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- - MEMORIES SELECTION GUIDE

NOTES
Boldface denotes industry standard part numbers.
Operating temperature ranges —

MOS: 0°C to 70°C

CMOS: -40°C t0'85°C and -55°C to +125°C

ECL: Consult individual data sheets
TTL Military, 55°C to +125°C; Commer0|a| 0°C to 70°C.

FOOTNOTES
ss Second source

1 MOS power supplies —
Three +12, +5 V
One +5 V
All MOS outputs are three-state except the 6570 and 6580 series which are open-collector.

2 Character generators include shifted and unshifted characters, ASCII, alphanumeric control,
math, Japanese, British, German, European, and French symbols.
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MEMORIES SELECTION GUIDE (continued)
RAMs

. . Number
Organization Part Number Access Time of Power Num'ber Second
(ns max) . of Pins Source
Supplies?! }
MOS DYNAMIC RAMs
4096 x 1 MCM4096-6 . 250 3 16 ss
4096 x 1 MCM4096-16 300 3 16 s
4096 x 1 MCM4096-11 350 3 16 s
4096 x 1 MCM4027A-2 150 3 16 s
4096 x 1 MCM4027A-3 200 3 16 5
4096 x 1 MCM4027A-4 250 3 16 s
4096 x 1 MCMB604A ‘ 350 3 16
4096 x 1 MCM6604A-2 250 3 16
4096 x 1 MCM6604A-4 300 3 16
4096 x 1 MCMG6605A 300 3 22
4096 x 1 MCMGB6605A-2 200 3 22
16,384 x 1 MCM4116A-15 150 3 16 / ss
16,384 x 1 MCM4116A-20 200 3 16 58
16,384 x 1 MCM4116A-25 250 3 16 KX
16,384 x 1 MCM4116A-30 300 3 16 58
16,384 x 1 MCM4516A-15* 150 1 16 sS
65,536 x 1 MCM6664A-15* 150 1 16 ss
MOS STATIC RAMs
128 x'8 : MCM6810 . 450 1 24
128 x 8 MCM68A10 360 1 24
128 x 8 MCM68B10 250 1 24
1024 x 4 MCM2114-20 200 1 18 ss
1024 x 4 MCM2114-25 250 1 18 ss
1024 x 4 MCM2114-30 300 1 18 58
1024 x 4 MCM2114-45 450 B 18 5§
1024 x 4 MCM21L14-20 200 1 18 s8
1024 x 4 - MCM21L14-25 250 1 18 ss
1024 x 4 MCM21L14-30 300 1 18 5§
1024 x 4 MCM21L14-45 450 1 18 s
1024 x 1 MCM2115A 45 1 16
1024 x 1 MCM2125A 45 1 16 |
4096 x 1 MCM6641-20 200 1 18 58
4096 x 1 MCM6641-25 250 1 18 58
4096 x 1 MCM6641-30 300 1 18 ss
4096 x 1 MCM6641-45 450 1 18 58
4096 x 1 MCM66L41-20 200 1 18 ss
4096 x 1 MCM66141-25 250 1 18 55
4096 x 1 ] MCM66L41-30 300 1 18 ss
4096 x 1 MCM66L41-45 450 1 18 55
4096 x 1 MCM2147-55* 55 1 18 s
- 4096 x 1 MCM2147-70* 70 1 18 S8
4096 x 1 . MCM2147-85* 85 1 18 " ss

*To be introduced.
See Notes on Page 1-2.



MEMORIES SELECTION GUIDE (continued)

MCM93425*

Number
L Access Time Number | Second
Organization Part Number \ (ns max) of Pov_ver of Pins Source
] Supplies
- CMOS STATIC RAMs
64 x1 MCM14505 180** 1 14
256 x 1 MCM14537 700** 1 16
64 x4 MCM14552 700** 1 24
266 x 4 MCM148101-1 450 1 22 58
256 x 4 MCM145101-3 650 1 22 s8
256 x 4 MCM145101-8 800 1 22 s5
4096 x 1 MCM146504 450 1 18 s
1024 x 1 MCM146508* 460 1 16 ss
1024 x 1 MCM146508-1* 300 1 16 55
1024 x 1 MCM146518* 460 1 18 ss
1024 x 1 MCM146518-1* 300 1 18 ss
**Typical access time @ Vpp = 10 Vdc.
Organization Part Number Access Time Output Nur.nber Second
{ns max) Pins Source
ECL BIPOLAR RAMs
8x2 . MCM10143. 16 ECL Output 24
256 x 1 MCM10144 26 ECL Output 16 ss
16 x4 MCM10145 15 ECL Output 16 58
1024 x 1 MCM10146 29 ECL Output 16 s
128 x 1 MCM10147 15 ECL Output 16 58
- 16x4 MCM10148 15 ECL Output 16
256 x 1 MCM10152 15 ECL Output 16 ss.
- TTL BIPOLAR RAMs
256 x 4 MCM93412* 45 Open-Collector 22 ss
256 x4 MCM93422* 45 Three-State 22 s
1024 x 4 MCM93415* 45 Open-Collector 16 s
1024 x 4 45 Three-State 16 58

*To be introduced.

See Notes on Page 1-2.




MEMORIES SELECTION GUIDE (continued)
EPROMs

. Number
Organization- Part Number Access Time of Power Num.ber Second
(ns max) . of Pins Source
Supplies!
MOS EPROMs
1024 x 8 MCM2708 450 3 24 ss
1024 x 8 MCM27A08 300 3 24 5§
1024 x 8 MCM68708 450 3 24 KX
1024 x 8 MCM68A708 300 3 24
2048 x 8 TMS2716 450 3 24 58
2048 x 8 TMS27A16 300 3 24 ss
2048 x 8 MCM2716* 450 -1 24 s
2048 x 8 MCM27A16* 350 1 24 58
4096 x 8 MCM2532* 450 1 24
8192 x 8 MCM68764* 450 1 24 Ky
PROMs
Organization Part Number Access Time Output Nur_nber Second
(ns max) Pins Source
ECL PROMs ,
32x8 MCM10139 25 ECL Output 16 s
256 x 4 MCM10149 30 ECL OQutput 16 ss
TTL PROMs
64 x 8 MCM5003/5303 125 Open-Collector 24 s
64 x 8 MCMb004 /5304 125 2K Pull-Up 24 s
512 x4 MCM7620 70 Open-Collector 16 ss
512 x4 MCM7621 70 Three-State 16 s
512 x4 MCM7640 70 Open-Collector 24 s
512 x4 MCM7641 70 Three-State 24 s
1024 x 4 MCM7642 70 Open-Collector 18 s
1024 x 4 MCM7643 70 Three-State 18 s
1024 x 8 MCM7680 70 Open-Collector 24 s
1024 x 8 MCM7681 70 Three-State 24 s
2048 x 4 MCM7684* 70 Open-Collector 18 58
2048 x 4 MCM7685* 70 Three-State 18 s

*To be introduced.
See Notes on Page 1-2.
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MEMORIES SELECTION GUIDE (continued)

ROMs

. Number
Organization Part Number Access Time of Power Num‘ber Second
(ns max) . of Pins Source
Supplies
MOS STATIC ROMs
Character Generators?
128 x (7 x B) MCM6670 -350 1 18
128 x (7 x 5) MCM6674 350 1 18
128 x (9 x 7) MCM66700 350 1 24 ss
128 x (9 x 7) MCM66710 350 1 24 S8
128 x (9 x'7) MCM66714 350 1 24 . ss
128 x (9 x 7) MCM66720 350 1 24 ss
128 x (9 x 7) MCM66730 350 o1 24 s
128 x (9 x 7) MCM66734 350 1 24
128 x (9 x 7) MCM66740 350 1 24 ss
128 x (9 x 7) MCM66750 350 1 24 5§
128 x (9 x 7) MCM66760 350 1 24 ss
128 x (9 x 7) MCM66770 350 1 24
128 x (9 x 7) MCM66780 350 1 24
128 x (9 x 7) MCM66790 350 1 24
Binary ROMs
1024 x 8 MCM68A30-8 350 1 24
1024 x 8 MCM68A308-7 350 1 24
2048 x 8 MCM68A316-91 350 1 24
1024 x 8 MCM68B30A 250 1 24 ss
1024 x 8 MCM68A30A 350 1 24 ss
1024 x 8 MCM68B308 250 1 24 ss
1024 x 8 MCM68A308 350 1 24 5§
2048 x 8 MCM68A316E 350 1 24 ss
2048 x 8 MCM68A316A 350 1 24 ss
4096 x 8 MCM68A332 350 1 24 ss
4096 x 8 MCM68A332-2* 350 1 24
8192 x 8 MCM68A364* 350 1 24 5§
8192 x 8 MCM68A364-3* 350 1 24
8192 x8 MCM68B364-3* 250 1 24
CMOS ROM
[ 256x4 MCM14524 1200 1 16

*To be introduced.

See Notes on Page 1-2.
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MEMORY SYSTEMS

For most purposes, memory systems are as unique and individualistic as is the variety of
equipment in which they are used. There are, however, some computer systems — micro-
computers and minicomputers — whose widespread acceptance results in the use of large
numbers of memory systems of a specific architecture. Some of these have been identified,

resulting

in the standard,

requirement and broad-based sales, these systems represent excellent values.

ADD-IN SYSTEMS FOR MICROCOMPUTERS

inventoried systems described below. Due to large-volume

Organization
16K x 9 BK < 8
Application 32K < 8 Parity 16K < 8 Parity 8K > 8
Option Option
For 6800 Systems
Dynamic RAMs
Standard MMS68100 MMS68100-1
Non-Volatile MMS68102A MMS68102 MMS68102A1 MMS68102-1
for D2 Kit MMS68104
Pseudo-Static RAMs MMS68103A MMS68103 MMS68103A1 MMS68103-1
For 8080A Systems
Dynamic RAMs MMS80810 MMS80810-1
ADD-IN SYSTEMS FOR MINICOMPUTERS
Organization
Application 32K <18 16K x 18 12K x 18 8K x 18
BaKx18 48K 18 32K~ 16 16K x 16" 12Kx16* . | 8Kx 16" aKx16
For LSI-11/2/23
and MMS1102-34PC | MMS1102-32PC MMS1102-31PC
PDP-11/03,/23 MMS1102-34 MMS1102-32* MMS1102-31*
LSI-11 MMS1110* MMS1110-1* MMS1110-2* MMS1110-3*
For General
Automation MMS1600-32* MMS1600-16*
16/110,16/220 MMS1600-32P MMS1600-16P
For PDP-11/05/
10/35/40/45/
50/55/60
Access Time
390 ns MMS1117-58PC | MMS117-56PC | MMS1117-54PC | MMS1117-52PC
360 ns MMS1117-48PC | MMS117-46PC | MMS1117-44PC | MMS1117-42PC
290 ns MMS1117-38PC | MMS117-36PC | MMS1117-34PC | MMS1117-32PC
For PDP-11/04
and 11/34 MMS1118 MMS1118-1 MMS1118-2
For PDP-11s .
with “MF11L” MMS1118L* MMS1118L-1* | MMS1118L-2*
Backplane

MODULES FOR GENERAL-PURPOSE APPLICATIONS

Dynamic RAMs
128K x 18 bits

MMS3418




THE OFFICIAL MOS MEMORY
CROSS-REFERENCE '
From Motorola

APRIL 1979
MOTOROLA'S
ORGANIZATION ACCESS TIME NO. OF POWER MOTOROLA PIN-TO-PIN

PART NUMBER DESCRIPTION (ns max) PINS SUPPLIES REPLACEMENT

AND
Am2716 2048 X 8 EPROM 450 24 +5V MCM2716
Am4044 4096 X 1 SRAM 200450 18 +5V MCM66L41
Am9016 16,384 X 1 DRAM 150-300 16 +12,15V MCM4116A
Am9114 1024 X 4 SRAM 200450 18 +5 Vv MCM2114
Amg1L14 1024 X 4 SRAM 200-450 18 +5V MCM21L14
Amg124 1024 X 4 SRAM 200-450 18 +5 V MCM2114
Am9147 4096 X 1 SRAM 55-85 18 +5V MCM2147
Am32088 1024 X 8 SRAM 350 24 +5 V MCM68A308
Amg3217 2048 X 8 SROM 350 24 +5V MCM68A316A
Am9218 2048 X 8 SROM 350 24 +5V MCM68A316E
Amg232 4096 X 8 SROM 350 24 +5V MCM6E8A332
Am3708 1024 X 8 EPROM 450 24 +12,4#5 V MCM68708

AN
S2114 1024 X 4 SRAM 200-450 18 +5 V MCM2114
S2114L 1024 X 4 SRAM 200450 18 +5V MCM21L14
S§2147 4096 X 1 SRAM 70-100 18 +5V MCM2147
S4264 8192 X 8 SROM 350 24 +5V MCME8A364
§5101 256 X 4 SRAM 450-800 22 +5V MCM145101
$6508 1024 X 1 SRAM 300460 16 +5V MCM146508
86518 1024 X 1 SRAM 300-460 18 +5V MCM146518
S6810 128 X 8 SRAM 250-450 24 +5 V MCM6810
$6830 1024 X 8 SROM 350 24 +5V MCMB8A30A
S6831A 2048 X 8 SROM 350 24 +5V * MCM68A316A
568318 2048 X 8 SROM 350 24 +5V MCMG8A316E

FATRCHILD ~
F16K 16,384 X 1 DRAM 150-300 16 +12, 5V MCM4116A
2114 1024 X 4 SRAM 200450 18 +5V MCM2114
£2708 1024 X 8 EPROM 450 - 24 +12,35V MCM2708
F2708! 1024 X 8 EPROM 300 24 +12,15V MCM27A08
2716 2048 X 8 EPROM 450 24 +5 VvV MCM2716
3508 1024 X 8 SROM 350 24 +5V MCMB8A308
F3516E 2048 X 8 SROM 350 24 +5V MCM6E8A316E
FM4027 4096 X 1 DRAM 120-250 16 +12,35V MCM4027A
4096 4096 X 1 DRAM 250-350 16 +12, 5V MCM4096
F68810 128 X 8 SRAM 250-450 24 +5 VvV MCME8B10
F68B308 1024 X 8 SROM 250-350 24 +5V MCM68B308
F68708 1024 X 8 EPROM 450 24 +12,#5V MCM68708

FUJITSU
mB2147 4096 X 1 SRAM 70-100 18 +5V MCM2147
MBM2716 2048 X 8 EPROM 450 24 +5 V MCM2716
MB4044 4096 X 1 SRAM 200450 18 +5V MCM6641
MB8114 1024 X 4 SRAM 200-450 18 +5V MCM2114
MB8116 16,384 X 1 DRAM 150-300 16 +12,35V MCM4116A
MB8224 4096 X 1 DRAM 250-350 16 +12,45V MCM4096
MB8227 4096 X 1 DRAM 120-250 16 +12,#5V MCM4027A
MB8308 1024 X 8 SROM 350 24 +5V MCM68A308

. MB8518H 1024 X 8 EPROM 450 24 +12,15V MCM2708

GENERAL INSTRUMENT ‘
RO3-8316A 2048 X 8 SROM 350 24 +5V MCMB68A316A
R0O3-9316 2048 X 8 SROM 350 24 +5V MCM6E8A316E
RO3-9332A 4096 X 8 SROM 350 24 +5V MCM68A332
R0O3-98364B 8092 X 8 SROM 350 24 +5 V MCM68A364

HITACHI
HM462716 2048 X 8 EPROM 450 24 +5V MCM2716
HM435101 256 X 4 SRAM 450-800 22 +5V MCM145101
HM462708 1024 X 8 EPROM 450 24 +12,#5 VvV MCM2708
HM468A10 128 X 8 SRAM 350 24 +B5V MCM68A10
HM46830 | 1024 X 8 SROM 350 24 +5V MCMGB8A30A -
HM4704L 4096 X 1 DRAM 150-250 16 +12, 15V MCM4027A
HM4716 16,384 X 1 DRAM 150-300 16 +12,15V MCM4116A
HM472114A 1024 X 4 SRAM 200450 18 +5V MCM21L14 |
HM4847 4096 X 1 SRAM 55-85 18 +5V MCM2147




.

MOTOROLA’S

ORGANIZATION ACCESS TIME NO. OF POWER MOTOROLA PIN-TO-PIN
PART NUMBER DESCRIPTION {ns max) PINS SUPPLIES REPLACEMENT
INTEL '
2104A 4096 X 1 DRAM 120-250 16 +12,£6V MCM4027A
2114 1024 X 4 SRAM 200-450 18 +5V MCM2114
2114L 1024 X 4 SRAM 200-450 18 +5V MCM21L14
2117 16,384 X 1 DRAM 150-300 16 +12,16V MCM4116A
2147 4096 X 1 SRAM 70-100 18 +5V MCM2147
2308 1024 X 8 SROM 350 24 +5V . MCM68A308
2316A 2048 X 8 SROM 350 24 +5V MCME8A316A
2316E 2048 X 8 SROM 350 24 +5V MCM68A316E
270841 1024 X 8 EPROM 300 24 +12,#5 V MCM27A08
2708 1024 X 8 EPROM 450 24 +12,45 V MCM2708
2716 2048 X 8 EPROM 450 24 5V MCM2716
27161 2048 X 8 EPROM 350 24 +5V MCM27A16
27162 2048 X 8 EPROM 350 24 +5V MCM27A16
5101 256 X 4 SRAM 450-800 22 +5V MCM145101
INTERSIL
D2114 1024 X 4 SRAM 200450 18 BV MCM2114
MK4027 4096 X 1 DRAM 160-250 16 +12,15V MCM4027A
IM6508 1024 X 1 SRAM 300-460 16 +5V MCM146508
IM6508-1 1024 X 1 SRAM 300-460 18 +5V MCM146518
IM7027 4096 X 1 DRAM 120-250 16 +12,35 VvV MCM4027A
IM7114 1024 X 4 SRAM 200-450 18 +5 V' MCM21L14
IM7116 16,384 X 1 DRAM 150-300 16 +12,#5V MCM4116A
iM7141 4096 X 1 SRAM 200450 18 +5V MCM6641
IM7141L 4096 X 1 SRAM 200450 18 5V MCM6E6L41
ITT
- 1TT4027 4096 X 1 DRAM 120-250 16 +12, 15V MCM4027A
1TT4116 ° 16,384 X 1 DRAM 150-300 16 +12,15V MCM4116
Mic
MIC2316E 2048 X 8 SROM 350 24 +5V MCME8A316E
MIC2332 4096 X 8 SROM 350 24 5V MCM68A332
MOSTEK
MK2708 1024 X 8 EPROM 450 24 +12,¥5V MCM2708
MK2716 2048 X 8 EPROM 450 24 +B5V MCM2716
MK4027, 4096 X 1 DRAM 120-250 16 +12,15V MCM4027A
MK4096 4096 X 1 DRAM 250-350 16 +12,45 V MCM4096
MK4104 4096 X 1 DRAM 200450 18 +5V MCM6641
MK4114 1024 X 4 SRAM 200450 18 +B5V MCM2114
MK4116 16,384 X 1 DRAM 150-300 16 +12,¥6V MCM4116A
MK 30000 1024 X 8.SROM 350 24 +5V MCM68A308
MK31000 2048 X 8 SROM 350 24 +5V MCM68A316A
MK32000 4096 X 8 SROM 350 24 +5V MCM68A332
MK34000 2048 X 8 SROM 350 24 +5V MCM68A316E
MK36000 8192 X 8 SROM 350 24 +5V MCM68A364
MK360004 8192 X 8 SROM 250 24 +5V MCM688364
NATIONAL
MM2114 1024 X 4 SRAM 200-450 18 +5V MCM2114
MM2147 4096 X 1 SRAM 55-85 18 +5V MCM2147
MM2708 1024 X 8 EPROM 450 24 +12,35 V MCM2708
MM2716 2048 X 8 EPROM 450 24 +5V MCM2716
MM5235 8192 X 8 SROM 350 24 +5 Vv MCM68A364
MM5E257 4096 X 1 SRAM 200-450 18 +5 VvV MCM6641
MM52567L 4096 X 1 SRAM 200:450 18 5V MCMé6L41
MM5290 16,384 X 1 DRAM 150-300 16 +12,45 Vv MCM4116A .
NEC/EA
uPD414A 4096 X 1 DRAM 150-250 16 +12,45V MCM4027A
uPD414 4096 X 1 DRAM 250-350 16 +12,35V MCM4096
#PD416 16,384 X 1 DRAM 150-300 16 +12, 45V MCM4116A
#PD2114L 1024 X 4 SRAM 200-450 18 +5V MCM21L14
uPD2147 4096 X 1 SRAM 55-85 18 +5 V MCM2147
uPD2716 2048 X 8 EPROM 450 24 +5V MCM2716
uPD4104 4096 X 1 SRAM 200450 18 BV MCM6E6L41
#PD5101 256 X 4 SRAM 450-800 22 +5V MCM145101
#PD6508 1024 X 1 SRAM 300460 16 +5V MCM146508
EA2308/8308 1024 X 8 SROM 350 24 +5V MCM68A308
uPD or
EA2316A/8316A 2048 X 8 SROM 350 24 +5V MCM68A316A
uPDor
EA2316E/8316E 2048 X 8 SROM 350 24 5V MCM68A316E
EA2708 1024 X 8 EPROM 450 24 +12,15V MCM2708
2048 X 8 EPROM 450 24 +5V MCM2716

uPD or EA2716
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. MOTOROLA’S
ORGANIZATION ACCESS TIME NO. OF POWER MOTOROLA PIN-TO-PIN

PART NUMBER DESCRIPTION (ns max) PINS SUPPLIES REPLACEMENT
NITRON

NC6570 128 X (8 X 7) SROM 350 24 5V MCM66700

NC6571 128 X (9 X 7) SROM 350 24 +5V _MCM66710

NC6572 128 X (9 X 7) SROM 350 24 +5V MCM66720

NC6573 128 X (9 X 7) SROM ~ 350 24 +6V MCM66730 !

NC6574 128 X (9 X 7) SROM 350 24 +5V MCM66740

NC8575 128 X (9 X 7) SROM /350 24 +5V MCM86750

NC6832 2048 X 8 SROM 550 .24 +12,45V MCM6832
SIGNETICS '

‘ 2607 1024 X 8 SROM 350 24 5V MCMGE8A308
2608 1024 X 8 SROM 350 24 BV MCM6E8A30A -~
2609 128 X (9 X 7) SROM 350 24 5V MCM66700
2660 4096 X 1 DRAM 120-250 -16 +12,15V MCM4027A
2614 1024 X 4 SRAM 200450 18 +5V MCM21L14
2616 2048 X 8 SROM 360 24 BV MCM68A316E
2633 4096 X 8 SROM 350 24 +65V MCM68A332
2664 8192 X 8 SROM 350 24 +5V ¢ MCM68A364
2690 16,384 X 1 DRAM 250-350 16 +12,15V MCM4116A
2708 1024 X 8 EPROM 450 24 - +12,15V MCM2708
2716 2048 X 8 EPROM 450 24 +5V MCM2716
4027 4096 X 1 DRAM 150-250 16 +12,45V MCM4027A
5101 256 X 4 SRAM 450-800 122 +5 Vv MCM145101

SYNERTEK"

SY2114 1024 X 4 SRAM 200-450 18 +5 Vv MCM21L14

SY2147 4096 X 1 SRAM 55-85 18 +5V MCM2147

SY2316A 2048 X 8 SROM 350 24 +5V MCMG8A316A
SY23168B 2048 X 8 SROM 350 24 5V MCMB8A316E
SY2716 2048 X 8 EPROM 450 24 +5V MCM2716

SY5101 256 X 4 SRAM 450-800 22 +5 Vv MCM145101

TEXAS INSTRUMENTS N

TMS 2516 2048 X 8 EPROM 450 24 +5V MCM2716

TMS 2708 1024 X 8 EPROM 450 24 +12,45 Vv MCM2708

TMS 2716 2048 X 8 EPROM 450 24 +12, 15V TMS 2716 '
TMS 4027 4096 X 1 DRAM 120-250 16 +12,15V MCM4027A

TMS 4044 4096 X 1 SRAM 200-450 18 +5 VvV MCMB641

TMS 4045 1024 X 4 SRAM 200-450 18 5V MCM2114

TMS 4116 16,384 X 1 DRAM 150-300 16 +12, 5V MCM4116A

TMS 4700 1024 X 8 SROM 350 24 +5V MCM68A308

TMS 4732 4096 X 8 SROM 350 24 +5 V- MCMB8A332

Part Number Guide
Directly 6800

Generic Part Number Speed Designator — 450 ns MPU Compatible Improved Version

S
e

Versnon

e
o

. Motorola MOS
Memory Prefix

Package Type

P = Plastic

L = Side BMyze

C = Cerdip Frit-Seal Ceramic

MCM6E8A30A
MotorolaMOS/
Memory Prefix

Access Time Designator
No Letter = >>450 ns
A =< 350 ns
B =<250ns



EPROM, ROM n

’

NMOS Memories

RAM
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MCM2114

@ MOTOROLA MCM21L14

4096-BIT STATIC RANDOM ACCESS MEMORY s
The MCM2114 is a 4096-bit random access memory fabricated (N-CHANNEL, SILICON-GATE)
with high density, high reliability N-channel silicon-gate technology.
For ease of use, the device operates from a single power supply, 4096-BIT STATIC
is directly compatible with TTL and DTL, and requires no clocks RANDOM ACCESS
or refreshing because of fully static operation. Data access is par- MEMORY
ticularly simple, since address setup times are not required. The
output data has the same polarity as the input data. .
The MCM2114 is designed for memory applications where
simple interfacing is the design objective. The MCM2114 is as-
sembled in 18-pin dual-in-line packages with the industry standard
pin-out. A separate chip select (S) lead allows easy selection of
an individual package when the three-state outputs are OR-tied.
The MCM2114 series has a maximum current of 100 mA. Low P SUFFIX
power versions (i.e.,, MCM21L14 series) are available with a maxi- PLASTIC PACKAGE
CASE 707
mum current of only 70 mA.
® 1024 Words by 4-Bit Organization
ords by 4-Bit Org —~
® Industry Standard 18-Pin Configuration AT
® Single +5 Volt Supply
@ No Clock or Timing Strobe Required
® Fully Static: Cycle Time = Access Time i L SUFFIX
e Fully TTL/DTL Compatible CERAMIC PACKAGE
. CASE 680
® Common Data Input and Output
® Three-State Outputs for OR-Ties
® | ow Power Version Available PIN ASSIGNMENT
MAXIMUM ACCESS TIME/MINIMUM CYCLE TIME A 1 10= ~ 18 v
@ cc
MCM2114-20 MCM2114-30 A5 2 17 A7
200 300
MCM21114-20 ne MCM21L14-30 " ae 3 b1 s
MCM2114-25 MCM2114-45
MCM21L14-25 250 ns MCM211.14-45 480 ns As 4 s as
A0 5 Di1a 1/01
Al 6 13
UL ,>‘: L e b1 /02
sl cc=rin A2 7 12 1/03
—'—"\; Vgg=Pin9
A5 2 t . Memory Array ss " ) 8 11 1/04
1. 5 Row e 64 Row Vgs @ 0 W
A6 e Select 64 Columns’ SS
A7 T——}__— BLOCK DIAGRAM
a8 S
14 '
1701 "’"__}_ Column 1/O Circuits N
| input
1/02 - j- ek PIN NAMES
1/03 - Control
1 >E— ente AQ-A9 Address Input
/04 ’B_ ) W Write Enable
S Chip Select
8 1/01-1/04 | Pata Input/Output
s .5 Vee Power (+5 V)
Vgg Ground
W‘O AO|AT A2 A3
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MCM2114, MCM21L14

ABSOLUTE MAXIMUM RATINGS (See Note 1)

Rating Value Unit
Temperature Under Bias -10 to +80 °c
Voltage on Any Pin With Respect to Vgg -0510+7.0 Vdce
DC Output Current 5.0 mA
Power Dissipation 1.0 Watt
Operating Temperature Range O'to +70 oc
Storage Temperature Range -65 to +150 °c

Note: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM

RATINGS are exceeded. Functional operation should be restricted
to RECOMMENDED OPERATING CONDITIONS. Exposure to
higher than recommended voltages for extended periods of time could

affect device reliability.

This device contains circuitry to protect the
inputs against damage due to high static voltages
or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high-impedance circuit.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Ta =0°to 70°C, Vcc = 5.0V £5%, unless otherwise noted.)

RECOMMENDED DC OPERATING CONDITIONS

MCM2114 MCM21L14
’ Parameter Symboi Min Nom Max Min Nom Max Unit

Input Load Current [IN] - - 10 - - 10 uA
(All Input Pins, Vip = 0 t0 5.5 V) . -

/O .L;eakage Current Lol - - 10 - - 10 HA
(§=24V,V/0=04V toVce)

Power Supply Current leet - 80 95 - - 65 mA
(Vin =55, lj;0 =0 mA, Tp = 25°C)

Power Supply Current lcc2 - - 100 - - 70 mA
(Vin =55V, Ij/0 =0 mA, Tp =0°C)

Input Low Voltage 1 -05 - 038 -0.5 - 08 \Y

Input High Voltage ViH 2.0 — 6.0 2.0 - 6.0 \Y

Output Low Current loy 21 6.0 - 21 6.0 - mA
VoL =04V

Output High Current - loH - -1.4 -1.0 — -14 -1.0 mA
VoH =24V ,

Output Short Circuit Current 105 2 - - 420 - - 40 mA

Note: 2. Duration not to exceed 30 seconds.

CAPACITANCE

(f=10MHz, Tp = 25°C, periodically sampled rather than 100% t_estedJ

Characteristic Symbol Max Unit
Input Capacitance {Vj, =0 V) Cin 5.0 pF
Input/Output Capacitance (Vg =0 V} Ci/o 5.0 pF

AC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature uniess otherwise noted.)

Input Pulse Levels
Input Rise and Fall Times

Input and Output Timing Levels . . .

OutputLoad. . . .. .. ... ..ot




MCM2114, MCM21L14

AC OPERATING CONDITIONS AND CHARACTERISTICS
Read (Note 3), Write (Note 4) Cycles

RECOMMENDED AC OPERATING CONDITIONS (Tp =0 to 70°C, Vg = 5.0 V £ 5%) v
MCM2114-20 | MCM2114-25 | MCM2114-30 | MCM2114-45
MCM21L.14-20 | MCM21L14-25 | MCM21L14-30 | MCM21L14-45
Parameter Symbol Min Max Min Max Min Max Min Max Units

Read Cycle Time tRC 200 - 250 - 300 - 450 - ns
Access Time ta - 200 - 250 - 300 v 450 ns
Chip Selection to Output Valid S0 — 70 - 85 — 100 - 120 ns
Chip Selection to Qutput Active: 18X 20 - 20 - 20 - 20 - ns
Output 3-State From Deselection t0TD - 60 - 70 - 80 - 100 ns
Output Hold From Address Change OHA 50 - 50 - 50 - 50 - ns
Write Cycle Time tWC 200 - 250 - 300 - 450 - ns
Write Time tw 120 - 135 - 150 - 200 - ns
Write Release Time WR 0 - 0 - 0 - 0 - ns
Output 3-State From Write tOTW - 60 - 70 - 80 - 100 ns
Data to Write Time Overlap 1DW 120 - 135 - 150 - 200 - ns
Data Hold From Write Time tDH 0 - 0 - 0 - 0 - ns

Notes: 3. A Read occurs during the overlap of a low S and a high W.
4. A Write occurs during the overlap of a low S and a low W.

READ CYCLE TIMING (Note 5) WRITE CYCLE TIMING (Notes 6 and 7)

tRC twe

Address :}( )(

A

Addressjk v X

— ) -
SANNANNNY K777
= —o= tWR [e—
s ok 77777 w -
W y 4
tso—= . w RN 2F
OTD
t
SX*I — toHA —a] toTw
DO\I( L
Dout //\\\I\>\\)\I|
- IDH ra—
Note: 5. W is high for a Read cycle. > ow
Cin AKX XXX ,
Notes: 6. If the S low transition occurs simultaneously with the
W low transition, the output buffers remain in a
high-impedance state.
7. W must be high during alt address transitions.
WAVEFORMS
Waveform input Output
Symbol

MUST BE WILL BE
VALID VALID

CHANGE WILL CHANGE

m FROMH TO L FROMH TO L

' CHANGE WILL CHANGE

FROM L TOH

DON'T CARE
ANY CHANGE
PERMITTED

FROMLTOH

CHANGING
STATE
UNKNOWN

HIGH
IMPEDANCE



MCM2114, MCM21L 14

TYPICAL CHARACTERISTICS

SUPPLY CURRENT versus SUPPLY VOLTAGE SUPPLY CURRENT versus AMBIENT TEMPERATURE

80 75 -
- B i
L H
=4 =
= =
o , &g
" o<
3 70 — 3
g l Z e ™~
a.
S 65 3 \
= = 55

60 50

45 475 5.0 5.25 55 0 ) 20 40 60 80
Vg, SUPPLY VOLTAGE (VOLTS) Ta. AMBIENT TEMPERATURE (9C)
OUTPUT SOURCE CURRENT versus OUTPUT VOLTAGE OUTPUT SINK CURRENT versus OUTPUT VOLTAGE
8.0 9.0 -

60— \\ 0 / I

] -
= 50 <é
= £
w =
= 2
3 g':g 5.0
w N
g a0 =
2 \ z
5
2 5 40
2 \ &
&
| >
2 =3
S 39 =
s 2.
= 30
20 \

\\ 20 /

10 20 30 40 5.0 6.0 0 0.1 ¥ 03 0.4 0.5 06
VgH. OUTPUT VOLTAGE (VOLTS) V_i, OUTPUT VOLTAGE (VOLTS)
. i
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MCM2114, MCM21L14

NORMALIZED ACCESS TIME versus TEMPERATURE

1.0

/

S
w©
&

e
w
1=

e
&
o

o
®
=]

_ ta, NORMALIZED ACCESS TIME (ns)

e
~
o

o

20 40
Ta. TEMPERATURE (°C)

60 80

TYPICAL ACCESS TIME versus TEMPERATURE

/

/

/

ta, ACCESS TIME (ns)
g

20 40

MCM2114/MCM21L14 BIT MAP

60

Ta. TEMPERATURE (°C)

PIN 18
PIN 1 Vee
1023 «€————— 1008(1023 «€———— 1008 | 1023<€————— 1008 |1023<€¢——— 1008
1007 1007 1007 1007 '

1105 (PIN NO. 12)

1/04 (PIN NO. 11}

1/04 (PIN NO. 14)

1/04 (PIN NO. 13)

A
o

A
o

|15

A
=)

A
(=4

15

To determine the precise location on the die of a word in memory, reassign address numbers to the address pins as

in the table below. The bit locations can then be determined directly from the bit map.

REASSIGNED

PIN NUMBER

ADDRESS NUMBER

A6
AS
A4
A3
A0

OB WA =

: REASSIGNED
PIN NUMBER ADDRESS NUMBER
6 A1
7 A2
15 AS
16 A8
17 A7

80




@ MOTOROLA

MCM2115A
MCM2125A

[ A Product Preview

1024 X 1 STATIC RAM

The MCM2115A and MCM2125A families are high-speed, 1024 words
by one-bit random-access memories fabricated using HMOS, high-per-
formance N-channel silicon-gate technology. Both open collector (MCM
2115A) and three-state output (MCM2125A) are available. The devices
use fully static circuitry throughout and require no clocks of refreshing
to operate. Data out has the same polarity as the input data.

Access times are fully compatible with the industry-produced 1K
Bipolar RAMs, yet offer 20% to 50% reduction in power over their Bipolar
equivalents.

All inputs and outputs are directly TTL compatible. A seperate chip
select allows easy selection of an individual device when outputs are
OR-tied.

o Organized as 1024 Words of 1 Bit

® Single +5 V Operation

® Maximum Access Time = 45 ns and 70 ns
® Low Operating Power Dissipation

MOS

(N-CHANNEL, SILICON-GATE)

1024-BIT STATIC
RANDOM ACCESS
MEMORY

BLOCK DIAGRAM

- WORD 32 X 32
DRIVER —>»|  ARRAY
| 1
SENSE AMPS v
| contrOL
AND a
WRITE LoGIC >
DRIVERS B
ADDRESS | ADDRESS
DECODER DECODER
Ag A1 Ag Az Ag Ag Ag A7 Ag Ag .8 W b
TRUTH TABLE
] ouTPUT OUTPUT
INPUTS 2115A FAMILY | 2125A FAMILY
S|W| o Q . Q MODE
Hi{x | x H Hi-Z NOT SELECTED
LiL | L H Hi-Z WRITE “0"
L L | H H Hi-Z WRITE “1"
L|H X Data Out Data Out READ

L SUFFIX
CERAMIC PACKAGE
- CASE 690

C SUFFIX
FRITSEAL
CERAMIC PACKAGE

CASE 620

PIN ASSIGNMENT

5 I 16 Vee
Ag 16 D
Aq J1a W
A2 113 Ag
Az 12 Ag
Ag 11 Ay
Q 110 Ag
Vss 9 As
AL Address
D.... ... Data input
Q............. Data Output
S e e Chip Select
VEC - - v v v +5 V Supply
Vs c o Ground
W, . . . Write Enable

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high impedance circuit.

This is advance information and specifications are subject to change without notice.

2-8 R




@ MOTOROLA MCM2147

I Advance Information J
4096-BIT STATIC RANDOM ACCESS MEMORY (N-CHANNEL, SILICON-GATE).
The MCM2147 is a 4096-bit static random access memory
organized as 4096 words by 1-bit using Motorola’s N-channel silicon-
gate MOS technology. It uses a design approach which provides the 4096-BIT STATIC
simple timing features associated with fully static memories and RANDOM ACCESS
the reduced standby power associated with semi-static and dynamic : MEMORY
memories. This means low standby power without the need for
clocks, nor reduced data rates due to cycle times that exceed access
times.
E controls the power-down feature. It is not a clock but rather C SUFFIX
a chip select that affects power consumption. In less than a cycle FRIT-SEAL
. = . . CERAMIC PACKAGE
time after E goes high, deselect mode, the part automatically reduces 250 available
its power requirements and remains in this low-power standby mode
as long as E remains high. This feature results in system power
savings as great as 85% in larger systems, where most devices are
deselected. The automatic power-down feature causes no perfor-
mance degradation.
The MCM2147 is in an 18 pin dual in-line package with the
industry standard pinout. It is TTL compatible in all respects. The
- data out has the same polarity as the input data. A data input and
a separate three-state output provide flexibility and allow easy
OR-ties. P SUFFIX
) ) . PLASTIC PACKAGE
® Fully Static Memory — No Clock or Timing Strobe Required CASE 707 '
® Single +5V Supply
® High Density 18 Pin Package
® Automatic Power-Down PIN ASSIGNMENT
® Directly TTL Compatible—All Inputs and Outputs
® Separate Data Input and Output R
® Three-State Output Ao 1 Qe 8 Vee
® Access Time — MCM2147-55 = 55 ns max A1 2 g 17 R8
MCM2147-70 = 70 ns max A2 30 16 A7
MCM2147-85 = 85 ns max A3 4 15 A8
MCM2147-100 = 100 ns max
A4 5 14 A8
A5 6 [ il 13 A10
BLOCK DIAGRAM
T X a 70 P12 An
A0 2—‘—{>¢Z ] w8 p11 o
Vee = Pin 18 =
Al ‘—‘—k——_ ce= Vgs 9 ( hio E
3 . Vgg = Pin 9
A2 %_—_ Memory Array
Row
17 Select [ 4 64 Row
A6 16 ﬁ < 64 Columns PIN NAMES
[N
15 - m AO0-A11 Address Input
A8 _—T/dt | w Write Enable
- [ I 5 E Chip Enable
D Column 1/0 Circuits Q D Data Input
Column Select Q i Data Output
Vee Power (+5 V)
Vgs Ground
210 . TRUTH TABLE
E|W Mode Output Power
8 4| s e 14{13|12 H{ X Not Selected High 2 Standby
w 1 I I | | | L L Write High Z Active
A3 A4 AS ASATOAN L H Read Data Out Active

This is advance information and specifications are subject to change without notice.



MCM2147

ABSOLUTE MAXIMUM RATINGS (See Note 1)

Rating Value Unit
Temperature Under Bias -10 to +85 o¢c
Voltage on Any Pin With Respect to Ve -0.6t0+7.0 Vdc
DC Output Current 20 mA
Power Dissipation . 1.0 Watt
Operating Temperature Range Oto+70 oc
Storage Temperature Range -65 to +150 °c

Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted
to RECOMMENDED OPERATING CONDITIONS. Exposure to
higher than recommended voltages for extended periods of time could
affect device reliability.

Note: 1.

This device contains circuitry to protect the
inputs against damage due to high static voltages
or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high-impedance circuit.

DC OPERATING CONDITIONS AND CHARACTERISTICS (T4 =0 to 70°C, V¢ = 5.0 V + 5% unless otherwise noted.}

) MCM2147-55 MCM 2147 -70 MCM2147 -85 MCM2147-100
Parameter Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Load Current I - 0.01 10 - 0.01 10 - 0.01 10 - 0.01 10 MA
(All input Pins, Vip =010 5.5 V)
Output Leakage Current oL - 0.1 50 - 0.1 50 — 0.1 50 - 0.1 50 MA
(E=20V,Vgoyt=0to5.5V)
Power Supply Current Icct - 120 { 170 - 100 | 150 — 95 | 130 — 90 | 110 [ mA
(E = V|, Outputs Open, T = 25°C}
Power Supply Current lce2 - — 180 - - 160 - - 140 - - 120 | mA
(E = VL, Outputs Open, T p = 0°C) N :
Standby Current Isg - 15 30 - 10 20 - 15 25 - 10 20 | mA
(E = Vy)
Input Low Voltage ViL -03| — 08 |-03| - 08 |-03| — 08 |-03] - 08 \
Input High Voltage ViH 2.0 — 6.0 | 2.0 — 6.0 | 2.0 - 6.0 | 20 - 6.0 \
Output Low Voltage VoL - — 0.4 - — 0.4 — — 04 — — 04 \%
tloL = 8.0 mA}
Output High Voitage VoH 24 - 24 = - 2.4 - - 2.4 - - \
(loH = -4.0 mA)
Typical values are for Tp = 25°C and Vg = +5.0 V.
CAPACITANCE FIGURE 1 — OUTPUT LOAD
(f=10MHz, Tp = 269C, periodically sampled rather than 100% tested.) Vee
Characteristic Symbol . Max Unit
Input Capacitance (Vi, =0 V) Cin 5.0 pF 510
Output Capacitance Vour =0 V) Cout 10 pF 9
Q
Capacitance measured with a Boonton Meter or effective capacitance calculated 30 pF
. 1A¢ 300 >~ {Including
from the equation: C = na scope and jig)
AC OPERATING CONDITIONS AND CHARACTERISTICS A

{Full operating voltage and temperature unless otherwise noted.) -

fnput Pulse Levels. . . . . .. .. ... ... ... .....
Input Riseand Fall Times . . . ... ... ... ................

Input and Qutput Timing Levels
QOutput Load

2.10




MCM2147

AC OPERATING CONDITIONS AND CHARACTERISTICS, Read, Write Cycles (T =0 to 70°C, Vog =50 V + 5%)

MCM2147-55 | MCM2147-70 | MCM2147-85| MCM2147-100
Parameter Symbol Min Max Min Max Min Max Min Max Unit
Address Valid to Address Don't Care tAVAX 55 - 70 - 85 - 100 - ns
(Cycle Time When Chip Enable is Held Active)
Chip Enable Low to Chip Enabile High tAVQV - 55 - 70 - 85 - 100 ns
Address Valid to Output Valid (Access) teLQvi” ~ 55 - 70 = 85 - 100 ns
Chip Enable Low to Output Valid (Access) teLav2” - 65 - 80 - 95 - 110 ns
Address Valid to Output Invalid AV QX 10 — 10 - 10 — 10 — ns
Chip Enable Low to Qutput Invaiid tELQX 10 - 10 - 10 - 10 - ns
Chip Enable High to Qutput High Z tEHQZ 0 40 0 40 0 40 0 40 ns
Chip Selection to Power-Up Time tPyU [o] - 0 - 0 — 0 — ns
Chip Deselection to Power-Down Time PD [o] 30 0 30 0 30 0 30 ns
Address Valid to Chip Enable Low {Address Setup) tAXEL 0 - 0 — 0 - 0 — ns
Chip Enable Low to Write High tELWH 45 — 55 — 70 — 80 — ns
Address Valid to Write High tAVWH 45 - 55 - 70 - 80 = ns
Address Valid to Write Low (Address Setup) tAVWL 0 — 0 - 0 - 0 — ns
Write Low to Write High (Write Pulse Width) tWLWH 35 - 40 - 55 - 65 — ns
Write High to Address Don’t Care TWHAX 10 — 15 = 15 — 15 — ns
Data Valid to Write High tDVWH 25 — 30 — 45 — 55 = ns
Write High to Data Don’t Care (Data Hold) WHDX 10 — 10 — 10 — 10 — ns
Write Low to Output High Z twLQZ 0 30 0 35 0 45 0 50 ns
Write High to Output Valid tWHQV 0 = o] - 0 - 0 - ns

*tELQV] is access from chip enable when the 2147 is deselected for at least 55 ns prior to this cycle. tgLQV?2 is access from chip enable for
0 ns < deselect time < 55 ns. If deselect time = 0 ns, then tg| Qv = tavQv.

TIMING PARAMETER ABBREVIATIONS

X X X X
signal name from which interval is defined_—'_J
transition direction for first signal
signal name to which interval is defined
transition direction for second signal

The transition definitions used in this data sheet are:

H = transition to high
L = transition to low
V = transition to valid
X = transition to invalid or don’t care
Z = transition to off (high impedance)

L2t

TIMING LIMITS

The table of timing values shows either a minimum or
a maximum ‘limit for each parameter. Input requirements
are specified from the external system point of view.
Thus, address setup time is shown as a minimum since the
system must supply at least that much time (even though
most devices do not require it). On the other hand,
responses from the memory are specified from the device
point of view. Thus, the access time is shown as a maxi-
mum since the device never provides data later than
that time. :




MCM2147 .

READ CYCLE TIMING 1

o tAVAX
(E Held Low) \Y
ADDRESS )( H
- Vin
tavav
‘—‘AVQX—’|
- v
Q (Data out) Previous Data Valid Data Valid oH
VoL
READ CYCLE TIMING 2 [— TAVEL
ViH
ADDRESS Address Valid v
i
TELEH V'
E L Vin
ViL
L— tELQV ————8 tEHQZ r—
‘T tg L X~
Q (Data out) HIz Data Valid [ 7-.«“ Z- VOH
4" Py —>| tPp
Vee lcc-————= — — ——
Supply |
Current S8

NOTE: W is high for Read Cycles.

WRITE CYCLE TIMING

TAVAX

ViH
ADDRESS
) :X - ViL
tELWH
: TN 7
E NN (L v
I
tAVWH ‘i WHAX
‘—_“AVWL—’1 : TWLWH -
_ Vi
w
Vie
TDVWH TWHDX
ViH
o (oata in) JRX CRXXQRRRRRKRRIRKI Da vatia _ XQOQUORX
: I8
. ‘WLoz~Q—>| F——o‘—twm.)v
. X L3 i v
oL

Data out = Data in

WAVEFORMS *
Waveform input Output
Symbol
MUST BE WILL BE
VALID VALID
CHANGE WiLL CHANGE
m_ FROMHTOL FROMHTOL
“CHANGE WILL CHANGE
. _M FROM L TOH FROM L TO H
DON'T CARE:  CHANGING:
m ANY CRANGE STATE
PERMITTED UNKNOWN
- - o
IMPEDANCE
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FIGURE 2 — AVERAGE DEVICE DISSIPATION
DEVICE DESCRIPTION versus MEMORY SIZE

The MCM2147 is produced with a high-performance
MOS technology which combines on-chip substrate bias leo g
generation with device scaling to achieve high speed.
The speed-power product of this process is about four
times better than earlier MOS processes.

This gives the MCM2147 its high speed, low power and
ease-of-use. The low-power standby feature is controlled
with the E input. E is not a clock and does not have to
be cycled. This allows the user to tie E directly to system
addresses and use the line as part of the normal decoding
logic. Whenever the MCM2147 is deselected, it auto-
matically reduces its power requirements.

-~

SYSTEM AVERAGE DEVICE POWER

SYSTEM POWER SAVINGS 100% Duty Cycle

The automatic power-down feature adds up to signi-
ficant system power savings. Unselected devices draw low
standby power and only the active devices draw active ‘s L L

. 4K BK 18K 32K 54K

power. Thus the average power consumed by a device MEMORY SIZE IN WORDS
declines as the system size increases, asymptotically
approaching the standby power level as shown in Figure 2.

The automatic power-down feature is obtained without
any performance degradation, since access time from chip FIGURE 3 — PC LAYOUT
enable is < access time from address valid. Also the fully
static design gives access time equal cycle time so muitiple Vee
read or write operations are possibie during a single select -—l
period. The resultant data rates are 14.3 MHz and 18 MHz
for the MCM2147-70 and MCM2147-55 respectively.

DECOUPLING AND BOARD LAYOQUT
CONSIDERATIONS

The power switching characteristic of the MCM2147
requires careful decoupling. It is recommended that a
0.1 uF to 0.3 uF ceramic capacitor be used on every
other device, with a 22 uF to 47 uF bulk electrolytic
decoupler every 16 devices. The actual values to be used
will depend on board layout, trace widths and duty cycle.

Power supply gridding is recommended for PC board
layout. A very satisfactory grid can be developed on
a two-layer board with vertical traces on one side and
horizontal traces on the other, as shown in Figure 3.
If fast drivers are used, terminations are recommended
on input signal lines to the MCM2147 because significant
reflections are possible when driving their high impedance
inputs. Terminations may be required to match the
impedance of the line to the driver.

ppeser
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MCM2027A

4096-BIT DYNAMIC RANDOM ACCESS MEMORY

Access Memory. It has smaller die size than the MCM4027 pro-
viding improved speed selections. The MCM4027A is fabricated
using Motorola’s highly reliable N-channel silicon-gate technology.

By multiplexing row and column address inputs, the MCM4027A
requires only six address lines and permits packaging in Motorola’s
standard 16-pin dual-in-line packages. Complete address decoding is
done on chip with address latches incorporated.

All inputs are TTL compatible, and the output is 3-state TTL
compatible. The MCM4027A incorporates a one-transistor cell
design and dynamic storage techniques, with each of the 64 row
addresses requiring a refresh cycle every 2.0 milliseconds.

® Maximum Access Time = 120 ns — MCM4027AC1
) 150 ns — MCM4027AC2
200 ns — MCM4027AC3
250 ns — MCM4027AC4
® Maximum Read and Write Cycle Time =
320 ns — MCM4027AC1, C2
375 ns — MCM4027AC3, C4
® | ow Power Dissipation — 470 mW Max {Active)
27 mW Max (Standby)

The MCMA4027A is a3 4096 x 1 bit high-speed dynamic Random '

MOS

(N-CHANNEL, SILICON-GATE)

4096-BIT DYNAMIC
RANDOM ACCESS -

MEMORY

C SUFFIX
FRIT-SEAL PACKAGE
CASE 620

PIN ASSIGNMENT

® 3-State Qutput for OR-Ties
® On-Chip Latches for Address, Chip Select, and Data In P 2
® Power Supply Pins on Package Corners for Optimum Layout WE 3
® Industry Standard 16-Pin Package RAS 4
® Page-Mode Capability A0S
[ Compatible with the Popular 2104/MK4096/MCM6604 A2 6
® Second Source for MK4027 A7
Vpo 8
TRUTH TABLE
uts D u
RAS (‘.%;p TS | WE Previous Int;ti:no : Present Cyele Power Rof Function
L L L L Valid data High Imp. Input data Full-operating Yes . Write cycle
L L L H Valid data High Imp. Valid data {cell} Full-operating Yes Read cycle
L L H X Valid'data High Imp. High Imp. Full-operating Yes Deselected-refresh
L H X X Valid data Valid data Valid data Reduced operating Yes RAS only-refresh
H L X X Valid data High Imp. High Imp. Standby No Standby-output disabled
H H X X Valid data Valid data Valid data Standby No Standby-output valid
H =High, L = Low, X = Don’t Care
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MCM4027A

BLOCK DIAGRAM

WRITE Write
Clocks
RAS RAS Clocks
Data In Data In
Buffer
Address
Clocks
b | CAS
Clocks
| Reset Data
CAS A ¥ Data Qut Ou:
:lr—\ Enable Buffer
Chip Select
——
S Input Buffer ‘—/
AE —— ] Dummy Cells
A4 —————— Address Memory Array
A3 —————————#| Bu(fsf)ers Row 1-0f. 2
-of-
A2 ——t De‘:‘.’der 64 Sense Refresh Amplifiers Data Bus
Al — e Row and {1-0f-64) Data In/Out Gating Select
A0 Column ¥ [} )
:Memory Array :
| Dummy Cells |
1 |
Column Decoder

-

(1-0+-32) .

' 1

OPERATING CHARACTERISTICS

ADDRESSING

The MCM4027A has six address inputs (A0—AB) and
two clock signals designated Row Address Strobe (RAS)
and Column Address Strobe (CAS). At the beginning of
a memory cycle, the six low order address bits AQ through

A5 are strobed into the chip with RAS to select one of '

the 64 rows. The row address strobe also initiates the tim-
ing that will enable the 64 column sense amplifiefs. After
a specified hold time, the row address is removed and the
six high order address bits (A6-A11) are placed on the
address pins. This address is then strobed into the chip
with CAS. Two of the 64 column sense amplifiers are
selected by A1 through A5. A one of two data bus select
is accomplished by AO to complete the data selection.
The Chip Select {CS) is latched into the port along with
the column addresses.

DATA OUTPUT ™

In order to simplify the memery system designed and
reduce the total package count, the MCM4027A contains
an input data latch and a buffered output data latch. The
state of the output latch and buffer at the'end of a mem-
ory cycle will depend on the type of memory cycle per-
formed and whether the chip is selected or unselected for
that memory cycle.

A chip will be unselected during a memory cycle if:

(1) The chip receives both RAS and CAS signals,
but no Chip Select signal.

(2)  The chip receives a CAS signal but no RAS
signal. With this condition, the chip will be
unselected regardless of the state of Chip
Select input. .

If, during a read, write, or read-modify-write cycle,




MCMA4027A

the chip is unselected, the output buffer will be in the
high impedance state at the end of the memory cycle.
The output buffer will remain in the high impedance state
until the chip is selected for a memory cycle.

For a chip to be selected during a memory cycle, it
must receive the following signals: RAS, CAS, and Chip
Select. The state of the output fatch and buffer of a
selected chip during the following type of memory cycles
would be: ’

Read Cycle — On the negative edge of CAS,
the output buffer will unconditionally go to a
high' impedance state. It will remain in this
state until access time. At this time, the out-
put latch and buffer will assume the logic
state of the data read from the selected cell.
This output state will be maintained until the
chip receives the next CAS signal.

(1)

(2)  Write Cycle — If the WE input is switched to a
logic O before the CAS transition, the output
latch and buffer will. be switched to the state
of the data input at the end of the access time.
This logic state will be maintained until the
chip receives the next CAS signal.

‘(3) Read-Modify-Write — Same as read cycle.

DATA INPUT

Data to be written into a selected storage cell of the
memory chip ‘is first stored in the on-chip data latch.
The gating of this latch is performed with a combination
of the WE and CAS signals. The last of these signals to
make a negative transition will strobe the data into the
latch. If the WE input is switching to a logic 0 in the
beginnihg of a write cycle, the falling edge of CAS strobes
the data into the latch. The data setup and hold times
- are then referenced to the negative edge of CAS.

If a read-modify-write cycie is being performed, the
WE input would not make its negative transistion until
after the CAS signal was enabled. Thus, the data would
not be strobed into the latch until the negative transistion
of WE. The data setup and hold times would now be ref-
erenced to the negative edge of the WE signal. The only
other timing constraints for a write-type-cycle is that both
the CAS and WE signals remain in the logic O state for a
sufficient time to acco?nplish the permanent storage of
the data into the selected cell. )

INPUT/OUTPUT LEVELS

All of the inputs to the MCM4027A are TTL-compatible,
featuring high impedance and low capacitance (5 to 7 pF).
The three-state data output buffer is TT L-compatible and
has sufficient current sink capability. (3.2 mA) to drive
two TTL loads. The output buffer also has a separate
Ve pin so that it can be powered from the same supply
as the logic being employed.

REFRESH

In order to maintain valid data, each of the 64 internal
rows of the MCM4027A must be refreshed once every 2 ms.
Any cycle in which a RAS signal occurs: accomplishes a
refresh operation. Any read, write, or read-modify-write
cycle will refresh an entire internally selected row. How-
ever, it a write or read-modify-write cycle is used to per-
form a refresh cycle the chip must be deselected to pre-
vent writing data into the selected cell. The memory can
also be refreshed by employing only the RAS cycle. This
refresh mode will not shorten the refresh cycle time; how-
ever, the system standby power can be reduced by approx-
imately 30%.

If the RAS only refresh cycles are employed for an ex-
tended length of time, the output buffer may eventually
lose data and assume the high impedance state. Applying
CAS to the chip will restore activity of the output buffer.

POWER DISSIPATION

Since the MCNM4027Ais a dynamic RAM, its power
drain will be extremely smalt during the time the chip is
unselected.

The power increases when the chip is selected and
most of this increase is encountered on the address
strobe edge. The circuitry of the MCM4027A is largely
dynamic so power is not drawn during the whole time
the strobe is active. Thus the dynamic power is a function
of the operating frequency rather than the active duty
cycle,

In a memory system, the CAS signal must be supplied
to all the memory chips to ensure that the outputs of
the unselected chips are switched to the high impedance
state. Those chips that do not receive a RAS signal will
not dissipate any power on the CAS edge except for that
required to turn off the chip outputs. Thus, in order to
ensure minimum system power, the RAS signal should be
decoded so that only the chips to be selected receive'a
RAS signal. If the RAS signal is decoded, then the chip
select input of all the chips can be set to a logic O state.

the patent rights of Motorola or others.

product(s) at any time.

Circuit diagrams ‘external to or containing Motorola products are included as a means of illustration only. Compiete information
sufficient for construction purposes may not be fully illustrated. Aithough the information herein has been carefully checked and is believed
to be reliable, Motorola assumes no responsibility fqr inaccuracies. Information herein does not convey to the purchaser any license under

The information contained herein is for guidance only, with no warranty of any type, expressed or implied. Motorola reserves the right
to make any changes- to the information and the product(s) to which the information applies and to discontinue manufacture of the
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MCM4027A

DC OPERATING CONDITIONS AND CHARACTERISTICS ,
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS (Referenced to Vgg = Ground.)

Parameter Symbot Min Typ Max Unit Notes
Supply Voltage : VpD 10.8 120 13.2 Vde 2
Vee Vss 5.0 Voo vdc 3
Vss 0 0 0 Vdc 2
\2:1:) -45 -5.0 -55 Vdc 2
Logic 1 Vol(age,R_AS,C_AS,W VIHC 24 5.0 70 Vdc 2,4
Logic 1 Voltage, all inputs except RAS, CAS, WRITE VIH 2.2 5.0 7.0 Vde 2,4
Logic O Voltage, all inputs ViL -1.0 0 08 Vdc 2,4
DC CHARACTERISTICS (vpp =12V #10%, Vo =5.0 V +10%, Vgg = -5.0 V £ 10%, Vg5 =0 V, T 5 = 010 70°C.) Notes 1,5
Characteristic Symbol Min Typ Max Units Notes
Average Vpp Power Supply Current 'DD1 35 mA 6
Ve Power Supply Current lce mA 7
Average Vg Power Supply Current Y] 250 HA
Standby Vpp Power Supply Current pp2 2 mA 9
Average Vpp Power Supply Current during IpD3 25 mA 6
“RAS only" cycles :
Input Leakage Current (any input) . hL) 10 KA 8
QOutput Leakage Current lo(L) 10 uA 9,10
Output Logic 1 Voltage @ igyt = -5 mA VoH 24 Vde
Output Logic 0 Voltage @ Igyt = 3.2 mA VoL 04 Vde

NOTES 1 through 11:

1. Ta is specified for operation at frequencies to tg¢ = trg{min).
Operation at higher cycle rates with reduced ambient temperatures
and higher power dissipation is permissible provided that all ac
parameters are met.

2. All voltages referenced to Vgg.

3. Output voltage will swing from Vgg to Vg when enabled,
with no output load. For purposes of maintaining data in standby
mode, Ve may be reduced to Vgg without affecting refresh
operations or data retention. However, the Von(min} specifica-
tion is not guaranteed in this mode.

4, Device speed is not guaranteed at input volitages greater than
TTL levels (0 to 5 v).

5. Several cycles are required after power-up before proper
device operation is achieved. Any 8 cycles which perform refresh
are adequate for this purpose.

6. Current is proportional to cycle rate. Ippq(max) is measured
at the cycle rate specified by tgg(min).

7. Icc depends on output loading. During readout of high ievel
data Vg is connected through a low impedance (135  typ) to
Data Out. At all other times Ioc consists of leakage currents only.
8. All device pins at 0 volts except Vgg which is at —5 volts and
the pin under test which is at +10 volts. .

9. Output is disabled (high-impedance) and RAS and CAS are
both at a logic 1. Transient stabilization is required prior to
measurement of this parameter.

10.0V < Vout<+10 V.

11. Effective capacitance is calculated from the equation:

J8Q ey
[ Avwn:h AV = 3 volts.

. EFFECTIVE CAPACITANCE (Full operating voltage and temperature range, periodically sampled rather than 100% tested) Note 11

Characteristic Symbol Max Unit
Input Capacitance (A0-ASB), D;,,, CS Cin(EFF) 5.0 pF
RAS, CAS, WRITE 10.0
Output Capacitance Cout{EFF) 70 pF

ABSOLUTE MAXIMUM RATINGS (See Notes 1 and 2)

Rating Symbol Value Unit

Voltage on Any Pin Relative to Vgg* Vin, Vout -0.5t0 +20 Vdc

Operating Temperature Range Ta Qto+70 oc
Storage Temperature Range Tetg 65 to +150 oc Thns device contains circuitry to protect the
Output Current {Short Circuit) lout 50 mAdc inputs against damaqe due to high static vait-
ages or electric fields; however, it is advised that

*(Vss - Vag > 4.5 V) normal precautions be taken to avoid applica-
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGs|| ton of any voitage higher than maximum rated
ARE EXCEEDED. Functional operation should be restricted to RECOMMENDED || ¥0't23¢s 10 this high impedance circuit.
OPERATING CONDITIONS. Exposure to higher than recommended voltages
for extended periods of time could affect device reliability. Vgg must be applied
prior to Ve and Vpp. Vgg must also be the last power supply switched off.




MCM4027A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Read, Write, and Read-Modify-Write Cycles)

RECOMMENDED AC OPERATING CONDITIONS (Vpp =12V +10%, Vog = 5.0 V £ 10%, Vgg = -5.0 V £ 10%, Vgg = 0 V,
TA =010 70°C.) Notes 1, 5, 12,18

MCM4027AC1 | MCM4027AC2 | MCM4027AC3 | MCM4027AC4
Parameter Symbol| Min Max Min Max Min Max Min Max Units Notes

Random Read or Write Cycle Time ‘RC 320 320 375 375 ns 13
Read Write Cycle Time ‘RWC 320 320 375 375 ns 13
Page Mode Cycle Time PC 160 170 225 285 ns 13
Access Time From Row Address Strobe . ‘RAC 120 150 200 ) 250 ns 14, 16
Access Time From Column Address Strobe 'CAC 80 100 135 165 ns 15,16
Output Buffer and Turn-Off Delay ‘OFF 35 40 50 60 ns

Row Address Strobe Precharge Time ‘RP 100 100 120 120 ns

Row Address Strobe Pulse Width 'RAS 120 | 10,000 150 | 10,000 | 200 .| 10,000 | 250 _| 10,000 ns

Row Address Strobe Hold Time '‘RSH 80 100 135 165 ns

Column Address Strobe Pulse Width 'CAS- 80 100 135 165 ns

Column Address Strobe Hold Time 'CSH 120 150 200 250 ns

Row to Column Strobe Lead Time ‘RCD 15 40 20 50 | 25 65 35 85 ns 17
Row Address Setup Time 'ASR 0 ! 0 0 0 ns.

Row Address Hold Time ‘RAH 15 20 25 35 ns

Column Address Setup Time 'ASC -5 -10 -10 -10 ns

Column Address Hold Time 'CAH 40 45 55 75 ns

Column Address Hold Time Referenced to RAS ‘AR 80 . 95 120 160 ns

Chip Select Setup Time 'CSC 0 -10 -10 -10 ns
|Chip Select Hold Time 'cH 40 45 55 75 | s

Chip Select Hold Time Referenced to RAS 'CHR 80 95 120 160 ns

.|Transiton Tihe Rise and Fall ‘T 3 35 3 35 3 50 3 50 ns 18

Read Command Setup Time ‘RCS 0 0 [}) 0 ns

Read Command Hold Time ‘RCH 0 | 0 0 0 ns

Write Command Hold Time 'WCH 40 45 55 75 ns

Write Command Hold Time Referenced to RAS | 'WCR 80 95 120 160 ns

Write Command Pulse Width - ‘WP 40 45 55 75 ns

Write Command to Row Strobe Lead Time 'RWL 50 50 70 85 ns

Write Command to Column Strobe Lead Time 'CWL 50 50 70 85 ns

Data in Setup Time 'DS 0 1 0 0 0 ns 19
Data in Hold Time ‘DH 40 45 55 75 ) ns 19
Data in Hold Time Referenced to RAS. ‘DHR 80 95 120 160 ns

Column to Row Strobe Precharge Time 'CRP |- 0 0 0 0 - ns

Column Precharge Time '‘cp 60 60 80 110 . ns

Refresh Period 'RFSH 2 2 2 2 ms

Write Command Setup Time 'WCS 0 0 . 0 Q ns

CAS to WRITE Delay 'CWD 60 60 80 90 ns 20
RAS to WRITE Delay ‘RWD 100 110 145 175 ns 20
Data Out Hold Time ‘DOH 10 10 10 10 us

NOTES 12 through 20: . 18.ViHc(min) or V y{min} and V| {max) are reference levels for
12. AC measurements assume tT = 5 ns. measuring timing of input signals. Also, transition times are

R m ed between V or Vi and V.
13. The specifications for tgc(min) and tryc(min) are used oniy gasur w IHC 1H U

to indicate cycle ‘time at which proper operation over the full
temperature range (0°C < T < 70°C) is assured.

19.These parameters are referenced to CAS leading edge in
random write cycles and to WRITE leading edge in delayed write
or read-modify write cycles.

14. Assumes that t| <t max)}.
Y RCO Repl ! 20.twes. tcwp. @and tRwp are not restrictive operating para-

meters. They are inctuded in the data sheet as electrical charac-
terisitcs ‘only: If tywes = twcsimin), the cycle is an early write

15, Assumes that tgcp > tRep (max).
16. Measured wlth a load circuit equivalent to 2 TTL loads and

100 pF. cycle and Data Out will contain the data written into the selected
17.Operation within the trop(max) limit insures that trac{max} cell. If towp = tcwp(min) and trwp = trwp(min), the cycle is
can be met. tgoplmax) is specified as a reference point only; if. a read-write cycle and Data Out will contain data read from the
tRCD is greater than the specified trcp(max) limit, then access selected ceil. If neither of the above sets of conditions is satisfied,
time is controlled exclusively by tcaC. the condition of Data Out (at access time) is indeterminate.
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MCM4027A

READ CYCLE TIMING

|
[z

0|
ol

ADDRESSES

WRITE

Dout
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e RAS
AR
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IHC ﬁ 'RSH \
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tesH TtRe
tReD ™ tcAs (&1 RP ]

ViHe \ /

Vip /

ViH
ViL

ViHe

ViL

Vin
Vi

VoH
VOL

RAH
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tasR—7 tasc -1"
Row ) c
Address A
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ddress 3

‘RCS"[‘_’
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'CHR
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MCM4027A

WRITE CYCLE TIMING

ADDRESSES

WRITE

Dout

ViHe
ViL

Vine
Vi

ViH
Vi

Vine
ViL

Vin
ViL

VoL

tRC
tRAsS
- tAR ———————
EE—
N
- RSH tRP —»|
CoR
tRCD tcas tCRP —¥
N 4
RAH
tASR tASC-ep| [-tCAH
4 Row ¥ Column Y
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- tewL —|
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O L L —
tRWL *|
TCHR
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toFF [ tpoH—*
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4 Open —{_ pATA p—
tRAC
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MCM4027A

READ-MODIFY-WRITE TIMING

aas VIHC
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P
ol

|

[e]
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WRITE

Dout

RAS ONLY REFRESH TIMING

Oout

ViHe

ViHe
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L !
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(?g:/:ss Address A m
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X |
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MCM4027A

PAGE MODE READ CYCLE
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MCM4027A

Row Address A5 A4 A3 A2 A1 AD
Column Address AS A4 A3 A2 A1 AC

Column Addresses

Rows A

203E 2030 | 202€E 2020 } 201E 2010 }200E 2000

183E 1830 |182€ 1820} 181E 1810 | 180E 1800
283E 2830 | 282E 2820 | 281E 2810 280E 2800

103E 1030 [102€ 1020 [ 101E 1010{ 100E - 1000
303E 3030 |302E 3020 {301E 3010} 300€ 3000

Columns

083E 0830 | 082E 0820 |{081E 0810 [080OE 0800
383E 3830|382E 3820 | 381E . 3810 [ 380E 3800

FeEIICCFIICCIICCIIfCCIICCITICACTIEICCIIfCCIICCIICCIICCAIIfCCIICCIICCIICCII) D
FCIICFIIFFIICCIIfFFIICCIICCIICCII(IICCIICCIECAIICC|IICCIICCIICCIICC B
rrIICFIICCIICCITI(IICrIICCFIICCIICC|CFIICCIICCIICCITIICCIICCIICCIIICC WD
FrrIIrFIITIICCIICC|CCIICCIIIICCIICC M IICCIIIICCIICC|CCIICAIIIICCIICCAND
CFIIFCFIIFCFIXCCIIC|CIICFIICFITICCIIC[CITICCIICCIICAIIC|IFIICAIICIIICCIIC ©Op

rrIIIIrFrrIIIICC|ECITIEICCCCIIIICC|[FPIIIXCCCCIIIICC|FIIIIICCCCIIIICS

003E 0030} 002E 0020 | 0O1E 0010 | 000E 0000
CO|JIT ST I JUT IS SIT AT T AT T JJI T J T T I TII S JITIJTITISITI NI T I TJITIIJ AT

IITJJITJAIIJAITIJS(ITI DI JIT ST T WA|ITJAIT SOOI JJIT Y ITJJTITI I IITJ AT O
I Td 4T IJ -|T I 4T p ] 4|T ) - I 2| T I JITITIoddd
T ] J(E Ta T I T Taodadd04
T I{a iz x| Suadasaa D
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MCM4096

Advance Information

4096-8IT DYNAMIC RANDOM ACCESS MEMORY

The MCM4096 is a 4096-bit, high-speed dynamic Random Access
Memory designed for high-performance, low-cost applications in
mainframe and buffer memories and peripheral storage. Organized as
4096 one-bit words and fabricated using Motorola’s highly reliable
N-channel silicon gate technology, this device optimizes speed,
power, and density tradeoffs.

By multiplexing row and column address input, the MCM4096
requires only six address lines and permits packaging in Motorola’s
standard 16-pin dual in-line packages. Complete address decoding is
done on chip with address latches incorporated. i

All inputs are TTL compatible, and the output is 3-state TTL
compatible. The MCM4096 incorporates a one-transistor cell design
and dynamic storage techniques, with each of the 64 row addresses

MOS

{N-CHANNEL, SILICON-GATE)

4096-BIT DYNAMIC
RANDOM ACCESS
MEMORY

16

L SUFFIX
1 CERAMIC PACKAGE
CASE 690

requiring a refresh cycle every 2.0 milliseconds.

® Organized as 4096 Words of 1 Bit
® Maximum Access Time = 260 ns — MCM4096L6, C6
300 ns — MCM4096L.16, C16
350 ns — MCM4096L11, C11 16 .
® Minimum Read and Write Cycle Time = 1 ::RS'_(:_ZZZ(L »
375 ns — MCM4096L6, C6 CERAMIC PACKAGE
425 ns -- MCM4096L.16, C16 CASE 620
500 ns — MCM4906L11, C11
® |ow Power Dissipation
445 mW Maximum (Active)
19 mW Maximum {Standby) : )
® 3-State Output PIN ASSIGNMENT
® On-Chip Latches for Address, Chip Select, and Data In
® Power Supply Pins on Package Corners for Optimum Layout Ves
® Standard 16-Pin Package Oin
® Compatible with the Popular 2104/MK4096/4027/MCM6604/ wE
MCM6604A _
RAS
A0
ABSOLUTE MAXIMUM RATINGS (See Note 1) -
Rating Symbol Value Unit t ;D
Voltage on Any Pin Relative to Vgg* Vin. Vout -0.5 to +20 Vdc
Operating Temperature Range Ta 0to+70 °c
Storage Temperature Range Tsig -55 to +150 oc
Output Current (Short Circuit) lout 50 mAdc

NOTE:

*(Vgs -Vpp > 4.5V)

Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS
are exceeded. Functional operation should be restricted to RECOMMENDED
OPERATING CONDITIONS. Exposure to higher than recommended voltages
for extended periods of time could affect device reliability. At power turn-on,
the Vgg supply must come up before or coincident with Vpp.

This device contcins circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high impedance circuit.

This is advance information and specifications are subject to change without notice.
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MCM4096

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS (Referenced to Vgg = Ground)

4096 —6 4096 16 | 4096-—11
Paramater Symbol | Min | Max | Min | Max | Min | Max Unit Notes

Supply Voltage Vpp [11.4] 126|114 ]126|11.4]1126 | Vdc 1

Vec [Vss|Vop | Vss |Vop|Vss [Vop | Vde | 1,2

Vss 0 0 o 0 0 0 Vdc 1

Vgg |-45|-55-45|-56|-45|-55 | Vdc 1
Logic 1 Voltage, RAS, CAS, WRITE Vigc {27 70127 |70 | 30} 70 | Vdc 1,3
Logic 1 Voltage, all inputs except RAS, CAS, WRITE VIH 241 70 | 24 | 70 | 24 | 70 Vdc 1,3
Logic 0 Voltage, all inputs ViL -10| 08 {-1.0] 08 |-1.0]| 0.8 Vdc 1,3
DC CHARACTERISTICS (Vpp = 12V £10%, Ve = 5.0 V £10%, Vgg = -5.0 V £10%, Vgg =0 V, T4 = 0 to 70°C)

4096 —6 4096—16 | 409611
Characteristic Symbol | Min | Max | Min | Max | Min | Max | Units | Notes

Average Vpp Power Supply Current DD1 - 35 - 30 - 25 mA 4
Ve Power Supply Current Ice - —- - - - — mA 5
Average Vgg Power Supply Curent 88 - 75 — 75 - 75 uA
Standby Vpp Power Supply Current 1DD2 - 1.5 - 1.5 - |.1.5 mA
Average Vpp Power Supply Current during “RAS only” cycles 'DD3 - 25 - 22 - 18 mA 4
Input Leakage Current (any input) hLiL) - 5 = 5 - 5 KA
Output Leakage Current 10(L) — 10 — 10 - 10 nA 7,8
Output Logic 1 Voltage @ Iyt = -5 mA VoH 24 - 24 - 2.4 - Vdc 2
Output l.ogic 0 Votlage @ lg,t = 3.2 mA VoL - 0.4 - 0.4 - 0.4 Vdc
NOTES:

1. All voltages referenced to Vgg. Vgg must be applied before and removéd after other supply voltages.
2. Output voltage will swing from Vgg to Vg if Voc < Vpp -4 velts. 1f Voe 2 Vpp -4 volts, the output will swing from Vgg to a voltage
somewhat less than Vpp.

3. Device speed is not guaranteed at input voltages greater than TTL levels (0 to 5 V).

4. Current is proportional to cycle rate; maximum current is measured at the fastest cycie rate.

5. icc depends upon output loading. The Ve supply is connected to the output buffer only.

6. Ali device pins at 0 volts except Vgg which is at -5 volts and the pin under test which is at +10 volts.
7. Output is disabled (open-circuit) and RAS and CAS are both at a logic 1.

8. 0V < Vo &+10 V.

EFFECTIVE CAPACITANCE (Full operating voltage and temperature range, periodicaily sampled rather than 100% tested.)

Characteristic Symbol ‘Max Unit
Input Capacitance (A0-AS) Dj,, CS Cin(EFF) 10 pF
RAS, CAS, WRITE 70
Output Capacitance Cout(EFF) 80 pF
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MCMA096

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Read, Write, and Read-Modify-Write Cycles)

RECOMMENDED AC OPERATING CONDITIONS (NOTES 13 and 15)

(Vpp =12V £10%, Vg = 6.0 V £ 10%, Vgg = -5.0 V £10%, Vgg = 0 V, T4 = 0 to 70°C)

MCM4096 —6 | MCM4096 —16 | MCM4096 11

Parameter Symbol | Min Max Min Max Min Max Units | Notes
Random Read or Write Cycle Time tRC 375 - 425 — 500 - ns 9
Access Time from Row Address Strobe RAC = 250 - 300 - 350 ns 9,11
Access Time from Column Address Strobe tCAC - 140 - 165 - 200 ns 10,11
Output Buffer and Turn-Off Detay tOFF 0 65 0 80 0 100 ns
Row Address Strobe Precharge Time tRP 115 - 125 - -150 - ns
Row Address Strobe Pulse Width tRAS 250 [10,000{ 300 [10,000[ 300 [10,000( ns
Column Address Strobe Pulse Width tCAS 140 - 165 - 200 - ns 10
Row to Column Strobe Lead Time tRCL 60 110 80 135 100 150 ns 12
Row Address Setup Time tASR 0 - 0 - 0 - ns
Row Address Hold Time tRAH 60 - 80 - 100 = ns .
Chip Select Hold Time tCH 100 - 100 - 100 - ns .
Transition Time (Rise and Fall) ty 3.0 50 3.0 50 3.0 50 ns 13
Read Command Setup Time tRCS 0 - 0 - 0 - ns
Read Command Hold Time tRCH o] - 0 - 0 - ns
Write Command Hold Time WCH 110 - 130 - 150 - ns
Write Command Pulse Width twp 110 - 130 - 150 - ns
Column to Row Strobe Lead Time tCRL -40 +40 -50 +50 -50 +50 ns
Write Command to Column Strobe Lead Time tCWL 110 - 130 - 150 - ns
Data in Setup Time DS 0 - 0 - 0 - ns 14
Data in Hold Time tDH 110 - 130 - 150 - ns 14
Refresh Period tRFSH — 2.0 2.0 20 ms
Modify Time tMod 0 10 0 10 0 10 us
Data Out Hold Time tDOH 10 - 10 ~ 10 - us

NOTES:
9. Assumes that tRe| + tT < tgCL (max).
10. Assumes that tgel + tT 2 tgeL (max).

11. Measured with a load circuit equivalent to 1 TTL load and 100 pF.

12. Operation within the tgc (max) limit ensures that tgac (max) can be met. trg. (max) is specified as a reference point only; if tre,
is greater than the specified trcy (max) limit, then access time is controlled exclusively by tcac.

13. VHc (min} or V|4 (min) and V)| (max) are reference levels for measuring timing of input signals. Also, transistion times are measured

between V qc or Vi and V.

14. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify-

write cycles.

15, After the application of supply voltages or after’ extended periods of operation without clocks, the device must perform a minimum of
eight initiatization cycles (any valid memory cycle containing both RAS and CAS) prior to normal operation.
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READ CYCLE TIMING

ADDRESSES

WRITE

Oout

tRC
tRAS
tAR
Y
ViHe
ViL A -
tRP—
treL —* tcas { t———‘caP——ﬂ
ViHe X
ViL
. RAH
1ASR ‘ASCJ"" [t AH >
Vin Aow ) Cotmn YRR
VL Address Address ) XXX
‘Rcsﬂ‘—-* —b‘RCch—
VIHC REEKEERIREIERAEKER
OGS IIRREQEAARKR
I, BERRERST R
tCHR
tcsc le—te 1 —
Vin
Viu
tcac
tOFF
VoH } ;
VoL
RAC




MCM4096

WRITE CYCLE TIMING

tRC
tRAS
|
tAR
—_
___ ViHe N
RAS Vi L J N
tRP ——
¢ 'RCL tcAs tcRP
Vikc :
CAS ViL
TRAH ) ,
' tASR tASC 1w ' le-tcAH »
. v B
ADDRESSES 'H Row Column Y
ViL Address 4 \___Address
: | | |
’ tewL
I F‘WCH

fe——twP

Vv T070 70,0770 0 0 00 09 9 T TSRO
wrivE 0C RS EAIIRESE RSREKS
Vio 2022020290 %0%02299920.986% %! 16%020290%62026% %%
|
v OIS IITTTT
D; " RRRRERAAKKIK,
Vie XRRS
_ ViH
cs
Vi
ICHR
CAC
tOFF N
VoH
y
Dout D Open {
VoL X
A tRAC
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MCM4096

READ-MODIFY-WRITE TIMING

tRWC
tRAS
. tAR
— Vv —\
AAS HC N\
Vi X
rfe——TRCL — cas
ViHC b
CAS
ViL \(
tRAH
(ASR-——Q-D

Column

ViH 4
ADDRESSES ViL k__Address

Address A

RCS
—_____ ViHC 0T0T050503; N
WRITE BRI
. lete%0 0 0l0202;
tcsr

tcsc —4-'1 y‘tcwv
Vi

b.
tCAC
tOFF —<—~]
VoH v
Dout \ Open
VoL 4 *
tRAC ‘-!
tos
Vi TR XX I RIS K R X SIS
A A IR R

RAS ONLY REFRESH TIMING

tRC
f tRAS >
ViHc
RAS *
Vit
tRp R
IH )70 0 0.90.0.90.0.0.9.9.9.9.\ G RILH I YK
ADDRESSES ".’.'9:0:0:0:0:0:0:0:0:0:6,‘ 030:030:0:0: %5
ViL 0%6%6% % 200020.0.0.9.9%. .0 9.9.9.0.%
S
v
> out OH
VoL
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MCM4096

BLOCK DIAGRAM

WRITE Write
Clocks
RAS RAS Clocks
le——o—
Data in Data In
Buffer
Address
Clocks
b— CAs
Clocks
I Reset Data
CAS — I Data Out Out
Enable Buffer !
_ Chip Select Q
cs input Buffer d
Af ———————————— Dummy Cells
.
_
A4 Address Memory Array
> 24t
A3 | Buffers Row
® : Decoder 10t 2
A2 ————— 64 Sense Refresh Amplifiers Data Bus
A}~ & Rowand (1-01-64) Data In/Out Gating Select .
A0 Column 'y ¥
I Memory Array :
|
| Dummy Cells |
1 1

Column Decoder
(1-01-32)

i

OPERATING CHARACTERISTICS

ADDRESSING

The MCM4096 has six address inputs (AO-A5) and
two clock signals designated Row Address Strobe (RAS)
and Column Address Strobe (CAS). At the beginning of
a memory cycle, the six low order address bits AO through
A5 are strobed into the chip with RAS to select one of

" the 64 rows. The row address strobe also initiates the tim-
ing that will enable the 64 column sense amplifiers. After
a specified hold time, the row address is removed and the
six high order address bits (A6—A11) are placed on the
address pins. This address is then strobed into the chip
with CAS. Two of the 64 column sense amplifiers are
selected by A1 through A5." A one of two data bus select’
is accomplished by AO to complete the data selection.

The Chip Select (CS) is latched into the port along with

the column addresses.

DATA OUTPUT

in order to simplify the memory system designed and
reduce the total package count, the MCM4027 contains
an input data latch and a buffered output data latch. The
state of the output latch and buffer at the end of a mem-
ory cycle will depend on the type of memory cycle per-
formed and whether the chip is selected or unselected for
that memory cycle. . : \

A chip will be unselected during a memory cycle if:

(1) The chip receives both RAS and CAS signals,
but no Chip Select signal.

(2) The chip receives a CAS signal but no RAS
signal. With this condition, the chip will be
unselected regardless of the state of Chip
Select input.

If, during a read, write, or read-modify-write cycle,

2-30




MCM4096

the chip is unselected, the output buffer will be in the
high impedance state at the end of the memory cycle.
The output buffer will remain in the high impedance state
until the chip is selected for a memory cycle.

For a chip to be selected during a memory cycle, it
must receive the following signals: RAS, CAS, and Chip
Select. The state of the output latch and buffer of a

selected chip during the following type of memory cycles -

would be:

(1) Read Cycle — On the negative edge of CAS,
the output buffer will unconditionally go to a
high impedance state. It will remain in this
state until access time. At this time, the out-
put latch and buffer will assume the logic
state of the data read from the selected cell.
This output state will be maintained until the

chip receives the next CAS signal.

(2) Write Cycle — If the WE input is switched to a
logic 0 before the CAS transition, the output
latch and buffer will be switched to the state
of the data input at the end of the access time.
This logic state will be maintained urtil the
chip receives the next CAS signal.

(3) Read-Modify-Write — Same as read cycle.

DATA INPUT

Data to be written into a selected storage cell of the
memory chip is first stored in the on-chip data latch.
The gating of this latch is performed with a combination
of the WE and CAS signals. The last of these signals to
make a negative transition will strobe the data into the
latch. If the WE input is switching to a logic 0 in the
beginning of a write cycle, the falling edge of CAS strobes
the data into the latch. The data setup and hold times
are then referenced to the negative edge of CAS.

If a read-modify-write cycle is being performed, the
WE input would not make its negative transistion until
‘after the CAS signal was enabled. Thus, the data would
not be strobed into the latch until the negative transistion

of WE. The data setup and hold times would now be ref-
erenced to the negative edge of the WE signal. The only
other timing constraints for a write-type-cycle is that both
the CAS and WE signals remain in the logic O state for a
sufficient time to accomplish the permanent storage of
the data into the selected cell.

INPUT/OUTPUT LEVELS

All of the inputs to the MCM4096 are TTL-compatible,
featuring high impedance and low capacitance (5 to 7 pF).
The three-state data output buffer is TTL-compatiblie and
has sufficient current sink capability (3.2 mA) to drive
two TTL loads. The output buffer also has a separate
V¢ pin so that it can be powered from the same supply
as'the logic being employed.

REFRESH

In order to maintain valid data, each of the 64 internal

~ rows of the MCM4096 must be refreshed once every 2 ms.

2-31

Any cycle in which a RAS signat occurs accomplishes a
refresh operation. Any read, write, or read-modify-write
cycle will refresh an entire internally selected row. How-
ever, if a write or read-modify-write cycle is used to per-
form a refresh cycle the chip must be deselected to pre-
vent writing data into the selected cell. The memory can
also be refreshed by employing only the RAS cycle. This
refresh mode will not shorten the refresh cycle time, how-
ever the system standby power can be reduced by approx-
imately 30%.

If the RAS only refresh cycles are employed for an ex-
tended length of time, the output buffer may eventually
lose data and assume the high impedance state. Applying
CAS to the chip will restore activity of the output buffer.

POWER DISSIPATION

Since the MCM4096 is a dynamic RAM, its power
drain will be extremely small during the time the chip is
unselected.

The power increases when the chip is selected and
most of this increase is encountered on the address
strobe edge. The circuitry of the MCM4027 is largely
dynamic so power is not drawn during the whole time
the strobe is active. Thus the dynamic power is a function
of the operating frequency rather than the active duty
cycle.

In a memory system, the CAS signal must be supplied
to all the memory chips to ensure that the outputs of
the unselected chips are switched to the high impedance
state. Those chips that do not receive a RAS signal will
not dissipate any power on the CAS edge except for that
required to turn off the chip outputs. Thus, in order to
ensure minimum system power, the RAS signal should be
decoded so that only the chips to be selected receive a
RAS signal. If the RAS signal is decoded, ¢hen the chip
select input of all the chips can be set to a logic O state.
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MCM4116A

16,384-BIT DYNAMIC RANDOM ACCESS MEMORY

The MCM4116A is a 16,384-bit, high-speed dynamic Random
Access Memory designed for high-performance, low-cost applications
in mainframe and buffer memories and peripheral storage. Organized
as 16,384 one-bit words and fabricated using Motorola’s highly
reliable N-channel double-polysilicon technology, this device
optimizes speed, power, and density tradeoffs.

By muliplexing row and cofumn address inputs, the MCM4116A
requires only seven address lines and permits packaging in Motorola’s
standard 16-pin dual in-line packages. This packaging technigue
allows high system density and is compatible with widely avail-
able automated test and insertion equipment. Complete address
decoding is done on chip with address latches incorporated.

All inputs are TTL compatible, and the output is 3-state TTL
compatible. The data output of the MCM4116A is controlled by the
column address strobe and remains valid from access time until the
column address strobe returns to the high state. This output scheme
allows higher degrees of system design flexibility such as common
input/output operation and two dimensional memory selection by
decoding both row address and column address strobes.

The MCM4116A incorporates a one-transistor cell design and
dynamic storage techniques, with each of the 128 row addresses
requiring a refresh cycle every 2 milliseconds.

® Flexible Timing with Read-Modify-Write, RAS-Only Refresh,
and Page-Mode Capability :

Industry Standard 16-Pin Package

16,384 X 1 Organization

£10% Tolerance on All Power Supplies

All Inputs are Fully TTL Compatible

Three-State Fully TTL-Compatible Output

Common 1/0 Capability When Using *'Early Write”” Mode

On-Chip Latches for Addresses and Data In .

Low Power Dissipation — 462 mW Active, 20 mW Standby (Max)

Fast Access Time Op.tions: 150 ns — MCM4116AL-15, AC-15
200 ns — MCM4116AL-20, AC-20
250 ns — MCM4116AL-25, AC-25
300 ns — MCM4116AL-30, AC-30

MOS

(N-CHANNEL)

16,384-BIT DYNAMIC
RANDOM ACCESS
' MEMORY

L SUFFIX .
CERAMIC PACKAGE 16
CASE 690
C SUFFIX
FRIT-SEAL PACKAGE
CASE 620

PIN ASSIGNMENT

® Easy Upgrade from 16-Pin 4K RAMs PIN NAMES
® Pin Compatible with 2117, 2116, 6616, uPD416, and 4116 AO~AB Address Inputs
CAS Column Address Strobe
Din Data In
Dout Data Out
ABSOLUTE MAXIMUM RATINGS (See Note 1) RAS Row Address Strobe
WRITE Read/Write Input
Rating Symbol Value Unit Vgs Power (-5 V)
Voltage on Any Pin Relative to V ViV - + Vvdc Vee Power (+5 V)
9 v B8 in-Vout | -05t0+20 Voo Power (+12 V)
Operating Temperature Range TA 010 +70 °c Vss Ground
Storage Temperature Range Tstg | —65 to +150 oc
Power Dissipation Pp 1.0 w
This device contains circuitry to protect the
Data Out Current lout 50 mA inputs against damage due to high static volt-

NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RAT-

INGS are exceeded. Functional operation should be restricted to RECOM-
MENDED OPERATING CONDITIONS. Exposure to higher than recom-
mended voltages for extended periods of time could affect device reliability.

ages or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high impedance circuit.
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MCM4116A

DC OPERATlNG CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted.)
RECOMMENDED OPERATING CONDITIONS

Parameter Symbot Min Typ Max Unit Notes
Supply Voltage Vbp 1038 120 13.2 Vdc 1
Vee 45 5.0 5.5 Vdc 1,2
Vss 0 0 o Vdc 1
VBB -45 ~5.0 -55 Vdc 1
Logic 1 Voltage, RAS, CAS, WRITE Ving 2.7 — 70 Vdce 1
Logic 1 Voltage, all inputs except RAS, CAS, WRITE ViH 24 - 70 Vde 1
Logic O Voltage, all inputs ViL -1.0 - - 08 Vdc 1
DC CHARACTERISTICS (Vpp = 12:V £ 10%, Vog - 5.0 V = 10%, Vgg - -5.0 V :10%, Vg5 =0V, T4 = 0 10 70°C }
Characteristic Symbol Min Max Units Notes
Average Vpp Power Supply Current 'pD1 - 35 mA 4
Ve Power Supply Current tce - - mA 5
Average Vgg Power Supply Current 'BB1,3 — 200 HA
_Standby Vgg Power Supply Current 18B2 — 100 uA
Standby Vpp Power Supply Current IbD2 - 1.5 mA 6
Average VDD Power Supply Current during 'DDJ - 27 mA a4
"RAS only” cycles '
Input Leakage Current (any input) . ) - 10 HA
Output Leakage Current lo(L) - 10 uA 6,7
Output Logic 1 Voitage @ lgyt - -5 mA VoK 24 - Vdc 2
Qutput Logic 0 Voitage @ Ig;¢ =4 2 mA VoL - J 0.4 Vdc

NOTES:

1. All voltages referenced to Vgg. Vgg must be applied before and removed after other supply voltages.

2. Output voltage wilt swing from Vgg to Vg under open circuit conditions. For purposes of maintaining data in power down mode, Vg
may be reduced to Vgg without affecting refresh operations, Vgy{min) specification is not guaranteed in this mode.

Several cycles are required after power-up before proper device operation is achieved. Any 8 cycles which perform refresh are adequate.

. Current is proportional to cycle rate; maximum current is measured at the fastest cycle rate.

Icc depends upon output loading. The Ve supply is connected to the output butfer only

Output is disabled {open.circuit) and RAS and CAS are both at a logic 1.

OV S Vg, &+55 V. 18,

. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = AV

®No 0w

BLOCK DIAGRAM

N VDD
WRITE jD Write «——————vce
" Clocks X +———— VSS
Clock i -—y
RAS —9¢ Generator 4 88

No. 1

Data In
Multiplexed (Din}
Clock

Data
In
Buffer
Generator

Clock @M. Data Data Out
Generator Latch QOut (Dout)

CAS No. 2 r Release Buffer

L Dummy Cells

A6 ————————————#
T
A5 > E Memory Array 1.0f-2
A4 ——— o Mux 1:"8 Data
Address Aow Bus
A3 —————— & Input [N pecoder Row 128 — Sense — Refresh Amps Select
Lines
A2 . Butfers 1:128 ‘, Data
(7) T In/Qut
Al — 1 Memory Array
JEE——
AO Dummy Cells
[___ 64-Column _ _ _|
‘ Select Lines
Mux Column Decoders
Switch AT-AB 1-of-64
‘ !
AQ

2-33



MCM4116A

AC OPERATING CONDITIONS AND CHARACTERISTICS (See Notes 3,9, 14)
(Read, Write, and Read-Modify-Write Cycles)
RECOMMENDED AC OPERATING CONDITIONS ‘
(VDD =12V £10%, Voc = 5.0 V 10%, Vgg = -5.0 V £10%, Vgg = 0 V, T = 0 to 70°C.)

MCM4116A-15 | MCM4116A-20| MCM4116A-25 | MCM4116A-30
Parameter ) Symbo! | Min Max Min Max Min Max Min Max | Units | Notes
Random Read or Write Cycle Time tRC 375 - 375 - 410 - 480 - ns
Read Write Cycle Time tRWC 375 - 375 - 515 - 660 - ns
Access Time from Row Address Strobe tRAC - 150 - 200 - 250 - 300 ns |10,12
Access Time from Column Address Strobe tCAC - 90 - 135 - 165 - 200-| ns [11,12
Output Buffer and Turn-off Delay 1OFF 0 50 0 50 0 60 0 60 ns 17
Row Address Strobe Precharge Time tRP *100. — 120 - 150 - 180 ~ ns
Row Address Strobe Pulse Width tRAS 150 {10,000| 200 (1t0,000| 250 ]10,000( 300 |10,000| ns
Column Address Strobe Pulse Width tCAS 90 10,000 135 | 10,000] 165 }10,000] 200 |10,000 ns
Row to Column Strobe Lead Time tRCD 20 60 25 65 35 85 60 100 ns 13
Row Address Setup Time 1ASR 0 — 0 - 0 - [ - ns
Row Address Hold Time tRAH 20 - 25 - 35 - 60 - ns
Column Address Setup Time tASC -10 - -10 - -10 - -10 - ns
Column Address Hold Time tCAH 45 - 55 - 75 — 100 - ns
Column Address Hold Time . tAR 105 - 120 - 160 - 200 - ns
Referenced to RAS
Transition Time (Rise and Fall) tT 3.0 35 3.0 50 3.0 50 3.0 50 ns 14
Read Command Setup Time tRCS (¢] - [¢] - 0 - (4] - ns
Read Command Hold Time tRCH 0 - 0 - 0 - 0 — ns
Write Command Hold Time tWeH 45 - 55 - 75 - 100 — ns
Write Command Hold Time WCR 105 - 120 - | 160 - 200 - ns
Referenced to RAS
Write Command Pulse Width twp 45 - 55 - 75 - 100 - ns
Write Command to Row Strobe Lead Time TRWL 60 - 80 - 100 - 180 - ns
Write Command to Column Strobe towL 60 — 80 - 100 - 180 - ns
Lead Time
Data in Setup Time tps 0 - 0 - 0 -, 0 - ns 15
Data in Hold Time toH | 45 — 55 — 75 | — 100 — ns 15
Data in Hold Time Referenced to RAS tpHR | 105 - 120 - 160 - 200 - ns
Column to Row Strobe Precharge Time tICRP -20 — -20 — -20 = ~20 — ns
RAS Hold Time tgsH | 100 - 135 - 165 - | 200 - ns
Refresh Period tRFSH — 2.0 - 2.0 — 2.0 - 2.0 ms
WRITE Command Setup Time WCS -20 — -20 - -20 - <20 — ns
CAS to WRITE Delay tcwp | 70 — 95 — 125 — 180 — ns 16
RAS to WRITE Delay trwp | 120 — 160 - 210 — 280 — ns 16
mPrechargbe Time (Page mode cycle only) tcp 60 - 80 - 100 -~ 100 — ns
Page Mode Cycle Time tpC 170 — 225 — 275 — 326 - ns
CAS Hold Time tcsH | 150 - 200 - 250 - 300 - ns
Parameter Symbot Typ Max Units Notes
NOTES: (continued) Input Capacitance (AO-AB), D, cn 4.0 5.0 pF 9
9. AC measurements assume tT = 5.0 ns. Input Capacitance RAS, CAS, WRITE Ci2 8.0 10 pF 9
10 Assumes that tRCD * tT < tRCD (Max). | Qutput Capacitance (Dgyy) Co 5.0 7.0 pF 7,9

11. Assumes that tyep +tT = tRCD (max). .

12. Measured with a load circuit equivalent to 2 TTL loads and 100 pF.

13. Operation within the trcp (max) limit ensures that tgac (max) can be met. tRcp (max) is specified as a reference point only; if tRCD
is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcAC.

14. V[Hc (min} or V4 {min) and Vi (max) are reference levels for measuring timing of input signals. Also, transistion times are measured
between Vi or Vi and V.

16. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify-
write cycles.

16. twcs. tcwD and tpwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only: if
twes = twes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance} throughout the
entire cycle; If tcwp = tcwD (min) and trwp > tRWD {min), the cycle is a read-write cycle and the data out will contain data read from
the selected cell; If neither of the above sets of conditions is satisfied the condition of the data out (at access time) is indeterminate.

17. Assumes that tcrp > 50 ns. ‘
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READ CYCLE TIMING

tRC -
tRAS
1
e ViHc- \ AR
RAS v S
- N A
tesH 4 > tRe
.
e tRC D ———] I RSH tcre
v tcas
= IHC-
CAsS \ / /
Vie- \ X
'RAH

l—‘ASR' —--—‘ fAscc-' e rq-‘CAH’.

ADDRESSES ViH- . Row Column y
ViL- Address Address A

tRcs +~~ —a| tRCH ro-
_ ViHc-
mE l/Hc W W
-
TCAC ———mf

[-—————————— A e la— OFF
Von- i f Valid 3
Dout Hi Z . A ali 5___—
VoL- ._\ Data 1
WRITE CYCLE TIMING
RC
RAS
— S EEE—
RAS ViHe- \¢——- TAR —— g
ViL- R F
' : T tRSH tRp ——w]
- tcsH
tRCD - tcas ———f tCRP —e
— \ i r
TAS IHC- \ /l /
ViL- ]
tRAH tCAH
I-tAsa- -—.1‘ASC.‘ e -
Vig-
ADDRESSES 1H Row Column
ViL-, Address Address

i _:w% "‘wc H-
\" M t SN YN YN Y Y XYY SN Y Y VY NN YA Y Y Y Y Y Y Y Y Y Y
AT KR B ot

TRWL

tcwi

i =LK AN XTI
> Vi~ LRI ARSI
IDHR -
VOoH- .
Dout VoL Hi Z
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MCM4116A

READ-WRITE/READ-MODIFY-WRITE CYCLE

tRWC y
RAS
. ol
wAS Y- }L AR "
[ — tRP
}—tcsH
) la——— tRCD tcAs ICRP-w
I ViHCS
s e \ ‘ \ j \
t
tASR .RAH-1 'Asc.i -JCAH_l ‘
ViR otlumn
aoonesses | N e e R
[ :
RWD tCWL ——a
trcs -r-.‘ l|= tcwp TRW L~
e SRS
twe
I tcAC —e - 1OFF

VoH- : YT Y

Pout Vou- i iz JL \éalt: b,
L———— TRAC —————————— toH
' tps —MJ L ’1

Vin- Vs YT
Oin Vi I 0 AN
RAS ONLY REFRESH TIMING
Note: CAS = Vjyc. WRITE = Don't Care

. 'RC
} tRAS R
w e ’ § N
tRp ————=

tRAH vj
la—

tASR
Vi - Y X R o
aporesses v, KXKXXXKKAOXKRIXS Address

VOoH-

&Y

R KRR XKTK,
o e et

OOOOOXY
A 0%

‘Dw(
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PAGE MODE READ CYCLE
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MCM4116A

MCM4116A BIT ADDRESS MAP
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@ MOTOROLA

MCM4516

Product Preview

16,384-BIT DYNAMIC RAM

The MCM4516 is a 16,384-bit, high-speed, dynamic Random-Access
Memory. Organized as 16,384 one-bit words and fabricated using HMOS
high-performance, N-channel, silicon-gate technology. This new breed of
5-volt only dynamic RAM combines high performance with low cost and
improved reliability.

By multiplexing row- and column-address inputs, the MCM4516 re-
quires only eight address lines and permits packaging in standard 16-pin
dual-in-line packages. Complete address decoding is done on chip with
address latches incorporated. Data out is controlled by CAS allowing
for greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible.
The MCM4516 incorporates a one-transistor cell design and dynamic
storage techniques. In addition to the RAS-only refresh mode, refresh
control function available on pin 1 provides automatic and self-refresh
modes.

® Organized as 16,384 Words of 1 Bit
® Single +5 Volt Operation
® Fast 120 ns Operation

® Low Power Dissipation:
200 mW Maximum (Active)
20 mW Maximum (Standby)

® Three-State Data Output

® |Internal Latches for Address and Data Input

® Early-Write Output Capability

® 64K Compatible 128-Cycle, 2 ms Refresh

® - Control on Pin 1 for Automatic and Self Refresh

® RAS-only Refresh Mode

® CAS Controlled Output Providing Latched or Unlatched Data

® Upward Pin Compatibility from the 16K RAM (MCM4116)
to the 64K RAM (MCM6664)

MOS

(N-CHANNEL, SILICON-GATE)

16,384-BIT
DYNAMIC RAM

L SUFFIX
CERAMIC PACKAGE
CASE 690

C SUFFIX

FRIT-SEAL .
CERAMIC PACKAGE

CASE 620

OUTPUT BUFFER TRUTH TABLE

PIN ASSIGNMENT

REFRESH Vss
D CAS
W [}

RAS A6

A0 A3

A2 A4

A1 A5
Vee N/C

Internal —
Early Write CAS . Refresh Control (CAS Internal) Output Buffer
H X X {X) Hi-Z
X H X X) Hi-Z
L L L {H) Maintains Previous
. Data
L L H (L) Active

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields; however, it is advised that
normal” precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high impedance circuit.

This is advance information and specifications are subject to change without notice.
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MCMA451i6

~

PIN ASSIGNMENT COMPARISON

MCM4116 MCM4516

16 Vss REFRESH Vss REFRESH
15 CAS D CAS D
14 a w Q W
13 A6 RAS A6 RAS
12 A3 AO A3’ A0
1M1 A4 A2 A4 A2
10 A5 A1 AS A1

s Vce VoD N/C Vee

PIN VARIATIONS
PIN NUMBER

MCM4116 ~ MCM4516
1 vpg (-56V)  REFRESH
8 Vpp (+12 V) Vee

9 Vee 45 V) N/C

MCM6664

Vss
CAS

A6
A3
Al
A5

A7

MCM6E664

REFRESH

Vee (+5 V)
A7

READ CYCLE TIMING

ON-CHIP REFRESH FEATURES/BENEFITS

Reduce System Refresh Controlier Design Problem
Reduce System Parts Count
Reduce System Noise Increasing System Reliability

Reduce System Power During Refresh

tRC
tRaAs —m4mM8Mm P
V]HC_A p "'—’_— (AR '—_—.
R N
Vie--
< csH
t
l@———— trcD RSH
ViHc- tcAs ————
CAS \ / / \
ViL—
—» [@— tasc
tASR tRAH - tCAH
ViH-
e MG G V10 A LA LN 0 G
Vi~
tRCS tRCH
o ViHe- X
V=X —————tcaAC———
L——— tRAC ——————————— — [@— tOFF
v )
OH— =
D HI-Z 4 vaidoaa -
out Vi
oL—

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
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WRITE CYCLE TIMING

tRC
: - tRAS -
I VIHC —~ =\
RAS &4—— tAR ———ﬁl N
ViL-
tRSH tRp — )
- tcSsH
l@——— {RCD tCAS ————» < tcRP
ViIHC- ¢ 7
CAsS . \ / \
ViL- X 2
tASR > — tasc
RAH tcAH
VIH-
ADDRESSES m Row Address mCoiumn Addresg
ViL— A
tewe ————
twes [ - tweH
ViHC- twe
e XXXXRX XXX KKK KKK
ViL- 2
tRWL >
[ tWCR vl
| [@ps - tpH

. Viy -
ViL— I~
;‘—‘DHR .
VOH-

D H1-Z
out .
Vor-—

READ-WRITE/READ-MODIFY-WRITE CYCLE TIMING

tRWC >
tRAS >
RA: V'Hc_ﬁ’\‘-— tAR —————— 9 \_
e - tRSH > tRp —9
tcsH
l'&— tRcD tcAs . teRp o
VIHC-
cAs \-
—» 4 'ASR —O{ .ty SC.
- ‘RAH <
ViH-
ADDRESSES V::;Xx Row Address Column Address II 1‘10101 I’X‘x‘x‘x’x‘x‘:’:
tRWD l— tcwiL —.l 1
L Vine ‘ﬁcs—’] e [ —————— tcWD ——— [— tRW L—.]
WRITE
iy N
we 4—tOFF
Von ¢—— tcac —»|
Dout VOL: ‘ HI-Z 1; Valid Data
[ &————————— tgac —————————> b s
t~tDH
o N VAV AVAVAVAVAVAVAVAVAVaAVAV,VAVAV,VAVAVAVAV, Y, .
o viL_ A PXXXXKX KX XAXXKXKXARXXNA Ve o KXZXXM
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MCM4516

SELF REFRESH MODE (Battery Backup
(CAS', Addresses, Data-In, and Write are

)
Don't Care)

= XXXX

tRFD

REFRESH

AUTOMATIC PULSE REFRESH CYCLE
(CASY, Addresses, Data-in, and Write are

——— tFRP ——

[e—tFBR

Don't Care)

S

I tRe *+ tRp —m————————————P

- =R

*RFD

REFRESH

CAS controls the output data. If CAS remains iow the previo

high-impedance state,

RAS-ONLY REFRESH CYCLE

N

Lf—fFP ——J

tFRD ——————— P

/1)

tFSR

(Data-in and Write are Don‘t Care, CAS is HIGH)
tRC* tRP
trp ’
o ———— tRAS ————— >
RAS —/ Z \
[— tRAH — l—— tRp ——t
d tASR

us output will remain valid,

When CAS is brought high, the output witl assume a

Row Address
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M) moToroLa MCM6604A

4096.BIT DYNAMIC RANDOM ACCESS MEMORY MOS

The MCMB604A is a 4096-bit, high-speed, dynamic Random (N-CHANNEL, SILICON-GATE)

Access Memory designed for high-performance, low-cost applications
in mainframe and buffer memories and peripheral storage. Organized ! 4096-BIT DYNAMIC
as 4096 one-bit words and fabricated using Motorola’s highly reliable RANDOM ACCESS
N-channel silicon gate technology, this device optimizes speed, MEMORY
power, and density tradeoffs. '

By multiplexing row and column address inputs, the MCM6604A
requires only six address lines and permits packaging in Motorola’s
standard 16-pin dual in-line packages. Complete address decoding
is done on chip with address latches incorporated.

All inputs are TTL compatible, and the output is 3-state TTL
compatible. The- MCM6604A incorporates a one-transistor cell
design and dynamic storage techniques, with each of the 64-row

addresses requiring a refresh cycle every 2.0 milliseconds. 16
® Organized as 4096 Words of 1 Bit ! cgnAlks.gii?uss
® Maximum Access Time = 250 ns — MCM6604AL2, C2 CASE 690
300 ns — MCM6604AL4, C4
350 ns — MCM6604AL, C
® Minimum Read and Write Cycle Time =
375 ns — MCM6604AL2, C2
425 ns — MCM6604AL4, C4
L 500 ns — MCM6604AL, C ) 16
® Low Power Dissipation ’ 1 C SUFFIX
500 mW Typical (Active) ) FRIT-SEAL
18 mW Typical {Standby) . CERAMIC PACKAGE
® 3-State Output CASE 620
® On-Chip Latches for Address, Chip Select, and Data In
® Power Supply Pins on Package Corners for Optimum Layout
® Standard 16-Pin Package
® Compatible with the Popular 2104/MK4096/4096/4027/MK4027 ) PIN ASSIGNMENT

Vss
CAS
ABSOLUTE MAXIMUM RATINGS (See Note 1) o
out
Rating Symibol Value Unit o3
Voltage on Any-Pin Relative to Vgg* Vin. Vout -0.3to +20 Vdc A3
Operating Temperature Range TA 0to +70 oc
Storage Temperature Range Tsig | -65t0 +150 oc A4
Output Current (Short Circuit) lout 50 mAdc A5
*(Vgs -V >45V)
ss -VpD vee

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS
are exceeded. Functional operation should be restricted to RECOMMENDED
OPERATING CONDITIONS. Exposure to higher than recommended voltages This device contains circuitry to protect the
for extended periods of time could affect device reliability. Vgg must be inputs against damage due to high static volt-
applied prior to Vcc and Vpp. Vgg must also be the last power supply ages or electric fields; however, it is advised that
switched off, ' normal precautions be taken to avoid applica-

' tion of any voltage higher than maximum rated

voltages to this high impedance circuit.




MCM6604A

DC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating

P

ature range unless otherwise noted.}

RECOMMENDED OPERATING CONDITIONS (Referenced to Vsg = Ground)

Parameter Symbol Min Nom Max Unit
Supply Voltage Vpp 114 12.0 126 Vde
Vee 45 5.0 5.5 vde
Vgg 4.5 5.0 -5.5 Vde
Input High Voltage  An, CS, Dj, VIH 24 - 5.0 Vdc
RAS, CAS, WE 2.7 = 5.0
Input Low Voltage All Inputs ViL -1.0 - 0.8 Vdc
DC CHARACTERISTICS (vpp =12V 5%, Vce = 5.0 V £ 10%, Vgg = -6.0 V £ 10%, Vgg =0 V, T4 = 0 to 70°C)
. Characteristic Symbol Min Typ Max Unit
input Current, Any Input lin - - 10 uA
{(Vin=0t07.0V)
Output High Voltage VoH 24 - - Vdc
{19 = -5.0 mA)
Output Low Voltage VoL — — 0.4 Vdc
(g = 20 mA)
Output Leakage Currem_ Lo . - - 10 KA
(Output Disabled by CS Input)
Average Supply Current, Active Mode 'ppA - 38 50 mA
(Teyc(w) = min} . Icca - 20 100 BA
18BA - - 75 uA
Supply Current, Standby Mode IpDs - 13 20 mA
) Iccs - — 10 WA
Iggs - - 75 HA
EFFECTIVE CAPACITANCE (Full operating voltage and temperature range, periodically sampled rather than 100% tested.)
. Characteristic Symbol Max Unit
Input Capacitance AO—A5 o Cin(EFF) 10 pF
RAS, CAS, Dj,, WE, CS 70
Output Capacitance . - Cout{EFF) 8.0 -pF

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Read, Write, and Read-Modify-Write Cycles)

RECOMMENDED AC OPERATING CONDITIONS(Vpp = 12V +5% Ve = 5.0 V 2 10%, Vgg = -5.0 V £10%, TA = 0 to 70°C)

MCM6604AL,C MCMB604AL2,C2 MCM6604AL4,Ca
Parameter Symbol Min Max Min Max Min Max Unit
Random Read or Write Cycle Time tRC 500 - 375 - 425 - ns
Row Address Strobe Pulse Width tRAS 350 10,000 250 10,000 300 10,000 ns
Row Address Strobe Hold Time tRSH 200 - 140 - 170 - ns
Row Address Strobe Precharge Time tRP - 150 - 125 - 125 - ns
Row to Column Strobe Lead Time (Note 1) tRCL 110 150 70 110, 90 130 ns
Column Address Strobe Pulse Width t1CAS 200 10,000 140 10,000 170 10,000 ns
Column to Row Strobe Lead Time tCRL -50 +50 -40 +40 -50 +50 ns
Address Setup Time tAS 0 - 0 —~ 0 - ns
Address Hold Time tAH 100 — 60 - 80 — ns
RAS Address Release Time tAR 250 — 170 — 210 - ns
Read Command Setup Time tRCS 0 - ] - 0 - ns
Read Command Hold Time tRCH 100 — 60 — 80 — ns
Write Command to Column Strobe Lead Time tcwL 200 - 140 — 170 — ns
Write Command Hold Time (Note 2) tWCH 150 — 110 - 130 - ns -
Write Command Pulse Width TWP 200 - 140 - 170 - ns
Data In Setup Time tDs 0 - o = 0 - ns
Data In Hold Time tDH 150 - 110 - 130 - ns
Refresh Period tREF - 2.0 - - 20 - 2.0 ms

1. If tgcL is greater than the maximum recommended value shown in this table,
teyc and tRAC will increase by the amount that trc | exceeds the value shown.

2. The Write Command Hold Time is important only when normal random write cycles are
being performed. During a read-write or a read-modify-write cycle, the limiting parameter

is the Write Command Pulse Width.
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MCM6604A

AC CHARACTERISTICS (t7 =t = tf = 10ns, Load = 1 MC74HO00 Series TTL Gate, CL(EFF) = 50 pF)

MCM6E604AL.C | MCM6604AL2,C2 | MCM6604AL4, C4
Characteristic Symbo! Max Max Max Unit

Access Time from Row Address Strobe tRAC 350 250 300 ns

(110 ns < 1R + tT < 150 ns for MCMBB04AL, C}

{ 70ns < tpeL + tT < 110 ns for MCM6604AL2, C2)

( 90 ns < tgeL + t1 < 130 ns for MCMB604AL4, C4)
Access Time from Column Address Strobe tCAC 200 140 170 ns
Output Buffer Turn-Off Delay toff 100 65 85 ns

READ CYCLE TIMING

tRC
Y tRAS \ Vim
\ TRSH i
RAS N | . >\ "
tRCL teas )
-\ r ViH
CAS - /| N
f*— CRL
A F—taH tAS b tan
Vin
Address
= Vio
tAR
tRCS ) tRCH
l \' ViH
y < VL
tAS f— taH g
7 ‘ ViH
cs
f——— tcac— Vi
toff y
PN 4 oH
Data Stable from Previous .
oo - Data Valid
Out Cycle (or Disabled) i_ Open —{ ata Vali /
‘ 7 5 VoL
tRAC

V///‘ = Don’t Care
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MCM6604A

IIIIIIIIIIIIIIII

tRC Y
A tRAS iH

FAS S tRsH _
— RS V.IL

As ~ ' *SE————tCAs—jf v
tAS l—tar—| tas [ taH— T .

rsren , A ) % A
AR A

d ==
. ame

Data Stable from Previous X 7 Output Follows
\

Cycle (orDisabled) ¥ N  Datalnput

—————————
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MCM6604A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Read-Modify-Write Cycle)

RECOMMENDED AC OPERATING CONDITIONS(Vpp = 12V 5%, Voc = 5.0 V £ 10%, Vgg = -5.0 V 10%, Ta = 0 to 70°C)
Note: Parameters not listed are the same as for a Read or Write Cycle.

MCME604AL, C MCM6E604AL2, C2 MCM6604AL4, C4
Parameter Symbol Min Max Min Max Min Max Unit
Read-Modify-Write Cycle Time tRWC 700 - 515 - 595 - ns
Row Address Strobe Pulse Width . tRWRAS 550 10,000 330 10,000 470 10,000 ns
Column Address Strobe Pulse Width tRWCAS 400 10,000 280 10,000 340 10,000 ns
RAS Hold Time tRWL 200 - 140 ~ 170 - ns
Modify Time tMOD 0 10,000 0 10,000 1] 10,000 ns

READ — MODIFY — WRITE TIMING

- —EE( tRWRAS | 7 _\—_ v:v:

EAB NL ; .

" tRCS— l — tewL—= -

77 N
tas~{ | tan

. |

T M

tcac tMoD
totf —=f
. VoH
Data Data Stable from Previous .
Out ™ Cvcle (or Disabled) Open Data Valid
N
VoL
TRAC )

= Don‘t Care

\
D
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MCM6604A

RAS ONLY REFRESH TIMING

lMemorv Array :
|

| Dummy Cells |

Column Decoder ]

(1-0f-32)
']

RC
[e————1RAS
.-—w—-.».....—____.._W 1 ViH
RAS \
Viu
TaH ! RP
—e] tag je—
N Vin
Address Row Address // /
7 Vi
Vou
Dout Open
VoL
P
] V7] - pont care
BLOCK DIAGRAM
WRITE e e N Write
Ciocks
RAS RAS Clocks
Data In Data. In
Buffer
Address
Clocks
CAs .
— Clocks -—-‘
''''' L Reset Data
cas — Data Out Out
4_]f_'\ Enable Buffer
Chip Select
_—
cs Input Buffer -~/
N - P R—— @ Dummy Ceils
Ag e Address Memory Array
ff
A3 Buffens Row B
1-of- 2
—_—— Decoder e
A2 64 Sense Refresh Am‘pluflers Data Bus
Al ———— | Rowand (1-0f-64) Data In/Out Gating Select
AD Column I} ¥
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MCM6604A

OPERATING CHARACTERISTICS

DATA OUTPUT

In order to simplify the memory system design and
reduce the total package count, the MCMG604A contains
an input data latch and a buffered output data latch.
The state of the output latch and buffer at the end of a
memory cycle will depend on the type of memory cycle
performed and whether the chip is selected or unselected
for that memory cycle.

A chip will be unselected during a memory cycle if:

(1) The chip receives both RAS and CAS signals,
but no Chip Select signal.

(2) The chip receives a CAS signal but no RAS
signal. With this condition, the chip will be
unselected regardless of the state of Chip
Select input.

If, during a read, write, or read-modify-write cycle,
the chip is unselected, the output buffer will be in the
high impedance state at the end of the memory cycle. The
output buffer will remain in the high impedance state
until the chip is selected for a memory cycle.

For a chip to be selected during a memory cycle, it
must receive the following signals: RAS, CAS, and Chip
Select. The state of the output latch and buffer of a
selected chip during the following type of memory cycles
would be:

(1) Read Cycle — On the negative edge of CAS,
the output buffer will unconditionally go to a
high impedance state. It will remain in this
state until access time. At this time, the output
latch and buffer will assume the logic state
of the data read from the selected cell. This
output state will be maintained until the chip
receives the next CAS signal.

(2) Write Cycle — If the WE input is switched
to a logic O before the CAS transition, the
output latch and buffer will be switched to
the state of the data input at the end of the
access time. This logic state will be maintained
until the chip receives the next CAS signal.

(3) Read-Modify-Write — Same as a read cycle.

DATA INPUT

Data to be written into a selected storage cell of the
memory chip is first stored in .the on-chip data latch. The
gating of this latch is performed with a combination of the
WE and CAS signals. The last of these signals to make a
negative transition will strobe the data into the latch. If
the WE input is switched to a logic Q at the beginning of
a write cycle, the falling edge of CAS strobes the data
into the latch. The data setup and hold times are then
referenced to the negative edge of CAS.

__If a read-modify-write cycle is being performed, the
WE input would not make its negative transistion until
after the CAS signal was enabled. Thus, the data would
not be strobed into the latch until the negative transition

of WE. The data setup and hold times would now be ref-
erenced to the negative edge of the WE signal. The only
other_timing constraints for a write-type cycle is that both
the CAS and WE signals remain in the fogic O state for a
sufficient time to accomplish the permanent storage of
the data into the selected cell.

INPUT/OUTPUT LEVELS
All of the inputs to the MCM6604A are TTL com-

patible, except RAS, CAS, and WE. The latter control
inputs require a slightly higher input voltage, V| = 2.7 V
minimum, which can be met with memory address buffers

such as the MC3459. .
The inputs feature high impedance and low capacitance

(< 10 pF) characteristics which will minimize the driver
requirements in a memory system. The three-state data
output bufferis TTL compatible and has sufficient current
sink capability (2 mA) to drive one high-speed TTL load.
The output buffer also has a separate V¢ C pin so that it
can be powered from the same supply as the logic being
employed.

REFRESH

In order to ensure or maintain valid data, each of the
64 internal rows of the MCMG604A must be refreshed
once every 2 ms. Any read, write, or read-modify-write
cycle will refresh an entire internally selected row. How-
ever, if a write or read-modify-write cycle is used to
perform a refresh cycle, the chip must be deselected.

The MCM6604A can also be refreshed by employing
only the RAS cycle. This refresh mode will not shorten
the refresh cycle time; the minimum switching time for
RAS still holds. However, the system standby power can
be reduced by approximately 30%. It should also be noted
that, regardless of the type of refresh cycle employed, all
of the minimum and maximum timing restrictions includ-
ing address setup and hold times must be observed.

TIMING CONSIDERATIONS

The timing of RAS and CAS as well as their timing re-
lationships must be understood by the designer in_order to
obtain maximum performance in a system. The RAS and
CAS clocks have minimum and maximum pulse widths,
tRAS (tRWRAS) and tcAS (tRWCAS). respectively. These
clock limits must not be violated to ensure proper device
operation and data integrity. Once a cycle has been ini-
tiated by driving RAS and/or CAS low, it must not be
aborted prior to fulfilling the minimum clock signal pulse
width(s). Also, a new cycle cannot be initiated until the
minimum precharge time, tRp, has been met.

The read access time (taocc) is a function of the row to
column strobe lead time (tRcL). the CAS transistion from
high to low (tf), and the access time from column address
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strobe (tCAC) as noted in the following equation:

tACC = tRCL *+ tf + tCAC )

If the tRCL + tf time is less than or equal to the speci-

fied tRcL -maximum limit, then the device access time
becomes:

tACC = tRAC (access time from the leading
edge of RAS)

Note from the ac.electrical characteristics that traC
is specified for a given timing skew of trcL; for the
MCM6604AL., the tRAC is 350 ns maximum for 110 ns <
tRCL *+ tf < 150 ns. The 40 ns variation in the failing edge
of CAS, for a given tRaC maximum, is given to allow for
system timing skew in the generation of CAS. This will
ensure minimum system access time since the timing skew
of CAS has been accounted for at the device.

The gating of chip select (CS) is also designed to mini-
mize system access time. Note from the timing diagrams

(2)

that CS does not have to be valid until the leading edge of
CAS. Since the memory device does not have to be selected
at the start of a memory cycle, the system decode time
for CS does not enter into the system access time.

The minimum overlap of RAS and CAS during a mem-
ory cycle is defined by tRSH. A minimum overlap is re-
quired to keep the write control logic on for a sufficient
time to ensure adequate charge or discharge of the selected
storage capacitor during a write cycle.

The termination of the RAS and CAS down time is de-
fined by tcRL. This parameter defines the maximum lead
(~) or lag (+) time that the trailing edge of CAS can have
with respect to the trailing edge of RAS. Note that for a
memory system requiring minimum cycle time, (—Iﬁgmay
lead RAS by the specified amount, although CAS cannot
lag RAS. This restriction must be placed on tcRy_for
minimum_cycle time since tRSH would be violated; CAS
can lag RAS for the specified maximum time provided the
minimum tRSH time is not violated.

Circuit diagrams utilizing Motorola products are included as a means
of illustrating typical semiconductor applications; consequently,
complete information sufficient for construction purposes is not
necessarily given. The information has been carefully checked and

is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not
‘convey to the purchaser of the semiconductor devices described any
license under the patent rights of Motorola Inc. or others.
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Q MofOROLA | | MCM6605A

4096-BIT DYNAMIC RANDOM ACCESS MEMORY Mos

The MCM6605A is a 4096-bit high-speed dynamic Random Access " (N-CHANNEL, SILICON-GATE)
Memory designed for high-performance, low-cost applications in
mainframe and buffer memories ‘and peripheral storage. Organized
as 4096 one-bit words, these memories are fabricated using selective. 4096-BIT DYNAMIC
oxidation N-channel silicon gate technology to optimize device RANDOM ACCESS
speed, power and density tradeoffs. MEMORY

All address and control inputs are TTL compatible except for
a single high-level clock (Chip Enable). Complete address decoding

is done on chip and address latches are incorporated for ease of use.
Refresh of the entire memory can be accomplished by sequentially
cycling through addresses A0-A4 (32 cycles) a maximum of every
2.0 milliseconds.

The MCMG6605A uses a three-transistor memory celf to simplify
internal sense amplifier requirements. Qutput data is inverted with
respect to input data. The outputs are 3-state TTL configuration and
require no external sense amplifier. Qutputs are in the high impedance
(floating) state when either the Chip Enable is in the low state or the
Chip Select is in the high state.

® Organized as 4096 Words of 1 Bit

L SUFFIX
CERAMIC PACKAGE
CASE 677

L1, Pt L2P2 L P
® Maximum Access Time = 150 ns 200 ns 300 ns
® Minimum Read Cycle Time = 290 ns 360 ns 470 ns
® Minimum Write Cycle Time = 390 ns 490 ns 590 ns P SUFFIX
® Minimum Read Modify Write PLASTIC PACKAGE
Cycle Time = 390 ns ., 490 ns 59C ns - CASE 708
® Low Power Dissipation

335 mW Typica! (Active)
2.6 mW Typical (Standby with Refresh) } PIN ASSIGNMENT

® Easy Refresh — Only 32 Cycles Every 2.0 ms
® TTL Compatible
® 3-State Output vgg ! 122 vpp
® Address Latches On Chip ’ A3 2 (121 A1
. . 20 A10
® Power Supply Pins on Package Corners ;'e‘se:n iE E’ 19 A9
. . . ata
for Layout Simplification s d F 18 a8
. L ; A1
® Typical Applications: Chip Enable 6] 117 A7
Main Memory Bata out 7 ] (116 A6
Buffer Memory Chip Sefect 8 [ 15 As
Peripheral Storage A4 9 ] 114 Read/Write
A210 ] 313 A0
vee 11 ] 12 Vss
ABSOLUTE MAXIMUM RATINGS (See Note 1) ’ *See Applications Information
Rating . Symbol Value Unit
Voltage on Any Pin Relative to Vgg Vin. Vout -0.3 to +20 Vdc
Operating Temperature Range Ta 0to +70 o¢
Storage Temperature Range Tst -65 to +150 oc This device contains circuitry to protect the
] inputs against damage due to high static voitages

. " . y or electric fields; however, it is advised that
NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- normal precautions be tak en to avoid application

ceeded. Functionat operation should be restricted to RECOMMENDED OPERAT- of any voltage higher than maximum rated volt-
ING CONDITIONS. Exposure to higher than recommended voltages for extended ages to this high-impedance circuit.
periods of time could affect device reliability.
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DC OPERATING CONDITIONS AND CHARACTERISTICS

{Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vgg).

Parameter Symbol Min Nom Max Unit
Supply Voitage VpD 11.4 12 126 Vdc
Vce 45 5.0 5.5 Vde
Vss 0 0 0 Vde
Vg -5.25 -5.0 -4.75 Vdc
Logic Levels L
input High Voltage (A, Dip, R/W, CS) Vi 3.0 - Vpp + 0.6 Vdc
Input Low Voitage {Ap, Diy. R/W, CS) ViL -1.0 - 0.8 Vdc
Chip Enabie High Voltage VCEH VpDp - 0.6 — Vpp * 06 Vdc
Chip Enable Low Voitage VCEL -1.0 - 0.8 Vdc
DC CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
input Current (Ap, Din, R/W, Cs, Preset) ’ . lin - - 10 HA
(Vinp=0toVpp +1.0V)
Input Chip Enable Current licE - - 10 uA
(Vihn=0to Vpp +1.0V)
Output High Voltage VOH 2.4 — Vee Vdc
{lg = -100 uA)
Output Low Voltage VoL Vss - 0.45 Vdc
(tp = 2.0 mA) .
OQutput Leakage Current o Lo — - 10 uA
(Vo =0.45V to Vg, CE = Vg, 0r CS= Vi)
Average Suppiy Current, Active Mode IoDA - 28 36 mA
(Teyeqw) = min) TCCA = 0.05 70 mA
iggA — - 100 uA
Supply Current, Standby Mode IDDS — 1.0 20 uA
(CE =0.45 V) ccs — . 10 uA
8BS - 1.0 20 WA

" EFFECTIVE CAPACITANCE (Test Circuit of Figure 1, full operating voltage and temperature range,
periodically sampled rather than 100% tested.)

Characteristic Symbol Min Typ Max Unit
input Capacitance (Ap, Din, R/W, CS, Preset) Cin(EFF) = 4.0 5.0 pF
Chip Enabie Capacitance CCE(EFF) - 25 30 pF
Output Capacitance Cout{EFF) - 40 50 pF
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FIGURE 1 — MEASUREMENT OF EFFECTIVE CAPACITANCE

Pulse Generator
EH123A or Equiv.|

Tek tronix-
567 or Equiv.

Empty
Socket

Calibration
Capacitors

Effective capacitance is determined by comparing the rise time

" of the voltage waveform at a particular pin to that measured with

known values of capacitance. Scope calibration points are deter-

mined by using the rise times obtained with the empty socket and
standard capacitor values as references.

The device under test (DUT) is inserted into the test socket

and normal operating power supplies applied. All input pins,
except that being measured, are grounded. The effective capaci-
tance of the desired pin can then be read directly from the scope.

Measurement
Pin R Input Pulse Level
CE 67 2 16 V 12V
Input/Output 100 Q2 6.0V 40V

AC OPERATING CONDITIONS AND CHARACTERISTICS .
(Full operating voltage and temperature unless otherwise noted.)

OPERATING MODES

Mode ntrol tes Output
R/W
Active (CE = High)
Read Only H L Valid
Read/Write H—>L L Valid
Write Only L L Valid
. Read Refresh H=>L L>H Valid = Floating
Refresh Only L H Floating
Chip Disable (Unselecied) H H Floating
Standby (CE = Low) X X Floating

X = Don't Care

RECOMMENDED AC OPERATING CONDITIONS (Read, Write, and Read Modify Write Cycles)

Parameter Symbol Min Max Unit
Address Setup Time tAS 0 - ns
Address Hold Time 1AH 60 — ns
CE Pulse Transition Time 5o 10 100 ns
CE Off Time MCM6605A L P/L2,P2 tsB 120 - ns

MCM6605AL1.P1 90 -

Chip Select Delay Time ) 1csSD — 70 ns
Chip Select Hold Time 1CSH '] — ns
Read Write Delay Time tRWD - 70 ns
Read Write Hold Time tRWH 0 - ns
Time Between Refresh tREE — 2.0 ms
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AC CHARACTERISTICS
[All timing with tT = 20 ns; Load = 1 TTL Gate {(MC74HO0O Series), C|_= 50 pF (effective)]

READ CYCLE (RW =V, C§=V| )

MCM6605AL P | MCM660SAL1,P1 | MCM6605AL2,P2
) Characteristic Sy mbol Min Max Min Max Min Max Unit
Read Cycle Time teyclR) 470 - 290 360 ns
Chip Enable On Time tCE 310 2000 160 2000 200 2000 ns
Chip Enable to Output Delay tco - 280 - 130 - 180 ns
Read Access Time tace - 300 - 150 - 200 ns
READ CYCLE TIMING
Teyc(R
Vin
26 V———
Address Stabte Address
12V-——
Vi
—{ trf— — tTf——
VCEH
Vpp -2.0 v
Chip Enable fcE tse
VceL
. —— ‘CSH |
ViH f
/1 RN
i / L
s ——s{tRWH[e— |
ViH
| //// / / ’ / - \\\\\\\
Read/Write / / \
Vi l
I tc
VoH — |
. 20V ——— —+— /
Data Out -———— Floating (et Floating ————f /
. 08V —— — — — — — /
v _ ———— e ———
oL
!t ¢ =J] Valid
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WRITE CYCLE (R/W=V),CS=V|)
REFRESH CYCLE (R/W =V}, CS= V)

. MCM6605AL P | MCM6605AL1PT | MCME60OSAL2 P2
Characteristic -Symbol Min Max Min Max Min Max Unit
Write Cycle Time toyc(W) 590 - 390 - 490 - ns
Chip Enable On Time tce 430 2000 260 2000 330 2000 ns
Read-Write Release Time TRWR 410 2000 240 2000 310 2000 ns
Write Pulse Width w 210 -~ 160 — 160 - ns
Read-Write to Chip Enable Separation Time tRC 0 - 0 - 0 - ns
Data Delay Time” DD - 70 - 70 - 70 ns
Data Hold Time tDH 50 - 20 50 — ns

*1f a write pulse {tyy) is employed on the R/W line during a write cycle, then the input data setup time is measured from the
- leading edge of the write pulse. The tpg time is the same as that of the read-modify-write cycle.

WRITE AND REFRESH CYCLE TIMING

Vi

‘cyc(W}

26 V— —
Address Stable Address
12V e —
Vi !

Veer FtAS-l b tA ] "‘ Rin T
Vpp-2.0V — —— ——
— B — ¢ l
Chip Enable T ) 7]
20V — — — —
VceL —
) - 'CSD [%——  (Refresh) 'CSH
IH SPvEE N
v\ - m DR
. 1.2V (write)
Vic
fe—— 'RWR —
) ViH
Read/Write \\ \\\K\\\ \ \\\\ \\\ \\\
\ 12v
Viw
f=top
ViH ’*

Dip Stable

P
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READ-MODIFY-WRITE (R/W = Vjq»V, CS =V )
READ REFRESH (See Note 1)

MCM6605AL P MCM6605AL1,P1 | MCM6605AL2,P2
Characteristic Symbol Min Max Min Max Min Max Unit
Read-Modify-Write Cycle Time teyc(R/W) | 590 - 390 - 490 - ns
Chip Enable On Time tCE 430 2000 260 2000 330 2000 ns
Read-Write Release Time tRWR 410 2000 240 2000 310 2000 ns
Write Pulse Width . tw 210 -~ 160 = 160 - ns
Data Setup Time tps 1] - 0 - 0 - ns
Data Hold Time tpDH 50 - 20 - 50 - ns
Read-Write to Chip Enable Separation Time tRC 0 - [4] - o - ns
Chip Enable to Output Delay tco - 280 - 130 - 180 ns
Read Access Time tace - 300 - 150 - 200 ns

Note 1: A read refresh cycle is possible by bringing CS high after output data
is valid and then bringing R/W low to the write position.

READ MODIFY WRITE TIMING

| teyc(R/W)
ViH L

26 V— —
Address Stable Address
1.2V-—
Vio

fatass] }C—-‘AH | Tf-—

______L

VceH
Vop 20V — —— L ——
tce al
Chip Enable
20V - —
VeeL ] tcsp .
[ tRC
ViH tcsH
\
Chip Select \ \
1.2V
ViL \ N N
H——‘RWR
'<——'w

W YI\ Sy \| \\ §

[‘awo—n ' ‘Ds~>| OH M

VoH — _————

20V — — — — — — — —
Data Out - Floaung Vatid Floating
08V wr — o — | —

Vo — —— 1 —— — — —_———— e —

<
I

-
@
o
o
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TYPICAL CHARACTERISTICS CURVES

FIGURE 2 — ACCESS TIME versus Vpp . FIGURE 3 — ACCESS TIME versus AMBIENT TEMPERATURE
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iDD. SUPPLY CURRENT (mA})

ig8, SUPPLY CURRENT (mA)

TYPICAL SUPPLY CURRENT TRANSIENT WAVEFORMS

FIGURE 8 — CHIP ENABLE VOLTAGE
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BLOCK DIAGRAM

. A10A9AE A7 A6 A5 ADA2A4
i 20 1918 17 16 15 1310 9
Chip o1 3
Enable )
2
\
Read/Write 14 *3
;»_J Bit Bit _] Bit Bit ‘—4
4095 4064 2047 2016
g 8 ~
£ £
3 o
@O Q
AY [2] 12]
= B4
. @ o . .
Bit Bit Bit Bit
[ 3108 3072 [7] ] 1055 1024 [7]
Row
. * ’ Decode * ’
Al 210—m——] And
Cotumn Decode Bit Column Decode —
A3 20 Sense
‘ ‘ Line j
Select
.._I Bit Bit L_ ._J Bit Bit I__
3071 3040 - « 1023 992
@ @
< <
J_ o
¢ @
e s
@ [}
n 0
v =
o )
Bit Bit Bit Bit
—J 2079 2048 F "—'] 31 0 r
Preset 3 O———m— Data Control Cells T
Datain 4 b—m—@ 7 Data Out
Chip 8 o
Select
elec Ls CE Vpp - Pin 22
A1l Vgg = Pin 12
vgg = Pin 1
Vee = Pin 11

FUNCTIONAL DESCRIPTION

The MCM6605A 4096-bit dynamic RAM uses a three
transistor storage cell in an inverting cell configuration.
The single high-level clock (Chip Enable) starts an internal
three-phase clock generator which controls the read and
write functions of the device. The ¢1 signal, which is high
when CE is low (standby mode), preconditions the nodes
in the dynamic RAM in preparation for a memory cycle.
The ¢2 signal, which comes on as CE goes high, is the read
control and transfers data from storage onto bit sense
lines. The ¢3 signal, which comes after ¢$2 only during a
write or refresh cycle, transfers data from the bit sense
lines back into storage. The 3 signal occurs only if the
R/W input is low. . . )

To perform a read cycle, CE is brought high to
initiate a ¢2 signal and latch the input addresses. The
column decoders select one column in each of the four
storage quadrants (see the block-diagram) and transfers
data from storage onto the 128 bit sense lines. The row
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decoder selects one of these 128 bit sense lines for read
and write operations. During the ¢2 signal, the data on
this selected bit sense line is Exclusive ORed with the state
of the appropriate data control cell to supply the correct
output data. After this data is received by the external
system, CE may be brought low to the standby position.
This assumes that the R/W signal is held high to prevent
an internal ¢3 being generated.

To perform a write or refresh operation, CE is brought
high and everything is identical to a read operation up
until the 128 bit sense lines are charged with the selected -
columns of stored data. When R/W is brought low (if it is
not already there), a ¢3 signa! is generated after ¢2 is over.
The ¢3 signal takes the data from the 128 bit sense lines
and returns it to the 128 storage locations it came from.
Because of the design of the memory array, this $2-¢3,
read-write operation inverts the data. Therefore, one extra
row of memory cells, called data control cells, is used to
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keep track of the polarity of stored data in order to be
able to correctly recover it. During the write operation,
the input data is Exclusive ORed with these control cells
before being stored in the array. A refresh cycle does not
modify any of the bit sense lines, but simply returns the
data {now inverted) into storage.

All timing signals for the MCM6605A are specified
around these operations. The following is a brief descrip-
tion of the input pins and relevant timing requirements.
Chip Enable — CE is a single high level clock which ini-
tiates all memory cycles. CE can remain low as long as
desired for specific applications as long as the 2.0 ms re-
fresh requirements are met.

Chip Select — This signal controls only the /O buffers.
When CS is high, the input is disconnected and the output
is in the 3-state high-impedance state. A refresh cycle is,
therefore, a write cycle with CS high. CS has no critical
timing with respect to any other signal except that there
is a finite delay between activation and data out.

Read/Write — When high, R/W inhibits the internal ¢3
signal, thereby keeping the memory from writing. When
R/W is low, a ¢3 will occur soon after 2 is finished. For a
read cycle, R/W should be high within trwp of CE to
insure that a ¢3 does not start. “The only timing require-
ment on the R/W input for writing is a minimum write
pulse defined as the overlap of CS, CE, and R/W. Refresh
cycles require that CS be high to inhibit the input buffer
before a ¢3 occurs. Thus CS should be high within tcsp
for a refresh cycle, or before R/W goes low for a read-
refresh cycle.

Data In — The input data must be valid for a sufficient
time to override the data stored on the selected bit sense
line. It must remain valid for the ““write pulse” defined
under Read/Write. Signals on the D, pin are ignored
when either CS.or R/W is high, or CE is low.

Data Out — QOutput data is inverted from input data and is
valid tyc. after CE goes high. The data will remain valid
as tong as CE is high and CS remains low. With either CE
low or CS high, the output is in a high-impedance state.
The data output is initially precharged high when CE goes
high and is then either discharged to ground or left high
depending on the stored data. This precharging followed
by valid data occurs regardless of the state of the R/W
input, making the write cycle actually a read-write cycle.
The output will also try to precharge during a refresh cycle
but will be kept at high impedance by the CS being high.
1f CS is originally low and is then brought high (within
the tcsp specification) the output may start to precharge
before being cut off and returned to high impedance.

Addresses — The addresses are latched when CE goes high,
and may be removed after an appropriate hold time.

Vgs — Circuit ground.

Vgg — The reverse bias substrate supply. Forward biasing
this supply with respect to Vgg will destroy the memory
device.

Vpp — Positive supply voltage.
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Ve — Output buffer supply. This supply goes only to
the data output buffer and draws current only when
driving an output load high.

Preset — This pin should be tied to ground. During device
testing Preset can be used to preset the data contro! cells
to a logic zero. One 200 ns, 12 V puise will set all 32 cells
simultaneously. Preset has no system use; its only purpose
is to ensure a good logic level in the control cells after
first power up. In system use, this good logic level will
come naturally after the first few refresh cycles.

APPLICATIONS INFORMATION

Power Supplies

The MCM6605A is a dynamic RAM which has essentially
zero power drain when in the standby (CE low) mode.
When operating, the Vpp supply may experience transients
in the order of 100 mA for a short time (Figure 9). The
VBR supply, which has very low dc drain while operating,
may see transients of about 40 mA during the edges of CE.
Therefore, appropriate bypassing of both supplies is recom-
mended. This bypassing has been simplified by the location
of the power supply pins on the cormers of the package.

The Vg line supplies only the input leakage of a
TTL load on Data Out and should never exceed about
100 pA, presenting little bypassing requirement.

Power dissipation for a system of N chips is much
lower than N times the 335 mW typical dissipation for a
full speed operating chip. This is because the unselected
rows in @ memory array card are operating in the standby
mode of near zero dissipation. This zero standby power is
actually unachievable because of the requirements for
refresh. Therefore, power dissipation for an array of
N X M chips operating at tq{ cycle time, tRgfF refresh
increment, and maximum CE down time between cycles is:

490 ns 15.7
Pp=~M{——— ) 335 mW + (N-1) (M){ -———
t1ns tREF Us
For a 550-ns-cycle-time, 64 k by 16 system (16 by 16
chip array) with refresh at 2.0 ms, the approximate power
dissipation is: -
490 15.7

Pp =~ 16(§5‘0)335+ (15) (16)(2—00()

~ 4775 mW + 630 mW = 5.4 W

A similar one megabyte system, eight bytes wide, would
have a dissipation of only 24 W. If the low standby
power capability were not used, over 600 W would
be dissipated.

) 335mW

) 335

Refresh

The MCM6605A is refreshed by performing a refresh (or
write) cycle on each of the 32 combinations of the least
significant address bits (AO-A4) within a 2.0 ms time
period. (A5-A11 must remain constant at proper logic
levels.) Thisrefresh can be done in a burst mode (32 cycles
starting every 2.0 ms) or in a distributed mode where one
cycle is done every 62.5 us.




-

MCM6605A

A refresh abort can be accomplished by treating a
refresh cycle as a read-modify-write cycle with CS high.
This type of cycle can be aborted any time until the R/W
signal has been brought low to allow a ¢3 clock to begin.

Non-Volatile Storage

In many digital systems, it is extremely important to
retain data during emergencies such as power failure.
Unfortunately, however, most random access read/write
semiconductor memories such as the MCM6605A are
volatile. That is, if power is removed from the semicon-
ductor memory, stored information-is lost. Therefore,
non-volatility for a specified period of time becomes highly
desirable-— as a necessity to maintain irreplaceable infor-
mation or as a convenience to avoid the time consuming
and troublesome task of having to reload the memory.

The extremely low standby power dissipation of the
MCM6605A makes it ideal for main memory applications
requiring battery backup for non-volatility. For example,
the MCM6605A can be employed in an 8K byte non-
volatile main memory system application for micropro-
cessors. The memory system can be partitioned into three
major sections as illustrated in Figure 13. The first section
contains the address buffers and the Read/Write and Chip
Select decoding logic. The second section consists of the

data bus buffering trarisceivers and the memory array
{which consists of 16 MCM6605As) organized into two
rows of 4K bytes each.

The third section of the block diagram comprises
refresh and control logic for the memory system. This
logic interfaces the timing of the refresh handshaking with
the microprocessor {MPU) clock circuitry. It handles
requests for refresh, the generation of refresh addresses,
the synchronization of a Power Fail signal, the multiplexing
of the external Memory Clock with the internal clock
{used during standby), and the generation of a ~5 V supply
on the board using a charge-pump method.

The refresh control logic is illustrated in Figure 14, It
handles the refreshing of the memory during both operating
and standby modes. The timing for this logic is given in
Figure 15. Figure 16 gives the memory timing for the
standby mode only. Decoding of the memory clock (CEe
and CEg) and the circuitry to synchronize the Power Fail
signal are shown in Figure 17, with the timing given in
Figure 18.

The memory device clock (CEa and CEg) during stand-
by is. created by a.monostable multivibrator (MC14528)
and buffered from the memory array by three MC14503
buffers in parallel. This clock is multiplexed with the
Memory Clock by use of the three-state feature of the

FIGURE 13 — NON-VOLATILE MEMORY SYSTEM BLOCK DIAGRAM
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| 1 aa ! | Multiplex ! |
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| ' i |
' | — Refresh Addresses
i AO A4 | [ AQ Al |
| ! Address Refresh Addresses | Power Fail |
] ‘I Buffers | * f_ —_
] | : L————ﬁ—b AS | |
' ) ! |—pm Refresh I
| L e Al 1 cmos Request
| i Refresh/Power Fail |
| " cs A | Logic < Rofresn |
. Grant
B8A15 —l—pw{ Logic — . |
| »CSg L | ‘ +
To
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Logic R/W
: vMa Butfers 8 [ |
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MC14503. The Memory Ciock {(used during normal opera-
tion) is translated to 12 V levels by use of an MC3460
Clock Driver. Decoding of the CEA and CER signals (i.e.,
clocking only the memory bank addressed) to conserve
power is accomplished by the logic within the MC3460.
Since the Power Fail signal will occur asynchronously
with both the Memory Clock and the refreshing operation
{Refresh Clock), it is necessary to synchronize the Power
Fail signal to the rest of the system in order to avoid
aborting a memory access cycle or a refresh cycle. An
MC14027 dual flip-flop is used as the basic synchronization
device. The leading edge of the Refresh Clock triggers a
3 us monostable multivibrator which is used as a refresh
pretrigger. The trailing edge of this pretrigger triggers a
500 ns monostable which creates the CE pulse during
standby operation. The 3 us pretrigger signal is used to
set half of the MC14027 flip-flop, the output of which,
, then inhibits a changeover from the standby to the
operating modes (or vice versa). This logic prevents
the system from aborting a refresh cycle should the Power

Fail signa! change states just prior to or during a refresh
cycle. The trailing edge of the 500 ns monostable clears
the MC14027 flip-flop, enabling the second flip-fiop in the
package. The state of Power Fail and Power Fail is applied
to the K and J inputs of this second flip-flop and is syn-
chronized by clocking with Memory Clock. The outputs
of this flip-flop, labeled Bat and Bat, lock the system into
the refresh mode and multiplex in the internal clock for
standby operation when Bat = ““1”. The voltage to logic
not required for the refresh only mode of operation is
removed to conserve power.

By using CMOS for the refresh logic and capacitance
drivers, and a low current refresh oscillator, the standby
current required for the 8K byte system is extremely
small, as noted in Table 1. This low standby current
requirement can be easily supplied for several days with
standard type +12 V batteries. For more detailed informa-
tion on this sytem and a large mainframe memory system,
see Application Notes AN-732 and AN-740.

FIGURE 14 — REFRESH CONTROL LOGIC
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FIGURE 15 — REFRESH TIMING
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FIGURE 16 — MEMORY TIMING IN STANDBY MODE
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FIGURE 18 — POWER UP/DOWN SYNCHRONIZATION

0 1.0 us 2.0 us 3.0us 4.0 us
Refresh Clock
(64 us Period) —/

3 us Monostable
(Refresh Pretrigger) —/ \_—.____.—___

500 ns Monostable

CEp or CEg
{Standby) / \
Clock Input @ \ /

Inhibit / —\

- No Power Fail signal changes will be
recognized during this time.

TABLE 1 - STANDBY MODE CURRENT ALLOCATION

Circuit Section Typical Current Circuit diagrams utilizing Motorola products are included as a means

B of illustrating typical semiconductor applications; consequently,

+12 V Current (Vpp) for 16 MCMG605A’s 5 mA complete information sufficient for construction purposes is not

Charge Pump 3 mA necessarily given. The information has been carefully checked and

is believed to be entirely reliable. However, no responsibility s

Comparator 2 mA assumed for inaccuracies. Furthermore, such information does not

- - convey to the purchaser of the semiconductor devices described any
Capacitance Drivers 4 mA license under the patent rights of Motorola Inc. or others.

Total 14 mA
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MCM6641
MCM66L41

4096-BIT STATIC RANDOM ACCESS MEMORIES

The MCM6641 series 4096 X 1-bit random access memory is
fabricated with high density, high reliability N-channel silicon-
gate technology. For ease of use, the device operates from a single
5-volt power supply, is directly compatible with TTL and DTL,
and requires no clocks or refreshing because of fully static operation.
The fully static operation allows chip selects to be tied low further
simplifying system timing. Data access is particularly simple, since
address setup times are not required. The output data has the same
polarity as the data input.

The MCM6641 is designed for memory applications where simple
interfacing is the design objective, and is assembled in 18 pin dual
in-line packages with the industry standard pin-outs.-
® Single £10% +5 V Supply
® Fully Static Operation—No Clock, Timing Strobe, Pre-Charge,

or Refresh Required
Industry Standard 18-Pin Configuration
Fully TTL Compatible
Common Data Input and Output Capability
Three-State Outputs for OR-Tie Capability
Power Dissipation MCM6641 Less Than 5650 mW (Maximum)

MCM66L41 Less Than 385 mW (Maximum)

Standby Power Dissipation Less Than 125 mW (Typical)
® Plug-in Replacement for TMS4044

MOS

(N-CHANNEL, SILICON-GATE)

4096:BIT STATIC
RANDOM ACCESS MEMORIES

MAXIMUM ACCESS TIME/MINIMUM CYCLE TIME

. PIN ASSIGNMENT

~  MCMG641-20 MCM6641-30
2
MCM66L41-20 00 ns MCM66L41-30 300 ns
MCM6641-25 MCM6641-45
MCME6L41-25 2680 ns MCME6LA1-45 450 ns
: BLOCK DIAGRAM
A——— 5 — | e——Vss
A— ’
Az_m Row Memory Array |- ———V (o
A8 Select 64 Row
—\—{z 64 Columns
S —
A6—— 5] —
v o+ = 5
tput
Data Input 1/0 Circuits — C:n::,, —-Q
o Input Data
Data Column Seiect Buffer Output
_ Control
wW—
§—{>0

A3 A4 ASAT1A10A9

S
T4 A0 Vee 18
2 A1 A6 F 17
34 A2 A7 316
4 A3 A8 F315
503 A4 A9 14
6 AS A10 13
73 a A11 312
s w . DN
9 vgg § 10
PIN NAMES
A0-A11 Address Input
D Data Input
Q Data Output
B Chip Select
Vee Power Supply (+5 V)
Vss Ground
w Write Enable

TRUTH TABLE

s W D Q Mode

H X X HI-Z Not Selected
L L L HI-Z Write 0"’
L v H HI-2 Write 1"
L H X Qutput data Read
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MCM6641, MCM66L41

ABSOLUTE MAXIMUM RATINGS (See Note 1)

Rating Value Unit
Temperature Under Bias -10 1o +80 °c

This device contains circuitry to protect the
inputs against damage due to high static voltages
Voltage on Any Pin With Respect to Vss -05t0+7.0 Vdc or electric fields; however, it is advised that

normal precautions be taken to avoid applica-
DC Output Current 20 mA . P ! K PP
tion of any voltage higher than maximum rated
Power Dissipation 1.0 Watt voltages to this high-impedance circuit.
Operating Temperature Range O0to+70 oc
Storage Temperature Range -65 to +150 oc

Note: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted
to RECOMMENDED OPERATING CONDITIONS. Exposure to
higher than recommended voltages for extended periods of time could
affect device reliabitity.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Veg =50V £10%, Ta = 0 to +70°C}

RECOMMENDED DC OPERATING CONDITIONS

MCM6641 MCM661L41
Parameter Symbo! Min Typ Max Min Typ Max Unit
Input Load Current X Iy - - 10 - - 10 uA
(ANl input Pins, Vin =0 to 55 V)
Outp_ut Leakage Current il ol - - 10 - - 10 uA
§=2.4V,Vi,=041t0 Vce)
Power Supply Current lcc - 80 100 - 55 70 mA
(Ve =55V, lgyt =0 mA, T =0°C) :
Input Low Voitage ViL -05 - 08 -05 - 0.8 \
Input High Voltage Vi 2.0 - 6.0 2.0 - 6.0 \Y
Output Low Voltage ’ VoL - 0.15 0.4 - 0.15 04 v
loL = 2.1 mA
Output High Voltage VoH 24 - - 24 v
10H = 1.0 mA )
Output Short Circuit Current X |os(2) - - 40 — — 40 mA
Typical values are at Vo =50V, Ta = 259C
Note: 2. Duration not to exceed 30 seconds.
CAPACITANCE
(f = 1.0 MHz, Tp = 25°C, periodicaily sampled rather than 100% tested.)
Characteristic Symbol Max Unit
Input Capacitance (Vj, =0 V) Cin 5.0 pF
Output Capacitance (V¢ =0 V) Cout 10 pF
STANDBY OPERATION
{Typical Supply Values)
Device Supply Operating Standby Max Standby Power
 MCM6641 Vee 45V +24V 225 mW
MCM661.41 Vee +5V +24V 150 mwW

The MCM6E641 series is offered in an 18-pin dual-in-line ceramic (JL suffix) and plastic (NL suffix) packages designed for insertion in mounting-
hole rows on 300-mil centers. The series is designed for operation from 0°C to 70°C.



MCM6641, MCM66L41

AC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature unless otherwise noted.)

InputPulse Levels. . . ... ... ................ 0.8 Volt to 2.0 Volts
input Rise and Fall Tim‘es ............................. 10ns
input and Qutput Timing Levels . . . .. . ... .. ... . ....... 1.5 Volts
Output Load. . . . .. RN 1 TTL Gate and C_ = 100.pF

AC OPE RATING CONDITIONS AND CHARACTERISTICS
Read (Note 3), Write {Note 4) Cycles

RECOMMENDED AC OPERATING CONDITIONS (Tp =0 to 70°C, Ve =50 V + 10%)

MCM6641-20 | MCM6641-25 | MCM6641-30 | MCM6641-45
MCM66L41-20 | MCM66L41-25 | MCM66L.41-30 | MCM66L41-45
Parameter Symbot Min Max Min Max Min Max Min Max Units
Read Cycle Time tRC 200 - 250 - 300 - 450 - ns
Access Time tA - 200 - 250 - 300 - 450 ns
Chip Selection to Qutput Valid 150 — 70 — 85 - 100 - 120 0s
Chip Setection to Qutput Active tgx 10 - 10 - 10 — 10 - ns
Output 3-State From Deselection tOTD ‘= 40 - 60 - 80 - 100 ns
Output Hold From Address Change tOHA 50 - 50 - 50 - 50 - ns
Write Cycle Time wWe 200 - 250 = 300 - 450 - ns
Write Time w 100 - 125 - 150 - 200 - ns
. Write Release Time tWR ] - o - 0 - o - ns
Output 3-State From Write t0TW - 40 - 60 - 80 - 100 ns
Data to Write Time Overlap tpw 100 - 125 - 150 - 200 - ns
Data Hold From Write Time tDH 0 - (] - o] - 0 - ns
READ CYCLE TIMING {Note 5) WRITE CYCLE TIMING (Note 6)
RC - we
A
Address D( X
Address ;( X ‘
ERANANNNS 77777777770,
B t
SEANNNANNNNNRNNRNANAN ¢ (NI : w WA
) w \!
ft— t5 0 —onf w
o] let0TD K\\\\
t
[ tsx TOHA —a tOTW
Dout £
NS Dout 29 227272727774
Notes: 3. A Read occurs during the overlap of a low S and a high W. IR AT TR
4. A Write occurs during the overlap of a low S and a low W. Oin ?0?0?0?0,’0?0?0’6’6’&’5'1"6’6’0.(\‘
5. Wis high for a Read cycle.
6. If the S low transition occurs simultaneously with the W tow

transition, the output buffers remain in a high impedance rate.

2-68



@ MOTOROLA MCM6664

] Product Preview ]
' MOS
(N-CHANNEL, SILICON-GATE)
65,536-BIT
DYNAMIC RAM

65,536-BIT DYNAMIC RAM

The MCM6664 is a 65,636 bit, high-speed, dynamic Random-Access
Memory. Organized as 65,5636 one-hit words and fabricated using HMOS
high-performance N-channel silicon-gate technology. This new breed of
5-volt only dynamic RAM combines high performance with low cost and
improved reliability.

By multiplexing row- and column-address inputs, the MCM6664 re-
quires only eight address lines and permits packaging in standard 16-pin
dual-in-line packages. Complete address decoding is done on chip with
address latches incorporated. Data out is controlled by CAS aliowing CERA';\Asth)ii'é(KAGE
for greater system flexibility. CASE 690

All inputs and outputs, including clocks, are fully TTL compatible.
The MCM6664 incorporates a one-transistor cell design and dynamic
storage techniques. In addition to the RAS-only refresh mode, refresh
control function available on pin 1 provides automatic and self-refresh
modes. )

® (rganized as 65,636 Words of 1 Bit

C SUFFIX
® Single +5 V Operation c :;:Z'iiét ok
CER A
® Fast 150 ns Operation CASE 620
® | ow Power Dissipation

250 mW Maximum (Active)

30 mW Maximum (Standby)
® Three-State Data Output
L)
Internal Latches for Address and Data Input PIN ASSIGNMENT
® Early-Write Output Capability
® 16K Compatible 128-Cycle, 2 ms Refresh v
ss
® Control on Pin 1 for Automatic and Self Refresh chs
® RAS-only Refresh Mode o
® CAS Controlled Output Providing Latched or Unlatched Data r6
® Upward Pin Compatible from the 16K RAM {(MCM4116) Az
A4
AS
A7
OUTPUT BUFFER TRUTH TABLE
Internal
) i |
Early Write CAS Refresh Control (CAS Internal) Output' Buffer This device contains circuitry to protect the
H X X (X} Hi-z inputs against damage due to high static volt-
X H X (X} Hi-Z ages or electric fields; however, it is advised that
L L L (H) Maintains Previous normat precautions be taken to avoid applica-
Data tion of any voltage higher than maximum rated
voitages to this high impedance circuit.
L L H (L) . Active

This is advance information and specifications are subject to change without notice.
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BLOCK DIAGRAM
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[@— DataIn, O
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g
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2
Al —pm 16,384-81t Memory g 16,384-Bit Memory
Array g Array
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A2 — E 2
H
@
S
A3~ i
§, 1/2 (10t 128) 12141 ot 128)
H Column Decoder Calumn Decoder
aMm—p §
S
A5 ——pnf H -
3 8
16,384-B1t Memory b 16.384-81t Memary
N
6 Array 3 Array
§
A7 —o o
:
Precharge 2
Sense Amphifier Sense Ampiiier
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4116 TO 6664 COMPARISON
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MCM6664

o & W N

@ N o

Vss
CAS

A6
A3

A4

A5

Vee

Vss
CAS

A6
A3
A4
AS
A7

PIN VARIATIONS

MCM4116

PIN NUMBER
1 Vg (-5 V)
8 Vpp (+12 V)
9 Vee (+5 V)

MCM6664

REFRESH
Vee (45 V)
A7

On-Chip Refresh Features/Benefits

Reduce System Refresh Controller Design Problem

Reduce System Parts Count

Reduce System Noise Increasing System Reliability
Reduce System Power During Refresh
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READ CYCLE TIMING

tRC

tRAS
tAR ———a

cSH |

‘—'RCD__’P_——T— RSH

ViHe-
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CAS
ViL-

tCAS ———om

‘\ \t
;RA.T ‘ASC’1.

e fea-tTC A H am

v
ADDRESSES

R

Column
Address

- NI
Agdress W “t‘:’:’:’:’.

A

J

tRCS +‘-ﬁ

YVVYV NN/
B

XXXXXXXXAXXXN

%

—.1

e L— tcaC ———
- TRAC——————— R —— la— TOFF
Dout Von- Hiz £ Valid ">________
Vot- L
WRITE CYCLE TIMING
.- tRC
tRAS
RAS ViHe- ‘AR
RAS e ) ; ;[ X
) 'ASH tRp ——
T csH
[¢——'RCD - tcAs ’4 tcRP —as
- VIHEC
- e \ i \
tRAH ICAH
r-'Asn tasc —1 -
ADDRESSES Vin- Row W Column
ViL-, Address Address
‘ J : tewi
L C-S.‘ - tweH o
R — Vv, M t AN N VAN NN NAAAAAA AAARN AR AN/ YNV YV SSANY
wATE e o I S S
: ! TRWL :
t
=R I- 0S je— tDH
; ViH= 000000000 OXOOOOROUOOXXTOOODE
Din
vie- 2 AR AR R
Dout ch:-:_'_ Hi z .
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SELF REFRESH MODE (Battery B.ckup)
(CAS?, Addresses, Data-In, and Write are Don't Care)

| A |

tapo.‘ j€—— tFBP ——| ’4» tFBR
REFRESH : \ {
A

AUTOMATIC PULSE REFRESH CYCLE
(CAS1 Addresses, Data In, and Write are Don’t Care)

<+ tRC * tRP

—W N

tRFD tFRD-

tFSR

[@—————tFP o

YCAS controls the output data. If CAS remains low the previous output will remain valid. When CAS 1s brought high, the output
will assume a high-impedance state. .

RAS-ONLY REFRESH CYCLE
(Data-in and Write are Don’t Care, CAS is HIGH)

tRC ttRp

&¢——»~— tRAS ——————— = K

[e—tRP-»

”l

e— tRAH —#» [t RP ——p

d -tASR

NORee mm R
m{ ’0“»’ RO m’mom’ SO
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READ-WRITE/READ-MODIFY-WRITE CYCLE

TRWC

tRAS
AAS ViHC- b taR —————{
Vie- F
I TRSH trep
—tcsH >
'RCD tcAs tCRP-
— Vine {
TAS IHC I
Vie- X
tRAH
‘Asaﬁ - .1‘ASC.1 le-tCAH

Vin. Row Column
ADDRESSES VIL-W Address Address

tRWD p— tCW L~
'acs-l"‘ ™ tcwo A P p——
wrTE  VIHe- -
V-

' e twp

ICAC ——d —a e 'OFF
o VOH- iz Lﬁ ‘ Valid >

out VoL~ ' ¢ Data ;

rad

T

| |

XXX XK
R AR RRKKRA
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MCMG310

1.0 MHz

MCM68A10

1.5 MHz

MCM68B10

128 X 8-BIT STATIC RANDOM ACCESS MEMORY

The MCM6810 is a byte-organized memory designed for use in
bus-organized systems. It is fabricated with N-channei silicon-gate
technology. For ease of use, the device operates from a single power
supply, has compatibility with TTL and DTL, and needs no
clocks or refreshing because of static operation.

The memory is compatible with the M6800 Microcomputer
Family, providing random storage in byte increments. Memory
expansion is provided through multiple Chip Select inputs.

Organized as 128 Bytes of 8 Bits
Static Operation
Bidirectional Three-State Data input/Output

Single 5-Volt Power Supply

TTL Compatible ]

Maximum Access Time = 450 ns — MCM6810
360 ns — MCM68A10
250 ns — MCM68B10

°

[ ]

[ ]

® Six Chip Select Inputs (Four Active Low, Two Active High)
. .

.

3

‘2.0 MHz

MOS

(NCHANNEL, SILICON-GATE)
128 X 8-BIT STATIC

RANDOM ACCESS !
MEMORY

P SUFFIX
PLASTIC PACKAGE
CASE 709

L SUFFIX
CERAMIC PACKAGE |
CASE 716

PIN ASSIGNMENT

10Gnd O v P24

2r{po aop 23

. 3 o1 arp 22

ORDERING INFORMATION +doz azh 21

Speed Device Temperature Range 50D3 A3[ 20

1.0 MHz MC6810P, L 0 to 70°C 6 foa ash 19
MCB810CP, CL ~40 to +85°C 7 dos Asp118

MIL-STD-8838 MC6810BJCS _55 to +125°C s os Ash 17
MIL-STD-883C MC6810CJCS 9 go7 R/WR 16
1.5 MHz " MC68A10P, L 0 to +700C 10 fcso Tssp 15
MCB8AT0CP, CL -40 to +85°C 11 ges Csap114

2.0 MHz MCB8B10P, L 0 to +70°C 2hcs2 _csopts

M6800 MICROCOMPUTER FAMILY
: BLOCK DIAGRAM

MC6800
Microprocessor

]

Read Only
Memory

MCM6E810
Random
Access
Memory

Interface
Adapter

Interface
> —— Adapter e |

Y ]

Address Data
Bus Bus

Modem

MCM6810 ~ RANDOM ACCESS MEMORY
BLOCK DIAGRAM

Memo.ry Data Data
Matrix Buffers Bus
{128 X 8)
Selection
and Contro!

T

Memory Address
and Control

2-74




MCM6810, MCM68A10, MCM68B10 .

MAXIMUM RATINGS

Rating Symbol Value Unit
upply Voltage \ -0. +7. N . . L
Supely o’ag cc 03t +70 vde This device contains circuitry to protect
Input Voltage Vin -0310+7.0 Vdc . the inputs against damage due to high
Operating Temperature Range Ta TLtoTy oc static voltages or electric fields; however,
0to 70 it is advised that normal precautions be
~40 to 85 taken to avoid application of any voltage
o N .
55 t0 125 hugher. thap maximum ratfed voltages to
this* high impedance circuit.
Storage Temperature Range Tstg -65 to +150 oc
Thermal Resistance AT 825 oc/w

ELECTRICAL CHARACTERISTICS (Voo = 5.0 V 5%, Vgg =0, Ta = T| to Ty unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Input Current (Aq, R/W, CSp, CSp) Iin - - 25 mAdc
(Vin=01t05.25V)

Output High Voltage VoH 24 - - Vdc
(lgy = -205 pA)

OQOutput Low Voltage VoL - - 04 Vdce :
(lgL = 1.6 mA)

Output Leakage Current (Three-State) ITg) = - 10 rAdc
(CS=08V0orCS=20V, Vs, =04V 1024V) :

Supply Current 1.0 MHz Icc — - 80 mAdc
(Ve = 5.25 V, all other pins grounded) 15,20 MHz 100

Input Capacitance {Ap, R/W, CSpy, CSp! Cin . - 75 pF
(Vin =0, Ta = 259C, = 1.0 MHz)

Output Capacitance (Dp} Cout - - 125 pF
(Vout =0, Ta = 25°C, f = 1.0 MHz, CSO = Q)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit
input High Voltage Vin 20 - 5.25 Vdc
Input Low Voltage ViL -03 - 08 Vdc

BLOCK DIAGRAM

l@—e 2 DO
A0 23 . f—e 3 D1
Al 22 — fe—e 4 D2
M
A2 21— Adgress il 3State [®—®5 D3
A3 20— Decode (128 x 8) Buffer [@—® 6 D4
A4 19 — r—— 7 DS
A5 18 — fe— 3 D6
A6 17 — j&—= o D7
Css 15
CSa 14
cs3 13 Memory
— Control
cs2 12 )
cs1on —f Ve = Pin 24
Gnd = Pin 1
cso 10 16 Read/Write :



MCM6810, MCM68A10, MCM68B10

ACTEST CONDITIONS

FIGURE 1 — AC TEST LOAD

50v

Ry =256k
Condition Value L
input Pulse Levels 08V1to20V Test Point MMD6150
input Rise and Fall Times 20 ns . or Equiv
Output Load See Figure 1 130 pF*
MMD7000
or Equiv
*includes Jig Capacitance
. ACOPERATING CONDITIONS AND CHARACTERISTICS
READ CYCLE (Vog=5.0V :5%, Vgs =0, Ta = T to Ty unless otherwise noted.)
MCM6810 MCM68A 10 MCM68B10
Characteristic Symbol Min Max Min Max Min Max Unit
Read Cycle Time teyelR) 450 - 360 - 250 - ns
Access Time tacc - 450 - 360 ~ 250 ns
Address Setup Time tAS 20 - 20 - 20 - .ns
Address Hold Time tAH 0 - 0 - 0 = ns
Data Delay Time {Read) 'DDR - 230 - 220 - 180 ns
Read to Select Delay Time tRCS o} - 0 - 0 - ns
Data Hold from Address IDHA 10 - 10 - 10 - ns
Cutput Hold Time H 10 - 10 - 10 - ns
Data Hold from Read 1DHR . 10 80 10 60 10 60 ns
Read Hold from Chip Select IRH 0 - .0 - Q - ns
READ CYCLE TIMING
teye(R)
-t tace L
20V N
Address ) L 0.8 V Jx
— tAg reE— _ﬁ taH le—
cs 2.0V
08V ,/ \t
[————tppDR >
= 20V Y e
- Lok y
—ta f—
> tres [
R/W / /2'0 v 3% ///
pg— ‘DHA“""
t——tp R ——l]
ety ]
< 24V N —
Dats Out —~<_ | 0.8 v Data Valid >——

t Care

2-76

Note: CS and CS can be enabled for consacutive
read cycles provided R/W remains at V4.
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WRITE CYCLE (Voc =5.0V 5%, Vgg =0, T = T to T unless otherwise noted.)

MCM6810 MCM68A 10 MCM68810

Characteristic Symbol Min Max Min Max Min Max Unit
Write Cycle Time teyc (W) 450 - 360 - 250 - ns
Address Setup Time tas 20 - 20 - 20 - ns
Address Hold Time tAH o] - 0 - 0 - ns
Chip Select Pulse Width tcs 300 - 250 - 210 - ns
Write to Chip Select Delay Time TWes 0 - 0] - 0 - ns
Data Setup Time {Write} tDSW 190 - 80 - 60 - ns
Input Hold Time ty 10 - 10 - 10 - ns
Write Hold Time from Chip Select tWH 0 -

WRITE CYCLE TIMING

Address X 58 v x
[“As— r - cs TAH =
cs 2.0V 08V J‘
R/W 0.8V ////////////J

tH fr—————

‘ 20V
Data 'n 22222222222222222222222! 08V

Data In Stable

v
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Note: CS and CS can be enabled for consecutive write cycles

provided R/W is strobed to V|4 before or coincident
with the Address change, and remains high for time tgg
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MCM2532
MCM25A32

Advance Information

4096 X 8-BIT UV ERASABLE PROM

The MCM2532/25A32 is a 32,768-bit Erasable and Electrically
Reprogrammable PROM designed for system debug usage and similar
applications requiring nonvolatile memory that could be reprogram-
med periodically. The transparent window in the package allows the
memory content to be erased with ultraviolet light.
For ease of use, the device operates from a single power supply
and has a static power-down mode. Pin-for-pin mask programmable
ROMs are available for large volume production runs of systems
initially using the MCM2532,

MOS

(N-CHANNEL, SILICON-GATE)

4096 X 8-BIT
UV ERASABLE PROM

FRIT-SEAL PACKAGE
) CASE 623A

L SUFFIX SIDEBRAZE CERAMIC PACKAGE
ALSO AVAILABLE — CASE 716

® Single +5 V Power Supply
® Organized as 4096 Bytes of 8 Bits
® Automatic Power-Down Mode (Standby)
® Fully Static Operation (No Clocks)
¢ TTL Compatible During both Read and Program
® Maximum Access Time =450 ns MCM 2532
350 ns MCM25A32
® Pin Compatible with MCM68A332 Mask Programmabie ROMs
MOTOROLA'S PIN COMPATIBLE EPROM FAMILY
(INDUSTRY STANDARD PINOUTS)
64K
1 A7 vee 24 32K
2] A A28 Ve Eza 16K
Y— Ag 122 Ag 23 .vge 32 3K :
4] As A2 A2, Aag = Veef 24
sC—] A3 Evpp 20 vep 21 Ag 122 Agl— 23
6] A2 Ayp[18  E/Progr =120 Vep 321 Agl— 22
13 A Ay 8 A 19 G 20 Vep 3 21
8] Ag pQ; 17 Ay b Ao 19 CSWE |20
9 ] 0Qq DQg 116 DQ; [—317 E/Progr 118 Vpp [ 19
10 ] 0Q DQg [—315 . DQg =16 oQ; 17 Progr [~ 18
1 —joq, DQy 14 DQg 15 DOg {116 DQy [ 17
12 =] Vs DQy 13 DQ4 [—14 DQg 15 DQg [ 16
MCME8764 DQ3 13 DQg 14 DQg [~ 15
MCM2532 Daz 7313 DOy 714
MCM2716 Dbag 3
MCMm2708

PIN ASSIGNMENT

1 A, Ve b 24

2 A Ag =23

3 A AgF 22

4 c=A, Vpp 21

5 CJA; E/Progr 20

6 C3JA, AlgF—=19

7 3A A |18

8.034A¢ DQy 317

9 &40Q, DQg 316

10 coQ, DQg 315

11 300, DQ, 114
<12 Vss DQ; 313 .

*PIN NAMES

AL Address
pa........ Data Input/Output
E/Progr Dual Function Enabie
(Power-down/Program Pulse)
Vee - +5 V Supply
Vpp +25 V Program Voltage
Vgg oo Ground

*New Industry standard nomenclature

This is advénce information and specifications are subject to change without notice.
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MCM2532, MCM25A32

PIN NUMBER BLOCK DIAGRAM
91, | Data input/Output
Mode 13-17 12 20 21 24 DQo-DQ7 .
DQ Vgs E/Progr Vpp .Vcc / .
Read Data out | Vgg ViL 0to5V | Vco T T T T T T j T
Output Disable Hi-Z Vss VIH 0t 25V | Vee
Standby Hi-Z Vss ViH Oto5V | Vco JRE— Control
Program Datain | Vgg Pulsed VpPH | VcC E/Progr O— Logic [ | Input/Output Buffers
ViH to ViL
Program Verify | Dataout [ Vgg ViL 0to5V | Vee e l l l ] ] [ i
Program ' Inhibit Hi-Z | Vss VIH VpPH | Vce o—
o— v |[.
ABSOLUTE MAXIMUM RATINGS (1) O—{pecoder] : ¥ Gating
Rating Value Unit O—
Temperature Under Bias —10to +80 | oC
Storage Temperature 6610 +125| OC | O—
All Input/Output Voltages with "—; o— :
Respect to Vgg +6t0 —0.3 | Vdc g’ ol .
Vpp Supply Voltage with Respect to Vgg +28 to —0.3 | Vdc X E Memory Matrix
NOTE 1: Permanent device damage may occur if ABSOLUTE 0— Decoder| . (256 x 128)
MAX!MUM FIATINGS are exceeded, Functional opera- o— :
tion should be restricted to RECOMMENDED OPERA- .
TING CONDITIONS. Exposure to _higher than recom- O— :
mended voltages for extended periods of time could
affect device reliability. O__ —.‘
N
DC OPERATING CONDITIONS AND CHARACTERISTICS
{Fully operating voltage and temperature range unless otherwise noted)
RECOMMENDED DC READ OPERATING CONDITIONS (T 5 = 0° to +70°C}
Parameter Symbol Min Nom Max Unit
Supply Voltage* MCM2732 Vee 4.75 50 5.25 Vdc
MCM27A32 45 5.0 55 Vdc
Vpp 0 5.0 Ve +0.6 Vdc
tnput High Voltage ViH 2.2 — Vee +1.0 Vde
Input Low Voltage ViL 0.1 — 0.65 Vdc
READ OPERATION DC CHARACTERISTICS
Characteristic Condition Symbol Min Typ Max Unit
Address and E Input Sink Current Vin =525V lin — — 10 LA
Output Leakage Current Vout =525V ILo — — 10 LA
Ve Supply Current* (Standby) E=ViH Icet - 10 25 mA
Ve Supply Current* {Active) E=vL Icc2 - 50 160 mA
Vpp Supply Current* Vpp=5.85V Ipp1 - - 400 HA
Vpp=0V — — [ A
Output Low Voltage loL = 2.1 mA " VoL — - 045 v
Output High Voltage IoH = —400 pA NOH 24 — - v

"¢ must be applied simultaneously or prior to Vpp. Vg must also be switched off simultaneously with or after Vpp. With Vpp connected
directly to Ve during the read operation, the supply current would be the sum of Ippq and Icc. The additional 0.6 V tolerance on Vpp
makes it possible to use a driver tircuit for switching the Vpp supply from Vg in Read mode to +25 V for programming. Typical values are
for Tp= 250C and nominal supply voitages, '
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CAPACITANCE .
(f = 1.0 MHz, T = 250C, periodically sampled rather than 100% tested)

Characteristic Symbol Typ Max Unit
Input Capacitance (Vj, = 0 V) Cin 40 6.0 pF
| Output Capacitance (Voyut =0 V) Cout 8.0 - 12 pF

Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lat/aV.

AC READ OPERATING CONDITIONS AND CHARACTERISTICS
(TA =010 +70°C, Vg and Vpp = 5.0 V (% 10% MCM25A32, #5% MCM2532) unless otherwise noted)

Input Pulse Levels . .. ... e
Input Rise and Fall Times . . .. ... e e 20 ns
Input and Output Timing Levels . . . .. ... .. e e e e e 0.8/2.0 Volts

Output Load . . . ... .

MCM27A32 MCM2732

Characteristic Symbol Min Max Min Max Unit

Address Valid to Output Valid (E/Progr = Vi) tAvVOV - 350 — 450 ns
E to Output Valid tELQY - 350 450 ns
E to Hi-Z Output tEHQZ 0 100 0 100 ns
Data Hold from Address (E = V() tAXQX 4] — 0 — ns

READ MODE TIMING DIAGRAMS (E = V()

A (Address)’ Address Valid

| le—————— tavQV ____—)W tAXQX —

Q {Data Out) Output Valid

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit.
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STANDBY MODE

A (Address) Address Valid New Address Valid
E (PD/Progr) / Standby Mode \ Active Mode
. .
—» |€— tEHQZ tELQv

p!
Q (Data Out) Output Valid 5_ Hi-z :< Output Valid

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS
{Ta=0to +70°C)

RECOMMENDED PROGRAMMING OPERATION CONDITIONS

Parameter Symbol Min Nom . Max Unit

Supply Voltage vee. VepL 4.75 5.0 5.26 Vdc
VppH 24 25 26 Vdc

input High Voltage for Data ViH 2.2 - Vee +1 Vdc
Input Low Voltage for Data ViL —0.1 -~ 0.65 Vdc

*V e must be applied simultaneously or prior o Vpp. Vcg must aiso be switched off simultaneously with or after Vpp, The device must
not be inserted into or removed from a board with Vpp at +25 V. Vpp must not exceed the +26 V maximum specifications.

PROGRAMMING OPERATION DC CHARACTERISTICS

Characteristic Condition TF Symbol Min Typ Max Unit
Address and E/Progr Input Sink Current Vin = 5.25V/0.45 V ILy - - 10 pAdc
Vpp Supply Current E/Progr = Vi Ippy — — 400 uAde
Vpp Programming Pulse Supply Current E/Progr = Vi i Ipp2 — — 30 mAdc
V¢ Supply Current 1 lcc - - 160 mAdc

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS

Characteristic Symbol Min Max Unit
Address Setup Time tAVEL . 20 — us
Vpp Setup Time tpPHEL 0 = ns
Data Setup Time tDVEL 2.0 - us
Address Hold Time . tEHAX 20 - us
Vpp to Enable Low Time tPLEL 0 - ns
Data Hold Time tEHQZ 2.0 - HS
Vpp Hold Time tEHPL 0 — ns
Enable (Program) Active Time tELEH 1* 55 ms
Enable (E/Progr) Pulse Transition Time . tT{PE) 5 — ns
Vpp Rise and Fall Time from 5 to 25 V tR. tF 05 2 us-

*|f shorter than 45 ms (min) pulses are used, the same number of pulses shoufd be apptied after the specific data has been verified.
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PROGRAMMING OPERATION TIMING DIAGRAM

PROGRAMMING INSTRUCTIONS

After the completion of an ERASE operation, every
bit in the device is in the “1” state (represented by
Output High). Data are entered by programming zeros
(Output Low) into the required bits. The words are
addressed the same way as in the READ operation. A
programmed “0'’ can only be changed to a “'1" by ultra-
violet light erasure.

To set the memory up for PROGRAM mode, the Vpp
input (pin 21) should be raised to +25 V. The V¢ supply
voltage is the same as for the READ operation. Program-
ming data is entered in 8-bit words through the data out
(DQ) terminals while E/Progr is high. Only “0's” will be
programmed when “0’s” and ““1’s” are entered in the data
word.

After address and data setup, a 50 ms program pulse
(VIH to V|L) is applied to the E/Progr input. A program
pulse is applied to each address location to be program-
med. Locations may be programmed individually, sequen-
tially, or at random. The maximum program pulse width
is 55 ms; therefore, programming must not be attempted
with a dc signal applied to the E/Progr input.
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| 4——————————Program ——————————— 31— Program Verity —{ .
ViH
A {Address) X Address N Vatid
ViL ~
[——tAVEL— tEHAX 3>
VOH/VIH -
D or Q (Data) Hi-Z < Data Invalid >_—'< Output Valid
Vou/Vio :
- €— tDVEL
e tELQV
€~ tPHEL — teHoz—>] et
ViH —
E/Progr (PD/Progr) ) TELEH \
Vi
tT(E)— l— t7(E)
i—» [e—tPLEL
VPPH v, b
Vep 0 0 NO‘O
KRR e e

Multiple MCM2532s may be prograrmmed in parallel
with the same data by connecting together like inputs and
applying the program pulse to the E/Progr inputs. Dif-
ferent data may be programmed into multiple MCM2532s
connected in parallel by using the PROGRAM INHIBIT
mode. Except for the E/Progr pin, all like inputs may be
common.

PROGRAM VERIFY for the MCM2532 is the read
operation.

READ OPERATION .
After access time, data is valid at the outputs in the
READ mode.
ERASING INSTRUCTIONS

The MCM2532/25A32 can be erased by exposure to
high intensity shortwave ultraviolet light, with a wave-
length of 25637 angstroms. The recommended integrated
dose (i.e., UV-intensity X exposure time} is 15 Ws/cm?2.
As an example, using the “Model 30-000"° UV-Eraser
(Turner Designs, Mountain View, CA 94043) the ERASE-
time is 36 minutes. The lamps should be used without
shortwave filters and the MCM2532/25A32 should be
positioned about one inch away from the UV-tubes. :
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TIMING PARAMETER ABBREVIATIONS

X X X X
signal name from which interval is defined—j_J
transition direction for first signal
signal name to which interval is defined
transition direction for second signal

The transition definitions used in this data sheet are:

H = transition to high
L = transition to low

TIMING LIMITS

The table of timing values shows either a minimum or
a maximum limit for each parameter. Input requirements
are specified from the external system point of view.
Thus, address setup time is shown as a minimum since the
system must supply at least that much time (even though
most devices do not require it). On the other hand,
responses from the memory are specified from the device
point of view. Thus, the access time is shown as a maxi-
mum since the device never provides data later than

V = transition to valid that time.
X = transition to invalid or don’t care
Z = transition to off (high impedance)
WAVEFORMS
Waveform input Qutput
Symbol
MUST 8E WILL BE
VALID VALID
CHANGE WILL CHANGE
m FROMH TO L FROMHKTO L
CHANGE WILL CHANGE
m FROM L TOH FROML TOH
DON'T CARE: CHANGING
m ANY CHANGE STATE
PERMITTED UNKNOWN
IMPEDANCE
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MCM2708
MCM27R08

1024 X 8 ERASABLE PROM

The MCM2708/27A08 is an 8192-bit Erasable and Electrically
Reprogrammable PROM designed for system debug usage and
similar applications requiring nonvolatile memory that could be
reprogrammed periodically. The transparent window on the package
allows the memory content to be erased with ultraviolet light.
Pin-for-pin mask-programmable ROMs are available for large volume

production runs of systems initially using the MCM2708/27A08.

¢ Organized as 1024 Bytes of 8 Bits
® Static Operation
® Standard Power Supplies of +12V, +5 V and -5V

® Maximum Access Time = 300 ns — MCM27A08
450 ns — MCM2708

Low Power Dissipation

Chip-Select Input for Memory Expansion
TTL Compatible

Three-State Outputs

Pin Equivalent to the 2708

Pin-for-Pin Compatible to MCM65308, MCM68308 or 2308
Mask-Programmable ROMs

MOS

(N-CHANNEL, SILICON-GATE)

1024 X 8-BIT
UV ERASABLE PROM

C SUFFIX
! FRIT-SEAL PACKAGE
CASE 623A

L SUFFIX
CERAMIC PACKAGE
CASE 716

PIN CONNECTION DURING READ OR PROGRAM

Mode Pin Number
9-11,13-17 12 18 19 20 21 24
Read Dout Vss Vss M) ViL | vBB | Vcc
. Program Din Vss Pulsed Vpo | ViHw VB vee
ViHp
ABSOLUTE MAXIMUM RATINGS (1)

Rating Value Unit

Operating Temperature 0to +70 oc

Storage Temperature -65to+125 oc
Vpp with Respect to Vgg +20t0 -0.3 Vdc
V¢ and Vgg with Respect to Vgg +16 10 ~-0.3 Vdc
All Input or Qutput Voltages with Respect to Vgg during Read +1510-0.3 Vdc
CS/WE Input with Respect to Vgp during Programming +20t0-0.3 Vdc
Program Input with Respéct to Vgg +35t0 -0.3 Vde
Power Dissipation 1.8 Watts

Note 1:

Permanent device damage may occur if
ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should
be restricted to RECOMMENDED OP-
ERATING CONDITIONS. Exposure to
higher than recommended voltages for
extended periods of time could affect
device reliability. ‘

PIN ASSIGNMENT

1 a7 Veco324
2] A6 Aspza
s as A9 322
A Aa vegi3 21
sC] A3 CS/wE 20
6] A2 VppP 19
73 A1 Progr.f) 18
aq A0 07317
9 po o616
10301 D515
11C] D2 Daf 14
12 Vgs D3[13
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BLOCK DIAGRAM

Data Qutput

- DO0-D7
7\
fT ~
Program .
c:ntlvol — Output Buffers
Ts/we o— -09¢
4 _—
o=
O—dq Y H
Decoder| ¢ Y Gating
o
A0-A9 |
o [—
.
.
[lo S X : Memory
Decoder : Matrix
H (84 x 128)
o— .
.
.
O
=1
o Sm—

DC READ OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED DC READ OPERATING CONDITIONS

Parameter Symbol Min Nom Max 1 Unit
Supply Voltage Vee 4.75 5.0 5.25 Vdc
VpD 11.4 12 12.6 Vdc
Vgs -5.25 -5.0 -4.75 Vdc
Input High Voltage ViH 3.0 — Ve +1.0 Vdc
Input Low Voltage ViL Vss - Q.65 Vdc
READ OPERATION DC CHARACTERISTICS
Characteristic Condition Symbol Min Typ Max Unit
Address and CS Input Sink. Current Vin =525V or Vi = V| lin - 1 10 nA
Output Leakage Current Vout =525V, CS/WE =5 V Lo - 1 10 HA
Vpp Supply Current Worst-Case Supply Currents oD - 50 65 mA
Ve Supply Current (Note 2) All Inputs High lce — 6 10 mA
Vgg Supply Current CS/IWE=5.0V, Tp =0°C 188 - .30 45 mA
Output Low Voltage loL=16mA VoL - - 0.45 \
Output High Voltage 10R = -100 A VoH1 3.7 - - Vv
Qutput High Voltage IoH =-1.0mA VoH2 2.4 - - \%
Power Dissipation (Note 2) Ta =70°C Pp - - © 800 mw

Note 2:

The total power dissipation is specified at 800 mW. It is not calculable by summing the various current (Ipp, Icc, and Igg) multiplied by
their respective voltages, since current paths exist between the various power supplies and Vgg. The Ipp, Icc, and Igg currents should be
used to determine power supply capacity only,

Vg must be applied prior to Vg and Vpp. Vg must also be the'last power supply switched off.
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AC READ OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

(All timing with t, = t¢ =20 ns, Load per Note 3)

MCM27A08 MCM2708
Characteristic Symbol Min Typ Max Min Typ Max Unit
Address to Qutput Delay tAO - 220 300 - 280 450 ns
Chip Select to Output Delay tco - 60 120 - 60 120 ns
Data Hold from Address tDHA 0 - - 0 - - ns
Data Hold from Deselection - ’ tOHD [ - 120 0 — 120 ns
CAPACITANCE (periodically sampled rather than 100% tested.)
Characteristic Condition Symbol Typ Max Unit
Input Capacitance Vin=0V,Ta = 25°¢ Cin 4.0 6.0 pF
(f = 1.0 MHz)
Output Capacitance Vout =0V, Ta = 25°C Cout 8.0 12 pF
(f =1.0 MHz) - )
!
Note 3: ) )
Qutput Load = 1 TTL Gate and C|_ =100 pF (Includes Jig Capacitance)
Timing Measurement Reference Levels: . Inputs: 08Vand28V
Outputs: 0.8 Vand 24 V
AC TEST LOAD
50V
Ry =22k
Test Point O-—4
MMDB150
£ or Equiv
100 pF * A
MMD7000
or Equiv
4 =
* Includes Jig Capacitance
**For Von1
READ OPERATION TIMING DIAGRAM
4
Address
N
l-—— toHA —
CS/WE
\ g5 ——— .
TDHD™|
Y/ /S /s

///// uu{%{ﬁ/ i
e

Qutput Valid

(Low Impedance)

Output Invalid
(High Impedance)
L
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DC PROGRAMMING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED PROGRAMMING OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit
Supply Volitage Vee 4.76 6.0 6.26 Vde
VpD 11.4 12 126 Vde
Vgep -5.26 -5.0 -4.75 Vdc
Input High Voitage for All Addresses and Data ViH 3.0 - Veg+1.0 Vde
Input Low Voltage (except Program) Vi Vgs — 0.65 Vdc
CS/WE Input High Voltage (Note 4) ViHW 114 12 126 Vdc
Program Puise Input High Voltage {Note 4) ViHpP 25 - 27 Vdc
Program Pulse Input Low Voltage (Note 5) ViLp Vss - 1.0 Vde
Note 4: Referenced to Vgg.
Note 5: Viyp — VLp = 25V min.
PROGRAMMING OPERATION DC CHARACTERISTICS
Characteristic Condition Symbol Min Typ Max Unit
Address and CS/WE Input Sink Current | Vi =525V I} - - 10 uAdc
Program Pulse Source Current LipL - - 3.0 mAdc
Program Pulse Sink Current liPH - - 20 mAdc
Vpp Supply Current Worst-Case Supply Currents Ipp - 50 65 mAdc
Ve Supply Current (Al Inputs High lcc - [ 10 mAdc
VB Supply current CS/WE=5V,Tp =0°C BB - 30 a5 mAdc
AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted.)
Characteristic Symbol Min Max Unit
Address Setup Time tAS 10 - HS
CS/WE Setup Time tess 10 - us
Data Setup Time tps 10 - us
Address Hold Time tAH 1.0 — Hs
CS/WE Hold Time teH 05 - us
Data Hold Time tDH 1.0 - Hs
Chip Deselect to Qutput Float Delay tDF 4] 120 ns
Program to Read Delay tDPR - 10 MS
Program Pulse Width tPW 0.1 1.0 ms
Program Pulse Rise Time tPR 05 2.0 HS
Program Pulse Fall Time tpF 0.5 2.0 us
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PROGRAMMING OPERATION TIMING DIAGRAM

1 of N Program Loops READ —
{ f (After N
ViHw _L Program
Loops)
TS/we
Vi ,
tcH
e—1tcgs — Note 6
{ ¢ c
VIH‘ Vs 1] 'S ) X £
Address Address 0 Address 1 ...1023 K Address 0
vi— R 5 5 5
[*——tAs —* tAH tAH
tao
L, {Read)
4
VIH ) ; X J
Data Out Data Out
Dara ) Invalid / Valid
Vit {5 -
fe—t pg——] tDH tDH
tPR tpPw | PF L"““DPR—ﬁ
{ ¢
1R
Vine
Program
Pulse
V|L——7 L—f

Note 6: The CS/WE transition must occur after the Program Pulse transition and before the Address Transition.

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorota does not assume any liability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
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PROGRAMMING INSTRUCTIONS

After the completion of an . ERASE operation, every
bit in the device is in the “1’’ state (represented by
Output High). Data are entered by programming zeros
{Output Low) into the required bits. The words are
addressed the same way as in the READ operation. A
programmied ‘0’ can only be changed to a ““1" by ultra-
violet light erasure.

To set the memory up for programming mode, the
CS/WE input {Pin 20) should be raised to +12 V. Pro-
gramming data is entered in 8-bit words through the
data output terminals (DO to D7).

Logic levels for the data lines and addresses and the
supply voltages (Vpoc, Vpp, VB! are the same as for the
READ operation.

After address and data setup one program pulse per
address is applied to the program input (Pin 18). A pro-
gram loop is a full pass through all addresses. Total
programming time, Tpyotal = N X tpy = 100 ms. The
required number of program loops (N) is a function of the
program pulse width (tpy), where: 0.1 ms < tpy <
1.0 ms; correspondingly N is: 100 < N < 1000. There
must be N successive loops through all 1024 addresses. it
is not permitted to apply more than one program pulse in
succession to the same address (i.e., N program pulses to
an address and then change to the next address to be pro-
grammed). At the end of a program sequence the CS/WE
fatling edge transition must occur before the first address
transition, when changing from a PROGRAM to a READ
cycle. The program pin {Pin 18} should be pulled down
to Vjp with an active device, because this pin sources a
small amount of current (I}p|) when CS/WE is at V
(12 V) and the program pulse is at Vy_p.

EXAMPLES FOR PROGRAMMING

Always use the Tpyaia= Nxtpyy = 100 ms relationship.

1. All 8192 bits should be programmed with a 0.2 ms
program pulse width.

The minimum number of program loops:

- Tpotal _ 100 ms

N tPW 0.2 ms

= 500 . One program loop

consists of words 0 to 1023.

2. Words 0 to 200 and 300 to 700 are to be pro-
grammed. All other bits are “don’t care’’. The
program pulse width is 0.5 ms. The minimum
number of program loops, N = 10&2 = 200. One
program loop consists of words 0 to 1023. The
data entered into the “don’t care’ bits should be
all 1s.

3. Same requirements as example 2, but the EPROM is
now to be updated to include data for words 850
to 880. The minimum number of program loops is
the same as in the previous example, N = 200. One
program loop consists of words 0 to 1023. The data
entered into the ““don’t care’’ bits should be all 1s.
Addresses 0 to 200 and 300 to 700 must be re-
programmed with their original data pattern.

ERASING INSTRUCTIONS

The MCM2708/27A08 can be erased by exposure to
high intensity shortwave ultraviolet light, with a wave-
length of 2537 A. The recommended integrated dose {i.e.,
UV-intensity x exposure time) is 12,6 Ws/cm2. As an
example, using the ‘‘Model 30-000"" UV-Eraser (Turner
Designs, Mountain View, CA94043) the ERASE-time is
30 minutes. The famps should be used without shortwave
filters and the MCM2708/27A08 should be positioned
about one inch away from the UV-tubes.
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MCM2716
MCM27A16

Advance Information

2048 X 8-BIT UV ERASABLE PROM

The MCM2716/27A16 is a 16,384-bit Erasable and Electrically
Reprogrammable PROM designed for system debug usage and similar
applications requiring nonvolatile memory that could be reprogram-
med periodically. The transparent window on the package allows the
memory content to be erased with ultraviolet light.

For ease of use, the device operates from a single power supply
and has a static power-down mode. Pin-for-pin mask programmable
ROMS are available for large volume production runs of systems
initially using the MCM2716/27A16.

‘MOS

{N-CHANNEL, SILICON-GATE)

2048 X 8-BIT
UV ERASABLE PROM

exceeded. Functional operation should be restricted to RECOMMENDED
OPERATING CONDITIONS. Exposure to higher than recommended voltages
for extended periods of time could affect device reliability.

® Single £10% 5 V Power Supply
® Automatic Power-down Mode (Standby)

. . C SUFFIX
® Organized as 2048 Bytes of 8 Bits 1 ERIT.SEAL PACKAGE
® Low Power Dissipation CASE 623A
® TTL Compatible During Read and Program
® Maximum Access Time = 450 ns MCM2716

350 ns MCM27A16
® Pin Equivalent to Intel’s 2716
Pin Compatible to MCM68A316E Mask Programmable ROMs L SUFFIX
CERAMIC PACKAGE
CASE 716
PIN NUMBER
9-11,
Mode 13-17 12 18 20 21 24 PIN ASSIGNMENT
o]0} Vss E/Progr G _ Vpp Vee 5
Read b v v v v v 1 A7 Vee =24
i ata out sS L e cc cc 2 a6 Ag 323
Output Disable Hiz Vss Don‘t Care VIH Vee Vee 3 3 A5 A9 22
- 4] A4 Ve 321
Standby HizZ Vss ViH Don'tCare | Vg Vee s a3 k00
Program Data in Vgs Pulsed ViH ViHp Vee 6 CJA2 A0 19
ViLto Vi 7 A1 E/Progr 118
- Program Verify Data out Vss ViL VL ViHpP Vee 8 A0 0Q7 {17
9 C3baQo DQ6 =116
Program Inhibit Hi Z Vss ViL ViH Vivp | Vce 10 =Joan pasf[31s
11 €30Q2 DQ4 14
ABSOLUTE MAXIMUM RATINGS (1) 12 Tvss pa3fJ 13
Rating ) Value Unit
Temperature Under Bias -10 to +80 oC .
Storage Temperature i —65 to +125 oc *PIN NAMES
All Input or Qutput Voltages with Respect to Vgg during Read + 6 to -0.3 Vdc A . .. .Address
Vpp Supply Voltage with Respect to Vgg +28 to -0.3 Vdc DQ . . . . Data Input/Output
. v E/Progr . . . . Chip Enable/Program
NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are G . . . .Output Enable

*New industry standard nomenclature

This»is advance information and specifications are subject to change without notice.

2-90




MCM2716, MCM27A16

E/Progr O—
Controi
_ Loglc — fnput/Output Buffers
G O—
4 o]
O— .
Y
Decoder| + Y Gating
o— M
[~
O—
B
A0-A10 ( O— Ll
.
o—v .
X : Memory
O—‘Decodar . Matrix
M {128 x 128)
O— . i
. B
O— .
-
ko—-—w

BLOCK DIAGRAM

Data Input/Output
DQo-DQ7

SRR

DC OPERATING CONDITIONS AND CHARACTERISTICS

{Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED DC READ OPERATING CONDITIONS (Ta = 0° to +70°C)

Parameter Symbol Min Nom Max Unit
Supply Voltage* MCM2716 Vee 4.75 5.0 5.25 Vdc
MCM27A16 45 5.0 5.5
Vpp Vee -06 5.0 Vec +06
Input High Voltage ViH 2.0 = Vee+1.0 Vdc
Input Low Voitage ViL ~0.1 - 08 Vde
READ OPERATION DC CHARACTERISTICS
Characteristic Condition Symbol Min Typ Max Unit
Address, G and E/Progr Vin =56.26 V lin - - 10 LA
input Sink Current
Output Leakage Current Vour =5.25V,G=5.0V o = — 10 HA
Ve Supply Current* (Standby} E/Progr = Vi, G =V Icca - 10 25 mA
Ve Supply Current* (Active) G= E/Progr = ViL lcc2 —_ 57 100 mA
Vpp Supply Current™ Vpp =65.85 V lpp1y — - 5.0 mA
Output Low Voltage oL =2.1 mA VoL - - 0.45 \
Output High Voltage loH = —400 uA VoH 2.4 - - \

*V e must be applied simuitaneously or prior to Vpp. V¢ must also be switched off simultaneously with or after Vpp. With Vpp connected
directly to Vg during the read operation, the supply current would be the sum of Ippq and Icc. The additional 0.6 V tolerance on Vpp
makes it possible to use a driver circuit for switching the Vpp supply pin from Vg in Read mode to +25 V for programming. Typica! values
are for Tp = 25°C and nominal supply voltages. )

CAPACITANCE

(f = 1.0 MHz, TA = 259¢, periodically sampled rather than 100% tested.)

Characteristic Symbol Typ Max Unit
Input Capacitance (Vijq =0 V) Cin 40 6.0 pF
Output Capacitance (Vout =0 V) Cout 8.0 12 pF

Capacitance measured with a Boonton Meter or effective capacitance calculated from the

tion: C 1A
e cC=——%,
quatio v

2-N

This device contains circuitry to protect the
inputs against damage due to high static voltages
or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any voltage. higher than maximum
rated voltages to this high-impedance circuit.
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AC OPERATING CONDITIONS AND CHARACTERISTICS
{TA =0to+70°C, Voo = 5.0 V + 10% unless otherwise noted.)

Input Pulse Levels, . . . ............ 0.8 Volt to 2.2 Volts Input and Output Timing Levels . . . ... ........ 2.0 Volts
Input Rise.and Fall Times . . . ................. 20 ns Output Load. . . ....... RS See Figure 1
MCM27A16 ) © MCM2716
Characteristic Condition Symbol Min Max Min Max Units
Address Valid to Output Valid E/Progr =G =V); tAVQY - 350 - 450 ns
‘E/Progr to Output Valid {Note 2) tELQY - 350 ~ 450 _ns
Output Enable to Output Valid E/Progr = V| tGLQV - 120 - 120 ns
E/Progr to Hi Z Output tEHQZ 0 100 0 100 ns
Output Disable to Hi Z Qutput E/Progr =V tGHQZ 0 100 0 100 ns
Data Hold from Address E/Progr =G =V tAXDX 0 - 0 - ns

FIGURE 1 — AC TEST LOAD

5.0V
RL=22k
Test Point
MMD6150
*100 pF 6k or Equiv
MMD7000
or Equiv
! +
READ MODE TIMING DIAGRAMS +includes Jig Capacitance
(Chip Enable =V )
v
Address %
TAXQX
Cutput Enable
taLqv———
— tGHQZ
tavav
g Y
Data Out High 2 Output Valid High 2
N ) ///
STANDBY MODE
{Output Enable = V)
Standby Mode (Chip Select = V)
-
Address
I
E/Progr ! ) .
Standby Mode \\k Active Mode
I~ EHQZ tELQv
(Note 2)
Data Qut Output Valid High Z Output Valid

" NOTE 2: tg Lav is referenced to E/Progr or stable address, whichever occurs last.
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DC PROGRAMMING CONDITIONS AND CHARACTERISTICS
(Ta =010 +70°C, Voo = 5.0 V £ 10%)

RECOMMENDED PROGRAMMING OPERATiNG CONDITIONS

Symbol Min

Parameter Nom Max Unit

Supply Voltage Vee 4.75 5.0 5.25 Vde
Vpp 24 25 26 Vdc

Input High Voltage for Data ViH 2.2 — Vee + 1 Vdc
Input Low Voltage for Data ViL -0.1 - 08 Vdc

be inserted into or removed from a board with Vpp at +25 V. Vpp must

PROGRAMMING OPERATION DC CHARACTERISTICS

*Vcg must be applied simulataneously or prior to Vpp. Vg must also be switched off
not exceed the

tions.

simulitaneously with or after Vpp. The device must
+26 V maximum specifica

not

Characteristic Condition Symbol Min Typ Max Unit
Address, G and E/Progr Input Vin =5.25 V/0.45 Iy - - 10 uAdc
Sink Current
Vpp Supply Current E/Progr = Vi Ippy - - 5.0 mAdc
Vpp Programming Pulse E/Progr = Vi Ipp2 — - 30 mAdc
Supply Current .
Ve Supply Current Icc - - 100 mAdc
AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS

Characteristic Symbol Min Max Unit
Address Setup Time tAVEH 2.0 = HS
Output Enable High to Program Pulse tGHEH 2.0 = us
Data Setup Time tDVEH 2.0 - us
Address Hold Time tELAX 2.0 = MS
Qutput Enable Hold Time tELGL 2.0 - us
Data Hold Time teLQZ 2.0 = HS
Output Disable to Hi Z Output tGHQZ 0 120 ns
Output Enable to Valid Data (E/Progr = Vi ) tGLQV — 120 ns
Program Pulse Width tEHEL 45 55 ms
Program Pulse Rise Time PR 5 — ns
Program Pulse Fall Time tpF 5 - ns

PROGRAMMING OPERATION TIMING DIAGRAM

Program Verity

L t
Address ’

TELAX T

TAVEH
Output
Enable

tsLav [‘

=~ taHaz

Data Data tn

Hi Z Data Out

OVEH -

P IGHEH —* EHEL

E/Progr

[~ teLoz

b tg G ]

_— N

PR -
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PROGRAMMING INSTRUCTIONS

After the completion of an ERASE operation, every
bit in the device is in the “1' state (represented by
Output High). Data are entered by programming zeros
(Output Low) into the required bits. The words are
addressed the same way as in the READ operation. A
programmed ‘0" can only be changed to a “1" by ultra-
violet light erasure.

To set the memory up for PROGRAM mode, the Vpp
input (pin 21) should be raised to +25 V. The V¢ supply
voltage is the same as for the READ operation and G is
at V|H. Programming data is entered in 8-bit words
through the data out (DQ) terminals. Onty “‘0’s” will be
programmed when ““0’s” and “1's” are entered in the
data word.

After address and data setup, a 50 ms program pulse
(VL to V|H) is applied to the E/Progr input. A program
pulse is applied to each address location to be program-
med. Locations may be programmed individually, sequen-
tially, or at random. The maximum program pulse width
is 65 ms; therefore, programming must not be attempted
with a dc signal applied to the E/Progr input.

Multiple MCM2716s may be programmed in parallel
with the same data by connecting together like inputs and
applying the program pulse to the E/Progr inputs. Dif-
ferent data may be programmed into multiple MCM2716s
connected in parallel by using the PROGRAM INHIBIT
mode. Except for the E/Progr pin, all like inputs (includ-
ing Qutput Enable) may be common.

TIMING PARAMETER ABBR EVIATIONS

X X X X

signal name from which interval is defined — l

transition direction for first signal
signal name to which interval is defined
transition direction for second signal
The transition definitions used in this data sheet are:
H = transition to high
L = transition to low

The PROGRAM VERIFY mode with Vpp at 25 V
is used to determine that all programmed bits were
correctly programmed.

READ OPERATION

After access time, data is valid at the outputs in the
READ mode. With stable system addresses, effectively
faster access time (120 ns) can be obtained by gating'the
data onto the bus with a low Output Enable input (V).

A high level Output Enable input (V|H4) puts the
MCM2716 in the Output Disable mode with outputs in
the high impedance state. This mode allows two or more
devices to have outputs OR-tied together on the same data
bus. Only one of the MCM2716s in -this configuration
should have output enable at V|| to prevent contention
on the data bus.

The Standby mode is available to reduce active power
dissipation from 525 mW to 132 mW. The outputs are
in the high impedance state when the E/Progr input
pin is high (VjH) independent of the Output Enable input.

ERASING INSTRUCTIONS

The MCM2716/27A16 can be erased by exposure to
high intensity shortwave ultraviolet light, with a wave-
length of 2537 A. The recommended integrated dose
{i.e., UV-intensity X exposure time) is 15 Ws/cmZ2. As an
example, using the “Model 30-000” UV-Eraser (Turner
Designs, Mountain View, CA 94043) the ERASE-time is
36 minutes. The lamps should be used without shortwave
filters and the MCM2716/27A16 should be positioned
about one inch away from the UV-tubes.

TIMING LIMITS

The table of timing values shows either a minimum or
a maximum limit for each parameter. Input requirements
are specified from the external system point of view.
Thus, address setup time is shown as a minimum since the
system must supply at least that much time (even though
most devices do not require it). On the other hand,
responses from the memory are specified from the device
point of view. Thus, the access time is shown as a maxi-
mum since the device never provides data later than

V = transition to valid that time.
X = transition to invalid or don’t care '
Z = transition to off (high impedance)
WAVEFORMS
Waveform input Qutput
Symbol
MUST BE WILL BE
VALID VALID
CHANGE WiLL CHANGE
m FROMH TO L FROMH TO L
_M CHANGE WH;L CHANGE
FROM L TOH FROML TOH
DON'T CARE CHANGING
TR, v e srare
PERMITTED UNKNOWN
HIGH
N IMPEDANCE

—
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1024 X 8 ERASABLE PROM "Ios
The MCM68708/68A708 is a 8192-bit Erasable and Electrically (N-CHANNEL, SILICON-GATE)
Reprogrammable PROM designed for system debug usage and 1024 X 8BIT
similar applications requiring nonvolatile memory that could be UV ERASABLE PROM
reprogrammed periodically. The transparent window on the package
allows the memory content to be -erased with ultraviolet light.
Pin-for-pin mask-programmable ROMs are available for large volume
production runs of systems initially using the MCM68708/68A708.
® Qrganized as 1024 Bytes of 8 Bits
® Fully Static Operation e HIT\-SCE;SAULF:/:EKAGE
® Standard Power Supplies of +12 V, +5 V and -5 V CASE 623A
® Maximum Access Time = 300 ns — MCM68A708
450 ns — MCM68708
® Low Power Dissipation
® Chip-Select Input for Memory Expansion : L SUFFIX
CERAMIC PACKAGE
® TTL Compatible CASE 716
® Three-State Outputs
PIN ASSIGNMENT
® . Pin Equivalent to the 2708
" 10ga7 \ 24
® Pin-for-Pin Compatible to MCM65308, MCM68308 or 2308 ce
Mask-Programmable ROMs i A (923
3] A5 A9 22
® Bus Compatible to the M6800 Family 4] as Ve[ 21
5C]A3  CS/WE[D20
6] A2 Vpp 19
PIN CONNECTION DURING READ OR PROGRAM T Al Progr.[3 18
iode Pin Number 8g Ao D7
9-11,13-17 | 12 18 19 20 21 24 e e[ 16
D1
Read Dout Vss Vss VoD ViL VBB vVee 1o psfa e
Program D; V. Pulsed v \% \ \ ”q P2 Dapae
in ss » DD IHW BB cc 120 ves b3l 13
1HP
~Mceso0 M6800 MICROCOMPUTER FAMILY MCME8708/68A708 READ ONLY
Microprocessor BLOCK DIAGRAM MEMORY BLOCK DIAGRAM
A
MCM68708
MCM68A708
EPROM M
. em?ry Data Data Bus
Random Matrix Buffers
(1024 x 8)
Access
Memory
Interface
Adapter
Selection
- and Control
Interface ¥
Adapter | Modem
' \i
Address Data Memory Address
Bus Bus and Control
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BLOCK DIAGRAM

Data Output
D0-D7

ABSOLUTE MAXIMUM RATINGS'

' A
‘ N Rating Value Unit
T T T T T T T T Operating, Temperature Oto +70 oc
Program - Storage Temperature -65 to +125 oc
Control Output Buffers Vpp with Respect to Vpg +20 to0 -0.3 Vde
TSWE Logie Ve and Vs with Respect 1o Vg Fi51-03 Vdc
l | | l l J l I All Input or Qutput Voltages with +15t0 -0.3 Vde
, o] - Respect to Vg during Read
_— CS/WE Input with Respect to Vgg +20 to 70.3 Vdc
o— v H during Programming
o— Decoder 5 Y Gating Program Input with Respect to Vg +35 t0 -0.3 Vdc
o—{ B Power Dissipation 18 Watts
O]
AO—A9< —
o0— —.. . Note 1:
M Permanent device damage may occur if ABSOLUTE MAXIMUM
o—\ X . Memo,'v RATINGS are exceeded. Functional operation should be restricted
Decoder| § (63"2‘;';‘8) to RECOMMENDED OPERATING CONDITIONS. Exposure to
o— M higher than recommended voltages for extended periods of time
H could affect device reliability.
\ —

DC READ OPERATING CONDITIONS AND CHARACTERISTICS
{Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED DC READ OPERATING CONDITIONS

Parameter Symbol Min Nom Max ~ Unit

Supply Voltage Vee ) 4.75 5.0 5.25 Vdc

Vpp 11.4 12 12.6 vdc

Vgs -6.26 -5.0 -4.75 Vde

Tnput High Volitage VIH Vgg +2.0 — Vee Vdc

Input Low Voltage ViL Vss -0.3 - Vss +0.8 Vdc

READ OPERATION DC CHARACTERISTICS

Characteristic Condition Symbol Min N Typ Max Unit

Address and CS Input Sink Current Vin =5.256 Vor Viy = Vi lin — 1 10 LA
Output Leakage Current Vout =5.25V,CS/WE =5V Lo - 1 10 A

Vpp Supply-Current Worst-Case Supply Currents lop - 50 65 mA

Ve Supply Current {Note 2) All Inputs High lcc — 6 10 mA

Vg Supply Current CS/WE =5.0V,Ta =0°C 8B - 30 45 mA
Output Low Voltage loL=16mA Vor - - Vgs +0.4 Vv
Output High Voltage loH = -100 A VoH Vgs +2.4 - - \

Power Dissipation (Note 2) Ta = 70°C Pp - I 800 mwW

Note 2:

The total power dissipation is specified at 800 mW. It is not calculable by summing the various currents (ipp, Icc, and !gg) multiplied by
their respective voltages, since current paths exist between the various power supplies and Vgs. The Ipp, Icc, and Igg currents should be
used to determine power supply capacity only.

Vg must be applied prior to Vgg and Vpp. Vgg must also be the last power supply switched off.
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AC READ OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

(All timing with t, = t¢ =20 ns, Load per Note 3)

MCME8A708 MCM68708
Characteristic Symbol Min Typ Max Min Typ Max Unit
Address to Qutput Delay tAOD - 220 300 - 280 450 ns
Chip Select to Output Delay 1co — 60 120 - 60 120 ns
Data Hold from Address 1DHA 10 - - 10 - - ns
Data Hold from Deselection tDHD 10 - 120 10 - 120 ns
CAPACITANCE (periodically sampled rather than 100% tested.)
Characteristic Condition Symbol Typ Max Unit
Input Capacitance : Vin =0V, Ta = 25°C Cin 40 6.0 pF
{f = 1.0 MHz)
Output.Capacitance Vout =0V, T =25°C Cout 8.0 12 pF
(f = 1.0 MHz) .
Note 3:
Output Load =1 TTL Gate and C| = 100 pF {includes Jig Capacitance)
Timing Measurement Reference Levels: inputs: 08Vand28V
Outputs: 0.8 Vand 24 V
AC TEST LOAD
50V
R =22k
Test Point
MMD6150
100 pF * /1_ or Equiv
MMD7000
or Equiv
* Includes Jig Capacitance

READ OPERATION TIMING DIAGRAM

Address

TDHA ——

CS/WE

o

tOHD™]

tao

/ // 2 7 - i i 2SS s
Output Invalid Output Valid Qutput Invalid
t t
Da a Ou / (High Impedance) (Low Impedance) (High Impedance)
L R y4
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DC PROGRAMMING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED PROGRAMMING OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit
Supply Voltage Vee 4.75 5.0 5.25 Vdc
VoD 11.4 12 126 Vdc
VeB -5.25 -5.0 -4.75 Vdc
Input High Voltage for All Addresses and Data VIH 3.0 - Vee+ 1.0 Vdc
Input Low Voltage {except Program) VL Vss — 0.65 Vdc
CTS/WE Input High Voltage (Note 4) VIHW 1.4 12 12.6 Vde
Program Puise Input High Voltage (Note 4) Vinp 25 — 27 Vdc
Program Pulse Input Low Voltage (Note 5} ViLe Vss - 10 Vde
Note 4: Referenced to Vgg.
Note 5: V yp — ViLp = 256 V min.
PROGRAMMING OPERATION DC CHARACTERISTICS
Characteristic Condition Symbol Min Typ Max Unit
Address and CS/WE Input Sink Current | Vi, =525V et - - 10 uAdc
Program Puise Source Current hpL - = 3.0 mAdc
Program Pulse Sink Current liPH - - 20 mAdc
Vpp Supply Current Worst-Case Supply Currents Db - 50 65 mAdc
Vce Supply Current Ali Inpﬁts High lcc - 6 10 mAdc |
Vgg Supply current CS/WE =5V, Tp = 0°C 188 — 30 45 mAdc
AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS
(Full operatirg voltage and temperature unless otherwise noted.)
Characteristic Symbol Min Max Unit
Address Setup Time tAS 10 - us
CS/WE Setup Time t1CcSs 10 - us
Data Setup Time tps 10 - us
Address Hold Time tAH 1.0 - us
CS/WE Hold Time tcH 05 - us
Data Hold Time tDH 1.0 - us
Chip Deselect to Quptut Float Delay tDF 0 120 ns.
Program to Read Delay tpPR - 10 HS
Program Pulse Width tPwW 0.1 1.0 ms
Program Pulse Rise Time tpPR 0.5 2.0 Ms
Program Pulse Falt Time tPF 0.5 - 20 us
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PROGRAMMING OPERATION TIMING DIAGRAM

1 of N Program Loops READ —
{ £ (After N
)
ViHw {_ 7 Program
7] Loops)
CS/WE
ViL
CcH
r*——tCsS — Note 6
et
\Y2 ~ [4
tH Vs 7T —\ J N L
Address Address 0 Address 1. ..1023 x Address O
1 \ -
vi— K { 5 N
- tAS > tAH —— tAH
tAO
(Read)
< ¢ 4
Vig i) p 8 S
Data Qut Data Out
Data J Invalid Valid .
¥ -
.t Dg—] tDH tDH
tPR tPw re——— tpF [ 'DPR-——=
{ ¢
)}
Vinp
Program
Pulse

V“_—————]

1

-

Note 6: The CS/WE transistion must occur after the Program Pulse transition and before the Address Transistion.

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does notassume any liability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
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PROGRAMMING INSTRUCTIONS

After the completion of an ERASE operation, every
bit in the device is in the ‘1"’ state (represented by
Output High). Data are entered by programming zeros
(Output Low) into the required bits. The words are
addressed the same way as in the READ operation, A
programmed ‘‘0’' can only be changed to a 1"’ by ultra-
violet light erasure.

To set the memory up for programming mode, the
CS/WE input (Pin 20) should be raised to +12 V. Pro-
gramming data is entered in 8-bit words through the
data output terminals (DO to D7). .

Logic levels for the data lines and addresses and the
supply- voltages (Voe, Vpp. VgB) are the same as for the
READ operation.

After address and data setup one program pulse per
address is applied to the program input (Pin 18). A pro-
gram loop is a full pass through all addresses. Total
programming time, Tpyotai = N X tpy = 100 ms. The
required number of program loops (N) is a function of the
program pulse width (tpy), where: 0.1 ms < tpyy <
1.0 ms; correspondingly N is: 100 < N < 1000. There
must be N successive loops through all 1024 addresses. It
is not permitted to apply more than one program pulse in
succession to the same address (i.e., N program pulses to
an address and then change to the next address to be pro-
grammed). At the end of a program sequence the CSMWE

. falling edge transition must occur before the first address
transition, when changing from a PROGRAM to a READ
cycle. The program pin (Pin 18) should be pulled down
to Vyp with an active device, because this pin sources a
small amount of current (I;py) when CS/WE is at Vi
(12 V) and the program pulse is at Vy| p.

EXAMPLES FOR PROGRAMMING

Always use the Tpyqa1= Nxtpyy = 100 ms relationship.

1. All 8092 bits should be programmed with a 0.2 ms
program puise width,

The minimum number of program loops:

N = Tptotal _ 100 ms

tpy  0.2ms _ 200 One program loop

consists of words 0 to 1023,

2. Words 0 to 200 and 300 to 700 are to be pro-
grammed. All other bits are “don’t care’’. The
program pulse width is 0.5 ms. The minimum
number of program loops, N = % = 200. One
program loop consists of words 0 to 1023. The
data entered into the ‘“don’t care’” bits should be
all 1s.

3. Same requirements as example 2; but the EPROM is
now to be updated to include data for words 850
to 880. The minimum number of program loops is
the same as in the previous example, N = 200. One
program loop consists of words 0 to 1023. The data
entered into the ““don‘t care’ bits should be all 1s.
Addresses 0 to 200 and 300 to 700 must be re-
programmed with their original data pattern.

ERASING INSTRUCTIONS

The MCM68708/68A708 can be erased by exposure to
high intensity shortwave ultraviolet light, with a wave-
length of 2537 A. The recommended integrated dose {i.e.,
UV-intensity x exposure time) is 12.5 Ws/cm2. As an
example, using the ""Model 30-000” UV-Eraser (Turner
Designs, Mountain View, CA 94043) the ERASE-time is
30 minutes. The lamps should be used without shortwave
filters and the MCM68708/68A708 should be positioned
about one inch away from the UV-tubes.
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@ MOTOROLA MCM68A764

Advance Information ] . MOS
(N-CHANNEL, SILICON-GATE)
8192 X 8-BIT UV ERASABLE PROM 8192 X 8-BIT
The MCM68764/68A764 is a 65,536-bit Erasable and Electrically UV ERASABLE PROM

Reprogrammable PROM designed for system debug usage and similar
applications requiring nonvolatile memory that could be reprogram-
med periodically or for replacing 64K ROMs for fast turnaround
time. The transparent window on the package allows the memory
content to be erased with ultraviolet light.

For ease of use, the device operates from a single power supply
and has a static power-down mode. Pin-for-pin mask programmable
ROMs are available for large volume production runs of systems

C SUFFIX

initially using the MCM68764/68A764. ! FRIT-SEAL PACKAGE
CASE 623A

® Single +5 V Power Supply

® Automatic Power-down Mode (Standby) with Chip Enable

® Organized as 8192 Bytes of 8 Bits

® Low Power Dissipation

® Fully TTL Compatible L SUFFIX

® Maximum Access Time = 450 ns MCM68764 CERAMIC PACKAGE
350 ns MCM68A764 CASE 716

Standard 24-Pin DIP for EPROM Upgradability
® Pin Compatible to MCM68A364 Mask Programmable ROM

PIN ASSIGNMENT

MODE SELECTION

PIN NUMBER =N Vec 24
911, - 2 CJ A6 A8 23
Mode 13-17, 12 20 24 36qAs A9 22
Da Vss E/vpp Vee 4 A4 A12 321
Read Data out Vss ViL Vce 5 L A3 E/Vpp 20
Output Disable Hi-Z Vss ViH vVee : 6 2 A2 AloOLT19
Standby Hi-Z vss VIH Vce 7 At A11 |18
Program Data in Vss Pulsed vce 8 A0 oQ7E317
ViLP to ViHp 9 CJoao pas [ 16
10 a1 oQsf3 15
11 &4pQ2 DQ4 14
12 =4 Vgs pa3fFE313
ABSOLUTE MAXIMUM RATINGS (1)
Rating Value Unit
Temperature Under Bias -10 to +80 o¢
Storage Temperature —65 to +125 °c *PIN NAMES
All Input or Qutput Voltages with Respect to Vgg during Read + 6t0-0.3 Vdc A . .. .Address
Vpp Supply Voltage with Respect to Vg +28 10 -0.3 Vde © DQ....Data Input/Output
E/Vpp . . . .Chip Enable/Program
NOTE 1: Permanent device.damage may occur ifABSOLUT[-; MAXIMUM RATINGS are & ... .Output Enable
exceeded. Functional operation should be restricted to RECOMMENDED
OPERATING CONDIT!IONS. Exposure to higher than recommended voitages
for extended periods of time could affect device reliability. *New industry standard nomenclature

This is advance information and specifications are subject to change without notice.
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Ve ——»
Vgg =
AO0—-A4
AB—A12

E/VPP o Control

-BLOCK DIAGRAM

Data Input/Qutput
DQO-DQ7

RARERAN

Logic

Input/OQutput Buffers

LTI

( © e ‘
o—] v M .
O——Decoder . Y Gating
Oo— .

B
o— |
.
O———‘ .
.
X . Memory
O——{Decoder| ¢ Matrix
| .
O— .
.
O— <
L

DC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED DC READ OPERATING CONDITIONS (T p = 0° to +70°C}

Capacitance measured with a Boonton Meter or effective capacitance calculated from the

ion: © = 1A¢
equation: C = v

2-102

Parameter Symbol Min Nom Max Unit
Supply Voltage* MCM68764 vee 4.75 50 5.25 Vdc
MCM68A764 . 4.5 5.0 55
Input High Voltage X ViH 20 — Vee +1.0 Vdc
Input Low Voltage ViL -0.1 — 0.8 Vdc
READ OPERATING DC CHARACTERISTICS
Characteristic Condition Symbol Min Typ Max Unit
Address Input Sink Current Vin=525V tin - - 10 MA
Output Leakage Current Vout = 5.26 V Lo — — 10 MA
E/Vpp Input Sink Current E/Vpp = VL IEL - - 10 A
E/Vpp =V iy 1EH = IpL - - 200 A
E/Vpp = Vipp IpH - - 30 mA
Ve Supply Current (Active) E/vpp = V)L Icct — - 160 mA
Ve Supply Current (Standby) E/Vpp = ViH \cc2 - — 25 mA
Output Low Voltage loL=2.1mA VoL = 0.1 0.45 \
Output High Voltage 10H = —400 uA VoH 24 40 — v
CAPACITANCE
(f = 1.0 MHz, Tp = 25°C, periodically sampled rather than 100% tested.)
Characteristic Symbol Typ Max Unit This device contains circuitry to protect the
Tnput Capacitance (Vin = 0 V) Cin 30 60 pF__|| inputs agsinst damage due to high static voltages
Output Capacitance (Vgyq =0 V) Cout 8.0 12 pF z;rr(::r ;r)Ichaljti;us s:let\;irelnntolsajoivc;s:ppl‘ic:

tion of any voltage higher than maximum

rated voltages to this high-impedance circuit.
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DC PROGRAMMING CONDITIONS AND CHARACTERISTICS

(Ta =010 +709C, Vg = 6.0 V £5%)

RECOMMENDED PROGRAMMING OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit
Supply Voltage vVee 4.75 5.0 5.25 Vdc
Input High Voltage for All Addresses and Data VIH 20 - Vee +1 Vdc
Input Low Voltage for All Addresses and Data ViL —0.1 - 0.8 Vdc
Program Pulse Input High Voltage VIHP 24 25 26 Vdc
Pragram Puise Input Low Voltage VILP 20 Vce 6.0 Vdc
PROGRAMMING OPERATION DC CHARACTERISTICS
Characteristic Condition Symbol Min Typ . Max Unit
Address Input Sink Current Vin =5.25V I - - 10 MAdc
Program Pulse Current (Vpp = 25 V) IpH - - 30 mAdc
Vpp Programming Pulse Current (Vpp =5 V) IpL=tEH —- . 200 HA
Ve Supply Current Icc — - 160 mAdc
AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS
Characteristic Symbol Min Max Unit
Address Setup Time tAVPH 20 - Hs
Data Setup Time tDVPH 20 - s
Chip Enable to Valid Data tELQV 450 - ns
Chip Disable to Data In tEHDV 20 - s
Program Pulse Width* tPHPL 1.0 55 ms
Program Pulse Rise Time tPR 0.5 20 s
Program Pulse Fall Time tpE 0.5 20 s

*The minimum programming time is twice the programming time after successful verification of the programmed pattern, but maximum

programming time is 55 ms.

PROGRAMMING OPERATION TIMING DIAGRAM

ADDRESS X ADDRESS 0 X ADDRESS 1...4095 x ADDRESS 0

DATA >——< DATA IN : X

DATA IN

tEHDV

E/Vpp /

tDVPH

tAVPH PR

tPHPL

~ 2103

fe—tpF

—
—\

e
DATA OUT
S

tELQvV
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AC OPERATING CONDITIONS AND CHARACTERISTICS

(Fuil operating voltage and temperature range unless otherwise noted)

Input Pulse Levels . .. ... ........ 0.8 Volt to 2.2 Volts Input Timing Levels
Input Riseand Fall Times . . . . .. ... .......... 20 ns Output Timing Levels
Output Load

1 Voltand 2 Volts
0.8 Volit to 2 Volts

100 pF + 1 74 Series TTL Load

.MCM68A764 MCM68764
Characteristic Condition Symbol Min Max Min " Max Units
Address Valid to Output Valid E=ViL tAvVQV - 350 - 450 ns
E to Output Valid tELQV - 350 - 450 ns
E to Hi-Z Output tEHQZ 0 100 0 100 ns
Data Hold from Address E=v_ tAXDX 0 - 0 - ns
READ MODE TIMING DIAGRAM
K
ADDRESS >< ADDRESS VALID ><
E/vpp AN
~
TEH
tavav/teLav oz
HI- 5
ouTPUT Iz DATA VALID HiZ

~.:2<104
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PROGRAMMING INSTRUCTIONS

After the completion of an ERASE operation, every
bit in the device is in the 1" state (represented by
Output High). Data are entered by programming zeros
{Output Low) into the required bits. The words are
addressed the same way as in the READ operation. A
programmed ‘0" can only be changed to a “1” by ultra-
violet light erasure.

To set the memory up for Program Mode, the E/Vpp
input (Pin 20) should be between +2.0 and +6.0 V,
which will tristate the outputs and allow data to be set-
up on the DQ terminals. The VG voltage is the same as
for the Read operation, Only "“0’s” will be programmed
when “0’s” and "“1°s” are entered in the 8-bit data word.

After address and data setup, 25 volt programming
pulse (V|H to VIHP) is applied to the E/Vpp input. A
program pulse is applied to each address location to be
programmed. Locations may be programmed indivi-
dually, sequentially, or at random. The maximum pro-
gram pulse width is 55 ms and the maximum program
pulse amplitude is 26.0 V.

Multiple MCM68764s may be programmed in parallel
by connecting like inputs and applying the program
pulse to the E/Vpp inputs. Different data may be pro-
grammed into multiple MCM68764s connected in paral-
lel by selectively applying the programming pulse only
to the MCM68764s to be programmed.

‘
TIMING PARAMETER ABBREVIATIONS
: EX X X X
signal name from which interval is defined_——'__l
transition direction for first signal
signal name to which interval is defined
transition direction for second signal

The transition definitions used in this data sheet are:

H = transition to high

L = transition to low

V = transition to valid

X = transition to invalid or don’t care
Z = transition to off (high impedance)

READ OPERATION

After access time, data is valid at the outputs in the
Read mode. A single input (E/Vpp) enablés the out-
puts and puts the chip in active or standby mode. With
_E'/Vpp = ‘0" the outputs are enabled and the chip is
in active mode, with E/Vpp = ‘1" the outputs are
tristated and the chip is in standby mode. During stand-
by mode, the power dissipation is reduced from 880 mwW
to 132 mW.

Muitiple MCM68764 may share a common data bus
with like outputs OR-tied together. In this configuration
the E/Vpp input should be high on all unselected MCM
68764s to prevent data contention.

ERASING INSTRUCTIONS

The MCM68764 can be erased by exposure to high
intensity shortwave ultraviolet light, with a wavelength
of 2537 angstroms. The recommended integrated dose
(i.e.,, UV-intensity X exposure time) is 15 Ws/cmZ2.
As an example, using the ‘‘Model 30-000" UV-Era-
ser (Turner Designs, Mountain View, CA 94043) the
ERASE-time is 36 minutes. The lamps should be used
without shortwave filters and the MCM68764 should
be positioned about one inch away from the UV-tubes.

TIMING LIMITS

The table of timing values shows either a minimum or
a maximum limit for each parameter. Input requirements
are specified from the external system point of view.
Thus, address setup time is shown as a minimum since the
system must supply at feast that much time (even though
most devices do not require it). On the other hand,
responses from the memory are specified from the device
point of view. Thus, the access time is shown as a maxi-
mum since the device never provides data later than
that time.

WAVEFORMS
Waveform Input Output
Symbol
MUST BE WILL BE
VALID VALID

. CHANGE WILL CHANGE
m FROM H TO L FROM H TO L
WILL CHANGE

Y. CHANGE
L FROM L TOH FROM L TOH

DON'T CARE CHANGING
m ANY CHANGE STATE
PERMITTED UNKNOWN

' >. HIGH
IMPEDANCE

210
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TMS2716
TMS27A16

2048 X 8 ERASABLE PROM

The TM.S2716 and TMS27A16 are 16,384-bit Erasable and
Electrically Reprogrammable PROMs" designed for system debug
usage and similar applications requiring nonvolatile memory that
could be reprogrammed periodically. The transparent window on the
package allows the memory content to be erased with ultraviolet
light. The TMS2716 is pin compatible with 2708 EPROMs, allowing

MOS

(N-CHANNEL, SILICON-GATE)

2048 X 8-BIT
UV ERASABLE PROM

easy memory size doubling.

Organized as 2048 Bytes of 8 Bits

Fully Static Operation (No Clocks, No Refresh)
Standard Power Supplies of +12V, +5V, and -5V
Maximum Access Time = 300 ns — TMS27A16

450 ns — TMS2716

MCM68708 EPROMs

Chip-Select Input for Memory Expansion

TTL Compatible — No Pull-up Resistois Required
Three-State Outputs for OR-Tie Capability

The TMS2716 is Pin Compatible to MCM2708 and

C SUFFIX
FRIT-SEAL PACKAGE
CASE 623A

L SUFFIX
CERAMIC PACKAGE
CASE 716

BLOCK DIAGRAM

Data Input/Output
DQo-DQ7
/\.

[EERRERE

S (Progr) O— Control

Program Enable (E) Om— -°9/¢

input/Output Buffers

HEREEE

Y
Decoder

[11

7".....}

Y Gating

PIN ASSIGNMENT

A0-A10 ﬁ

X
Decoder

177771
] eeeeeeceenst ]

Memory Matrix
(128 X 128)

1 A7 VeclB) Fa2a
2 CJAs A8 [T 23
3 A5 A9t 22
4 A4 Vee [ 21
5 (A3 A10 D 20
6 A2 Vpp 19
7 CJ A1 S(Progn 118
8 3 a0 0717
9 (3 po D6 16
10 CJ O1 D5 315
11 ] D2 paf 14
12 ] Vss D313
PIN NAMES
AO0-A10 . . . . Address Inputs
DQO-DQ7 . .. Data Input {Program) or
Qutput (Read)
(E) . . . . Program Enable
S . .. .Chip Select
(Progr} . . . .Program Puise
VBB - . . .~5V Power Supply
Ve - - - . +5V Power Supply
Vpp - - . .+12V Power Supply
Vgs - . . . Ground
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ABSOLUTE MAXIMUM RATINGS (1)

Rating Value Unit PIN CONNECTION DURING
- ) READ OR PROGRAM
Qperating Temperature 0to+70 C
Storage Temperature -65to+125 °c Pin Number
Vpp with Respect tc Vgpg +20t0 0.3 Vdc 9-11,
Ve and Vgg with Respect to Vg +15t0 03 | vdc Mode |13-17 | 18 24
All Input or Output Voitage with Respect to Vgg During Read +151t0 ~0.3 Vde Read Dout Vipor Vee
(E) tnput with Respect to Vgg During Programming +20to ~0.3 Vdc = Yin
Program Oin Pulsed ViHw
Program Input with Respect to Vgg +35to -0.3 Vdc Vinp
Power Dissipation 18 Watts
NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to RECOMMENDED
OPERATING CONDITIONS. Exposure to higher than recommended voltages for
extended periods of time could affect device reliability.
DC READ OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range uniess otherwise noted)
RECOMMENDED DC READ OPERATING CONDITIONS
Parameter Symbol Min Nom Max Unit
Supply Voltage TMS2716 vee 4.75 5.0 5.25 Vdc
Vob 1.4 12 126 Vdc
VB -5.25 -5.0 -4.75 Vde
TMS27A16 Vee 45 5.0 55 Vdc
Vpp 108 12 13.2 vde
. VB -55 -50 -45 Vdc
Input High Voltage ViH 2.2 — Ve + 1.0 Vdc
Input Low Voltage ViL Vss - 0.65 Vdc
READ OPERATING DC CHARACTERISTICS
Characteristic Condition Symbol Min Tvyp Max Unit
Address input Sink Current . Vin = Vogmax or Vig =V lin - 1 10 HA
Qutput Leakage Current Vout = Vocmax and S =5 v Lo - 1 10 uA
VBD Supply Current Worst-Case Supply Currents 'DD - - 65 mA
Ve Supply Current All inputs High lee - - 12 mA
Vg Supply Current (E) =50V, Ta=0% 'ap = - 45 mA
Output Low Voltage lop =16 mA VoL - - 045 \
Output High Voltage IoH = -100 xA VQoH1 37 - - v ‘
Output High Voltage top =-1.0mA VOH2 24 - - \
Vgg must be applied prior 10 Vg and Vpp. VB must also be the last power supply switched off.
CAPACITANCE (periodically sampled rather than 100% tested)
Characteristic Condition Symbol Typ Max Unit
input Capacitance Vin =0V, Tp =25°C Cin 40 6.0 pF
(f=1.0 MHz) .
Output Capacitance Vour =0V, Ta =26°C Cout 8.0 12 pF
(f = 1.0 MH2)
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AC READ OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature’range unless otherwise noted)
(All timing with t; = tf = 20 ns, Load per Note 2)

TMS2716 TMS27A16
Characteristic Symbol Min Max Min Max Unit
Address to Output Delay taAvay — 1450 - 300 ns
Chip Select to Output Delay tsLQvV - 120 - 120 ns
Data Hold from Address » tAXQZ 10 - 10 - ns
Data Hold from Deselection tSHQZ © 10 120 10 120 ns
NOTE 2: Output Load =1 TTL Gate and C| = 100 pF (Includes Jig Capacitance) AC TEST LOAD

Timing Measurement Reference Levels — Inputs: 08 V and 2.8 V
Outputs: 0.8 V and 274 \

TIMING PARAMETER ABBREVIATIONS

tx X X X
signal name from which interval is def\nedi—,
transition direction for first signal
signal name to which interval is defined
transition direction for second signal

The transition definitions used in this data sheet are:
H = transition to high
L = transition to low
V = transition to valid
X = transition to invalid or don’t care
Z = transition to off (high impedance)

READ OPERATION Ti

50V

RL=-2.2k

Test Point
MMDE150
. or Equiv
100 pF
MMD 7000
or Equiv

*includes Jig Capacitance

“*For VoH

TIMING LIMITS

The table of timing values shows either a minimum or
a maximum iimit for each parameter. Input requirements
are specified from the external system point of view.
Thus, address setup time is shown as a minimum since the
system must supply at least that much time (even though
most devices do not require it). On the other hand,
responses from the memory are specified from the device
point of view. Thus, the access time is shown as a maxi-
mum since . the device never provides data later than
that time. '

MING DIAGRAM

SIS
; 95002000
Address, AXX ..0':.0

Address Va

fid

Chip Select, s

to—— thxQz —

tsLQVv

tavav

Data Cut, Q High Z ]

2-108

\. (Low Impedance)
A o

- iSHQz

Output Valid High Z
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DC PROGRAMMING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED PROGRAMMING OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit

Supply Voltage Vee 4.75 5.0 5.25 Vdc
Voo 11.4 12 12.6 Vde

VBB -5.25 -5.0 -4.75 vdc

Input High Voltage for Data ViHD 38 - Vee +1 Vdc
{nput Low Voltage for Data ViLdp Vss - Q.65 Vdc
Input High Voltage for Addresses ViHA 38 - Veet 1 Vdc
input Low Voltage for Addresses ViLa Vgss - 0.4 Vdc
Program Enable (E) Input High Voltage (Note 3} ViHw 1.4 12 12.6 Vde
Program Enable (E) Input Low Voltage (Note 3) Viw=Vce 4.75 5.0 5.25 Vdc
Program Pulse Input High Voltage (Note 3) VIHP 25 - 27 Vdc
Program Pulse Input Low Voltage (Note 4) ) ViLP Vss - 1.0 Vdc

NOTE 3: Referenced to Vgg.
NOTE 4: Vyyp - ViLp = 25 V min.

PROGRAMMING OPERATION RC CHARACTERISTICS

Characteristic . Condition Symbol Min Typ Max Unit -
Address Input Sink Current Vin =526V L - — 10 uAdc
Program Pulse Source Current lipL - -~ 3.0 mAdc
Program Pulse Sink Current HPH - - 20 mAdc
VpD Supply Current Worst-Case Supply Currents lop — - 65 mAdc
Ve Supply Current All Inputs High Icc - - 15 mAdc
Vgg Supply current (E)=56V, Ty =0C g8 — - 45 mAdc

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature unless otherwise noted)

Characteristic Symbol Min Max Unit
Address Setup Time TAVPH 10 - '
{E) Setup Time . tEHPH 10 - us
Data Setup Time . tDVPH 10 - s
Address Hold Time tPLAX 10 - 1S
(E) Hold Time tPLEL 05 - HS
Data Hold Time tPLDX 1.0 - us
Program to Read Delay : tELQV - 10 us
Program Pulse Width i tPHPL 0.1 1.0 ms
Program Pulse Rise Time PR 05 20 HS
Program Pulse Fall Time tPF 0.5 - 20 S

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any tiability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.

L2109 N — S .




TMS2716, TMS27A16

PROGRAMMING OPERATION TIMING DIAGRAM

1 of N Program Loops - READ —
{ f (After N
Vikw L Program
7 Loops)
Program
Enable, (E)
Vee = View
t WPLEL
[ tEHPH — Note 5
..
—{ ¢ 4
ViHA | — ¥ \ § N\
Address, A Address 0 Address 1 ...2047 x Address 0
v X iy ] /
ILA ) J T
- tAVPH t t
PLAX PLAX tavay
(Read}
v (¢ c :
IHD 1) X J
Data In, D Data Qut Data Out
Data Out, Q ¢ Invalid / Valid
¢
ViLp P 5 7
le— tpypH — PLDX PLOX
d
tPR | PHPL tpF [ teLQv —*
{ ¢
ViHp - BB
Program
Pulse, P
. . TY
Viee

NOTE 5: This Program Enable tranistion must occur after the Program Pulse transition and before the Address Transition.

Waveform npat
Symbol
DON'T CARE
TR, anw crance
PERMITTED

D

WAVEFORM DEFINITIONS
Waveform Output
Symbol
MUST BE WILL BE
VALID VALID
CHANGE WILL CHANGE
m FROMHTOL  FROMHTOL
_ﬂy— CHANGE WILL CHANGE
FROMLTOH  FROM L TOH

Output

CHANGING
STATE
UNKNOWN

HIGH
IMPEDANCE
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PROGRAMMING INSTRUCTIONS

After the completion of an ERASE operation, every bit
in the device is in the "“1" state {represented by Qutput
High). Data are entered by programming zeros (Out-
put Low) into the required bits. The words are addressed

_ the same way as in the READ operation. A programmed
"0’ can only be changed to a 1" by ultraviolet light
erasure.

To set the memory up for programming mode, the
VcclE) input (Pin 24) should be raised to +12 V. Pro-
gramming data is entered in 8-bit words through the data
output terminals (DQO to DQ7).

The Vpp and Vg supply voltages are the same as for
the READ operation.

After address and data setup, one program pulse per
address is applied to the program input. A program loop is
a full pass through all addresses. Total programming time/
address, TPtotal = N X tpHpPL = 100 ms. The required
number of program loops (N} is a function of the program
pulse width (tpHpL) where: 0.1 ms < tpHpL < 1.0 ms;
correspondingly, N is: 100 < N < 1000. There must be
N successive loops through all 2048 addresses. It is not
permitted to apply more than one program pulse in
succession to the same address (i.e., N program pulses to
an address and then change to the next address to be
programmed). At the end of a program sequence the
Program Enable (E) falling edge transition must occur
before the first address transition, when changing from
a PROGRAM to a READ cycle. The program pin should
be pulled down to V[Lp with an active device, because
this pin sources a small amount of current (I{p) when
(E) is at ViHw (12 V) and the program pulse is at V||_p.

EXAMPLE FOR PROGRAMMING
Always use the Tpiotal = N X tpHpPL =
relationship.
1. All 16,384 bits should be prograrnmed with a 0.2 ms
program pulse width.
The minimum number of program loops:

_ TPtotal _ 100 ms _

100 ms

One program loop consists of words 0 to 2047,

2. Words 0 to 200 and 300 to 700 are to be pro-
grammed. All other bits are “don’t care”. The' program
pulse width is 0.5 ms. The minimum number of program
loops, N = 100/0.5 = 200. One program loop consists of
words 0 to 2047. The data entered into the ‘don’t care”
bits should be all 1s.

3. Same requirements as example 2, but the EPROM is
now to be updated to include data for words 850 to 880.
The minimum number of program loops is the same as in
the previous exampie, N = 200. One program loop consists
of words 0 to 2047. The data entered into the ““don’t
care” bits should be all 1s. Addresses 0 to 200 and
300 to 700 must be reprogrammed with their original
data pattern.

ERASING INSTRUCTIONS

The TMS2716/27A16 can be erased by exposure to
high intensity shortwave ultraviolet light, with a wave-
length of 2537 A. The recommended integrated dose (i.e.,
UV-intensity X exposure time) is 12.5 Ws/cm2. As an
example, using the ““Model 30-000" UV-Eraser (Turner
Designs, Mountain View, CA 94043) the ERASE-time is
30 minutes. The lamps shouid be used without shortwave
filters and the TMS2716/27A16 should be positioned
about one inch away from the UV-tubes.
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MCM6670
MCM6674

128¢ X 7 X 5 CHARACTER GENERATOR

The MCM6670 is a mask-programmable horizontal-scan (row
select). character generator containing 128 characters in a 5 X 7
matrix. A 7-bit address code is used to setect one of the 128 available
characters, and a 3-bit row select code chooses the appropriate row
to appear at the outputs. The rows are sequentially displayed,
providing a 7-word sequence of 5 parallel bits per word for each
character selected by the address inputs.

The MCM6674 is a preprogrammed version of the MCM6670.
The complete pattern of this device is contained in this data sheet.

Fully Static Operation

TTL Compatibility

Single £10% +5 Volt Power Supply
18-Pin Package

Diagonal Corner Power Supply Pins

Fast Access Time, 350 ns {max)

ABSOLUTE MAXIMUM RATINGS (See Note 1)

MOS

(N-CHANNEL, SILICON GATE)

128¢ x7 x5
HORIZONTAL-SCAN
CHARACTER GENERATOR

L SUFFIX
CERAMIC PACKAGE
CASE 680

NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING-CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.

" BLOCK DIAGRAM

A0 7 —O012 DO
Al 6 o 13 D1
A2 S O Address Memory Row Qutput

A3 4 Decode Matrix Decode Buffers 14 b2
A4 3 O

A5 20— O 15 O3
A6 1 O

g & & . —0 16 D4
. 11 10 8 Chip
. RS1 RS2 RS3 Select
Vee =Pin 18

Gnd = Pin 9 . o

' Rating Symbol Vatue Unit
T P SUFFIX
Supply Voltage Vee -0.3t0 +7.0 Vde PLASTIC PACKAGE
Input Voltage Vin -0.310 +7.0 Vdc CASE 707
Operating Temperature Range Ta 0 to +70 oc
Storage Temperature Range Tstg -65 to +150 °c

PIN ASSIGNMENT

1:A60 Vee [ 18
2 . A5 Cs £ 17
3 ] A4 D4 [ 16
4 . A3 D3 1 15
5 ] A2 D2 [ 14
6 ] A1 D13 13
7 . A0 DO 112
8 C—] Rs3 RSt 3 11
9 ] Gnd RS2 10

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high impedance circuit.
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DC OPERATING CONDITIONS AND CHARACTERISITCS

(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit
Supply Voltage Vee 4.5 5.0 55 Vdc
Input High Voitage ViH 2.0 - 5.25 Vdc
Input Low Voltage ViL -0.3 - cs8 Vde
DC CHARACTERISTICS-
Characteristic Symbol Min Typ Max Unit
Input Current lin - - 25 uAde
{Vin=01t05.25 V)
Output High Voltage VoH 24 - Vee Vdc
(loH = -205 pA)
Output Low Voltage VoL - - 0.4 Vde
(1o, = 1.6 mA)
Output Leakage Current (Three-State) Lo — — 10 rAdc
(C§=20VorCS=08V,Vout =04V t024V)
Supply Current icc — - 130 mAdc
(Vee =5.25 V, Ta = 0°C)
CAPACITANCE (Tp = 25°C, f = 1.0 MHz2)
Characteristic Symbol Typ Unit
Input Capacitance Cin 5.0 pF
Output Capacitance Cout 5.0 pF
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voitage and temperature range unless otherwise noted.)
AC TEST LOAD
50V
AC TEST CONDITIONS A= 28k
Condition Value Test Point MMD6150
Input Pulse Levels 0.8V 1020V or Equiv
Input Rise and Fall Times 20 ns 30 pF 11,7k
Output Load 1 TTL Gate and C_ = 30 pF MMD7000
or Equiv
AC CHARACTERISTICS
i Characteristic Symbol Min Max Unit
Cycle Time teye 350 - ns
Address Access Time tacc(A) — 350 ns
Row Select Access Time tacc(RS) + - 350 ns
Chip Select to Output Delay tco 150 ns
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TIMING DIAGRAM

- —teye -
- tacc(A) -
20V
Address >< 0.8V y
T |
4
. \
[ taCC( Rs) —
20V
RS 08V K
cs 2.0 v ‘Q
o8 v
- tco——————————=]

&

pr—y R SN SESINININE S S
S 30SKIRKEEIN

0.8V

2.0 \/&

Data Out 207020 %%

KX

RRRERIRERR

QKL

Data Valid

CUSTOM PROGRAMMING FOR MCM6670

By the programming of a single photomask, the cus-
tomer may specify the content of the MCM6670. En-
coding of the photomask is done with the aid of a com-
puter to provide quick, efficient implementation of the
custom bit pattern while reducing the cost of implemen-
tation.

Information for the custom memory content may be
sent to Motorola in the following forms, in order of
preference:

1. Hexadecimal coding using IBM Punch Cards (Fig-

ures 3 and 4).
2. Hexadecimal coding using ASCIl Paper Tape Punch
(Figure 5).

Programming of the MCM6670 can be achieved by
using the following sequence:

1. Create the 128 characters in a 5 x 7 font using
the format shown in Figure 1. Note that information at
output D4 appears in column one, D3 in column two,
thru DO information in column five. The dots filled in
and programmed as a logic ‘1" will appear at the outputs

as VOH, the dots left blank will be at VQ. RO is always
programmed to be blank (Vo). (Blank formats appear at
the end of this data sheet for your convenience; they are
not to be submitted to Motorola, however.)

2. Convert the characters to hexadecimal coding treat-
ing dots as ones and blanks as zeros, and enter this infor-
mation in the blocks to the right of the character font
format. The information for D4 must be a hex one or
zero, and is entered in the left block. The information for
D3 thru DO is entered in the right block, with D3 the
most significant bit for the hex coding, and DO the
least significant.

3. Transfer the hexadecimal figures either to punched
cards (Figure 3) or to paper tape {Figure 5).

4, Transmit this data to Motorola, along with the
customer name, customer part number and revision, and
an indication that the source device is the MCM6670.

5. Information should be submitted on an organiza-
tional data form such as that shown in Figure 2.

FIGURE 1 — CHARACTER FORMAT

Character Numbe(£YS TOMER WPUTD

ROW SELECT
TRUTH TABLE MsB LsB
RsS3 | ms2 [ Rs1 | OUTPUT ro OOOO0O
) o 0 RO m O0OROO
o 0 1 R1 R JROKO
oLl m ~ BODOR
1 ) 0 Ra rRa FODOR
1 ¢} 1 RS rs IXIKI R KX
SRR ~ ROOOR
v A~ RODOR
oalp3 Do

Character Number(cyjl/&ﬂES /A/‘PVU

HEX MSB LSB HEX
olo ro OQ0O0O0O [o]e
a4 M RARRRA [/ F
0 A rRe®IOD300O ]/ o
Al rRe {IOOOQ 1, o
/1 rReBIROO [/ ]¢
[IF rs {OO00 |/ 0
/17 re ROODOA |/ |0
/17 R RIIRRREAE [/ |F
D4lD3 0o
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FIGURE 2 — FORMAT FOR PROGRAMMING GENERAL OPTIiONS

ORGANIZATIONAL DATA
MCM6670 MOS READ ONLY MEMORY

Customer:
Motorola Use Only:
Company
Quote:
Part No.
Part No.
Originator
Specif. No.:
Phone No.
Chip-Select Options: Active High Active Low No-Connect
1 0
cs CJ L] []
FIGURE 3 — CARD PUNCH FORMAT
Columns Column 10 on the first card contains either a zero or
1-9  Blank a one to program D4 of row RO for the first character.
10-25 'Hex coding for first character Column 11 contains the hex character for D3 thru DO.
26 Slash (/) Columns 12 and 13 contain the information to program
27-42 Hex coding for second character R1. The entire first character is coded in columns 10 thru
43 Slash (/} 25. Each card contains the coding for four characters;
44-59 Hex coding for third character 32 cards are required to program the entire 128 characters.
60 Slash (/) The characters must be programmed in sequence from
61-76 Hex coding for fourth character the first character to the last in order to establish proper
77-78 Blank addressing for the part. Figure 3 provides an illustration of
79-80 Card number (starting 01; thru 32) the correct format.

FIGURE 4 — EXAMPLE OF CARD PUNCH FORMAT
(First 12 Characters of MCM6670P4)

000000000FRoooocooooooocoR@NoooNcgomofoNoRERARoNoRoRoRoNoooRENNoNcNoRoRoRoo0ooR0
1234568789101 12BKISIEN 0192021 220425262T202930 313233 H 35827393840 41424344 4546 47 42495051 525354 S556 57 S0 39606162 6ICA 656667 BRBIWN NN N BH T MMM
IRRRRRRRRa Rt R T 1T T R R R R R R R R R RRRRERERERRRRRT R RRRY T BT RI R1 RS [ IRERT
22222222222222222222222222222222222222222222222222222222222222222222222222222222
33333333333333333333333333333333333333333333333333333333333333333333333333333333
A2AAAAAAA8444000040040080000404004400000000aaaleBelelealelenasaaaaaassadasiarants

55555555555555555555555595555555555555555555555565555555555555555555555555555555%

0
3
1

666666666666M6666666666606666B6666656666666665666666666666H666666666666666606665
T11111117770 0091097100001 10 0000000000097 77000 100007101710 00 0717111177117 111719117
$88588888800888388888828088888388888888888888888833888888886888886888888888838888888

SV1Iva ~-38070

99999999999959999999999999999589999999999999999999999999995999999649999999999988
12365678 91010127316 1516 07 8192020 222324 252627 282030 31 323934 3536 37 3833 40 4142 43 4 4546 47 €843 53 11 5292 54 $H 6 51 3955 1+ £2 CHERBUTEED ARG
GLOBE 5-1 STANDARD rov: 4

Sv3Iva - 38019
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FIGURE 5 — PAPER TAPE FORMAT

Frames

Leader

start of data entry. (Note that the tape cannot begin with

Blank Tape

identification will be

“a CR and/or LF, or the customer

Allowed for customer use (M <64)

TtoM

)

Frame M + 3 contains a zero or a on

row RO for the first character
the hex character for D3 thru DO, completing the pro-

assumed to be programming data

{Carriage Return; Line Feed)

LF
M+ 3toM+66 Firstiine of pattern information

CR;

M+ 1, M+2

e to program D4

Frame M + 4 contains

of .

(64 hex figures per line)

s LF

Rema

M+67, M+68 CR

M+ 69 to

information for RO. Frames M + 5.and M + 6

gramming

lines of hex figures,

31

ining

information to program R1. The entire first

is coded in Frames M
complete characters are programmed with each line. A

contain the
character

each line followed by a Carriage Re-

turn and Line Feed

M+2114

3 thru M + 18, Four

+

Blank Tape

ines program all 128 characters (32 x 4).

The characters must be programmed in sequence from the

first character to the last
addressing for the part.

total of 32 |

internal

Frames 1 to M are left to the customer for
identification, where M<<64. Any combination of alpha-

in order to establish proper

ted

ina
with a Carriage Return and Line Feed, delineating the

term

ion is

format

numerics may be used. This in

MCM6674 PATTERN

FIGURE 6

=} 8 COm00000 | C0em0000 | cosEEesO ggooemss
st 00080000 { CACOW000 | Om000Cos
= . [slslals] Is[sis] omaoooal
< [S[atsts[al (alw] am
o O oococosa
ol 8 Q [<Tale]e]alalals]
= : ol [slal"[ainis] ju}
< o [ Islulalals] |
3 o 60000080
8 o falslal"Tof Ta[s}
! © o1 Jats! [sis]
e 5] ag 00 ]
L [+ [sa[e!fal fus] o
3 o 0000mODO | coCceosnd ] 0oosoooo
8 o 0000000 | DORoODOg o 00000000
o [s] 08000008 G 5]
e a [a[al Julslal Ts} s} s}
- al [siuis] s] Is|s) oooe0Dao | © a
3 O Goen000a | DOGGO00A | a
8 oooomooo | ool [sls[elalelsTula] oooooooo | conooooo [ o
-] ° 9ooousco | om §Eo05000 | SORCOOED | omoocCoR 53
s =] ja] o
(=3
- [s] js]e] Tula] ] [s)
& | ©O00M00s | coaseawn oo8a000. Of
2| ompomoos | comooooo 0oooooag o
el @ QOmWOOm | OEUDCO00 2g0anong 0
> omoooEOs g
“! 2| omcomoos | cosmooog S0G000m0 o
8 DDCDIDDD [aiais]n]als|sis] 0oO0DoDO0 | OMEDO0000 | cooQooog | o j=}
S oo ogosesoo OmoooooR | 0OOWO0D0 | Coogooos | o
= N oo =] [s)n]slu] -
- ; DDGDIDDD DIDDDDDI o goooacue
&} poooacoo 00000000 ©£O0B0DA0D | CWe00000 | 000360 | CEER0080
8| ooooeeas 00000000 DEamEsER | omECOCEN | OCOCEEES | OOOROODE
3 000E0000 gmcoooos S00e000
8 jss]
Tl 3 G0ano0ao 3
8 [a]slals]s]slale] o
= s}
- Cl
ol o Ja}
3 s}
2 flelolalelals] '} ggogcomsg | osooooog ool
e| @ OEmERER Geaos| CmODCO00 a3
“‘l N Owo00000 [s] DD.DDI [s]_Is]s] Is|sis) oom
=3 osmasan a 0000MO0C
3 nonaooom 000000800
)
-} 8
ef =
sl =
3 00!
8 oo
gl @ ag
e a om
5| .|cmoomson [jasl el Tats} g
S| oooooooo 85683850 | caooa5ss [sfalst[alulats]
3| ousmewsn | conmsano [eia] Inlalsf Ts] coosoomo
= | “|oooooocs | cmcoooos o]t
o| :|ooooocoom oo
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)
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gl © 0000000
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=1 00000900 Rreslstetalela
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-/ =3 P e = 8 3 e b=t
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<
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The formats below are given for your convenience in preparing character information for MCM667Q programming. THESE
FORMATS ARE NOT TO BE USED TO TRANSMIT THE INFORMATION TO MOTOROLA. Refer to the Custom Pro-
gramming instructions for detaited procedures.

Character Number Character Number Character Number Character Number
MSB LSB HEX MSB LSB HEX - MSB LSB HEX MSB LSB HEX
ro 00000 (oo o JOI0O0O0O [o]o reQO0O0O0 [o]o ro OJ0O0O0O0O [0]o
= Q0000 rRO0000 R QO000 = 00000
R2 003000 200000 200000 r2 00000
rReJOO0O0O R 00000 R 00000 re OO0O0O0
reOODOO R QODOO e ODDOO0C r« 0OOO0
rs 0O OO0 rs 0OOD0O rs 00000 s DO000
re OO 00 re QO O0O0O re JIJOOO re 0O0O0O0O
R O0000 0000ada 00000 = Q0004
04lp3 Do D4lD3 Do D4lD3 oo DalD3 Do
Character Number Character Number Character Number Character Number -
MSB LSB HEX MSB LSB HEX MSB LSB HEX MSB LSB HEX
ro(JOO0O0O (o]0 ro 00000 [0]o o 00000 jole re 00O0O0O0O [0]e
raO0000 0000040 s OO0000 i OO00D4d
r2O000 200000 2 0O000 2 0O0O0O0
r:0O00O0O rReOOODOA r: 00000 re 0000
R ODOO ra (000D 0O0O rRe JODOO re QODAOO
rs 0O 000 rs 0O O300O rs 00000 re QDOBO
s 0O O000 re 00000 re JOO0CO e QOOOO| |
R7[:|D3|:]|:1|:] R7D|[]3DDD 0000 R7 DDaDDD
palp Do palp 0o D403 DO oalo 00

—— Character Number

MSB LSB HEX ’ MSB LSB HEX MSB LSB HEX mSsB LSB HEX
reJ0O00O0O [o]o =0 0000 [o]o ro0OC00 j9]e 000000 [o]o
rOO0D000 rROQO000 m QO000 = OO0Qac
R 00O000 r2JO0OO0O 200000 2 JO0O0O0C
R 00000 rRO0O0O00 R QOC00 R OO000
rROO0OC ra QO0OO0O rRe OO0OO0 e JOBAO
rs 00O 000 rs 00000 s 00000 rs 00000
re O OO0 re 00000 re JOOOCO re JOOO0C
00000 00000 00000 = 000a

D4lp3 Do Dalp3 00 DaiD3 Do D4lD3 Do
Character Number Character Number Character Number Character Number -

MSB LSB HEX MSB LSB HEX MSB LSB HEX Ms8 LS8 HEX
ro0O0O0O0 [o]o reOQ0O0O0O0O (o]0 ro 0O0O0O0O [o]e] . o OO0O0O0O (0]
r 00000 = OO000 R 0OCO0 = O0000
r2JO000 rR2QOOODO re 0000 R O0A3A0
R O00O0 30000043 R O0OC000 ~ R O000
rReQODA0O re JODOAD rRe JOOCOD re OODB0O0O
rsJO0O0C0O rs 0000 rs JO0O0O0O rs JOO00

-, 03000 re 01000 re 0OO0O0 re OO0
00000 WDQDDQY 00000 WQQDDD
o4lo3 Do palp D pa4lb3 Do palo Do
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. 8192-BIT READ ONLY MEMORIES
ROW SELECT CHARACTER GENERATORS

The MCM66700 is a mask-programméble 8192-bit horizontal-scan
(row select) character generator. It contains 128-characters in
a 7' X 9 matrix, and has the capability of shifting certain characters
that normally extend below the baseline such as j, y, g, p, and
g. Circuitry is supplied iinternally to effectively lower the whole
matrix for this type of character—a feature previously requiring
external circuitry, . ’ .

A seven-bit address code is used to select one of the 128 available
characters. Each character is defined as a specific combination of
logic 1s and Os stored in a 7 X 9 matrix. When a specific four-bit
binary row select code is applied, a word of seven parallel bits appears
at the output. The rows can be sequentially selected, providing
a nine-word sequence of seven parallel bits per word for each
character selected by the address inputs. As the row select inputs
are sequentially addressed, the devices will automatically place
the 7 X 9 character in one of two preprogrammed positions on
the 16-row matrix, with the positions defined by the four row
select inputs. Rows that are not part of the character are
automatically blanked.

The devices listed are preprogrammed versions of the MCM66700.
They contain various sets of characters to meet the requirements
of diverse applications. The complete patterns of these devices
are contained in this data sheet.

o Fully Static Operation
o  Fully TTL Compatible with Three-State Outputs
e CMOS and MPU Compatible, Single £10% 5 Volt Supply
® Shifted Character Capability

(Except MCM66720, MCM66730, and MCM66734)
Maximum Access Time = 350 ns .
® 4 Programmable Chip Selects (0, 1, or X)
® Pin-for-Pin Replacement for the MCM6570,

Including All Standard Patterns

MCM66700 MCM66710
MCM66714 MCM66720
MCM66730 MCM66734
MCM66740 MCM66750

-MCM66751 MCM66760

MCM66770 MCM66780
MCM66790

MOS

(N-CHANNEL, SILICON-GATE)

8K READ ONLY MEMORIES

HORIZONTAL-SCAN
CHARACTER GENERATORS
* WITH SHIFTED CHARACTERS

C SUFFIX
FRIT-SEAL PACKAGE
CASE 623

P SUFFIX
PLASTIC PACKAGE
CASE 709

A0
A1l
A2
A3
A4
AS
A6

150— E— — —o 20 D6
" —o D5
o— S
o] adaress Ny Ro Output
10— Matrix w
19 Decode (8064) Decode Butfers | <19 D4
80— 06 D3
4 —018 D2
[ 1 o7 o1
Blanking
Shift Matrix [ | —o17 Do
Control
Matrix | I
1
BLOCK (128) Matrix 1 3110 14
DIAGRAM Select Ts3 c&a o7 ©B
21b228 238248 Vee = Pin 2
RSO RS1 RS2 RS3 Vgg = Pin 13

PIN ASSIGNMENT

1 ] cs3 Rs3[J 24
2 ] Vee RS2 [3 23
3 ] csa RS1 [ 22
4 ] As Rso [ 21
s ] b5 D6 [ 20
6 303 p4 19
701 D23 18
8 ] As oo 17
9 [ A4 A1 16
10 ] Cs1 A0 15
11 ] A3 cs2[14
12 ] A2 Vs 13
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ABSOLUTE MAXIMUM RATINGS (See Note 1, Voltages Referenced to Vgg)

Rating Symbol Value Unit
Supply Voltages Vee -0.3t0 7.0 Vdc
Input Voltage Vin -03t07.0 Vdc
Operating Temperature Range Ta O0to+70 oc
Storage Temperature Range Tstg -55 to +125 Sc

NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are

exceeded. Functional

operation

should be

restricted to RECOMMENDED

OPERATING CONDITIONS. Exposure to higher-than-recommended voltages for
extended periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vgs)

Parameter Symbol Min Nom Max Unit
Supply Voltage Vee 45 5.0 5.5 Vdc
Input Logic 1"’ Voltage ViH 20 - Vee Vdc
Input Logic “0"' Voltage ViL -0.3 - 0.8 Vdc
DC CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Input Leakage Current IH - - 2.5 uAdc
(V|4 = 5.5 Vdc, V¢ = 4.5 Vdc)
Output Low Voitage (8lank) VoL 0 - 0.4 Vdc
{lo = 1.6 mAdc)
Output High Voitage (Dot} VOH 24 - - Vdc
(lgH = -205 pAdc)
Power Supply Current lce - - 80 mAdc
Power Dissipation PD - 200 440 mw
CAPACITANCE (Periodically sampled rather than 100% tested)
Input Capacitance Cin - 4.0 7.0 pF
(f = 1.0 MHz)
Output Capacitance Cout = 40 7.0 pF
(f=1.0 MHz)

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that
normal precautions be taken to avoid application of any voitage higher than maximum rated voltages to this high-impedance circuit.

|

2119
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MCM66700 Series

AC OPERATING CONDITIONS AND CHAﬁACTERISTIQS
(Full operating voltage and temperature range unless otherwise noted)

AC TEST LOAD

5.0V
R =26k
Test Point MMDG'F’O
or Equiv
AC TEST CONDITIONS
I 130 pF 1.7k
Condition Value MMD7000
Input Pulse Levels 0.8V 1t020V or Equiv
Input Rise and Fall Times ' 20 ns = =
Qutput Load 1 TTL Gate and C_= 130 pF
AC CHARACTERISTICS
Characteristic Symbol Typ Max Unit
Address Access Time tacc(A) 250 350 ns
Row Select Access Time tacc(RS) 250 350 ns
Chip Select to Output Delay tco 100 150 ns

TIMING DIAGRAM

tacc(A)

e
Address ><

[or
©o
<<

[ —13cc(RS) 8|

“2.0Vv
RS ><,: 0.8 V

cs /12,0 v

tco

& 00 Pokosy

Data Out / / d

LR E

Data Valid V
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MCM66700 Series

MEMORY OPERATION (Using Positive Logic)
Most positive level = 1, most negative level = 0.

Address
To select one of the 128 characters, apply the appro-
priate binary code to the Address inputs {AQ through AB).

Row Select

To select one of the rows of the addressed character
to appear at the seven output lines, apply the appropriate
binary code to the Row Select inputs (RSO through RS3).

Shifted Characters

These devices have the capability of displaying charac-
ters that descend below the bottom line (such as lowercase
letters j, y, g, p, and q). Internal circuitry effectively drops
the whote matrix for this type of character. Any character

can be programmed to occupy either of the two positions
in a 7 X 16 matrix. (Shifted characters are not available
on MCM66720, MCM66730, or MCM66734.)

Output
For these devices, an output dot is defined as a logic 1
level, and an output blank is defined as a logic O level.

Programmable Chip Select

The MCM66700 has four Chip Select inputs that can
be programmed with a 1, 0, or don’t care (not connected).
A don’t care must always be the highest chip select pin or
pins. All standard patterns have Don’t Care Chip Select—
except MCM66751.

DISPLAY FORMAT

Figure 1 shows the relationship between the iogic
levels at the row select inputs and the character row at
the outputs. The MCM66700 allows the user to locate the
basic 7 X 9 font anywhere in the 7 X 16 array. In addition,
a shifted font can be placed anywhere in the same 7 X 16
array. For example, the basic MCM66710 font is
established in rows R14 through R6. Al other rows are
autornatically blanked. The shifted font is established in
rows R11 through R3, with all other rows blanked. Thus,
while any one character is contained in a 7 X 9 array, the
MCM66710 requires a 7 X 12 array on the CRT screen to
contain both normal and descending characters. Other

uses of the shift option may require as much as thevfull
7 X 16 array, or as little as the basic 7 X 9 array {when
no shifting occurs, as in the MCM66720).

The MCM66700 can be programmed to be scanned
either from bottom to top or from top to bottom. This is
achieved through the option of assigning row numbers in
ascending or descending count, as long as both the basic
font and the shifted font are the same. For example, an
up counter will scan the MCM66710 from bottom to top,
whereas an up counter will scan the MCM66714 from top
to bottom (see Figures 7 and 8 for row designation).

FIGURE 1 — ROW SELECT INPUT CODE AND SAMPLE CHARACTERS FOR MCM66710 AND MCM66720

ROW SELECT
TRUTH TABLE MCM66710 MCM66720
RS3 | RS2 | RS1 | RSO | OUTPUT
ROW ROW
o o oo RO NO. NO.
o 0 o 1 R1
0 o 1 0 A2 goooooo Ris 0OOOOO0 EEENEN0 R0 0000000
° ° B 1 "3 BEARARD R« 0COD0OOO NODODOW rR1 EOAEB00
WOCOOCE rR13 OOOOOOO MO00000m r2 MBCCOEO
o ! o o R4 EO0000Mm 12 0000000 E00000E r3 ROOOORO
o 1 o 1 RS m00C0O0m R EOEEA00 TIL I SEYN T Islsls] [s]
o 1 1 o R6 HEEESE0 R0 RECOOEWDC BOC0OC0O0 rRs ADBAE0OD
0 1 1 1 R7 B00O0D00CO re BOOOOEO @000000 re MOOQD0OOO
) o 0 o RS 8000000 rs BODCORDO ®000000 =7 MO0O0O00O0
P 0 et 1 A9 BOO0O0OC r7 MROOOEO ®000000 s MOO0O00O0
r el a1l ol a0 8000000 re MONEBOO 06 oo 06 00
0000000 ss WOOO0OO0O
LI L L R 0060000 ~« WOOO0000
1 1 0 ) R12 D00000O -3 BODOODD
1 1 0 1 R13 ao0Qonea r2 QO00OOCOO
1 1 1 o R14 0000000 sy OOOC0OO0OO
1 1 1 1 R15 0000000 ro ODOODOOO
D6 DO D6 DO
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CUSTOM PROGRAMMING FOR MCM66700

By the programming of a single photomask, the custom-
er may specify the content of the MCM66700. Encoding
of the photomask is done with the aid of a computer to
provide quick, efficient implementation of the custom bit
pattern while reducing the cost of implementation.

Information for the custom memory content may
be sent to Motorola in the following forms, in order
of preference:*

1. Hexadecimal coding using 1BM Punch Cards

(Figures 3 and 4}
2. Hexadecimal coding using ASCII Paper Tape Punch
(Figure 5)

Programming of the MCM66700 can be achieved by
using the follow sequence:

1. Create the 128 characters in a 7 X 9 font using the
format shown in Figure 2. Note that information at
output D6 appears in column one, D5 in column two,
through DO information in column seven. The dots filled
in and programmed as a logic 1 will appear at the outputs
as VOH; the dots left blank will be at V. (Blank formats
appéar at the end of this data sheet for your convenience;

FIGURE 2 — CHARACTER FORMAT

they are not to be submitted to Moforola, however.)

2. Indicate which characters are shifted by filling
in the extra square {(dot) in the top row, at the left
{column S).

3. Convert the characters to hexadecimal coding
treating dots as Ts and blanks as Os, and enter this infor-
mation in the blocks to the right of the character font
format. High order bits are at the left, in columns S-and
D3. For the bottom eight rows, the bit in Column S must
be 0, so these locations have been omitted. For the top
row, the bit in Column S will be 0 for an unshifted
character, and 1 for a shifted character.

4. Transfer the hexadecimal figures either to punched
cards (Figure 3) or to paper tape {Figure 5).

5. Assign row numbers to the unshifted font. These
must be nine sequential numbers (values O through 15)
assigned consecutively to the rows. The shifted font is
similarly ptaced in any position in the 16 rows.

6. Provide, in writing, the information indicated in
Figure 6 (a copy of Figure 10 may be used for this pur-
pose). Submit this information to Motorola together
with the punched cards or paper tape.

FIGURE 3 — CARD PUNCH FORMAT

Character Number ‘Cerﬂ'ﬂmh"r) Columns

msB LSB HEX 1-10
riy O 0O00O|O0C0O0O[e}0 "

§ r13 00OO0|000Olele 12 - 29
RIZ oaOoaonooo|olo 30

L e ODO|DODO[e]o 31-48
X R0 OXRV| 00O (3 |/ 49

‘;D R 9 ROOD|KNOXNO |44 50 — 67
Rg ROQIORODO |+« 68

§ RT ROO|RORO |42 69 — 76

Re ORXRRICODOR 3]/ 27 - 78

S D6 D4 D3 Do 79 — 80

'Y
]

Cﬁara;ter Number(_w

Column 12 on the first card contains the hexadecimal
equivalent of column S and D6 through D4 for the top row of the

Blank

Asterisk (*)

Hex coding for first character
Slash (/)

Hex coding for second character
Slash (/)

Hex coding for third character
Slash (/)

Btank

Card number (starting 01; through 43)
Biank

MS8 LSB HEX

an RO/ gro0[alc first character. Column 13 contains D3 through DO. Columns 14
qQ R®© OoxRclOorO[z]z and 15 contain the information for the next row. The entire first
Yy Re ORXNIXROO c character is coded in columns 12 through 29. Each card contains
h RS OxROIO00KO[(2]a the coding for three characters. 43 cards are required'to program the
s Rz ggg gg gg g : entire 128 characters, the last card containing only two characters.
v :‘ orolooodlzle The characters must be programmed in sequence from the first
R4 oroloooalzle character to the last in order to establish proper addressing for the
R 3 KO0I0aoo(+#le part. As an example, the first nine characters of the MCM66710

S D6 D4 D3 Do are correctly coded and punched in Figure 4.

*NOTE: Motorola can accept magnetic tape and truth table formats, For further information contact your loca!l Motorola sales representative.
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FIGURE 4 — EXAMPLE OF CARD PUNCH FORMAT
(First 9 Characters of MCM66710}

\

\

1
poocooooocodumld
[ R R A I N TR R TR PR TR IR IR TR LR R B R IR R R