

M5M4256L-15 M5M4256L-20 

Min Max Min Max 

145 190 

60 80 

180 230 

195 250 

Limits 

M5M4256L-15 M5M4256L-20 

Min Max Min Max 

30 40 

50 50 

0 0 

Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 
ns 
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TIMING DIAGRAMS INote 191 

Read Cycle. ~~------------------------tCR 

w 

Q 

/-~--------________ t w i RASL)---------------------<O-1 

/--------------- t h (RAS- CAS) -----------------<l~ 

-----~ 1-------- th(RAS-CA )--------~_-II V,H -

V,L -

I 
-----<-4--------'--- th i CAS-RAS)--------~ 

V 1H -
---------~~----------~--~ 1-------7-twiCASL)~------__I 

V,L - ____ " 

V 1H -

COLUMN 
ADDRESS 

V IL -~"-'""""""""".I..l::..\Ofio.:...l~~ 
1-01 .. 00--------- ta (CAS) --------" 

I·.~------------- ta (RAS) -----------------j 

VOH -

DATA VALID VOL _-----------------HIGH IMPEDANCE STATE-----------~~~ 
'-ll!lo..... ____ -P-LI 

ROW 
ADDRESS 

Write Cycle (Early Write) 

lUiS 

CAS 

w 

0 

Q 

2-146 

tw iRASL) 

th iRAS-CAS) 
V ,H -I 
VIL ~ 

V ,H -

V,L -

V 1H -

tcw 

th i CAS- RAS) 

tWiCASL) 

-I 
tWiRASH) 

ROW 
ADDRESS 

V,L -~~~~~~~~~~~ ____ ~ ____ ~ ______ ~~~~~~~~~~~~~~~~~~~~~~~ 

V ,H -

V,L 

VOH -

VOL 

/--------- t h i RAS- 0 )-----------1 

-----------------------------HIGH IMPEDANCE STATE------------------------------------~ 
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M5M4256L-12, -15, -20 

262 144·BIT (262 144·WORD BY I·BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

Ao-AS 
V,H -

W V,H -
V,L -

Q 
VOH 

VOL -

D 
V,H 

V'L 

~~------------------------------tCRW/tCRMW-----------------------------------1 

r---------------------------tw(RASL)----------------------------~ 

r-------------------------- th (RAS- CAS )---------------------------1 
1-------- th (RAS-CA) ------~-.,I 

f-------i,---------- th (CAS- RAS) ----------------~ 

--~_+~----~----------tW(CASL)----------------~ 

td (CAS-W) 

L,,,,,", 
tdls (CAS) 

RAS-Only Refresh Cycle (Note 20) 

RAS 

Ao-A, 

Q 

Note 19. 

V,H 

V,L 

V,H 

V'L 

1-------- tw (RASL)-------.., 

----------------~ ~--------------~ 

ROW 
ADDRESS 

----------------------------------HIGH IMPEDANCE STATE-----------------------------------­
VOL -

Indicates the don't care Input 
Note 20. CAS =VIH,W, D '" don't care 

As may be VIH or VIL 

The center-line indicates the high-Impedance state 
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M5M4256L-12, -15, -20 

262144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

Page-Mode Read Cycle 

~~----------------------------tW(AASL)--------------------------~------~ 

th(AAS-CAS)~ 

th(AAS-CA)i I 

Ao-Aa 

Q 
VOH -
VOL _-HIGH IMPEDANCE STATE 

w 

Page-Mode Write Cycle 

Ao-Aa 

w 

D 

2-148 

~---------------------------------tW(AASLJ--------------------------------~ 

th(AAS-CAS)~ 

th (AAS-CAJi I 
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Hidden Refresh Cycle 

AO -As 

w 

V,H 

VIL. 

MITSUBISHI LSls 

M5M4256L-12, -15, -20 

262 144·BIT (262 144·WORD BY I·BIT) DYNAMIC RAM 

READ CYCLE 

teR 

tWIRASL) 

td{CAS RASI 

tw I RASH) 

tdIRAS-CAS) thICAS-RAS) 

tW(CASH) 

thICAS-CA) 

RAS ONLY REFRESH CYCLE 
teR 

tWICASL) 

RAS ONLY REFRESH CYCLE 

teR 

tdlslCAS) 

Q -HIGH IMPEDANCE STATE DATA VALID 

CAS before RAS Refresh Cycle INote 21) 

READ CYCLE 

RAS 
V'H-

V'L-

V'H-
CAS 

V'L-

AD-As 
V'H-

V,L -

REFRESH CYCLE 

tCR 

REFRESH CYCLE 

tOR 

READ OR WRITE 
CYCLE 

Q 
VOH­

}---------------.... l!----HIGH IMPEDANCE STATE------------
VOL-___ -r 

Note 21: W, 0 == don't care 
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262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

TYPICAL CHARACTERISTICS 
NORMALIZED ACCESS TIME 

VS.SUPPlY VOLTAGE 
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NORMALIZED ACCESS TIME 
VS. AMBIENT TEMPERATURE 
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262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

STANDBY CURRENT 
VS. SUPPLY VOLTAGE 
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STANDBY CURRENT 
VS. AMBIENT TEMPERATURE 
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RAS, CAS AND WE INPUT 
VOLTAGE VS. SUPPLY VOLTAGE 
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M5M4257L.12, ·15, ·20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 262 144-word by 1-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon gate 

MOS 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 polysilicon 
process combined with silicide technology and a single­
transistor dynamic storage cell provide high circuit density 
at reduced costs, and the use of dynamic circuitry including 
sense amplifiers assures low power dissipation_ Multiplexed 

address inputs permit both a reduction in pins to the 16 pin 

zigzag inline package configuration and an increase in 
system densities_ In addition to the RAS only refresh mode, 
the Hidden refresh mode and CAS before RAS refresh 
mode are available_ 

FEATURES 
Access time Cycle tIme Power diSSipation 

Type name (max) (min) (typ) 
(ns) (ns) (mW) 

M5M4257L-12 120 230 260 

M5M4257L-15 150 260 230 

M5M4257L-20 200 330 190 

• 16 pm zigzag mime package 

• Single 5V±10% supply 
• Low standby power dissipation: 25mW (max) 

• Low operating power dissipation: 
M5M4257L-12- - - - - ...... 360mW (max) 
M5M4257L-15- .......... 330mW (max) 
M5M4257 L-20 .... _ .. _ ... 275mW (max) 

• Unlatched output enables two-dimensional chip selec­

tion 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUT As i] 
CDLUMN ADDRESS [~ Q DATA DUTPUT 

CAS i] STRDBE INPUT [~ Vss (OV) 
ADDRESS INPUT As ~J 

~ [~ +-D DATA INPUT 
WRITE CDNTRDL fJ INPUT W '" RAS ~~:D:~~~pE~i ~ [~ 

Ao ~J 
... 
'" <.n i,-O +- A2 ADDRESS INPUT 

'"""" { A, -+ (lJ r L_ 

~j Vee (5V) 
INPUTS A7 -. 1)] 

A4 -+ (5J 
J:4 +- As } ADDRESS 

[(6 +- A3 INPUTS 

Outline 16P5A 

• Early-write operation gives common I/O capability 
• Read-modify-write, RAS-only-refresh, Nibble-mode 

capabilities. (Pin 1 is used for nibble mode) 

• CAS before RAS refresh mode capability 
• All input terminals have low input capacitance and are 

directly TTL-compatible 

• Output is three-state and directly TTL-compatible 
• 256 refresh cycles every 4ms. Pin 1 is not needed for 

refresh. 

• CAS controlled output allows hidden refresh 

APPLICATION 
• Main memory unit for computers 
• Microcomputer memory 

DATA INPUT D 6 ~------------------------------------------------, 

WRITE CDNTRDL 
INPUT 

ADDRESS 
INPUTS 

W 7 ~----------------------------<I 
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A, 

MEMDRY 
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MSM42S7L-12, -15, -20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

FUNCTION 

The M5M4257L provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e.g., nibble 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 CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify-write ACT ACT 

AAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

CAS before RAS refresh ACT ACT 
Standby NAC DNC 

Inputs 

Iii 

NAC 

ACT 

ACT 

DNC 

DNC 

DNC 

DNC 

Output 

Row Column Refresh Remarks 
0 Q 

address address 

DNC APD APD VLD YES * 
VLD APD APD OPN YES 

VLD APD APD VLD YES 

DNC APD DNC OPN YES 

DNC DNC DNC VLD YES 

DNC DNC DNC OPN YES 

DNC DNC DNC OPN NO 

Note: ACT: active, NAC: nonactive, ONe: don t care, VLO. valid, APO. applied, OPN. open. ~ 

* 'Nibble mode identical except refresh is No, and Nibble mode column address is ONe while togging CAS 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262144 memory cells in the 
M5M4257L the 18-bit address signal must be multiplexed 
into 9 address signals, which are then latched into the 
on-chip latch by two externally·applied clock pulses. First, 
the negative-going edge of the row-address-strobe, pulse 
(RAS) latches the 9 row-address bits; next, the negative­
going edge of the column-address-strobe pulse (CAS) 
latches the 9 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 

1. The delay time from RAS to CAS td (RAS-CAS) is set 
between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAS) max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time td(RAS.CAS) is set larger, than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time. 

Data Input 
Data to be written into a selected cell is strobed by the later 
of the two negative transitions of W input and CAS input. 
Thus when the IN input makes its negative transition prior 
to CAS input (early write). the data input is strobed by 
CAS, and the negative transition of CAS is set as the 

reference point for set-up and hold times. In the read-write 
or read-modify-write cycles,however, when the IN input 
makes its negative transition after CAS, the IN negative 
transition is set as the reference point for setup and hold 
times. 

Data Output Control 
The output of the M5M4257L IS In the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The output will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle. 

These output conditions, of the M5M4257L, which can 
readily be' changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer capabilities for a number of applications, 
as follows. 

1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common I/O data bus. 
2 Data Output Hold 
The data output can be held between read cycles, without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS. 
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262 144·BIT (262 144·WORD BY I.BIT) DYNAMIC RAM 

3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high­
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection_ 
4. Extended·Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 512 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Nibble-Mode Operation 
The M5M4257L is designed to allow high speed serial read, 
write or read-modify-write access of 4 bits of data. The 
first of 4 nibble bits is accessed by the normal mode with 
read data coming out at ta(CAS) time. Next 2, 3 or 4 nibble 
bits is read or writen by bringing CAS high then low 
(toggle) while RAS remains low. Thus the time required to 
strobe in not only the row address but also the column 
address is eliminated, thereby faster access and shorter 
cycle time than that of Page-Mode is achieved. 

Address on pin 1 (row address AS and column address 
AS) is used to select 1 of the 4 nibble bits for initial access. 
Toggling CAS causes row AS and column AS to be in­
cremented by the internal shift register with AS row being 
the least significant address and allows to access to the next 
nibble bit. If more than 4 bits are accessed during this mode 
the same address bit will be accessed cyclically. In Nibble­

Mode, any combination of read, write and read-modify­

write operation is possible (e_g_ first bit read, second bit 

write, third bit read-modify-write, etc.)_ 

Refresh 
Each of the 256 rows (Ao - A7) of the M5M4257 L must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4257 L are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom­
mended for systems which utilize "wired-OR" outputs 
since output bus contention will occur. 

2. RAS Only Refresh 

In this refresh method, the CAS clock should be at a 
V1H level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad­
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 

If CAS falls tSUR(CAS-RAS) earlier than RAS and if CAS 
is kept low by thR (RAS-CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal S-bit 
counter is put into the address buffer to refresh the cor­
responding row. The output will stay in the high impedance 

state. 
If CAS is kept low after the above operation, RAS cycle 

initiates RAS Only Refresh with internally generated re­
fresh address (Automatic refresh)' The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the external 

address. 
If CAS is kept low after the normal read/write cycle, 

RAS cycle initiates the RAS Only Refresh using the inter­
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 

4. Hidden Refresh 

A feature of the M5M4257 L is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh. 

Hidden refresh is performed by holding CAS at V I Land 
taking RAS high and after a specified precharge period, 
executing a RAS'only cycling, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 

need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the M5M4257L is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4257L as Chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5M4257L operates on a single 5V power supply. 

A wait of some 500).ls and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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M5M4257L-12, -15, -20 

262 144-BIT (262 144-WORD BY 1-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions limits 

VCC Supply voltage -1-7 

V, I npu t 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 free-air temperature range 0-70 

Tstg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C. unless otherwise noted) (No,e 11 

Limits 
Symbul Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

VSS Supply vol tage 0 0 0 V 

V'H Hlgh·level input voltage, all inputs 2.4 6.5 V 

V'L Low-level input voltage, all inputs -2 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) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

VOH High-leve,1 output voltage IOH=-5mA 2.4 

VOL Low-level output voltage IOL =4.2mA 0 

loz Off-state output current Q floating OV~VoUT~5.5V -10 

I, Input current OV~V'N~VCC. Other input pins =OV -10 

M5M4257L-12 
RAS. CAS cycling 

'CC1(AV) 
Average supply current from Vee, 

M5M4257L-15 operating (Note 3, 4) t CR= t CW= min. output open 
M5M4257L-20 

ICC2 Supply current from Vee, standby RAS ~CAS=V'H output open 

M5M4257L-12 

ICC3(AV) 
Average supply current from Vee, 

M5M4257L-15 
RAS cycling CAS=V'H 

refreshing (Note 3) tC(RAS)= m,n. output open 
M5M4257L-20 

M5M4257L-12 
RAS=V'L. C,A 5 cycling 

ICC5(AV) 
Average supply current from Vee 

M5M4257L-15 
nibble mode t CN= min, output open 

M5M4257L-20 

Average supply current from Vce, M5M4257L-12 
CAS before RAS refresh cycling 

iCC6(AV) CAS before RAS refresh mode M5M4257L-15 
tC(RAS):= min, output open 

INote 3) M5M4257L- 20 

C, (A) Input capacitance, address inputs 

C, (0) Input capacitance, data input V,~VSS 

C, (W) Input capacitance, write control input f=IMHz 

C, (RAS) Input capacitance, RAS input V,=25mVrms 

C, (CAS) Input capaCitance, CAS.lnput 

Co Output capacitance VO=VSS. f=IMHz. V,=25mVrms 

Note 2 Current flowing into an IC is positive: out is negative. 

3 ICC 1 (AV). I CC3(AV), ICCS(AV) and leC6(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
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ICC 1 (AV) and I CCS (AV) are dependent on output loading, Specified values are obtained with the output open. 
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Unit 

V 

V 

V 

mA 

mW 

'C 

·C 

Unit 
Max 

VCC V 

0.4 V 

10 I-'A 

10 I-'A 

65 mA 

60 mA 

50 mA 

4.5 mA 

55 mA 

50 mA 

40 mA 

30 mA 

25 mA 

23 mA 

60 mA 

55 mA 

45 mA 

5 pF 

5 pF 

7 pF 

10 pF 

10 pF 

7 pF 
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M5M4257L-12, -15, -20 

262 i44-BIT (262 i44-WORD BY i-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Nibble-Mode Cycle) 
( Ta :: a - 70°C. Vee = 5V 1: 10%. v ss = OV. unless otherwise noted, See notes 5, 6 and 7 ) 

Limits 

Symbol Parameter 
AI1ernative 

M5M4257L-12 M5M4257L-15 M5M4257L-20 
Symbol 

Min Max Min Max Min Max 

leAF Refresh cycle time I REF 4 4 4 

I W (RASH) RAS high pulse width 

' RP 
100 100 120 

I W (RASL) RAS low pulse width I RAS 120 10000 150 10000 200 10000 

IW(CASL) CAS low pulse width I CAS 60 75 100 

IW(CASH) rn high pulse width (Note 81 ICPN 30 35 40 

Ih (RAS-CAS) CAS hold time after RAS ICSH 120 150 200 

Ih (CAS-RAS) ~ hold time after CAS IRSH 60 75 100 

Id (CAS-RAS) Delay time, CAS to RAS (Note 9) 'CAP 30 30 40 

Id (RAS-CAS) Oelay time. RAS to CM (Note 10) IRCO 25 60 25 75 30 100 

Isu (RA-RAS) Row address setup time before RAS I ASR 0 0 0 

tSU(CA-CAS) Column address setup time before CAS IASC 0 -5 -5 

Ih (RAS-RA) Rbw address hold lime after 'R'A'S I RAH 15 20 25 

Ih (CAS-CA) Column address hold time after CAS ICAH 20 25 35 

th (RAS-CA) Column address hold time. after AAS I AR 80 100 135 

I THL 
Transition time IT 

I TLH 
3 50 3 50 3 50 

Note 5 An initial pause of 500~s is required after power-up followed by any eight RAS or RAS/CAS cycles before proper device operation IS achieved 

6 The switching characteristics are defined as t THL = t TLH = 5ns. 
Reference levels of input signals are VIH min. and V, L max, Reference levels for transition lime are also between VI Hand V IL . 

Except for nibble-mode. 

9 td (RAS-CAS) requirement is applicable for all AAS/CAS cycles 

10 Operation within the td (RAS-CAS) max limit insures that ta (RAS)maX can be met. td (RAS-CAS)maX is specified reference point onlY,ii 

td (RAS-CAS) is greater than the specified td (RAS-CAS) max limit. then access time is controlled exclusively by ta (CAS). 

td (RAS-CAs)mm = t h (AAS-RA)mtn + 2t THL(t TU-,j + t SU(CA-CAS)mln. 

SWITCHING CHARACTERISTICS (Ta=0-70'C, Vcc=5V±10%, VSs=OV, unlessotherwisenoted) 

Read Cycle 
Limits 

Alternative 
Symbol Parameter M5M4257L-12 M5M4257L-15 

Symbol 
Min Max Min Max 

lOR Read cycle time I RC 230 260 

Isu (R-CAS) Read setup lime before CAS I RCS a 0 

Ih (CAS-R) Read hold time after CAS (Note 1 II I RCH a a 
Ihl RAS-RI Read hold time after RAS (Note 11) tRRH 20 20 

tdls (CAS) Output disable time (Note 12) IOFF 0 35 a 40 

la(CAS) CAS access time (Note 13) ICAC 60 75 

la (RAS) RAS access time (Note 14) I RAC 120 150 

Note 11 Either th (RAS-R) or th (CAS-A) must be satisfied for a read cycle. 
12 tdls (CAS)maX defines the time at which the output achieves the open circuit conditllJn and is not reference to VOH or VOL 

13 This is the value when td (RAS-CAS)~ td (RAS-CAS)ma)(, Test conditions. Load'" 2T TL. CL '" 100pF 

M5M4257L-20 
Min Max 

330 

a 
a 

25 

a 50 

100 

200 

14 This is the value when td (RAS-CAS)< t d (RAS-CAS)max. When td (RAS-CAS);;;: td (RAS-CAS)max. ta (RAS) Will Inuedse hy thp dllHllJ[lt lhilt 

td (RAS- CAS) exceeds the value shown. Test conditions; Load = 2T TL CL '" 100pF 

Write Cycle 

Symbol Parameter 

low Write cycle time 

Isu (W-CAS) Write setup time before CAS 

Ih (CAS-W) Write hold time after CAS 

Ih (RAS-W) Write hold ti me after RAS 

Ih (W-RAS) RAS hold time after write 

Ih (W-CAS) CAS hold time after write 

Iw(w) Write pulse width 

Isu (D-CAS) Data-in setup time before CAS 

Ih (CAS-D) Data-in hold time after CAS 

Ih (RAS-O) Data-in hold tillle after RAS 

Alternative 
M5M4257L- 12 

Symbol 
Min 

I RC 

(Note 17) IwCS 

IWCH 

I WCR 

I RWL 

ICWL 

Iwp 

loS 

IOH 

IOHR 
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230 

-5 

40 

100 

40 

40 

40 

a 
30 

90 

Max 

Limits 

M5M4257L-15 M5M4257L-20 

Min Max Min Max 

260 330 

-10 -10 

45 55 

120 155 

45 55 

45 55 

45 55 

0 a 
35 40 

110 140 

Unit 

ms 

ns 

ns 
---
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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M5M4257L-12, -IS, -20 

262 144·BIT (262 144·WORD BY I.BIT) DYNAMIC RAM 

Read, Write and Read-Modify-Write Cycles 

Alternative 
Limits 

Symbol Parameter M5M4257L-12 M5M4257L-15 M5M4257L-20 
Symbol 

Min Max Min Max 

tCRW Read-write cycl,e time (Note 151 IAWC 260 295 

tCRMW Aead-modify-wrlte cycle time INote 161 IAMWC 275 310 

Ih(W-AAS) RAS hold time after write I AWl 40 45 

Ih (W-CAS) CAS hold time after write I CWl 40 45 

Iw(w) Write pulse width Iwp 40 45 

Isu (A-CAS) Read setup time before CAS lACS 0 0 

Id(RAS-W) Delay time, ~ to write (Note'7) IAWO 110 135 

td (CAS-W) Delay time, LAS to write INote t 71 Icwo 50 60 

Isu(o-w) Data-in set-up time before write tos 0 0 

th (W-O) Data-in hold time after write IOH 40 45 

Idls (CAS) Output disable time t OFF 0 35 0 40 

la (CAS) CAS access time INote 13) ICAC 60 75 

ta (RAS) RAS access time INote 14) I RAC 120 150 

NolC 15 I CAwmtn is defined as ICAW min = td (RAS-CAs)max + td (CAs-w)mtn + th (W-RAS) + tw (AASH) + 3t TU«tTHL) 

16 t CAM W min is defined as t CRM W mm = ta (RAS) max + th (W-RAS) + tw (RAS-H) + 3t TLH (tTHd 

Min 

370 

390 

55 

55 

55 

0 

180 

80 

0 

55 

0 

17 tsu (W-CAS), td (RAS-W). and td (CAS-W) do not defi-ne the limits of operation, but are included as electrical characteristics only, 

When tsu (W·CAS) ~ tSU( W-CAS)mln. an early-write cycle is performed, and the data output keeps the high-impedance state 

Max 

50 

100 

200 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

When td (AAS-W)~ td (AAS-W)mln. and td (CAS-W)~ tsu (W -CAS)ffim a read-write cycle is performed, CInd the data of the selected address will be read out 

on the data output 

For all conditions other than those described a..\2lli!fl, the condition of data output (at access time and until CAS goes -back to VI H) is not defined. 

Nibble-Mode Cycle 

Limits 

Symbol Parameter Alternative 
M5M4257L-12 M5M4257L-15 M5M4257L-20 

Symbol 
Min Max Min Max Min Max 

tON Nibble mode cycle time INC 55 70 90 

taN (CAS) Nibble mode access time t NAC 30 40 50 

tWN (CASl) Nibble mode CAS low pulse width tNCAS 30 40 50 

tWN(CASH) Nibble mode precharge time t NP 15 20 30 

thN (CAS-RAS) Nibble mode RAS hold time t NRSH 30 40 50 

tdN (CAS-W) Nibble mode CAS to WRITE delay t NCWO 30 40 50 

tWNRMW (CASl) Nibble mode RMW CAS pulse width t NCRW 65 85 105 

thNRMW(W-CAS) Nibble mode WR ITE to CAS lead time t NCWl 30 40 50 

tSUN(W-CAS) Nibble mode WRITE setup time before CAS tNWCS 0 0 0 

CAS before RAS Refresh Cycle INote 18) 

Limits 

Symbol Parameter 
Alternative 

M5M4257L-12 M5M4257L-15 M5M4257L-20 Symbol 
Min Max Min Max Min Max 

ISUR(CAS-RAS) CAS setup time for auto refresh t CSR 30 30 40 

th A (RAS-CAS) CAS hold time for auto refresh t CHR 50 50 50 

tdR(RAS-CAS) Precharge to CAS active time t RPC 0 0 0 
- -Note 18. Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS 'refresh mode. 

Nibble Mode Addl'essing Sequence Example 

Sequence Nibble bit 
Column address 

Ao At A2 A3 A4 As 

RAS/CAS 1 0 1 0 1 0 1 

toggle CAS 2 0 1 0 1 0 1 

toggle CAS 3 0 1 0 1 0 1 

toggle CAS 4 0 1 0 1 0 1 

toggle CAS 1 0 1 0 1 0 1 

2-160 

Row address 

A6 A, As Ao At A2 A3 

0 1 0 0 1 0 1 

0 1 G 0 1 0 1 

0 1 1 0 1 0 1 

0 1 1 0 1 0 1 

0 1 0 0 1 0 1 

• MITSUBISHI 
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A. As 

0 1 

0 1 

0 1 

0 1 

0 1 

A6 A, As 

0 1 0 I External address 

0 1 1 

0 1 0 
Internally generated address 

0 1 1 

0 1 0 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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M5M4257L-12, -15, -20 

262 144·BIT (262 144·WORD BY I·BIT) DYNAMIC RAM 

TIMING DIAGRAMS 
Read Cycle 

INote 19} 

~r-------------------------teR 

w 

Q 

~~---------------t w (RASL}----------------------o-i 

~----------------t h (RA S- CAS) -----------------a-i 

V IH _-----_1 I-----th (RAS CA )--------~-_il 

VIL -

I 
----,o+_-------th (CAS-RAS}----,--i 

v IH _------fJ+f-----"""'I:r--\.f------;--tw (CASLI---------1 ~+-.... ----------
V,L - ____ " 

V1H -

COLUMN 
ADDRESS 

V I L -...Ii.lI.Ioo: ............ """oWf' ..... L..I'..:.I.JI L---ta (CAS}------1 

~-----------ta(RAS}------------------i 

VOH -
DATA VALID VOL _----------HIGH IMPEDANCE STATE------~~(I 

~------fUL/ 

ROW 
ADDRESS 

Write Cycle (Early Write) 

w 

D 

Q 

V 1H -

f--------------------------- tew ------------------------------~ 

1------------------tW(RASL}------------------~_4 

______ 1 I----------------th (RAS-

1 
CAS) -----------------<O .. ~I 

I------th (RAS-CA) -

td (CAS-RAS) I--------t h (CAS- RAS) ----------I 

--~_f_---_,__----t w (CASLI------------i 

tW(RASH) 

VIL - ____ ..J 

V,H -

ROW 
ADDRESS 

V,L -~~~~~~~~~~--~--~----~~~~~~~~~~~~~~~~~~~~~~ 

V IH _TJl~"~,,",~~~~T.Ir'lI:~ 

v I L --..I.II ...... I.I. ......... ~~ .............. .., 
f------th (RAS-D)-----_i 

VOH -----------------HIGH IMPEDANCE STATE--------------------­VOL 
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"ELECTRIC 2-161 



MITSUBISHI LSls 

MSM4257L-12, -15, -20 

262 144·BIT (262 144·WORD BY I·BIT) DYNAMI,C RAM 

Read-Write and Read-Modify-Write Cycles 

Ao-AS 

w 

Q 

o 

~~----~------------------------ICRW/lcRMW----------------------------------~ 

~--------------------------IWIRASL)------------------------------­

~----------------------- Ih I RAs-cAs)---------------------------1 

f--------I h I RAS- CA) ------~·.,I 

I-----------'c------------ Ih I CAS- RAS) -------------------1 

--~_+~----~----------IWICASL)----------------~ 

r---------td I CAS- w) -----~-i 

V1H -~~~bc~~~~~------~Ir---------------------------i 
V,L -~~~~~~'UI 

ta(CAs)----1 Idls ICAS) -t----t-~ 

VOH 

VOL -

RAS-Only Refresh Cycle [Note 20) 

RAS 

Ao-A7 

Q 

Note 19. 

2-162 

V ,H 

V,L 

V,H 

V,L 

I-~--------------------ICR-----------------------~ 

t-------- 1 W ( RASL)-----~_I 

ROW 
ADDRESS 

f-------I W (RASH) -----1 

ROW 
ADDRESS 

---------------------------------HIGH IMPEDANCE STATE----------------------------------­
VOL -

Z§B Indicates the don't care input 
Note 20. CAS ""VIH,W, o "'don'tcare. 

~ _ The center-line indicates the high-impedance state 

As may be VIH or Vil. 
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M5M4257L-12, -IS, -20 

262 144·BIT (262 144·WORD BY I.BIT) DYNAMIC RAM 

Nibble Mode Read Cycle (Note21) 

Q 

taiGAS) 

VOH -
-HIGH IMPEDANCE STATE 

VOL -

DATA 
VALID 

tdlSI CAS) 

tW(RASL) 

Note 21. Pin 1 at Row T Hne and Column T line Determines the Startlnq Address of the Nibble Cycle 

taNICAS) 

----;'*-~-tdjS(CAS) 

Nibble Mode Write Cycle (Early Write) 

CAS 

Ao-As 

W 

D 

Q 

tWN (RASL) 

VIH _------i. 
V'L-

VIH -

VIL -

VIH-

V'L-

V'H-

VIL-

VIH-~~~m~~ 

VIL -,.,Q",..Ao..oIo..olo....A. ..... " l-------""'f ""''''''-..... ...., ~ ____ ~ 

VOH-
VOL_-----------------------HIGH IMPEDANCE STATE--------------------------
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MsM42s7L-12, -IS, -20 

262 144-BIT (262 144-WORD BY I-BIT) DYNAMIC RAM 

Nibble Mode Read-Modify-Write Cycle 
WN(RASL) 

::-r V-
Ih (RAS-CAS) Ih(W-RAS) 

IWNI CA~H) Id (AAS-CAS) 

-lh(RAS-C~~ )_ 
Ih (W· CAS) ------ t wN ( CASL I 

IW(CASL) 
-

1\ ~-~ V -
ISU(RA-RAS) Ih (CAS-CA) 

~-RA) td (CAS-W) 
Isu (CA-CAS) 

Ao-A8 =) ROW 

~ 
COLUMN ~xx. ~\:NlX 'AAJV<...A~ x.~ ADDRESS ADDRESS :UX .x...x x ~ oX X 

Ih (RAS-W) 

Isu (W-CAS) Ih(CAS WI 
Isu (R-CAS) 

Iw(w) 

I I 
w - XX 

.WN) ~ ~ ~ ~ ~ 
Isu (O-CAS) Ih(CAS-O) Isu (O-W) Ih (W-O) 

D ~~ &» DATA ~X .X~ DATA 

~ ~ VALID VALID ,AAX 

Ih (RAS-D) laN( CAS) tdlS I CAS) 

-
Q DATA ~ HIGH IMPEDANCE STATE 

VALID -

Hidden Refresh Cycle 

Vi 

Q 

2-164 

READ CYCLE 

ICR 

IW(RASU 

RAS ONLY REFRESH CYCLE 

leR 

IW(RASH) 

Id (CAS-RAS) 
Id(AAS-CAS) Ih(CAS-RAS) 

la (CAS) 

-HIGH IMPEDANCE STATE 

IW(CASU 

'0 MITSUBISHI 
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DATA VALID 

RAS ONLY REFRESH CYCLE 
leA 
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M5M4257L-12, -15, -20 

262 i44-BIT (262 i44-WORD BY i-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle (Note 221 
REFRESH CYCLE 

READ CYCLE 
REFRESH CYCLE 

teR 
READ OR WRITE 

CYCLE 

Q 
VOH­

}-------------------------~~-----HIGH IMPEDANCE STATE----------------------
VOL - _____ -{ 

Note 22: W, 0 = don't care 

TYPICAL CHARACTERISTICS 
NORMALIZED ACCESS TIME 

VS.SUPPLY VOLTAGE 

;;; 
4: :: 

."! 
:g 
l-

V> 

~ 
u 
u 
<l: 
0 
w 
C:J 
-" 
<l: 
::;; 
a: 
0 
z 

'" .5 
<fl 
4: 
II: 

<l 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

S 

20 

1S 

10 

o 

-S 

, Ta~2S·C 
I\. 

\ 
I"" 

"" ......... ........... 

4.0 S.O 6.0 

SUPPL Y VOLTAGE Vee (V) 

ACCESS TIME VS. LOAD 
CAPACITANCE 

1 .1 
Vee=4.SV 

r-Ta =2S'C 

I V 
V 

V 
./ 

V 
;'" 

100 200 300 400 500 600 

LOAD CAP'ACITANCE CL (pF) 

"' 4: 

:: 
."! 
w 
::;; 
l-

V> 
V> 
w 
u 
u 
<l: 
0 
w 
N 
~ 
<l: 
::;; 
a: 
0 
z 

u; 
<t 

2-
z 

."! 
UJ 
:;:; 
>= 
(f) 
(f) 
UJ 
U 
u « 
':J 
'" '" z 
0 
UJ 
N 
:::; 
« :;:; 
a: 
0 
z 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

NORMALIZED ACCESS TIME 
VS. AMBIENT TEMPERATURE 

1 .1 
Vee=S.OV 

V 

-,V 
/ 

V 

/ 
" 

0.7 
-20 20 40 60 80 100 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

AMBIENT TEMPERATURE Ta eC) 

NIBBLE MODE ACCESS TIME 
VS. SUPPLY VOLTAGE 

I\. 

Ta=2S~ 

'" 1"'-....... t--...... 
I' 

4.0 S.O 6.0 

SUPPLY VOLTAGE Vee (V) 
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M5M4257L-12, -15, -20 

262 144·BIT (262 144·WORD BY I·BIT) DYNAMIC RAM 

~ 1.3 
2 
z 
~ 1.2 
LU 
:;; 
f= 
(J) 1.1 

t:l 
u 
~ 1.0 
~ 
co 
CD 

Z 0.9 
o 
LU 
N 

~ 0.8 
:;; 
cr 
o 
z 

<! 
E 

0.7 

NIBBLE MODE ACCESS TIME 
VS. AMBIENT TEMPERATURE 

Ve6~50~ 

/' 
,/ 

./ 
V 

V 
/" 

, 
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262 144-BIT(65 536-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
This is family of 65536-word by 4-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon-gate 
MOS process, and is ideal for large-ca-pacity memory 

systems where high speed, low power dissipation, and low 
costs are essential. The use of double-layer polysilicon 
process technology and a single-transistor dynamic storage 
cell provide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 
both a reduction in pins to the standard l8-pin package 
configuration and an increase in system densities. The 
M5M4464P operates on a 5V power supply using the 
on-chip substrate bias generator. 

OUTPUT ENABLE 0 E -+ 1 
INPUT 

DATA IN/{DQ' ... 2 

DATA OUT DQ2'" 3 

WRITE -
CONTROL INPUT W -+ 4 

~~ri6~~~~~i RAS -+ 5 

ADDRESS 1 
INPUTS A5 -+ 7 

A4 -+ 8 

(5V) Vee 

Vss (OV) 

17 ... DQ4 g~iA IN/DATA 

16 .... CAS COLUMN ADDRESS 
STROBE. INPUT 

15 ... DQ3 DATA IN/DATA 
OUT 

ADDRESS 
INPUTS 

FEATURES Outline 18 P4 

• Performance ranges • All Inputs, outputs TTL compatible and low capacitance 

Access time Cycle time Power dissipation • 3-State unlatched outputs 
Type name (max) 

(ns) 

M5M4464P-12 120 

M5M4464P-15 150 

• 65536 x 4 Organization 

(min) 

Ins I 

220 

260 

"ypl 
ImWI 

260 

230 

• 256 refresh cycles/4ms 
• Early write or OE to control output buffer impedance 
• Read-Modify-Write, RAS-only refresh, Hidden refresh 

and Page mode capabilities 

• Wide RAS pulse width for Page mode ..... 30tls max 

• Industry standard l8-pin dual in line package 

• Single 5V±lO% supply 
• Low standby power dissipation: 
• Low operating power dissipation: 

M5M4464P-12 
M5M4464P-15 

BLOCK DIAGRAM 

22mW (max) 

360mW (max) 
330mW (max) 

APPLICATION 

• Refresh memory for CRT 

• Micro computer memory 

COLUMN ADDRESS '---------~r;:~;:;_~:;_;;;;;:;;..., STROBE INPUT CAS 16}-

ROW ADDRESS RAS 5 )---------.....,~.....,~~~~_...J 
STROBE INPUT 

WRITE 
CONTROL INPUT 

-1 9 Vee(5V) 

18 Vss(OV) 

ADDRESS INPUTS 

2-170 

II: 
W 
o 
o 
u 
w 
o 

i3 
II: 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & I/O CONTROL 

MEMORY CELL 

(262. 144 BITSI 
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262 144-BIT(65536-WORD BY 4-BIT) DYNAMIC RAM 

FUNCTION 

The M5M4464P provides, in addition to normal read, write, 
and read-modify-write operations, a number of other 
functions, e_g., page mode, RAS-only refresh, hidden 
refresh, and delayed-write. The input conditions and output 
states for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Inputs 

Operation -
RAS CAS Vi DE 

Read ACT ACT NAC ACT 

Write (Early Write) ACT ACT ACT DNC 

Read-modify-write ACT ACT ACT ACT 

RA5-0nly retfesh ACT NAC DNC DNC 

Hidden refresh ACT ACT DNC ACT 

Standby NAC DNC DNC DNC 

Note. ACT active, NAC nonacitive, ONe don't care, VLD valid, APO applied, OPN open. 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262144 memory cells in the 
M5M4464P the 16-bit address signal must be multiplexed 
into 8 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 8 row-address bits; next, the negative­
going edge of the column-address-strobe pulse (CAS) 
latches the 8 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 
1. The delay time from RAS to CAS td(RAS.CAS) is set 

between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAS)max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time td(RAS-CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time. 

write enable (WI 
The read or write mode is selected through the write enable 
(W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write 
enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when 
the read mode is selected. When W goes low prior to CAS, 

Input/Output 

Row Column 
Input Output Refresh Remarks 

address adress DO DO 

APD APD OPN VLD YES 

APD APD VLD OPN YES Page mode identical 

APD APD VLD VLD YES 

APD DNC DNC OPN YES 

APD DNC DPN VLD YES 

DNC DNC DNC OPN NO 

data-out will remain in the high-impedance state allowing a 
write cycle with OE grounded. 

data-in (001 through 0041 
Data is written during a write or read-modify write cycle. 
Depending on the mode of operation, the falling edge of 
CAS or W strobes data into the on-chip data latches. These 
latches can be driven from standard TTL circuits without a 
pull-up resistor. In an early-write cycle, W is brought low 
prior to CAS and the data is strobed in by CAS with setup 
and hold times referenced to this signal. In a delayed write 
or read-modify-write cycle, CAS will already be low, thus 

the data will be strobed in by W with setup and hold times 
referenced to this signal. In delayed or read-modify-write, 
OE must be high to bring the output buffers to high 
impedance prior to impressing data on the I/O lines. 

data-out (001 through 004) 
The three-state output buffer provides direct TTL compati­
bility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as 
data-in. The output is in the high-impedance (floating) state 
until CAS is brought low. In a read cycle the output goes 
active after the access time interval talC) that begins with 
the negative transition of CAS as long as ta(R) and ta(OE) 
are satisfied. The output becomes valid after the access time 
has elapsed and remains valid while CAS and OE are low. 

CAS or OE going high returns it to a high impedance state. 
In an early-write cycle, the output is always in the 
high-impedance state. In a delayed-write or read-modify­
write cycle, the output must be put in the high impedance 
state prior to applying data to the DO input. This is 
accomplished by bringing OE high prior to applying data, 
thus satisfying tOEHD 

• MITSUBISHI 
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output enable (OE) 
The OE controls the impedance of the output buffers. 
When OE is high, the buffers will remain in the high 
impedance state. Bringing OE low during a normal cycle 
will activate the output buffers putting them in the low 
impedance state. It is necessary for both RAS and CAS to 
be brought low for the output buffers to go into the low 
impedance state. Once in the low impedance state, they will 
remain in the low impedance state until OE or CAS is 
brought high. 

Page-Mode Operation 

This operation allows for multiple·column operating at the 
same row address, and eliminates the power dissipation 
associated with the cycling of RAS, because once the row 
address has been strobed, RAS is maintained. Also, the time 
required to strobe in the row address for the second and 
subsequent cycles is eliminated, thereby decreasing the 
access and cycle times. 

Refresh 
Each of the 256 rows (Ao ~ A7) of the M5M4464P must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4464P are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify:writecycle for refresh is not recom­
mended for systems which utilize "wired·OR" outputs 
since output bus contention will occur. 

2. RAS Only Refresh 
In this refresh method, the CAS clock should be at a 

VIH level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential. row ad­
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. 
A RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 
If CAS falls tSUR(CAS.RAS) earlier than RAS and if CAS 

is kept low by thR(RAS.CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal 8-bit 
counter is put into the address buffer to refresh the cor­
responding row. The output will stay in the high impedance 
state. 

If CAS is kept low after the above operation, RAS cycle 
initiates RAS Only Refresh with internally generated re­
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the external 
address. 

* If CAS is kept low after the normal read/write cycle, 
RAS cycle initiates the RAS Only Refresh using the inter­
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 

4. Hidden Refresh 
A feature of the M5M4464P is that refresh cycles may 

be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh. 

Hidden refresh is performed by holding CAS at VIL and 
taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 
need for off·chip latches. 

Power Dissipation 
Most of the circuitry in the M5M4464P is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4464P as chip-select in the memory system, but if 
RAS is decoded, all unselected devi.ces go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5M4464P operates on a single 5V power supply. 

A wait of some 500J,ts and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 

Symbol parameter Condtions Limits 

VCC Supply volrage -1-7 

VI I nput voltage With respect to Vss -1-7 

Va Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25'C 1000 

Topr Operating free-air temperature range 0-70 

Tstg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unless otherwise noted) INote 11 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 0 0 V 

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

V,L 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)INote 21 

Symbol Parameter Test conditions 

VOH High-level output voltage IOH=-2mA 

VOL Low-level output voltage IOL=4.2mA 

loz Off-state output current Q floating OV";VoUT";5.5V 

I, I nput current OV";V,N";6.5V, All other pins =OV 

Average supply current from Vee, M5M4464P-12 RAS, CAS cycling 
ICC1(AV) operating (Note 3,4) M5M4464P-15 to(rd)=to(wi = min output open 

ICC2 Supply current from Vee. standby RAS =VIH output open 

I CC3(AV) 
Average supply current from Vee, M5M4464P-12 RAS cycling CAS=V'H 
retreshing (Note 3) M5M4464P-15 to (Prd) = min, output open 

Avera.ge supply current frorr. Vcc' M5M4464P-12 RAS=V'L, CAS cycling 
IOC4(AV) page mode (Note 3,4) M5M4464P-15 to (Prd ) = min, output open 

I CC6(AV) 
Average sup~urrent from V ce, M5M4464P-12 CAS before RAS refresh cycling 
CAS before RAS refresh mode 

INote31 M5M4464P-15 to (RAS) = min, output open 

Note 2: Current flOWing mto an IC IS positive, out IS negative. 
3: ICCl (AV). ICC3(AV). and ICC4 CAV) are dependent on cycle rate. Maximum current is measured at the tastest cycle rate. 
4 ICC1(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 

C,(A) Input capacitance, address inputs 

C, (OE) Input capacitance, OE input 

C,(W) Input capacitance, write control input 

C, (RAS) Input capacitance, FlAS input 

C, (CAS) Input capacitance, CAS input 

CI/O Input/Output capacitance. data ports 

Test conditions 

VI=VSS 

f=lMHz 

Vi =25mVrms 

• MITSUBISHI 
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Limits 

Min Typ 

2.4 

0 

-10 

-10 

Limits 

Min Typ 

Unit 

V 

V 

V 

mA 

mW 

'c 

'c 

Unit 
Max 

Vcc V, 

0.4 V 

10 /1A 

10 I,A 

65 mA 

60 mA 

4 mA 

55 mA 

50 mA 

50 mA 

45 mA 

60 mA 

55 mA 

Unit 
Max 

5 pF 

7 pF 

7 pF 

10 pF 

10 pF 

10 pF 
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SWITCHING CHARACTERISTICS (Ta=0-70'C, Vcc=5V±10%, Vss=ov, unless otherwise noted) INote 51 

M5M4464P-12 M5M4464P-15 

Symbol Parall)eter 
Alternative 

Symbol 
Limits limits 

Min Max Min Max 

ta(c) Access time from CAS INote 6,71 tCAC 60 75 

talA) Access time from RAS INote 6,81 t AAC 120 150 

ta (GE) Access time from DE INote 61 - 30 40 

tdiS(CH) Output disable time after CAS high INote 91 tOFF 0 25 0 .30 

tdiS(OE) Output disable time after DE high INote 91 - 0 25 0 30 
-- -

Note 5: An initial pause of 500#ls is required after power-up followed by any 8 RAS or RAS/CAS cycles before proper device operation is achieved. 

Note that RAS may be cycled during the initial pause. 
And any 8 RAS or AAS/CAS cycles are required after prolonged periods (greater than 2msl of.RAS inactivity before proper device oper'ation is achieved. 

6: Measured with a load circuit equivalent to 2TTL loads and 100pF. 
7: Assume that tACCL ~ tALCL max. 

Unit 

ns 

ns 

ns 

ns 

ns 

8: Assume that tALCL < tALCL max. If tALCL is greater than tALCL max then ta(A) will increase by the amount that tRLCL exceeds tRLCL max. 
9: t dis'(CH) max and tdis (DE) max define the time at which the output achieves the high impedance state (IOUT~ I ±1 oJ.l.AI ) and are not reference to VOH 

min or VOL max. 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycles) 
(Ta=0-70'C, Vcc=5V±10%, VSs=OV, unless otherwise noted, See notes 10,11) 

M5M4464P-12 M5M4464P-15 

Symbol Parameter 
Alternative 

Limits Limits Unit 
Symbol 

Min Max Min Max 

tC(AF) Refresh cycle time t AEF 4 4 ms 

tW(RH) RAS high pulse width tAP 90 100 ns 

tALCL Delay time, RAS low to CAS low INote 121 tACO 25 60 30 75 ns 

tCHAL Delay time, CAS high to RAS low (Note 131 tCAP 10 10 ns 

tsu (AA) Row address setup time before RAS low tASA 0 0 ns 

tSU(CA) Column address setup time before CAS low tASC 0 0 ns 

th(AA) Row address hold time after RAS low tAAH 15 20 ns 

th(CLCA) Column address hold time after CAS low tCAH 20 25 ns 

th(ALCA) Column address hold time after RAS low tAA 80 100 ns 

tT Transition time (rise and fall) INote 141 tT 3 50 3 50 ns 

Note 10: The timing requirements are assumed tT=5ns 
11: VIH min and VIL max are reference levels for measuring timing of input signals. 
12: tRLCL max is specified as a reference point only; if tALCL is less than tRLcL max, access,time is ta(R), if tALCL is greater than tRLCL max, access time is 

tALCL + ta (C)· tALCL min is specified as tRLcL min. = t h (RA) + 2 tT + tSU(CA). 
13: 
14: 

tCHRL requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS). 
tT is measured between VIH min and VIL max. 

Read and Refresh Cycles 

Symbol 

to(rd) 

tW(AL) 

tW(CL) 

tW(CH) 

th (ALCH) 

th (CLAH) 

tsu (rd) 

th(CHrd) 

th (AHrd) 

th (OECH) 

th(OEAH) 

th (CLOE) 

th (ALOE) 

t DOEL 

tOEHD 

t AHCL 

Note 15: 

2-174 

Parameter 
Alternative 

Symbol 

Read cycle time t AC 

RAS low pulse width t AAS 

CAS low pulse width t CAS 

CAS high pulse width tCPN 

CAS' hold time after RAS low t CSH 

RAS hold time after CAS low tASH 

Read setup time before CAS low t ACS 

Read hold time after CAS high (Note 151 tACH 

Read hold time after RAS high INote 151 t ARH 

CAS hold time after OE low -

RAS hold time after OE low -

OE hold time after CAS low -

OE hold time after RAS low -

Delay time, Data to OE low -

Delay time,OE high to Data -

Delay time, RAS high to CAS low -

Either th(CHrd) or th(AHrd) must be satisfied for a read cycle, 

• MITSUBISHI 
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Limits Limits 

Min Max Min Max 

220 260 

120 10000 150 10000 

60 75 

30 35 

120 150 

60 75 

0 0 

0 0 

10 10 

30 40 

30 40 

60 75 

120 150 

0 0 

25 30 

0 0 

Uf}it 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Write Cycles (Early Write and Delayed Write) 

M5M4464P-t2 M5M4464P-t5 

SyC"bol Parameter 
Alternative 

Symbol limits Unit 

Min Max Min Max 

Ic(w) Write cycle time I RC 220 260 ns 

IW(RL) RAS low pulse width I RAS 120 10000 150 10000 ns 

IW(CL) CAS low pulse width ICAS 60 75 ns 

IW(CH) CAS high pulse width ICPN 30 35 ns 

Ih (RLCH) CAS hard time after RAS low ICSH 120 150 ns 

Ih (CLRH) RAS hold time after CAS low IRSH 60 75 ns 

Isu (WCL) Write setup time before CAS low INote 17) Iwcs -5 -5 ns 

Ih(CLW) Write hold time after CAS low IWCH 40 45 ns 

Ih(RLW) Write hold time after RAS low IWCR 100 120 ns 

Ih(WCH) CAS hold time after Write low ICWL 40 45 ns 

Ih(WRH) RAS hold time after Write low I RWL 40 45 ns 

Iw(W) Write pulse width Iwp 40 45 ns 

Isu (0) Data setup time loS 0 0 ns 

Ih(WLO) Data hold time after Write low 10H 30 35 ns 

Ih(CLO) Data hold time after CAS low 10H 30 35 ns 

Ih(RLO) Data hold time after RAS low 10HR 90 110 ns 

IOEHO Delay time, OE high to Data - 25 30 ns 

Ih(WOE) OE hold time after Write low - 25 30 ns 

Read-Write and Read-Modify-Write Cycles 

M5M4464P-t2 M5M4464P-t5 

Symbol Parameter 
Alternative 

Limits limits Unit 
Symbol 

Min Max Min Max 

IC(,dW) Read write/read modify write cycle time (Note 16) IRWC 295 345 ns 

IW(RL) RAS low pulse width IAAS 195 10000 255 10000 ns 

IW(CL) CAS low pulse width ICAS 135 180 ns 

Ih (ALCH) CAS hold time after RAS low ICSH 195 255 ns 

Ih (CLAH) RAS hold time after CAS low I ASH 135 180 ns 

IW(CH) CAS high pulse width ICPN 30 35 ns 

Isu (rd) Read setup time before CAS low I RCS 0 0 ns 

I CLWL Delay time, CAS low to Write low INote 17) tcwo 90 110 ns 

I RLWL Delay time, RAS low to Write low INote 171 IRWO 150 185 ns 

Ih(WCH) CAS hold time after Write low ICWL 40 45 ns 

Ih(WRH) RAS hold time after Write low IRWL 40 45 ns 

tW(W) Write pulse width Iwp 40 45 ns 

Isu (D) Data setup tl me IDS 0 0 ns 

Ih(WLD) Data hold time after Write low IOH 40 45 ns 

Ih (CLOE) OE hold time after CAS low - 60 75 ns 

Ih (RLOE) OE hold time after RAS low - 120 150 ns 

IOOEL Delay time, Data to DE low - 0 0 ns 

t OEHO Delay time. OE high to Data - 25 30 (IS 

Note 16 tC(rdW) is specified as tC(rdW) min = ta(R) max + tOEHD min + th(WRH) min + tWCRH) min + 4 tT. 
17 tSu(wCL). tCLWL and tRLWL are specified as reference points only. If tsu (WCLI ~ tsu (WCL) min. the cycle is an early write cycle and the DO pins will 

remain high impedance throughout the entire cycle. If tCLWL ;;;- tCLWL min and tRLWL ~ tRLWL min, 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 is satisfied. the condition of the DO (at access time and until CAS 
or OE goes back to VIH) IS indeterminate. 
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Page-Mode Cycle INote 18) 

M5M4464P-12 M5M4464P-15 
Symbol Parameter 

Alternative 
Symbol Limits Limits 

Min Max Min Max 

tclPcd) Read cycle time tpc 120 145 

tclPW) Write cyCle ti me tpc 120 145 

tWIRL) RAS low pulse width INote 19) t RAS 240 30000 295 30000 

tCIPcdW) Read write/read modify write cycle time - 195 250 

tWIRL) RAS low pulse width INote 20) tRAS 390 30000 505 30000 

tWICH) CAS high pulse width Icp 50 60 

Note 18" All previously specified timing requirements and switching characteristics are applicable to their respective page mode timing. 
19" Specified for read or write cycle. 

20 Specified for read-write or read-modify-write cycle. 

CAS before RAS Refresh Cycle INote 21) 

M5M4464P-12 
Symbol Parameter 

Alternative 
Symbol 

Limits 

Min Max 

tsu RICAS-RAS) CAS setup time for auto refresh leSR 10 

th RIRAS-CAS) CAS hold time for auto refresh tCHR 25 

td R IRAS-CAS) Precharge to CAS active time t RPC 0 

Note 21: Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 

2-176 
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Limits 

Min Max 

10 

30 

0 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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TIMING DIAGRAMS INote221 

Read Cycle 

w 

DQ1- D Q4 V,H 
(INPUTS) V,L 

DQ1- D Q4 
(OUTPUTS) 

tClrd) 

th IRLCH) 

tWIRL) 

th(RLCA) 

COLUMN 
ADDRESS 

th(RLOE) 

Note 22 ~ Indicates the don't care input. 
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Write Cycle (Early Write) 

w 

DQ,-DQ4 
(INPUTS) 

MITSUBISHI LSls 

MsM4464P-12, -15 

262 144-BIT(65 536-WORD BY 4-BIT> DYNAMIC RAM 

te (cd) 

th (RLCH) 

tW(RU 

, th(RLCA) 

th (CLRH) 

ROW 
ADDRESS 

DQ,-DQ4 VOH ----------------High-Z _______________ _ 
(OUTPUTS) VO L -

OE 

2-178 
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Write Cycle (Delayed Write) 

Vi 

DQ,-DQ4 
(INPUTS) 

DQ,-DQ4 
(OUTPUTS) 

MITSUBISHI LSls 

M5M4464P-12, -15 

262 144·BIT(6S S36·WORD BY 4-BIT) DYNAMIC RAM 

tC(W) 

th (RLCH) 

tWIRL) 
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Read-Write and Read-Modify-Write Cycles 

2-180 

RAS 

DQ,-DQ4 
(INPUTS) 

th (RLCA) 

to(rdW) 

th(RLCH) 

tWIRL) 

th (CLRH) 

tW(CL) 

DQ,-DQ4 VOH -----~_H,gh-Z _...;.. ___ -<1 
(OUTPUTS) VOL-

I. th (RLOE) 

.• MITSUBISHI 
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RAS-Only Refresh Cycle 

tC( d) , 
tW(RL) 

RAS ~ 
\ 

tW(RH) 

~HRL tRH~ ~CHRL 

CAS II th(RA) I.3U (RA) 

ROW ADDRESS ROW ADDRESS 

Vi ~:: 

DQ,-DQ4 VV',HL_-
(INPUTS) • 

DQ,-DQ4 
(OUTPUTS) 

VOH -
VOL _-------------H,Qh-Z--------------
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Page-Mode Read Cycle 

w 

DQ,­

DQ4 
(INPUTS) 

DQ,- VOH-,-O ..... _ .... ,...._ 

DQ4 VOL-

(OUTPUTS) 

2-182 

ti, (RLCH) 

th(RLCA) 

th(RLOE) 
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tW(CL) 

tWIRL) 

to (Prd) 

tW(CL) 

• MITSUBISHI 
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Page-Mode Write Cycle 

tWIRL) 

th (RLCH) 

V,H-------~ ~~------th~(~R~LC~A~)----~ 
V'L_ 

DQ,- V,H _~~'!!V""1"'T"1"'T...,-.:,""'" 1r-....:...-~\/,rnro0J,~;r_::_:;;:__i r":7"rf"'!:!"~Irr'l"'7\, Ir-........ -~ ~"l':"'l'~~ 
DQ4 

(INPUTS) 

DQ,- VOH-
DQ4 ------------------~--~-----

(OUTPUTS) 

VIH_:r<r'!I"""TT'l~TT'lt"ir---~~'I7m~""""'--""'~~~~..dr---....,j..,...".."..,.......,...,...,..,....,...,. 
OE 

V,L 
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Hidden Refresh Cycle 
~ ____ ~R~E~A~O~C~Y~CL=E~ __ ~~ 4~~ __________ ~H~10=0=E~N~R~E~F~R=ES~H~C~Y~C~L~E __________ -+, 

ta(rd) ta(rd) 

tW(AL) tW(RL) tW(RL) 

001- VOH- High-Z 
004 

(OUTPUTS) VOL-

V'H-

VIL-~~~~~~~~~ ________________________ ~~ ____________ ~~~~~~~~ 

CAS before RAS Refresh Cycle 

2-184 

ta(rd) 

V'H- tW(AL) 

VIL-________ -J ~-------tw~(R~H)~----~ ~----------~------~ 

tdA(RO) tSUR(CR) thR(AO) 

---------------------.;.----------- High-Z --------------------------------

_ ,... MITSUBISHI 
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DESCRIPTION 

The MH6404AD1 is 65 536-word x 4 bit dynamic RAM and 
consists of four industry standard 64 K x 1 dynamic RAMs 

in leadless chip carrier. 
The mounting of leadless chip carriers on a ceramic 

single in-line package provides any application where high 
densities and large quantities of memory are required. 

FEATURES 

• High speed 

Access time Cycle time Power dissipation 
Type name (max) (min) ltypl 

(ns) Insl ImWI 

MH6404ADI-15 150 260 600 

• Utilizes industry standard 64K RAMs in leadless chip 
carriers 

• 22 pin Single In-line Package 
• Single +5V (±1 0%) supply operation 
• Low stand by power dissipation ........ 88 mW(max) 
• Low operating power dissipation: 

MH6404ADl-15 990mW(max) 

• All inputs are directly TTL compatible 
• All outputs are three-state and directly TTL compatible 
• Includes (0.22,uF x 2) decoupling capacitors 
• 128 refresh cycles (every 2ms) A7 Pin is not need for 

refresh 
• Pin 1 controls automatic-and self-refresh mode 

BLOCK DIAGRAM 

Do 00 

M5K4164AD 
64K RAM 

M5K4164AD 
64K RAM 

PIN CONFIGURATION (TOP VIEW) 

REFRESH 
REF INPUT -+ 

II] 15V) Vee 
DATA INPUT Do -+ 

DATA OUTPUT 0 0 - 4 » 
0 

CDLUMN ADDRESS CAS -+ 5 
STROBE INPUT 

G AJ -+ 6 

ADDRESS { As -+ 

II] 
INPUTS , ~ A, -+ 

:>; 
DATA INPUT 01 -+ , .... 
DATA OUTPUT 0 1 - 10 ~ 

WRITE CONTROL W -+ 11 

INPUT 
Al -+ 

II] 
ADDRESS { A3 -+ 13 ~ 
INPUTS ~ 

A6 -+ 14 C;; .... 
DATA INPUT 0, - 15 » 

0 
DATA OUTPUT 0, -+ 16 

ADDRESS { A, -+ 17 G 
INPUTS Ao -+ 

lU 
ROW ADDRESS 

RAS -+ 19 ~ STROBE INPUT 
DATA INPUT 03 -+ 20 :: 

a> 
DATA OUTPUT 03 - 21 ;: 

IOV) Vss 22 0 

Outline 2255 

APPLICATION 

• 
• 

Main memory unit for computers 
Refresh memory for CRT 

M5K4164AD 
64K RAM 

M5K4164AD 
64K RAM 

I 

----JJ-I 
Vee Vss 
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FUNCTION 

The MH6404AD1 provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e.g., page mode, RA5-only refresh, and delayed­
write. The input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
RAS CAS W 

Read ACT ACT NAC 

Write ACT ACT ACT 

Read-modify-write ACT ACT ACT 

~·only refresh ACT NAC ONC 

Hidden refresh ACT ACT ONC 

Automatic refresh NAC ONC ONC 

Self refresh NAC ONC ONC 

Hidden automatic refresh NAC ACT ONC 

Hidden self refresh NAC ACT ONC 

Standby NAC ONC ONC 

Inputs 

0 

ONC 

VLO 

VLO 

ONC 

ONC 

ONC 

ONC 

ONC 

ONC 

ONC 

Output 

Row Column Refresh Remarks 

address address 
REF Q 

APO APO NAC VLD YES 
Page mode 

APO APO NAC OPN YES identical 

APO APO NAC VLO YES 

APO ONC NAC OPN YES 

APO ONC NAC VLO YES 

ONC ONC ACT OPN YES 

ONC ONC ACT OPN YES 

ONC ONC ACT VLO YES 

ONC ONC ACT VLO YES 

ONC ONC NAC OPN NO 

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

SUMMARY OF OPERATIONS 
Addressing 

To select 4 of the 262144 memory cells in the 
MH6404ADl the 16-bit address signal must be multiplexed 
into 8 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 8 row-address bits; next, the negative­
going edge of the column-address-strobe pulse (CAS) 
latches the 8 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 
1. The delay time from RAS to CAS td(RAS-CAS) is set 

between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAS) max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time td(RAS-CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time. 

Data Input 

Date to be written into a selected cell is strobed by the later 
of the two negative transitions of W input and CAS input. 
Thus when the W input makes i~s negative transition prior 
to CAS input (early write). the data input is storobed by 

CAS, and the negative transition of CAS is set as the 
reference point for set-up and hold times. In the read-write 
or read-modify-write cycles, however, when the W input 
makes its negative transition after CAS, the W negative 
transition is set as the reference point for set-up and hold 
times. 

Data Output Control 

The outputs of the MH6404ADl are in the high-impedance 
state when CAS is high. When the are memory cycle in 
progress is a read, read-modify-write, or a delayed-write 
cycle, the data output will go from the high-impedance 
state to the active condition, and the data in the selected 
cell will be read. This data output will have the same 
polarity as the input data. Once the outputs entered the 
active condition, this condition will be maintained until 
CAS goes high, irrespective of the condition of RAS. 

The outputs will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle. 

These output conditions, of the MH6404AD1; which 
can readily be changed by controlling the timing of the 
write pulse in a write cycle, and the width of the CAS pulse, 
in a read cycle, offer capabilities for a number of 
applications, as follows. 
1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, inputs and outputs can be connected directly to give 
a common I/O data bus. 
2. Data Output Hold 
The data outputs can be held between read cycles, without 
lenghening the cycle time. This enebles extremely flexible 
clock-timing settings for RAS and CAS. 
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3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high· 
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended·Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 256 column locations in a single chip. In this 
case, RAS must be appl ied to all devices. 

Page-Mode Operation 

This operation allows for multiple-column addressing at the 
same row <lddress, and eliminates the power dissipation 
associated with the negative-going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles is eliminated, thereby de­

creasing the access and cycle times. 

Refresh 

Each of the 128 rows (Ao - A6 ) of the MH6404AD1 must 
be refreshed every 2 ms to maintain data. The methods of 
refreshing for the MH6404AD1 are as follows. 
1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 
read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom­
mended for systems which utilize "wire-OR" outputs since 
output bus contention will occur. 
2. RAS Only Refresh 
A RAS-only refresh cycle is the recommended technique 
for most applications to provide for data retention. A 
RAS-only refresh cycle maintains the outputs in the 
high-impedance state with a typical power reduction of 
20% over a read or write cycle. 
3. Automatic Refresh 
Pin1 (REF) has two special functions. The MH6404AD1 
has a refresh address counter, refresh address multiplexer 
and refresh timer for these operations. Automatic refresh is 
initiated by bringing REF low after RAS has precharged 
and is used during standard operation just like RAS-only 
refresh, except that sequential row addresses from an 
external counter are no longer necessary. 

At the end of automatic refresh cycle, the internal 
refresh address counter will be automatically incremented. 
The output state of the refresh address counter is initiated 
by some eight REF, RAS or RAS/CAS cycle after power is 
applied. Therefore, a special operation is not necessary to 
initiate it. 

RAS must remain inactive during REF activated cycles. 
Likewise, REF must remain inactive during RAS generated 
cycle. 

4. Self-Refresh 
The other function of pin 1, (REF) is self-refresh. Timing 
for self-refresh is quite similar to that for automatic r~fresh. 
As long as RAS remains high and REF remains low, the 
MH6404AD1 will refresh itself. This internal sequence 
repeats a synchronously every 12 to 16 I1S. After 2 ms, the 
on-chip refresh address counter has advanced through all 
the row addresses and refreshed the entire memory. 
Self-refresh is primarily intended for trouble free power­
down operation. 

For example, when battery backup is used to maintained 
data integrity in the memory. REF may be used to place 
the device in the self-refresh mode with no external timing 
signals necessary to keep the information alive. 

In summary, the pin 1 (REF) refresh function gives the 
user a feature that if free, save him hardware on the board, 
and in fact, will simplify his battery backup procedures, 
increase his battery life, and save him overall cost while 
giving him improved system performance. 

There is an internal pull up resister (""BOOKU) on pin 1, 
so if the pin 1 (REF) function is not used, pin 1 may be left 
open (not connect) without affecting the normal opera­
tions. 
5. Hidden Refresh 
A features of the MH6404AD1 is that refresh cycle may be 
performed while maintaining valid data at the output pins 
by extending the CAS active time from a previous memory 
read cycle. This feature is refered to as hidden refresh. 

Hidden refresh is performed by holding CAS at V IL and 
taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, automatic refresh and 
self-refresh, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data ports indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 
need for off-chip latches. 

Power Dissipation 

Most of the circuitry in the MH6404AD1 is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
MH6404AD1 as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Suppl ies 

The MH6404AD1 operates on a single 5V power supply. 
A wait of some 500l1s and eight or more dummy cycle is 

necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter conditions Limits 

Vee Supply voltage -1-7 

V, Input voltage With respect to V 55 -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power disSipation Ta=25"C 4000 

Topr Operating free-air temperature range 0 70 

Tstg Storage temperature range -55-150 

Tsld Sold.ering temperature time 260 • 10 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70"C, unlessotherwlsenoted),Notell 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

V'H High-level inpul voltage. all inputs 2.4 6.5 V 

V'L Low-level input voltage, all inputs -2 0.8 V 

Note 1. All voltage values are With respect to Vss 

ELECTRICAL CHARACTERISTICS CTa=0-70"C, Vcc=5V± 10%, Vss=OV. unless otherwise noted) INote21 

Parameter 
Limits 

Symbol Test conditions 
Min Typ 

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

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

102 Off-state output current Q floating OV;;;VoUT;;;5.5V -10 

I, Input current OV;;;V,N;;;6.5V, All other pins =DV -40 

ICC1 (AV) 
Average supply current from 

MH6404ADI-15 
RA S, CAS cycling 

Vee, operating (Note3, 4) t CR= t ew= min output open 

I CC2 Supply current from Veel standby RAS-V'H output open 

I CC3(AV) 
Average supply current from 

MH6404ADI-15 
RAS cycling CAS=V'H 

Veel refreshing (Note 3) t C (REF) = min, output open 

I CCO (AV) 
Average supply current from 

MH6404ADI-15 
RAS-V'L, CAS cycling 

Vcc, page mode (Note3, 4) t ePG= min, output open 

Average supply current from RAS =V'H, REF cycling 
'CC5(AV) VCC, automatic refreshing MH6404ADI-15 

INote 31 t e (REF) = min, output open 

'CC6(AV) Average supply current from Veo, self refreshing RAS-V'H, REF=V'L output open 

C, (A) Input capacitance, address inputs 

C, (0) Input capacitance, data input 

C'(W) Input capacitance, write control Input 
V,=VSS 

C, (RAS) 
f=IMHz 

Input capacitance, RAS input 
Vi=25mVrrns 

C, (CAS) Input capacitance, CAS input 

C, (REF) Input capacitance, REF input 

Co Output capacitance VO-Vss, f-1MHz, Vi-25mVrrns 

Note 2. Current flOWing Into an IC IS positive; out IS negative. 

3· Ice 1 (AV), I CO 3(AV), I eo 4(AV) and Ice 5 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate 
4· I CO 1 (AV) and 1004 (AV) are dependent on output loading. Specified values are obtained with the output open. 

• MITSUBISHI 
"ELECTRIC 

Max 

VCC 

0.4 

10 

40 

180 

16 

140 

140 

140 

32 

35 

10 

40 

50 

50 

50 

15 

Unit 

V 

V 

V 

mA 

mW 

"C 

"C 

"C. sec 

Unit 

V 

V 

/-I A 

/-I A 

mA 

mA 

mA 

rnA 

rnA 

rnA 

pF 

pF 

pF 

pF 

pF 

pF 

pF 
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262 144-BIT (65 536-WORD BY 4.BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta=O~70°C. Vcc=5V±10%. Vss=OV, unless otherwise noted, See notes 5,6 and 7) 

MH6404ADI-15 

Symbol Parameter 
Alternative 

Limits 
Symbol 

Min Max 

teRF Refresh cycle time I REF 2 

t IN (RASH) RAS high pulse width I RP 100 

t W(RASLI RAS low pulse width I RAS 150 10000 

t IN (CASU CAS low pulse width ICAS 75 00 

t W (CASH) CAS high pulse width INote 81 I CPN 35 

th(RAS-CAS) CAS hold time after RAS I CSH 150 

t h (CAS- RAS) RAS hold time after CAS I RSH 75 

td (CAS RAS) Delay time, CAS to RAS INote 91 I CRP -20 

td (RAS-CAS) Delay time, RAS to CAS INote 101 I RCO 30 75 

t SU(RA-RAS) Row address setup time before RAS I ASR a 
t su (CA-CAS) Column address setup time before CAS lASe a 
t h (RAS-RA) Row address hold time aher RAS I RAH 20 

t h (CAS-CA) Column address hold time after CAS I CAH 25 

t h (RAS-CA) Column address hold timp. after RAS I AR 95 

t THL 
Transition time IT 

t TLH 
3 35 

Note An initial pause of 500,us is required after power-up followed by any eight RAS or RAS/CAS cycles before proper deVice operation is achieved 
The switching characteristics are defined as t THL = t TLH = Sns. 

Reference levels of input signals are VIHmin and VILmax. Reference levels for transition time are also between VIH and VIL. 
Except for page-mode 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

9: td (CAS-RAS) requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle {i.e .. For systems where CAS has not been decoded with RAS ) 
10: Operation within the td (RAS-CAS) max limit insures that ta (RAs)maX can be met. td (RAS-CAS) max ·IS specified reference point only;if 

td (RAS-CAS) IS greater than the specified td (RAS"CAS) max limit, then access time IS controlled exclusively by ta (CAS). 

td(RAS-CAS)min = Ih (RAS-RA)min + 2t THL( tTLH) + Isu (CA-CAS)min-

SWITCHING CHARACTERISTICS (Ta =O-70'C, Vec=5V ± 10%. VSS=OV. unless otherwISe noted) 

Read Cycle 
MH6404ADl-15 

Symbol Parameter 
Alternative Limits 

Symbol 
Max Min 

teR Read cycle time I RC 260 

Isu (R-CAS) Read setup time before CAS I RCS a 
Ih (CAS-R) Read hold time after CAS INote 111 I RCH a 
Ih (RAS-R) Read hold time after RAS INote 111 I RRH 20 

tdls (CAS) Output disable time INote 121 IOFF a 40 
-

la (CAS) CAS access time (Note 131 tCAC 75 

ta (RAS) RAS access time INote 14) tRAC 150 

Note 11: Either th (RAS-R) or th (CAS-R) must be satisfied for a read cycle 
Note 12: tdis(CAS) max defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL 

Note 13: This is the value when td (RAS-CAS) ~ td (RAS-CAS) max. Test conditions; Load=2T TL. CL= 100pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 14" This is the value when td (RAS-CAS) < td (RAS-CAS) max. When td (RAS-CAS) ~ td (RAS-CAS) max, ta (RAS) will increase by the amount that 
td (RAS-CAS) exceeds the value shown Test conditions;-Load=2T TL. CL=100pF 

Write Cycle 

Symbol Parameter 

tew Write cycle time 

Isu IW-CAS) Write setup time before CAS INote 171 

Ih (CAS-W) Write hold time after CAS 

Ih (RAS-W) Write hold time after RAS 

Ih (W-RASI RAS hold time after write 

th (W-CAS) CAS hold time after write 

Iw(w) Wnte pulse width 

Isu (O-CAS) Data-in setup time before CAS 

th (CAS-D) Data-in hold time after CAS 

th (RAS-O) Data·in hold time after RAS 

Alternative 

Symbol 

IRC 

twcs 

tWCH 

tWCR 

tRWL 

tCWL 

twp 

t OS 

tOH 

t DHR 

• . MITSUBISHI 
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Limits Unit 

Min Max 

260 ns 

5 ns 

45 ns 

95 ns 

45 ns 

45 ns 

45 ns 

a ns 

45 ns 

95 ns 
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Read-Write and Read-Modify-Write Cycles 

MH6404ADI-15 

Symbol Parameter 
Alternative 

Limits Unit 
Symbol 

Max Min 

tCAw Re~·write cycle time INote 151 I RWC 280 ns 

tCRMW Read-modify-write cycle time INote 161 I RMWC 310 ns 

Ih IW-RASI RAS hold time after write I RWL 45 ns 

Ih (W-CAS) CAS hold time after write 10WL 45 ns 

IWIW) Write pulse width twp 45 ns 

Isu IR-OAS) Read setup time before CAS t ROS 0 ns 

Id IRAS-W) Delay time, ~ to write (Note 17) IRWD 120 ns 

Id ICAS-W) Delay time. LAS to write (Note 17) ICWD 60 ns 

Isu (D-W) Data-in setup time betor'e write loS 0 ns 

Ih (W-O) Q'ata-in hold time after write IDH 45 ns 

Idls (CAS) Output disable time tOFF 0 40 ns 

ta (CAS) CAS access time INote 131 t CAC 75 ns 

la (RAS) RAS access time INote 141 I RAO 150 ns 

Note 15: to RW min IS defined as to RW min ~td (RAS-W)+th (W-RAS) + tw (RASH) + 3t TLH(tTHL) 

16: to RMW min IS defined as to RMW min = ta (RAS)maX + th (W-RAS) +tw (RAS-H) + 3t TLH (tTHL) 

17: tsu (W-CAS), td (RAS-W). and td (CAS;-W) do not define the limits' of operation, but are included as electrical characteristics only. 

When tsu (W-CAS) ~ tsu (W-CAS) min. an early-write cycle is performed, and the data output keeps the high-impedance state 

When td (RAS-W) ~ td (RAS-W) min and td (CAS-W) ~ tsu (W-CAS) min a read-write cycle is performed, and the data of the selected address will 
be read out on the data output 

For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to V IH) is not defined 

Page-Mode Cycle 

Symbol Parameter 

10 POR Page-mode read cycle lime 

to POW Page-Mode ·write cycle time 

10 PORW Page·Mode read·write cycle tIme 

lcPORMW Page·Mode read-modify-write cycle time 

tw (CASH) CAS high pulse width 

Automatic Refresh Cycle 

Symbol Parameter 

10 (REF) Automatic Refresh cycle time 

Id (RAS-REF) Delay time, RAS to REF 

Iw (REFL) REF low pulse width 

Iw (REFH) RE F high pulse width 

Id (REF-RAS) Delay time. REF to AAS 

Isu (REF-RAS) REF pulse setup time before RAS 

Self-Refresh Cycle 

Symbol Parameter 

Id (RAS-REF) Delay time, .RAS to REF 

Iw (REFL) REF low pulse width 

Id (REF-RAS) Delay time, REF to RAS 

2-190 

Alternative 

Symbol 
Min 

t PO 145 

t PO 145 

- 180 

- 195 

top 60 

Alternative 

Symbol 
Min 

I FC 260 

I RFD 100 

IFP 60 

In 30 

IFSR 30 

tFRD 295 

Alternative 

Symbol 
Min 

I RFD 90 

IFBP 8000 

tFBR 
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310 

MH6404ADI-15 

Limits 

Max 

MH6404ADI-15 

Limits 

Max 

8000 

MH6404ADI-15 

Limits 

Max 

00 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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TIMING DIAGRAMS 
Read Cycle (Note 19) 

INote 18) 

~--------------------------tCR 

RAS 

w 

Q 

t->-----------------t W (RASL)---------------------<-r 

t->---------------t h (RAS- CAS )-------------------l 
--------------""\.1 r-------~ t h (RAS-CA) ---------<_~I 

VIH -

VtL ~ 

-+-++~ td(CAS-RAS) 

--__ +~~~-~I-th (CAS-RAS ) ________ ~ 
VIH --------------~~---------------~---, ~------_.I~tW(CASL)------~ ,-t---.---------------------------

I V IL - _____ ..I 

VIH -

VIL -

VOH -

COLUMN 
ADDRESS 

Lta (CAS) ---------1 

1-----_________ ta (RAS) ----------------~ 

------------ HIGH IMPEDANCE ST ATE ----------+~ 
VOL -

DATA VAliD 

ROW 
ADDRESS 

Write Cycle (Early Write) (Note 19) 

D 

Q 

V'H 

VIL -

V,H -

t->--------------------------- tcw------------------------------~ 

t->----------------- t W (RASL) ---------------------i 

______________ ~ t->---------------t h (RAS- CAS )I----------------------li 
t------ t h (RAS-CA 11------___ \ 

t->--~--- th (CAS- RAS 1'----------., 
-----t----;------ t W (CASL) ------'-1 

tW(RASH) 

VIL - ____ _ 

VIH -

VIL -

VIH -

ROW 
ADDRESS 

VIL -~~~~~~~~~~~-------~----~~~~~~~~~~~~~~~~~ .. ~ .. ~~~~ 

VIH -

VIL 

VOH -

DATA VALID 

f-------th (RAS- D ),----------~ 

VOL ------------------------HIGHIMPEDANCESTATE----------------------

• MITSUBISHI 
..... ELECTRIC 2-191 



MITSUBISHI LSls 

MH6404ADl-15 

262 144-BIT, (6S S36-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles INote 191 

w 

Q 

D 

VIH 

VIL -

VIH -

~~-----------------------------tcRw/tCRMW------------------------------------~ 

r---------------------------tW{RASL)------------------------------~ 

~-------------------------t h (RAS- CAS )----------------------------i 
"-________ t h (RAS- CA )----------; 

i-------;----------'-h (CAS- RA S) ----------------~~ 

--~_+------~----------tW(CASL)------------------i 

f--------td (CAS-W) ----~~ 

V IL -~~~C;;.l~U.U 

tdIS(CAS) -l---+~ 

VOH - II VOL _ I HIGH IMPEDANCE STATE DATA VALID 

.• ta(RAS) I I "" -======='~=?,=== VIL A~ 

RAS-Only Refresh Cycle INote 201 

RAS 

Q 

Note 18 

2-192 

VOH -

i-~--------------------tcR--------------------------~ 

~------- t W (RAS L) ---------i 

ROW 
ADDRESS 

VOL _----------------------------------HIGH IMPEDANCE STATE----~------------------------------

Note 19. REF = VIH 

20. CAS=REF=VIH, W, D=don'tcare. 
~ Indicates the don't care input 

~ The center-line indicates the high-impedance state 
A7 may be V 1H or VIL. 
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262 144-BIT (6S S36-WORD BY 4-BIT) DYNAMIC RAM 

Page-Mode Read Cycle INote 19) 

~------------------------------tW(RASL)----------------------------------~ 

VOH -
Q VOL _---HIGH IMPEDANCE STATE 

Page-Mode Write Cycle (~Jote 19) 

W 
VIH 

VIL 

D 
VIH 

VIL 

-

-

-

~ ________________________________ tW(RASL) ________________________________ ~ 
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Automatic Pulse Refresh Cycle (Multiple Pulse) (Note 211 

Id(RAS-REF) IcIREF) 

Automatic Pulse Refresh Cycle (Single Pulse) (Note 211 1, 

RAS 
V,H 

V,L 

I<-

~ Isu I REF- RAS) IdIRAS-REF) 

twl REFL) 
Id I REF-RAS) 

V,H 
REF 

V,L ~ 17;-
Self-Refresh Cycle iNote 211 

(Note 21) CAS, Addresses, 0 and Vi are don't care, 

Hidden Automatic Pulse Refresh Cycle 
READ CYCLE 

Vi 

VtH 
REF 

V,L 

ta (RAS) 

VOH 
Q 

VOL 

2-194 

twIREFL) 

REFRESH CYCLE 
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DATA VALID 

f\ 

Isu IREF-RAS) 
~--'.::==--'-"=-'"'ild IREF-RAS) 

REFRESH CYCLE 

tdls(CAS) 
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262 144·BIT (65 536·WORD BY 4.BIT) DYNAMIC RAM 

Hidden Self-Refresh Cycle INote 22) 

READ CYCLE 

W 
V,H 

V,L 

V,H 
REF 

V,L 

VOH 
Q DATA VALID 

VOL 

Note 22: If the pin 1 (REF) function is not used, pin 1 rnay be left open (not connect). 

Hidden Refresh Cycle INote 19) 

READ CYCLE 
teR 

t w ( RASL) 

tw (RASH) 

REFRESH CYCLE 

teR 

tW(RASL) 

td(CAS-RAS) 
td (RAS-CAS) th(CAS-RAS) 

W 
V,H 

V,L 

VOH 
Q 

VOL 

twICASH) 

tW(CASL) 

tsueRA-RAS) th(RAS-RA) 
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tsu (RA- RAS) 

DATA VALID 

tdls (CAS) 

REFRESH CYCLE 
tOR 

tW(RASL) 

tw (RASH) 

tdls (CAS) 
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262 144-BIT (65 536-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 

The MH6404AND1 is 65 536-word x 4 bit dynamic RAM 
and consists of four industry standard 64K x 1 dynamic 
RAMs in leadless chip carrier. 
The mounting of leadless chip carriers on a ceramic single 
in-line package provides any application where high 
densities and large quantities of memory are required. 

FEATURES 

• High speed 

Access time Cycle time Power dissipatio'n 
Type name (max) {min} Itypl 

Ins} (ns) ImWI 

MH6404ANDl-15 150 260 600 

• Utilizes industry standard 64K RAMs in leadless chip 
carriers 

• 22 pin Single In-line Package 
• Single +5V (±1 0%) supply operation 
• Low stand by power dissipation ......... 88 mW (max) 
• Low operating power dissipation: 

MH6404ANDl-15 990mW (max) 

• All inputs are directly TTL compatible 
• All outputs are three-state and directly TTL compatible 
• Includes (0.22J1F x 2) decoupling capacitors 
• 128 refresh cycles (every 2ms) A7 Pin is not need for 

refresh 

BLOCK DIAGRAM 

M5K4164AND/AD 
64K RAM 

M5K4164AND/ AD 
64K RAM 

PIN CONFIGURATION (TOP VIEW) 

NC -+ 
15VI Vee 

DATA INPUT Do -+ 
DATA OUTPUT 0 0 -~~~g~~I~~B~ESS CA.S -+ 

{ A7 
-+ 6 D 

ADDRESS A5 -+ 
~ INPUTS 

A, -+ ~ 
DATA INPUT Dt -+ ~ .. 
DATA OUTPUT Ot - z 

0 
~ 

WR ITE CONTROL W -+ 
INPUT 

At, -+ ~ ADDRESS { 
INPUTS A3 -+ ~ 

~ A6 -+ .. z 
DATA INPUT 0, - 0 

~ 

DATA OUTPUT D, -+ 0 

ADDRESS { A, -+ 17 D 
INPUTS Ao -+ 

ROW ADDRESS ~ 
STROBE INPUT RAS -+ ~ 

DATA INPUT D3 -+ ! 
DATA OUTPUT 03 - Z 

0 

IOVI Vss " 0 

Outline 22S5 

APPLICATION 

• Main memory unit for computers 
• Refresh memory for CRT 

M5K4164AND/AD 
64K RAM 

M5K4164AND/AD 
64K RAM 
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FUNCTION 

The MH6404ANDl provides, in addition to normal read, 
write, and read-modify-write operations a number of other 
functions, e.g., 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 CAS 

Read ACT ACT 

Write ACT ACT 

Read·modify-write ACT ACT 

RAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

Standby NAC ONC 

Inputs 

W 0 

NAC ONC 

ACT VLO 

ACT VLO 

ONC ONC 

ONC ONC 

ONC ONC 

Output 

Row Column Refresh Remarks 

address address 0 

APO APO VLO YES 
Page mode 

APO APO OPN YES identical 

APO APO VLO YES 

APO ONC OPN YES 

APO ONC VLO YES 

ONC ONC OPN NO 

Note ACT active, NAC nonactive, ONe don't care, VLD valid. APD applied,OPN open 

SUMMARY OR OPERATIONS 
Addressing 

To select 4 of the 262144 memory cells in the 
MH6404ANDl the 16-bit address signal must be 
multiplexed into 8 address signals, which are then latched" 
into the on-chip latch by two externaly-applied clock 
pulses. First, the negative-going edge of the row-address­
strobe pulse (RAS) latches the 8 row-address bits; next, the 
negative-going edge of the column-address-strobe pulse 
(CAS) latches the 8 column-address bits. Timing of the 
RAS and CAS clocks can be selected by either of the 
following two methods: 
1. The delay time from RAS to CAS td(RAS-CAS) is set 

between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAs)maX ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to co'lumn address. 

2. The delay time td(RAS-CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 

time. 

Data Input 

Data to be written into a selected cell is strobed by the later 
of the two negative transitions of W input and CAS input. 
Thus when the W input makes its negative transition prior 
to CAS input (early write), the data input is strobed by 

CAS, and the negative transition of CAS is set as the 
reference point for set-up and hold times. In the read-write 
or read-modify-write cycles, however, when the W input 
makes its negative transition after CAS, the W negative 
transition is set as the reference point for set-up and hold 
times. 

Data Output Control 

The outputs of the MH6404ANDl is in the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
date output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data.. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The outputs will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle. 

These output conditions, of the MH6404AND1, which 
can readily be changed by controlling the timing of the 
write pulse in a write cycle, and the width of the CAS pulse 
in a read cycle, offer capabil ities for a number of 
applications, as follows. 
1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, inputs and outputs can be connected directly to give 
a common I/O data bus. 
2. Data Output Hold 
The data outputs can be held between read cycles, without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS. 

• MITSUBISHI 
.... ELECTRIC 2-197 



MITSUBISHI LSls 

MH6404ANDl-15 

262144-BIT (65 536-WORD BY 4-BIT) DYNAMIC RAM 

3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high­
impedance state_ This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended-Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 256 column locations in a single chip_ In this 
case, RAS must be applied to all devices. 

Page-Mode Operation 

This operation allows for multiple-column addressing at the 
same row address, and eliminates the power dissipation 
associated with the negative-going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles is eliminated, thereby de­
creasing the access and cycle times_ 

Refresh 

Each of the 128 rows (Ao~A6) of the MH6404AND1 must 
be refreshed every 2 ms to maintain data_ The methods of 
refreshing for the MH6404AND1 are as follows_ 
1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 
read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom­
mended for systems which utilize "write-OR" outputs since 
output bus contention will occur. 
2_ RAS Only Refresh 
A RAS-only refresh cycle is the recommended technique 
for most applications to provide for data retention. A 
RAS-only refresh cycle maintains the outputs in the 
high-impedance state with a typical power reduction of 
20% over a read or write cycle_ 
3. Hidden Refresh 
A features of the MH6404AND1 is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle_ This feature is refered to as hidden refresh. 

Hidden refresh is performed by holding CAS at V IL and 
taking RAS high and after a specified precharge period. 
executing a RAS-only cycling, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data ports indefinitely by leaving 
the CAS asserted. In may applications this eliminates the 
need for off-chiip latches. 

Power Dissipation 

Most of the circuitry in the MH6404ANDl is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
MH6404ANDl as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 

The MH6404AND1 operates on a single 5V power supply. 
A wait of some 500,us and eight or more dummy cycles 

is necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter conditions limits 

VCC Supply voltage -1-7 

V, Input voltage With respect to VSS -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta=25"C 4000 

Topr Operating free-air temperature range 0-70 

Tstg Storage temperature range -55-150 

Tsld Soldering temperature time 260 . 10 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70"C, un'essotherwlSenoted) INote 11 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4 5 5 5.5 V 

VSS Supply voltage 0 0 0 V 

V'H High-level Input voltage, all Inputs 2.4 6.5 V 

V'L Low-level Input voltage. all Inputs -2 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) INote21 

Symbol Parameter Test conditions 
Min 

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

VOL Low"level output voltage IOL=4.2mA 0 

10Z Off-state output current Qfloatlng OV";VOUT";5.5V -10 

I, Input current OV";V,N";6.5V, All other pins -OV -40 

I CC1(AV) 
Average supply current from 

M H6404AND 1-15 
RAS, CAS cycling 

Vee, operating (Note3. 41 t eR=t cw= min, output open 

I CC2 Supply current from Vee standby RAS=V'H output open 

I CC3(AV) 
Average supply current from 

MH6404ANDI-15 
RAS cycling. CAS=V'H 

VCC, refreshing (Note 3) tC(REF) =mln. output open 

I CC4(AV) 
Average supply current from 

MH6404ANDI-15 RAS =V'L, CAS cycling 

Vee, page mode (Note3. 4) t epQ= min, output open 

C, (A) Input capacitance, address Inputs 

C, (D) I nput capacitance, data Input 
V,=VSS 

C'(W) Input capacitance. write control Input 
f=lMHz 

C, (RAS) Input capacitance. RAS input V,=25mVrms 
C, (CAS) Input capacitance. CAS Input 

Co Output capacitance Vo-Vss, f-1MHz, Vi-25mVrms 

Note 2: Current flowing Into an IC IS positive; out IS negative 
3 \ ee 1 (AV). \ CO 3(AV) and ICC 4(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate 
4' ICCI (AV) and \ e04(AV) are dependent on output loading. Specified values are obtained with the output open 
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limits 

Typ Max 

VCC 

0.4 

10 

40 

180 

16 

140 

140 

35 

10 

40 

50 

50 

15 

Unit 

V 

V 

V 

mA 

mW 

"C 

"C 

'C . sec 

Unit 

V 

V 

"A 

"A 

mA 

mA 

mA 

mA 

pF 

pF 

pF 

pF 

pF 

pF 
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262 144-BIT (6S S36-WORD BY 4-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta =O-70G C Vcc=sv ± 10% VSS=OV unless otherwise noted See notes 5 6 and 7) 

MH6404ANDI-15 

Symbol Parameter 
Alternative 

Symbol 
Limits Unit 

Min Max 

te AF Refresh cycle time I REF 2 ms 

t W (RASH) RAS high pulse width I RP 100 ns 

IW(RASL) RAS low pulse width I RAS 150 1000 ns 

t W(CASL) CAS low pulse width I CAS 75 00 ns 

I W (CASH) CAS high pulse width (Note 81 I CPN 35 ns 

th(RAS-CAS) CAS hold time after RAS I CSH 150 ns 

t h(CAS-RAS) RAS hold time after CAS I RSH 75 ns 

Id (CAS RAS) Delay time. CAS to RAS (Note 91 I CRP -20 ns 

Id (RAS-CAS) Oelay time, RAS to CAS INote 101 I RCD 30 75 ns 

I SU(RA-RAS) Row address setup time before RAS I ASR 0 ns 

t SU(CA-CAS) Column address setup time before CAS t Ase 0 ns 

t h (RAS-RA) Row address hold time after RAS t RAH 20 ns 

t" (CAS-CA) Column address hold time after CAS t CAH 25 ns 

I "(RAS-CA) Column address hold time after RAS tAR 95 ns 

t THL 
TranSition time t T 

t TLH 
3 35 ns 

Note 5 An initial pause of 50011S is required after power-up followed by any eight RAS or RAS/CAS cycles before proper device operation is achieved 

6' The switching characteristics are defined as t THL = t TLH = 5ns. 

7: Reference levels of Input signals are V,H min and V,L max. Reference levels for transition time are also between V,H and V,L. 
8 Except for page-mode. 

td (CAS-RAS) requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e .. For systems where CAS has not been decoded with RAS ) 
10 Operation within the td (RAS-CAS) max limit insures that ta (RAS) max can be met. td (RAS-CAS) max IS specified reference point only; if 

td (RAS-CAS) IS greater than the specified td eRAS-CAS) max limit, then access time IS controlled exclusively by ta (CAS). 

Id(RAS-CAS)mln = th (RAS-RA)mln + 2t THL( t TLH) + tsu (CA-CAS)min-

SWITCHING CHARACTERISTICS (Ta =O-70·C, Vcc~5V±tO%, VSs=OV, unlessotherwlSenoted) 

Read Cycle 
MH6404ANDl-15 

Symbol Parameter 
Alternative Limits 

Symbol 
Min Mox 

le R Read cycle time I RC 260 

Isu (R-CAS) Read setup time before CAS I RCS 0 

Ih (CAS-RI Read hold time after CAS INote 111 I RCH 0 

Ih (RAS-R) Read hold time after RAS INote 111 I RRH 20 

Idis (CAS) Output disable time INote 121 IOFF 0 40 

la (CAS) CAS access time (Note 13) I CAC 75 

la (RAS) RAS access time INote 141 I RAC 150 

Note 11' Either th (RAS-A) or th (CAS-R) must be satisfied for a read cycle 
Note 12 tdis(CAS) max defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL 
Note 1 3: This is the value when t d ( RAS-CAS) ~ td ( RAS- CAS) max. Test conditions; Load = 2T TL. CL = 100pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 14: ThiS IS the value when td (RAS-CAS) < td (RAS-CAS) max. When td (RAS-CAS) ~ td (RAS-CAS) max, ta (RAS) will increase by the amount that 
td (RAS-CAS) exceeds the value shown. Test conditions; load = 2T TL, CL= 100pF 

Write Cycle 

Symbol Parameter 

lew Wrrte cycle time 

tsu (W-CAS) Wrrte setup time before CAS (Note 171 

Ih (CAS-WI Write hold time after CAS 

Ih (RAS-W) Write hold time after RAS 

Ih (W-RAS) RAS hold time after wrrte 

Ih (W-CAS) CAS hold time after write 

Iw(w) Write pulse width 

ISll CD-CAS) Data-In setup time before CAS 

Ih (CAS-D) Data-In hold time after CAS 

Ih (RAS-O) Data ·In hold time after RAS 

Alternative 

Symbol 
Min 

I RC 260 

I wcs - 5 

IWCH 45 

IWCR 95 

I RWL 45 

ICWL 45 

Iwp 45 

los 0 

IOH 45 

IOHR 95 

'. MITSUBISHI 
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Limits Unit 

Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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262 144·BIT (65 536·WORD BY 4.BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

MH6404ANDl-15 

Symbol Parameter 
Alternative 

Limits 
Symbol 

Min Max 

tCRW Read-write cycle time INote 15) t RWC 280 

tCRMW Read-modify-write cycle time INote 16) t RMWC 310 

th (W- RAS) RAS hold time aher write t RWL 45 

th (W-CAS) CAS hold time after write tcwL 45 

tW(W) Wnte pulse width twp 45 

tsu (R-CAS) Read setup time before CAS t RCS 0 

td (RAS- W) Delay time, RAS to write (Note 17) t Rwo 120 

td (CAS-W) Delay time, CAS to write (Note 171 tewo 60 

tsu(O-W) Data-in setup time before write t OS 0 

Ih (W-O) Data-in hold time after write toH 45 

Idis (CAS) Output disable time t OFF 0 40 

la (CAS) CAS access time (Note 13) I CAC 75 

ta (RAS) RAS access time (Note 14) I RAC 150 

Note 15 tc RW min is defined as to RW min = td (RAS-W) + th (W-RAS) + tw (RASH) + 3t TLH (tTHL) 

16" to RMW min IS defined as tcRMW min = ta (RAS) max + th (W-RAS) + tw eRAS-H) + 3t TLH (tTHL) 

17 tsu (W-CAS), td (RAS-W), and td (CAS:W) do not define the limits ot operation, but are included as electrical characteristics only 

When tsu (W-CAS) ~ tsu (W-CAS) min, an early-write cycle is performed, and the data output keeps the high-impedance state 

Unit 

ns 

rlS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

When td (RAS-W)~ td(RAS-W)min and td (CAS-W) ~tsu (W-CAS) min a read-write cycle is performed. and the data of the selected il(jdrl)~;.'i will 

be read out on the data output 

For all conditions other tha'n those described above. the condition of data output (at access time and until CAS goes back to V 1H ) is not defined 

Page-Mode Cycle 

Symbol I Parameter 

tc PGR Page-mode read cycle time 

to POW Page- Mode write cycle 

tc PGRW Page-Mode read-write cycle time 

tCPGRMW Page-Mode read-modify-write cycle time 

tw (CASH) CAS high pulse width 

Alternative 

Symbol 

I PC 

I PC 

-

-

Icp 

• MITSUBISHI 
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Limits 

Min Max 

145 

145 

180 

195 

60 

Unit 

ns 

ns 

ns 

ns 

ns 
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TIMING DIAGRAMS [Nole 18} 

Read Cycle 
~~--------------------------tCR 

w 

Q 

V,H -
VIL - ____ -' 

~~--------------~-tW(RASLJ--------------------~ 

~~--------_______ t h (RAS- CAs}---------------------f 

- -- th (RAS- CA) --------~._II 

I 
-+-~------- t h (CAS-RAS)---------~ 

~------~-twICASL)--------_~ ,-+--~------------------___ 

COLUMN 
ADDRESS 

L-taICASJ------< 

~---------------ta[RASJ----------------~~ 

ROW 
ADDRESS 

---------------------HIGHIMPEDANCESTATE--------------~~~ DATA VALID 

Write Cycle (Early Write) 

RAS 

W 

0 

Q 

2-202 

~~-------------------------tcw ----------------------------------1 

V,H -

1-------------------tW(RASLJ---------------------~ 

____________ ,1 ~-----------------th(RASI-CASJ------------------.. _I1 
I----th (RAS-CAl . 

~+H--td ICAS-RASJ 1---'----th(CAS-RASJ---------'-~ 

td (RAS- CASJ --~-+---;----- t W (CASU ---__ _I 

V,L - _____ -' tW(CASH) 

V ,H -

V,L -

-\ 

V ,H 
DATA VALID 

VIL 

th (RAS-OJ 

VOH 

VOL 
HIGH IMPEDANCE STATE 

~ MITSIjBISHI 
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ROW 
ADDRESS 
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262 144-BIT (65 536-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

RAS 

CAS 

AO-A7 
V ,H -

V,L -

W 
V ,H -

V,L -

Q 
VOH -

D 

~~----------------tCRW/tORMW------------------~ 

~-------------tW(RASL)--------------~ 

>-_____________ t h (RAS-CAS)----------------I 

>-_____ th (RAS- CAl -------il 
~--__c-----t h (CAS- RAS) ---------~ 

-~_t_~--_c_------t W (CASU -----------1 

td (CAS-W) 

L,,,"", , 
tdls (CAS) 

II DATA VALID 

RAS-Only Refresh Cycle (Note 19) 

RAS 

Q 

Note 18 

V ,H 

V IL - .. ..lI:..l~..lI:..l ......... :oui ....... J 

r------------tcR--------------~ 

~_----t W (RAsL)------i 

ROW 
ADDRESS 

----------------------------------HIGH IMPEDANCE STATE------------------------------------

~ Ind'cates the don't cate ,nput 
Note 19 

~ The '.entet·l,ne 'ndt<ates the h'gh·uneedan,e state 

CAS = VIH, Vi, 0 = don't care. 

A7 may be V 1H or VIL. 
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262 144-BIT (65 536-WORD BY 4-BIT) DYNAMIC RAM 

Page-Mode Read Cycle 

~------------------------------tW(RASLl--------------------------~------~ 

CAS 

VOH -
Q VOL _-HIGH IMPEDANCE STATE 

w 

Page-Mode Write Cycle 

V,H 
RAS V,L 

V,H 
CAS 

V,L 

Ao- A7 
V,H 
V,L 

W 
V,H 

V,L 

0 
V,H 

V,L 

2-204 

-

-

-
-

~----~--------------------------tW(RASLl------------------------------~~ 

th(RAS.CASlj 

th(RAS-CAli 

I 
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V,H 
W 

V,L 

VOH 
Q 

VOL 
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262 144-BIT (65 536-WORD BY 4-BIT) DYNAMIC RAM 

READ CYCLE 

teR 

tw ( RASL) 

td (CAS~RAS) 

tw (RASH) 

REFRESH CYCLE 

teR 

tW(RASL) 

REFRESH CYCLE 
teR 

twl RASL) 

td(RAS~CAS) thlcAS~RAS) 
twl CASU 

tW(CASH) 

tSU(RA~RAS) th(RAS~RA) 

• MITSUBISHI 
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tSU(RA~RAS) th(RAS~RA) 

tdls ICAS) 

DATA VALID 
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524 288-BIT(65 536-WORD BY 8-BIT)DYNAMIC RAM 

DESCRIPTION 

The MH6408AD is 65536 word x 8 bit dynamic RAM and 
consists of eight industry standard 64K x 1 dynamic RAMs 
in leadless chip carrier. 

The mounting of leadless chip carriers on a ceramic 
single in-line package provides any application where high 

densities and large quantities of memory are required. 

FEATURES 

• Performance ran ges 

Access time Cycle time Power dissipation 
Part No. (max) (min) (typl 

(ns) (ns) ImWI 

MH6408AO-15 150 260 1200 

• Utilizes industry standard 64K RAMs in leadless chip 
carriers 

• 30 pins Single In-line Package 

• Single +5V (±1 0%) supply operation 
• Low standby power dissipation 176mW(max) 

• Low operating power dissipation: 

MH6408AD-15 1.9W (max) 

• All inputs are directly TTL compatible 
• All outputs are three-state and directly TTL compatible 

• Includes (O.22}.LF x 6) decoupling capacitors 
• 128 refresh cycles (every 2ms) A7 Pin is not need for 

refresh 
• Pin 13 controls automatic - and self-refresh mode. 

APPLICATION 

• Main memory unit for computers 

• Refresh memory 

BLOCK DIAGRAM 
Do Qo Dt 
14 - 22 15 - 23 16 - 24 17 - 25 

I M5K4164AO M5K4164AO M5K4164AO M5K4164AO 

f t 

18 

PIN DONFIGURATION (TOP VIEW) 

(OVI 
ROW ADDRESS 
STROBE INPUT 
COLUMN ADDRESS 
STROBE INPUT 
WRITE CONTROL 
INPUT 

ADDRESS 
INPUTS 

REFRESH 
INPUT 

DATA INPUT 

DATA INPUT 

DATA INPUT 

DATA INPUT 

DATA INPUT 

DATA INPUT 

DATA INPUT 

DATA INPUT 

DATA OUTPUT 

DATA OUTPUT 

DATA OUTPUT 

DATA OUTPUT 

DATA OUTPUT 

DATA OUTPUT 

DATA OUTPUT 

DATA OUTPUT 

(5V) 

Vss 
RAS -CAS -W -Ao -At -A2 -A3 -A, -As -A6 -A7 -REF -Do -Dt -D2 -D3 -D4 -Ds -D6 -D7 -Qo -Qt -Q2 -Q3 -Q, -Qs -Q6 -Q7 -Vee 

Outline 30S5 

Ds Qs D6 Q6 
- 26 19 - 27 20 - 28 

III 
8 G 

TIJ 11 A .... 
12 Q; .... 
13 » 

0 
14 

15 

G 16 

lIJ 19 :!: 
'" 20 ... » 

21 0 

23 G 

IlJ 26 A ... 
21 g; ... 
28 » 

0 
29 

D7 
21 - 29 

M5K4164AoI M5K4164AO II M5K4164AO II M5K4164AO I 

t t t 

I 

I 

L@-- i' 4 ~----llJ 
RAS CAS 
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524 288.BIT(65 536·WORD BY 8.BIT)DYNAMIC RAM 

FUNCTION 

The MH6408AD provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 

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

Table 1 Input conditions for each mode 

Operation 
RAS CAS W 

Read ACT ACT NAC 

Write ACT ACT ACT 

Read-modify-wrile ACT ACT ACT 

R"AS·only refresh ACT NAC ONC 

Hidden refresh ACT ACT ONC 

Automatic refresh NAC ONC ONC 

Self refresh NAC ONC ONC 

Hidden automatic refresh NAC ACT ONC 

Hidden self refresh NAC ACT ONC 

Standby NAC ONC ONC 

Inputs 

0 

ONC 

VLO 

VLO 

ONC 

ONC 

ONC 

ONC 

ONC 

ONC 

ONC 

Output 

Row Column Refresh Remarks 

address address REF Q 

APO APO NAC VLO YES 
Page mode 

APO APO NAC OPN YES identical except 

APO APO NAC VLO YES 
refresh is NO 

APO ONC NAC OPN YES 

APO ONC NAC VLO YES 

ONC ONC ACT OPN YES 

ONC ONC ACT OPN YES 

ONC ONC ACT VLO YES 

ONC ONC ACT VLO YES 

ONC ONC NAC OPN NO 

Note: ACT: active, NAC: nonactive, DNe: don't care, VLD: valid, APO: applied, OPN: open. 

SUMMARY OF OPERATIONS 
Addressing 

To select 8 of the 524288 memory cells in the MH6408AD 
the 16-bit address signal must be multiplexed into 8 address 
signals, which are then latched into the on-chip latch by 
two externally-applied clock pulses. First, the negative­
going edge of the row-address-strobe pulse (RAS) latches 
the 8 row-address bits; next, the negative-going edge of the 
column-address-strobe pulse (CAS) latches the Ii column­
address bits. Timing of the RAS and CAS clocks can be 
selected by either of the following two methods: 
1. The delay time from RAS to CAS td(RAS-CAS) is set 

between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAS)max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time td(RAS-CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time. 

Data Input 
Date to be written into a selected cell is strobed by the later 
of the two negative transitions of W input and CAS input. 
Thus when the W input makes its negative transition prior 
to CAS input (early write l. the data input is strobed by 
CAS, and the negative transition of CAS is set as the 

reference point for set-up and hold times. In the read-write 
or read-modify-write cycles, however, when the W input 
makes its negative transition after CAS, the W negative 
transition is set as the reference point for serup and hold 
times. 

Data Output Control 

The outputs ~he MH6408AD are in the high-impedance 
state when C'As is high. When the are memory cycle in 
progress is a read, read-modify-write, or a delayed-write 
cycle, the data output will go from the high-impedance 
state to the active condition, and the data in the selected 
cell will be read. This data output will have the same 
polarity as the input data. Once the outputs entered the 
active condition, this condition will be maintained until 
CAS goes high, irrespective of the condition of RAS. 

The outputs will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle. 

These output conditions, of the MH6408AD, which can 
readily be changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer capabilities for a number of applications, 
as follows. 
1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, inputs and outputs can be connected directly to give 
a common I/O data bus. 
2. Data Output Hold 
The data outputs can be held between read cycles, without 
lerigthening the cycle time. This enebles extremely flexible 
clock-timing settings for RAS and CAS. 

• MITSUBISHI 
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3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high­
impedan'ce state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended-Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 256 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Page-Mode Operation 

This operation allows for multiple-column addressing at the 
same row address, and eliminates the power dissipation 
associated with the negative-going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles is eliminated, thereby de­
creasing the access and cycle times. 

Refresh 

Each of the 128 rows (Ao ~ A6 ) of the M H6408AD must be 
refreshed every 2 ms to maintain data. The methods of 
refreshing for the MH6408AD are as follows. 
1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 
read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom­
mended for systems which utilize "wire-OR" outputs since 
output bus contention will occur. 
2. RAS Only Refresh 
A RAS-only refresh cycle is the recommended technique 
for most applications to provide for data retention. A 
RAS-only refresh cycle maintains the outputs in the 
high-impedance state with a typical power reduction of 
20% over a read or write cycle. 
3. Automatic Refresh 
Pin 13 (REF) has two special functions. The MH6408AD 
has a refresh address counter, refresh address multiplexer 
and refresh timer for these operations. Automatic refresh is 
initiated by bringing REF low after RAS has precharged 
and is used during standard operation just like RAS-only 
refresh, except that sequential row addresses from an 
external counter are no longer necessary. 

At the end of automatic refresh cycle, the internal 
refresh address counter will be automatically incremented. 
The output state of the refresh address counter is initiated 
by some eight REF, RAS or RAS/CAScycle after power is 
aapplied. Therefore, a special operation is not necessary to 
initiate it. 

RAS must remain inactive during REF activated cycles. 
Likewise, REF must remain inactive during RAS generated 
cycle. 

4. Self- Refresh 
The other function of pin 13 (REF) is self-refresh. Timing 

for self-refresh is quite similar to that for automatic refresh. 
As long as RAS remains high and REF remains low, the 
MH6408AD will refresh itself. This internal sequence re­
peats asynchronously every 12 to 16tls. After 2ms, the on­
chip refresh address counter has advanced through all the 
row addresses and refreshed the enti re memory. Self-refresh 
is primarily intended for trouble free power-down opera­
tion. 

For example, when battery backup is used to maintained 
data integrity in the memory. REF may be used to place 
the device in the self-refresh mode with no external timing 
signals necessary to keep the information alive. 

In summary, the pin 13 (REF) refresh function gives the 
user a feature that if free, save him hardware on the board, 
and in fact, will simplify his battery backup procedures, 
increase his battery life, and save him overall cost while 
giving him improved system performance. 

There is an internal pullup resister (""3MD) on pin 13, so 
if the pin 13(REF) function is not used, pin 1 may be left 
open (not connect) without affecting the normal opera­
tions. 
5. Hidden Refresh 
A features of the MH6408AD is that refresh cycle may be 
performed while maintaining valid data at the output pins 
by extending the CAS active time from a previous memory 
read cycle. This feature is refered to as hidden refresh. 

Hidden refresh is performed by holding CAS at V1L and 
taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, automatic refresh and 
self-refresh, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data ports indefinitely by leaving 
the CAS, asserted. In many applications this eliminates the 
need for off-chip latches. 

Power Dissipation 

Most of the circuirty in the MH6408AD is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
MH6408AD as chip·select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Su ppl ies 

The MH6408AD operates on a single 5V power supply. 
A wait of some 500tls and eight or more dummy cycle is 

necessary after power is applied to the device before 
memory operation is achieved. 

2-208 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Paramater Conditions Limits 

VCC Supply voltage -1-7 

V, I npu t voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 QU1Put current 50 

Pd Power dissipation Ta =25'C 8000 

Topr Operating free-air temperature range 0-70 

Tstg Storage temperature range -55-150 

T sid Soldering temperature'time 260 • 10 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C. unlessotherwlSenoted)INote11 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voitage 4.5 5 5.5 V 

VSS Supply voltage 0 0 0 V 

V'H High level input voltage, all inputs 2.4 6.5 V 

V'L Low-level input voltage, a1\ inputs -2 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 21 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

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

VOL Low-level output voltage IOL=2.1mA 0 0.45 

102 Off-state output current Q floating OV ~VOUT ~5 5V -80 80 

I, Input current OV :;;;V'N ~6. 5V, All other pins = OV -80 80 

ICCt(AVI 
Average supply current from Vee, 

MH6408AD-15 
RAS, CAS cycling 

360 operating (Note 3, 4) t OR = t OW = min, output open 

ICCl Supply current from Vee, standby RAS=V'H output open 32 

ICC3(AV) 
Average supply current from Vee, RAS cycling CAS=V,H 

MH6408AD-15 280 
refreshing (Note 3) t OCREF)= min, output open 

I CC4(AV) 
Average supply current from Vee, 

MH6408AD-15 
RAS =V'L, CAS cycling 

280 
page mode (Note 3, 4) t OPG = min, output open 

I CC5(AV) 
Average supply current from Vee. 

MH6408AD-15 
RAS=V'H, REF cycling 

280 
automatic refreshing (t\.lote 3) to (REF) = min, output open 

I CCG (AV) Average supply current from Vee, self refreshing 
RAS =V'H, REF = V'L 
output open 64 

C, (A) Input capacitance, address inputs 70 

C, (01 I nput capacitance, data input V,=VSS 30 

C'(W) Input capacitance, write control input f=1MHz 80 

C, (RAS) Input capacitance, RAS input V,=25mVrms 100 

C, (CAS) Input capacitance, CAS input 100 

C, (REFI Input capacitance, REF input 100 

Co Output capacitance VO=VSS, f= 1MHz, V,=25mVrms 30 

Note 2. Current flowing into an IC is positive; out is negative. 
3. 1001 (AV). I CO 3(AV). IOC4(AV) and I co 5 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

4. I co 1 (AV) and 1004 (AY) are dependent on output loading. Specified values are obtained with the output open. 
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S24 288-BIT(6S S36-WORD BY 8-BIT)DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta = a -70°C. Vee = SV ± 10%. Vss = OV, unless otherwise noted, See notes 5, 6 and 7) 

MH6408AD-15 
Alternative 

Unit Symbol Parameter Limits 
Symbol 

Min Max 

IORF Refresh cycle time I REF 2 ms 

I WIRASH) RAS high pulse width IRP 100 ns 

IWIRASL) RAS low pulse width I RAS 150 10000 ns 

IWICASL) CAS low pulse width I CAS 75 00 ns 

I WICASH) CAS high pulse Width INote 81 ICPN 35 ns 

t h (RAS-CAS) CAS hold time after RAS ICSH 150 ns 

'h ICAS-RAS) RAS hold time after CAS I RSH 75 , ns 

Id ICAS- RAS) Delay time, CAS to RAS INote9) ICRP -20 ns 

I d IRAS-CAS) Delay time, RAS to CAS INote 101 I ACO 30 100 ns 

I su IRA-RAS) Row address setup time before RAS IASR 0 ns 

I su ICA-CAS) Column address setup time before CAS IASC 0 ns 

IhIRAS-RA) Row address hold time after RA'S I RAH 20 ns 

I h ICAS-CA) CohJrnn address hold time after CAS ICAH 25 ns 

I h IRAS-CA) Column address hold-time after RAS IAR 95 ns 

I THL 
TranSition time IT 3 

I TLH 
35 ns 

Note 5, An initial pause of 500~s IS required after power-up followed by a.ny eight REF, RAS or RAS/CAS cycles before proper deVice operation is achieved. 
6 The sWitching characteristiCS 3re defined as t THL =t TLH =5n5. 
7. Reference levels of input Signals are VIH min. and VIL max Reference levels for transition time are aiso between V 1H and VIL. 

8. Except for page· mode. 

9. td~CAS.RAS) requirement IS only applicable for RAS/CAS cycles preceeded by a CAS only cycle (I.e., For systems where CAS has not been decoded with RAS) 

10. Operation within the td (RAS-CAS) max limit Insures that ta (RAS) max can be met. td (RAS.CAS)maX IS specified reference point only. if 
td (RAS-CAS) IS greater than the specified td (RAS-CAS) max limit. then access time is controlled exclusively by taICAS)-

td (RAS'CAs)mln = th (AAS-RA)mm +-2t THL(t Tu-d + t su (CA-CAS)mln. 

SWITCHING CHARACTERISTICS (Ta=O-10'C, Vcc=5V ± 10%, VSs=OV, unless otherwise noted) 

Read Cycle 
MH6408AD-15 

Alternative 
Symbol Parameter Limits 

Symbol 
Min 

lOA Read cycle time IRC 260 

Isu IR-CAS) Read setup time before CAS I RCS 0 

Ih ICAS-R) Read hold time after CAS INote 111 I RCH 0 

IhIRAS-RI Read hold time after RAS INote 111 IRRH 20 

Idls ICAS) Output disable time INote 121 IOFF 0 

la ICAS) CAS at.:cess time INote 131 'CAC 

la IRAS) RAS access time INote 141 IRAC 

Note 11 Either th (RAS-R) or th (CAS-R) must be satisfied for a read cycle 
Note 12 tdis (C AS) max defines the time at which the output achieves the open ClfCUlt condition and IS not reference to VOH or VOL 

Note 13. This is the value when td (RAS-CAS) ~ td (RAS-CAS) max. Test conditions; Load=2T TL. CL= 100pF 

Max 

40 

75 

150 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 14 ThiS IS the value when td (RAS-CAS) < td (RAS-CAS) max. When td (RASwCAS) ~ td (RAS-CAS) max, ta (RAS) Will Increase by the amount that 
td (RAS-CAS) exceeds the value shown. Test conditions; Load=2T TL. CL= 100pF 

Write Cycle 

Symbol Parameter 

loW Write cycle time 

Isu IW-CAS) Write setup time before CAS 

Ih (CAS-W) Write hold time after CAS 

Ih IRAS-W) Write hold time after RAS 

Ih IW-RAS) FfA5"hold time after write 

Ih IW-CAS) CAS hold time after write 

IWIW) Write pulse width 

Isu (D-CAS) Data-in setup time before ~ 

Ih ICAS-O) Data-in hold time after CAS 

Ih (RAS-O) Data-in hold time after ~ 

2-210 

Alternative 

Symbol 

IRC 

INote 171 IwCS 

IWCH 

IWCA 

IAWL 

ICWL 

Iwp 

los 

IOH 

IOHR 
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524 288-BIT(65 536-WORD BY 8-BIT)DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

MH6408AD-15 
Alternative 

Symbol Parameter Limits 
Symbol 

Min Max 
r--------~ ~ ~ 

tCRw Read-write cycle time (Note 15) IRwc 280 

tCRMW Read-modify-write cycle time (Note 16) t AMwC 310 

Ih (W~RAS) RAS hold time after write I RWL 45 

Ih (W~CAS) CAS hold time after write ICWL 45 

Iw(w) Write pulse width Iwp 45 

tsu (R-CAS) Read setup time before CAS I RCS 0 

Id (RAS~ w) Delay time, RA"5 to write INote 17) I RWO 120 

Id (CAS~W) Delay time, CAS to write (Note 17) IcwO 60 

Isu (O-W) Data-in setup time before write lOS 0 

Ih (W-D) Data-in hold time after write IOH 45 

Idls (CAS) Output disable time IOFF a 40 

la (CAS) CAS access time INote 13) ICAC 75 

la (RAS) RAS access tima INote 14) I RAC 150 

Note 15 tCRW min IS defined as ICRWmin~td(RAS-W)+lh(W-RAS)+lw(RASH)+3ITLH(tTH0 

16 tc AMW min IS defined as to RMW min = ta (RAS )max + th (W-RAS) + tw (RAS-H) + 3t TLH (tTHL) 

17 tsu (W~CAS). td (RAS~W), and td (CAS: W) do not define the limits of operation. but are included as electrical characteristics only 

When tsu (W-CAS) ~ tsu (W-CAS) min, an early-write cycle is performed. and the data output keeps the high.impedance state 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

When td (RAS-W) ~ td (RAS-W) min and td (CAS-W) ~ tsu (W-CAS) min a read-write cycle is performed. and the data of the selected address will 

be read out on the data output 

For all conditions other than those described above. the condition of data output (at access time and until CAS goes back to V IH ) is not defined 

Page-Mode Cycle 

Symbol Parameler 

Ie PGR Page-mode read cycle time 

Ic PGW Page-Mode write cyc:e time 

Ic PGRW Page-Mode read-write cycle time 

t.c PGRMW Page-Mode read-modify-write cycle time 

Iw (CASH) CAS high Dulse width 

Automatic Refresh Cycle 

Symbol Parameter 

Ic IREF) Automatic Refresh cycle time 

Id IRAS-REF) Delay lime. RAS to REF 

IW(REFL) REF low pulse width 

tw (REFH) REF high pulse width 

Id (REF-RAS) Delay time. REF to RAS 

Isu (REF-RAS) REF pulse setup time before RAS 

Self-Refresh Cycle 

Symbol Parameter 

Id (RAS-REF) Delay time, RAS to REF 

Iw (REFL) REF low pulse width 

Id (REF~RAS) Delay time. REF to RAS 

Alternative 

Symbol 

Ipc 

Ipc 

-

-

tcp 

Alternative 

Symbol 

I FC 

I RFO 

I FP 

IFI 

I FSR 

IFRO 

Alternative 

Symbol 

t RFO 

IFBP 

IFBR 
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Limits 

Min Max 

145 

145 

180 

195 

60 

MH6408AD-15 

Limits 

Min Max 

260 

100 

60 8000 

30 

30 

295 

MH6408AD-15 

Limits 

Min Max 

100 

8000 00 

295 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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TIMING DIAGRAMS 
Read Cycle INote 191 

(Note 18) 

~~------------------------tCR 

Vi 

Q 

V,H -

V,L -

V,H 

~~----------------tW(RASL)------------------~~ 

I-----------------t h (RAS- CAS )------------'------~ 

-----_1 t--------th (RAS-CAJ----I", 

_____ -+---------'I- th (CAS-RASJ-------~ 
-----~t+------~--~ t-------~tWICASL) __ ---~ ,.+-~~----------------

V,L - ______ J 

VOH -

COLUMN 
ADDRESS 

f----------ta (RAS) ----------------1 

------------------HIGH IMPEDANCE STATE ---------_+'~ 
VOL -

DATA VALID 

Write Cycle (Early Write) INote 191 

Vi 

o 

Q 

2-212 

r---~------------ tcw---------------~ 
~---------tW(RASL)-----------_1 

-----..,.1 1---------th(RAS CAS)-----------~I 
t----th(RAS-CA) -I 

V,H -

V,L - ____ .J 

V,H -

V,L -~~~~~~~~~~~ __________ ~ ____ ~~~~~~~~ .. ~~~~~~~~~~~~~~ 

t--------th (RAS-D )-------1 

VOH -
VOL ---------------------------HIGH IMPEDANCE STATE--------------------------------
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Read-Write and Read-Modify-Write Cycles (Note 191 

AD- A 7 
V,H -

Vi VIH -

VIL -

Q 
VOL 

D 

r. __ --------------------------------�CRW/�cRMW------------------------------------__ ., 

~----------------------------IW(RASL)------------------------------.., 

r. __ -------------------------1h (RAS-CAS)-----------------------------1 

1--__ ------1 h (RAS- CA) -----------11 
~------~---------lh(CAS-RAS)------------------~ 

-----+------~-----------lw(CASLI------------------"1 

I Id(RAS- W I 

I Id (CAS-W) 

L <""" Idls(CAS) 

RAS-Only Refresh Cycle (Note 201 

Q 

Note 18 

VOH -

r.------------------------1CR----------------------------__ 

~-------- 1 W (RASL) --------_ 

1 h (RAS-RA) 

ROW 

ADDRESS 

~---------IW(RASH)--------~ 

VOL --, ------------------------------------HIGH IMPEDANCE STATE--------------------------------------

~ Indicates the don't care Input 
Note 19, REF = V,H 

20 CAS~-REF=V'H, W, A7, D=don'tcare, 

~ The center-line Indicates the high-Impedance state 
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Page-Mode Read Cycle (Note 191 

Q 

V,H 

V,L -

VOH 

VOL 

V,H 

V,L 

~------------------------------tW(RASL)----------------------------------~ 

th(RAS-CAS)~ 

th(RAS-CA)--j I 

td (CAS-RAS)i-1 _---;-­

td (RAS-CAS) 

---HIGH IMPEDANCE STATE 

Page-Mode Write Cycle (Note 19) 

RAS 

AD-A, 

IN 

D 

2-214 

V,H 

V,L -

V,H 

V,L 

V,H 

VtL 

V,H 

V,L 

-
-

-
-

r---------------------------------tW(RASL)--------------------------------~ 

th (RAS-CAS)----, 

th(RAS-CA)i I 

td (CAS-RAS) 
>----'--
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Automatic Pulse Refresh Cycle (Multiple Pulse) INote 211 

IdIRAS-REFI 

Automatic Pulse Refresh Cycle (Single Pulse) INote 211 

IdIRAS-REF) 

REF 

Self-Refresh Cycle INote 211 

V ,H -

V,L -

Note 21, CAS. Addresses, 0 andWare don't care. 

Hidden Automatic Pulse Refresh Cycle 
READ CYCLE 

V,H 
REF 

V,L 

laIRAS) 

VOH 
Q 

VOL 

Isu I REF-RAS) 

IwIREFL) 

IwIREFL) 

REFRESH CVCLE 

• MITSUBISHI 
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I---==-=---'--=-~Id I REF - RAS) 

td I REF - RAS) 

REFRESH CVCLE 

Idls(CAS) 

DATA VALID 
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Hidden Self-Refresh Cycle (Note 221 

Q 
VOH 

VOL 

READ CYCLE 

Note 22. If the pin 13 (REF) function is not used, pin 13 may be left open (not connect). 

Hidden Refresh Cycle (Note 191 

READ CYCLE 

lOR 

twIRASL) 

Iw (RASH) 

REFRESH CYCLE 

lOR 

IwIRASL) 

Id(CAS-RAS) 
td I RAS-CAS) thlcAS-RAS) 

W 
V,H 

V,L 

VOH 
Q 

VOL 

2-216 
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twICASL) 

tsuIRA-RAS) thIRAS-RA) Isu I RA- RAS) 

DATA VALID 
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DESCRIPTION 
The MH6408AND is 65536 word x 8 bit dynamic RAM 
and consists of eight industry standard 64K x 1 dynamic 
RAMs in leadless chip carrier. 
The mounting of leadless chip carriers on a ceramic single 
in-line package provides any application where high den­
sities and large quantities of memory are required. 

FEATURES 
• Performance ranges 

Access time Cycle time Power dissipation 
Type name ~max) (min) Itypl 

~nsl Insl ImWI 

MH6408AND-15 150 260 1200 

• Utilizes industry standard 64K RAMs in leadless chip 
carriers 

• 30 pins Single In-line Package 
• Single +5V (±10%) supply operation 
• Low standby power dissipation 176mW(max} 
• Low operating power dissipation: 

MH6408AND-15 1.9W (max) 
• All inputs are directly TTL compatible 
• All outputs are three-state and directly 
• All outputs are three-state and directly TTL compatible 
• Includes (0.22J,1F x 6) decoupling capacitors 
• 128 refresh cycles (every 2ms) A7 Pin is not need for 

refresh 

APPLICATION 
• Main memory unit for computers 
• Refresh memory 

BLOCK DIAGRAM 

Do Qo D2 Q2 

1- 14 22 - IS 23 - 16 24 - 17 25 

I 

M5K4164AND/AD M5K4164AND/AD M5K4164AND/ AD M5K4164AND/AD 

I 1 

-

PIN CONFIGURATION (TOP VIEW) 

18 26 

ADDRESS 
INPUTS 

Ao 

At 

A2 

A3 

A4 

As 

A6 

A7 

NC 

DATA INPUT Do 

DATA INPUT D, 

DATA INPUT D2 

DATA INPUT D3 

DATA INPUT D4 

DATA INPUT Ds 

DATA INPUT D6 

DATA INPUT D7 

DATA OUTPUT Qo 

DATA OUTPUT Ql 

DATA OUTPUT Q 2 

DATA OUTPUT Q 3 

DATA OUTPUT Q4 

DATA OUTPUT Q 5 

DATA OUTPUT Q 6 

DATA OUTPUT Q 7 

!5VI Vee 

---------------------------
Outline 3085 

DS Qs D6 

- 19 27 - 20 28 

M5K4164AND/AD M5K4164AND/AD M5K4164AND/AD 

~ 

~ 
; 
z c ,.. 
c 

8 G 
~ 
~ 
~ ,. 
z c 
);-
c 

15 G 16 

~ 
~ 

~ z 
~ ,. 
c 

23 G 
~ 
~ 
~ ,. 
z c ,.. 
c 

- 21 29 

M5K4164AND/ AD 

i 

I 

I 

I 

I 

-~-J-jJ 2 - 3 - 4 
~- - -

RAS CAS w 
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FUNCTION 

The MH6408AND provides, in addition to normal read, 
write, and read-modify~write operations, a number of other 
functions, e_g_, 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 CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify·write ACT ACT 

RAS-only refresh ACT NAC 

Hidden .refresh ACT ACT 

Standby NAC ONC 

Inputs 

W 0 

NAC ONC 

ACT VLO 

ACT VLO 

ONC ONC 

ONC DNC 

ONC ONC 

Output 

Row Column Refresh Remarks 

address address 0 

APO APO VLO YES 
Page mode 

APO APO QPN YES identical except 

APO APO VLO YES 
refresh is NO 

APO ONC QPN YES 

APO ONC VLO YES 

ONC ONC OPN NO 

Note: ACT: active, NAC: nonactive, ONe: don't care, VLO: valid. APD: applied, OPN: open. 

SUMMARY OF OPERATIONS 
Addressing 
To select 8 of the 524288 memory cells in the MH6408-
AND the 16-bit address signal must be multiplexed into 8 
address signals, which are then latched into the on-chip 
latch by two externally-applied clock pulses. First, the 
negative-going edge of the row-ad dress-strobe pulse (RAS) 
latches the 8 row-address bits; next, the negative-going edge 
of the column'address-strobe pulse (CAS) latches the 8 
column-address bits. Timing of the RAS and CAS clocks 
can be selected by either of the following two methods. 

1. The delay time from RAS to CAS td (RAS-CAS)is set 
between the minimum and maximum values of the 
limits. In This case, the internal CAS control signals are 
inhibited almost until td (RAS-CAS) max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to column address. 

2. The delay time td (RAS-CAS) is set larger than the 
maximum value of the limits. In this case the internal 
inhibition of CAS has already been released, so that the 
internal CAS control signals are controlled by the 
externally applied CAS, which also controls the access 
time. 

Data Input 
Data to be written into a selected cell is strobed by the later 
of the two negative transistons of W input and CAS input. 
Thus when the W input makes its negative transition prior 
to CAS input (early write l. the data input is strobed by 
CAS, and the negative transition of CAS is set as the 

reference point for set-up and hold times. In the read-write 
or read-modify-write cycles, however, when the W input 
makes its negative transition after CAS, the W negative 
transition is set as the reference point for setup and hold 
times. 

Data Output Control 
The outputs of the MH6408AND are in the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active con­
dition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The outputs will remain in the high-impedance state 
throughout the entire cycle in an early-write cycle. 

These output conditions, of the MH6408AND, which 
can readily be changed by controlling the timing of the 
write pulse in a write cycle, and the width of the CAS pulse 
in a read cycle, offer capabilities for a number of applica­
tions, as follows. 
1_ Common I/O Operation 
If all write operations are performed in the early-write 
mode, inputs and outputs can be connected directly to give 
a common I/O data bus. 
2. Data OUtput Hold 
The data outputs can be held between read cycles, without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS. 

2-218 
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3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high· 
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended-Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 256 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Page-Mode Operation 
This operation allows for multiple-column addressing at the 
same row address, and eliminates the power dissipation 
associated with the negative-going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles is eliminated, thereby de­
creasing the access and cycle times. 

Refresh 
Each of the 128 rows (Ao-A6 ) of the MH6408AND must 
be refreshed every 2 ms to maintain data. The methods of 
refreshing for the MH6408AND are as follows. 
,_ Normal Refresh 

Read cycle and Write cycle (early write, delayed write or 
read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 
write, or read-modify-write cycle for refresh is not recom­
mended for systems which utilize "write-OR" outputs since 
output bus contention will occur. 
2_ RAS Only Refresh 

A RAS-only refresh cycle is the recommended technique 
for most applications to provide for data retention. A 
RAS-only refresh cycle maintains the outputs in the 
high-impedance state with a typical power reduction of 
20% over a read or write cycle. 
3. Hidden Refresh 

A features of the MH6408AND is that refresh cycles 
may be performed while maintaining valid data at the out­
put pin by extending the CAS active time from a previous 
memory read cycle. This feature is refered to as hidden 
refresh. 

Hidden refresh is performed by holding CAS at VIL and 
taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data ports indefinitely by leaving 
the CAS asserted. In many paalications this eliminates the 
need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the MH6408AND is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
MH6408AND as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The MH6408AND operates on a single 5V power supply. 

A wait of some 500ps and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Paramater Conditions Limits 

VCC Supply voltage -1-7 

V, Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta=2S'C 8000 

Topr Operating free-air temperature range 0-70 

Tstg Storage temperature range -55-150 

Tsld Soldering temperature"time 260' 10 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C. unlessotherwisenoted)INotell 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

V'H High level input voltage, all inputs 2.4 6.5 V 

V'L Low-level input voltage, all inputs -2 0.8 V 

Note 1. All IIoltage values are With respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta =0 -70·C. Vcc=5V ± 10%. Vss=OV. unless otherwise noted) INote 2) 

Symbol Parameter Test conditions 
Min 

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

VOL Low-level output voltage IOL=2.1mA 0 

102 Off -state output current Q floating OV ~VOUT ~5.5V -80 

I, Input current OV~V'N~6.5V. All other pins = OV -80 

ICC1(AV) 
Average supply current from Vee, RAS.CAS cycling 

operating (Note 3, 4) 
MH6408AND-15 

t CR = t cw = min, output open 

ICCl Supply current from Vee, standby RAS =VIH output open 

Average supply current from Vee, RAS cycling CAS=V'H 
ICCJ(AV) MH6408AND-15 refreshing INote 3) t C(AEF)= min, output open 

ICCC(AV) 
Average supply current from Vee. 

MH6408AND-15 
RAS =V'L. CAS cycl"lng 

page mode INote 3, 4) t cpa = min, output open 

C, (A) Input capacitance, address inputs 

C, (D) Input capacitance, data input V,=Vss 

C, (W) Input capacitance, write control input f=lMHz 

C, (RAS) Input capacitance, RAS input V,=25mVrms 

C, (CAS), Input capacitance, CAS input 

Co Output capacitance VO=Vss. f= lMHz. V,=25mVrms 

Note 2. Current flowing into an Ie is positive, out i5 negative. 

3. 'CC1(AV). ICC3(AV). and ICC4(AV) are dependent on cycle rate. Maximum current is measured at the fa stestcyclerate. 

4. Icc 1 (AV) and I CC4( AV) are dependent on output loading. Specified "'alues are obtained with the output open. 

2-220 
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Limits 

Typ 

Unit 

V 

V 

V 

mA 

mW 

'C 

'C 

'C . sec 

Max 
Unit 

VCC V 

0.45 V 

80 "A 

80 "A 

320 mA 

32 mA 

280 mA 

280 mA 

70 pF 

30 pF 

80 pF 

100 pF 

100 pF 

30 pF 
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MH640SAND-lS 

524 288·BIT(65 536·WORD BY 8.BIT)DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta=O-70°C, Vcc=5V±10%. Vss=ov. unless otherwise noted,See notes 5,6and 7) 

MH6408AND-15 

Symbol Parameter 
Alternative 

Limits 
Symbol 

Min Max 

tc RF Refresh cycle time tREF 2 

t W (RASH) RAS high pulse width t RP 100 

t W (RASU RAS low pulse width t RAS 150 10000 

I w(CASLi CAS low pulse width tCAS 75 co 

t W(CASH) CAS high pulse width (Note 8) t CPN 35 

I h (RAS-CAS) CAS hold time after RAS ICSH 150 

t h (CAS- RAS) RAS hold time after CAS t RSH 75 

td (CAS-RAS) Delay time, CAS to RAS (Noteg) I CRP -20 

I d (RAS-CAS) Delay time, RAS to CAS (Note 10) , RCD 30 75 

I SU(AA-AAS) Row address setup time before RAS tASA --
0 

t SU(CA-CAS) Column address setup time before CAS IASC 0 

t h (AAS-AA) Row address hold time after RAS t RAH 20 

'h (CAS-CA) Column address hold time after CAS t CAH 25 

I h (AAS-CA) Column address hold time after RAS t AA 95 

I THL 
Transition time tT 3 35 

I TLH 

Note 5 An initial pause of 500ps is required after power·u~ followed by i:lny eight RAS or RAS/CAS cycles before proper device operaTion is achieved. 

The switching characteristics are defined as t THL =t TLH = 5ns. 
Reference levels of input signals are V 1H min. and VI L max. Reference levels for transition time are also between VI H and VI L. 

Except for page· mode. 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

td{CAS-RAS) requirement IS only applicable for RAS/t:;:AS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS.1 

10. Operation within the td (RAS-CAS) max limit insures that t a (RAS) max can be met. td (RAS- CAS)ma x is specified reference POint only.if 

td CRAS-CAS) is greater than the specified td CRAS-CAS) max limit. then access time is controlled exciusivel·1 by ta (CASi 

td (RAS-CAs)mln = th (RAS-RA)mln + 2t THL(t TLH) + t su (CA-CAS)mln. 

SWITCHING CHARACTERISTICS (Ta=O-70'C, Vcc=5V±10%, VSs=OV, unless~therwisenoted) 

Read Cycle 

MH6408AND-15 

Symbol Parameter 
Alternative 

Symbol 
Limits 

Min 

teA Read cycle time t AC 260 

Isu (A-CAS) Read setup time before CAS t ACS 0 

Ih (cAS-A) Read hold time after CAS (Note II) tACH 0 

IhiAAS-AI Read hold time after RAS (Note 111 tAAH 20 

tdls (CAS) Output disable time INote 12) tOFF 0 

la (CAS) CAS access time (Note 13) t CAC 

ta (AAS) RAS access time (Note 14) I AAC 

Note 11. Either th (RAS-R) or th (CAS-R) must be satisfied for a read cycle. 
Note 12. td IS (CAS)maX defines the time at which the outp·ut achieves the open circuit condition and is not reference to VOH or Vo l 

Note 13. This is the vauel when td (RAS-CAS) ~ td (RAS-CAs)max. Test conditions; ·Load = 2T TL, CL = 100pF 

Max 

40 

75 

150 

Note 14. This is the value when td (RAS-CAS)< td (RAS-CAs)max. When td (RAS-CAS)~td (RAS-CAS)max. ta (RAS) will increase by the amount that 
td (RAS-CAS)eXceeds the value shown. Test conditions; Load = 2T TL, Cl "" 100pF 

Write Cycle 

Symbol Parameter 

teW Wri te cycle time 

tsu (W-CAS) Write setup time before CAS 

th (CAS-W) Write hold time after CAS 

th (AAS-W) Write hold time after RAS 

th (W-AAS) RAS hold time after write 

th (W-CAS) CAS hold time after write 

tW(W) Writ.e pulse width 

Isu (D-CAS) Data-in setup time before CAS 

th (CAS-D) Data-in hold time after CAS 

th (AAS-D) Data-in hold time after RAS 

Alternative 

Symbol 

t AC 

(Note 17) twcs 

tWCH 

'WCA 

t AWL 

tCWL 

twp 

t DS 

t DH 

t DHA 

• MITSUBISHI 
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MH6408AND-15 

Limits 

Min Max 

260 

-5 

45 

95 

45 

45 

45 

0 

45 

95 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MH6408AND-15 

S24 288.BIT(GS S3G·WORD BY 8.BIT)DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

MH6408AND-f5 

Symbol Parameter 
Alternative 

Symbol Limits Unit 

Min Max 

I CRW Read-write cycle time INote 151 IRWC 280 ns 

tCRMW Read-modify-write cycle time (Note 161 t RMwC 310 ns 

Ih (W-RAS) RAS hold time after write I AWL 45 ns 

Ih (W-CAS) CAS hold time after write ICWL 45 ns 

Iw(w) Write pulse width Iwp 45 n.s 

Isu (R-CAS) Read setup time before CAS I RCS 0 ns 

Id (RAS-W) Delay time, RAS to write (Note 17) I RWD 120 ns 

Id (OAS-W) Delay time, CAS to write (Note 17) ICWD 60 ns 

ISUlD_W) Data-in setup time before write lOS 0 ns 

Ih (W-O) Data-in hold time after write IDH 45 ns 

Idls (CAS) Output disable time IOFF 0 40 ns 

la (CAS) CAS access time (Note 131 ICAC 75 ns 

la (RAS) RAS access time (Note 141 I RAO 150 ns 

Note 15. tcRwmln is defined as tCRwmin =td (AAS-W)+thcw-RAS)+tw (AASH)+ 3t TLH (trHL) 

16. t CAM W min is defined a5 t CRMW min = ta (AAs)maX + th (W-RAS) + tw (RAS H) + 3t TLH (trHL) 

17. tsu (W-CAS). td (RAS-W). and td (CAS-W) do not define the limits of operation, but are included as electrical characteristics only. 

When tsu (w- CAS)~ tsu (W -CAS)mm. an early·write cycle is performed, and the data outputs keep the high-impedance state 

When td (RAS-W)~td (RAS-W)mln. and td (CAS-W)~tsu (W-CAS)mtn a read·write cycle is performed, and the data of the selected address will be read out 

on the data outputs 

For all conditions other than those described above, the condition of data output iat access time and until CAS goes back to V,H) is not defined. 

Page-Mode Cycle 

Symbol Parameter 

Ie POA Page-Mode read cycle time 

tc POW Page-Mode write cycle time 

10 POAW Page-Mode read-write cycle time 

tCPORMW Page-Mode read-modify-write cycle time 

tW(CASH) CAS high pulse width 

2-222 

Alternative 

Symbol 

I PC 

Ipc 

-

-

I CP 

• MITSUBISHI 
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Limits 

Min Max 

145 

145 

180 

195 

60 

Unit 

ns 

ns 

ns 

ns 

ns 



MITSUBISHI LSls 

MH6408AND·15 

S24 288-BIT(6S S36-WORD BY 8-BIT)DYNAMIC RAM 

TIMING DIAGRAMS INote181 

Read Cycle 
~~-------------------------- teR 

RAS 

Q 

I-~----------------~ t w (RASLI'----------------------j 

I-~--------------- t h (RAS- CAS) -------------------1 

V IH _------'\1 r-------- theRAS-CA 1----------1\ 

V,L -

~+I+-- td (CAS-RAS) I 
tde RAS- CAS )-----t--------- th (CAS- RAS )--------__ -1 

V,H 
r--------,-t we CASLj--------_ 

V,L - ____ _ 
twecASHi 

VOH 

VOL -

tSU(RA-RAS) th(RAS-RA) tSU(CA-CAS) 

COLUMN 
ADDRESS 

1-1-------- ta (CAS)'----~ 

----------------HIGHIMPEDANCESTATE----------~~~ DATA VALID 

Write Cycle (Early Write) 

~~-------------------------tew --------------------------------1 

RAS 

w 

r-------------------tW(RASL)--------------------__ ~ 

------, f----------------- th (RAS-CAS) -------------_____ 1 

r-------th (CAS-CA) -I 

V ,H -

V,L - ____ _ 

V,H -

t-~--,---- th e CAS- RAS) -------'--1 

-~_+----'---- tw (CASL) -----~-

tw (RASH) 

V,L -~~~~~~~~~~--~----~--__ ~~~~~~~~~~~~~~~~~~~~~~ 

o 

Q 

DATA VALID 

~I -.~----- t h (RAS- D) -----------1 

VOH -
VOL ----------------- HIGH IMPEDANCE STATE 

• 'MITSUBISHI 
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MH6408AND-15 

524 288-BIT(65 536-WORD BY 8-BIT)DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

RAS 

Vi 

Q 

o 

~------------------------~-----tcRW/tCRMW----------------------------------~ 

~--------------------------tW(RASL)----------------------------~ 

I------------------------th (RAS-CAS)---------------------------t 

t-_------th (RAS- CA) --------•• ""'1 

V1H -\I'v'V\/\/1L/V 

V IL -~::'::::'~~"'~'t.,;8 

~----__cc---------t h (CAS- RAS) -------------------t 

--__ ~------~----------tW(CASL)----------------~ 

RAS-Only Refresh Cycle INote 19) 

RAS 

Q 

Note 18 

2-224 

~----------------------tCR--------------------------~ 

~_------t W (RASLi---------i 

--------------------------------------------HIGH IMPEDANCE STATE------------------------------------------

~ Indicates the don't care input 
Note 19. OAS=VIH. W, A7. 0 = don't care. 

~ The center-line indicates the high-impedance state 

'. MITSUBISHI 
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MH6408AND·15 

524 288.BIT(65 536·WORD BY 8.BIT)DYNAMIC RAM 

Page-Mode Read Cycle 

~------------------------------tW(RASL)--------------------------------__ ~ 

th(RAS-CAS)~ 

th(RAS-CA)i I 
td (CAS-RAS) 11-------,--­ th (CAS- RAS) ------j 1--'-=='-1 

td(RAS-CAS) 

VOH -
Q V ---HIGH IMPEDANCE STATE 

OL -

w 

Page-Mode Write Cycle 

RAS 

Ao-A7 

w 

o 

~--------------------------------tW(RASL)------------------------------__ ~ 

V,H -~~~1?::n 
V,L -~~~~~~~----~~~~~"~~----~~~~~~~r}~~~a-~--~~~~~~~~~~ 

V,H _~~~"" 110-----'\1 

VI L - ;.\W,~I'Wl" ,,-----'1 

• MITSUBISHI 
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Hidden Refresh Cycle 

W 
V!H 

V,L 

VOH 
Q 

VOL 

2-226 
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MH6408AND-15 

524 288-BIT(65 536·WORD BY 8-BIT)DYNAMIC RAM 

READ CYCLE 

tCR 

tw(RASL) 

td (CAS'RAS) 

tw (RASH) 

REFRESH CYCLE 

tCR 

t w ( RASL) 

td(RAS-CAS) th(CAS-RAS) 
tw( CASL) 

tW(CASH) 

tSU(RA-RAS) th(RAS-RA) 

• MITSUBISHI 
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tsu (RA- RAS) 

DATA VALID 

REFRESH CYCLE 
tCR 

tW(RASL) 

tdls (CAS) 
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MITSUBISHI LSI. 

M58725P, -15 

16 384-BIT (2048-WORD BY 8-BIT) STATIC RAM 

DESCRIPTION 
This is a family of 2048-word by 8-bit static RAMs, fabri­
cated with the N-channel silicon-gate MOS process and 
designed for simple interfacing. These devices operate 
on a single 5V supply, as does TIL, and are directly TIL­

compatible. 
The input and output terminals are common, and an 

OE terminal is provided. S controls the power-down fea­

ture. 
FEATURES 
• Fast access time: 

M58725P 
M58725 P-15 

• Low power dissipation: 
Active: 
Stand by: 

• Power down by S 

200ns (max) 
150ns (max) 

250mW (typ) 
25mW (typ) 

.Single 5V supply voltage (±10% tolerance) 

• Requires neither external clock nor refreshing 
• All inputs and outputs are directly TIL compatible 
-All outputs are three-state, with OR-tie capability 

- Easy memory expansion by chip-select (5) input 
-Common data DO terminals_ 
-Same pin configuration as M5L2716K 16 384-bit EPROM 
APPLICATION 
-Small-capacity memory units 
FUNCTION 
These devices provide common data input and output 

terminals. During a write cycle, when a location is desig­
nated by address signals Ao-AIO the OE signal is kept high 
to keep the DO terminals in the input mode, signal W goes 

low, and the data of the DO signal at that time is written. 

BLOCK DIAGRAM 1-

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

Vee (5V) 

__ A, 

-- A, 
__ IN 

}
ADDRESS 
INPUTS 

WRITE CON-
TROL INPUT 

OUTPUT 
ENABLE INPUT 

ADDRESS 
INPUT 

CHIP SELECT 
INPUT 

DATA 1
00, ++ 9 

INPUTS/ DO, +-> 
OUTPUTS 

DO, ++ 

(OV) GND 

17 ++ DO,) 
++ DOl 

DATA 
++ DO, INPUTS/ 

OUTPUTS 

++ DOs 

++ DO. 

Outline 24P4 

During a read cycle, when a location is designated by 
address signals Ao-AIO the DE signal is kept low to keep 
the DO terminals in the output mode, signal W goes high, 
and the data of the designated address is available at the 
I/O terminals, 

When signal 5 is high, the chip is in the non-selectable 
state, disabling both reading and writing. In this case the 
output is in the floating (high-impedance) state, useful for 
OR-ties with other output terminals. 

Signal 5 controls the power down feature. When 5 
goes high power dissipation is reduced to 1/10 of active 
power. The access time from 5 is equivalent to the address 
access time. 

OUTPUT 
ENABLE INPUT 

128 2048-WORDx8-BIT 

ADD R ESS INPUTS 

CHIP SELECT INPUT 

16 

(128 ROWSx 
12B COLUMNS) 

WRITE CONI~~8f IN 2')--------------------~ 

-.. MITSUBISHI 
.... ELECTRIC 

DATA 
INPUTS/OUTPUTS 
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MITSUBISHI LSls 

M58725P, -15 

16 384-BIT (2048-WORD BY 8-BIT) STATIC RAM 

FUNCTION TABLE 

S DE W 001- 0 0.8 Mode 

H X X Hi-Z Deselect 

L X L DIN Write 

L L H DaUT Read 

L H H Hi-Z -

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Test conditions 

Vee Supply voltage 

VI Input voltage With respect to GND 

Va Output voltage 

Pd Maximum power dissipation Ta=25'C 

Topr Operating free-air ambient temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C- unlessotherwisenoted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Veo Supply voltage 4.5 5 5 5 V 

VIL Low-level input voltage -1 0.8 V 

VIH High:level input voltage 2 6 V 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, VOO=5V ± 10%, unless otherwise noted) 

Symbol Parameter 

VIH High-level input voltage 

VIL Low-level input voltage 

VaH High-level output voltage 

VOL Low-level output voltage 

II Input current 

laZH Off-state high-level output current 

IOZL Off-state low-level output current 

1001 Supply current from Vee 

1002 Stand by current 

Ci Input capacitance, all inputs 

Co Output capacitance 

Note 1: Current flowing into an Ie is positive, out is negative 

3-4 

Test conditions 

IOH=-lmA, VOO=4 .5V 

IOL=3.2mA 

VI=0-5.5V 

VI(S)=2V, VO=2 4V- V oo 

VI(S)=2V, Vo=0.4V 

VI=5.5V, VI(S)=O.8V, Ta=25'C 

outputs open Ta=O'C 

VI~5.5V, VI(S)=2V Ta=25'C 

outputs open Ta =70'C 

VI=GND, Vi=25mVrms, f=lMHz 

Vo=GND, Vo=25mVrrns, f=lMHz 

• MITSUBISHI 
.... ELECTRIC 

Limits Unit 

-0 5-7 V 

-0. 5-7 V 

-0 5-7 V 

1000 mW 

0-70 'c 

-65-150 'C 

Limits 
Unit 

Min Typ Max 

2 6 V 

-1 0.8 V 

2.4 V 

0.4 V 

10 J"A 

10 J"A 

-10 J.lA 

50 80 mA 

90 mA 

5 10 mA 

7 15 rnA 

3 5 pF 

5 8 pF 



MITSUBISHI LSI. 

M58725P, -15 

16384-BIT (2048-WORD BY 8-BIT) STATIC RAM 

SWITCHING CHARACTERISTICS (For Read Cycle) (Ta=0-70·C. Voo=5V ± 10%, unless otherwise noted) 

M58725P-15 M58725P 

Symboi Parameter Limits 

Min Typ Max Min Typ 

tOR Read cycle time 150 200 

ta (A) Address access time 150 

ta (5) Chip select access time 150 

ta(OE) Output enable access time 50 

tv (A) Data valid time after address 20 20 

tpXZ(S) Output disable time after chip select 50 

tpZX(S) Output active time after chip select 10 20 

tpu Power up time after chip selection 0 0 

tpD Power down time after chip deselection 60 

TIMING REQUIREMENTS (For Write Cycle) (Ta=0-70'C, Vcc=5V± 10%. unless otherwise noted) 

Symbol Parameter 

tow Write cycle time 

tsu(S) Chip select setup time 

tsu (A) Address setup time 

tw (w) Write pulse width 

twr Write recovery time 

tsu (DE) Output enable setup time 

tsu (D) Data setup time 

th (D) Data hold time 

tpXZ(DE) Output disable time after output enable 

tpXZ(W) Output disable time after write enable 

Min 

150 

100 

20 

80 

10 

40 

60 

10 

• MITSUBISHI 
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M58725P-15 

Typ Max 

40 

40 

M58725P 

Limits 

Min Typ 

200 

120 

20 

100 

10 

40 

60 

10 

Unit 

Max 

ns 

200 ns 

200 ns 

60 ns 

ns 

60 ns 

ns 

ns 

80 ns 

Unit 

Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

40 ns 

40 ns 
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TIMING DIAGRAMS (Note 2) 

Read Cycle 1 

Ao-A,O 

tv (A) 

DQ 
(DA cA OUTPUTS) PREVIOUS DATA VALID 

Read Cycle 2 

W = high level 
S = low level 

~ 

MIT SUB ISH I LSls 

M58725P, -15 

16 384-BIT (2048-WORD BY 8-BIT) STATIC RAM 

ta (A) 

DATA VALID 

1/ 

ta (5) 

3-6 

DQ 
(DATA OUTPUTS) 

ICC 

W = high level 
BE = low level 

nl 
J 

NOT \ DATA VALID 
VALID I 

Icct 

'. MITSUBISHI 
iwt.ELECTRIC 
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MITSUBISHI LSls 

M58725P, -15 

16 384-BIT (2048-WORD BY 8-BIT) STATIC RAM 

Write Cycle 1 (W Control Mode) 

lew 

Ao-AlO 

Isu (51 

Isu (A) IW(WI 

w 

Isu (D) 

DQ (NOTE 41 
(DATA INPUTSI --------1------( DATA IN STABLE 

DQ 
(DATA OUTPUTSI »»»»»»)Y 

Write Cycle 2 (8" Control Mode) 
lew 

Isu (5) Iwr 

Iw(w) 

w 

Isu (D) Ih (D) 

DQ (NOTE 41 

(DATA INPUTSI ~---------+--~----{ DATA IN STABLE 

~----------------~ 
tpzx(S) ~ 

DQ (NOTE~5)~ ________________ ~~·~+4-+~t_p_xz_(_W __ ) __________________________________ __ 

(DATA OUTPUTS) 

OE = low level 

Note 2. Testconditions 
Input pulse level 0.4 -2.4V 
Input pulse rise time lOns 
Input pulse fall time 10ns 
Reference level 1 .5 V 

Load lTTL. CL = 100pF 

Note 3. Either the high or low state is possible. 
4. When the DO pin is in the output state, a reverse phase signal should not be 

applied externally. 
5. When the falling edge of Wis simultaneous to or prior to the falling edge of $, 

the output is maintained in the high-impedance state 

• MITSUBISHI 
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MITSUBISHI LSI. 

M58725P, ·15 

16384-BIT (2048-WORD BY 8-BIT) STATIC RAM 

TYPICAL CHARACTERISTICS 

3-8 

NORMALIZED ACCESS TIME VS. 

1.2 

ill 1. 
:;; 
>= 
U'J 
[2 1. 
u 
~ 
o 
~ O. 
;jl 

1 

0 

9 

AMBIENT TEMPERATURE 

Voo14.5v 

/ 
V 

/ :;; 
0:: 

!i2 o. 8/ 

20 40 60 80 100 

AMBIENT TEMPERATURe Ta ("e) 

LOW·LEVEL OUTPUT CURRENT VS. 
LOW·LEVEL OUTPUT VOLTAGE 

<l: 
E Voo=4.5V 

---' Ta=25\: 
S! 20 

I f-
Z 
w 
cr 
cr 
=> 
U 

f-
=> 
~ 10 

'6 
-' 
w 
G-; 
-' s: 
'3 

o 
E 

f­
Z 
W 
0:: 
cr 
=> 
u 

~ 
iii 

80 

0 

0 

/ 
V 

/ 

I 
0.2 0.4 0.6 0.8 1.0 

LOW-LEVEL OUTPUT VOLTAGE VOL (V) 

SUPPL Y CURRENT VS. 
SUPPLY VOLTAGE Vee 

Ta=25\: 

Icc 1 

IC02 

4.5 5.0 5.5 

SUPPLY VOLTAGE Veo (V) 

NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 

1.3 

w 1.2 
:'" 
f: 

'" '" tj 1. 1 

Voo14.5v 

V ----
'/' u « 

o 
w 
~ 1. 
-' « 
:'" 
cr °v / 
~ O. 9 

100 200 300 400 500 
OUTPUT LOAD CAPACITANCE CL (pF) 

HIGH·LEVEL OUTPUT CURRENT VS. 
HIGH·LEVEL OUTPUT VOLTAGE 

:;;: 
-5 

I 
52 10 
f-
Z 
w 
0:: 
cr 

i\ Voo=4.5V 
Ta=25t 

\ 
=> 
U 
f-

ie 
f-
=> 
0 
-' 
w 
> 

\ 
\ 

w 
-' 
i 
'" I 1\ 

5 

HIGH-LEVEL OUTPUT VOLTAGE VOH (V) 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

100 

:;;: 
-5 

voo15.5v 

8 
80 

E 

0 60 E 
f- -- 1001 
Z 
W 
cr 40 cr 
=> 
u 

~ 
20 "-

"-
=> 
'" 1002 

20 40 60 80 100 

AMBIENT TEMPERATURE Ta (t) 

• MITSUBISHI 
-"ELECTRIC 



MITSUBISHI LSI. 

MSM2167P·SS, ·70 

16384-BIT (16384-WORD BY I-BIT) STATIC RAM 

DESCRIPTION 
This is a family of 16384-word by l-bit static RAMs, 

fabricated with the high-performance N-channel silicon-gate 
MOS process and designed for high-speed application. These 
devices operate on a single 5V supply, and are directly TTL 
compatible. They include a power-down feature as well. 

FEATURES 
• Fast access time M5M2167P-55 ...... 55 ns (max) 

M5M2167p·70 ...... 70 ns (max) 
• Low power dissipation Active ............... 400 mW (typ) 

Standy. by .......... 40 mW (typ) 

• Power down by S 
• Single 5V power supply 
• Fully static operation 

Requires neither external clock nor refreshing 
• All inputs and output are directly TTL compatible 
• Easy memory expansion by chip-select (5) input 
• Interchangeable with Intel's 2167 

APPLICATION 
• High-speed memory systems 

FUNCTION 
A write operation is executed during the 5 low and W 

low overlap time. In this period, address signals must be 
stable. When W is low, the Q terminal is maintained in the 
high impedance state, so it is possible to connect D and Q 

terminals directly. 
In a read operation, after setting W to high, and 5 to low 

if the address signals are stable, the data is available at the 
Q terminal. 

BLOCK DIAGRAM 

ADDRESS INPUTS 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

DATA OUTPUT 

WRITE CONI~~~i W ~ 9 

(OV) GND 

Outline 20 P4 

Vee< 5V) 

ADDRESS 
INPUTS 

DATA INPUT 

CHIP SELECT 
INPUT 

When S is high, the chip is in the non-selectable state, 
disabling both reading and writing. In this case the output 
is in the floating (high-impedance) state, useful for OR­
ties with other devices. 

Signal S controls the power-down feature. When S goes 
high, power dissipation is reduced to 1/1 0 of active power. 
The access time from S is equivalent to the address access 
time. 

MEMORY AR RAY 

-~ Vec(SV) 

~ GND (Ov) 

DATA OUTPUT 

I CHIP SELECT INPUT 

~l------_~ WRITE CONTROL INPUT 

• MITSUBISHI 
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MSM2167P.SS, ·70 

16384-BIT (16384-WORD BY I-BIT) STATIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits Unit 

VCC Supply voltage -3.5-7 V 

V, Input voltage With respect to GND -3.5-7 V 

Vo Output voltage -3.5-7 V 

Pd Maximum power dissipation 1 W 

Topr Temperature under bias -10-S5 ·C 

Tst9 Storage temperature -65-150 ·c 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 
Necessary airflow cooling >2m/s 

VCC Supply voltage 4.5 5 5.5 V 

V'L Low"level input voltage -3 o .S V 

V'H High-level input voltage 2 6 V 

ELECTRICAL CHARACTERISTICS (Ta =0-70'C, Vcc=5V±10%, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

V,H High-level input voltage 2 6 V 

V,L Low·level input voltage -3 O.S V 

VOH High-level output voltage IOH= - 4 rnA 2.4 V 

VOL Low-level output, voltage 10L= S rnA 0.4 V 

I, I nput current V,=0-5.5V 10 f'A 

11021 Off-state output current V'(S)=2V, VO=O -Vcc 50 f'A 

V,(S)=O.SV I Ta = 25'C SO 120 
Icc, Supply current from Vee I 

rnA 
Output open Ta = O'C 125 

ICC2 Stand by current V'{S)=2V output open S 30 rnA 

IpO Peak power-on current 
VCC=0-4.5V 

VI{~l)= Lower of Vee or V,Hmm 
30 rnA 

C, Input capacitance V,=GND,V,=25rnVrrns, f=lMHz 5 pF 

Co Output capacitance VO=GND, Vo=Z5rnVrrns, f=lMHz 6 pF 

Note t. Current flow into an IC is positive, out is negative. 

SWITCHING CHARACTERISTICS (FOR READ CYCLE)(Ta =0-70'C, Vcc=5V±10%, unless o'herwise no'ed) 

Symbol Parameter 

teA Read cycle time 

ta(A) Address access time 

ta (5) Chip select access time 

tV(A) Data valid time after address 

ten(5) Output enable time after chip selection 

td'S(5) Output disable time after chip deselection 

t pu Power-up time after chip selection 

t po Power down time after chipdeselection 

3-10 

M5M2167P-55 

Min Typ Max 

55 

55 

55 

5 

10 

0 25 

0 

30 

• MITSUBISHI 
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M5M2167P-70 
Unit 

Min Typ Max 

70 ns 

70 ns 

70 ns 

5 ns 

10 ns 

0 30 ns 

0 ns 

40 ns 
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M5M2167P-55, -70 

16384-BIT (16384-WORD BY I.BIT) STATIC RAM 

TIMING REQUIREMENTS (FOR WRITE CYCLE) (Ta=0-70·C. Vee=5V±10%. unlessotherwisenoted) 

M5M2167P-55 M5M2167P-70 
Symbol Parameter Unit 

Min Typ Max Min Typ Max 

lew Write cycle time 55 70 ns 

Isu (5) Chip select setup time SO 60 ns 

Isu (A) I Address setup time 1 (Vi CONTROL) 5 5 ns 

I su (Al, Address setup time 2 (S CONTROLI 0 0 ns 

Iw(w) Write pulse width 35 40 ns 

Iree (W) Write recovery time 5 5 ns 

I su (D) Data setup time 25 30 ns 

Ih (0) Data hold time 0 0 ns 

Idls(W) Output diSable time after W low 0 25 0 30 ns 

len(w) Output enable time after W high 0 0 ns 

Isu (A-WH) Address to W high 40 45 ns 

CONDITIONS 
Vee Vee 

Input pulse levels 480Q 480Q 

Qo-~--~ 

2ssn spF 

input rise and falhime .. 
Input timing reference level 
Output timing reference level 
Output load. 

. 0 to 3V 
5 ns 

.. 1.5V 
.O.8-2V 

. ,Fig. 1, Fig. 2 30pF 

( Including ) 
scope and JIG 

(InClUding ) 
L-------i scopeandJIG 

Fig. 1 Output load Fig. 2 Output load for ten, tdis 

TIMING DIAGRAMS 
Read cycle 1 leR 

, 
I 1\ 

la (A) 

Iv (A) Iv (A) 

Q PREVIOUS DATA VALID ( UNKNOWN ~ DATA VALID 

K 
W=H 
S=L 

Read cycle 2 (Note 2) 

Q 

ICC 

W=H 

Icc 1 

Icc, 

OR 

\ I 

1\ I 
la (5) Idls (5) 

INote 3) 

len (5) 
INote 3) 

{ UNKNOWN ) DATA VALID 

IpU IpO 

-------, \ 
50% r 5O % 

/ ~ 

Note 2. Addresses valid prior to or coincident with S transition low. 

3. Transition is rneasured ±500rnV frorn steady state voltage with specified loading in Figure 2. 

• MITSUBISHI 
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M5M2167P-55, -70 

16384-BIT (16384-WORD BY I-BIT) STATIC RAM 

TIMING DIAGRAMS 
Write cycle 1 (W control mode) 

D 

Q 

tew 

tsu (5) 

tsu (A-WH) 

tw(W) 

tsu (D) th (D) 

DATA STABLE 

(Note 31 tdls (w) ten (w) (Note 31 
--I-----+E;--

Write cycle 2 (S control mode) 

D 

Q 

3-12 

tew 

tsu (A ).=,z* __ --I-oe-____ t_s_U-'-( S:...:) ______ I-----+-<-t'-ee (w) 

tw(w) 

tsu (D) 

DATA STABLE 

tdls (W) INote 31 
-t----+-

INote 31 

ten (5) 

--t-~~!"""\"'"'\I 

(Note 5) 

Note 4. Hatching indicates the state is don't care. 

5. When the falling edge of W is simultaneous or prior to the 
falling edge of S, the output is maintained in the high .impedance . 

• . MITSUBISHI 
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MSM2168P-SS, -70 

16384-BIT (4096-WORD BY 4-BIT) STATIC RAM 

DESCRIPTION 
This is a family of 4096 word by 4-bit static RAMs, 
fabricated with the high-performance N-channel silicon-gate 
MOS process and designed for high-speed application. These 
devices operate on a single 5V supply, and are directly TTL 
compatible. They include a power-down feature as well. 

FEATURES 
• Fast access time M5M2168P-55 ..... 55 ns (max) 

M5M2168P-70 ..... 70 ns (max) 

• Low power dissipation Active ................. 500 mW (typ) 
Standy by ............. 40 mW (typ) 

• Power down by S 
• Single 5V power supply 
• Fully static operation 

Requires neither external clock nor refreshing 

• All inputs and output are directly TTL compatible 
• Easy memory expansion by chip-select (5) input 

• Interchangeable with Intel's 2168 

APPLICATION 
• High-speed memory systems 

FUNCTION 
A write operation is executed during the S low and W low 
overlap time. In this period, address signals must be stable. 
When W is low, the DQ terminal is maintained in the high 

impedance state. 
In a' read operation, after setting W to high, and S to low 

if the address signals are stable, the data ia available at the 
DQ terminal. 

BLOCK DIAGRAM 

A3 

A5 

A6 

A, 

ADDRESS INPUTS 
A, 

Ao 

A4 

A9 

AlO 

A11 

CHIP SELECT INPUT 5 

WRITE CONTROL INPUT 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

Vee< 5V) 

ADDRESS 
INPUTS 

+-+ DQ, DATA 
INPUT 

~ DQ3 OUTPUT 

(NH~0rLECT ... DQ4 

(OV) GND WRITE CONTROL 
INPUT 

Outline 20 P4 

When S is high, the chip is in the non-selectable state, 
disabling both reading and writing. In this case the output is 
in the floating (high-impedance) state, useful for OR-ties 
with other devices. 

Signal S controls the power-down feature. When S goes 
high, power dissipation is reduced to 1110 of active power. 

The access time from S is equivalent to the address access 
time. 

Vec(SV) 

GND (OV) 

DQ, 

DQ2 
DATA 
INPUT 
OUTPUT 

DQ3 

• MITSUBISHI 
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MSM2168P"SS, -70 

16384-BIT (4096-WORD BY 4-BIT) STATIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits Unit 

VCC Supply voltage -3.5-7 V 

V, I npu t voltage With respect to GNO -3.5-7 V 

Vo Output voltage - -3.5-7 V 

Pd Maximum power dissipation 1 W 

Topr Temperature under bias -10-85 'C 

Tstg Storage temperature -65-150 'C 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit Necessary airflow cooling >2m/s 

Min Typ Max 

VCC Supply voltage 4.5 5 5.5 V 

V,L Low-level input voltage -3 0.8 V 

V,H High-level input voltage 2 6 V 

ELECTRICAL CHARACTERISTICS (Ta =0-70'C, Vcc=5V±10%, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

V,H High-level input voltage 2 6 V 

V,L Low-level input voltage -3 0.8 V 

VOH High-level output voltage IOH=-4mA 2.4 V 

VOL Low-level output voltage 10L= 8 mA 0.4 V 

I, I nput current V,=0-5.5V 10 "A 

Iloz 1 Off-state output current V,(s)=2V, Vo=O -Vcc 50 "A 

v,(S)=0.8V I Ta =25'C 100 150 
ICCI Supply current from Vee 

I 
mA 

Output open Ta = O'C 155 

ICC2 Stand by current V'(S)=2V output open 8 30 mA 

Ipo Peak power-on current 
VCc=0-4.5V 

VI(S)= Lower of Vee orV,Hmin 
30 mA 

C, I npu t capacitance V,=GND, Vi=25mVrms, f=1MHz 5 pF 

Co Output capacitance Vo=GND, Vo=25mVrms, f=1MHz 6 pF 

Note 1. Current flow into an IC is positive, out is negative. 

SWITCHING CHARACTERISTICS (FOR READ'CYCLE)CTa=0-70'C, Vcc=5V±10%, unlossotherwlSenoted) 

Symbol Parameter 

te R Read cycle time 

ta(A) Address accec;s time 

ta (5) Chip select access time 

tV(A) Data valid time after address 

ten(s) Output enable time after chip selection 

tdIS(5) Output disable time after chip deselection 

t pu Power-up time after chip selection 

t PO Power down time after chip deselection 

3-14 

M5M216BP-55 

Min Typ Max 

55 

5 

20 

0 

0 

•. MITSUBISHI 
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55 

55 

20 

25 

M5M216BP-70 
Unit 

Min Typ Max 

70 ns 

70 ns 

70 ns 

5 ns 

20 ns 

0 25 ns 

0 ns 

30 ns 
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MSM2168P-SS, -70 

16384-BIT (4096-WORD BY 4-BIT) STATIC RAM 

TIMING REQUIREMENTS (FOR WRITE CYCLE) (Ta=0-70·C. Vcc=5V±10%, unlessotherwisenoted) 

M5M2168P-55 M5M2168P-70 
Symbol Parameter Unit 

Min Typ Max Min Typ Max 

lew Write cycle time 50 60 ns 

tsu (S) Chip select setup time 45 55 ns 

tsu (A), Address setup time t (Vii CONTROLI 0 0 ns 

t su (A), Address setup time 2 (S CONTROLI 0 0 ns 

tW(W) Write pulse width 40 50 ns 

tree (W) Write recovery time 0 0 ns 

Isu (D) Data setup time 20 30 ns 

Ih (D) Data hold time 0 0 ns 

Idls(w) Output disable time after W low 0 25 0 30 ns 

len(w) Output enable time after W high 5 5 ns 

Isu (A-WH) Address to W high 45 55 ns 

CONDITIONS Vcc 

Input pulse levels 480Q 480Q 

input rise and falltlme 

Qo-~---l 

5pF 

Input timing reference level 
Output timing reference level 
Output load 

.. 0 to 3V 
5 ns 
tSV 

... 0.8-2V 
. Fig. 1, Fig. 2 30pF 

( Including ) 
scope and JIG 

2550 
( Including ) 

scope and JIG 

Fig. 1 Output load Fig, 2 Output load for ten, tdis 

TIMING DIAGRAMS 
Read cycle 1 leR 

Ao-A" 
111 W 
J il\ 

la (A) 

Iv (A) Iv (A) 

Q PREVIOUS DATA VALID -K UNKNOWN) DATA VALID K 
W=H 

S=L 

Read cycle 2 INote 21 

Q 

ICC 

VV=H 

ICC1 

ICC2 

I R e 

1/ 
\ I 

INote 31 
la (5) ldls (5) 

len (5) 
INote 31 

t UNKNOWN ) DATA VALID 

Ipu Ipo 

-------
~50% 

, 
r- 5O % 

I \ 

Note 2. Addresses valid prior to or coincident with S transition low. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. 
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M5M2168P-55, -70 

16384-BIT (4096-WORD BY 4-BIT) STATIC RAM 

TIMING DIAGRAMS 
Write cycle 1 (W control mode) 

w 

Q 

Q 

lew 

tsu (S) 

tsu (A-WH) 

tsu (A). Iw(w) 

Isu (0) 

DATA STABLE 

INote31 td.s(W) ten(w) INote31 
--...t---+E;--

Write cycle 2 (S control mode) 

Q 

Q 

3-16 

tew 

ISU(A)~2~ ____ ~E-________ I_S_u~(_S~) ______ ~~ ______ ~~t __ rec(w) 

Iw(w) 

Isu (0) 

DATA STABLE 

IdIS(W) (No.e31 
-1----+-

INote 31 

len (s) 

-'oof-~~'I""""I'""\.I 

INoteS) 

Note 4. Hatching indicates the state is don't care, 

5. When the falling edge of Vii is simultaneous or prior to the 
falling edge of S, the output is maintained in the high impedance. 

• MITSUBISHI 
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M5M5116P, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

DESCRIPTION 
The M5M5116P series of 2048-word by 8-bit asynchronous 
silicon gate CMOS static RAM operates on a single 5V 
power supply and is designed for easy use in applications 
requiring battery backup. 

Two chip select inputs are available: S2 provides the 
minimum standby current with battery back-up while SI 
enables high-speed memory access. 

The series is packaged in a standard 24-pin plastic DI L 
package. 

FEATURES 

S7 access Current consumption 
Access time 

Type name time Active Stand-by 
(max) 

(max) (max) (max) 

M5M5116P-15 150ns 80ns 

M5M5116P 200ns 100n8 
SOmA 15,uA 

• Single 5V power supply. 
• External clock and refresh operation not required. 
• Data can be held with 2V supply voltage. 
• All inputs and outputs are directly TTL compatible. 
• All outputs are 3-state with OR-tie capability. 
• Easy expansion of memory capacity with chip select 

signal. 
• Common input/output for data pins. 

APPLICATIONS 
Battery drive, small-capacity memory units with battery 
back-up 

PIN CONFIGURATION (TOP VIEW) 

A7 - 1 

ADDRESS A4 
INPUTS A3 

Al 

AI 

Ao 

DATA 001 
INPUTS/ J DOl 

OUTPUTS 1 
003 

(DV) GND 

FUNCTION 

Outline 24 P4 

Vcc(5V) 

23 - A8 I 
22 _ A9 I ADDRESS INPUTS 

21 - Vi \%~~i CONTROL 

10 - s; CHIP SELECT INPUT 

19 - AJOADDRESS INPUT 

J8 - S, CHIP SELECT INPUT 

DATA 
INPUTS/ 
OUTPUTS 

The M5M5116P series has a 2048-word by 8-bit configura­
tion. It operates on a single 5V supply and its inputs/ 
outputs are directly TTL compatible. Its completely static 
circuitry obviates the need for external clock and refresh 
operations and makes it very easy to use. 

The data of the DQ pin are written when the address is 
designated by address signals Ao - AlQ, the ~ and S2 
signals turn low-level, and the W signal is set low. 

When for the reading operation the W signal is set high, 

BLOCK DIAGRAM -----------------

ADDRESS INPUTS 

WRITE CONTROL INPUT 

A9 

A8 

2048-WORO 

128 X 8-BIT RAM 

1128 ROWS X 

128 COLUMNS) 

CHIP SELECT INPUTS I ~ 18 

I s, »--~r;I-----------_--.J 
'--___________________ ---.-J 
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MsMsI16P, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

the SI and S2 signals are set low, pin DO is set to the out­
put mode and the address is designated by signals Ao -
AlO , the data of the designated address are output to pin 
DO_ 

retained even if the supply voltage falls to 2V, permitting 
power-down during non-operation or battery back-up 
during power failures. 

When signal S, or S2 is set high, the chip is set to a non­
select status in which neither reading nor writing is possible. 
Since the output floats (high-impedance state), OR-tie is 
possible with the other chip output pins. 

OPERATION MODES 

51 52 W Mode 

X H X Non-select 

The standby mode is established when signal S2 is set to 
Vee. The supply current is now reduced to the very low 
level of 1511A (max) and the data in the memory are 

H 

L 

L 

L 

L 

L 

X Non-select 

L Write 

H Read 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

VCC Supply voltage 

V, I nput voltage With respect to GND 

Vo Output voltage, 

Pd Power dissipation Ta =25'C 

Topr Operating free-air ambient temperature 

Tstg Storage temperature 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unlessotherwisenOled) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

VCC Supply voltage 4.5 5 5.5 V 

GND Supply voltage 0 V 

V,L Low-level input voltage -0.3 0.8 V 

V,H High-level input voltage 2.2 Vcc+O.3 V 

ELECTRICAL CHARACTERISTICS (Ta =0-70'C, Vcc=5V ±10%, unless otherwise noted) 

Symbol Parameter Test cond it ions 

V'H High-level input voltage 

V'L Low-level input voltage 

VOH High-level output voltage IOH=-1mA 

VOL Low-level output voltage IOL = 2.1mA 

I, Input current V,= 0 -Vcc 

IOZH Off-state high-level output current 510r 52=V'H, VO=2.4V- VcC 

IOZL Off-state low-level output current 51 or 52=V'H, Vo=OV 

M5M5116P-15 V, (S,)=V, (5,)= 0 V Output pin open 
ICCI Supply current 

M5M5116P Other inputs = Vee or OV 

M5M5116P-15 V,(s,)=VI(8;)=V'L Output pin open 
ICC2 Supply current 

M5M5116P Other inputs =V'H 

ICC3 Standby suptJ!ly current S2=VeO-O.2V, Other inputs,= 0 -Vee 

ICC4 Standby supply current 52=V'H, Other'inputs = a -Vee 

Ci Input capaciti;1nce (Ta =25~C) V,=GND, V,=25mVrms, f=1MHz 

Co Output capacitance (Ta =25~C) Vo=GNO, Vo=25mVrms, f=1MHz 

Note 1 Current flowing into an Ie shall be positive (no sign). 

2: Typical values: Vee = 5V, T a = 25°C. 

4-4 
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DO Icc 

High impedance Standby 

High impedance Active 

D,N Active 

DOUT Active 

Limits Unit 

-0.3-7 V 

-0 3-Vcc+0 3 V 

O-VCC V 

700 rnW 

0-70 'c 

-65-150 'c 

Limits 
Unit 

Min Typ Max 

2.2 Vcc+0.3 V 

-0.3 0.8 V 

2.4 V 

0.4 V 

±1 J.lA 

1 J.lA 

-1 J.lA 

45 mA 

30 45 mA 

50 mA 

35 50 rnA 

15 J.lA 

2 mA 

6 pF 

8 pF 
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MSMSI16P, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

SWITCHING CHARACTERISTICS(Ta= 0 -70'C, Vcc=5V±10%, unless otherwise noted) 

READ CYCLE 

M5M5116P-15 

Symbol Parameter Limits 

Min Typ Max 

tCR Read cycle time 150 

ta (A) Address access time 150 

ta (5,) Chip select 1 access time 80 

ta (5,) Chip select 2 access time 150 

tdis (5,) Output disable time from S 1 50 

tdls (5,) Output disable time from 52 50 

ten (5,) Output enable time from 51 15 

ten (5,) Output enable time from 52 15 

tv (A) Data valid time from address 20 

TIMING REQUIREMENTS (Ta=0-70'C, Vcc=5V±10%, unless otherwise noted) 

WRITE CYCLE 

M5M5116P-15 

Symbol Parameter Limits 

Min Typ Max 

tew Write cycle time 150 

tW(W) Write pulse width 90 

tsu (A) Address set-up time 0 

tsu (5) Chip select set-up time 90 

tsu (D) Data set-up time 40 

th (D) Data hold time 0 

tree (W) Write recovery time 10 

tdis (W) Output disable time from write 50 

len (w) Output enable time from write 15 

POWER-DOWN CHARACTE R ISTICS 
ELECTRICAL CHARACTERISTICS (Ta= 0 -70·C. unless otherwise noted) 

Symbol Parameter Test conditions 

VCC (PD) Power-down supply voltage 

2.2V~Vec (PD) 
V,eS,) Chip select input voltage 

2V~Vec (PD)~2 .2V 

ICC (PD) Power-down supply current Vcc=3V, Other inputs =3V 

Min 

200 

15 

15 

20 

Min 

200 

120 

0 

120 

60 

0 

10 

15 

M5M5116P 

Limits 

Typ 

M5M5116P 

Limits 

Typ 

Limits 

Min Typ 

2 

2.2 

Vcc (PD) 

Note 3: When S2 is operated at 2.2V (V1H min), the supply current at which VCC(PD) is between 4.5V and 2.4V, is specified by ICC4. 

TIMING REQUIREMENTS (Ta~0~70'C, unless otherwise noted) 

Symbol 

Isu (PO) 

tree (PO) 

Parameter 

Power-down set-up time 

Power-down recovery time 

Test conditions 

• MITSUBISHI 
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Limits 

Min Typ 

0 

t eR 

Unit 

Max 

ns 

200 ns 

100 ns 

200 ns 

60 ns 

60 ns 

ns 

ns 

ns 

Unit 

Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

60 ns 

ns 

Unit 
Max 

V 

V 

V 

10 /.1 A 

Unit 
Max 

ns 

ns 

4-5 



MITSUBISHI LSls 

M5M5116P, -15 

163S4-BIT (204S-WORD BYS-BIT) CMOS STATIC RAM 

TIMING DIAGRAM 
Read cycle 

52 

5, 

ICR 

ta (AI 

DO,-DOB NOT 
(DATA OUT! ----------++< VALID 

W=HIGH LEVEL 

Write cycle (W control) 

4-6 

Ao-A 10 

52 

5, 

DO,-DOB 
(DATA IN! 

DO,-DOB 
(DATA OUT! 

lcw 

tsu (5) 

tsU(S) 

(Note 81 

• MITSUBISHI 
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M5M5116P, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

Write cycle (5 control) 

w 

DO,-DOs 
(DATA IN) 

DO,-DOs 
(DATA OUT) 

Note 4 Test conditions 
Input pulse level" 0.4 ~ 2.4V 

Input pulse risetime and falltime: 10ns 
Load 1 TTL, CL = 100pF 
Reference level: 1.5V 

POWER-DOWN CHARACTERISTICS 

Vee 

S2 

VCCIPD) 

tew 

tW(W) 

tsu (01 

DATA IN STABLE 

Note 5: Hatching indicates the don't care inputs. 
6' Writing is performed while S and Vi are in the 

low-level overlap period. 
7' The output is kept in the high-impedance state 

when IN falls simultaneously with, or before, the 

Sfalls 
S" A reverse-phase signal should not be supplied when 

DQ is in the output mode. 

• MITSUBISHI 
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MSMSI16FP, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

DESCRIPTION 
The M5M5116FP series of 2048-word by 8-bit asynchro­
nous silicon gate CMOS static RAM operates on a single 5V 
power supply and is designed for easy use in applications 
requiring battery backup. 

Two chip select inputs are available: S2 provides the 
minimum standby current with battery back·up while SI 
enables high-speed memory access. 

The series is packaged in a small 24-pin plastic DI L flat 
package. 

FEATURES 

S";" access Current consumption 
Access time 

Type name time Active Stand-by 
(max) 

(max) (max) (max) 

M5M5116FP-15 150ns 80ns 
SOmA 15i'A 

M5M5116FP 200ns 100ns 

• Single 5V power supply. 
• External clock and refresh operation not required. 
• Data can be held with 2V supply voltage. 
• All inputs and outputs are directly TTL compatible. 
• All outputs are 3-state with OR-tie capability. 
• Easy expansion of memory capacity with chip select 

signal. 
• Common input!output for data pins. 

APPLICATIONS 
Battery drive, small-capacity memory units with battery 
back·up 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS A3 

A2 

Al 

Ao 

DATA DO, 
I NPUTS/ i D02 

OUTPUTS D03 

(OV) GND 

FUNCTION 

Vee (5V) 

23 - As I[ ADDRESS INPUTS 
22 - A9 

21 - Vi )%RpIJi CONTROL 

20 - 51 CHIP SELECT INPUT 

19 - A 10 ADDRESS INPUT 

18 - 52 CHIP SELECT INPUT 

17 - DOs 

Outline 24P2W 

DATA 
INPUTS/ 
OUTPUTS 

The M5M5116FP series has a 2048-word by 8-bit configura­
tion. It operates on a single 5V supply and its inputs! 
outputs are directly TTL compatible. Its completely static 
circuitry obviates the need for external clock and refresh 
operations and makes it very easy to use. 

The data of the DQ pin are written when the address is 
designated by address signals Ao - A IO , the 5;" and S2 
signals turn low-level, and the W signal is set low. 

When for the reading operation the W signal is set high, 

BLOCK DIAGRAM -- - -- - --- - ----, 

co 
w 2048~WORD 
0 

14 0 128 X 8~BIT RAM 
~ 
0 (128 ROWS X 
S 

co 
w 
~ 

1-+++f+.-~(15 006 

DATA 
INPUTS/OUTPUTS 

0 128 COLUMNS) co @)007 

4-8 

'ADDRESS INPUTS 

WRITE CONTROL INPUT 

I S; 18 

CHIP SELECT INPUTS I _ 
s, 

I-+++++-I+..---.@ DO!! 

I 
, 

I 

L-_______________________ _ 

• MITSUBISHI 
~ELECTRIC 



MITSUBISHI LSI. 

M5M5116FP, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

the 51 and 52 signals are set low, pin DO is set to the out­
put mode and the address is designated by signals Ao -
AIO , the data of the designated address are output to pin 
DO. 

retained even if the supply voltage falls to 2V, permitting 
power-down during non·operation or battery back-up 
during power failures. 

When signal 51 or 52 is set high, the chip is set to a non­
select status in which neither reading nor writing is possible. 
5ince the output floats (high-impedance state). OR-tie is 
possible with the other chip output pins. 

OPERATION MODES 

5, 52 W Mode 

X H X Non-select 

The standby mode is established when signal 52 is set to 
Vee. The supply current is now reduced to the very low 
level of 151lA (max) and the data in the memory are 

H 

L 

L 

L 

L 

L 

X Non-select 

L Write 

H Read 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

VCC Supply voltage 

VI Input voltage With respect to GND 

Vo Output voltage 

Pd Power dissipation Ta=25"C 

Topr Operating free-air ambient temperature 

Tstg Storage temperature· 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

VCC Supply voltage 4.5 5 5.5 V 

GND Supply voltage 0 V 

VIL Low-level input voltage -0.3 0.8 V 

VIH High-level input voltage 2.2 Vcc+ 0.3 V 

ELECTRICAL CHARACTERISTICS (Ta=O-70·C. VcC=5V±10%. unlessotherwisenoted) 

Symbol Parameter Test conditions 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage IOH=-lmA 

VOL Low-level output voltage IOL= 2.1mA 

II Input current VI= 0 -Vcc 

IOZH Off-state high-level output current 51 or 52=VIH. Vo=2.4V- Vcc 

IOZL Off-state low-level output current 5, or 52=VIH. Vo=OV 

M5M5116FP-15 VI (S;'> =VI (5;) = 0 V Output pin open 
Icc, Supply current 

M5M5116FP Other inputs = V CC or 0 V 

/ M5M5116FP-15 VI (S,)=VI (S,)=VIL Output pin open 
ICC2 Supply current 

M5M5116FP Other inputs =VIH 

ICC3 Standby 'supply current 52=VeC-0.2V. Other inputs = 0 -Vce 

ICC4 Standby supply current 52=VIH. Other inputs = 0 - V CO 

Cj Input capacitance (Ta =25"C) VI=GND, Vi=25mVrms. f=IMHz 

Co Output capacitance (Ta = 25"C ) Vo=GND. VO=25mVrms. f=lMHz 
.. 

Note 1: Current flowing Into an Ie shall be POSItive (no sign). 

2: Typical values: Vee ~ 5V. T a'" 25°C. 

• MITSUBISHI 
~ELECTRIC 

DO ICC 

High impedance Standby 

High impedance Active 

D'N Active 

DOUT Active 

Limits Unit 

-0.3-7 V 

-0.3-Vcc+ 0 . 3 V 

O-VCC V 

700 mW 

0-70 'C 

-65-150 "C 

Limits 
Unit 

Min Typ Max 

2.2 VcC+0.3 V 

-0.3 0.8 V 

2.4 V 

0.4 V 

±1 J.lA 

1 J.lA 

-1 J.lA 

45 mA 

30 45 rnA 

50 mA 

35 50 mA 

15 J.lA 

2 mA 

6 pF 

8 pF 

4-9 



MITSUBISHI LSls 

M5M5116FP, ·15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

SWITCHING CHARACTERISTICS(Ta= 0 -10·C, Voo=5V±10%, unlessotherwisenoted) 

READ CYCLE 

M5M5116FP-15 M5M5116FP 

Symbol Parameter Limits 

Min Typ Max 

tOR Read cycle time 150 

ta (A) Address access time 150 

ta (5,) Chip select 1 access time 80 

ta (5,) Chip select 2 access time 150 

tdls (5,) Output disable time from Sl 50 

td,s (5,) Output disable time from S2 50 

ten (5,) Output enable time from Sl 15 

ten (5,) Output enable time from S2 15 

tv (A) Data valid time from address 20 

TIMING REOUIREMENTS (Ta =0-10·C, Voo=5V ±10%, unless otherwise noted) 

WRITE CYCLE 

M5M5116FP-15 

Symbol Parameter Limits 

Mi.n Typ Max 

tew Write cycle time 150 

tw(W) Write pulse width 90 

tsu (A) Address set-up time 0 

tsu (5) Chip select set-up time 90 

tsu (0) Data set-up time 40 

th (0) Data hold time 0 

tree (w) Write recovery time 10 

tdls (W) Output disable time from write 50 

ten (W) Output enable time from write 15 

POWER-DOWN CHARACTERISTICS 

ELECTRICAL CHARACTERISTICS (Ta= 0 -10·C, unlessotherwisenoted) 

. 
Symbol Parameter Test conditions 

VOO (PO) Power·down supply voltage 

2.2V~VoO (PO) 
V, (5,) Chip select input voltage 

2V~VoO (PO)~2 .2V 

100 (PO) Power·down supply current VOO=3V, Other inputs =3V 

Min 

200 

15 

15 

20 

Mit:! 

200 

120 

0 

120 

60 

0 

10 

15 

Min 

2 

2.2 

Note 3: When $2 IS operated at 2.2V (VIH min). the supply current at which VCCWD~ is between 4.5V and 2.4V, is specified by ICC4. 

TIMING REOUIREMENTS (Ta =0-10"C, unlessotherwisenoted) 

Symbol 

tsu (PO) 

tree (PO) 

4-10 

Parameter 

Power-down set-up time 

Power-down recovery time 

Test conditions 

• MITSUBISHI 
.... ELECTRIC 

Min 

0 

tOR 

Limits 

Typ 

M5M5116FP 

Limits 

Typ 

Limits 

Typ 

VOO (PO) 

Limits 

Typ 

Unit 

Max 

ns 

200 ns 

100 ns 

200 ns 

60 ns 

60 ns 

ns 

ns 

ns 

Unit 

Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

60 ns 

ns 

Unit 
Max 

V 

V 

V 

10 /-I A 

Unit 
Max 

ns 

ns 



MITSUBISHI LSls 

MSMSI16FP, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

TIMING DIAGRAM 
Read cycle 

Ao-A 10 

8, 

00,-008 

(DATA OUT) 

NOT 
----------t-H VALID 

teR 

w ~ HIGH LEVEL 

Write cycle (W control) 

8, 

00,-008 
(DATA IN) 

00,-008 
(DATA OUT) 

tew 

tSU(SI 

tSU(SI 

(Note 8) 

• MITSUBISHI 
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MITSUBISHI LSls 

MsMsI16FP, -15 

163.4-BIT (2048-WORD BY ... IT) CMOS STATIC RAM 

Write cycle (5 control) 

w 

DOl-DOa 
(DATA IN) 

DO,-DOa 
(DATA OUT) 

Note 4- Test conditions 
Input pulse level 0.4"'" 2.4V 
Input pulse risetime and falltime" 10ns 

Load: 1 TTL, CL " 100pF 
Reference level: 1.5V 

POWER-DOWN CHARACTERISTICS 

Vee 

4-12 

VCC(PO} 

tow 

tW(W) 

(Note 6) 

DATA IN STABLE 

Note 5: Hatching indicates the don't care inputs. 

6 Writing is performed while Sand Ware in the 
low-level overlap period. 

7: The output is kept in the high-impedance state 
when TN falls simultaneously with, or before, the 

Sfalls. 
8: A reverse-phase signal should not be supplied when 

DQ is in the outPut mode, 

.• MITSUBISHI 
.... ELECTRIC 



MITSUBISHI LSls 

M5M5117P, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

DESCRIPTION 
The M5M5117P series of 2048-word by a-bit asynchronous 
silicon gate CMOS static RAM operates on a single 5V 
power supply and is designed for easy use in applications 
requiring battery backup_ 

A chip select input, S, is available to provide the mini­
mum standby current with battery back-up while an output 
enable input, OE, enables high-speed memory access_ 

The series features pin compatibility with the M5L2716K 
16K EPROM and M58725P 16K static RAM, and it is 
packaged in a standard 24-pin plastic DIL package_ 

FEATURES 
- Current consumption OE access 

Access time 
Type name time Active Stand-by (max) (max) (max) (max) 

M5M5117P-15 lS0ns 80ns 
SOmA lS/lA 

M5M5117P 200ns lOOns 

• Single 5V power supply_ 
• External clock and refresh operation not required_ 
• Data can be held with 2V supply voltage_ 
• All inputs, and outputs are directly TTL compatible_ 
• All outputs are 3-state with OR-tie capability_ 
• Easy expansion of memory capacity with chip select 

signal. 
• Common input/output for data pins. 
• Pin compatibility with M5L2716K 16K EPROM and 

M58725P 16K static RAM. 

APPLICATIONS 
Battery drive, small-capacity memory units with battery 
back-up 

BLOCK DIAGRAM -
,.-- r--

A, 1)------> 
c: 

PIN CONFIGURATION (TOP VIEW) 

A7 - \ 

ADDRESS A. 
INPUTS A, 

A, 

Al 

Ao 

DATA I DOl 
INPUTS/I DO, 

OUTPUTS DO, 

(DV) GND 

FUNCTION 

Outline 24P4 

Vcc(5V) 

23 ~ As I ADDRESS 
" ~ A, I INPUTS 
21 ~ w ~~ITi CONTROL 

20 ~ 6E ?NUp1]'+JT ENABLE 

" ~ AID ADDRESS INPUT 
CHIP SELECT 
INPUT 

DATA 
INPUTS/ 
OUTPUTS 

The M5M5117P series has a 2048-word by 8-bit configura­
tion. It operates on a single 5V supply and its inputs/ 
outputs are directly TTL compatible. Its completely static 
circuitry obviates the need for external clock and refresh 
operations and makes it very easy to use. 

The data of the DO pin are written when the address is 
designated by address signals Ao - AIO , the S signals turns 
low-level, and the W signal is set low. 

When for the reading operation the W signal is set high, 
the Sand OE signals are set low, pin DO is set to the output 
mode and the address is designated by signals Ao - AIO , 

the data of the designated address are output to pin DQ. 

- r-- 1 
A, 2~~ UJ 2048-WORD D 

~ ~ h----->(,~ ~~; 

~ * f-+h-----o(jll 003 As 3)------> c: 
D ~ 

0 
~ X 8-BIT RAM 

A. 4)------> Dc: U 
UJ 

«UJ D (128 ROWS X 128 A, 5 :;dt 
A, ~2 s: COLUMNS) 0:::> 0 
A, ~3 

c:1D a: 

ADDRESS INPUTS "-T T 

.~~ ~ A2 6 o~ a: 
Al 7 «~ 8 ~ ~ 16 

Zill =>0 
Ao 8 :2(J) -+=- ...JU 

:J(I) Ow 
A 10 19 6~ uo 

, ~ -

:-. ~ ~ ID 13 DO. DATA 
« I • - f- 14 005 INPUTS/OUTPUTS 
UJ 12 15 DO, 
~ ~ 16 007 

+--_+----,_-t----+-T-'~---f--.Tf____'o 1-++++1-++,..--.-.(1 DO, 

I 

I 

WRITE CONTROL INPUT Vi 21)--Trr=FV::f}---+--------..J 

CHIP SELECT INPUT S ~ .-o[)>----...... ---------......JT 
OUTPUT ENABLE INPUT OE ~ ~}------~----------' 

~VCC(5V) 
12 GND (DV) 

'----------- - --- - --- - --- - ------' 

• MITSUBISHI 
~ELECTRIC 4-13 



MITSUBISHI LSls 

M5M5117P, ·15 

16384-BIT'(2048-WORD BY8-BIT) CMOS STATIC RAM 

When signal S is set high, the chip is set to a non-select 
status in which neither reading nor writing is possible. 
Since the output floats (high·impedance state), OR-tie is 
possible with the other chip output pins. When the DE 
signal is set high, the output is put in the floating state. 
When DE is set high during writing for use with an I/O 
bus system, bus contention between the input and output 
data can be avoided. ' 

retained even if the supply voltage falls to 2V, permitting 
power-down during non-operation or battery back-Up 
during power failures. 

OPERATION MODES 
S OE W Mode DQ 

H X X Non-select High impedance 

L X L Write DIN 

L L H Read DOUT 
The standby mode is established when signal S is set to 

Vee. The supply current is now reduced to the very low 
level of 1 ~A (max) and the data in the memory are L H H Output disable High impedance 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage With respect to GND 

Vo Output voltage 

Pd 9t1Wer dissipation Ta=25'C 

Topr Operating free-air ambient temperature 

Tstg Storage temperature 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Veo Supply voltage 4.5 5 5.5 V 

GND Supply voltage 0 V 

VIL Low'level input voltage -0.3 0.8 V 

VIH High-level input voltage 2.2 Voo+0.3 V 

ELECTRICAL CHARACTERISTICS (Ta",,0-70'C, Voe=5V±10%, unless otherwise noted) 

Symbol Parameter 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

II I nput current 

IOZH Off·state high·level output current 

IOZL Off-state low-level output current 

M5M5117P-15 
1001 Supply current 

M5M5117P 

M5M5117P-15 
loe2 Supply current 

M5M5117P 

loe3 Standby supply-current 

lee4 Standby supply current 
f---

Ci Input capacitance ITa=25'C) 

Co Output capacitance ITa =25'C) 

Note 1: Current flowin~ into an IC shall be positive (no sign). 

2: Typical values' Vee = 5V. T a = 25°C. 

4-14 

Test conditions 

IOH=-1mA 

IOL= 2.1mA 

VI=O-Vee 

S or OE=VIH, VO=2.4V- Veo 

S or OE=VIH, Vo~OV 

VI(S) =OV Output pin open 

Other inputs = V co 

VI(ii) =VIL Output pin open 

Other inputs =VIH 

S=VOo-0.2V,Otherinputs=0-Voo 

S=VIH, Other inputs =0 -Vee 

VI=GND, Vi=25mVrms, 

Vo=GND, Vo=25mVrms, 

• MITSUBISHI 
..... ELECTRIC 

f=lMHz 

f=1MHz 

Limits 

-0.3-7 

-0.3-Vee+0.3 

O-Veo 

700 

0-70 

-65-150 

Limits 

Min Typ Max 

2.2 Voe+0.3 

-0.3 0.8 

2.4 

0.4 

±1 

1 

-1 

45 

30 45 

50 

35 50 

15 

2 

6 

8 

ICC 

Standby 

Active 

Active 

Active 

Unit 

V 

V 

V 

mW 

'c 
'c 

Unit 

V 

V 

V 

V 

I'A 

I'A 

I'A 

mA 

mA 

mA 

mA 

I'A 

mA 

pF 

pF 



MITSUBISHILSls 

M5M5117P, -15 

163a4-BIT (204a-WORD BY a-BIT) CMOS STATIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70'C, Vee=5V±10%, unless otherwise noted) 

READ CYCLE 

M5M5117P-15 

Symbol Parameter Limits 

Min Typ Max 

teR Read cycle time 150 

ta (A) Address access time 150 

ta (5) Chip select access time 150 

ta (DE) Output enable access time 80 

tdls (5) Output disable time from S 50 

tdls (DE) Output disable time from DE 50 

ten (51 Output enable time from S 15 

ten WEI Output enable time from OE 15 

tv (A) Da·ta valid time from address 20 

TIMING REQUIREMENTS (Ta =0-70'C, Vec=5V ±1 0%, unless otherwise noted) 

WRITE CYCLE 

M5M5117P-15 

Symbol Parameter limits 

Min Typ Max 

tew Write cycle time 150 

tw(W) Write pulse width 90 

tsu (A) Address set-up time 0 

tsu (5) Chip select set-up time 90 

tsu (0) Oat8 set-up time 40 

th (0) Data hold time 0 

tree (wi Write recovery time 10 

tSU(oE) Output enable set-up time 40 

tdis(DEI Output disable time from DE 50 

tdis (w) Output disable time from write 50 

ten (WI Output enable time from write 15 

POWER-DOWN CHARACTERISTICS 
ELECTRICAL CHARACTERISTICS (Ta=0-70'C, unless otherwise noted) 

Symbol Parameter Test conditions 

Veo (PO) Power-down supply voltage 

2.2V~VOO (PO) 
V,(5) Chip select input voltage 

2V~Vee (PO)~2 .2V 

leo (PO) Power-down supply current Vee=3V, Other inputs =3V 

Min 

200 

15 

15 

20 

Min 

200 

120 

0 

120 

60 

0 

10 

40 

15 

M5M5117P 

Limits 

Typ 

M5M5117P 

Limits 

Typ 

Limits 

Min Typ 

2 

2.2 

Vee (PO) 

Note 3: When S is operated at 2.2V (VIH min), the supply current at which Vee (PO) is between 4.5V and 2.4V, is specified by Ice4. 

TIMING REQUIREMENTS (Ta=0-70'C, unless otherwise noted) 

Symbol 

tsu (PO) 

tree (PO) 

Parameter 

Power-down set-up time 

Power-down recovery time 

Test conditions 

• MITSUBISHI 
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Limits 

Min Typ 

0 

teR 

Unit 

Max 

ns 

200 ns 

200 ns 

100 ns 

60 ns 

60 ns 

ns 

ns 

ns 

Unit 

Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

60 ns 

60 ns 

ns 

Unit 
Max 

V 

V 

V 

10 I"A 

Unit 
Max 

ns 

ns 
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TIMING DIAGRAM 
Read cycle 

Ao-AlO 

DO,-DOa 

(DATA OUTI 

W = HIGH LEVEL 

Write cycle (W control) 

4-16 

Ao-A9 

w 

DO,-DOa 
(DATA INI 

DO,-DOa 

(DATA OUTI 

MITSUBISHI LSls 

MsMsI17P, -IS 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

ta (AJ 

tSUIOEI 

NOT 
VALID 

tcw 

tSU(S) 

tWIWI 

(Note 61 

k;-_.;..:tS:.:;.U :.;::10,-1 -;;.j----i<E_ th (D) 

DATA IN 

STABLE 

k'--__">< tdislOEI 

•. MITSUBISHI 
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MITSUBISHI LSls 

M5M5117P, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

Write cycle (S control) 

Ao-A 10 

DO,-DOg 
(DATA IN) 

DO,-DOg 

(DATA OUT) 

OE = LOW LEVEL 

Note 4' Test conditions 

tsu IA) 

I nput pulse level 0.4 "'-' 2.4V 
I nput pulse risetime and falltime 10ns 
Load: nT L. CL ~ 100pF 
Reference level: 1.5V 

POWER-DOWN CHARACTERISTICS 

Vee 

VCCIPDI 

tew 

tsu ISj 

tw (W) 

DATA 

Note 5: Hatching indicates the don't care inputs. 
6: Writing is performed while Sand Ware in the low-level 

overlap period. 
7: The output is kept in the high-impedan~e state when W 

fa Us simultaneously with, or before, the S falls. 
8: A reverse phase signal should not be supplied when 00 

is in the output mode. 

• MITSUBISHI 
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MITSUBISHI LSI. 

MsMsI17FP, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

DESCRIPTION 
The M5M5117FP series of 2048-word by 8-bit asynchro­
nous silicon gate CMOS static RAM operates on a single 5V 
power supply and is designed for easy use in applications 
requiring battery backup. 

A chip select input, S, is available to provide the mini­
mum standby current with battery back-up while an output 
enable input, OE, enables high-speed memory access. 

The series features pin compatibility with the M5L2716K 
16K EPROM and M58725P 16K static RAM, and it is 
packaged in a small 24-pin plastic OIL flat package. 

FEATURES 

DE access Current consumption 

Type name 
Access time 

time 
(max) Active Stand-by 

(max) (max) (max) 

M5M5117FP-15 150ns 80ns 
SOmA 15iIA 

M5M5117FP 200ns lOOns 

• Single 5V power supply. 
• External clock and refresh operation not required. 
• Data can be held with 2V supply voltage. 
• All inputs, and outputs are directly TTL compatible. 
• All outputs are 3-state with OR-tie capability. 
• Easy expansion of memory capacity with chip select 

signal. 
• Common input/output for data pins. 
• Pin compatibility with M5L2716K 16K EPROM and 

M58725P 16K static RAM. 

APPLICATIONS 
Battery drive, small-capacity memory units with battery 
back-up 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS A4 
INPUTS AJ 

Az 

Al 

Ao 

DATA DO, 
INPUTS/ I DOz 

OUTPUTS DOJ 

(OV) GND 

FUNCTION 

Vee (5V) 

23 ~ A, I ADDRESS 
22 ~ A, I INPUTS 

21 ~ Iii ~~\Jf CONTROL 

2D ~ DE ?NUpTI'TUT ENABLE 

19 ~ A 10 ADDRESS INPUT 

Outline 24P2W 

CHIP SELECT 
INPUT 

DATA 
INPUTSI 
OUTPUTS 

The M5M5117FP series has a 2048-word by 8-bit configura­
tion. It operates on a single 5V supply and its inputs/ 
outputs are directly TTL compatible. Its completely static 
circuitry obviates the need for external clock and refresh 
operations and makes it very easy to use. 

The data of the DO pin are written when the address is 
designated by address signals Ao - A IO , the Ssignals turns 
low-level, and the W signal is set low. 

When for the reading operation the W signal is set high, 
the Sand OE signals are set low, pin DO is set to the output 
mode and the address is designated by signals Ao - AIO , 

the data of the designated address are output to pin DO. 

2048-WORD 

4-18 

ADDRESS INPUTS 

A, 

As 

WRITE CONTROL INPUT Vi 

CHIP SELECT INPU" S 18 

OUTPUT ENABLE INPUT DE 20 

X 8-BIT RAM 

(128 ROWS X 128 

COLUMNS) 

L.. ____________________ ~ 

-• --MITSUBISHI 
;"ELECTRIC 

DATA 
I NPUTS/OUTPUTS 



MITSUBISHI LSls 

M5M5117FP, ·15 

16384·BIT (2048·WORD BY 8-BIT) CMOS STATIC RAM 

When signal S is set high, the chip is set to a non-select 
status in which neither reading nor writing is possible. 
Since the output floats (high·impedance state I. OR·tie is 
possible with the other chip output pins. When the OE 
signal is set high, the output is put in the floating state. 
When OE is set high during writing for use with an 1/0 
bus system, bus contention between the input and output 
data can be avoided. 

retained even i.f the supply voltage falls to 2V, permitting 
power·down during non-operation or battery back-up 
during power failures. 

OPERATION MODES 
S OE W Mode DO 

H X X Non-select High impedance 

L X L Write D,N 

L L H Read DOUT 
The standby mode is established when signal S is set to 

Vee. The supply current is now reduced to the very low 
level of 15p.A (max) and the data in the memory are L H H Output disable High impedance 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

VCC Supply voltage 

V, I nput voltage With respect to GND 

Vo Output voltage 

Pd Power dissipation Ta~25'C 

Topr Operating free-air ambient temperature 

Tstg Storage temperature 

RECOMMENDED OPERATING CONDITIONS (Ta~0-70'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

GND Supply voltage 0 V 

V,L Low-level input voltage ~0.3 0.8 V 

V,H High-level input voltage 2.2 Vce+0.3 V 

ELECTRICAL CHARACTERISTICS (Ta~0-70'C, Vec~5V ±10%. unless otherwise noted) 

Symbol Parameter Test conditions 

V,H High-level input voltage 

V,L Low-level input voltage 

VOH High-level output voltage IOH~~lmA 

VOL Low-level output voltage IOL~ 2.1mA 

I, Input current V,~O-VCC 

IOZH Off-state high-level output current S or OE~VIH, Vo~2.4V-Vcc 

IOZL Off-state low-level output current S or OE~VIH, Vo~OV 

M5M5117FP-15 VI (5) =OV Output pin open 
ICCI Supply current 

Other inputs = Vee M5M5117FP 

M5M5117FP-15 VI (5) =VIL Output pin open 
ICC2 Supply current 

M5M5117FP Other inputs = ViH 

Ice3 Standby supply current S=Vcc- O_2V ,Otherinputs=O-Vcc 

ICC4 Standby supply current S~V'H, Other inputs = 0 - Vee 

CI Input capacitance ITa =25'C) VI~GND, V, ~25mVrms, f-1MHz 

Co Output capacitance ITa =25'C) Vo~GND, Vo~25mVrms. f~lMHz 

Note 1: Current flowing into an IC shall be positive (no signl. 

2: Typical values: Vee = 5V, T a"" 25°C. 

• MITSUBISHI 
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Limits 

~0.3 -7 

~0.3-Vec+0.3 

O-Vcc 

700 

0-70 

~65-150 

Limits 

Min Typ Max 

2.2 Vcc+0.3 

--0.3 0.8 

2.4 

0.4 

±1 

1 

-1 

45 

30 45 

50 

35 50 

15 

2 

6 

8 

IcC 

Standby 

Active 

Active 

Active 

Unit 

V 

V 

V 

mW 

'c 
·c 

Unit 

V 

V 

V 

V 

J1A 

J1A 

J1A 

mA 

mA 

mA 

mA 

J1A 

mA 

pF 

pF 
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M5M5117FP, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70·C. Vee=5V±10%, unless otherwise noted) 

READ CYCLE 

M5M5117FP-15 

Symbol Parameter Limits 

Min Typ Max 

teA Read cycle time 150 

ta (A) Address access time 150 

ta (S) Chip select access time 150 

ta (DE) Output enable access time 80 

tdis (S) Output disable time from S 50 

tdis (OE) Output disable time from OE 50 

ten (S) Output enable time from S 15 

ten (DE) Output enable time from OE 15, 

tv (A) Da·ta valid time from address 20 

TIM ING REQUI R EM ENTS (T a =0 -70'C, Vee=5V ± 1 0%, unless otherwise noted) 

WRITE CYCLE 

M5M5117FP-15 

Symbol Parameter Limits 

Min Typ Max 

tew Write cycle time 150 

tw(W) Write pulse width 90 

tsu (A) Address set-up time a 
tsu (S) Chip select set-up time 90 

tsu (D) Data set-up time 40 

th (D) Data hold time a 
tree (W) Write recovery time 10 

tSU(DE) OutPut enable set-up time 40 

tdIS(DE) Output disable time from DE 50 

tdis (W) Output disable time from write 50 

ten (W) Output enable time from write 15 

POWER-DOWN CHARACTERISTICS 
E lECTR ICAl CHARACTER ISTICS (Ta =0 -70'C, unless otherwise noted) 

Symbol Parameter Test conditions 

Vee (PD) Power·down supply voltage 

V,es) Chip select input voltage 
2.2V~Vee(PD) 

2V~Vee (PD)~2 .2V 

ICC (PD) Power-down supply current Vee=3V, Other inputs =3V 

Min 

200 

15 

15 

20 

Min 

200 

120 

a 
120 

60 

a 
10 

40 

15 

M5M5117FP 

Limits 

Typ 

M5M5117FP 

Limits 

Typ 

Limits 

Min Typ 

2 

2.2 

Vec (PD) 

Note 3. When S IS operated at 2.2V (VIH min), the supply current at which Vce (POl IS between 4.5V and 2.4V. is specified by lec4. 

TIMING REQUIREMENTS (Ta=0-70'C, unless otherwise noted) 

Symbol 

tsu (PD) 

tree (PD) 

4-20 

Parameter 

Power-down set-up time 

Power-down recovery time 

Test conditions 

'. MITSUBISHI 
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Limits 

Min Typ 

a 
teA 

Unit 

Max 

ns 

200 ns 

200 ns 

100 ns 

60 ns 

60 ns 

ns 

ns 

ns 

Unit 

Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

60 ns 

60 ns 

ns 

Unit 
Max 

V 

V 

V 

10 "A 

Unit 
Max 

ns 

ns 



TIMING DIAGRAM 
Read cycle 

DOl-DOs 

(DATA OUT) 

W = HIGH LEVEL 

Write cycle (W control) 

Ao-A, 

w 

DOI-DOa 
(DATA IN) 

DOl-DOs 

(DATA OUT) 

MITSUBISHI LSI. 

M5M5117FP, ·15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

Isu 10EI 

teR 

tew 

tsu (5) 

tWIWI 

(Note5) 

~_t.:.:s::::u 'c:.DJ'----i>I_~ th (0) 

DATA IN 

STABLE 

~-~ tdlslOEI 

• MITSUBISHI 
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MsMsI17FP, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

Write cycle (8 control) 

w 

DO,-DOg 
(DATA IN) 

DO,-DOg 

(DATA OUT) 

OE = LOW LEVEL 

Note 4 Test conditions 
Input pulse level: 0.4 -- 2.4V 
Input pulse risetime and fall time lOns 
Load: lTTL. C,L ~ 100pF 
Reference level: 1.SV 

POWER-DOWN CHARACTERISTICS 

Vee 

4-22 

VCC{PDI 

lew 

tsu (Si 

lw (W) 

Note 5: Hatching indicates the don't care inputs. 
6 Writing is performed while Sand Ware in the low-level 

overlap period. 
7: The output is kept in the high-impedance state when Iii 

falls simultaneously with, or before, the S falls. 
8' A reverse phase signal should not be supplied when DO 

is in the output mode. 

'.MITSUBISHI 
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MSMSI18P, -15 

16384-B1T (2048-WORD BY 8-BIT) CMOS STATIC RAM 

DESCRIPTION 
The M5M5118P series of 2048-word by 8-bit asynchronous 
silicon gate CMOS static RAM operates on a single 5V 
power supply and is designed for easy use in applications 
requiring battery back - up_ 

Two chip select inputs, Sl and S2, are available to pro­
vide the minimum standby current with battery back-up_ 
The series is packaged in a standard 24-pin plastic OIL 
package. 

FEATURES 

Current consumption 

Type name 
Access time 

Active Stand-by 
(max) 

(max) (max) 

M5M5118P-15 150ns 
15,uA 50mA 

M5M5118P 200ns 

• Single 5V power supply. 
• External clock and refresh operation not required. 
• Data can be held with 2V supply voltage_ 
• All inputs and outputs are directly TTL compatible. 
• All outputs are 3-state with OR-tie capability. 

• Easy expansion of memory capacity with chip select 
signal. 

• Common input/output for data pins 

APPLICATIONS 
Battery drive, small-capacity memory units with battery 
back-up 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

A7 - 1 

ADDRESS 
INPUTS A3 

A, 

A, 

Ao 

DATA DO, 

I NPUTS/ 1 DO, 
OUTPUTS D03 

(OV) GND 

FUNCTION 

Outline 24 P4 

Vee (SV) 

23 ~ As I 
22 ~ A, I ADDRESS INPUTS 

WRITE CONTROL 
INPUT 

20 ~ S, CHIP SELECT INPUT 

" ~ AlO ADDRESS INPUT 

18 ~ S, CHIP SELECT INPUT 

DATA 
INPUTS/ 
OUTPUTS 

The M5M5118P series has a 2048-word by 8-bit configura­
tion. It operates on a single 5V supply and its inputs/ 
outputs are directly TTL compatible. Its completely static 
circuitry obviates the need for external clock and refresh 
operations and makes it very easy to use. The data of the 
DO pin are written when the address is designated by 
address signals Ao ~ A lO , the S; and S2 signals turn low­
level, and the IN signal is set low. 

When for the reading operation the W signal is set high, 
the Sl and S2 signals are set low, pin DO is set to the output 

A, 

As 

A, 

A3 

a: 
cu 2048-WORD X 8-BIT 
0 

1. 0 128 RAM 
~ 
0 (128 ROWS x 
S 
0 

128 COLUMNSI a: 

ADDRESS INPUTS 

WRITE CONTROL INPUT 

CHIP SELECT INPUTS I ~ 18 

8, ~~~~ __________________________ ~ 

'--------- - --- - ----- - ----- - ----- - ------~ 

• MITSUBISHI 
"ELECTRIC 

DATA 
INPUTS/OUTPUTS 
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M5M5118P, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

mode and the address is designated by signals Ao - A lO , 

the data of the designated address are output to pin DQ. 
during non·operation or battery back·up during power 
failures. 

When signal S; or 52 cis set high, the chip is set to a non· 
select status in which neither reading nor writing is possible. 
5incethe output floats (high·impedance state), OR·tie is 
possible with the other chip output pins. 

The standby mode is established when signal 52, or signal 
51 (with signal 52 at Vee or GND), is set to Vee. The 
supply current is now reduced to the very low level of 
15/lA (max) and data in the memory are retained even 
if the supply voltage falls to 2V, permitting power-down 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VOO Supply voltage 

OPERATION MODES 
s, S2 W Mode 

X H X Non-select 

H X X Non-select 

L L L Write 

L L H Read 

Conditions 

VI I nput voltage With respect to GND 

Vo Output voltage 

Pd Power dissipation Ta ~25'C 

Topr Operating free-air ambient temperature 

TStg Storage temperature 

RECOMMENDED OPERATING CONDITIONS (Ta~0-70'C. unlessotherwlSenoted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

GND Supply voltage 0 V 

VIL Low-level input voltage ~0.3 0.8 V 

VIH High-level input voltage 2.2 Voo+0.3 V 

ELECTRICAL CHARACTERISTICS (Ta~0-70'C. Vee~5V±10%, unless otherwise noted) 

Symbol Parameter Test conditions 

V IH High-level input voltage 

DQ 

High impedance 

High impedance 

DIN 

DOUT 

Limits 

~Oc3-7 

-Oc3- Voe+0. 3 

O-Vee 

700 

0-70 

-60-150 

Limits 

Min Tya Max 

2.2 Voo+Oc3 

VIL Low-level input voltage -0.3 0.8 

V OH High-level output voltage 

VOL Low-level output voltage 

'I Input current 

'OZH Off-state high-level output current 

'OZL Off-state low-level output current 

M5M5118P-15 
leol Supply current 

M5M5118P 

M5M5118p·15 
'002 Supply current 

M5M5118P 

I eC3 Standby supply current 

'004 Standby supply current 

C , Input capacitance (Ta =25~C) 

Co Output capacitance (Ta =25~C) 

Note 1· Current flowing into an IC shall be positive (no sign). 

Typical values: Vee = 5V, T a = 25°C. 

4-24 

10H~-lmA 2.4 

IOL~2.1mA 

V,~O-Veo 

S, or S2~VIH, Vo~2 .4V-Voo 

S,or S2~VIH, VO~OV 

VI (5,) ~VI (52) ~OV Output pin open 

Other inputs =Vcc 

VI (S,)~VI (5;) ~VIL Output pin open 

Other inputs = V IH 

CDS2~VOO-Oc2V, Other inputs~O-Voe 

® S1~VeC" Oc2V, S;;~Oc2V, Other inputs ~O - Vec 

§2->:Oc2V, S;~VIH, Other inputs~O-Veo 

VI~GND, VI=25mVrms, f~1MHz 

Vo~GND, Vo~25mVrms, f~1MHz 

• MITSUBISHI 
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0.4 

±1 

1 

~1 

45 

30 45 

50 

35 50 

15 

2 

6 

8 

'00 

Standby 

Standby 

Active 

Active 

Unit 

v 

V 

V 

mW 

'c 

'c 

Unit 

V 

V 

V 

V 

t/A 

t/A 

t/A 

mA 

mA 

mA 

mA 

t/A 

mA 

pF 

pF 



MITSUBISHI LSls 

MsMsI18P, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

SWITCHING CHARACTERISTICS (Ta~O-70'C, Vcc~5V±10%, unless otherwise noted) 

READ CYCLE 

M5M5118P-15 

Symbol Parameter Limits 

Min TVp Ma' 

tCR Read cycle time 150 

ta (A) Address access time 150 

ta (s 1l Chip select 1 access time 150 

ta (s,) Chip select 2 access time 150 

tdls (8,) Output disable time from S1 50 

tdls (8,) Output disable time from S2 50 

ten (8 , ) Output enable time from S 1 15 

ten (s,) Output enable time from S2 15 

tv (A) Data valid time from address 20 

TIMING REQUIREMENTS (Ta=0-70'C, Vcc=5V±10%, unless otherwise noted) 

WRITE CYCLE 

M5M5118P-15 

Symbol Parameter Limits 

Min TVp Max 

tew Write cycle time 150 

tw(W) Write pulse width 90 

tsu (A) Address set-up time 0 

tsu (8) Chip select set-up time 90 

tsu (0) Data set-up time 40 

th (0) Data hold time 0 

tree (W) Write recovery time 10 

tdis (w) Output disable time from write 50 

ten (W) Output enable time from write 15 

POWER-DOWN CHARACTERISTICS 
ELECTRICAL CHARACTERISTICS (Ta~0-70'C, unless otherwise noted) 

Symbol Parameter Test conditions 

Vee (PO) Power-down supply voltage 

2,2V~VcC (PD) 
V, (S) Chip select input voltage 

2V~VCC (PO) ~2 ,2V 

ICC (PO) Power-down supply current VCC~3V, Other inputs = 3 V 

Min 

200 

15 

15 

20 

Min 

200 

120 

0 

120 

60 

0 

10 

15 

M5M5118P 

Limits 

TVp 

M5M5118P 

Limits 

Typ 

Limits 

Min Typ 

2 

2,2 

VCC (PO) 

Note 3: When 5. or 52 IS operated at 2.2V (VIH min), the supply current at which Vce (PO) IS between 4.5V and 2.4V, IS specified by ICC4. 

TIMING REQUIREMENTS (Ta=0-70'C, unless otherwise noted) 

Symbol 

tsu (PO) 

tree (PD) 

Parameter 

Power-down set-up time 

Power-down recovery time 

Test conditions 

• MITSUBISHI 
"ELECTRIC 

Limits 

Min Typ 

0 

tCR 

Unit 

Max 

ns 

200 ns 

200 ns 

200 ns 

60 ns 

60 ns 

ns 

ns 

ns 

Unit 

Max 

nn 

ns 

ns 

ns 

ns 

ns 

ns 

60 ns 

ns 

Unit 
Max 

V 

V 

V 

10 /-LA 

Max 

ns 

ns 
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TIMING DIAGRAM 
Read cycle 

5, 

D01~D08 

(DATA OUT) 

W~HIGH LEVEL 

Write cycle (W control) 

4-26 

5, 

D01~D08 

(DATA IN) 

D01~D08 

(DATA OUT) 

MITSUBISHI LSls 

M5M5118P, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

(Note 8) 

NOT 
VALID 

t CR 

tow 
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M5M5118P, -15 

16384-BIT (2048-WORD BY 8-Blt) CMOS STATIC RAM 

Write cycle (8 control) 

w 

DO,-DOg 

(DATA IN) 

DO,-DOg 

(DATA OUT) 

Note 4: Test conditions 
Input pulse level: 0.4 ""-' 2.4V 
Input pulse risetime and falltime 10ns 
Load: lTTL. CL = 100pF 
Reference level: 1.5V 

POWER-DOWN CHARACTERISTICS 

Vee 

lew 

tsu (s) 

Note 5 Hatching indicates the don't care inputs. 
6 Writing is performed while Sand Ware in the low-level 

overlap period. 
The output is kept in the high-impedance state when IN 
.fails simultaneously with, or before, the S fall. 

8: An reverse-phase signal should not be supplied when pin 
DQ is in the output mode. 

• MITSUBISHI 
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MITSUBISHI LSI. 

M5M5118FP, -15 

18384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

DESCRIPTION 
The M5M5118FP series of 2048-word by 8-bit asynchro­
nous sificon gate CM05 static RAM operates on a single 5V 
power supply and is designed for easy use in applications 
requiring battery back-up_ 

Two chip select inputs, 51 and 52, are available to pro­
vide the minimum standby current with battery back-up_ 

The series is packaged in a small 24-pin plastic OIL flat 
package_ 

FEATURES 

Access time 
Current consu,mPtion 

Type name Active Stand-by 
(max) 

(maxi (max) 

M5M5118FP-15 lS0ns 
SOmA lS.uA 

M5M5118FP 200ns 

• 5ingle 5V power supply. 
• External clock and refresh operation not required. 
• Data can be held with 2V supply voltage. 
• All inputs and outputs are directly TTL compatible_ 
• All outputs are 3-state with OR-tie capability. 
• Easy expansion of memory capacity with chip select 

signal. 
• Common input/output for data pins 

APPLICATIONS 
Battery drive, small-capacity memory units with battery 
back-up 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

Al - 1 

DATA DO, - • 
I NPUTSI 1 D02 - '0 

OUTPUTS D03 _ 11 

2. Vee (SV) 

23 ~ As I 
22 ~ A. I ADDR ESS INPUTS 

WRITE CONTROL 
INPUT 

~ Si CHIP SELECT INPUT 

,. ~ AlO ADDRESS INPUT 

, ~ 52 CHIP SELECT INPUT 

1 _ DQ7 

15 _ OQ6 
DATA 
INPUTSI 
OUTPUTS 

(ov) GND 
1 - DOs 
1 _ DQ4 """"'-___ ....r-

Outline 24P2W 

FUNCTION 
The M5M5118FP series has a 2048-word by 8-bit configura­
tion_ It operates on a single 5Vsupply and its inputs/ 
outputs are directly TTL comp~tible_ Its completely static 
circuitry obviates the need for external clock and refresh 
operations and makes it very easy to use. The data of the 
DO pin are written when the address is designated by 
address signals Ao - Ala, the 51 and 52 signals turn low­
level. and the W signal is set low_ 

When for the reading operation the W signal is set high. 
the 51 and 52 signals are set low. pin DO is settothe output 

Al 

A, 2048-WORD X 8-BIT 

RAM 

I-+,------<!Q) DO. 

DATA 

4-28 

(128 ROWS X 

A, 
128 COLUMNS) 

ADDRESS INPUTS 

WRITE CONTROL INPUT Vi ~'I--;:::r)------I---------.J 

CHIP SELECT INPUTS 1 ~ ~'~ittl}---L----------.J 
s'~-l~~)-____________ --.J 

I NPUTS/OUTPUTS 

Vee (SV) 

1 OND (OV) 

L---__ -'- ____________________ ----' 

• -MITSUBISHI 
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M5M5118FP, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

mode and the address is designated by signals Ao ~ AIO , 

the data of the designated address are output to pin DQ. 
during non·operation or battery back·up during power 
failu res. 

When signal S; or S2 is set high, the chip is set to a non· 
select status in which neither reading nor writing is possible. 
Since the output floats (high·impedance state), OR·tie is 
possible with the other chip output pins. 

The standby mode is established when signal S2, or signal 
SI (with signal S2 at Vee or GND), is set to Vee. The 
supply current is now reduced to the very low level of 
151lA (max) and data in the memory are retained even 
if the supply voltage falls to 2V, permitting power·down 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vce Supply voltage 

OPERATION MODES 
S, S, W Mode 

X H X Non-select 

H X X Non-select 

L L L Write 

L L H Read 

Conditions 

V, Input voltage With respect to GND 

Vo Output voltage 

Pd Power dissipation Ta ~25'C 

Topr Operating free-air ambient temperature 

Tstg Storage temperature 

RECOMMENDED OPERATING CONDITIONS (Ta~0-70·C. unlesS01herwisen01ed) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

GND Supply voltage 0 V 

V'L Low-level input voltage -0.3 0.8 V 

V'H High-level input voltage 2.2 VCC+0.3 V 

ELECTRICAL CHARACTERISTICS (Ta~0-70'C. VCC~5V±10%. unlessotherwisenoted) 

Symbol Parameter Test conditions 

V'H High-level input voltage 

DO 

High impedance 

High impedance 

D'N 

DOUT 

Limits 

-0.3-7 

-0.3 -Vee+O 3 

O-Vee 

700 

0-70 

-60-150 

Limits 

Min Typ Max 

2.2 "cc+0.3 

V'L Low-level input voltage -0.3 0.8 

VOH High-level output voltage IOH~ -lmA 2.4 

VOL Low-level output voltage IOL~2.1mA 

I, Input current V,~O-Vce 

'OZH Off-state high-level output current Slor S,~V'H.VO~2.4V-Veo 

'aZL Off-state low-level output current Slor S,~V'H. VO~OV 

M5M5118FP-15 VI (5,")=VIC5;) =OV Output pin open 
leel Supply current 

M5M5118FP Other inputs = Vee 

M5M5118FP-15 VI (~) = VI <5;) = VIL Output pin open 
Icc, Supply current 

M5M5118FP Other inputs=VIH 

CDS2~Vee-0.2V. Other inputs ~O-VCC 
Standby supply current IOC3 

<2JS1~vec- 0.2V. S2S0.2V. Other inputs ~ 0- Vee 

loe4 Standby supply current 

C, Input capacitance (T a = 25°C) 

Co Output capacitance (Ta =25"C) 

Note 1 Current flowing into an Ie shall be positive (no sign). 

2 Typical values: Vee = 5V, T a = 25°C. 

S,sO.2V. St~V'H. Other inputs~O-Vce 

VI~GND. Vi~25mVrms. f~lMHz 

Va~GND. VO~25mVrms. f~ 1MHz 

• MITSUBISHI 
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0.4 

±1· 

1 

-1 

45 

30 45 

50 

35 50 

15 

2 

6 

8 

ICC 

Standby 

Standby 

Active 

Active 

Unit 

V 

V 

V 

mW 

'c 

'c 

Unit 

V 

V 

V 

V 

/-I A 

/-I A 

/-I A 

mA 

mA 

mA 

mA 

/-I A 

mA 

pF 

pF 
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MsMsI18FP, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

SWITCHING CHARACTERISTICS (Ta~0-70·C, Vcc~5V±10%, unless otherwise noted) 

READ CYCLE 

M5M5118Fp·15 

Symbol Parameter Limits 

Min Tvp Max 

tCA Read cycle time 150 

ta (A) Address access time 150 

ta (s,) Ch ip select 1 access 'time 150 

ta (5,) Chip select 2 access time 150 

tdis (5,) Output disable time from S 1 50 

tdis (5,) Output disable time from S2 50 

ten (5,) Output Bnable time from Sl 15 

ten (5,) Output enable time from S2 15 

tv (A) Data valid time from address 20 

TIMING REQUIREMENTS (Ta~0-70·C, Vcc~5V±10%, unless otherwise noted) 

WRITE CYCLE 

M5M5118Fp·15 

Symbol Parameter Limits 

Min Tvp Max 

tew Write cycle time 150 

tw(W) Write pulse width 90 

tsu (A) Address set-up time 0 

tsu (5) Chip select set-up time 90 

tsu (0) Data set-up time 40 

th (0) Data hold time 0 

tree (w) Write recovery time 10 

tdis (W) Output disable time from write 50 

ten (w) Output enable time from write 15 

POWE R·DOWN CHARACTER ISTICS 
ELECTRICAL CHARACTERISTICS (Ta~0-70·C, unless otherwise noted) 

Symbol Parameter Test conditions 

VCC (PO) Power-down supply voltage 

2 .2V ;;;:;Vcc (PO) 
V,(5) Chip select input voltage 

2V;;;:;Vcc (Po);;;:;2 "2V 

Icc (Po) Power-down supply current Vcc~3V , Other inputs = 3 V 

Min 

200 

15 

15 

20 

Min 

200 

120 

0 

120 

60 

0 

10 

15 

M5M5118FP 

Limits 

TVp 

M5M5118FP 

Limits 

Tvp 

Limits 

Min Tvp 

2 

2 "2 

VCC (PO) 

Note 3: When 51 or S2 is operated at 2.2V (VIH min), the supply current at which Vee (PO) is between 4.5V and 2.4V, is specified by ICC4- . 

T"IMING REQUIREMENTS (Ta~0-70·C, unless otherwise noted) 

Symbol 

tsu(PO) 

tree (PO) 

4-30 

Parameter 

Power-down set-up time 

Power-down recovery time 

Test conditions 

• MITSUBISHI 
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Limits 

Min TVp 

0 

tCA 

Unit 

Max 

ns 

200 ns 

200 ns 

200 ns 

60 ns 

60 ns 

ns 

ns 

ns 

Unit 

Max 

nn 

ns 

" ns 

ns 

ns 

ns 

ns 

60 ns 

ns 

Unit 
Max 

V 

V 

V 

10 J.lA 

Unit 
Max 

ns 

ns 
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M5M5118FP, -15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

TIMING DIAGRAM 
Read cycle 

Ao-A 10 

tCR 

ta (A) 

DOl-DOs NOT 
(DATA OUT) -----------f+< VALID 

W = HIGH LEVEL 

Write cycle (W control) 

AO-A'0 

S2 

S, 

DO,-DOs 
(DATA IN) 

DO,-DOs 

(DATA OUT) 

tcw 

(Note 8) 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M5118FP, ·15 

16384-BIT (2048-WORD BY 8-BIT) CMOS STATIC RAM 

Write cycle (8 control) 

Ao-AlO 

001-008 

(DATA IN) 

001-008 
(DATA OUT) 

Note 4: Test conditions 
Input pulse level- 0.4 "" 2.4V 
Input pulse risetime and faHtime: 10ns 
Load: 1TTL. CL = 100pF 
Reference level: 1.5V 

POWER-DOWN CHARACTERISTICS 

Vee 

4-32 

tew 

tW(W) 

INote 61 

tsu (OJ 

DATA IN STABLE 

Note 5: Hatching,indicates the don't care inputs. 
6: Writing is performed while S and iN are in the low·level 

overlap- period. 
7: The output is kept in the high-impedance state when Vii 

falls simultaneously with, or before, the S fall. 
8 An reverse-phase signal should not be supplied when pin 

DQ is in the output mode. 

• MITSUBISHI 
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~SMs16sP-70, -10, -12, -15, 
-70L, -10L, -12L, -lsL 

6SS36-BIT (8192 WORD BY 8-BIT) CMOS STATIC RAM 

DESCRIPTION 
The M5M5165P is a 65,536-bit CMOS static RAM orga­
nized as 8,192 words by 8 bits which is fabricated using 
high-performance double polysilicon CMOS technology. 
The use of resistive load NMOS cells and CMOS periferals 
result in a high-density and low-power static RAM. It is 
ideal for the memory systems which require simple interface. 

The stand-by current is low enough for a battery back­
up application. It is mounted in a standard 28 pin package 
and configured in an industrial standard 8K x 8-bit pinout. 

FEATURES 
Power supply current 

Type Access time 
(max) Active Stand-by 

(max) (max) 

M5M5165P-70 70ns 
M5M5165P-l0 lOOns 2mA 
M5M5165P-12 120ns 
M5M5165P-15 150ns 50mA 
M5M5165P-70L 70ns 
M5M5165P-l0L lOOns 100,uA 
M5M5165P-12L 120ns 
M5M5165P-15L 150ns 

• Single +5V Power Supply 
• Fully Static Operation: No Clocks, No Refresh 
• Data-Hold on +2V Power Supply 
• Directly TTL Compatible: All Inputs and Outputs 
• Three-State Outputs: OR-tie Capability 
• Simple Memory Expantion by s;- , S2 
• OE Prevents Data Contention in The I/O Bus 
• Common Data I/O 
• Pinout Compatible with 64K EPROM M5L2764K 
APPLICATION 
Small Capacity Memory Units. 

FUNCTION 
The operation mode of the M6M5165P is determined by a 

BLOCK DIAGRAM 

ADDRESS INPUT 

WRITE CONTROL 
INPUT 

OUTPUT ENABLE 
INPUT 

A9 

A8 

A'2 
A7 

A6 

A5 

A4 
A3 

A2 

AI 

Ao 

All 

W 

8192 WORDS x 

8 BITS 

(256 ROWS x 

256 CO LUMNS) 

32 

Specification of 70. 70L are subject to change. 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUT 

NO Vee (5V) 

W t~~~~OL INPUT 
S2 CHIP SELECT 

A }INPUT 
As ADDRESS 

9 INPUT 

All 

at ~~l~~~ INPUT 
A10 ADDRESS INPUT 

:~:: ~~j:~::m 
6 .... D05 

5 .... D04 
L-___ --' 

NC : NO CONNECTION 

Outline 28P4 

combination of the device control inputs S" S2, Wand OE. 
Each mode is summarized in the function table. (see next page) 

A write cycle is excuted whenever the low level W 
overlaps with the low level S, and the high level S2. The 
address must be set up before the write cycle and must be 
stable during the entire cycle. The data is latched into a cell 
on the trailing edge of W, 5, or S2, whichever occurs first, 
requring the set-up and hold time relative to these edge to 
be maintained. The Output enable input OE directly 
controls the output stage. Setting the OE at a high level, 
the output stage is in a high-impedance state, and the data 
bus contention problem in the write cycle is eliminated. 

A read cycle is excuted by setting W at a high level and 
OE at a low level while Sf and S2 are in an active state (S; = L, 

DATA 1/0 

~vec (5V) -.:J GND (OV) 

. • MITSUBISHI 
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MSMSI6SP-70, -10, -12, -15, -70L, -10L, -12L, -ISL 

6SS36-BIT (8192 WORD BY 8-BIT) CMOS STATIC RAM 

52 =H) 
When setting St at a high level or 52 at a low level, the 

chip is in a non-selectable mode in which both reading and 
writing are disabled. In this mode, the output stage is in a 
high-impedance state, allowing OR-tie with other chips and 
memory expantion by s;- and S2' The power supply 
current is reduced as low as the stand-by current which is 
specified as ICC3 orlCC4, and the memory data can be held 
at +2V power supply, enabling battery back-up operation 
during power failure or power-down operation in the non-
selected mode. 

FUNCTION TABLE 

s, S2 W OE Mode 

X L X X Non selection 

H X X X Non selection 

L H L X Write 

L H H L Read 

L H H H 

RECOMMENDED OPERATING CONDITIONSCTa=0-70·c. unlessotherwisenoted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

GND Supply voltage 0 V 

VI~ low input voltage -0.3 0.8 V 

VIH high input voltage 2.2 Vee+0.3 V 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

DO 

high-impedance 

high-impedance 

DIN 

DOUT 

high-impedance 

Limits 

Vee Supply voltage -0.3-7 

VI Input voltage With respect to GND 

Vo Output voltage 

Pd Power dissipation Ta=25'C 

Topr Operating temperature 

Tstg Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Vee=5V ±10%. unless otherwise noted) 

SymbOl Parameter Test conditions· 

VIH High input voltage 

VI~ Low input voltage 

VOH High output voltage IOH=-lmA 

VOL Low output voltage IO~ = 2 mA 

II Input current VI=O-Vee 

IOZH High level output current in off-state S1=VIH or S2= VI~ or OE=VIH 

IOZL Low level output current in off-state Vl/o=O-Vec 

S,";0.2. S2;;;; Vee-0.2 

IcC, Active supply current Outout open 

Other inputs ;:;;;; 0 . 2 or ;;;;Vee-O .2 

S,=VIL or S2=VIH 

lee2 Active supply current Output open 

Other i'nputs =VIH 

lee3 Stand-by supply current 
G) S2";0.2V, Otherinputs=O-Vee 
® S;;;;;Vec-O .2V, S2;;;;Vee-0 .2V, 

. Other inputs =0 - Vee 

lee4 Stand-by supply current S2=VIL. Sl=VIH,Other inputs=O-Vec 

OJ Output capacitance (Ta""25°C) VI=GND. Vj=25rnVmrs. f=lMHz 

00 Outout capacitance (T a=25°C) VO=GND. Vo=25rnVrms, f=lMHz 

Note 1 Direction for current flowing into IC is indicated as positive (no mark) 
2 Typical value is Vcc,= 5V, Ta=25°C 

4-34 
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-0.3- Vee+0. 3 

O-Vee 

700 

0-70 

-65-150 

limits 

Min Typ Max· 

2.2 Vee+0.3 

-0.3 0.8 

2.4 

0.4 

±1 

1 

-1 

30 45 

35 50 

2CP) 

100(P-L) 

3 

6 

8 

Icc 

Standby 

Standby 

Active 

Active 

Active 

Unit 

V 

V 

V 

rnW 

·C 

·C 

Unit 

V 

V 

V 

V 

I-/A 

I-/A 

I-/A 

rnA 

rnA 

rnA 

I-/A 

rnA 

pF 

pF 
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MsMsI6sP-70, -10, -12, -15, -70L, -10L, -12L, -lsL 

6SS36-BIT (8192 WORD BY 8-BIT) CMOS STATIC RAM 

SWITCHING CHARACTERISTICS (Ta=0~70'C, Vcc=5V±10%, unless otherwise noted) 

Read cycle 

M5M5165P-70 M5M5165P-10 
M5M5165P-70L M5M5165P-10L 

Symbol Parameter 
Limits Limits 

Min Typ Max Min Typ Max 

Ie R Read cycle time 70 100 

la (A) Address access time 70 100 

la (8,) Chip select 1 access time 70 100 

la (8,) Chip select 2 access time 70 100 

la (GE) Output enable access time 35 50 

Idis (8,) Output disable time after SI high 30 35 

Idis (3,) Output disable time after 52 low 30 35 

Idis (GE) Output disable time after OE high 30 35 

len (8,) Output enable time after SI low 5 10 

len (3,) Output enable time after 52 high 5 10 

len (GE) Output enable time after OE low 5 10 

tv (A) Data valid time after address change 20 20 

TIMING REQUIREMENTS (Ta=0~70'C, VCC=5V± 10%, unless otherwise noted) 

Write cycle 

Symbol Parameter 

low Write cycle time 

Iw(w) Write pulse width 

Isu (A) Address set up time 

Isu (3) Chip select set up time 

Isu (D) Data set up time 

Ih (D) Data hold time 

Iree (w) Wri te recovery time 

Idis(W) Output disable time after W low 

Idis (DE) Output disable time after OE high 

ten (W) Output enable time after W high 

len (DE) Output enable time after OE low 

M5M5165P-70 M5M5165P-10 
M5M5165P-70L M5M5165P-10L 

Limits Limits 

Min Typ Max Min Typ Max 

70 100 

40 60 

0 0 

65 80 

30 35 

5 5 

5 5 

0 30 35 

0 30 35 

5 10 

5 10 

• MITSU81SHI 
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M5M5165P-12 
M5M5165P-12L 

Limits 

Min Typ Max 

120 

120 

120 

120 

60 

40 

40 

40 

10 

10 

10 

20 

M5M5165P-12 
M5M5165P-12L 

Limits 

Min Typ Max 

120 

70 

0 

85 

40 

5 

10 

40 

40 

10 

10 

M5M5165P-15 
M5M5165P-15L 

Limits Unit 

Min Typ Max 

150 ns 

150 ns 

150 ns 

150 ns 

70 ns 

50 ns 

50 ns 

50 ns 

10 ns 

10 ns 

10 ns 

20 ns 

M5M5165P-15 
M5M5165P-15L 

Limits Unit 

Min Typ Max 

150 ns 

90 ns 

0 ns 

100 ns 

50 ns 

5 ns 

10 ns 

50 ns 

50 ns 

10 ns 

10 ns 
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MSMSI6SP·70, .10, ·12, ·15, .70L,.10L, ·12L, ·ISL 

TIMING DIAGRAM 
Read cycle 

DOl-DOg 
(Doul) 

W="H" level 

Write cycle (WE control) 

4-36 

W 

DOl-DOS 
(Din) 

DOl-DOs 
(Dour) 

65536-BIT (8192 WORD BY 8-BIT) CMOS STATIC RAM 

tSU(A) 

tOR 

tow 

tsu (5,) 

tsu (5,) 

tW(w) 

• MITSUBISHI 
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MSMSI6SP·70, ·10, ·12, ·15, ·70L, ·10L, ·12L, ·ISL 

6SS36-BIT (8192 WORD BY 8-BIT) CMOS STATIC RAM 

Write cycle (S control) 

w 

DOl-DOs 
(DATA IN) 

Note 4 Test condition 
Input pulse level: O.6 .... -2.4V 

Input pulse rise, fall time: 10ns 

tew 

tsu (S) 

(Note 61 

tSU(D) 

DATA IN 
STABLE 

Load: 1 TTL.CL" 100pF {P-15. P-l2. P-lO. P-l5L. P-12L. P-l0LI 

CL "30pF {P-70. P-70Ll 
Conditions of assessment: 1.5V 

5: Hatching indicates the state is don't care. 
6: Writing is executed while 52 high overlaps S; andWlow. 

th (D) 

7: If W goes low simultaneously with or prior to s;- low or 52 high, the output remains in the high­

impedance state. 
Don't apply inverted phase signal externally when DQ pin is in output mode. 

• MITSUBISHI 
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MSMSI6SP-70, -10, -12, -15, -70L, -10L, -12L, -ISL 

6SS36-BIT,(8192 WORD BY 8-BIT) CMOS STATIC RAM 

POWER DOWN CHARACTERISTICS 
ELECTRICAL CHARACTERISTICS (Ta=0-70·C, unless otherwise noted ) 

Symbol Parameter Test conditions 
Min 

Vee (PO) Power down supply voltage 2 

2.2V";Vee(Po) 2.2 
VI (51) Chip select input s;-

2V";VeC(Po)";2.2V 

VI (S,) Chip select input 52 
4.5V";Vee(PO) 

Vee (PO)<4.5V 

lee(Po) Power down supply current Vee=3V, Other inputs =3V 

Note 3: When 51 IS operated at 2.,2V (VIH min) and the supply voltage is between 4.5V and 2.4V, supply current is defined as ICC4. 

TIMING REQUfREMENTS(Ta=0-70·C, unless otherwise noted) 

Symbol Parameter 

tsu (PO) Power down setup time 

treo (PO) Power down recovery ti me 

POWER DOWN CHARACTERISTICS 
SI control 

Vee 

S2 control 

Vee 

4-38 

Test conditions 

s,~Vee-0,2V 

• MITSUBISHI 
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Min 

0 

teR 

Limits 
Unit 

Typ Max 

V 

V 

Vee(PO) V 

O.S V 

0.2 V 

2(P) rnA 

50(P-L) IJA 

Limits 
Unit 

Typ Max 

ns 

ns 
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MITSUBISHI L.Sls 

MSM2364-XXXP 

65 536-BIT(8192-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
The Mitsubishi M5M2364-XXXP is a 65536-bit mask­
programmable high speed read-only memory. 

The M5M2364-XXXP is fabricated by N-channel 
polysilicon gate technology and available in a 28-pin DIL 
package. It is interchangeable with the M5L2764K and Intel 
2764 in read mode. 

The XXX in type code is a three-digit decimal number 
assigned by Mitsubishi to identify the customer's specifica­
tion to which the ROM has been programmed. 

FEATURES 
• 8192 words X 8-bit organization 

NO 

As 

ADDRESS A. 
INPUTS 

A3 

A2 

A, 

AD 

• Access time .................................... 250 ns (MAX) DATA OUTPUTS 0, {
Do 

• Two line control OE, CE 
• Low power supply 

0 2 

(0 V) GND 

Current (Icc) active .......................... 80 mA (MAX) 
standby ........................ 20 mA (MAX) 

• Single 5V power supply (V cc = 5V ± 10%) 
• 3-State output buffer 
• Input and output 
• Standard 28-pin DIL package 
• Interchangeable with the M5L2764K and Intel 2764 

APPLICATION 
• Electronic computers and various software 

BLOCK DIAGRAM 

A'2 
A" 
A,O 
A9 
As 
A7 

ADDRESS INPUTS A6 
As 
A. 
A3 
A2 
A, 
AD 

CHIP ENABLE INPUT 0 E 

OUTPUT ENABLE INPUT OE 

(SV) Vee 

(OV)GND 

r-
2 

1 
4 X DECODER 

~ 
;4 
~ 
~ 
~ 8 
9 Y DECODER 

a 

CHIP 
ENABLE CIRCUIT 
OUTPUT 
ENABLE CIRCUIT 

~ 

• MITSUBISHI 
"ELECTRIC 

i 

1 

, 
I 

Outline 28P4 

-

8192 WORDS x 8-BIT 
CELL MATRIX 

Y-GATE CIRCUIT 

SENSE AMP 
AND 

OUTPUT BUFFER 

~ 
~o D, D2D~. Os D6 D7, 

DATA OUTPUTS 

Vcc(SV) 

NO 
NO 

NC: NO CONNECTION 

5-3 
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MSM2364-XXXP 

65 536-BIT(8192-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

FUNCTION 
Set the CE and DE terminals to the read mode (low level). 

Low level inputs to CE and DE and address signals to the 
address inputs (Ao - A'2) make the data contents of the 
designated address location available at the data out put 
(00 -07), 

When the CE or DE signal is high, data output are in 
a floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Topr Operating ambient temperature 

T stg Storage temperature 

Conditions 

V, Input voltage With respect to G NO 

DC ELECTRICAL CHARACTERISTICS (T a=0-70'C, Vee = 5V ± 10%, unless otherwise specified I 

Symbol Parameter Test Conditions 
IMin. 

ILl Input leakage current V'N=5.5V -10 

ILO Output leakage current VOUT=5.5V -10 

ICCI Vee Supply voltage (Standbyl CE='vIH 

ICC2 Vee Supply voltage (Operating) CE=OE=V'L 

V,L Low level input voltage -0.1 

V,H High level input voltage 2.0 

VOL Low level output voltage IOL=2.1mA 

VOH High level output voltage IOH=-400f.1 A 2.4 

Note 2. Typical value is that with standard supply voltage applied and T a = 25'C. 

A C ELECTRICAL CHARACTERISTICS (T a = 0 - 70' C, Vee = 5V ± 1 0%, unless otherwise specified I 

Symbol Parameter 

talAD) Address access time 

talCE) CE access time 

taloE) DE access time 

t DF OE output floating delay time 

tOH Data validity period after OE, CE 

5--4 

Test Conditions 

CE=OE=V'L 

OE=V'L 

CE=V,L 

CE=V'L 

CE=OE=V'L 

• MITSUBISHI 
.... ELECTRIC 

Min 

10 

a 
a 

Limits Unit 

-10-80 'C 

- 65-150 'C 

-0.6-7 V 

Limits 
Unit 

Typ Max 

10 f.1A 

10 f.1A 

10 20 mA 

40 80 mA 

0.8 V 

Vcc+ 1 V 

0.45 V 

V 

Limits 
Unit 

Typ Max 

250 ns 

250 ns 

100 ns 

90 ns 

ns 
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MSM2364-XXXP 

65 536-BIT(8192-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

READ-OUT TIMING DIAGRAM 

v,,, 
ADDRESS 

V,L 

V,H 

CE 
V,L 

V,H 
OE 

V,L 

VOH 
OUTPUT 

VOL 

ta(AD) 

HIGH Z 
HIGH Z 

Switching Characteristics Test Conditions 

Input voltage: V,L =0.8V, V'H=2.2V 
Input signal rise~fall time: ::s; 20ns 
Reference voltage for timing measurements: Input 1 V, 2V 

Output O.BV, 2V 
Loading: 1 TTL gate + CL I = 100pFI 

INPUT/OUTPUT CAPACITANCE ITa = 25'C, f = 1 MHz, unless otherwise specified I 

Limits 
Symbol Parameter Test Conditions 'Unit 

Min Typ Max 

C,N Input capacitance V'N=OV 4 6 pF 

COUT Output capacitance VOUT=OV 8 12 pF 

TYPICAL CHARACTERISTICS 
NORMALIZED ACCESS TIME vs. 

SUPPLY VOLTAGE 
SUPPLY CURRENT VS AMBIENT TEMPERATURE 

w 
:;; 
f= 
(J) 
(J) 
w 
U 
u « 
o 
w 
N 

1.4 

1.2 

1.0 

~ 0.8 
:;; 
a: 
o 
z 

O. 6 

T a ~ 25°C 
CL = 100pF 

~ 

" 1'--
5 
r-z 
w 
a: 
a: 
:OJ 
u 
::J 
0.. 
0.. 
:OJ 
(J) 

4 5 6 

SUPPL Y VOLTAGE Vee (VI 

• MITSUBISHI 
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40 -~ Vec= 5.5V 

i---t--I 
30 -ACTIVE (CE=OE=l) 

20 

STANDBY ICE=HI 
10 

0 
o 50 100 

AMBIENT TEMPERATURE T a lOCI 
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0-
~ 
~ 
w 
:;; 
>= 
(f) 
(f) 
w 
u 
u 
<l: 
0 
w 
N 
::J 
<l: 
:;; 
a: 
0 
z 

;j' 
E 
u 
~ 
I-
Z 
w 
a: 
a: 
::J 
U 
>-
..J 
0-
0-
::J 
(f) 
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MSM2364-XXXP 

65 536-BIT(8192-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

NORMALIZED ACCESS TIME vs. 
AMBIENT TEMPERATURE OUTPUT VOLTAGE VS OUTPUT CURRENT 

1.4 

1.2 

1.0 

I 
VcC =4.5V 
Cee 100pF 

V 
V 

/ 
.,.. / 

4 

~ 
3 

w 
<.9 
<t 
>:::i 
0 
> 
I-

,I L 
,ee=4.5V 

--- .... VOH-IOH -
::J 
0-

0.8 
I-
::J 
0 

VOL~ 

0 0.6 o 50 100 2 3 4 6 

AMBIENT TEMPERATURE Ta (0C) OUTPUT CURRENT ImAI 

SUPPLY CURRENT VS SUPPLY VOLTAGE 

40 

30 

20 

10 

0 

Ta = 25°C 

ACTIVEI(CE=OE~ 
~ -' -

STANDBY (CE = HI 

4 5 

SUPPLY VOLTAGE Vee (VI 

-

6 
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MSM236S-XXXP 

65536-BIT (8192-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M2365-XXXP is a 65536-bit mask pro­
grammable high speed read-only memory. 

The M5M2365-XXXP is fabricated by N-channel poly­
silicon gate technology and available in a 24-pin DI L 
package. It is pin-compatible with the M5L2716K and 
M5L2732K in read mode. 

The XXX in type code is a three-digit decimal number 
assigned by Mitsubishi to identify the customer's specifi­
cation to which the ROM has been programmed. 

FEATURES 
• 8192 word x 8-bit organization 
• Access time ..................... 250ns (max) 
• Output control selection (CS/CS) 
• Low power supply current (lcd ....... 60mA (max) 
• Single 5V power supply 
• 3-state outputs for wire-OR expansion 
• Input and output TTL-compatible 
• Standard 24 pin DIL package 
• Pin compatible with 2716,2732 EPROMs and MK36000 

MASK ROM 

BLOCK DIAGRAM 

X-DECODER 

ADDRESS INPUTS 

Y-DECODER 

CHIP SELECT 

I 

~----

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

DATA { 
OUTPUTS 

(DV) GNO 

Vee (5V) 

23 ~ As }ADDRESS 
22 ~ A9 INPUTS 

1- A12 

o ~ CSICS f~~~iE LECT 

19 ~ A,a 1 ADDRESS 
8 ~ All I INPUTS 

DATA 
OUTPUTS 

Outline 24P4 

8192 WORDS x 8-BIT 
CELL MATRIX 

Y GATE 

OUTPUT SENCE 
AND 

OUTPUT BUFFER 

07 D,; Os D4 03 Oz 0, Do 
\ yr---~j 

DATA OUTPUTS 

VcclSVI 

GND lovi 
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MSM236S·XXXP 

6SS36.BIT (8192.WORD BY8-BIT) MASK·PROGRAMMABLE ROM 

ABSOLUTE MAXIMUM RATINGS* 
Temperature under bias ... . 
Storage temperature ..... . 
All input or output voltage** 

COMMENT 

. _10°C - +80°C 
-65°C - +150°C 

-D.6V - +7V 

* Stresses above those I isted may cause permanent damage to the device. 
This is a stress rating only 'and functional operation of the device at these or at 
any other conditions above those indicated in the operational sections of this 
specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods affects 
device reliability. 

** With respect to Ground. 

D.C. ELECTRICAL CHARACTERISTICS (Ta~0-70°C. Vcc=5V± 10%. unless otherwise noted) 

Symbol Parameter Conditions 
Min 

ILl Input leakage current VIN=5.5V -10 

ILO Output leakage current Vout =5.5V -10 

Icc Vee current CS/CS= H/L 

VIL Input low voltage -0.1 

VIH Input high voltage 2.0 

VOL Output low voltage IOL =2. lmA 

VOH Output high voltage IOH=-400"A 2 .4 

A.C. ELECTRICAL CHARACTERISTICS (Ta=0-70°C. Vcc=5V± 10%. unless otherwise noted) 

Symbol Parameter Conditions 
Min 

ta(AD) Address to output delay CS/CS= H/L 

ta (OS/OS) Ch ip select to output delay 10 

t OF Chip select to output float 10 

t OH Output hold from chip select 10 

A.C. WAVE FORMS 

ADDRESS 

Limits 

Typ Max 

10 

10 

60 

0.8 

VCC+ 1 

0.45 

Limits 

Typ Max 

250 

100 

90 

Test Conditions for A.C. Characteristics 

Input voltage: VIL "O.BV. Vlw2.2V 
Input rise and fall times: ~ 20ns 

Unit 

J.LA 

J.LA 

mA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

CHIP SELECT 

Reference voltage at timing measurement; Input lV and 2V 

Outputs O.8V and 2V 

CS 

ta(AD) 

OUTPUT 
HIGH Z 

5-8 

Output road: 1 TTL gate, CL" 100pF 

HIGH Z 
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MSM236S-XXXP 

65536-BIT (8192-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 

CAPACITANCE (Ta~25'O, f~lMHz) 

Limits 
Symbol Parameter Conditions 

Min Typ Max 

G,N Input capacitance V'N~OV 4 6 

GOUT Output capacitance VOUT~OV 8 12 

TYPICAL CHARACTERISTICS 

NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS. 

:: 
UJ 
::< 
f= 
U) 
U) 

1.4 

1. 2 

~ 1.0 
u 
<l: 
o 
UJ 
N 

;:( 0.8 
::< 
0:: 
o 
Z 

0.6 

40 

<l: 
-S 30 
o 
o 

f­
Z 
i:! 20 
0:: 
:::> 
u 
>-
& 10 
:::> 
U) 

o 
o 

SUPPLY VOLTAGE 

Ta~~5'O 
GL = 100pF 

1.4 

0 
~ 
:: 

1.2 w 
::< 

"-... 

-----
f-
U) 
U) 
w 

1.0 u 
u 
<l: 
0 
w 
'::J 
-' 0.8 <l: 
::< 
0:: 
0 
Z 

0.6 

SUPPLY VOLTAGE Vee (V) 

SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

Ta~25'O 
5 0 

« 

~ - -S 40 --f...--

5 

SUPPL Y VOLTAGE Vee (V) 

6 

o 
o 

f­
Z 
UJ 
0:: 
0:: 
:::> 
u 

~ 
:::> 
U) 

• MITSUBISHI 
...... ELECTRIC 

30 

20 

10 

AMBIENT TEMPERATURE 

Vee~4.5V 
GL~100pF 

/ 
.,./ 

/ 
.... V 

50 100 

AMBIENT TEMPERATURE Ta ('0) 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

VeeJ 5.5v 

----r--r--

50 100 

AMBIENT TEMPERATURE Ta ('0) 

Unit 

pF 

pF 
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MSM23C64-XXXP 
~~.~~~:,:;;~~ dp«f< 

6-BIT.(8192-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M23C64-XXXP is a 65536-bit mask­
programmable high speed read-only memory. 

The M5M23C64-XXXP is fabricated by Silicon gate 
CMOS technology and available in a 28-pin OIL package. It 
is interchangeable with the M5L2764K in read mode. 

The XXX in type code is a three-digit decimal number 
assigned by Mitsubishi to identify the customer's specifica­
tion to which the ROM has been programmed. 

FEATURES 

A O-A12 Address'es 

OE Chip enable 

OE Output enable 

00- 0 7 Outputs 

N.O. No connection 

OSl/OSl,OSv'OS2 Chip select 

• 8192 word x 8-bit organization 
• Access time ... _ ................... 350 ns (max) 
• Low power supply current (Icc) 

Active ... _ ..... 40 mA (max). 
Standby .. _ .... 10 mA (max) (TTL Compatible) 

50pA (max) (CE = Vcc-0.2V) 
• Single 5V power supply 
• 3-state output buffer 
• Input and output TTL-compatible 
• Standard 28-pin OIL package 
• Interchangeable with The M5L2764K in read mode 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

DATA { 
OUTPUTS 

NO 

(OV) GNO 

FUNCTION 

2 Vee (5V) 

2 +- CSI/CSI}CHIP SELECT 
26 +- CS';CS, INPUTS 

2S+- As } ADDRESS 
24 +- Ag INPUTS 

23+- All 

22 +- OE ~~l~~~ INPUT 

Outline 28P4 

1 +- A10 ADDRESS INPUT 

CHIP ENABLE 
INPUT 

DATA 
OUTPUTS 

NC; NO CONNECTION 

Set the CE and OE terminals to the read mode (low level), 

and the CS1/CS1 and CS2/CS2 terminals to the read mode 
(high level/low level). 

Low level inputs to CE and OE, high level/low level 
inputs to CS1/CS1 and CS2/CS2, and address signals to the 
address inputs (AO - A 12) make the data contents of the 
designated address location available at the data input/ 
output (00 - 07). 

When the OE Signal is high, the data input/output are in 
a floating state. 

16 
AD 

Al 
Y·DECODER 

~vee (5V) 

~GNO(OV) 

5-10 

ADDRESS 
INPUTS 

CHIP [OSliOSl 27 
SELECT 
INPUTS OS2/0S2 26')-----;~ 

8192·WORD x 8·BIT 

256 MASK­
PROGRAMMABLE 

ROM 

OE 
CHIP ENABLE INPUT 

. • MITSUBISHI 
"ELECTRIC 

, 

OE 
OUTPUT ENABLE INPUT 

00 

DATA 
OUTPUTS 



MITSUBISHI LSls 

MSM23C64-XXXP 

6SS36-BIT(8192-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

When the CE signal is high, the data input/output are in 
a froating state and the device is in the standby mode or 
power-down mode_ 

Note 1 Stresses above those listed may cause permanent damage to the device. 
This is a stress rating only and functional ~peration of the. device at 
these or at any other conditions above those indicated in the operational 

sections of this specification is not implied. 

The active logic level of CS1/CSl and CS2/CS2 can be 
programmed at the time of fabricating the ROM mask. 

ABSOLUTE MAXIMUM RATINGS INote II 

Temperature under bias ................. -lOoC - +80°C 
Storage temperature ................... -65°C - +150°C 
All input or output voltagel~o.t:~! ........... -O.3V - +7V 

Exposure to absolute max imum rating conditions 
for extended periods affects device reliabilitv 

2 With respect to Ground 

RECOMMENDED OPERATING CONDITIONS(Ta=0~70°C) 

Limits 
Symbol Parameter Unit 

Note 1 Need 1,uF ceramic capacitor 
between Vee and GND. 

Min Typ Max 

VCC Supply voltage (Note 1) 4.5 5 5.5 V 

GND Supply voltage 0 V 

V,H High level input voltage 2.4 Vcc+O.l V 

V,L Low level input voltage -0.1 0.45 V 

D.C. CHARACTERISTICS (Ta=0~70°C, Vcc=5V±10%, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

ILl Input load current -10 

ILO Output leakage current -10 

CE=V'H 
IcCt Vee current standby 

CE=Vcc- 0 .2V 

CE=OE=V'L Output Open 
I CO2 Vee current active 

CS';cs, =CS,/CS2=VIH/V'L 

V,L Input low voltage -0.1 

V,H Input high voltage 2.2 

VOL Output low voltage IOL=2.1mA 

VOH Output high voltage IOH=-400,uA 2.4 

A.C. CHARACTERISTICS (Ta=0~70°C, Vcc=5V±10%, VIH=2.4V, VIL=0.45V, unless otherwise noted) 

Symbol Parameter 

ta (AD) Address to output delay 

-
ta(GE) CE to output delay 

ta (GE) Output enable to output delay 

tDF Output enable high to output float 

t OH Output hold from address 

Test conditi"ons 

CE=OE=V'L 

CS';CSI = CS2/CS2= V,H/VIL 

OE=V,L 

CSt/CSI = CS2/C S 2=VIH/V,L 

CE=VIL 

C S1/C St = CS';CS2= V,H/V,L 

CE=V'L 
C St/cs t = CS,; CS2= V,H/VIL 

CS';CSI =CS2/CS2=VIH/V,L 

CE=OE=V'L 

• MITSUBISHI 
;"ELECTRIC 

Limits 

Min Typ 

0 

0 

Unit 
Max 

10 fJ.A 

10 fJ.A 

10 mA 

50 fJ.A 

40 mA 

0.6 V 

VCC+0.1 V 

0.45 V 

V 

Unit 
Max 

350 ns 

350 ns 

200 ns 

200 ns 

ns 
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MSM23C64-XXXP 

6SS36-BIT(8192 .. WORD BY 8-BIT)MASK .. PROGRAMMABLE·ROM 

A.C. WAVEFORMS 

ADDRESS AO-A12 
CS1/CS1 • CS2ICS2 

ADDRESS VALID 
CHIP SELECT VALID 

ta(AD) 

HIGH Z 
OUTPUT 

Test Conditions for A.C. Characteristics 
Input voltage: VIL =0.45V, VIH=2.4V 
Input rise and fall times: ~20ns 
Reference voltage at timing measurement: Inputs O.BV and 2V 
Output load: 1 TTL gate, CL =100pF Output 0.8V and 2V 

CAPACITANCE (Ta =25"C. f= lMHz) 

Symbol Parameter 

GIN Input capacitance VIN=OV 

GOUT Output capacitance VOUT=OV 

Conditions 

5-12 
• MITSUBISHI 

.... ELECTRIC 

HIGH Z 

Limits 
Unit 

Min Typ Max 

10 pF 

15 pF 



DESCRIPTION 
The Mitsubishi M5M23C65·XXXP is a 65536·bit mask· 
programmable high speed read·only memory. 

The M5M23C65·XXXP is fabricated bY silicon gate 
CMOS technology and available in a 24'pin DIL package. 

The XXX in type code is a three·digit decimal number 
assigned by Mitsubishi to identify the customer's specifica· 
tion to which the ROM has been programmed. 

FEATURES 

Ao-A12 Addresses 

CS/CS Chip select 

00- 0 7 Outputs 

• 8192 word x 8·bit organization 
• Access time ...................... 350 ns (max) 
• Chip select CS/CS mask programmable 
• . Low power supply current (Icc) 

Active ......... 40 mA (max) 
Standby ........ 10 mA (max) 

50/J.A (max) 

• Single 5V power supply 
• 3-state output buffer 
• Input and output TTL-compatible 
• Standard 24'pin DI L package 

FUNCTION 

(TTL·compatible) 
(CS/CS = 

0.2V IVcc-0.2V) 

Set the CS/CS terminals to the read mode. (high level/low 
level) 

High level/low level inputs to CS/CS and address signals 

BLOCK DIAGRAM 

MITSUBISHI LSI. 

MSM23C6S-XXXP 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

24 Vcc (5V) 

3 +- As }ADDRESS 
2 +- Ag INPUTS 
1 __ A12 

o +- CStCs f~~~;ELECT 

9 <- Al0} ADDRESS 
+- All INPUTS 

OUT%~ { : : ~: j g~i~UTS 
02 <-11 .... 04 

(OV) GNO <- 12 I .... 03 
L-___ --' 

Outline 24P4 

to the address inputs (AO - A12) make the data contents 
of the designated address location available at the data 
input/output (DO - D7). 

When the CS/CS signal is low/high, data input/output 
are in a floating state, and the device is in the standby mode 
or power·down mode. 

The active logic level of CS/CS can be programmed at 
the time of fabricating the ROM mask. 

16 
V·DECODER 

-=VCC(SV) 

~GNO(OV) 
I 

As 
ADDRESS A6 8192·WORD x 8·BIT 

INPUTS 

CHIP 
SELECT 

INPUT 

256 MASK· 

PROGRAMMABLE 

ROM 

• MITSUBISHI 
.... ELECTRIC 

DATA 
OUTPUTS 
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MSM23C6S·XXXP 

6SS36-BI1(8192-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

ABSOLUTE MAXIMUM RATINGS INote 11 

Temperature under bias ................. -10o e ~ +80o e 
Storage temperature ................... -65°e ~ +150o e 
All input or output voltage I~~t:~! ••••••••••• -O.3V ~ +7V 

Note 1 Stresses above those listed may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at 
these or at any other conditions above those indicated in the operational 

sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 

affects device reliability. 
With respect to Ground 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70"C) 

Limits 
Symbol Parameter 

Min Typ Max 

VOO Supply voltage (Note 1) 4.5 5 5.5 

GND Supply voltage 0 

V,H High level input voltage 2.4 ~cc+0.1 

V,L Low level input voltage -0.1 0.45 

D.C. CHARACTERISTICS (Ta=0-70l:, Voo=5V±10%, unlessotherwisenoted) 

Symbol Parameter Test conditions 

ILl Input load current 

ILO Output leakage current 

CS/CS =V,L/V,H 
1001 Vee current standby 

CS/CS =0.2V/V00-0.2V 

Unit 

V 

V 

V 

V 

1002 Vee current active CS/CS=V,H/V,L, Output open 

V,L Input low voltage 

V,H Input high voltage 

VOL Output low yoltage IOL =2.1 mA 

VOH Output high voltage IOH=~400!1A 

Notel Need l,uF ceramic capacitor 
between Vee and GND. 

Limits 
Unit 

Min Typ Max 

~10 10 !1A 

~10 10 !1A 

10 mA 

50 !1A 

40 mA 

-0.1 0.6 V 

2.2 VCC+0. 1 V 

0.45 V 

2.4 V 

A.C. CHARACTERISTICS (Ta=0-70·C, Voo=5V±10%, V'H=2.4V, V'L=0.45V, unless otherwise noted) 

Symbol 

ta(AD) 

ta(OD) 

ta (oF) 

tOH 

5-14 

Parameter 

Address to output delay 

Chip select to output delay 

Chip select to output float 

Outpu~ hold from address 

Test conditions 

CS/CS=V,H/V,L 

CS/CS =V'H/V'L 

• MITSUBISHI 
..... ELECTRIC 

Limits 
Unit 

Min Typ Max 

350 ns 

350 ns 

200 ns 

0 ns 
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MSM23C6S-XXXP 

6SS36-BIT(8192-WORD BY 8-BIT)MASK-PROGRAMMABLEROM 

A.C. WAVEFORMS 

ADDRESS ADDRESS VALID 

cs/cs 

ta (00) 

ta (AD) 

OUTPUT 
HIGH Z 

Test Conditions for A.C. Characteristics 
Input voltage: VIL =O.45V, VIH",,2.4V 

Input rise and fall times: ~20ns 
Reference voltage at timing measurement: Inputs O.BV and 2V 
Output load: 1 TTL gate, CL =100pF Outputs O.BV and 2V 

CAPACITANCE (Ta=25'C, f=1MHz) 

Symbol Parameter 

C,N Input Capacitance 

COUT Output Capacitance 

Text conditions 

V'N=OV 

VOUT=OV 

• MITSUBISHI 
"ELECTRIC 

Limits 
Unit 

Min Typ Max 

10 pF 

15 pF 
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MSM23128-XXXP 

131072.BIT(16384.WORD BY 8.BIT)MASK.PROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M23128-XXXP is a 131072-bit mask­
programmable high speed read-only memory. 

The M5M23128-XXXP is fabricated by N-channel 
polysilicon gate technology and available in a 28-pin OIL 
package. It is interchangeable with the M5L27128K and 
Intel 27128 in read mode. 

The XXX in type code is a three-digit decimal number 
assigned by Mitsubishi to identify the customer's specifi­
cation to which the ROM has been programmed. 

FEATURES 
• 16384 word x 8-bit organization 
• Access time ................ _ .... 250ns (max) 
• Two line control OE, CE 
• Low power supply current {led Active .. 80mA (max) 

Standby . 30mA (max) 
• Single 5V power supply 
• 3-state output buffer 
• Input and output TTL-compatible 
• Standard 28-pin OIL package 
• Interchangeable with the M5L27128K and Intel 27128 

FUNCTION 
Set the CE and OE terminals to the read mode (low level.) 

Low level inputs to CE and OE and address signals to 
the address inputs (Ao-A13 ) make the data contents of 
the designated address location available at the data output 
(00 -07 ), 

BLOCK DIAGRAM 

A13 

Al2 
All 

A'0 
A9 
As 

A7 
ADDRESS INPUTS As 

As 

A4 
A3 
A, 
A, 
Ao 

£-
2 
3 
1 
4 

~ 
~ 
~ 6 
7 
8 
9 
a 

PIN CONFIGURATION (TOP VIEW) 

NC 

A7 

As 

As 

ADDRESS A4 

INPUTS A3 

A2 

Al 

AO 

{
Do 

DATA D, 

OUTPUTS D, 

(0 V) GND 

Vcc(SV) 

27 NC 

2 : ~~ 3} ADDRESS 
24 +- Ag INPUTS 

+- All OUTPUT 

2 +- i5E: ENABLE INPUT 

NC; NO CONNECTION 

Outline 28P4 

When the CE or OE signal is high, data output are in a 
floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

-

, 
i 

X-DECODER 
I 
1 16384 WORDS x 8 BIT 
I CELL MATRIX 
I 
I 
I 

Y-DECODER , Y GATE 
1 CIRCUIT 

CHIP ENABLE INPUT CE 

OUTPUT ENABLE INPUT i5E: 
CHIP ENABLE OUTPUT SENSE 

(SV)Vcc 

(OV)GND ~. 
OUTPUT 

ENABLE 

-

AND 
OUTPUT BUFFERS 

11111111 
1 JXi~ 3)1 SX! E;XI1Xf ~ 

5-16 
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MSM23128-XXXP 

131072.BIT(16384.WORD BY 8.BIT)MASK.PROGRAMMABLE ROM 

ABSOLUTE MAXIMUM RATINGS* 
Temperature under bias ... . 
Storage temperature ..... . 
All input or output voltage** 

COMMENT 

._1Oo e - +80o e 
-65°e-+150oe 

... -O.6V - +7V 

.. Stresses above those listed may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these 
or at any other conditions above those indicated in the operational sec­
tions of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
affects device reliability. 

** With respect to Ground. 

D.C. ELECTRICAL CHARACTERISTICS (Ta~0-70'C. Vcc=5V± 10%. unlessotherwisenoted) 

Symbol Parameter Conditions 
Min 

ILl Input leakage current VIN=5.5V -10 

ILO Output I eakage current VOUT=5 5V -10 

ICCI Vee current standby CE=V,H 

ICC2 Vee current active CE=OE=VIL 

VIL Input low voltage -0. 1 

VIH Input high voltage 2.0 

VOL Output low voltage IOL=2.1mA 

VOH Output high vol tage IOH=-400/,A 2.4 

A.C. ELECTRICAL CHARACTERISTICS (Ta=0-70'C. Vcc=5V± 10%. unless otherwise noted) 

Limits 

Typ 

15 

40 

Limits 
Symbol Parameter Conditions ----,----

Min Typ 

ta(AD) Address to output delay CE=OE=V'L 

ta(GE) CE to output delay OE=V'L 

ta(OE) Output enable to output delay CE=VIL 10 

t OF Output enable high to output float CE=VIL 0 

t OH Output hold from CE or OE CE=OE=VIL 0 

A.C. WAVEFORMS 

VIH 
ADDRESS ADDRESSES VALID 

VIL 

VIH 

CE 

Max 

10 

10 

30 

80 

0.8 

VCC+ 1 

0.45 

Max 

250 

250 

100 

90 

V,L Test Conditions for A.C. Characteristics 
ta(GE) 

V,H 
Input voltage: V,L 0 0.45V, V'H o2.4V 
Input rise and fall times: ~ 20ns 

Unit 

/1A 

/1A 

mA 

mA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

OE 
VIL 

Reference voltage at timing measurement: Inputs lV and 2V 

Outputs O.BV and 2V 

ta (AD) 

VOH 
OUTPUT HIGH Z 

VOL 

Output load: 1 TTL gate, CL 0 100pF 

HIGH Z 

. • MITSUBISHI 
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MSM23128-XXXP 

131072-BIT(16384-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

CAPACITANCE (Ta ==25'C. f=lMHz) 

Limits 
Symbol Parameter Conditions 

Min Typ Max 

C,N I nput capacitance V'N=OV 4 6 

COUT Output capacitance VOUT=OV 8 12 

TYPICAL PERFORMANCE DATA 

NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS. 

5-18 

.'J 
w 
:;; 
>= 
U) 

1.4 

1.2 

~ 1.0 
u 
u « 
o 
w 
N 
....J 0.8 
« 
:;; 
cr 
o z 

0.6 

SUPPLY VOLTAGE 

Ta=25'C 

CL =100pF 

" 
5 

SUPPLY VOLTAGE Voo (V) 

1.4 

S 
~ 

.'J 1.2 
w 
~ 
>-
U) 
U) 

1.0 w 
u 
u « 
0 
w 
N 

0.8 ::J 
« 
:;; 
cr 
0 
z 

0.6 
6 

SUPPLY CURRENT VS. SUPPLY VOLTAGE 

>­z 
w 
co 
co 
:::> 
u 
>­
....J 
CL 
CL 
:::> 
U) 

50 

40 

0 

0 

0 

Ta~25'C 

« 
.s l--l--

,..-

~--- -1002 (CE=CE= L) - >-

1001 (CE=H) 

4 

SUPPLY VOLTAGE Voo (V) 

z 
w 
cr 
cr 
:::> 
u 

>-
....J 
CL 
CL 
:::> 
U) 

6 
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50 

40 

30 

20 

10 

AMBIENT TEMPERATURE 

VOO=4.5V 
CL=100pF 

V V 
/" 

,,-V 

o 50 100 

AMBIENT TEMPERATURE Ta (,C) 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

VOO=5.5V 

.. 
-r--

ICC2 (CE=CE='W---r--

-
1001 (CE~H) -

o 50 100 

AMBIENT TEMPERATURE Ta (,C) 

Unit 

pF 

pF 
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MSM232S6-XXXP 

262144-BIT(32768-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M23256-XXXP is a 262144-bit mask­
programmable high speed read-only memory. 

The M5M23256-XXXP is fabricated by N-channel 
polysilicon gate technology and available in a 28-pin 01 L 
package. It is compatible with the M5L27256K and Intel 
27256 in read mode. 

The XXX in type code is a three-digit decimal humber 
assigned by Mitsubishi to identify the customer's specifi­
cation to which the ROM has been programmed. 

FEATURES 
• 32768 word x 8-bit organization 
• Access time ..................... 250ns (max) 
• Two line control OE, CE 
• Low power supply current (led Active .. BOmA (max) 

Standby . 30mA (max) 
• Single 5V power supply 
• 3-state output buffer 
• Input and output TTL-compatible 
• Standard 28-pin OIL package 
• Compatible with Intel 27256 

FUNCTION 
Set the CE and OE terminals to the read mode (low level.) 

Low level inputs to CE and OE and address signals to 
the address inputs (Ao-A14 ) make the data contents of 
the designated address location available at the data output 
(00 -07 ). 

BLOCK DIAGRAM 
A,. 
A'3 

A" 
All 
A,o 
A9 
As 

A7 
ADDRESS INPUTS A6 

As 
A, 
A3 
A, 
AI 
Ao 

J:--
2 
3 
1 

4 

3 
4 
5 

~ 7 
(8 
(9 
10 

PIN CONFIGURATION (TOP VIEW) 

NC 

A6 

As 

ADDRESS A. 

INPUTS A3 

A, 

A, 

Ao 

{
Do 

DATA D, 
OUTPUTS D, 

( 0 V) GND 

NC; NO CONNECTION 

Outline 28P4 

When the CE or OE signal is high, data output are in a 
floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

-

, , 
I 

X~DECODER 
, 

32768WORDS x 8 BIT 'I 
I CELL MATRIX 
I , 
I 

Y~DECODER Y GATE , 
I CI RCUIT 

CHIP ENABLE INPUT CE 

OUTPUT ENABLE INPUT DE 

CHIP ENABLE OUTPUT SENSE 

(5V) Vee 

(OV)GND 

OUTPUT 
ENABLE 

~ 

• MITSUBISHI 
"ELECTRIC 

AND 
OUTPUT BUFFERS 

~~UJtll 
POOl D, D3.D. Os Os D7, 

DATA OUTPUTS 
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MSM232S6-XXXP 

262144-BIT(32768-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

ABSOLUTE MAXIMUM RATINGS* 
Temperature under bias. . . . .. . .... -lOoe - +BOoe 
Storage temperature ............. -6Soe - +1S0oe 
All input or output Yoltage** ....... ' ... -O.6V - +7V 

COMMENT 
* Stresses above those listed may cause permanent damage to the device. 

This is a stress rating only and f~.mctional operation of the device at these 
or at any other conditions above those indicated in the operational sec­

tions of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
affects device reliability. 

** With respect to Ground. 

D.C. ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Vcc=5V± 10%, unless otherwise noted) 

Symbol Parameter Conditions 
Min 

ILl Input leakage current V'N=S.SV -10 

ILO Output I eakage current VOUT=S.5V -10 

ICCI Vee current standby CE=V'H 

ICC2 Vee current active CE=OE=V,L 

V,L I nput low voltage -0.1 

V,H Input high voltage 2.0 

VOL Output low voltage IOL=2.1mA 

VOH Output high voltage IOH=-400"A 2.4 

A.C. ELECTRICAL CHARACTERISTICS (Ta =0-70'C, Vcc=5V± 10%. unlessotherwisenoted) 

Symbol Parameter Conditions 
Min 

ta(AO) Address to output delay CE=OE=V,L 

ta(CE) CE to output delay OE=V1L 

taniE) Output enable to output delay CE=V'L 10 

t DF Output enable high to output float CE=V1L 0 

tOH Output hold from CE or OE CE=OE=V'L 0 

A.C. WAVEFORMS 

V,h 

ADDRESS ADDRESSES VALID 
V,L 

V,H 

CE 

limits 

Typ Max 

10 

10 

15 30 

40 80 

0.8 

VCC+ 1 

0.45 

Limits 

Typ Max 

250 

250 

100 

90 

V,L Test Conditions for A.C. Characteristics 

V,H 
InpLfl voltage: V ,L = 0.45V, V,H = 2.4V 
Input rise and fall times: ~ 20ns 

Unit 

J.lA 

I1A 

mA 

mA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

OE 
V,L 

Reference voltage at timing measurement: Inputs lV and 2V 

Outputs O.SV and 2V 

ta(AD) 

VOH 
OUTPUT HIGH Z 

VOL 

5-20 

Output load: 1 TTL gate. CL = 100pF 

HIGH Z 

•. MITSUBISHI 
.... ELECTRIC 
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MSM232S6·XXXP 

262144.BIT(32768.WORD BY 8.BIT)MASK.PROGRAMMABLE ROM 

CAPACITANCE (Ta=25"e. f=lMHz) 

limits 
Symbol Parameter Conditions 

Min Typ Max 

e,N Input capacitance V'N=OV 4 6 

eOUT Output capacitance VOUT=OV 8 12 

TYPICAL PERFORMANCE DATA 

NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS. 

1.4 

a 
~ 
)J 

1.2 
w 
:;; 
i= 
Ul 
Ul 
w 1.0 u 

\... 
u « 
0 
w 
~ 

0.8 ...J 
« 
:;; 
a: 
0 
z 

0.6 

50 

40 
« 
-S 
f- 30 z 
w 
a: 
a: 
::0 
u 20 
>-
...J 
"-
"-
::0 
Ul 10 

SUPPLY VOLTAGE 

Ta='25T 

CL=100pF 

1.4 

a 
~ 
)J 

1.2 
w 
:;; 
i= 
Ul 
Ul 
w 1.0 u 
u « 
0 
w 
~ 
...J 0.8 « 
:;; 
a: 
0 
z 

0.6 
6 

SUPPLY VOLTAGE VCC (V) 

SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

50 
Ta=25"e 

l_ 
-~ ~-~I 'CC2(CE=OE=L) 

40 
« 
-S 
f-

30 z 
w 
a: 
a: 
::0 
u 20 
>-
...J 

'CC1(CE=H) 
"-
"-
::0 
Ul 10 

4 

SUPPLY VOLTAGE VCC (V) 

• MITSUBISHI 
..... ELECTRIC 

AMBIENT TEMPERATURE 

VCC=4.5V 

CL=100pF 

~ 
V 

..,........ 
...... V 

o 50 100 

AMBIENT TEMPERATURE Ta ("e) 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

VcC=5.5V 

r-
_ --I'---

t-'CC2(CE=CE=L) 

ICC1 (CE=H) 

50 100 

AMBIENT TEMPERATURE Ta ce) 

Unit 

pF 

pF 
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M5M231000-XXXP 

,--,"'_ .• IT (131072.WORD BY 8·BIT) MASK·PROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M231000-XXXP is 1048576-bit mask­
programmable high speed read-only memory. 

The M5M231000-XXXP is fabricat.ed by N-channel 
polysilicon gate technology and available in a 28~pin 0 I L 
package. 

The XXX in type code is a three-digit decimal number 
assigned by Mitsubishi to identify the customer's specifi­
cation to which the ROM has been programmed. 

FEATURES 
• 131072 word x 8-bit organization 
• Access time ................. -25 250ns (max) 

, .............. , . -30 300ns (max) 

• ONE line control CE 
• Low power supply current Ocd Active .. 80mA (max) 

Standby . 30mA (max) 

• Single 5V power supply 
• 3-state output buffer 
• Input and output TTL-compatible 

PIN CONFIGURATION (TOP VIEW) 

A6 

As 
ADDRESS 
INPUTS 

ADDRESS A4 

INPUTS A3 

A2 

A, 

Ao 

Outline 28P4 

• Standard 28-pin OIL package 

FUNCTION 

state and the.device is in the standby mode or power-down 
mode. 

Set the CE terminals to the read mode (low level.) 
Low level input to CE and address signals to the address 

inputs (Ao - A 16 ) make the data contents of the desig­
nated address location available at the data output (Do -
0 7 ). 

When the CE signal is high, data output are in a floating 

BLOCK DIAGRAM 
2 
1 

~ 
2 
3 
1 

4 
ADDRESS INPUTS 

~ 
~ 5 
6 

7 
8 
9 
a 

X·DECODER 

Y·DECODER 

CHIP ENABLE INPUT CE CHIP ENABLE 

5-22 

(5V) vee 

(OV)GND 

~~ 
14 

• MITSUBISHI 
.... ELECTRIC 

i 

, 
I 

131072WORDS 
x 881T 

CELL MATRIX 

Y GATE 
CIRCUIT 

OUTPUT SENSE 
AND 

OUTPUT 8UFFERS 

11111111 
1112X13X\5J)6 7 8Xi9 

po 0, D2D3vD4Ds 06 07, 

DATA OUTPUTS 
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MSM231000-XXXP 

1048576·BIT (131072.WORD BY 8·BIT) MASK· PROGRAMMABLE ROM 

ABSOLUTE MAXIMUM RATINGS* COMMENT 
Temperature under bias .... 
Storage temperature ..... . 
All input or output voltage** 

. -10°C-+80°C 
-65°C - +150°C 

.... -O.6V - +7V 

Stresses above those listed may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these 

or at any other conditions above those indicated in the operational sec-

tions of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 

affects device reliability. 
** With respect to Ground. 

D.C. ELECTRICAL CHARACTERISTICS (T a=O- 70 'C. Vcc=5V± 10%. unless otherwise noted) 

Limits 
Symbol Parameter Conditions Unit 

, Min Typ Max 

ILl Input leakage current V'N=5.5V -10 10 I,A 

ILO Output I eakage current VouT=5 5V -10 10 I,A 

ICCl Vee current standby CE=V,H 15 30 mA 

I CC2 Vee current active CE=V,L 40 80 mA 

V,L Input low voltage -0, 1 0.8 V 

V,H Input high voltage 2 a Vee+ 1 V 

VOL Output low voltage IOL=2,1mA 0,45 V 

VOH Output high voltage IOH =- 40Q,IIA 2.4 V 

A.C. ELECTRICAL CHARACTERISTICS (Ta~0-70'C. Vec=5V± 10%. unless otherwISe noted) 

Symbol Parameter 

ta( AD) Address to output delay 

ta (eEl CE to output delay 

t OF Output enable high to output float 

tOH Output hold from CE 

A.C. WAVEFORMS 

V,h 
ADDRESS ADDRESSES VALID 

V,L 

V,H 

CE 
V,L 

ta (AD) 

VOH 
OUTPUT HIGH Z 

VOL 

CAPACITANCE (T a=25'C. f= lMHz) 

Symbol Parameter 

C,N Input capacitance 

COUT Output capacitance 

CE=V'L 

CE=V'L 

CE=V'L 

HIGH Z 

V'N=OV 

VOUT=OV 

Limits-25 Limits-30 
Conditions 

Min Max Min Max 

250 300 

250 300 

0 80 0 100 

0 0 

Test Conditions for A.C. Characteristics 

Input voltage' V 1L = 0.45V, V 1H = 2.4V 
Input rise and fall times: ~ 20ns 

Unit 

ns 

ns 

ns 

ns 

Reference voltage at timing measurement Inputs lV and 2V 

Outputs O.8V and 2V 
Output load 1 TTL gate, CL = 100pF 

Limits 
Conditions Unit 

Min Max 

10 pF 

15 pF 

• MITSUBISHI 
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MSL2764K, -2 
65536-BIT (8192-WORD BY 8-BIT) 

ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5L2764 K is a high-speed 65536-bit 
ultraviolet erasable and electrically reprogrammable read 
only memory. It is suitable for microprocessor program­
ming applications where rapid turn-around is required. 
The M5L2764K is fabricated by N-channel double poly­
silicon gate technology and is available in a 28-pin DI L 
package with a transparent lid. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• 8192 Word x 8-bit Organization 
• Access Time M5L2764K-2 200 ns (Max) 

M5L2764K 250 ns (Max) 

• Two Line Control OE, CE 
• Low Power Current (Icc) Active ..... 150 rnA (Max) 

Standby ... 35 rnA (Max) 
• Single 5V Power Supply 
• 3-State Output Buffer 
• Input and Output TTL-Compatible in Read and Pro-

gram Mode 

• Standard 28-pin D I L Package 
• Single Location Programming with One 50 ms Pulse 
• Fast programming algorithm 
• I nterchangeable with I NTE L 2764 

(IV, 21V) 

ADDRESS 
INPUTS 

Vpp 

IN~~Jtt 0 I i Do 

OUTPUTS 0, 

(OV) GND 

Outline 28K1 

BLOCK DIAGRAM 
~-----------~ 

8192 WORD _ I I 
ADDRESS 

INPUTS 

CHIP ENABLE INPUT 

OUTPUT ENABLE INPUT 

PROGRAM INPUT 

(SV) 
(SV, 21V) 

(OV) 

X-DECODER 

V-DECODER 

)------<1 CHIP EN~~RLEuIT I---~ 

1)------<1 OUTPUT c~~~~~i I---~ 

)------<>1 PROGRA~~~~~T 

• MITSUBISHI 
"ELECTRIC 

X a-BIT 

ROM 

V-GATING 
CI RCUIT 

SENSE 
AMPLIFIERS 

AND OUTPUT 
BUFFERS 

I 

I 

I 

Vee (IV) 

27 ~ PGM m~UGTRAM 
NC 

I ADDRESS 
J INPUTS 

DUTPUT 
ENABLE INPUT 
ADDRESS INPUT 
CHIP ENABLE 
INPUT 

DATA 
INPUTS 
!OUTPUTS 

NC : NO CONNECTION 
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MSL2764K, -2 

6SS36-BIT (8192-WORD BY 8-BIT) 
ERASABLE AND ELECTRICAl.LY REPROGRAMMABLE ROM 

FUNCTION 
Read 
Set the CE and OE terminals to the read mode (low level). 
Low level input to CE and OE and address signals to the ad­
dress inputs (Ao - A 12) make the data contents of the 
designated address location available at the data input/output 
(Do - 07). When the CE or DE signal is high, data input/ output 
are in a floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

In the read mode Vpp must be at Vee level. 

Programming 
(Fast programming algorithm) 
First set Vcc=6V, Vpp=21V and then set an address to first 
address to be programmed. After applying 1 ms program 
pulse (PGM) to the address, verify is performed. If the output 
data of that address is not verified correctly, apply one more 1 
ms program pulse. The programmer continues 1 ms pulse­
then-verify routines until the device verify correctly or fifteen 
of these pulse-then-verify routines have been completed. The 
programmer also maintains its total number of 1 ms pulses ap­
plied to that address in register X. And then applied a program 
pulse 4 times of register X value long as an overprogram pulse. 
When the programming procedure above is finished, step to 
the next address and repeat this procedure till last address to 
be programmed. (See P.6-9) 

MODE SELECTION 

~ Mode 
CE(20) OE(22) 

Read V'L V,L 

Standby V,H X* 
Program V,L X* 

Program verify V,L V,L 

Program inhibit V,H X* 

*: X can be either V,L or V,H 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Symbol Parameter 

Topr Temperature under bias 

Tstg Storage temperature 

VI1 All input or output voltage (Note 2! 

V,2 V pp supply voltage during programming (Note 21 

(Conventional programming algorithm) 
The device enters the programming mode when 21V is sup­
plied to the V pp power supply input and cr is at low level. A 
location is designated by address signals (Ao - A 12), and the 
data to be programmed must be applied at 8-bits in parallel to 
the data inputs (00 - 07), A program pulse to the PGMat this 
state will effect programming. Only one programming pulse is 
required, but its width must satisfy the condition 45 
ms;::;;tpw ;::;;55 ms. 

Erase 
Erase is effected by exposure to ultraviolet light with a 
wavelength of 2537 A at an intensity of appoximately 
15WS/cm2 • Sunlight and fluorescent light may contain 
ultraviolet light sufficient to erase the programmed informa­
tion. For any operation in the read mode, the transparent lid 
should be covered with opaque tape. 

PGM (27) 
Outputs 

Vpp( 1) Vee(28) 
(11-13.15--19) 

V,H Vee vee Data out 

X* Vee Vee Floating 

V,L Vpp Vee Data in 

V,H Vpp Vee Data out 

X* Vpp Vee Floating 

Limits Unit 

-10-80 ·C 

-65-125 ·C 

-0.6-7 V 

-0.6-26.5 V 

Note 1: Stresses above those listed may cause p~rmanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods affects device reliability. 

2: With respect to Ground. 

6-4 
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MSL2764K, -2 

6SS36-BIT (8192-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

READ OPERATION 
Ta=O' to 70'C, Voo=5V±5%, Vpp=Voo 

D. C. CHARACTERISTICS 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

ILl Input load current V'N=5,25V 10 p.A 

ILO Output leakage current VOUT=5.25V 10 p.A 

IpPl Vpp current read Vpp=5.25V 15 mA 

1001 Vee current standby CE=V'H 35 mA 

1002 Vee current active CE=OE=V'L 150 mA 

V,L Low-level input voltage -0.1 0.8 V 

V,H High-level input voltage 2.0 Voo+1 V 

VOL Low-level output voltage IOL=2.1mA 0.45 V 

VOH High-level output voltage IOH=-400p.A 2.4 V 

A. C. CHARACTERISTICS 
M5L2764K-2 M5L2764K 

Symbol Parameter Test conditions Unit 
Min Max Min Max 

ta (AD) Address to output delay CE=OE=V'L 200 250 ns 

ta (OE) CE to output delay OE=V,L 200 250 ns 

ta (010) Output enable to output delay CE=V'L 10 70 10 100 ns 

tDF Output enable high to output float CE=V'L 0 60 0 90 ns 

tOH Output hold from CE or OE CE=OE=V'L 0 0 ns 

AC WAVEFORMS 

ADDRESS ADDRESSES VALID 

OE 

ta (AD) 

OUTPUT 
HIGH Z 

CAPACITANCE (Ta=25"C.f= 1 MHz) 

Symbol Parameter 

C,N I nput capacitance 

COUT Output capacitance 

Test Conditions for A.C. Characteristics 
Input Voltage: VIL = a.av, VIH = 2.2V 
Input Rise and Fall Times: ~ 20ns 
Reference Voltage at Timing Measurement: Inputs lV and 2V 

Outputs O.8V and 2V 
Output Load: 1 TTL gate, CL = 100pF 

Test conditions 

V'N= 0 V 

VOUT= 0 V 

• MITSUBISHI 
"ELECTRIC 

Min Typ 

4 

8 

Max Unit 

6 pF 

12 pF 
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PROGRAM OPERATION 

MITSUBISHI LSI. 

MSL2764K, -2 

65536·BIT (8192.WORD BY 8·BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

CONVENTIONAL PROGRAMMING ALGORITHM iTa=25±5 'C, VOO =5V ±5%, Vpp=21 ±0.5V unless otherwise noted I 

D. C. CHARACTERISTICS 

Symbol Parameter 

ILl I nput current 

VOL Low-level output voltage (verify) 

VOH High-level output voltage (verify) 

1002 Vee supply current (active) 

VIL Low-level input voltage 

VIH High-level input voltage 

Ipp Vpp supply current 

A. C. CHARACTERISTICS 

Symbol Parameter 

tAS Address setup time 

tOES DE setup time 

t os Data setup time 

tAH Address hold time 

t OH Data hold time 

tOF Chip enable to output delay 

tvs Vpp setup time 

tpw PGM pulse width (programming) 

tOES CE setup time 

tOE Data valid from DE 

AC WAVEFORMS 

ADDRESS )f-
tAS 

DATA 

tos 

Vpp / tvs 

\ 
tCES 

.OE 

6-6 

Limits 
Test conditions Unit 

Min Typ Max 

VIN=VIL or VIH 10 !-'A 

IOL=2.1mA 0.45 V 

IOH=-400!-,A 2.4 V 

100 mA 

-0.1 0.8 V 

2.0 Voc+l V 

OE=VIL=PGM 30 mA 

Limits 
Test conditions Unit 

Min Typ Max 

2 !-,s 

20 /.lS 

2 !-,S 

0 /.lS 

2 !-,S 

0 130 ns 

2 !-'s 

45 50 55 ms 

2 ,,8 
150 ns 

PROGRAM VERIFY 

K 
tAH 

HIGH Z 

tOF 

-'X i tOES 

[ tpw J tOE 

1\..-
r--

Test Conditions for AC Characteristics 

•. MITSUBISHI 
.... ELECTRIC 

Input Voltage: V1L == o.av. VIH = 2.2V 
Input Rise and Fall Times: ~ 20ns 
Reference Voltage at Timing Measurement: Inputs 1V and 2V 

Outputs O.SV and 2V 
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MSL2764K, ·2 

65536·BIT (a192.WORD BY a.BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FAST PROGRAMMING ALGORITHM 
DC CHARACTERISTICS ITa~25±5°C, Vcc~6V±025V, Vpp~21V±05V, unless otherwise noted I 

Symbol Parameter Test conditions 

ILl I nput current VIN=VILGr VIH 

VOL Output low voltage IOL-2.1mA 

VOH Output high voltage IOH- 400l'A 

V,L I nput low voltage 

V,H Input high voltage 

lee2 V cc supply current 

IpP2 Vpp supply current CE=V'L=PGM 

AC CHARACTERISTICS ITa~25±5°C, Vcc~6V±025V, Vpp~21V±O.5V, unless otherwise notedl 

Symbol 

t AS 

tOES 

t OS 

tAH 

t OH 

t OF 

t VCS 

t VPS 

t FPW 

topw 

t CES 

tOE 

Parameter 

Address setup time 

DE set up time 

Data setup time 

Address hold time 

Data hold time 

Chip enable to output float delay 

Vee setup time 

Vpp setup time 

PGM initial program pulse width 

PGM over program pulse width 

CE setup time 

Data valid from DE 

Test conditions 

• MITSUBISHI 
.... ELECTRIC 

Limits 
Unit 

Min Typ Max 

10 "A 

0.45 V 

2.4 V 

-0.1 0.8 V 

2.0 Vee V 

100 rnA 

30 mA 

Limits 
Unrt 

Min Typ Max 

2 "s 

20 "s 

2 "s 

0 "s 

2 "s 

0 130 ns 

2 "s 

2 "s 

0.95 1 1.05 ms 

3.8 63 ms 

2 "s 

150 ns 
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AC WAVEFORMS 

V,H 

ADDRESS 

V,L 

V,H/VOH 

DATA 

V,JVOL 

Vpp 
Vpp 

Vee 

Vee+ 1 
Vee 

Vee 

V,H 

CE 

V,L 

V,H 

PGM 

V,L 

V,H 

OE 

V,L 
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MSL2764K, -2 

65536-BIT (a192-WORD BY a-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

~ 
tAS 
~ 

---< 
tos 
~ 

-1 ~ 
-1 I 

tves 
~ 

---. 
\ 
teEs 
~ 

\-
I 

PROGRAM 

DATA SET 

tOH ..,...,. 

i tOES tOE 

I 
~ ~ 

tFPW 

--' 

. •. MITSUBISHI 
"ELECTRIC 

VERIFY 

K 
~ 

DATA OUTPUT V~LlD 

tOF 
~ 

. 

f-

Test .conditions for A. C. characteristIcs 
Input voltage: V,L =O.8V, V,H =2.2V 
Input rise and fall times: ~20ns 
Reference voltage at timing measurement: Input lV and 
2V Output O.8V, and 2V 
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MSL2764K, -2 

6SS36-BIT (8192-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FAST PROGRAMMING ALGORITHM 
FLOW CHART 

NEXT ADDRESS 

Note3: 4.75~Vcc=Vpp~5.25V 

NO 

START 

FIRST ADDRESS, VCC =6V, Vpp=21V 

NO 

SET REGISTER X TO ZERO 
X = 0 

APPLY 1ms PROGRAM PULSE 

VERIFY? 

YES 

APPLY OVER PROGRAM PULSE 4x Xms 

NO 

YES 

INote31 

Vcc=Vpp=5.0V 

READ VERIFY' 

YES 

PASS 

YES 

• MITSUBISHI 
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FAILURE 
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MSL27128K, -2 
131, 072-BIT( 16384-WORD BY 8-BIT} 

ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5L27128K is a high-speed 131072-bit 
ultraviolet erasable and electrically reprogrammable read only 

memory. It is suitable for microprocessor programming ap­
plications where rapid turn-around is required. The 
M5L27128K is fabricated by N-channel double polysilicon gate 
technology and is available in a 28-pin DIL package with a 

transparent lid. 

FEATURES 
• 16384 word x 8 bit organization 

• Access time M5L27128K-2 
M5L27128K 

• Two line control OE, CE 

........ 200ns(max.) 
.250ns (max.) 

• Low power current (Icc): Active ............... 100mA (max.) 
Standby ............. 45mA (max.) 

• Single 5V power supply 

• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 

• Standard 28-pin DIL package 
• Fast programming algorithm 
• Interchangeable with INTEL 27128 

APPLICATION 
• Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM 

Al3 

A12 

All 

A9 

As 
A7 

A6 

ADDRESS INPUTS A5 
A4 

A,O 
A3 

A2 

Al 

Ao 

r--
~ 
~ 

X·DECODER 
3 
4 
5 
6 

~ 
>b 8 Y·DECODER 

~ 
~ 

CHIP ENABLE 

PIN CONFIGURATION (TOP VIEW) 

(5V.21V)Vpp 

A6 

As 

ADDRESS A4 

INPUTS A3 

A2 

AI 

AO 

{
Do 

DATA INPUTS/ D I 
OUTPUTS D2 

(DV) GND 

VCC ( 5V) 

27 - PGM PROGRAM 
INPUT 

2 - A13 

2 - A8 } ADDRESS 
24 ~ A9 INPUTS 

2 - All 

22 ~ OE ~~~~~; INPUT 

Outline 28K4 

I 
I 
I 131072-BITS 

CELL MATRIX Il 
i 

, 
I 
I 

Y GATE CIRCUITS I 
I 
I 

OUTPUT SENSE CHIP ENABLE INPUT CE 

OUTPUT ENABLE INPUT OE 

PROGRAM INPUT PGM 

OUTPUT ENABLE AND 

6-10 

VCC(5V) 

Vpp( 5V. 21V) 

GND(DV) 

~ 
1 

1 

AND OUTPUT BUFFERS 
PROG. LOGIC 

- ---11 311 100 -0000 ~ 
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MITSUBISHI LSI. 

MSL27128K, -2 

131 072-BIT(16384-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FUNCTION 
Read 
Set the CE and OE terminals to the read mode (low level). 
Low level input to CE and OE and address signals to the ad­
dress inputs (AD - A13) make the data contents of the 
designated address location available at the data input/output 

(00- 07)' When the CE or OE signal is high, data input/output 
are in a floating state. 

When the CE signal is high, the device is in the standby 

mode or power-down mode. 

Programming 
(Fast programming algorithm) 
First set Vcc =6V, Vpp=21V and then set an address to first 
address to be programmed. After applying 1 ms program 
pulse (PGM) to the address, verify is performed. If the output 
data of that address is not verified correctly, apply one more 1 
ms program pulse. The programmer continues 1 ms pulse­
then-verify routines until the device verify correctly or fifteen 
of these pulse-then-verify routines have been completed. The 
programmer also maintains its total number of 1 ms pulses ap­
plied to that address in register X. And then applied a program 
pulse 4 times of register X value long as an overprogram pulse. 
When the programming procedure above is finished, step to 
the next address and repeat this procedure till last address to 

be programmed. (See P.6-15) 

MODE SELECTION 

~ 
- -

Mode 
CE(20) OE(z2) 

Read VIL VIL 

Standby VIH x* 
Program VIL VIH 

Program verify VIL VIL 

Program inhibit VIH x* . 
* X can be Bither V1l or V1H " 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Symbol Parameter 

Topr Temperature under bias 

Tstg Storage temperature 

VII All input or output voltage (Note 21 
--

VI2 Vpp supply voltage dunng programming (Note 21 

(Conventional programming algorithm) 
The device enters the programming mode when 21V is sup­
plied to the Vpp power supply input and CE is at low level. A 

location is designated by address signals (AD - A'31. and the 
data to be programmed must be applied at 8-bits in parallel to 
the data inputs (Do - °7), A program pulse to the PGM at this 
state will effect programming. Only one programming pulse is 

required, but its width must satisfy the condition 45 

ms~tpw~55 ms. 

Erase 
Erase is effected by exposure to ultraviolet light with a 
wavelength of 2537 A at an intensity of appoximately 
15WS/cm2 • Sunlight and fluorescent light may contain 
ultraviolet light sufficient to erase the programmed informa­

tion. For any operation in the read mode, the transparent lid 
should be covered with opaque tape. 

PGM (27) 
Outputs 

Vpp( 1) Vee(28) 
(11- 13. 15- 19) 

VIH Vee Vee Data out 
----

x* Vee Vee Floating 
-~ 

V 1L Vpp Vee Data in 

VIH Vpp Vee Data out 

x* Vpp Vee Floating 

limits Unit 

- 10-80 'c 
- 65- 125 ·C 

-0.6-7 V 

-0.6-2:6.5 V 

Note 1 Stresses above those listed may cause p~rmanent damage to the device. This IS a stress rating only and 
functional operation of the device at these or at any other conditions above those Indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods affects device reliability. 

2: With respect to Ground. 
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MITSUBISHI LSls 

MSL27128K, -2 

131 072-BIT( 16384-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

READ OPERATION 

DC ELECTRICAL CHARACTERISTICS (Ta=O-700C, Vee =5V±5%, Vpp=Vee, unless otherwise noted I 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

ILl Input load current V'N= 5.25V 10 

ILO Output leakage Current VouT=S.25V 10 

lpPl V pp current read Vpp= 5 .25V 5 

ICCI Vee current standby CE = V,H 45 

ICC2 Vee current Active CE= OE -V,L 100 

V,L Input low voltage 0.1 0.8 

VIH Input high voltage 2 a Vcc+ 1 

VOL Output low voltage IOL=2.lmA 0.45 

VOH Output·high voltage IOH= -400,uA 2.4 

Note 3: Typical values are at Ta = 25°C and nominal supply voltages. 

AC ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vee =5V±5%, Vpp=Vee, unless otherwise noted I 

Limits 

Symbol Parameter Test conditions M5L27128K-2 M5L2712BK 

Min Max Min Max 

ta(Ao) Address to output delay CE=OE=V'L 200 250 

ta (CE) CE to output delay OE=V'L 200 250 

ta(OE) Output enable to output delay CE=V,L 75 100 

t OF Output enable high to output float CE=V'L 0 60 0 85 

t OH Output hold from CE or OE CE=OE=V'L 0 a 
Note 4: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp 

AC WAVEFORMS 

V,H 

Test conditions for AC. characteristics 
Input voltage: VIl=0.45V, V,H=2.4V 
Input rise and fall times: ~20ns 

Unit 

.,.A 

.,.A 

mA 

mA 

rnA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ADDRESS 

V,L 
Reference voltage at timing measurement: Inputs lV and 
2V Output O.BV, and 2V 

V,H 
CE 

V'L 

V,I-< 
OE 

V,L 

VOH 
ta(Ao) 

HIGH Z 
OUTPUT 

VOL 

CAPACITANCE 

Symbol Parameter 

C,N Input capacitance (Address, CE, OE, PGMI 

COUT Output capacitance 

6-12 

Output load: lTTL gate+ CLll00pFI 

or 

DUT 

HIGH Z 

Test conditions 

Ta=25°C, f= lMHz, V,=VO=OV 

•. MITSUBISHI 
.... ELECTRIC 

Min 

1.3V 

lN914 

3.3kQ 

1 CL =100pF 

Limits 

Typ Max 

4 6 

8 12 

Unit 

pF 

pF 



MITSUBISHI LSI. 

MSL27128K, -2 

131 072-BIT( 16384-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAM MABLE ROM 

PROGRAM OPERATION 

FAST PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS (Ta~25±5°C, Vcc~6V±O.25V, Vpp~21V±O.5V, unless otherwise notedl 

Limits 
Symbol Parameter T est conditions 

Min Typ 

ILl Input current VIN=VILor VIH 

VOL Output low voltage IOL~2.1mA 

VOH Output high voltage IOH~ -40011A 2.4 

V,L Input low voltage -0.1 

V,H (nput high voltage 2,0 

ICC2 V cc supply current 

IpP2 V pp supply current CE~VIL~PGM 

AC ELECTRICAL CHARACTERISTICS lTa~25±5°C, Vcc~6V±O.25V, Vpp~21V±0.5V, unless otherwise notedl 

Symbol Parameter Test conditions 

I AS Address setup time 

IOES o E set up time 

los Data setup time 

IAH Address hold time 

IOH Oata hold time 

IOFP Output enable to output float delay 

I VCS V cc setup time 

I VPS Vpp setup time 

I FPW PGM initial program pulse width 

lopw PGM over program pulse width 

ICES CE setup time 

IOE Data valid from OE 

Note 5: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp . 

• MITSUBISHI 
.... ELECTRIC 

Limits 

Min Typ 

2 

2 

2 

0 

2 

0 

2 

2 

0,95 1 

3.8 

2 

Max 

10 

0.45 

0,8 

VCC 

100 

30 

Max 

130 

1,05 

63 

150 

Unit 

I1A 

V 

V 

V 

V 

rnA 

mA 

Unit 

I1S 

I1S 

I1S 

I1S 

I1 S 

ns 

I1 S 

I1S 

ms 

ms 

I1S 

ns 

6-13 



AC WAVEFORMS 

V'H 
ADDRESS 

V'L 

V'H/VOH 

DATA 

V,JVOL 

Vpp 

Vpp 

Vee 

Vee+ 1 
Vee 

Vee 

V'H 

CE 

V'L 

V'H 
PGM 

V'L 

V'H 

OE 

V'L 

6-14 

MITSUBISHI LSls 

MSL27128K, ·2 

131072-BIT( 16384-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

=> lAS 

~ 

----< 
Ir 

los 

~ 

~ b 
~ 

I 
I ves 
~ 

~ 

\ 
leES 
~ 

''X-
l 

PROGRAM 

DATA SET 

IOH 
~ 

j IOES tOE 

I 
~ ~ 

I FPW 

'\ 

, • MITSUBISHI 
~ELECTRIC 

VERIFY 

K 
~ 

DATA OUTPUT V~LlD 

IOFP 
~ 

Test conditions for A.C. characteristics 
Input voltage V'L ~0.45V, V'H ~ 2.4V 
Input rise and fall times: ~20ns 
Reference voltage at timing measurement: Input O.8V 
and 2V Output O.8V, and 2V 



MITSUBISHI LSI. 

MSL27128K, -2 

131 072-BIT( 163a4-WORD BY a-BIT} 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FAST PROGRAMMING ALGORITHM 
FLOW CHART 

NEXT ADDRESS 

Note6: 4.75~Vcc~Vpp~5.25V 

NO 

START 

FIRST ADDRESS, Vcc~6V, Vpp~21V 

SET REGISTER X TO ZERO 
X ~ 0 

APPLY 1ms PROGRAM PULSE 

YES 

APPLY OVERPROGRAM PULSE 4 x Xms 

NO 

LAST ADDRESS? 

YES 

INote61 

Vcc~Vpp~5.0V 

READ VERIFY? 

YES 

PASS 

YES 

• MITSUBISHI 
~ELECTRIC 

FAILURE 
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MITSUBISHI LSls 

MSL27128K, -2 

131 072-BIT( 163a4-WORD BY a-BIT) 
ERASABLE AND ELECTRICALLY RE·PROGRAMMABLE ROM 

CONVENTIONAL PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS ITa=25±5°C, Vcc =5V±5%, Vpp =21V±0.5V,unless otherwise notedl 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

ILl Input current V,N = V,L or V,H 10 

VOL Output low voltage IOL=2.1mA 0.45 

VOH Output high voltage IOH=-400,uA 2.4 

V,L Input low voltage -0.1 0.8 

V,H Input high voltage 2. a Vcc + 1 

ICC2 V CC Supply current 100 

IpP2 Vpp Supply current CE=V'L=POM 30 

AC ELECTRICAL CHARACTERISTICS (Ta=25±5°C, Vcc =5V±5%, Vpp=21ViO.5V,unless otherwise noted) 

Symbol Parameter Test conditions 

lAS Address set up time 

tOES OE setup time 

tos Data setup time 

tAH Address hold time 

tOH Data hold time 

tOFP Output enable to output delay 

lvs V pp setup time 

tpw POM Pulse width (during programl 

tCES CE setup time 

tOE Data valid from DE 

Note 7: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

6-16 
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Limits 

Min Typ Max 

2 

2 

2 

a 
2 

a 130 

2 

45 50 55 

2 

150 

Unit 

"A 

V 

V 

V 

V 

mA 

mA 

Unit 

,us 

,us 

,us 

,us 

"s 

ns 

"s 

ms 

,us 

ns 



AC WAVEFORMS 

ADDRESS ) 
~ 

DATA 

~ 

Vpp J ~ 

CE 

1\ 
teEs 

PGM 

OE 

MITSUBISHI LSls 

MSL27128K, -2 

131 072.BIT( 16384·WORD BY 8.BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM 

tOH 
I--

tpw 

tOES 

!!olE. VERIFY 

tAH 

tOFP 

~ 

\ 

Test conditions for A.C. characteristics 
Input rise and fa!! time: ::s;20ns 
Input voltage V'L ~ 0.45\1, V'H ~ 2.4V 

K 

Reference voltage at timing measurement: Input O.8V and 2V 
Outputs 0.8V and 2V 

• MITSUBISHI 
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MITSUBISHI LSI. 

MSL27128K, -2 

131 072-BIT(16384-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

TYPICAL CHARACTERISTICS 

"' .EO 
LJ.J 
:;; 
;:: 
(/) 
(/) 
LJ.J 
U 
U 
« 

4' 
E 
J-
z 
LJ.J 
0: 
0: 
:J 
U 

>-
...J 
0.-
0.-
:J 
(/) 

6-18 

200 

100 

a 
-25 

80 

70 

60 

50 

40 

30 

20 

10 

ACCESS TIME VS 
OPERATING TEMPERATURE 

~a(c~) 
I 

ta(AO) I-

-r-

ta(OE) 

25 50 75 

OPERATING TEMPERATURE ta eCI 

SUPPLY CURRENT VS 
OPERATING TEMPERATURE 

~ 

100 

4' 
E 
f­
Z 
LJ.J 
0: 
0: 
:J 
U 

>­
...J 
0.-
0.­
:J 
(/) 

80 

60 

40 

20 

a 

SUPPLY CURRENT VS 
SUPPLY VOLTAGE 

IL 

ICCI 

4 .0 5 .0 

SUPPLY VOLTAGE Vee IVI 

OUTPUT CHARACTERISTICS 

STANDARD CONDITION 

r--~~ERATINGI 
'--- VOWIOH -

I cCl·ISTANDBYI 

a 25 50 75 

OPERATING TEMPERATURE Ta lOCI 

? 
LJ.J 

'" 3 « 
f-a 
> 
f- 2 :J 
0.-
f-
:J 
0 

100 

• MITSUBISHI 
"ELECTRIC 

VOL-IOL 

3 
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MITSUBISHI LSI. 

MSM27C128K, -2, -3 
'iF~;0,';;' ('1'" 

,\.;;~.'/;' 131 072-BIT( 16384-WORD BY 8-BIT) 
'ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
The Mits.ubishi M5M27C12BK is a high-speed 131072-bit 
ultraviolet erasable and electrically reprogram mabie read 
only memory_ It is suitable for microprocessor program­
ming applications where rapid turn-around is required_ 
The M5M27C12BK is fabricated by N-channel double 
polysilicon Memory gate and CMOS technology for periph­
eral circuits, and available in a 2B pin D I L package with a 
transparent lid_ 

FEATURES 
• 163B4 word x B bit organization 
• Access time M5M27C12BK-2 .. _ .. ___ 200ns (max.) 

M5M27C12BK ______ . __ 250ns (max.) 

M5M27C12BK-3 ........ 300ns (max.) 

• Two line control OE, CE 
• Low power current (Icc): Active ..... 30mA (max.) 

(5V.21V)Vpp 

A7 

A6 

As 

ADDRESS A4 

INPUTS A3 

A2 

AI 

Ao 

{
Do 

DATA INPUTS/ D I 
OUTPUTS D2 

(OV) GND 

Standby .... 1 mA (max.) Outline 2BK4 
• Single 5V power supply 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 
• Standard 2B-pin D I L package 
• Fast programming algorithm 
• Interchangeable with M5L2712BK 

APPLICATION 
• Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM 

ADDRESS INPUTS As 

CHIP ENABLE INPUT CE 

OUTPUT ENABLE INPUT OE 

PROGRAM INPUT PGM 

VCc(5V) 

Vpp(5V.21V) 

GND(OV) 

r-' 
~ 
~ 
~ 
3 
4 

5 
~ 
6 

>b 8 

~ 
1 

~ 

1 

14 

X-DECODER 

Y-DECODER 

CHIP ENABLE 

OUTPUT ENABLE 

AND 

PROG. LOGIC 

'" 

I 
I 

131072-BITS 

CELL MATRIX 

i 
! 

Y GATE CIRCUITS 

OUTPUT SENSE 

AND 

OUTPUT BUFFERS 

- ---11 W3l1 5X100 W~9 

• MITSUBISHI 
"'ELECTRIC 

pOD 1D2D3~4DsD6D71 

DATA INPUTS/OUTPUTS 

j 

VCC(5V) 
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MITSUBISHI LSI. 

MSM27C128K, -2, -3 

131 072-BIT(16384-WORD BY 8-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FUNCTION 
Read 
Set the CE and OE terminals to the read mode (low level). 
Low level input to CE and OE and address signals to the ad­
dress inputs (Ao - A ,3) make the data contents of the 
designated address location available at the data input/output 
(Do - 0 7), When the CE or OE signal is high, data input/ output 
are in a floating state. 

, When the CE signal is high, the device is in the standby 

mode or power-down mode. 

Programming 
(Fast programming algorithm) 
First set Vcc= 6V, Vpp=21V and then set an address to first 
address to be programmed. After applying 1 ms program 
pulse (PGM) to the address, verify is performed. If the output 
data of that address is not verified correctly, apply one more 1 
ms program pulse. The programmer continues 1 ms pulse­
then-verify routines until the device verify correctly or fifteen 
of these pulse-then-verify routines have been completed. The 
programmer also maintains its total number of 1 ms pulses ap­
plied to that address in register X. And then applied a program 
pulse 4 times of register X value long as an overprogram pulse. 
When the programming procedure above is finished, step to 
the next address and repeat this procedure till last address to 
be programmed. (See P.6-24) 

MODE SELECTION 

~~ CE(20) 
-

Mode 
OE(22) 

Read VIL VIL 

Standby VIH X* 

Program VIL VIH 

Program verify VIL VIL 

Program inhibit VIH X* 

, *: X can be either VIL or VIH , 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Symbol Parameter 

Topr ,Temperature under bias 

Tstg Storage temperature 

VII All input or output voltage (Note 2) 

VI2 Vpp supply voltage during programming (Note 21 

(Conventional programming algorithm) 
The device enters the programming mode when21V is sup­
plied to the Vpp power supply input and ~is at low level. A 
location is designated by address signals (Ao-A ,3), and the 
data to be programmed must be applied at 8-bits in parallel to 
the data inputs (Do - 0 7), A program pulse to the PGM at this 
state will effect programming. Only one programming pulse is 
required, but its width must satisfy the condition 45 

ms~tpw~55 ms. 

Erase 
Erase is effected by exposure to ultraviolet light with a 
wavelength of 2537 A at an intensity of appoximately 
15WS/cm2. Sunlight and fluorescent light may contain 
ultraviolet light sufficient to erase the programmed informa­
tion .. For any operation in the read mode, the transparent lid 
should be covered with opaque tape. 

PGM (27) 
Outputs 

Vpp( 1) Vc0(28) 
(11- 13, 15- 19) 

VIH Vcc Vcc Data out 

X* Vcc Vcc Floating 

VIL Vpp Vcc Data in 

VIH Vpp Vcc Data out 
--

X* Vpp Vcc Floating 

Limits Unit 

- 10-80 'C 

- 65-- 125 'C 

-0.6-7 V 

-0.6-22.0 V 

Note 1: Stresses above those listed may cause permanent damage to the devics. This is a stress rating only and 
functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods affects device reliability. 

2: With respect to Ground. 

6-20 
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MITSUBISHI LSls 

MSM27C128K, .2, ·3 

131 072-BIT( 16384-WORD BY 8-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

READ OPERATION 

DC ELECTRICAL CHARACTERISTICS ITa=O-70'C, Vcc =5V±5%, Vpp=Vcc, unless otherwise noted I 

I Limits 
Symbol Parameter Test conditions 

r-- Min Typ Max 

III Input load current V'N=5.25V 10 

lLO Output leakage current VouT=5.25V 10 

IpPl V pp current read Vpp= 5 .25V 1 100 

CE=V,H 1 
ICC1 V CC current standby 

CE=Vcc 1 100 

CE=OE=V,L 30 
I CC2 V cc current Active 

f=4MHz 30 

V,L Input low voltage -0.1 0.8 

V,H Input high voltage 2.0 Vcc+ 1 

VOL Output low voltage IOL=2.1mA 0.45 

VOH I 
Output high voltage IOH= -400" A 2.4 

Note 3: Typical values are at Ta=25'C and nominal supply voltages. 

AC ELECTRICAL CHARACTERISTICS ITa=0-70'C, Vcc =5V±5%, Vpp=Vcc, unless otherwise noted) 

Symbol Parameter Test conditions 

ta(Ao) Address to output delay CE=OE=V,L 

ta (CE) CE to output delay OE=V'L 

ta(OE) Output enable to output delay CE=V,L 
--

tOF Output enable high to output float CE=V'L 

t OH Output hold from CE or OE CE=OE=V'L 

Note 4: Vee must be applied simultaneously Vpp and removed simultaneously VPP. 

AC WAVEFORMS 

Limits 

M5M27C128K-2 M5M27C128K M5M27C128K-g 

Min 

0 

0 

Max Min Max Min Max 

200 250 300 

200 250 300 

75 100 120 

60 0 85 0 105 

0 0 

Test condftions for A.C. characteristics 
Input voltage: VIL = 0.45V, V,H = 2.4V 
Input rise and fal! times: ~20ns 

Unit 

J.lA 

J.lA 

J.lA 

mA 

J.lA 

mA 

mA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ADDRESS Reference voltage at timing measurement: Inputs lV and 
2V Output O.BV, and 2V 

CE 

V,H --/------" 
OE 

V,L 

VOH 
ta(AO) 

HIGH Z 
OUTPUT 

CAPACITANCE 

Symbol Parameter 

C'N .. Input capacitance (Address, CE, O( PGM) 

GOUT Output capacitance 

Output load: lTTL gate+ CL(100pF) 

or 

DUT 

HIGH Z 

Test conditions 

Ta=25°C, f= lMHz, VI=VO=OV 

• MITSUBISHI 
.... ELECTRIC 

Min 

1.3V 

1N914 

3.3k Q 

I CL =100pF 

Limits 

Typ Max 

4 6 

8 12 

Unit 

pF 

pF 
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MITSUBISHI LSI. 

MSM27C128K, -2, -3 

131 072-BIT(16384-WORD BY 8-BIT) 
CMOS. ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM OPERATION 

FAST PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS (Ta=25±5'C, Vcc=6V±O.25V, Vpp=21V±O.5V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions -

Min Typ 

ILl Input current VIN= VILor VIH 

VOL Output low voltage IOL=2.1mA 

VOH Output high voltage IOH=-400J.l.A 2.4 

V,L Input low voltage -0.1 

V,H Input high voltage 2.0 

lee2 V cc supply current 

IpP2 V pp supply current CE=V'L=PGM 

AC ELECTRICAL CHARACTERISTICS !Ta=25±5'C, V cc =6V±025V, V pp =21V±0.5V, unless otherwise noted) 

Symbol Parameter 

I AS Address setup time 

10ES OE set up time 

IDS Data setup time 

I AH Address hold time 

I DH Data bold time 

I DF Chip enable to output float delay 

Iyes V CC setup time 

I YPS Vpp setup time 

I FPW PG M initial program pulse width 

lopw PGM over program pulse width 

leES CE setup time 

IOE Data valid from OE 

6-22 

Test conditions 

• MITSUBISHI 
"ELECTRIC 

Min 

2 

2 

2 

0 

2 

0 

2 

2 

0.95 

3.8 

2 

Limits 

Typ 

1 

Max 

10 

0.45 

0.8 

Vee 

30 

30 

Max 

130 

1.05 

63 

150 

Unit 

J.l.A 

V 

V 

V 

V 

rnA 

rnA 

Unit 

J.l.S 

J.l.S 

J.l.S 

J.l.S 

J.l.S 

ns 

J.l.S 

J.l.S 

ms 

ms 

J.l.S 

ns 



AC WAVEFORMS 

V,H 
ADDRESS 

V,L 

V,H!VOH 

DATA 

V,UVOL 

Vpp 
Vpp 

Vee 

Vee+ 1 
Vee 

Vee 

V,H 

CE 

V,L 

V,H 

PGM 

V,L 

V,H 

OE 

V,L 

MITSUBISHI LSls 

MSM27C128K, ·2, ·3 

131 072-BIT(16384-WORD BY 8-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

=> t AS 

~ 

~ 

t OS 

fcHo 

--.I M 
--.I t ve~ ~ 
----, 

f\ 
teEs 
~ 

\-
I 

PROGRAM 

DATA SET 

t OH 

~ 

f t DES t DE 

J ~ ~ tFPw 

• MITSUBISHI 
.... ELECTRIC 

VERIFY 

K 
~ 

DATA OUTPUT V~LlD 

t OF 
~ 

Test conditions for A.C. characteristics 
Input voltage: V,L ~ 0.45V, V ,H ~ 2.4V 
Input rise and fall times: ~20ns 
Reference voltage at timing measurement: Input 1 V and 
2V Output O.8V, and 2V 
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MSM27C128K, -2, -3 

131 072-BIT( 16384-WORD BY 8-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FAST PROGRAMMING ALGORITHM 
FLOW CHART 

NEXT ADDRESS 

Note 5: 4.75;aVcc = Vpp ;a5.25V 

6-24 

NO 

START 

FIRST ADDRESS, VCC=6V, Vpp=21V 

NO 

SET REGISTER X TO ZERO 
X = 0 

APPLY 1ms PROGRAM PULSE 

APPLY OVERPROGRAM PULSE 4 x Xms 

NO 

INote 51 

Vcc=Vpp=5.0V 

READ VERIFY? 

YES 

PASS 

YES 

NO 

• MITSUBISHI 
~ELECTRIC 

FAILURE 



MITSUBISHI LSI. 

MSM27C128K, -2, -3 

131 072-BIT( 16384-WORD BY 8-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

CONVENTIONAL PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS (Ta=25±5'C. Vcc=5V±5%. Vpp=21V±0.5V. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

ILl Input current VIN = VIL or VIH 

VOL Output low voltage IOL=2.1mA 

VOH Output high voltage IOH=~400JIA 2.4 

VIL I nput low voltage ~0.1 

VIH Inpul high voltage 2.0 

IC02 Vee Supply current 

Ipp V pp Supply current CE=VIL=PGM 

AC ELECTRICAL CHARACTERISTICS lTa=25±5'C. Vcc =5V±5%. Vpp=21V±0.5V. unless otherwise noted) 

Symbol Parameter 

tAS Address set up time 

tOES OE setup time 

tos Data setup time 

tAH Address hold time 

tOH Data hold time 

tOF Chip enable to output delay 

tvs Vpp setup time 

tpw PGM Pulse width (during program) 

tCES CE set up time 

tOE Data valid from OE 

Test conditions 

• MITSUBISHI 
;'ELECTRIC 

Min 

2 

2 

2 

0 

2 

0 

2 

45 

2 

Limits 

Typ 

50 

Unit 
Max 

10 "A 

0.45 V 

V 

0.8 V 

Vcc+ 1 V 

30 mA 

30 mA 

Unit 
Max 

JIS 

JIS 

JIS 

JIS 

JIS 

130 ns 

liS 

55 ms 

JIS 

150 ns 
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AC WAVEFORMS 

ADDRESS 

H 
DATA 

L 

Vpp 
Vpp 

Vee 

VIH 

CE 
VIL 

VIH 

PGM 
VIL 

VIH 

DE VIL 
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MITSUBISHI LSI. 

MSM27C128K, -2, -3 

131 072-BIT(16384-WORD BY 8-BIT) 
CMOS ERASAB.LE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM 

) 
~ 

IDATA SET 

~ tDH -
/ tvs 

f--'-=--

"-
teEs 

tpw 

tOES 

VERIFY 

tAH 

DATA OUTPU+ VALID 

tDF 

.~ 

Test conditions for A.C. characteristics 
Input rise and fall time: ;;;20ns 
Input voltage: V1L =0.45V, VIH=2.4V 

K 

Reference voltage at timing measurement: Input lV and 2V 
Outputs O.8V and 2V 

' .. . MITSUBISHI 
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M58653P ~ 
~V ~ U 700-BIT (SO-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

DESCRIPTION 
The M58653P is a serial input/output 700 bit electrically 

erasable and reprogrammable ROM organized as 50 words 

of 14 bits, and fabricated using MNOS technology. Data 

and addresses are transferred serially via a one-bit bidirec­
tional bus. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Word-by-word electrically alterable 
• Non-volatile data storage ......... 10 years (min) 
• Write/erase time ..... _ ......... 20ms/word 

• Typical power supply voltages ....... -30V, +5V 

• Number of erase-write cycles ....... 105 times (min) 
• Number of read access unrefreshed ... 10· times (min) 

• 5V I/O interface 

APPLICATION 

• Non-volatile channel memories for electronic tuning 
systems and field-reprogrammable read-only memory 
systems 

FUNCTION 
The address is designated by two consecutive one-of-ten­

coded digits. Seven modes-accept address, accept data, 
shift data output, erase, write, read, and standby-are 

all selected by a 3-bit code applied to C1, C2 , and C3 . Data 

is stored by internal negative writing pulses that selec­
tively tunnel charges into the Si02-Si3N. interface of the 

gate insulators of the MNOS memory transistors. 

BLOCK DIAGRAM 

(5V) Vss 

(~30V) Vaa 

NC 

NC 

NC 

CLOCK INPUT CLK_ 

MODE CONTROL 
INPUT 

Cl-

VM(NC) 

VGND(OV) 

DATA INPUT/ 

OUTPUT 

NC 

NC 

-C3 
} MODE CONTRO 

-C2 
INPUTS 

Outline 14P4 NC NO CONNECTION 

-----------, 

• MITSUBISHI 
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1 Vss(5V) 

2 VGG(~30V) 

Cl] C2 MODE CONTROL INPUTS 

C3 

6 CLK CLOCK INPUT 
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M58653P 

700-BIT (SO-WORD BY 14-BIT) ELECTRICALL Y ALTERABLE ROM 

PIN DESCRIPTION 

Pin Name 

1/0 1(0 

VM Test 

VSS Chip substrate voltage 

VGG Power supply vOltage 

OLK Clock input 

0,-03 Mode control input 

VGND G round voltage 

OPERATION MODES 

0, 02 03 

H H H 

H H L 

H L H 

H L L 

L H H 

L H L 

L L H 

L L L 

7-4 

Functions 

In the accept address and accept data modes, used for input. 
In the shift data output mode, used for output. 
In the standby. read, erase and write modes, this pin is in a floating state 

Used for testing purposes only. It should be left unconnected during normal operation 

Normally connected to+5V 

Normally connected to -30V. 

14kHz timing reference Required for all operating modes High-level input is possible during standby mode 

Used to select the operation mode 

Connected to ground (OV) 

Functions 

Standby mode: The contents of the address registers and the data register remain unchanged. The output buffer is held 

in the floating state. 

Not used 

Erase mode: The word stored at the addressed location is erased. The data bits after erasing are all low-level. 

Accept address mode Data presented at the I/O pin is shifted into the address registers one bit with each clock pulse The 

address is deSignated by two one-of-ten-coded digits. 

Read mode: The addressed word is read from the memory into the data register. 

Shift data output mode The output driver is enabled and the contents of the data register are shifted to the 1/0 pin one bit 

with each clock pulse. 

Write mode: The data contained in the data register is written into the location designated by the address registers. 

Accept data mode: The data register accepts serial data from the I/O pin one bit with each clock pulse 

registers remain unchanged 

'MITSUBISHI 
.... ELECTRIC 
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M58653P 

700-BIT (SO-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Voo Supply voltage 

V, Input voltage With respect to Vss 

Vo Output voltage 

Tstg Storage temperature range 

Topr Operating free-air temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta~ -10-70"(; unless otherwise n:ned) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VOO-VSS Supply voltage -32.2 -35 -37.8 V 

VSS-VONO Supply voltage 4.75 5 6 V 

V,H High-level Input voltage Vss-l Vss+0.3 V 

V,L Low-level Input voltage V ss -6. 5 Vss-4.25 V 

limits Unit 

0.3- -40 V 

0.3- -20 V 

0.3- -20 V 

-40-125 "(; 

-10-70 "(; 

Note 1: 
The order of VSS VGG with on or off. 
With on, VGG is turned on after VSS is done. 
With off, VSS is turned off after VGG is done. 

ELECTRICAL CHARACTERISTICS (Ta~ -10-70"(;, VOO-VSS ~ -35V± 8 %, VSS-VONO ~5V :!:2~~. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min TVp Max 

V,H High-level Input voltage VSS-l Vss+O,3 

V,L Low-level input voltage Vss-6.S VSS-4.25 

I,L low-level input current VI-Vss=-6,5V ± 10 

IOZL Off-state output current low-level voltage applied VO-Vss=-6.5V ± 10 

VOH High-level output voltage IOH ~ -2OOI-'A Vss-l 

VOL Low-level output voltage IOL = lOIlA VONo+O.5 

100 Supply current from VGG lo~OIlA 5.5 8,8 

Note 2 TYPical values are at Ta=25°C and nominal supply voltage 

+20% 
TIMING REQUIREMENTS (Ta~ -10-70"(;, VOo-VSs= - 35V± 8 %, VSS-VONO= 5V - 5 %. unless otherwise noted) 

Alternative 
Symbol Parameter 

symbols 
Test conditions 

Min 

f( ¢) Clock frequency f¢ 11. 2 

0(';) Clock duty cycle D¢ 30 

tw(w) Write time tw 16 
.. -

tW(E) Erase time te 16 

tr, tt Risetime. fall time tr, If 

tsu(o- ¢) Control setup time before the fall of the clock pulse tos 0 

the ¢-o) Control hold time after the rise of the clock pulse tCH 0 

SWITCHING CHARACTERISTICS (Ta= -10-70"(; VOG ~ -35V+ 8 %. unless otherwise noted.) -

Symbol Parameter 

taCo) Read access time 

ts Unpowered nonvolatile data retention time 

NEW Number of erase/write cycles 

NRA Number of read access unrefreshed 

tdv Data valid time 

Alternative 
Test conditions 

symbols 

tpw CL = 100PF VOH ~ VSS - 2V 
·VOL=VONO+1.5V 

Ts NEW= 10' . 
tw(w)=20ms 

tw (E) =20 ms 

Ts NEW~ 105 , 
tw(W) =20ms 

tW(E) ~20ms 

Nw 

NRA 

tpw 

• MITSUBISHI 
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Min 

10 

1 

105 

109 

Limits 

TVp Max 

14 16.8 

50 55 

20 24 

20 24 

1 

limits 

TVp Max 

20 

20 

Unit 

V 

V 

I-'A 

I-'A 

V 

V 

mA 

Unit 

kHz 

% 

ms 

ms 

I-'S 

ns 

ns 

Unit 

I-'S 

Year 

Year 

Times 

Times 

I-'S 

7-5 



MITSUBISHI LSls 

M58653P 

700-BIT (50-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

TIMING DIAGRAM 

Accept Address Mode 

OLK 

0, I 

02 I 

03 =:J 
I/O U ____________ U _______________________________ _ 

ADDRESS LOCATION 

LEAST SIGNIFICANT DIGIT 

Note 3: The address is designated by two one-of-ten-coded digits The figure shows 
designation of the address 49. 

Read Mode Shift Data Output Mode 

OLK 

OLK 

02 0, 

t CLOCK CYCLE 
02 

Write Mode 
1/0 

eLK J1J1J1J1Mflfl la( C) 

14 CLOCK CYCLES 

0, ~I--I ---II 

:: If.E---E _1.:.:....:..:.:.~·:(W)~r 
Accept Data Mode 

OLK 

Erase Mode 0, 11-___ --1,,1-__ -Jr.-
OLK JUlMMflll-

0, 
.... 

02 1 tJ I 
I. n 

.1 03 IWeE) 
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02 1 I~ 
03 1 !~ 
I/o I :: 

IE 

•. MITSUBISHI 
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M58653P 

700·BIT (so. WORD BY 14.BIT) ELECTRICALL Y ALTERABLE ROM 

• The difinition of clock duty cvcle, 0 (I/» 

TIL) 

:1 
• Timing of data input and mode control inputs 
Mode control inputs, C1 , C2 , C3 and input signal my 
change, when clock is 'H' level. 

CLOCK 

INPUT 
(AOORESS/DATA) 

• Timing of data output 

CLOCK 

0, 

02 

03 

DATA 

(OUTPUT) 

CONTROL LINES 
STABLE 

ADDRESS DR DATA 
STABLE 

The 1 st bit of output data is output after access ti me of 
t.(C) frpm the mode control transition. And other bits are 
output after t.(C) from positive edge of clock. 

n 
n 

n 

• MITSUBISHI 
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M58653P 

700-BIT (50-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

• Operating sequential flow 

7-8 

(a) Read Sequence (b) Erase/write Sequence 

STANDBY MODE (WITH CLOCK! STANDBY MODE (WITH CLOCK! 

ACCEPT ADDRESS MODE (15 CLOCK! ACCEPT ADDRESS MODE (15 CLOCK! 

STANDBY MODE (WITH CLOCK! STANDBY MODE (WITH CLOCK! 

STANDBY MODE (WITH CLOCK! STANDBY MODE (WITH CLOCK! 

SHIFT DATA OUT MODE (14 CLOCK! 

STANDBY MODE (WITH CLOCK! STANDBY MODE (WITH CLOCK! 

WRITE MODE (tw(W» 

STANDBY MODE (WITH CLOCK! 

•. lVIlTSUBISHI 
"ELECTRIC 
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M58657P 

--l400-BIT (lOO-WORD BY l4-BIT) ELECTRICALLY ALTERABLE ROM 

DESCRIPTION 
The M58657P is a serial input/output 1400 bit electrically 

erasable and reprogrammable ROM organized as 100 words 

of 14 bits, and fabricated using MNOS technology. Data 

and addresses are transferred serially via a one-bit bidirec­

tional bus. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Word-by-word electrically alterable 

• Non-volatile data storage .......... 10 years (min) 

• Write/erase time ..... _ .......... 20ms word 

• Typical power supply voltages ....... -30V, +5V 

• Number of erase-write cycles ....... 105 times (min) 

• Number of read access unrefreshed ... 109 times (min) 

• 5V I/O interface 

APPLICATION 
• Non-volatile channel memories for electronic tuning 

systems and field-reprogrammable read-only memory 
systems 

FUNCTION 
The address is designated by two consecutive one-of-ten­

coded digits. Seven modes-accept address, accept data, 

shift data output, erase, write, read, and standby-are 

all selected by a 3-bit code applied to C" C2 , and C3 . Data 

is stored by internal negative writing pulses that selec­

tively tunnel charges into the Si02-Si3N. interface of the 

gate insulators of the MNOS memory transistors. 

BLOCK DIAGRAM 

(5V) Vss 

(-30V) VeG 

NC 

(OV)VGND 

NC 

CLOCK INPUT CLK ~ 

MODE CONTROL C,~ 
INPUT 

VMINC) 

NC 

OATA INPUT! 

OUTPUT 

NC 

NC 

~C3 

} MODE CONTROL 
INPUTS 

~Cz 

Outline 14P4 NC NO CONNECTION 

1-- ----_.-
c­
oo 
'" w 
o 
a: 
o 
:i: 
to 
I 

•. MITSUBISHI 
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1 Vss(SV) 

2 VGaI - 30V) 

7 Cl} 
8 Cz MODE CONTROL INPUTS 

9 C3 

6 CLK CLOCK INPUT 
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M58657P 

1400-BIT (IOO-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

PIN DESCRIPTION 

Pin Name 

1/0 I/O 

VM Test 

VSS ChIp substrate voltage 

VGG Power supply voltage 

CLK CIOCIe mllU! 

C,-C3 Mode control input 

VGND Ground voltage 

OPERATION MODES 

C, C2 C3 

H H H 

H H L 

H L H 

H L L 

L H H 

L H L 

L L H 

LI L L 
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Functions 

In the accept address and accept data modes. used for input. 

In the shift data output mode. used for output. 
In the standby, read. erase and write modes. thIs pm IS in a floating state 

Used for testing purposes only It should be left unconnected during normal operatron. 

Normally connected to+5V 

Normally connected to -30V 

14kHz tlmmg reference RequIred for all operating modes High-level Input IS possible dunng standby mode 

Used to select the operation mode. 

Connected to ground (OV) 

Functions 

Standby mode: The contents of the address registers and {he data register remain unchanged The output buffer IS held 

in the floatIng state 

Not used. 

Erase mode The word stored at the addressed locatIon IS erased The data bits after eraSing are all low-level 

Accept address mode Data presented at the I/O pin IS shifted into the address registers one bit with each clock pulse The 

address is deSignated by two one-of-ten-coded digits 

Read mode: Ttle addressed word is read from the memory into the data register 

Shift data output mode· The output driver is enabled and the contents of the data register are shifted to the I/O pin one bit 

with each clock pulse. 

Write mode: The data contaIned in the data register IS written into the location designated by the address registers 

Accept data mode: The data register accepts senal data from the I/O pin one bit with each clock pulse 

registers remain unchanged 

• MITSUBISHI 
..... ELECTRIC 

The address 



MITSUBISHI LSls 

M58657P 

1400-BIT (IOO-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VGG Supply voltage 

V, Input voltage With respect to Vss 

Va Output voltage 

Tstg Storage temperature range 

Topr Operating free-air temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta = - 10 -70'C unless otherwise noted) 

limIts 
Symbol Parameter Unit 

Mm Nom Max 

VOO-VSS Supply voltage -32.2 -35 -37.8 V 

VSS-VONO Supply voltage 4.75 5 6 V 

V,H High-level Input voltage VSS-l Vss+0.3 V 

V,L Low-level Input voltage Vss-6.5 Vss-4.25 V 

lImits Unit 

0.3- -40 V 

0.3- -20 V 

0.3- -20 V 

-40-125 'C 

-10-70 'C 

Note 1: 
The order of VSS VGG with on or off. 
With on, VGG is turned on after VSS is done, 
With off, VSS is turned off after VGG is done. 

ELECTRICAL CHARACTERISTICS (Ta = -10-70'C VGG-VSS = -35V + 8 % VSS-VGNO =5V :::2~~. unless otherWise noted) -

Limits 

Symbol Parameter Test conditions 
Min Typ Max 

--
V,H High-level Input voltage VsS-l Vss +0.3 

V,L Low-level Input voltage Vss-6.5 VSS-4.25 

I,L Low-level Input current V,-VSS= -6 .5V ± 10 

IOZL Off-state output curren\. low· level voltage applied VO-Vss=-6.5V ± 10 

VOH High-level output voltage 10H = - 200"A VSS-l 

VOL low-level output voltage 10L ~ 10"A VGNo+0.5 

IGG Supply current from VGG 10 -;O"A 5.5 8.8 

Note 2: TYPical values are at Ta~25 C and nominal supply voltage 

TIMING REQUIREMENTS (Ta= -10-70'C, VGG-Vss= -35V ± 8 %, VSS-VGNO= 5V::: 250~. unless otherwise noted) 

Alternative 
Symbol Parameter 

symbols 
Test conditions 

M'n 

f(¢) Clock frequency f¢ 10 

D(¢) Clock duty cycle D<P 30 

twlW) Wnte time tw 16 

twlU Erase time te 16 

tr tf Risetlme. fall,tlme tr, tt 

tsu(c-¢) Control setup time before the fall of the clock pulse tcs 0 

th(¢-c) Control hold time after the rise of the clock pulse tCH 0 

SWITCHING CHARACTERISTICS (Ta= -10-70'C VOG = -35V+ 8 % unless otherwise noted) -

Symbol Parameter 

ta(c) Read access time 

ts Unpowered nonvolatile data retention time 

NEW Number of erase/write cycles 

NRA Number of read access unrefreshed 

tdv Data valid time 

Alternative 

symbols 
Test conditions 

tpw CL = 100pF 
VaH~Vss-2V 

VOL ~VGND+l.5V 

Ts NEW= 104 
twlw)=20ms 

tw IE) =20ms 

Ts NEW= 105 
twlw) =20ms 

twlE) =20ms 

Nw 

NRA 

tpw 

• MITSUBISHI 
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Min 

10 

1 

105 

109 

limits 

Typ Max 

14 17 

50 55 

20 24 

20 24 

1 

limits 

Typ Max 

20 

20 

Unit 

V 

V 

"A 

"A 

V 

V 

mA 

Unit 

kHz 

% 

ms 

ms 

"s 

ns 

ns 

Unit 

"S 

Year 

Year 

Times 

Times 

"s 
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M58657P 

1400-BIT (IOO-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

TIMING DIAGRAM 

Accept Data Mode 

CLK 

I/o "L.J _________________ U _________________ _ 

Note 3: The address is designated by two one-of-ten-coded digits The figure shows 
designation of the address 99. 

Read Mode 

CLK 

1 CLOCK CYCLE 

Write Mode 

CLK Jl.J1JlJ"lMIUl 
C, ~.~, ---II 

:: If+------E -'----'.-t:;(W) ~r 
Erase Mode 

CLK Jl.J1JlJ"lMIUl 

C21 
0 I 

IE 
n 

.1 C3 tW(E) 

7-12 

Shift Data Output Mode 

CLK 

C, 

I/O 

talc) 

14 CLOCK CYCLES 

Accept Data Mode 

CLK JlfUlJUU1J1JlJlf1.flJlJL 
C, I~ ___ --I""I-__ ~I 
C21 r--

L...... ----IIt---l 

c31 I~ 

I/O !--I __ --I:I:_~I 
10: 14 CLOCK CYCLES ."I 
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MS8657P 

l400-BIT (100-WORD BY l4-BIT) ELECTRICALLY ALTERABLE ROM 

• The difinition of clock duty cycle, D (</» 

I I I 
IE 

I~ T(L) 

:1 T(¢) 

• Timing of data input and mode control inputs 
Mode control inputs, C1 , C2 , C3 and input signal my 
change, when clock is 'H' level. 

CLOCK 

D(0)=T(U/ T (¢) 

MAY CONTROL LINES C 
CHANGE STABLE 

__ --J ":-__ -'':-_____ -' 

INPUT 
(ADDRESS/DATA) 

• Timing of data output 

CLOCK 

C, 

C2 

C3 

DATA 
(OUTPUT) 

ADDRESS DR DATA 
STABLE 

The 1 st bit of output data is output after access time of 
talC) from the mode control transition. And other bits are 
output after talC) from positive edge of clock. 

H 

n 

\~ 

• MITSUBISHI 
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M58657P 

1400-BIT(100-WORDBY 14-BIT) ELECTRICALLY ALTERABLE ROM 

• Operating sequential flow 

7-14 

(a) Read Sequence (b) Erase/write Sequence 

STANDBY MOOE IWITH CLOCK) STANDBY MODE IWITH CLOCK) 

ACCEPT ADDRESS MODE 120 CLOCK} ACCEPT ADDRESS MODE 120 CLOCK) 

STANDBY MODE IWITH CLOCK) 

STANDBY MODE IWITH CLOCK) 

SHIFT DATA OUT MODE 114 CLOCK} 

STANDBY MODE IWITH CLOCK) 

'MITSUBISHI 
.... ELECTRIC 

STANDBY MODE IWITH CLOCK) 

STANDBY MODE IWITH CLOCK) 

ACCEPT DATA MODE 114 CLOCK) 

STANDBY MODE IWITH CLOCK) 

STANDBY MODE IWITH CLOCK) 
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M58658P 

320-BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

DESCRIPTION 

The M58658P is a serial input/output 320 bit electrically 
erasable and reprogrammable ROM organized as 20 words 
of 16 bits, and fabricated using MNOS technology, Data 

and addresses are transferred serially via a one-bit bidirec­

tional bus_ 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Word-by-word electrically alterable 
• Non-volatile data storage __ , ______ ,10 years (min) 
• Write/erase time, , ____ , __ , ______ 20ms, word 

• Typical power supply voltages ___ , __ ,-30V, +5V 

• Number of erase-write cycles, ______ 105 times (min) 

• Number of read 'access unrefreshed_ , _109 times (min) 

• 5V I/O interface 

APPLICATION 
• Non-volatile channel memories for electronic tuning 

systems and field-reprogrammable read-only memory 

systems 

FUNCTION 
The address is designated by two consecutive one-of-four 
coded' digits_ Eight modes-accept address, AD accept 

address, accept data, shift data output, erase, write, read, 
and standby-are all selected by a 3-bit code applied to C1 , 

C2 , and C3, Data is stored by internal negative writing 

pulses that selectively tunnel charges into the Si0 2 -Si3 N4 
interface of the gate insulators of the MNOS memory 
transistors, 

BLOCK DIAGRAM 

15VI Vss 

(-30VI VGG 

NC 

cs 

NC 

CLOCK INPUT ClK _ 

MODE CONTROL 
INPUT 

C,-

VMINC) 

(OV) VONO 

DATA INPUT; 

OUTPUT 

NC 

NC 

~C3 

} MODE CONTRO 
INPUTS 

-C2 

Outline 14P4 NC: NO CONNECTION 

I
-··--~·---, 

I Vss(5V) 

2 VoGi-30V) 

MEMORY 
TRANSISTOR 

ARRAY 
(IOO·WORD BY 

14·81TI 

READ 

WRITE 

ERASE 

• MITSUBISHI 
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Cll C2 MODE CONTROL INPUTS 

C3 

CHIP SELECT 

6 ClK CLOCK INPUT 
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M58658P 

320~BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

PIN DESCRIPTION 

Pin Name Functions 

In the accept address AD accept address and accept data modes, used for input. 

1/0 110 In'the shift data output mode. used for output 
In the standby, read. erase and write modes, this pin is in a floattng state 

VM Test Used for testing purposes only It should be left unconnected during normal operation 

VSS Chip substrate voltage Normally connected to+5V 
--

VOO Power supply voltage Normally connected to -30V 

CLK Clock input Required for all operating modes, when CS is low. 

C,-C3 Mode control input Used to select the operation mode 

VOND Ground voltage Connected to ground (OV) 

CS Chip select Used for chip selection in "L" 

OPERATION MODES 

C, C2 C3 Functions 

H H H 
Standby mode The contents of the address registers and the data register remam unchanged The output buffer IS held 

in the floating state 

Additional data (AD) accept address: Data presented at the liD pin is shifted into the AD address registers one bit 

H H L with each clock pulse. The address is designated by two one-of-four coded digits. 4-word address is assigned in this 
mode. 

H L H Erase mode The word stored at the addressed location IS erased The data bits after erasing are all low· level 

H L L 
Accept address mode Data presented at the I/O pin is shifted into the address registers one bit with each clock pulse The 

address is"designated by two one-of-four-coded digits. 16-word address is assigned in this mode. 

L H H Read mode: Tile addressed word is read from the memory into the data register 

L H L 
Shift data output mode The output driver is enabled and the contents of the data register are shifted to the 1/0 pin one bit 

with each clock pulse. 

L L H Write mode The data contained in the data register is wntten into the location designated by the address registers 

L L L 
Accept data mode: The data register accepts senal data from the 1/0 pin one bit with each clock pulse The address 

registers remain unchanged ' 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VOO Supply voltage 

V, Input VOltage With respect to Vss 

Vo Output voltage 

Tstg Storage temperature range 

Topr Operating free·alt temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta - - 10-70"(; unless otherWise noted I -

Symbol Parameter 

VGO-VSS Supply voltage 

VSS-VOND Supply voltage 

V,H High-level Input voltage 

V,L Low·level Input voltage 

7-16 

Limits 

Min Nom Max 

-32.2 -35 -37.8 

4.75 5 6 

VSS-1 Vss+O.3 

Vss-6.5 VsS-4.25 

• MITSUBISHI 
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Unit 

V 

V 

V 

V 

Limits Unit 

0.3- -40 V 

0.3- -20 V 

0.3- -20 V 

- 40- 125 "(; 

-10-70 "(; 
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M58658P 

320-BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

+20% 
ELECTRICAL CHARACTERISTICS ITa = - 10 -70"(;. VGG-VSS = -35V ± 8 %, Vss VGNO =5V - 5 % unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

V,H High-level input voltage Vss -1 Vss +0.3 

V,L Low-level input voltage Vss-6.S Vss-4.25 

I,L Low-level input current eLK, C1, C2, C3, I/O VI- V ss=-6.5V -10 +10 

R, Input pull-up resistance, CS 30 

IOZL Off-state output current, low-level voltage applied VO-VSS = -6.5V -10 +10 

VOH High-level output voltage IOH = - 200" A Vss -1 

VOL Low-level output voltage IOL = 10"A VOND+O.S 

lOG Supply current from VGG 10 = O"A 5.5 8.8 
0 

Note1: TYPical values are at Ta '" 25 C and VGG-VSS = -35V 

+20% 
TIMING REQUIREMENTS I Ta= - 10 -70"(;. VGG-VSS= - 35V ± 8 %, Vss- VGNO= 5V - 5 %. unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

TLI¢) Negative clock pulse width 30 

TH(¢) Positive clock pulse width 33 

T(¢) Clock period 

tw Write time 16 

tE Erase time 16 

t r , tf Risetime, fall time 

tsu Control setup time before the fall of the clock pulse 1 
1-----

th Control hold time after the rise of the clock pulse 0 

tss Clock control setup time before the fall of CS 1 

ths Clock control hold time after the rise of CS 1 

SWITCHING CHARACTERISTICS ITa = - 10 -70"(; VGO ~ - 35V + 8 % unless otherwise noted) -

Symbol Parameter 

ta(e) Read access time 

ts Unpowered nonvolatile data retention time 

NEW Number 01 erase/write cycles 

NAA Number of read access unrelreshed 

tdv Data valid time 

Alternative Test conditions 
symbols 

CL ~ 100pF 
VOH=Vss-2V 

tpw 
VOL = VOND + 1 

Ts NEW= 10' 
twew)=20ms 

tw eE) =20 ms 

TS NEW= 105 . 
twew) =20ms 

tweE) =20ms 

Nw 

NAA 

tpw 
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.5V 

Min 

10 

1 

105 

109 

Limits 

Typ Max 

300 

20 24 

20 24 

1 
-

Limits 

Typ Max 

20 

20 

Unit 

V 

V 

"A 

kQ 

"A 

V 

V 

mA 

Unit 

,,5 
,,5 
,,5 
ms 

ms 

,,5 
f.J.s 

,,5 
,,5 
,,5 

Unit 

,,5 

Year 

Year 

Times 

Times 

,,5 
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320-BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

TIMING DIAGRAM 

Accept Address Mode (8 clock) CS L 

CLOCK 
H 

L 

I/O 

H 

L 

H 

L 

H 
L 

H 

L 

~~ __________________ ~r--
I I 
----~ 

I A30 I A20 I AlO I Aoo AI I Ao I 
I MOST SIGNIFICANT DIGIT I LEAST SIGNIFICANT DIGIT I 

EO: ,;: Eo ~ 

Note 2' The addresses from Aoo to AJ) are designated by two one-af-four coded digits. The above figure shows 

designation of address An (decimal address 15). 

AD Accept Address Mode (8 clock) CS L 

7-18 

CLOCK ~ 

I/O 

H 
L 

H 
L 

H 

L 

H 

L 

~~------------------~~ 

Ao 

MOST SIGNIFICANT DIGIT LEAST SIGNIFICANT DIGIT 

Note 3: In the AD accept address mode, the higher four are set high, and the lower four digits are designated 
by one of the four coded digits. This address mode allows designation of addresses from Ao to A). 
Each address has a 16 bits. The above figure shows designation of address A 3 . 
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320-BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

Erase Mode CS : L 

H ~~ CLOCK 
L 

H II C, 
L 

C2 
H 

L I II I 
H I~ C3 
L l~ ~I Te 

Write Mode cs: L 

H ~1.JLn.n CLOCK L 

~I 

Read Mode (1 clock) CS: L 

H 

ruLJlJ CLOCK 
L 

C, 
H L-.r-L 

H C2 
L 

H 
C3 L 

Accept Data (16 clock) 

CLOCK 
H 

L 

C, 
H -, 
L 

C2 
H I L 

C3 H 

I L 

I/O 
H I L 

IE 

CS: L 

tl 

It 

(t 

: 
16 CLOCK CYCLE 
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320-BIT (20-WORD·BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

Shift Data Output Mode (16 clock) CS: L 

/ 1 / 2 / I 4 1------/ 11 I 12 I 13 / 14 I 15 I 16 I 
CLOCK H 

L 

Cl H 
L 

C2 H 
L 

C3 
H 
L 

~~----------~I--------------------~r--
I i 

~+_--------~~~--~--------~r--
I/O H 

L 

Timing of clock, C1 , CZ , C3 , and data input 

H 
CLOCK 

L 

H 

AND DATA 
FIXED DATA AND MODE 

INPUT L 

Note 4: C 1 - C3 and accept data (AD accept data) are interchnageable while the clock is set high. 

Timing of clock, C1 , CZ , C3 , and data input 

7-20 

CLOCK 
H 

L 

H 

L 

SHIFT DATA 
OUTPUT 

/ \~_;I 

SHIFT DATA OUTPUT MODE 

----j- '-f---
ta 
__ ' BIT_--+--, 
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\~---J/ 
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320·BIT (20.WORD BY IS.BIT) ELECTRICALLY ALTERABLE ROM 

Operation flowchart 

Rewriting flowchart 

07TU'Li1i ~ CLK 

ACCEPTiADDRESS 
lAD ACCE~T ADDRESS) 1/11 //1/ A STANDBY x 

I/O j t=tss ( ADDR~S DATA ) 

CS 

CLK -.IV 

I/O 

Note 5: One or more clock are required for standby between modes. 
6: Set CS to the low level after the lapse of tss and elK has been set high and C1 - C) have been set to 

the standby mode. 
7: Keep elK to the high level and C 1 - C, to "standby" from the time when CS is set high to the lapse 

of ths. 

Read Flowchart 

CS 

WZlJiI/~ CLK 

Cl-C3 JJii §i21i.i1 
I/O j 

I 

I LJl.JL.JLf 
STANDBY X 

k." ( 

ACCEPTliADDRESS 
lAD ACCEPT ADDRESS) , 
ADDREJ~ DATA 

~ 

• MlTSUBISHI 
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STANDBY 

) 

SHIFT DATA OUTPUTJ-­
~-----!J--

( DATA OUTPUT ~ 
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320·BIT(20·WORD BY 16·BIT) ELECTRICALLY ALTERABLE ROM 

Power-on/off Conditions 
With power-on, VGG is applied after Vss has been applied. 
With power-off, VSS is cut after VGG has been cut. For 
power-on and off, hold CS in Vss or floating state. The re­
commended timing chart for power-on and off is as follows. 

>j 5L 
I~ oL~ • t 

~I ~~~~--~----------------------------~~------------------~--~~~ -:: 

7-22 
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~~ II U lAOO-BIT (lOO-WORO BY lA-BIT) ELECTRICALLY ALTERABLE ROM 

DESCRIPTION 
PIN CONFIGURATION (TOP VIEW) 

The M5G 1400P is a serial input/output 1400-bit electri­

cally erasable and reprogrammable ROM organized as 100 
words of 14 bits, and fabricated using MNOS technology. 
Data and addresses are transferred serially via a one-bit 
bidirectional bus. 

(OV) VSS VM(NC) 

FEATURES 
• Word-by-word electrically alterable 
• Non-volatile data storage: •..•.•••....•. .-. 10 years (min) 
• Write/erase time: ............................. 20ms/word 

• Single 35V power supply 
• Number of erase-write cycles: .••••••..••• 105 times (min) 

• Number of read access unrefreshed:····l0· times (min) 
• Interchangeable with Gl's ER1400 in pin configuration 

and electrical characteristics 

( -35V) VGG 

NC 

NC 

NC 

CLOCK INPUT CLK_ 

MODE CONTROL C,-
INPUT 

NC 

DATA INPUT/ 

OUTPUT 

NC 

NC 

+-C3 
\ MODE CONTROL 

+-C2 
IINPUTS 

APPLICATION Outline 14P4 NC: NO CONNECTION 

• Non-volatile channel memories for electronic tuning 
systems and field-reprogrammable read-only memory 
systems 

FUNCTION 
The address is designated by two consecutive one-of-ten­
coded digits. Seven modes-accept address, accept data, 

shift data output, erase, write, read, and standby-are 

all selected by a 3-bit code applied to C" C2 , and C3 . Data 

is stored by internal negative writing pulses that selec­
tively tunne.1 charges into the Si02-Si 3N4 interface of the 

gate insulators of the MNOS memory transistors: 

BLOCK DIAGRAM 1----------, 
I 1 VSs(OV) 

MEMORY 
TRANSISTOR 

ARRAY 
!lOO-WORD BY 

14-BIT} 

READ 

WRITE 

ERASE 

• MITSUBISHI 
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e l
] e2 MODE CONTROL INPUTS 

e3 

6 eLK CLOCK INPUT 
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1400·BIT (IOO·WORD BY 14.BIT) ELECTRICALLY ALTERABLE ROM 

PIN DESCRIPTION 

Pin Name 

I/O I/O 

VM Test 

VSS Chip substrate voltage 

Vaa Power supply voltage 

eLK Clock input 

0,-03 Mode control input 

OPERATION MODES 

01 02 03 

H H H 

H H L 

H L H 

H L L 

L H H 

L H L 

L L H 

L L L 

7-24 

Functions 

In the accept address and accept data modes, used for input 
In the shift data output mode. used for output 

In the standby, read, erase and write modes, this pin is in a floating state. 

Used for testing purposes only It should be left unconnected during norma,' operation. 

Normally connected to ground. 

Normally connected to -35V. 

14kHz timing reference. Required for all operating modes. High-level input is possible during standby mode. 

Used to select the operation mode. 

Functions 

Standby mode" The contents of the address registers and the data register remain unchanged The output buffer is held 

in the floating state 

Not used 

Erase mode: The word stored at the addressed location is erased The data bits after erasing are all low-level. 

Accept address mode Data presented at the ilO pin is shifted into the address registers one bit with each clock pulse The 
address is designated by two one-of-ten-coded digits. 

Read mode: The addressed word is read from the memory into the data register 

Shift data output mode: The output driver is enabled and the contents of the data register are shifted to the I/O pin one bit 

with each clock pulse. 

Write mode: The data contained in the data register is written into the location designated by the address registers. 

Accept data mode: The data register accepts serial data from the I/O pin one bit with each clock pulse. 

registers remain unchanged. 

• . MITSUBISHI' 
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l400-BIT (lOO-WORD BY l4-BIT) ELECTRICALLY ALTERABLE ROM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VGG Supply voltage 

V, Input voltage With respect to V ss 

Vo Output voltage 

Tstg Storage temperature range 

Topr Operating free-alT temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta= -10-70"C unless otherwise noted I 

limits 
Symbol Parameter Unit 

Min Nom Max 

VGG Supply voltage -32.2 -35 -37.8 V 

Vss Supply voltage (GND) 0 V 

V,H High-level Input voltage Vss-l Vss+0.3 V 

V,L Low-level Input voltage Vss -15 VsS-8 V 

Limits Unit 

0.3- -40 V 

0.3- -20 V 

0.3- -20 V 

-65-150 "C 

-10-70 "C 

Note 1: 
The order of Vss VGG with on or off. 
With on, VGe IS turned on after Vss IS done. 
With off, Vss is turned off after VGG is done. 

ELECTRICAL CHARACTERISTICS (Ta= -10-70"C. VGG = -35V+ 8 %. unless otherwise noted I -

Symbol Parameter Test conditions 
Min 

V,H High-level input voltage VSS-l 

V,L Low-level Input voltage Vss -15 

I,L Low-level Input current V,=-15V 

IOZL Off-state output current. low-level voltage applied VO=-15V 

VOH High-level output voltage 10H = -200pA VSS-l 

VOL Low-level output voltage IOL=10pA 

IGG Supply current from V GG IO=OpA 

Note 2: TYPical values are at Ta=25°C and nominal supply voltage. 

TIMING REQUIREMENTS (Ta=-10-70"C VGG=-35V+ 8% unless otherwise noted I -

Alternative 
Symbol Parameter 

symbols 
Test conditions 

Min 

f(¢) Clock frequency f¢ 11. 2 

D(¢) Clock duty cycle D¢ 30 

tw(w) Write time tw 16 

tW(E) Erase time te 16 

tr. 11 Risetime, falltlme tr. tl 

tsu(o- ¢) Control setup time before the fall of the clock pulse tos 0 

th( ¢-e) Control hold time after the rise of the clack pulse tCH 0 

SWITCHING CHARACTERISTICS (Ta= -10-70"C VGG=-35V+ 8 % unless otherwise noted) -

Symbol Parameter 

ta(e) Read access time 

ts Un powered nonvolatile data retention time 

NEW Number of erase/write cycles 

NRA Number of read access unrefreshed 

tdv Data valid time 

Alternative Test conditions 
symbols 

tpw CL= 
VOH =Vss -2V 

VOL =Vss-8V 

Ts NEW=10' • 
tw(W)= 20ms 

tw (E) =20 ms 

Ts NEW=105 • 
tw(W) =20ms 

tW(E)=20ms 

Nw 

NRA 

tpw 

• MITSUBISHI 
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Min 

10 

1 

105 

10' 

Limits 
Unit 

Typ Max 

Vss +0.3 V 

Vss -8 V 

± 10 pA 

± 10 pA 

V 

Vss -12 V 

5.5 8.8 mA 

Limits 
Unit 

Typ Max 

14 16.8 kHz 

50 55 % 

20 24 ms 

20 24 ms 

1 ps 

ns 

ns 

Limits 
Unit 

Typ Max 

20 ps 

Year 

Year 

Times 

10' Times 

20 ps 
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64K-BIT DYNAMIC RAM 

APPLICATION OF 64K-BIT DYNAMIC RAM 
Technology 
Since the introduction of the 1 K RAM in 1970, the devel­
opment of dynamic RAM devices has progressed at a rate 
which has seen capacities multiplied by four in approxi­
mately two years, the latest stage of development being the 
64K RAM_ 

Today's modern RAM devices take the user into con­
sideration, and 64K dynamic RAMs which operate off a 
single 5V power supply are common. 

We will describe here the new technology which made 
possible the development of a highly integrated, high­
performance 64K RAM which operates from a single 5V 
supply. 

1. Cell Structure and Process Technology 
The M5K4164AP 64K RAM makes use of the same two­
level n-channel polysilicon gate process and one-transistor 
cell structure used in the triple power supply 16K RAM 
(M5K4116P/S) which has been used in large quantities. 

To achieve a high-density RAM, the masks are manu­
factured using electron beam technology. 

In addition, the geometries on several critical levels of 
the M5K4164AP are 2.5 - 3.0Mm, necessitating the use of 
positive photo-resist (for resolution and delineation con­
trol) as well as dry-plasma processing at these critical levels. 

Fig. 1.1 shows the cross-section of the cell structure with 
Table 1.1 summarizing a comparison of the basic para­
meters of the device with the 16K RAM. 

POLY Si 2 AI WORD LINE 

'7-----------------1.-­

N+ p+ 

I· Hi-C REGION 

P-TYPE SUBSTRATE 

Fig. 1.1 H i·C structu re memory cell cross-section 

Table 1.1 Main parameters 

Parameter 16K RAM 64K RAM 
Memory cell area 350" m2 143" m2 

Chip area 16_ 3mm2 23.9" m2 

Available channel length 4" m 2"m 
Gate oxide film 850A 400A 
Diffusion layer depth l.O"m 0.4" m 
Diffusion layer width 4.0" m 2.5" m 
Aluminum width 4.0" m 3.0.u m 

(MSK4164AP,MSK4164ANP) 

2. Substrate Bias Circuit 
In order to facilitate the operation from a single 5V supply, 
the M5K4164AP makes use of an on-chip substrate bias 
circuit. This bias circuit consists of a ring oscillator, driver 
circuit, charge pump circuit, and decoupling capacitors. 
The circuit supplies a bias to the substrate of approximately 
-3.5V for Vee = 5V (Refer to Fig. 1.2) 

The substrate bias circuit has the following functions. 
1) It prevents destruction of storage data and disturbance 

of bipolar transistor operation caused by input under· 
shoot which causes an injection of electrons from the 
input terminals to the substrate. 

2) A reduction in the capacitance of the pn junction 
formed by the substrate and internal circuit nodes 
enables an increase in circuit operation speed. 

3) The transistor threshold voltage (VTH) modulation due 
to a bias substrate is reduced, resulting in increased 
circuit operating speed and stability. 
As shown in Fig. 1.3, the substrate bias for high values 

of Vee is lower than for the standby mode due to the 
effect of increased impact ionization current. Adequate 
margin, however, is maintained against a value of VIL min 
of -2V. 

CHARGE PUMP CIRCUIT 

j---! , ri ~ SUBSTRATE DRIVER . BIAS 

, I DECOUPLING L ____ J CAPACITOR 

Fig. 1.2 Substrate bias circuit 

-7 

2: 
ro 

-6 
ro 
> 
(JJ -5 
« 
ro 
w -4 
f-« 
a: -3 
f-
(JJ 

ro 
:0 -2 (JJ 

-1 

SUPPLY VOLTAGE Vee (VI 

Fig. 1.3 Substrate bias vs supply voltage 
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3. Reduced Power ConsUmption and Noise 
For operation from a 5V supply, it is necessary to reduce 
the transistor threshold voltage, VTH' This, however, invites 
error operation due to noise. For this reason, circuits 
required to operate from low voltages only make use of 
transistors with a low VTH, while those requiring noise 
immunity are implemented with transistors having a high 
value of VTH . This scheme insures stable operation. 

To lower the peak circuit current, a significant problem 
in memory system design, and provide for high-speed opera­
tion, the ratioless driver circuit shown in Fig. 1.4 was used. 

With this circuit, the current flowing in transistors 0 1 

and O2 for changes in the output waveform is practically 
zero. Fig. 1.5 shows the peak current waveforms. The figure 
shows that the peak currents are kept less than 100mA 
irrespective of transition on RAS and CAS. 

Fig. 1.4 Driver circuit 
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(MSK4164AP, MSk4164ANP) 

POWER SUPPLY CURRENT VS 
TIME MANUFACTURER 

Vcc=5.5V, Ta=25"C 

RAS 

CAS 

60 

40 
Icc (rnA) 

20 

0 

60 

Icc (rnA) 40 

20 

o 

TIME t 50ns/DIVISION 

TIME t 50ns/DIVISION 

Fig. 1.5 Peak current waveforms 
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4. Soft Error Reduction 
Reduction pattern sizes and lower supply voltages for 64K 
RAM devices which result in smaller storage charges also 
result in a higher susceptibility to alpha particles causing 
soft errors. 

These soft errors are caused by alpha particles from 
minute amounts (ppm order) of uranium and thorium 
which are present in the IC package and decay. These 
particles cause the formation of electron-hole pairs in the 
substrate which collect on the surface and can destroy data. 

All floating nodes of dynamic circuits are susceptible 
to such radiation-induced errors and for RAM operation, 
errors can occur when such phenomena occur in the 
memory cells and bit lines (including the sense amplifier). 

To prevent such soft errors, three approaches are pos­
sible. 
1) Increase the stored charge in the memory cells. 
2) Increase the sense amplifier sensitivity and the bit line 

signal level. 
3) Prevent alpha particles from reaching the chip circuits. 

As described below, the M5K4164AP makes use of these 
techniques to reduce the effects of alpha radiation. 

(1) Bootstrapped Word Line Voltage 
Designs of 64K dynamic RAM devices which must operate 
on 5V supplies must strive to write data into memory with 
the voltage Vee as well as increase the charge stored in the 
memory cells in order to reduce the effects of soft errors. 
This in effect means raising the word line voltage to above 
the value of Vee + VTH for write and read operations. 

Previously, this increase in voltage was accomplished by 
means of the coupling capacitance between the word line 
and the delay circuit. However, the increased capacitance 
resulted in a slow risetime of the word line voltage to Vee, 
as well as increased power consumption. To eliminate these 
problems a circuit design such as that shown in Fig. 1.6 is 
used. The transistor Q 2 is kept off until the word line 
voltage reaches Vee. This has the word line charge capa­
city. C2 is then charged by means of transistor Q 3 after 
which Q 2 is turned on to connect the word line and C2 • 

The use of this circuit enables increase of the word line 
voltage without sacrificing operating speed and power 
consumption, thereby cutting soft error rates by 90%. 

(2) High-Capacity (Hi-C) Memory Cell 
The increase of memory cell stored charge requires an 
increase in the memory cell capacitance Cs. Limited chip 
area, however, places restrictions on the size of the memory 
cell itself. For this reason the Hi-C structure shown in Fig. 
1.1 was used. This cell structure makes use of the normal 
silicon oxide layer and the P+ and n+ junction capacitance. 
The process for Hi-C memory cell structure requires two 
additional ion implantation steps and involves the risk of 
deterioration of the refresh time, an important charac­
teristic of a dynamio RAM device. By selecting the ion 
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(MSK4164AP, MSK4164ANP) 

implantation level properly, the junction capacitance can 
be increased without deterioration in the refresh time 
characteristic. For H i-C structured cells, a portion of the 
minority carriers formed in the P+ layer are recombined, 
resulting in an effective reduction in soft errors. Such ion 
implantation has achieved a 30% increase in the memory 
cell capacitance and a reduction in soft error rate to 1/12 
of the error rate of a normally structured cell, as shown in 
Fig. 1.7. 

WORD LINE 
SIGNAL 
GENERATION 
CIRCUIT 

DELAY 
CIRCUIT 

¢ WL WORD LINE 

Fig. 1.6 Bootstrapped word line voltage generation circuit 

106 241 Am 8.4~Ci RADIATION SOURCE 

DISTANCE TO SAMPLE: 5mm 

CYCLE TIME: 1~s 

105 

w la' 
::;; 
1::: 
e-
iii 

103 
a: 
0 
a: 
n: 
w 

102 

10 

4 9 

Vee (V) 

Fig. 1.7 Soft error rate dependency on supply voltage 
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(3) Sense Amplifier Circuit 
Increasing the sensitivity of the sense amplifier circuit is 
another effective method of reducing soft errors. Fig. 1.8 
shows part of the sense amplifier circuit used by Mitsubishi 
Electric. High sensitivity with respect to the control signals 
¢1, ¢2, and ¢3 plays an important role in this amplifier's 
operation. After the data read from the memory cell is 
passed to the sense amplifier, the ¢3 signal is controlled 
to separate the bit line and cut off the noise that is present 
on the bit line when sensing begins. Smooth sensing begins 
with the signal ¢1 applied so that the minute potential 
difference is amplified. Next, ¢2 is applied and amplified 
at high speed. By careful adjustment of the timi ng of the 
three control signals ¢1, ¢2, and rj>3, detection of the poten­
tial differences as low as 30m V can be achieved without 
sacrificing speed in this sense amplifier circuit. 

WORD LINE 

~ 

I 

'--------v----­
MEMORY CELL 
~ 
SENSE AMPLIFIER 

Fig. 1.8 Sense amplifier circuit 

(4) 128 Refresh Method 

WORD LINE 

~ 

I 

~ 

MEMORY CELL 

When the sense and amplifier sensitivity (offset) and other 
factors are considered, it is clear that it is important to 
maximize the read voltage applied from the memory cell 
to the bit line, The electrical charge, 0, read from the 
memory cell determines the voltage change I::, V by the 
following relationship 

I::,V "" O/CB (for CB »Cs) 

where CB is the bit line and Cs is the memory cell capa­
citance. 

From this relationship it is seen that to make I::,V large 
CB must be made small. To satisfy this condition the 128 
refresh method is used to implement a single bit line with 
64 memory cells, a technique which reduces the length of 
the bit line. Fig. 1.9 shows the chip layout. The memory 
cells are broken into 64x256 bit units which are narrow, 
long blocks. The column decoders are located in three 
blocks totalling 256 decoders at the end of the bit line. 

Using this arrangement, the bit line capacitance can be 
minimized. 

MITSUBISHI LSls 

64K-BIT DYNAMIC RAM 

(MSK4164AP, MSK4164ANP) 

(5) Mold regin 
In addition to circuit and device structure improvements 
aimed at reducing soft errors, the design goal of 10-6 I 
(device hours) requires further improvements. 

When this is done, however, alpha particles emitted 
from the mold regin material itself cause errors, making 
material selection critical. The mold resin chosen exhibits 
an alpha radiation level of 0.05alcm2 (hour), below the 
measurement sensitivity of an ion chamber. This is low 
enough that the resulting alpha particle generation level 
is 1/10 or less that of old material itself. 

System evaluations of the M5K4164AP treated in such 
a manner indicate that the design goal of 1O-7 /(device 
hours) for soft error has been achieved. 

256 COLUMN DECODERS 

I 64x256 MEMORY CELLS 0 if) 
W Z 
a: if) " « 
IL a: j ". w W a: 
a: 0 

64x256 MEMORY CELLS 
0 

~..J 0 f-
a:o u « 
wa: W a: 
ILf- 0 256 COLUMN DECODERS W 
IL Z Z 
°0 ;;: W 

"'u 0 64x256 MEMORY CELLS CJ 
if) a: 

CJ if) 
<0 W 
'" 

Z 
a: N ~ 0 
0 64x256 MEMORY CELLS f: « 

256 COLUMN DECODERS 

Fig. 1.9 M5K4164AP Chip arrangement 
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Functional Description 

The M5K4164AP is a 64K-bit dynamic RAM which oper­
ates off a single 5V supply and has a refresh function built 
in at pin 1_ It can be used in a wide range of applications 
from large mainframes to microcomputers. 

This section presents a functional description of the 
M5K4164AP and examines how it can be used in design 
of a memory system. 

1. Block Diagram 
Fig. 1.10 shows the block diagram of the M5K4164AP. 
To preserve the refresh cycle used for 16k dynamic RAM 
devices, two 32k blocks (of 128 rows (refresh address) x 
256 columns each) were arranged one on top of the 
other. 

In the center of each block is located 256 sense ampli­
fiers making a total of 512 amplifiers in all. 

On one end of each of these two array blocks is located 
one row decoder. 

To prevent crosstalk between the column address lines 
and bit lines, the column decoders are located at the ends 
of the bit lines opposite to the sense amplifiers. A total 
of three rows of column decoders are used. 

The central column decoder is used commonly by the 
two blocks. 

DATA INPUT 

WRITE CONTROL INPUT W 
COLUMN ADDRESS -­

STROBE INPUT CAS 
ROW ADDRESS RAS 
STROBE INPUT 

REFRESH INPUT REF 

ADDRESS INPUTS 

Fig. 1.10 Block diagram 
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2. Memory Cell 
As shown in Fig. 1.11, the memory cell consists of one 
transistor and one capacitor. Data is stored as a one or 
zero depending upon the amount of electrical charge 
stored in the capacitor through the transistor Q. 

Because leakage current would result in the stored 
charge of the cell being reduced with time, the data must 
be refreshed within 2ms. 

BIT LINE 

WORD LINE 

Fig. 1.11 Memory cell 

f-a:: 
:JUJ 
Q.LL 
f-LL 
:::J:J 
Den 

Vee (5V) 

Vss (OV) 

Q DATA OUTPUT 
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3. Clock Timing 
The M5K4164AP has four clock inputs: RAS, CAS, W, 
REF. Among these, RAS and CAS are the basic clock 
inputs for the memory operation. The RAS input is 
generally used for memory cell data amplification and 
refresh operation while the CAS is used for data read 
and write operations only. 

To enable the design of a memory system with a large 
timing margin, it is necessary to know the timing relation­
ships between these two clock inputs and the internal 
clock signals generated by these clocks. 

Fig. 1.13 shows the timing parameters of the RAS and 
CAS clocks while Fig. 1.14 and 1.15 show their relation­
ships to the internal clock timing. 

For read or write operations, RAS goes low after which 
the falling edge of CAS initiates the cycle. 

After the read or write is completed, both signals return 
to a high level and the precharging operation is performed 
for the next cycle. 

For this timing relationship to work, the external RAS 
clock must follow the changes of the internally generated 
RAS clock. To simplify the setting of the timing relation­
ships of the external RAS and CAS clocks, the internal 
CAS clock <PCAS, <PCAS is controlled by the external RAS 
clock. Fig. 12 shows the internal RAS and CAS clock 
generating circuit. 

tW(RASLl 

RAS ~ 
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"1" with normal cycle from refresh control circuit 

,.-______ ~ ¢ RAS 
(ACTIVE) 

»_---¢RAS 
RASo--~.q (PRECHARGED) 

,.-_____ ¢ CAS 

CAS o----~===L./ 

(ACTIVE) 

»--_¢CAS 
(PRECHARGED) 

¢OD 

(OUTPUT DISABLE) 

Fig. 1.12 Internal RAS and CAS clock generating circuit 

twCRASH) 

I 1 

( 
td(RAS-CAS) th(CAS-RAS) tW(CASH) 

CAS 

Fig. 1.13 RAS, CAS timing 
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(1) CAS Falling Edge Timing (Fig. 1.14) 
The memory system design must be such that the falling 
edge timing of CAS does not critically affect the access 
time. In other words as shown by the solid line in Fig. 1.14, 
the internal ¢CAS phase is prevented by the delay phase ¢l 
from approaching td(RAS.CAS) max. This type of operation 
is referred to as gated CAS. 

This gated CAS feature permits CAS to be activated at 
anytime between the minimum and maximum value of 

td(RAS.CAS) without affecting access time. 
For gated CAS operation, if the generation of internal 

clock phase ¢CAS is delayed, the effective pulse width of 

¢CAS is reduced. For this reason, the rising edge of CAS 

is specified by th(RAS.CAS) which· is reference to RAS 
rather than twiCASL). This applies to the column address, 
Wand 0 inputs hold time as well. 

As shown by the dotted line in Fig. 1.14, if CAS falls 

to a low level after td(RAS.CAS) max, the ¢CAS phase is 
generated upon the falling edge of CAS. 

The minimum and maximum values of td(RAS·CAS), 
the delay time RAS to CAS, are specified for the 

M5K4164AP. Operation within the td(RAS.CASI max limit 
ensures that the access time for the device is guaranteed. 

This value may be exceeded without causing data storage 
or reading errors but the access time will be increased. 

td(RAS-CAS)max 

td(RAS-CAS)min 

RAS 

CAS 

Fig. 1.14 The timing relationship of RAS and CAS 
falling edges to internal clock signals 
(gated CAS operation) 
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(2) CAS Rising Edge Timing (Fig. 1.15) 
As shown in Fig. 1.15, the internally generated CAS circuit 

precharge signal !PC AS is generated with a timing that is 
related to the relationship between RAS and the CAS 
rising edge. 

For a CAS rising edge occurring before the RAS rising 
edge, !PC AS is generated with the CAS rising edge as a 
reference point (as shown in Fig. 1.15 as a solid line). 
If however the CAS rising edge occurs after that of RAS, 
!PCAS is generated with the RAS rising edge as a reference 
(shown as dotted line in Fig. 1.15). 

However, the data in the output buffer is cleared upon 
the occurrence of the rising edge of CAS regardless of 
the state of RAS. The required pulse width for clear is 

tw(CASH)· 
In this manner, the output data can be maintained for 

a iong period while the internal precharge width is made 

large. 
As described above, if the CAS rising edge occurs after 

that of RAS, the internal CAS pulse width becomes not 

tw(CASL) but th(CAS.RAS). Consideration should be given 
to this point in circuit design. 

RAS 

CAS 

~ CAS 

INTERNAL CAS 

Fig. 1.15 Relationship of RAS and CAS rising edges 
to internal clock timing 
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4. Address Timing 
Addressing of anyone of the 65,536 memory cells of the 

M5K4164AP requires the internal latching of two 8·bit 
multiplexed address (Ao to A7) by means of clocks RAS 
and CAS. First, the row address is latched by the falling 
edge of RAS. This selects 512 memory cells from the 
total of 65,536 memory cells. Fig. 1.16 shows the timing 

relationships for this operation. 

Fig. 1.16 Row address latching timing relationships 

The setup time tsu(RA.RAS) and holdtime th(RAS-RA) 
are specified with the RAS falling edge as a reference point. 

The falling edge of CAS latches the column address. 
This selects one cell from among the 512 cells selected by 
RAS. Fig. 1.17 shows the timing relationships for this 
operation. The setup time tsu(CA-CAS) and the hold time 
th(CAS-CA) are specified with the falling edge of CAS as 
a reference, while the hold time th(RAS-CA) is specified with 
the falling edge of RAS as a reference point. 

For these operations two timing parameters must be 
considered. One is the column address setup time 

tsu (CA-CAS) which is specified as minus 5ns, minimum. 
This means that the column address may be input anytime 
up to 5ns after the CAS falling edge. 

RAS 

Fig. 1.17 Column address latch timing 

The other parameter is the column address hold time 

th(RAS.CA)' For the previously described gated CAS oper­
ation, if RAS to CAS delay time td(RAS-CAS) is set between 
the specified minimum and maximum values, the time 
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from RAS, th(RAS-CA) and time from CAS, th(CA5-CA) 
must both be satisfied as the column address hold time. 
This appl ies to both the Wand D signals to be described 

later. 
The time required to switch from row address to column 

address is referred to as the multiplex time (tMUX)' This 
timing is shown in Fig. 1.18. 

Fig. 1.18 Address multiplex timing 

The multiplex time tMux is given by the following 
expression: 

tMUX = td(RAS-CAS) - tT - th (RAS-RA) -
tsu(CA-CAS) .......................... (1) 

As long as the access time, ta(RAS) from RAS does not 
exceed the maximum value, the following expression 
determines the maximum value of tMUX is achieved by the 
following conditions. 

td(RAS-CAS) = maximum 

ta(RAS-RA) = minimum 

tsu(CA-CAS) = minimum 

Table 1.2 shows actual values of tMUX maximum for 
tT = 5ns. 

Table 1.2 Maximum multiplex time 

If. the timing is set to satisfy the above described, opera­
tion is guaranteed for both read and write functions. To 
simplify the following description, the timing parameters 
for address inputs has been eliminated unless absolutely 
required. 
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5. Read Cycle 
Fig. 1.19 shows the timing parameters for the read cycle. 

RAS 
V ,H 

V,L 

CAS 
V ,H 
V,L 

W 
V ,H 

V,L 

Q VOH 
VOL ta{RAS) 

Fig. 1.19 Read cycle timing 

In this read cycle, RAS and CAS are made active, and 

the W input is set to a high level. The setup time, tsu(R-CAS) 
before CAS, resulting in output of the data stored in the 
memory cell at pin Q. The time for the falling edge of RAS 
and CAS to the output is defined as the RAS access time 

ta(RAS) and the CAS access time ta(CAS) respectively. 
The RAS access time depends on the RAS to CAS delay 

time, ta(RAS) and td(RAS-CAS)' 
As can be seen from this figure, by setting td(RAS-CAS) 

before td for gated CAS operation, ta(RAS) does not 
depend on the value of td(RAS-CAS) and is constant. 

For td(RAS-CAS) set after td, ta(RAS) depends upon the 
value of td(RAS-CAS). For this condition, ta(RAS) is given by 
the following expression. 

ta(RAS) = td(RAS-CAS) + ta(CAS) ................ (2) 

Equation (2) expresses only the electrical characteristics 
of the RAM device, the guaranteed access time being given 
by the following expression. 

ta 

min 

, INTERNAL CAS 
GENERATION 

Fig. 1.20 Dependency of ta(RAS) on td(RAS-CAS) 
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taiRAS) ~ td(RAS-CAS) max + ta(CAS) max ........ (3) 

In equation (3), for a value of td(RAS-CAS) greater than 
the maximum value (ta(RAS)) increases by the increased 
amount only. 

During a read operation when the output is active, 
inputs RAS and W have no effect on the output. Only 
raising CAS to a high level will put the output in the high­

impedance state. 
The time from the rising edge of CAS until the output 

goes into the high-impedance state is defined as the output 

disable time (tdis(CAS)). This time, tdis(CAS) is the period 
for the RAM output to go to the open state and should be 

distinguished from that time the output states to go to 

VOH and VOL· 
If the pulse width tw(CASH) is satisfied for CAS, oper­

ation is guaranteed for any arbitrary timed rising edge after 
the next cycle, simplifying the design with respect to CAS 

timing. 

The read cycle parameters th(CAS-R) and th(RAS-R) 
determine the read cycle ending time. Operation is guar­
anteed if either of these parameters are satisfied. 

6. Write Cycle 
Three types of write cycles are specified; early write, read 
write and read modify write. 

(1) Early Write Cycle 
Fig. 1.21 illustrates the timing relationship for this cycle. 

This cycle is selected for applications such as 1/0 com· 
mon applications in which the output is held at high 
impedance during the writing of data into the memory cell. 

This cycle is executed by causing the W input to fall 

before CAS. 
The Wand D inputs are latched by CAS, then the data 

write is executed, the Wand D input timing parameters 

tsu(W-CAS), tsu(D-CAS), th(CAS-W), and th(CAS-D) are 
determined by the falling edge of CAS as a reference point. 

Two points here are worthy of consideration. First is 

the write pulse setup time tsu(W-CAS). This parameter is 
specified as minus 10ns, minimum. 

The significance of this is that W inputs may occur 
anytime within before 10ns of the falling edge CAS. 

However, should the W input falling edge occur after 

CAS, the rising edge of W is determined not by th(CAS-W), 

but by tw(W). 
The other point for consideration is setting td(RAS-CAS) 

between the minimum and maximum values. For this con­
dition, gated CAS operation requires that as hold time the 

time from RAS for the Wand D input, th(RAS-W) and 

ts(RAS-D) and time from CAS, th(CAS-W) and th(CAS-D) 
both must be satisfied. 
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V'H 
RAS V'L 

th(RAS~W) 

CAS 
V'H 
V'L 

tSU(W-CAS) thCCAS-W) 

tw<w) 

W V'H 
V'L 

thCCAS-O) 

D V'H DATA 
V'L 

Q 
VOH 
VOL 

Fig.1.21 Early write cycle timing 

(2) Read Write Cycle Timing 

thCRAS-O) 

HIGH 

This cycle is used in applications where data is to be read 
out of memory while new data is being written into a 

memory cell. 
The timing parameters for this read write cycle are 

shown in Fig. 1.22. 
For this type of cycle, the W input signal falls after 

td(RAS-W} min and td(CAS-W) min. 
The data read timing is the same as the read cycle. 

Since the read data is latched into an output buffer, W 

RAS 

td(RAS-W) 

CAS V'H 
V'L 

tdCCAS-W) 

V,H 
W 

V'L 

V'H 
D 

V'L 

ta(CAS) 

VOH 
Q 

VOL 

taCRAS) 

Fig. 1.22 Read write cycle timing 

IMPEDANCE 

input can be made active without disabling the output. 
Since the D input is latched by the falling edge of the 

W input, the W input falling edge is determined as a refer­
ence point for the D input setup time tsu(D-W) and hoid 

time th(W-D). 
Data is written into the memory cell between the time 

the W input signal falls and RAS and CAS rise. This time is 

specified as th(W-RAS) and th(W-CAS) and both of these 
must be satisfied. 

twCW) 

thCW-D) 

VALID DATA 

VALID DATA 
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(3) Read Modify Write Cycle 
This cycle is used in applications such as ECC (see section 
on ECC) on which memory cell data is read and verified for 
correctness, the correct data being written into the cell if 
an error is detected. Fig. 1.23 shows the timing parameters 
of the read modify write cycle. 

The RAM operation is the same as the previously des­
cribed read write cycle except that after the data is read, 
data is written so the cycle is slightly extended. 

The minimum time for the read modify write cycle is 
given by the following expression. 

tCRMW min = ta(RAS) max + tMOD + th(W-RAS) min 
+ tw(RASH) min + 3tT ............ (4) 

V,H 
RAS 

V'L 

V,H 
CAS 

V,L 

tsu( R-CAS) 

V,H 
W 

V'L 

D 
V,H 

V'L 

taCRAS) 

Q 
VOH 

VOL 

Fig. 1.23 Read modify write cycle timing 
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In equation (4), tMOD is the time required for incorrect 
data to be rewritten correctly, and is a function of system 
design. In the device specifications tCRMW min is specified 

for tMOD = O. 
As previously described, the M5K4164AP write cycle 

mode is determined by the W input falling edge timing. 
This falling edge timing does not limit the operation of the 
RAM but merely controls the output state. If the Iii input 
falling edge does not satisfy the conditions described for 
the three write modes, data will be writen but the output 
state will be indeterminate. 

tCRMW 

tWCRASH) 

VALID DATA 

VALID DATA 
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7. Page Mode Timing 
Page mode operation is successive memory operations at 
multiple column locations within the same row address. 

As with normal operation, page mode operation can be 
carried out in the read, early write, read write or read 
modify write modes. The timing parameters particular to 
the page mode of operation are shown in Fig. 1..24. The 
other parameters are the same as for normal cycles. 

To perform page mode read and write operations, the 
RAS low-level pulse width, tw(RASL) must be increased, the 
maximum value being lOMS. The high-level CAS pulse 
width, tw(CASH) is specified separately for the normal 
mode cycle and page mode. For the page mode, the pulse 
w'idth must be increased. For details refer to the specifica­
tions. 

For page mode operation the hold time th(CAS-RAS) 
must be satisfied for even the last cycle, as shown in Fig. 
1.24. This applies to W as well. 

Fig. 1.24 Page mode cycle timing 

8. Refresh 
Referring to the block diagram of Fig. 1.10, for each RAS 
cycle, one word line is selected for each of the upper and 
lower blocks, enabling access to 512 memory cells. Next, 
the 512 sense amplifiers operate to amplify and refresh the 

cell data. Address signal A7 (ROW) has no connection with 
this refresh operation since it is used as a block select 
address for data read and write operations. 

RAS 
V,H 
V'L 

CAS 
V,H 

V'L 

Ao-A7 
V,H 

V'L 

Iii V,H 

V'L 

Q 
VOH 

VOL 

Fig. 1.26 Hidden refresh timing 
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9; RAS Only Refresh Timing 
RAS only refresh is performed by setting CAS to high 
which sets the output to high-impedance while refresh is 
performed. 

B-oth distributed and burst mode refresh can be per­
formed. 

Fig. 1.25 shows the timing parameters for RAS only 
refresh operation. 

V,H -rrrr.n. Ir­

Ao-A6 V'L .:..L..LI...i."~-:::==~~'''-'-''..L.t.J..LJ..L.I..I...LLLI...i.'..L.t.:.t.L. 

Q vVOH---H'GH-'MPEDANCE STATE----­
OL 

CAS=V'H W, A7, 0= don't care 

Fig. 1.25 RAS-only refresh timing 

10. Hidden Refresh Timing 
Hidden refresh is accomplished by setting CAS to low after 
a read cycle to hold the data in the valid state while refresh 
is performed. 

Both distributed and burst mode refresh are possible. 
Fig. 1.26 shows the timing parameters for hidden refresh 
operations. 

Data latched in the output buffer by the read cycle is 
.refreshed during the hidden refresh cycles by RAS. There­
fore output data is held indefinitely as long as hidden 
refreshing is continued. 

Timing design is simplified because the W signal may be 
changed in any state during hidden refreshing. 

tdls<CAS) 

VALID DATA 
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11. Refresh Operations Using Pin 1 
To simplify the refresh operation, a function absolutely 

essential to dynamic RAM operation, two special refresh 
functions easier to use than the conventional RAS clock 
refresh have been provided. 

These functions are automatic refresh and self refresh. 
These special functions are implemented by an on-chip 

refresh counter, address multiplexer, and timer, along 
with the associated control circuity. The following is an 
operational description of these circuits_ 

TIMER 
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(1) Refresh Control Circuit 

Fig. 1.27 shows a block diagram of the refresh circuit which 
makes use of Pin 1. The control circuit controls not only 
the refresh counter, address multiplexer and timer as shown 
in Fig. 1.27, but RAS and CAS circuits as well. 

Pin 1 refreshing is controlled externally by the REF 
input and internally by the RAS signal which is generated 
by the refresh control circuit. 

During pin 1 refresh operations, the CAS circuit with 
the exclusion of the output buffer is inhibited to prevent 
data writing and reading. 

REFRESH 
REQUEST 

I CONTROL 
SIGNAL 

REF 

RAS 

CAS INHIBIT 
SIGNAL 

CAS 

Fig .. l.27 Refresh circuit block diagram 

CONTROL 
REFRESH SIGNAL REFRESH 
CONTROL ADDRESS 
CIRCUIT COUNTER 

I 
I 

MULTIPLEX 
SIGNAL 

REFRESH 
AOORESS 
17-BITI 

~ 

REFRESH 
COMPLETED SIGNAL 

RAS SIGNAL """'"'0-
I 

~ 
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(2) Refresh Counter circuit 
The M5K4164AP on-chip refresh counter consists of a 7 -bit 
toggle-type counter, the individual counter output being 

used as the refresh address bit. 
For automatic refresh operations, the refresh counter 

counts up synchronized to the internal clock signal ¢w 
which is synchronized in turn to the REF input, 128 REF 
pulses required to cycle to the original state. For self 
refresh operation, the refresh counter is free-running with 
a period of from 12 to 16j.ls, counting up in synchronous 
to the refresh request signal REF REO (described after­
wards). A complete cycle and return to the original state 
requiring that the REF input be held low for 16j.ls x 128 
(approx.) = 2ms. 

The above described counting operation is performed 
approximately in synchronous with the refresh operation 
completion. The output of the refresh counter, 0 0 to 0 6 

(refresh address) is held until the next refresh cycle, forming 
the address for the next cycle. 

The refresh counter outputs are initialized by approx­
imately 8 dummy cycles of RAS, RAS/CAS, or REF. 

Ao 

MITSUBISHI LSls 

64K-BIT DYNAMIC RAM 

(MSK4164AP,MSK4164ANP) 

Therefore, no special initialization is required for this 
refresh cou nte r. 

However, the contents of the counter, that is the toggle 
counter flip-flop states, cannot be reset or preset externally 
during power up or dummy cycles. 

For this reason, using both normal RAS and pin 1 
refresh wi II cause the specified refresh ti me to be exceeded, 
and therefore should be avoided. 

(3) Address Multiplexer 
Fig. 1.28 shows the M5K4164AP on chip address multi­
plexer. 

The address multiplexer consists of two MOS transistors 
at the address buffer inputs and the associated control 
signals (MUX, MUX). 

During a normal cycle, MUX is high and MUX is low, so 
that only the external address Ao to A6 is input. 

For pin 1 refresh operations, MUX is low and MUX is 
high so that the refresh counter output signals 0 0 to 0 6 
only are input to the address buffer. 

MUX MUX 

"--- Ao 

.£r-~ Ao 

Al o--.--~--~----------------~~ 
"--~AI 

.-0-_ Al 

A6 o---~~--------~----------~ 

MUX 

1. 
To 

MUX--~---I To 00 TI 01 

Fig. 1.28 Refresh address counter and multiplexer circuits 
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(4) Timer Circuit 
Fig. 1.29 shows the timer circuit block diagram while Fig. 
1.30 illustrates its timing. 

In the circuit of Fig. 1.29, the oscillator provides the 
substrate bias as well. The other circuits are active when 
REF is low. 

When REF goes low, transistor Q 1 turns on, Q2 turns 

off and the charge stored in C2 passes through the rec· 
tifying circuit CI and Q 1 to discharge upon the falling 
edge of the oscillator output signal. The charge for one 

cycle of the oscillator output is proportional to the ratio 
of the capaci tance of C 1 and C2 . 

The ratio of C1 to C2 is chosen such that the voltage 
across C2 for an oscillator repetition period of 12 to 16J.Ls 
is approximately equal to the threshold voltage of the next 

gate. When the C2 voltage reaches VTH, the refresh request 
signal REFREQ goes active, causing the RAM refresh 

operation similar to the automatic Refresh external signal 
REF. When C2 is charged by REFREQ, REFREQ goes 
low, causing a repetition of the above described timer 
operation. 

As long as the REF signal is kept low, this operation 
will automatically continue refreshing all memory cells 
every 2ms. 

Fig. 1.29 Timer circuit block diagram 

(a) Multiple pulse 

RAS 

_ V,H -
REF V,L -

RAS 

REF 

TIMER 

REFREQ 
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Fig. 1.30 Timer circuit timing 

12. Automatic Refresh Timing 
Automatic refresh is accomplished in the same manner as 
RAS only refresh but without providing the refresh address 

data. 
Fig. 1.31 shows the timing of the automatic refresh 

operation. 
Automatic refresh begins when REF is set to low 

td(RAS-REF) after RAS goes high. 
Shortly after the refresh cycle begins the internal RAS 

signal begins to operate to strobe the refresh counter out· 
put and perform the refresh. 

The REF input is internally latched. When the refresh 

operation is complete an internal refresh complete signal 
causes the chip to be precharged. Therefore, it is not 
necessary to use the REF input to determine the precharge 
time greatly simplifying the timing design of REF. 

It is also possible to perform hidden refreshing by 
holding the CAS input low after a read cycle. The timing is 
very similar to the RAS hidden refresh operation timing. 
For details refer to the specifications. 

(b) Single pulse 

RAS V,H -
V'L - tsuc REF-RAS) 

REF 

Fig.l.31 Automatic refresh timing 
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13. Self Refresh Timing 

Self refresh is generally used for battery backup of memory 

contents. 
Fig. 1.32 shows the self refresh timing relationships 

from which it can be seen that they are quite similar to 
those of automatic refresh. Self refresh begins when REF 

is set to low td(RAS-REF) after RAS is set to high. 
Shortly after the beginning of the refresh cycle, the 

internal RAS signal begins to operate to strobe the refresh 
counter and perform the refresh operation. 

As long as RAS is high and REF is low, the RAM will be 

RAS 
V,H -

V'L -

V,H -
REF 

V'L -

Fig. 1.32 Self refresh timing 

14. Notes on the Use of Pin 1 
(1) When pin 1 is not to be used to refresh the chip, it 

should be handle.d in the following manner. 
Since pin 1 refresh.is inhibited by setting the REF 

input to high, the input should be set between VIH 
min and VIH max. (The pin 1 input leakage current 

for VIN = 6.5V is guaranteed to be below 10IlA.) 
(2) When the above method is not possible, pin 1 should 

be left open. Since as shown in Fig. 1.33 as MOS 
transistor is used to connect a pull-up resistor between 

the input terminals and Vee, the terminal will be held 

to a high level (Vec! when left open. 
However, when the input is set low in order to per­

forma refresh operation, a current flows from Vee to 
the input terminal. This resistance is made a very high 

value (approximately 3Mrl) in order to guarantee the 
specified leakage current of 10llA maximum for V IN 
=OV. 
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automatically refreshed. This operation is repeated with a 
period of from 12 to 161ls. After 2ms, the refresh counter 
has gone through all of the row address, refreshing aH of 
the memory cells. Self refresh ends when REF is set to high 

but setting REF to high may not terminate the internal 
operation of the circuit (refer to Fig. 1.30) so that one 

cycle time of td(REF-RAS) is required between setting REF 
to high and RAS to low. 

As with automatic refresh, hidden refreshing is possible. 
For details refer to the specifications. 

tW(REFL) 

This high resistance results in pin 1 being susceptible 
to the effects of external noise so that if pi n 1 is to be 
left open, such noise should be considered carefully. 

Veep --i 
> Vee+VTH 

REF TERMINAL 

STRAY 1 PROTECTIVE 
CAPACITANCE RESISTANCE 

2pF I 5000 

Fig. 1.33 REF input equivalent circuit 

Vee 

~~~L-UP i 

""" i~ I ~:~ACITANCE 1 
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M5K4164AP Bit Map 
To facilitate the generation of worst-case pattern checking 
and the optim i zation of test sequences, it is necessary to 
know the internal topology of a memory device. This sec­
tion will examine the internal topology of the M5K4164AP. 

1. Memory Array 
Fig. 1.34 shows the dual in-line package as viewed from 
above with pin 1 to the upper right. It illustrates the 

memory cell layout. 
The row decoder is located to the left of the memory 

cells while the column decoder is located parallel to the 

cells. 

ROW ADDRESS 
,~'----... 

A7 A5 A3 Al 
Ao A4 A2 A6 

0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 
0 0 0 0 0 0 1 1 3 

16384-BIT 

0 0 0 0 0 0 1 0 2 

I I 256 SENSE 

0 1 1 1 1 1 0 0 16384-BIT 

< ~116K MEMORY ARRAyl 

g D8L16K MEMORY ARRAY I 
~ 1N 

:s:116K MEMORY ARRAYltc 

~116K MEMORY ARRAyl 

Fig. 1.34 Memory array location 

MEMORY ARRAY 

DATA 

l 
AMPLIFIER CIRCUITS 

\ 

MEMORY ARRAY 

0 1 1 1 1 1 0 1 --
0 1 1 1 1 1 1 1 127 
0 1 1 1 1 1 1 0 126 

A7 o 1 1 
A6 0 0 1 
Al 0 0 0 

COLUMN A2 0 0 0 
ADDRESS A3 0 0 0 

A4 0 0 0 
A5 0 0 0 
Ao 0 0 0 

1 0 0 0 0 o. 0 0 128 
1 0 0 0 0 0 0 1 
1 0 0 0 0 0 1 1 
1 0 0 0 0 0 1 0 

I I 
1 1 1 1 1 1 0 0 
1 1 1 1 1 1 0 1 
1 1 1 1 1 1 1 1 255 
1 1 1 1 1 1 1 0 254 

Fig. 1.35 Address decoder location 

0 0 1 
1 0 0 
0 1 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

DATA 

0 1 1 0 
0 0 1 1 
0 0 0 0 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 

16384-BIT MEMORY ARRAY 
--
DATA 

256 SENSE A~PLlFIER CIRCUITS 

16384-BIT MEMORY ARRAY 

DATA 
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0 
0 
1 
1 
1 
1 
1 
1 

1 1 0 
0 1 1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

/ 

~/ 
65535 

65534 

Pin 1 
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2. Address Decoder 
Fig. 1.35 shows the address decoder. To optimize pattern 
layout, the decoder is arranged as shown in Fig. 1.35. For 
this reason, with Ao (row) as the least significant bit and 
A7 (column) as the most significant bit, sequential binary 
addresses will not address adjacent cells in order. 

For the arrangement of Fig. 1.35, Table 1.3 shows 
the addresses that will be accessed for sequentially incre· 
mented binary addresses if A6 (row) is the least significant 
bit and Ao (column) is the most significant bit. 

Table 1.3 Address coding 

Column Row 

(MSB) (LSB) 
Cell No Ao A5 A4 A3 A2 Al A6 A7 A7 Ao A5 A4 A3 A2 Al A6 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

32767 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

65535 1 1 1 1 1 1 1 1 1 1 1 l' 1 1 1 1 

3. Bit Topology 
For the purposes of simplified explanation, we have as­
sumed thus far that the memory cells are located in an 
orderly fashion in a matrix. For actual devices, however, 
techniques required to increase the density on the chip 
dictate that an arrangement such as shown in Fig. 1.36 is 
used. 

For this reason, this layout must be considered care­
fully when designing tests which detect interference between 
adjacent cells. 
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4. Data Polarity 
Because the sense amplifiers are located in the center of the 
bit lines of the M5K4164AP, half of the data matrix is 
stored in inverted form. While this has absolutely no effect 
on actual operation, it must be considered if a test is to be 
devised which will test all cells in the charged state. This 
bit inversion pattern is given in Table 1.4. 

Table 1.4 Data polarity arrangement 

A7 Ao Input Memory Output 

(rowl (rowl data cell data data 

1 1 1 
0 

0 0 0 
a 

1 0 1 
1 

a 1 a 
1 a 1 

0 

1 
a 1 0 

1 1 1 
1 

a a a 

Write operation Read operation 
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COLUMNS 
r~,;:;~,<:jl WORD LINE BO B1 B2 B3 

I\\S"I GATE o BIT LINE 

WO~~~~+-~~~~~~~~~~~~~ 

W2 

W3 

(/) 

3: 
0 
ex: 

W4 

W5 

I I 
I I 

I I 
I I 

I I 
I I 

[ 

[ 

[ 

The area represented here is physica!ly located in the upper left hand corner of the array. 

Fig. 1.36 Simplified internal bit topology 
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Memory System Design Considerations 
New memory systems designs are making use of dynamic 
RAM, static RAM, EPROM and other semiconductor 
memory devices. All of these devices have some general 
design considerations in common. This application note 
will examine some of the delicate timing considerations 

involved in the design of a dynamic RAM board. 

1. Power Distribution 
Fig. 1.37 shows the current waveform of an M5K4164AP 
dynamic RAM. Note that when RAS and CAS go low, the 
row or column address latch and buffer are charged, and 
that when RAS and CAS go high, the row or column 
address latch and buffer are precharged, resulting in a 
transient current waveform. The 60 to 80mA current pulse 
of approximate width 50ns and a risetime of 10 - 20ns 
represents the risetime which is observed at 50ms per 
division. With rise and fall times of this magnitude harmo· 
nic noise components above 10MHz are generated. It is 
therefore necessary when designing the board power dis· 
tribution to suppress such noise and provide the device with 
a clean supply voltage. Decoupling capacitors should be 
used which are capable of charging a small loop. 

Fig. 1.38 tal shows the lumped constant equivalent 
circuit for a PC board. Ls and Rs represent the PC board 
inductance and resistance respectively. If we let the Lx and 
Rs of a 10mil wide 2·ounce copper pattern be 10nH/inch 
and 4mQ/inch, then the generated spike voltage is given by 

the following expression. 
di 80mA 

LS'di:=10nHX10X 10ns=800mV 

Rs' i=4mQ Xl0X80mA=3.2mV 

Since the effect of the series resistance Rs compared to 

that of the series inductance is very small, it may be neg· 
lected. The series resistance of Ls is frequency dependent, 
increasing with increasing frequencies. 

To reduce the level of the spike voltage, as shown in 
Fig. 1.38 (b), a decoupling capacitor is used to decrease 
the series resistance. This is done by shortening the PC 
board current loop. 

For a 0.1!lF capacitor value used with a 250ns cycle 
RAM, the spike voltage is given by the following expres· 
sion. 

1 j. 80mA 
V=C 110dt=O. 1ILP X50ns=40mV 

This yields an acceptable value of spike voltage. 
It is recommended that ceramic capacitors with good 

high frequency characteristics are used as the decoupling 
capacitors in memory arrays. The decoupling capacitor is 
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connected between the memory Vee and the ground with 
as short a lead dressing as possible. In addition, as bulk 
decoupling a solid tantalum capacitor is required. This type 

of capacitor has a better transient response than other large 
value capacitors and can be used with one capacitor per 

16-memory devices between Vee and the ground. 
The power supply traces for a memory array should be 

made as wide as possible and it is recommended that they 
be arranged in a grid. Fig. 1.39 tal shows an example of 
such an arrangement. 

As another method, the use of mUlti-layer boards is 

possible, and is an effective method in simplifying power 
distribution. 

~ RAS 
.J! 

[, 
CAS 

.2 
(f) 
f- 100 z 80 w 
0: Icc 60 
0: 

(mAl 18 ::J 
u a ::; 
0. 100 0. 
::J Iss 

80 
(f) 60 

(mAlig 
a 

50ns/DIVISION 

TiME 

Fig. 1.37 Supply current vs time RAS/CAS cycle 
RAS-only cycle 

Rs Ls 

Vce 

Fig. 1.38 (a) PC board trace equivalent circuit 
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LlO 

Vee 

Fig. 1.38 (bl PC board trace equivalent circuit with 
decoupling capacitors 

GND Vee GND Vee 

Vee -- - -------
GND- - -- - ----

Vee - -
GND-

GNDVee GNDVee 

Vee - - ------ - ------ - ------
GND- ------- ------ ------

---memory surface ----- soldered surface 

Fig. 1.39 (al Gridded power distribution and decoupling 
capacitors 

Fig. 1.39 (bl Printed board pattern 
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2. Signal Distribution 
The next most important consideration in the design of a 
memory system is the design of memory signal (address, 
data, and control signals) distribution. 

For the case of the M5K4164AP dynamic RAM, two 
types of chip enable signals exist; RAS and CAS. If these 
are to be driven by TTL circuits, it is very important to 
keep the drivi ng TTL device as close as possible to the RAM 
array. This minimizes the transmission line impedance 
mismatch between the RAM array loaded line and the TTL 
driver. Another technique is the use of a damping resistor 
located close to the driver. The value of this resistor is 
selected to provide a good waveform at the RAM input, the 
usual values being in the range 10 to 50n. This technique 
brings the output impedance of the driver close to the line 
impedance which minimizes waveform overshoot and 
undershoot. 

To eliminate crosstalk from RAS and CAS, the RAS and 
CAS signal I ines should be kept at 90' to the traces for 
other signals. If this is impossible, they should be kept as 
far as possible from traces of other signals. In addition the 
address and data signal traces should be kept as short as 
possible. Fig. 1.39 (b) shows an example of a printed board 
pattern for a 128K-bite memory system. 

3. Logical Considerations 
Far memory systems with critical timing, it is necessary to 
consider the propagation delay to surrounding ICs. To 
minimize signal delay, gate selection and the use of the 
same IC package for related signals are effective in reducing 
the difference in delays between signals. To reduce the 
capacitive loading on drivers, it is necessary to limit the 
number of drivers per memory array. For RAS and CAS, 
8 memorie!j/driver and for address 16 memories/driver are 
recommended. 

~ Oecoupling capacitor 
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M5K4164AP Refresh Methods 
The refreshing of the M5K4164AP cell matrix requires the 
refreshing of 128 row addresses at least every 2ms. In addi­
tion to the previously available RAS-only refresh method, 
the M5K4164AP provides REF (pin 1) automatic refresh· 
ing, and self·refreshing. This section will cover the applica­
tion of REF refresh operations. 

1. Automatic Refresh 
Automatic refresh begins after RAS precharge (RAS-V IH) 

upon setting REF (pin 1) to low. This method is quite 
similar to the RAS·only refresh with the refresh address 
counter output present as a 7-bit word for automatic reo 
freshing the refresh counter being automatically incre· 
mented at the end of the refresh cycle. Fig. 1.40 shows the 
automatic refresh timing. 

(a) Multiple pulse 

RAS 

REF V'H-

V'L -

(b) Single pulse 

RAS 
V'H-

V'L-

V'H-
REF 

V'L -

tsu( REF-RAS) 
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td( REF-RAS) 

Limits 

Symbol Parameter 
Alternative 

M5K4164AP-12 M5K4164AP-15 Unit 

tCIREFJ Automatic refresh cycle time 

td( RAS-REF ) Delay time, RAS to REF 

tWIREFU REF low pulse width 

t W ( REFHJ REF high pulse width 

td( REF-RAS! Delay time, REF to RAS 

tsu( REF RAS) REF setup time before RAS 

Fig. 1.40 Automatic refresh timing 
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symbol 
Min 

IFe 220 

tRFD 90 

IFP 60 

IF' 30 

tFSR 30 

tFRD 250 
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Automatic refresh has many advantages over the RAS· 
only refresh method generally used previously. As shown in 
Fig. 1.41, RAS·only refresh generally requires logic cir· 
cuitry. This consists of the row·address, column·address 

{
ADR 

ROW 

r--
7 x 
6 A~ 5 
4 en co 

enLO 

{
ADR 

COLUMN 
1 UJN 

a:fIJ 
6 BO 
5 0 
4 S< 

{
ADR 

ROW 
3 x 
2 a. 

A:::; 1 
0 en co en or> 

3 
UJN 
a:fIJ 

2 BO 
1 0 P---
0 S< 

T 
X 

COLUMN {ADR 

ADDRESS 
MULTIPLE 

r-­------------------- ----1 

RESH 
I 
'REF 
ICY CLE , , , 
I , , , , 
I , 
I 
I 
I 
I , , , 

FRESH 

3-STATE 
, 
I 

CONTRO I 

LOGIC 
, , , 
I 

I(ij"i'i'""" , 
(/lW en I 

~~§f-- ~ , 
o ::> en r------- a: 
~ 8 -' r------- § ffi 0 , 

I ~ft~ 
, , 

(/l M r------- en:::J -' 
W <D f---- UJ CD 

8: en r------- a: I li! -' r------- tb 
I ~ , IRE 

IADDRESS 
i INCREMENT . : L ______________________ J 

Fig. 1.41 Address multiplexer and refresh address counter 

By decoding RAS, one bank of a complex memory 
system may be selected, while for RAS·only refresh RAS is 
fed to all portions of the memory requiring the decoder as 
shown in Fig. 1.42 (a). With automatic refresh, RAS is used 

A17 

A16 

REF 

RAS 

'sao 
}:>-'"-A/v-- RAS3 ( BAN K 3) , , , 

! 
l:>--'Wv--RASO(BANKO) 

Fig. 1.42 (a) RAS decoder in RAS·only refresh 
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and refresh address multiplexer and refresh address counter. 
With automatic refresh, the dotted area shown in Fig. 1.41 
may be eliminated. 

-
~ a: 

UJ 
U. 
u. 
:::J 

:c{> 
en 
UJ 
a: 
0 
0 
< -

A3 
A2 
AI 
Ao 

during the memory cycle and REF for the refresh cycle 
independently so that the gate shown in Fig. 1.42 (b) can 
be eliminated. 

All 

A16 

B 
S139 
A 

____ I , , 
---- I 

S32 
P----'VVv--- RAS3 ( BAN K 3) 

~---'H)'-Wv--RASO (BANK 0) 

RAS--------' 

Fig. 1.42 (b) RAS decoder using REF pin 
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Another feature of automatic refresh is that the timing 
of the refresh controller is simplified. The timing for RAS· 
only refresh and automatic refresh is shown in Fig. 1.43 (a) 
and Fig. 1.43 (b) respectively. 

REFRESH~ 
CYCLE 

START 
ADDRESS 
Ao-A6 

REFRESH ADDRESS 

I 
RAS 

Fig. 1.43 (a) RAS-only refresh timing 

REFRESH I I, 
CYCLE ~ L-

i~A~ , 

REF ~'--____ {I*", __ t-,-3 --...1 

Fig. 1.43 (b) Automatic refresh timing 

-- V'H-RAS 
V'L-

td(RAS~REF) 

- V'H- ~-
REF V'L -
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For RAS-only, the controller disables the address multi­
plexer upon entering the memory cycle while it enables 

the refresh counter output. Next, after a delay time of tl 
(required because of the address buffer delay time and row 

address setup time tsu(RA-RAS), RAS is set to low. The 
refresh cycle ends at the time t2 that RAS is precharging. 

In contrast to this, the automatic refresh controller sets 
REF to low simultaneously with the beginning of the 
refresh cycle, and after the RAS precharge time t3, the 
refresh cycle ends. For this reason, there is no necessity 
to consider the settling time for address selection. 

2. Self Refresh 
Self refresh, similar to automatic refresh, sets REF low 
after RAS precharge occurs, beginning the internal refresh 
cycle. This method of refresh ignores all other inputs as 
long as RAS is high and REF i~ low, making use of an 
internal timer to automatically refresh the row addresses 
every 12 - 16,(1s which enables all cells to be refreshed 
within 2ms. The rising edge of REF terminates the refresh 

operation and after one cycle (td(REF.RAS»a normal read· 
write cycle is entered. Fig. 1.44 shows the timing for the 
self refresh cycle. Self refresh is an extremely effective 
method of providing memory backup by means of a 
secondary power supply. As shown in Fig. 1.45, most of 

the required functions are implemented within the chip for 
the RAS-only refresh with a simplified external circuit. This 
results in low power consumption and a long life for the 
secondary power supply. 

td( REF-RAS) 

tW(REFL) 

r 
Limits 

Symbol Parameter 
Alternative M5K4164AP-15 M5K4164AP-20 Unit 

td( AAS-REF) Delay time, RAS to REF 

tW(REFU REF low pulse width 

td( AEF-RAS) Delay time, REF to RAS 

Fig. 1.44 Self-refresh timing 
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tRFD 90 

t FBP 8000 

tFBR 310 
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As described above, self refresh may not be used in the 
RAS·only refresh mode. In designs using two refresh 
counters (internal and external) which operate independ· 
ently, guaranteeing the refresh (2ms) time is difficult. 

<J) 

::0 
tD 

:;; 
W 

RAM 

Ii; MEMORY 
>­
<J) 

a: 
o 
a: 

~ 
w 
U o 
a: 
C>­
O 
a: 
u 
~ 

* 

Note 1. ~ block shows the device which should be backed up during power down. 
2. * block can be powered down using REF (PIN1). 
3. During self-refresh, REF driver and controller have to be backed up. 

Fig. 1.45 Typical dynamic RAM system with battery back up 
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3. Design Example 
The design example shows the increased effectiveness of 
REF (pin 1) refresh when the M5K4164AP is used as the 
memory for a microprocessor. This design example illus· 
trates the interface between the M5K4164AP and the 

microprocessor. 
When using REF for the microprocessor memory in 

interface, two methods are possible. One is asynchronous 
refresh and the other involves synchronously refreshing the 
memory. The former tech nique is not affected by the 
microprocessor status (i.e., reset, wait state, DMA, and CPU 
clock). However, control logic is somewhat complex. While 

ADDRESS BU S 

11 
BOOT STRAP 

t:-ROM 

11 
<===! 

DATA 
BUS 

BUFFER 
DATA BUS 

RAM z ... 
ROMINH 

INHIBIT I-> ~ 
LOGIC « 

a: 

CPU 
SERIAL OUT 
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the second method makes use of simple control logic, the 
microprocessor must satisfy the refresh operation timing 

conditions. 
Fig. 1.46 through 1.48 show the block diagram, sche· 

matic diagram, and timing deiagram for the asynchronous 
refresh example. For this example, the refresh cycle counter 
refresh request (R EF REO) starts the refresh cycle independ· 
ently of the microprocessor operation. The arbiter deter· 
mines whether the microprocessor (RAMREO) or refresh 
cycle counter (REFREO) has access to the RAM. 

ADDRESS MULTIPLEXER 
Ao~A7 

ROW 

Ie Ao~A7 Ao~A7 

COLUMN 
A8~A15 S M5K4164APX8 

MEMORY ARRAY 

64K Byte 

I 
D'N 

DouT - -
RAS CAS W REF 

MPXCNT 

WR 

L 
AND WRITE COMM 

READ COMMA 
MEMORY CYC 

--- MEMORY 

CPU TIMING 
CLOCK 

CPU READY 

NO 
LE 

ADDRESS RAMREQ 
DECODER 

ARBITOR 

REFRESH REFREQ 
COUNTER 

Fig. 1.46 Block diagram of the design example (Ansynchronous) 
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Fig. 1.47 Design example of microprocessor interface (Ansynchronous) 

Note 1. C::J indicates the logic for REF function. 
2. CPUCLK 3MHz MAX. Minimum frequency should be selected 

not to exceed the refresh memory cycle. 
(128 cycles within 2ms interval.) 
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Note 1. If the microprocessor attempts to access the RAM during this period, it must wait until the refresh is over. 

Fig. 1.48 Memory and refresh timing (Ansynchronous) 
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A bootstrap ROM, commonly used in this type of . 

memory system, is shown in the example. This is used to 
load the initial program of a RAM·based system into RAM 

from disk, for system initialization. In this example, the 
SOD (Serial Out Data) of the M5LaOa5AP is used to select 
either the bootstrap ROM or RAM as shown in Fig. 1.49. 

Fig. 1.50 and 1.51 show the schematic diagram and 
timing for the synchronous refresh example. In this 

FFFF16 

800016 
7FFF16 

ROM 
07FF16I 
000016 _ ENABLE 

RAM 

ENABLE 

DISABLE ENABLE 
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example a zao microprocessor is used with synchronous 
refresh. As shown in Fig. 1.51, after the zao fetch instruc­
tion, the refresh operation is performed (T 3 and T 4 state). 

In this manner refresh is performed synchronously with 
microprocessor operation. As mentioned previously, this 
type of operation involves a variety of limitations which 
must be considered carefully when designing such a system. 
(i.e., wait state, DMA, reset and CPU clock cycle) 

RAM RAM 

ENABLE 

ROM 

DISABLE DISABLE ENABLE 

(a) After hardware RESET (SOD"" lowl (b) Transfer Bootstrap program in the ROM 

to upper RAM area (SOD = lowl 

(c) inhibiting ROM by using the Bootstrap 

program in the RAM area. (SOO = high) 

Fig. 1.49 Start-up procedure of the memory-overlapped system 

-- .... 
RFSH .... 531 

CPU 
- -<j) WR I-<n-++-----H] 531P--'M---' 

CLOCK 

'" 
1 

RD -<j) 537 

Fig. 1.50 Design example of microprocessor interface (Synchronous) 
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STATIC RAM TECHNOLOGY 

Introduction 
Static RAM, though inferior to dynamic RAM in density of 
integration, is used for a wide variety of applications. It is 
easy to use as it does not reguire clocks, refresh operation 
or related controlling peripheral ICs. In addition, static 
RAMs are available for equipment requiring high-speed 
operation or battery backup in case of power failure. 

1. Classification of Static RAM 
Static RAMs are classified into the following: 
(1) medium-speed NMOS for easy use and economy 
(2) ultra-high speed NMOS for computer application 
(3) CMOS for battery backup. 

Mitsubishi Electric Corporation provides the following 
lineup of static RAM. 
(1) Medium-speed NMOS 
(2) Ultra-high-speed NMOS 
(3) CMOS 

M5B725P 
M5M2167S/P, M5M2168S/P 
M5M5116P, M5M5117P, 
M5M5118P, M5M5165P 

2. History of Mitsubishi Memory Cells 
The history of Mitsubishi memory cells is illustrated in Fig. 
2.1. Mitsubishi Electric began producing 256-bit E/E type 
memory cells and later shifted over to high resistive load 

E/E TYPE E/D TYPE 

BITS 256 lK 

E/E Elo 

.~'~ M5L2102AP 

MEMORY 
CELL 

N CMOS 

MSL5101LP 

Fig. 2.1 History of Mitsubishi cells 
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types, diminishing cell area and cutting power consumption 
of memory cells. A high resistive load, which is available up 
to 100MU has reduced the cell current to as low as 10nA/ 
cell. CMOS was started at 1 K bits, developed into 4K bits 
and then to 16K bits. The standby supply current con­
sumed in the cells and in periferal circuits is as low as the 
leakage current. The specified value is 20llA, but the typical 
value is less than lilA, enabling long term battery buckup 
operation. CMOS, however, has suffered the disadvantage 
of poor production costs due to its larger cell area. In the 
past, either economical NMOS or low power CMOS had to 
be selected to match the application. But, the situation 
has somewhat changed with the appearance of 64K bit 
memories, incorporating NMOS and CMOS technology. 
The mixture of high resistive load NMOS cells and CMOS 
peripherals, realized the hybrid which has the economy of 
NMOS and the low power of CMOS. Mitsubishi has pro­
vided the M5M5165P fabricated by this technology. The 
technical factors resulting in the development of this 
product are as follows: i) limit of large power consumption 
and ii) technology of fabricating high resistance of several 
tens of GU enabled low standby current which is enough 
for battery backup applications. 

HIGH RESISTIVE TYPE CMOS TYPE 

4K 16K 64K 

Elo H.I~H 
/ RESI~'¥tVE I , RESISTIVE, 

LOAD LOAD 

MSL2114LP MSS72SP MSMS16SP 
MST4044P 

.'~"~ MSM2168S 

CMOS CMOS 

MS8981P MSMS116P 
MSMS117P 
MSMS118P 
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3. Methods of Power Saving 
Power consumption has become a major problem as 
memory capacity has increased. The solution lies in 1) the 
use of CMOS for peripheral circu,its, 2} the division of cell 
array and 3) the employment of internal synchronous 
circuits. 

Method (1) has been employed in the 64K CMOS 
M5M5165P. 

Method (2) is aimed at decreasing the number of 
memory cells selected by the word decoder in order to de· 
crease the current that flows into cells from the bit line. 
Fig. 2.2 shows examples of dividing the cell array. With 1 K 
and 4K bit RAM, all the bit lines are activated, while 1/2 
of the b.it lines are activated with 16K and only 1/4.are 
designed to be activated with 64K. (d) is called thedevided 
word line method (DWl), dividing the memory cell array 
into arbitrary lines, which is considered to be an important 
method to deal with RAMs of greater capacity in the 
future. The internal synchronous circuit (3), designed to 
cut DC current, lowers the average current greatly by the 
employment of a dynamic circuit. In previous asynchro· 
nouse circuits, DC current was constantly running while 
chips were in the active state. 

A problem with the internal synchronous circuit is pro· 
viding a standard clock. Unlike dynamic RAM, static RAM 

r-- ffif----
Q 
0 

I/O 
u w I/o Q 

1-2 z 
::;; 3-4 
::J 
..J 
0 
U 

(a) ALL SELECTION 

lK.4K 

M5L5101LP 
M5L2102AP 
M5L2114LP 

-ffi 
0 
0 

I/O 
u 

I/o w 
Q 

1-8 z 
::;; 

1-8 
::J 
..J 
0 
U 

(b) 1/2 SELECTION 

16K 

M58725P 
M5M5116P 

Fig. 2.2 Examples of memory cell array 

Fig. 2.3 Circuit diagram of internal synchronous circuit 
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is not given an external clock and must generate the clock 
by itself. As the memory cycle of static RAM starts with an 
address change, the internal synchronous circuit makes use 
of changes in the address signal and generates an internal 
clock. In this circuit, the charging current of internal mode 
capacitance runs at the peak rate at the beginning of the 
cycle and no current runs after the access is finished. As the 
average current can be decreased to 1/10 of the conven· 
tional one (at 1 MHz), this device is most suitable for 
battery·operated equipment such as hand held computers. 

4. Package 
The more the capacity, the more the number of pins. (4K 
has 18 pins, 16K, 24 pins and 64K, 28 pins). On the other 
hand, a smaller package is required for the high density 
mounting. Available packages which meet these require· 
ments are fait package, chip carrier (LCC), ZIL (zigzag in· 
line), or shrink pack (lead spacing is 2/3 of the normal 
type). 

Mitsubishi provides the 16K CMOS RAM M5M5116FP 
series using the flat package. Fig. 2.4 shows the outline 
difference between the DIP and flat package. The flat 
package is approximately half the size of DIP. 

-ffi 
I Q I I 
/ 8 / / 
a ~.o a 
1 z 1 1 
! 3 ! ! 
8 6 8 8 

u 

a: 
w 
Q I 
8 / 
~ a 
z 1 
3 ! 
cL 8 
u 

(e) MULTI·DECODER 
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---- a: 
w 
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::;; 
::J 
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FLAT PACKAGE 

Fig. 2.4 Comparison of package outlines 
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OPERATION OF STATIC RAM 
The timing of static RAM is simple and operation modes 
are very easily understood because of its asynchronous 
operation that does not require strobe signals to take in 
clock signals or external signals. 

In this chapter, basic operation of static RAM and func­
tions of various input signals are illustrated using the 
M58725P 16K static RAM as an example. 

Fig. 2.5., 2.6., 2.7. are the block diagram, pin configu­
ration and function table of M58725P. 
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A7 -+ ~ ~ vee (5V) 
A6 -+ ~ Il? +- As ) ADDRESS 
A5 -+ L.l. al< +- A9 INPUT 

r. """ ~. -w 'WRITE CONTROL 
ADDRESS A4 -+ Li s::: ~ -

INPUT A3 -+ rs U1 tro +- OE OUTPUT EN1~~MT 
Q) INPUT 

A2 ...... ~ ~ g +- ~IO ADDRESS INPUT 

Al ...... ~ "tJ ~ +-, S CHIP SELECT INPUT 

Ao -+~ ~ ... DOs 
DATA {DOl - 9 16 ... DOl DATA 
INPUT/ D02 -: ffiO ~ ... DOs INPUT/ 

DUTPUT D03'" 11 !l; ... D05 OUTPUT 

(OV) GND .1'"'-___ ---1""13 ... 004 

Outline 24P4 

Fig. 2.6 Pin configuration of M58725P 

S OE W Modes DO,-DO. Icc 

H X X High impedance S,andby 

L L H Read mode DouT Active 

L X L Write mode D'N Active 

L H H - High impedance Active 

Fig.2.7 Function table of M58725P 

ADDRESS 
INPUTS 

CHIP SELECT INPUT 

As 
A9 

14 

Vl 
Vl 
Wa: 
a:w 

128 00 
00 
4u 
s~ 
0 
a: 

a: 
w 

2048WORD x 8-BIT LL 

8 ::; 
RAM "-:;; 

(128 ROWS x 4 
w 

128 COLUMNSI Vl 
Z 
w 
Vl 

16 8 

WRITE CO~~~~~ IN 21)--------------,----------

Fig. 2.5 Block diagram of M58725P 
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1. Functions of input signals 

(1) Address signals (Ao~Al0) 
Address signals select one random bit out of the memory 
matrix. Read/write memory operation is made to the cell 
which selected by address signal. 
(2) Chip select signal (S) 

When S = L, RAM is in the active state, enabling read/write 
memory operation. When S = H, RAM is in the non-selec­
tive state, disabling memory operation. In this case, the 
output is in the high impedance state, easily expanding 
memory capacity with other memorys by DR connection. 

In addition the supply current is in standby state and is 
reduced to one tenth of the normal level which contri­
butes to the power saving of a large memory system. 
In most cases, like M58725P, the chip select signal is in 
negative logic (chip is selected when signal is L) but it is 
noted that S2 of M5M5165P is in positive logic (chip is 
selected when signal is H). 
(3) Write control signal (W) 
The W signal controls operation modes of read and write. 
The low level W enables the write mode and the high level 

W enables the read mode. When the write mode is enabled 
the data input/output (DO) terminal is in high impedance 

state. 
(4) Dutput enable signal (OE) 
The DE signal controls the output stage directly at high 
speed. When DE = L, the DO terminals are in the output 
mode, and when DE = H, they are in the high impedance 
state. When write operation is enabled and DE is set to H, 
the DO terminals are in high impedance state and, thus, 
clash of RAM data output and data input, so called data 
bus contention, is avoided. When read operation is enabled, 
DE must be L so that DO terminals may be in the output 
mode. 

2. Read operation 
Fig. 2.8 shows the timing diagram of the read cycle. When 
Sand OE and Land W is H, the read mode is enabled and 
the memory cell data selected by the address signal is read 
at the DO terminal. There are three kinds of read cycle 
timing, as showen in Fig. 2.8. They are defined as (a) 
address access time talA), (b) chip select access time tatS), 
and (c) DE access time ta(OE)' 

(a) is applied when Sand DE have already been set to L 
long before the address change. (b) is applied, contrary to 
(a), when S is set to L simultaneously or after the change 
of the address signal. In this case, DE must be L before 
the address change, as well as in the case of (a). 

(c) is applied when the DE signal has been set to L well 
after the change of the address signal or the chip select 
signal. The DE signal controls the output buffer circuit 
directly at a high speed, so the high speed access time of 
nealy one-half of that of (a) or (b) is available. When DE is 
set L faster than the timing of talA) - ta(OE) or tAtS) -
ta(OE), (a) or (b) is applied. 
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(a) ADDRESS ACCESS TIME talA) 

ADDRESS SIGNAL 

OE 

DO 
DATA OUT 

S=L 
W=H 

PREVIOUS DATA VALID 

(b) CHIP SELECT ACCESS TIME ta(S) 
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teCR) 

DATA VALID 

te(R) 

ADDRESS SIGNAL -i--~-------

OE 

DO 
DATA OUT 

W=H 

(c) OUTPUT ENABLE ACCESS TIME ta(OE) 

ADDRESS SIGNAL 

OE 

DO 
DATA OUT 

W=H 

Fig. 2.8 Read cycle timing 

8-38 

tpzxCs) 

te(R) 

tpZX{OE) 

•. MITSUBISHI 
.... ELECTRIC 

DATA 

tpXZ(OE) 

! 
DATA VALID 



MITSUBISHI LSls 

STATIC RAM 

3. Write operation 
Fig. 2.9 shows the timing diagram of the write cycle. Write 
operation is excuted when Sand Ware both L. When either 
5 or W goes to H, the data of the DQ terminal is written 

into the memory cell. Therefore, for the rise of W or S, 
data setup time tsu(A) and data hold time th(D) must be 
maintained. Address setup time tsu(A) and write recovery 

(a) WRITE CYCLE 1 (Vi CONTROL MODE) 

S 

w 

OE 

DO 
INPUT 

DO 
OUTPUT 

tSU(AO) 

tsu'(oe) 

»»»»»»»» 
(b) WRITE CYCLE 2 (S CONTROL MODE) 

S 

w 

DO 
INPUT 

DO 
OUTPUT 

tpzx(S) 

tc(w) 

tsu (5) 

tsuCo) 

DATA STABLE 

tclw) 

ISUIS) 

IsUlo) 

DATA STABLE 

OE=L Note" When the falling edge of Vii is prior to the falling edge of S, the output is maintained in high impedance state. 

Fig. 2.9 Write cycle timing 
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time twr are defined in order to avoid writing into a cell 
designated by previous or following cycles. 

At the write cycle, the data bus contention problem 
is a matter of concern. The subject is discussed in detail 
in later chapters. 

4, Standby Mode 
When Sis H, the chip becomes non-selective mode and the 
supply current is in the standby mode. The Supply current 
decreases to one tenth of the normal operation level, which 
contributes to power saving in systems that use many 
memory devices. Fig. 2.10 shows the supply current wave­
form for M58725P. 

In the case of CMOS RAM, the stand by current is as 
low as the leak current and, the memory cell data can be 
held at a Vee of 2V, enabling battery backup applications. 

APPLICATION OF STATIC RAM 
To explain the application of static RAMS, two examples 
are used; M58725P, which has OE input, and M5M5118P, 
which has no OE inputs. 

1. Application of M58725P 
Fig. 2.11 is an example of an M58725P application. The 
8085A is used for the CPU. The chip select signal is gated 
by ALE output of 8085A. Therefore, the chip select signal 

turns to low, synchronously with the" fall of ALE. W is 

ADDRESS DECODER 

A15 ~ 
LS138 

A14 ] ):>-c E, n 8085A A13 rr c 
A12 y 4 
All 

B 
A U ALE E3 

101M ~ I 
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80 

\8 

ICI.> 
60 

'< 
E 40 

i\ J 

() 

.E 20 

a 
l lf '----

t lOOns/div. 

Fig. 2.10 Power saving by S 

connected to WR and OE is connected to the RD output 
of the CPU. The RAMs which have OE input can avoid the 
data bus contention problem by use of R 0 output as an 
OE signal. 

~ WR I l l l l l l J J b AD READ COM MAN 

OE CE 

A15-Aa 
ADDRESS BUS 

~E~ h AlO 

Ao 
AD7 J A7 M58725P or M5L2716K 

I o Q~ 
ADo LS373 

OE Ul U2 U3 U4 U5 U6 U7 

07 

~ Address (Hex) 
DATA BUS I 

0 No. 

U 1 0OOO-07FF vcc~ 
Vpp/WR 

2 0800-1FFF ri\ !':w (~ r!J r:u r!J r!W I I 

3 IOOO-17FF I I I I j I I I I I I I J 
I 

If,i 1'1,: \1',1 lti t1~1 l'1-! I I 
4 1800-1FFF \ -' ' ... Jl \.; \ ... ' \'. I \) \ .... J 

WRITE COMMAND WI W2 W3 W4 W5 W6 W7 

U 

U 

U 

-U5 2000 27FF 
JUMPER SWITCH TO SELECT RAM OR EP-ROM 

U6 2800-2FFF 

U7 3000-37FF 

U8 3800-3FFF 

Fig. 2.11 Application circuit of M58725P 
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-s \ :/ 
1\ j 

-w \ If 
~ J 

~X;rr-____ :~z~W) tpzx(w) tpxz(s) 

00-07 Hi-Z Hi-Z [/"--------\ , \ 

RAM OUTPUT DATA OUT r, DATA OUT" r\'- _______ ~ ~ _______ J 

OE IS FIXED TO LOW 

ADo-AD7 ADDRESS DATA ~ CPU OUTPUT 

-
OE=H 

Fig. 2.12 Write cycle timing 

2. Application of M5M5118P 

WRITE DATA 

I 
I 
I 
I 
I 

"H": 
I 

"L'~ 
I 
I 
I 

MEMORY 

DATA BUS 

The M5M5118P offers easy memory expansion or battery 
backup due to its two chip select signals, but because of the 
lack of DE input, the data bus contention problem must be 
taken into consideration during system design. Fig. 2.12 
illustrates the timing diagram of the circuit shown in Fig. 
2.11. In this system, S is synchronous with ALE and Sis 
set to low before setting to W. Therefore, when a RAM 
without an DE terminal, like M5M5118P, or a RAM whose 
OE terminal is fixed to low is used, data input/output 
terminals are in the output state during the period shown 
by broken lines, causing contention of RAM and CPU out· 
puts, making a large current flow through each output 

transistor. Output bus contention should be considered 
only at the beginning of the write cycle, the period shown 
by cross hatching but is no longer a concern once write is 
completed because both outputs have the same phase. But 
data bus contention can be avoided when Sis turned to low 
simultaneously with W or right after W. This is because, 
when Sand Ware turned to low simultaneously, the output 
buffer circuit remains in high impedance state. This timing 
can be obtained by adding WR and RD as a condition of 
generating the chip select signal as shown in the application 
example in Fig. 2.14. 

Fig. 2.13 Data bus contention 
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ADDRESS DECODER 
LS138 

8085A 

ALEr-~------~+-----~ 

IOiM 

W SI 

Aa-AI5 1----------'-------1------.---;.01 M5M5118P 

E 

ADo-AD7~-----,----~D 

Power Fail 

Fig. 2.14 Circuit diagram for preventing data bus contention (Application circuit of M5M5118P) 

3. Precaution against Noise 

DATA 
OUTPUT 

Vee 

GND 

r 
If/ 

ft 

A 

OUTPUT CAPACITANCE 

:::::30pF 

I 

VHARGING CURRENT T 200 (rnA) 

100 

~ ~ o 
~ISCHfRGI~G j,~RRE~T 1 

~ f/\ 
o 

00 

When memories which have power saving function by chip 
selection shift from standby mode to operation mode, 
the supply current shows a change of several 10mA. In the 
read cycle, the discharging and charging currents for the 
output load capacitance run as peak currents to Vee and 
GND. The current increases with the number of output 
terminals, hence, for a static RAM of xB structure, the 
current is considerable. Fig. 2.15 shows the supply current 
waveform of the M5M5165P. Noises generated by large 
current changes narrow operating margins or induce faulty 
operation. Less consideration has been give to SRAM 
compared to DRAM in the past. Now, due to its con· 
siderable improvement on speed, SRAM has become 
susceptible to noise. Adequate consideration, therefore, 
must be given to the pattern design of the circuit board. 
To absorb noise, a O.1,uF ceramic capacitor is recommended 
to be placed between each device. 

Fig. 2.15 Waveform of supply current (M5M5165P) 
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APPLICATION OF CMOS RAM 

1. Power Down Characteristics 
The conditions that set supply current in the standby state 
are different from product to product. Fig. 2.16 shows 
differences of input circuits. M5M5116P has two chip select 
inputs with the power savirig function which is assigned 
only to 52' When 5;" is set to Vee level, the minimum 
standby is obtained. But 52 is not set to Vee level penitrate 
current runs into the first stage inverter of the 52 input 
buffer, as shown in Fig. 2.17. Therefore, in the case of 
system power failure, 52 must quickly be set to the Vee 
level to prevent the penitrate current and accompanied 
faulty operation. For the other inputs, there are no limita' 
tions on the input level, because all of the 9ther input 
circuits are controlled by S;. 

M5M5118P has two chip select inputs, 51 and 52, and 
when either of them is set to the Vee level, the device is 
set in the ~ompletestandby state. 

The M5M5165P has two chip select inputs, 51 and 52, 
both of which have the power·cut function. As the input 
circuit of 51 is controlled by 52, the circuit is in the com· 
plete standby state when 52 = GND. But when s;: = Vee, 
52 must be set to the GND level to accomplish the com· 
plete standby state. The distribution of standby current is 

shown in Fig. 2.18. The standby current of the full CM05 
RAM is so small that it enables a very long battery backup 
operation. (several 1 DOnA) On the other hand, the current 

(a) M5M5116P (b) M5M5117P 

Fig. 2.16 Difference of input circuits 
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of the mixed CM05 RAM (NM05 cell + CM05 periferal) 
is fairly large (several 10IlA). But, it can support battery 
back operation for the short term. The chois is made 
according to purpose and application. 
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Fig. 2.17 Penitrate current of CMOS inverter 
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Fig. 2.18 Distribution of standby current 
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NON·VOLATILE MEMORY SYSTEM 
We can relatively easily design a large non-volatile memory 
system with little additional interface logic by using CMOS 
RAMs. The block diagram of a basic computer system that 
uses CMOS RAMs is shown in Fig. 2.19, and the power 
supply on-off timing of the system are shown in Fig. 2.20. 
It is usually necessary to have advanced warning that AC 
power has been lost. This warning signal produced by the 
power-fail-detect circuit interrupts the processor, which 
stores the volatile data in the non-volatile area (CMOS 
RAMs) before the system's DC source drops. And after the 
RAMs have been protected, their Vee power source is 
replaced by VBAT, as shown in Fig. 2.20. 

I-_____ B_A_C_K~_U_P _PO_W_E_R_( V_B_A_Tl ______ ...... ot Vee VB" VSAe 

r __ ~---SY-S-T-EM~PO-W-E-R-(V-C-c)---~-~S~~~H~~~~~------, 

AC POWE R =:::> 
REGULATOR 

POWER~FAIL 

DETECT 
CIRCUIT 

POWER 
FAIL 

INTERRUPT 

SYSTEM BUS 

CIRCUIT 

MEMORY PROTECT SIGNAL 

Fig. 2.19 Non-volatile memory system 

""'--"----l~ AC INPUT 

CD 

~ / 
Vee 

@ 
RECTIFIED AC 

G) ------------ VTH . 

L-___ ~~ 
COMP~ OUT 

o 
NMI INTERRUPT _____ --:_....:;;j 

® (Power fal!) 

® 

SYSTEM RESET or MEMORY PROTECT 

CD 

Fig. 2_20 Power on-off timing 
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EXAMPLE OF CMOS NON-VOLATILE 
MEMORY SYSTEM 

Power-Failure Detection 
The power-fail-detect circuit watches a separate power 
supply point to provide an advanced warning of power 
failure_ As described before, this warning signal (power fail) 
can interrup the processor or merely protect the CMOS 
RAMs. 

SECONOARY SIDE 

MITSUBISHI LSls 

STATIC RAM 

Fig. 2.23 is a simplified diagram of the power-fail-detect 
circuit. This shows that the power failure is detected from 
the secondary transformer output, which is not regulated. 
The Zener-diode voltage and RC time constant should be 
well selected to prevent AC power failure from shutting 
down the memory system. 

VOLTAGE @ TO SYSTEM POWER 

REGULATOR 1-~-=---1r---. Vee 
L-==~:....J 

r 
Fig. 2.21 Power-fail-detect circuit 

Power-Switching Circuit 
The power-switching circuit replaces the main source 
Vee by the back-up power source VBAT when Vee drops, 
and replaces the VBAT by the Vee when the Vee voltage 
rises enough to enable normal operation. 

Two types of power-switching circuit are shown in Fig. 
2.22 and Fig. 2.23. The diode-coupled circuit in Fig. 2.22 
requires the main DC supply Vee to be above the required 
"BAe voltage by the amount of drop through the diode 
(about 0.6 ~ 0.7V). Fig. 2.23 shows a transistor-coupled 
circuit, which has better performance than the circuit in 
Fig. 4. In this case it is recommended to use a transistor 
with low collector-base saturation for Q1. 

U1 M51201 L (COMPARATORI 
U2 LS123 

~ 
U2 V2 ..J L. 
U2'j, -ft' 

t): Per,jod with no AC power. 

t2: Period of power fail operation (interrupt) 

01 

02 

- BACK-UP 
VBAT l POWER SUPPLY 

Fig. 2.22 Diode-coupled switching circuit 

,-__ """" __ ,,,\TRl r ____ ---V .. BAC 

03 

Vee + 04 

-=-- VBAT 

1 
Fig; 2.23 Transistor-coupled switching circuit 
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4. Application Circuits 
Fig. 2.24 shows an example of a non-volatile memory 
system using 64K bits CMOS RAM M5M5165P. 

In this case, the memory protect signal is detected from 
the system power supply Vee. However it is safer to pro­
tect the memory by taking the signal out of the non­
regulated power supply, as shown in Fig. 2.21. Because 
protection is excuted before the fall of Vee and reset after 
the rise of Vee. 

MITSUBISHI LSI. 

STATIC RAM 

[Bit Map] 
To make the best use of a test pattern or to do a failure 
analysis, it is necessary to know the relationship between 
external address and the actual cell location inside the 
chips. In such a case, a bit map is used to know the topol­
ogy of the memory array. Figs. 2.25 - 2.29 show the bit 
maps of all static RAMS which are in production. 

M5M5165P-LX4 32K BYTE CMOS RAM 

S:5~~~ Vee 
SUPPLY 

ADDRESS BUS 
kJ-A12 -----:."'--:::-.-~--I 

(kJ: LSB) 

MEMW MEMORY WRITE SIGNAL 
MEMR--~M~E~M~O~R-Y-R~E~A~D~S~IG~N~A~L~----~~--4-~+-~~~-+-+~--+-~ __ ~~ __ ~-J 

DATA BUS 
~-D7 ~-~B----~-'----~~---~-+L----~~L----4-~ 

ADDRESS BUS 

A13-A15 

(A15: MSB) 

cnO:: 
cnw 
wO 
0::0 
Ou 
Ow «0 

RAMl 

RAM2 

RAM3 

RAM4 

Fig. 2.24 Application of non-volatile CMOS Memory 
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Fig. 2.27 M5M2168S 
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3. EPROM 

3.1 EPROM Technology 
INTRODUCTION 
With their ability to be electrically programmed and erased 
with ultraviolet light, EPROM (Erasable and Programmable 
Read Only Memory) devices have achieved high popularity 
for their ease-of-use and are retaining their position as the 
target for memory development. 

Although the EPROM was originally developed for use 
as a microprocessor system debugging ROM, the device has 
undergone significant improvements in density, reliability. 
and basic process technology as well as cost per bit which 
have extended its usefulness beyond microprocessors into 
such equipment as cash registers, point-of-sale equipment, 
household appliances, entertainment equipment, and a 
variety of other fields. Since the introduction by Mitsubishi 
Electric of a p-channel 2K-bit EPROM, the development of 
n-channel devices has enabled remarkable improvements in 
access time, and density in the form of an 8K-bit device. 
The market is now being supplied with easy-to-use, single­
power supply 16K/32K bit devices and high-speed, 
large capacity 64K/128K bit devices. This section will 
briefly outline the progress made in EPROM technology 
including a description of circuit configuration and notes 
on applications. 
The Structure and Basic Operation of a Memory Transistor 
As shown in Fig. 3.1, increasing EPROM capacity has been 
accompanied by changes in the memory transistor struc­
ture. The 2K-bit device made use of a P·channel MOS 
transistor to form an insulated single-layer polysilicon 
floating gate. In contrast to this, devices of 8K·bit capacity 
and greater make use of n-channel transistors and two-layer 
gate structure with a control gate to which a voltage may be 
applied placed over the floating gate. A capacitance 
between the control gate and the floating gate form an 
acceleration field for electron injection to the floating gate. 
Programming is performed in the following manner. For 
programming operations a high voltage is applied to the 
drain and control gate. By virtue of the control gate, 
capacitance between control gate and floating gate a 
channel is formed between the source and drain through 
which a current flows. As a result, for high drain voltages 
current induced breakdown occurs. The hot-electrons pro­
duced as a result of this breakdown phenomena exceed the 
high energy barrier and are injected into the floating gate. 
By imparting a voltage to these injected electrons the 
control gate can have higher threshold voltage than before 
injection (refer to Fig. 3.2), and the read voltage may be 
applied to the control gate while maintaining an open cir­
cuit. This ends the write operation. This applies to the 
memory transistors used in presently available EPROM 
devices of 8K-bit capacity and over. Fig. 3.3 shows the 
programming characteristics (dependency of the th reshold 
value on the write pulse width) for 16K- and 32K-bit 
memory transistors. 

The injected charge is located on the floating gate 
which is surrounded by a 1,OOOA thick silicon oxide layer 
of good insulating characteristics, and is therefore retained 
for a long period. It is the retention of this charge which 
holds the written data. A significant feature of two·layer 
gate structure is the associated increase in density. As 
shown in Fig. 3.1, whereas in the single·layer gate an 
additional row selection transistor is required, the two·layer 
memory transistor eliminates this necessity by having the 
control gate serve two functions. 

COLUMN 
ADDRESS 

SE LECJlq.~ ---1 
ROW -8-­ADDRESS 

SELECTION 
GATE I 

l __ ~ 
(a) 2K-BIT 

(b) SK-BIT 

(0) 16K-BIT AND ABOVE 

Fig.3.1 Memory transistor construction 
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Z 
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a: 
OJ 
u 
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i 
I 
I 
I 
I 
I 
I ___ ..J 

Fig. 3.2 Variation in memory transistor threshold 
voltage (VGO: Read gate voltage, both 
vertical and horizontal scales are arbitrary) 
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The introduction of SK· and 16K·bit devices and greater 
was accompanied by improvements of control gate struc· 
ture. As shown in Fig. 3.1, whereas for the SK·bit device 
the side of the folating gate is completely covered by the 
control gate, this is not true of devices of 16K·bit capacity 
and greater. It should be noted that while significant im· 
provements in overall capacity has been made, chip size 
remains essentially unchanged, the 16K-bit chip size being 
merely S.2% greater than that for the SK-bit device. These 
devices have been improved to the 64K/12SK bit devices by 
decreasing the chip size vertically and horizontally. 

Erasing is done by exposing the device to ultraviolet 
light. The electrons on the floating gate receive the 
ultraviolet energy, pass through the oxide layer and escape. 
The transmittivity of ultr~violet radiation from a low 
pressure mercury lamp through polysilicon is low compared 
to silicon oxide. For this reason, the ultraviolet energy 
reaching the floating gate of 16K-bit and greater memory 
devices. using transistors without polysilicon sides is larger 
than the SK-bit structure. This results in shorter erase times 
for 16K-bit devices and over. Fig. 3.4 illustrates the change 
in threshold value by exposure of'ultraviolet energy. 

I 
f­
> 

o 

Vpp=25V 

50 

Fig. 3.3 Dependency of VTH on write pulse width (16K-bit 
and 32K-bit) 

I 
f­
> 

MEASURED WITH GL-l0 2cm AWAY 

16K-BIT 

20 40 60 80 100 120 

TIME (MIN) 

Fig. 3.4 Variation in VTH with erasure time 
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Fig. 3.5 EPROM Block diagram 

DoD,D2 D3D4DsD6 D7 

DATA INPUT/OUTPUT 

EPROM Circuit Configuration and Characteristics 
Circuit Configuration 

Fig. 3.5 shows the block diagram of an ultraviolet light 
erasable EPROM. Currently available devices are configured 
in S-bit words with the memory cells arranged in eight 
blocks. Input and output is performed in parallel by'means 
of the signal lines Do ~ D7 connected to these eight blocks. 
The address signals are divided into column decoder inputs 
and row decoder inputs. For a 12SK·bit EPROM, five 
address signals are input to the column decoder while 
nine address signals are input to the row decoder, the 
memory being arranged as a matrix of 2s (=32) columns 
by 29 (=512) rows. 

After decoding, the column signals are input to the 
column selection transistor gate which is connected to the 
memory cell drain. Finally, the decoder row inputs are 
connected to the memory control gates. Sense amplifiers 
and data in put/output buffers used in read and program 
operations are connected to the drains (data lines) of the 
memory cells controlled by the column selector transistors. 
Almost all of the chip area is taken up by the memory cells, 
address circuits, decoders, and data circuits, the remaining 
area being allotted to the important control circuits. 

These control circuits consist of the chip enable and 
output enable circuits. The former controls the power 
down operation or programming operations. The latter 
circuit controls the enabling or disabling of the output 
signal by means of the OEsignal. 16K-bit devices and over 
are provided with these two select/unselect control circuits. 
The two line control method is very effective for OR· 
connecting of multiple devices. If only one signal were 
allowed to control chip select and unselect, cases could 
arise where one chip is enabled for output before the 
previous chip goes into the floating state. 
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As shown in Fig. 3.6, this results in excessive current Table 3.1 Comparison of Available EPROM Devices 
flowing and the generation of power supply noise. In 
addition, data on the bus is unstable before and after 
address changes. This condition is called "the bus conten­
tion problem" and can be eliminated by using the CE as the 
chip enable and OE as the output enable signal in a two-line 
control mode. 
EPROM Operation, Characteristics, and Application Notes. 
The basic operations possible with an EPROM are program­
ming, read, and erase. These operations will be discussed 
with respect to 16K- and 32K-bit devices along with some 
precautions for use. Table 1 summarizes a comparison of 
the characteristics of EPROM devices currently available. 

(1) Programming Operations 
The normal state of all cells for an EPROM device when 
shipped or after erasure is "1", programming operations 
change the memory cell contents to O. Programming 
operations are performed in groups of 8 bits (one word). 
After applying the programming voltage to the program­
ming pin and selecting the program mode, the address data 
is set up. Next, a programming pulse of the required width 
is input. The active state of this pulse depends on the device 
(for instance, for 16K-bit devices the pulse is active high 
While for 32K, 64K and 128K-bit devices it is active 10wL 
so that care should be taken when generating this pulse. 
Although it is often thought that the higher the pro­
gramming voltage and the wider the programming pulse, 
the more effective the programming operation will be, the 
device characteristics dictate that the best programming 
will be achieved by setting these values to the central 
specification values. In perticular, the maximum allowable 
voltage for programming that may be applied to the Vpp 
pin is 26V. Care must be taken that the Vpp supply doesn't 
overshoot the 26-volt maximum specification. Programming 
for both 16K- and 32K-bit devices can be performed .in 
any arbitrary order, further simplifying the programming 
operation. 
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Fig. 3.6 Fighting for an OR-connected bus 

MEMORY 
CAPACITY 

(BITS) 

TYPE 

CHANNEL 
TYPE 

CHIP AREA 

ADDRESS 
ACCESS 

TIME (MAX) 
POWER 

DISSIPATION 
(MAXI 

POWER 
D I ~~'~ AB\tON 

SUPPLY 
VOLTAGES 

ADDRESS 

DATA 
OUTPUT 

2K 3K 
(256X8) (1024X 8) 

M5L1702AS M5L2708K 

p n 

14.2mm2 17 .8mm2 

1000ns 450ns 

600mW 800mW 

0.3mW 0.1mW 

+S. -9V 
+S, -S, 
+12V 

FLOATING STATE 

Fig. 3.7 Read timing diagram 

(2) Read Operation 

16K 32K 
(2048X 8) (4096X8) 

M5L2716K M5L2732K 

n n 

19.3mm 2 22.5mm 2 

4S0ns 450ns 

52SmW 787mW 

0.03mW O.02mW 

+SV +SV 

The read mode is enabled by lowering the program voltage 
and using the chip enable signal to select the chip, and the 
output control signal to enable the output of the memory 
contents at the selected address. The chip enable signal 
serves also as the power down signal, enabling an extreme 
limitation on power consumption for the non-selected 
periods, Access time is specified in terms of chip enable, 
address, and output enable access times, the power down 
feature making the chip enable access time generally the 
longest. Operating conditions and output timing should be 
carefully considered as high temperatures and excessive 
output loads have an adverse affect on access time. Fig. 3.7 
shows the read timing for 16K-bit and 32K-bit devices with 
Fig_ 3.8 and Fig. 3.9 giving the chip enable access time 
dependency on temperature and load capacitance. 
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(3) Erasure 
Erasure is performed by exposing the chip to ultraviolet 
light. Fig. 3.4 shows the change in memory transistor 
threshold value with relationship to ultraviolet radiation. 
The erasure time should be selected to allow for variations 
in the memory transistor characteristics. Fig. 3.10 shows 
the relationship between the ultraviolet radiation time and 
the number of bits erased. Verification of erasure by means 
of a PROM programmer should not be assumed to indicate 
that the EPROM is sufficiently erased. While the required 
erasure time depends upon factors such as the type and 
condition of the lamp used and the distance to the device 
being erased, the actual erasure procedure should be con­
tinued for a period of five times the time required to 
erase all cells as verified by a PROM programmer. General· 
Iy, for 16K· and 32K·bit EPROMs, the erasure time for a 
G L-1 0 lamp 2.5cm away from the device is between 15 and 
20 minutes. 

The erasure characteristics for 8K -bit EPROMs differs 
from those for 16K-bit and greater capacity for structural 
reasons, with the differences extending to the degree of 
influence of sunlight and fluorescent lighting on the 
inadvertent erasure of data. To prevent such long term 
ambient radiation from affecting electrical characteristics, 
the use of a seal to cut out such radiation for normal use 
is required. 

100 

~ 
80 
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r-
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0 60 
UJ 
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Fig. 3.9 2716 Chip select access time load capacitance 
dependency 
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Fig. 3.10 Erasure characteristics example for 2716 and 
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3.2 APPLICATION OF EPROMS 
EPROM control functions 

EPROM control functions are provided to simplify, inter­

face and allow full utilization of performance. A new 
generation of dual-control function EPROMs has become 

popular which has both a chip enable (CE) and an output 

enable (OE) control input. 

CE (Chip Enable, active low) 

The falling edge of CE activates the address input buffers 

and latches the address in preparation for the address 

decoders and the sense amplifiers to perform their function. 

This acts also as a power control function, allowing the 

device to enter a low-power standby mode when the CE 

input is disabled. 

OE (Output Enable, active low) 

OE controls the device's output buffer, and is used to avoid 

bus contention since the device's output can be turned on 

and off directly by the processor. The CE and OE control 

functions are ANDed inside the device. This means that 
only the simultaneous application of CE and OE will 

activate the output of the device. (When either of CE or OE 

is not active, the output buffer of the device goes into the 

high-impedence state.) 

Microprocessor interface 
As described above, EPROMs can be interfaced easily to 

microprocessors using the CE and OE functions_ A typical 

example is shown in Fig. 3.11. The address from the 

microprocessor is decoded by the bipolar PROM which 

generates the primary decoded signal CEo Next, rear! 

memory command from the microprocessor enables OE. 

This decoding method makes possible a substantial power 

saving. 

EPROM package compatibility and design technique 

As the density of EPROMs increase, more address pins will 

be needed for higher density devices. But the EPROM 

family has similar pin configurations maintain which keeps 

the compatibility with each memory size devices. The 

pinouts of the family are shown in Fig. 3.12 which have 

different signals at the dotted pinouts only. It may seem as 

though the 28-pin package is not compatible with the 24-

pin devices, but the lower 24 pins are indential to the 24-

pin package of 2716 or 2732 as shown in F ig_ 3.12. 
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Fig. 3.11 Microprocessor-EPROM interface example 
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The pinouts of the EPROM family enable the memory 
design to support 2K-, 4K-, and 8K-byte EPROMs, which 
require some techniques of address decoding and print 
circuit board layout. Fig. 3.11 shows now the EPROM 
family may be connected to the very popular M5L8085A 
microprocessor. The high-order microprocessor address 

2764 

2732 2716 
Vpp 

A'2 

A7 A7 A7 

A6 A6 A6 

A5 A5 A5 

A4 A4 A4 

A3 - A3 A3 

A2 A2 A2 

A, A, A, 

Ao Ao Ao 

DO Do Do 

0 , 0, 0, 

O2 02 02 

GNO GNO GNO 

Fig. 3.12 EPROM Family pinouts 

Table 3.2 PROM Address Map 

bits are fed to a 256x4 bipolar PROM for address spatial 
decoding. The PROM allows the address space to be re­
defined at any time so that various EPROMs can be used. 
The jumpers W1 and W2 are used to define the type of 
EPROM according to the table in Fig. 3.11. The address 
map of the PROM is shown in Table 3.2. 

2764 

2716 2732 
Vee 

PGM 

Vee Vee NC 

As As As 

Ag Ag Ag 

Vpp A" A" * 
OE OE/Vpp OE * 
AlO AlO AlO 

CE CE CE 

07 07 07 

06 06 06 

05 05 05 

04 04 04 

03 03 03 

!~ 
GNO 

Microprocessor's address 
W2-2 W2-1 

Decoder add A'5 A14 A'3 
. ress A7 A6 A5 A4 A3 A2 

0 0 0 L- L- L-

2716 mode 

0 0 1 L- L- 0 

0 
2732 mode 

1 

1 

0 1 0 L- 0 0 

0 1 
2764 mode 

1 0 

1 1 

0 1 1 * * * 
Not used t t ! ! ! ! 

1 1 1 1 1 1 

Note: * md~cates 0 or 1 .6. mdlcates 0 or 1 which defines the EPROM's page address 
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A'2 A" 
Decoder outputs 

A, Ao 0, 02 03 04 

0 0 0 1 1 1 

0 1 1 0 1 1 

1 0 1 1 0 1 

1 1 1 1 1 0 

0 * 0 1 1 1 

1 * 1 0 1 1 

0 * 1 1 0 1 

1 * 1 1 1 0 

* * 0 1 1 1 

* * 1 0 1 1 

* * 1 1 0 1 

* * 1 1 1 0 

* * 1 1 1 1 

t ! 
1 1 
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EPROM 

(MSL2716K,MSL2732K,MSL2764K,MSL27128K) 

Functional description of M5LB041 A-006P 

General 

M5L8041 A-006P is a slave computer LSI which is designed 
for EPROM writer control using a mask-programmed 

M5L8041 A-XXXP. The operation mode of the PRPG is 

defined by the master microprocessor. So it is programmed 

by the system's software as an I/O peripheral. 

Command description 

There are 7 commands provided for programming the 

PRPG. These commands are sent on the data bus with the 

signal CS at low and the signal Ao at high and are stored in 

the PRPG at the rising edge of the signal WR. 

The summary of PRPG's commands and status is shown in 
Table 3.3. 

PRPG Timing and interfacing 

PRPG's operation timing are triggored by the commands 

are shown Table 3.3. There are two operation modes, 2716 

mode and 2732 mode, whose timing are shown in Fig. 3.13 

and Fig. 3.14. 

Application for EPROM writer 

Introduction 

M5L8041A-006P is one of the applications for EPROM 
writer controller which can interface to microprocessors 

(e.g. 8080A, 8085A, 8086). EPROM writer design is 

simplified by using M5L8041A-006P. 

Features of the M5L8041 A-006P; 

• EPROM write controll for the 2716 or 2732 

• Fully compatible with Mitsubishi microprocessors 

• Reduces the master microprocessor's program for 
EPROM writing. 

PRPG interface and timing 

An example of PRPG interfacing is shown in Fig. 3.15. 

Using the PRPG, the design of the EPROM writer is 

simplified. M5L8243P is used for the port expander of 

PRPG. 

PRPG's operational timing is managed by the commands 

shown in Table. 3.3. There are two operation modes (i.e., 

2716 and 2732 mode) whose timing is shown in Fig. 3.13 

and Fig. 3.14 respectively. If the mode set command is not 

equal to the hardware switch to select 2716 or 2732 in the 

Fig. 3.15, the mode will not be set and the FAIL LED will 

light. 

Design example of EPROM/RAM board 

Fig. 3.16 presents the design example of EPROM/RAM 

board which is fully compatible with the proposed I E3_ 

P796 bus standard. The M5L2716K, M5L2732K or 

M5L2764K can be used in this board, and also 2Kx8 bit of 

RAM (M58725 P) can be mixed with M5L2716K. 

• MITSUBISHI 
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Table 3.3 M5L8041A·006P (PRPG) Function Table 

I\ICOMMANDI 
STATUS 

Mode set 

Address set 

Blank check 

DESCRIPTION 

Defines the operation 
mode of PRPG 

Defines the start 
address (SPA) and the 
end address (EPA) 
of programing 
EPROM 

Checks the 
programming 
EPROM if it is erased, 

CODE 

MSB LSB Ao 

I ~ [ 0 I 0 I 0 10 I 0 IF 1 r 01 l2JCPROM Selection { 

~Iectlon of clock { 
Input 

o 

o 
o 

2716 Mode 
2732 Mode 

o 3.58 MHz 
4.194303 MHz 
6 MHz 

----' 

MSB LSB Ao MSB LSBAo 

1st byte (SPA) HIGHER i 
2nd byte (SPA) LOWER 0 

After providing Address set command, it is necessary 
to pr.ovide following 4 bytes of SPA and EPA 3rd byte (EPA) HIGHER 0 
continually. 4th byte (EPA) LOWER 0 

11111,1'[01010[01 l2J 

MSB LSB AO 

1'101'1'101010101 l2J 

LED DISPLAY 

PASS FAIL 

PASS~ON I FAIL~ON 
When mode is set correctly_ When program. med mode is 
(Mode request LE D not coincident with 

turns off.) hardware sWitch. 

PASS ~ ON 
If EPROM is erased. 
(i.e. All data are FF16 ) 

FAIL ~ ON 
1 SPA>SPB 
2 SPA EPA 

2716 :;'800" :;. 800" 
2732 ~ 1000'6 ~ 1000,6 

FAIL~ON 

If EPROM is not erased. 

NOTES 

It is necessary to provide 
mode set command after 
power on. A her mode is 
set, the operation mode is 
available until the other 

mode is set. 

A bytes commands after 

address set command 
should provide with AD 
input low-level. 

o ~-------4---------------4-------------------------------------------------------------+------------------~-----------------+------------------~ 
~ Writes the data to the MSB LSB Ao 

~ ~:~O~a;,:;c~pa~ea~~t 1, [ 0 [1 [ 0 [ 0 [ 0 [ 0 [ 0 I OJ 
8 . rerifies the written 

EPROM write data if they are 

Ul 
::0 
f--

""" In 

Verify 

Automatic 
write 

Copy 

Write data 
buffer full 

correctly programmed. 

Checks the programmed I MSB LSB Ao 

;~r~e~~yif it is written [1 [1 [ 0 [1 [ 0 [ 0 I 0 [ 0 I [2J 

Executes the 
commands 3 , 4 , 5 
automatically. 

MSB LSB Ao 

1'11101010\010101 QJ 

Transfers the EPROM'sl MSB LSB AO 

data where are difined l' l' 11 10 I 0 I 01 0 [ 0 I f1l 
seA and ECA to the U 
master CPU. 

Indicates if write 
data buffer in the 
PRPG are full or not. 

After providing Copy command, 

it is necessary to provide following 

4 bytes of SCA and ECA. 

MSB LSB AO 

\-\-\-I-I-I-Id-J GJ 

After providing this command, PRPG generates 
EPROM programming timing pulse. 

After providing this command, PRPG compares 
the programed data with the source data of 

master CPU. 

MSB LSB AO 

1st byte (SCA) HIGHER i 
2nd byte (SCA) LOWER 0 

3rd byte (ECA) HIGHER 0 

4th byte (ECA) LOWER 0 

o PRPG data buffers: full 
1 PRPG data buffers: not full 

PASS ~ ON 
When programming 
finishes completely_ 

FAIL~ON 

If it is not able to write 
correctly in the EPROM 
address. 

(SPA- EPA) 

PASS~ON I FAIL~ON 
When the programed data If the programed data are 

are equal to,the source data. not equal to the source data 

PASS ~ ON 
When theJe is no error 

in 3 and 5 command. 

PASS ~ ON 
When data transfer finishes. 

FAIL ~ ON 
When there are any errors 

in 3 and 5 command, 

FAIL ~ ON 
Same condition as 

command 2 

seA =:: start address of copy 
data 

ECA =:: start address of copy 
data 

The status is used by 

4 or 6 command. 
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Vpp CONTROL PS3 (Vpp~25VI 

P,S 

CE I. .1 I I 
P70 50ms I I I 

I I I I I 
1 I I 

OE P7I I I: I 
1 I I I I 
I I I 

PlO 

! 
I I 

! X i >+-< DATA I 
P17 

I I 
1 

p. I 1 

! i ADDRESS Ps I I 
Ps 

I 
1 I I I 
1 I I I I I 
1 I I I I 
I I· 

DATA PROGRAM ..,1 I DATA VERIFY I 
I I 

I~ ')I 

I EPROM WRITE COMMAND IE 

Fig. 3.13 2716 Programming timing 

Vpp/OE PS3 

CE 

(Vpp~25VI 

Is 50ms ~U 
I 
I 
I 
I 
I 
I 

Vpp=OV 

H 
I I 
I I 
I I 
I 1 

1 I 

u 

~ 
~ 

DATA PiO ----+I ........ '"======t)---+O[====1 P17 I \.. 

: 
P4 

ADDRESS Ps 

Ps 

I 
I 

____ ~I-JX~------~----+-~----~ 
: 
I .. 

I 

-I 
DATA VERIFY 

~ 
DATA PROGRAM 

EPROM WRITE COMMAND 

Fig. 3.142732 Programming timing 
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I :=x 
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X C 
I 
1 
I 
I 
I 
I 

"IE 

I 
I 
I 

COPY, VERIFY, BLANK CHECK 
• 

~ 
I 
I 
I 
I 

!~ 
I 
I 

b~---'x,---r:= 
I 
1 
I 
I 

~I' 
COPY, VERIFY, BLANK CHECK 
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'" a IN 30V IpG > 30 rnA 

CHIP SELECT IFRDM ADDRESS DECODER} 

ADDRESS AO--------~----------------_1 

I/O 
WRITE COMMAND qWR 

VPG 

UPPER SIDE 2732 
LOWER SIDE 2716 

VZ' 2.6 - 2.8V 

VZ2 5.5 - 5.8V 

VZ 3 24.3 - 24.5V 

VPP/All I I II 90ENPP 
READ COMMAND qRD PH CS' 

'DO (0 ILSB} 01 11 

02 2 

04 I 4 DATA BUS 1 05 I 5 103 PII 3 

~:: ~: c"C-
~'" l IMSB} ~'5LB041AI P701---

' -006P P
71 

IP20 P4C 
10K """ I'" , ' .. 
r-_ 'I '"I I'" " '. '" iii '" I '"I Ie" • c .. !l c: I '"I , '" 
"'ID" c"l I moc c" i'! ili f>o ] P" 

:r '" ,w" >-1" '""I '<0 c .. 

- " ' .. 

III I~ 
~------------------------~AO 

~----------------------------1A1 

~----------------------------~A2 

~----------------------------~A3 

.~---------------------------;A4 

~--------------------------_1A5 

~------------------------~A6 

~---------------------------4A7 

~------------------------~A8 

IC SOCKET 

2716/32 

P63 
Hor I H L I L 

Fig. 3.15 Design example of PRPG. 
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00 8 
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~ 6 61 7 
M 4 
~ 5 
~ 2 
~ 3 

1 19 P1 

"""! DAT6' : OAT5 * 
OAT4" , 
DAT3" ~ 
OAT2 .. 
DATl .. 
DATO * I 

11~~~~~f~~~~§~lDIR Oc ~~ OAT 6 

14 OAT 5 
E9 130AT4 

1[33 16 OAT 3 
LS64015DAT2 

18 OAT 1 
17 DATO' 

GNo 

DEN 01 
10 

I 
OEN 7/ 

Ro 1 

16 c:;? 

AORD 

1~ AI2 
18 D? 
17 D6 
16 05 
15 0 4 

13 0 3 

12 O2 

11 ~1 
21 Do All A13 A16 
24 Alo 
25 A9 ROM/RAM 

; ~~ 1[6 le7 le9 ARRAY 

5 A, 
6 A, 
7 A, 
8 A, 

A, 
10 Al 

22 Ao 
- TI ~ 

?4 W/VPp/AI I W/VPP /All 

1[17 IC19 1[21 1[23 

I ROM/RAM 
ARRAY 

A~Rl ~::==~13=======i~A~O~R1~-~A~D~RB~'~A~O~R~D==~~~=-=~~====~f=~~~~~~~~~~~,r~~~~~~~~~~~~~~~~~~~~~~~~J. ADRO 
EE~O/ ____ ~ ______ -+ ______________________________ ~ 

EEN 7/ 

AORC 

SELECT 

11-12 ROM 
11-10 RAM 

~b2jJ ROM/RAM 

-;4 SELECT 

WR/------------------------------------------------~--------------------~--------------~--------------~ 

Fig. 3.16 Design example of EPROM/RAM board (1/2) 
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IC 116 

WRI 

Pl 

Jumper Connections and Functions [23l x ACK * 
LS368 No. Function 

7 -8 I Selects 64K8 of the 1MB memory address space {7-8 are the MSB) 

~=S All closed: OOOOO,b ..... OFFFF,~ 
Wl 1-2 All open: FOOaO '" ..... FFFFF1~ 

9-
ADR8' 11-
ADRA' Vii--:--: 
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ADR4' , ADRE 8~~~i I 
ADR3' OE"'"' I 
ADR2' OE 
ADRl ' OE 
ADRO • OEI 

ADRF 11I ______ ~~~EIE~N!7!/--------------------------__ ;c------

ADRE EEN61 
~g~g EEN51 

1/8 LS244 EEN41 

17 3 ~~~~; 
: E2 IC27 EENll 8 
: 3/8 EENOI 

EEN71 
I 

1 
I 
: 1/8 LS244 
I I 13 7 D 3 

INH2' 26 E2 IC261/4 IXACK GATE) 

6 __ SPACE GATES IC28 IC26 IC24 
IC25212 SEN IC27 (LS244) (LS240) (LSOOI (LS86) 

¥~4~~ 
~'6 ~_.,L2 ~8 ~6 

ADRO PEN 6 14 ~ ~ ~ 
'~ 12 9 8 
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Fig. 3.16 Design example of EPROM/RAM board (2/2) 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 
JAPAN================ 
Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 
Telephone: (03) 218-3473 

(03) 218-3499 
Facsimile: (03) 214-5570 

Overseas Marketing Manager 
Kita-Itami Works 
4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 
Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 

HONG KONG======== 
Ryoden Electric Engineering Co., Ltd. 
22nd fl., Leighton Centre 
77, Leighton Road 
Causeway Bay, Hong Kong 
Telex: 73411 RYODEN HX 
Telephone: (5) 7907021 
Facsimile: (852) 123-4344 

TAIWAN=============== 
MELCO TAIWAN CO., Ltd. 
6th fl., Chung-Ling Bldg., 
363, Sec. 2, Fu-Hsing S. Road, 
Taipei, R.O.C. 
Telephone: (704) 0247 
Facsimile: (704) 4244 

U.S.A. ============ 
NORTHWEST 
Mitsu bishi Electronics America, Inc. 
1050 East Arques Ave. 
Sunnyvale, CA 94086, U.S.A. 
Telex: 172296MELASUVL 
Twx: 910-339-9549 
Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 

NORTH CENTRAL 
Mitsubishi Electronics America, Inc. 
799 North Bierman Circle, 
Mt. Prospect, I L 60056, U.S.A. 
Telex: 270636 MESA CHI-MPCT 
Telephone: (312)298-9223~8 

Facsimile: (312) 298-0567 

Mitsubishi Electronics America, Inc. 
15612 HWY 7 #243 
Minnetonka, MN 55345, U.S.A. 
Telex: 291115MELAMTKA 
Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 

NORTHEAST 
Mitsubishi Electronics America, Inc. 
200 Unicorn Park Drive 
Woburn, MA01801, U.S.A. 
Telex: 951796 MELASB WOBN 
Twx: 710-348-1229 
Telephone: (617) 938-1220 
Facsimile: (617) 938-1075 

MID-ATLANTIC 
Mitsubishi Electronics America, Inc. 
110 New England Ave. 
West Piscataway, NJ 08854 U.S.A. 
Telex: 833244 MESANJPWAY 
Twx: 710-991-8584 
Telephone: (201) 981-9256 
Facsimile: (201) 981-9256 

SOUTHWEST 
Mitsubishi Electronics America, Inc. 
991 Knox St. 
Torrance, CA 90502, U.S.A. 
Telex: 664787 MELA TRNC 
Telephone: (213) 515-3993 
Facsimile: (213) 324-6578 

SOUTH CENTRAL 
Mitsubishi Electronics America, Inc. 
3247 West Story Road, 
Los Colinas Business Park 
Irving, TX 75062, U.S.A. 
Telephone: (214) 258-1266 
Facsimile: (214) 659-9313 

SOUTHEAST 
Mitsubishi Electronics America, Inc. 
Town Ex. CTR., 6100 Glades Rd. #210 
Boca Raton, FL 33433 U.S.A. 
Twx: 510-953-7608 
Telephone: (305) 487·7747 
Facsimile: (305) 487·2046 

WEST GERMANY===== 
Mitsubishi Electric Europe GmbH 
Headq uarters: 
Gothear Str. 6 
4030 Ratingen 1, West Germany 
Telex: 8585070 MED D 
Telephone: (02102) 4860 
Facsimile: (02102) 486-115 

Munich Office: 
Arabellastra~e 31 
8000 Munchen 81, West Germany 
Telex: 5214820 
Telephone: (089) 919006-09 
Facsimile: (089) 9101399 
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FRANCE========= 
Mitsubishi Electric Europe GmbH 
65 Avenue de Colmar Tour Albert ler 
F-92507 Rueil Malmaison Cedex, 
France 
Telex: 
Telephone: 
Facsimile: 

202267 (MELCAM F) 
(01) 7329234 
(01) 7080405 

ITAL Y ============ 
Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 
20041 Agrate Brianza I-Milano 
Telephone: (039) 636011 
Facsimile: (039) 6360120 

SWEDEN============ 
Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 
5-19149 Sollentuna, Sweden 
Telex: 10877 (meab 5) 
Telephone: (08) 960468 
Facsimile: (08) 966877 

U.K. =============== 
Mitsubishi Electric (U.K.) Ltd. 
Centre Point, (18th Floor), 
103 New Oxford St., 
London WC1, England, U.K. 
Telex: 296195 MELCO G 
Telephone: (01) (379) 7160 
Facsimile: (01) (836) 0699 

AUSTRALIA ======== 
Mitsubishi Electric Australia Pty. Ltd. 
73-75, Epping Road, North Ryde, 
P.O. Box 1567, Macquarie Centre, 
N.S.w., 2113, Australia 
Telex: MESYD AA 26614 
Telephone: (02) (888) 5777 
Facsimile: (02) (887) 3635 
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