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All values shown in this catalogue are subject to change for 
product improvement. 

The information, diagrams and all other data included 
herein are believed to be correct and reliable. However, no 

responsibility is assumed by Mitsubishi Electric Corporation 
for their use, nor for any infringements of patents or other 
rights belonging to third parties which may result from 

their use. 



Addendum for M5M5258P (64K x 4) SRAM 
in 1987 Memory Data Book 

The pin out designation for the M5M5258P has an error for the Data Input/Output pins 
and for Address pins 14 and 15. The block diagram is also wrong accordingly. The correct 
designator is shown below. 

Incorrect Designation 

PIN CONFIGURATION (TOP VIEW) , 

AO- 1 Vcc!5V\ 

ADDRESS 
INPUTS 

ADDRESS 
INPUTS 

13 -- Vii WRITE CONTROL 

CHIP S~~~~+ S - 11 

(OVIGND -.., _____ r-- INPUT 

Outline 24P4 Y 

Correct Designation 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

CHIP SELECT 
INPUT 

AO- 1 

(OVIGND 

Vcc(5VI 

ADORESS 
INPUTS 

:: = ::: } DATA 
INPUT! 

15 _ 003 OUTPUT 

14 - 004 

__ W WRITE CONTROL -.., ____ --Ir-- INPUT 

Outline 24P4 Y 
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DYNAMIC RAMs 

Classification Process 

r DYNAMIC}d 
RAMs NMOS ~ 
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GUIDE TO SELECTION OF Ie MEMORIES 

Memory capacity Configuration 

If 

H 

.-

(bits) (words x bits) 

64K 

256K 

~ri 64KX1 1 
f--

~ 

L.-.-

Lf 16KX4 -~ 
L 

1-tf 256KX1] 

I---

f--

-
f--

-
~ 

f---

f--

f---

f---

I---'-

f--

I---

~ 

~ 

f--

L--
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Type name 

M5K4164AP-12 

M5K4164AP-15 

M5K4164ANP-12 

M5K4164ANP-15 

M5M4416P-12 

M5M4416P-15 

M5M4256P-l0 

M5M4256P-12 

M5M4256P-15 

M5M4257P-l0 

M5M4257P-12 

M5M4257P-15 

M5M4256L-l0 

M5M4256L-12 

M5M4256L-15 

M5M4257L-l0 

M5M4257L-12 

M5M4257L-15 

M5M4256J-l0 

M5M4256J-12 

M5M4256J-15 

M5M4257J-l0 

M5M4257J-12 

M5M4257J-15 

Features 

~ ta=120ns 
With refresh terminal 

~ 
ta=150ns 

With refresh terminal 

I--- ta=120ns 

I--- ta=150ns 

I--- ta =120ns 

I--- ta=150ns 

~ ta=100ns 

I-- ta =120ns 

I-- ta=150ns 

- ta=100ns 
With nibble mode 

- ta=120ns 
With nibble mode 

ta=150ns - With nibble mode 

- ta=100ns 

~ ta=120ns 

~ ta=150ns 

I--- ta=100ns 
With nibble mode 

I---
ta=120ns 

With nibble mode 

~ 
ta = 150ns 

With nibble mode 

~ ta=100ns 

I--- ta=120ns 

~ ta=150ns 

ta=100ns - With nibble mode 

i-----
ta=120ns 

With nibble mode 

~ 
ta=150ns 

With nibble mode 



DYNAMIC RAMs 

* : New product 
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GUIDE TO SELECTION OF IC MEMORIES 

Memory capacity Configuration 
(bits) 

H 256K 

~ 2M 

y 2.3M 

(words x bits) 

64KX4 j 
-

-

256KX8l 

-

-

-
-

-----< 

256K X 9j 

-

-

I--

f---

'-

• MITSUBISHI 
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Type name 

M5M4464P-I0 

M5M4464P-12 

M5M4464P-15 

M5M4464L-I0 

M5M4464L-12 

M5M4464L-15 

MH25608J-I0 

MH25608J-12 

MH25608J-15 

MH25608JA-I0 

MH25608JA-12 

MH25608JA-15 

MH25609J-I0 

MH25609J -12 

MH25609J-15 

MH25609JA-I0 

MH25609JA-12 

MH25609JA-15 

M5M4C264P-12 

M5M4C264P-15 

M5M4C264L-12 

M5M4C264L-15 

Features 

r-- ta=1OOns 

- ta=120ns 

f-- ta=150ns 

*f-- ta=1OOns 

*- ta = 120ns 

*- ta=150ns 

*- ta=1OOns 

- ta=120ns 

- ta=150ns 

*- ta=1OOns 
With lead 

- ta=120ns 
With lead 

---j ta=150ns 
With lead 

*t---- ta=100ns 

I--- ta= 120ns 

I--- ta=150ns 

*1--- ta=100ns 
With lead 

~ 
ta=120ns 

With lead 

- ta=150ns 
With lead 

ta=120ns 

ta=150ns 

ta=120ns 

ta=150ns 

1-3 



DYNAMIC RAMs 

* : New produot. 

1-4 
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GUIDE TO SELECTION OF IC MEMORIES 

Memory capacity Configuration 

H 
(bits) (words x bits) 

1M ~r11M X1 ~ 
-

-

I--

I--

I--

'--

I--

-
-
-
-
~ 

-
f----

f----

~ 

f----

f----

f----

,--

-

-

f---

,--

-

-
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Type name 

M5M4Cl000P-l0 * -

M5M4Cl000P-12 -
I 

M5M4Cl000P-15 -
M5M4Cl000..J-l0 * -

M5M4C 1 OOO..J -12 -

M5M4C 1 OOO..J -15 -

M5M4Cl000L-l0 * r---

M5M4Cl000L-12 r---

M5M4Cl000L-15 '--

M5M4CI001P-l0 * r---

M5M4Cl001P-12 -
M5M4Cl001P-15 -

M5M4Cl00l..J-l0 * -
M5M4Cl00l..J-12 -
M5M4Cl00l..J-15 f--

M5M4Cl001L-l0 * r---

M5M4Cl001L-12 r---

M5M4Cl001L-15 -

* M5M4Cl002P-l0 t----

M5M4CI002P-12 t----

M5M4Cl002P-15 t----

M5M4Cl002..J-l0 * I---

M5M4Cl002..J-12 I---

M5M4Cl002..J-15 t----

M5M4Cl002L-l0 * t----

M5M4Cl002L-12 t----

M5M4Cl002L-15 r---

Features 

ta= 100ns 

ta= 120ns 

ta=150ns 

ta=100ns 

ta=120ns 

ta=150ns 

ta= 100ns 

ta= 120ns 

ta= 150ns 

ta= 100ns 
Wit h nibble mode 

ta=120ns 
With nibble mods. 

ta= 150ns 
With nibble mode 

ta= 100ns 
With nibble mode 

ta=120ns 
With nibble mode 

ta=150ns 
With nibble mode 

ta=100ns 
With nibble mode 

ta= 120ns 
With nibble mode 

ta= 150ns 
With nibble mode 

ta= 100ns 
With SO mode 

ta= 120ns 
With SO .mode 

ta=150ns 
With SO mode 

ta= 100ns 
With SO mode 

ta= 12.0ns 
With SO mode 

ta= 150ns 
With SO mode 

ta=100ns 
With SO mode 

ta= 120ns 
With SO mode 

ta= 150ns 
With SO mode 
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GUIDE TO SELECTION OF IC MEMORIES 

DYNAMIC RAMs 

Memory capacity 
(bits) 

rl 8M 

y 9M 

Configuration 
(words x bits) 

256KX41 

1MX8 f 

1MX9 j 

r----

r----

r--

r--

r----

t---

r--

r----

r--

r--

r----

r--

r----

t---

r----

I--

'--

r----

I----

r----

I----

'----

r--

r----

r--

I----

'----

Type name 

M5M44C256P-IO * 

M5M44C256P-12 

M5M44C256P-15 

M5M44C256J-IO * 

M5M44C256J·-12 

M5M44C256J-15 

M5M44C256L-IO * 

M5M44C256L-12 

M5M44C256L-15 

M5M44C258P-IO * 

M5M44C258P-12 

M5M44C258P -15 

M5M44C258J -I 0 * 

M5M44C258J-12 

M5M44C258J-15 

M5M44C258L-l0 * 

M5M44C258L-12 

M5M44C258L-15 

MHI M08J-IO *** 

** MHIM08J-12 

MHIM08J-15 ** 

*** MHIM08JA-IO 

MHI M08JA-12 ** 

MH1M08JA-15 ** 

MHIM09J-l0 *** 

MHIM09J-12 ** 

MHIM09J-15 ** 

*** MH1M09JA-IO 

MHI M09JA-12 ** 

MHIM09JA-15 ** 

* : New product **: Under development. *: These devices are not published yet. 

• MITSUBISHI 
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Features 

~ ta=100ns 

- ta=120ns 

~ ta = 150ns 

I--- ta=100ns 

~ ta=120ns 

~ ta=150ns 

~ ta=100ns 

I--- ta= 120ns 

I-- ta=150ns 

I--- ta = 100ns 
With SO mode 

I--
ta = 120ns 
With SO mode 

I--
ta= 150ns 
With SO mode 

ta=100ns I--
With SO mode 

I--
ta = 120ns 
With SO mode 

~ 
ta=150ns 
With SO mode 

~ 
ta= 100ns 
With SO mode 

I-- ta=120ns 
With SO mode 

i--'- ta=150ns 
With SO mode 

r---- ta=100ns 

I-- ta=120ns 

I--- ta=150ns 

ta=100ns I--
With lead 

I-- ta=120ns 
With lead 

ta=150ns I--
With lead 

I-- ta=100ns 

I--- ta = 120ns 

I-- ta= 150ns 

ta = 100ns 
I-- With lead 

ta=120ns 
I-- With lead 

I--
ta=150ns 

With lead 

1-5 



STATIC RAMs 

Classification Process 

I STATIC 
RAMs CMOS r-

** : Under development 

1-6 

MITSUBISHI LSls 

GUIDE TO $ELECTION OF Ie MEMORIES 

Memory capacity Configuration 
(bits) (words x bits) 

---1 16K 

H 64K 

~~ 16KX1 ~ 
r--

'---

y 4KX4 I 
I 

I---

'---

~-1 64KX1 I 
-

-
-

H 16KX4 : 

r--

r--

'---

y 8KX8 I 
I 

r---

-

-
-

-
f--

'---

'. MITSUBISHI' 
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Type name Features 

M5M21 C67P-35 - ta=3Sns 

M5M21C67P-45 - ta=4Sns 

M5M21C67P-55 - ta=SSns 

M5M21C68P-35 - ta=3Sns 

M5M21C68P-45 - ta=4Sns 

M5M21C68P-55 - ta=SSns 

M5M5187P-45 I--- ta=4Sns 

M5M5187P-55 I--- ta=SSns 

M5M5187 AP-25 ** I--- ta =2Sns 

M5M5187AP-35** I--- ta =3Sns 

M5M5188P-45 I--- ta =4Sns 

M5M5188P-55 I--- ta=55ns 

M5M5188AP-25 ** I--- ta=2Sns 

M5M5188AP-35 ** I--- ta=3Sns 

M5M5165P-70 ~ ta =70ns P-70L 

M5M5165P-l0 -' ta = lOOns P-l0L 

M5M5165P-12 I--- ta= 120ns P-12L 
M5M5165P-15 

I--- ta=1S0ns P-15L 

M5M5165FP-70 - ta =70ns FP-70L 

M5M5165FP-l0 - ta=100ns FP-l0L 

M5M5165FP-12 
~ ta=120ns FP-12L 

M5M5165FP-15 
I--- ta=150ns 

FP-15L 



MITSUBISHI LSls 

GUIDE TO SELECTION OF IC MEMORIES 

STATIC RAMs 

Memory capacity Configuration 
(b· ) (words x bits) Type name Features Its 

H64K, 72K~r-1 8KX8 I M5M5178P-35 ** - ta =35ns 
I 

- M5M5178P-45 ** - ta=45ns 

- M5M5178P-55 ** - ta=55ns 

y 8KX9 I M5M5179P-35 ** f--- ta=35ns 
I 

r---- M5M5179P-45 ** r-- ta =45ns 

'-- M5M5179P-55 ** r-- ta =55ns 

--1 256K ~r-1 32KX8 I M 5M 5256AP-70/70~ f--- ta =70ns A FP-70/70L1t 

I---
M5M5256AP-85/B5~ 

A FP-85/85t? -
ta = 85ns 

I---
M5M5256AP-I 0/1 Ot? 

AFP-I 0/1 Ot? - ta = 100ns 

- M5M5256P-IO/IOL 
FP-IO/IOL - ta=100ns 

- M5M5256P-12/12L 
FP-12/12L '--- ta=120ns 

r---- M5M5256P-15/15L 
FP-15/15L ~ ta = 150ns 

I-- M5M5255P-70/70L *~ 
FP-70/70L *"(t* ta =70ns 

I-- M5M5255P-85/85L ~~ 
FP-85/85L * * ta=85ns 

'---- M5M5255P-IO/IOL *~ 
FP-IO/IOL *** ta=100ns 

-1 64KX4 : M5M5258P-35 ** - ta =35ns 

- M5M5258P-45 ** - ta =45ns 

- M5M5258P-55 ** - ta =55ns 

~ 256KX1 I M5M5257P-35 ** - ta =35ns 

- M5M5257P-45 ** - ta =45ns 

- M5M5257P-55 ** - ta =55ns 

* : New product **: Under development *: These devices are not published yet. 

• MITSUBISHI 
.... ELECTRIC 1-7 



MITSUBISHI LSls 

GUIDE TO' SELECTION OF IC MEMORIES 

Eel RAMs 

Classification 

** : Under de~elopment 

MASK ROMs 

Classification 

Process 

Memory capacity 
(bits) 

Memory capacity 
(bits) 

Configuration 
(words x bits) 

Configuration 
(words x bits) 

* : New product * : These devices are not published yet. 

1-8 
• MITSUBISHI 

..... ELECTRIC 

Type name Features 

M 104225- 5 ta=Sns 

Ml04225-7 ta=7ns 

M 104745-10** ta=10ns 

Ml04745-15** ta=1Sns 

Type name Features 

M5M2364- XXXP 

M5M23128-XXXP 

~ ____________ ~~ ta=250ns 

M5M231000-XXXP 

M5M231 001- XXXP 

M5M23Cl00-XXXP 

* M5M23C400- XXXP 

* M5M23C400-XXXFP 

** M5M23C401-XXXP 



MITSUBISHI LSls 

GUIDE TO SELECTION OF IC MEMORIES 

MOS EPROMs 

Classification Process 
Memory capacity Configuration 

I EPROMS~~ NMOS: 
I 
I 

y 

~ 

Y CMOS J I 
I 

H 

H 

* : New product **: Under development 

(bits) (words x bits) 

64K BKXB1-[ 

128K 16KX8 j--r-
f--

f--

'---

256K 32KX8 ~r-

t--

'---

512K 64KX8 ~r-

f--

'---

128K 16KX8 ~-

-
-

256K 32KX8 ~-

r-
'--

1M ~11128KX8 ~r-
f--

'--

--{ 128KX8 j--r-
r--

'--

---1 64K X 16 ~r-
f--

'--

• MITSUBISHI 
.... ELECTRIC 

Type name Features 

M5L2764K-2 f--- ta=200ns 

M5L2764K f--- ta=250ns 

M5L27128K-2 r--- ta=200ns 

M5L27128K-20 r---- ta=}OOns 

M5L27128K - ta=250ns 

M5L27128K-25 - ta=250ns 

M5 L27256K -15 - ta=150ns 

M5L27256K-2 ~ ta=200ns 

M5L27256K - ta=250ns 

M5L27512K-17 - ta=170ns 

M5L27512K-2 - ta=200ns 

M5L27512K - ta = 250ns 

M5M27C128K-15 - ta =150ns 

M5M27C128K-2 - ta =200ns 

M5M27C128K - ta=250ns 

M5M27C256K -12 r--- ta=120ns 

M5M27C256K-15 r--- ta=150ns 

M5M27C256K f--- ta =250ns 

M5M27Cl00K-15 '" r--- ta=150ns 

M5M27Cl00K-2 *f--- ta = 200ns 

M5M27Cl00K *f--- ta=250ns 

M5M27Cl01K-15 * r--- ta=150ns 

M5M27Cl01K-2 *f--- ta =200ns 

M5M27Cl01K *r--- ta = 250ns 

M5M27Cl02K-15*'" r---- ta =150ns 

M5M27Cl02K-2** r--- ta=200ns 

M5M27Cl02K ** r---- ta=250ns 

1-9 



MITSUBISHI LSls 

GUIDE TO SELECTION OF Ie MEMORIES 

MOS EAROMs 

Classification Process 

MOS OTPROMs 

Classification Process 

Memory capacity 
(bits) 

Memory capacity 
(bits) 

Configuration 
(words x bits) 

Configuration 
(words x bits) 

**: Under development *: These devices are not published yet. 

1-10 
•. MITSUBISHI 

.-.ELECTRIC 

Type name Features 

M58658P 

M58659P 

M58653P 

M58655P 

M58657P 

M5G1400P 

M58630P 

Type name Features 

M5M2764P 

M5M27128P 

M5M27256P~ FP 

M5M27512P, FP 

M5M27C256P, FP 

M5M27Cl00P *** 

M5M27Cl01P *** 



MOS EEPROM 

Classification Process 

** : Under development 

MITSUBISHI LSls 

GUIDE TO SELECTION OF IC MEMORIES 

Memory capacity Configuration 
(bits) (words x bits) 

• MITSUBISHI 
.... ELECTRIC 

Type name Features 

M5M28C64P-15 ** 

M5M28C64P ** 

1-11 



.64K-Bit DYNAMIC RAM 

DIP 

Memory 

Type Structure 
capacity 
(configu-
ration) 

MSK4164AP·12 

MSK4164AP·1S 
64K 

MSK4164ANP-12 
(64KXl) 

NMOS 

MSK4164ANp·1S 

MSM4416p·12 64K 

MSM4416P-1S (16KX4) 

Refresh 
pin 

Yes 

No 

.256K-Bit DYNAMIC RAM 
DIP 

Memory c 
Q", 

capacity Type Structure -"0 

(configu- §~ 
ration) LL 

MSM4256P-10 
"'''' MSM4256P-12 0)"0 
roo 

MSM4256P-15 256K 
o..E 

MSM42S7P-10 (256K x 1) 
'" 

MSM4257P-12 ~~ 
M5M4257P-15 ZE 

NMOS 

MSM4464P-10 

256K "'''' MSM4464P-12 0)"0 
roo 

(64KX4) o..E 

MSM4464P-1 S 

RAM 
MSM4C264P-12 256K 

"'''' CMOS 
(64KX4) 0)"0 

SAM roo 
o..E 

MSM4C264P-15 1024 
(256 X 4) 

PLCC 

Memory c 
Q", 

capacity Type Structure -"0 

(configu- 00 
§E 

ration) LL 

MSM42S6J-10 
C])Q) 

MSM42S6J-12 
0)"0 
"'0 o..E 

MSM4256J-15 256K 

MSM4257J-10 
NMOS 

(256KX1 ) Q) 
-Q) 

MSM4257J-12 .0'0 :eo 
MSM42S7J~1S ZE 

1-12 

MITSUBISHI LSls 

INDEX BY FUNCTION 

Access Cycle Power Low power 
dis- dissipation time time sipation Max(mW) Specifications Max Min Typ 

(ns) (ns) Operating 
(mW) time 

120 220 175 275 • 128 refresh cycles 
every 2ms 

• l-pin automatic and 

150 260 150 250 
self-refreshing 
capability 

120 220 175 275 • 128 refresh cycles 
every 2ms 

.OAS input allows 

150 260 150 250 
hidden refresh 
operation 

120 220 175 275 .128 refresh cycles 
every 2ms 

150 260 150 250 
.4-bit configuration 

Access Oycle Power Low power 

~:~t~~~t) time time dissipation Specifications 
Max(ns) Min(ns) Typ(mW) 

Operating time 

100 200 300 385 .256 refresh cycles 
every 4ms 120 230 260 360 

• OAS before RAS 
150 260 230 330 refresh operation 
100 200 300 385 capability 

120 230 260 360 • OAS input allows 
hidden refresh 

150 260 230 330 operation. 

100 200 300 420 
.256 refresh cycles 
~4ms . 

• OAS before RAS 
refresh operation 

120 220 260 360 ~bility. 
.OAS input allows 

hidden refresh 
150 260 230 330 operation. 

.4-bit configuration 

120 220 300 100 
• High speed serial 

Input/Output 
• Dual port RAM 
.256 ref resh cycles 

150 260 250 80 every 4ms 

Power Low power Access Cycle dissipation d~~i~(~W) time. time Specifications 
Max(ns) Mirr(ns) Typ(mW) 

Operating time 

100 200 300 385 • Same electrical 

120 230 260 360 characteristics as 
the M5M4256P 

150 260 230 330 and M5M4257P 
100 200 300 385 serres. 

• Package 18 -pin 120 230 260 360 
chip carrier 

150 260 230 330 

• MITSUBISHI 
"-ELECTRIC 

'" '" Inter-CI'" 
~~ changeable Page 
u'"" products ",::J 

a.. 0 

2-3 

16P4 See -
page 1-20 

2-14 

-

18P4 2-24 

'" Inter-O)C/) ",,,, 
-"'c changeable Page 0= 
",- products 0..5 

2-39 

See 
16P4 -

page 1-20 

2-54 

18P4H 2-129 

See 
page 1-20 

-

24P4F 2-159 

'" O)C/) Inter-",C]) 
-"'c changeable Page 0= 
",- products 0..5 

-
See 2-99 

18POA 
page 1-20 

-

See 2-114 
page 1-20 



.256K-Bit DYNAMIC RAM 

ZIP 

Memory c 
Q", 

capacity -"0 Type Structure 00 (configu- §E 
ration) LL 

M5M4256L-10 
"'''' M5M4256L-12 
0)"0 
",0 
o..E 

M5M4256L-15 256K 

M5M4257L-10 (256K x 1) 
'" -'" M5M4257L-12 NMOS .0-0 :eo 

M5M4257L-15 ZE 

M5M4464L-10 * 256K 
M5M4464L-12 * (64K X4 
M5M4464L-15 * ~~ 

RAM 
'" 0 M5M4C264L-12 256K 0.. E 

(64K X4) 
CMOS 

SAM 
M5M4C264L-15 1024 

(256 X4) 

* : New product 

SIP MODULE 

Memory 

Access Cycle 
time time 

Max(ns) Min(ns) 

100 200 

120 230 

150 260 

100 200 

120 230 

150 260 

100 200 

120 220 

150 260 

120 220 

150 260 

MITSUBISHI LSls 

INDEX BY FUNCTION 

Low power '" Power 0) Inter-dissipation ",,,, 

dissipation Specifications .:,:.c changeable Page Max(mW) 0= 
Typ(mW) ",- products 

Operating time 0..6 
300 385 • Same electrical -
260 360 characteristics as 

See 2-69 
the M5M4256P 

page 1-20 230 330 and M5M4257P 16P5A 
300 385 series. -

• Package 16-pin 260 360 See 2-84 
zig-zag in line. 

230 330 page 1-20 

300 420 • Same electrical 
characteristics as 260 360 20P5L - 2-144 
the M5M4464P 

230 330 series 

• 24-pin Zig-Zag in 
300 100 

line 
24P5L - 2-159 

250 80 

Access Number ~CI) Inter-capacity Function ",,,, 

Type Structure time of chip Specifications .:,:.c changeable Page (conflgu-
ration) 

MH25608J-10 * 
MH25608J-12 

2M 
MH25608J-15 

(256K 
MH25608JA-10 * 

X8) 
MH25608JA-12 

MH25608JA-15 
NMOS 

MH25609J-10 * 
MH25609J-12 

2.3M 
MH25609J-15 

(256K 
MH25609JA-10 * 

X9) 
MH25609JA-12 

MH25609JA-15 

* : New product 

mode 

Page 

mode 

Max(ns) camer 

100 

120 

150 
8 

100 

120 

150 

100 

120 

150 
9 

100 

120 

150 

•. MITSUBISHI 
.... ELECTRIC 

o:=' 
",- products 0..6 

• Package: 30-pin -
Plug In· Type 

• External dimensions 30N9 See 
17 . 2 x 88.9 X 5 . 08 mm 

page 1-20 

2-184 
• Package: 30-pin -

Lead Type 
• External dimensions 30N5 See 

20.8 X 78.9 X 5 . 08 mm 
page 1-20 

• Package: 3D-pin -

Plug In Type 
• External dimensions 30N9 See 

17.2 X 88.9 X 5.08 mm 
1-20 page 

2-193 
• Package: 3D-pin -

Lead Type 
• External dimensions 30N5 See 

20.8 X 78.9 X 5.08 mm 
1-20 page 

1-13 



.1 M-Bit DYNAMIC RAM 
DIP 

Memory 

Type Struoture oapaoity 
(configu-
ration) 

* MSM4C1000P-10 

MSM4C1000P-12 

MSM4C1000P-1S 

* MSM4C1001 P-10 
1M 

MSM4C1001 P-12 
(1MX1) 

MSM4C1001 P-1S 

*' MSM4C1002P-10 

MSM4C1002P-12 CMOS 

MSM4C1002P-1S 

* MSM44C256P-10 

MSM44C256P-12 

MSM44C256P-1S 1M 

* MSM44C258P-10 (256KX4) 

MSM44C258P-12 

MSM44C258P-1S 

* : New produot 

SOJ 

Memory 

Type Structure capaoity 
(configu-
ration) 

* MSM4C1000J -10 

MSM4C1000J-12 

MSM4C1000J-1S 

MSM4C1001J-10* 
1M 

MSM4C1001 J-12 
(1MX1) 

MSM4C1001 J-1S 

* MSM4C1002J-10 

MSM4C1002J-12 
CMOS 

MSM.4C1002J-1S 

* MSM44C256J-10 

MSM44C256J-12 

MSM44C256J-1S 1M 

* MSM44C258J-10 (256KX4) 

MSM44C258J-12 

MSM44C258J-1S 

* : New product 

1-14 

C 
0 

'g~ 
liE 

0) 
OJ 
"'0) 
0--0 
_0 
",E 

'" LL 

0) 
-0) :e-g 
ZE 

~ 
0 
E 
c 

OE 
";::;::J 

"'-_0 
(J)O 

0) 
OJ 

'" 0-
~O) 
",-0 

'" 0 LLE 

0) 
-0 
0 
E 
c 

OE 
"';::::;::J 

"'-~O 
(J)O 

c 
0 

";:::;Q) 

g-g 
liE 

0) 

OJ 
"'0) 
0--0 
_0 

"'E 
'" LL 

0) 

~~ 
zE 

0) 

-0 
0 
E 
c 

OE 
";:::; ::J 

"'-~O 
(J)O 

0) 
OJ 
"'0) 
0--0 
~O 

"'E 
'" LL 

~ 
0 
E 
c 

.2 E 
~.2 
_0 
(J)O 

Aooess Cyole Power Operating 
time time dissipation dissi0ation Max Min Typ Max mW) (ns) (ns) (mW) 

100 190 300 413 

120 220 250 358 

150 260 200 303 

100 190 300 413 

120 220 250 358 

150 260 200 303 

100 190 300 413 

120 220 250 358 

150 260 200 303 

100 190 300 413 

120 220 250 358 

150 260 200 303 

100 190 300 413 

120 220 250 358 

150 260 200 303 

Access Cycle Power Operating 
time time dissipation power 
Max Min Typ dissipation 
(ns) (ns) (mW) Max(mW) 

100 190 300 413 

120 220 250 358 

150 260 200 303 

100 190 300 413 

120 220 250 358 

150 260 200 303 

100 190 300 413 

120 220 250 358 

150 260 200 303 

100 190 300 413 

120 220 250 358 

150 260 200 303 

100 190 300 413 

120 220 250 358 

150 260 200 303 

•. MITSUBISHI 
.... ELECTRIC 

MITSUBISHI LSls 

INDEX BY FUNCTION 

~'" Inter-",0) 
Page Speoifioations ,o.:.C ohangeable 0= 

",- products 0-6 

e 512 re fresh oycle 
every 8ms 

e CAS before RAS 2-234 
refresh operating 
oapability 

e CAS oontrolled r---
output allows 
hidden refresh 

18P4Y 2-248 
See 

page 1-22 
r---

2-262 

r---
e 512 refresh oyole 

every 8ms 
eCAS before RAS 2-202 

refresh operating 
capability -

e CAS oontrolled 20P4Y 
output allows 
hidden refresh 

See 

e4-bits page 1-22 2-218 
oonfiguration 

-

~'" Inter-
Specification ~~ changeable Page 

0:'= 
",- products 
0-6 

e512 refresh oyole 
every 8ms 

e CAS before RAS 2-234 
refresh operating 
oapability 

e CAS controlled r---
output allows See 
hidden refresh 

page 1-22 
2-248 

-

2-262 
26POJ 

-

e512 refresh cycle See 
every 8ms 

1-22 e CAS before RAS page 
2-202 

refresh operating 
capability -

e CAS controlled 
output allows See 
hidden refresh 

e4-bits page 1-22 2-218 
configuration 

-



.1M-Bit DYNAMIC RAM 

ZIP 

Memory c 
capacity go> 

Type Structure --0 
(configu uo 

3 E lation) u. 

* M5M4C1000L-10 Q) 
OJ 
COQ) 

M5M4C1000L-12 0.-0 
_0 
(J)E 
co 

M5M4C1000L-15 LL 

* M5M4C1001 L-10 
1M Q) 

-Q) 

M5M4C1001 L-12 :e-g 
(lMXl) ZE 

M5M4C1001 L-15 

* Q) 

M5M4C1002L-10 -0 

° CMOS E 
M5M4C1002L-12 c 

o E 
'';:::; :::J 
co-

M5M4C1002L-15 _0 
0)0 

* M5M44C256L-10 Q) 
OJ 
COQ) 

M5M44C256L-12 0.-0 
_0 
(J)E 
co 

M5M44C256L-15 1M LL 

* M5M44C258L-10 (256KX4) ~ 
° E 

M5M44C258L-12 c 
.s:> E 
-:0 co-

M5M44C258L-15 _0 
0)0 

* : New product 

SIM/SIP MODULE 

Memory 

Type Structure capaCIty 
(configu-

ration) 

MH1M08J-10 *** 

MH1 M08J-12 ** 

MH1 M08J-15 ** 8M 

*** MH1 M08JA-10 (lMX8) 

MH1 M08JA-12 ** 

MH1 M08JA-15 ** 

MH1 M09J-10 *** 
CMOS 

MH1 M09J-12 ** 

MH1 M09J-15 ** 9M 

*** MH1 M09JA-10 (lMX9) 

MH1 M09JA-12 ** 

MH1 M09JA-15 ** 

Access Oycle 
time time 
Max Min 
(ns) (ns) 

100 190 

120 220 

150 260 

100 190 

120 220 

150 260 

100 190 

120 220 

150 260 

100 190 

120 220 

150 260 

100 190 

120 220 

150 260 

Function Access 
time 

mode Max(ns) 

100 

120 

150 

100 

120 
Fast 

150 
page 

100 
mode 

120 

150 

100 

120 

150 

MITSUBISHI LSls 

INDEX BY FUNCTION 

Power Operating Q) 
Inter-dissipation 

OJ(J) 
power Specifications ~~ changeable Page Typ dissipation 0= co- products (mW) Max(mW) 0..6 

300 413 .512 re fresh cycle 
every 8ms 

250 358 .OAS before RAS 2-234 
refresh operating 

200 303 capability See 
.OAS controlled -

300 413 output allows page 1-22 

hidden refresh 
250 358 2-248 

200 303 

300 413 
20P5L 

250 358 - 2-262 

200 303 

300 413 .512 re fresh cycle 
every 8ms 

250 358 • CAS before RAS 2-202 
refresh operating 

200 303 capability 
• CAS controlled - -

300 413 output allows 
hidden refresh 

250 358 .4-bits 2-218 
configuration 

200 303 

Number 8,(J) Inter-
of chip Specifications 

coO) 
changeable Page ""c 

carner ~~ products 0..6 

• Package 30-pin 
plug in type 

• External measurements 30N9A 
20 .3X88 .9X5. 08 

(Unit mm) 
8 

• Package: 30-pin 
lead type 

• Eyternal measurements 30N5A 
23 .6X79 .8X5 .08 

(unit mm) 
- -

• Package: 30-pin 
plug in type 

• External measurements 30N9A 
20.3X88.9X5.08 

(unit mm) 
9 

• Package: 30-pin 
lead type 

• External measurements 30N5A 
23.6X79.8X5.08 

(unit mm) 

*. : New product ** : Under deveropment *: These devices are not published yet. 

• MITSUBISHI 
.... ELECTRIC 1-15 
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INDEX BY FUNCTION 

.16K-Bit STATIC RAM 

Memory Supply Typical Access Cycle 
Type Structure Memory configuration vOlta)e 

power time time capacity dissipation (WordXBit) (V Max(ns) Min(ns) Typ (mW) 

M5M21 C67P-35 35 35 

M5M21 C67P-45 16KX 1 45 45 

M5M21 C67P-55 55 55 
CMOS 16K 5±10% 200 

M5M21 C68P-35 35 35 

M5M21 C68P-45 4KX4 45 45 

M5M21 C68P-55 55 55 

.64K-Bit STATIC RAM 

Memory Supply 
Power dissipation 

Access Cycle Memory 
Type Structure configuration vOlta)e Operating Standby time time capacity 

(WordXBit) (V Typ(mW) Max(mW) Max(ns) Max(ns) 

M5M5165P.FP-70 70 70 

M5M5165P.FP-10 100 100 
11 

M5M5165P.FP-12 120 120 
8KX8 

M5M5165P.FP-15 150 150 

M5M5165P.FP-70L 
200 

70 70 

M5M5165P.FP-10L 100 100 

M5M5165P.FP-12L 
0.55 

120 120 

M5M5165P.FP-15L 150 150 

M5M5187P-45 45 45 

M5M5187P-55 55 55 
64KX 1 300 11 

M5M5187AP-25 ** CMOS 64K 5±10% 25 25 

M5M5187AP-35 ** 35 35 

M5M5188P-45 45 45 

M5M5188P-55 55 55 
300 11 

M5M5188AP-25 ** 25 25 

M5M5188AP-35 
16KX4 

** 35 35 

M5M5189AP-25 *** 25 25 
300 11 

M5M5189AP-35 *** 35 35 

M5M5178P-35 ** 35 35 

M5M5178P-45 ** 8KX8 300 11 45 45 

M5M5178P-55 ** 55 55 

M5M5179P-35 ** 35 35 

M5M5179P-45 ** 72K 8KX9 300 11 45 45 

M5M5179P-55 ** 55 55 

** : Under development * These devices are not published yet, Note: M5M5189AP with OE 

1-16. 
•. MITSUBISHI 
~ELECTRIC 

~~ Inter-
J:1c: changeable Page 0= co- products a.. 5 

3-3 

See 
20P4 

page 1-26 
t------

3-7 

~(j) Inter-coQ) 
.,.,c changeable Page 0= 

&§ products 

28P4 3-11 

(P) (P) 

28P2W 
See 

3-17 

(FP) 
page 1-26 

(FP) 

~ 

3-23 

~ 

3-27 
-

22P4H 
See 
page 1-26 3-31 

-

See pagel-26 
3-35 

24P4Y - -

-

3-39 

28P4Y See ~ 
page 1-26 

3-44 



MITSUBISHI LSls 

INDEX BY FUNCTION 

.256K-Bit STATIC RAM 

Memory Supply 
Power dissipation 

Access Cycle j~ Inter-
Type Structure Memory configuration voltage Operating Standby time time changeable Page capacity 0= 

(WordXBit) (V) Max (ns) Max(ns) ro~ products Typ(mW) Max(mW) 0..5 

M5M5256P,FP-10 100 100 
3-49 

M5M5256P,FP-12 200 11 120 120 
(P) 

M5M5256P,FP-15 150 150 See 

M5M5256P,FP-10L 100 100 page 1-26 
3-54 

M5M5256P,FP-12L 200 0.55 120 120 
(FP) 

M5M5256P,FP-15L 150 150 

M5M5256AP, AFP-70 t* 70 70 -

M5M5256AP, AFP-85 t* 200 11 85 85 28P4 See 

M5M5256AP, AFP-10 t* 32KX8 100 100 (P) page 1-26 
3-59 

M5M5256AP, AFP-70L t* 70 70 28P2W -

M5M5256AP, AFP-85L t* 200 0.55 85 85 (FP) See 

M5M5256AP, AFP-10L t* 
CMOS 256K 5±10% 

100 100 p~ge 1-26 

M5M5255P, FP-70 *** 70 70 
-

M5M5255P, FP-85 *** 200 11 85 80 -

M5M5255P, FP-10 *** 100 100 See page1-26 

M5M5255P, FP-70L *** 70 70 
-

M5M5255P, FP-85L *** 200 0.55 85 85 -

M5M5255P, FP-10L *** 100 100 See pagel-26 

M5M5257P-35 ** 35 35 

M5M5257P-45 ** 256K Xl 300 11 45 45 3-64 

M5M5257P-55 ** ' 55 55 
24P4Y - -

M5M5258P-35 ** 35 35 

M5M5258P-45 ** 64K X4 300 11 45 45 3-68 

M5M5258P-55 ** 55 55 

* : New product ** : Under development *: These devices are not published yet. Note: M5M5255P with double CS (without OE) 

t : AFP is not published yet. 

•. MITSUBISHI 
..... ELECTRIC 1-17 



MITSUBISHI LSls 

INDEX BY FUNCTION 

.Eel RAM 

Memory Supply 
Typical 

Access Cycle 
Q) 

Inter-Cl 
Memory power ",Q) 

Type Structure configuration vOltaye time time .><c changeable Page capacity dissipation 0= 
(WordXBit) (V Max (ns) Min(ns) ",- products Typ(mW) 0..6 

M10422S-5 1024 256x4 900 5 -
See 

4-3 
M10422S-7 1024 256x4 -5.2V 900 7 -
M10474S-10 ** 

Bipolar 
±5% 

24S1F 
1-28 

f----'-
4096 1 024x 4 950 10 - page 

4-7 
M10474S-15 ** 4096 1024X4 950 15 -

** : Under development 

.MASK ROM 

Memory Supply Typical Access Cycle 
Q) 

Inter-ClQ) 

Type Structure Memory configuration voltage power time time ~.~ changeable Page capacity dissipation o+=' 
(WordXBit) (V) Max (ns) Min (ns) "'''' produots Typ (mW) 0..0 

M5M2364-XXXP 200 - 28P4 5-6 
r-----

M5 M23128-XXXP 128K 16KX8 - See 5-10 
200 250 r-----

M5M23256-XXXP NMOS 256K 32KX8 - page 1-28 5-13 
r-----

M5M231000-XXXP 1M 128K X8 150 - 28P4 5-16 

M5M231001-XXXP 150 200 - - 5:-18 
1M 128KX8 5±10% M5M23C1OO-XXXP 200/250 - 5-20 See r-----

* 
M5M23C400-XXXP - 40P4 page 1-28 5-,22 

512K X8 
CMOS 256K x 16 100 250 

M5M23C400-XXXFP * * 4M - 64P6W 

- -
** 

M5M23C401-'XXXP 512K X8 - 32P4 

* . New product **. Under development *. These devices are not published yet . 

• EPROM 

Memory Supply Typioal 

Type Struoture Memory oonfiguration voltage power 
oapaolty (WordXBit) (V) dissipation 

Typ (mW) 

M5L2764K-2 
64K 8KX8 300 

M5L2764K 

M5L27128K-2 
NMOS 

M5L27128K-20 t 
350 

M5L27128K 

M5L27128K-25 t 128K 16KX8 

M5M27C128K-15 

M5M27C128K-2 CMOS 160 

M5M27C128K 

M5L27256K-15 

M5L27256K-2 NMOS 256K 32KX8 300 

M5L27256K 

M5M27C256K-12 
5±5% 

M5M27C256K-15 CMOS 256K 32KX8 160 

M5M27C256K 

M5L27512K-17 

M5L27512K-2 NMOS 512K 64Kx8 300 

M5L27512K 

M5M27C10QK-15 * 
M5M27C1OOK-2 * 
M5M27C1OOK * 
M5M27C101K-15 * 

128K X8 

M5M27C101 K-2 * CMOS 1M 160 

M5M27C101 K * 
M5M27C102K-15** 

M5M27C102K-2 ** 64K X16 

M5M27C102K ** 

* : New product **: Under development t: Supply voltage 5V ±10% 

1-18 
" M,ITSUBISHI 

~ELECTRIC 

Aooess Cycle 
Q) 

Inter-ClQ) 

time time ~.s= ohangeable Page 
Max (ns) Min (ns) ~5 produots 

0..0 

200 -
28Kl 6-3 

250 - r-----
200 - See 

200 - page 1-28 
6-10 

250 -
250 -
150 - -
200 - 6-26 

250 - See pagel-28 

150 - 28K4 
-

200 - 6-34 

250 -
'---

120 - See 

150 - page 1-28 6-46 

250 -
170 - -
200 - See 6-52 

250 - page 1-28 

150 - -
200 - See 6-58 

250 - page 1-28 
32K4 

150 - -
200 - 6-59 

250 - See r----
150 - page 1-28 
200 - 40K4 6-60 

250 -



.OTPROM 

Memory Supply Memory Type Struoture con figur at ion 
vowr oapaolty (WordXBit) 

M5M2764P 64K 8K X8 

M5M27128P 128K 16KX8 
NMOS 

M5M27256P, FP 256K 32KX8 

M5M27512P,FP 512K 64KX8 5±5% 

M5M27C256P, FP * 256K 32Kx8 

M5M27C100P * ** CMOS 
1M 128K x8 

M5M27C101 P * ** 
** : Under development * These devices are not published yet. 

.EEPROM 

Memory Memory Type Struoture oonfiguration capacity (WordXBit) 

M5M28C64P-15 ** CMOS 64K 8KX8 
M5M28C64P ** 
** : Under development 

.EAROM 

Memory Memory Type Structure oon flgura tion oapaolty (WordX Bit) 

M58658P 320 20X16 

M58659P 512 32x 16 

M58653P 700 50X14 

M58655P MNOS 1024 64X16 

M58657P 

M5G1400P 
1400, 100X14 

M58630P 2048 128X16 

*1: VGG-Vss=-35V±8% 

*2: VGG-Vss=-35V±8% 

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

Supply 
voltage 

(V) 

5±10% 

Supply 
voltage 

(V) 

*1 

*1 

*1 

*1 

*1 

*2 

*1 

Typioal 
power 

dissipation 
(mW) 

300 

350 

300 

300 

160 

Typioal 
power 

dissipation 
Typ (mW) 

100 

Typioal 
power 

dissipation 
Typ(mW) 

200 

. •. MITSUBISHI 
.... ELECTRIC 

MITSUBISHI LSls 

INDEX BY FUNCTION 

Aooess Cyole 
0) 

Inter-Ol 
",0) 

time time ~c ohangeable Page 0:'= 

Max (ns) Min(ns) "'~ produots 0..3 

- 7-3 -
- 28P4 7-10 

250 (P) See -- 7-18 
28P2W page 1-30 -

- (FP) 7-24 -200 --'-

-
200 32P4 - I-

-

Aooess Cyole 
0) 

Inter-0l0) 

time time ~.~ ohangeable Page 0<= 
Max (ns) Min (ns) "'''' products 

0.0 

150 -
28P4 - 8-3 

200 -

Aooess Cyole 
0) 

Inter-Ol 
",0) 

time time ~c changeable Page 
Max (ns) Min(ns) i5~ produots 

0.5 

- - 9-31 

- - 9-39 

- - 9-11 

20ttS - 14P4 - 9-17 

- - 9-25 

- See page 1-30 9-47 

- - 9-3 

1-19 



AMD 

Mitsubishi Advanced 

Electric Micro 

Devices 
-

M5K4164AP-12 

M5K4164AP-15 

M5K4164ANP-12 

M5K4164ANP-15 

M5K4164ANL-12 

M5K4164ANL-15 

M5M4416P-12 

M5M4416P-15 

M5M4256P-10 

M5M4256P-12 

M5M4256P-15 

M5M4257P-10 

M5M4257P-12 

M5M4257P-15 

M5M4256J-10 

M5M4256J-12 

M5M4256J-15 

M5M4257J-10 

M5M4257J-12 

M5M4257J-15 

M5M4256L-10 
~ 

M5M4256L-12 oCt 
tt 

2 
M5M4256L-15 

~ M5M4257L-10 
oCt M5M4257L-12 Z 
> M5M4257L-15 C 

M5M4464P-10 

M5M4464P-12 

M5M4464P-15 

M5M4464L-10 

M5M4464L-12 

!\115M4464L-15 

M5M4C264P-12 

M5M4C264P-15 

M5M4C264L-12 

M5M4C264L-15 

M H25608J-1 0 

MH25608J-12 

MH25608J-15 

MH25608JA-10 

MH25608JA-12 

MH25608JA-15 

MH25609J-10 

MH25609J-12 

MH25609J-15 

MH25609JA-10 

MH25609JA-12 

MH25609JA-15 

1-20 
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GUIDE TO INTERCHANGEABILITY 

GI FSC 

General Fairchild Fujitsu 

Instrument Semiconductor 

MB8265A-12 

MB8265A-15 

MB8264A-12 

MB8264A-15 

MB81416-12 

MB81416-15 

MB81256-12 

MB81256-15 

MB81257-12 

MB81257-15 

MB81256-12 

MB81256-15 

MB81257-12 

MB81257-15 

MB81256-12 

MB81256-15 

MB81257-12 

MB81257-15 

MB81464-10 

MB81464-12 

MB81464-15 

MB81461-12 

MB81461-15 

• MITSUBISHI 
.... ELECTRIC 

Hitachi 
INTEL INTERSIL 

Intel Intersil 

HM4865AP-12 

HM4865AP-15 

HM4864AP-12 

HM4864AP-15 

HM48416AP-12 

HM48416AP-15 

HM50256P-12 

HM50256P-15 

HM50257P-12 

. HM50257P-15 

HMS0256CP-12 

HM50256CP-15 

HM50257CP-12 

HM50257CP-15 

HM50464P-12 

HM50464P-15 

HM53461-12 

HM53461-15 

HM561003B-12 

HM561003B-15 

HM561003A-12 

HM.561003A-15 



MOTOROLA 
NSC 

MOSTEK Motorola 
National 

Mostek Semiconductor 

products 
Semiconductor 

MK4164N-15 

MK4564N-15 

MK4556-12 MCM6256P-12 

MK4556-15 MCM6256P-15 

MCM6257P-12 

MCM6257P-15 

MCM6644 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABILITY 

Nippon 
Oki 

Electric 

tl PD4164C-12 

tlPD4164C-15 

tlPD41416C-12 

tlPD41416C-15 

tlPD41256C-12 MSM41256-12RS 

tlPD41256C-15 MSM41256-15RS 

MSM41257-12RS 

tl P D41257C-15 MSM41257-15RS 

tlPD41256L-12 

tlPD41256L-15 

tl PD41264C-12 

tl PD41264C-15 

tl PD41464C~12 

tl PD41464C-15 

tl PD41264C-12 

tlPD41264C-15 

MC-41256A8B-12 

MC-41256A8B-15 

MC-41256A8A-12 

MC-41256A8A-15 

MC-41256A9B-12 

MC-41256A9B-15 

MC-41256A9A-12 

MC-41256A9A-15 

• MITSUBISHI 
" ELECT.RIC 

TI 

Texas Toshiba Remarks 

Instruments 

TMS4164-15NLJ TMM4164P-3 

TMS4416-12NL 

TMS4416-15NL 

TMS4256-12NL TMM41256P-12 

TMS4256-15NL TMM41256P-15 

TMS4257-12NL TMM41257P-12 

TMS4257-15NL TMM41257P-15 

TMM41256T-12 

TMM41256T-15 

TMM41257T-12 

TMM41257T-15 

TMS4464-12NL TMM41464P-12 

TMS4464-15NL TMM41464P-15 

1-21 



AMD 

Mitsubishi Advanced 

Electric Micro 

Devices 

M5M4C1 000P-1 0 

M5M4C1000P-12 

M5M4C1000P-15 

M5M4C1 001 P-1 0 

M5M4C1 001 P-12 

M5M4C1 001 P-15 

M5M4C1 002P-1 0 

M5M4C1002P-12 

M5M4C1002P-15 

M5M4C1 000J-1 0 

M5M4C1000J-12 

M5M4C1000J-15 

M5M4C1001J-10 

M5M4C1 001 J-12 

M5M4C1 001 J-15 

M5M4C1 002J-1 0 

M5M4C1002J-12 

M5M4C1 002J-1 5 

M5M4C1 000L-1 0 

M5M4C1 000L-1 2 

M5M4C1000l.-15 
:!: 

M5M4C1 001L-1 0 <I: a: 
(J M5M~C1 001 L-12 

~ M5M4C1 001 L-15 
<I: M5M4C1 002L-1 0 Z 
> M5M4C1002L-12 Q 

M5M4C1002L-15 

M5M44C256P-10 

M5M44C256P-12 

M5M44C256P-15 

M5M44C258P-10 

M5M44C258P-12 

M5M44C258P-15 

M5M44C256J-10 

M5M44C256J-12 

M5M44C256J-15 

M5M44C258J-10 

M5M44C258J-12 

M5M44C258J-15 

M5M44C256L-10 

M5M44C256L-12 

M5M44C256L-15 

M5M44C258L-10 

M5M44C258L-12 

M5M44C258L-15 

MH1 M08J-1 0 

MH1 "!'08J-12 

MH1 M08J-15 

1-22 
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GUIDE TO INTERCHANGEABILITY 

GI FSC 

General Fairchild Fujitsu 

Instrument Se miconductor 

M B81 C 1 000-1 0 

MB81Cl000-12 

MB81Cl000-15 

MB81Cl001-10 

MB81C 1001-12 

MB81C 1001-15 

MB81Cl000-l0 

MB81Cl000-12 

MB81Cl000-15 

MB81C 1001-10 

MB81Cl001-12 

MB81Cl001-15 

MB81Cl000-l0 

MB81Cl000-12 

MB81Cl000-15 

MB81C 1001-10 

MB81Cl001-12 

MB81Cl001-15 

•. MITSUBISHI 
;"ELECTRIC 

INTEL INTERSIL 
Hitachi 

Intel Intersil 

HM511000P-l0 

HM511000P-12 

HM511000P-15 

HM511001P-l0 

HM511001P-12 

HM511001P-15 

HM511002P-l0 

HM511002P-12 

HM511002P-15 



MOTOROLA 
NSC 

MOSTEK Motorola 
National 

Mostek Semiconductor 

products 
Se miconductor 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABILITY 

Nippon 
Oki 

Electric 

,uPD421000C-10 

,uPD421000C-12 

,uPD421001 C-10 

,uPD421001 C-12 

,uPD421002C-10 

,uPD421002C-12 

,uPD421000LA-10 

,uPD421000LA-12 

,uPD421001 LA-lO 

,uPD421001 LA-12 

,uPD421002LA-10 

,uPD421002LA-12 

• MITSUBISHI 
.... ELECTRIC 

TI 

Texas 

Instruments 

Toshiba Remarks 

TC511000P-10 

TC511000P-12 

TC511001P-10 

TC511001P-12 

TC511002P-10 

TC511002P-12 

TC511000J-10 

TC511000J-12 

TC511001J-10 

TC511001J-12 

TC511002J-10 

TC511002J-12 

TC514256P-10 

TC514256P-12 

TC514258P-10 

TC514258P-12 

TC514256J-10 

TC514256J-12 

TC514258J-10 

TC514258J-12 

1-23 



AMD 

Mitsubishi Advanced 

Electric Micro 

Devices 

MH1 M08JA-1 0 

MH1 M08JA-12 
::E MH1 M08JA-15 cr: 
II: 

MH1 M09J-10 
0 

~ MH1 M09J-12 

cr: MH1 M09J-15 
2 
> MH1 M09JA-1 0 Q 

MH1 M09JA-12 

MH1 M09JA-15 

1-24 
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QUI'DE TO INTERCHANGEABILITY 

GI FSC 

General Fairchild 

Instrument Semiconductor 

• MITSUBISHI 
.... ELECTRIC 

INTEL INTERSIL 
Fujitsu Hitachi 

Intel Intersil 



MOTOROLA 
NSC 

MOSTEK Motorola 
National 

Mostek Semiconductor 

products 
Semiconductor 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABILITY 

Nippon 
Oki 

Electric 

. • MITSUBISHI 
.... ELECTRIC 

TI 

Texas Toshiba Remarks 

Instruments 

1-25 



AMD 

Mitsubishi Advanced 

Electric Micro 

Devices 

M5M21 C67P-35 

M5M21 C67P-45 

M5M21 C67P-55 

M5M21 C68P-35 

M5M21 C68P-45 

M5M21 C68P-55 

M5M5165P-70, -70L 

M5M5165P-1 0, -1 OL 

M5M5165P-12, -12L 

M5M5165FP-70,-70L 

M5M5165FP-10,-10L 

M5M5165FP-12,-12L 

M5M5187P-45 

M5M5187P-55 

M5M5187AP-25 

M5M5187AP-35 

M5M5188P-45 

M5M5188P-55 

M5M5188AP-25 

:E M5M5188AP-35 
0( 
a: M5M5189AP-25 
() 

~ M5M5189AP-35 

I- M5M5179P-35 0 

M5M5179P-45 

M5M5179P-55 

M5M5178P-35 

M5M5178P-45 

M5M5178P-55 

M5M5256P-10,-10L 

M5M5256P-12,-12L 

M5M5256P-15,-15L 

M5M5256FP-1 0, -1 OL 

M5M5256FP-12,-12L 

M5M5256FP-15,-15L 

M5M5256AP-70, -70L 

M5M5256AP-85, -85L 

M5M5256AP-1 0, -tOL 

M5M5255P-70,-70L 

M5M5255P-85, -85L 

M5M5255P-10,-10L 

M5M5257P-35 

M5M5257P-45 

M5M5257P-55 

M5M5258P-35 

M5M5258P-45 

M5M5258P-55 

1-26 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABILITY 

AMI FSC 

American Fairchild Fujitsu 

Microsystems Semiconductor 

MB81C67-35 

MB81C67-45 

MB81C67-55 

MB81C68-35 

M B81C68-45 

MB8464A-70 

MB8464A-10 

MB8464A-12 

MB8464A-70 

MB8464A-l0 

MB8464A-12 

MB81C71-45 

MB81C71-55 

MB81C74-45 

MB81C74-55 

MB81C79-45 

MB81C79-55 

MB81C78-45 

MB81C78-55 

MB84256-10 

MB84256-12 

MB84256-15 

MB84256-10 

M B84256-12 

MB84256-15 

.• MITSUBISHI 
~ELECTRIC 

Hitachi 
INTEL INTERSIL 

Intel Intersil 

HM6267-35 

HM6267-45 

HM6268-35 

HM6168H-45 

HM6168H-55 

HM6264-10 

HM6264-12 

HM6264FP-l0 

HM6264FP-12 

HM6287-45 

HM6287-55 

HM6787-25 

HM6288-45 

HM6288-55 

HM6788-30 

HM62256-10 

HM62256-12 

HM62256-15 

HM62256FP-l0 

HM62256FP-12 

HM62256FP-15 

HM62256-8 

HM62256-10 



MOTOROLA NSC MOSTEK Motorola 
National Mostek Semiconductor 

products Semiconductor 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABILITY 

Nippon 
Oki 

Electric 

,uPD4311C-35 

,uPD4311C-45 

,uPC4311C-55 

,uPD4314C-35 

,uPD4314C-45 

,u PD4314C-55 

,uPD4364C-l0 

,uPD4364C-12 MSM5165-12RS 

,uPD4364G-l0 

,uPD4364G-12 

,uPD4361C-45 

,uPD4361C-55 

,uPD4362C-45 

,uPD4362C-55 

,uPD43256C-l0 SRM20256-10 

,uPD43256C-12 SR M20256-12 

,uPD43256C-15 

SRM20256LM-l0 

SRM20256LM-12 

,uPD43257C-l0 

• MITSUBISHI 
.... ELECTRIC 

TI 

Texas Toshiba Remarks 

Instruments 

TC5565P-12 

TC5565FP-12 

TC5562-45 

TC5562-55 

TMM2089-35 

TMM2089-45 

TMM2089-55 

TC55257-10 

TC55257-12 

1-27 



AMD 

Mitsubishi Advanced 

Electric Micro 

Devices 

:!E M10422S-5 

<l: . M10422S-7 It 
..I 
() 

M1 04748-1 0 

w M104748-15 

AMD 

Mitsubishi Advanced 

Electric Micro 

Devices 

M5M2364-XXXP 

M5M23128-XXXP 

:!E M5M23256-XXXP 
0 
a:: M5M231000-XXXP 
~ M5M231001-XXXP CI) 

<l: M5M23C100-XXXP 
:E 

M5M23C400-XXXP 

M5M23C400-XXXFP 

M5M23C401-XXXP 

AMD 

Mitsubishi Advanced 

Electric Micro 

Devices 

M5L2764K-2 

M5L2764K 

M5L27128K-2 

M5L27128K-20 

M5L27128K Am27128-25 

M5L27128K-25 

M5M27C128K-2 

M5M27C128K.-15 

M5M27C128K 

M5M27C256K-12 

M5M27C256K-15 

M5M27C256K 

:!E M5L27256K-15 
0 
It M5L27256K-2 
D. 
w 

M5L27256K 

M5L27512K-17 

M5L27512K-2 

M5L27512K Am27512 

M5M27C100K-15 

M5M27C100K-2 

M5M27C100K 

M5M27C1 01 K-15 

M5M27C1 01 K-2 

M5M27C101K 

M5M27C102K-15 

M5M27C102K-2 

M5M27C102K Am27C1024 

1-28 
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GUIDE TO INTERCHANGEABILITY 

AMI fSC 
American Fairchild Fujitsu 

Microsystems Semiconductor 

MBM 10422A-5 

MBM 10422A-7 

MBM 10474A-15 

AMI FSC 

American Fairchild Fujitsu 

Microsystems Semiconductor 

MB83256 

MB831024 

AMI FSC 

American Fairchild Fujitsu 

Microsystems Semiconductor 

MBM2764-20 

MBM2764-25 

MBM27128-20 

MBM 27128-25 

MBM27C128-25 

M BM27C256A-25 

MBM27256-25 

MBM27C1000-20 

MBM27C1000-25 

MBM27C1001-20 

MBM27C1001-25 

MBM27C1024-20 

M BM27C 1024-25 

• MITSUBISHI 
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INTEL INTERSIL 
Hitachi Intel Intersi! 

HM 10422-7 

HM 10474-10 

HM 10474-15 

Hitachi INTEL INTERSIL 

Intel Intersi! 

HN61364 

HN613128 

HN61256 

HN62301 

HN62404 

Hitachi 
INTEL INTERSIL 

Intel Intersil 

02764-2 

HN482764G 02764 

HN4827128-25 027128 

027128 

HN27C256G-25 027256 

HM27256G-25 027256 

HN27512G-25 027512 

HN27C301G-20 

HN27C301G-25 

HN27C101G-20 

HN27C101G-25 

HN27Cl024G-15 

HN27C 1024G-20 



MOTOROLA 

MOSTEK Motorola 
NSC 

Mostek Semiconductor 
National 

products 
Semiconductor 

MCM10474-15 

MOTOROLA 

MOSTEK Motorola NSC 

Mostek Semiconductor 
National 

products Semiconductor 

MK37000 

MK38000 

MOTOROLA 
MOSTEK Motorola 

NSC 

Mostek Semiconductor 
National 

products 
Semiconductor 

M K2764-8 

NMC27C1024Q150 

NMC27C1024Q200 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABILITY 

Nippon 
Oki 

Electric 

!,PB104220-7 

!,PB104740-10 

"PB104740-15 

Nippon 
Oki 

Electric 

"P02364 MSM3864 

"PD23128 MSM3812SA 

"P023256 MSM38256A 

"P0231000 

!' P023C 1 000 MSM531000 

Nippon 
Oki 

Electric 

!,P027640 MSM2764AS 

!' P0271280-2 

"P0271280 

"P027C256AO-12 

"P027C256AO-15 

"P027C 10240-15 

"P027C 10240-20 

"P027C10240-25 

•. MITSUBISHI 
.... ELECTRIC 

TI 

Texas Toshiba Remarks 

Instruments 

TI 

Texas Toshiba Remarks 

Instruments 

TMS4764 TMM2365P 

TMS47128 TMM23128P 

TMM23256P 

28pin 

40pin 

64pin 

32pin 

TI 

Texas Toshiba Remarks 

Instruments 

TMM27640-2 

TMM27640 

TMM271280-20 

TMM271280-25 

TC57256AO-15 

TMM275120-20 

TMM275120-25 

TC5710010-20 

TC571 0010-25 

TC5710000-20 

TC5710000-25 

1 :-29 



AMD 

Mitsubishi Advanced 

Electric Micro 

Devices 

M5M2764P 

M5M27128P 

:E 
0 

M5M27256P 

CL M5M27512P 
CL 
I- M5M27C256P 0 

M5M27C100P 

M5M27C1 01 P 

AMD 
Mitsubishi Advanced 

Ele'ctric Micro 

Devices 

:E 
0 
II: 
CL 

M5M28C64P 
w 
w 

AMD 

Mitsubishi Advanced 

Electric Micro 

Devices 

M58630P 

M58653P 

:E M58655P 
0 

M58657P a: 
« M5G1400P w 

M58658P 

M58659P 

1-30 
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GUIDE TO INTERCHANGEABILITY 

AMI FSC 

American Fairchild Fujitsu 
Microsystems Semiconductor 

MBM27256P-25 

AMI FSC 

American Fairchild 

Microsystems Semiconductor 

AMI FSC 

American Fairchild 

Microsystems ~emiconductor 

.• MITSUBISHI 
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Fujitsu 

Fujitsu 

INTEL INTERSIL 
Hitachi 

Intel Intersil 

HN482764P 

HN27256P-25 P27256 

HN27512P-25 P27512 

HN270256P 

Hitachi 
INTEL INTERSIL 

. Intel Intersil 

Hitachi 
INTEL INTERSIL 

Intei Intersil 



MOTOROLA-

MOSTEK Motorola 
NSC 

National 
Mostek Semiconductor 

products Semiconductor 

MOTOROLA 

MOSTEK Motorola 
NSC 

National 
Mostek Semiconductor 

products Semiconductor 

MOTOROLA 

Motorola 
NSC 

MOSTEK 
National 

Mostek Semiconductor 

products Semiconductor 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABILITY 

Nippon 
Oki 

Electric 

I,PD2764C 

,uPD27128C 

,uPD27C256C 

Nippon 
Oki 

Electric 

Nippon 
Oki 

Electric 

• MITSUBISHI 
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TI 

Texas 

Instruments 

TI 

Texas 

Instruments 

TI 

Texas 

Instruments 

GI 

Toshiba General 

Instrument 

TMM24256AP 

TMM24512P 

TC54256P 

GI 

Toshiba General 

Instrument 

GI 

Toshiba General 

Instrument 

ER1400 
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ORDERING INFORMATION 

FUNCTION CODE 
Mitsubishi integrated circuits may be ordered using the following simplified alphanumeric 
type-codes which define the function of the ICs and the package style. 

For Mitsubishi Original Products 

Example: M 5 87 25 P - 15 
r- - r- .... --T -r -

1-32 

M: Mitsubishi integrated circuit prefix 

Temperature range 
s: Standard industrial/commercial 

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

Series designation using 1 or 2 alpha
numeric characters. 
01-09: CMOS 
1 : Linear circuit 
3: TTL 
10-19: Linear circuit 
32-33: TTL (equivalent to Texas 

Instruments' SN74 series) 
41-47: TTL 
84 : 

8S: 

86 : 

87: 

88 : 

89 : 

9: 
50-52 : 

CMOS 
P-channel silicon-gate MaS 
P-channel.aluminum-gate MaS 
N-channel silicon-gate MaS 
P-channel aluminum-gate ED-MaS 
CMOS 
OTL 
Schottky TTL (equivalent to Texas 
Instruments' SN74S series) 

Circuit function identification code using 2 digits. 

Package style 
K: Glass-sealed ceramic 
p: Molded plastic 
5: Metal-sealed ceramic 
D: Chip carrier 

Electrical characteristic identification code 
using 1 or 2 digits. 

• MITSUBISHI 
.... ELECTRIC ' 



MITSUBISHI LSls 

ORDERING INFORMATION 

For Second Source Products 

Example: M 5 M 4256 P - 12 
r--- -r- -r-T -~ -r -

---

PACKAGE CODE 

M: Mitsubishi integrated circuit prefix 

Temperature range 
s: Standard industrial/commercial 

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

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

Packa~e style 
K: Glass-sealed ceramic 
p: Molded plastic 
5: Metal-sealed ceramic 

J : J-Iead package (PLCC, SOJ) 
L: Zig Zag inline package 

FP: Small outline package 
(Miuiflat package) 

Electrical characteristic identification code 
using 1 or 2 or 3 alphanumerics. 
I: Exltended temperature 

(-40°C to +85°C) 
L: Low power 

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

Example: 24 P 4 Y C Auxiliary outline code 

Package outline 
o Leadless, PLCC, SOJ 
1 DIP without fin 
2 SOP without fin 
4 DIP without fin (improved) 

.S SIP, ZIP without fin 

6 QFP without fin 
9 Specialize 

'-------- Package structure 
D Chip carrier 
K Glass-sealed ceramic 
P Molded plastic 
5 Metal-sealed ceramic 
N PCB Module (Glass Epoxy) 

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

• MITSUBISHI 
.... ELECTRIC 1-33 



TYPE 14P4 14-PIN MOLDED PLASTIC DI,P 

TYPE 16P4 16-PIN MOLDED PLASTIC DIP 

2. 54±0. 25 

1-34 

O.S±O.l 

1.5 ~g:~ 

'. . MIT$UBISHI 
i'tELECTRIC 

MITSUBISHI LSls 

. PACKACE OUTLINES 

DImension in mrn 

7.62±O.3 

L .::;:~, 1 
i \ I I i 

7.6-10 

Dimension in mm 

7 62± 0.3 

I ;~==:'~ \ 

i \,-------,1 I 
I 

7.6-10 



MITSUBISHI LSls 

PACKAGE OUTLINES 

TYPE 16P5A 16-PIN MOLDED PLASTIC ZIP Dimension in mm 

2.8±0.2 
t---- 1.2 ± 0.1 

I' 
Ll)N 

00 

+1 I 
M 

0 0 
to 

~~ 
I- o~ .::::~ 

z 

i :LI' I 
0.27 ~g:g~ 

j 1.2±0.2 1. 27±0.25 I 0.5~g:; 

! 
I 2.55 ±0.3 

TYPE 18POA 18-PIN MOLDED PLASTIC LEADLED CHIP CARRIER Dimension in mm 

12.45 ± 0.1 

13.38± 0.13 

J IE O.43±~.1 

11.555 ± 0.255 :J 

• • MITSUBISHI 
.... ELECTRIC 

~ 
[ooooj 

~r I. 6.4S5±O.2SS .1 
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PACKAGE OUTLINES 

TYPE 18P4 18-PIN MOLDED PLASTIC DIP Dimension in mm 

7.62±0.3 

0.S±0.1 7.6-10 

1.S~g:~ 2.S4±0.2S 

TYPE 18P4H 18-PIN MOLDED PLASTIC DIP Dimension in mm 

1-36 

22 +O.S 
-0.2 

2.S4±0:2S 

• MITSUBISHI 
.... ELECTRIC 

4.SMAX 

3MIN 

7.62±0.3 

+0.07 

.~ 0.2'-0.05 

: 7.6-10 .I 



TYPE 18P4Y 18-PIN MOLDED PLASTIC DIP 

22.86MAX 

2.54±0.25 

1 +0.3 
-0.1 

TYPE 20P4 20-PIN MOLDED PLASTIC DIP 

0.5±0.1 
2.54±0.25 1.5~g:~ l~g:~ 

---t--t---

• MITSUBISHI 
;"ELECTRIC 

MITSUBISHI LSls 

PACKAGE OUTLINES 

4.7MAX 

3MIN 

4.5 MAX 

3MIN 

Dimension in mm 

+0.07 
.. liE 0.25_ 0.05 

Dimension in mm 

7 .62±0. 3 

r '-:--' \ 
i'\ } i 

7.6-10 
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TYPE 20P4Y 20-PIN MOLDED PLASTIC DIP 

DDDD 

2.54±0.2S 

TYPE 20P5L 20-PIN MOLDED PLASTIC ZIP 

1-38 

1:~=25.4±0.2 ~l 

o 

1.27TYP 

o 

1.27MAX 

•. .•. MITSUBISHI 
.... ELECTRIC 
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PACKAGE OUTLINES 

Dimension in mm 

4.7MAX 

3MIN 

+0.07 

t' 0.25_0.05 
> ,E 

Dimension in mm 

28+02 -

: 

~~ 

3M1i 
025 +0.07 

. -0.05 

2.54TYP 



TYPE 22P4H 22-PIN MOLDED PLASTIC DIP 

" . 27.0 ±02 '1 

~: : : : : : : : :0)] 

1.27 MAX 
1 +0.3 

-0.1 

TYPE 24P4F 24-PIN MOLDED PLASTIC DIP 

29.6 ~~:~ 

0000000 

O.S±O.l 

1.2 ~~:~ 
2.S4±0.2S 

• MITSUBISHI 
;"ELECTRIC 
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PACKAGE OUTLINES 

Dimension in mm 

~ -1° 25 +0.07 . -0.05 

Dimension in mm 

1-39 



TYPE 24P4Y 24-PIN MOLDED PLASTIC DIP 

I" 3O.48MAX. 'I 

~: : : : : : : : : :J] 

1.27MAX 0.5 ~~:~9 
1.2~00·.31 

1 +0.3 
-0.1 

~-+E-2----.:.. 5_4 ±--,-0._25 

TYPE 24P5L 24-PIN MOLDED PLASTIC ZIP 

1-40 

CF====31.75M=AX =::;,;'1 

o 

1.27TYP 

o 

•. MITSUBISHI 
, ;"ELECTRIC 
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PACKAGE OUTLINES 

1.27MAX 

Dimension in mm 

~ --Jl 025+ 0.07 
..... -0.05 

-'----,--- -;? ~ 

3M'i' 
, I 

Dimension in mm 

28±0.2 

° 25 +0.07 
. -0.05 

2.54TYP 



TYPE 24S1 F 24-PIN CERAMIC DIP 

I~ 

2.54±0.15 0.46± O.O~ liE 

TYPE 26POJ 26-PIN MOLDED PLASTIC SOJ 

o 

17.5± 0.13 

o 

+1 

-- fa 'SSMAX 

~~--- II) 

O. 7 ~~:6~ ~ 

• MITSUBISHI 
.... ELECTRIC 
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PACKAGE OUTLINES 

Dimension in mm 

I: 
10.8MAX 

'1 >< « I I t ~ ) I: _J 
C\J 

q-

0.25±0.08 

10.2 ~~.5 

Dimension in mm 

1 845±01 1 

~_'.n' :i 
~r I. ..8HU" .1 
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TYPE 28P2W 28-PIN MOLDED PLASTIC SOP 

o 
o 

1.27 ± O. 2 

N 

c:i 
17.5±0.2 +1 

N 
N 

TYPE 28P4 28-PIN MOLDED PLASTIC DIP 

1-42 

I 367:,:gi I 

~~:::::::::: :~] 

2.54 ± 0.25 0.5 ±O. 1 

1.2~~:~ 

• MITSUBISHI 
~ELECTRIC 
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PACKAGE OUTLINES 

Dimension in mm 

~r=*=:::::::;=--=c =::J ====R) ~~ 
1.om -11 

11.93±0.3 

Dimension in mm 

15.24±0.3 

o 27 +0.07 
, . -0.05 

15.2-17 
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PACKAGE OUTLINES 

TYPE 28P4Y 28-PIN MOLDED PLASTIC DIP 

1.27 MAX 
1 +0.3 

-0.1 

2.54±0.25 

Dimension in mm 

~ n 0.25 + 0.07 
... 0.05 , ---

TYPE 28K1 28-PIN GLASS-SEALED CERAMIC DIP WITH TRANSPARENT LID Dimension in mm 

~~I51MAX ~ O.3MIN 35MIN 

0.56 MAX 

2. 54±0.3 
1.30±0.2 

• MITSUBISHI 
.... ELECTRIC 

C 
16MAX 

"I II 
i, 
l=-

I " 1\ 

+0.07 
~ 

0.25 -0.05 

15.2 -17 
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PACKAGE OUTLINES 

TYPE 28K4 28-PIN GLASS-SEALED CERAMIC DIP WITH TRANSPARENT LID Dimension in mm 

36. 7± 0.6 

(33.02) 

1-44 

q

o 
+1 
U1 

q-

O.SMIN 

ID·1MAX. 
-t. OM1N 

0.46± 0.1 

• MITSUBISHI 
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TYPE 30N5 30-PIN MEMORY MODULE (MH25608JA) 

2.S2 2.54±O.1 

73.SS±O.2 

TYPE 30N9 30-PIN MEMORY MODULE (MH25608J) 

3.38 

2- </>3.17 

;-

1.9 

7.S±0.2 

88.9±O.2 

82.14±O.2 

73.SS±O.2 

• MITSUBISHI 
~ELECTRIC 

MITSUBISHI LSls 

PACKAGE OUTLINES 

Dimension in mm 

Je: O. 25 ±O.1 

Dimension in mm 

5.08MAX 

J Ie: 1.27± 0.15 

1-45 
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PACKAGE OUTLINES 

TYPE 30N5 30-PIN MEMORY MODULE (MH25609JA) Dimension in mm 

2.62 2.54±O.1 JI",O.25±O.1 

73.66±O.2 

TYPE 30N9 30-PIN MEMORY MODULE (MH25609J) Dimension in mm 

88 9±O 2 

3.38 . 82.14±O.2 S.08MAX 

2- ¢3.17 

;-
10 

o ~F~ ¥~ QD~ kJtD~O ~D kJ O~D ~~ 
1.9 

~ -~ 

7.6±O.2 

1-46 

2.S4±O.1 h' ~i 

73.66±O.2 
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PACKAGE OUTLINES 

TYPE 32K4A 32-PIN GLASS-SEALED CERAMIC DIP WITH TRANSPARENT LID Dimension in mm 

2.S4±0.2S 

41.91 ±0.6 

O.SMIN 

..r-t..J-1....r-t..J-1..J-1..J-1..J-1....r-t....r-t...J'""1...r-1....r-1....r-1.....r-t..!rrTTS.,MAX 

~MIN 
0.46±0.1 

(38.1 ) 

TYPE 40P4 40-PIN MOLDED PLASTIC DIP 

I 51s:':gl 'I 

~: ~:::::::::::: ~:]J 
~l ' ~S.SMAX ~ '.SMIN 2.8MIN 

1.2=~:~ 

• MITSUBISHI 
"ELECTRIC 

Dimension in mm 

1S.24±0.3 

f • -- , \ 

\.. ' . 
I a 25+ O. 1 
I • -0.05 

15.2-17 

1-47 
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PACKAGE OUTLINES 

TYPE 40K4A 40-PIN GLASS-SEALED CERAMIC DIP WITH TRANSPARENT LID Dimension in mm 

52.07± 0.25 

51.67±0.25 

1.25±O.3 

2.54X 19=48.26 

1-48 
• MITSUBISHI 

"'ELECTRIC 

Ll') 

o 
+l 
<D 
<D 
-i 

~ I 
I 

15.12±0.1 

I " _J 0.25±O.05 

16.0±0.5 
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 

1. INTRODUCTION 

A system of letter symbols to be used to represent the 

dynamic parameters of intergrated circuit memories and 

other sequential circuits especially for single-chip micro

computers, microprocessors and LSls for peripheral 

circuits has been discussed internationally in the TC47 

of the International Electrotechnical Committee (IEC). 

Finally the IEC has decided on the meeting of TC47 in 

February 1980 that this system of letter symbols will be 

a Central Office document and circulated to all countries 

to vote which means this system of letter symbols will 

be a international standard. 

The system is applied in this LSI data book for the 

new products only. Future editions of this data book 

will be applied this system. The I EC document which 

describes "Letter symbols for dynamic parameters of 

sequential integrated circuits, including memories" is 

introduced below. In this data book, the dynamic para

meters in the I EC document are applied to timing 

requirements and switching characteristics. 

2. LETTER SYMBOLS 

The system of letter symbols outlined in this document 

enables symbols to be generated for the dynamic para

meters of complex sequential circuits, including memo

ries, and also allows these symbols to be abbreviated to 

simple mnemonic symbols when no ambiguity is likely 

to arise. 

2.1. General Form 

The dynamic parameters are .represented by a general 

symbol of the form:-

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

where: 

Subscript A indicates the type of dynamic parameter 

being represented, for example; cycle 

time, setup time, enable time, etc. 

Subscript B indicates the name of the signal or terminal 

for which a change of state or level (or 

establishment of a state or level) con

stitutes a signal event assumed to occur 

first, that is, at the beginning of the time 

interval. If this event actually occurs last, 

that is, at the end of th{l time interval, 

the value of the time interval is negative. 

Subscript C indicates the direction of the transition 

and/or the final state or level of the signal 

represented by B. When two letters are 

used, the initial state or level is also indi

cated. 

Subscript D indicates the name of the signal or terminal 

for which a change of state or level (or 

establishment of a state or level) consti

tutes a signal event assumed to occur last, 

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

this event actually occurs first, that is, at 

the beginning of the time interval, the 

value of the time interval is negative. 

Subscript E indicates the direction of the transition 

and/or the final state or level of the signal 

represented by D. When two letters are 

used, the initial state or level is also indi

cated. 

Subscript F indicates additional information such as 

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

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

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

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

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

for all dynamic parameters including hold times Where no misunder

standing can occur the hyphen may be omitted. 

2.2. Abbreviated Form 

The general symbol given above may be abbreviated 

when no misunderstanding is likely to arise. For example 

to: 

or tA(B) 

or tA(D) often used for hold times 

or tAF no brackets are used in this case 

or tA 

or tBC-DE often used for unclassified time 

intervals 

2.3. Allocation of Subscripts 

In allocating letter symbols for the subscripts, the most 

commonly used subscripts are given single letters where 

practicable and those less commonly used are designated 

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

mnemonic representation is used. Longer letter symbols 

may be used for specialised signals or terminals if this 

aids understanding. 

3. SUBSCRIPT A 
(For Type of Dynamic Parameter) 

The subscript A represents the type of dynamic para

meter to be designated by the symbol and, for memo

ries, the parameters may be divided into two classes: 

a) those that are timing requirements for the memory 

and 

•. MITSUBISHI 
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LETTER SYMBOLS FOR THE DYNAM'IC PARAMETERS 

b) those that are characteristics of the memory. 

The letter symbols so far proposed for memory circuits 

are listed in sub-clauses 3.1 and 3.2 below. 

All subscripts Ashould be in lower-case. 

3.1. Timing'Requirements 

The letter symbols for the timing requirements of semi

conductor memories are as follows: 

Term 

Cycle time 

Time interval between two signal events 

Fall time 

Hold time 

Precharging time 

Rise time 

Recovery time 

Refresh time interval 

Setup time 

Transition time 

Pulse duration (width) 

3.2. Characteristics 

Subscript 

c 

d 

h 
pc 

rec 

rf 

su 

w 

The letter symbols for the dynamic characteristics of 

semiconductor memories are as follows: 

Characteristic . Subscript 

Access time a 
Disable time dis 
Enable time en 
Propagation time p 

Recovery time rec 
Transition time 

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

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

The letter symbols for the signal name or the name of 

the terminal are as given below. 

All subscripts Band D should be in Upper-case. 

Signal or terminal Subscript 

Address A 

Clock C 

Column address CA 

Column address strobe CAS 
Data input D 

Data input/output DO 

Chip enable E 

Erasure ER 

Output enable G 
Program PR 

Data output 0 
Read R 

Row address RA 

Row address strobe RAS 
Refresh RF 

ReadIWrite RW 
Chip select S 
Write (write enable) W 

Note l' In the letter symbols for time intervals, bars over the subscripts, for ex

ample CAS, should not be used. 

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

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

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

Data input/output, ReadMirite) the waveform should be labelled with the 

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

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

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

The following symbols are used to represent the level or 

state of a signal: 

Transition ()f signal 

High logic level 

Low logic level 

Subscript 

H 
L 

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

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

High-impedance state of three-state output Z 

The direction of transition is expressed by two letters, 

the direction being from the state represented by the 

first letter to that represented by the second letter, with 

the letters being as given above. 

When no misunderstanding can occur, the first letter 

may be omitted to gLve an abbreviated symbol for sub
scripts C and E as indicated below. 
All subscripts C and E should be in upper-case. 

Subscript 

Examples Full Abbreviated 

Transition from high level to 
low level HL L 

Transition from low level to 
high level LH H 

Transition. from unknown or 
changing state to valid state XV V 

Transition from valid state to 
unknown or changing state VX X 

Transition from high-impedance 
state to valid state ZV V 

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

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

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

V, X, or Z, so as to avoid possible confusion. 

1-50 
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6. SUBSCRIPT F (For Additional Information) 

If necessary, subscript F is used to represent any addi

tional qualification of the parameter such as mode of 

operation, test conditions, etc. The letter symbols for 

subscript F are given below. 

Subscript F should be in upper-case. 

Modes of operation 

Power-down 

Page-mode read 

Page-mode write 

Read 

Refresh 

Read-modify-write 

Read-write 

Write 

Subscript 

PD 

PGR 

PGW 

R 

RF 

RMW 

RW 

W 
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SYMBOLOGY 

FOR DIGITAL INTEGRATED CIRCUITS 
New symbol Former symbol 

Oi 

0 0 

Oi/o 

Oi(¢) 

f 

f(¢) 

Iss 

ISS(AV) 

ICC 

ICC(AV) 

ICC(PO) 

100 

IOO(AV) 

IGG 

IGG(AV) 

I, 

I'H 

I,L 

10H 

10L 

10Z 

10ZH 

10ZL 

lOS 

Iss 

Pd 

NEW 

NRA 

Ri 

RL 

ROFF 

RON 

ta 

ta(A) ta(AO) 

ta(CAS) 

ta(E) ta(CE) 

ta(G) ta (OE) 

ta(PR) 

ta(RAS) 

ta(S) ta(cs) 

to 

tOR tC(RO) 

tORF tc (REF) 

tOPG tC(PG) 

tORMW tC(RMR) 

tow tC(WR) 

1-52 

Input capacitance 

Output capacitance 

I nput/output terminal capacitance 

Input capacitance of clock input 

Frequency 

Clock frequency 

Parameter-definition 

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

Supply current from VBB 

Average supply current from VBB 

Supply current from Vcc 

Avarage supply current from Vcc 

Power-down supply current from Vcc 

Supply current from VDD 

Average supply current from VDD 

Supply current from VGG 

Average supply current from VGG 

I nput current 

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

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

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

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

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

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

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

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

Short-circuit output current 

Supply curIent from Vss 

Power dissipation 

Number of erase/write cycles 

Number of read access unrefreshed 

Input resistance 

External load resistance 

Off-state output resistance 

On-state output resistance 

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

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

Column address strobe access time 

Chip enable access time 

Output enable access time 

Data access time after program 

Row address strobe access time 

Ch i P sel ect access time 

Cycle time 

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

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

Page-mode cycle time 

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

the next cycle 

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

.• MITSUBISHI 
~ELECTRIC 



New symbol Former symbol 

td 

td (¢) 

td (CAS-RAS) 

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

td (RAS-CAS) 

td(RAS-W) td(RAS-WR) 

tdis(R-Q) tdis(R-DA) 

tdis(S) tpXZ(CS) 

tdis(W) tPXZ(WR) 

tDHL 

tDLH 

ten(A-Q) tPZV(A-DQ) 

ten(R-Q) tPZV(R-DQ) 

ten(S-Q) t PZX (CS-DQ) 

tf 

th 

th (A) th(AD) 

th(A-E) th(AD-CE) 

th (A-PR) th(AD-PRO) 

th(CAS-CA) 

th (CAS-D) th(CAS-DA) 

th (CAS-Q) th (CAS-OUT) 

th (CAS-RAS) 

th(CAS-W) t h (CAS-WR) 

th (D) th(DA) 

th (D-PR) th(DA-PRO) 

th (E) th(CE) 

th (E-D) th(CE-DA) 

th (E-G) th(CE-OE) 

th (R) th(RD) 

th(RAS-CA) 

t h (RAS-CAS) 

th(RAS-D) th(RAS-DA) 

th (RAS-W) th(RAS-WR) 

th (S) th(CS) 

th(W) th(WR) 

th (W-CAS) th(WR-CAS) 

th(W-D) th(WR-DA) 

th (W-RAS) th(WR-RAS) 

tPHL 

tPLH 

tr 

trec(W) twr 

treC(PD) tR(PD) 

tsu 

Parameter-definition 

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

Delay time between clock pulses-e.g., symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1 

Delay ti me, colu mn address strobe to row address strobe 

Delay time, column address strobe to write 

Delay time, row address strobe to column address strobe 

Delay time, row address strobe to write 

Output disable time after read 

Output disable time after chip select 

MITSUBISHI LSls 

SYMBOLOGY 

Output disable time after write 

High-level to low-level delay time } 

Low-level to high-level delay time 

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

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

Output enable time after address 

Output enable time after read 

Output enable time after chip select 

Fall time 

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

Address hold time 

Chip enable hold time after address 

Program hold time after address 

Column address hold time after column address strobe 

Data-in hold time after column address strobe 

Data-out hold time after column address strobe 

Row address strobe hold time after column address strobe 

Write hold time after column address strobe 

Data-in hold time 

Program hold time after data-in 

Chip enable hold time 

Data-in hold time after chip enable 

Output enable hold time after chip enable 

Read hold time 

Column address hold time after row address strobe 

Column address strobe hold time after row address strobe 

Data-in hold time after row address strobe 

Write hold time after row address strobe 

Chip select hold time 

Write hold time 

Column address strobe hold time after write 

Data-in hold time after write 

Row address hold time after write 

High-level to low-level propagation time } the time interval between specified reference points on the input and on the output pulses when the 
output is going to the low (high) level and when the device is driven and loaded by typical devices 

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

Rise time 

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

Power-down recovery time 

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

tarnsition at another specified input terminal 

tSU(A) tSU(AD) Address setup time 

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

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

tsu (eA-RAS) Row address strobe setup time before column address 
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SYMBOLOGY 

New symbol Former symbol Parameter-definition \ 

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

tSU(D-E) tSU(DA-CE) Chip enable setup time before data-in 

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

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

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

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

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

tsu (PD) Power-down setup time 

tsu (R) tSU(RD) Read setup time 

tSU(R-CAS) tsu (RA-CAS) Column address strobe setup time before read 

tsu (RA-CAS) Column address strobe setup time before row address 

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

tSU(S-W) tSU(CS-WR) Write setup time before chip select 

tSU(W) tSU(WR) Write setup time 

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

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

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

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

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

tv (E)PR tv (OE)PR Data valid time after chip enable in program mode 

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

tv (PR) Data valid time after program 

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

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

tW(E) tW(OE) Chip enable pulse width 

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

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

tW(PR) Program pulse width 

tW(R) tW(RD) Read pulse width 

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

tW(W) tW(WR) Wrtie pulse width 

tW(¢) Clock pulse width 

Ta Ambient temperature 

Topr Operating temperature 

Tstg Storage temperature 

VSS VBB supply voltage 

VOC Vee supply voltage 

VDD Voo supply voltage 

VGG VGG supply voltage 

VI Input voltage 

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

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

Vo Output voltage 

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

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

VSS Vss supply voltage 

Note: These abbreviations. with some exceptions. are excerpted from I EC publ ication 148. 
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PRECAUTIONS IN HANDLING MOS ICs/LSls 

A MaS transistor has a very thin oxide insulator under the 

gate electrode on the silicon substrate. It is oper·ated by 

altering the conductance (gm) between source and drain to 

control mobile charges in the channel formed by the 

applied gate voltage. 

If a high voltage were applied to a gate terminal, the 

insulator-film under the gate electrode could be destroyed, 

and all Mitsubishi MaS IC/lSls contain internal protection 

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

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

MaS IC/lSI. 

Under certain conditions, however, it may be impossible 

to completely avoid destruction of the thin insulator-film 

due to the application of unexpectedly high voltage or 

thermal destruction due to excessive current from a 

forward biased P-N junction. The following recommenda

tions should be followed in handling MaS devices. 

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

1. The recommended ranges of operating conditions 

provide adequate safety margins. Operating within these 

limits will assure maximum equipment performance and 

quality. 

2. Forward bias should not be applied to any terminal since 

excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to 

the power supply. Short-circuiting of a terminal to a 

power supply having low impedance may cause burn-out 

of the internal leads or thermal destruction due to 

excessive current. 

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

When MaS IC/lSls are not in use, both input and output 

terminals can be in a very high impedance state so that they 

are easily subjected to electrostatic induction from AC 

fields of the surrounding space or from charged objects 

in their vicinity. For this reason, MaS IC/lSls should be 

protected from electrostatic charges while being transported 

and stored by conductive rubber foam, aluminum foil, 

shielded boxes or other protective precautions. 

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

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

ing personnel should be grounded. Work tables should 

be covered with copper or aluminum plates of good 

conductivity, and grounded. One method of grounding 

personnel, after making sure that there is no potential 

difference with electrical equipment, is by the use of a 

wristwatch metallic ring, etc. attached around the wrist 

and grounded in series with a 1 M n resistor. Be sure that 

the grounding meets national regulations on personnel 

safety. 

2. Current leakage from electric equipment must be 

prevented not only for personnel safety, but also to 

avert the destruction of MOS IC/lSls, as described 

above. Items such as testers, curve-tracers and synchro

scopes must be checked for current leakage before being 

grounded. 

4. PRECAUTIONS FOR MOUNTING OF MOS 
IC/LSls 

1. The printed wiring lines to input and output terminals 

of MaS IC/lSls should not be close to or parallel to 

high-voltage or high-power signal lines. Turning power 

on while the device is short-circuited, either by a solder 

bridge made during assembly or by a probe during 

adjusting and testing, may cause maximum ratings to be 

exceeded, which may result in the destruction of the 

device. 

2. When inputloutput, or input andlor output, terminals 

of MaS IC/lSls (now open-circuits) are connected, 

we must consider the possibility of current leakage and 

take precautions similar to §2 above. To reduce such 

undesirable trouble, it is recommended that an interface 

circuit be inserted at the input or output terminal, or a 

resistor with a resistance that does not exceed the 

output driving capability of the MaS IC/lSI be inserted 

between the power supply and the ground. 

3. A filter circuit should be inserted in the AC power 

supply line to absorb surges which can frequently be 

strong enough to destroy aMOS IC/lSI. 

4. Terminal connections should be made as described in the 

catalog while being careful to meet specifications. 

5. Ungrounded metal plates should not be placed near 

input or output terminals of any MaS IC/lSls, since 
destruction of the insulation may result if they become 

electrostatically charged. 

6. Equipment cases should provide shielding from electro

static charges for more reliable operation. When a plastic 

case is used, it is desirable to coat the inside of the case 

with conductive paint and to ground it. This is considered 

necessary even for battery-operated equipment. 
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MSK4164AP.12, -15 

6SS36-BIT (6SS36-WORD BY 1-BIT) DYNAMIC RAM 

DESCRIPTION 
PIN CONFIGURATION (TOP VIEW) 

REFRESH INPUT REF 

DATA INPUT 

WRITE 
CONTROL INPUT 

~f:O:ED?~~Jf RAS -+ 4 

Vss (OV) 

15 +-CAS ~~~~~EN I~~~~ESS 
DATA OUTPUT 

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

fabricated with the high performance N-channel silicongate 

MOS process, and is ideal for large-capacity memory 
systems where high speed, low power dissipation, and low 

costs are essential. The use of double-layer polysil icon 

process technology and a single-transistor dynamic storage 
cell privide high circuit density at reduced costs, and the 

use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 

both a reduction in pins to the standard 16-pin package 
configuration and an increase in system densities. The 

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

ADDRESS INPUTS ADDRESS INPUTS 

(5V) 

FEATURES Outline 16P4 

• High speed 

Access time Cycle time Power dissipation 
Type name (max) (min) (typ) 

• Output is three-state and directly TTL-compatible 

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

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

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

• Single 5V± 1 0% supply 
• Output data can be held infinitely by CAS 

• Pin 1 controls automatic- and Self-refresh mode. 
• Low standby power di~sipation: 22mW (max) 
• Low operating power dissipation: 300mW (max) 

• Unlatched output e.nables two-dimensional chip selec· 
tion and extended page boundary 

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

APPLICATION 
• Early-write operation gives common I/O capability 

Main memory unit for computers 
• Read-modify-write, RAS-only refresh, and page-mode 

capabilities 

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

BLOCK DIAGRAM 
DATA INPUT 

WRITE CONTROL INPUT 

COLL~~RNO:J>?~i3~ CAS 

ROW ADDRESS 
STROBE INPUT· 

ADDRESS INPUTS 

REF 1 

AS 

As 

A7 

MEMORY CELL 
(64 ROWS X 256 COLLUMNS 

SENSE REFRESH AMPLIFIER 

MEMORY CELL 
(64 ROWS X 256 COLUMNS) 

COLUMN DECODER 

MEMORY CELL 
(64 ROWS X 256 COLUMNS) 

SENSE REFRESH AMPLIFIER 

MEMORY CELL J (64 ROWS X 256 COLUMNS) 

COLUMN DECODER 

-. 
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M5K4164AP.12" ·15 

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

FUNCTION 

The M5K4164AP provides, in addition to normal read, 

write, and read-modify-write operations, a number of other 

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

Table 1 Input conditions for each mode 

Operation 
RAS CAS W 

Read ACT ACT NAC 

Write ACT ACT ACT 

Read-modify-write ACT ACT ACT 

RAS-only refresh ACT NAC ONC 

Hidden refresh ACT ACT ONC 

Automatic refresh NAC ONC ONC 

Sel f refresh NAC ONC ONC 

Hidden automatic refresh NAC ACT ONC 

Hidden self refresh NAC ACT ONC 

Standby NAC ONC ONC 

Inputs 

0 

ONC 

VLO 

VLO 

ONC 

ONC 

OI\jC 

ONC 

ONC 

ONC 

ONC 

Output 

Row Column Refresh Remarks 

address address REF Q 

APO APO NAC VLO YES 
Page mode 

APD APO NAC OPN YES identical except 

APO APO NAC VLO YES 
refresh is NO 

APO ONC NAC OPN YES 

APO ONC NAC VLD YES 

ONC ONC ACT OPN YES 

ONC ONC ACT OPN YES 

ONC ONC ACT VLO YES 

ONC ONC ACT VLO YES 

DNC ONC NAC OPN NO 

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

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

M5K4164AP the 16-bit address signal must be multiplexed 
into 8 address signals, which are then latched into the 

on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
mAS) latches the 8 row-address bits; next, the negative
going edge of the column-address-strobe pulse (CAS) 
latches the 8 column-address bits. Timing of the RAS and 

CAS clocks can be selected by either of the following two 
methods: 

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

inhibited almost until td(RAS-CAS) max ('gated CAS' 
operation). The external CAS signal can be applied with 

a margin not affecting the on-chip circuit operations, e.g. 

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

2. The delay time td(RAS-CAS) is set larger than the 
maximum value of the limits. In this case the internal 

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

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

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

times. 

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

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

data output will go from the high-impedance state to the 

active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 

input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 

high, irrespective of the condition of RAS_ 

The output will remain in the high-impedance state 

throughout the entire cycle in an early-write cycle. 

These output conditions, of the M5K4164AP, which 

can readily be changed by controlling the timing of the 

write pulse in a write cycle, and the width of the CAS 

pulse in a read cycle, offer capabilities for a number of 
applications, as follows. 

1. Common 1/0 Operation 
If all write operations are performed in the early-write 

mode, input and output can be connect~d directly to give a 
common liD data bus. 
2 Data Output Hold 
The data output can be held between read cycl'es, without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS. 
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M5K4164AP-12, -15 

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

3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection_ 

4. Extended-Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 256 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

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

Refresh 
Each of the 128 rows (Ao""A6) of the M5K4164AP must 
be refreshed every 2 ms to maintain data. The methods of 
refreshing for the M5K4164AP are as follows. 

1. Normal Refresh . 
Read cycle and Write cycle (early write, delayed write or 

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

A RAS-only refresh cycle is the recommended technique 
for most applications to provide for data retention. A 
RAS-only refresh cycle maintains the output in the 
high-impedance state with a typical power reduction of 

20% over a read or write cycle. 
3. Automatic Refresh 

Pin 1 (REF) has two special functions. The M5K4164AP 
has a refresh address counter, refresh address multiplexer 

and refresh timer for these operations. Automatic refresh is 
initiated by bringing REF low after RAS has precharged 
and is used during standard operation just like RAS-only 
refresh, except that sequential row addresses from an 
external counter are no longer necessary. 

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

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

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

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

M5K4164AP will refresh itself. This internal sequence 
repeats asynchronously every 12 to 16/1s. After 2 ms, the 
on-chip refresh address counter has advanced through all 
the row addresses and refreshed the entire memory. Self
refresh is primarily intended for trouble free power-down 
operation. 

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

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

There is an internal pullup resister (~ 3Mr2) on pin 1, so 
if the pin 1 (REF) function is not used, pin 1 may be left 
open (not connect) without affecting the normal operations. 
5. Hidden Refresh 

A features of the M5K4164AP is that refresh cycle may 
be performed while maintaining valid data at the output pin 

by extending the CAS active time from a previous memory 
read cycle. This feature is refered to as hidden refresh. 

Hidden refresh is performed by holding CAS at V IL and 
taking RAS high and after a specified precharge period, 

executing a RAS-only cycling, automatic refresh and 
self-refresh, but with CAS held low. 

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

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

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

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

A wait of some 500J.ls and eight or more dummy cycle is 
necessary after power is applied to the device before 
memory operation is achieved. 
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M5K4164AP-12, -15 

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

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -1-7 

V, Input voltage wiih respect' 10 Vss -1-7 

Vo Output voltage -'1-7 

10 Output current 50 

Pd Power dissipation Ta=2S'C 700 

Topr Operating temperature 0-70 

Tstg Storage temperature -65-1S0 

RECOMMENDED ,OPERATING CONDITIONS (Ta =O-:-70'C, unless otherwise noted) (Note 1) 

Parameter 
Limits 

Unit Symbol 
Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

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

V'L Low·levelinput voltage, all inputs -2 0.8 V 

Note 1. All voltage values are with respect to Vss 

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

Symbol Parameter Test conditions 
Limits 

Min Typ Max 

VOH High·level output voltage 10H = - SmA 2.4 VCC 

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

loz Off-state output current Q floating OV~VOUT~S.SV -10 10 

I, Input current OV~V'N~6.5V, All Olher pins = OV -10 10 

'eCI(AV) 
Average supply current from Vee, M5K4164AP-12 RAS,CAS cycling 50 

:-----
operating (Note 3, 4) M5'K4164AP-15 t eR = t Cw = min output open 45 

ICC2 Supply current from Vee. standby RAS =V'H output open 4 

Average supply current from Vee, M5K4164AP-12 RAS cycling CAS =V,H 40 
'CC3(AV) r---

refreshing (Note 3) M5K4164AP-15 te(REF)= min. output open 35 

'CC4(AV) 
Average supply current from Vee, M5K4164AP-12 RAS = V'L, C'AS . cycling 40 

r----
page mode (Note 3, 4) M5K4164AP-15 t CPO= min. output open 35 

'CCS(AV) 
Average supply current from Vee. M5K4164AP-12 RAS=V'H, REF cycling 40 

automatic refreshing (Note 3)' 
r----

M5K4164AP-15 te (REF)=mln. output open 35 

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

8 
output open 

C, (A) Input capacitance, address inputs 5 

C , (D) Input capacitance, data input V,=VSS 5 

C , (W) Input capacitance, write control input f=lMHz 7 

C , (RAS) Input capacitance. RAS input V,=25mVrms 10 

C, (CAS) Input capacitance, CAS input 10 

C, (REF) Input capacitance, REF input 10 

Co Output capacitance VO=VSS. f= 1MHz. V,=25mVrms 7 

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

3. I CCI (AV). I ec 3(AV). I ec 4(AV) and lee 5 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
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4. 'ec I (AV) and Ice 4 (AV) are dependent on output loading'. Specified values are obtained with the output open . 
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MSK4164AP-12, -15 

6SS36·BIT (6SS36·WORD BY 1-BIT) DYNAMIC RAM 

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

Limits 

Symbol Parameter 
Alternative 

Symbol 
M5K4164AP-12 M5K4164AP-15 

Min Max Min Max 

t CRF Refresh cycle time t REF 2 2 

tW(RASH) RAS high pulse width t RP 90 100 

tW(RASL) RAS low pulse width t RAS 120 10000 150 10000 

tW(CASL) CAS low pulse width tCAS 60 00 75 00 

tW(CASH) CAS high pulse width (Note 8) t CPN 30 35 

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

t h (CAS-RAS) RAS hold time after CAS tRSH 60 75 

t d (CAS-RAS) Delay time, CAS to RAS (Note 9) t CRP -20 -20 

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

tsu (RA-RAS) Row address setup time before RAS t ASR 0 0 

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

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

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

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

tTH~ 3 35 3 35 
Transition time tT 

tTLH 3 35 5 35 

Note 5' An initial pause of 500/1s is required after power·up followed by any eight RAS or RAS/CAS cycles before proper device operation is achieved 
6 The switching characteristics are defined as t THL = t TLH = 5ns. 

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

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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

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

td( RAS-CAS)min = th (RAS-RA)min + 2t THL( tTLH) + tsu (CA-CAS)min. 

SWITCHING CHARACTERISTICS (Ta=O-70·C. Vcc=SV±10%. VSs=OV. unless otherwise noted) 

Read Cycle 
Limits 

Symbol Parameter Alternative M5K4164AP-12 M5K4164AP-15 
Symbol 

Min Max Min Max 

t CR Read cycle time t RC 220 260 

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

th (CAS-R) Read hold time after CAS (Note 11) tRCH 0 0 

th (RAS-R) Read hold time after RAS (Note 11) t RRH 10 20 

tdis (CAS) Output disable time (Note 12) t OFF 0 35 0 40 

taicAs) CAS access time (Note 13) t CAC 60 75 

ta (RAS) RAS access time (Note 14) t RAC 120 150 

Note 11: Either th (RAS-R) or th (CAS-R) must be satisfied for a read cycle 
Note 12: 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 13' 
Note 14' 

td is (C AS) max defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL 

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

Write Cycle 

Symbol Parameter 

tcw Write cycle time 

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

th (CAS-W) Writellold time after CAS 

th (RAS-W) Write hold time after RAS 

th(W-RAS) RAS hold time after write 

th (W-CAS) CAS hold time after write 

tW(W) Write pulse width 

t su (D-CAS) Data-in setup time before CAS 

t h (CAS-D) Data-in hold time after CAS 

t h (RAS-D) Data-in hold time after RAS 

Alternative M5K4164AP-12 
Symbol 

Min 

t RC 220 

twcs -5 

t WCH 40 

tWCR 90 

t RwL 40 

tcwL 40 

twp 40 

t 0S 0 

t DH 40 

t DHR 90 

• MITSUBISHI 
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Max 

Limits 

M5K4164AP-15 Unit 

Min Max 

260 ns 

-10 ns 

45 ns 

95 ns 

45 ns 

45 ns 

45 ns 

0 ns 

45 ns 

95 ns 
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M5K4164AP-12, -15 

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

Read-Write and Read-Modify-Write Cycles 
Limits 

Alternative M5K4164AP-12 M5K4164AP-15 Unit Symbol Parameter Symbol 
Min Max Min Max 

tCRW Read-write cycle time (Note 15) tRwC 245 295 ns 

tCRMW Read-modify-write cycle time (Note 16) tRMwC 265 310 ns 

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

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

tw.(W) Write pulse width twp 40 45 ns 

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

td (RAS-W) Delay time, RAS to write (Note 17) tRWO 100 120 ns 

td (CAS-W) Delay time, CAS to write (Note 17) tcwo 40 60 ns 

tsu (D-W) Data-in setup time before write t os 0 0 ns 

theW-D) Data-in hold time after write tOH 40 45 ns 

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

ta (CAS) CAS access time (Note 13) t GAG 60 75 ns 

ta (RAS) RAS access time (Note 14) tRAG 1~0 150 ns 

Note 15. tORW min is defined as tCRW min =td(RAS-W)+th(W-RAS)+tW(RASH)+3tTLH(tTHL) 

16. to RMW min is defined as tCRMW min = ta (RAS) max· + th (W-RAS) +tw (RAS-H) + 3t TLH (tTHLJ 

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

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

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

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

Page-Mode Cycle 

Symbol Parameter 

tc PGR Page-mode read cycle time 

tCPGW Page-Mode write cycle time 

tc PGRW Page-Mode read-write cycle time 

tCPGRMW Page-Mode read_modify-write cycle time 

tw (CASH) CAS high pulse width 

Automatic Refresh Cycle 

Symbol Parameter 

tC(REF) Automatic Refresh cycle time 

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

tw (REFL) REF low pulse width 

tw (REFH) REF high pulse width 

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

tsu (REF-AAS) REF pulse setup time before RAS 

Self-Refresh Cycle 

Symbol Parameter 

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

tW(REFL) REF low pulse width 

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

2-8 

Alternative 
M5K4164AP-12 

Symbol 
Min Max 

tpc 140 

tpc 140 

- 150 

- 170 

t GP 55 

Alternative M5K4164AP-12 
Symbol 

Min Max 

t FC 220 

t RFD 90 

tFP 60 8000 

t FI 30 

t FSR 30 

tFRD 250 

Alternative 
M5K4164AP-12 Symbol 

Min Max 

t RFO 90 

tFBP 8000 00 

tFBR 310 
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Limits 

M5K4164AP-15 

Min Max 

145 

145 

180 

195 

60 

Limits 

M5K4164AP-15 

Min Max 

260 

100 

60 8000 

30 

30 

295 

Limits 

M5K4164AP-15 

Min Max 

100 

8000 00 

345 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

.ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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M5K4164AP-12, -15 

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

TIMING DIAGRAMS (Note 18) 

Read Cycle 

RAS 

CAS 

w 

Q 

_ ........ ++E4-t:::.d~( CAS-RAS) 

td( RAS-CAS) 

V1H -

V1L-____ -J 
tW(CASH) 

V1H-

V1L - ..L-l~.J<;...l~.J<;...l:..¥....lI....lI~~~lIJ 

tW(RASU 

th(CAS-CA) 

COLUMN 
ADDRESS 

VOH - HIGH IMPEDANCE STATE 
VOL_--------------------------~t:~ __ D_A_T_A_V_A_L_ID_~LUV 

Write Cycle (Early Write) 

RAS 

CAS 

w 

D 

Q 

tew 

tW(RASU 

th(RAS-CAS) 

th(RAS-CA) 

th(CAS-RAS) tW(RASH) 

td( RAS-CAS) tW(CASU 

VIH~ V1L- ____ ....I 

V1H -
tW(W) 

\ 1\/\/'\1\ ,(\ 1\ 1\ / 

v'L-Li~~66~~~~~----~----+_--~~~~~~~~~~~~~~~~~~~~~~ 

DATA VALID 

th(RAS-O) 

VOH-_________________ ~H~IG~H~IM~P~E~D~A_N_CE~ST_A_J_E _ ____________________________ __ 
VOL -

• MITSUBISHI 
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M5K4164AP-12, -15 

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

Read-Write and Read-Modify-Write Cycles 

tW(RASL) 

RAS 

th(CAS-RAS) 

tW(CASL) 

CAS 

td(CAS-W) 

w 

ta(CAS) tdiS(CAS) 

Q 
HIGH IMPEDANCE STATE VOH -

-----+-------------------------------H~I DATA VALID 
VOL -

ta(RAS) 

o 

RAS-Only Refresh Cycle (Note 19) 

Q 

Note 18 

2-10 

VOH- HIGH IMPEDANCE STATE 

ROW 
ADDRESS 

V
OL

---------------------------------------------------------------------------------

Indicates the don't care input. 

Note 19. GAS=VIH,W,A7.D=don't care. 

The center-line indicates the high-impedance state. 
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MsK4164AP-12, -15 

6SS36-BIT (6SS36-WORD BY 1-BIT) DYNAMIC RAM 

Page-Mode Read Cycle 

RAS 

tW(CASL) 

CAS 

Q 
VOH -

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

V1H -

w 
V1L -....:t.~~u...:LJ 

Page-Mode Write Cycle 

th(RAS-CAS) 

RAS 

t cPGW 

tW(CASL) 

CAS 

w 

o 

tW(RASL) 

tW(CASL) 

tW(RASL) 

tW(CASL) 

• MITSUBISHI 
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th(CAS-RAS) tW(RASH) 

th(CAS-RAS) 

tW(CASLl 
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M5K4164AP-12,-15 

6S536-BIT (65536-WORD BY I-BIT) DYNAMIC RAM 

Automatic Pulse Refresh Cycle (Multiple Pulse) (Note 20) 

Automatic Pulse Refresh Cycle (Single Pulse) (Note 20) 

RAS 

Self-Refresh Cycle (Note 20) 

REF 
V1H -

V1L-

Note 20: CAS, Addresses, D andW are don't care. 

tW(REFLl 

tW(REFLl 

Hidden Automatic Pulse Refresh Cycle 
READ CYCLE REFRESH CYCLE 

td(REF-RAS) 

Q DATA VALID 

2-12 
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MSK4164AP-12, -15 

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

Hidden Self-Refresh Cycle (Note 21) 

READ CYCLE 

V1H -

W V1L 

V1H -

REF V1L -

taCRAS) 

VOH -

Q 
VOL -

tWCREFU 

DATA VALID 

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

Hidden Refresh Cycle (Note 19) 

RAS 

CAS 

READ CYCLE 

teR 

tdCRAS-CAS) thccAs-RAS) 

REFRESH CYCLE 
teR 

tWCCASU 

tdc REF-RAS) 

tdisCCAS) 

REFRESH CYCLE 
teR 

tWCRASH) 

tsuc RA-RAS) thC RAS-RA) tsuc RA-RAS) thc RAS-RA) 

w 

Q DATA VALID 
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65536·BIT (65536-WORD BY I-BIT) DYNAMIC RAM 

DESCRIPTION 

This is a family of 65 536-word by 1-bit dynamic RAMs, 
fabricated with the high performance N-channel silicongate 
MOS process, and is ideal for large-capacity memory 
systems where high speed, low power dissipation, and low 
costs are essential. The use of double-layer polysilicon 
process technology and a single-transistor dynamic storage 
cell privide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 
both a reduction in pins to the standard 16-pin package 
configuration and an increase in system densities. The 
M5K4164ANP operates on a 5V power supply using the 
on-chip substrate bias generator. 

FEATURES 

• High speed 

Access time Cycle time Power dissipation 
Type name (max) (min) (typ) 

(ns) (ns) (mW) 

M5K4164ANP-12 120 220 175 

M5 K4164ANP-15 150 260 150 

• Single 5V±10o/o-supply 
• Low standby power dissipation: 22mW (max) 
• Low operating power dissipation: 300mW (max) 
• Unlatched output enables two-dimensional chip selec

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

capabilities 

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

BLOCK DIAGRAM 
DATA INPUT 

WRITE CONTROL INPUT 

COLL~~R~:f?~~0f CAS 

ROW ADDRESS 
STROBE INPUT 

PIN CONFIGURATION (TOP VIEW) 

DATA INPUT 

WRITE 
CONTROL INPUT 

NC 

~~~O:ED?~~Jf RAS - 4 

ADDRESS INPUTS 

(5V) Vee 

Vss (OV) 

15 +-CAS ~~kg~EN 1~?BfESS 
14 -Q DATA OUTPUT 

ADDRESS INPUTS 

NC : NO CONNECTION 

Outline 16P4 

• Output is three-state and directly TTL-compatible 

• 128 refresh cycles every 2ms 
(16K dynamic RAMs M5K4116P, S compatible) 

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

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

APPLICATION 

Main memory unit for computers 

Vee (5V) 

MEMORY CELL 
(64 ROWS X 256 COLLUMNS 

SENSE REFRESH AMPLIFIER 

MEMORY CELL 
(64 ROWS X 256 COLUMNS) 

A2 COLUMN DECODER 

AJ MEMORY CELL 
ADDRESS INPUTS (64 ROWS X 256 COLUMNS) 

As SENSE REFRESH AMPLIFIER 

A6 
MEMORY CELL _J A7 (64 ROWS X 256 COLUMNS) 

COLUMN DECODER 

2-14 
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M5K4164ANP·12, ·15 

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

FUNCTION 

The M5K4164ANP provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e.g., page mode, RAS-only refresh, and delayed
write. The input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
RAS CAS 

Read ACT ACT 

Write ACT ACT 
Read-modify-write ACT ACT 
RAS-only refresh ACT NAC 
Hidden ref resh ACT ACT 

Standby NAC DNC 

Inputs 

W 0 

NAC ONC 

ACT VLD 
ACT VLO 

DNC DNC 

ONC ONC 

DNC DNC 

Output 

Row Column Refresh Remarks 
address address 0 

APD APD VLO YES Page mode 
APD APO OPN YES identical except 

APO APD VLD refresh is NO YES 

APD DNC OPN YES 
APO ONC VLO YES 

ONC DNC OPN NO 

Note ACT active, NAC nonactive, DNC don't care, VLO valid, APD applied,OPN open 

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

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

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

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

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

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

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

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

• MITSUBISHI 
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M5K4164ANP~12, -15 

8SS38·BIT (8SS38·WORD BY 1.BIT) DYNAMIC RAM 

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

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

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

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

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

3. Hidden Refresh 
A feature ofthe M5K4164ANP is that refresh cycles may 

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

Hidden refresh is performed by holding CAS at V I Land 
taking RAS high and after a specified precharge period, 
executing a RAS-onlycycling, but with CAS held low. 

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

Power Dissipation 
Most of the circuitry in the M5K4164ANP is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5K4164ANP as chip-select in the memory system, but if 

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

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

A wait of some 500J.,Ls and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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65536-BIT (8SS36-WORD BY I-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

VCC Supply voltage -1-1 

VI Input voltage With respect to Vss -1-1 

Vo Output voltage -1-1 

10 Output current 50 

Pd Power dissipation Ta =25'C 100 

Topr Operating temperature 0-10 

Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta =0-10'C, unless otherwise noted) (Note. 1) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

VIH High level input voltage, all inputs 2.4 6.5 V 

VIL Low-level input voltage, all inputs -2 0.8 V 

Note 1. All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta =0 -10'C, Vcc=5V ± 10%, VSS=OV, unless otherwise noted) (Note. 2) 

Symbol Parameter Test conditions 
Min 

VOH High-level output voltage 10H = -SmA 2.4 

VOL Low-level output voltage IOL=4.2mA 0 

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

II I nput current OV~VIN~6.5V, All other pins = OV -10 

ICCt(AV) 
Average supply current fromVee, M5K4164ANP-12 RAS,CAS cycling 

operating (Note 3, 41 M5K4164ANP-15 tCR=tCW= min output open 

ICC2 Supply current from Vee, standby RAS =VIH output open 

Average supply current from Vee, M5K4164ANP-12 RAS cycling CAS =VIH 
ICC3(AV) 

refreshing (Note 31 M5K4164ANP-15 tC(REF)= min, output open 

Average supply'current from Vee, M5K4164ANP-12 RAS=VIL, CAS cycling 
ICC4(AV) 

page mode (Note 3, 41 M5K4164ANP-15 t CPG= min, output open 

CI (A) Input capacitance, address inputs 

CI (D) Input capacitance, data input VI=VSS 

CI (W) I nput capacitance, write control input f=IMHz 

CI (RAS) Input capacitance, RAS input VI=25mVrms 

CI (CAS) Input capacitance, CAS input 

Co Output capacitance Vo=VSS, f= lMHz, VI-=25rnVrrns 

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

3. Icc t CAV), ICC 3CAV), and ICC 4(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

4. ICC 1 CAY) and ICC 4 CAY) are dependent on output loading. Specified values are obtained with the output open. 
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Limits 

Typ Max 

Vcc 

0.4 

10 

10 

50 
r---

45 

4 

40 
I----

35 

40 
--

35 

S 

5 

1 

10 

10 

1 

Unit 

V 

V 

V 

mA 

rnW 

'c 
'c 

Unit 

V 

V 

f.JA 

f.JA 

mA 

rnA 

rnA 

mA 

pF 

pF 

pF 

pF 

pF 

pF 
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M5K4164ANP·12, ·15 

8S53&-BIT (&S53&-WORD BY I-BIT) DYNAMIC RAM 

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

Limits 

Symbol Parameter 
Alternative 

Symbol 
M5K4164ANP-12 M5K4164ANP-15 
Min Max Min Max 

tCRF Refresh cycle time tREF 2 2 

tW(RASH) RAS high pulse width t RP 90 100 

tW(RASL) RAS low pulse width tRAS 120 10000 150 10000 

tW(CASL) CAS low pulse width tCAS 60 00 15 00 

tW(CASH) CAS high pulse width (Nole 8) t CPN 30 35 

t h (RAS-CAS) CAS hold time after RAS tCSH 120 150 

t h (CAS-RAS) RAS hold time after CAS t RSH 60 15 

td (CAS-RAS) Delay time, CAS to RAS (Note 9) t CRP -20 -20 

t d (RAS-CAS) Delay time, RAS to CAS (Nolel0) tRCO 25 60 30 15 

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

t su (CA-CAS) Column address setup time before CAS tASC 0 0 

t h (RAS-RA) Row address hold time after RAS tRAH 15 20 

th (CAS-CA) Column address hold time after CAS tCAH 20 25 

t h (RAS-CA) Column address hold time after RAS tAR 90 95 

tTHL 3 35 3 35 
Transition time tT 

tTLH 3 35 3 35 

Note 5. 

6. 
An initial pause of 500llS is required after power-up followed by any eighl RAS or RAS/CAS cycles before proper device operation is achieved. 
The switching characteristics are defined as t THL = t TLH = 5ns. 

1. 

8. 
Reference levels of input signals are V,H min and V,L max. Reference levels for transition time are also between V,H and V,L. 
Except for page·mode. 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

9. 
10. 

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

Operation within the td (RAS-CAS) max limit insures that ta (RAS) max can be met. td (RAS-CAS) max is specified reference point only; if 
td (RAS-CAS) is grealer than the specified td (RAS-CAS) max limit, then access time is controlled exclusively by ta (CAS). 
td(RAS-CAS) min = th (RAS-RA) min + 2t THL( I TLH) + tsu (CA-CAS) min. 

SWITCHING CHARACTERISTICS (Ta =0-10·C, Vcc=;o5V ± 10%, VSS=OV, unless otherwise noted) 

Read Cycle 

Limits 

SYf'lilj)ol Parameter 
Alternative 

M5K4164ANP-12 M5K4164ANP-15 
Symbol 

Min Max Min Max 

tCR Read cycle time t RC 220 260 

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

th (CAS-R) Read hold time after CAS (Note 11) t RCH 0 0 

th (RAS-R) Read hold time after RAS (Note 11) tRRH 10 20 

tdis (CAS) Output disable time (Note 12) tOFF 0 35 0 40 

ta (CAS) CAS access time (Note 13) tCAc 60 15 

ta (RAS) RAS access time (Note 14) tRAC 120 15,0 

Note 11. Either th (RAS-R) or th (CAS-R) must be satisfied for a read cycle. 

12. tdis (CAS) max defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL. 

13. This is the vauel when td (RAS-CAS) ~ td(RAS-CAS) max. Test conditions; Load = 2TTL, CL = 100pF. 

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

Write Cycle 

Symbol Parameter 

tcw Write cycle time 

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

th (CAS-W) Write hold time after CAS 

th (RAS-W) Write hold time after RAS 

th (W-RAS) RAS hold time after write 

th (W-CAS) CAS hold time after write 

tW(W) Write pulse width 

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

th(CAS-O) Data-in hold time after CAS 

th(RAS-O) Data-in hold time after RAS 

2-18 

Alternative 
M5K4164ANP-12 

Symbol 
Min 

t RC 220 

twcs -5 

t WCH 40 

t WCR 90 

t RWL 40 

tCWL 40 

twp 40 

tos 0 

tOH 40 

tOHR 90 
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Max 

Limits 

M5K4164ANP-15 

Min Max 

260 

-10 

45 

95 

45 

45 

45 

0 

45 

95 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MITSUBISHI LSls 

M5K4164ANP-12, -15 

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

Read-Write and Read-Modify-Write Cycles 

Limits 

Symbol Parameter 
Alternative 

Symbol 
M5K4164ANP-12 M5K4164ANP-15 Unit 

Min Max Min Max 

tORw Read-write cycle time (Note 15) t RWC 245 295 ns 

tORMW Read-modify-write cycle time (Note 16) tRMWC 265 310 ns 

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

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

tW(W) Write pulse width twp 40 45 ns 

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

td (RAS-W) Delay time, RAS to write (Note 17) t RWO 100 120 ns 

td (CAS-W) Delay time, CAS to write (Note 17) tcwo 40 60 ns 

tsu (O-W) Data-in setup time before write t os 0 0 ns 

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

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

ta (CAS) CAS access time (Note 13) t CAC 60 75 ns 

ta (RAS) RAS access time (Note 14) t RAC 120 100 ns 

Note 15. tORW min is defined as tORW min =td(RAS-W)+th(W-RAS)+tW(RASH)+3tTLH(ITHL) 

16. to RMW min is defined as to RMW min = ta (RAS) max + th (W-RAS) + tw (RAS-H) + 3t TLH (ITHL! 

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

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

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

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

Page-Mode Cycle 

Symbol Parameter 

to PGR Page-mode read cycle time 

tOPGW Page-Mode write cycle time 

to PGRW Page-Mode read-write cycle time 

tCPGRMW Page-Mode read·modify-write cycle time 

tw (CASH) CAS high pulse width 

Alternative 
M5K4164ANP-12 

Symbol 
Min 

tpc 140 

tpc 140 

- 150 

- 170 

t CP 55 
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Max 

Limits 

M5K4164ANP-15 

Min Max 

145 

145 

180 

195 

60 

Unit 

ns 

ns 

ns 

ns 

ns 
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MsK4164ANP-12, -15 

65536-81T (65536-WORD BY I-BIT) DYNAMIC RAM 

TIMING DIAGRAMS (Note 18) 

Read Cycle 

CAS 

w 

Q 

tW(RASLl 

th(RAS-CAS) 

th(RAS-CA) 

__ f-+ooe+-td.;:;.(;..::;CAS-RAS) 

td(RAS-CAS) 

tW(CASH) 
V'H -
V'L-___ ....;....J 

th(CAS-CA) 

COLUMN 
ADDRESS 

V'H_~~~vv~~jvV\i~~~-------t----------------------~------f---~ITAAA70~~AA~ 

V'L - .J..:II.~lo:....l'....lI:..i~....lI:..i~fl'-lt...:L.l'-l(J 

ta(RAS) tdiS(CAS) 

VOH - HIGH IMPEDANCE STATE 
VOL---------------------------------~----------------~~i 

~~ ____________ ~LU 
DATA VALID 

Write Cycle (Early Write) 

RAS 

CAS 

w 

o 

Q 

2-20 

V'H
V'L- _____ J 

tW(RASL) 

th( RAS-CAS) 

th( RAS-CA) 

td(RAS-CAS) 

tew 

th(CAS-RAS) tW(RASH) 

tW(CASLl 

tW(W) V, H - 7\.'!i7i7\i\i'\7i:7i7\7\1I:7\i,\) 

V'L-~~~~~Q[~~Q[~--~--+_--~~~~~~Q[~~~~~~~~~~~~~Q2~~ 

V'H
DATA VALID 

V'L - L...:J..l'-l~.l'-lt...:L~WL.fl'-.liWL.~WL.:iJ 

VOH - HIGH IMPEDANCE STATE 
V

OL
--------------------------------------------------------------------------
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MSK4164ANP-12, -15 

8SS38-BIT (8SS38-WORD BY 1-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

RAS 

CAS 

w 

ta(CAS) 

Q 
VOH--______ +-_________ H_IG_H __ IM __ P_ED_A_N_C_E __ ST_A_T_E ____________ ++

K
I 

DATA VALID' 
VOL --

ta(RAS) 

tsU(o-w) t.,(w-o) 

D 

RAS-Only Refresh Cycle (Note 19) 

Q 

Note 18 

tW(RASLl 

VOH - HIGH IMPEDANCE STATE 

ROW 
ADDRESS 

---------------------------------------------------------------------------
VOL -

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

The center-line indicates the high-impedance state. 
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Page-Mode Read Cycle 

th(RAS-CAS) 

th(RAS-CA) 

CAS 

Q 

w 

Page-Mode Write Cycle 

th( RAS-CAS) 

th(RAS-CA) 

RAS 

tCPGW 

tW(CASLl 

CAS 

w 

D 
V1H -

VIL-............ "'"t-l~ 
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MSK4164ANP-12, -15 

'.SS36-8IT (65536-WORD BY I-BIT) DYNAMIC RAM 

tW(RASU 

. ". MITSUBISH. I 
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th(CAS-RAS) 

th(CAS-RAS) 

tW(CASU 

tW(RASH) 

th(RAS-R) 
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MSK4164ANP-12, -1S 

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

Hidden Refresh Cycle 

w 

Q 

READ CYCLE 
teR 

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

REFRESH CYCLE 
teR 

tW(CASL) 

REFRESH CYCLE 
teR 

tWIRASH) 

tsU( RA-RAS) th( RAS-RA) tSUI RA-RASl .h( RAS-RAl 

VIH_~~A7D\,tA~~~~----~v\'~~A7v\'~AP0V~AAA7~~~7V~~APJV~~7Vvt~A7vv~TA 
V1L - 1\ 1'.1\ ,'\1\ 1\ "" I\/\I\/V 

VOH -

------------------~~ VOL -
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DATA VALID 
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MSM4416P-12,··-lS 

6SS36·BIT (16384.WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 

This is family of 16348-word by 4-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon-gate 
MOS process, and is ideal for large-capacity, memory 
systems where high speed, low power dissipation, and low 
costs are 'essential. The use of double-layer polysilicon 
process technology and a single-transistor dynamic storage 
cell provide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 
both a reduction in pins to the standard 18-pin package 
configuration and an increase in system densities. The 
M5M4416P operates on a 5V power supply using the 
on-chip substrate bias generator. 

FEATURES 

• Performance ranges 

Access time Cycle time Power dissipation 
Type name (max) (min) (typ) 

(ns) (ns) (mW) 

M5M4416P-12 120 220 175 

M5M4416P-15 150 260 150 

• 16,384 X 4 Organization 
• Industry standard 18-pin dual in line package 

• Single 5V ±10% supply 
• Low standby power dissipation: 
• Low operating power dissipation: 

M5M4416P-12 
M5M4416P-15 

BLOCK DIAGRAM 

25mW (max) 

275mW (max) 

250mW (max) 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT ENABLE 0 E -+ 1 
INPUT 

DATA IN/{D01'-' 2 
DATA OUT 002'-' 3 

CONTROL~~~~i w -+ 4 

ROW ADDRESS RAS -+ 5 

STRO:~;;;;; { ::: : 
A4 -+ 8 

(5V) Vee 

Vss (OV) 

17.-. 004 g~iA IN/DATA 

16 _ CAS COLUMN ADDRESS 
STROBE INPUT 

15 _003 DATA IN/DATA 
OUT 

ADDRESS INPUTS 
(Ao & A,---ROW 

ADDRESS 
Only) 

Outline 18 P4 

• All Inputs, outputs TTL compatible and low capacitance 
• 3-State unlatched outputs 
• 128 refresh cycles/2ms. Pin lOis not needed for refresh 
• Early write or OE to control 'output buffer impedance 
• Read-Modify-Write, RAS-only refresh, Hidden refresh 

and Page mode capabilities 

• Wide RAS pulse width for Page mode ..... 30p.s max 

APPLICATION 

Refresh memory for CRT 

COL~~:O:~~~:~i CAS 16~----------------~~~~~~~~~ 
ROW ADDRESS RAS 5 )-------------------~-r--.:::.:.::~.:.:..-.....J 
STROBE INPUT -1 9 Vee(5V) 

18 Vss( OV) 

WRITE 
CONTROL INPUT 

ADDRESS INPUTS 

2-24 

COLUMN DECODER ' 

SENSE REFRESH 
AMPLIFIER & I/O CONTROL 

MEMORY CELL 

(65,536 BITS) 
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I NPUTS/ 

003 OUTPUTS 
DQ4 

OUTPUT ENABLE 
INPUT 
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M5M4416P-12, -15 

6SS36.BIT (16384.WORD BY 4.BIT) DYNAMIC RAM 

FUNCTION 

The M5M4416P provides, in addition to normal read, write, 
and read-modify-write operations, a number of other 
functions, e.g., page mode, RAS~only refresh, hidden 
refresh, and delayed-write. The input conditions and output 
states for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Inputs 

Operation 
RAS CAS Iii OE 

Read ACT ACT NAC ACT 

Write (Early Write) ACT ACT ACT ONC 

Read-modify-write ACT ACT ACT ACT 

RAS-only retfesh ACT NAC ONC ONC 

Hidden refresh ACT ACT ONC ACT 

Standby NAC ONC ONC ONC 

Note. ACT active, NAC nonacitive, ONC don't care, VLO valid, APO applied, OPN open. 

SUMMARY OF OPERATIONS 
address (AO through A7) 
Fourteen address bits are required to decode 1 of 16,384 
storage locations. Eight row-address bits are set up on pins 
AO through A7 and latched onto the chip by the 
row-address strobe (RAS). Then the six column-address bits 
are set up on pins A 1 through A6 and latched onto the chip 
by the column-address strobe (CAS). All addresses must be 
stable on or before the falling edges of RAS and CAS. RAS 
is similar to a chip enable in that it activates the sense 
amplifiers as well as the row decoder. CAS is used as a chip 
select activating the column decoder and the input and 
output buffers. 

write enable (W) 

The read or write mode is selected through the write enable 
(W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write 
enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when 
the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high-impedance state allowing a 
write cycle with OE grounded. 

data-in (001 through 004) 
Data is written during a write or read-modify write cycle. 
Depending on the mode of operation, the falling edge of 
CAS or W strobes data into the on-chip data latches. These 
latches can be driven from standard TTL circuits without a 
pull-up resistor. In an early-write cycle, W is brought low 
prior to CAS and the data is strobed in by CAS with setup 
and hold times referenced to this signal. In a delayed write 

• or read-modify-write cycle, CAS will already be low, thus 

Input/Output 

Row Column Input Output Refresh Remarks 

address adress DO 00 

APO APO OPN VLO YES 

APO APO VLO OPN YES Page mode identical 

APO APO VLO VLO YES 

APO ONC ONC OPN YES 

APO ONC OPN VLO YES 

ONC ONC ONC OPN NO 

the data will be strobed in by W with setup and hold times 
referenced to this signal. In delayed or read-modify-write, 
OE must be high to bring the output buffers to high 
impedance prior to impressing data on the I/O lines. 

data-out (OQl through OQ4) 

The three-state output buffer provides direct TTL compati
bility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as 
data-in. The output is in the high·impedance (floating) state 
until CAS is brought low. In a read cycle the output goes 
active after the access time interval ta (C) that begins with 
the negative transition of CAS as long as ta(R) and ta(OE) 
are satisfied. The output becomes valid after the access time 
has elapsed and remains valid while CAS and OE are low. 

CAS or OE going high returns it to a high impedance state. 
In an early-write cycle, the output is always in the 
high-impedance state. In a delayed-write or read-modify
write cycle, the output must be put in the high impedance 
state prior to applying data to the DQ input. This is 
accomplished by bringing OE high prior to applying data, 
thus satisfying tOEHO, 

output enable (OE) 
The OE controls the impedance of the output buffers. 
When OE is high, the buffers will remain in the high 
impedance state. Bringing OE low during a normal cycle 
will activate the output buffers putting them in the low 
impedance state. It is necessary for both RAS and CAS to 
be brought low for the output buffers. to go into the low 
impedance state. Once in the low impedance state, they will 
remain in the low impedance state until OE or CAS is 
brought high. 
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.... ELECTRIC 2-25 



MITSUBISHI LSls 

M5M4416P-12, -15 

65536-BIT (16384-WORD BY 4-BIT) DYNAMIC RAM 

Page-Mode Operation 

This operation allows for multiple-column operating at the 
same row address, and eliminates the power dissipation 
associated with the cycling of RAS, because once the row 
address has been strobed, RAS is maintained. Also, the time 
required to strobe in the row address for the second and 
subsequent cycles is eliminated, thereby decreasing the 
access and cycle times. 

Refresh 

Each of the 128 rows (Ao"'A6 ) of the M5M4416P must be 
refreshed every 2 ms to maintain data. The methods of 
refreshing for the M5M4416P are as follows. 

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

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

3. Hidden Refresh 
A features of the M5M4416P is that refresh cycles may be 
performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is refered to as hidden refresh. 

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

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

Power Dissipation 

Most of the circuitry in the M5M4416P is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4416P as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 

The M5M4416P operates on a single 5V power supply. 
A wait of some 500~s and eight or more dummy cycles 

is necessary after power is applied to the device before 
memory operation is achieved. 
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MsM4416P-12, -15 

6SS36·BIT (16384.WORD BY 4.BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol parameter Condtions Ratings 

VCC Supply volrage -1-7 

VI I nput voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta=25·C 700 

Topr Operating temperature 0-70 

Tstg Storage temperature -65-150 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

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

VIL Low-level input voltage, all inputs -2.0 0.8 V 

Note 1: All voltage values are with respect to Vss 

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

Symbol Parameter Test conditions 

VOH High-level output voltage IOH=-2mA 

VOL Low-level output voltage IOL=4.2mA 

loz Off-state output current Q floating OV~VOUT~5 .5V 

II Input current OV~VIN~6.5V • All other pins =OV 

Average supply current from Vee, M5M4416P-12 RAS, CAS cycling 
ICC1(AV) operating (Note 3,4) M5M4416P-15 to(rd)=to(w) = min output open 

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

Average supply current from Vee, M5M4416P-12 RAS cycling CAS=VIH 
I CC3(AV) retreshing (Note 3) M5M4416P-15 to (Prd ) = min, output open 

Aver~ge supply current from Vee, M5M4416P-12 RAS=V'L. CAS cycling 
I CC4(AV) page mode (Note 3,4) M5M4416P-15 to (Prd ) = min, output open 

Note 2: Current flowing Into an IC IS pOSItive, out IS negative. 
3: ICC1 (AV), ICC3(AV), and ICC4(AV) are dependent on cycle rate. Maximum current is measured at the tastest cycle rate. 
4' ICC1 (AV) and ICC4(AV) are dependent on output loading. Specified values are obtained with the output open. 

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

Symbol 

C, (A) 

CI(OE) 

CI(W) 

C, (RAS) 

01 (CAS) 

01/0 

Parameter 

Input capacitance, address inputs 

Input capacitance, OE input 

I nput capacitance, write control input 

Input capacitance, RAS input 

Input capacitance, CAS input 

I nput/Output capacitance, data ports 

Test conditions 

V,=VSS 

f=IMHz 

Vi=25mVrms 

• MITSUBISHI 
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Limits 

Min Typ 

2.4 

0 

-10 

-10 

Limits 

Min Typ 

Unit 

V 

V 

V 

mA 

mW 

·C 

·C 

Unit 
Max 

VCC V 

0.4 V 

10 /1-A 

10 /1-A 

55 
mA 

50 

4.5 mA 

45 
mA 

40 

45 
mA 

40 

Unit 
Max 

5 pF 

7 pF 

7 pF 

10 pF 

10 pF 

10 pF 
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M5M4416,P-12, -15 

6SS36.BIT (16384.WORD BY 4.BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70'C, Vcc=5V±10%, Vss=ov, unless otherwise noted) (Note 5) 

Limits 

Symbol Parameter 
Alternative M5M4416P-12 M5M4416P-15 

Symbol 
Min Max Min Max 

ta(c) Access time from CAS (Note 6,7) tCAC 60 75 

ta(R) Access time from RAS (Note 6,8) tRAC 120 150 

ta(OE) Access time from OE (Note 6) - 30 40 

tdis(CH) Output disable time after CAS high (Note 9) tOFF 0 25 0 30 

tdis(OE) Output disable time after OE high (Note 9) - 0 25 0 30 

Note 5: An initial pause of 5ool's is required after power-up followed by any 8 RAS or RAS/CAS cycles before proper device operation is achieved. 

Note that RAS may be cycled during the initial pause. 
And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 2ms) of RAS inactivity before proper device operation is achieved. 

6: Measured with a load circuit equivalent to 2TTL loads and 100pF. 
7: Assume that tRCCL ~ tRLCL max. 

Unit 

ns 

ns 

ns 

ns 

ns 

8: Assume that tRLCL < tRLCL max. If tRLCL is greater than tRLCL max then tal(R) will increase by the amount that tRLCL exceeds tRLCL max. 
9: t dis (CH) max and t d is (OE) max define the time at which the output achieves the high impedance state (IOUT~ \ ±1 OIlA\ ) and are not reference to VOH 

min or VOL max. 

TIMING. REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycles) 
(Ta=0-70'C, Vcc=5V±10%, VSs=OV, unless otherwise noted, See notes 10,11) 

Limits 

Symbol Parameter 
Alternative 

M5M4416P-12 M5M4416P-15 Unit 
Symbol 

Min Max Min Max 

tC(RF) Refresh cycle time tREF 2 2 ms 

tW(RH) RAS high pulse width tRP 90 100 ns 

t RLCL Delay time, RAS low to CAS low (Note 12) tRCD 25 60 30 75 ns 

tCHRL Delay time, CAS high to RAS low (Note 13) tCRP -20 -20 ns 

tsu (RA) Row address setup time before RAS low t ASR 0 0 ns 

tsu (CA) Column address setup time before CAS low tASC 0 0 ns 

th(RA) Row address hold time after RAS low t RAH 15 20 ns 

th(CLCA) Column address hold time after CAS low tCAH 20 25 ns 

th(RLCA) Column address hold time after RAS low tAR 80 100 ns 

tT Transition time (rise and fall) (Note 14) tr 3 50 3 50 ns 

Note 10: The timing requirements are assumed tT=5ns. 
11: VIH min and VIL max are reference levels for measuring timing of input signals. 
12: tRLCL max is specified as a reference point only; if tRLCL is less than tRLCL max, access time is ta(R), if tRLCL is greater than tRLCL max, access time is 

tRLCL + ta (0). tRLCL min is specified as tRLCL min. = t h (RA) + 2 tT + tSU(CA). 
13: tCHRL requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS). 
14: tT is measured between VIH min and VIL max. 

Read and Refresh Cycles 

Symbol Parameter 
Alternative 

Symbol 

tc (rd) Read cycle time tRC 

tW(RL) RAS low pulse width t RAS 

tW(CL) CAS low pulse width tCAS 

tW(CH) CAS high pulse width t CPN 

th(RLCH) CAS hold time after RAS low tCSH 

th(CLRH) RAS hold time after CAS low tRSH 

tsu (rd) Read setup time before CAS low t RCS 

th(CHrd) Read hold time after CAS high (Note 15) t RCH 

th(RHrd) Read hold time after RAS high (Note 15) t RRH 

th(OECH) CAS hold time after .OE low -

th (OERH) RAS hold time after OE low -

th(CLOE) OE hold time after CAS low -

th (RLOE) OE hold time after RAS low -

tDOEL Delay time, Data to OE low -

tOEHD Delay time,OE high to Data -

tRHCL Delay time, RAS high to CAS low -

Note 15: Either th(CHrd) or th(RHrd) must be satisfied for a read cycle. 

2-28 
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Limits 

M5M4416P-12 M5M4416P-15 Unit 

Min Max Min Max 

220 260 ns 

120 10000 150 10000 ns 

60 75 ns 

30 30 ns 

120 150 ns 

60 75 ns 

0 0 ns 

0 0 ns 

10 10 ns 

30 40 ns 

30 40 ns 

60 75 ns 

120 150 ns 

0 0 ns 

25 30 ns 

0 0 ns 
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M5M4416P-12, -15 

65536·BIT (16384.WORD BY 4.BIT) DYNAMIC RAM 

Write Cycles (Early Write and Delayed Write) 

Limits 

Symbol Parameter 
Alternative 

Symbol M5M4416P-12 M5M4416P-15 Unit 

Min Max Min Max 

tc(W) Write cycle time t RC 220 260 ns 

tW(RL) RAS low pulse width tRAS 120 10000 150 10000 ns 

tW(CL) CAS low pulse width tCAS 60 75 ns 

tW(CH) CAS high pulse wi'dth tCPN 30 30 ns 

th (RLCH) CAS hard time after RAS low tCSH 120 150 ns 

th (CLRH) RAS hold time after CAS low t RSH 60 75 ns 

tsu (WCL) Write setup time before CAS low (Note 17) twcs -5 -5 ns 

th(CLW) Write hold time after CAS low tWCH 40 45 ns 

th(RLW) Write hold time after RAS low tWCR 100 120 ns 

th (WCH) CAS hold time after Write low tCWL 40 45 ns 

th (WRH) RAS hold time after Write low t RWL 40 45 ns 

tW(W) Write pulse width twp 40 45 ns 

tsu (D) Data setup time t DS 0 0 ns 

th (WLD) Data hold time after Write low tDH 40 45 ns 

th(CLD) Data hold time after CAS low t DH 40 45 ns 

th(RLD) Data hold time after RAS low tDHR 100 120 ns 

tOEHD Delay time, OE high to Data - 25 30 ns 

th (WOE) OE hold time after Write low - 25 30 ns 

Read-Write and Read-Modify-Write Cycles 

Limits 

Symbol Parameter 
Alternative 

M5M4416P-12 Symbol M5M4416P-15 Unit 

Min Max Min Max 

tC(rdW) Read write/read modify write cycle time (Note 16) t RWC 295 345 ns 

tW(RL) RAS low pulse width t RAS 195 10000 255 10000 ns 

tW(CL) CAS low pulse width tCAS 135 180 ns 

th (RLCH) CAS hold time after RAS low tCSH 195 255 ns 

th(CLRH) RAS hold time after CAS low t RSH 135 180 ns 

tW(CH) CAS high pulse width tCPN 30 30 ns 

tsu (rd) Read setup time before CAS low tRCS 0 0 ns 

tCLWL Delay time, CAS low to Write low (Note 17) tCWD 90 110 ns 

tRLWL Delay time, RAS low to Write low (Note 17) tRWD 150 185 ns 

th(WCH) CAS hold time after Write low tCWL 40 45 ns 

th(WRH) RAS hold time after Write low t RWL 40 45 ns 

tW(W) Write pulse width twp 40 45 ns 

tsu (D) Data setup time tDS 0 0 ns 

th(WLD) Data hold time after Write low t DH 40 45 ns 

th (CLOE) OE hold time after CAS low - 60 75 ns 

th (RLOE) OE hold time after RAS low - 120 150 ns 

tDOEL Delay time, Data to OE low - 0 0 ns 

tOEHD Delay time, OE high to Data - 25 30 ns 

Note 16: tC(rdW) isspecifiedastC(rdW)min~ta(R) max+tOEHD min+th(WRH) min+tW(RH) min+4tT. 
17' tsu(wCL), tCLWL and tRLWL are specified as reference points only, If tsu (WCLl ~ tsu (wCL) min, the cycle is an early write cycle and the DO pins will 

remain high impedance throughout the entire cycle. If tCLWL ~ tCLWL min and tRLWL ~ tRLWL min, the cycle is a read-modify-write cycle and the DO 
will contain the data read from the selected address. If neither of the above condition is satisfied, the condition of the DO (at access time and until CAS 
or OE goes back to VIH) is indeterminate. 
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MSM4416P-12, -15 

65536-BIT (16384 .. WORD BY 4-BIT) DYNAMIC RAM 

Page-Mode Cycle (Note 18) 

Symbol 

tC(Prd) 

tC(PW) 

tW(RL) 

tC(PrdW) 

tW(RL) 

tW(CH) 

Note 18: 
19 
20: 

2-30 

Limits 

Parameter 
Alternative 

M5M4416P-12 M5M4416P-15 Symbol 
Min Max Min 

Read cycle time t PC 120 145 

Write cycle time tpc 120 145 

RAS low pulse width (Note 19) t RAS 240 30000 295 

Read write/read modify write cycle time - 195 250 

RAS low pulse width (Note 20) t RAS 390 30000 505 

CAS high pulse width tcp 50 60 

All previously specified timing requirements and switching characteristics are applicable to their respective page mode timing. 
Specified for read or write cycle. 
Sp~cified for read-write or read-modify-write cycle. 

" ·MITSUBISHI 
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Max 

30000 

30000 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
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M5M4416P-12, -15 

65536-BIT (16384-WORD BY 4.BIT) DYNAMIC RAM 

TIMING DIAGRAMS (Note21) 

Read Cycle 

w 

DQ,-DQ4 
(INPUTS) 

DQ,-DQ4 
(OUTPUTS) 

tCHRL 

tRLCL 

th(RLCA) 

tC(rd) 

th (RLCH) 

tW(RL) 

tW(CL) 

VIH -\Ai\7i..7\'An~ri'""i-:-tw-(-C-H)--" 

VIL-~~~~'tI 

VIH

VIL
~o.¥.Il..oIo.j~N 

---",,-+-~_tsu (CA) 

th(CLCA) 

COLUMN 
ADDRESS 

tW(RH) 

tSU(RA) 
-+---I~ 

ROW 
ADDRESS 

I~ I
I I ~th(cH'" 
.~ 

VIH -"".,,,,,,vv ~: 1\/\./\f\.;VVVVX1I)-----High-Z --...;..::..-_ 

VIL -~~~~'"""A...A.A.Q~~.x..A.~~ta~(~R)::~-ta:.:...:(..=.:C)--;;.II_--....:...-....:...b-t-di_lS(CH) 
VOH-

------~~-High-Z---_i_---..(I DATA VALID 

VI H -All." J'\ AJ,\/\f\/\';VVYV Y. 

VIL-~~~~~~~~~~~~~~~~~ _______ ~~~~~~~~~~~~~~ 

th(CLOE) 

th(RLOE) 

Note 21. ~ Indicates the don't care input. 
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MsM4416p .. 12, -15 

G553G-BIT (16384-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Early Write) 

to (rd) 

th(RLCH) 

tW(RL) 

th(RLCA) 

RAS 
VIH-

VIL-

tCHRL 

tRLCL tW(CL) 

CAS 
VIH- tW(CH) 

VIL-

tSU(CA) 
tSU(RA) 

th(CLCA) 

VIH-
AO-A7 ROW 

VIL- ADDRESS 

VIH _71'V'V'\I\J~'\"A:mmmr\ 
w 

VIL-~~~~~~~~~~ __ ~ __________ ~~~~~~~~~~~~~~~~~~~ 

DQ,-DQ4 
INPUTS) 

VIH

VIL
~~~~~~~~~J 

DQ,-DQ4 VOH -------------------------High-Z ___________________ _ 
(OUTPUTS) VO L -
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M5M4416P-12, -15 

6SS36-BIT (16384-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Delayed Write) 

RAS 

w 

DQ1- DQ4 
(INPUTS) 

DQ1- DQ4 
(OUTPUTS) 

tC(W) 

th(RLCH) 

tW(RL) 

th(RLCA) 

tCHRL th (CLRH) 

t RLCL tW(CL) 

VIH
tW(CH) 

VIL-""""' ................ 0.1 

--;;;'ooI---+-I_tsu (CA) 

VIH - ,/\ /""'/\/ 

VIL -~A.Q~~'" 1' __ -'1 

th(CLCA) 

COLUMN 
ADDRESS 

tsu (RA) 

ROW 
ADDRESS 

V,H-7V~~~~~OOVVyy~~~]]]J~~~~vv~ 
v'L-~~~~~~~CQQU~~~~~~~~~~~ __ ~~~~~~6666~~~~t 

ta(R) 

VOH -_________ High-Z -----tI 
VOL-

VIH -

VIL-~~~~~~~~~~~~~~~~ 
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MSM4416P-12, -15 

6553'6-BIT (16384-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

DQ1- DQ4 
(INPUTS) 

DQ1- DQ4 
(OUTPUTS) 

2-34 

VIH

VIL-

th(RLCA) 

tC(rdW) 

th (RLCH) 

tW(RL) 

---::;--t---+oEI,-t_c HR L 

tRLCL 

th(CLRH) 

VIH -"",'"'''''''' 

VIL -~~~"""iJ' 

VIH

VI L _( X)( X ,lI. X X Ji.A)\A,lI.AMNWX"X'X(XI'"".,,X/X/\/'v'V\N\/V'VVV 

VIH -

VOH-

VOL-

VIH -

VIL -

High-Z 

ta(R) 

th(RLOE) 
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tW(CL) 

tSU(RA) 

ROW 
ADDRESS 
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M5M4416P-12, -15 

65536-BIT (16384-WORD BY 4-BIT) DYNAMIC RAM 

RAS-Only Refresh Cycle (Note 22) 

DQ1- DQ4 
(OUTPUTS) 

tCHRL 
---;;;.I----+~-

VIH - '\/\,(\1\/\/\1'\1\/\ 1\ 

VIL - ~~~~UoUoj:'» 
th(RA) 

ROW ADDRESS 

tW(RL) 

tC(rd) 

tRHCL 
--':~-+E-

tW(RH) 

tSU(RA) 
_""-------J-Ec--

ROW ADDRESS 

VOH-__ -------------Hi9h-Z ----~------------
VOL-

Note 22, A7 may be VIH or VIL 
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M5M4416P-12, -15 

6SS36-BIT (16384-WORD BY 4-BIT) DYNAMIC RAM, 

Page-Mode Read Cycle 

tW(RL.) 

th(RL.CH) 

th(RL.CA) 

tC(Prd) th (CLRH) 

w 

D01-

D04 VIL -~~C:/.~~~~U~~ 
(INPUTS) 

D01-'- VOH-___ ....;.._ High-Z -"";'--....41 
D04 VOL

(OUTPUTS) 

OE 

2-36 

VI H _n:-rrrri:'i\.""'"1\?~""~ I""'<----s-f .u:i\j\'i\':?\7'\7'\f'.~ I""'<--=~;..t iI""'P"'P __ (Iw-.......t f-~~~a~~~~ 

VIL-~~~~~~~~~~~~ ___ ~~~~~~~~ ______ -J~AJ~~~~~~J-______ -'~~~~ 

th (RLOE) 
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M5M4416P-12, -15 

6SS36-BIT (16384-WORD BY 4-BIT) DYNAMIC RAM 

Page-Mode Write Cycle 

th(RLCH) 

VIH _---~ 1oo ........ ___ t __ h..:.:(R.:..:L:.::C.:..;;A)~_-;o.! 

DQ,

DQ4 
(INPUTS) 

VIL_ 

tW(RL) 

DQ,- VOH-______________ ~_~ ___ __ 

DQ4 VOL

(OUTPUTS) 

VIH-
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M5M4416P·12, ·15 

6SS36-Blt (16384;.\VORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle 

Ij/I 

001-
004 

(INPUTS) 

to(rd) to(rd) 

tW(RL) tW(RL) 

th(RLRA) , -l 
tOHRL th(CLRH) tW(RH) tW(RH) 

t RLOL tW(OL) ..I 

J tW(OH) ]~ 
til: 

VIH-XfjJ 
. VIL -'::f:::t;ITt-.H-+-~~-~ 

. __ i'E,Jsu (OA) II tsu (RA) tsu (RA) 

tsu (RA) I th (RA). th (OLOA) H th (RA) . . 

VIH-~Ir;~~, COLUMN ~~.lXx \llx"x"x"x\~xxxxxxxxxl"x"x\ XXxX"~ 
VIL-~~ ADDRESS J~)I XX"xx""~~'III(llllllxlllllllll~Y. 

I tSrd I ~d) . I 
VIH I"XXXY.0J\X..'iY:I Ylll X XXXXXXX 'lll XXXXXXXXXXXXXXx 
VIL ·"""XXX .~. "",ll/\\x XXXX x X x\\Xllllllllllll" 1..\\ 

~i\.-

ROW 
ADDRESS 

x 
XXYXY.\ 
XXXXY. 

I . 

VIH Nllll Vlx~v.I")(I\,:XI\.~.XJo--_-~------High-Z ________ ...... __ _ 
VIL_ XXXXXX X x X XY."V\"},~ I ~ 

taco) 

~ ____ ta_(~R~)~ __ ~~_~ _____________ t_d_iS_(_OH_)_--l~ 

001- VOH-_____ High-Z __ ..... ___ -c DATA VALID 

004 VOL- I\. ~ (OUTPUTS) ta~OE)I~--------------------r 
t DOEL ~ IE-- tdis (OE) I-' 

tOEHD 

-X~~~'l'l~\,\f\}.7V~~rx\1 th (OERH) 1n~,."._"'II""IJ""eI'"!I"eI'_"""'~ 
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M5M4256P-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 262 144-word by l-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon gate 
MOS process, and is ideal for large-capacity memory 
systems where high speed, low power dissipation, and low 
costs are essential. The us.e of double-layer polysilicon 
process combined with silicide technology and a single
transistor dynamic storage cell provide high circuit density 
at reduced costs, and the use of dynamic circuitry including 
sense amplifiers assures low power dissipation. Multiplexed 
address inputs permit both a reduction in pins to the stand
ard 16-pin package configuration and an increase in system 
densities. In addition to the RAS only refresh mode, the 
Hidden refresh mode and CAS before RAS refresh mode 
are available. 

FEATURES 
Access time Cycle time Power dissipation 

Type name (max) (min) (typ) 
(ns) (ns) (mW) 

M5M4256P-l0 100 200 300 

M5M4256P-12 120 230 260 

M5M4256P-15 150 260 230 

• Standard 16-pin package 
• Single 5V±10% supply 
• Low standby power dissipation: 25mW (max) 
• Low operating power dissipation: 

M5M4256P-10 ........... 385mW (max) 
M5M4256P-12 ........... 360mW (max) 
M5M4256P-15 ........... 330mW (max) 

• Unlatched output enables two-dimensional chip selec

tion and extended page boundary. 

BLOCK DIAGRAM 

DATA INPUT 

WRITE CONTROL 
INPUT 

COL~~R~~~9~~0~ CAS 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUT 

DATA INPUT 

WRITE 
CONTROL INPUT 

ROW ADDRESS RAS ... 4 

STRO::~::~: { :: : : 

INPUTS 
Al ... 7 

(5V) Vee 

Vss (Ov) 

15 .... CAS ~~~g~~ 1~~3~ESS 
DATA OUTPUT 

Outline 16P4 

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

bilities 
• CAS before RAS refresh mode capability 
• All input terminals have low input capacitance and are 

directly TTL-compatible 

• Output is three-state and directly TTL-compatible 

• 256 refresh cycles every 4ms. Pin 1 is not needed for 
refresh. 

• CAS controlled output allows hidden refresh 

APPL ICATION 
Main memory unit for computers, Microcomputer memory 

INPUT 
LATCH 

I 

~-?:O~f?~pEJf RAS 4 r---f-s----4---......:~~~-----1 

~VCC(5V) 
I 1V55

(OV) 

32K 
MEMORY 

A2 ARRAY 

A3 

ADDRESS 
INPUTS A4 

As 

As 
32K 

MEMORY 

ARRAY 

a: 
32K 32K 

a: 
UJ UJ 32K 
0 

MEMORY MEMORY 
0 

MEMORY 0 0 
(,) ARRAY ARRAY ~ ARRAY UJ 
0 0 

COLUMN DECODER 

32K 32K ;;;: 
0 MEMORY MEMORY 
a: 

ARRAY ARRAY 

• MITSUBISHI 
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32K 
;;;: MEMORY 0 
a: ARRAY 

I:: 
:=l 
(,) 
a: 
U 
.J 
0 
a: 
I-
z 
0 
(,) 

is 

I 

J 

DATA 

OUTPUT 
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,M5M4256P·l0, ·12, ·15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

FUNCTION 

The M5M4256P provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e.g., page mode, RAS-only refresh, and delayed
write. The input conditions for each are shown in Table 1 . 

. Table 1 Input conditions for each mode 

Operation 
RAS CAS 

Read ACT ACT 

Write ACT ACT 

Read·modify-write ACT ACT 

RAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

CAS before RAS refresh ACT ACT 

Standby NAC ONC 

,Inputs 

W 0 

NAC ONC 

ACT VLO 

ACT VLO 

ONC ONC 

ONC ONC 

ONC ONC 

ONC ONC 

Output 

Row Column Refresh 

address address 0 

APO APO VLO YES 

APO APO OPN YES 

APO APO VLO YES 

APO ONC OPN YES 

ONC ONC VLO YES 

ONC ONC OPN YES 

ONC ONC OPN NO 

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

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262 144 memory cells in the 
M5M4256P the 18-bit address signal must be multiplexed 
into 9 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 9 row-address bits; next, the negative
going edge of the column-address-strobe pulse (CAS) 
latches the 9 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 

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

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

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

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

Data Output Control 
The output of the M5M4256P IS In the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

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

These output conditions, of the M5M4256P, which can 
readily be changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer capabilities for a number of applications, 
as follows. 

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

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

2-40 
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M5M4256P-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended-Page Boundary 
By decoding CAS, the page boundary. can be extended 
beyond the 512 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Page·Mode Operation 
This operation allows for multiple-column addressing at the 

. same row address, and eliminates the power dissipation 
associated with the negative-going edge of RAS, because 
once the row address has been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles is eliminated, thereby 
decreasing the access and cycle times. 

Refresh 
Each of the 256 rows (Ao ,.." A7) of the M5M4256P must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4256P are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 

write, or read-modify-write cycle for refresh is not recom
mended for systems which utilize "wired-OR" outputs 
since output bus contention will occur. 

2. RAS Only Refresh 

In this refresh method, the CAS clock should be at a 
V1H level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 

If CAS falls tsuR (CAS.RAS) earlier than RAS and if CAS 
is kept low by thR (RAS.CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal 8-bit 
counter is put into the address buffer to refresh the cor
responding row. The output will stay in the high impedance 
state. 

If CAS 'is kept low after the above operation, RAS cycle 
initiates RAS Only Refresh with internally generated re
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the external 

address. 

If CAS is kept low after the normal read/write cycle, 
RAS cycle initiates the RAS Only Refresh using the inter
nal refresh address and espeCially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 

4. Hidden Refresh 

A feature of the M5M4256P is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh. 

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

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

need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the M5M4256P is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4256P as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 

power dissipation. 

Power Supplies 
The M5M4256P operates on a single 5V power supply. 

A wait of some 500J,Ls and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

VCC Supply voltage -1-7 

VI Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25·C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature -65-150 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply vol tage 4.5 5 5.5 V 

VSS Supply voltage 0 0 0 V 

VIH High level input voltage, all inputs 2.4 6.5 V 

VIL Low-level input voltage, all inputs -2 0.8 V 

Note 1 All voltage values are with respect to Vss 

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

Symbol 
Limits 

Parameter Test conditions 
Min Typ 

VOH High-level output voltage 10H= -SmA 2.4 

VOL Low-level output voltage IOL=4.2mA 0 

loz Off-state output current Q floating OV ~VoUT~5.5V -10 

II Input curren't OV~VIN~VCC, Other input pins = 0 V -10 

M5M4256P-IO ----
ICC1(AV) 

Average supply current from Vee, 
M5M4256P-12 

RAS, CAS cycling 
operating (Note 3, 4) tCR=tCW= min. output open 

M5M4256P-15 

ICC2 Supply current from Vee, standby RAS = CAS=VIH output open 

M5M4256P-IO 
RAS CAS =VIH 

ICC3(AV) 
Average supply current from Vee, 

M5M4256P-12 
cycling 

refreshing (Note 3) 
M5M4256P-15 

t C(RAS)= min, output open 

M5M4256P-IO 
RAS =VIL, CAS cycling 

I CC4 (AV) 
Average supply current from Vee, 

M5M4256P-12 page mode (Note 3, 4). tCPG= min, output open 
M5M4256P-15 

Average supply current from Vee, M5M4256P-IO 
CAS before RAS refresh cycling 

ICC6(AV) CAS before RAS refresh mode M5M4256P-12 
tC(RAS) = min, output open 

(Note 3) M5M4256P-15 

CI (A) I nput capacitance, address inputs 

CI (D) I nput capacitance, data input VI=VSS 

CI (W) I nput capacitance, write control input f=lMHz 

CI (RAS) Input capacitance, RAS input Vi=25mVrms 

CI (CAS) Input capacitance, CAS input 

Co Output capacitance VO=VSS, f= lMHz, Vi=25mVrms 

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

3 ICC HAV), I CC3(AV), I CC4 (AV) and lee6lAV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
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Unit 

V 

V 

V 

mA 

mW 

·C 

·C 

Unit 
Max 

VCC V 

0.4 V 

10 /-lA 

10 /-lA 

70 

65 mA 

60 

4.5 mA 

60 

55 mA 

50 

55 

50 mA 

45 

65 

60 mA 

55 

5 pF 

5 pF 

7 pF 

10 pF 

10 pF 

7 pF 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta =0 -70°C. Vcc=5V 1: 10%. VSs=OV. unless otherwise noted. See notes 5. 6and 7) 

Limits 

Symbol Parameter 
Alternative M5M4256P-IO M 5M4256P-12 M 5M4256P-15 

Symbol 
Min Max Min Max Min Max 

t CRF Refresh cycle time tREF 4 4 4 

tw (RASH) RAS high pulse width tRP 90 100 100 

tw (RASL) RAS low pulse width t RAS 100 10000 120 10000 150 10000 

tW(CASL) CAS low pulse width tCAS 50 60 75 

tW(CASH) CAS high pulse width (Note 81 t CPN 25 30 35 

th(RAS-CAS) CAS hold time after RAS tCSH 100 120 150 

th(CAS-RAS) RAS hold time after CAS t RSH 50 60 75 

t d (CAS-RAS) Delay time. CAS to RAS (Note 91 t eRP 20 30 30 

td (RAS-CAS) Delay time. RAS to CAS (Note 101 tRCO 15 50 20 60 25 75 

t su (RA-RAS) Row address setup time before RAS tASR 0 0 0 

t SU (CA-CAS) Column address setup time before CAS tASC -5 -5 -5 

t h (RAS-RA) Row address hold time after RAS t RAH 10 15 20 

th (CAS-CA) Column address hold time after CAS tCAH 15 20 25 

th (RAS-CA) Column address hold time after RAS tAR 65 80 100 

t THL 
tT 

3 50 3 50 3 50 
Transition time 

tTLH 3 50 3 50 3 50 

- --
Note 5. 

6. 

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

The switching characteristics are defined at t THL = t TLH = 5ns. 

7. 

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

Except for page· mode. 

9. til (CAS'RAS) requirement is applicable for all RAS/CAS cycles. 

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

td (RAS-CAS) is greater than the specified td (RAS-CAS) max limit. then access time is controlled exclusively by ta (CAS). 

td(RAS-CAS) min = th (RAS-RA) min + 2t THL( tTLH) + tsu (CA-CAS) min. 

SWITCHING CHARACTERISTICS (Ta=0-70°C. Vcc=5V ± 10%, VSS=OV, unlessotherwlsenoted) 

Read Cycle 
Limits 

Alternative 
Symbol Parameter 

Symbol 
M5M5456P-IO M5M4256P-12 

Min Max Min Max 

tCR Read cycle time t RC 200 230 

tsu (R-CAS) Read setup time before CAS tRCS 0 0 

th(CAS'R) Read hold time after CAS (Note 11) tRCH 0 0 

thl RAS'R) Read hold time after RAS (Note 11) tRRH 20 20 

tdls (CAS) Output disable time (Note 121 tOFF 0 25 0 35 

ta (CAS) CAS access time (Note 131 tCAC 50 60 

ta(RAS) RAS access time (Note 14) t RAC 100 120 

Note 11. Either th (RAS-R) or th (CAS-R) must be satisfied for a read cycle. 

12. tdis (CAS) max defines the time at which the output achieves the open circuit condition and is not reference to VOH or Val. 

13. This is the vauel when td (RAS-CAS) 01:: td (RAS-CAS) max. Test conditions; Load = 2TTL. Cl = 100pF. 

M5M4256P-15 
Min Max 

260 

0 

0 

20 

0 40 

75 

150 

14. This is the value when td (RAS-CAS) < td (RAS-CAS) max. When td (RAS-CAS) 01:: td (RAS-CAS) max. ta (RAS) will increase by the amount that 
td (RAS-CAS) exceeds the value shown. Test conditions; Load = 2TTL. Cl = 100pF. 

Write Cycle I 

Symbol Parameter 

tcw Write cycle time 

tsu (W-CAS) Write setup time before CAS 

th(CAS-W) Write hold time after CAS 

th (RAS-W) Write hold time after RAS 

th(W-RAS) RAShold time after write 

th(W-CAS) CAS hold time after write 

tw(W) Write pulse width 

tsu (D-CAS) Data·in setup time before CAS 

th(CAS-O) Data-in hold time after CAS 

th(RAS-O) Data·in hold time after RAS 

Alternative 
M5M4256P-IO 

Symbol 
Min 

t RC 200 

(Note 17) twcs -10 

t WCH 35 

tWCR 85 

t RWL 35 

tOWL 35 

twp 35 

t OS 0 

tOH 25 

tOHR 70 
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Max 

Limits 

M5M4256P-12 M5M4256P-15 

Min Max Min Max 

230 260 

-10 -10 

40 45 

100 120 

40 45 

40 45 

40 45 

0 0 

30 35 

90 110 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Read, Write and Read-Modify-Write Cycles 

Limits 

Symbol Parameter 
Alternative 

Symbol 
M5M4256P-IO iVl5M4256P-12 M5M4256P-15 Unit 

Min Max Min Max Min Max 

tORw Read-write cycle time (Note lSI tRwC 225 260 295 ns 

tORMW Read-modify-write cycle time (Note 161 tRMwC 235 275 310 ns 

th (W-RAS) RAS hold time after write tRWL 35 40 45 ns 

th(W-CAS) CAS hold time after write tCWL 35 40 45 ns 

tW(W) Write pulse width twp 35 40 45 ns 

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

td(RAS-W) Delay time, RAS to write (Note17) tRwD 90 110 135 ns 

td(CAS-W) Delay time, CAS to write (Note 171 tCWD 40 50 60 ns 

tSU(D-W) Data-in setup time before write t os 0 0 0 ns 

th(W-O) Data-in hold time after write toH 35 40 45 ns 

tdis (CAS) Output disable time tOFF 0 0 35 5 40 ns 

ta (CAS) CAS access time (Note 13! tCAC 50 60 75 ns 

ta (RAS) RAS access time (Note 141 t RAC 100 120 150 ns 

Note 15. to RW min is defined as to RW min =td (RAS-W)+ th (W-RAS) + tw (RASH) + 3t TLH(tTHL) 

16. tORMW min is defined as to RMW min = ta (RAS) max + th (W-RAS) +tw (RAS-H) + 3t TLH (tTHL) 
17. tsu (W-CAS), td (RAS-W), and td (CAS-W) do not define the limits of operation, but are included as electrical characteristics only. 

When tsu (W-CAS) ~ tsu (W-CAS) min, an early·write cycle is performed, and the data outputs keep the high·impedance state. 
When td (RAS-W)~ td (RAS-W) min, and td (CAS-W) ~ tsu (W-CAS) min a read·write cycle is performed, and the data of the selected address will be read out 
on the data outputs. 

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

Page-Mode Cycle 

Symbol Parameter Alternative 
M5M4256P-IO Symbol 

Min Max 

tOPG Page· mode cycle time t PC 100 

tw (CASH) CAS high pulse width t CP 40 

tOPGRW Page· mode read-write cycle time tpCRW 130 

CAS before RAS Refresh Cycle (Note 18) 

Symbol Parameter 
Alternative 

M5M4256P-IO 
Symbol 

Min Max 

tSUR(CAS-RAS) CAS setup time for auto refresh t CSR 25 

thR (RAS:CAS) CAS hold time for auto refresh t CHR 40 

tdR (RAS-CAS) Precharge to CAS active time t RPC 0 
- - -

Note 18. Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 

2-44 
• MITSUBISHI 

"ELECTRIC 

Limits 

M5M4256P-12 M5M4256P-15 
Min Max Min Max 

125 145 

55 60 

160 180 

limits 

M5M4256P-12 M5M4256P-15 
Min Max Min Max 

30 30 

50 50 

0 0 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 



TIMING DIAGRAMS (Note 19) 

Read Cycle 

RAS 

CAS 
Y1H -

Y1L-____ ....J 

Ao-A8 

Y1H-

MITSUBISH,I LSls 

M5M4256P-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

tW(RASU 

th(RAS-CAS) 

COLUMN 
ADDRESS 

th(CAS-RAS) 

tW(CASU 

tW(RASH) 

ROW 
ADDRESS 

w 
Y1L - .f.jt.JL~~~~L:ii~~~T ta<CAS) 

ta(RAS) 

VOH - HIGH IMPEDANCE STATE 
Q 

YOL - -------------------------------------------------~~ 

Write Cycle (Early Write) 

RAS 

CAS 

Ao-A8 

W 

0 

Q 

V1H -

V1L -

V1H -

V1L -

V1H -

V1L -

YOH -

VOL -

_____ oJ 

tew 

tW(RASU 

th(RAS-CAS) 

th(AAS-CA) 

th(CAS-RASl 

tW(CASU 

th(CAS-O) 

DATA VALID 

HIGH IMPEDANCE STATE 

J.,. MITSUBISHI 
ELECTRIC 

DATA VALID 

tW(RASHl 

ROW 
ADDRESS 
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Read-Write and Read-Modify-Write Cycles 

tW(RASLl 

th(RAS-CAS) 

RAS 

th(CAS-RAS) 

tdl RAS-CASi tW(CASLl 

CAS 
V 1H -

V 1L -

V 1H -

Ao-As 
V 1L -

w 
V

1H
- ~~~~j\,~7\,~7rlr--------t----------------------------~ 

V'L - ~~'i::/..~c.::L~~-LY 

ta(CAS) 

Q 
V OH - HIGH IMPEDANCE STATE 

V OL -

ta(RAS) 

0 
V'H-

V'L-

RAS-Only Refresh Cycle (Note 20) 

tW(RASL) 

RAS 

V IH- 7V'\7\7i7~i'\A7V'\7\7i7~7\ 

Ao-A7 V'L
.~~~~--~~~~J 

VOH - HIGH IMPEDANCE STATE 

DATA VALID 

ROW 
ADDRESS 

Q ----------------------------------------------------------VOL -

Note19.~ 
~ Indicates the don't care input. Note 20. CAS=VIH, Iii, D= don't care. 

AS may be VIH or VIL. 

~ The center-line indicates the high-impedance state. 
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Page-Mode Read Cycle 

tWCRASU 

thCRAS-CAS) 

RAS 

tCPGR thCCAS-RAS) tWCRASH) 

tWCCASU 

CAS 

Q 
VOH~ 

-----------T-----------+~ 
VOL -

thCCAS-R) 

V'H~ 
w 

V'L~ L...JI.'-"-"""'-'<....L..J.J 

Page-Mode Write Cycle 
tWCRASLl 

thCRAS-CAS) 

thCRAS-CA) 

RAS 

t cPGW thCCAS-RAS) 

tWCCASLl tWCCASL) 

CAS 

V, H _1\7\J~7\J~7\)J 
w 

V'L~~~~~~~~p-____ ~~~~~~~~~~ ____ ~~~~~~~{~~~~~ ______ ~~~~~~~~~~~ 

D 
V'H

V'L~.I....Ic......l'.....I:f-I""" 

• MITSUBISHI 
.... ELECTRIC 2-47 



MITSUBISHI L.Sls 

M5M4256P·l0, ·12, ·15 

262144·8IT(262144.WORD BY I-BIT) DYNAMIC RAM 

Hidden Refresh Cycle 

CAS 

w 

Q 

V1H -

V1L -

td(CAS-AAS) 

READ CYCLE 
teA 

tW(AASL) 

CAS before RASRefresh Cycle INote 21) 

READ CYCLE 

RAS 
VIH-

VIL-

VIH-
CAS 

VIL-

Ao-AS 
VIH-

VIL-

Q 
VOH

VOL - -------r 
Note 21. W, D = don't care. 
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tCA 

tW(AASL) 

thA(AAS-CAS) 

HIGH IMPEDANCE STATE 

REFRESH CYCLE 

READ OR WRITE 
CYCLE 
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TYPICAL CHARACTERISTICS 
NORMALIZED ACCESS TIME 

VS.SUPPLY VOLTAGE 
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STANDBY CURRENT 
VS. SUPPLY VOLTAGE 
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STANDBY CURRENT 
VS. AMBIENT TEMPERATURE 
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M5M4257P-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

DESCRI\PTION 
This is a family of 262 l44-word by l-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon gate 
MOS process, and is ideal for large-capacity memory 
systems where high speed, low power dissrpation, and low 
costs are essential. The use of double-layer polysilicon 
process combined with silicide technology and a single
transistor dynamic storage cell provide high circuit density 
at reduced costs, and the use of dynamic circuitry including 
sense amplifiers assures low power dissipation. Multiplexed 
address inputs permit both a reduction in pins to the stand
ard l6-pin package configuration and an increase in system 
densities. In addition to the RAS only refresh mode! the 
Hidden refresh mode and CAS before RAS refresh mode 
are available. 

FEATURES 
Access time Cycle time Power dissipation 

Type name (max) (min) (typ) 
(ns) (ns) (mW) 

M5M4257P-IO 100 200 300 

M5M4257P-12 120 230 260 

M5M4257P-15 150 260 230 

• Standard ·16-pin package 
• Single 5V±lO% supply 
• Low standby power dissipation: 25mW(max) 
• Low operating power dissipation: 

M5M4257P-10 ........... 385mW (max) 
M5M4257P-12 ........... 360mW (max) 
M5M4257P-15 ........... 330mW (max) 

• Unlatched output enables two-dimensional chip selec
tion 

BLOCK DIAGRAM 

DATA INPUT 

WRITE CONTROL 
INPUT w 

COL~~~O:~~~~~~~ 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUT As ..... 1 

DATA INPUT 

WRITE 
CONTROL INPUT 
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STRO::~::~: {:: : : 
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(5V) Vee 

Vss (OV) 

15 ... CAS ~~~g~~ 1~~3fESS 
DATA OUTPUT 

Outline 16P4 

• Early-write operation gives common I/O capability 
• Read-modify-write, RAS-only-refresh, Nibble-mod~ 

capabilities. (Pin 1 is used for nibble mode) 

• CAS before RAS refresh mode capability 
• All input terminals have low input capacitance and are 

directly TTL-compatible 
• Output is three-state and directly TTL-compatible 
• 256 refresh cycles every 4ms. Pin 1 is not needed for 

refresh. 
• CAS controlled output allows hidden refresh 

APPLICATION 
Main memory unit for computers, Microcomputer memory 
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262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

FUNCTION 

The M5M4257P provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e.g., nibble mode, RAS-only refresh, and delayed
write. The input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
RAS CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify-write ACT ACT 

RAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

CAS before RAS refresh ACT ACT 

Standby NAC ONC 

Inputs 

W 0 

NAC ONC 

ACT VLO 

ACT VLD 

ONC ONC, 

ONC ONC 

ONC ONe 

ONC ONe 

Output 

Row Column Refresh Remarks 

address address 0 

APO APO VLO YES * 
APO APO OPN YES 

APO APD VLD YES 

APO ONC OPN YES 

ONC ONC VLO YES 

ONe ONC OPN YES 

ONC ONC OPN NO 

Note ACT active, NAC nonactive, ONC don't care, VLO valid, APO applied,OPN open 

* Nibble mode identical and Nibble mode column address is ONC while toggling CAS 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262 144 memory cell sin the 
M5M4257P the 18-bit address signal must be multiplexed 
into 9 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses., First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 9 row-address bits; next, the negative
going edge of the column-address-strobe pulse (CAS) 
latches the 9 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 

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

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

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

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

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

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

Data Output Control 
The output of the M5M4257P IS In the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in, the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

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

'These output conditions, of the M5M4257P, which can 
readily be changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer capabilities for a number of applications, 
as follows. 

1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common I/O data bus. 
2 Data Output Hold 
The data output can be held between read cycles, without 
lengthening the cycle time.' This enables extremely flexible 
clock-timing settings for RAS and CAS. 

• MITSUBISHI 
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3. Two Methods of Chip Selection 
Since the output is not latched, CAS is nQt required to keep 
the outputs of selected chips in the matrix in a high
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended·Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 512 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Nibble-Mode Operation 
The M5M4257P is designed to allow high speed serial read, 
write or read-modify-write access of 4 bi'':s of data. The 
first of 4 nibble bits is accessed by the normal mode with 
read data coming out at ta(CAS) time. Next 2, 3 or 4 nibble 
bits is read or writen by bringing CAS high then low 
(toggle) while RAS remains low. Thus the time required to 
strobe in not only the row address but also the column 
address is eliminated, thereby faster access and shorter 
cycle time than that of Page-Mode is achieved. 

Address on pin 1 (row address A8 and column address 
A8) is used to select 1 of the 4 nibble bits for initial access. 
Toggling CAS causes row A8 and column A8 to be in
cremented by the 'internal shift register with A8 row being 
the least significant address and allows to access to the next 
nibble bit. If more than 4 bits are accessed during this mode 
the same address bit will be accessed cyclically. In Nibble

Mode, any combination of read, write and read-modify

write operation is possible (e.g. first bit read, second bit 

write, third bit read-modify-write, etc.). 

Refresh 
Each of the 256 rows (Ao '" A7) of the M5M4257P must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4257P are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

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

2. RAS Only Refresh 

In this refresh method, the CAS clock should be at a 
V1H level and the system must perform RASOnly cycle on 
all 256 row address every 4 ms. The sequential row ad
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 
If CAS falls tSUR(CAS-RAS) earlier than RAS and if CAS 

is kept low by thR (RAS-CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal 8-bit 
counter is put into the address buffer to refresh the cor
responding row. The output will stay in the high impedance 

state. 
If CAS is kept low after the above operation, RAS cycle 

initiates RAS Only Refresh with internally generated re
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the external 

address. 
If CAS is kept low after the normal read/write cycle, 

RAS cycle initiates the RAS Only Refresh using the inter
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 
4. Hidden Refresh 

A feature of the M5M4257P is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh. 

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

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

Power Dissipation 
Most of the circuitry in the M5M4257P is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4257P as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5M4257P operates on a single 5V power supply. 

A wait of some 500J-Ls and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -1-7 

VI Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power'dissipation Ta =25·C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature -65 -150 

RECOMMENDED OPERATING CONDITIONS CTa=0-70·C, unlessotherwisenoted) (Note 1) 

Limits 
Symbol Paramt)ter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

VIH High level input voltage, all inputs 2.4 6,5 V 

VIL Low-level input voltage, all inputs -2 0.8 V 

Note 1, All voltage values are with respect to VSS 

ELECTRICAL CHARACTERISTICS (Ta =0-70·C, Vee=5V ± 10%, VSS=OV, unless otl:lerwise noted) (Note 2) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

VOH High-level output voltage lOH= -SmA 2_4 

VOL Low-level output voltage IOL=4.2mA 0 

loz Off-state output current Q floating OV~VoUT~5.5V -10 

II Input current OV;;;VIN~VCC, Other input pins = 0 V -10 

M5M4257P-IO ----
leeJ(AV) 

Average supply current from Vee, 
M5M4257P-12 

RAS, CAS cycling 

operating (Note 3, 4) t CR = t cw = min. output open 
M5M4257P -15 

I eC2 Supply current from Vee, standby RAS = CAS = VIH output open 

M5M4257P-IO 
RAS Average supply current from Vee, 

M5M4257P-12 
cycling CAS=VIH 

I eC3 CAY) refreshing (Note 3) t CCRAS)= min, output open 
M5M4257P-15 

M5M4257P -I 0 
RAS=VIL,-CAS cycling 

leC5CAV) 
Average supply current from Vee 

M5M4257P-12 
nibble mode t CN= min, output open 

M5M4257P-15 

Average supply current from Vee, M5M4257P-IO 
CAS before RAS refresh cycling 

I eC6CAV) CAS before RAS refresh mode M5M4257P-12 tec RAS) ~ min, output open 
(Note 3) M5M4257P-15 

CI CA) Input capacitance, address inputs 

CI (0) I nput capacitance, data input VI=VSS 

CI (W) Input capacitance, write control input f=lMHz 

CI (RAS) I nput capacitance, RAS input Vi=25mVrms 

CI (CAS) Input capacitance, CAS input 

Co Output capacitance VO=VSS, f=lMHz, Vi=25rnVrms 

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

3 I eel CAV), I CC3CAV), lee5lAV) and lee6lAV) are dependent on cycle rate, Maximum current is measured at the fastest cycle rate. 

I CC I CAV) and Ices (AV) are dependent on output loading, Specified values are obtained with the output open. 
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Unit 

V 

V 

V 

mA 

mW 

·C 

·C 

Unit 
Max 

Vee V 

0.4 V 

10 J.l.A 

10 J.l.A 

70 

65 rnA 

60 

4.5 rnA 

60 

55 rnA 

50 

35 

30 rnA 

25 

65 

60 rnA 

55 

5 pF 

5 pF 

7 pF 

10 pF 

10 pF 

7 pF 
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TIMING REQUIREMENTS (For Read, Write, Re~d-Modify-Write, Refresh, and Nibble-Mode Cycle) 
(Ta =0-70·C, Vcc=sv 1: 10%, VSS=OV, unless otherwise noted, See notes 5, 6and 7) 

Limits 

Symbol Parameter 
Alternative 

M5M4257P-IO M5M4257P-12 M5M4257P-15 
Symbol 

Min Max Min Max Min Max 

teRF Refresh cycle time tREF 4 4 4 

t W(RASH) RAS high pulse width tRP 90 100 100 

t W(RASL) RAS low pulse width t RAS 100 10000 120 10000 150 10000 

tW(CASL) CAS low pulse width tCAS 50 60 75 

t W(CASH) CAS high pulse width (NoteS) t CPN 25 30 35 

th (RAS-CAS) CAS hold time after R"A$ tCSH 100 120 150 

th (CAS-RAS) RAS hold time after CAS tRSH 50 60 75 

td (CAS-RAS) Delay time, CAS to RAS (Note 9) t eRP 20 30\ 30 

td (RAS-CAS) Delay time, RAS to CAS (Note 10) t RCO 15 50 20 75 25 75 

tsu (RA- RAS) Row address setup time before RAS tASR 0 0 0 

tsu (CA-CAS) Column address setup time before CAS tASC -5 -5 -5 

th (RAS-RA) Row address hold time after RAS tRAH 10 20 20 

th (CAS-CA) Column address hold time after CAS tCAH 15 25 20 

th (RAS-CA) Column address hold time after RAS tAR 65 100 100 

t THL 
tT 

3 50 3 50 3 50 
Transition time 

t TLH 3 50 3 50 3 50 

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

6' The switching characteristics are defined as t THL = t TLH ;== Sns. 
Reference levels of input signals are VIH min. and VI L max. Reference levels for transition time are also between Vt Hand VIL. 

Except for nibble·mode. 

td (RAS-CAS) requirement is applicable for all RAS/CAS cycles. 

10 Operation within the td (RAS-CAS) max limit insures that t a (RAS) max can be met. t d (RAS-CAS)maX is specified reference point onlY,if 

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

td (RAS-CAs)mm = t h (RAS-RA)mm + 2t THL(t TLH) + t su (CA-CAS)mln. 

SWITCHING CHARACTERISTICS (Ta =0-1O"C, Vcc=sv ± 10%, VSS=OV, unless otherwise noted) 

Read Cycle 
Limits 

Alternative 
Symbol Parameter M5M4257P-IO M5M4257P-12 

Symbol 
Min Max Min Max 

teR Read cycle time t RC 200 230 

tSU(R-CAS) Read setup time before CAS tRCS 0 0 

th (CAS-R) Read hold time after CAS (Note 11) tRCH 0 0 

the RAS-R) .Read hold time after RAS (Note 11) tRRH 20 20 

tdls (CAS) Output disable time (Note 12) tOFF 0 25 0 35 

ta(CAS) CAS access time (Note 13) tCAC 50 60 

ta(RAS) RAS access time (Note 14; tRAC 100 120 

Note 11_ Either th (RAS-R) or th (CAS-R) must be satisfied for a read cycle. 
12: tdls (CAS)max. defines the time at which the output achieves the open circuit condition and is not reference to VOH or Vo L 

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

M5M4257P-15 
Min Max 

260 

0 

0 

20 

0 40 

75 

150 

14 This is the value when td (RAS-CAS)< t d (RAS-CAS)max. When td (RAS-CAS)~ td (RAS-CAS)maX, ta (RAS) will increase by the amount that 
td(RAS-CAS) exceeds the value shown. Test conditions; Load = 2TTL CL = 100pF 

Write Cycle 

Symbol Parameter 

tew Write cycle time 

tsu (W-CAS) Writl! setup time before CAS 

th (CAS-W) Write hold time after CAS 

th (RAS-W) Write hold time after RAS 

th(W-RAS) RAS hold time after write 

th (W-CAS) CAS hold time after write 

tW(W) Write pulse width 

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

th (CAS-D) Data-in hold time after CAS 

th(RAS-O) Data-in hold time after RAS 

2-58 

Alternative 
M5M4257P-IO 

Syrnbol 
Min 

t RC 200 

(Note 17) twcs -10 

tWCH 35 

tWCR 85 

tRWL 35 

tCWL 35 

twp 35 

t OS 0 

tOH 25 

t OHR 70 
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Max 

Limits 

M5M4257P-12 M5M4257P-15 
Min Max Min. Max 

230 260 

-10 -10 

40 45 

100 120 

40 45 

40 45 

40 45 

0 0 

30 35 

90 110 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MITSUBISHI LSI. 

MSM4257P·l0, -12, ·15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

Read, Write and Read-Modify-Write Cycles 

Limits 

Symbol Parameter 
Alternative 

Symbol M5M4257P-l0 M5M4257P-12 M5M4257P-15 Unit 

Min Max Min Max Min Max 

tCRW Read-write cycle time (Note 15) tRwC 225 260 295 ns 

tCRMW Read-modify-write cycle time (Note 16) t RMwC 235 275 310 ns 

th (W-RAS) RAS hold time after write tRwL 35 40 45 ns 

th (W-CAS) CAS hold time after write tCWL 35 40 45 ns 

tW(W) Write pulse width twp 35 40 45 ns 

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

td(RAS-W) Delay time, RAS to write (Note 17) t RwD 90 110 135 ns 

td (CAS-W) Delay time, CAS to write (Note 17) tcwD 40 50 60 ns 

tsu (D-W) Data-in setup time before write t os 0 0 0 ns 

th (W-D) Data-in hold time after write t DH 35 40 45 ns 

tdiS(CAS) Output disable time t OFF 0 25 0 35 0 40 ns 

ta (CAS) CAS access time (Note 13) tCAC 50 60 75 ns 

ta (RAS) RAS access time (Note 14) t RAC 100 120 150 ns 

Note 15. t cRWmin is defined as tCRw min = td (RAS-CAs)maX + td (CAS-W) min + th (W-RAS) + tw (RASH) + 3t TLH(tTHL) 

16. tCRMW min is defined as tCRMW mm = ta (RAS)max + th (W-RAS)+tw (RAS-H)+3t TLH(tTHL! 

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

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

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

on the data output. 

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

Nibble-Mode Cycle 

Limits 

Symbol Parameter 
Alternative 

Symbol 
M5M4257P-l0 M5M4257P-12 M5M4257P-15 

Min Max Min Max Min Max 

tCN Nibble mode cycle time t NC 50 55 70 

taN (CAS) Nibble mode access time t NAC 25 30 40 

tWN (CASU Nibble mode CAS low pulse width t NCAS 25 30 40 

tWN(CASH) Nibble mode precharge time t NP 15 15 20 

thN (CAS-RAS) Nibble mode RAS hold time t NRSH 25 30 40 

tdN (CAS-W) Nibble mode CAS to WR ITE delay t NcwD 25 30 40 

tWNRMW (CASU Nibble mode RMW CAS pulse width t NCRW 55 65 85 

thNRMW(W-CAS) Nibble mode WR ITE to CAS lead time t NCWL 25 30 40 

thNRMW (CAS-RAS) Nibble mode RMW RAS hold time tNwSH 55 65 85 

tSUN(W-CAS) Nibble mode WR ITE setup time before CAS tNWCS 0 0 0 

CAS before RAS Refresh Cycle (Note 18) 

Limits 

Symbol Parameter 
Alternative 

Symbol 
M5M4257P-l0 M5M4257P-12 M5M4257P-15 

Min Max Min Max Min Max 

tsu R (CAS-RAS) CAS setup time for auto refresh t CSR 25 30 30 

th R (RAS-CAS) CAS hold time for auto refresh t CHR 40 50 50 

t d R (RAS-CAS) Precharge to CAS active time t RPC 0 0 0 

Note 18. Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 

Nibble Mode Addl'essing Sequence Example 

Sequence Nibble bit 
Column address 

Ao At A2 A3 A4 As 

RAS/CAS 1 0 1 0 1 0 1 

toggle CAS 2 0 1 0 1 0 1 

toggle CAS 3 0 1 0 1 0 1 

toggle CAS 4 0 1 0 1 0 1 

toggle CAS 1 0 1 0 1 0 1 

Row address 

A6 A7 As Ao At A2 A3 

0 1 0 0 1 0 1 

0 1 0 0 1 0 1 

0 1 1 0 1 0 1 

0 1 1 0 1 0 1 

0 1 0 0 1 0 1 

• MITSUBISHI 
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A4 As 

0 1 

0 1 

q 1 

0 1 

0 1 

A6 A7 As 

0 1 0 I External address 

0 1 1 

0 1 0 

0 1 1 

0 1 0 

1 '""'''''' "'~",'" old". 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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TIMING DIAGRAMS (Note 19) 

Read Cycle 

MITSUBISHI LSI. 

MSM4257P-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

tW(RASLl 

th(RAS-CAS) 

__ +-+-Ef-td::=.:(~CAS-RAS) 
tW(RASH) 

Ao-As 

w 

Q 

V1H -

V
1L

- ____ 
J 

V1H-

td( RAS-CAS) 

tW(CASH) 

th(CAS-CA) 

COLUMN 
ADDRESS 

V1L - .L::i.:.JL:IL:i~~~~.IJI.~Dfjr 

ta(RAS) 

VOH - HIGH IMPEDANCE STATE 

th(CAS-RAS) 

tW(CAsLl 

ta(CAS) 

VOL_--------------------------------------------------~~~I __ D_A_I_A_~_A_Ll_D_~~ 

Write Cycle (Early Write) 

RAS 

CAS 

Ao-As 

W 

0 

Q 

2-60 

V1H -

V1L -

V1H -

V 1L -

V 1H -

V 1L -

V OH -

VOL -

____ J 

tew 

tW(RASLl 

th( RAS-CAS) 

th(RAS-CA) 

th(CAS-RAS) tW(RASH) 

td(RAS-CAS) tW(CASLl 

th(CAS-O) 

DATA VALID 

th(RAS-O) 

HIGH IMPEDANCE STATE 

J... MITSUBISHI 
ELECTRIC 

ROW 
ADDRESS 

ROW 
ADDRESS 



MITSUBISHI LSI. 

MSM4257P-l0, -12, -15 

282144-BIT (262144-WORD BY 1,-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

tW(RASLl 

RAS 

CAS 

Ao-As 

w 

ta(CAS) 

Q 
VOH-

------+------------------------------------+~I 
HIGH IMPEDANCE STATE 

DATA VALID 
VOL -

tsU(o-w) th<w-o) 

D 

RAS-Only Refresh Cycle (Note 201 

tW(RASLl 

VOH - HIGH IMPEDANCE STATE 

ROW 
ADDRESS 

Q ------------------------------------------------------------------VOL -

Note19.~ 

~ 

Indicates the don't care input. 
Note 20. CAS=VIH, W, D=don't care. 

AS may be VIH or VIL. 

The center-line indicates the high-impedance state. 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M4257P-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

Nibble Mode Read Cycle (Note 21) 

tW(RASLl 

the RAS-CAS) 

V1H -

CAS V1L -

Ao-As 
V1H -

V1L -

w 

ta(CAS) tdiS(CAS) taN(CAS) 

VOH -

Q ------------------~ VOL -

Note 21 :Pin 1 at Row Time and Column Time Determines the Starting Address of the Nibble Cycle. 

Nibble Mode Write Cycle (Early Write) 

RAS 

V1H -

CAS V1L -

Ao-As 
V1H -

V1L -

W 
V1H -

V1L -

0 
V1H -

V1L -

Q 
VOH -

VOL -
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tWN(RASLl 

HIGH IMPEDANCE STATE 
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MITSUBISHI LSls 

MSM4257P-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

Nibble Mode Read-Modify-Write Cycle 

RAS 

CAS 

Ao-As 

w 

D 

Q 
Vo 
Vo 

WNCRASU 

=~ r 
thc RAS-CAS) thNCW-RAS) 

tdC RAS-CAS) tWNCCASH) 
thNCW-CAS) 

--- thCRAS-CA) >-1 ~ tWNRMWCCASLl 
~tWCCASLl-

iI~\ - ~i\ I~ 
- "- -, 

tsuc RA-RAS) thCcAS-CA) 
thNRMWC CAS-RAS) 

thCRAS-RA) tdCCAS-W) 

tSUCCA-CAS) 

=)~ .~ y~ A~ ~ ROW X COLUMN 
ADDRESS ADDRESS X~WX j'X x x x XXX xxxxxxxxxxxx 

thCRAS-W) 

tsu~ thCCAS-W) 
tSUCR-CAS) 

twCw) 

I 

L=~ ~ 1&!Ji/ ~ 1~ 0N0N XXXXM 

tSUCD-CAS) thCCAS-D) tSUCD-W) thCW-D) 

H-~ xn~ Vf'XxxxxXf l~ DATA VALID ~~ ~ ~~ 
DATA VALID ~.110/0lxx L- IXXX 

thCRAS-D) taNCCAS) tdisCCAS) 

H - HIGH IMPEDANCE STATE -,~ 

~ ,~ 
DATA VALID 

L-

" 

Hidden Refresh Cycle 

RAS 

CAS 

Ao-As 

w 

Q 

V1H -

V
1L 

-

V1H -

V
1L 

-

V
1H

-

READ CYCLE 
teR 

tWCRASL) 

_+---+-__ tdCCAS-RAS) 

tdCRAS-CAS) thCCAS-RAS) 

V1L - ~~""'~~"".I...Io.*-l 

VOH -

REFRESH CYCLE REFRESH CYCLE 

thRCRAS-CAS) 

twccAsLl 

VOL _---------~<l 

~~---------~~----------~~ 
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MITSUBISHI LSI. 

MSM4257P-l0, -12, -15 

262144.BIT (262144.WORD BY I.BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle ( Note 22) 

READ CYCLE REFRESH CYCLE 

tOR 

VIH- tW(RASL) 

RAS 
VIL-

VIH-
CAS 

VIL-

Ao-As 
VIH-

VIL-

REFRESH CYCLE 

tOR 

READ OR WRITE 
CYCLE 

Q 
VOH

~------------------------~r------HIGH IMPEDANCE STATE----------------------
VOL-___ -f 

Note 22: IN, D = don't care. 

TYPICAL CHARACTERISTICS 
NORMALIZED ACCESS TIME 

VS.SUPPLY VOLTAGE 
1.3 

V; 
« 
~ 1.2 
:; 
lJ.J 
::i< 1.1 f= 
Vl 
Vl 
lJ.J 
U 1.0 u 
<:( 

0 
lJ.J 0.9 N 
:::i 
<:( 

\ Ta~2SoC 
\. 

\ 
l"" 
~ r-...... 

........ r--. 

::i< 
a: 0.8 
0 
2 

1.3 

'iiJ 
« 
a: 

1.2 :; 
lJ.J 
::i< 1.1 f= 

~ 
lJ.J 
U 1.0 u « 
0 
lJ.J 0.9 r::! 
...J 
« 
::i< 
a: 0.8 
0 
z 

NORMALIZED ACCESS TIME 
VS. AMBIENT TEMPERATURE 

VOO~s.ov' 
/' 

LV 
/ 

,/' 

V 
" 

0.7 
4.0 5.0 6.0 0.7_ 20 0 20 40 60 80 100 

25 

~ 20 
S 
(i) 
« 15 a:: 

:; 
<J 10 
~ 
f= 
(/) 
(/) 
LU 
U 
U « 0 

2-64 

SUPPLY VOLTAGE Voo (V) 

ACCESS TIME VS. LOAD 
CAPACITANCE 

VO~=4.SJ 
I--Ta=2SoC 

,L'/ 

/ 
V 

/'" 
V 

./ 

1 00 200 300 400 500 600 

LOAD CAPACITANCE CL (pF) 

(i) 1.6 « 
0 

Z 
:; 1.4 
lJ.J 

2 
i= 1.2 
(f) 

ifl 
u 
u 1.0 <:( 

L.U 
...J 
co 
co 

0.8 .z 
0 
LU 
N 

0.6 :::; 
<:( 

2 
a: 
0 0.4 z 
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AMBIENT TEMPERATURE Ta (OC) 

NIBBLE MODE ACCESS TIME 
VS. SUPPLY VOLTAGE 

, 
~ 

Ta=2S~ 
~ 
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4.0 5.0 6.0 

SUPPL Y VOLT AGE V 00 (V) 
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MITSUBISHI LSls 

M5M4257P-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

NIBBLE MODE ACCESS TIME 
VS. AMBIENT TEMPERATURE 
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Vcc~S.S) 
_ Ta=2SoC / 

/ 
/ 

V 
/ 

/ 
/ 

// 
/ 
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MITSUBISHI LSls 

MSM4257P-l0, -12, -15 

262144-BIT (262'144-WORD BY I-BIT) DYNAMIC RAM 

REFRESH CURRENT 
VS. SUPPLY VOLTAGE 
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MITSUBISHI LSls 

M5M4257P-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

ADDRESS AND DATA INPUT 
VOLTAGE VS. SUPPLY VOLTAGE 

-l 3.0 
> 
i Ta~25°C 
> 
UJ 
(.:J 

« 
~ 2.0 
o 
> 
I-

~ 
Z 

~ 1.0 « o 
o 
z « 

~ 
a: 
o 
o « 

Vt::+-: 
f.-
k---
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MSM4257P-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

RAS, CAS AND WE' INPUT 
VOLTAGE VS. AMBIENT TEMPERATURE 
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M5M4256L-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 262 144-word by 1-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon gate 
MOS process, and is ideal for large-capacity memory 
systems where high speed, low power dissipation, and low 
costs are essential. The uS,e of double-layer polysilicon 
process combined with silicide technology and a single
transistor dynamic storage cell provide high circuit density 
at reduced costs, and the use of dynamic circuitry includi,ng 
sense amplifiers assures low power dissipation. Multiplexed 
address inputs permit both a reduction in pins to the 16 pin 
zigzag inline package configuration and an increase in 
system densities. In addition to the RAS only refresh mode, 
the Hidden refresh mode and CAS before RAS refresh 
mode are available. 

FEATURES 
Access time Cycle time Power dissipation 

Type name (max) (min) (typ) 
(ns) (ns) (mW) 

M5M4256L-IO 100 200 300 

M5M4256L-12 120 230 260 

M5M4256L-15 150 260 230 

• 16 pin zigzag inllne package 
• Single 5V±10% supply 
• Low standby power dissipation: 25mW (max) 

• Low operating power dissipation: 
M5M4256L-10 ........... 385mW (max) 
M5M4256L-12 ........... 360mW (max) 
M5M4256L-15 ........... 330mW (max) 

• Unlatched output enables two-dimensional chip 

tion and extended page boundary. 

BLOCK DIAGRAM 

DATA INPUT 0 

WRITE CONTROL 
INPUT 

selec-

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUT A6 11 
COLUMN ADDRESS CAS ~} 

[~ Q DATA OUTPUT 

STROBE INPUT [~ Vss (OV) 
ADDRESS INPUT As -+ ~J 
WRITE CONTROL s: [~ -0 DATA INPUT 

INPUT W fJ ~ :-8 - RAS ~~:o:~~~iJ~ Ao ~] 
.j:Io L_ 

:;: [ljJ - A2 ADDRESS INPUT 

ADDREsst 
Al -4> (1] r 

~l Vee (5V) 
INPUTS 

A7 -+ 1)] 

A4 -+ l~J 
5=4 - As } ADDRESS 
[(6 _ A3 INPUTS 

Outline 16P5A 

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

bilities 
• CAS before RAS refresh mode capability 
• All input terminals have low input capacitance and are 

directly TTL-compatible 

• Output is three-state and directly TTL-compatible 
• '256 refresh cycles every 4ms. Pin 5 is not needed for 

refresh. 

• CAS controlled output allows hidden refresh 

APPLICATION 
Main memory unit for computers, Microcomputer memory 

I 

COL~~RNO~~~~~3~ CA S 3 \---------~---;:;-;::;:;~:;-;;;:;:-;:;-;;----, 
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LATCH ~vcc(sV) 
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w w 32K 
0 0 
0 MEMORY MEMORY 0 MEMORY 

~ ARRAY ARRAY ~ ARRAY 
0 0 

COLUMN DECODER 
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~ 
0 MEMORY MEMORY 
a: 
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, M5M4256L-l0~-12, -15 

262144-BIT (262144-WORD .YI-BIT) DYNAMIC RAM 

FUNCTION 

The M5M4256L provides, in addition to normal read, 
write, and read-modify-write operations, a 'number of other 
functions, e.g., page mode, RAS-only refresh, and delayed
write. The input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
RAS CAS 

Read ACT ACT 

Write ACT ACT 

Read-mod ify-write ACT ACT 

RAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

CAS before RAS refresh ACT ACT 

Standby NAC ONC 

Inputs 

Vi 

NAC 

ACT 

ACT 

ONe 

ONC 

ONC 

ONC 

Output 

Row Column Refresh Remarks 
0 Q 

address address 

ONC APO APO VLO YES * 
VLO APO APO OPN YES 

VLO APO APO VLO YES 

ONC APO ONC OPN YES 

ONC ONC ONC VLO YES 

ONC ONC ONC OPN YES 

ONC ONC ONC OPN NO 

Note: ACT: active, NAC: nonactive, ONC: don't care, VLO: valid, APO: applied, OPN: open. 
*: Page mode identical. 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262 144 memory cells in the 
M5M4256L the 18-bit address signal must be multiplexed 
into 9 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 9 row-address bits; next, the negative
going edge of the column-address-strobe pulse (CAS) 
latches the 9 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 
1. The delay time from RAS to CAS td (RAS-CAS) is set 

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

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

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

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

Data Output Control 
The output of the M5M4256L is in the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read~modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

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

These output conditions, of the M5M4256L, which can 
readily be changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer capabilities for a number of applications, 
as follows. 
1. Common 1/0 Operation 
If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common I/O data bus. 
2 Da~ Output Hold 
The data output can be held between read cycles, without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS, 
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MSM4256L-l0, -12, -15 

262144-BIT (262144 -WORD BY 1-BIT) DYNAMIC RAM 

3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended-Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 512 column locations in a single chip. I n this 
case, RAS must be applied to all devices. 

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

Refresh 
Each of the 256 rows (Ao '"'-' A7) of the M5M4256L must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4256L are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

read-modify-write) refresh the selected row as defined by 
the low order (RAS) addresses. Any write cycle, of course, 
may change the state of the selected cell. Using a read, 

write, or read-modify-write cycle for refresh is not recom
mended for systems which utilize "wired-OR" outputs 
since output bus contention will occur. 

2_ RAS Only Refresh 

In this refresh method, the CAS clock should be at a 
V IH level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad

dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 

If CAS falls tsuR (CAS-RAS) earlier than RAS and if CAS 
is kept low by thR (RAS-CAS) after RAS falls, CAS before 
RAS Refresh is. initiated. The external address is ignored 
and the refresh address generated by the internal 8-bit 
counter is put into the address buffer to refresh the cor
responding row. The output will stay in the high impedance 
state. 

If CAS is kept low after the above operation, RAS cycle 
initiates RAS Only Refresh with internally generated re
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the external 

address. 

If CAS is kept low after the normal read/write cycle, 
RAS cycle initiates the RAS Only Refresh using the inter
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 

4. Hidden Refresh 

A feature of the M5M4256L is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh. 

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

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

need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the M5M4256L is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4256L as chip·select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 

power dissipation. 

Power Supplies 
The M5M4256L operates on a single 5V power supply. 

A wait of some 500J,Ls and eight or more dummy cycles 
is necessary after power is applied to the device before 

memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

VCC Supply voltage -1-1 

VI Input voltage With respect 'to Vi;s -1-1 

Vo Output voltage -1-1 

10 Output current 50 

Pd Power dissipation Ta =25·C 1000 

Topr Operating temperature 0-10 

Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta =0-10·C, unlessotherwisenoted) (Note 1) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 0 0 V 

VIH High level input voltage, all inputs 2.4 6.5 V 

VIL Low-level input voltage, all inputs -2 0.8 V 

Note 1: All· voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta=0-10·C, Vcc=5V±10%, VSs=OV, unlessotherwisenoted) (Note 2) 

Symbol 
Limits 

Parameter Test conditions 
Min Typ 

VOH High-level output voltage 10H= -SmA 2.4 

VOL Low-level output voltage IOL=4.2mA 0 

loz Off·state output current Q floating OV~VoUT~5.5V -10 

II Input current OV~VIN~VCC, Other input pins = 0 V -10 

Average supply current from Vee, 
M5M4256L-IO 

RAS, OAS cycling 
'CCI(AV) M5M4256L-12 operating (Note 3, 4) t CR = t cw = min. output open 

M5M4256L-15 

ICC2 Supply current from Vee, standby RAS =CAS=VIH output open 

M5M4256L-IO 
AAS CAS =VIH 

ICC3 (AV) 
Average supply current from Vee, 

M5M4256L-12 
cycling 

refreshing (Note 3) tC(RAS)= min. output open 
M5M4256L-15 
M5M4256L-IO 

RAS =VIL, OAS cycling 
ICC4 (AV) 

Average supply current from Vee, 
M5M4256L-12 page mode (Note 3, 4) tCPG= miri. output open 
M5M4256L-15 

Average supply current from Vee, M5M4256L-IO 
CAS before RAS refresh cycling 

ICC6(AV) CAS before RAS refresh mode M5M4256L-12 
to (RAS) ~ min, output open 

(Note 3) M5M4256L-15 

01 (A) Input capacitance, address inputs 

01 (0) Input capacitance, data input VI=VSS 

CI (W) Input capacitance, write control input f=lMHz 

CI (RAS) Input capacitance, RAS input Vi=25mVrms 

01 (CAS) Input capacitance, CAS input 

Co Output capacitance VO=VSS, f= lMHz, Vi=c25mVrms 

Current flowing into an Ie is positive; out is negative. Note 2: 
3: 
4: 

ICC 1 (AV), I CC3(AV), I CC4(Av) and 'ee6(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

ICC l(AV) and 'CC4(AV) are dependent on output loading. Specified values are obtained with the output open. 
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Unit 

V 

V 

V 

mA 

mW 

·C 

·C 

Unit 
Max 

Vec V 

0.4 V 

10 /-lA 

10 /-lA 

10 

65 mA 

60 

4 mA 

60 

55 mA 

50 

55 

50 mA 

45 

65 

60 mA 

55 

5 pF 

5 pF 

1 pF 

10 pF 

10 pF 

1 pF 
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MSM4256L-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta =0-70·C, Vcc=5V.!: 10%, VSs=OV, unlessotherwisenoted,Seenotes5,6and7) 

Limits 

Symbol Parameter 
Alternative 

M5M4256L-IO M 5M4256L -12 M5M4256L-15 
Symbol 

Min Max Min Max Min Max 

tOAF Refresh cycle time tAEF 4 4 4 

t W(AASH) RAS high pulse width tAP 90 100 100 

tW(AASLl RAS low pulse width tAAS 100 10000 120 10000 150 10000 

tW(CASLl CAS low pulse width tCAS 50 60 75 

t W(CASH) CAS high pulse width (Note 8) t CPN 25 30 35 

th(RAS-CAS) CAS hold time after RAS tCSH 100 120 150 

th (CAS-RAS) RAS hold time after CAS t RSH 50 60 75 

td(CAS-RAS) Delay time, CAS to RAS (Note 9) teRp 20 30 30 

td(RAS-CAS) Delay time, RAS to CAS (Note 10) tACO 15 50 20 60 25 75 

tsu (RA-RAS) Row address setup time before RAS tASA 0 0 0 

tsu (CA-CAS) Column address setup time before CAS tASC -5 -5 -5 

th(RAS-RA) Row address hold time after RAS t AAH 10 15 20 

th(CAS-CA) Column address hold time after CAS t CAH 15 20 25 

th(RAS-CA) Column address hold time after RAS tAA 65 80 100 

t THL 3 50 3 50 3 50 
Transition time tT 

50 tTLH 3 50 3 3 50 

Note 5: An initial pause of 500jls is required after power·u~ followed by any eight RAS or RAS/CAS cycles before proper device operation is achieved. 

6: The switching characteristics are defined as t THL = t TLH = 5ns. 
7: Reference levels of input signals are VIH min. and Vll max. Reference levels for transition time are also between VIH and Vll· 

8: Except for page· mode 

9: td (CAS-RAS) requirement is applicable for all RAS/CAS cycles. 

10: Operation within the t d (RAS-CAS) max limit insures that ta (RAS) max can be met. td (RAS-CAS)maX is specified reference point only;if 
td (RAS-CAS) is greater than the specified t d (RAS-CAS) max limit, then access time is controlled exclusively by ta (CAS)· 

td (RAS-CAs)mm = t h (RAS- RA)mm + 2t THL(t TLH) + t 5U(CA-CAS)min. 

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

Read Cycle 
Limits 

Symbol Parameter 
Alternative 

Symbol 
M5M4256L-IO M5M4256L-.12 

Min Max Min Max 

tOR Read cycle time t RC 200 230 

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

th(CAS-R) Read hold time after CAS (Note 11) tACH 0 20 

th(RAS-RI Read hold time after RAS (Note 11) tARH 20 0 

tdls (CAS) Output disable time (Note 12) tOFF 0 25 35 

ta (CAS) CAS access time (Note 13) tCAC 50 60 

ta (RAS) RAS access time (Note 14) tRAC 100 120 

Note 11: Either th (RAS-A) or t h (CAS-R) must be satisfied for a read cycle. 
12; tdis (CAS)maX defines the time at which the output achieves the open circuit condition and is not reference to VOH or Val 
13: This is the value when td (RAS-CAS)~ t d (AAS-CAS)max. Test conditions; Load = 2TTL, Cl = 100pF 

M5M4256L-15 

Min Max 

260 

0 

0 

20 

0 40 

75 

150 

14: This is the value when t d (RAS-CAS)< td (AAS-CAS)max. When td (RAS-CAS)~ t d (AAS-CAS)maX, ta (RAS) will increase by the all10unt that 
t d (AAS-CAS) .exceeds the value shown Test conditions. Load = 2T TL 'C l = 100pF 

Write Cycle 

Symbol Parameter 

tow Write cycle time 

tsu (W-CAS) Write setup time before CAS 

th (CAS-W) Write hold time after CAS 

th (RAS-W) Write hold time after RAS 

th (W-RAS) RAS hold time after write 

th(W-CAS) CAS hold time after write 

tw(W) Write pulse width 

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

th (CAS-D) Data-in hold time after CAS 

th(RAS-O) Data-in hold time after RAS 

Alternative 
M5M4256L-IO 

Symbol 
Min 

t AC 200 

(Note 17) twcs -10 

t WCH 35 

t WCR 85 

t RWL 35 

tCWL 35 

twp 35 

t OS 0 

t OH 25 

tOHA 70 
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Max 

Limits 

M5M4256L-12 M5M4256L-15 

Min Max Min Max 

230 260 

-10 -10 

40 45 

100 120 

40 45 

40 45 

40 45 

0 0 

30 35 

90 110 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Read, Write and Read-Modify-Write Cycles 
Limits 

Alternative 
M5M4256L-IO M5M4256L.-12 Symbol Parameter 

Symbol 
Min Max Min Max 

tCRW Read-write cycle time (Note 15) tRWC 235 260 

tCRMW Read-modify-write cycle time (Note 16) tRMwC 235 275 

th(W-RAS) RAS hold time after write tRWL 35 40 

th (W-CAS) CAS hold time after write tCWL 35 40 

tW(W) Write pulse width twp 35 40 

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

td(RAS-W) Delay time, RAS to write (Note 17) tRWO 90 110 

td(CAS-W) Delay time, CAS to write (Note 17) tcwo 40 50 

tsu (D-w) Data-in setup time before write tos 0 0 

th(W-O) Data-in hold time after write tOH 35 40 

tdls (CAS) Output disable time t OFF 0 25 0 35 

ta (CAS) CAS access time (Note 13) tCAC 50 60 

ta(RAS) RAS access time (Note 14) tRAC 100 120 

Note 15: t CRW min is defined as tCRW min = td (RAS-CAs)maX + td (CAS-w)min + th (W-RAS) + t w (RASH) + 3t TLH(tTHL) 

16: t CRM W min is defined as t CRMW min = ta (RAS)maX + th (W-RAS) + tW(RAS H) + 3t TLH(hHL) 

M5M4256L-15 
Min Max 

295 

310 

45 

45 

45 

0 

135 

60 

0 

45 

0 40 

75 

150 

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

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

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

When td (RAS- W)~ t d (RAS- W )mtn. and t d (CAS- W )~t su (w -CAS) mtn a read-write cycle is performed, and the data of the selected address will be read out 

on the data oUlfJut. 

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

Page-Mode Cycle 

Limits 

Symbol Parameter Alternative M5M4256L-IO M5M4256L-12 
Symbol 

Min Max Min Max 

tCPG Page-mode cycle time tpc 100 125 

tw (CASH) CAS high pulse width t CP 40 55 

tCPGRW Page-Mode read-write cycle time tpCRW 130 160 

CAS before RAS Refresh Cycle (Note 18) 

I Limits 

Symbol Parameter 
Alternative 

Symbol 
M5M4256L-IO M5M4256L-12 

Min Max Min Max 

tsuR (CAS-RAS) CAS setup time for auto refresh t CSR 25 30 

thR (RAS-CAS) CAS hold time for auto refresh t CHR 40 50 

tdR(RAS-CAS) Precharge to CAS active time t RPC 0 0 

- - -
Note 18. Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode . 
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M5M4256L-15 
Min Max 

145 

60 

180 

M5M4256L-15 
Min Max 

30 

50 

0 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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TIMING DIAGRAMS (Note 191 

Read Cycle 

__ ++~t..::;d.:....::(CAS-RAS) 

tW(RASU 

th(RAS-CA) 

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

w 

'Q 

V1H -

V1L -

V1H -

____ oJ 

COLUMN 
ADDRESS 

tW(CASU 

V1L - .L...l~..x....l~..x....l~..x....l't"-............... "" ta<CAS) 

ta(RAS) 

VOH - HIGH IMPEDANCE STATE 

VOL - ----------------------------------~--~ 

Write Cycle (Early Write) 

RAS 

CAS 

Ao-As 

W 

o 

V1H -

V1L -

V1H -

V1L -

V1H -

V1L -

V1H -

____ oJ 

V1L - L.::i..~~~~~~~t.::L~::iJ 

VOH -

tew 

tW(RASU 

th( RAS-CAS) 

th(CAS-RAS) 

tW(CASU 

tW(w) 

DATA VALID 

HIGH IMPEDANCE STATE 

tW(RASH) 

DATA VALID 

tW(RASH) 

ROW 
ADDRESS 

ROW 
ADDRESS 

Q 
VOL -----------------------------------------------------------------
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Read-Write and Read-Modify-Write Cycles 

tW(RASLl 

th(RAS-CAS) 

RAS 

th(CAS-RAS) 

tw(cAsLl 

CAS 
V1H -
V1L -

V1H -
Ao-As 

V1L -

td(CAS-W) 

w 
VIH-7\.~?V~~?VV\.~i--------t--------------------------~ 

VIL - .I..)J.~~~~C:L'::.£i.Y 

ta(CAS) 

Q 
VOH- HIGH IMPEDANCE STATE 

DATA VALID 
VOL -

ta(RAS) 

tsU(O-W) th(w-o) 

0 
V1H -

V1L -

RAS-Only Refresh Cycle (Note 20) 

tW(RASLl 

VOH- HIGH IMPEDANCE STATE 

ROW 
ADDRESS 

Q ---------------------------------------------------------------------------------------
VOL -

Note 19_ ~ Indicates the don't care input_ Note 20. CAS=VIH, W, D=don't care. 

AS may be VIH or VIL. 

The center-line indicates the high-impedance state. 
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Page-Mode Read Cycle 

th( RAS-CAS 1 

th(RAS-CAl 

RAS 

th(CAS-RASl tW(RASHl 

VOH -
Q -------------T----------~~ VOL -

w 

Page-Mode Write Cycle 

th( RAS-CAS) 

th(RAS-CA) 

RAS 

t cPGW th( CAS-RAS) 

tW(CASLl tW(CASLI 

CAS 

V1H -

w 
VIL-~~~~~~~----~~~~~Ci~~~----~~~~~~~~~~~~----JP~~~~~~~~~ 

o 
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Hidden Refresh Cycle 
READ CYCLE 

teR 

RAS ONLY REFRESH CYCLE 
teR 

RAS ONLY REFRESH CYCLE 

t W( RASL) 

-+--100(,- tdICAS-RASI 

td(RAS-CAS) th(CAS-RAS) 
tW(CASLJ 

Ao-Aa 

w VIH

VIL - J.i.I.~.I.J.i.,l,L,lo~~...L,,¥,J 

VOH - HIGH IMPEDANCE STATE 
Q 

VOL -

CAS before RAS Refresh Cycle (Note 21) 

READ CYCLE 

RAS 
VIH-

VIL-

VIH-
CAS 

VIL-

Ao-Aa 
VIH-

VIL -

Q 
VOH-

VOL-___ -r 

Note 21: W, 0 = don't care. 
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DATA VALID 

REFRESH CYCLE 

tCR 

REFRESH CYCLE 

tCR 

HIGH IMPEDANCE STATE 
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TYPICAL CHARACTERISTICS 
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en 
« 
~ 
:: 
ill 
~ 
;:: 
C/) 
C/) 
ill 
U 
u « 
~ 
r:::! 
-' « 
~ 
a: 
0 
z 

Ul 

..s 
en 
« 
a: 

:: 
<] 

~ 
f--
C/) 

~ 
u 
u « 

« 
~ 
0 
:: 
f--

~ 
a: 
a: 
:J 
u 
tJ 
~ 
f--« 
a: 
ill 
Cl. 
0 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

25 

20 

15 

10 

0 

\ Ta!: 25°C 

i\. 

\ 
I"" ~ 

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

4.0 5.0 6.0 

SUPPLY VOLTAGE Vee (V) 

ACCESS TIME VS. LOAD 
CAPACITANCE 

II 
Vee=4.SV 

r---T a = 25°C 

.,,'" 
/ 

V 

/' 
V 

;' 

- So 1 00 200 300 400 500 600 

70 

60 

50 

40 

30 

20 

10 

LOAD CAPACITANCE CL (pF) 

OPERATING CURRENT 
VS. AMBIENT TEMPERATURE 

I I 
Vec=S.SV 

r- t eR = 260ns 

- -

-20 0 20 40 60 80 100 

AMBIENT TEMPERATURE Ta ("C) 

1.3 

en « 
~ 1.2 
.!J 
ill 
~ 1.1 ;:: 
C/) 
C/) 
ill 

1.0 u 
u « 
0 
ill 0.9 r:::! 
-' « 
~ 
a: 0.8 
0 
z 

0.7 

80 

« 
~ 70 

0 := 60 
f--
Z 
ill 
a: 50 
a: 
:J 
u 
tJ 40 z 
;:: 
« 
a: 

30 ill 
Cl. 
0 

20 

60 

« 
~ 50 

0 
:: 40 

f--
Z 
ill 30 a: 
a: 
:J 
u 
tJ 20 z 
;:: 
« 
a: 10 ill 
Cl. 
0 

• MITSUBISHI 
~ELECTRIC 

NORMALIZED ACCESS TIME 
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STANDBY CURRENT 
VS. SUPPLY VOLTAGE 
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DESCRIPTION 
This is a family of 262 144-word by1-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon gate 
MOS process, and is ideal for large-capacity memory 
systems where high speed, low power dissipation, and low 
costs are essential. The use of double-layer polysilicon 
process combined with silicide technology and a single
transistor dynamic storage cell provide high circuit density 
at reduced costs, and the use of dynamic circuitry including 
sense amplifiers assures low power dissipation: Multiplexed 
address inputs permit both a reduction in pins to the 16 pin 
zigzag inline package configuration and an increase in 
system densities. In addition to the RAS only refresh mode, 
the Hidden refresh mode and CAS before RAS refresh 
mode are available. 

FEATURES 
Access time Cycle time Power diSSipation 

Type name (max) (min) (typ) 
(ns) (ns) (mW) 

M5M4257L-IO 100 200 200 

M5M4257L-12 120 230 260 

M5M4257L-15 150 260 230 

• 16 pm zigzag mime package 

• Single 5V±10% supply 
• Low standby power dissipation: 25mW (max) 

• Low operating power dissipation: 
M5M4257L-10 . .......... 385mW (max) 
M5M4257L-12 . .......... 360mW (max) 
M5M4257L-15 . .......... 330mW (max) 

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

BLOCK DIAGRAM 

DATA INPUT 

WR ITE CONTROL 
INPUT 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUT A6 11 
COLUMN ADDRESS [~ -fo Q DATA OUTPUT 

CAS ~] STROBE INPUT [~ Vss (OV) 
ADDRESS INPUT As -fo §J 

~ [§ _0 DATA INPUT 
WRITE CONTROL w. iJ INPUT 

U1 

[~ - RAS ~~:o:~~~~Ji ~ 
Ao ~] "" ~ U1 [1~ - A2 ADDRESS INPUT 

" At -fo (lJ r 
APDRESS ( ~l Vee (5V) 
INPUTS 

A7 -- I)] 

A4 -4 (5J 
~=4 - As } ADQ..RESS 
[(6 _ A3 INPUTS 

Outline 16P5A 

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

capabilities. (Pin 1 is used for nibble mode) 

• CAS before RAS refresh mode capability 
• All input terminals have low input capacitance and are 

directly TTL-compatible 

• Output is three-state and directly TTL-compatible 
• 256 refresh cycles every 4ms. Pin 5 is not needed for 

refresh. 
• CAS controlled output allows hidden refresh 

APPLICATION 
Main memory unit for computers, Microcomputer memory 
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FUNCTION 

The M5M4257L provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e.g., nibble mode, RAS-only refresh, and delayed
write. The input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
RAS CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify-write ACT ACT 

RAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

CAS before RAS refresh ACT ACT 

Standby NAC ONC 

Inputs 

-
W 

NAC 

ACT 

ACT 

ONC 

ONC 

ONC 

ONC 

Output 

Row Column Refresh Remarks 
0 0 

address address 

ONC APO APO VLO YES * 
VLO APO APO OPN YES 

VLO APO APO VLO YES 

ONC APO ONC OPN YES 

ONC ONC ONC VLO YES 

ONC ONC ONC OPN YES 

ONC ONC ONC OPN NO 

Note: ACT: active, NAC: nonactive, ONC: don't care, VLO: valid, APO: applied, OPN: open. 
* Nibble mode identical and Nibble mode column address is ONC while togging CAS 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262 144 memory cells in the 
M5M4257L the 18-bit address signal must be multiplexed 
into 9 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 9 row-address bits; next, the negative
going edge of the column-address-strobe pulse (CAS) 
latches the 9 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 

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

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

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

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

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

Data Output Control 
The output of the M5M4257L IS In the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

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

These output conditions, of the M5M4257L, which can 
readily be changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer capabilities for a number of applications, 
as follows. 

1. Common I/O Operation 
If all write operati?ns are performed in the early-write 
mode, input and output can be connected directly to give a 
common I/O data bus. 
2 Data Output Hold 
The data output can be held between read cycles, without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS. 
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3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended·Page BoJndary 
By decoding CAS, the page boundary can be extended 
beyond the 512 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Nibble-Mode Operation 
The M5M4257L is designed to allow high speed serial read, 
write or read-modify-write access of 4 bits of data. The 
first of 4 nibble bits is accessed by the normal mode with 

read data coming out at ta(CAS) time. Next 2, 3 or 4 nibble 
bits is read or writen by bringing CAS high then low 
(toggle) while RAS remains low. Thus the time required to 
strobe in not only the row address but also the column 
address is eliminated, thereby faster access and shorter 
cycle time than that of Page-Mode is achieved. 

Address on pin 1 (row address A8 and column address 
A8) is used to select 1 of the 4 nibble bits for initial access. 
Toggling CAS causes row A8 and column A8 to be in
cremented by the internal shift register with A8 row being 
the least significant address and allows to access to the next 
nibble bit. If more than 4 bits are accessed during this mode 
the same address bit will be accessed cyclically. In Nibble

Mode, any combination of read, write and read-modify

write operation is possible (e.g. first bit read, second bit 

write, third bit read-modify-write, etc.). 

Refresh 
Each of the 256 rows (Ao '" A7) of the M5M4257L must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4257 L are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

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

2 ... RAS On IV Refresh 

In this refresh method, the CAS clock should be at a 
V IH level and the system must perform RAS Only cycle on 
all 256 row. address every 4 ms. The sequential· row ad
dresses from an external counter are latched with the RAS 
cloCk and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 

If CAS falls tSUR(CAS-RAS) earlier than RAS and if CAS 
is kept low by thR (RAS-CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the intern~1 8-bit 
counter is put into the address buffer to refresh the cor
responding row. The output will stay in the high impedance 

state. 
If CAS is kept low after the above operation, RAS cycle 

initiates RAS Only Refresh with internally generated re
fresh address (Automatic refresh). The output will again 

stay in the high impedance state. 
Bringing RAS high and then low while CAS remains high 

initiates the normal RAS Only Refresh using the external 

address. 
If CAS is kept low after the normal read/write cycle, 

RAS cycle initiates the RAS Only Refresh using the inter
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 

4. Hidden Refresh 

A feature of the M5M4257L is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh. 

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

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

need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the M5M4257 L is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4257L as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5M4257L operates on a single 5V power supply. 

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

M5M4257L-l0, -12, -15 

262144~BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

VCC Supply voltage -1-7 

VI I nput voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25·C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature -65-150 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 0 0 V 

VIH High level input voltage, all inputs 2.4 6.5 V 

VIL Low-level input voltage, all inputs -2 0.8 V 

Note 1. All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta =O-7Q"C. Vee=5V ± 10%. VSS=OV. unless otherwise noted) (Note 21 

Symbol Parameter 
Limits 

Test conditions 
Min Typ 

VOH High-level output voltage IOH= -SmA 2,4 

VOL Low-level output voltage IOL=4.2mA 0 

loz Off-state output current Q floating OV ~VouT~5,5V -10 

II I nput current OV ~ VIN~ VCC. Other input pins =OV -10 

M5M4257L-IO 
RAS. CAS cycling 

leet(AV) 
Average supply current from Vee, 

M5M4257L-12 operating (Note 3, 41 t CR = t cw = min, output open 
M5M4257L-15 

ICC2 Supply current from Vee, standby RAS =CAS=VIH output open 

M5M4257L-IO 
RAS CAS=VIt:i Average supply current from Vee, cycling 

ICC3 (AV) refreshing (Note 31 M5M4257L-12 
te(RAS)=min, output open 

M5M4257L-15 

M5M4257L-IO 
RAS=VIL. CAS cycling 

Iccs (AV) 
Average supply current from Vee 

M5M4257L-12 
nibble mode t CN= min, output open 

M5M4257L-15 

Average supply current from Vee, M5M4257L-IO 
CAS before RAS refresh cycling 

ICC6(AV) CAS before RAS refresh mode M5M4257L-12 
tetRAS) = min, output open 

INote 31 M5M4257L-15 

CI (A) Input capacitance, address inputs 

C I (D) Input capacitance, data input VI=VSS 

CI (W) Input capacitance, write control input f=lMHz 

C I (RAS) I nput capacitance, RAS input Vi=25mVrms 

CI (CAS) Input capaCitance, CAS input 

Co Output capacitance VO=VSS. f=1MHz. Vi=25mVrms 

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

3: I ec t (AV). I CC3(AV), ICC5(AVI and ICC6(AVI are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

4' ICC t (AV) and I CCS (AV) are dependent on output loading, Specified values are obtained with the output open. 

• MITSUBISHI 
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Unit 

V 

V 

V 

mA 

mW 

·C 

·C 

Unit 
Max 

Vec V 

0.4 V 

10 J.l.A 

10 J.l.A 

70 

65 mA 

60 

4.5 mA 

60 

55 mA 

50 

35 

30 mA 

25 

65 

60 mA 

55 

5 pF 

5 pF 

7 pF 

10 pF 

10 pF 

7 pF 
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MITSUBISHI LSI. 

MSM4257L-l0, -12, -15 

282144·BIT (282,144.WORD BY I.BIT) DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Nibble-Mode Cycle) 
( Ta -= 0 - 70'C, Vcc = 5 V :t 10%, v ss = OV, unless otherwise noted, See notes 5, 6 and 7) 

Limits 

Symbol Parameter 
Alternative 

M5M4257L-IO M5M4257L-12 M5M4257L-15 
Symbol 

Min Max Min Max Min Max 

teRF Refresh cycle time tREF 4 4 4 

t W(RASH) RAS high pulse width tRP 90 100 100 

t W(RASLl RAS low pulse width t RAS 100 10000 120 10000 150 10000 

t w(CASLl CAS low pulse width tCAS 50 60 75 

t W(CASH) CAS high pulse width (NoteS) tCPN 25 30 35 

th (RAS-CAS) CAS hold time after RAS tCSH 100 120 150 

th (CAS-RAS) RAS hold time after CAS tRSH 50 60 75 

td (CAS-RAS) Delay time, CAS to RAS (Note 9) t CRP 20 30 30 

td(RAS-CAS) Delay time, RAS to CAS (Note 10) t RCO 15 50 20 60 25 75 

tSU(RA-RAS) Row address setup time before RAS tASR 0 0 0 

tsu (CA-CAS) Column address setup time before CAS tASC -5 -5 -5 

th (RAS-RA) Row address hold time after RAS tRAH 10 15 20 

th (CAS-CA) Column address hold time after CAS tCAH 15 20 25 

th (RAS-CA) Column address hold time after'RAS tAR 65 80 100 

t THL 
tT 

3 50 3 50 3 50 
Transition time 

t TLH 3 50 3 50 3 50 

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

6. The switching characteristics are defined at t THL = t TLH = 5ns. 
7. Reference levels of input signals are VIH min and VIL max. Reference levels for transition time are also between VIH and VIL. 

S. Except for page-mode. 

9. td (CAS-RAS) requirement is only applicable for all RAS/CAS cycles. 

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

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

td(RAS-CAS) min = th (RAS-RA) min + 2t THL( tTLH) + tsu (CA-CAS) min. 

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

Read Cycle 
Limits 

Alternative 
Symbol Parameter M5M4257L-IO M5M4257L-12 

Symbol 
Min Max . Min Max 

teR Read cycle time t RC 200 230 

tsu (R-CAS) Read setup time before CAS tRCS 0 0 

th (CAS-R) Read hold time after CAS (Note ttl tRCH 0 0 

th( RAS-RI Read hold time after RAS (Note 11) tRRH 20 20 

tdls (CAS) Output disable time (Note 12) tOFF 0 25 0 35 

ta(CAS) CAS access time (Note 13) 'tCAC 50 60 

ta (RAS) RAS access time (Note t4/ tRAC 100 120 

Note 11. Either th (RAS-R) or th (CAS-R) must be satisfied for a read cycle. 

12. tdis (CAS) max defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL. 

13. This is the vauel when td (RAS-CAS) ~ td (RAS-CAS) max. Test conditions; Load = 2TTL. CL = 100pF. 

M5M4257L-15 

Min Max 

260 

0 

0 

20 

0 40 

75 

150 

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

Write Cycle 

Symbol Parameter 

tew Write cycle time 

tsu (W-CAS) Write setup time before CAS 

th (CAS-W) Write hold time after CAS 

th(RAS-W) Write hold time after RAS 

th(W-RAS) RAS hold time after write 

th(W-CAS) CAS hold time after write 

tW(W) Write pulse width 

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

th (CAS-~) Data-in hold time after CAS 

th (RAS-O) Data-in hold time after RAS 

2-88 

Alternative 
M5M4257L-IO 

Symbol 
Min 

t RC 200 

(Note t 71 t wcs -10 

tWCH 35 

tWCR 85 

tRWL 35 

tCWL 35 

twp 35 

t OS 0 

tOH 25 

tOHR 70 

'. ,: . :MITSUBISHI 
"-ELECTRIC 

Max 

Limits 

M5M4257L-12 M5M4257L-15 
Min Max Min Max 

230 260 

-10 -10 

40 45 

100 120 

40 45 

40 45 

40 45 

0 0 

30 25 

90 110 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MITSUBISHI LSI. 

MSM4257L-l0, -12, -15 

282144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

Read, Write and Read-Modify-Write Cycles 

Alternative 
Limits 

Symbol Parameter 
Symbol 

M5M4257L-IO M5M4257L-12 M5M4257L-15 Unit 

Min Max Min Max Min Max 

tCRw Read-write cycle time (Note 15) tRwe 225 260 295 ns 

tCRMW Read-modify-write cycle time (Note 16) tRMwe 235 275 310 ns 

th(W-RAS) RAS hold time after write tRWL 35 40 45 ns 

th (W-CAS) CAS hold time after write tCWL 35 40 45 ns 

tW(W) Write pulse width twp 35 40 45 ns 

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

td(RAS-W) Delay time, RAS to write (Note 17) tRwO 90 110 135 ns 

td (CAS-W) Delay time, CAS to write (Note 17) tcwo 40 50 60 ns 

tsu (O-W) Data-in setup time before write t os 0 0 0 ns 

th (w-O) Data-in hold time after write tOH 35 40 45 ns 

tdls (CAS) Output disable time t OFF 0 25 0 3S 0 40 ns 

ta (CAS) CAS access time (Note 13) tCAC 50 60 75 ns 

ta (RAS) RAS access time (Note 14) t RAC 100 120 150 ns 

Note 15. tc RW min is defined as tc RW min = td (RAS-CAS) + td (RAS-W)+ th (W-RAS) + tw (RASH) + 3t TLH (tTHL) 

16. tCRMW min is defined as tc RMW min = ta (RAS) max + th (W-RAS) +tw (RAS-H) + 3t TLH (tTHL) 

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

When tsu (W-OAS) ~ tsu (W-OAS) min, an early-write cycle is performed, and the data outputs keep the high-impedance state. 

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

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

Nibble-Mode Cycle 

Symbol Parameter 
Alternative 

M5M4257L-IO 
Symbol 

Min Max 

tCN Nibble mode cycle time tNC 50 

taN (CAS) Nibble mode access time t NAC 25 

tWN (CASU Nibble mode CAS low pulse width tNOAS 25 

tWN(CASH) Nibble mode precharge time t NP 15 

thN (CAS-RAS) Nibble mode RAS hold time t NRSH 25 

tdN (CAS-W) Nibble mode CAS to WRITE delay t NOWD 25 

tWNRMW (CASU Nibble mode RMW CAS pulse width t NORW 55 

thNRMW(W-CAS) Nibble mode WR ITE to CAS lead time t NCWL 25 

tSUN(W-CAS) Nibble mode WR ITE setup time before CAS t NWCS 0 

t hN(CAS-RAS) Nibble mode RMW RAS hold time 55 

CAS before RAS Refresh Cycle (Note 18) 

Symbol Parameter 
Alternative 

M5M4257L-IO 
Symbol 

Min Max 

tsuR (OAS-RAS) CAS setup time for auto refresh t OSR 25 

th R (RAS-OAS) CAS hold time for auto refresh t OHR 40 

t dR (RAS-CAS) Precharge to CAS active time t RPC 0 

-
Note 18_ Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 

Nibble Mode Addr'essing Sequence Example 

Sequence Nibble bit 
Ao A1 A2 

Column address 

A3 A4 AS 

RAS/CAS 1 0 1 0 1 0 1 

toggle CAS 2 0 1 0 1 0 1 

toggle CAS 3 0 1 0 1 0 1 

toggle CAS 4 0 1 0 1 0 1 

toggle CAS 1 0 1 0 1 0 1 

Row address 

A6 A7 As Ao A1 A2 A3 

0 1 0 0 1 0 1 

0 1 0 0 1 0 1 

0 1 1 0 1 0 1 

0 1 1 0 1 0 1 

0 1 0 0 1 0 1 

• MITSUBISHI 
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A4 As 

0 1 

0 1 

0 1 

0 1 

0 1 

A6 

0 

0 

0 

0 

0 

Limits 

M5M4257L-12 M5M4257L-15 

Min Max Min Max 

55 70 

3 30 40 

30 40 

15 20 

30 40 

30 20 

65 40 

30 40 

0 80 

Limits 

M5M4257L-12 M5M4257L-15 

Min Max Min Max 

30 30 

50 50 

0 0 

A7 As 

1 0 I External address 

1 1 

1 0 

1 1 

1 0 

I ,","'Mil, 9'"'''''''' odd,= 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

olS 

Unit 

ns 

ns 

ns 
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MITSUBISHI LSls 

MSM4257L-l0, -12, -IS 

282144-'BIT (262144 .. WORD BY I-BIT) DYNAMIC RAM 

TIMING DIAGRAMS (Note 19) 

Read Cycle 

RAS 

CAS 

Ao-As 

w 

Q 

V1H -

V1L- ____ -J 

tW(RASL) 

th(RAS-CAS) 

th(RAS-CA) 

td( RAS-CAS) 

~h(CAS-CA) 

COLUMN 
ADDRESS 

th(CAS-RAS) 

ti/v(CASL) 

tW(RASH) 

ROW 
ADDRESS 

VIH-~~VV\.A~VV~~~~~--------1--------------------------------r----~\.A~j\J\.A~~ 

V1L - .l.J.(JL..lL.lc::.:Lli.::l..~L:ij~~'L.:::i.T 

ta(RAS) 

VOH - HIGH IMPEDANCE STATE 

VOL - -------------------------------------------------~~ DATA VALID 

Write Cycle (Early Write) 

RAS 

CAS 

Ao-As 

w 

o 

Q 

2-90 

V1H -

V1L - _______ J 

tW(RASL) 

th( RAS-CAS) 

tew 

th(CAS-RAS) 

tW(CASL) 

tW(RASH) 

ROW 
ADDRESS 

tW(w) V1H - fu~7'\7'rn7\'7l;7i7d\.7\'7I;">" 

VIL-~~~~~~~~~~----4_----+_----~~~~~~~~~~~~~~:.:Ll~~~~~~~~ 

V'H
DATA VALID 

V1L - L::L.~~'ijL~~~~~'£::i.YI 
th(RAS-O) 

VOH - HIGH IMPEDANCE STATE 

V
OL

---------------------------------------------------------------------------
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MITSUBISHI LSI. 

MSM4257L-l0, -12, -IS 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

tW(RASLl 

RAS 

td( RAS-CAS) 

td(CAS-W) 

w 

Q VOH--______ ~---------H-I-G-H-I-M-P-E-D-AN--CE--S-TA-T-E------------+t~ 
VOL --

ta(RAS) 

D 

RAS-Only Refresh Cycle (Note 20) 

tW(RASLl 

DATA VALID 

tSU(O-W) th(w-o) 

tdiS(CAS) 

ROW 
ADDRESS 

Q 
VOH--________ ~--------------------------H-I-G-H-I-M-P-E-D-A-N-C-E-S-TA-T_E ____________________________________ ___ 
VOL --

Note19.~ 

J»--«{C 

Indicates the don't care input. Note 20. CAS=VIH, W, 0= don't care. 

AS may be VIH or VIL. 

The center-line indicates the high-impedance state. 
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MITSUBISHI LSls 

M5M4257L-l0, -12, -IS 

282144-BIT (282144-WORD BY I-BIT) DYNAMIC RAM 

Nibble Mode Read Cycle (Note 21) 

tW(RASLl 

RAS 

V 1H -

CAS 
V 1L -

Ao-As 
V 1H -

V 1L -

w 

ta<CAS) taN(CAS) 

VOH - HIGH IMPEDANCE STATE 
Q 

VOL -

Note 21 :Pim 1 at Row Time and Column Time Determines the Starting Address of the Nibble Cycle. 

Nibble Mode Write Cycle (Early Write) 

CAS 

Ao-As 

W 

0 

Q 

2-92 

V 1H -

V 1L -

V 1H -

V 1L -

V 1H -

V 1L -

V 1H -

V1L -

V OH -

VOL -

HIGH IMPEDANCE STATE 
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"-ELECTRIC 



MITSUBISHI LSls 

MSM4257L-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

Nibble Mode Read-Modify-Write Cycle 
WNCRASU 

RAS =~ ~r 
thC RAS-CAS) thNCW-RAS) 

tdC RAS-CAS) tWNCCASH) 
thNCW-CAS) 

-- thCAAS-CA) >1 ~ 
~tWCCASU-

tWNRMWC CASU 

I~!\ -
"I\~ ~ -CAS 

tsuc AA-RAS) thCCAS-CA) thNRMWCCAS-RAS) 

thCRAS-RA) tdCCAS-W) 

~ tSUCCA-CAS) 

,=)! ~ ROW X COLUMN ~~xxxxxx x~ >Xxxxxxrn0 lix\\V 
~ ADDRESS ADDRESS -J .l:IXl':lN' XWN0l){){)< .J<N0.R. Ao-As 

thCRAS-W) 

tSUCW-CAS) thCCAS-W) 
tSUCR-CAS) 

twCw) 

I I 
w - l'0/'I'lx 

- W,XXX k\\ ]@IJU i\ ~~ l'N0N 
XXXX.x.X 

tSUCD-CAS) thCCAS-D) tSUCD-W) thCW-D) 

D L=~ 
vX'\.. ~ 
(!:ffi~ DATA VALID ~~ ~~ DATA VALID J@ ~ 

thCRAS-D) taNCCAS) tdisCCAS) 

- HIGH IMPEDANCE STATE -,~ 

~ ) 
DATA VALID 

-
Q 

Hidden Refresh Cycle 

CAS 

Ao-As 

w 

Q 

VIH~ 

READ CYCLE 

teA 

tWCRASU 

_'I----"---l'-�O__tdCCAS-RAS) 
tdCRAS-CAS) thCCAS-AAS) 

V1L ~ ",,",,"'""'-lo"""""~~...I..l""""'*-I 

VOH -- HIGH IMPEDANCE STATE 

RAS ONLY REFRESH CYCLE RAS ONLY REFRESH CYCLE 

thRCRAS-CAS) 

twccAsLl 

DATA VALID VOL ~---------~<I 

~~------------~~-----------------~~ 
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M5M4257L-l0, -12, -15 

262144-BIT (262144"WORD BY I-BIT) DYNAMIC RAM 

CAS before RAS Refresh Cycle (Note 22) 
REFRESH CYCLE 

READ CYCLE 
REFRESH CYCLE 

teR 
READ OR WRITE 

CYCLE 

VIH_~~~tAA70\,~A7~A?0\~~~~~~~~h\A7~~~~Ar0\,~~~~~~ ~~--~ 

VIL-~~~~~~~~~~~~~~~~~~I~~~~~~~~~~~~~~ 

Q 
VOH-

VOL-___ -r 

Note 22: W, D; don't care. 

TYPICAL CHARACTERISTICS 
NORMALIZED ACCESS TIME 

VS. SUPPLY VOLTAGE 
1.3 

U; 
« ::. 1.2 

:J 

~ 1.1 ;:: 

~ 
u 1.0 u « 
8 

0.9 ':::! 
...J 
« 
:2 
a: 0.8 
0 
z 

0.7 

25 

en 20 
5 
'U) 

« 15 a: 

:J 
<I 10 
~ 
;:: 
Vl 

~ 
U 
u « 

\ Ta '= 2S'C , 
\ 

'" '" r---.... ...... 1'-0. 

4.0 5.0 6.0 

SUPPLY VOLTAGE Vee (V) 

ACCESS TIME VS. LOAD 
CAPACITANCE 

I I 
Vee=4.SV 

~ Ta=25'C 

",,"" 

/' 
V 

/ 
V 

./ 

100 200 300 400 500 600 

LOAD CAPACITANCE CL (pF) 

UJ 
« ::. 

:J 

~ 
;:: 

~ 
u 
u « 
0 
w 
':::! 
4. 
:2 
a: 
0 
z 

U) 
« 
2-
z 

:J 

~ 
i= 
(f) 
(f) 
lJ.J 
U 
u « 
w 
-' co 
co 
Z 
fa 
N 
::i « 
~ 
a:: 
0 z 

HIGH IMPEDANCE STATE 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

NORMALIZED ACCESS TIME 
VS. AMBIENT TEMPERATURE 

I I 
Vee= S.OV 

~ 

// 
/ 

V 

/: 
7' 

0.7_ 20 a 20 40 60 80 100 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 
I 

0.4 

AMBIENT TEMPERATURE Ta ('C) 

NIBBLE MODE ACCESS TIME 
VS. SUPPLY VOLTAGE 

\ "-
~ 

Ta=25~ 

" ~ '-.... .... 

4.0 5.0 6.0 

SUPPL Y VOLTAGE Vee (V) 
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MITSUBISHI LSls 

MSM4257L-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

NIBBLE MODE ACCESS TIME 
VS. AMBIENT TEMPERATURE 

Vc~=5.00 

/ 
V 

./ 
/ 

// 
", 

,. 

-20 0 20 40 60 80 1 00 

AMBIENT TEMPERATURE Ta ('C) 

OPERATING CURRENT 
VS. AMBIENT TEMPERATURE 

VCC~5.5J 
_ tCR=260ns 

- -

-20 0 20 40 60 80 1 00 

AMBIENT TEMPERATURE Ta ('C) 

STANDBY CURRENT 
VS. SUPPLY VOLTAGE 

Ta=125,c 

,...,.-~ 
l.,....-" 

~ 
~ ...,.,. 

4.0 5.0 6.0 

SUPPL Y VOLTAGE Vee (V) 

<I: 

~ 
0 
0 

I-

~ 
cr 
cr 
::J 
U 

<.:J 
~ 
I-
« 
cr 
UJ 
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:;{ 
~ 
0 
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~ 
cr 
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U 
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« 
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10 
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10 

6 

o 

OPERATING CURRENT 
VS. SUPPLY VOLTAGE 

Ta1= 25'CI 

I--- tCR = 260ns 

./ 

V'" 
V 

/ 
/" 

./' 
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DESCRIPTION 
This is a family of 262 l44-word by l-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon gate 
MOS process, and is ideal for large-capacity memory 
systems where high speed, low power dissipation, and low 
costs are essential. The use of double-layer polysilicon 
process combined with silicide technology and a single
transistor dynamic storage cell provide high. circuit density 
at reduced costs, and the use of dynamic circuitry including 
sense amplifiers assures low power dissipation. Multiplexed 
address inputs permit both a reduction in pins to the l8-pin 
plastic leaded chip carrier configuration and an increase in 
system densities. In addition to theRAS only refresh mo

de, the Hidden refresh mode and CAS before RAS refresh 
mode are available. 

FEATURES 
Access time Cycle time Power diSSipation 

Type name (max) (min) (typ) 
(ns) (ns) (mW) 

M5M4256..J-IO 100 200 300 

M5M4256..J-12 120 230 260 

M5M4256..J-15 150 260 230 

• l8-pin plastic leaded chip carrier 

• Single 5V±1 0% supply 
• Low standby power dissipation: 25mW (max) 
• Low operating power dissipation: 

M5M4256J-l O· .......... 385mW (max) 
M5M4256j-12 ........... 360mW (max) 
M5M4256J-15 ........... 330mW (max) 

• Unlatched output enables two-dimensional chip selec

tion and extended page boundary. 

BLOCK DIAGRAM 
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• Early-write operation gives common I/O capability 
• Read-modify-write, RAS-only-refresh, Page-mode capa

bilities 

• CAS before RAS refresh mode capability 
• All input terminals have low input capacitance and are 

directly TTL-compatible 

• Output is three-state and directly TTL-compatible 
• 256 refresh cycles every 4ms 
• CAS controlled output allows hidden refresh 

• Output data can be held infinitely by CAS. 

APPLICATION 
Main memory unit for computers, Microcomputer memory 
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FUNCTION 

The M5M4256J provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e.g., page mode, RAS-only refresh, and delayed
write. The input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
RAS ,CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify-write ACT ACT 

RAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

CAS before RAS refresh ACT ACT 

Standby NAC ONC 

-
W 

NAC 

ACT 

ACT 

ONC 

ONC 

ONC 

ONC 

Inputs Output 

Row Column Refresh 
0 Q 

address address 

ONC APO APO VLO YES 

VLO APO APO OPN YES 

VLO APO APO VLO YES 

ONC APO ONC OPN YES 

ONC ONC ONC VLO YES 

ONC ONC ONC OPN YES 

ONC ONC ONC OPN NO 

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

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262 144 memory cells in the 
M5M4256J the 18-bit address signal must be multiplexed 
into 9 address signals, which are then latched into the 
on-chip latch by tllllo externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 9 row-address bits; next, the negative
going edge of the column-address-strobe pulse (CAS) 
latches the 9 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 

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

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

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

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

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

times. 

Data Output Control 
The output of the M5M4256J IS In the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The output will remain in the high-impedance ,state 

throughout the entire cy~le in an early-write cycle. 
These output conditions, of the M5M4256J which can 

readily be changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer capabilities for a number of applications, 

as follows. 

1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, input and output can be connected directly to give a 
common I/O data bus. 
2 Data Output Hold 
The data output can be held between read cycles, without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS. 

2-100 
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3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep 
the outputs of selected chips in the matrix in a high
impedance state. This means that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended-Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 512 column locations in a single chip. I n this 
case, RAS must be applied to all devices. 

Page-Mode Operation 
This operation allows for multiple-column addressing at the 
same row address, and eliminates the power dissipation 
associated with the negative-going edge of RAS, because 

once the row address has.been strobed, RAS is maintained. 
Also, the time required to strobe in the row address for the 
second and subsequent cycles ,is eliminated, thereby 
decreasing the access and cycle times. 

Refresh 
Each of the 256 rows (Ao '" A7) of the M5M4256J must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4256J are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

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

2. RAS Only Refresh 

In this refresh method, the CAS clock should be at a 
V1H level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 

over a read or ~rite cycle. 

3. CAS before RAS Refresh 

If CAS falls tsuA (CAS-A AS) earlier than RAS and if CAS 
is kept low by thA (AAS-CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal 8-bit 
counter is put into the address buffer to refresh the cor
responding row. The output will stay in the high impedance 
state. 

If CAS is kept low after the above operation, RAS cycle 
initiates RAS Only Refresh with internally generated re
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the external 
address. 

If CAS is kept low after the normal read/write cycle, 
RAS cycle initiates the RAS Only Refresh using the inter
nal refresh address and especially after the normal read 

cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 

4. Hidden Refresh 

A feature of the M5M4256J is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh. 

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

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

need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the M5M4256J is dynamic, and 

most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and appl ied to the 
M5M4256J as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 

power dissipation. 

Power Supplies 
The M5M4256J operates on a single 5V power supply. 

A wait of some 500j..ls and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

VCC Supply voltage -1-7 

VI Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25·C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature ~65-150 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

VSS Supply vol tage 0 0 0 V 

VIH High·level input voltage. all inputs 2.4 6.S V 

VIL Low·level input voltage. all inputs -2 0.8 V 

Note 1. All voltage values are with respect to VSS 

ELECTRICAL CHARACTERISTICS (Ta =O-1Q"C. Vcc=5V ± 10%. VSS=OV. unless otherwise noted) (Note 2) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ 

VOH High-level output voltage 10H= -SmA 2.4 

VOL Low·level output voltage IOL=4.2mA 0 

loz Off-state output current Q floating OV~VoUT~5.5V -10 

II Input current OV~VIN~VCO. Other input pins =OV -10 

M5M4256J-IO· 
RAS. OAS cycling 

ICCl(AV) 
Average supply current from Vee. 

M5M4256J-12 operating (Note 3.4) tOR=tCW= min. output open 
M5M4256J-15 

1002 Supply current from Vee', standby RAS =CAS=VIH output open 

M5M4256J-IO 
RAS OAS =VIH 

IOC3(AV) 
Average supply current from Vee. cycling 

refreshing (Note 3) M5M4256J-12 

M5M4256J-15 
tC(RAS)= min, output open 

M5M4256J-IO 
RAS =VIL. OAS cycling 

1004 (AV) 
Average supply current from Vee. 
page mode (Note 3. 4) M5M4256J-12 

tOPG= min. output open 
M5M4256J-15 

Average supply current from Vee. M5M4256J-IO 
CAS before RAS.ref~esh cycling 

IOC6(AV) CAS before RAS refresh mode M5M4256J-12 
to (RAS) ; min. Output open 

(Note 3) M5M4256J-15 

01 (A) Input capacitance. address inputs 

01 (0) Input capacitance. data input VI=VSS 

01 (W) Input capacitance. write control input f=IMHz 

01 (RAS) Input capacitance. RAS input Vi=25mVrms 

01 (CAS) Input capacitance. CAS input 

00 Output capacitance VO=VSS. t=IMHz. Vi=25mVrms 

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

3. 
4. 

1001 (AV). I 003(AV). 1004(AV) and lee6(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

100 I (AV) and I 004(AV) are dependent on output loading. Specified values are obtained with the output open. 
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V 

V 
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mA 
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·C 

·C 

Unit 
Max 

VCC V 

0.4 V 

10 /.1 A 

10 /.1 A 

70 

65 mA 

60 

4.5 mA 

60 

55 mA 

50 

55 

50 mA 

45 

65 

60 mA 

55 

5 pF 

5 pF 

7 pF 

10 pF 

10 pF 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) 
(Ta = 0 - 70'C, Vcc = sv :t 10%, VSS =OV, unless otherwise noted, See notes 5, 6 and 7) 

Limits 

Symbol Parameter Alternative M5M4256.J-1O M5M4256-.1-12 M5M4256.J-15 
Symbol 

Min M~x Min Max Min Max 

tCAF Refresh cycle time t AEF 4 4 4 

tW(AASH) RAS high pulse width t RP 90 100 100 

tW(RASU RAS low pulse width tRAS 100 10000 120 10000 150 10000 

t W (CASU CAS low pulse width tCAS 50 60 75 

t W(CASH) CAS high pulse width (Note 81 t CPN 25 30 35 

th (RAS-CAS) CAS hold time after RAS tCSH 100 120 150 

th (CAS-RAS) RAS hold time after CAS t RSH 50 60 75 

td (CAS-RAS) Delay time, CAS to RAS (Note 91 tCRP 20 30 30 

td (RAS-CAS) Delay time, RAS to CAS (Note 101 t RCO 15 50 20 60 25 75 

tsu (RA-RAS) Row address setup time before RAS t ASR 0 0 0 

tsu (CA-CAS) Column address setup time before CAS t Ase -5 -5 -5 

t h (RAS-RA) Row address hold time after RAS tRAH 10 15 20 

t h (CAS-CA) Co.lumn address hold time after CAS t CAH 15 20 25 

t h (RAS-CA) Column address hold time after RAS t AA 65 80 100 

tTHL 3 50 3 50 3 50 
Transition time tT 

50 t TLH 3 50 3 3 50 

Note 5. 

6. 

An initial pause of 500j.ts is required after power-up followed by any eight RAS or RAS/CAS cycles before proper device operation is achieved. 

The switching characteristics are defined at t THL = t TLH = 5ns. 

7. 

8. 

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

Except for page-mode. 

9. td (CAS- RAS) requirement is applicable for all RAS/CAS cycles 

10. Operation within the td (RAS-CAS) max limit insures that ta (RAS) max can be met. td (RAS-CAS) max is specified reference point only; if 
td (RAS-CAS) is greater than the specified td (RAS-CAS) max limit, then access time is controlled exclusively by ta (CAS). 

td(RAS-CAS) min = th (RAS-RA) min + 2t THL( t TLH) + tsu (CA-CAS) min. 

SWITCHING CHARACTERISTICS (Ta=O-70'C, VCC=SV ± 10%, VSS=OV, unless otherWise noted) 

Read Cycle 
Limits 

Symbol Parameter 
Alternative 

Symbol 
M5M4256.J-1O M5M4256-.1-12 

Min Max Min Max 

tCR Read cycle time tRc 200 230 

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

th(CAS-A) Read hold time after CAS (Note 111 t RCH 0 0 

thl RAS-R) Read hold time after RAS (Note 111 tRRH 20 20 

tdis (CAS) Output disable time (Note 121 tOFF 0 25 0 35 

ta (CAS) CAS access time (Note 131 tCAC 50 60 

ta (RAS) RAS access time (Note 141 tRAC 100 120 

Note 11. Either th ( RAS- R) or t h (CAS- R) must be saiisfied for a read cycle. 

12. tdis (CAS) max defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL. 

13. This is the value when td (RAS-CAS);;;; td (RAS-CAS) max. Test conditions; Load = 2TTL. CL = 100pF. 

M5M4256.J-15 

Min Max 

260 

0 

0 

20 

0 40 

75 

150 

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

Write Cycle 

Symbol Parameter 

tew Write cycle time 

tsu (W-CAS) Write setup time before CAS 

th (CAS-W) Write hold time after CAS 

th (RAS-W) Write hold time after RAS 

th (W-RAS) RAS hold time after write 

th(W-CAS) CAS hold time after \(Vrite 

tW(W) Write pulse width 

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

th (CAS-D) Data-in hold time after CAS 

th(RAS-O) Data-in hold time after RAS 

Alternative 
M5M4256.J-1O 

Symbol 
Min 

t RC 200 

(Note 171 t WCS -10 

tWCH 35 

tWCR 85 

lRWL 35 

tCWL 35 

twp 35 

t OS 0 

tOH 25 

tOHA 70 

'MITSUBISHI 
~ELECTRIC 

Max 

Limits 

M5M4256.J-12 M5M4256.J-15 

Min Max Min Max 

230 260 

-10 -10 

40 45 

100 120 

40 45 

40 45 

40 45 

0 0 

30 35 

90 110 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

nS 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MITSUBISHI LSI. 

M5M4256J-l0, -12, -15 

282144-BIT (282144-WORD BY I-BIT) DYNAMIC RAM 

Read, Write and Read-Modify-Write Cycles 

Limits 

Symbol Parameter 
Alternative 

M5M4256J-IO M5M4256J-12 M5M4256J-15 Unit 
Symbol 

Min Max Min Max Min Max 

tCRW Read-write cycle time (Note 15) tRwC 225 260 295 ns 

tCRMW Read-modify-write cycle time (Note 16) tRMWC 235 275 310 ns 

th(W-RAS) RAS hold time after write tRWL 35 40 45 ns 

th (W-CAS) CAS hold time after write tCWL 35 40 45 ns 

tW(W) Write pulse width twp 35 40 45 ns 

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

td(RAS-W) Delay time, RAS to write (Note 17) tRwO 90 110 135 ns 

td(CAS-W) Delay time, CAS to write (Note 17) tcwo 40 50 60 ns 

tSU(O-W) Data-in setup time before write t os 0 0 0 ns 

th(W-O) Data-in hold time after write tOH 35 40 45 ns 

tdis (CAS) Output disable time t OFF 0 25 0 35 0 40 ns 

ta (CAS) CAS access time (Note 13) tCAC 50 60 75 ns 

ta (RAS) RAS access time (Note 14) tRAC 100 120 150 ns 

Note 15. tc RW min is defined as tc RW min = td (RAS- CAS) max + td (CAS-W) min + th (W- RAS) + tw (RASH) + 3 t TLH (tTHLJ 

16. tc RMW min is defined as tCRMW min = ta (RAS) max + th (W-RAS) +tw (RASH) + 3t TLH (tTHL) 
17. tSU(W-CAS), td (RAS-W), and td (CAS-W) do not define the limits of operation, but are included as electrical characteristics only. 

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

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

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

Page-Mode Cycle 

Limits 

Symbol . Parameter Alternative 
M5M4256J-IO M5M4256J-12 Symbol 

Min Max Min Max 

tCPG Page-mode cycle time tpc 100 125 

tw (CASH) CAS high pulse width t CP 40 55 

tCPGRW Page· mode read-write cycle time tpCRW 140 160 

CAS before RAS Refresh Cycle (Note 18) 

Limits 

Symbol Parameter 
Alternative 

M5M4256J-IO M5M4256J-12 Symbol 
Min Max Min Max 

tSUR (CAS-RAS) CAS setup time for auto refresh t CSR 25 30 

thR (RAS-CAS) CAS hold time for auto refresh t CHR 40 50 

tdR (RAS-CAS) Precharge to CAS active time t RPC 0 0 

- - -
Note 18. Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 
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M5M4256J-15 
Min Max 

145 

60 

180 

M5M4256J-15 
Min Max 

30 

50 

0 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 



MITSUBISHI LSls 

M5M4256J-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

TIMING DIAGRAMS (Note 191 

Read Cycle 

RAS 

CAS 

Ao-As 

w 

Q 

_______ +-+E+-t-=d=( CAS-RAS) 

td( RAS-CAS) 

V1H -

tW(RASL) 

th(RAS-CAS) 

COLUMN 
ADDRESS 

th(CAS-RAS) 

tW(CASL) 

V1L - ~~""-lI~~....K-~~~"¥"1IJ ta(CAS) 

ta(RAS) 

VOH - HIGH IMPEDANCE STATE 

--------------------------------------------------~~I VOL -

tW(RASH) 

DATA VALID 

ROW 
ADDRESS 

Write Cycle (Early Write) 

RAS 

CAS 

Ao-As 

w 

D 

Q 

V1H -

V1L - _____ .J 

tW(RASL) 

th( RAS-CAS) 

thiRAS-CA) 

td(RAS-CAS) 

tew 

th(CAS-RAS) 

tW(CASL) 

tW(RASH) 

ROW 
ADDRESS 

tW(W) V1H -

VIL-~~C£~~~~~~~--~--~--~~~~~~~~~~~~~~~~~WL~~~~~~ 

V1H -
DATA VALID 

V I L - '--.:L.L.l~.L.l'-"-.lI....I'-"-jlL-I'-"-""'-lo'-"-"'" 
th(RAS-O) 

VOH- ____________________________________ H_IG __ H_IM __ P_ED_A_N_C_E __ ST_A_T_E __ ------------------------------------

VOL -
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MITSUBISHI LSI. 

M5M4256J·l0, .12, ·15 

282144-BIT (282.144-WORD BY I-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

tW(RASLl 

th(RAS-CAS) 

RAS 

th(CAS-RAS) 

td( RAS-CAS) tW(CASLl 

V'H-
CAS 

V'l-

V'H-
Ao-As 

V'L-

td(CAS-w) 

w 
V'H-7\,~~~~~v\'~i--------r--------------------------~ 

V1l - ::L::J.:.JL:lC£.~~t.:::.L.~':} 

ta(CAS) 

Q 
VOH - HIGH IMPEDANCE STATE 

DATA VALID 
VOl -

ta(RAS) 

tsU(O-w) th(w-o) 

D 
V1H -

V'l-

RAS-Only Refresh Cycle (Note 20) 

tW(RASLl 

VOH - HIGH IMPEDANCE STATE 

tdis(cAS) 

ROW 
ADDRESS 

Q ---------------------------------------------------------------------------VOl -

Note 19 .. ~ Indicates the don't care input. Note 20. CAS = VIH. W. D = don't care. 

A8 may be VIH or VIL. 

The center-line indicates the high-impedance state. 
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MITSUBISHI LSls 

M5M4256J-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

Page-Mode Read Cycle 

tW(RASLl 

th(RAS-CAS) 

RAS 

th(CAS-RAS) tW(RASH) 

CAS 

VOH -
Q ----------~----------~~ VOL -

th(RAS-R) 

th(CAS-R) 

V'Hw 
V'L- ':""O:'~w...x.-'--'"-J 

Page-Mode Write Cycle 
tW(RASL) 

the RAS-CAS) 

th(CAS-RASi 

tWlCASL) tW(CASLi tW(CASLi 

CAS 

V'H-
w 

V'L-~~~~~~~ ____ ~~~LL~~~~~ ____ ~~~~~~~~~~~ ______ ~~~~~~~~~~ 

o 
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MITSUBISHI LSls 

M5M4256J-l0, -12, -IS 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

Hidden Refresh Cycle 
READ CYCLE 

teR 

AO-As 

w VIH

V I L - ...... ~'-looI.IIoII.III-fl-I..II.. ...... J 

VOH-
Q ---------------------M~I VOL -

CAS before RAS Refresh (Note 21) 

REAd CYCLE 

RAS 
VIH-

VIL-

VIH-
CAS 

VIL-

Ao-As 
VIH-

VIL-

Q 
VOH

VOL - ------f 

Note 21: W, D = don't care. 
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RAS ONLY REFRESH CYCLE 

teR 
RAS ONLY REFRESH CYCLE 

REFRESH CYCLE 

tOR 

REFRESH CYCLE 

tOR 

HIGH IMPEbANCE STATE 
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MITSUBISHI LSls 

M5M4256J-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

TYPICAL CHARACTERISTICS 
NORMALIZED ACCESS TIME 

VS.SUPPLY VOLTAGE 
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AMBIENT TEMPERATURE Ta (OC) 

OPERATING CURRENT 
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M5M4256J-l0, -12, -15 

262144-BIT (262144~WORD BY I-BIT) DYNAMIC RAM 

STANDBY CURRENT 
VS. SUPPLY VOLTAGE 
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M5M4256J-l0, -12, -15 

262144.BIT (262144.WORD BY I·BIT) DYNAMIC RAM 
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MITSUBIS~I LSls 

M5M4256J-l0, -12, -IS 

262144"BIT (262144.WORD BY1.BIT) DYNAMIC RAM 
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M5M4256J-l0, -12, -15 

262144.BIT (262144.WORD BY I-BIT) DYNAMIC RAM 

HIDDEN RAS ONLY 
RAS/CAS CYCLE REFRESH CYCLE REFRESH CYCLE 
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M5M4257J··l0, -12, -15 

282144-BIT (282144-WORD BY I-BIT) DYNAMIC RAM 

DESCRIPTION 
This is a family of 262 l44-word by l-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon gate 
MOS process, and is ideal for large-capacity memory 
systems where high speed, low power dissipation, and low 
costs are essential. The use of double-layer polysilicon 
process combined with silicide technology and a single
transistor dynamic storage cell provide high circuit density 
at reduced costs, and the use of dynamic circuitry including 
sense amplifiers assures low power dissipation. Multiplexed 
address inputs permit both a reduction in pins to the l8-pin 
plastic leaded chip carrier configuration and an increase in 
system densities. In addition to the RAS only refresh mo 

de, the Hidden refresh mode and CAS before RAS refresh 
mode are available. 

FEATURES 
Access time Cycle time Power dissipation 

Type name (max) (min) (typ) 
(ns) (ns) (mW) 

M5M4257..J-IO 100 200 300 

M5M4257..J-12 120 230 260 

M5M4257..J-15 150 260 230 

• 1 8-pin plastic leaded chip carrier 

• Single 5V±10% supply 
• Low standby power dissipation: 25mW (max) 
• Low operating power dissipation: 

M 5M425 7 J-l 0 ........... 385mW (max) 

M5M4257J-12 ........... 360mW (max) 
M5M4257J-15 ........... 330mW (max) 

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

BLOCK DIAGRAM 

DATA INPUT 

WRITE CONTROL 
INPUT 

COL~~R~~~~~~~~ CAS 

ROW ADDRESS 
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• Early-write operation gives common 1/0 capability 
• Read-modify-write, RAS-only-refresh, Nibble-mode 

capabi I ities 
• CAS before RAS refresh mode capability 
• All input terminals have low input capacitance and are 

directly TTL-compatible 
• Output is three-state and directly TTL-compatible 
• 256 refresh cycles every 4ms, Pin 1 is not needed for refresh 
• CAS controlled output allows hidden refresh 
• Output data can be held infinitely by GAS. 

APPLICATION 
Main memory unit for computers, Microcomputer memory 
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FUNCTION 

The M5M4257J provides, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e.g., nibble mode, RAS-only refresh, and delayed
\Nrite. The input conditions for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Operation --
RAS CAS 

Read ACT ACT 

Write ACT ACT 

Read-modify-write ACT ACT 

RAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

CAS before RAS refresh ACT ACT 

StandbY NAC ONC 

Inputs 

Vi 

NAC 

ACT 

ACT 

ONC 

ONC 

ONC 

ONC 

Output 

Row Column Refresh Remarks 
0 

address 
Q 

address 

ONC APO APO VLO YES * 
VLO APO APO OPN YES 

VLO APO APO VLO YES 

ONe APO ONC OPN YES 

ONC ONC ONC VLO YES 

ONC ONC ONC OPN YES 

ONC ONC ONC OPN NO 

Note: ACT: active, NAC: nonactive, ONC: don't care, VLO: valid, APO: applied, OPN: open. 
* : Nibble mode identical except refresh is No, and Nibble mode column address is ONC while togging CAS. 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262 144 memory cells in the 
M5M4257J the 18-bit address signal must be multiplexed 
into 9 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 9 row-address bits; next, the negative
going edge of the column-address-stroQe pulse (CAS) 
latches the 9 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 

1. The delay time from RAS to CAS td (RAS-CAS) is set 
between the minimu":' and maximum values of the 
limits. In this case, the internal CAS control signals are 

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

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

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

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

times. 

Data Output Control 
The output of the M5M4257J is in the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, read-modify-write, or a delayed-write cycle, the 
data output will go from the high-impedance state to the 
active condition, and the data in the selected cell will be 
read. This data output will have the same polarity as the 
input data. Once the output has entered the active 
condition, this condition will be maintained until CAS goes 
high, irrespective of the condition of RAS. 

The output will remain in the high-impedance state 

throughout the entire cycle in an early-write cycle. 
These output conditions, of the M5M4257J, which can 

readily be changed by controlling the timing of the write 
pulse in a write cycle, and the width of the CAS pulse in a 
read cycle, offer capabilities for a number of applications, 
as follows. 

1. Common I/O Operation 
If all write operations are performed in the early-write 
mode, ,input and output can be connected directly to give a 
common I/O data bus. 
2 Data Output Hold 
The data output can be held between read cycles; without 
lengthening the cycle time. This enables extremely flexible 
clock-timing settings for RAS and CAS. 
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3. Two Methods of Chip Selection 
Since the output is not latched, CAS is not required to keep· 
the outputs of selected chips in the matrix in a high
impedance state. This mea~s that CAS and/or RAS can 
both be decoded for chip selection. 
4. Extended-Page Boundary 
By decoding CAS, the page boundary can be extended 
beyond the 512 column locations in a single chip. In this 
case, RAS must be applied to all devices. 

Nibble-Mode Operation 
The M5M4257J is designed to aHow high speed serial read, 
write or read-modify-write access of 4 bits of data. The 
first of 4 nibble bits is accessed by the normal mode with 

read data coming out at ta(CAS) time. Next 2, 3 or 4 nibble 
bits is read or writen by bringing CAS high then low 
(toggle) while RAS remains low. Thus the time required to 
strobe in not only the row address but also the column 
address is eliminated, thereby faster access and shorter 

. cycle time than that of Page-Mode is achieved. 
Address on pin 1 (row address A8 and column address 

A8) is used to select 1 of the 4 nibble bits for initial access. 

Toggling CAS causes row A8 and column A8 to be in
cremented by the internal shift register with A8 row being 
the least significant address and allows to access to the next 
nibble bit .. If more than 4 bits are accessed during this mode 
the same address bit will be accessed cyclically. In Nibble

Mode, any combination of read, write and read-modify

write operation is possible (e.g. first bit read, second bit 

write, third bit read-modify-write, etc.). 

Refresh 
Each Qf the 256 rows (Ao ~ A7) of the M5M4257J must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4257J are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

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

2. RAS Only Refresh 

In this refresh method, the CAS clock should be at a 
V IH level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 
If CAS falls tSUR(CAS-RAS) earlier than RAS and if CAS 

is kept low by thR (RAS-CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal 8-bit 
counter is put into the address buffer to refresh the cor
responding row. The output will stay in the high impedance 

state. 
If CAS is kept low after the above operation, RAS cycle 

initiates RAS Only Refresh with internally generated re
fresh address (Automatic refresh). The output will again 

stay in the high impedance state. 
Bringing RAS high and then low while CAS remains high 

initiates the normal RAS Only Refresh using the external 

address. 
If CAS is kept low after the normal read/write cycle, 

RAS cycle initiates the RAS Only Refresh using the inter
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address . 
The output is available unit CAS is brought high. 

4. Hidden Refresh 

A feature of the M5M4257J is that refresh cycles may 
be performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
read cycle. This feature is referred to as hidden refresh. 

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

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

Power Dissipation 
Most of the circuitry in the M5M4257J is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4257J as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The ,M5M4257J operates on a single 5V power supply. 

A wait of some 500J,Ls and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

VCC Supply voltage -1-7 

VI I nput voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25'C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature - 65 - 150 

RECOMMENDED OPERATING CONDITIONS (Ta =0-70'C, unless otherWise noted) (Note I) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5. V 

VSS Supply voltage 0 0 0 V 

VIH High level input voltage. ali inputs 2.4 6.5 V 

VIL Low-level input voltage. ali inputs -2 0.8 V 

Note 1. All voltage values are with respect to VSS 

ELECTRICAL CHARACTERISTICS (Ta =0-7O"C, Vcc=5V ± 10%, VSS=OV, unless otherwise noted) (Note 2) 

limits 
Symbol Parameter Test conditions 

Min Typ 

VOH High-level output voltage 10H= -SmA 2.4 

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

loz Off-state output current Q floating OV ~VoUT~5.5V -10 

II Input current OV ~ VIN~ Vee, Other input pins =OV -10 

M5M4257J-IO ----
ICC1(AV) 

Average supply current from Vee. 
M5M4257J-12 

RAS, CAS cycling 
operating (Note 3. 4) tCR=tCW= min. output open 

M5M4257J-15 

ICC2 Supply current from Vee. standby RAS=CAS=VIH output open 

M5M4257J-IO 

I CC3 (AV) 
Average supply current from Vee. 

M5M4257J-12 
RAS cycling OAS=VIH 

refreshing (Note 3) tC(RAS)= min, output open 
M5M4257J-15 

M5M4257J-IO 
RAS =VIL, CAS cycling 

Iccs (AV) 
Average supply current from Vee. 

M5M4257J-12 
nibble mode t CN= min. output open 

M5M4257J-15 

Average supply current from Vee. M5M4257J-l0 
CAS before RAS refresh cycling 

ICC6(AV) CAS before RAS refresh mode M5M4257J-12 
tC(RAS) = min, Output open 

(Note 3) M5M4257J-15 

CI (A) Input capacitance. address inputs 

CI (0) Input capacitance. data input VI=VSS 

CI (W) I nput capacitance. write control input f=IMHz 

01 (RAS) Input capacitance. RAS input VI=25rilVrms 

01 (CAS) Input capacitance. CAS input 

Co Output capacitance Vo=Vss, f=IMHz, Vi=25mVrms 

Note 2. Current flowing into an IC is positive. out is negative_ 

3. ICC 1 (AV). I CC3(AV). I eCS(AV) and I CC6(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

4. ICC 1 (AV) and I CC5(AV) are dependent on output loading: Specified values are obtained with the output open. 
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Unit 

V' 

V 

V 

mA 

mW 

'C 

'C 

Unit 
Max 

VCC V 

0.4 V 

10 p.A 

10 p.A 

70 

65 mA 

60 

4.5 mA 

60 

55 mA 

50 

35 

30 mA 

25 

65 

60 mA 

55 

5 pF 

5 pF 

7 pF 

10 pF 

10 pF 

7 pF 
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Nibble-Mode Cycle) 
(Ta -= 0 -70·C. Vcc = 5V :!: 10%. VSS =OV. unless otherwise noted. See notes 5. 6 and 7) 

Limits 

Symbol Parameter 
Alternative M5M4257-.J-IO M5M4257-.J-12 M5M4257-.J-15 

Symbol 
Min Max Min Max Min Max 

teRF Refresh cycle time tREF 4 4 4 

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

t W(RASL) RAS low pulse width t RAS 100 10000 120 10000 150 10000 

t W(CASL) CAS low pulse width tCAS 50 60 75 

t W(CASH) CAS high pulse width (NoteS) t CPN 25 30 35 

th (RAS-CAS) CAS hold time after RAS tCSH 100 120 150 

th (CAS-RAS) RAS hold time after CAS tRSH 50 60 75 

td (CAS-RAS) Delay time. CAS to RAS (Note 9) teAP 20 30 30 

td (RAS-CAS) Delay time. RAS to CAS (Note 10) t RCO 15 50 20 60 25 75 

tSU(RA-RAS) Row address setup time before RAS tASR 0 0 0 

tSU(CA-CAS) Column address setup time before CAS tASC -5 -5 -5 

th (RAS-RA) Row address hold time after RAS tRAH 10 15 20 

th (CAS-CA) Column address hold time after CAS tCAH 15 20 25 

th (RAS-CA) Column address hold time after RAS tAR 65 SO 100 

tTHL 
tT 

3 50 3 50 3 50 
Transition time 

t TLH 3 50 3 50 3 50 

Note 5. 
6. 

An initial pause of 5OO~s is required after power·up followed by any eight RAS or RAS/CAS cycles before proper device operation is achieved 
The switching characteristics are defined as t THL = t TLH;: 5ns. 

7. 

S. 
9. 

Reference levels of input signals are VI H min. and VI L rna.. Reference levels for transition time are also between Vi H and VI L· 
Except for nibble-mode. 

td (RAS-CAS) requirement is applicable for all RAS/CAS cycles. 

10. Qperation within the t d (RAS-CAS) max limit insures that t a (RAS) max can be mel. t d (RAS-CAS)maX is specified reference point only.if 
td (RAS-CAS) is greater than the specified td (RAS-CAS) max limit. then access time is controlled exclusi.vely by ta (CAS), 

td (RAS-CAs)min = t h (RAS-RA)min + 2t THL(t TLH) + t SU(CA-CAS)min. 

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

Read Cycle 

Limits 
Alternative 

Symbol Parameter 
Symbol 

M5M4257-.J-IO M5M4257-.J-12 
Min Max Min Max 

teR Read cycle time t RC 200 230 

tsu (R-CAS) Read setup time before CAS tRCS 0 0 

th (CAS-R) Read hold time after CAS (Note 11) tRCH 0 0 

thIRAS-R) Read hold time after ~ (Note 111 tRRH 20 20 

tdls (CAS) Output disable time INote 121 t OFF 0 25 0 35 

ta(CAS) CAS access time (Note 131 tCAC 50 60 

ta (RAS) RAS access time (Note 14) tRAC 100 120 

Either th (RAS-R) or th (CAS-R) must be satisfied for a read cycle. Note 11. 
12. 
13. 

tdls (CAS)maX defines the time at which the output achieves the open circuit condition and'is not reference to VOH or VOL. 
This is the value when td (RAS-CAS)~ td (RAS-CAs)max. Test conditions; Load = 2T TL. CL = 100pF 

M5M4257-.J-15 
Min Max 

260 

0 

0 

20 

0 40 

75 

150 

14. This is the value when td (RAS-CAS)< t d (RAS-CAS)maX. When td (RAS-CAS)~ td (RAS-CAS)maX, ta (RAS) will Increase by the amount that 
td(RAS-CAS) exceeds the value shown. Test conditions. Load = 2T TL 'C l = 100pF 

Write Cycle 

Symbol Parameter 

tew Write cycle time 

tsu (W-CAS) Write setup time before CAS 

th(CAS-W) Write hold time after CAS 

th(RAS-W) Write hold time after RAS 

th(W:RAS) RAS hold time after write 

th (W-CAS) CAS hold time after write 

tW(W) Write pulse Width 

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

th (CAS-D) !?ata-in hold time after CAS 

th(RAS-O) Data-in hold time after RAS 

2-118 

Alternative 
M5M4257-.J-IO 

Symbol 
Min 

t RC 200 

(Note 17) twcs -10 

t WCH 35 

tWCR 85 

t RWL 35 

tCWL 35 

twp 35 

tos 0 

t OH 25 

t OHR 70 
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Max 

Limits 

M5M4257-.J-12 M5M4257-.J-15 

Min Max Min Max 

230 260 

-10 -10 

40 45 

100 120 

40 45 

40 45 

40 45 

0 0 

30 35 

90 110 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MITSUBISHI LSI. 

MSM4257J .. l0, .. 12, .. 15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

Read, Write and Read-Modify-Write Cycles 

Limits 
Alternative 

Symbol Parameter 
Symbol M5M4257J-IO M5M4257J-12 M5M4257J-15 

Min Max Min Max 

tCRW Read-write cycle time (Note 15) tRWC 225 260 

tCRMW Read-modify-write cycle time INote 16) t RMwC 235 275 

th (W-RAS) RAS hold time after write t RWL 35 40 

th (W-CAS) CAS hold time after write tCWL 35 40 

tW(W) Write pulse width twp 35 40 

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

td(RAS-W) Delay time, RAS to write INote 17) t RwD 90 110 

t d (CAS-W) Delay time, CAS to write (Note 17) tcwD 40 50 

tsu(O-W) Data-in setup time before write t DS 0 0 

th (W-D) Data-in hold time after write t DH 35 40 

tdls (CAS) Output disable time t OFF 0 25 0 35 

ta (CAS) CAS access time INote 131 t CAC 50 60 

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

Note 15: tc RW min is defined as tc RW min = td (RAS-CAS) max + td (CAS-W) min + th (W-RAS) + tw (RASH) + 3t TLH (tTHL) 

16: tc RMW min is defined as tCAMW min = ta (RAS) max + th (W-AAS) + tw (RASH) + 3t TLH (tTHL) 

Min 

295 

310 

45 

45 

45 

0 

135 

60 

0 

45 

0 

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

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

Max 

~ 

40 

75 

150 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

When td (RAS-W):;;:; td(AAS-W) min, and td (CAS-W) :;;:;tsu (W-CAS)min a read-write cycle is performed, ancj the data of the selected address will be read out 
on the data output. 

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

Nibble-Mode Cycle 

Symbol Parameter 
Alternative 

M5M4257J-IO 
Symbol 

Min Max 

tON Nibble mode cycle time tNC 50 

taN (CAS) Nibble mode access time t NAC 25 

tWN (CASU Nibble mode CAS low pulse width tNCAS 25 

tWN(CASH) Nibble mode precharge time t NP 15 

thN (CAS-RAS) Nibble mode RAS hold time t NASH 25 

tdN (CAS-W) Nibble mode CAS to WR ITE delay t NCWD 25 

tWNRMW (CASU Nibble mode RMW CAS pulse width t NCRW 55 

thNRMW(W-CAS) Nibble mode WR ITE to CAS lead time t NcwL 25 

t h NRMW (CAS-RAS) Nibble mode RMW RAS hold time t NWSH 55 

tSUN(W-CAS) Nibble mode WR ITE setup time before CAS tNWCS 0 

CAS before RAS Refresh Cycle (Note 18) 

Symbol Parameter 
Alternative 

Symbol M5M4257J-IO 

Min Max 

tsu R (CAS-AAS) CAS setup time for auto refresh t CSA 25 

th A (AAS-CAS) CAS hold time for auto refresh t CHA 40 

t d R (AAS-CAS) Precharge to CAS active time t APC 0 

Note 18: Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 

Nibble Mode Addressing Sequence Example 

Sequence Nibble bit 
Ao At Az 

Column address 

A3 A4 As 

RAS/CAS 1 0 1 0 1 0 1 

toggle CAS 2 0 1 0 1 0 1 

toggle CAS 3 0 1 0 1 0 1 

toggle CAS 4 0 1 0 1 0 1 

toggle CAS 1 0 1 0 1 0 1 

Row address 

A6 A7 As Ao At Az A3 

0 1 0 0 1 0 1 

0 1 0 0 1 0 1 

0 1 1 0 1 0 1 

0 1 1 0 1 0 1 

0 1 0 0 1 0 1 
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A4 As 

0 1 

0 1 

0 1 

0 1 

0 1 

A6 

0 

0 

0 

0 

0 

Limits 

M5M4257J-12 M5M4257J-15 

Min Max Min Max 

55 70 

30 40 

30 40 

15 20 

30 40 

30 40 

65 85 

30 40 

65 85 

0 0 

Limits 

M5M4257J-12 M5M4257J-15 

Min Max Min Max 

30 30 

50 50 

0 0 

A7 As 

1 0 I External address 

1 1 

1 0 
Internally generated address 

1 1 

1 0 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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TIMING DIAGRAMS (Note 19) 

Read Cycle 

RAS 

CAS 

Ao-As 

w 

Q 

td( RAS-CAS) 

V1H -

V1L-____ -J 

V1H -

V1L - ..t...:.~~~~~~"+lI-~~lU 

tW(RASLl 

th(RAS-CAS) 

COLUMN 
ADDRESS 

ta(RAS) 

th(CAS-RAS) 

tW(CASLl 

ta(CAS) 

VOH - HIGH .IMPEDANCE STATE 

------~------------------------------~ VOL -

tW(RASH) 

tdiS(CAS) 

DATA VALID 

ROW 
ADDRESS 

Write Cycle (Early Write) 

RAS 

CAS 

Ao-As 

w 

o 

Q 

2-120 

th(RAS-CA) 

td( RAS-CAS) 

V 1H -

V1L- ____ 
J 

V 1H -
tW(w) 

tew 

tW(RASLl 

th( RAS-CAS) 

th(CAS-RAS) 

tW(CASLl 

tW(RASH) 

ROW 
ADDRESS 

VIL-~~~~~~~~~~~ ___ ~ __ -+ __ ~~~~~~~~6L~6L~~~~~~~~~~~~~~~ 

DATA VALID 

th(RAS-D) 

HIGH IMPEDANCE STATE 
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Read-Write and Read-Modify-Write Cycles 

th(RAS-CAS) 

RAS 

td(RAS-CAS) 

CAS 

Ao-As 

td(CAS-W) 

w 

ta(CAS) 

Q 
VOH-________ +-________ H_IG_H __ IM_P_E_D_A_N_C_E_S_TA_T_E ____________ ~~ 

VOl -

ta(RAS) 

D 

RAS-Only Refresh Cycle (Note 20) 

th(CAS-RAS) 

tW(CASLl 

DATA VALID 

tSU(O-W) th(w-o) 

tdiS(CAS) 

ROW 
ADDRESS 

Q VOH-__________________________________ H_IG_H __ IM_P_E_D_A_N_C_E_S_TA_T_E __ --------------------------------------
VOl -

Note19 .. ~ 
~ Indicates the don't care input. Note 20. CAS=V'H. W. D= don't care, 

AS may be V,H or VIL. 

~ The center-line indicates the high-impedance state. 
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MITSUBISHI LSI. 

MSM42S7J.l0, ·12, ·15 

262144-BIT (262144 -WORD BY I-BIT) DYNAMIC RAM 

Nibble Mode Read Cycle (Note 21) 

tW(RASL) 

th( RAS-CAS) 

CAS 

Ao-As 

tSU(R-CAS) 

tSU(R-CAS) 

w 

ta(CAS) taN(CAS) 

VOH -
Q --................................ ~ 

VOL -

Note 21. Pin 1 at Row Time and Column Time Determines the Starting Address of the Nibble Cycle. 

Nibble Mode Write Cycle (Early Write) 

RAS 

V'H -
CAS V'L -

V'H-
Ao-As 

V'L -

V'H-
W 

V'L -

0 V'H-

VOH -
Q 

VOL -

2-122 

tWN(RASU 

HIGH IMPEDANCE STATE 
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MITSUBISHI LSI. 

M5M425 7 J-l0, -12, -15 

262144-BIT (262144-WORD BY I-BIT) DYNAMIC RAM 

Nibble Mode Read-Modify-Write 
WN(RASL) 

RAS 
----J 

,V-
L = ~. 

th( RAS-CAS) thN(W-RAS) 

td(RAS-CAS) 

f--- th(RAS-CA) ::;.1 
tWN(CASH) 

thN(W-CAS) ~ 
tWNRMW(CASU ~tW(CASU-

CAS 

~ - ~~ ,k' ~ ~~ 
- .., 

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

th(RAS-RA) td(CAS-W) 

tSU(CA-CAS) 

Ao-As L=)k 
ROW ~( COLUMN ... J..XXXXXxx XX AA XXX ~JlX 00NN 

ADDRESS ADDRESS 1 1~010flll' IXP<X~XXX IX xxxxxxlN 
I JQ<.)<.)<)<)< ) XX)(XXXXXXX){X yyy)()( yyy 

th(RAS-W) 

tSU(W-CAS) th(CAS-W) 
tSU(R-CAS) 

tW(w) 

I I 
w H-~ ~ l~ L- YYYY r\ ,~ XXXXXX 

Wl0lX 
tSU(O-CAS) th(CAS-O) tSU(O-W) th(w-o) 

o H .~ .xx~ lit fIIllflR ~~ DATA VALID ..,~ ~ rxxMk DATA VALID 
L ., XXXX IXXXX "'-

th(RAS-O) taN(CAS) tdiS(CAS) 

Q 
H - HIGH IMPEDANCE STATE ~ 

~ ~ 
DATA VALID 

L-

Hidden Refresh Cycle 

RAS 

CAS 

Ao-As 

w 

Q 

V'H-
V'L -

V'H-
V'L -

V'H

READ CYCLE 
tCR 

tW(RASU 

-01---100_ td(CAS-RAS) 

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

V'L - ..... ~..I.lo.I:..l.o(..~ .... I...Ii...., 

VOH -

RAS ONLY REFRESH CYCLE RAS ONLY REFRESH CYCLE 

thR(RAS-CAS) 

VOL---------------------~~~~I~--------------------~~----------------------~~ 

'MITSU.BISHI 
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M5M4257J-l0, -12, -IS 

262144.BIT'(262144.WORD BY I-BIT) DYNAMIC RAM 

CAS before RAS Refresh (Note 22) 

READ CYCLE 

Q 
VOH-

VOL- ___ ~ 

Note 22: W, D = don't care. 

REFRESH CYCLE 

teR 

TYPICAL CHARACTERISTICS 
NORMALIZED ACCESS TIME 

VS. SUPPLY VOLTAGE 

u; 
~ 

~ 
:J 
w 
:2; 
i= 
Vl 

~ 
u 
u 
<{ 

~ 
':::! 
....J 
<{ 
:2; 
ex: 
0 
z 

~ 
5 
U; 
~ 
a: 

:J 
<l 

~ 
i= 
Vl 

~ 
U 
u 
<t: 

1.3 

1.2 

1.1 

1.0 

0,9 

0.8 

0.7 

25 

20 

15 

10 

0 

\ Ta~2SoC 
\ 

\ 
~ 

'" ~ ........ ~ 
4.0 5.0 6.0 

SUPPLy VOLTAGE Vee (V) 

ACCESS TIME VS. LOAD 
CAPACITANCE 

1 .1. 
Vee=4.SV 

_ Ta=2SoC 

/"" 
/ """" 

./ 
V 

",. 

- 5 0 1 00 200 300 400 500 600 

LOAD CAPACITANCE CL (pF) 

(iJ 
<l 

~ 
:J 
w 
:2; 
i= 
Vl 

~ 
u 
u 
<{ 

~ 
N 
...J 
<{ 
:2; 
ex: 
0 
z 

Vi 
~ 
0 z 
~ 
lJ.J 

~ 
;:: 
(f) 
(f) 
lJ.J 
U 
u 
<{ 

~ 
CD 
CD 

Z 
@ 
N 
::J 
<{ 

~ 
ex: 
0 
z 

REFRESH CYCLE 

teR 
READ OR WRITE 

CYCLE 

HIGH IMPEDANCE STATE 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

NORMALIZED ACCESS TIME 
VS. AMBIENT TEMPERATURE 

1 ~ 
Vee=S.OV 

./ 

// 
/ 

V 

V 
"" 

0.7_ 20 0 20 40 60 80 100 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

AMBIENT TEMPERATURE Ta (OC) 

NIBBLE MODE ACCESS TIME 
VS. SUPPLY VOLTAGE 

\ 

~ 

Ta=2S~ 
~ 
~ .......... .... 

4.0 5.0 6.0 

SUPPLY VOLTAGE Vee (V) 
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2.62144·BIT (262144.WORD BY I-BIT) DYNAMIC RAM 

~ 1.3 
() 

Z 
~ 1.2 
UJ 
~ 
f= 
(/) 1.1 

~ 
u 
~ 1.0 
UJ 
-' 
,0) 
0) 

Z 0.9 

8 
N 

~ 0.8 
~ 
a: 
o 
Z 0.7 

NIBBLE MODE ACCESS TIME 
VS. AMBIENT TEMPERATURE 

Vc~=S.O~ 

./ 
V 

./ 
/ 

/" 
,. 

-20 0 20 40 60 80 1 00 

AMBIENT TEMPERATURE Ta (OC) 

OPERATING CURRENT 
VS. AMBIENT TEMPERATURE 
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() 
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a: 
c:: 
:J 
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co 
0 
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6 

-
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~ 
a: 
a: 
:J 
u 
l:J 
~ 
f-
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a: 
w 
CL 
0 

AMBIENT TEMPERATURE Ta ("C) 

STANDBY CURRENT 
VS. SUPPLY VOLTAGE 

Ta='2S0C 
« 
~ 

N 
() 

.:3 
f-
Z 
w 
a: 
a: 

~ 
......-

k.....-
~ 
~ 

........... 

4.0 S.O 6.0 

SUPPLY VOLTAGE VCC (V) 

:J 
u 
>-
co 
0 
Z 
<l: 
tJi 
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80 

70 

60 

SO 

40 

30 

20 

60 

SO 

40 

30 

20 

10 

OPERATING CURRENT 
VS. SUPPLY VOLTAGE 

Ta'=2S0C I 
_tcR=260ns 

./ 

~ 
/' 

Y ~ 
/" 

4.0 S .0 6.0 

SUPPLY VOLTAGE VCC (V) 

OPERATING CURRENT 
VS. CYCLE RATE 

Vcc~S.SV 
/ f- Ta =2SoC 

/ 
V 

/ 
/ 

/ 
V 

/ 
/ 

/ 

o o 6 

CYCLE RATE lit CR (MHz) 

STANDBY CURRENT 
VS. AMBIENT TEMPERATURE 

6 
I 

Vcc=S.SV 

----r---- ---~ 
o 
-20 0 20 40 60 80 1 00 

AMBIENT TEMPERATURE Ta ("C) 
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80 
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40 
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REFRESH CURRENT 
VS. SUPPLY VOLTAGE 
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R.EFRESH CURRENT 
VS. AMBIENT TEMPERATURE 

60 
Vccl=s.sJ 

50 _ tCR=260ns 
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20 
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NIBBLE MODE CURRENT 
VS. SUPPLY VOLTAGE 
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M5M425 7 J-l0, -12, -15 

262144·BIT (262144.WORD BY I.BIT) DYNAMIC RAM 

ADDRESS AND DATA INPUT 
VOLTAGE VS. SUPPLY VOLTAGE 

...J 3.0 
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-> 
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<..? « 
~ 2.0 
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~ 
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~ 1.0 « o 
o 
z « 
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RAS, CAS AND WE INPUT 
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3.0 
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RAS .. CAS AND WE INPUT 
VOLTAGE VS. AMBIENT TEMPERATURE 
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MITSUBISHI LSls 

MsM4464P-l0, -12, -15 

262144-BIT(6SS36-WORD BY 4-BIT) DYNAMIC RAM 

DESCRIPTION 

This is a family of 65536-word by 4-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon-gate 
MOS process, and is ideal for large-ca-pacity memory 

systems where high speed, low power dissipation, and low 
costs are essential. The use of double-layer polysilicon 
process technology and a single-transistor dynamic storage 
cell provide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 
both a reduction in pins to the standard l8-pin package 
configuration and an increase in system densities. The 
M5M4464P operates on a 5V power supply using the 
on-chip substrate bias generator. 

FEATURES 

• Performance ranges 

Access time Cycle time Power dissipation 
Type name (maxi (mini (typl 

(nsl (nsl (mWI 

M5M4464P-IO 100 200 300 

M5M4464P-12 120 220 260 

M5M4464P-15 150 260 230 

• 65536 x 4 Organization 
• Industry standard l8-pin dual in line package 

• Single 5V ±lO% supply 
• Low standby power dissipation: 
• Low operating power dissipation: 

M5M4464P-10 

M5M4464P-12 
M5M4464P-15 

BLOCK DIAGRAM 

25mW (max) 

420mW (max) 

360mW (max) 
330mW (max) 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT ENABLE 0 E _ 1 
INPUT 

DATA IN/{DO 1 +-+ 2 

DATA OUT DOz +-+ 3 

WRITE -
CONTROL INPUT W - 4 

ROW ADDRESS RAS _ 5 
STROBE INPUT 

ADDRESS 
INPUTS 

(5V) Vee 

Vss (OV) 

17 .... D04 g~iA 'IN/DATA 

16 +- CAS COLUMN ADDRESS 
STROBE INPUT 

15 .... D03 DATA IN/DATA 
OUT 

Outline 18 P4H 

• All Inputs, outputs TTL compatible and low capacitance 
• 3-State unlatched outputs 
• 256 refresh cycles/4ms 
• Early write or OE to control output buffer impedance 
• Read-Modify-Write, RAS-only refresh, Hidden refresh 

and Page mode capabilities 

• Wide RAS pulse width for Page mode ..... 30J,ls max 

APPLICATION 

Refresh memory for CRT, Microcomputer memory 

COL~~RNO:~~~J'~ CA S 16\----------;...r,~;:;~=~~:-l 
ROW ADDRESS RAS 5 }----------L...,.......::~:::..:..~_...J 
STROBE INPUT • -1 9 Vcc(5V) 

18 Vss( OV) 

WRITE 
CONTROL INPUT 

ADDRESS INPUTS 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & I/O CONTROL 

MEMORY CELL 

(262,144 BITS) 

• MITSUBISHI 
.... ELECTRIC 

DOl} DOz DATA 
INPUTS/ 

D03 OUTPUTS 
D04 

OUTPUT ENABLE 
INPUT 
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M5M4464P-l0, -12, -15 

262144-BIT(65536-WORD BY 4-BIT) DYNAMIC RAM 

FUNCTION 

The M5M4464P provides, in addition to normal read, write, 
and read-modify-write operations, a number of other 
functions, e.g., page mode, RAS-only refresh, hidden 
refresh, and delayed-write. The input conditions and output 
states for each are shown in Table 1. 

Table 1 Input conditiions for each mode 

Inputs 

Operation 
RAS CAS Vi OE 

Read ACT ACT NAC ACT 

Write (Early Write) ACT ACT ACT ONC 

Read-modify-write ACT ACT ACT ACT 

RAS-only retfesh ACT NAC ONC ONC 

Hidden refresh ACT ACT ONC ACT 

Standby NAC ONC ONC ONC 

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

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262144 memory cells in the 
M5M4464P the 16-bit address signal must be multiplexed 
into 8 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 8 row-address bits; next,- the negative
going edge of the column-address-strobe pulse (CAS) 
latches the 8 column-address bits. Timing of the RAS and 
CAS clocks can be selected by either of the following two 
methods: 

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

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

write enable (W) 

The read or write mode is selected through the write enable 
(W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write 
enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when 
the read mode is selected. When W goes low prior to CAS, 

Input/Output 

Row Column Input Output Refresh Remarks 

address adress DO DO 

APO APO OPN VLO YES 

APO APO VLO OPN YES Page mode identical 

APO APO VLO VLO YES 

APO ONe ONC OPN YES 

APO ONC OPN VLO YES 

ONC ONC ONC OPN NO 

data-out will remain in the high-impedance state allowing a 
write cycle with OE grounded. 

data-in (001 through 004) 
Data is written during a write or read-modify write cycle. 
Depending on the mode of operation, the falling edge of 
CAS or W strobes data into the on-chip data latches. These 
latches can be driven from standard TTL circuits without a 
pull-up resistor. In an early-write cycle, W is brought low 
prior to CAS and the data is strobed in by CAS with setup 
and hold times referenced to this signal. In a delayed write 
or read-modify-write cycle, CAS will already be low, thus 

the data will be strobed in by W with setup and hold times 
referenced to this signal. In delayed or read-modify-write, 
OE must be high to bring the output buffers to high 
impedance prior to impressing data on the I/O lines. 

data-out (001 through 004) 
The three-state output buffer provides direct TTL compati
bility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as 
data-in. The output is in the high-impedance (floating) state 
until CAS is brought low. In a read cycle the output goes 
active after the access time interval ta (C) that begins with 
the negative transition of CAS as long as ta(R) and ta(OE) 
are satisfied. The output becomes valid after the access time 
has elapsed and remains valid while CAS and OE are low. 

CAS or OE going high returns it to a high impedance state. 
In an early-write cycle, the output is always in the 
high-impedance state. In a delayed-write or read-modify
write cycle, the output must be put in the high impedance 
state prior to applying data to the DO input. This js 
accomplished by· bringing OE high prior to applying data, 
thus satisfying tOEHD' 
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262144-BIT(6SS36-WORD BY 4-'BIT) DYNAMIC RAM 

output enable (OE) 
The OE controls the impedance of the output buffers. 
When OE is high, the buffers will remain in the high 
impedance state. Bringing OE low during a normal cycle 
will activate the output buffers putting them in the low 
impedance state. It is necessary for both RAS and CAS to 
be brought low for the output buffers to go into the low 
impedance state. Once in the low impedance state, they will 
remain in the low impedance state until OE or CAS is 

brought high. 

Page-Mode Operation 

This operation allows for multiple-column operating at the 
same row address, and eliminates the power dissipation 
associated with the cycling of RAS, because once the row 

address has been strobed, RAS is maintained. Also, the time 
required to strobe in the row address for the second and 
subsequent cycles is eliminated, thereby decreasing the 
access and cycle times. 

Refresh 
Each of the 256 rows (Ao ~ A7) of the M5M4464P must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4464P are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

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

2. RAS Only Refresh 
In this refresh method, the CAS clock should be at a 

VIH level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. 
A RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 
If CAS falls tSUR(CAS-RAS) earlier than RAS and if CAS 

is kept low by thR(RAS-CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal 8-bit 
counter is put into the address buffer to refresh the cor
responding row. The output will stay in the high impedance 
state. 

If CAS is kept low after the above operation, RAS cycle 
initiates RAS Only Refresh with internally generated re
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the external 

address. 
If CAS is kept low after the normal read/write cycle, 

RAS cycle initiates the RAS Only Refresh using the inter
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with in'ternal address. 

The output is available until CAS is brought high. 

4. Hidden Refresh 
A feature of the M5M4464P is that refresh cycles may 

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

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

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

Power Dissipation 
Most of the circuitry in the M5M4464P is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4464P as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5M4464P operateson a single 5V power supply. 

A wait of some 500J.Ls and eight or more dummy cycles 
is necessary after power is applied to the device before 

memory operation is achieved. 
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M5M4464P·l0, ·12, ·15 

262144·8IT(6SS36.WORD BY 4.BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol parameter Condtions Ratings 

VCC Supply, volrage -1-7 

VI I nput voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10' Output current 50 

Pd Power dissipation Ta =25'C 1000 

Topr Operating temperature 0~70 

Tstg Storage temperature -65-150 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

VIH High·level input voltage. all inputs 2.4 6.5 V 

VIL Low·level input voltage. all inputs -2.0 0.8 V 

Note 1: All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta =0-7O'C. Vcc=5V ± 10%. VSS=OV. unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 

VOH High.level output voltage 10H= -SmA 

VOL Low·level output voltage 10L =4.2mA 

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

II Input current OV~VIN~6.5-V , All other pins =OV 

Average supply current from Vee, 
M5M4464P-l0 

M5M4464P-12 
RAS. CAS cycling 

ICCl (AV) operating (Note 3.4) 
te(rd)=te(w) = min output open 

M5M4464P-15 

ICC2 Supply current from Vee. standby RAS=VIH output open 

M5M4464P-IO 
RAS cycling CAS = VIH 

ICC3(AV) 
Average supply current from Vee. 

M5M4464P-12 retreshing (Note 3) 

M5M4464P-15 
te (Prd ) = min. output open 

M5M4464P-IO 
RAS=VIL. CAS 

I CC4(AV) 
Average supply current from Vee. 

M5M4464P-12 
cycling 

page mode (Note 3.4) 

M5M4464P-15 
te (Prd ) = min. output open 

Average sup~urrent from V cc. 
M5M4464P-IO 

CAS before RAS refresh cycling 
ICC6(AV) CAS before RAS refresh mode M5M4464P-12 

te (RAS) = min, output open (Note 3) M5M4464P-15 

Note 2 Current flowing into an IC is positive. out is negative. 
3: Icel(AV), leC3(AV), and ICC4(AV)are dependent on cycle rate. Maximum current is measured at the tastest cycle rate. 
4 ICel( AV) and leC4( AV) are dependent on output loading. Specified values are obtained with the output open. 

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

Symbol 

CI (A) 

CI (OE) 

CI(W) 

CI (RAS) 

CI (CAS) 

CI/O 

2-132 

Parameter 

Input capacitance, address inputs 

Input capacitance, OE input 

Input capacitance, write control input 

Input capacitance, RAS input 

Input capacitance, CAS input 

Input/Output capacitance. data ports 

Test conditions 

VI=VSS 

f=lMHz 

Vi=25mVrms 

• MITSUBISHI 
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Limits 

Min Typ 

2.4 

0 

-10 

-10 

limits 

Min Typ 

Unit 

V 

V 

V 

mA 

mW 

'C 

'C 

Unit 
Max 

VCC V 

0.4 V 

10 pA 

10 pA 

75 

65 mA 

60 

4.5 mA 

60 

55 mA 

50 

55 

50 mA 

45 

65 

60 mA 

55 

Unit 
Max 

5 pF 

7 pF 

7 pF 

10 pF 

10 pF 

10 pF 
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M5M4464P-l0, -12, -15 

262144-BIT(6SS36-WORD BY 4-BIT) DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70·C, Vcc=5V±10%, Vss=ov, unless otherwise noted) (Note 5) 

Limits 

Symbol Parameter 
Alternative M5M4464P-IO M5M4464P-12 M5M4464P-15 

Symbol 
Min Max Min Max Min Max 

ta(c) Access time from CAS (Note 6,7) tCAC 50 60 75 

ta(R) Access time from RAS (Note 6,8) t RAC 100 120 150 

ta(OE) Access time from OE (Note 6) - 25 30 40 

tdis(CH) Output disable time after CAS high (Note 9) tOFF 0 25 0 25 0 30 

tdis(OE) Output disable time alter OE high (Note 9) - 0 25 0 25 0 30 

Note 5 An initial pause of 500#'s is required after power-up followed by any 8 RAS or RAS/CAS cycles before proper device operation is achieved. 

Note that RAS may be cycled during the initial pause. 
And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 4ms) ofRAS inactivity before proper device operation is achieved. 

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

7: Assume that tRLCL ~ tRLCL max. 

Unit 

ns 

ns 

ns 

ns 

ns 

8' Assume that tRLCL < tRLCL max. If tRLCL is greater than tRLCL max then ta (R) will increase by the amount that tRLCL exceeds tRLCL max 
9: tdis(CH) max and tdIS(OE) max define the time at which the output achieves the high impedance state (IOUT~ I ±10J.lAI) and are not reference to VOH 

min or VOL max_ 

TIMING REOUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycles) 
(Ta=0-70·C, Vcc=5V±10%, VSs=OV, unless otherwise noted, See notes 10,11) 

Limits 

Symbol Parameter 
Alternative M5M4464P-IO M5M4464P-12 M5M4464P-15 Unit 

Symbol 
Min Max Min Max Min Max 

t C(RF) Refresh cycle time t REF 4 4 4 ms 

tW(RH) RAS high pulse width tRP 90 90 100 ns 

t RLCL Delay time, RAS low to CAS low (Note 12) t RCO 25 50 25 60 30 75 ns 

tCHRL Delay time, CAS high to RAS low (Note 13) tCRP 10 10 10 ns 

tSU(RA) Row address setup time before RAS low tASR 0 0 0 ns 

tSU(CA) Column aodress setup time before CAS low tASC 0 0 0 ns 

th(RA) Row address hold time after RAS low tRAH 15 15 20 ns 

th(CLCA) Column address hold time after CAS low tCAH 20 20 25 ns 

th(RLCA) Column address hold time after RAS low tAR 70 .80 100 ns 

h Transition time (rise and fall) (Note 14) tT 3 50 3 50 3 50 ns 

Note 10: The timing requirements are assumed tT=5ns. 
11: VIH min and VIL max are reference levels for measuring timing of input signals. 
12: tRLCL max is specified as a reference point only; if tRLCL is less than tRLCL max, access time is ta(R), if tRLCL is greater than tRLCL max, access time is 

tRLCL + ta (C)· tRLCL min is specified as tRLCL min. = th(RA) + 2 tT + tSU(CA). 
13: tCHRL requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS). 

14: tT is measured between VIH min and VIL max. 

Read and Refresh Cycles 

Symbol Parameter 
Alternative M5M4464P-IO 

Symbol 
Min Max 

tc(rd) Read cycle time t RC 200 

tW(RL) RAS low pulse width t RAS 100 10000 

tW(CL) CAS low pulse width tCAS 50 100000 

tW(CH) CAS high' pulse width tCPN 30 

th (RLCH) CAS hold time after RAS low tCSH 100 

th (CLRH) RAS hold time after CAS low t RSH 50 

tsu(rd) Read setup time before CAS low t RCS a 
th(CHrd) Read hold time after CAS high (Note 15) t RCH 0 

th(RHrd) Read hold time after RAS high (Note 15) tRRH 10 

th (OECH) CAS hold time after OE low - 25 

th (OERH) RAS hold time after OE low - 25 

th (CLOE) OE hold time ailer CAS low - 50 

th (RLOE) OE hold time after RAS low - 100 

tOOEL Delay time, Data to OE low - 0 

tOEHO Delay time, OE high to Data - 25 

tRHCL Delay time, RAS high to CAS low - a 
Note 15: Either th(CHrd) or th (RHrd) must be satisfied for a read cycle. 

.• MITSUBISHI 
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Limits 

M5M4464P-12 M5M4464P-15 

Min Max Min Max 

220 260 

120 10000 150 10000 

60 100000 75 100000 

30 35 

120 150 

60 75 

a a 
a a 

10 10 

30 40 

30 40 

60 75 

120 150 

0 a 
25 30 

a a 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2-133 



MITSUBISHI LSI. 

M5M4464P-l0, -12, -IS 

2·62144-BIT(65536-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycles (Early Write and Delayed Write) 

Symbol Parameter 
Alternative M5M4464P-IO 

Symbol 
Min Max 

to (W) Write cycle time t RC 200 

tW(RL) RAS low pulse width t RAS 100 10000 

tW(CL) CAS low pulse width tCAS 50 100000 

tW(CH) CAS high pulse width tCPN 30 

th (RLCH) CAS hard time after RAS low tCSH lQO 

th (CLRH) RAS hold time after CAS low tRSH 50 

tSU(WCL) Write setup time before CAS low twcs -5 

th(CLW) Write hold time after CAS low tWCH 35 

th(RLW) Write hold time after RAS low tWCR 85 

th (WCH) CAS hold time after Write low tCWL 35 

th (WRH) RAS hold time after Write low tRWL 35 

tW(W) Write pulse width twp 35 

tsu (D) Data setup time t DS 0 

th (WLD) Data hold time after Write low tDH 35 

th (CLD) Data hold time after CAS low tDH 35 

th(RLD) Data hold time after RAS low tDHR 85 

tOEHD Delay time, OE high to Data - 25 

th (WOE) OE hold time after Write low - 25 

Read-Write and Read-Modify-Write Cycles 

Symbol 

to(rdW) 

tW(RL) 

tW(CL) 

th (RLCH) 

th(CLRH) 

tW(CH) 

tsu (rd) 

th(WCH) 

th(WRH) 

tW(W) 

tSU(D) 

th(WLD) 

th(CLOE) 

th (RLOE) 

tDOEL 

tOEHD 

Note 16: 

2--'-134 

Parameter 
Alternative 

M5M4464P-IO Symbol 
Min Max 

Read write/read modify write cycle time (Note 16) tRwC 270 

RAS low pulse width t RAS 170 10000 

CAS low pulse width tCAS 120 100000 

CAS hold time after RAS low tCSH 170 

RAS hold time after CAS low tRSH 120 

CAS high pulse width tCPN 30 

Read setup time before CAS low t RCS 0 

CAS hold time after Write low tcwL 35 

RAS hold time after Write low t RWL 35 

Write pulse width twp 35 

Data setup time tDS 0 

Data hold time after Write low t DH 35 

OE hold time after CAS low - 50 

OE hold time after RAS low - 100 

Delay time. Data to OE low - 0 

Delay time. OE high to Data - 25 

to(rdW) is specified as to(rdw) min = ta(R) max + tOEHD min + th(WRH) min + tW(RH) min + 4 tT. 

• MITSUBISHI 
~ELECTRIC 

Limits 

M5M4464P-12 M5M4464P-15 Unit 

Min Max Min Max 

220 260 ns 

120 10000 150 10000 ns 

60 100000 75 100000 ns 

30 35 ns 

120 150' ns 

60 75 ns 

-5 -5 ns 

40 45 ns 

100 120 ns 

40 45 ns 

40 45 ns 

40 45 ns 

0 0 ns 

40 45 ns 

40 45 ns 

90 110 ns 

25 30 ns 

25 30 ns 

Limits 

M5M4464P-12 M5M4464P-15 Unit 

Min Max Min Max 

295 345 ns 

195 10000 235 10000 ns 

135 100000 160 100000 ns 

195 235 ns 

135 160 ns 

30 35 ns 

0 0 ns 

40 45 ns 

40 45 ns 

40 45 ns 

0 0 ns 

40 45 ns 

60 75 ns 

120 150 ns 

0 0 ns 

25 30 ns 
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M5M4464P-l0, -12, -15 

262144-BIT(6SS36-WORD BY 4-BIT) DYNAMIC RAM 

Page-Mode Cycle INote 17) 

Limits 

Symbol 
Alternative 

Parameter Symbol M5M4464P-IO M5M4464P-12 

Min Max Min Max 

tC(Prd) Read cycle time tpc 100 120 

tc(PW) Write cycle time tpc 100 120 

tW(RL) RAS low pulse width INote 18) t RAS 200 30000 240 30000 

tC(PrdW) Read write/read modify write cycle time - 170 195 

tW(RL) RAS low pulse width INote 19) t RAS 340 30000 390 30000 

tW(CH) CAS high pulse width tcp 40 50 

Note 17: All previously specified timing requirements and switching characteristics are applicable to their respective page mode timing. 

18: Specified for read or write cycle. 
19: Specified for read-write or read-modify-write cycle. 

CAS before RAS Refresh Cycle (Note 20) 

Limits 

Symbol Parameter 
Alternative 

M5M4464P-IO M5M4464P-12 
Symbol 

, Min Max Min Max 

tsu R (CR) CAS setup time for auto refresh t CSR 10 10 

th R (RC) CAS hold time for auto refresh t CHR 20 25 

td R (RC) Precharge to CAS active time t RPC 0 0 

Note 20: Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 

.• MITSUBISHI 
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M5M4464P-15 Unit 

Min Max 

145 ns 

145 ns 

295 30000 ns 

230 ns 

465 30000 ns 

60 ns 

M5M4464P-15 Unit 

Min Max 

10 ns 

30 ns 

0 ns 
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M5M4464P-l0, -12, -IS 

262144-BIT(65536-WORD BY 4-BIT) DYNAMIC RAM 

TIMING DIAGRAMS (Note21) , 

Read Cycle 

w 

2-136 

tC(rd) 

th(ALCH) 

tW(AL) 

th (ALCA) 

tCHAL 

tALCL 

VIH -,'!\ft,7'\i"i'7\}~~&,,7i17tw-(:-C-:H)--"lI 

VIL -...w.~~~*, 

----;;*-~_tsu (CA) 

VIH

VIL
..JoI"j~""'...a.I'M 

I t~ 

VIH -AA,A/\A,f\I\/\/'IIVV'v'VY 
VIL _\A'\AAAJVlVVVVVV.')( 

th (CLCA) 

COLUMN 

ADDRESS 

th (ALOE) 

Note 21. ~ Indicates the don't care input. 

th (CLOE) 

• "MITSUBISHI 
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tW(AH) 

tSU(AA) 

ROW 
ADDRESS 

I
I I H1h(C~'J 
.'~ 
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MSM4464P-l0, -12, -15 

262144-BIT(65536-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Early Write) 

tC(W) 

th (RLCH) 

tW(RL) 

th (RLCA) 

RAS 
VIH -

VIL-

tCHRL 

tRLCL 

VIH_ 
tW(CH) 

CAS 
VIL-

tsu (CA) 
tSU(RA) 

th(CLCA) 

VIH - COLUMN ROW 
Ao-A7 

VIL - ADDRESS ADDRESS 

VIH -
Vi 

VIL-~~~~~~~~~~ ____ ~~ ________ ~~~~~~~~~~~~~~~~~~~~~ 

DQ1- DQ4 
(INPUTS) 

VIH-

VIL -~~~.A..I...I.II~"",,,,~Io.lI..I~ 1'-_________ ....11 

DQ 1- DQ4 VO H - _______________________________ High-Z _____________________________________ _ 

(OUTPUTS) VOL-

• MITSUBISHI 
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MSM4464P-l0, -12, -15 

262144-BIT(6SS36-WORD BY 4-BIT) DYNAMIC RAM 

Write Cycle (Delayed Write) 

w 

DQ,-DQ4 
(INPUTS) 

DQ,-DQ4 
(OUTPUTS) 

2-138 

VIH -""'''''''''' ."". 

V I L -"""' ...... lI..Io ..... .., 

VIH

VIL
~~~~., 

tC(W) 

th(RLCH) 

tW(RL) 

th(RLCA) 

tCHRL 

tRLCL 

tW(CH) 

--'300\-f4;t_tsu (CA) 

th(CLCA) 

COLUMN 
ADDRESS 

th(CLRH) 

tW(CL) 

V'H-~jO~AffX~~~~~~~~~~~~VV~~ff~f 

tSU(RA) 

VIL-~~~~~~~~~~~~~~~~~~~~~~~ __ ~~~~~~~~~~~~~~~ 

VOH ---______ High-Z _______ ....(I 

VOL-

VIH-~~~~~~~~~V777VV~YV~r--------_1~~jV~~~AA~~7V~~~~ 

VIL-~~~~~~~~~~~~~~~U 

• ~ MITSUBISHI 
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M5M4464P.l0, ·12, ·15 

262144-BIT(65536-WORD BY 4-BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

DQ,- DQ4 
(INPUTS) 

DQ,- DQ4 
(OUTPUTS) 

~O+--+oor:1,....t~CHRL 
tRLCL 

VIH- \/\,'\I',/\/'I\,/V'vy.. 

VIL
""""..l..¥~""""'" 

VIH

VIL
~~~~~ 

VIH-

th(RLCA) 

tC(rdW) 

th(RLCH) 

tW(RL) 

th (CLRH) 

tW(CL) 

tsu (RA) 

ROW 
11"\1\",1\ /\/\,1\/\,1\/', /\/'\/\,1\1\./ \1'\1 \/'V "'" ADD R ESS 

VIL-~~~~~~~~~~~~~~~~~~~~~~~~~ __ ~~~~~JU~~lJ~~~~ 

VIH_~~~~~~AA~VV~~~ 

VIL-~~~~~~~~~~~~ 

VOH - ________________ High-Z __________ 0(] 

VOL-

VIH

VIL-

th(RLOE) 
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M5M4464P-l'O, -12, -IS 

262144-BIT(6553G-WORD BY. 4-BIT) DYNAMIC RAM 

RAS-Only Refresh Cycle 

DQ1- DQ4 
(INPUTS) 

DQ1- DQ4 
(OUTPUTS) 

2-140 

tCHRL 
---;;-+---foooI~ 

VIH -

VIL -~"""''''''''''-IIoolIooolI_'' 
th(RA) 

VIH _"""'" H\."" 

VIL -""""""'" 

----?*---+E:-tsu (RA) 

ROW ADDRESS 

tW(RL) 

to (rd) 

t RHCL 
---,'!~-+~ 

tW(RH) 

tSU(RA) 
-+--t-o-=--

ROW ADDRESS 

VOH --~-____________ HighZ _______________ _ 

VOL -
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Page-Mode Read Cycle 

th (RLCH) 

th (RLCA) 

w 

00,-
004 

(INPUTS) 

VIH _.-:An~,*~7\J\7\:i'V"':i"Vl~ 
VIL-~~~~~~~~~~ 

VOH-___ .....;~_ 

004 VOL

(OUTPUTS) 

OE 

th (RLOE) 

MITSUBISHI LSls 

M5M4464P.l0, ·12, ·15 

262144-BIT(65536-WORD BY 4-BIT) DYNAMIC RAM 

tW(CL) 

tW(RL) 

tC(Prd) 
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th (CLRH) 
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M5M4464P-l0,-12, -15 

262144-BIT(6SS36-WORD BY 4-BIT) DYNAMIC RAM 

Page-Mode Write Cycle 

th (RLCH) 

VIH _--~ 1E-___ t.:..;.h~(R~L:.::::C::::A)~_~ 

DO,
D04 

(INPUTS) 

VIL_ 

DO,- VOH-
D04 VOL-------------------~--~-----

(OUTPUTS) 

2-142 

tW(RL) 
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M5M4464P-1G, -12, -15 

262144-BIT(6SS36-WORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle 
READ CYCLE HIDDEN REFRESH CYCLE 

~E~------~~~----~~~~E----------------------------------------~~ 

ROW 
ADD-

tc(rd) 

tW(RL) 

tc (rd) 

tW(RL) tW(RL) 

RT ~ 16;., I 
~::_~ 'S"'C.'_ 

I 

w 

00~4 VIH-.~~~~~~~~H~i~_~~~~~UI~~~~~~~ __ ~ 
(INPUTS) VIL - , _ 

ta(c) 

ta(R) tdiS(CH), 

001- VOH- High-Z 
004 ------~--~----~I 

(OUTPUTS) VOL-

CAS before RAS Refresh Cycle 
tc(rd) 

VIH- tW(RL) 

)"IlL - ________ ..J tW(RH) 

tSUR(CR) thR(RC) 

~ VOH-
001-004 -----------------High-Z ------------------

• MITSUBISHI 
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MSM4464L-l0, -12,-15 

262144-BIY(65536-WORD BY 4-BIY) DYNAMIC RAM 

OESCR IPTION 

This is a family of 65536-word by 4-bit dynamic RAMs, 
fabricated with the high performance N-channel silicon-gate 
MOS process, and is ideal for large-ca"pacity memory 
systems where high speed, low power dissipation, and low 
costs are essential. The use of double"layer polysilicon 
process technology and a single-transistor dynamic storage 
cell provide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 

both a reduction in pins to the standard 20 pin Zig-Zag In

Line package configuration and an increase in system den
sities. The M5M4464L operates on a 5V power supply 
using the on chip substrate bias generator. 

FEATURES 

• Performance ranges 

Access time Cycle time Power dissipation 
Type name (max) (min) (typ) 

(ns) (ns) (mW) 

M5M4464L-IO 100 200 300 

M5M4464L-12 120 220 260 

M5M4464L-15 150 260 230 

• 65536 X 4 Organization 
• Industry standard 20 pin Zig-Zag in line package 

• Single 5V ±10% supply 
• Low standby power dissipation: 
• Low operating power dissipation: 

M5M4464L-l0 
M5M4464L-12 
M5M4464L-15 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 

ROW ADDRESS RAS 
STROBE INPUT 

WRITE 
CONTROL INPUT 

25mW (max) 

420mW (max) 
360mW (max) 
330mW (max) 

PIN CONFIGURATION (TOP VIEW) 

DATA IN/{DQ3 ..... 1J COLUMN 
L
r_2 +- CAS STROBE IANDPUDTRESS 

DATA OUT DQ4 ..... ~J 
OUTPUT _ -, ~ Vss (OV) 

ENABLE INPUT 0 E --+ ~J r- DATA IN/ 
-, L 6 ..... D Q 1 DATA 0 T 

DATA IN/ DQ2 ..... 7J: U 
DATA OUT. :.., ~ [8 +- Vi WRITE CONTROL 

ROW ADDRESS RAS --+ ~J 3: r= INPUT 
STROBE INPUT _., .j>o l.!P NP 

NC 1_IJ ~ r-
_, .j>o L12 +- A6 

ADDRESS INPUT As --+ 1_3J r ,,: 
-" l.!! +- A4 

(5V) Vee I.?J 

ADDRESS { A3 --+ 17J 
INPUTS Al --+ 1)] 

~~ -Ao 
'---_ ... 

ADDRESS 
INPUTS 

NC: NO CONNECTION 
NP: NO PIN 

Outline 20P5L 

• All Inputs, outputs TTL compatible and low capacitance 
• 3-State unlatched outputs 
• 256 refresh cycles/4ms 
• Early write or OE to control output buffer impedance 
• Read-Modify-Write, RAS-only refresh, Hidden refresh 

and Page mode capabilities 

• Wide RAS pulse width for Page mode ..... 30J,Ls max 

APPLICATION 

Refresh memory for CRT, Micro computer memory 

~VCoC5V) 
~ r Vss(OV) 

COLUMN DECODER 

ADDRESS INPUTS 

2-144 

SENSE REFRESH 
AMPLIFIER & 1/0 CONTROL 

MEMORY CELL 

(262.144 BITS) 
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FUNCTION 

The M5M4464L provides, in addition to normal read, write, 
and read-modify-write operations, a number of other 
functions, e.g., page mode, RAS-only refresh, hidden 
refresh, and delayed-write. The input conditions and output 
states for each are shown in Table 1. 

Table 1 Input conditions for each mode 

Inputs 

Operation -
RAS CAS W OE 

Read ACT ACT NAC ACT 

Write (Early Write) ACT ACT ACT DNC 

Read-modify-write ACT ACT ACT ACT 

RAS-only retfesh ACT NAC DNC DNC 

Hidden refresh ACT ACT DNC ACT 

Standby NAC DNC DNC DNC 

Note. ACT active, NAC nonacitive, ONC don't care, VLO valid, APO applied, OPN open. 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 262144 memory cells in the 
M5M4464L the 16-bit address signal must be multiplexed 
into 8 address signals, which are then latched into the 
on-chip latch by two externally-applied clock pulses. First, 
the negative-going edge of the row-address-strobe pulse 
(RAS) latches the 8 row-address bits; next, the negative
going edge of the column-address-strobe pulse (CAS) 
latches the 8 column-address bits. Timing of the RAS and 
CAS clocks can be 'selected by either of the following two 

methods: 

1. The delay time from RAS to CAS td(RAS-CAS) is set 
between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 
inhibited almost until td(RAS-CAS)max ('gated CAS' 

operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations, e.g. 
access time, and the address inputs can be easily changed 
from row address to column address. 

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

write enable (W) 
The read or write mode is selected through the write enable 
(W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write 
enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when 
the read mode is selected. When W goes low prior to CAS, 

Input/Output 

Row Column 
Input Output Refresh Remarks 

address adress DO DO 

APD APD OPN VLD YES 

APD APD VLD OPN YES Page mode identical 

APD APD VLD VLD YES 

APD DNC DNC OPN YES 

APD DNC OPN VLD YES 

DNC DNC DNC OPN NO 

data-out will remain in the high-impedance state allowing a 

write cycle with DE grounded. 

data-in (001 through 004) 
Data is written during a write or read-modify write cycle. 
Depending on the mode of operation, the falling edge of 
CAS or W strobes data into the on-chip data latches. These 
latches can be driven from standard TTL circuits without a 
pull-up resistor. In an early-write cycle, W is brought low 
prior to CAS and the data is strobed in by CAS with setup 
and hold times referenced to this signal. In a delayed write 
or read-modify-write cycle, CAS will already be low, thus 

the data will be strobed in by W with setup and hold times 
referenced to this signal. in delayed or read-modify-write, 
DE must be high to bring the output buffers to high 
impedance prior to impressing data on the I/O lines. 

data-out (001 through 004) 
The three-state output buffer provides direct TTL compati
bility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as 
data-in. The output is in the-high-impedance (floating) state 
until CAS is brought low. In a read cycle the output goes 
active after the access time interval ta (C) that begins with 
the negative transition of CAS as long as ta(R) and ta(DE) 
are satisfied. The output becomes valid after the access time 
has elapsed and remains valid while CAS and DE are low. 

CAS or DE going high returns it to a high impedance state. 
In an early-write cycle, the output is always in the 
high-impedance state. In a delayed-write or read-modify
write cycle, the output must be put in the high impedance 
state prior to applying data to the DQ input. This is 
accomplished by bringing DE high prior to applying data, 

thus satisfying tOEHD' 
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output enable (OE) 
The OE controls the impedance of the output buffers. 
When OE is high, the buffers will remain in the high 
impedance state. Bringing OE low during a normal cycle 
will activate the output buffers putting them in the low 
impedance state. It is necessary for both RAS and CAS to 
be brought low for the output buffers to go into the low 
impedance state. Once in the low impedance state, they will 
remain in the low impedance state until OE or CAS is 
brought high. 

Page-Mode Operation 

This operation allows for multiple-column operating at the 
same row address, and eliminates the power dissipation 
associated with the cycling of RAS, because once the row 
address has been strobed, RAS is maintained. Also, the time 
required to strobe in the row address for the second and 
subsequent cycles is eliminated, thereby decreasing the 
access and cycle times. 

Refresh 
Each of the 256 rows (Ao ,...., A7) of the M5M4464L must 
be refreshed every 4 ms to maintain data. The methods of 
refreshing for the M5M4464L are as follows. 

1. Normal Refresh 
Read cycle and Write cycle (early write, delayed write or 

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

2. RAS Only Refresh 
In this refresh method, the CAS clock should be at a 

V IH level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad
d~esses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. 
A RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 
If CAS falls tSUR(CAS-RAS) earlier than RAS and if CAS 

is kept low by thR(RAS-CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal a-bit 
counter is put into the address buffer to refresh the cor
responding row. The output will stay in the high impedance 
state. 

If CAS is kept low after the above operation, RAS cycle 
initiates RAS Only Refresh with internally generated re
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Brihging RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the e'xternal 

address. 
If CAS is kept low after the normal read/write cycle, 

RAS cycle initiates the RAS Only Refresh using the inter
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available until CAS is brought high. 

4. Hidden Refresh 
A feature .of the M5M4464L is that refresh' cycles may 

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

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

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

Power Dissipation 
Most of the circuitry in the M5M4464L is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
M5M4464P as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The M5M4464L operates on a single 5V power supply. 

A wait of some 500tLs and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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ABSOLUTE MAXIMUM RATINGS 

Symbol parameter Condtions Ratings 

Vee Supply volrage -1-7 

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

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta=25°C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature -65-150 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 0 0 V 

V,H High·level input voltage. all inputs 2.4 6.5 V 

V,L Low·level input voltage. all inputs -2.0 0.8 V 

Note 1: All voltage values are with respect to Vss 

ELECTRICAL CHARACTERISTICS (Ta =0-70°C. Vee =5V ± 10%. VSS=OV. unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 

VOH High·level output voltage 10H= -SmA 

VOL Low·level output voltage IOL=4.2mA 

loz Off·state output current Q floating OV~VoUT~5.5V 

I, Input current OV~VIN~6.5V • All other pins =OV 

Average supply current from Vee. 
M5M4464L-IO 

M5M4464L-12 
RAS. CAS cycling 

lee1 (AV) operating (Note 3.41 
te(rd)=te(w) = min output open 

M5M4464L-15 

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

M5M4464L-IO 
RAS cycling CAS=V'H 

ICC3(AV) 
Average supply current from Vee. 

M5M4464L-12 retreshing INote 31 
M5M4464L-15 

te (Prd) = min. output open 

M5M4464L-IO 
RAS =V'L. CAS 

'CC4(AV) 
Average supply current from Vee. 

M5M4464L-12 
cycling 

page mode (Note 3.41 
M5M4464L-15 

te (Prd) = min. output open 

Average sup~urrent from Vee. 
M5M4464L-IO 

ICC6(AV) CAS before RAS refresh mode M5M4464L-12 
CAS before RAS refresh cycling 

(Note 3) M5M4464L-15 
te IRAS) = min. output open 

Note 2 Current flowing into an IC is positive. out is negative 
3 'cc1( AV), ICC3( AV), and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the tastest cycle rate 
4 'cel( AV) and leC4 (AV) are dependent on output loading. Specified values are obtained with the output upen 

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

Symbol Parameter 

Input capacitance, address inputs 

C, (OE) Input capacitance, OE input 

C,(W) I nput capacitance, write control input 

C, (RAS) Input capacitance. RAS input 

C, (CAS) I nput capacitance, CAS input 

Input/Output capacitance. data ports 

V,=VSS 

f=1MHz 

Test conditions 

V, =25mVrms 
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Limits 

Min Typ 

2.4 

0 

-10 

-10 

Limits 

Min Typ 

Unit 

V 

V 

V 

mA 

mW 

°C 

°C 

Unit 
Max 

Vee V· 

0.4 V 

10 f.1A 

10 f.1A 

75 

65 mA 

60 

4.5 mA 

60 

55 rnA 

50 

55 

50 rnA 

45 

65 

60 mA 

55 

Unit 
Max 

pF 

pF 

pF 

10 pF 

10 pF 

10 pF 
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SWITCHING CHARACTERISTICS (Ta=O-70·C, Vcc=5V ±10%, Vss=ov, unless otherwise noted) (Note 5) 

Limits 

Symbol Parameter 
Alternative M5M4464L-l0 M5M4464L"12 M5M4464L-15 

Symbol 
Min Max Min Max Min Max 

ta(c) Access time from CAS (Note 6,7) tCAC 50 60 75 

ta(R) Access time from RAS (Note 6,8) tRAC 100 120 150 

ta(OE) Access time from OE (Note 6) - 25 30 40 

tdiS(CH) Output disable time after CAS high (Note 9) tOFF 0 25 0 25 0 30 

tdis(OE) Output disable time after OE high (Note 9) - 0 25 0 25 0 30 

Note 5: 

6: 
7: 
8 

-- -
An initial pause of 5Q01.1s is required after power·up followed by any 8 RAS or RAS/CAS cycles before proper device operation is achieved. 

Note that RAS may be. cycled during the initial pause. 
And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 4ms) of RAS inactivity before proper device operation is achieved. 

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

Assume that tRLCL ~ tRLCL max. 

Unit 

ns 

ns 

ns 

ns 

ns 

9: 
Assume that tRLCL < tRLCL max. If tRI.CL is greater than tRLCL max then ta (R) will increase by the amount that tRLCL exceeds tRLCL max. 
t dis (CH) max and t dis (OE) max define the time at which the output achieves the high impedance state (IOUT~ I ±1 Oil AI ) and are not reference to VOH 

min or VOL max. 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycles) 
(Ta =0 -70·C, Vcc=5V ± 10%, VSS=OV, unless otherwise noted, See notes 10,11) 

Limits 

Symbol Parameter 
Alternative M5M4464L-l0 M5M4464L-12 M5M4464L-15 Unit 

Symbol 
Min Max Min Max Min Max 

tC(RF) Refresh cycle time t REF 4 4 4 ms 

tW(RH) RAS high pulse width tRP 90 90 100 ns 

tRLCL Delay time, RAS low to CAS low (Note 12) tRCo 25 50 25 60 30 75 ns 

tCHRL Delay time, CAS high to RAS low (Note 13) tCRP 10 10 10 ns 

tSU(RA) Row address setup time before RAS low tASR 0 a 0 ns 

tSU(CA) Column address setup time before CAS low tASC 0 0 0 ns 

th(RA) Row address hold time after RAS low tRAH 15 15 20 ns 

th(CLCA) Column address hold time after CAS low lCAH 20 20 25 ns 

th(RLCA) Column address hold time after RAS low tAR 70 80 100 ns 

tT Transition time (rise and fall) (Note 14) tT 3 50 3 50 3 50 ns 

Note 10: The timing requirements are assumed tT =5ns. 
11: VIH min and VIL max are reference levels for measuring timing of input signals. 
12: tRLCL max is specified as a reference point only; if tRLCL is less than tRLCL max, access time is ta(R), if tRLCL is greater than tRLCL max, access time is 

tRLCl + ta(c) tRLCL min is specified as tRLCl min. = th(RA) + 2 tT + tSU(CA). 
13: tCHRl requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS). 
14: tT is measured between VIH min and VIL max. 

Read and Refresh Cycles 

Symbol Parameter 
Alternative 

M5M4464L-IO - Symbol 
Min Max 

te(rd) Read cycle time t RC 200 

tW(RL) RAS low pulse width t RAS 100 10000 

tW(CL) CAS low pulse width tCAS 50 100000 

tW(CH) CAS high pulse width tCPN 30 

th(RLCH) CAS hold time after RAS low tCSH 100 

th (CLRH) RAS hold time after CAS low t RSH 50 

tsu (rd) Read setup time before CAS low . t RCS 0 

th(CHrd) Read hold time after CAS high (Note 15) t RCH 0 

th(RHrd) Read hold time after RAS high (Note 15) t RRH 10 

th (OECH) CAS hold time after OE low - 25 

th(OERH) RAS hold time after OE low - 25 

th(CLOE) OE hold time after CAS low - 50 

th (RLOE) OE hold time after RAS low - 100 

toOEL Delay time, Data to OE low - a 
tOEHo Delay time,OE high to Data - 25 

tRHCL Delay time, RAS high to CAS low - 0 

Note 15: Either th(CHrd) or th(RHrd) must be satisfied for a read cycle, 
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Limits 

M5M4464L-12 M5M4464L-15 
Min Max Min Max 

220 260 

120 10000 150 10000 

60 100000 75 100000 

30 35 

120 150 

60 75 

0 0 

0 0 

10 10 

30 40 

30 40 

60 75 

120 150 

0 0 

25 30 

0 a 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Write Cycles (Early Write and Delayed Writ~) 

Symbol 
Alternative 

M5M4464L-IO Parameter 
Symbol 

Min Max 

tc (W) Write cycle time t RC 200 

tW(RL) RAS low pulse width t RAS 100 10000 

tW(CL) CAS low pulse width tCAS 50 100000 

tW(CH) CAS high pulse width t CPN 30 

th (RLCH) CAS hard time after RAS low tCSH 100 

th (CLRH) RAS hold time alter CAS low tRSH 50 

tsu (WCL) Write setup time before CAS low twcs -5 

th(CLW) Write hold time after CAS low tWCH 35 

th(RLW) Write hold time after RAS low t WCR 85 

th(WCH) CAS hold time alter Write low tCWL 35 

th(WAH) RAS hold time after Write low t RWL 35 

tW(W) Write pulse width twp 35 

tsU(O) Data setup time tos 0 

th(WLO) Data hold time after Write low tOH 35 

th(CLO) Data hold time after CAS low tOH 35 

th(RLO) Data hold time after RAS low tOHR 85 

tOEHO Delay time, DE hIgh to Data - 25 

th(WOE) DE hold time after Write low - 25 

Read-Write and Read-Modify-Write Cycles 

Symbol Parameter 
Alternative M5M4464L-IO Symbol 

Min Max 

tC(rdW) Read write/read modify write cycle time (Note 16) tAWC 270 

tW(RL) RAS low pulse width tRAS 170 10000 

tW(CL) CAS low pulse width tCAS 120 100000 

th (RLCH) CAS hold time after RAS low tCSH 170 

th(CLRH) RAS hold time after CAS low tRSH 120 

tW(CH) CAS high pulse width tCPN 30 

tsu (rd) Read setup time before CAS low tRCS 0 

th(WCH) CAS hold time after Write low tCWL 35 

th(WRH) RAS hold time after Write low tRWL 35 

tW(W) Write pulse width twp 35 

tsu (0) Data setup time tos 0 

th(WLO) Data hold time after Write low t OH 35 

th (CLOE) DE hold time after CAS low - 50 

th (RLOE) DE hold time after RAS low - 100 

tOOEL Delay time, Data to DE low - 0 

tOEHO Delay time, DE high to Data - 25 

Note 16 tC(rdW) is specified as tC(rdW) min = ta(R) max + tOEHO min + th(WRH) min + tW(RH) min + 4 tT. 
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Limits 

M5M4464L-12 M5M4464L-15 Unit 

Min Max Min Max 

220 260 ns 

120 10000 150 10000 ns 

60 100000 75 100000 ns 

30 35 ns 

120 150 ns 

60 75 ns 

-5 -5 ns 

40 45 ns 

100 120 ns 

40 45 ns 

40 45 ns 

40 45 ns 

0 0 ns 

40 45 ns 

40 45 ns 

90 110 ns 

25 30 ns 

25 30 ns 

limits 

M5M4464L-12 M5M4464L-15 Unit 

Min Max Min Max 

295 345 ns 

195 10000 235 10000 ns 

135 100000 160 100000 ns 

195 235 ns 

135 160 ns 

30 35 ns 

0 0 ns 

40 45 ns 

40 45 ns 

40 45 ns 

0 0 ns 

40 45 ns 

60 75 ns 

120 150 ns 

0 0 ns 

25 30 ns 
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Page-Mode Cycle (Note 17) 

limits 

Symbo{ 
Alternative 

M5M4464L-IO M5M4464L-12 Parameter Symbol 
Min Max Min Max 

tc(Prrl) Read cycle time tpc 100 120 

tc(PW) Write cycle time t PC 100 120 

tW(RL) RAS low pulse width (Note 18) t RAS 200 30000 240 30000 

tC(PrrlW) Read write/read modify write cycle time - 170 195 

tW(RL) RAS low pulse width (Note 19) t RAS 340 30000 390 30000 

tW(CH) CAS high pulse width tcP 40 50 

Note 17: All previously specified timing requirements and switching characteristics are applicable to their respective page mode timing. 
18: Specified for read or write cycle. 
19: Specified for read-write or read-modify-write cycle. 

CAS before RAS Refresh Cycle (Note 20) 

limits 

Symbol Parameter 
Alternative 

M5M4464L-IO M5M4464L-12 
Symbol 

Min Max Min Max 

tsu R (CR) CAS setup time for auto refresh tCSR 10 10 

th R (RC) CAS hold time for auto refresh tCHR 20 25 

td R (RC) Precharge to CAS active time tRPC 0 0 

Note 20: Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 
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M5M4464L-15 Unit 

Min Max 

145 ns 

145 ns 

295 30000 ns 

230 ns 

465 30900 ns 

60 ns 

M5M4464L -15 Unit 

Min Max 

10 ns 

30 ns 

0 ns 



TIMING DIAGRAMS (Note211 

Read Cycle 

VIH

VIL.-........... -..~ 

VIH-
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tC(rd) 

th (RLCH) 

tCHRL 

tRLCL 

tW(CH) 

tW(RL) 

th(RLCA) 

--';Ioot-~_tsu (CA) 

th(CLRH) 

tW(CL) 

th (CLCA) 

I~ 
COLUMN 

ADDRESS 

tW(RH) 

tSU(RA) 
----;!-+-~-

I
I I ~ th(C~" 
.~ 

AI\.NVVV"'Y)(XIl~----High-Z-__ ---· -~ 

~~,~b(C~1 

VIL-~~~~~~~~~~~~~~~~~~ _______ ~AA~~~~~~~~~~~~ 
th(CLOE) 

th(RLOE) 

Note 21. ~ Indicates the don't care input. 
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Write Cycle (Early Write) 

RAS 

CAS 

Ao-A7 

W 

DQ1- DQ4 
(INPUTS) 

DQ1- DQ4 
(OUTPUTS) 

2-152 

tC(W) 

th(RLCH) 

tW(RU 

th(RLCA) 

VIH-

VIL-

tCHRL 

tRLCL 

VIH- tW(CH) 

VIL-

tSU(CA) 
tSU(RA) 

th(CLCA) 

VIH - COLUMN ROW 

VIL -
ADDRESS ADDRESS 

th(CLW) 

tw(W) 

VIH -

VIL -

VOH-_________________ High_Z --------------------
VO L-

VIH v,'-= 
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Write Cycle (Delayed Write) 

w 

DQ1-DQ4 
(OUTPUTS) 

V'H

V,L - ....................... ", 

V'H-

tC(W) 

th (ALCH) 

tW(RL) 

th (ALCA) 

t CHRL 

tW(CH) 

~o+-~_tsu (CA) 

th(CL'CA) 

COLUMN 
ADDRESS 

th(CLAH) 

tW(CL) 

tSU(AA) 

ROW 
ADDRESS 

VIL~~~~LA~~~jU~~~~~~~~~JJJU~~~~ __ ~~~~~~~~~~~~~~~ 

ta(R) 

VOH - ________________ Hlgh-Z _______ -(I 

VOL-

V'H

VIL-~~~~"~~~~~~~~~~'IJ 

DATA 
NOT VALID 
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Read-Write and Read-Modify-Write Cycles 

DQ1- DQ4 
(INPUTS) 

DQ1- DQ4 
(OUTPUTS) 

2-154 

tC(rdW) 

th (RLCH) 

tW(RL) 

th(RLCA) 

\ I I 1\ __ _ 
---:;-t--J.oEIf-t-=CHR L th(CLRH) tW(RH) 

t RLCL tW(CL) 

tSU(RA) 

VIH-~ tW(CH) r\ 
VIL- W X W0iY~~----~ 

tsu (RA) ~-+-~I~t-S-U-(C-A)----------I--~ 

~) th(CLCA) 

v 

VIH ~(x'f.XXX~X xx."" ROW ~ COLUMN ux. X x x x x XxX XXX XXX XXX XXX XXX XXX X XX~X" ROW 
VIL - \1xYY:l:x x Xr~ ADORESS r<:ill,~ ,_~A_D_D_R_ES_S_""",,,,~ X X X X X X X X X X X~~AD_D_R_E_SS ___ _ 

~ _____ t-=C~LW~L~ __ ~~ I~(WR~J 
t RLWL th (WCH) 

tw(W) J ~~_""""""'~""JI!""7~"",~ 

~ 
t th (WLD) 
SU(D)~ ~_~~ 

~, ~~I\"~"" Hi9h-Z--"IV~\I\"."1 DATA VALID A.XXXxxxli:l 
v:.u k:'XX X XXX)( )()()()( 

ta(C) 

VIH - Y...J0NlN0101011Ff10fl 
VIL-XXXXXXXXXXXX)( XXXXXXXh 

~ 

ta(R) 

V ~\' V::=--------HI9h-Z --I---o()~/>------------------
tDOEL~ ~ -;;. -E-~iS(OE) 

th (CLOE) ~ t OEHD 

th(RLOE) 
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DQ1- DQ4 
(INPUTS) 

DQ1- DQ4 
(OUTPUTS) 

MITSUBISHI LSI. 

M5M4464L-l0, -12, -15 

262144-BIT(65536-WORD BY 4-BIT) DYNAMIC RAM 

VOH-_______________ Hi9h-Z -----------------
VOL-
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Page-Mode Read Cycle 

w 

DQ1-

DQ4 
(INPUTS) 

th (RLCH) 

th (RLCA) 

MITSUBISHI LSls 

MSM4464L-l0, -12, -15 

262144-BIT(65536-WORD BY 4.BIT) DYNAMIC RAM 

tW(RL) 

tC(Prd) th(CLRH) 

DQ1- VOH-___ ..;.._Hi9h_Z_....;. __ -4I 
DQ4 VOL

(OUTPUTS) 

th (RLOE) 
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MITSUBISHI LSI. 

MsM4464L-l0, -12, -15 

262144-BIT(6SS36-WORD BY 4-BIY) DYNAMIC RAM 

Page~Mode Write Cycle 

th (RLCH) 

VIH _---~ 1oI!1--___ t...:.,.h (:.;,;R~LC::.:A~) __ ~ 

VIL_ 

DQ1- VOH-
DQ4 VOL-----------~-~----

(OUTPUTS) 

tW(RL) 
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M5M4464L-l0, -12, -IS 

262144-BIT(65536-WORD BY 4-BIT) DYNAMIC RAM 

Hidden Refresh Cycle 

RAS 
VIH-

VIL-

CAS 
VIH-

w 

tCHRL 

ROW 
ADD-

READ CYCLE HIDDEN REFRESH CYCLE 
~ E l' 

tc (rd) tc (rd) 

tW(RL) tW(RL) 

RES1S , I i1th(RHrd) I 
MtSU(rd) ~ 

:::-~ -
I 

00,- VIH-. High-Z _ 
(INP~~~) VIL -~ -:----.,;.-------...;....----...,ll~I-------....;..-~ 

ta(c) 
ta (R) tdis (CH)I 

00,- VOH - High-Z 
004 -----...;....--~----~I 

(OUTPUTS) VOL-

VIH

VIL- .. ~~~~~~~-------------~I~------~~~~~~~~ 

CAS before RAS Refresh Cycle 
tc(rd) 

VIH-
tW(RL) 

VIL - ________ --J I'E-____ tw_('-R-'H) ___ ~ 

tSUR(CR) thR(RC) 

Ao-A7 
VIH ' 

VIL-

VOH-

00,-004 -----------------High-Z------------------
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M5M4C264P-12, -15/ 
M5M4C264L-12, ·15 

DESCRIPTION 
The Mitsubishi M5M4C264P,L is a high speed 262,144 bit 
Dual Port Dynamic Memory equipped with a 64K x 4 
Dynamic RAM Port and a 256 x 4 Serial ReadlWrite Port. 
The use of N-well CMOS Process combined with silicide 
technology and a single transistor dynamic storage cell 
provide high circuit density and low power dissipation. 

The Serial ReadlWrite Port is connected to an internal 1024 
bit Data Register through a 256 x 4 Serial Input/Output 
Control and is serially read out or written in with a clock 
rate of up to 25MHz. 

All reads and writes are done relative to the RAM Array, 
thus Data transfer from the RAM array to the Data Register 
is referred to as Read Transfer, while Data Transfer from 
the Data Register to the RAM array is referred to as Write 
Transfer. 

FEATURES 

- Aanuom Serial 
RAS Random Serial 

Read/Write Read/Write Type name Access Read/Write Read/Write 
VCC Supply VCCSuppiv 

Time Cycle Time Cycle Time 
Current Current 

M5M4C264P-12 
120ns 220ns 40ns 60mA 40mA 

M5M4C264L-12 

M5M4C264P-15 
1S0ns 260ns 60ns SOmA 30mA 

M5M4C264L-15 

• Dual Port Architecture 
RAM Port: 64K word x 4 bit 

Access Time ............... 120ns (MAX) 
Serial ReadlWrite Port: 256 word x 4 bit 

Access Time ................ 40ns (MAX) 

• Bidirectional Data Transfer function between the RAM 

BLOCK DIAGRAM 

Ao 

A, 

A2 

ADDRESS A3 

INPUTS A4 

As 

As 

A7 

ROW ADDRESS STROBE -
INPUT RAS 

COL~fRNo:r?~iJ~ CAS 

WRITEWER~r~~i~N~~f WB/WE 

JUTP8-t 1~I:j,N~~~~t 0 T 10 E 
SERIAL CONTROL INPUT SC 

SERIAL ENABLE S E 
INPUT 

a: 
w 
LL 
LL 
::J 
(]j 

Cf) 
Cf) 
w 
a: 
0 
0 
<t 

TIMING 

GENERATOR 

262144-BIT DUAL-PORT DYNAMIC RAM 

PIN CONFIGURATION (TOP VIEW) 

SC I 

Wo/IOo 5 

Willa, 6 

WB/WE 7 

19 W2/102 

Outline 24P4F 
(M5M4C264P) 

array and the Data Register. 

W2/ 102 
W3/ 103 

SE 
SI02 

SI03 
Vss 

SC 
SIOo 

SIO, 
DT/OE 

Wo/IOo 
W,/IO, 

WB/wE 
RAS 

As 
As 

A4 

A7 
Vee 
A3 

A2 
A, 

Ao 
CAS 

Outline 24P5L 
(M5M4C264L) 

• Fully Asynchronous Dual Port Accessability (except 

during the Data Transfer Period.) 

• Addressable Start of Serial ReadlWrite (Pointer Control 
Function) 

• Write per Bit Function. 
• Real Time Data Transfer from the RAM Array to the 

Data Register. 

• Page Mode, Hidden Refresh and CAS before RAS 
Refresh. 

• 256 cycles/4ms Refresh. 
• Fully TTL Compatible. 

I/O 
BUFFER 

I 

WO/IOO} WRITE SELECT 
W,/IO, ~~RW~"fE 
W2/ 102 :~~~i~/~~1A 
W3/103 OUTPUTS 

(A-Port) 

Siool SERIAL 
SIO, INPUTS AND 
SI02 OUTPUTS 

S I03 (B-Port) 

2 Vee (SV) 

~V"(OV) 
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• 24 Pin, 400 mil DIP. 

MltSUBISHI LSls 

MSM4-C264P-12, -15/ 
MSM4C264L-12, .. 15 

262144-BIT DUAL-PORT DYNAMIC RAM 

(M5M4C264P)/24Pin, ZIP(M5M4C264L) 
• N·well CMOS Process & Low Power dissipation 

RAM & SAM Active (-12/-15) .. . 100/S0mA max 
RAM & SAM Standby (-12/-15) ...... 5/5mA max 

APPLICATION 
Display equipment for personal computer/work station, 

Frame memory for digital TV/VTR, Videotex, Teletext, 
Video printer, High Speed data transmission systems. 

PIN DESCRIPTION 

Pin Name Function 

RAS 
ROW ADDRESS It is used as a clock which latches the row address (AO-A7) and sl3lects the word line. It also selects the write-
STROBE INPUT per-bit, the data transfer and the CAS-before-RAS refresh mode. 

CAS 
COLUMN ADDRESS It is used as a clock which latches the ,column address (AB-A 15) and reads or writes the selected words. I n the 

STROBE INPUT data transfer cycle, it becomes the SAM start address. 

The M5M4C264P is an address multiplex method for inputting the row addresses and column addresses sepa-

Ao-A7 ADDRESS INPUT 
rately, in order to ~elect one word from the 64K word memory cells. The various addresses are latched by the 

RAS/CAS falling edge. In the data transfer cycle, this address input is also combined with the serial access start 
address. 

WRITE-PER-BIT/ 
When the WB/WE level in the RAS clock falling edge is "L", the write-per-bit or write transfer cycle is selected, 

WB/WE WRITE ENABLE 
INPUT 

and when it is "H", a 4 bit write to the RAM or a read transfer cycle from the RAM is selected. 

DATA TRANSFER In the RAM read cycle, it makes the data output into enable. Also, when the DT/OE level in the RAS clock 
DT/OE OUTPUT ENABLE 

INPUT 
falling edge is "L", the data transfer cycle is selected, and when it is "H", the read/write cycle is selected. 

WO-W3/ 
WRITE-PER-BIT These are the data input/output pins to the RAM. During the write-per-bit cycle in the RAS clock falling edge, 

SELECTION INPUT/ the "H" pin is enable and the selected bit-only·write is performed. Also, in the write cycle, the data in the late 
100- 103 DATA INPUT/OUTPUT falling edge, whether it is CAS or WE, is latched. 

SC 
SERIAL CONTROL The serial access is started from the SC clock rising edge. In the serial read cycle the output data is held until 
INPUT the next clock rise. Also in the serial write cycle, the data is latched at the SC clock rising edge. 

S100-S103 
SERIAL INPUT/ 

256 x 4 word serial data input/output pins. 
OUTPUT 

- SERIAL This makes serial input/output into enable. In the RAS clock falling edge, when SE is "H", it is a pseudo trans-
SE ENABLE INPUT fer, and when it is "L". It is a write transfer. 

NB: SAM: Serial Access Memory 

FUNCTION 

RAM Port Operation 
The row/column addresses are specified by the RAS/CAS 
clocks. 

When the WE clock is input before the CAS clock, it 
becomes an early write cycle, and the data from the CAS 
clock falling, is written in the RAM. The RAM read/write cycle is set up by maintaining the 

DT/OE at "H" level, while the RAS clock is falling. In 
addition, the column address is specified while the RAS 
clock is held at "L" level and goes into page mode when 
the CAS clock is activated, and then the colum,n datas in 
one row can be read/written continually. 

1. Random Read Cycle 
Data is read out when DT JOE i~ a ilL" level. 

2. Random Write Cycle 
Data is written in when WB/WE is a ilL" level. 

When the WE clock is input after the CAS clock, it 
becomes a late writ~ cycle and the data from the WE clock 
falling is written in the RAM. 

The read-modify-write cycle, modifies the data which 
has been read and writes it in ag(!in; This time also, the 
OE, WE clock controls the reading/writing of data. 

In this random write cycle, the write-per-bit function 
(Note 1) is available. 

2-160 
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SAM Port Operation 
At the falling edge of the RAS clock, the data transfer 
cycle is set up by maintaining the DT fOE at "L" level. At 
such a time, the transfer cycle is the read transfer when the 
WB/WE clock. is "H" level, and the write transfer when it 
is "L" level. 

In the transfer cycle, the row address sets up the RAM 
row and the column address becomes the serial access start 
address. 

• DT/OE signal can be used to select RAM or SAM in
dependent mode (DT = "H") and between RAM and 

SAM data transfer mode (DT = "L"). 
• Within one transfer cycle, transfer of data (256 x 4 bits) 

is possible between any rows in the RAM and SAM. 
• WE signal permits the designation of transfer direction. 

(WE = "H": RAM --+ SAM (read transfer)/WE = "L": 
SAM --+ RAM (write transfer)) 

• During read transfer, high-speed transfer execution is 
started at DT/OE leading edge. (Note 2) 

• Transfer cycle allows the selection of SAM I/O mode. 
• 'In write transfer mode, SE control allows the transfer 

execution to be inhibited. (pseudo write transfer) 

(Note 3) 

• ROW address in transfer cycle permits the transfer page 

of RAM. 
• Column address in transfer cycle is specified the read 

(write) start address of SAM after transfer. 

Memory Refresh Operation 
The M5M4C264 consists of dynamic RAMs memory cells 
so a refresh operation is required every 4m seconds. 

The refresh operation consists of reading the data from 
the memory, amplifying it in the sense amp and then 
rewriting it. With the M5M4C264, all the memory cells 
are refreshed by performing a refresh operation on all 256 
row addresses which are designated by the 8 bits. 

1. RAS Only Refresh 
When the row address is input while the CAS clock is held 
at "H" level, and the RAS clock is activated, all the column 
data in the designated row address are refreshed simul
taneously. 

2. CAS-Befor'e-RAS Refresh 
When the CAS clock is activated before the RAS clock, 
the designated row address, which is generated by the 
internal 8 bit refresh counter, is refreshed. The built-in 
refresh counter is incremented with every refresh cycle. 
Then all the memory cells are refreshed by repeating the 
CAS-before-RAS refresh cycle 256 times. 

3. Hidden Refresh 
The memory cells are refreshed by the 8 bit refresh counter 
built into the chip, in the same way as the CAS-before-RAS 
refresh, by activating the RAS clock iwhile the CAS, DE 

clocks are being held at "L" level after the previous read 
cycle. At this time, the data which was read into the pre

vious cycle is held in the output. 

MITSUBISHI LSls 

MsM4C264P-12, -15/ 
MsM4C264L-12, -15 

262144-BIT DUAL-PORT DYNAMIC RAM 

SAM READ OUT/WRITE IN 
In the same way as a shift register, SAM inputs and outputs 
data simultaneously with the SC clock rise. SE is used to 
control the data inputs/outputs. 

RAM and SAM are connected to each other by 1024 
data buses, and the data from RAM can be transferred to 
SAM and the data from SAM can be transferred to RAM. 

1. SERIAL READ TRANSFER CYCLE 
(RAM ~ SAM TRANSFER) 

When the RAS clock is falling, the serial read transfer mode 
is selected and at the same time the row address indicates 
the row for transfer from RAM to SAM and the data are 

read out. When the column address is input and the DT 
signal is "H", the one row data read out from RAM is 
transferred to the data register. At the same time as this, 
the decoded column address is set to the serial selector and 
the serial read start address is determined. (pointer control) 
After this, every time the SC clock goes from "L" to "H", 
the data is output to the serial port and the selector moves 
onto the next bit. For the serial selector to be cyclic, when 
the SC clock is input more than 257 times, the same data 
from the start address mentioned above is output again. 

SE clock controls the serial output buffer. When SE is "L", 
the data register contents are output to the SID pins and 
when SE is "H", the SID pins are at high impedance. The 
serial selector has no relation with the SE level and shifts 
one bit every time the SC clock is input. Serial read transfer 
can be done when SAM is in operation and also, data from 
different rows can be continuously output. (real time 
transfer) 

A horizontal scroll can easily be realized with the 
pointer control function which is utilized to indicate the 
arbitrary address. 

The memory can be effectively used with the real time 
transfer function which is utilized to scan multiple lines 
horizontally. 

2. SERIAL WRITE TRANSFER CYCLE 
(SAM ~ RAM TRANSFER) 

When the RAS clock is falling, the serial write transfer 
mode is selected and at the same time the row transferred 
from SAM is designated by the row address, in the same 
way as for fIe serial read transfer mode. When the column 
address is input and the DT signal is turned "H", the 
single row data which are read out from SAM is written 
into the row selected by RAM. At the same time as this, 
the decoded row address is set to the serial selector and the 
next serial write start address is determined. After this, 
every time the SC clock is input, the data which are input 
to SID are written into SAM. SE controls the serial input 
buffer. It writes into the data register when the level is 
"L", and when the level is "H", it only shifts the serial 

selector without writing in the data. 
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M5M4C264P-12, -15/ 
M5M4C264L-12, -15 

262, 144-BIT DUAL-PORT DYNAMIC RAM 

3. PSEUDO WRITE TRANSFER CYCLE 
This is the same as the write transfer cycle, except for the 
fact the:it data is not transferred from SAM to RAM. (The 
row address which is input is ignored.) 

When the mode changes from serial read to serial write, 
this cycle is used so that the RAM data is not destroyed, 
and also for changing the mode of the serial port. 

Different to serial read transfer, serial write transfer and 
pseudo write transfer cycles cannot be done While SAM is 
operating, and it cannot input data continuously to dif
ferent rows. 

Note 1: Write-Per-Bit Function 
During the RAM operation, data is written to the spe
cified terminals of the four I/O common terminals, 
while being inhibited at the others. 

Write-Per-Bit mode is specified by WB (="L") at RAS 

falling edge. 
Write terminals are specified by W/IO (Write = "H", 

Write inhibit = "L") at this time. Actual writing is then 
carried out by WE in the same manner as with the 

conventional DRAM. 

Note 2: Real-time Data Transfer 
Read transfer (RAM -+ SAM) is executed with DT lead
ing timing in transfer cycle. In the SC clock input before 
this timing, the SAM contents before transfer are out
put, while the new SAM contents after read transfer 
are output in the SC clock input after this timing. 

During read transfer, continuous SC clock is also 
applied, thus making it possible to continuously produce 
SAM output before read transfer and SAM output after 
transfer. 

Note 3: Pseudo Write Transfer 
In order to write data to SAM when it has been in the 
output mode it is necessary to change the SAM I/O 

common terminals (SIO) to the input mode using the 
write transfer mode. If write transfer is not desired, the 
pseudo write transfer mode should be used. 

If SE is in "H" at RAS falling edge of write transfer 
mode is selected; thus, SAM I/O common terminals 
are set to the input mode, but SAM to RAM data 
transfer is not executed. 
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MODE SELECTION 

Input pin state at RAS falling 

DT/OE WB/WE SE W/IO 0-3 

X 
X X 

H 
H 

H 
L X 

L 

H X X 

L X 
L 

L H X 

X: Not specified. 

RAM Access Mode 

RAM WRITE MODE 

W/ 100-3 

*1: Write 4bit data 

*2: Set mask bit 

*3: Write selected bit 

MITSUBISHI LSls 

M5M4C264P-12, -15/ 
M5M4C264L-12, -15 

262144-BIT DUAL-PORT DYNAMIC RAM 

RAM SAM 

Bit Mask S100-3 

READ - -

WRITE - -

Non Masked -
Write-Per-Bit 

Masked 

RAM----+SAM (read transfer) - Output mode 

SAM----+RAM (write transfer) - Input mode 

Pseudo Write Transfer 
Input mode 

(No RAM contents will be changed) -

WRITE-PER-BIT RAM READ MODE 

*4: ~ Indicates the don't care input 

•. MITSUBISHI 
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MsM4C264P-12, -15/ 
MsM4C264L-12, -15 

262144·BIT DUAL·PORT DYNAMIC RAM 

Write-Per-Bit Operation 

*1 

WB/WE ~"lII~~~~'l!l -

WO/IOO 

Wz/IOZ 

*2 

NON EFFECTIVE 

NON MASK EFFECTIVE 

I I I 
~~~~~*2 ~~~~~r--~!----------~----~j~~~~~~~~~~~~~~~~~~. 
~ MA,SK ~,-_-+~_ON_E_FF_E_CT_IV_~I--_--I 

I I 

SET MASK BIT ,WRITE-PER-BIT
1 *1. At WB/WE ; "H", the 4 bit data are written into RAM 

*2. WO-3/IOO-3; "H": Non masked 

WO-3/IOO-3; "L": Masked 

Serial Output Mode 

WB/WE 

SC 

SIOi 

2-.164 

RAM - SAM TRANSFER & START 
IREAL TIME DATA TRANSFERI 
I RAM-SAM ON THE FLY I WRITE CYCLE 

---rrx-'---'I---I'---''---''----'~'---' 
I : 
I I 

*3 

4 PATA OUT I NEW DATA OUT 
FROM COLUMN "A" ~ FROM COLUMN "B" 

*3. If SE goes "H" level, SIOi become into high impedance state, but serial data selector is 
continuously working. 
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Serial Input Mode 

WB/WE 

so 

SIOi 

RAM .... SAM 
AT START 

MITSUBISHI LSls 

M5M4C264P-12, -15/ 
M5M4C264L-12, -15 

262144-BIT DUAL-PORT DYNAMIC RAM 

PSEUDO WR ITE 

COLUMN "C" 

SAM .... RAM (ROW R4) 

~--------~I ~ 

TO ROW R4 

DATA IN 
FROM 
COLUMN "0" 

*4. If SE goes "H" level, SIOi input data is ignored, but serial data selector is continuously working. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Vo Output voltage 

10 Output current 

Pd Power dissipation 

Topr Operating temperature 

Tstg Storage temperature 

Conditions 

With respect to VSS 

Ta= 25°C 

• MITSUBISHI 
.... ELECTRIC 

Ratings 

-1-7 

-1---'7 

-1-7 

50 

1000 

0-70 

-65-150 

Unit 

V 

V 

V 

mA 

mW 

°C 

"C 
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M5M4C264P-12, -15/ 
M5M4C264L-12, -15 

262144-BIT DUAL~PORT DYNAMIC RAM 

RECOMMENDED OPERATING CONDITIONS (Ta=0....:.70·C unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vcc Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

VIH High·level input voltage all inputs 2.4 VCC+l V 

VIL Low·level input voltage all inputs -1 0.8 V 

Notel: All voltage values are with respect to VSS. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, VCC=5V±10%, VSS=OV, unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

VOH(R) High·level output voltage (RAM Port). IOH(R)=-2mA 2.4 VOO 

VOL(R) Low·level output voltage (RAM Port) lodR)=4.2mA 0 0.4 

VOH (S) High·level output voltage (Serial I/O Port) IOH(S)=-2mA 2.4 VOO 

VOLeS) Low·level output voltage (Serial I/O Port) 10dS) =4.2mA 0 0.4 

loz Off·state output current Q floating OV~Vout~5.5V -10 10 

II I nput current OV~VIN~VOO Other input pins; OV -10 10 

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

M5M4C264P, L 
Parameter 

Symbol -12 

(Note 3) RAM Port Serial I/O Port Max 

1001(AV) Random RIW cycle (RAS/CAS cycling, t RO =t Rc(min» Standby (SC =VIL) 60 

1002 Standby (RAS=VIH, Dout=Hlz) (Note 4) Standby (SC=VIL) (Note4) 5 

1003(AV) RAS only refresh cycle (RAS cycling,CAS=VIH, tRO =tRO (min» Standby (SC=VIL) 50 

1004 (AV) Page mode cycle (RAS; VIL, CAS cycling, tpo =tpc(min» Standby (SC=VIL) 40 

I cos (AV) CAS before RAS refresh (CAS low as RAS falls, t RO=tRoCmin» Standby (SC=VIL) 50 

1006 (AV) Data transfer cycle (DT low as RASfalls, tRO=tRo(min» Standby (SC=VIL) 65 

10C7(AV) Random RIW cycle (RAS/CAS cycling, t RO = tRO (min» Active (t SOO~ t soo(min.» 100 

1008(AV) Standby (RAS=VIH, Dout=Hlz(min» Active (tsOO=tsoo(min.» 40 

1009 (AV) RAS only refresh cycle (RAS cycling, CAS =VIH, t RO =t RO (min» Active (t SOO=t soc(min.» 90 

10010(AV) Page mode cycle (RAS = VIL, CAS cycli~g, t RO =t Ro(min» Active (tSOO=t soo(mih.» 80 

10011(AV) CAS before RAS refresh (CAS low as RAS falls, t Ro=tRoCmin» Active (t SOC =t soo(min.» 90 

IOC12(AV) Data transfer cycle (DT low as RAS falls, t RO = t RoC min» Active (tsOO=tsoo(min.» 105 

Note 3: ICC (AV) is obtained with the output open. (AV) specifies average value. 
Note 4: . If VIH ~ VCC x 0.9 and VIL ~ 0.6V, then ICC2 ~ 1.5 mA (CAS, SE and SIOo - SID, must be stable in high or low level.) 

CAPACITANCE (Ta=2S·C, f=lMHz, VI =2SmVmrs) 

Symbol 

CINO 

CINI 

CIOO 

2-166 

RAS, CAS, WB/WE, SC, SE, DT/OE 

AO-A7 

Wo/IOo- W3/103, S100-S103 

Parameter 

'. . MITSUBISHI 
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Min 

-15 

Max 

50 

5 

40 

35 

40 

55 

80 

30 

70 

65 

70 

85 

Max 

8 

5 

7 

Unit 

V 

V 

V 

V 

I-'-A 

I-'-A 

Unit 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

Unit 

pF 

pF 

pF 
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262144-BIT DUAL-PORT DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70·C, Vcc=5V±10%, Vss=ov, unless otherwise noted) (Note 5) 

Limits 

Symbol Parameter 
Alternative M5M4C264P-12, L-12 M5M4C264P-15, L-15 

Symbol 
Min Max Min Max 

ta(c) Access time from CAS (Note 6,8) tCAC 60 75 

ta(R) Access time from RAS (Note 6,9) tRAC 120 150 

ta(OE) Access time from OE (Note 6) tOEA 35 40 

tdiS(CH) Output disable time after CAS high (Note 10) tOFF 0 30 0 40 

tdiS(OE) Output disable time atter OE high (Note 10) tOEZ 0 30 0 40 

ta(sc) Access time from SC high (Note 7) tSCA 40 50 

ta(SE) Access time from SE low (Note 7) tSOA 35 50 

tdis (SE) Output disable time after SE high (Note 10) t SOz 0 30 0 40 

th (SCHO) Serial output hold time after SC high (Note 7) t SOH 10 10 

t SOLD Delay time, SE low to serial setup (Note 7) t soo 5 5 

Note 5: An initial pause of 5001.ts is required after power-up followed by any 8 RAS or RAS/CAS cycles before proper device operation is achieved. 

Note that RAS may be cycled during the initial pause. 

And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 4ms) ofRAS inactivity before proper device operation is achieved. 

6: Measured with a load circuit equivalent to 2TTL loads and 100pF 

7: Measured with a load circuit equivalent to 2TTL loads and 50pF. 

8: Assume that tRLCL ~ tRLCl max. 

9: Assume that tALCL < tALCl max. When tRlCL is greater than tRlCL max, t a (R) will increase by the amount that tRlCl exceeds tRlCL max. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

10: tdIS(CH) max and tdis.(OE) max define the time at which the output achieves the high impedance state (lOUT~ \±IOIlAi) and are not reference to VOH 
min or VOL max. 

TIM.ING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycles) 
(Ta=0-70·C, Vcc=5V±10%, VSs=OV, unless otherwise noted, See notes 11) 

Limits 

Symbol Parameter 
Alternative M5M4C264P-12, L-12 M5M4C264P-15, L-15 Unit 

SymbQI 
Min Max Min Max 

tC(RF) Refresh cycle time t REF 4 4 ms 

tW(RH) RAS high pulse width tRP 90 100 ns 

tRLCL Delay time, RAS low to CAS low (Note 12) tRCO 25 60 30 75 ns 

tCHRL Delay time, CAS high to RAS low (Note 13) tCRP 10 10 ns 

tSU(RA) Row address setup time before RAS low tASR 0 0 ns 

tSU(CA) Column address setup time before CAS low tASC 0 0 ns 

th(RA) Row address hold time after RAS low tRAH 15 20 ns 

th(CLCA) Column address hold time after CAS low tCAH 20 25 ns 

th(RLCA) Column address hold time after RAS low tAR 80 100 ns 

tT Transition time (rise and fall) (Note 14) tT 3 50 3 50 ns 

tsu (WPB) Write per bit mode setup time before RAS low t WBS 0 0 ns 

th (WPB) Write per bit mode hold time after RAS low tWBH 20 25 ns 

tSU(W) Write mask setup time before RAS low tws 0 0 ns 

theW) Write mask hold time after RAS low tWH 20 25 ns 

tSU(OTH) DT high setup time before RAS low t OHS 0 0 ns 

th(OTH) DT high hold time after RAS low t DHH 20 25 ns 

Note 11: The timing requirements assume tT=5ns. 
V,H min and V,L max are reference levels for measuring timing of input signals. 

12: tRLCL max is specified as a reference point only; When tRLCL is less than tRlCL max, access time is ta(R), When tRlCL is greater than tRLCL max, access time is 

tRLCL + ta (C)· tRLCL min is specified as tRLCL min. = t h (RA) + 2 tT + tSU(CA). 
13: tCHRL reqvirement is only applicable for RAS/CAS cycles preceded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS). 
14: tT is measured between V,H min and V,L max. 
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For Read and Refresh Cycles 

Symbol Parameter 

tC(rd) Read cycle time 

tW(RL) RAS low pulse width . 
tW(OL) CAS low pulse width 

tW(OH)' CAS high pulse width 

th(RLOH) CAS hold time after RAS low 

th (OLRH) RAS hold time after CAS low 

tsU(rd) Read setup time before CAS low 

th(OHrd) Read hold time after CAS high (Note 15) 

th(RHrd) Read hold,time after RAS high (Note 15) 

th (OEOH) CAS hold time after OE low 

th (OERH) RAS hold time after OE low 

th(OLOE) OE hold time after CAS low 

th (RLOE) OE hold time after RAS low 

tOOEL Delay time, Data to OE low 

tOEHO Delay time,OE high to Data 

tRHOL Delay time, RAS high to CAS low 

tOOL Delay time, Data to CAS low 

MITSUBISHI LSls 
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Limits 
Alternative 

M5M4C264P-12, L-12 M5M4C264P-15, L-15 Unit 
Symbol 

Min Max Min Max 

tRo 220 260 ns 

tRAS 120 10000 150 10000 ns 

tOAS 60 10000 75 10000 ns 

tOPN 25 30 ns 

tOSH 120 150 ns 

tRSH 60 75 ns 

tROS 0 0 ns 

tROH 0 0 ns 

tRRH 20 20 ns 

- 30 40 ns 

tOES 30 40 ns 

tOOH 60 75 ns 

- 120 150 ns 

- 0 0 ns 

tOED 35 40 ns 

tRPO 0 0 ns 

tozo 0 0 ns 

Note 15: Either th (OHrd) or th(RHrd) must be satisfied for a read cycle. 

For Write Cycles (Early Write and Delayed Write) 

Limits 

Symbol Parameter 
Alternative 

M5M4C264P-12, L-12 M5M4C264P-15, L-15 Unit 
Symbol 

Min Max Min Max 

tC(W) Write cycle time tRC 220 260 

tW(RL) RAS low pulse width t RAS 120 10000 150 10000 

tW(OL) CAS low pulse width tCAS 60 1000Q 75 10000 

tW(CH) CAS high pulse width tOPN 25 30 

th (RLOH) CAS hord time after RAS low tOSH 120 150 

th (CLRH) RAS hold time after CAS low t RSH 60 75 

tsu (WOL) Write setup time before CAS low (Note16) twos 0 0 

th(OLW) Write hold time after CAS low tWCH 35 45 

th(RLW) Write hold time after RAS low twoR 95 120 

th (WCH) CAS hold time after WE low tCWL 40 45 

th (WRH) RAS hold time after WE low tRwL 40 45 

tW(W) Write pulse width twp 35 45 

tSU(O) Data setup time t os 0 0 

th (WLO) Data hold time after WE low tOH 35 45 

th (OLD) Data hold time after CAS low tOH 35 45 

th(RLO) Data hold time after RAS low tOHR 95 120 

tOEHO ' Delay time, OE high to Data tOED 35 40 

th (WOE) OE hold time after WE low tOEH 30 40 

Note 16: When tsu(WCL) ~ tsu(WCL) min, the cycle is an early write cycle and I/O pins will remain high impedance throughout the,entire cycle. 

2-168 

When tCLWL = tCLWL min, and tRLWL ~ tR LWL min, the cycle is a read-write cycle, and the data of the selected address will be read out on I/O 
pins. For all conditions other than those described above, the condition of data outputs (at access time and until CAS or DT/OE goes back to VI H) 
is not defined. 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



For Read-Modify-Write Cycles 

Symbol Parameter 

tC(rdW) Read modify write cycle time (Note 17) 

tW(RL) RAS low pulse width 

tW(CL) CAS low pulse width 

th(RLCH) CAS hold time after RAS low 

th(CLRH) RAS hold time after CAS low 

tW(CH) CAS high pulse width 

tsu (rd) Read setup time before CAS low 

tCLWL Delay time, CAS low to WE low (Note 16) 

t RLWL Delay time, RAS low to WE low (Note 16) 

th(WCH) CAS hold time after WE low 

th (WRH) RAS hold time after WE low 

tW(W) Write pulse width 

tsu (D) Data setup time 

th(WLD) Data hold time after WE low 

th (CLOE) OE hold time after CAS low 

th (RLOE) OE hold time after RAS low 

t DOEL Delay time, Data to OE low 

tOEHD Delay time, OE high to Data 

MITSUBISHI LSls 
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Limits 
Alternative 

M5M4C264P-12, L-12 M5M4C264P-15, L-15 Unit 
Symbol 

Min Max Min Max 

tRWC 295 345 ns 

tRAS 195 10000 235 10000 ns 

t CAS 135 10000 160 10000 ns 

tCSH 195 235 ns 

t RSH 135 160 ns 

t CPN 25 30 ns 

tRCS 0 0 ns 

tcwD 90 110 ns 

t RWD 150 185 ns 

tCWL 40 45 ns 

t RWL 40 45 ns 

twp 35 45 ns 

tDS 0 0 ns 

tDH 35 45 ns 

tCOH 60 75 ns 

- 120 150 ns 

- 0 0 ns 

tOED 35 40 ns 

Note 17: tC(rdW) is specified as tC(rdW) min = ta(R) max + tOEHD min + th (WRH) min + tw (RH) min + 4 tT· 

For Page-Mode Cycle (Note 18) 

Limits 

Symbol Parameter 
Alternative 

Symbol M5M4C264P-12, L-12 M5M4C264P-15, L-15 

Min Max Min Max 

tC(Prd) Read cycle time t PC 120 145 

tC(PW) Write cycle time t PC 120 145 

tW(RL) RAS low pulse width (Note 19) t RAS 240 30000 295 30000 

tC(PrdW) Read modify write cycle time tRwc 195 250 

tW(RL) RAS low pulse width (Note 20) t RAS 390 30000 505 30000 

tW(CH) CAS high pulse width tcp 50 60 

Note 18 All previously specified timing requirements and switching characteristics are applicable to their respective page mode timing. 
19 Specified for read or write cycle. 
20 Specified for read-modify-write cycle. 

For CAS before RAS Refresh Cycle (Note 21) 

M5M4C264P-12, L-12 
Symbol Parameter 

Alternative 
Limits 

Symbol 
Min Max 

tsu R(CR) CAS setup time for auto refresh t CSR 10 

th R(RC) CAS hold time for auto refresh tCHR 25 

td R (RC) Precharge to CAS active time tRPC 0 

Note 21: Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 
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M5M4C264P-15, L-15 

Limits 

Min Max 

10 

30 

0 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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For Read/Write/Pseudo Write Transfer and Serial Read/Write Cycle 

Symbol Parameter 

to (rd) Read cycle time 

to(W) Write cycle time 

to(SC) SC clock cycle time 

tW(RL) RAS low pulse width 

tW(CL) CAS low pulse width 

tW(RH) RAS high pulse width 

tW(CH) CAS high pulse width 

tW(SCL) SC low pulse width 

tW(SCH) SC high pulse width 

tW(SEL) SE low pulse width 

tW(SEH) SE high pulse width 

th (RLCH) CAS hold time after RAS low 

th (CLRH) RAS hold time after CAS low 

th (RLCA) Column address hold time after RAS low 

tCHRL Delay time, CAS high to RAS low 

tRLCL Delay time, RAS low to CAS low 

tSU(RA) Row address setup time before RAS low 

th(RA) Row address hold time after RAS low 

tsu (CA) Column address setup time before CAS low 

th(CLCA) Column address hold time after CAS low 

tsu (WE) WE setup time before RAS low 

th(WE) WE hold time after RAS low 

tsu (OT) DT setup time before RAS low 

th (OT) DT hold time after RAS low 

th (CLOT) DT low hold time after CAS low 

tsu (OTRH) DT high setup time before RAS high 

th(OTRH) DT high hold time after RAS high 

tsu (OTCH) DT high setup time before CAS high 

tsu (SE) SE setup time before RAS low 

th (SE) SE hold time after RAS low 

tSU(SCOT) SC low set up time before DT high 

th(OTSC) SC high hold time after DT high 

th(SCOT) SC low hold time after DT high 

tsu (SO) Serial input data setup time before SC high 

th(SO) Serial input data hold time after SC high 

t SHOH Delay time, SC high to DT high 

tsu (SCRL) SC setup time before RAS low 

tsu (SEH) SE disable setup time before SC high 

th (SEH) SE disable hold time after SC high 

tsu (SEL) SE enable setup time before SC high 

th (SEL) SE enable hold time after SC high 

tOOTH Delay time, Data to DT high 

t OTHO Delay time, DT high to Data 
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Limits 
Alternate M5M4C264P-12, L-12 M5M4C264P-15, L-15 

Symbol 

t RC 

tRC 

tscc 

t RAS 

tCAS 

tRP 

t CPN 

tSCL 

tSCH 

t SOE 

t SOP 

tCSH 

tRSH 

tAR 

(Note 13) t CRP 

(Note 12) tRCO 

tASR 

t RAH 

tASC 

tCAH 

t WTS 

tWTH 

t DLS 

t ROH 

tCOH 

tOTR 

tOTH 

tOTC 

tES 

t EH 

-
-

t SOH 

t SIS 

t SIH 

tsoo 

t SRS 

tSWIS 

t SWIH 

tsws 

tSWH 

tszs 

-
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Min 

220 

220 

40 

120 

60 

90 

25 

10 

15 

10 

10 

120 

60 

80 

10 

25 

0 

15 

0 

20 

0 

20 

0 

90 

40 

10 

20 

10 

0 

15 

10 

10 

0 

10 

20 

20 

10 

20 

10 

20 

20 

Max Min Max 

260 

260 

50000 60 50000 

10000 150 10000 

10000 75 10000 

100 

30 

20 

20 

20 

20 

150 

75 

100 

10 

60 30 75 

0 

20 

0 

25 

0 

25 

0 

130 

55 

10 

25 

10 

0 

20 

10 

90 100 

20 

0 

15 

25 

30 

15 

30 

15 

30 

0 0 

30 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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TIMING DIAGRAMS (Note22) 

Read Cycle 

Wi/IOi 
(INPl.JTS) 

Wi/IOi 
(OUTPUTS) 

tCHRL 

tRLCL 

th(RLCA) 

tC(rd) 

th(RLCH) 

tW(RL) 

VIH _.,.~~r'i"'i--:t:-W-(C-H-) -, 

VIL 

tsu (RA_)",,*---+-~ tsu (CA) 
~~~-

th (CLCA) 

COLUMN 
ADDRESS 

II t~ 

tW(RH) 

tSU(RA) 

ROW 
ADDRESS 

I
I I Hth(C~" 
.'~ 

(X)OOOOW'H-----High-Z-----~~~ 
ta(c) I 

ta (R) 1oE-+--"-~1 __ -~___ttdis (CH) 

VOH-
---~_--High-Z ----+-----(1 DATA VALID 

VOL-

th(CLOE) 

th(RLOE) 

Note 22. ~ Indicates the don't care input. 
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Write Cycle (Early Write) 

to(W) 

th(RLCH) 

tW(RU 

th(RLCA) 

RAS VIH- . 

Wi/IOi 
(INPUTS) 

Wi/IOi 
(OUTPUTS) 

2-172 

VIL-

_~~~t-=CHRL 
t RLCL 

VIH-."".AAA-r tW(CH) 
VI L I\lloE+-+--~:':"'::""---:;;o.t 

tSU(RA"':"')~......j.,;a- ~-f---~_tsu (CA) 

VIH 

VIL 

th(RLD) 

th (CLCA) 

~of--i~ tsu (RA) 

ROW 
ADDRESS 

VOH-___ ~+---------Hlgh-Z--------------------

VOL-~~ = ~th(DTH) 

~::- --
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Write Cycle (Delayed Write) 

Wi/IOi 
(INPUTS) 

th (RLCA) 

tCHRL 

tRLCL 

tW(CH) 

MITSUBISHI LSls 

MsM4C264P-12, -15/ 
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tC(W) 

th(RLCH) 

tW(RL) 

th (CLRH) 

tW(CL) 

--30+-~_tsu (CA) 

th(CLCA) tsu (RA) 

Wi/lOi 
(OUTPUTS) 

VOH-___ ...;. __ High-Z ___________ ~ _______________ _ 

VOL -

tsu (DTH) 

DT/OE 

th (DTH) 
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Read-Modify-Write Cycles 

2-174 

Wi/IOi 
(INPUTS) 

Wi/IOi 
(OUTPUTS) 

VIH

VIL-

VIH 

tC(rdW) 

th(RLCH) 

tW(RL) 

th(RLCA) 

--;; ...... -Ioo&-t..::CHR L 

tRLCL 

th (CLRH) 

tW(CH) 

---;;IOf---+-O;f--t S U (CA) 

th(CLCA) 

COLUMN 
ADDRESS 

t RLWL 

t CLWL ' 

tW(CL) 

~X'XYxj)..~- High-Z __ ~V\",}'YI 

th(RLOE) 

':, MITSUBISHI 
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tSU(RA) 

ROW 
ADDRESS 



Page-Mode Read Cycle 

th(RLCH) 

th (RLCA) 

WB/WE VIH..,

V IL -..&..,I""I ........ .A..oQ,.A"j ... ~~ 

Wi/IOi VIH -"','"',''''' 

(INPUTS) VIL -~~'£:i.~~~'.:i,;.u..l2~ 

Wi/IOi VOH-___ ~--

(OUTPUTS) VOL-

th (RLOE) 

MITSUBISHI LSls 
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tW(RL) 

tc (Prd) 
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th(CLRH) 
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Page-Mode Write Cycle 

th(RLCH) 

VIH _-..... -'" ... .....-___ t_h..:.;..(R.:..::L:.:.C:..;:A) __ ~ 

Wi/IOi 
(INPUTS) 

VIL_ 
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tW(RL) 

Wi/IOi VOH
(OUTPUTS) VOL _----i ..... ----,,;,.--...;..---

th(DTH) 
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RAS-Only Refresh Cycle 

Wi/IOi 
(INPUTS) 

VOH-

t OHRL 
~-+-----t-o~ 

th(RA) 

---:-+--+oE--tsu (RA) 

ROW ADDRESS 
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to (rd) 

tW(RL) 

tW(RH) 

tSU(RA) 
--31-+-----+-E--

ROW ADDRESS 

I I 

Wi/IOi 
(OUTPUTS) 

VOL--------i--------

tsu (DTH) th (DTH) 
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Hidden Refresh Cycle 

VIH

VIL-

READ CYCLE 

to (rd) 

tW(RL) 
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HIDDEN REFRESH CYCLE 

to (rd) 

tW(RL) tW(RL) 

~ __ ~ _________ H~i9h __ Z ______ ~H~ __________ ~ ___ ~ 

WVIOi" VOH- ~~~~~~~~~~~~~~~~~~~~~~~~~~~_t~d~(Ol 
(OUTPUTS) ~~-:-"';"'~-l.~~-<I DATA VALID 

VOL- ~~~~~~~~~~~~~}~~~~~~~~~ 

CAS before RAS Refresh Cycle 

2-178 

VIH

VIL-
-~~~--

tdR(RO) 

to(rd) 

tW(RL) 

tW(RH) 

tSUR(CR) thR(RO) 
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Read Transfer Cycle (B-port standby) Serial Read Setup (RAM ~ SAM) 

SC 

SIOi 
(OUTPUTS) 

SIO; 

(INPUTS) 

tCHRL 

tRLCL 

tW(CH) 

th (RLCA) 

tC(rd) 

th(RLCH) 

tW(RL) 

--'3I*-+El-_t su (CA) 

th(CLCA) 

COLUMN 

ADDRESS 

th(CLOT) 

tW(RH) 

tsu (RA) _01----< ___ 

ROW 
ADDRESS 

VIH-r0~~~----~~"'~~~~~~~~~~~~~~~~~~~~~~~~~~ 

VIL-

VI L - ............... ~ _________________________ ~ 

ta(SE) 

~::=~E-__ tS=';:O:"=L=--O_~~1 
I 

tW(SCH) 
th (SCOT) 

VIH-

VIL-~~~~~~~~~~~~~~~~~~~ ____ ~ 

VO
L
- High-Z 

VIH-

:H 
-------------------------------

VIL-
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Read Transfer Cycle (B-port Active) Serial Read Setup (RAM ~ SAM) 

WB/WE 

DT/OE 

tCHRL 

tRLCL 

th (RLCA) 

tC(rd) 

. th(RLCH) 

tW(RL) 

tW(CL) 

VIH "~~~~~:----'\I 
tW(CH) 

VIH--' ,.,,''',. 

VIH -

VIL-

VIH-

VIL-

VIH-

---';I~~_tsu (CA) 

th(CLCA) 

COLUMN 
ADDRESS 

th(CLDT) 

tW(RH) 

tsu (RA) 
----lIO+-~-

ROW 
ADDRESS 

VIL-__________________________________ ~~ __ ~~--~--------------------------

SC 

SIOi 
VOH-------~ 

(OUTPUTS) VOL-______ -J 

2-180 
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Write Transfer Cycle (B-port Active) Serial Write Setup (SAM ~ RAM) 

RAS 
VIH-

VIL-

VIH 
CAS 

VIL 

VIH 
Ao-A7 

VIH-
SC 

VIL-

SIOi VIH-
DATA 

(INPUTS) 
VIL-

VALID 

(Note 23) 

tC(W) 

th (RLCH) 

tW(RL) 

th (RLCA) 

tCHRL 

tRLCL tW(CL) 

tW(CH) 

tSU(CA) 

th (CLCA) 

COLUMN 

ADDRESS 

th (CLOT) 

tW(RH) 

(Note 23) 

tSU(RA) 
--",ooj-~-

ROW 
ADDRESS 

(Note 23) 

Note 23: When SE is "H" level, the serial input data are not written into the Data register, but the serial data selector is worked. 
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Pseudo Write Transfer Cycle (B-port Active) Serial Write Setup 

VIH 
CAS 

VIL 

Ao-A7 
VIH 

we/wE. 

DT/OE 

SC 

SIOi VIH -

(INPUTS) 
VIL-

SIOi VOH-

(OUTPUTS) 
VOL_ 

2-182 

tSU(AA) 

tC(W) 

tCHRL 

tALCL 

tW(CH) 

th(ALCA) 

th(ALCH) 

tW(RL) 

----3~~_tsu (CA) 

th(CLCA) 

High-Z 

tdiS(SE) 

tW(CL) 

DATA VALID 
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tW(AH) 

High-Z 

tSU(RA) 
---'3O+-~-

ROW 
ADDRESS 

(Note 23) 



Serial Write Cycle 

RAS 

SE 
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\'-----__ ---J/ 

tW(SEH) 

VIL - _____________________ --'1 

SC 

SIOi 
(INPUTS) 

VIL - ----------11 

Serial Read Cycle 

RAS 

SE 

SC 

SIOi 

(OUTPUT) 

tW(SEH) 

VIL - _______ ..1 

VOL - ----------f 
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QESCRIPTION 
The MH2560SJ, JA is 262144 word x S bit dynamic RAM 

and consists of nine industry standard 256K x 1 dynamic 
RAMs in plastic leaded chip carrier. 

The mounting of plastic leaded chip carrier on a single 
in-line package provides any application where high den
sities and large quantities of memory are required. 

MH2560SJA is a leaded type-memory module, allowing 
direct insertion to normal through-hole-board like DIP 
devices. 

MH2560SJ is a socket type-memory module, suitable 
for easy interchanging or addition of modules. 

FEATURES 
• High-speed 

Access time Cycle time Power dissipation, 
Type name (max) (min) (typ) 

(ns) (ns) (mW) 

MH25608J-IO 100 200 2400 MH25608JA-1O 
MH25608J-12 120 230 2080 MH25608JA-12 
MH25608J-15 150 260 1840 MH25608JA-15 

• Utilizes industry standard 256K RAMs in plastic leaded 
carriers 

• 30 pins Single In-line Package 
• Single +5V (±10%) supply operation 
• Low standby power dissipation 200mW(max) 
• Low operation power dissipation: 

MH2560SJ-10, MH2560SJA-10 

MH2560SJ-12, MH2560SJA-12 
M H2560SJ-15, M H2560SJA-15 

• All inputs are directly TTL compatible 

3.09W (max) 

2.SSW (max) 
2.64W (max) 

• All outputs are three-state and directly TTL compatible 
• Includes (0.15J,LF x S) decoupling capacitors 
• 256 refresh cycles every 4ms, A8 Pin is not need for 

PIN CONFIGURATION (TOP VIEW) 

0 
Vee 

(1~~~~~56 ~ 
Vee 

1 0 (I ~~~~~561 CAS CAS 2 0 0 
000 000 3 0 
Ao 

~~:~::561 
Ao 4 0 

At 5 At 
5 0 (I ~5~~~:561 DOt '6 DOt 60 0 

Az Az 7 0 
A3 

~o~~~::561 
A3 

8 0 (I ~:~~:561 Vss Vss 900 

DOz 10 DOz 10 0 
A4 11 

(1~:~~:56 ~ 
A4 11 

o (I~: ~::561 As 12 As 12 o 0 
003 13 003 13 0 

, A6 14 A6 14 0 

A7 15 [1~~~:~561 A7 15 ~ (1~:~::561 004 16 004 16 

As 17 As 17 0 

NO 18 

(lo~:~~:561 
NO 18 o (I ~5~~::56 ~ NO 19 NO 19 o 0 

DOs 20 DOs 20 0 
W 21 

(1~:~::56 , 
w 21 

~ [1~~~::561 Vss 22 Vss 22 
006 23 006 23 
NO 24 NO 24 0 
007 25 (IO~:~~:56 ~ 007 25 o (I ~~~::561 NO 26 NO 26 o 0 

RAS 27 RAS 27 0 
NO 28 NO 28 0 

NO 29 NO 29 0 

Vee 30 Vee 30 0 

NC: NO CONNECTION 0 
30N5 (MH25608JA) 30N9 (MH25608J) 

• The common I/O feature dictates the use of only early 
write operation to prevent contention on Data-In and 
Data-Out. 

refresh APPLICATION 
• Common CAS control for eight com)'Tlon Data-In and Main memory unit for computers, Microcomputer memory 

Data-Out lines. 

BLOCK DIAGRAM 
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MH25608J-l0, -12, -15/ 
MH25608JA-l0, -12, -15 

2097152-BIT(262144-WORD BY a-BIT) DYNAMIC RAM 

FUNCTION 

The M H25608J, JA provides, in addition to normal read 
and early write operations, a number of other functions, 
e.g., page mode, RAS-only refresh, hidden refresh and CAS 

before RAS refresh. The input conditions for each are 
shown in Table 1. 

Table 1 Input conditions for each mode 

Operation 
RAS CAS 

Read ACT ACT 

Early write ACT ACT 

RAS-only refresh ACT NAC 

Hidden refresh ACT ACT 

CAS before RAS refresh ACT ACT 

Standby NAC ONC 

Inputs 

W 0 

NAC ONC 

ACT VLO 

ONC ONC 

ONC ONC 

ONC ONC 

ONC ONC 

Output 

Row Column Refresh Remarks 

address address 0 

APO APO VLO YES * 
APO APO OPN YES 

APO ONC OPN YES 

ONC ONC VLO YES 

ONC ONe OPN YES 

ONC ONC OPN NO 

Ncte: ACT active, NAC : nonactive, ONC : don't care, VLO : valid, APO : applied, OPN : open 

* -Page mode identical except refresh is No 

SUMMARY OF OPERATIONS 
Addressing 
To select 8 of the 2,097,152 memory cells in the 
MH25608J, JA the 18-bit address signal must be multi
plexed into 9 address signals, which are then latched into 
the on-chip latch by two externally-applied clock pulses. 
First, the negative-going edge of the row-ad dress-strobe 
pulse (RAS) latches the 9 row-address bits; next, the 
negative-going edge of the column-address-strobe pulse 
(CAS) latches the 9 column-address bits. Timing of the 
RAS and CAS clocks can be selected by either of the 
following two methods: 

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

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

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

reference point for set-up and hold times. If the W input 
makes its negative transition after to CAS input, Data input 
will contend with the Data output because of the com
mon I/O feature. 

Data Output Control 
The output of the MH25608J, JA is in the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, the data output will go from the high-impedance 
state to the active condition, and the data in the selected 
cell will be read. This data output will have the same 
polarity as the input data. Once the output has entered the 
active condition, this condition wrtl be maintained until 
CAS goes high, irrespective of the condition of RAS. 

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

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

Refresh 
Each of the 256 rows (Ao '" A7) of the MH25608J, JA 
must be refresh every 4 ms to maintain data. The methods 
of refreshing for the MB25608J, JA are as follows. 
1. Normal Refresh 

Read cycle and Early Write cycle refresh the selected 
row as defined by the low order (RAS) addresses. 

• MITSUBISHI 
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MH25608J-l0, -12, -15/ 
MH25608JA-l0, -12, -15 

2097152-BIT(262144-WORD BY 8-BIT)DYNAMIC RAM 

2. RAS Only Refresh 

In this refresh method, the CAS clock should be at a 
V1H level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 

If CAS falls tsuR (CAS-RAS) earlier than RAS and if CAS 
is kept low by thR (RAS-CAS) after RAS falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal 8-bit 
counter is put into the address buffer to refresh the cor
responding row. The output will stay in the high impedance 
state. 

If CAS is kept low after .the above operation, RAS cycle 
initiates RAS Only Refresh with internally generated re
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the external 
address. 

If CAS is kept low after the normal read/write cycle, 
RAS cycle initiates the RAS Only Refresh using the inter
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 

4. Hidden Refresh 
A fe.ature of the MH25608J, JA is that refresh cycles 

may be performed while maintaining valid data at the out
put pin by extending the CAS active time from a previous 
memory read cycle. This feature is referred to as hidden 

refresh. 

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

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

need for off-chip latches. 

Power Dissipation 
Most of the circuitry in the MH25608J, JA is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
MH2560SJ, JA as chip-select in the memory system, but if 
RAS is decode.d, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The MH25608J, JA operates on a single 5V power supply. 

A wait of some 500J,Ls and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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MH25608J-l0, -12, -15/ 
MH25608JA-l0, -12, -15 

2097152-BIT(262144-WORD BY 8-BIT)DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -1-7 

VI Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current SO 

Pd Power dissipation Ta ==2S'C 8 

Topr Operating temperature 0-70 

TSIg Storage temperature -55-125 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.S 5 S.S V 

Vss Supply voltage 0 0 0 V 

VIH High level input voltage, all inputs 2.4 6.5 V 

VIL Low-level input voltage, all inputs -2 0.8 V 

Note 1. All voltage values are with respect to VSS 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Vee=SV ±10%. VSS=OV. unless otherwise noted) (Note 2) 

Symbol 

VOH 

IOZ 

leel(AV) 

leC2 

ICC3(AV) 

I CC4(AV) 

I CC6(AV) 

C(OO) 

CI (RAS) 

CI (CAS) 

Parameter 

High·level output voltage 

Low-level output voltage 

Off·state output current 

Input current 

MH2560B..J-l0 
MH2560B..JA-l0 

Average supply current from Vec, MH25608..J -12 
operating (Note 3, 4) MH25608..JA-12 

Supply current from Vcc , standby 

Average supply current from VCC, 
refreshing (Note 3) 

Average supply current from VCC, 
page mode (Note 3, 4) 

Average supply current from VCC, 
automatic refreshing (Note 3) 

Input capacitance, address inputs 

Data input/data output capacitance 

Input capacitance, write control input 

Input capacitance, RAS input 

Input capacitance, CAS input 

MH25608..J-15 
MH25608..JA-15 

MH25608..J-l0 
MH2560B..JA-tO 

MH25608..J-12 
MH25608..JA-12 

MH25608J-t5 
MH25608..JA-15 

MH2560B..J-l0 
MH25608..JA-tO 

MH2560B..J-12 
MH25608..JA-12 

MH25608..J-t5 
MH2560B..JA-15 

MH25608..J-l0 
MH25608..JA-l0 

MH25608..J-l0 
MH25608..JA-12 

MH25608..J-t5 
MH25608..JA -15 

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

Test conditions 

10H = - SmA 

6 floating OV~VoUT~5.5V 

OV~VIN~Vee. Other input pins =OV 

RAS. CAS cycling 

t CR = t cw = min, output open 

RAS=CAS=VIH outputopen 

RAS cycling CAS=VIH 

t C(RAS) = min, output open 

RAS=VIL, CAS cycling 

t CPG = min, output open 

--
CAS before RAS refresh cycling 

to (RAS) = min, output open 

VI=VSS 

f=lMHz 

VI=25mVrms 

Min 

2.4 

-20 

-80 

3. ICC1 IAV), leC3(AV), leC4(AV) and ICC6(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 

4. Icel (AV) and ICC4(AV) are dependent on output loading. Specified values are obtained with the output open. 
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Limits 

Typ 

Units 

V 

V 

V 

mA 

W 

'C 

'C 

Unit 
Max 

Vee V 

0.4 v 
20 /-LA 

80 

560 

520 mA 

480 

36 mA 

480 

440 mA 

400 

440 

400 mA 

360 

520 

480 mA 

440 

60 pF 

20 pF 

80 pF 
100 pF 
100 pF 
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MH25608J-l0, -12, -15/ 
MH25608JA-l0, -12, -15 

2097152-BIT(262144-WORD BY 8-BIT)DYNAMIC RAM 

TIMING REQUIREMENTS (For Read, Early Write, Refresh, and Page-Mode Cycle) 
(Ta=0-70·C, Voo= -5V ±10%, Vss=ov, unless otherwise noted. See notes 5. 6and 7) 

Limits 

Symbol 
Alternative MH25608J-IO,JA-IO MH25608J-12,JA-12 MH25608J-15.JA~ 15 Parameter 

Symbol 
Min Max Min Max Min 

tCAF Refresh cycle time t REF 4 4 

t W(AASH) RAS high pulse width t RP 90 100 100 

t W (AASL) RAS low pulse width t RAS 100 10000 120 10000 150 

t W(CASl) CAS low pulse width tOAS 50 60 75 

tW(OASH) CAS high pulse width tOPN 25 30 35 

th(RAS-OAS) CAS hold time after RAS tOSH 100 . \ 120 150 

th (CAS-AAS) RAS hold time after CAS (Note 8) t RSH 50 60 75 

td (CAS-AAS) Delay time. CAS to RAS (Note 9) t ORP 20 30 30 

td (AAS-OAS) belay time. RAS to CAS (Note 10) tROD 15 50 20 60 25 

tsu (RA-RAS) Row address setup time before RAS t ASR 0 0 0 

tsu (OA-OAS) Column address setup time before CAS tASO -5 -5 -5 

t h(RAS-RA) Row address hold time after RAS tRAH 10 15 20 

t h(CAS-CA) Column address hold time after CAS tCAH 15 20 25 

th(RAS-OA) Column address hold time after RAS tAR 65 80 100 

t THL 
Transition time 

3 50 3 50 3 

t TLH 
tT 

3 50 3 50 3 

Note 5. An Initial pause of 500lls IS required after power-up followed by any eight RAS or RAS/CAS cycles before proper deVice operation is achieved. 

6. The switching characteristics are defined at tTHL ; tTLH ; 5ns. 

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

9. td(CAS.RAS) requirement is only applicable for all RAS/CAS cycles 

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

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

td(RAS·CAS) min; th(RAS-RA) min + 2tTHL(tTHLl + tsu(CA-CAS) min. 

SWITCHING CHARACTERISTIC (Ta=0-70·C, VOO=5V±10%, VSS=OV, unlessotherwisenoted) 

Read Cycle 
Limits 

Max 

4 

10000 

75 

50 

50 

Symbol Parameter 
Alternative MH25608J-IO,JA-IO MH25608J-12, JA-12 MH25608J-15,JA-15 

Symbol 
Min Max Min Max Min 

tCR Read cycle time tRO 200 230 260 

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

th(OAS-R) Read hold time after CAS (Note 11) t ROH 0 0 0 

thl RAS-R) Read hold time after RAS (Note 11) t RRH 20 20 20 

tdis (CAS) Output disable time (Note 12) tOFF 0 25 0 35 0 

ta (OAS) CAS access time (Note 13) t CAO 50 60 

ta (RAS) RAS access time (Note 14) t RAO 100 120 

Note 11. Either th (RAS-R) or th (CAS.R) must be satisfied ior a read cycle. 

12. tdIS(CAS) max defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL. 

13. This is the vauel when td(RAS-CAS)~ td(RAS.CAS) max. Test conditions; Load; 2TTL. CL; 100pF. 

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

Write Cycle 

Limits 

Max 

40 

75 

150 

Symbol Parameter Alternative MH25608J-I 0, JA-I 0 MH25608J-12, JA-12 MH25608J-15,JA-15 
Symbol 

Min Max Min Max 

tcw Write cycle time t RC 200 230 

tSU(W-CAS) Write setup time before CAS (Note 15) twos -10 -10 

th(CAS'W) Write hold time after CAS t WCH 35 40 

th (RAS-W) Write hold time after RAS twoR 85 100 

th(W-RAS) RAS hold time after write t RWL 35 40 

th(W-CAS) CAS hold time after write tOWL 35 40 

tw(W) Write pulse width twp 35 40 

tsu (O-OAS) Data-in setup time before CAS t OS 0 0 

th (CAS-D) Data-in hold time after CAS tOH 25 30 

th(RAS-O) Data-in hold time after RAS t OHR 70 90 

Note 15: When tsu(W-CAS) < tsu(W-CAS) min. Data input will contend with the data output because of the common I/O feature. 
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Min Max 

260 

-10 

45 

120 

45 

45 

45 

0 

35 

110 

Limits 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MH25608J-l0, -12, -15/ 
MH25608JA-l0, -12,-15 

2097152-Blr(262144-WORD BY 8-BIT)DYNAMIC RAM 

Page-Mode Cycle 

Limits 

Symbol Parameter 
Alternative 

MH25608J-l0. JA-l0 MH25608J-12 . .JA-12 MH25608J-15, JA-15 
Symbol 

Unit 

Min Max Min Max Min Max 

tCPG Page-mode cycle time t PC 100 125 145 ns 

tw (CASH) CAS high pulse width tcp 40 55 60 ns 

CAS before RAS Refresh Cycle INote161 

Limits 

Symbol Parameter 
Alternative MH25608J-l0,JA-l0 MH25608J-12,JA-12 MH25608J-15, JA-15 Unit 

Symbol 
Max Max Min Max Min Min 

tsuA (CAS-AAS) CAS setup time for auto refresh t CSA 25 30 30 ns 

t h A (AAS-CAS) CAS hold time for auto refresh t CHR 40 50 50 ns 

tdR(AAS-CAS) Precharge to CAS active time t RPC 0 0 0 ns 

Note 16 Eight or more CAS before RAS cycles IS necessary for proper operation of CAS before RAS refresh mode 

TIMING DIAGRAMS INote171 

Read Cycle 

RAS 

CAS 
V1H -

V,L 
- ------' 

td( RAS-CAS) 

tW(RASU 

th(RAS-CAS) 

COLUMN 
ADDRESS 

th(CAS-RAS) 

tW(CASU 

tW(RASH) 

ROW 
ADDRESS 

VIH_\,A1Vv\'~1V~At7V~~7V---------r-------------------------------r----~~AA~~~~ 

DO 

V1L - £:Ji.~~:.JLl~~~~~~T ta(CAS) 

ta(RAS) 

VOH - HIGH IMPEDANCE STATE 
DATA VALID VOL-------------------------------------------~H<I 

~a-__________ ~~ 
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2097152.BIT(262144.WORD BY 8.BIT)DYNAMIC RAM 

Early Write Cycle 

RAS 

CAS 
V1H -

V1L- ____ .J 

V1H -
Ao-Aa V1L -

V1H -
W 

V1L-

DO V1H -

V1L - L..X...:J....li.....k:...lC...l~~~f'-lwc..~wc...JI.J 

RAS-Only Refresh Cycle (Note18) 

tew 

tW(RASL) 

th( RAS-CAS) 

th(CAS-RAS) 

tW(CASL) 

tW(W) 

DATA VALID 

tW(RASL) 

tW(RASH) 

ROW 
ADDRESS 

ROW 
ADDRESS 

DO VOH- ___________________________________ H_IG_H __ IM_P_E_D_A_N_CE __ ST_A_T_E __________________________________ ___ 

VOL -

Note 17 . 

2-190 

Indicates the don't care input. Note 18. CAS=VIH, IN, D=don'tcare. 

AS may be VIH or VIL. 

The center-line indicates the high-impedance state . 
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MH25608J-l0, -12, -15/ 
MH25608JA-l0, -12, -15 

2097152-BIT(262144-WORD BY 8.BIT)DYNAMIC RAM 

Page-Mode Read Cycle 

the AAS-CAS) 

th(AAS-CA) 

RAS 

tCPGA th(CAS-AAS) tW(AASH) 

tW(CASL) tW(CASL) 

CAS 

DO 

th(AAS-A) 

th(CAS-R) 

w 

Page-Mode Write Cycle 
tW(AASL) 

the AAS-CAS) 

th(RAS-CA) 

RAS 

tcPGW th(CAS-RAS) 

tWlCASL) tW(CASL) tW(CASL) 

V1H -

w 
V'L--~~~~iJL~~ __ ~iJL~C::L~~'£:i.~~ __ ~~C::L.)L1~~~IC:£.~~~ ___ ~~C::L4QL:~~C::L)L1~ 

DO 
V1H -

VIL- ..... '-"--'!-'~ 
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MH25608J-l0, -12, -15/ 
MH25608JA-l0, -12, -15 

2097152.BIT(262144.lNORD BY 8.BIT)DYNAMIC RAM 

Hidden Refresh Cycle 

AO-A8 

w 

DO 

VIH

READ CYCLE 

tCA 

t W( AASL) 

-of--++- tdlCAS RAS) 

td(AAS-CAS) th(CAS-AAS) 

VIL-"-IooI ........... _~Io.I. ... J 

VOH-
--HIGH IMPEDANCE STATE 

VOL -

REFRESH CYCLE 

tCA 

tW(CASL) 

DATA VALID 

REFRESH CYCLE 
tCA 

thA(AAS-CAS) 

tdis (CAS) 

CAS before RAS Refresh Cycle (Note 191 

RAS 
VIH-

VIL-

VIH-
CAS 

VIL-

Ao-A8 
VIH-

VIL-

DO 
VOH-

VOL-

READ CYCLE REFRESH CYCLE 

tCA 

tW(AASL) 

REFRESH CYCLE 

tCA 

READ OR WRITE 
CYCLE 

>---------------------------~~-------HIGH IMPEDANCE STATE--~-------------------

Note19: W, D = don't care. 
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MH25609J·l0,-12, 15/ 
MH25609JA·l0,·12,·15 

2359296-BIT(262144-WORD BY 9-BIT)DYNAMIC RAM 

DESCRIPTION 
The MH25609J, JA is 262144 word x 9 bit dynamic RAM 
and consists of nine industry standard 256K x 1 dynamic 
RAMs in plastic leaded chip carrier. 

The mounting of plastic leaded chip carrier on a single 
in-line package provides any application where high den
sities and large quantities of memory are required. 

MH25609JA is a leaded type-memory module, allowing 
direct insertion to normal through-hole-board like 01 P 
devices. 

MH25609J is a socket type-memory module, suitable 
for easy interchanging or addition of modules. 

FEATURES 
• High-speed 

Access time Cycle time Power dissipation 
Type name Imaxl Iminl Itypl 

Insl Insl ImWI 

MH25609J-IO 100 200 2700 MH25609JA-IO 
MH25609J-12 120 230 2340 MH25609JA-12 
MH25609J-15 150 260 2070 MH25609JA-15 

• Utilizes industry standard 256K RAMs in plastic leaded 
carriers 

• 30 pins Single In-line Package 
• Single +5V (±10%) supply operation. 

• Low standby power dissipation 225mW(max) 
• Low operation power dissipation: 

MH25609J-10, MH25609JA-10 

MH25609J-12, MH25609JA-12 
M H25609J-15, M H25609JA-15 

• All inputs are directly TTL compatible 

3.47W (max) 

3.24W (max) 
2.97W (max) 

• All outputs are three-state and directly TTL compatible 
• Includes (0.15J.lF x 9) decoupling capacitors 
• 256 refresh cycles every 4ms, As Pin is not need for 

refresh 

• Common CAS control for eight common Data-In and 
Data-Out lines. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

Vee 

~~~~~~56J 
Vee 

1 0 (I ~~~~~56 ~ CAS CAS 2 0 0 
DOo DOo 3 0 
Ao 

~~5~~~~56 , 
Ao 4 0 

Al Al 
5 0 (I ~:~::561 DOl DOl 6 0 0 

A2 A2 7 0 
A3 

~o~:~::561 A3 
8 0 (I ~:~::561 Vss Vss 9 0 0 

D02 10 D02 10 0 
A4 11 

(1~::::561 
A4 

11

0 

(I ~:~:~561 As 12 As 12 0 0 
D03 13 D03 13 0 
A6 14 A6 14 0 

A7 15 (lo~:~::56 / A7 15 ~ (lo~:~::561 D04 16 D04 16 

As 17 As 17 0 

NC 18 (1~:~:~561 
NC 18 o (I ~:~::561 NC 19 NC 19 o 0 

DOs 20 DOs 20 0 
W 21 

(lo~:~::561 
w 21 

~ (lo~:~::56 ~ Vss 22 Vss 22 
D06 23 D06 23 
NC 24 NC 24 0 
D07 25 (1i.:~::561 D07 25 o (I ~:~::561 OP 26 OP 26 o 0 

RAS 27 RAS 27 0 
CASP 28 

(1~~~~~561 
CASP 28 

~ (I ~:~::561 DP 29 DP 29 

vee 30 Vee 30 o 0 

NC NO CONNECTION 0 

30N5 (MH25609JA) 30N9 (MH25609J) 

• Separate CAS (CASP) control for one separate pair of 
Data-In and Data-Out lines. 

• The common I/O feature dictates the use of only early 
write operation to prevent contention on Data-In and 
Data-Out. 

• Bit nine (DP, QP) controlled by CASP is generally used 
for parity. 
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MH25609JA-l0, -12, -15 

2359296-BIT(262144.WORD BY 9-BIT)DYNAMIC RAM 

APPLICATION FUNCTION 
Main memory unit for computers, Microcomputer memory The MH25609J, JA provides, in addition to normal read 

and early write operations, a number of other functions, 
e.g., page mode, RAS-only refresh, hidden refresh and CAS 
before RAS refresh. The input conditions for each are 
shown in Table 1. 

Table 1 Input conditions for each mode 

Inputs Output 

Ope Operation Row Column Refresh Remarks 
RAS CAS W 0 address address 

Q 

Read ACT ACT NAC ONC APO APO VLO YES * 
Early write ACT ACT ACT VLO APO APO OPN YES 

RAS-only refresh ACT NAC ONC ONC APO ONC OPN YES 

Hidden refresh ACT ACT ONC ONC ONC ONC VLO YES 

CAS before RAS refresh ACT ACT ONC ONC ONC ONe OPN YES 

Standby NAC ONC ONC ONC ONC ONC OPN NO 

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

* : Paqe mode iden tical except refresh is No. 

SUMMARY OF OPERATIONS 
Addressing 
To select 9 of the 2,359,296 memory cells in the 
MH25609J, JA the 18-bit address signal must be multi
plexed into 9 address signals, which are then latched into 
the on-chip latch by two externally-applied clock pulses. 
First, the negative-going edge of the row-address-strobe 
pulse (RAS) latches the 9 row-address bits; next, the 
negative-going edge of the column-address-strobe pulse 
(CAS) latches the 9 column-address bits. Timing of the 
RAS and CAS clocks can be selected by either of the 
following two methods: 
1. The delay time from RAS to CAS td (RAS-CAS) is set 

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

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

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

reference point for set-up and hold times. If the W input 
makes its negative transition after to CAS input, Data input 
will contend with the Data output because of the com
mon I/O feature. 

Data Output Control 
The output of the MH25609J, JA is in the high-impedance 
state when CAS is high. When the memory cycle in progress 
is a read, the data output will go from the high-impedance 
state to the active condition, and the data in the selected 
cell will be read. This data output will have the same 
polarity as the input data. Once the output has entered the 
active condition, this condition will be maintained until 
CAS goes high, irrespective of the condition of RAS. 

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

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

Refresh 
Each of the 256 rows (Ao '" A7) of the MH25609J, JA 
must be refresh every 4 ms to maintain data. The methods 
of refreshing for the MH25609J, JA are as follows. 
1. Normal Refresh 

Read cycle and Early Write cycle refresh the selected 
row as defined by the low order (RAS) addresses. 

2-194 
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MH25609J-l0, -12, -15/ 
MH25609JA-l0, -12, -15 

2359296-BIT(262144-WORD BY 9-BIT)DYNAMIC RAM 

2. RAS Only Refresh 

In this refresh method, the CAS clock should be at a 
V1H level and the system must perform RAS Only cycle on 
all 256 row address every 4 ms. The sequential row ad
dresses from an external counter are latched with the RAS 
clock and associated internal row locations are refreshed. A 
RAS Only Refresh cycle maintains the output in the high 
impedance state with a typical power reduction of 20% 
over a read or write cycle. 

3. CAS before RAS Refresh 

If CAS falls tsuR (CAS-RAS) earlier than RAS and if CAS 
is kept low by thR (RAS-CAS) after RAS. falls, CAS before 
RAS Refresh is initiated. The external address is ignored 
and the refresh address generated by the internal B-bit 
counter is put into the address buffer to refresh the cor
responding row. The output will stay in the high impedance 
state. 

If CAS is kept low after the above operation, RAS cycle 
initiates RAS Only Refresh with internally generated re
fresh address (Automatic refresh). The output will again 
stay in the high impedance state. 

Bringing RAS high and then low while CAS remains high 
initiates the normal RAS Only Refresh using the external 
address. 

If CAS is kept low after the normal read/write cycle, 
RAS cycle initiates the RAS Only Refresh using the inter
nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available unit CAS is brought high. 

4. Hidden Refresh 

A feature of the MH25609J, JA is that refresh cycles 
may be performed while maintaining valid data at the out
put pin by extending the CAS active time from a ,previous 
memory read cycle. This feature is referred to as hidden 
refresh. 

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

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

Power Dissipation 
Most of the circuitry in the MH25609J, JA is dynamic, and 
most of the power is dissipated when addresses are strobed. 
Both RAS and CAS are decoded and applied to the 
MH25609J, JA as chip-select in the memory system, but if 
RAS is decoded, all unselected devices go into stand-by 
independent of the CAS condition, minimizing system 
power dissipation. 

Power Supplies 
The MH25609J, JA operates on a ,single 5V power supply. 

A wait of some 500J,Ls and eight or more dummy cycles 
is necessary after power is applied to the device before 
memory operation is achieved. 
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MH25609JA-l0, -12, -15 

2359296.BIT(262144.WORD BY 9·BIT)DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -1-7 

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

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta=25'C 9 

Topr Operating temperature 0-70 

Tstg - Storage temperature -55-125 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5,5 V 

Vss Supply voltage 0 0 0 V 

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

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

Note 1. All voltage values are with respect to Vss 

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

Symbol Parameter 

VOH High-level output voltage 

VOL Low-level output voltage 

10Z Off-state output current 

I, Input current 

MH25609J-IO 
MH25609JA-IO 

ICC1(AV) 
Average supply current from Vcc, MH25609J-12 
operating (Note 3, 4) MH25609JA-12 

MH25609J-15 
MH25609JA-15 

ICC2 Supply current from VCC, standby 

MH25609J-IO 
MH25609JA-IO 

I CC3(AV) 
Average supply current from VCC, MH25609J-12 
refreshing (Note 3) MH25609JA-12 

MH25609J- 15 
MH25609JA-15 

MH25609J-IO 
MH25609JA-IO 

I CC4(AV) 
Average supply current from VCC, MH25609J-12 
page mode (Note 3, 4) MH25609JA-12 

MH25609J-15 
MH25609JA-15 

MH25609J-IO 
MH25609JA-IO 

I CC6(AV) 
Average supply current from VCC, MH25609J-IO 
automatic refreshing (Note 3) MH25609JA-12 

MH25609J-15 
MH25609JA-15 

C, (A) Input capacitance, address inpu'ts 

C(DO) Data input/data output capacitance 

C,(w) Input capacitance, write control input 

C, (RAS) Input capacitance, RAS input 

CI (CAS) Input capacitance. CAS input 

CI (CASP) Input capacitance, CASP input 

CI (DP) I nput capacitance 

CO(OP) Output capacitance 

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

Test conditions 

10H = - SmA 

Q floating OV:;:;;VOUT:;:;;S,5V 

OV:;:;;VIN:;:;;Vce. Otherinputpins=OV 

RAS, CAS cycling 

t eR = t ew = min. output open 

RAS=CAS=V'H output open 

RAS cycling CAS=V'H 

te(RAS)= min, output open 

t CPG = min, output open 

--
CAS before RAS refresh cycling 

to (RAS) = min. output open 

VI=VSS 

f=lMHz 

V,=25mVrms 

Vo=Vss, f= lMHz, V,=25mVrms 

Min 

2.4 

0 

-20 

-90 

3. ICC1(AVI, ICC3(AVI, ICC4(AVI and ICC6(AVI are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4. ICC1(AVI and ICC4(AVI are dependent on output loading. Specified values are obtained with the output open. 
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Limits 

Typ 

Units 

V 

V 

V 

mA 

W 
'C, 

'C 

Unit 
Max 

VCC v 
0.4 v 

20 J.1.A 

90 

630 

585 mA 

540 

40. S mA 

540 

495 mA 

450 

495 

450 mA 

405 

585 

540 mA 

495 

60 pF 

20 pF 

80 pF 

100 pF 

100 pF 

20 pF 

15 pF 

15 pF 
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TIMING REQUIREMENTS (For Read, Early Write, Refresh, and Page-Mode Cycle) 
(Ta=0-70·C, Vcc=-5V±10%, Vss=ov, unlessotherwisenoted.Seenotes5.6and7) 

Limits 

Symbol 
Alternative 

MH25609J-l0, JA-l0 MH25609J-12, JA-12 MH25609J-15,JA-15 Parameter 
Symbol 

Min Max Min Max Min 

tCRF Refresh cycle time t REF 4 4 

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

t W(RASLl RAS low pulse width t RAS 100 10000 120 10000 150 

t w{CASLl CAS low pulse width tCAS 50 60 75 

tW(CASH) CAS high pulse width t CPN 25 30 35 

th (RAS-CAS) CAS hold time after RAS tCSH 100 120 150 

th (CAS-RAS) RAS hold time after CAS (Note 8) t RSH 50 60 75 

td (CAS-AAS) Delay time. CAS to RAS (Note 9) tCRP 20 30 30 

td (RAS-CAS) Delay time. RAS to CAS (Note 10) tRCO 15 50 20 60 25 

tsu (RA-RAS) Row address setup time before RAS tASR 0 0 0 

tsu (CA-CAS) Column address setup time before CAS tASC -5 -5 -5 

th(RAS-RA) Row address hold time after RAS tRAH 10 15 20 

t h (CAS-CA) Column address hold time after CAS tCAH 15 20 25 

t h (RAS-CA) Column address hold time after RAS tAR 65 80 100 

t THL 3 50 3 50 3 
Transition time h 

t TLH 3 50 3 50 3 

Note 5. 
6. 

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

The switching characteristics are defined at tTHL ~ tTLH ~ 5ns. 

7. 

8. 
9. 

10. 

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

tdICAS· RAS) requirement is only applicable for all RAS/CAS cycles 

Operation within the tdIRAS-CAS) max limit insures that taIRAS) max can be met. tdIRAS-CAS) max is specified reference point only; if 

tdIRAS-CAS) is greater than the specified tdIRAS-CAS) max limit. then access time is controlled exclusively by taICAS). 

tdIRAS-CAS) min ~ thIRAS-RA) min + 2tTHLItTHLl + tsuICA-CAS) min. 

SWITCHING CHARACTERISTIC (Ta=0-70·C, Vcc=5V±10%, VSS=OV, unless otherwise noted) 

Read Cycle 
Limits 

Max 

4 

10000 

75 

50 

50 

Symbol Parameter 
AI ternative 

Symbol 
MH25609J-l0,JA-l0 MH25609J-12,JA-12 MH25609J-1S,JA-15 

Min Max Min Max Min 

tCR Read cycle time tRc 200 230 260 

tsu (R-CAS) Read setup time before CAS tRCS 0 0 0 

th{CAS-R) Read hold time after CAS (Note 11) t RCH 0 0 0 

thl RAS-R) Read hold time after RAS (Note 11) t RRH 20 20 20 

tdls (CAS) Output disable time (Note 12) tOFF 0 25 0 35 0 

ta (CAS) CAS access time (Note 13) t CAC 50 60 

ta(RAS) RAS access time (Note 14) tRAC 100 120 

Note 11. Either thIRAS-R) or thICAS-R) must be satisfied for a read cycle. 

12. tdISICAS) max defines the time at which the output achieves the open circuit condition and is not reference to VOH or VOL. 

13. This is the vauel when td I RAS-CAS)~ td I RAS-CAS) max. Test conditions; Load ~ 2TTL. CL ~ 1 OOpF. 

14. This is the value when tdIRAS-CAS) < tdIRAS-CAS) max. When tdIRAS-CAS) ~ tdIRAS-CAS) max. taIRAS) will increase by the amount that 
tdIRAS-CAS) exceeds the value shown. Test conditions; Load ~ 2TTL. CL ~ 100pF. 

Write Cycle 
Limits 

Max 

40 

75 

150 

Symbol . Parameter 
Alternative MH25609J-l 0, JA-l 0 MH25609J-12, JA-12 MH25609J-15,JA-15 

Symbol 
Min Max Min Max 

tcw Write cycle time t RC 200 230 

tsu (W-CAS) Write setup time before CAS (Note 15) twcs -10 -10 

th(CAS-W) Write hold time after CAS t WCH 35 40 

th (RAS-W) Write hold time after RAS t WCR 85 100 

th{W-RAS) RAS hold time after write tRWL 35 40 

th{W-CAS) CAS hold time after write tCWL 35 40 

tw(W) Write pulse width twp 35 40 

tsu (O-CAS) Data-in setup time before CAS tos 0 0 

th(CAS-O) Data-in hold time after CAS t OH 25 30 

th(RAS-O) Data-in hold time after RAS tOHR 70 90 

Note 15: When tsu(W-CAS) < tsu(W-CAS) min. Data input will contend with the data output because of the common I/O feature. 

.•. MITSUBISHI 
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Min Max 

260 

-10 

45 

120 

45 

45 

45 

0 

35 

110 

Limits 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Page-Mode Cycle 

Limits 

Symbol Parameter 
Alternative 

Symbol 
MH25609J-I 0, JA-I 0 MH25609J-12,..JA-12 MH25609J-15,JA-15 Unit 

Min Max Mfn Max Min Max 

tePG Page-mode cycle time t PC 100 125 145 ns 

tw (CASH) CAS high pulse width tcp 40 55 60 ns 

CAS before RAS Refresh Cycle (Note16) 

Limits 

Symbol Parameter 
AI ternative 

MH25609J-IO,JA-IO MH25609J-12,JA-12 MH25609J-15,JA-15 Unit 
Symbol 

Max Min Max Min Max Min 

tsuR (CAS-RAS) CAS setup time for auto refresh tCSR 25 30 30 ns 

t h R (RAS-CAS) CAS hold time for auto refresh tCHR 40 50 50 ns 

t dR (RAS-CAS) Precharge to CAS active time tRPC 0 0 0 ns 

Note 16. Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 

TIMING DIAGRAMS (Note17) 

Read Cycle 

RAS 

CAS 

Ao-As 

VIH -
VIL - ____ oJ 

td( RAS-CAS) 

tW(RASLl 

COLUMN 
ADDRESS 

th(CAS-RAS) 

tW(CASLl 

tW(RASH) 

ROW 
ADDRESS 

w 
VIH_~7V~~~~7d~~~~r-----r----------------------i----~bv~~~~7V~ 

DO 
OP 

2-198 

V1L - .I..::iJ.:..JL:~.:i.Jt.:JL:i..:li~~.:i.J{.j[,r ta(CAS) 

ta(RAS) 

VOH - HIGH IMPEDANCE STATE 
DATA VALID VoL_----------------------------------------------------------------------------------------------------------HHK1 

~~ __________ ~v 
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Early Write Cycle 

RAS 

Ao,-...,A8 

W 

DO 
DP 

OP 

V'H

V'L-

V'H-

V'L-

V'H-

V'L-

V'H-

V'L-

V OH -

VOL -

____ .oJ 

RAS-Only Refresh Cycle (Note18) 

MITSUBISHI LSI. 

MH2s609J-l0, -12, -15/ 
MH2s609JA-l0, -12, -15 

2359296.BIT(262144.WORD BY 9.BIT)DYNAMIC RAM 

tcw 

tW(RASL) 

th(RAS-CAS) 

th(RAS-CA) 

th(CAS-RAS) 

td( RAS-CAS) tW(CASU 

tSU(W-CAS) 

DATA VALID 

HIGH IMPEDANCE STATE 

tW(RASU 

HIGH IMPEDANCE STATE 

tW(RASH) 

ROW 
ADDRESS 

ROW 
ADDRESS 

DO VOH - --------------------------------------------------------------------------OP VOl -

Note17.~ ~ Indicates the don't care input. Note 18. CAS=V,H, W, D=don'tcare. 

As may be V,H or VIL. 

~ The center-line indicates the high-impedance state. 
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Page-Mode Read Cycle 

RAS 

CAS 

DO 
OP 

w 

th(RAS-CAS) 

th(RAS-CA) 

tCPGR 

tW(CASLl 

VOH- ____________ ~------__ ---+~\ 
VOL -

V'H

V'L - '-II:.....l:....Lli:...L.:JJ 

Page-Mode Write Cycle 

th( RAS-CAS) 

th(RAS-CAi 

tCPGW 

CAS 

V'H-

tW(RASL) 

th(CAS-RAS) tW(RASH) 

tW(CAsLl 

th(RAS-R) 

tW(RASL\ 

th(CAS-RASi 

tW(CASLl tW(CASLi 

w 
VIL-~~~~~~~ ____ ~~~~~~~~ ____ ~~~~~~~f~~~~ ____ ~~~~~~~~~~ 

DO 
DP 

2-200 

V1H -

V IL - """-I:...L-4-\'-"' 
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Hidden Refresh Cycle 

AO-AS 

w 

DO 
OP 

VIH

READ CYCLE 

tCR 

t W ( RASL) 

-of--++- td;CAS RASI 

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

V I L - ........ IJJ.~~L.l-"""""'.1 

VOH-
--HIGH IMPEDANCE STATE 

VOL-

REFRESH CYCLE 

tCR 

tW(CASL) 

DATA VALID 

REFRESH CYCLE 
tCR 

thR(RAS-CAS) 

tdis (CAS) 

CAS before RAS Refresh Cycle INote 191 

VIH-
RAS 

VIL-

VIH-

CAS 
VIL-

Ao-As 
VIH-

VIL-

DO VOH-

OP VOL-

READ CYCLE REFRESH CYCLE 

tCR 

tW(RASL) 

REFRESH CYCLE 

tCR 

READ OR WRITE 
CYCLE 

}---------------------------~~-------HIGH IMPEDANCE STATE-----------------------

Note19: W, D = don't care. 
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M5M44C256P, J,L·l0, ·12, ·15 

FAST PAGE MODE 1048576·,BIT(262144.WORD BY 4.BIT)DYNAMIC RAM 

DESCRIPTION 
This is a family of 262144-word by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and 
is ideal for large-capacity memory systems where high 
speed, low power dissipation, and low costs are essential. 
The use of double-layer polysilicon process combined with 
silicide technology and a single-transistor dynamic storage 
cell provide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 
both a reduction in pins and an increase in system densities. 

In addition to the RAS-only refresh mode, the hidden 
refresh mode and CAS before RAS refresh mode are avail
able. 

FEATURES 
RAS CAS Address OE Cycle Power 

Type name access access access access time dissipa-
time lime lime lime lion 

(max, nsl (max. nsl (max. nsl (max. nsl (min. nsl (typ.mWI 

p 
M5M44C256J-IO 100 25 50 25 190 300 

L 

P 
M5M44C256J-12 120 30 55 30 220 250 

L 

P 
M5M44C256J,-15 150 40 70 40 260 200 

L 

• High performance CMOS technology 
• Standard 20 pin DIP, 26 pin SOJ, 20 pin ZIP 
• Single 5V±10% supply 
• Low standby power dissipation 

5.5mW (Max) .............. CMOS Input level 
• Low operating power dissipation 

M5M44C256P, J, L-10 ........... 413mW (Max) 
M5M44C256P, J, L-12 ........... 35BmW (Max) 
M5M44C256P, J, L-15 ........... 303mW (Max) 

• All inputs, outputs TTL compatible and low capacitance 
• Tri-state unlatched output 
• 512 refresh cycles/Bms 
• Early write mode and OE control output buffer imped

ance 
• Read-Modify-write, RAS-only refresh; Fast-page mode 

capabilities 

• CAS before RAS refresh mode capability 
• CAS controlled output allows hidden refresh 
• Wide RAS pulse width for, Fast page mode .. 50~s max 

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

PIN CONFIGURATION (TOP VIEW) 

DATA INPUTS/{ D01 ++ 1 
DATA OUTPUTS D02 ..... 

WRITE CO~~~3i W -+ 3 

~~:o~?~~3~ RAS -+ 4 

NO CONNECTION NC 

ADDRESS [ 
INPUTS 

(5V) Vee 

Vss (OV) 

19 ++ D04} DATA INPUTS/ 
18 ++ D03 DATA OUTPUTS 

17 +- CAS ~~~~~EN I ~~~: ESS 

OUTPUT 
ENABLE INPUT 

1 
ADDRESS 
INPUTS 

Outline 20P4Y (DIP) 

DATA INPUTS/{D01 ++ 1 
DATA OUTPUTS D02 ..... 

WRITE CO~~~B-l= W -+ 3 

~~:o:f?~~3~ RAS -+ 4 

NO CONNECTION NC 

[ 

Ao -+ 9 

ADDRESS A1 -+ 10 

INPUTS A2 -+ 11 

A3 -+ 12 

(5V) Vee 

Vss (OV) 

25 ++ D04} DATA INPUTS/ 
DATA OUTPUTS 

24 ++ D03 

23 +- CAS ~~~~~EN I~~~:ESS 

OUTPUT 
ENABLE INPUT 

) 

ADDRESS 
INPUTS 

Outline 26POJ (SOJ) 

OUTPUT E~~~0~ OE-+ 

D~~r~~;~uT+ D03 ++ 

(OV) Vss 

D~~rAo~;~uT+ D02 ..... 

ROW ADDRESS RAS-+ 
STROBE INPUT 

ADDRESS INPUTS {A,O -+ 
A2 -+ 

(5V) Vee 

{

As -+ 
ADDRESS INPUTS 

A7 -+ 

-, I. 
_.J -, 
~J -, 
5. 
_.J -, 
7 1 
_.J -, 
9 • 
_.J 

I~J 
ljl 
-~ 

i5~ 
_.J 

171 
-..I 

191 
~--I 

r-
• 2 
L_ .. -
14 
L_ 
r-

3: 
L~ 
r-

UI 18 
3: L_ 

~ [1~ ~ 

0 
C=2 ~ 

UI 
0) r-
r .14 

L. 

[~6 

[1=8 

r2-0 
L_ 

+- CAS ~~~~~ENI~~~:ESS 

++ D04} DATA INPUTS/ 
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MSM44C256P, J, L-l0, -12, -15 

FAST PAGE MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

FUNCTION 
The M5M44C256P, J, L provide, in addition to normal read, 

write, and read-modify-write operations, a number of other 
functions, e.g., fast page mode, RAS-only refresh, and de
layed-write. The input conditions for each are shown in 

Table 1. 

Table 1 Input conditions for each mode 

Inputs Input/Output 
Operation 

Row Column 
Refresh Remark 

RAS CAS W OE address address Input Output 

Read ACT ACT NAC ACT APO APO OPN VLO YES Fast page 

Write (Early write) ACT ACT ACT ONC APO APO VLO OPN YES mode 

Read-Modify-write ACT ACT ACT ACT APO APO VLO VLO YES 
identical 

RAS-only refresh ACT NAC ONC ONC APO ONC ONC OPN YES 

Hidden refresh ACT ACT ONC ACT APO ONC OPN VLO YES 

CAS before RAS refresh ACT ACT ONC ONC ONC ONC ONC OPN YES 

Standby NAC ONC ONC ONC ONC ONC ONC OPN NO 

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

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 

ROW ADDRESS RAS 
STROBE INPUT 

WR ITE CONTROL Iii 
INPUT 

- --- - --- - --- - -------1vc
c<sv) 

VSS(OV) 

)----....---, 

AO 
A, 
A2 

A3 

ADDRESS INPUTS A4 

As 

As 

A7 

AS 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & I/O CONTROL L---L--l--n'----.. 

MEMORY CELL 
(1,048,576 BITS) 

---- - ---- ---- - ----

'. MITSUBISHI JiIr& ELECTRIC 

002 DATA 
DO,} 
003 INPUTS/OUTPUTS 

004 

OE OUTPUT ENABLE 
INPUT 
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MSM44C2S6P, J, L-l0, -12, -15 

FAST PAGE MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Veo Supply voltage -'-1-7 

VI Input voltage With respect to Vss 
! 

-1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta=25·C 1000 

Topr Operating temperature 0-70 

Tstg Storag~ temperature -65-150 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

VOO Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 0 0 V 

VIH High-level input voltage, all inputs 2.4 6;5 V 

VIL Low-level input voltage, all inputs -2.0 O.S V 

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

ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Voo=5V±10%. VSS=OV. unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 

VOH High-level output voltage 10H= -2mA 

VOL Low·level output voltage 10L =4.2mA 

loz Off'state output current Q floating OV ~VOUT ~5. 5V 

II Input current OV~VIN~ 6.5V. Other inputs pins =OV 

M5M44C256 -10 
RAS, CAS cycling 

1001 (AV) 
Average supply current from VCC, 

M5M44C256 -12 operating (Note 3,4) 
M5M44C256-15 

t RO = two = min, output open 

1002 Supply current from Vcc, standby 
RAS=CAS=VIH, output open 

RAS =CAS=OE ~VOO-O. 5,output open 

M5M44C256-IO 
RAS cycling:CAS=VIH 

1003(AV) 
Average supply current from Vcc, 

M5M44C256-12 refreshing (Note 3) t RO = min, output open 
M5 M44C256 - 15 

M5M44C256-10 
RAS=VIL, CAS cycling 

1004(AV) 
Average supply current from Vcc 

M5M44C256-12 Fast-Page-Mode (Note 3, 4) t PO = m in, output open 
M5M44C256-15 

Average supply current from VCC 
M5M44C256-IO 

CAS before RAS refresh cycling 
1006(AV) CAS before RAS refresh mode M5M44C256-12 

(Note 3) M5M44C256-15 
t RO = min, output open 

Note 2: Current flowing into an IC is positive, out is negative. 
3: ICC1IAV), ICC3IAV) and ICC4IAV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICC1IAV) and ICC4IAV) are dependent on output'loading. Specified values are obtained with the output open. 

CAPACITANCE (Ta=0-70·C, Voo=5V ±10%, VSs=OV, unless otherwise noted) 

Symbol 

CI(A) 

CI(OE) 

CI(W) 

CI(RAS) 

CI(OAS) 

CI/O 

2-204 

Parameter 

Input capacitance, address inputs 

Input capacitance, OE input 

Input capacitance, write control input 

Input capacitance, RAS input 

Input capacitance, CAS input 

Input/Output capacitance, data ports 

Test conditions 

VI =VSS 

f=lMHz 

Vi=25mVrms 

• MITSUBISHI 
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Limits 

Min Typ 

2.4 

0 

-10 

-10 

Limits 

Min Typ 

Unit 

V 

V 

V 

mA 

mW 

·C 

·C 

Unit 
Max 

VOO V 

0.4 V 

10 f.1A 

10 f.1A 

75 

65 mA 

55 

2 
mA 

1 

75 

65 mA 

55 

65 

55 mA 

45 

75 

65 mA 

55 

Unit 
Max 

6 pF 

7 pF 

7 pF 

7 pF 

7 pF 

7 pF 
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FAST PAGE MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70·C. Vcc=5V±10%. Vss=ov. unless otherwise noted) (Note 5) 

Limits 

Symbol Parameter M5M44C256-10 M5M44C256 -12 M5M44C256-15 Unit 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 6, 7) 25 30 40 ns 

tRAC Access time from RAS (Note 6,8) 100 120 150 ns 

tCAA Column Address access time (Note 6, 9) 50 55 70 ns 

tCPA Access time from CAS precharge (Note 6,10) 55 60 75 ns 

tOEA Accesstime from OE (Note 6) 25 30 40 ns 

tCLZ Output low impedance time from CAS low (Note 6) 5 5 5 ns 

t OFF Output disable time after CAS high (Note 11) 0 20 0 25 0 30 ns 

tdis(OE) Output disable time after OE high (Note 11) 0 20 0 25 0 30 ns 

Note 5: An initial pause of 500/AS is required after power-up followed by any 8 RAS or RAS/CAS cycles before proper device operation is achieved. 

Note that RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods of RAS inactivity before proper 
devise operation is achieved. 

6: Measured with a load circuit equivalent to 2TTL loads and 10OpF. 
7: Assume that tRCD(max) ~ tRCD and tRAD(max) ~ tRAD· 
8: Assume that tRCD ~ tRCD(max) and tRAD ~ tRAD(max)· 
g': Assume that tRCD - tRAD ~ tCAA(max) - tCAC(max) and tRCO ~ tRCO(max)' 

10: Assume that tcp ~ tCP(max) and tASC ~ tASC(max), 
11: tOFF(max) and tdis(OE/(max) define the time at which the output achieves the high impedance state (lOUT ~ \±10IlAI) and are not reference to VOH(min) or VOL(max). 

TIMING REOUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast Page Cycles) 
(Ta=0-70'C, Vcc=5V±10%. Vss=ov. unlessotherwisenoted,Seenotes 12,13) 

Limits 

Symbol Parameter M5M44C256-10 M5M44C256- 12 M5M44C256-15 Unit 

Min Max Min Max Min Max 

t REF Refresh cycle time 8 B 8 ms 

t RP RAS high pulse width 80 90 100 ns 

t RCO Delay time, RAS low to CAS low (Note 14) 20 75 25 90 30 110 ns 

t CRP Delay time, CAS high to RAS low (Note 15) 10 10 10 ns 

tCPN CAS high pulse width (Note 16) 25 30 35 ns 

t RAO Column address delay time from RAS low (Note 17) 15 50 20 65 25 80 ns 

t ASR Row address setup time before RAS low 0 0 0 ns 

tASC Column address setup time before CAS low (No"te 18) 0 20 0 20 0 25 ns 

t RAH .Row address hold time after RAS low 10 15 20 ns 

tCAH Column address hold time after CAS low or W low 20 20 25 ns 

tAR Column address hold time after RAS low 95 110 135 ns 

tT Transition time (Note 19) 3 50 3 50 3 50 ns 

Note 12: The timing requirements are assumed tT = 5ns. 
13: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 
14: tRCD(max) is specified as a reference pOintonly. If tRco is less than tRCO(max), access time is tRAe. If tRCO is greater than tRCO(max), access time is defined as tCAC 

and tCAA as shown in notes 7, 9. 
15: tCRP requirement-is applicable for all RAS/CAS cycles. 

16: tCPN(min) is specified as tCPN(min) = tRCO(min) + tCRP(min) - tT except for tcp of fast page mode cycle. 
17: tRAD(max) is specified as a reference point only. If tRAO ~ tRAO(max), access time is assumed by tCAA for read cycle. 
18: tASC(max) is specified as a reference point only of address access time. 
19: tT is measured between VIH(min) and VIL(max)' 
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FAST PAGE MODE 1048576-BIT(262144-WORD BY4-BIT)DYNAMIC RAM 

Read and Refresh Cycles 

Symbol Parameter M5M44C256 -I 0 

Min Max 

t RC ~ead cycle time 190 

t RAS ~ low pulse width 100 10000 

tCAS ~Iow pulse width 25 10000 

tCSH CAS hoid time after RAS low 100 

tRSH RAS hold time after CAS low 25 

tRCS Read Setup time before CAS low 0 

t RCH Read hold time after CAS high (Note 20) 0 

t RRH Read hold time after RAS high (Note 20) 10 

t RAL Column address to RAS setup time 50 

t RPC Precharge to CAS active time 0 

th(CLOE) OE hold time after CAS low 25 

th (RLOE) 6E hold time after RAS low 100 

t DOEL Delay time, Data to OE low 0 

tOEHD Delay time, OE high to Data 20 

t h (OECH) CAS hold time after OE low 25 

th(OERH) RAS hold time after OE low 25 

Note 20: Either tRCH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 

Symbol Parameter 

twc Write cycle time 

t RAS RAS low pulse width 

tCAS CAS low pulse width 

t CSH CAS hold time after RAS low 

t RSH RAS hold time after CAS low 

twcs Write setup ti~e before CAS low 

twoH Write hold time after CAS low 

tWCR Write hold time after RAS low 

tCWL CAS hold time after write low 

tRWL RAS hold time after write low 

twp Write pulse width 

t DS Data setup time 

t DH Data hold time after CAS low 

t DHR Data hold time after RAS low 

tOEHD Delay time, OE high to data 

th (WOE) OE hold time after write low 

2-206 

M5M44C256-IO 

Min 

190 

100 

25 

100 

25 

(Note 22) -5 

20 

95 

25 

25 

20 

0 

20 

95 

20 

20 
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Max 

10000 

10000 

limits 

M5M44C256-12 M5M44C256-15 Unit 

Min Max Min Max 

220 260 ns 
120 10000 150 10000 ns 

30 10000 40 10000 ns 
120 150 ns 
30 40 ns 

0 0 ns 
0 0 ns 

10 10 ns 
55 70 ns 

0 0 ns 
30 40 ns 

120 150 ns 
0 0 ns 

25 30 ns 
30 40 ns 
30 40 ns 

limits 

M5M44C256 -12 M5 M44C256 -15 Unit 

Min Max Min Max 

220 260 ns 
120 10000 150 10000 ns 

30 10000 40 10000 ns 
120 150 ns 

30 40 ns 
-5 -5 ns 
25 30 ns 

115 140 ns 

30 35 ns 
30 35 ns 
25 30 ns 

0 0 ns 

25 30 ns 

115 140 ns 

Z5 30 ns 

25 30 ns 
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Read-Write and Read-Modify-Write Cycles 

Limits 

Symbol Parameter M5M44C256-IO M5M44C256-12 M5M44C256-15 

Min Max Min Max Min ' Max 

t RwC Read write/read modify write cycle time (Note 21) 245 285 335 

t RAS RAS low pulse width 155 10000 185 10000 225 10000 

tCAS CAS low pulse width 80 10000 95 10000 115 10000 

t CSH CAS hold time after RAS low 155 185 225 

t RSH RAS hold time after CAS low 80 95 115 

t RCS Read setup time before CAS low 0 0 0 

t cwo Delay time. CAS low to write low (Note 22) 50 60 15 

t RWO Delay time. RAS low to write low (Note 22) 125 150 185 

tCWL CAS hold,time after write low 25 30 35 

t RWL RAS hold time after write low 25 30 35 

twp Write pulse width 20 25 30 

t os Data setup time 0 0 0 

t OH Data hold time after write low 20 25 30 

t AWO Delay time. address to write low (Note 22) 15 85 105 

t h (CLOE) DE hold time after CAS low 25 30 40 

t h (RLOE) DE hold time after RAS low 100 120 150 

t DOEL Delay time. Data to DE low 0 0 0 

t OEHO Delay time. DE high to Data 20 25 30 

th(WOE) DE hold time after write low 20 25 30 

Note 21: tRWC is specified as tRWC(min) = tRAC(max) + tOEHDlmin) + tRWL(min) + tRP(minl + 4tT' 

22: twcs. tCWD. tRwD and tAWD are specified as reference points only, If twcs ~ tWCS(min) the cycle is an early write cycle and the DO pins will remain high 
impedance throughout the entire cycle, If tCWD ~ tCWD(minl. tRvilD ~ tRWD(min) and tAWD ~ tAWD(min). the cycle is a read-modify-write cycle and the 
DO will contain the data read from the selected address, If neither of the above conditions is satisfied. the condition of the 00 (at access time and until 
CAS or OE goes back to VIH) is indeterminate_ 

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

Symbol Parameter M5M44C256-IO 
Min Max 

t PC Read. Write cycle time 60/' 

t RWPC Read write/read modify write cycle time 110 

t RAS RAS low pulse width for Read. write cycle 155 50000 

t CAS CAS low pulse width for read cycle 25 10000 

tcp CAS high pulse width (Note 23) 15 25 

tRSH RAS hold time after CAS low 25 

Note 23: tCP(max) is specified as a reference point only, If tCP(max) ~ tcP. access time is assumed by tCAC' 

CAS before RAS Refresh Cycle (Note 24) 

Symbol Parameter M5M44C256-IO 
Min Max 

t CSR CAS setup time for CAS before RAS refresh 10 

tCHR CAS hold time for CAS before RAS refresh 20 

t RPC Precharge to CAS active time 0 
- -- - -Note 24: Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh ·mode. 

• MITSUBISHI 
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Limits 

M5M44C256-12 

Min Max 

65 

120 

115 50000 

30 10000 

15 25 

30 

Limits 

M5M44C256-12 

Min Max 

10 

25 

0 

M5M44C256-15 
Min Max 

80 

145 

220 50000 

40 10000 

20 30 

40 

M5M44C256-15 
Min Max 

10 

30 

0 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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Timing Diagrams (Note 25) 

Read Cycle 

tCRPI--

F-

----1 
tASR_ 

VIH -

~ 
.... 

t RCD 

tCPN ~ 

~ tASC I--

ROW 

tCSH 

t RAS 

V \ 
t RP 

t RSH 

t CAS 

F-

V 
t RAL tASR 

---.. 
t CAH 

COLUMN XXXXXXX ROW m It!:fIil:lfJ.. ·~x D<~ 
ADDRESS "1 ADDRESS xxV0Nx ADDRESS :\XXXXXYJ :\XXXXXXXXX rxXXXYJ 

w 

DQ1- DQ4 VIH -

(INPUTS) VIL-

DQ,-DQ4 VOH -

(OUTPUTS) VOL -

2-208 

Xx X x xXl( 
xlxlxxlM 

'(tRR0fx 
xxxxxxxl'x 

XXXXx x xx 
XXXXXXXXX 

XXXXXX x 

tAR 

tRcsi r---- ___ tRRH 

XXXx xx XlJ rYllx xV0101M l'0NN0NH' \xxxxx X XXXXXX 

t RCH 

xxxxxYfli10l0l 1% W"- \\VllllX Hi-Z 
..fl0NxXXXXXXXX IXXX)! XX)! , .xxxxxxxN 

t CAC 
~ 

tCAA 

tCLZ 

J~ 
'OJ 

DATA VALID 

t RAC ----- tdis (OE) 

t DOEL I----- tOEA 
tOEHD 

I th (OECH) 

xXXXXXXXXXXXXXXXX mN0Nlx l010ix lilillllll V XXlx~ rxXXXXXXXXXXXXXXX\ x xxx xx XXXXXX XXXXXXXXX XXXXx)( XXXXXXXXxxxXXXXXX 

th (OERH) 

th (CLOE) 

th (RLOE). 

Note 25 ~ Indicates the don't care input. 
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Write Cycle (Early write) 

two 

t OSH 

RAS 

t OAS 

VIH -
CAS 

VIL -

tOAH 

VIH - COLUMN ROW 
Ao-As 

VIL -
ADDRESS 

tWOR 

twos tWOH 

W 
VIH -

VIL -

tOH 

DQ1- DQ4 VIH -

(INPUTS) 
VIL -

tOHR 

DQ1~DQ4 VOH - _________________ Hi-Z-------------------
(OUTPUTS) VOL-
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Write Cycle (Delayed Write) 

Ao-AS 

w 

D01-:- D04 VIH 

(INPUTS) VIL-

D01-D04 VOH

(OUTPUTS) VOL-

2-210 . 

two 

t RAS 

.J tOSH I<-

~ 1I 1\ 

~ tROD t RSH 
~ 

t RP 

tOAS 

~ t CPN 1\ V 

I ~ASR .. t RAH l,t ASO• tCAH 
~I--I--t ASR 

~ ROW ~ COLUMN -'I~X .)(X 0»»- ROW Vv ADDRESS ADDRESS ~\XXXXXXXXXX ADDRESS 

tAR 

fXXXXXXXXX XXXXXXX)I.)l.XXX 'xxxx> 'VllxV~ 
xVllxxV0/0 ,l0l0l0l0x xVx lx xNM lXXxxxx x xXxxxxx 

twoH 

t WOR 

tos -
tMVxVlllx XXXXXXXXXXXXXX XNM rl:/Il)- Hi-Z--1 ~ V0N1FfN:/Nlx XXXXXXXXXX XXXXX 

~ 
tOAA 

t RAO 

~ 

Hi-Z I DN'iJ-f' ~ 
'VALID V 
I'---

tdiS(OE)r 

~ tOEHO 

XXXXXXXXXx XXxxxXXXx xxxxxxxxxxxxxxx 'X)G 

~lllllllll\VlllXII 
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tOWL 

t RWL 

~ 
HXX'i.'i.YXXXXXXXXX'i.'i.'i.'i.X 

'1flixVlll'l011010101l0J 

tOH 

DATA IlvVxx xVlfllflfll(}; VALID \XX X XX XXXXXXXXXXX ,/ 

r--- t h (WOE) 

-J~ 
~XXXXXXXXXXXXX'i.~~~~XX 



MITSUBISHI LSls 

M5M44C256P, J, L-l0, -12, -15 
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Read-Write, Read-Modify-Write Cycle 

w 

00,-004 VIH 

(INPUTS) VIL-

00,-004 VOH

(OUTPUTS) VOL -

tRWC 

tPSH 

t RAS 

--1 

\~ / \ 

tCRP.....,. 

/ 
t ASR -

-
0l1' x X X xx x 
"xxl:/JlNl 

ifff"XXXXXX 
'iXx0l0l0N 

t RP 

t RCO t RSH 

tCAS 

--' / t CPN \ 
'-

t RAH tASC tCAH 
t ASR -- ---

~ 

ROW 1III1ffi COLUMN .ffflNx\VN/x WN ~ 
ROW 

ADDRESS ...., ADDRESS \X 'i XXXX ADDRESS 

tAR 

tcwo 

tAWO 

I 

xxxnxxxx~ 
...l 

~ 
tRC~ 

t RWO 

tos f-

I~· 
XXXXXXXXXXXX'Y 

Hi-Z-----l ~ 
tCAC 

t CAA 

~Z 

~ 
,-----, 

Hi-Z 
DATA 

~ VALID 
"----

tRAC 

i-= ~ toon tOEA _ tdiS(OE) 

\ / 
~ 

th (CLOE) ~ 
th (RLOE) 

• MITSUBISHI 
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X'i x X 

tCWL 

tRWL 

twp 

~XXXXXXXXXXXXXXXXx 

.., 'Wl0lxX
x lllix llllil 

tOH 

~ DATA VALID 
XXXXXXXXXXXXXX) 

~E) 

Vl0llllliiii Viiill-NN 
~XXXXXXXXXXXXXXXXXXXXXX 
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RAS-only Refresh Cycle 

VIH - ROW 

ADDRESS 
VIL - Y:£j~:J~~--4'~r.::£:i.~~'.::::£::,L~i:::DJ.~~'.::::£::,L':£::£::.i:::DJ.'Y::L~i:::DJ.~~(::£:I.~~'1:-___ _ 

001- 0 04 VIH -

(INPUTS) VIL-

001-004 VOH - ---------------Hi-Z----------~-----
(OUTPUTS) VOL -
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FAST PAGE MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

Hidden Refresh Cycle 

w 

OQ1-0Q4 VIH -

(INPUTS) VIL -

OQ1-0Q4 VOH -

(OUTPUTS) VOL -

RC 

t RAS 

\ V \ iL-t RP 

t RP 

tCRP~ tRCO tRSH tCHR 

~ t CPN ~ V 

tASRI- ~tASC tCAH 
t ASR 
I-

~ ROW ~ COLUMN .,J IH0I:x x 101111iji0110lxVlll~ xxx xxxx XU ROW 

ADDRESS ADDRESS ~ ADDRESS ~XXX xxxxxxxxxxxxXXXXXXX 

tRAL 9 
fffNN:lx IfNiNj ~VxVlxxxV~ ~ xxxxxxxx XXXXXT \xXXXXxxxxxxxxxxxxxx XXXXXXXXXXXXXXXX) 

t RCS 
1---"" 

~ IIi0IifIlI: ~ Hi-Z ~ .xxxxxxxx XXXXXXXXX Ii. .xxX xxx 
tCAC 

tCAA ~ 
t CLZ 

~&: DATA VALID 
-'\ 

..., 

t RAC 
tdiS(O;:) 

~ tOEA 
~ 

t OEHO 

th (OERH) 

'llxVlxVll~ -xxxxxxxxxxxxxxv, 
f ~x xxxxxxxxxxxxxxxxxxxxxxxx 
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CAS before RAS Refresh Cycle 

tRO tRO 

t RAS tRAS 

VIH -
RAS 

VIL -

tOHR tOHR 

VIH -
CAS 

VIL -

001- 0 04 VOH- ______________ 
Hi

_
Z 
______________ _ 

(OUTPUTS) VOL-
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M5M44C256P, J, L-l0, -12, -15 

FAST PAGE MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

Fast Page Mode Read Cycle 

w 

001- 0 04 VOH

(OUTPUTS) VOL-

RAS 

\ V L 
t RP 

tCRP~ t RCO tpc ~ 
tCAS tCAS tCAS 

f- -'~ V 
..l 

V / ~ t CPN \ ~ 
f- tcp tcp 

tASRi-~ t ASC I+-~ t~ ~ tASC t RAH tASR 
I----- - I-

IJ"""~ 
ROW 'II.XYX Ixxn: JI.XY 'I. '1.\: ROW ~ ~ ~~ ~ ADDRESS 

COLUMN-l Wh 'I.m 
COLU

1

MN-2 V'x\ IfW COLUMN-3 
ADDRESS I 

mN1x (xxxxxxx 

xxxxxxx 
'W:N0N 

<.XXXXXXX 
lJN0Nx 

tAR T t
1

RAL ~ 
t RCS 1CH r tRCS 9H 

f~ t RCS 
t RRH 

I 
x XT 

~ r , 1 N0lM VxYm ~ 

~~ ~~ (m , 'Y:I:h\\VllxY. Hi-Z 
xXX'x'Xxxxxx 

~ tOFF ~ ~ tCAC I! OFF. 
tCAA 

1-<0 
tCAA tCAA 

~ ~ ~ DATA 1\ DATA DATA 
I}-Hi-Z VALlD-l II VALlD-2 VALlD-3 r--

tRAC tCPA t CPH I 
I tOEA 

r . I tOEA 
-tdiS(OE) ~ I->- tdIS(OE) to- I-tdiS(OE) ~n _tOEA 

th (OECH) ~) th(OECH) 

D<XXXXXXXXXXXXX \ W ivY ~[\ 
r.<XXX xx rNfi. III 1m VN INl0lNNNI0f I Xl/' 'x ,lxx ~ 

th (RLOE) 

x xxx r-xx 

th (CLOE) ~o 
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M5M44C256P, J, L-l0, -12, -IS 

FAST'PAGE MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

Fast Page Mode Write Cycle 

w 

VIH 

VIL -

VIH -

VIL -

VIH 

VIL -

VIH 

VIL 

00,-004 VIH 

(INPUTS) VIL 

00,-004 VOH

(OUTPUTS) VOL-

2-216 

VIH 

VIL -

F ~ 

~ L 
tROD tpo ~ 

tORP_ 
tOAS tOAS tCAS 

... / -.-I tCPN' ~ ~ V \ 
tcp tcp 

tASRf--oo ~ 
tASC ~ t ASC It.CA~ t ASO ~ tASR_ I-- I-- I--- I-

ROW ~ ROW ~ IV-XXXXXXx\ 
~ -ADDRESS COLUMN-1 '¥lllllxV; COLUMN-2 COLUMN-3 ADDRESS 

~ -l XXXXXXJl 

t WCR 

twcs_ 
t WOH twos 

tWCH 
twCSI.oo 

tWOH 

twp twp twp 

'Rl0fxVlx ,x xxxXXXXH IXXXXXXX,," ~ IX X x x x x x x x xx 
XXXXXXXXXx\ ~ fNNN0NM "";u X xxx IX X X X X X X X X X xc r\AXXXXXXX 

t os tOH to~ r.----. 
t OH tos - tOH 

~ ~ 

VllXXXXX XXXXXXXX)[ DATA if.lNlx~ DATA ~~ DATA Yli0fIi:NI: I(xxNlXlX iX\~II VALlD-1 VALlD-2 VALlD-3 :~ ,\X"XXXXXXXX 
~ 

tOHR 

Hi-Z 

tOEHOf-
th (WOE) 

tOEHO - th (WOE) 
t OEHOi---

th (WOE) 
~ 

N0lxVxVx ix xVx iN ~ ~ 
"1 xxxxxxxxxxxx> 
''flN0NNNM X",xxxxxx xxxxxxx XI 
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M5M44C256P, J, L-l0, -12,.-15 

FAST PAGE MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

Fast Page Mode Read-Write, Re~d-Modify-Write Cycle 

w 

V,H -

V,L -

V,H -

V,L -

V,H -

V,L -

V,H 

V,L -

DQ,-DQ4 V,H -

(INPUTS) V'L-

DQ,-:-- DQ4 VOH

(OUTPUTS) VOL -

V,H -

V,L -

t AS R 

FL ~ 

1--00 t RWL 

tCRP ~ 
tRCD t RWPC 

tCAS I 
Ic--'": 

~ t CPN I' V I' V 

~ teAH 
~ 

tCAH I ~CWL. ~SR tASRf--oo tASCf-oe-- t ASCI--- ...... 

ROW 
COLUMN-2 

ROW ~ I~ I~ 1)Jlx\ Wi W0f/A COLUMN-1 ADDRESS ADDRESS l\XXXXXXXXX XI '\.u IX X X x X,\Y 

XXXXXXX'O 

~ 

<XXXXXXXX 

~ 

tAWD tAWD 

r~ 
tCWD tCWL tCWD 

tt;p 

W 

twp 
~ 

IXX XXXXXX-r-

IlNNlN I' " I'---

tRWD 

tD~ tDH tos t DH 

DATA DATA 1Xff0f.NN0N 
IXXXXXXXXXXXX 

.~ -Hi-Z---< ~ VALlD-1 ~~ (~ VALlD-2 

Hi-Z 

~ 
tCAA 

tCLZ~ -f-

~ 
,.............. 

DATA ~ 
VALID·! 

~ 

tRAC 

t DOE L I-----
tOEA 

I-tdiS(OE) ~ -
1\ j 
r---
t~ !------ tOEHD 

t h (RLOE) 
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~ 
tCAA 

tCL~ .. f-

,~g 
tCPA 

tDOEL--J I-tdiS(OE) 
'tOEA ---
f+-i 

"' ~ 
-j.-tOEHD 

---th (CLOE) 

1fN-NYM 
-'-x X XXXXX X 

.1W0N0 
~,(XJ<.Xxx.x 
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·9~V" ,. # M5M44C258P,J,L·l0,·12,.15 

STATIC CLOUMN MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

DESCRIPTION 
This is a family of 262144-word by 4-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and 
is ideal for large-capacity memory systems where high 
speed, low power dissipation, and low costs are essential. 
The use of double-layer polysilicon process combined with 
silicide technology and a single-transistor dynamic storage 
cell provide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 
both a reduction in pins and an increase in system densities. 

In addition to the RAS-only refresh mode, the hidden 
refresh mode and CS before RAS refresh mode are avail
able. 

FEATURES 
RAS CAS Address OE Cycle Power 

Type name access access access access time dissipa-
time time time time tion 

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

p 
M5M44C258J-l0 100 25 50 25 190 300 

L 

P 
M5M44C258J-12 120 30 55 30 220 250 

L 

P 
M5M44C258J-15 150 40 70 40 260 200 

L 

• High performance CMOS technology 
• Standard 20 pin DIP, 26 pin SOJ, 20 pin ZIP 
• Single 5V±10% supply 
• Low standby power dissipation 

5.5mW (Max) .............. CMOS Input level 
• Low operating power dissipation 

M5M44C25BP, J, L-l0 ........... 413mW (Max) 
M5M44C25BP, J, L-12 ........... 35BmW (Max) 
M5M44C25BP, J, L-15 ........... 303mW (Max) 

• All inputs, outputs TTL compatible and low capacitance 
• Tri-state unlatched output 
• 512 refresh cycles/Bms 
• Early write mode and OE control output buffer imped

ance 
• Read-Modify-write, RAS-only refresh, Static column 

mode capabilities 
• CS before RAS refresh mode capability 
• CS controlled output allows hidden refresh 
• Wide RAS pulse width for Static 

column mode .................... 50~s max 

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

PIN CONFIGURATION (TOP VIEW) 

DATA INPUTS/{ DOl ++ 1 

DATA OUTPUTS D02 ++ 

WRITE CO~~~3i Iii -+ 3 

~~:o:~~~~3i RAS -+ 4 

NO CONNECTION NO 

( 

Ao -+ 6 

ADDRESS Al -+ 

INPUTS A2 -+ 

A3 -+ 

(5V) Vee 

Vss (OV) 

19 ++ D04} DATA INPUTSI 
18 ++ D03 DATA OUTPUTS 

CHIP SELECT 
INPUT 

OUTPUT 

) ~~~:i~N~T 
Outline 20P4Y (DIP) , 

DATA INPUTS/{DQl ++ 1 
DATA OUTPUTS D02 ++ 

WR ITE CO~~~~i Iii -+ 3 

~~:o:~~~~3i RAS -+ 4 

NO CONNECTION NO 

ADDRESS 

[ 

Ao -+ 9 

INPUTS A2 -+ 11 

A3 -+ 12 

(5V) Vee 

Vss (OV) 

25 ++ D04} DATA INPUTSI 
DATA OUTPUTS 

24 ++ D03 

CHIP SELECT 
INPUT 

OUTPUT 
ENABLE INPUT 

Outline 26POJ (SOJ) 

OUTPUT E~~~bi OE--

D~~~Ao~NJ~uT~ D03 ++ 

(OV) Vss 

D~~ ~ A o~;~J~ D 02 ++ 

ROW ADDRESS RAS-+ 
STROBE INPUT 

ADDRESS INPUTS {AO -+ 

A2 -+ 

(5V) Vee 

{

As -+ 

ADDRESS INPUTS 
A7 --

-, 
1, 
_J -, 
~l -, 
5 , 
_oJ -, s: 7 I 
_J -, C,7I 

9 , s: .J 
~ 

1~J ~ 

0 
i3~ 

N 
C,7I 

-~ 
QC) 

-., r 
15 ' _J 

in 
-~ 

l~J 

r-
~~ +- os 7~~0~ELECT 
ro-
14 
L_ ,. 
L~ 

++ D04} DATA INPUTSI 
++ DOl DATA OUTPUTS 

,-
~~ +-Iii WRITE CONTROL 

INPUT 

[~ * NO LEAD 

0=2 
r-
,14 
L_ 

[~6 

[~ 
r2-0 
L_ 

+- Al 

+- A3 

) ADDRESS +- A4 INPUTS 

+- A6 

+- As 

Outline 20P5L (ZIP) 
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M5M44C258P, J, L-l0, -12, -15 

STATIC CLOUMN MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

FUNCTION 
The M5M44C258P, J, L provide, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e.g., static column mode, RAS-only refresh, and 
delayed-write. The input conditions for each are shown in 

Table 1. 

Table 1 Input conditions for each mode 

Inputs 
Operation 

RAS CS W OE 

Read ACT ACT NAC ACT 

Write (Early write) ACT ACT ACT ONC 

Read-Modify-write ACT ACT ACT ACT 

RAS-only refresh ACT NAC ONC ONC 

Hidden refresh ACT ACT ONC ACT 

CS before RAS refresh ACT ACT ONC ONC 

Standby NAC ONC ONC ONC 

Row 
address 

APO 

APO 

APO 

APO 

APO 

ONC 

ONC 

Note ACT: active, NAC: nonactive, DNC: don't care, VLD: valid, APD: applied, OPN: open 
Static column mode is identical except early write. 

BLOCK DIAGRAM 

Input/Output 

Column 
Refresh Remark 

address Input Output 

APO OPN VLO YES 

APO VLO OPN YES Note. 

APO VLO VLO YES 

ONC ONC OPN YES 

ONC OPN VLO YES 

ONC ONC OPN YES 

ONC ONC OPN NO 

CHIP SELECT CS 

ROW ADDRESS RAS 
STROBE INPUT 

- --- - --- - --- - ----/ -- -----=): VcdSVI 

iVSS(OVI 

WR ITE CONTROL Vi 
INPUT 

Ao 

Al 

A2 

A3 

ADDRESS INPUTS A4 

As 

A6 
A7 

AS 

COLUMN DECODER 

SENSE REFRESH 
AMPLIFIER & I/O CONTROL '---I---~rl'----4 

MEMORY CELL 
(1,048,576 BITS) 

--------

• MITSUBISHI 
..... ELECTRIC 

DO} 002 DATA 

003 INPUTS/OUTPUTS 

004 

OUTPUT ENABLE 
INPUT 
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,M5M44C258P, J, L-l0, -12, -15 

STATIC CLOUMN MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

VCC Supply voltage -1-7 

VI I nput vol tage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25·C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature -65-150 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

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

VIL Low-level input voltage. all inputs -2.0 0.8 V 

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

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

Symbol Parameter Test conditions 
Limits 

Min Typ 

VOH High-level output vol tage 10H= -2mA 2.4 

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

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

II Input current OV ~ VIH ~6 .5V, Other inputs pins =OV -10 

M5M44C258-10 
RAS, CS cycling 

ICCl (AV) 
Average supply current from Vee. 

M5M44C258 -12 operating (Note 3.4) t RC = t wc = min. output open 
M5M44C258-15 

RAS=CS=VIH, output open 
ICC2 Supply current from Vee. standby 

RAS = CS =OE:;;;VCC-O. 5, output open 

M5M44C258-10 --
CS=VIH Average supply current from Vee. RAS cycling, 

I CC3(AV) refreshing (Note 3) M5M44C258-12 

M5M44C258-15 
t RC = min. output open 

M5M44C258-IO 
CS before RAS refresh cycling 

I CC6(AV) 
Average supply current from Vee. 

M5M44C258-12 CS before RAS refresh mode 
(Note 3) M5M44C258-15 

tHe = min. output open 

M'5M44C258-IO 
RAS=VIL, Columnaddresscycling 

ICC7(AV) 
Avp;age supply current from Vee. 

M5M44C258-12 Static Column mode (Note 3. 4) t sc = min. output open 
M5M44C258-15 

.. 
Note 2: Current flOWing Into an IC IS posItive. out IS negative . 

3: leClIAV), lee3(AV). and lee6(AV) and lee7(AV) are dependent on cycle rate. maximum current is measured at the fastest cycle rate. 
4: lecl (AV) and lee7(AV) are dependent on output loading. Specified values are obtained with the output open. 

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

Symbol 

CI(A) 

CI(OE) 

CI(W) 

CI(RAS) 

CI(CS) 

CI/O 

2-220 

Parameter 

Input capacitance. address inputs 

Input capacitance. OE input 

Input capacitance. write control input 

Input capacitance. RAS input 

Input capacitance. CS input 

Input/Output capacitance data ports 

Test conditions 

VI =Vss 

f=lMHz 

Vi=25mVrms 

'. . MITSUBI.SHI 
i'&ELECTRIC 

Limits 

Min Typ 

Unit 

V 

V 

V 

mA 

mW 

·C 

·C 

Unit 
Max 

Vec V 

0.4 V 

10 ",A 

10 ",A 

75 

65 mA 

55 

2 
mA 

1 

75 

65 mA 

55 

75 

65 mA 

55 

65 

55 mA 

45 

Unit 
Max 

6 pF 

7 pF 

7 pF 

7 pF 

7 pF 

7 pF 



MITSUBISHI LSls 

M5M44C258P, J, L-l0, -12, -15 

STATIC CLOUMN MODE 1048576 BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

SWITCHING CHARACTERISTICS CTa=0-70·C, Vcc=5V ±10%, Vss=ov, unless otherwise noted) (Note 5) 

Limits 

Symbol Parameter M5M44C258-IO M5M44C258-12 M5M44C258-15 Unit 

Min Max Min Max Min Max 

tCAC Access time from CS (Note 6, 7) 25 30 40 ns 

t RAC Access time from RAS (Note 6,8) 100 120 150 ns 

tCAA Column Address access time (Note6,9) 50 55 70 ns 

tOEA Access time from OE (Note 6) 25 30 40 ns 

tWRA Access time from W high (Note6) 60 65 80 ns 

tOFF Output disable time after CS high (Note 10) 0 20 0 25 0 30 ns 

t CLZ Output low impedance time from CS low (Note 6) 5 5 5 ns 

tdis(OE) Output disable time after OE high (Note 10) 0 20 0 25 0 30 ns 

Note 5 An initial pause of 500/..ls is required after power-up followed by any 8 RAS or RAS/CS cycles before proper device operation is achieved. 

Note that RAS may be cycled during the initial pause. And any 8 RAS or RAS/CS cycles are required after prolonged periods of RAS inactivity before proper device 

operation is achieved. 
6: Measured with a load circuit equivalent to 2TTL loads and 100pF. 
7: Assume that tRCD ~ tRCD(max), tRAD ~ tRAD(max), 

8: Assume. that tRCD ~tRCD(max), tRAD ~ tRAD(max). If tRCD or tRAD is greater than tRCDlmax) or tRAD(max) then tRAC will increase by the amount that tRCD 

or tRAD exceeds tRCD(max) or tRADlmax)· 

9: Assume that tRCD - tRAD ~ tCAAlmax) - tCAClmax) and tRCD ~ tRCDlmax). 
10: tOFFlmax) and tdisIOE)(max) define the time at which the output achieves the high impedance state (lOUT ~ 1±1 O/..lAlland are not reference to VOH Imin) or VOLlmax)' 

TIMING REOUIREMENTS (For Read, Write, Read-Modify-Write, Static Column Cycles) 
(Ta=0-70·C, Vcc=5V±10%, VSs=OV, unlessotherwisenoted,Seenotes11, 12) 

Limits 

Symbol Parameter M5M44C258-IO M5M44C258-12 M5M44C258-15 Unit 

Min Max Min Max Min Max 

t REF Refresh cycle time 8 8 8 ms 

t RP RAS high pulse width 80 90 100 ns 

t RCD Delay time, RAS low to CS low (Note 13) 20 75 25 90 30 110 ns 

t CRP Delay time, CS high to RAS low (Note 14) 10 10 10 ns 

t CPN CAS high pulse width (Note 15) 25 30 35 ns 

tRAD Column address delay time from RAS low (Note 16) 15 50 20 65 25 80 ns 

tASR Row address setup time before RAS low 0 0 0 ns 

tASC Column address setup time before CS low 0 0 0 ns 

t RAH Row address hold time after RAS low 10 15 20 ns 

tCAH Column address hold time after CS low or W low 20 20 25 ns 

h Transition time (Note 17) 3 50 3 50 3 50 ns 

Note 11: The timing requirements are assumed tT ~ 5ns. 
12: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 
13: tRCD (max) is specified as a reference point only; If tRCD is less than tRCD (max), access time is tRAC· )f tRCo IS greater than tRCo Imax), access time is tRCD + tCAG-

tRCD(min) is specified as tRCD(minl ~ tRAH + 2tT + tAse. 
14: tCRP requirement is applicable for all RAS/CS cycles. 
15: tCPN (min) is specified as tePN Imin) = tRCDlmin) + tCRPlmin) - tT except for tcp of static column mode cycle. 
16: tRADlmax) is specified as a reference point only. If tRAD ~ tRAD (max) , access time is assumed by tCAA for read cycle. 

17: tT is measured between V IH (min) and VIl(max)' 
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M5M44C258P, J, L-l0, -12, -15 

STATIC CLOUMN MODE 1048576.BIT(262144·WORD BY 4.BIT)DY·NAMIC RAM 

Read and Refresh Cycles 

Symbol Parameter M5M44C258-IO 

Min Max 

tRO Read cycle time 190 

t RAS RAS low pulse width 100 10000 

tos CS low pulse width 25 10000 

tOSH CS hold time after RAS low 100 

t RSH RAS hold time after CS low 25 

t ROS Read setup time before CS low 0 

t ROH Read hold time after CS high (Note 18) 10 

tRRH Read hold time after RAS high (Note 18) 10 

tRAL Column address to RAS setup time 50 

tAH Column address hold time after RAS high 15 

t RPO Precharge to CS active time 0 

th(OLOE) OE hold time after CS low 25 

th(RLOE) OE hold time after RAS low 100 

tOOEL Delay time, Data to OE low 0 

t OEHO Delay time, OE high to Data 20 

th (OEOH) CS hold time after OE low 25 

th (OERH) RAS hold time after OE low 25 

Note 18: Either tRCH or tRRH must be satisfied for a read cycle. 

Write Cycle (Early Write and Delayed Write) 

Symbol Parameter 

two Write cycle time 

t RAS RAS low pulse width 

tos CS low pulse width 

tOSH CS hold time after RAS low 

t RSH RAS hold time after CS low 

tOWL CS hold time after write low 

t RWL RAS hold time after write low 

tWH Write command hold time for output disable 

twos Write setup time before CS low 

t WOH Write hold time after CS low 

twoR Write hold time after RAS low 

tAH Column address hold time after RAS high 

twp Write pulse width 

t os Data setup time 

tOH Data hold time after CS low 

t AWR Address hold time after RAS low 

t OHR Data hold time after RAS low 

t OEHO Delay time, OE high to Data 

t h (WOE) OE hold time after write low 
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M5M44C258-IO 

Min 

190 

100 

25 

100 

25 

25 

25 

0 

(Note 20) -5 

20 

95 

15 

20 

0 

20 

95 

95 

20 

20 

, • MITSUBISHI 
"ELECTRIC 

Max 

10000 

10000 

Limits 

M5M44C258-12 M5M44C258-15 Unit 

Min Max Min Max 

220 260 ns 

120 10000 150 10000 ns 

30 10000 40 10000 ns 

120 150 ns 

30 40 ns 

0 0 ns 

10 10 ns 

10 10 ns 

55 70 ns 

15 15 ns 

0 0 ns 

30 40 ns 

120 150 ns 

0 0 ' ns 

25 30 ns 

30 40 ns 

30 40 ns 

Limits 

M5M44C258 -12 M5M44C258-15 Unit 

Min Max Min Max 

220 260 ns 

120 10000 150 10000 ns 

30 10000 40 10000 ns 

120 150 ns 

30 40 ns 

30 35 ns 

30 35 ns 

0 0 ns 

-5 -5 ns 

25 30 ns 

115 140 ns 

15 15 ns 

25 30 ns 

0 0 ns 

25 30 ns 

110 135 ns 

115 140 ns 

25 30 ns 

25 30 ns 
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M5M44C258P, J, L-l0, -12, -15 

STATIC CLOUMN MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

Read-Write and Read-Modify-Write· Cycles 

limits 

Symbol Parameter M5M44C258-10 M5M44C258-12 M5M44C258-15 Unit 

Min Max Min Max Min Max 

tRwc Read write/read modify write cycle time (Note 19) 245 285 335 ns 

t RAS RAS low pulse width 155 10000 185 10000 225 10000 ns 

t CS CS low pulse width 80 10000 95 10000 115 10000 ns 

tCSH CS hold time after RAS low 155 185 225 ns 

t RSH RAS hold time after CS low 80 95 115 ns 

t RCS Read setup time before CS low 0 0 0 ns 

tCWD Delay time. CS low to write low (Note 20) 50 60 75 ns 
t RWD Delay time. RAS low to write low (Note 20) 125 150 185 ns 

tcwL CS hold time after write low 25 30 35 ns 
t RWL RAS hold time after write low 25 30 35 ns 
twp Write pulse width 20 25 30 ns 
t DS Data setup time 0 0 0 ns 

t DH Data hold time after write low 20 25 30 ns 

tAWD Delay time. address to write low (Note 20) 75 85 105 ns 

th (CLOE) OE hold time after CS low 25 30 40 ns 

t h (RLOE) OE hold time after RAS low 100 120 150 ns 

t DOEL Delay time. Data to OE low 0 0 0 ns 

t OEHD Delay time. OE high to Data 20 25 30 ns 

th(WOE) OE hold time after write low 20 25 30 ns 

Note 19: tRwC IS specified as tRWClminl = tRAClmaxl + tOEHDlminl + tRWLlminl + tRPlminl + 4tT· 
20 twcs. tewD. tRwD and tAwD are specified as reference points only. If twcs :;:; tWCSlminl the cycle is an early write cycle and the DO pins will remain high 

impedance throughout the entire cycle. If tcwD :;:; tCWDlminl, tRWD:;:; tRWDlminl and tAwD :;:; tAWD(minl . the cycle is a read-modify-write cycle and the DO 
will contain the data read from the selected address. If neither of the above conditions is satisfied. the condition of the DQ (at access time and until CS or OE 
goes back to V ,H ) is indeterminate. 

Static Column Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle) 

Symbol Parameter M5M44C258-IO 
Min Max 

t RSC SC read cycle time 55 

twsc SC write cycle time 55 

t RwSC SC R/W. R/M/W. cycle time 115 

t RAS RAS low pulse width 155 50000 

t CS CS low pulse width 25 10000 

t CP CS high pulse width 15 

t RSW Delay time. RAS to 2nd Write low 115 

tWI Write invalid time 15 

tWHRW Write high pulse width for R/W. R/M/W. cycle 85 

tWH Write command hold time for output disable 0 

tAOH Data hold time from address change 10 

t WAD Delay time write to address change (Note 21) -10 10 

t RSH RAS hold time after CS low 25 

th (WHOE) OE hold time after write high 60 

Note 21 tWADlmax) IS specified as a reference pOint only. If tWAD:;:; tWADlmax). access time is assumed by tCAA. 

CS before RAS Refresh Cycle 

Symbol Parameter M5M44C258-IO 
Min Max 

t CSR CS setup time for CS before RAS refresh 10 

t CHR CS hold time for CS before RAS refresh 20 

t RPC Precharge to CS active time 0 
- - - -

Note 22: Eight or more CS before RAS cycles is necessary for proper operation of CS before RAS refresh mode 

• MITSUBISHI 
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Limits 

M5M44C258-12 M5M44C258-15 
Min Max Min Max 

60 75 

60 75 

130 155 

180 50000 225 50000 

30 10000 40 10000 

15 20 

135 165 

15 20 

95 115 

0 0 

10 10 

-10 10 -10 10 

30 40 

65 80 

Limits 

M5M44C258-12 M5M44C258-15 
Min Max Min Max 

10 10 

25 30 

0 ~ 0 

Unit 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns i 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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MITSUBISHI LSls 

MSM44C258P, J, L-l0, -12,-15 

STATIC CLOUMN MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

Timing Diagrams (Note 23) 

Read Cycle 

-' 

tORP 
I---

~ 

-

tROD 

~ 

tOPN 

I J RAH,. 

tRAD 

Ao-As lY0l:& ROW I~ 

w 

001-004 VIH 

(INPUTS) VIL -

::E£I:N::/ ADDRESS (l( x x x x x x x y 

tRof 

'll0l0l'N0i X . xVii V'llllIN 'Xxxxx XXX)( XX)()(X )(XXXlI 

xxxxxxxxxxx rllll010lllllli ~ll )()(Xxxxxxxxxxxx 

t RAS 

1\ V ., 

t RP 
~ 

t OS 

1\ II 

tRAL tAH 
~ --00 f--tASR 

~ COLUMN ROW 
ADDRESS ADDRESS 

~ t RRH 

f-
t ROH 

I~ 
\YX X xx X xxxxxxx xx x 

IW ~I\ Pf.01-llxV-lxVN/l Hi-Z m ~r nxxxxXXXXXXX)i 

t OAO tOFF 

001-004 VOH

(OUTPUTS) VOL -

2-224 

XXXXXXXXX'x'X 
~)( 

t OLZ 

~~ DATA VALlJ 

tOAA 

t RAO 

tDOEL 
tOEA 

"-th(OEOH) 
XXXXXXXXXXXXXXXX~ IXXXXXXXX 

th(OERH) 
xVX II x \\\\\"lJ:M 1N0N0N). 

th (OLOE) 

th (RLOE) 

Note 23 ~ Indicates the don't care input. 
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MITSUBISHI LSls 

M5M44C258P, J, L-l0, -12, -15 

STATIC CLOUMN MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

Write Cycle (Early write) 

two 

RAS 

tos 

Ao-As 

IN 
VIH - \/\/'\/\/\,/\/\,/\/\/\/\I/\/\,(\/\('\/\/V\/'\/\/',," 

VIL -~~~~~~~~~~~ __ ~ __________ ~~~~~~C;;£:,.~~~~ 

DQ1-DQ4 VIH - \/\/\/\/1'/\/\/\/\/\'\,1\/\,'\/\/\/\/\/\>11 

(INPUTS) VIL - ~~~JL::L~~~~':D I'----------~ '6,C~~~C;;£:,.~~~~~~~~~M 

DQ1-DQ4 VOH -----------------Hi-Z------------------
(OUTPUTS) VOL -
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MITSUBISHI LSls 

MSM44C2S8P, J, L-l0, -12, -15 

STATIC CLOUMN MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

Write Cycle (Delayed Write) 

twc 
t RAS 

tCSH 

~ ~k- ~ 
~ 

t CRP 
I--

tRCO tRSH tRP 

tCAS 

.~ tCPN ~ II 

~ ~ tASC 
,~ 

tAH tASR 
f9 f- -001- f-

Ao-As ~ ROW 

~ 
COLUMN ~ ROW 

ADDRESS ADDRESS ADDRESS 

t RAO tCWL 

tRWL 

~ 
w XXXXXXXXXX XXXXXXXXXXXxxx IV/XV'x D(xVlx~~ f{XXXX'x'XXXXXXXXXXXXXX 

Xf0N\f0N0:f [~lx 1'fxY.llllx\\V x \Wl'0l0l0, .XX x xxxxx x.xXXXXXXXX 
tWCH 

tWCR 

tos tOH rc--
DQ1- DQ4 VIH -

(INPUTS) VIL-

XXXXXXXXXX 
HIl'lllill 

xxxxxxxxxxxxxx 
VINN0llllllx \Vlx\ N&-Hi'Z--1 ~ DATA VALID 

W!XXXXXXXXXXXXXXXX 
~'Y.~ 

DQ1- DQ4 VOH

(OUTPUTS) VOL-

2-226 

xxxxx XXXI 

~ 
tCAA 

t RAC 

Ir-------I 

Hi-Z D~.f \. 
VALID if 
~ 

tdiS(OE) ~ 

r---

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXA 
xVx xVx xVll0N0l0llllllllx~ 
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MITSUBISHI LSls 

MSM44C258P, J, L-l0, -12, -15 

STATIC CLOUMN MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

w 

OQ1- 0 Q4 VIH 

(INPUTS) VIL -

OQ1- 0 Q4 VOH

(OUTPUTS) VOL -

RWC 

tRAS , 
tCSH 

~ 

tRCD t RSH ---
\ tcs 

tCPN , 
t RAD 

I; ASR" ~ t AWD 

~ ROW 

~ 
COLUMN 

ADDRESS XXXXXXl ADDRESS 

~ 
XXXXXXXXXX 

N0llxVlll 
<XXXXXXXXXX 

t RCS tCWD 

~ XXXXXXXXX 

t RWD 

t DS i-' 

I\Vlll0l0fN0l 
IXXXXXXXXXXXXXX 

IN 
X~ 

HiZ---J~ 

~ 
tCAA 

Hi-Z 

t CLZ 

~ 
~ 
DATA\ 
VALID 

t RAC '------I 

tDOEL ~ ~ ... tdiS(OE) 
th (CLOE) ~tOEHD 

\ / 

th (RLOE) 

• MITSUBISHI 
.... ELECTRIC 

V ~~ 

tRP 

V 
t CAH 

I-- t ASR ~ -+f--

~ 1M xx Xffl. ROW 

IXNxx/t xx ADDRESS 

tCWL 

t RWL 

twp 

kVxxxx~ \ -$.XXXXXX xxxx X,X 

t DH 

DATA .J X X x x x x x x x x x X~ 
1Y.\\Xiiill0/0lN VALID 

~ t h (WOE) 

~XXXXXXXXXX XXXXXXXIX 
~XXXXXXXXXXXX ,Xxxxx X XXX xxx 
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MITSUBISHI LSls 

M5M44C258P, J, L-l0, -12, -IS 

STATIC CLOUMN MODE- 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

RAS-only Refresh Cycle 

Ao-AS 

DQ,-DQ4 VIH -

(INPUTS) VIL -~ 

ROW 
ADDRESS 

DQ,-DQ4 VOH - ----------------Hi-Z---------------
(OUTPUTS) VOL -
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MITSU.,ISHI LSls 

M5M44C258P, J, L-l0, -12, -15 

STATIC CLOUMN MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

Hidden Refresh Cycle 

Ao-Ag 

w 

OQ1- 0 Q4 V'H -

(INPUTS) V'L -

OQ1- OQ4 VOH

(OUTPUTS) VOL-

tRAS 

~ , 

toRP tROD tRSH 
f--

~ 
tOPN 1\ 

t RAO 

t ASRI- ~ t RAL 

~. ROW ~ COLUMN 

tI;!;l;fjfi ADDRESS ADDRESS 

r-
XXXXXXXXx)( XXXXXI 

l:li0lRM 0fR/ 

!0Ix\ xVii/' IXXXXXX 
1N0Nx xxxxxxxxxx 

~ 
tOAA 

t CLZi.-. 

,~ 

t RAS 
I 

r-
~ 

.... t-

II 
tRP ~ 

tRP 

tOHR 

f-

/ 

I';AH. -- k-tASR 

~J!..X XX XX xxXXXXX XXXX xx xx XXXXXXXx'X ROW 

~xVi I\VixW0f} ADDRESS 

itRRH 

~XXXXXXXXXXXXXXXXXXXXXX ~xxxxxxxxxxxxxxxxXX 

"~lt/i011i0f/ij11xVllilx Xiii10110101~ 

Hi-Z /0l0N!'0N 
XXXXXXXMJ 

tOFF 
~ 

DATA VALID 

t RAO tdis (OE) 

I ;OOEt,. 

OE 
XXXXXXXXXXXXXXXXXX~ 

(11010fN0101ix x x xVX IX 

tOEA 

~ERH) 

• MITSUBISHI 
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- r-
tOEHO 

~XXXXXXXXVJj 
i x x x x 11101tNt/Xx 
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MITSUBISHI LSls 

MSM44C2S8P, J, L-l0, -12, -15 

STATIC CLOUMN MODE 1048576-BIT(262144 .. WORD BY4-BIT)DYNAMIC RAM 

CS Before RAS Refresh Cycle 

tRAS tRAS 

-' 

V L ~ ~ I' 
t RP 

t RP 

tCSR t CHR 4~ 
tCHR r ~ 

tCSR 

~ V \ ~ 
f 

VOH-
D01-D04 --------------Hi-Z---------------

VOL-
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MITSUBISHI LSls 

M5M44C258P, J, L-l0, -12, -15 

STATIC CLOUMN MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

Static Column Mode Read Cycle 

Ao-AS 

DQ1- DQ4 V,H 

(INPUTS) VIL-

DQ1- DQ4 VOH

(OUTPUTS) VOL-

t RAS 

... 
\ V ~ 

t RP 

~ tROD ~ t RSH ~ 
tos tos 

1 
,....-----.., } ~ 

t OPN \ ~ 
t~ tRAD 

~ tRso t RSO tRAL -- I--t ASR 

-- t..!H 

~ ROW ~ X COLUMN-2 ~ COLUMN-3 ~ ~ ROW 
ADDRESS COLUMN-' ADDRESS 

I t ROS tROH_ 1 ItRf I 
~ x.xxxxxxxx N0fN\1I 

XXXMYI 1W 

J~ .xxx Y. Y. Y. y.xx xxxx~ 

YN0NN rt.NNN0f Hi-Z 

"~ 
~ tOAA tOFF 

~ 
tOAA tAOH I tOAA 

t OLZ/--.. 

~tc~ {~ DATA ~ DATA 

VALID-' VALlD-2 

t RAO 

tDOEL II----- tOEA 

~ 
XXXXXXXXXXXXXXXXXXXXXXX)()(lI 
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tdiq(OE)___._ 

t OEHD 
tDOEL --- - I----

xxxxx 
10N0N 

ItRRH , !f:!!INl'N xxxxxx 

~~ 

~ tOFF 

DATA 
VALlD-3 if 

tOEA r---- t OEHD 

IlllxV/I·N 
lXXXXXXXXXX 
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'MSM44C258P, J, L-l0, -12, -15 

STATIC CLOUMN MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

Static Column Mode Early Write Cycle 

Ao-As 

w 

DQ,-DQ4 VIH 

(INPUTS) VIL -

~ 

t~ tROD 

--.I tOPN 

tAWR 

tASR_ ~ t AS0i-' 

~ ROW ~ ADDRESS 
~ 

twos t---
l(XXXXXXXX I~ Il0N0fxXl XXxxxxxn 

~ 

N0NiV xxxxxxx0x 
XX~ M 

tos 

\ 

COLUMN-l 

t CAH 

, twso 

tWCH 

t OH 

DATA 
VALlD-l 

t RSW 

~. t RP L 
top tRSH 

tos 

J7 \ I 

twos tASR 
tASO I- tOAH 

I-
-f-l> 

~ IX X XPC. NNliJ. ROW 
COLUMN-2 ''R:flx ADDRESS XXXXlJ . ..., 

t RWL 

fWH tCWL ~ 

~ ~~ 
IX X X X X X X X X X X x 
~ 

twp 

tOSt-
tOH 

'. DATA ,/:iillxVNlll0fii Xi x x)< 
VALlD-2 ~XXXXXXX X X X x xxxl'M 

DQ,-DQ4 VOH ------------------Hi-Z--------------------
(OUTPUTS) VOL -
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MITSUBISHI LSls 

M5M44C258P, J, L-l0, -12, -15 

STATIC CLOUMN MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM 

Static Column Mode Read-Write, Read-Modify-Write Cycle 

VIH -
RAS 

VIL -

tROD 

VIH - t CPN 
CS 

VIL - t RAD 

VIH -

Ao-As COLUMN-l 

VIL -

tCWD 

W 
VIH - t AWD 

VIL -

DQ,-DQ4 VIH - """"'\1\,'\1\,,,1\1\1\1\1\1\1\1\1\,1\/1,,, 

(INPUTS) V I L - ~~~~OO4JLJt::Jt.).~~1LJC1t 

DQ,-DQ4 VOH - ----~--Hi-Z-~-....,,1UY1 
(OUTPUTS) VOL -

VIL -

th (RLOE) 
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tRWL 

tCWL 

tCAH tASR 

COLUMN-2 
ROW 

tRWSO 

tAWD 

tWHRW 
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rtP', MSM4CIOOOP, J, L·IO, .12, ·15 

FAST PAGE MODE 1048576-BIT(1048576-WORD BY 1.BIT)DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by l-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and 
is ideal for large-capacity memory systems where high 
speed, low power dissipation, and low costs are essential. 
The use of double-layer polysilicon process combined with 
silicide technology and a single-transistor dynamic storage 
cell provide high circuit ~ensity at reduced costs, and the 
use of dynamic circuitry inCluding sense amplifiers assures 
low I?ower dissipation. Multiplexed address inputs permit 
both a reduction in pins and an increase in system densities. 

In addition to the RAS-only refresh mode, the hidden 
refresh mode and CAS before RAS refresh mode are 

available. 

FEATURES 

RAS CAS Address Cycle Power 
Type name access access access time dissipa· 

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

p 
M5M4C1OOOJ-1O 100 25 50 190 300 

L 

P 
M5M4C1OOOJ-12 120 30 55 220 250 

L 

P 
M5M4C1OOOJ-15 '150 40 70 260 200 

L 

• High performance CMOS technology 
• Standard 18 pin DIP, 26 pin SOJ, 20 pin ZIP 
• Single 5V±10% supply 
• Low standby power dissipation 

5.5mW (Max) ............. CMOS Input level 
• Low operating power dissipation 

M5M4C1000P, J, L-l0 .......... 4l3mW (Max) 
M5M4Cl000P, J, L-12 .......... 358mW (Max) 
M5M4Cl000P, J, L-15 .......... 303mW (Max) 

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

• Early-write operation gives common I/O capability 
• Read-Modify-write, RAS-only-Refresh, Fast-Page-Mode 

capabilities 
• CAS before RAS refresh mode capability 
• All inputs, output TTL compatible and low capacitance. 
• 512 refresh cycles every 8ms 
• CAS controlled output allows hidden refresh 
• Wide RAS low pulse width for 

Fast-Page-Mode ................. 100lls Max 

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

PIN CONFIGURATION (TOP VIEW) 

DATA INPUT 

WRITE CONTROL 
INPUT 

~~:o:~?~~Ji RAS -+ 3 

NO CONNECTION NC 

[ 

Ao -+ 5 

ADDRESS A 1 -+ 

INPUTS Az -+ 

A3 -+ 

(5V) Vee 

Vss (OV) 

o DATA OUTPUT 

CAS~~~g~N 1~~e;ESS 

ADDRESS 
INPUTS 

Outline 18P4V (DIP) 

DATA INPUT 

WRITE CONTROL 
INPUT 

ROW ADDRESS RAS -+ 3 
STROBE INPUT 

NO { NC 
CONNECTIONS NC 

[ 

Ao -+ 9 

ADDRESS A1 -+ '0 

INPUTS A2 -+ 11 

A3 -+ 12 

(5V) Vee 

Vss (OV) 

DATA OUTPUT 

24 4- CAS ~~~g~EN,~~e;ESS 

NC NO CONNECTION 

ADDRESS 
INPUTS 

Outline 26POJ (SOJ) 

ADDRESS INPUT Ag-+ 

DATA OUTPUT 0 +

DATA INPUT D-+ 

~~:O:~?~~Ji RAS -+ 

NO CONNECTION NC 

ADDRESS INPUTS {AO -+ 

Az -+ 

(5V) Vee 

{

As -+ 
ADDRt:SS INPUTS 

A7 -+ 

-, 
1. 
_J -, 
~l -, 
5. 
_J -, 
7 1 3: 
_J c.n -, 3: 9 • 
_J 

""" -, ~ l~J 
0 

'-3-: 0 
0 

-~ r -., 
15' _J 

1-i1 
_J 

1~J 

r-
~~ .. -
14 
1--
r-
L~ 
r-

L~ 

[1~ 
r-
L'_2 
r-
.'4 
L_ 

r-
t~6 
1"-

t~8 

f2-0 
1--

CAS ~~~g~EN I ~~e; ESS 

Vss (OV) 

w WRITE CONTROL 
INPUT 

NC NO CONNECTION 

* NO LEAD 

+- A1 

+- A3 

) ADDRE~ +- A4 INPUTS 

+- A6 

+- As 

Outline20P5L (ZIP) 
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M5M4Cl000P, J, L-l0, -12, -15 

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

FUNCTION 
The M5M4Cl000P, J, L provide, in addition to normal 
read, write, and read-modify-write operations, a number of 
other functions, e.g., fast-page mode, RAS-only refresh, 
and delayed-write. The input conditions for each are shown 
in Table 1. 

Table 1 Input conditions for each mode 

Inputs 
Operation 

RAS CAS W 0 

Read ACT ACT NAC ONC 

Output 

Row Column 
Refresh Remark 

address address Q 

APO APO VLO YES 

Write (Early write) ACT ACT ACT VLO APO APO OPN YES 
Fast page mode 
identical 

Read-Modify-write ACT ACT ACT VLO APO APO VLO YES 

RAS-only refresh ACT NAC ONC ONC APO ONC OPN YES 

Hidden refresh ACT ACT ONC ONC ONC ONC VLO YES 

CAS before RAS refresh ACT ACT ONC ONC ONC ONC OPN YES 

Standby NAC ONC ONC ONC ONC ONC OPN NO 

Note: ACT: active, NAC: nonactive, ONC: don't care, VLO: valid, APO- applied, OPN: open 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 

ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL Vi 
INPUT 

AO 

AJ 

A2 

A3 

A4 

ADDRESS INPUTS AS 

A6 

A7 

AS 

Ag 

CLOCK GENERATOR 
------------, 

COLUMN DECODER 

MEMORY CELL 
(1,048,576 BITS) 

I 

--------~ 

• MITSUBISHI 
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VCC(5V) 

VSS(OV) 

o DATA INPUT 

Q DATA OUTPUT 
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MSM4Cl000P, J, L-l0, -12, -15 

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

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

VCC Supply voltage -1-7 

VI I nput vol tage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25·C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature ' -65-150 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 

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

VIL Low·level input voltage, all inputs -2.0 0.8 V 

Note 1: All voltage values are with respect to Vss, 

ELECTRICAL CHARACTERISTICS 6a =0-70·C, Vcc=5V ±10%, Vss=ov, unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Min 

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

VOL Low·level output voltage IOL=4.2mA 0 

loz Off· state output current Q floating OV;;:;;VouT;;:;;5.5V -10 

II Input current OV;;:;;VIN;;:;; 6.5, Other input pins = 0 V -10 

M5M4CIOOO-l0 
RAS, CAS cycling 

ICC1(AV) 
Average supply current from VCC M5M4CIOOO-12 
operating (Note 3, 4) t RC = t WC = min, output open 

M5M4CIOOO-15 

ICC2 Supply current from Vcc, standby 
RAS=CAS=VIH,outputopen 

RAS =CAS;;?;Vcc -0.5, output open 

M5M4CIOOO-10 
RAS cycling, CAS =VIH 

I CC3(AV) 
Average supply current from Vcc M5M4Cl000-12 
refreshing (Note 3) t RC = min, output open 

M5M4CIOOO-15 

M5M4CIOOO-l0 
RAS=VIL, CAS= cycling 

I CC4(AV) 
Average supply current from Vcc 

M5M4CIOOO-12 
Fast pag~ mode (Note 3,4) t PC = min, output open 

M5M4CIOOO-15 

Average supply current from VCC M5M4CI 000-1 0 
CAS before RAS refresh cycling 

ICC6(AV) CAS before RAS refresh mode M5M4CIOOO-12 
(Note 3) M5M4CIOOO-15 

t RC = min, output open 

Note 2: Current flOWing Into an I C IS positive, out IS negative. 
3: ICC1IAV), ICC3IAV), ICC4IAV) and ICC6IAV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICCl lAY) and ICC4IAYI are dependent on output loading. Specified values are obtained with the output open. 

CAPACITANCE (Ta=O-70·C, Vcc=5V±10%, Vss=ov, unlessotherwisenoted) 

Symbol Parameter 

CI (A) Input capacitance, address inputs 

CI (D) Input capacitance, data input 

CI(W) Input capacitance, write control input 

CI (RAS) Input capacitance, RAS input 

C, (CAS) Input capacitance, CAS input 

Co Output capacitance 

2-236 

Test conditions 

V,=VSS 

f=lMHz 

Vi=25mVrms 

VO=VSS, f=lMHz, 
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Vi=25mVrms 

Min 

Limits 

Typ 

Limits 

Typ 

Unit 

V 

V 

V 

mA 

mW 

·C 

·C 

Max 
Unit 

VCC V 

0.4 V 

10 ~A 

10 ~A 

75 

65 mA 

55 

2 
mA 

1 

75 

65 mA 

55 

65 

55 mA 

45 

75 

65 rnA 

55 

Max 
Unit 

6 pF 

5 pF 

7 pF 

7 pF 

7 pF 

7 pF 



MITSUBISHI LSls 

M5M4Cl000P, J, L-l0, -12, -15 

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

SWITCH ING CHARACTERISTICS (Ta=0-70'C. Voo=5V±10%. Vss=ov. unless otherwise noted) (Note 5) 

Limits 

Symbol Parameter M5M4CIOOO-IO M5M4CIOOO-12 M5M4CIOOO-15 Unit 

Min Max Min Max Min Max 

tOAO Access time from CA? (Note 6,7) 25 30 40 ns 

tRAO Access time from RAS (Note 6, 8) 100 120 150 ns 

tOAA Column address access time (Note 6, 9) 50 55 70 ns 

tOPA Access time from CAS precharge (Note 6,10) 55 60 75 ns 

tOLZ Output low impedance time from CAS low (Note 6) 5 5 5 ns 

tOFF Output disable time after CAS high (Note 11) 0 20 0 25 0 30 ns 

Note 5: An initial pause of 500/Js is required after power-up followed by any 8 RAS or RAS/CAS cycles before proper device operation is achieved. 

Note that RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods of RAS inactivity before proper 

devise operation is achieved. 
6: Measured with a load circuit equivalent to 2TTL loads and 100pF. 

7: Assume that tRCD(max) ~ tRCD and tRAD(max) ~ tRAD· 
8: Assume that tRCD ~ tRCD(max) and tRAD ~ tRAD(max)' 
9: Assume that tRCD - tRAD ~ tCAA(max) - tCAC(max) and tRCD ~ tRCD(max)' 

10: Assume that tcp ~ tCP(max) and tASC ~ tASC(max), 
11: tOFF(max) define the time at which the output achieves the high impedance state (lOUT ~ 1±10/JAIl and are not reference to VOH(min) or VOL(max). 

TIMING REOUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Fast-Page Mode Cycles) 
(Ta=0-70°C. Vcc=5V±10%. Vss=ov. unless otherwise noted,sse notes 12, 13) 

Limits 

Symbol Parameter M5M4CI 000-1 0 M5M4CIOOO-12 M5 M4Cl 000-15 Unit 

Min Max Min Max Min Max 

tREF Refresh cycle time 8 8 8 ms 

t RP RAS high pulse width 80 90 100 ns 

tROD Delay time, RAS low to CAS low (Note 14) 20 75 25 90 30 110 ns 

toRP Delay time, CAS high to RAS low (Note 15) 10 10 10 ns 

tOPN CAS high pulse width (Note 16) 25 30 35 ns 

tRAD Column address delay time from RAS low (Note 17) 15 50 20 65 25 80 ns 

t ASR Row address setup time before RAS low 0 0 0 ns 

tASO Column address setup time before CAS low (Note 18) 0 20 0 20 0 25 ns 

t RAH Row address hold time after RAS low 10 15 20 ns 

tOAH Column address hold time after CAS low or W low 20 20 25 ns 

tAR Column address hold time after RAS low 95 110 135 ns 

h Transition time (Note 19) 3 50 3 50 3 50 ns 

Note 12: The timing requirements are assumed tT = 5ns. 
13: VIH(min) and VIL(max) are reference levels for measuring timing of input signals. 
14: tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than lRCD(max), access time is defined as 

tCAC and tCAA as shown in note 7, 9. 
15: tCRP requirement is applicable for all RAS/CAS cycles. 
16: tCPN(min) is specified as tCPN(min) = tRCD(min) + tCRP(min) - tT except for tcP of fast page mode cycle. 
17: tRAD(max) is specified as a reference point only. )f tRAD ~ tRAD(max), access time is assumed by tCAA for read cycle. 
18: tASC(max) is specified as a reference point only of address access time. 

19: tT is measured between V1H(min) and VIL(max)' 
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M5M4Cl000P, J, L-l0, -12, -15 

FAST PAGE MODE 1048576.BIT(1048576-WORD BY l-BIT)DYNAMIC RAM 

Read and Refresh Cycles 

Symbol Parameter 

t RO Read cycle time 

t RAS RAS low pulse width 

tOAS CAS low pulse width 

tOSH CAS hold time after RAS low 

tRSH 1'iAS hold time after CAS low 

tROS Read setup time before CAS low 

t ROH Read hold time after CAS high 

t RRH Read hold time after RAS high 

t RAL Column address to RAS setup time 

t RPO Precharge to CAS active time 

Note 20: Either tRCH or tRRH must be satisfied for a read cycle. 

Write Cycle 

Symbol Parameter 

two Write cycle time 

t RAS RAS low pulse width 

t OAS CAS low pulse width 

tOSH CAS hold time after RAS low 

tRSH RAS hold time after CAS low 

twos Write setup time before CAS low 

t WOH Write hold time after CAS low 

tWOR Write hold time after RAS low 

twp Write pulse width 

tos Data setup time 

tOH Data hold time after CAS low 

tOHR Data hold time after RAS low 

2-238 

M5M4CIOOO-IO 
Min Max 

190 

100 10000 

25 10000 

100 

25 

0 

(Note 20) 0 

(Note 20) 10 

50 

0 

M5M4CIOOO-10 
Min 

190 

100 

25 

100 

25 

(Note 23) -5 

20 

95 

20 

0 

20 

95 

•. MITSUBISHI 
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Max 

10000 

10000 

Limits 

M5M4CIOOO-12 M5M4CIOOO-15 Unit 

Min Max Min Max 

220 260 ns 

120 10000 150 10000 ns 

30 10000 40 10000 ns 

120 150 ns 

30 40 ns 

0 0 ns 

0 0 ns 
10 10 ns 

55 70 ns 
0 0 ns 

Limits 

M5M4CIOOO-12 M5M4CIOOO-15 Unit 

Min Max Min Max 

220 260 ns 

120 10000 150 10000 ns 

30 10000 40 10000 ns 

120 150 ns 

30 40 ns 

-5 -5 ns 

25 30 ns 

115 140 ns 

25 30 ns 

0 0 ns 

25 30 ns 

115 140 ns 
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M5M4Cl000P, J, L-l0, -12, -15 

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

Read-Write and Read-Modify-Write Cycles 

Symbol Parameter M5M4C1000-10 

t RwC Read-Write cycle time (Note 21) 

tRMWC Read-Modify-Write cycle time (Note 22) 

t RAS RAS low pulse width 

tCAS CAS low pulse width 

t CSH CAS hold time after RAS low 

t RSH RAS hold time after CAS low 

t RCS Read setup time before CAS low 

tCWD Delay time, CAS low to write low (Note 23) 

t RwD Delay time, RAS low to write low (Note 23) 

tCWL CAS hold time after write low 

t RWL RAS hold time after write low 

twp Write pulse width 

t os Data setup time 

t DH Data hold time after write low 

tAWD Delay time, address to write low (Note 23) 

Note 21: tRwC is specified as tRWClmin) ; tRCD(max) + tCWD(min) + tRWL(min) + tRP(min) + 3tT. 
22: tRMwC is specified as tRMWC(min) ; tRAC(max) + tRWL(min) + tRP(min) + 3tT· 

Min Max 

200 

220 

130 10000 

55 10000 

130 

55 

0 

25 

100 

25 

25 

20 

0 

20 

50 

Limits 

M5M4C1000-12 
Min Max 

255 

255 

155 10000 

65 10000 

155 

65 

0 

30 

120 

30 

30 

25 

0 

25 

55 

23: twcs, tRWD, tCWD and tAWD do not define the limits of operation, but are included as electrical characteristics only. 

M5M4C1000-15 Unit 

Min Max 

300 ns 

300 ns 

190 10000 ns 

80 10000 ns 

190 ns 

80 ns 

0 ns 

40 ns 

150 ns 

35 ns 

35 ns 

30 ns 

0 ns 

30 ns 

70 ns 

When twcs ~ tWCS(min), an early-write cycle is performed, and the data output keeps the high-impedance state. When tRWD ~ tRWD(min), tCWD ~ tCWD(min) and 
tAWD ~ tAWD(min), a read-write cycle is performed, and the data of the selected address will be read out on the data output. )f neither of the above condition is 
satisfied, the condition of Q (at access time and until CAS goes back to VIH) is indeterminate. 

Fast Page Mode Cycle (Read, Early Write, Read-Write Read-Modify-Write Cycles) 

Symbol Parameter M5M4C1000-10 

Min Max 

tpc Fast Page mode cycle time 60 

t RWPC Fast Page mode R/W, R/M/W cycle time 90 

t RAS RAS low pulse width for read, write cycle 160 100000 

tCAS CAS low pulse width for read cycle 25 10000 

tcp CAS high pulse width (Note 24) 15 25 

t RSH RAS hold time after CAS low 25 

Note 24: tCPlmax) is specified as a reference point only. If tCP(max) ~ tcp, access time is assumed by tCAC· 

CAS before RAS Refresh Cycle (Note 25) 

Symbol Parameter M5M4CI 000-1 0 
Min Max 

t CSR CAS setup time for CAS before RAS refresh 10 

tCHR CAS hold time for CAS before RAS refresh 20 

t RPC Precharge to CAS active time 0 

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

• . MITSUBISHI 
i'A.ELECTRIC 

Limits 

M5M4C1000-12 
Min Max 

65 

100 

185 100000 

30 10000 

15 25 

30 

Limits 

M5M4C1000-12 
Min Max 

10 

25 

0 

M5M4C I 000-15 Unit 

Min Max 

80 ns 

120 ns 

230 100000 ns 

40 10000 ns 

20 30 ns 

40 ns 

M5M4C1000-15 Unit 

Min Max 

10 ns 

30 ns 

0 ns 
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M5M4Cl000P, J, L-l0, -12, -15 

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

Timing Diagrams (Note 26) 

Read Cycle 

Ao-Ag 

w 

D 

Q 

2-240 

VOH

VOL -

tRp 

t RAS 

tCSH 

\r- Y ~ 
tc~ tRCD t RSH 

tCAS 

/ tOPH \ V 

tRAD tRAL tASR 

t ASR ~ ~ tOAH 
f--

~ ROW Il0Nl0tt. COLUMN :/XXXX'!.x'!.",,'!.x '!. '!.'!.X x X'x'XXX)\: ROW 

~ XXXXX 
xVlI:l0} Ql:l:l:P ADDRESS ~XXX)()(Y: ADDRESS XXXXX ADDRESS 

tAR 

r - tRRH 

RXliiixlx XXXXXX XX XT ~XXX XXXXXXXXX"1:lN 
lll'li01010Nl y I~XX) 'YXXXXXx xx 

XXXXXXXXXX IXXXXXxxxxxxxX xxxn IXXXXXXxxxxxxxxxxxxxx ~XY'!. XXXXXXXXXXXXXXXXXX) 
~VVlllA\. rNN10NN01l x X'x'xx 

,xVlxVlxVlxVlllxV0Ilx r-IyxlXll ·x~ xxxxx 
'>LV 

tOAo tRCH 

tOAA ~ 
tOLZ 

Hi-Z ~ DATA VALID ~ 

tRAO 

Note 26 ~ Indicates the don't care input. 
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M5M4Cl000P, J, L-l0, -12, -15 

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

Write Cycle (Early write) 

VIH -
RAS 

VIL -

t RCO 

VIH -
CAS 

VIL -

VIH -
Ao-Ag 

VIL -

VIH -
W 

VIL -

VIH -
0 

VIL -

VOH -
Q 

VOL -

tRc 

tCSH 

t RAS 

t RSH 

tCAS 

tCAH 

tAR 

twcs tWCH 

twp 

tOH 

DATA VALID 

tOHR 

Hi-Z 

• MITSUBISHI 
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t ASR 

ROW 
ADDRESS 
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MSM4Cl000P, J, L-l0, -12, -15 

FAST PAGE MODE 1048576-BIT(1048576-WORDBY1-BIT)DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

w 

D 

Q 

2-242 

VOH -

VOL -

-' 

\ 

t~ tRCD 

/ tCPN 

tRAD 

t ASR ....::..:,... ~ tASC 

I-rt!!tft. ~ ROW 
ADDRESS 'll:£lf. 

tAR 

t RCSr-

.XXYXXXXXXX ,xVlllllfl W0l:Nllll xxxxxxxy 

WRlNRf 
(XXXXXXXXXX 

W0NN0Nx 
IXXXXXXXXXXX 

Hi-Z 

tRwc 

tCSH 

t RAS 

tRSH 

tCAS 

..J 

\ 

tCAH -
COLUMN '/xxxxx 
ADDRESS 'f(fNN 

tAWD 

--
.J 

~ 
tCWD 

tRWD 

t DS 1--+ 

"Nx XX 
~ 
XXXxxxxxxxXXYYl 

t CAC 

tCAA 

tCLZ 

~ 
tRAC 

, • MITSUBISHI 
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tRP 

I 

~ 
-l 

~ 

Y 
tCWL tASR -

XXXXXNl/0 If...jl xxxxxxx\ ROW 

WlMxy)( N0N0J} )()(X ADDRESS 

t RWL 

twp 

I~ 
... JXXXXXXXXX X x xx xxx 

tDH 

DATA VALID ~Y)()(XYX'x'XXXXXWlJi 
~XXXXX 

___ tOFF 

DATA VALID \ 
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M5M4Cl000P, J, L-l0, -12, -15 

FAST PAGE MODE 1048576.BIT(1048576·WORD BY 1.BIT)DYNAMIC RAM 

RAS-only Refresh Cycle (Note 27) 

Q 
VOH -

VOL -

ROW 
ADDRESS 

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

Note 27: Vii, D = don't care, A9 may be VIH or VIL 

CAS before RAS Refresh Cycle (Note 28) 

Q 

t RAS t RAS -, 

~ ~ ~ (IL -, 
tRP tRP 

t OHR tOSR t OHR t OSR I- ~~ 

~ II ~ II 

VOH - __________________ Hi-Z ________________ _ 

VOL -

Note 28: W, D = don't care 
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M5M4Cl000P, J, L-l0, -12, -IS 

FAST PAGE MODE 1048576-BIT{1048576-WORD BY l-BIT)DYNAMIC RAM 

Hidden Refresh Cycle 

Ao-Ag 

w 

D 

Q 

-2-244 

VOH

VOL-

RO RO 

tRP 

tRAS tRAS I 
\ ! '\ / 

""1 
.... 

tORP~ tROD t RSH tOHR 

.... 

I ~ 
tOPN ~ 

tRAD 
-, 

tASR ~HtASO_ tOAH 
t--

tRAL 

ROW COLUMN IXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX == ~ iffxVlixVl ~ADDRESS ADDRESS VXXiX\~lll10 ~\'\XXXXXX X 

XXXXXXXXXX 
WJ:NIi0lx 

,l\XXXXXXxn 
W/0NxVl'J. 

tAR 

t ROSir- ~tRRH 

XVY0I iXXXXXXXXXXXXXXXXXXXXXXXXXXX)I 
~lXX\VxWM Ix XXYI 

IXXXXXX I Xix ,N010fNNN010ll11xVl~xxVxlx xxxxxx 
IXXXXXX'J. xx XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

toAO 

tOAA 

tOLZ 

Hi-Z ,~ DATA VALID 

t RAO 

• MITSUBISHI 
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t RP 

.... 

L 
~ 

~ 

I~ ROW 
ADDRESS ~I 

XXXXXXXx"X 
i01lll:Nlx 

IXVX lllll'x 
XXXXXXXX 

~ tOFF 

~ 
If 
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MSM4Cl000P, J, L-l0, -12, -IS 

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

Fast-Page-Mode Read Cycle 

w 

o 

Q 
VOH

VOL-

t RAS 

~ ~ L 
tpc 

tCRP t RCD tcp ~ I ; RSH. 
~ 

tCAS tCAS tCAS 

JI J ~ ]t ~ tCPN ~ ~ 
~ 

tRAD 

tASR 
~ tASC tCAH tASC tCAH t~ I}CAH, J-.o tASR I-- l- i-- I---

~ lNN\. C7\'1'i. ~ 
ILXXXXX ~ ROW IX X.'\' COLUMN-2 llX X X IX X X\ f- ROW' 

<Jil:M ADDRESS r<tlIi COLUMN-l ~ 100 ~ &J COLUMN-3 ~ ADDRESS 

tAR 

t RCS, f--oo 

(XXXXXXXX XXXVfIIil 
'fflfN:lN 1V0N 

XXXXXXXx)( XXXXXXXXXXX Xx 

XfN0NN:~ llxVlxV'l:I/:{ IXfx 

Hi-Z 

tRAC 

t RCH-.. IT 
~ 

xx XXXXXXX XXX 

~ NY: 
tCAc 

tCAA tOFF -~ 

~ DATA 
VALlD-l 

I 

• MITSUBISHI 
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~ t---' 
t RAL 

lt~ 
t RCH 

t-tRCS ~ tr ~ ~t RCS f----o t RCH 

r I~ ~ ~ tRRH 

XXX XXXXAXAA x"lx xx Xl(XXXXXX ~ ~ rlN0ll\ xV: 1WlN:0N xx "XXXX'X"x'XX 

~ I' tCAC 

tCAA tOFF tCAA i.-- tOFF 

=i ~ DATA \. DATA ~ VALlD-2 I VALlD-3 
k-

tCPA tCPA 
I 
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MSM4Cl000P, J, L-l0, -12, -IS 

FAST PAGE MODE 1048576-BIT(1048516-WORD BY l-BIT)DYNAMIC RAM 

Fast-Page~Mode Early Write Cycle 

w 

o 

VOH -
Q 

VOL -

2-246 

tRAS F \ L ..., 

tpc 

tCRP t RCO tcp t CP ~ -- t CAS 
I 

tCAS t CAS 

} ~ 

/ tCPN \ / ~ 1\ 

tA~ ~ t~ ~ tASC_ ~ tASC ........ ~ t ASR- I-

~ ROW f!IJ ~ WN0NI. fIlJj ROW 
COLUMN-l COLUMN-2 COLUMN-3 

ADDRESS ADDRESS ~. :Y.XXXY.Y.xxxr :lXXXX X1. ............... 
t WCR 

~ tWCH t~ ~ tw~ ~ 

Y:N0lI:Nl xVlI0M 
IX)()(XXX'll f)()()(XXM 1!fN0.fN0lNlx ~ m0Nx'JC ,X)(YXXXXXX XXXXXXX. IKXXXXXXXXXXXX 

twp twp twp 
~ 

~ tOH ~ ~ ~ ~ 

\XX)()(XXXXX 
IxVlll0& 

DATA ~ DATA rfll!iJ DATA UXX XXXXXXXx,\X 

Y1:fIlNN -,l~ )(XXXXXXI VALlD-l VAll 0-2 VAll 0-3 

tOHR 

------------------Hi-Z-------------------
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M5M4Cl000P, J, L-l0, -12, -15 

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

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

w 

o 

Q 

tORP tROD 
i->' 

---1 tOPN 

t RAO 

tASR 
~ ---
ROW ~ ADDRESS fJlJj 

'WMll0R 

VOH -

VOL -

xxxxxxxxx 

J\.xxxxxxxx 
Wlllllll 

IY\fllllllxVll 
IXXXXXXXxxxxx 

XXXXXXXXXXXX 
\~ 

Hi-Z 

tRAS 

tOAS 

I 

~ tOAH 

COLUMN-l 
(I:.)(XXXXXXX 

WlNfIix 
tAWO 

tROS " towo ~ 
~ 

:xYl V lJ 
'------' 

tRWO 

tos~ t OH 

'i:NN ~ DATA 
VALlD-l XXXXXX xXXXY.Xl 

t CAC 

t CAA 

_tCLZ 

~ DATA 
VALlD-l 

tRAC 

• MITSUBISHI 
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I 
It L ., 

tRWPO 

top 

tOAS 

~ 

V 

tAso tCAH t~ ---
XX\ ,IX X X )(\ ROW 

VI! COLUMN-2 W0 1>'xIX l} ADDRESS 

tAWO 

~~L towo 
tOWL 

twp 

~ 
f1NilX'X 
':N0lN 

t OS tOH 
~ 

I1\'7r1\'K'T dX XX N:0M DATA ,J(XXXX) 
I(X XXX 

VALlD-2 ~ [\X xxx XXXXXY/· 

tOFF tCAc ~ - tCAA 

tCLZ .J 

..Jt-' 

~ DATA >--1/ VALlD-2 ., 

tOPA 
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~ " M5M4Cl001P,J,L-l0,-12,-15 

NIBBLE MODE 1048576-BIT(1048576-WORD BY l-BIT)DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 1-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and 
is ideal for large-capacity memory systems where high 
speed, low power dissipation, and low costs are essential. 
The use of double-layer polysilicon process combined with 
silicide te'chnology and a single-transistor dynamic storage 
cell provide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 
both a reduction in pins and an increase in system densities. 

In addition to the RAS-only refresh mode, the hidden 
refresh mode and CAS before RAS refresh mode are avail
able. 

FEATURES 

RAS CAS Nibble Cycle Power 

Type name access access access time dissipa-
time time time tion 

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

p 
M5M4CIOOIJ-IO 100 50 25 190 300 

L 

P 
M5M4CIOOIJ-12 120 60 30 220 250 

L 

P 
M5M4CIOOIJ-15 150 75 40 260 200 

L 

• High performance CMOS technology 
• Standard 18 pin DIP, 26 pin SOJ, 20 pin ZIP 
• Single 5V±10% supply 
• Low standby power dissipation 

5.5mW (Max) .............. CMOS Input level 
• Low operating power dissipation 

M5M4C1001P, J, L-10 ........... 413mW (Max) 
M5M4C1001P, J, L-12 ........... 358mW (Max) 
M5M4C1001P, J, L-15 ........... 303mW (Max) 

• Unlatched output enables two-dimensional chip selec
tion 

• Early-write operation gives common I/O capability 
• Read-Modify-Write, RAS-only-Refresh, Nibble Mode 

capabilities. 
• CAS b~fore RAS refresh mode capability 
• All inputs, output TTL compatible and low capacitance. 
• 512 refresh cycles every 8ms 
• CAS controlled output allows hidden refresh. 

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

PIN CONFIGURATION (TOP VIEW) 

DATA INPUT 

WRITE CONTROL 
INPUT 

~~:o~~?~~3~ RAS-+ 3 

NO CONNECTION NC 

[ 

Ao -+ 5 

ADDRESS A 1 -+ 

INPUTS A2 -+ 

A3 -+ 

(5V) Vee 

Vss (Ov) 

Q DATA OUTPUT 

CAS ~~~g~EN I ~~8~ ESS 

ADDRESS 
INPUTS 

Outline 18P4Y (DIP) 

DATA INPUT 

WRITE CONTROL 
INPUT 

ROW ADDRESS RAS -+ 3 
STROBE INPUT 

NO {NC 
CONNECTIONS NC 

[ 

Ao -+ 9 

ADDRESS A. 1 -+ 10 

. INPUTS A2 -+ 11 

A3 -+ 12 

(5V) Vee 

Vss (OV) 

DATA OUTPUT 

24 +- CAS ~~~g~EN ,~~8~ESS 

NC NO CONNECTION 

ADDRESS 
INPUTS 

Outline 26POJ (SOJ) 

ADDRESS INPUT Ag-+ 

DATA OUTPUT Q +-

DATA INPUT 0-+ 

~~:o~?~~3~ RAS -+ 

NO CONNECTION NC 

ADDRESS INPUTS {AO -+ 

A2 -+ 

(5V) Vee 

'. {AS -+ 
ADDRESS INPUTS 

A7 -+ 

-, 
1. 
_J -, 
~J -, 
5 • 
_J -, 
7 I s: 
_J t.n -, 
9 • s: 
_J ~ -, Q l~J 

0 

i3-: ~ 
_J r -., 

15 • _J 

1-7l 
_.J 

l~J 

r-
.2 
L_ 

r-
'4 
1--
r-
L~ 
r-
L~ 

[1~ 

~! 
r-
.14 
L_ 

[~6 

[1~ 
f2-0 
L_ 

Vss (OV) 

w WRITE CONTROL 
INPUT 

NC NO CONNECTION 

* NO LEAD 

+- A1 

+- A3 

) ADDRE~ +- A4 INPUTS 

+- A6 

+- As 

Outline 20P5L (ZIP) 
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MsM4Cl001P, J, L-l0, -12, -15 

NIBBLE MODE 1048576-BIT(1048576-WORD BY l-BIT)DYNAMIC RAM 

FUNCTION 
The M5M4Cl001P, J, L provide, in addition to normal 
read, write, and read-modify-write operations, a number of 
other functions, e.g., Nibble mode, RAS-only refresh, and 
delayed-write. The input conditions for each are shown in 
Table 1. 

Table 1 Input conditions for each mode 

Inputs 
Operation 

RAS CAS W 0 

Read ACT ACT NAC ONC 

Write (Early write) ACT ACT ACT VLO 

Read-Modify-write ACT ACT ACT VLO 

RAS-only refresh ACT NAC ONC ONC 

Hidden refresh ACT ACT ONC ONC 

CAS before RAS refresh ACT ACT ONC ONC 

Standby NAC ONC ONC ONC 

Row 
address 

APO 

APO 

APO 

APO 

ONC 

ONC 

ONC 

Note: ACT: active, NAC: nonactive, DNC: don't care, VLO: valid, APO: applied, OPN: open 
Nibble mode is identical, and nibble mode column address is ONC while toggling CAS. 

BLOCK DIAGRAM 

COLUMN ADDRESS 
STROBE INPUT CAS 

ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL W 
INPUT 

AO 
Al 

A2 

A3 

A4 

ADDRESS INPUTS As 

- --- - ------- - ----

COLUMN DECODER 

MEMORY CELL 
(1,048,576 BITS) 

Output 

Column 
Refresh Remark 

address Q 

APO VLO YES 

APO OPN YES Note. 

APO VLO YES 

ONC OPN YES 

ONC VLO YES 

ONC OPN YES 

ONC OPN NO 

--~4VCC(5V) 

,vsstOV) 

o DATA INPUT 

Q DATA OUTPUT 

I 

A6 
A7 

AS 

Ag 

------~ 
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MSM4Cl001P, J, L-l0, -12, -15 

NIBBLE MODE 1048576-BIT(1048576-WORD BY l-BIT)DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter !sonditions Ratings 

Veo Supply voltage -1-7 

VI Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta =25·C 10000 

Topr Operating temperature 0-70 

Tstg Storage temperature -65-150 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

Veo Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 0 0 V 

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

VIL Low-level input voltage, all inputs -2.0 0.8 V 

Note 1: All voltage values are wi"th respect to Vss. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Vcc=5V±10%. VSs=OV. unless otherwise noted) (Note 2) 

Symbol Parameter Test conditions 
Min 

VOH High·level output voltage 10H= -SmA 2.4 

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

loz Off·state output current o floating OV;;;;VouT;;;;5.5V -10 

II I nput current OV;;;;VIN;;;; 5.5. Other input pins = 0 V -10 

M5M4CIOOI-IO 
RAS. CAS cycling 

IC01(AV) 
Average supply current from Vcc M5M4CIOOI-12 
operating (Note 3, 4) t RC = two = min, output open 

M5M4CIOOI-15 

1002 Supply current from Vcc, standby 
RAS =CAS =VIH. output open 

RAS =CAS ;;;VCC -0. 5. output open 

M5M4CIOOI-IO 
RAS cycling. CAS=VIH 

I C03(AV) 
Average supply current from Vcc M5M4CIOOI-12 
refreshing (Note 3) t RC = min, output open 

M5M4CIOOI-15 

M5M4CIOOI-IO 
RAS=VIL. CAS= cycling 

1005(AV) 
Average supply current from Vcc 

M5M4CIOOI-12 nibble mode (Note 3, 4) t NC = min, output open 
M5M4CIOOI-15 

Average supply current from VCC M5M4CIOOI-IO 
CAS before RAS refresh cycling 

1006(AV) CAS before RAS refresh mode M5M4CIOOI-12 
(Note 3) M5M4CIOOI-15 

t RO = min, output open 

Note 2: Current flowing into an IC is positive, out in negative. 
3: ICC1(AV), ICC3(AV), ICC5(AV) and ICC6(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4: ICC1(AV) and ICC5(AV) are dependent on output loading. Specified values are obtained with the output open. 

CAPACITANCE (Ta=0-70·C. Vco=5V ±10%. VSS=OV. unless otherwise noted ) 

Symbol Parameter 

CI(A) Input capacitance, address inputs 

CI(D) Input capacitance, data input 

CI(W) Input capacitance, write control input 

CI(RAS) Input capacitance, RAS input 

CI(OAS) Input·capacitance, CAS input 

Co Output capacitance 

2-250 

Test conditions 

VI =Vss 

f=lMHz 

Vi=25rnVrms 

VO=VSS. f= 1MHz, 

• MITSUBISHI 
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Vi=25rn'Vrms 

Min 

Limits 

Typ 

Limits 

Typ 

Unit 

V 

V 

V 

mA 

mW 

·C 

·C 

Max 
Unit 

VOO V 

0.4 V 

10 !LA 

10 !LA 

75 

65 mA 

55 

2 
mA 

1 

75 

65 mA 

55 

35 

30 rnA 

25 

.75 

65 rnA 

55 

Unit 
Max 

6 pF 

5 pF 

7 pF 

7 pF 

7 pF 

7 pF 



MITSUBISHI LSls 

M5M4Cl001P, J, L-l0, -12, -15 

NIBBLE MODE 1048576-BIT(1048576-WORD BY l-BIT)DYNAMIC RAM 

SWITCHING CHARACTERISTICS (Ta =0-70·C, Vcc=5V ±10%, VSs=OV, unless otherwise noted) (Note 5) 

limits 

Symbol Parameter M5M4CIOOI-IO M5M4CIOOI-12 M5M4CIOOI-15 Unit 

Min Max Min Max Min Max 

tCAC Access time from CAS (Note 6. 7) 50 60 75 ns 

t RAC Access time from RAS (Note 6. 8) 100 120 150 ns 

tNAC Access time frorri CAS (Nibble mode) (Note 6. 9) 25 30 40 ns 

t OFF Output disable time after CAS high (Note 10) 0 20 0 25 0 30 ns 

- --
Note 5: An initial pause of 500ps is required after power-up followed by any 8 RAS or RAS/CAS cycles before proper device operation is achieved. 

Note that RAS may be cycled during the initial pause. And any 8 RAS or RASICAS cycles are required after pro longed periods of RAS inactivity before proper 

device operation is achieved. 
6: Measured with a load circuit equivalent to 2TTL loads and 100pF. 

7: Assume that tRco ~ tRCOlmax)· 
8: Assume that tRCO ~ tRCOlmax)' When tRCO ~ tRCOlmax). tRAC will increase by the amount that tRCO exceeds tRCDlmax), 

9: Assume that CAS access time at the 2nd. 3rd and 4th CAS cycles on nibble mode. 
10: tOFFlmax) define the time at which the output achieves the high impedance state (lOUT ~ l±lOpAI) and are not reference to VOH(min) or VOLlmax). 

TIMING REOUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Nibble Mode Cycles) 
(Ta=0-70·C, Vcc=5V±10%, Vss=ov, unless otherwise noted. see notes 11. 12) 

Limits 

Symbol Parameter M5M4CIOOI-IO M5M4Cl001-12 M5M4Cl001-15 Unit 

Min Max Min Max Min Max 

t REF Refresh cycle time 8 8 8 ms 

t RP RAS high pulse width 80 90 100 ns 

t RCO Delay time. RAS low to CAS low (Note 13) 20 50 25 60 30 75 ns 

t CRP Delay time. CAS high to RAS low (Note 14) 10 10 10 n:'l 

. tCPN CAS high pulse width (Note 15) 25 30 35 ns 

t ASR Row address setup time before RAS low 0 0 0 ns 

tAsc Column address setup time before CAS low 0 0 0 ns 

tRAH Row address hold time after RAS low 10 15 20 ns 

tCAH Column address hold time after CAS low 20 20 25 ns 

tAR Column address hold time after RAS low 70 80 100 ns 

tT Transition time (Note 16) 3 50 3 50 3 50 ns 

Note 11' The timing requirements are assumed tT = 5 ns. 
12: VIHlmin) and VIL(max) are reference levels for measuring timing of input signals. 
13: tRCD(max) is specified as a reference point only. If tRCO is less than tRCDlmax). access time is tRAC· If tRC'O is greater than tRCDlmax). access time is tRCO + tCAC. 

tRCOlmin) is specified as tRCOlmin) = tRAH + 2tT + tASC· 
14: tCRP requirement is applicable for All RAS/CAS cycles. 
15: tCPNlmin) is specified as tCPNlmin) = tRCOlmin) + tCRPlmin) - tT except for tNCP of Nibble mode cycle. 
16: tT is measured between V1Hlmin) and VIL{max). ' 

Read and Refresh Cycles 

Symbol Parameter 

t RC Read cycle time 

t RAS RAS low pulse width 

tCAS CAS low pulse width 

tCSH CAS hold time after RAS low 

t RSH l1'AS hold time after CAS low 

t RCS Read setup time before CAS low 

t RCH Read hold time after CAS high 

t RRH Read hold time after RAS high 

tRPC Precharge to CAS active time 

Note 17: Either tRCH or tRRH must be satisfied for a read cycle. 

M5M4CIOO1-IO 
Min 

190 

100 

50 

100 

50 

0 

(Note 17) 0 

(Note 17) 10 

0 
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Max 

10000 

10000 

limits 

M5M4CIOOI-12 M5M4CIOOI-15 Unit 

Min Max Min Max 

220 260 ns 

120 10000 150 10000 ns 

60 10000 75 10000 ns 

120 150 ns 

60 75 ns 

0 0 ns 

0 0 ns 

10 10 ns 

0 0 ns 
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M5M4Cl001P, J, L-l0, -12, -15 

NIBBLE MODE 1048576-BIT(1048576-WORD BY l-BIT)DYNAMICRAM 

Write Cycle 

Symbol Parameter M5M4CIOOI-IO 
Min Max 

twc Write cycle time 190 

t RAS RAS low pulse width 100 10000 

tCAS CAS low pulse width 50 10000 

tCSH CAS hold time after RAS low 100 

t RSH RAS hold time after CAS low 50 

twcs Write setup time before CAS low (Note 20) -5 

tWCH Write hold time after CAS low 20 

tWCR Write hold time after RAS low 70 

twp Write pulse width 20 

t DS Data setup time 0 

t DH Data hold time after CAS low 20 

tDHR Data hold time after RAS low 70 

Read-Write and Read-Modify-Write Cycles 

Symbol Parameter M5M4CIOOI-IO 
Min Max 

tRwc Read-Write cycle time (Note 18) 205 

tRMwC Read-Modify-Write cycle time (Note 19) 220 

t RAS RAS low pulse width 115 10000 

t CAS CAS low pulse width 65 10000 

t CSH CAS hold time after RAS low 115 

t RSH RAS hold time after CAS low 65 

t RCS Read setup time before CAS low 0 

tCWD Delay time, CAS low to write low (Note 20) 35 

tRWD Delay time, RAS low to write low (Note 20) 85 

tCWL CAS hold time after write low 25 

tRWL RAS hold time after write low 25 

twp Write pulse width 20 

t DS Data setup time 0 

t DH Data hold time after write low 20 

Note 18: tRWC is specified as tRWC(min) = tRCD(max) + tCWD(min) + tRWL(min) + tRP(min) + 3tT· 
19: tRMWC is specified as tRMWC(min) = tRAC(max) + tRWL(min) + tRP(min) + 3tT· 

Limits 

M5M4CIOOI-12 M5M4CIOOI-15 Unit 

Min Max Min Max' 

220 260 ns 

120 10000 150 10000 ns 

60 10000 75 10000 ns 

120 150 ns 

60 75 ns 

-5 -5 ns 

25 30 ns 

85 105 ns 

25 30 ns 

0 0 ns 

25 30 ns 

85 105 ns 

Limits 

M5M4CIOOI-12 M5M4CIOOI-15 Unit 

Min Max Min Max 

235 285 ns 

255 300 ns 

135 10000 175 10000 ns 

75 10000 100 10000 ns 

135 175 ns 

75 100 ns 

0 0 ns 

40 60 ns 

100 135 ns 

30 35 ns 

30 35 ns 

25 30 ns 

0 0 ns 

25 30 ns 

20: twcs, tRWD and tCWD do not define the limits of operation, but are included as electrical characteristics only. When twcs ~ tWCS(min), an early-write cycle is 

performed, and the data output keeps the high-impedance state. When tRwD ~ tRWD(min), and tCWD ~ tCWD(min) a read-write cycle is performed, and the data 
of the selected address will be read out on the data output. If neither of the above condition is satisfied, the condition of Q (at access time and until CAS goes 

back to VIH) is indeterminate. 
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MITSUBISHI LSls 

MSM4Cl001P, J, L-l0, -12, -15 

NIBBLE MODE 1048576-BIT(1048576-WORD BY l-BIT)DYNAMIC RAM 

CAS before RAS Refresh Cycle (Note 211 

Limits 

Symbol Parameter M5M4CIOOI-IO M5M4CIOOI-12 
Min Max Min Max 

t CSR CAS setup time for CAS before RAS refresh 10 10 

t CHR CAS hold time for CAS before RAS refresh 20 25 

t RPC Precharge to CAS active time 0 0 
- -

Note 21: Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. 

Nibble Mode Cycle (Read, Write, Read-Write Read-Modify-Write Cycle) 

Symbol Parameter M5M4CIOOI-IO 
Min Max 

tNC Nibble mode cycle time 50 

t NRWC Nibble mode Read-Write, Read-Modify-Write cycle time 80 

t NCAS Nibble mode CAS low pulse width 25 10000 

t NCRW Nibble mode CAS low pulse width for R-W, R-M-W cycle 55 10000 

tNCP Nibble mode CAS precharge time 15 

t NRSH Nibble mode RAS hold time 25 

tNCWD Nibble mode CAS to write delay 25 

t NRWL Nibble mode Write to RAS lead time 25 

t NCWL Nibble mode Write to CAS lead time 25 

t NwCS Nibble mode Write setup time before CAS 0 

tNWCH Nibble mode Write hold time after CAS 20 

Nibble-Mode Addressing Sequence Example 

Sequence Nibble bit 
Column address 

AO At A2 A3 A4 As A6 
RAS/CAS 1 0 1 0 1 0 1 0 

toggle CAS 2 0 1 0 1 0 1 0 
--

toggle CAS 3 0 1 0 1 0 1 0 

toggle CAS 4 0 1 0 1 0 1 0 

toggle CAS 1 0 1 0 1 0 1 0 

Row address 

A7 AS A9 Ao A1 A2 A3 A4 As 
1 0 0 0 1 0 1 

1 0 0 0 1 0 1 

1 0 1 0 1 0 1 

1 0 1 0 1 0 1 

1 0 0 0 1 0 1 

" MITSUBISHI 
.... ELECTRIC 

0 1 

0 1 

0 1 

0 1 

0 1 

Limits 

M5M4CIOOI-12 
Min Max 

55 

90 

30 10000 

65 10000 

15 

30 

30 

30 

30 

0 

25 

A6 A7 AS A9 
0 1 0 0 

0 1 0 1 

0 1 0 0 

0 1 0 1 

0 1 0 0 

M5M4CIOOI-15 Unit 

Min Max 

10 ns 

30 ns 

0 ns 

M5M4CIOOI-15 Unit 

Min Max 

70 ns 

110 ns 

40 10000 ns 

80 10000 ns 

20 ns 

40 ns 

40 ns 

35 ns 

35 ns 

0 ns 
30 ns 

External address 

Internaly generated address 
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MITSUBISHI LSls 

M5M4Cl001P, J, L-l0, -12, -15 

NIBBLE MODE 1048576.BIT( 1048576·WORD BY 1.BIT)DYNAMIC RAM 

Timing Diagram (Note 22) 

Read Cycle 

RAS 

Ao-Ag 

w 

o 

Q 

2-254 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

t RAS 

-l l- t-

~r- II ~. 
t RP 

tCSH 

t CRP t RCD tRSH 
t+-+ 

tCAS 

lr \ /1-
tCPN 

r-

t ASR 
I ~ RAH~ t CAH tASR 

:---- tASC_ I-

»»Xx» ROW dlx'lx~.~ COLUMN -rNXX XX XX X X xx x x x x xxx x XXX IX X'I\ f- ROW 
~ IXXX X XXX xxxxxx .M Il:/:!f-~ ADDRESS ADDRESS 'WN0111\fllllll X Xll ADDRESS t- -, uu..u X 

tAR 

r I-- t RCH 

WlllXlXll \W0NXf{ ...l 

~ <1IN0ll Xl Xll ·XfNNM 
~~ 

klE XXXxXXXXX~ 

Y)()()(Xl( l(XXl(V 

XXXXXX XXX 
~ l( VY Y l( x Y 

xx xxx xxx x \ i Xlll x Xlllix\ i \W0fll Xlill Xli . .x.xxxxxxxxxxx.xx 
WlY0l0f X\V XX Xl0iliilx xx xlll( lll~ 

t CAC 

t RAC 

Hi-Z , DATA VALID 
..; 

Note 22 ~ Indicates the don't care input. 

'. MITSUBISHI 
;"ELECTRIC 

xxxx xXxxxxxxx 
xxxxxx x xx xx x 
XXXXXXXXXx.xX,XXX 

tOFF 
I---

-"~ 

If 
-,f-



MITSUBISHI LSls 

M5M4Cl001P, J, L-l0, -12, -15 

NIBBLE MODE 10485 76-BIT( 10485 76-WOIID BY l-BIT)DYNAMIC RAM 

Write Cycle (Early Write) 

o 

Q 

VIH -

VIL -

VIH -

VIL -

VIH 

VIL -

VIH -

VIL -

VIH -

VIL 

wc 

t RAS t RP 

tCSH r 
-' 

-~ 
-

" 1\ 
tCRP~ tRCO tRSH 

tCAS 

/ 
-~ V 

t CPN 
-

t~ ~ tASC t CAH 
tASR ~ ~ 

<fxXllllll~ ROW :IXXXXXXXXJ\\ ~ COLUMN :JXXXXXXxXXXXXXXXX XXXX\ ROW 
ADDRESS I~XXXXXXX.lGI ADDRESS I~llllli~ ADDRESS (XYXXXXXH ,xx X XXXX'fJ. k-

tAR 

twcs tWCH 

twp 

xxxxxxxXXXXX)( XxxxV0f.J\ /I.. x x x x x x X x x x x x x x Xxiix ixViixll@ N0N Xlll xlix WlNlilllllx ilx x x x x x x x x x x X x X IXXXXXXxu 

tWCR 

~ tOH 

xxxxxxxxxxxx 
.W0/0N0NN 

xxxxxxxxxxxn" 
I~ DATA VALID 

~xxxxxxxxxxxXXXXXXXXXXXXXXXxXX) 

.'~Vl0!0l010N0f-ll-ll0/') 

t OHR 

VOH - -----------------Hi-Z--------------------
VOL -
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MITSUBISHI LSls 

M5M4Cl001P, J, L-l0, -12, -15 

NIBBLE MODE 1048576-BIT( 1048576-WORD BY,l-BIT)DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycle 

Vi 

D 

Q 

2-256 

VOH

VOL-

W 

t RP 

t RAS I 
..... t -1 

~r-- 1\ 
tcsH 

t CRP 1--00 t RCO t RSH 

tCAS 

I t CPN -"~ jr-
~ -

t ASRI-
t RAH tASC~ tCAH 

tASR -
/)XXXXXX'?A ,.. ROW rJ(X XXX X X X\: '- COLUMN ~J(XX X x x x XX XYX )(rx' YN0flfJ. ROW I)(XXXXX'JI. ¥lN0Nl} WNNNNlx xWx xxxxxxm ADDRESS ADDRESS 

<.f..!0l0l0lNi 
XXXXXXXXXXX 

!0lllllllllx 
XXXXXXXXXXX 

tAR 

tRcsr 
tcwo 

.l x V VlxWf.M" 
..; 

~ XXXXXXXXXXX]I 

tRWO 

tos_ f.o 

XX)(XXXXXX)(XXXXXX x 
II Y/x llix xV\f01101l 

NXXXXXXXXYX 
x xYl/0N0ll! 

t CAC 

t RAC 

Hi-Z 
t 
~ 

• MITSUBISHI 
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xx XXX XI ADDRESS 

~ 
t RWL 

lxxxxxxXXXXXXXXXXX) 
~ 

twp J 
~ 

DATA 
..J llx\Ylllx xVll0l0Nl0) 

VALID -i ',"XX XX '1.'1.)('1. x x X X X )(XXXXn 

t OH 

~ tOFF 

DATA VALID 1\ 
JI-



MITSUBISHI LSls 

M5M4Cl001P, J, L-l0, -12, -15 

NIBBLE MODE 1048576-BIT(1048576-WORD BY 1.BIT)DYNAMIC RAM 

RAS-only-Refresh Cycle (Note 23) 

VIL - ___ oJ 

ROW 

V I L -..c...,Q,.~~.u '-___ oJ ~ClClc:lX'Yi..':i::i..'i::i.:.~C:fJ~'X:i.'Yi..'iX~C:l:JM6t:i.Y:::I..'iX~{:i;.6{J ,-__ A_D_DR_E_SS __ 

VOH -
Q ----------------Hi-Z-------------____ _ 

VOL -

Note 23: W, 0 = don't care, A9 may be VIH or VIL 

CAS before RAS Refresh Cycle (Note 24) 

Q 

RC 

t RAS t RAS -i 1{ ...; ..... 

\ t RP 
t RP 

tCSR~ tCHR 

9~ 
t CHR 

~ CSR 

\ t , 
-t- -; ..J'" -j 

VOH -----------------Hj-Z------------------
VOL -

Note 24: W. 0 = don't care 
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MITSUBISHI LSls 

Ms,M4Cl001P, J, L-l0, -12, -15 

NIBBLE MODE 1048S76-BIT(1048S76-WORD BY l-BIT)DYNAMIC RAM 

Hidden Refresh Cycle 

AO-A9 

w 

o 

Q 

2-258 

VIH -

VIL -

VIH -

VIL -

V IH -77VWi7V"\)..t-:1::-:-:-~ J"V'V~'j~c=--:i~ roOOV\7i.7iJC~"V\Jro':7V\7\'I\,'f\Ji)'\.7VV\7i."J\7\"!\7\,'f\Ji)'\.7Vro~ 

VIL - vVV'\I\I\I\IV~--+---'I 

VIH_~~~~~~~~~r-r---------~~~7iJC'f\Ji)'\.7Vro':7V\7iJC~~~~7iJC~~~~AA? 

VIL -~mm:£:£.~m'.::£i.':£Y.'II 

VOH - ------

• "MITSUmSHI 
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MITSUBISHI LSls 

M5M4Cl001P, J, L-l0, -12, -IS 

NIBBLE MODE 1048576-BIT(1048576-WORD BY l-BIT)DYNAMIC RAM 

Nibble Mode Read Cycle 

Ao-Ag 

IN 

D 

Q 

tOSH 

~ 
k-

t ORPf-o tROD tCAS tNC 

t NOAS 

~ 
tCPN 

- ~ -l -l 

~ tNCP ~~ ~ -, tNCP 

t RAH 

~ tASRI++ f-oo tASOi-

~--~~ ROW COLUMN lH X XJ(. X X .xxXXX XXXXx XXXX 

'f!(llllll LX.XXXXX IXXXXXXX IlllXix -~~ 
ADDRESS ;xXXXX XXXXXX)( 

tAR 

r tRRH~ Itt t RCS ...,. ttt 
XXXXXX Ixg IV VI <Jli!;l/) IXN/ 

XXXXXX xxxxxxxx Xli x xi Vlx llx)( xxxxx IXxx/xVlx xXxxxx 
V0NxV xx x xxNxxxxxxx x IX x X X X X xxxyx xxxxxxxx xxxxxx IXXXXXXX XX" "X 

tOAO tOFF tNAO tOFF 
f--oo --- ---

tRAC 

DATA -1\ Jr DATA t-
Hi-Z 

J VALlD-1 _+ J VALlD-2-,~ 

• MITSUBISHI 
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I 
~ 

t NO ~ 

o~~ 
t NCAS 

-J ~ 
tNOP 
~ 

IJl.XXXX xxx IXXXXXXx .N0/v. ll'l0/:t xxxx xxxxxxx 
XxX)()( IXIX X X X X X X)( IXXXXX 

tRRH_ If 1~ I-t RCS -~H 
IW IW 

r..mll xXxx xx xxxx xxW XXXX)()( xxxxxxxx Xlix xx ""XXX xxxxx xxxxxx 

~ tOFF t NAO tOFF 
~ f+---- f-. 

f------., 

r- DATA I>-------< DATA ~ 
, VALlD-3 VALlD-4 
.... ~ 
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MITSUBISHI LSls 

MSM4Cl001P, J, L-l0, -12, -15 

NIBBLE MODE 1048576 .. BIT(1048576-WORD BY l-BIT)DYNAMIC RAM 

Nibble Mode Write Cycle (Early Write) 

Ao-Ag 

Iii 

o 

Q 

2-260 

tCSH 

\ V 
t-

t RCO tCAS t NC tNC ~ 
tCRP tNCAS ~ 1st NCAS, 

I-

~ ,....-----., .....----. V-I tCPN \ V ~ ~ V \t-
~ ~ 

t RAH 
~ ~ ~ 

tASR tASCI--~ 

~ --, ~ 

'fR0N& ROW WI} COLUMN {fix lx x lllll P<.. 0f/:/:x\Xlx llx x XxxxxxxxxX xx xXXXX 
ADDRESS 

XXXXXXXXXXX \V01:l:0Ft. XXXXXXXI. ADDRESS r\X.xxxxxxxxx XXx.XXXXXXXx xxx xxxx X 
I\----J 

tAR 

tWCR tNWCS tNWCH tNWCS tNWCH tNW~ tNWCH 

tWCH 

.........,. -- '-' - I--

~ ~ ~ 'NN0NNx ;xxx x X)\ IXXXXXx\ XXXXXXX\ ,~ ~ fN0N\l'i XXXXXXXXX)( XXXXXXXx. 

VOH-

VOL-

twcs_ 
tOH t OS tOH ~ ~ ~ _tOH ~ ~ I-- --

~ .1l'Nl\. JUllA .f'T"AlX .X x xxx x xxx 'XAV& DATA .~ DATA DATA DATA 
I\XXXXXXXxx I¥.XXXXY 

VALlD-3 ..., I~ VAll 0-4 
IXX X xx 

.XXXXXXX x x XXXXI VALID-' ,[~ VALlD-2 ['tl::l:N: ~ V:::l::l:l:l. u..:t..::I...:I 

t OHR 

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

MsM4Cl001P, J, L-l0, -12, -15 

NIBBLE MODE 10485 76-BIT( 10485 76-WORD BY l-BIT)DYNAMIC RAM 

Nibble Mode, Read-Write and Read-Modify-Write Cycle 

Ao-Ag 

w 

o 

Q 

..J 

~ 
~ 

tCRP-
tNRWC 

tCAS tNCRW 

c---::'l 

~ tCPN 
...; 

~ 
k-- tNCP k--

tASR t RAH tASC tCAH 
I--' ~ I--

n::T\ 
,.. ROW COLUMN XXXXX ~ ~ -'I~X rt-WlVlilll:l: xxxxx t-ADDRESS ADDRESS n x x x x x x x x x II xxx x X XXXXXX XX)U 

V,H -

V,L -

V,H 

V,L 

VOH

VOL -

'XXXXXXXX 

.000000lllx 

tAR 

tRWO 

p<.xxxxxxxxxxx 
X X X X XXXXXX)l xxxxx XX X 

tRAG 

Hi-Z 

tcwo F 
~ .t ~ 

r 

twp 

t
os

_ 
tOH 

lilA",,*- DATA rxxxxxx 
VALlD-l Il~ XX XXX 

tCAG 

,.. 
DATA , VALlD-l 

-' 
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tOFF 
k-

..J~ 

-? 

tNCWO 

-' 

\ 

t OS 

XXXXXXXXX; 
I~k-

tNAG 

1f-
) 

I 
-~ 

tNRWL 

r-
V .., 

tNCWL 

IXllxxVlVx 1N0M 
XXXXXXXXXX XX)(x.x 

IX ~ D- XXXXX 

twp I 
tOH 

I 

DATA 'IX XXXX) 
VALlD-2 10 Xllll; r\l( 

~FF 

...; 

DATA 
VALlD-2 }-
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M5M4Cl002P, J, L-l0, -12, -IS 

STATIC COLUMN MODE 1048576'-BIT(104857.6-WORD BY l-BIT)DYNAMIC RAM 

DESCRIPTION 
This is a family of 1048576-word by 1-bit dynamic RAMs, 
fabricated with the high performance CMOS process, and 
is ideal for large-capacity memory systems where high 
speed, low power dissipation, and low costs are essential. 
The use of double-layer polysilicon process combined with 
silicide technology and a single-transistor dynamic storage 
cell provide high circuit density at reduced costs, and the 
use of dynamic circuitry including sense amplifiers assures 
low power dissipation. Multiplexed address inputs permit 
both a reduction in pins and an increase in system densities. 

In addition to the RAS-only refresh mode, the hidden 
refresh mode and CS before RAS refresh mode are avail
able. 

FEATURES 

, RAS CS Address Cycle' Power 

Type name access access access time dissipa-
time time time tion 

(max. ns) (max. ns) (max. ns) (min. ns) (iyp.mW) 

p 
M5M4Cl002.J-l0 100 25 50 190 300 

L 

P 
M5M4Cl002.J-12 120 30 55 220 250 

L 

P 
M5M4Cl002.J-15 150 40 70 260 200 

L 

• High performance CMOS technology 
• Standard 18 pin DIP, 26 pin SOJ, 20 pin ZIP 
• Single 5V±10% supply 
• Low standby power dissipation 

5.5mW (Max) .............. CMOS Input level 
• Low operating power dissipation 

M5M4C1002P, J, L-10 ........... 413mW (Max) 
M5M4C1002P, J, L-12 ........... 358mW (Max) 
M5M4Cl002P, J, L-15 ........... 303mW (Max) 

• Unlatched output enables two-dimensional chip selec
tion 

• Early-write operation gives common I/O capability 
• Read-Modify-Write, RAS-only-Refresh, Static Column 

Mode capabilities. 
• CS before RAS refresh mode capability 
• All inputs, output TTL compatible and low capacitance. 
.' 512 refresh cycles every 8ms . 

• CS controlled output allows hidden refresh. 
• Wide RAS low pulse width for 

Static Column Mode . . . . . . . . . . . . . . 100J.ls Max 

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

PIN CONFIGURATION (TOP VIEW) 

DATA INPUT 

WRITE CONTROL 
INPUT 

ROW ADDRESS RAS -+ 3 
STROBE INPUT 

NO CONNECTION NC 

ADDRESS [ 
INPUTS 

(5V) Vee 

Vss (Ov) 

Q DATA OUTPUT 

CS CHIP SELECT 
INPUT 

ADDRESS 
INPUTS 

Outline 18P4Y (DIP) 

DATA INPUT 

WRITE CONTROL 
INPUT 

ROW ADDRESS RAS -+ 3 
STROBE INPUT 

NO { NC 
CONNECTIONS NC 

[ 

Ao -+ 9 

ADDRESS A1 -+ 10 

INPUTS A2 -+ 11 

A3 -+ 12 

(5V) Vee 

Vss (OV) 

DATA' OUTPUT 

CHIP SELECT 
INPUT 

NC NO CONNECTION 

ADDRESS 
INPUTS 

Outline 26POJ (SOJ) 

ADDRESS INPUT Ag-+ 

DA T A OUTPUT Q +-

DATA INPUT 0-+ 

~~:o~~~iJi RAS-+ 

NO CONNECTION NC 

ADDRESS INPUTS {AO -+ 

A2 -+ 

(5V) Vee 

{

AS -+ 
ADDRESS INPUTS 

A7 -+ 

-, 
~J ., 
~J -, 
5 I 
_J -, 
7 I s: 
_J (J1 -, 
9 I s: 
_J ~ -, ~ I~J 

0 

i3~ 0 
_J ~ 

i5~ 
r 

_J 

in 
.J 

I~J 

.--
L~ CS 

CHIP SELECT 
INPUT 

.--
14 
L. Vss (OV) 
,-
L~ W 

WRITE CONTROL 
INPUT 

.--
L~ NC NO CONNECTION 

[1~ * NO LEAD 

[!=2 
.--
L1..4 

[~6 
,.-
Ll.8 

f2-0 
1--

+- A1 

+- A3 

) ADDRESS +- A4 INPUTS 

+- A6 

+- A8 

Outline 20P5L (ZI P) . 
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M5M4Cl002P, J, L-l0, -12, -15 

STATIC COLUMN MODE 1048576-BIT(1048576-WORD BY l-BIT)DYNAMIC RAM 

FUNCTION 
The M5M4C1002P, J, L provide, in addition to normal read, 
write, and read-modify-write operations, a number of other 
functions, e.g., Static Column mode, RAS-only refresh, and 
delayed-write. The input conditions for each are shown in 

Table 1. 

Table 1 Input conditions for each mode 

Inputs 
Operation 

RAS CS W 0 

Read ACT ACT NAC ONC 

Write (Early write) ACT ACT ACT VLO 

Read·Modify-write ACT ACT ACT VLO 

RAS-only refresh ACT NAC ONC ONC 

Hidden refresh ACT ACT ONC ONC 

CAS before RAS refresh ACT ACT ONC ONC 

Standby NAC ONC ONC ONC 

Row 
address 

APO 

APO 

APO 

APO 

ONC 

ONC 

ONC 

Note: ACT: active, NAC: nonactive, DNC: don't care, VLD: valid, APD: applied, OPN: open 
Static column mode is identical except early write. 

BLOCK DIAGRAM 

CHIP .SELECT 
INPUT CS 

ROW ADDRESS RAS 
STROBE INPUT 

WRITE CONTROL W 
INPUT 

AO 

Al 

A2 
A3 

A4 
ADDRESS INPUTS As 

- --- - --- - --- - ----

COLUMN DECODER 

MEMORY CELL 
(1,048,576 BITS) 

Output 

Column 
Refresh Remark 

address Q 

APO VLO YES 

APO OPN YES Note. 

APO VLO YES 

ONC OPN YES 

ONC VLO YES 

ONC OPN YES 

ONC OPN NO 

---4.. . Vcc(SV) 

jV<s(OVI 

o DATA INPUT 

Q DATA OUTPUT 

I 

A6 
A7 

As 

Ag 

--------~ 
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MSM4Cl002P, J, L-l0, -12, -15 

STATIC COLUMN MODE 1048576-BIT(1048S76-WORD BY l-BIT)DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -1-7 

VI Input voltage With respect to Vss -1-7 

Vo Output voltage -1-7 

10 Output current 50 

Pd Power dissipation Ta=25·C 1000 

Topr Operating temperature 0-70 

Tstg Storage temperature -65-150 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4 .. 5 5 5.5 V 

Vss . Supply voltage 0 0 0 V 

VIH High·level input voltage. all inputs 2.4 6.5 V 

VIL Low·level input voltage. all inputs -2.0 0.8 V 

Note 1: All voltage values are with respect to VSS. 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vee=5V±10%, Vss=ov, unlessotherwisenoted) (Note 2) 

Symbol Parameter Test conditions 
Min 

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

VOL Low·leveloutput voltage 10L =4.2mA 0 

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

II Input current OV~VIN~ 6.5, Other input pins =OV -10 

M5M4CI002-10 RAS. CS cycling 
leCI(AV) 

Average supply current from VCC 
M5M4CI002-12 

operating (Note 3. 4) t RC = t we = min, output open 
M5M4C 1 002-15 

Supply current from Vcc. standby 
RAS =CS =VIH, output open 

ICC2 
RAS =CS~Vee -0. 5, output open 

M5M4CI002-10 
RAS cycling, CAS=VIH 

I CC3(AV) 
Average supply current from Vcc 

M5M4CI002-12 
refreshing (Note 3) t RC = min. output open 

M5M4CI002-15 

Average supply current from Vcc M5M4CI002-10 
CS before RAS refresh cycling 

I CC6(AV) CS before RAS refresh mode M5M4CI002-12 
(Note 3) M5M4CI002-15 

t RC = min. output open 

M5M4CI002-10 
RAS =VIL, Column address cycling Average supply current from Vcc. 

ICC7(AV) Static Column mode (Note 3. 4) M5M4CI002-12 

M5M4CI002-15 
t sc = min. output open 

Note 2: Current flowing into an IC is positive. out is negative. 
3: ICCI (AV). ICC3(AV). ICC6(AV) and ICC7(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate. 
4· ICCI (AV) and ICC7(AV) are dependent on output loading. Specified values are obtained with the output open. 

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

Symbol Parameter 

CI (A) I nput capacitance. address inputs 

CI (0) Input capacitance. data input 

CI(W) Input capacitance. write control input 

CI(RAS) Input capacitance. RAS input 

CI(Cs) Input capacitance. CS input 

Co Output capacitance 

2-264 

Test conditions 

VI =Vss 

f=IMHz 

Vj=25mVrms 

Vo=VSS, f=IMHz, 

. '.' MITSUBISHI 
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Vi=25mVrms 

Min 

Limits 

Typ 

Limits 

Typ 

Unit 

V 

V 

V 

rnA 

mW 

·C 

·C 

Max 
Unit 

Vce V 

0.4 V 

10 /-lA 

10 /-lA 

75 

65 rnA 

55 

2 
rnA 

1 

75 

65 rnA 

55 

75 

65 rnA 

55 

65 

55 rnA 

45 

Unit 
Max 

6 pF 

5 pF 

7 pF 

7 pF 

7 pF 

7 pF 
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M5M4Cl002P, J, L-l0, -12, -15 

STATIC COLUMN MODE 1048576.BIT(1048576.WORD BY l·BIT)DYNAMIC RAM 

SWITCHING CHARACTERISTICS(Ta=0-70·c, Vcc=5V±10%, Vss=ov, unless otherwise noted) (Note 5) 

Limits 

Symbol Parameter M5M4Cl002-10 M5M4Cl002-12 M5M4Cl002-15 Unit 

Min Max Min Max Min Max 

tCAC Access time from CS (Note 6. 7) 25 30 40 ns 

tRAC Access time from RAS (Note 6.8) 100 120 150 ns 

tCAA Column Address access time (Note 6. 9) 50 55 70 ns 

tWRA Access time from W high (Note 6) 60 65 80 ns 

tCLZ Output low impedance time from CS low (Note 6) 5 5 5 ns 

tOFF Output disable time after CS high (Note 10) 0 20 0 25 0 30 ns 

Note 5: An initial pause of 500~s is required after power-up followed by any 8 RAS or RAS/CS cycles before proper device operation. is achieved. 

Note that RAS may be cycled during the initial pause. And any 8 RAS or RAS/CS cycles are required after prolonged periods of RASinactivity before proper device 
operation is achieved. 

6: Measured with a load circuit equivalent to 2TTL loads and 100pF. 
7: Assume that tRCD ~ tRCD(max), tRAD ~ tRADlmax), 

8: Assume that tRCD ~ tRCD(max). tRAD ~ tRAD(max)' If tRCD or tRAD is greater than tRCD(max) or tRAD(max) then tRAC will increase by the amount that tRCD 
or tRAD exceeds tRCD(ma~) or tRADlmax)' 

9: Assume that tRCD - tRAD ~ tCAA(max) - tCAC(max). and tRCD ~ tRCD(max). 
10: tOFF(max) define the time at which the output achieves the high impedance state (lOUT ~ 1±10~Alland are not reference to VOH(min) or VOLlmax)· 

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Static Column Cycles) 
(Ta =0 -70·C , Vcc =5V ± 1 0%, VSS = OV, unless otherwise noted. See notes 11. 12) 

Limits 

Symbol Parameter M5M4Cl002-10 M5M4Cl002-12 M5M4Cl002-15 Unit 

Min Max Min Max Min Max 

t REF Refresh cycle time 8 8 8 ms 

t RP RAS high pulse width 80 90 100 ns 

t RCD Delay time. RAS low to CS low (Note 13) 20 75 25 90 30 110 ns 

t CRP Delay time. CS high to RAS low (Note 14) 10 10 10 ns 

t CPN CAS high pulse width (Note 15) 25 30 35 ns 

t RAD Column address delay time from RAS low (Note 16) 15 50 20 65 25 80 ns 

t ASR Row address setup time before RAS low 0 0 0 ns 

tASC Column address setup time before CS low 0 0 0 ns 

t RAH Row address hold time after RAS low 10 15 20 ns 

t'CAH Column address h'old time after CS low or W low 20 20 25 ns 

tT Transition time (Note 17) 3 50 3 50 3 50 ns 

Note 11: The timing requirements are assumed tT = 5ns. 
12: V'H(min) and V'L(max) are reference levels for measuring timing of input signals. 
13: tRCD(max) is specified as a reference point only; If tRCD is less than tRCO(max). access time is tRAC If tRCO IS greater than tRCOlmax). access time is tRCO + tCAC· 

tRCD (min) is specified as tRCD (min) = tRAH + 2tT + tASC. ' 
14: teRP requirement is applicable for all RAS/CS cycles. 
15: tCPN (min) is specified as tCPN (min) = tRCD(min) + tCRP(min) - tT except for tcp of static column mode cycle. 
16: tRAO(max) is specified as a reference point only. If tRAD ~ tRAO(max), access time is assumed by tCAA for read cycle. 
17' tT is measured between V,Hlmin) and V'L{max)' 
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MSM4Cl002P, J, L-10, -12, -15 

,STATIC COLUMN MODE 1048576-BIT(1048516-WORD BY l-BIT)DYNAMIC RAM 

Read and Refresh Cycles 

Symbol Parameter 

t Re Read cycle time 

t RAS "RAS low pulse width 

. tes ~ low pulse width 

tesH ~ hold time after ffAS low 

t RSH RAS hold time after CS low 

tRCS Read Setup time before CS low 

t RCH Read hold time after CS high 

tRRH Read hold time after RAS high 

tRAL Column address to RAS setup time 

tAH Column address hold time after RAS high 

tRPe Precharge to CS active time 

Note 18: Either tRCH or tRRH must be satisfied for a read cycle. 

Write Cycle 

Symbol Parameter 

twe Write cycle time 

tRAS RAS low pulse width 

tes CS low pulse width 

tesH CS hold time after RAS low 

t RSH RAS hold time after CS low 

twes Write setup time before CS low 

tweH Write hold time after CS'low 

tweR Write hold time after RAS low 

tWH Write command hold time for output disable 

twp Write pulse width 

tos Data setup time 

t OH Data hold time after CS low 

t AwR Address hold time after RAS low 

t OHR Data hold time after RAS low 

2-266 

M5M4Cl002-10 

Min Max 

190 

100 10000 

25 10000 

100 

25 

0 

(Note 18) 10 

(Note 18) 10 

50 

15 

0 

M5M4Cl002-10 

Min 

190 

100 

25 

100 

25 

(Note 21) -5 

20 

95 

0 

20 

0 

20 

95 

95 
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Max 

10000 

10000 

Limits 

M5M4Cl002-12 M5M4Cl002-15 Unit 

Min Max Min Max 

220 260 ns 

120 10000 150 10000 ns 

30 10000 40 10000 ns 

120 150 ns 

30 40 ns 

0 0 ns 

10 10 ns 

10 10 ns 

55 70 ns 

15 15 ns 

0 0 ns 

Limits 

M5 M4Cl 002-12 M5M4Cl002-15 Unit 

Min Max Min Max 

220 260 ns 

120 10000 150 10000 ns 

30 10000 40 10000 ns 

120 150 ns 

30 40 ns 

-5 -5 ns 

25 30 ns 

115 140 ns 

0 0 ns 

25 30 ns 

0 0 ns 

25 30 ns 

110 135 ns 

115 140 ns 
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M5M4Cl002P, J, L-l0, -12, -15 

STATIC COLUMN MODE 1048576-BIT(1048576-WORD BY l-BIT)DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 

Symbol Parameter M5M4CI002-10 

tRWC Read-write cycle time (Note 19) 

tRMwC Read-Modify-Write cycle time (Note 20) 

t RAS RAS low pulse width 

tcs CS low pulse width 

t aSH CS hold time after RAS low 

t RSH RAS hold time after CS low 

t RCS Read setup time before CS low 

tCWD Delay time. CS low to write low (Note21) 

tRWD Delay time. RAS low to write low (Note 21) 

tCWL CS hold time after write low 

t RWL RAS hold time after write low 

twp Write pulse width 

t DS Data setup time 

t DH Data hold time after write low 

tAWD Delay time. address to write low (Note21) 

tWOH Output hold time from write high 

Note 19' tRWC is specified as tRWC(min) ; tRCD(max) + tCWD(min) + tRWL(min) + tRP(min) + 3tT. 
20: tRMWC is specified as tRMWC(min) ; tRAC(max) + tRWL(min) + tRP(min) + 3tT· 

Min Max 

220 

220 

130 10000 

55 10000 

130 

55 

0 

25 

100 

25 

25 

20 

0 

20 

50 

20 

Limits 

M5M4CI002-12 M5M4CI002-15 Unit 

Min Max Min Max 

255 300 ns 

255 300 ns 

155 10000 190 10000 ns 

65 10000 80 10000 ns 

155 190 ns 

65 80 ns 

0 0 ns 

30 40 ns 

120 150 ns 

30 35 ns 

30 35 ns 

25 30 ns 

0 " 0 ns 

25 30 ns 

55 70 ns 

25 30 ns 

21: twcs. tRWD. tCWD and tAWD do not define the limits of operation. but are included as electrical characteristics only. 
When twcs ~ tWCS(min). an early-write cycle is performed. and the data output keeps the high-impedance state. When tRWD ~ tRWD(min). tCWD ~ tCWD(mln) and 
tAWD ~ tAWD(min) a read-write cycle is performed. and the data of the selected address will be read out on the data output. If neither of the abovu condition is 

satisfied. the condition of Q (at access time and until CS goes back to VIH) is indeterminate. 

Static Column Mode Cycle (Read, Early write, Read-Write, Read-Modify-Write Cycle) 

Symbol Parameter M5M4CI002-10 
Min Max 

t RSC SC read cycle time 55 

twsc SC write cycle time 55 

t RWSC SC RIW. R/MIW. cycle time 90 

tRAS RAS low pulse width 155 100000 

tcs CS low pulse width 25 10000 

t CP CS high pulse width 15 

t RSW Delay time. RAS to 2nd Write low 115 

tWI Write invalid time 15 

tWHRW Write high pulse width for RIW. R/MIW. cycle 60 

tWH Write command hold time for output disable 0 

tAOH Data hold time from address change 10 

tWAD Delay time write to address change (Note 22) -10 10 

Note 22: tWAD(max) is specified as a reference point only. If tWAD ~ tWAD(max). access time is assumed by tCAA. 

CS before RAS Refresh Cycle (Note 23) 

Symbol Parameter M5M4CI002-10 

Min Max 

t CSR CS setup time for CS before RAS refresh 10 

tCHR CS hold time for CS before RAS refresh 20 

t RPC Precharge to CS active time 0 

-Note 23: Eight or more CS before RAS cycles is necessary for proper operation of CS before RAS refresh mode. 
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Limits 

M5M4CI002-12 M5M4CI002-15 

Min Max Min Max 

60 75 

60 75 

100 120 

180 100000 225 100000 

30 10000 40 10000 

15 20 

135 165 

15 20 

65 80 

0 0 

10 10 

~10 10 -10 10 

Limits 

M5M4CI002-12 M5M4CI002-15 

Min Max Min Max 

10 10 

25 30 

0 0 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 
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M5M4Cl002P, J, L-l0, -12, -15 

STATIC COLUMN MODE 1048S76-BIT(1048~76-WORD BY l-BIT)DYNAMIC RAM 

Timing Diagrams (Note 24) 

Read Cycle 

I 

~ 

~ 

tROD 

tOPN 

~ 
tRAD 

,(XXXX xxx Xl..: 
.'f0fNNif} 

ROW • ADDRESS 

tROS, 

w "tilllxVi \\V Xl XXXxxx xxxxxxx VlilxVlxW XXXXXXXXYI 

milllllllxVi IXx\V0l0l0l0I 
:xxxxxxxxxxxxxx IXX x XXXX X XXYX o 

1\ 

-

1M xx 

t RAS 

J \ 
t RSH tRP 

tOSH 

tos 

J 

t RAL 

~ -: ~tASR 

COLUMN @ ROW 
ADDRESS ADDRESS 

__ tRRH 

tROH 

W0NxVx ix lillilx'" \XXXXxxxxxxxxxxxxx 

. V0NN X x xl x \\V'Il xl XXXxXXXXXXXXXxx xxxxxxxx XXXXkXXXXXXxxxxxxxxxxxxxx xxxxxxl0lY.xxxxxxxxx x x x X X X x XiX X X X X x.x. X X X X 

tOAO ~ 
tOLZ 

Q 
VOH -

VOL -
Hi-Z ~ DATA VALID 
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tOAA 

t RAO 

Note 24 ~ Indicates the don't care input. 
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M5M4Cl002P, J, L-l0, -12, -15 

STATIC COLUMN MODE 1048576-BIT(1048576-WORD BY l-BIT)DYNAMIC RAM 

Write Cycle (Early write) 

tCPN 

VIL - ___ -' 

VIH -
AO-Ag 

VIL -

W 

VIH -
0 

VIL -

Q 
VOH-

VOL -

t cs 

t OH 

tOHR 

Hi-Z 

• MITSUBISHI 
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ROW 
ADDRESS 

tWCH 
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MSM4Cl002P, J, L-l0, -12, -15 

STATIC COLUMN MODE 1048576-BIT(1048576-WORD BY l-BIT)DYNAMIC RAM 

Read-Write, Read-Modify-Write Cycle 

Rwe 

tesH , V \ 
t RP 

t~ t ReD t RSH 

w 

o 

Q 

2-270 

VOH

VOL-

tes 

'- , 
/ tePN 

tRAD 

t~ ~ tAWD 

~ ROW : 1Y'l'llY\. COLUMN 

ADDRESS W'iliI ADDRESS )(XXXXXXXXX. 

r~ tewD 

·'l0l0l0xVlllxVl llllllll0ll xxxxxxxxxxxx x x x X XXXI 

tRWD 

t DS 

W0.lNN0NlN I~ KXXO xxxxxxxx'\ xx N0NY0O )(xXX XXXX'x'X X X X X X XXXXXXXX'x''x'XX D(XXX)( 

tCAe 

tCAA 

Hi-Z ~ 
t RAC 
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V 

1 CAH.
1 -r--tASR 

-!XX XX XXXXXXXXX\. ROW 

W xVx0l0NII XX ADDRESS 

tCWL 

tRWL 

twp 

\ 1/0 
~xxxxxx x x~xxxxxxxx 
xx X l Villi X X xxWilllllx 

tDH 

DATA VALID 
II :xxxxxxxxxx x xxxxxXX) 
DI~ 

I-- tOFF 

~ tWOH 

DATA VALID ~ II 
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MsM4Cl002P, J, L-l0, -12, -15 

STATIC COLUMN MODE 1048576-BIT(1048576-WORD BY l-BIT)DYNAMIC RAM 

RAS only Refresh Cycle (Note 25) 

VIL-____ ..J 

VIH - ROW 

VIL -~~~~'i.I ~ ___ -'I ~C::£::i.~JClC~~C:£::i.:£:i.~~MIY::I.Y:::L.~M6l:Ji.'::£.:J ~---A-DD-R-ES-S--...,.. 

Q VOH -----------------Hi-Z-----------------
VOL -

Note 25: VIi, D = don't care, A9 may be VIH or V1L 

CS before RAS Refresh Cycle (Note 26) 

Q 

t RAS tRAS 

~ }1 ~ 

\ V L 
t RP t RP 

tCSR _ t CHR tCSR 

~ 
tCHR r 

\ V \ ~ 

VOH - ----------------Hi-Z-----------------
VOL -

Note 26: VIi, D = don't care 

• MITSUBISHI 
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MSM4Cl002P, J, L-l0, -12, -15 

STATIC COLUMN MODE1048S76 .. BIT(1048S76-WORDBY l-BIT)DYNAMIC RAM 

Hidden Refresh Cycle 

RAS 

CS 

AO-Ag 

w 

o 

Q 
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t RO tRc 

t RAS 

VIH -

VIL -

t RP 

tROD t RSH tOHR 

VIH -
tCPN 

VIL -

t RAD 

VIH - ROW 

VIL -
AD,DRESS 

VIH -VV'WW'iJ\l.7V\i'Vt'f'iJVW:7\7'\ib\:rovwiJ'\ll:7\7'\7'\7'\,'1\7V'\7\'Ji7\A"'J\'7\.'1\7V'\7\'Ji7\A"'J\'7\.A7\i'\7\'J\7\7'i:A7\~A7\irn\7\7'i:A7\m\.'f"i7\7\ 

VIL -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

VOH
------+Hi-Z------<X 

-VOL -

',MITSUBISHI 
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DATA VALID 
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M5M4Cl002P, J, L-l0, -12, -IS 

STATIC COLUMN MODE 1048576-BIT{1048576-WORD BY l-BIT)DYNAMIC RAM 

Static Column Mode Read Cycle 

w 

o 

VOH -
Q 

VOL -

\ II \ 
tRP 

~ t RCD ~~ tCRP_ 

1,...-----, 
tcs 

J tCPN ~ / ~ 

tRAD 

tASR ~ t RSC tRsc t RAL tAH 1- I---tASR ~ 

:~ ROW ~ ~ COLUMN-2 ~ ~OLUMN-3 ~ ~ ROW 
ADDRESS 

COLUMN-l 
ADDRESS 

I 
t RCS 

tRCW"'" II ~~CS ~TRH 
f 

~ NNI! I~ ~ -vIY r~ 
XXXXXXXXXXXX XXXXY l(X XXXXX'l.YXXX 

XXXXXXXXXXXXX IXXXXXXl(')O '1.'1.'1.'1. IXXXXXXXY IXIXX~ W I XIx XXXVYXXXXX .'1. X x \\'Wl/X 
.~ 1NJN0..N xxx xxxxxxxx xVllx'V0llY. )(XXX )(XXX xx Il\xxxxxXXXX 1'1.'1. X IXX \Y'l.XXXXYX 

tCAA 
tCAA 

tCAA 
tCAC 
~ 

tOFF t CAC ~ 

~ DATA : J:>flilN\. ~ ~ Hi-Z 

W VALlD-l I~Y. 

t RAC 

.• MITSUBISHI 
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DATA DATA 
VALlD-2 W VALlD-3 
'---
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'MSM4Cl002P, J, L-l0, -12, -IS 

STATIC COLUMN MODE, 1048576-BIT(1048576-WORDBY l-BIT)DYNAMIC RAM 

Static Column Mode Early Write Cycle 

~ / ~ 
tRP 

t~ tROD tos top t RWL 

tos 
~ 

oJ ,... 

~ t OPH \ V \ / 

t AWR 

~ I !RA~ tASO tOAH ~ ~ tASR -r--

.~ ~. ~ 

ROW I~I /X'X'x x VlxXf0& ROW 

YfUiljJ COLUMN-' COL~MN-2 ~x ADDRESS, XXYXY' XXXXXXXI: ADDRESS 
~ 

AO-Ag 

twso twos 

twos ~ 
-. .... tWH _tWH 

tWOH 

/~ 
tOWL XXXXXXXXX xxxxxxxxxx~ II:IlIi0Nl0N0l WH01i X xX/x\V'l0Nl ~xxxxxxxxxxxxx 

w 

tWOR ~ twp 

~ tOH ~ ~ 

o xxxxxxxx VllliM DATA ~ DATA ~IXXY)()()(xxxxxxxxxxxxxxxxxxxx 

"'lxllill VALID-' VALlD-2 ''f{;llillx xVllllllllllllllllll XXXXXXXXI 
tRSW 

tOHR 
"1 

VOH -
Q ------------------Hi-Z-------------------

VOL -

2-274 
• MITSUBISHI 

.... ELECTRIC 



MITSUBISHI LSls 

M5M4Cl002P, J, L-l0, -12, -15 

STATIC COLUMN MODE 1048576-BIT(1048576-WORD BY l-BIT}DYNAMIC RAM 

Static Column Mode Read-Write, Read-Modify-Write Cycle 

w 

o 

VOH-
Q 

VOL -

~ 

t~ tROD 
~ 

-' 

.~ tOPN ~ 
t RAD 

tASRf- 11RAH" 

~ ~ ROW 
ADDRESS 

tRwD 

XXXXXXXXX XXXXXyx-

Vl01llxVl NQ10 
t ROSI--

1:l0xVlxVlx VNl0l0i
X IXX 

XXXXXXXX x 
X 

xxxxxxXXX x 

Hi-Z 

tRAC 

I,t OAH. 

COLUMN-1 ~ COLUMN-2 
V:::l:llJ. 

tCWD ~ 
tRWSC 

twp I 

-~ \ 
tAWD tWHRW 

t AWD 

t DSI-i 
tDH 

tos 

I Vl1101lft.. DATA IfN0 I xVlxVlll-lYr. 
IxxxxxxXXl VAll 0-1 I\(XXX XXXXXXXXX1. 

t CAC tWRA 

tCAA 
t AOH 1--...----- tCAA 

~ 

~ DATA ,/XXXXXXn 1"'NN0l0ll VALlD-1 
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tRWL 

n~ L 
t RP 

tOWL 

V 

tOAH 
I--tASR ~ ~ 

C7\'J\'7\"7\" 
IXX x ROW 

.~ ., ADDRESS 

twp 

\']~ xxxxxxx 

WN0N 

toH 

DATA ;lIXXXXXXXX 
I~ rN0N0lY. . VAll 0-2 

- tOFF - t WOH 

DATA ~ 
VAll 0-2 II. 
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MITSUBISHI LSI. 

M5M21C67P-3S, -45, -55 

18384·BIT (18384.WORD BY I.BIT) CMOS STATIC RAM 

DESC.RIPTION 
This is a family of 16384-word by 1-bit static RAMs, 

fabricated with the high-performance CMOS silicon-gate 
MOS process and designed for high-speed application. These 
devices operate on a single 5V supply, and are directly TTL 
compatible. They include a power-down feature as well. 

FEATURES 
• Fast access time M5M21C67P-35 ....... 35 ns (max) 

M5M21 C67P-45 ...... .45 ns (max) 
M5M21 C67P-55 ...... , 55 ns (max) 

• Low power dissipation Active .................. 200 mW (typ) 
Standy by .................. 511W (typ) 

• Power down by S 
• Single 5V power supply 
• Fully static operation 

Requires neither external clock nor refreshing 

• All inputs and output are directly TTL compatible 
• Easy memory expansion by chip-select (S) input 

• Interchangeable with Intel's 2167 

APPLICATION 
High-speed memory systems 

FUNCTION 
A write operation is executed during the S low and W 

low overlap time. In this period, address signals must be 
stable. When W is low, the Q terminal is maintained in the 
high impedance state, so it is possibie to connect D and Q 

terminals directly. 
In a read operation, after setting W to high, and S to low 

if the address signals are stable, the data is available at the 
Q terminal. 

, BLOCK DIAGRAM r---

ADDRESS INPUTS 

CHIP SELECT INPUT 

WRITE CONTROL INPUT 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

DATA OUTPUT Q -- 8 

WRITE CONTROL W ----+ 9 
INPUT 

(OV) GND 10 

Outline 20 P4 

Vcc(sv) 

ADDRESS 
INPUTS 

DATA INPUT 

CHIP SELECT 
INPUT 

When S is high, the chip is in the non-selectable state, 
disabling both reading and writing. In this case the output 
is in the floating (high-impedance) state, useful for OR· 
ties with other devices. 

Signal S controls the power-down feature. When S goes 
high, power dissipation is reduced extremely. The access 
time from S is equivalent to the address access time. 

MEMORY ARRAY 

128 ROWS 

10 vcc(sv) 

10 GND (ov) 

128 COLUMNS 

I 

I 

I 

---~ 

DATA OUTPUT 

DATA INPUT 

• MITSUBISHI 
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MITSUBISHI LSls 

·M5M21C67P-3S, -45, ·-55 

16384·BIT (16384.WORD BY I~BIT) CMOS STATIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

Vee Supply voltage 

VI I npu t vol tage With respect to GND 

Vo Output voltage 

Pd Maximum power dissipation 

Topr Operating temperature 

Tstg Storage temperature 

* Pulse width = 20 ns, DC: -O.SV 

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

Limits 
Symbol Parameter Unit 

Min Typ Max \ 

Vee Supply voltage 4.5 5 5.5 V 

VIL Low·level input voltage -3- 0.8 V 

VIH High·level input voltage 2.2 6 V 

* Pulse width = 20 ns, DC: -O.SV 

E LECTR I CAL CHARACTE R ISTI CS (T a = 0 -70'C, Vee= 5 V ± 10%, unless otherwise noted) 

Symbol Parameter 

VIH High·level input voltage 

VIL Low,level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

II I nput current 

IIOZ I Off-state output current 

Icel Supply current from Vee 

Ice2 Stand by current 

lee3 Standby current 

0 1 Input capacitance 

Co Output capacitance 

Note 1. Current flow into an IC is positive, out is nll9ative. 

* Pulse width = 20 ns, DC: -D.SV 

Test conditions 

IOH=-4mA 

IOL= 8 mA 

VI=0-5.5V 

VI(S)=2.2V, Vo=O -Vee 

VI(S)=O.8V I DC 

Output open r AC 

VI(S)=2.2V Other VI=2.2V 

VI (5) ~Vee-0.2V, 

Other VI~0.2V or VI~Vee-0.2V 

VI=GND, V,=25mVrms, f=lMHz 

VO=GND, Vo=25mVrms, f=lMHz 

Ratings Unit 

-3.5'!...7 V 

-3.5'!...7 V 

-3.5--7 V 

1 W 

-10-85 'C 

-65-150 'C 

Limits 
Unit 

Min Typ Max 

2.2 6 V 

-3- 0.8 V 

2.4 V 

0.4 V 

10 ~A 

50 ~A 

25 50 
mA 

80 

10 20 mA 

0.001 2 mA 

5 pF 

6 pF 

SWITCHING CHARACTERISTICS (FOR READ CYCLE) (Ta =O-70'C, Vee=5V ±10%, unless otherwise noted) 

Symbol Parameter 

tOA Read cycle time 

ta(A) Address access time 

ta (5) Chip select access time 

tV(A) Data valid time after address 

tents) Output enable time after chip selection 

tdis(5) Output disable time after chip deselect ion 

tpu Power-up time after chip selection 

tpD Power down time after chip deselect ion 

3-4 

M5M21C67P-35 M5M21C67P-45 

Min 

35 

5 

10 

0 

0 

Typ Max Min 

45 

35 

35 

5 

10 

20 0 

0 

35 

• MITSUBISHI 
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Typ Max 

45 

45 

20 

45 

M5M21C67P-55 
Unit 

Min Typ Max 

55 ns 

55 ns 

55 ns 

5 . ns 

10 ns 

0 25 ns 

0 ns 

55 ns 



MITSUBISHI LSls 

M5M21C67P-35, -45, -55 

16384-BIT (16384-WORD BY I-BIT) CMOS STATIC RAM 

TIMING REQUIREMENTS (FOR WRITE CYCLE) (Ta =0-70·C, Vee=5V±10%, unlessotherwisenoted) 

M5M21C67P-35 M5M21 C67P-45 M5M21C67P-55 
Symbol Parameter Unit 

Min Typ Max Min Typ Max Min Typ Max 

tcw Write cycle time 35 45 55 ns 

tsu (5) Chip select setup time 30 35 40 ns 

tsu (A), Address setup time 1 (W CONTROL) 0 0 0 ns 

tsu (A)z Address setup time 2 (S CONTROLI 0 0 0 ns 

tW(W) Write pulse width 20 25 30 ns 

trec (W) Write recovery time 0 0 0 ns 

tsu (0) Data setup time 20 25 25 ns 

th (0) Data hold time 0 0 0 ns 

tdiS(W) Output disable time after W low 0 15 0 15 0 20 ns 

ten(w) Output enable time after W high 0 0 0 ns 

tsu (A-WH) Address to W high 30 35 40 ns 

CONDITIONS 
Vee 

Input pulse levels ................ a to 3V 480Q 480Q 

Input rise and fall time ............... 5ns 
Input timing reference level .. ___ ...... 1.5V 
Output timing reference level ...... a.BV '" 2V 
Output load ..... _ .......... Fig. 1, Fig. 2 

30pF 

(
Including ) 
scope and JIG 

255Q 5pF 

(
Including ) 
scope and JIG 

255Q 

Q 0--.-----+ QO-----<p----~ 

Fig. 1 Output load Fig. 2 Output load for ten, tdis 

TIMING DIAGRAMS 
Read cycle 1 

\, 
J\ 

tv (A) 

Q PREVIOUS DATA VALID 

W=H 
S=L 

Read cycle 2 (Note 21 

Q 

, 
~ 

ten (s) 

tpu 

tCR 

ta (A) 

:( UNKNOWN )~ 

CR 

ta (s) 

(Note 3) 

t UNKNOWN )~ 

ICC1-----------1/ 

)f-50% 

ICC2 

ICC 

W=H 

W 
J~ 

tv (A) 

DATA VALID 

V 
j 

tdis (s) 

DATA VALID 

tpD 

Note 2. Addresses valid prior to or coincident with S transition low. 

:K 

(Note 31 

..; 

iF 

, 
-k- 50% 

~ 

3. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. 

• MITSUBISHI 
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MITSUBISHI LSI. 

MSM21C67P-35, -45, -55 

16384-81T (16384-WORD BY I-BIT) CMOS STATIC RAM 

TIMING DIAGRAMS 
Write cycle 1 (W control mode) 

Vi 

o 

Q 

tcw 

tsu (S) 

tsu (A-WH) 

tsu (A)l tW(W) 

tsu (0) 

DATA STABLE 

(Note 31 tdis (w) ten (W) (Note 31 
--+----+E--

Write cycle 2 (5 control mode) 

o 

Q 

3-6 

tcw 

tSU(A)~2~ __ ~E-____ t_s_U~(S~) ____ ~~ ___ ~_tr_ec(w) 

tw(W) 

tsu (0) 

DATA STABLE 

(Note 3) tdis (w) (Note 3) 
-of----+o;,.... 

ten (s) 

-r----t~I"""'I"""_1 

(Nole5) 

Note 4. Hatching indicates the state is don't care. 

5. When the falling edge of IN is simultaneous or prior to the 
falling edge of S, the output is maintained in the high impedance. 

' .. MITSUBISH, I 
.... ELECTRIC 



MITSUBISHI LSI. 

MSM21C68P-3S, -4S, -SS 

16384·BIT (4096·WORD BY 4.BIT) CMOS STATIC RAM 

DESCRIPTION 
This is a family of 4096 word by 4-bit static RAMs, 
fabricated with the high-performance CMOS silicon-gate 
MOS process and designed for high-speed application. These 
devices operate on a single 5V supply, and are directly TTL 
compatible. They include a power-down feature as well. 

FEATURES 
• Fast access ti me M5M21 C68P-35 ...... 35 ns (max) 

M5M21 C68P-45 ...... 45 ns (max) 
M5M21 C68P-55 ...... 55 ns (max) 

• Low power dissipation Active ................. 200 mW (typ) 
Standy by ................. 5 J.l.W (typ) 

• Power down by S 
• . Single 5V power supply 
• Fully static operation 

Requires neither external clock nor refreshing 
• All inputs and output are directly TTL compatible 
• Easy memory expansion by chip-select (5) input 
• Interchangeable with Intel's 2168 

APPLICATION 
High-speed memory systems 

FUNCTION 
A write operation is executed during the S low and W low 
overlap time. In this period, address signals must be stable. 
When W is low, the DO terminal is maintained in the high 
impedance state. 

In a read operation, after setting W to high, and S to low 
if the address signals are stable, the data ia available at the 
DO terminal. 

BLOCK DIAGRAM 

ADDRESS INPUTS 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

CHIP SELECT 
INPUT 

(OV) GND 

Outline 20 P4 

vcc<SV) 

ADDRESS 
INPUTS 

DATA 
INPUT 
OUTPUT 

WRITE CONTROL 
INPUT 

When S is high, the chip is in the non-selectable state, 
disabling both reading and writing. In this case the output is 
in the floating (high-impedance) state, useful for OR-ties 
with other devices. 

Signal S controls the power-down feature. When S goes 
high, power dissipation is reduced extremely. The access 
time from S is equivalent to the address access time. 

MEMORY ARRAY 

128 ROWS 

128 COLUMNS 

I 

VCC(5V) 

GND (ov) 

DQz 
DATA 
INPUT 
OUTPUT 

}-------__ J CH IPSE LECT INPUT 

WRITE CONTROL INPUT 

• MITSUBISHI 
.... ELECTRIC 3-7 



MITSUBISHI LSls 

M5M21C68P-35, -45, -55 

16384-BIT (4096-WORD BY 4-BIT) CMOS STATIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage With respect to GND 

Vo Output voltage 

Pd Maximum power dissipation 

Topr Operating temperature 

Tstg Storage temperature 

* Pulse width = 20 ns, DC: -O.5V 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

VIL Low-level input voltage -3* 0.8 V 

VIH High-level input voltage 2.2 6 V 

* Pulse width = 20 ns, DC: -O.5V 

ELECTR ICAl CHARACTERISTICS (Ta =0-70·C, Vee=5V ± 10%, unless otherwise noted) 

Symbol Parameter 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

II I nput current 

IIOZ 1 Off-state output current 

lecl Supply current from Vee 

lee2 Stand by current 

lee3 Standby current 

0 1 Input capacitance 

00 Output capacitance 

Note 1. Current flow into an Ie is positive, out is negative. 
* Pulse width = 20 ns, DC: -0.5V 

Test conditions 

10H=- 4 mA 

10L= 8 mA 

VI=0-5.5V 

VI(5)=2.2V, Vo=O-Vee 

VI (5)=0 .8V I DO 

Output open lAO 

VI(5)=2.2V OtherVI~0.2V 

VI (§) ;;;;Vee- 0 •2V , 

Other VI~0.2V or VI;;;;Vee-0.2V 

VI=GND, Vi=25mVrms, f=lMHz 

VO=GND, Vo=25mVrms, f=lMHz 

Ratings Unit 

-3.5"-7 V 

-3.5"-7 V 

-3.5"-7 V 

1 W 

-10-85 ·C 

-65-150 ·C 

Limits 
Unit 

Min Typ Max 

2.2 6 V 

-3" 0.8 V 

2.4 V 

0.4 V 

10 I1A 

50 I1A 

25 50 
mA 

80 

10 20 mA 

0.001 2 mA 

pF 

pF 

SWITCHING CHARACTERISTICS (FOR READ CYCLE) (Ta =0-70·C, Vee=5V ±10%, unless otherwise noted) 

Symbol Parameter 

teA Read cycle time 

ta(A) Address access time 

ta (S) Chip select access time 

tv (A) Data valid time after address 

tentS) Output enable time after chip selection 

tdis(S) Output disable time after chip deselection 

tpu Power-up time after chip selection 

t pD Power down time after chip deselect ion 

3-8 

M5M21C68P-35 M5M21C68P-45 

Min 

35 

5 

15 

0 

0 

Typ Max Min 

45 

35 

35 

5 

20 

20 0 

0 

35 

• MITSUBISHI 
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Typ Max 

45 

45 

20 

45 

M5M21C68P-55 
Unit 

Min Typ Max 

55 ns 

55 ns 

55 ns 

5 ns 

20 ns 

0 20 ns 

0 ns 

55 ns 



MITSUBISHI LSls 

M5M21C68P·35, .45, ·55 

16384·BIT (4096·WORD BY 4.BIT) CMOS STATIC RAM 

TIMING REQUIREMENTS (FOR WRITE CYCLE) (Ta=O-WC. Vcc=5V±10%. unless otherwise noted) 

M5M21C68P-35 M5M21C68P-45 
Symbol Parameter 

Min 

tcw Write cycle time 35 

tsu (5) Chip select setup time 30 

tsu (A) 1 Address setup time 1 (W CONTROL) 0 

tsu (A)1 Address setup time 2 (S CONTROL) 0 

tW(W) Write pulse width 

trec(w) Write recovery time 

tsu (D) Data setup time 

th (0) Data hold time 

tdls(W) Output disable time after W low 

ten(w) Output enable time after W high 

tsu (A-WH) Address to W high 

CONDITIONS 

Input pulse levels 
Input rise and fall time .... 
Input timing reference level . 
Output timing reference level 
Output load .... _ ... _ . _ 

TIMING DIAGRAMS 
Read eye Ie 1 

\V 
J~ 

30 

0 

15 

0 

0 

5 

30 

o to 3V 
__ . 5ns 

. __ .. 1.5V 

. O.8V~ 2V 
. Fig. 1, Fig. 2 

ta (A) 

tv (A) 

Typ Max Min Typ Max 

45 

35 

0 

0 

35 

0 

20 

0 

15 0 15 

5 

35 

Vcc 

480Q 

255Q 30pF 

(
Including ) 

'---__ .... scope and JIG 

Fig. 1 Output load 

tCR 

\II 
J~ 

DQ 
(Output) PREVIOUS DATA VALID :~ UNKNOWN )~ DATA VALID 

W =H 

S=L 

Read cycle 2 (Note 2) 

, 
\ 

CR 

I 
J 

M5M21C68P-55 
Unit 

Min Typ Max 

55 ns 

40 ns 

0 ns 

0 ns 

40 ns 

0 ns 

20 ns 

0 ns 

0 20 ns 

5 ns 

40 ns 

480Q 

Q~-----' 

5pF 

(
Including ) 
scope and JIG 

255Q 

'-----.... 

Fig. 2 Output load for ten, tdis 

tv (A) 

:K 

(Note 3) 
ta (5) tdis (5) 

DQ 
(Output) 

ICC 

W=H 

ICC 1 

ICC2 

ten (5) 
(Note 3) 

+ UNKNOWN )~ DATA VALID 
-'~ 

\- ~ 
t pu tpo 

---------
I 

}'-50% 

Note 2_ Addresses valid prior to or coincident with S transition low_ 

3_ Transition is measured ±500mV from steady state voltage with specified loading in Figure 2_ 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M21C68P-35, -45, -55 

16384-BIT (4096-WORD BY 4-BIT) CMOS STATIC RAM 

TIMING DIAGRAMS 
Write cycle 1 (W control mode) 

AO-All 

w 

DQ 
(Input) 

DQ 
(Output) 

tow 

tsu (5) 

tsu (A-WH) 

tsu (A) I tW(W) 

tsu (D) 

DATA STABLE 

(Note 3) tdis (W) ten(w) (Note 3) 
~.j...------40 __ -

Write cycle 2 (8 control mode) 

Ao- All 

w 

DQ 
(Input) 

DQ 
(Output) 

3--10 

tow 

tSU(A)~2~ __ ~E-____ t_s_U~(_S)~ ___ ~~ ___ ~~t __ reo(w) 

(Note 3) 

ten (5) 

tw(w) 

tsu (D) 

DATA STABLE 

~oJ-___ -+-lIO-t_dis (W) (Note 3) 

-t-----t~ ................ 1 

(Note 5) 

Note 4. Hatching indicates lhe state is don't care. 

5. When the falling edge of IN is simultaneous or prior to the 
falling edge of S, the output is maintained in the high impedance. 

'MITSUBISHI 
.... ELECTRIC 



MITSUBISHI LSls 

MSMSI6SP.70, ·10, -12, -15, 
-70L, -10L, -12L, -ISL 

6SS36-BIT (8192-WORD BY 8-BIT) CMOS ST~TIC RAM 

DESCRIPTION 
The M5M5165P 1's a 65,536-bit CMOS static RAM orga
nized as 8,192 words by 8 bits which is fabricated using 
high-performance double polysilicon CMOS technology. 
The use of resistive load NMOS cells and CMOS periferals 
result in a high-density and low-power static RAM. It is 
ideal for the memory systems which require simple interface. 

The stand-by current is low enough for a battery back
up application. It is mounted in a standard 28 pin package 
and configured in an industrial standard 8K x 8-bit pinout. 

FEATURES 
Power supply current 

Type Access time 
(max) Active Stand-bY 

(max) (max) 

M5M5165P-70 70ns 

M5M5165P-l0 100ns 2mA 
M5M5165P-12 120ns 

M5M5165P-15 1S0ns 
SOmA 

M5M5165P-70L 70ns 

M5M5165P-l0L 100ns 100 f.-l A 
M5M5165P-12L 120ns 

M5M5165P-15L 1S0ns 

• Single +5V Power Supply 
• Fully Static Operation: No Clocks, No Refresh 
• Data-Hold on +2V Power Supply 
• Directly TTL Compatible: All Inputs and Outputs 
• Three-State Outputs: OR-tie Capability 
• Simple Memory Expantion by St, S2 
• OE Prevents Data Contention in The I/O Bus 

• Common Data I/O 
• Pinout Compatible with 64K EPROM M5L2764K 
APPLICATION 
Small Capacity Memory Units. 

FUNCTION 
The operation mode of the M5M5165P is determined by a 

BLOCK DIAGRAM 

ADDRESS INPUT 

WRITE CONTROL 
INPUT 

OUTPUT ENABLE 
INPUT 

A9 

As 

A12 

A7 

A6 

As 

A4 
A3 

8192 WORDS X 

8 BITS 

(256 ROWS x 
256 COLUMNS) 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

NC 

Outline 28P4 

Vee (SV) 

W ~~~~~OL INPUT 
52 CHIP SELECT 

A }INPUT 

A
s ADDRESS 
9 INPUTS 

All 

OE. ~~l~~~ INPUT 
A10 ADDRESS INPUT 

NC: NO CONNECTION 

combination of the device control inputs S1; S2, Wand OE. 
Each mode is summarized in the function table. (see next page) 

A write cycle is excuted whenever the low level W 
overlaps with the low level St and the high level S2. The 
address must be set up before the write cycle and must be 
stable during the entire cycle. The data is latched into a cell 
on the trailing edge of W, S1 or S2, whichever occurs first, 
requring the set-up and hold time relative to these edge to 
be maintained. The Output enable input OE directly 
controls the output stage. Setting the OE at a high level, 
the output stage is in a high-impedance state, and the data 
bus contention problem in the write cycle is eliminated. 

A read cycle is excuted by setting W at a high level and 
OE at a low level while S1 and $2 are in an active state fSt = L, 

DATA I/O 

~vcc (5vl 

~GND(OVI 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M5165P-70, -10, -12, -15, -7QL, -10L,~12L, -15L 

6SS36-BIT (8192-WORD BY 8-BIT) CMOS STATIC RAM 

S2=H) 
When setting St at a high level or S2 at a low level, the 

chip is in a non-selectable mode in which both reading and 
writing are disabled. In this mode, the output stage is in a 
high-impedance state, allowing OR-tie with other chips and 
memory expantion by St" and S2. The power supply 
current is reduced as low as the stand-by current which is 
specified as ICC3 or ICC4, and the memory data can be held 

+2V power supply, enabling battery bac~-up operation 
during power failure or power-down operation in the non-
selected mode. 

FUNCTION TABLE 

51 52 W OE Mode 

X L X X Non selection 

H X X X Non selection 

L H L X Write 

L H H L Read 

L H H H 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

GND Supply voltage 0 V 

V,L low input voltage -0.3 0.8 V 

V,H high input voltage 2.2 Vee+0.3 V 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

DO .-

high-impedance 

high-impedance 

D,N 

DOUT 

high-impedance 

Ratings 

Vee Supply voltage -0.3-7 

V, Input voltage With respect to GND 

Vo Output voltage 

Pd Power dissipation Ta=25·C 

Topr Operating temperature 

Tstg Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Vee=5V±10%. unless otherwise noted) 

Symbol Parameter Test conditions 

V,H High input voltage 

V,L Low input 'voltage 

VOH High output voltage IOH=-1mA 

VOL Low output voltage 10L= 2 mA 

I, I nput current V,=O-Vee 

10ZH High level output current in off·state S1=VIH or 52= V,L or QE=V,H 

10ZL Low level output current in off·state V I/O =O-Vee 

5,;;;;;;0.2. 52:;:;:Vee-0.2 

lee' Active supply current Outout open. 

Other inputs ;;;;;;0.2 or :;:;:Vee- 0 . 2 

S1=VIL or 52=V'H 

lee2 Active supply current Output open 

Other inputs =V,H 

leC3 Stand-by supply current 
G) 52;;;;;;0 .2V. Other inputs =0 -Vee 
® s,:;:;:Vee-0.2V, 52:;:;:Vee-0.2V. 
Other inputs =O-VCC 

ICC4 Stand-bY supply current 52=V,L. 51=V'H,Other inputs=O-VCC 

Cj Output capacitance (T a ;25° C) V,=GND, Vi=25mVmrs. f=1MHz 

Co Outout capacitance (T a;25°C) VO=GND. Vo=25mVrms. f=1MHz 

Note 1 Direction for current flowing into IC is indicated as positive (no mark) 
2 Typical value is Vcc ;5V, Ta;25°C 

3-12 
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-0 .3-Vee+0.3 

O-Vee 

700 

0-70 

-65-150 

Limits 

Min Typ Max 

2.2 Vec+0.3 

-0.3 0.8 

2.4 

0.4 

±1 

1 

-1 

30 45 

35 50 

2(P) 

100(P-L) 

3 

6 

8 

lee 

Standby 

Standby 

Active 

Active 

Active 

Unit 

V 

V 

V 

mW 

·C 

·C 

Unit 

V 

V 

V 

V 

f.,LA 

f.,LA 

f.,LA 

mA 

mA 

mA 

f.,LA 

mA 

pF 

pF 



MITSUBISHI LSls 

MSMSI6SP-70, -10, -12, -15, -70L, -10L, -12L, -ISL 

65536-BIT (8192-WORD BY 8-BIT) CMOS STATIC RAM 

SWITCHING CHARACTERISTICSICTa=0-70·c, Vcc=5V±10%, unless otherwise noted) 

Read. cycle 

Limits 

Symbol Parameter 
M5M5165P-70 M5M5165P-l0 M5M5165P-12 
M5M5165P-70L M5M5165P-l0L M5M5165P-12L 

Min Typ Max Min Typ Max Min Typ Max 

teR Read cycle time 70 100 120 

ta (A) Address access time 70 100 120 

ta (SI) Chip select 1 access time 70 100 120 

ta (S2) Chip select 2 access time 70 100 120 

ta(OE) Output enable access time 35 50 60 

tdis (SI) Output disable time after S[ high 30 35 40 

tdis (S2) Output disable time after S2 low 30 35 40 

tdis (OE) Output disable time after OE high 30 35 40 

ten (SI) Output enable time after S; low 5 10 10 

ten (S2) Output enable time after S2 high 5 10 10 

ten (OE) Output enable time after BE low 5 10 10 

tv (A) Data valid time after address change 20 20 20 

TIMING REQUIREMENTS CTa=0-70·C, Vcc=5V± 10%, unless otherwise noted) 

Write cycle 

Symbol Parameter 

tew Write cycle time 

tW(W) Write pulse width 

tsu (A) Address set up time 

tsu (S) Chip select set up time 

tsu (D) Data set up time 

th (D) Data hold time 

tree (W) Write recovery time 

tdis (W) Output disable time after Wlow 

tdis (OE) Output disable time after BE high 

ten (W) Output enable time after Whigh 

ten (OE) Output enable time after BE low 

~imits 

M5M5165P-70 M5M5165P-l0 
M5M5165P-70L M5M5165P-l0L 

Min Typ Max Min Typ Max 

70 100 

40 60 

0 0 

65 80 

30 35 

5 5 

5 5 

0 30 35 

0 30 35 

5 10 

5 10 

• MITSUBISHI 
...... ELECTRIC 

M5M5165P-12 
M5M5165P-12L 

Min Typ Max 

120 

70 

0 

85 

40 

5 

10 

40 

40 

10 

10 

M5M5165P-15 
M5M5165P-15L Unit 

Min Typ Max 

150 ns 

150 ns 

150 ns 

150 ns 

70 ns 

50 ns 

50 ns 

50 ns 

10 ns 

10 ns 

10 ns 

20 ns 

M5M5165P-15 
Unit M5M5165P-15L 

Min Typ Max 

150 ns. 

90 ns 

0 ns 

100 ns 

50 ns 

5 ns 

10 ns 

50 ns 

50 ns 

10 ns 

10 ns 

3-13 



MITSUBISHI LSls 

MSMSI6SP-70, -10, -12, -15, -70L, -10L, .12L, -ISL 

TIMING DIAGRAM. 
Read cycle 

DOl-DOs 
(Pout) 

W="H" level 

Write cycle (W E control) 

DOl-DOs 
(Din) 

DOl-DOS 
(Dout) 

3-14 

65536-BIT (8192-WORD BY 8-BIT) CMOS STATIC RAM 

tSU(A) 

tOR 

tow 

tSU(S,) 

tw(W) 

tSU(D) 

DATA IN 
STABLE 

ten(w) 

". MITSUBISHI 
"'ELECTRIC 



MITSUBISHI LSI. 

MSMS16SP-70, -10, -12, -15, -70L, -10L, -12L, -lSL 

6SS36-BIT (8192 WORD BY 8-BIT) CMOS STATIC RAM 

Write cycle (S control) 

S2 

w 

DOl-DOg 
(DATA IN) 

Note 4 Test condition 
Input pulse level: O.6-2.4V 

Input pulse rise, fall time: 10ns 

tow 

tsu (5) 

(Note 6) 

tsu (D) 

DATA IN 
STABLE 

Load: 1 TTL,CL ~ 100pF (P-15, P-12, P-l0, P-15L, P-12L, P-l0L) 

CL ~30pF (P-70, P-70Ll 

Conditions of assessment: 1.5V 
5' Hatching indicates the state is don't care. 

6 Writing is executed while S2 high overlaps s;- andWlow, 

_ th (D) 

7 If W goes low simultaneously with or prior to ~ low or S2 high, the output remain~ in the high

impedance state. 
8: Don't apply inverted phase signal externally when DQ pin is in output mode, 

• MITSUBISHI 
.... ELECTRIC 3-15 



MITSUBISHI LSls 

MSM5 .. 165P-70, -10, -12, -15, -70L, -10L, -12L, -ISL 

6SS36-BIT (a192-~ORD BY a-BIT) CMOS STATIC RAM 

POWER DOWN CHARACTERISTICS 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C, unless otherwise noted ) 

Symbol Parameter Test conditions 

Vee(PD) Power down supply voltage 

VI (5,") Chip select input s;- 2 .2V~Vee(PO) 

2V~Vee(PO)~2 .2V 

4.5V~VOe(PO) 
V, (52) Chip select input S2 

Vee(PO)<4.5V 

lee(PD) Power down supply current Voe=3V, Other inputs =3V 

Note 3: When S; is operated at 2.2V (VIH min) and the supply voltage is between 4.5V and 2.4V, supply current is defined as 'CC4. 

*: 'eoCPD)=20f.-/Amax, Ta=0-40'C 

TIMING REOUIREMENTS (Ta =0-70'C, unless otherwise noted) 

Symbol Parameter 

tsu (PO) Power down setup time 

tree (PO) Power down recovery time 

POWER DOWN CHARACTERISTICS 
S1 control 

Vee 

82 control 

Vee 

52 

3-16 

Test conditions 

s,~Voe-0.2V 

... MITSUBISHI 
"'ELECTRIC 

limits 
Unit 

Min Typ Max 

2 V 

2.2 
V 

VOe(PO) 

0.8 
V 

0.2 

2CP) mA 

* 50CP-L) f.-/A 

limits 
Unit 

Min Typ Max 

0 ns 

tOR ns 



MITSUBISHI LSls 

MSMSI65FP-70, -10, -12, -15, 
-70L, -10L, -12L, -15L 

65536-BIT (8192-WORD BY 8-BIT) CMOS STATIC RAM 

DESCRIPTION 
The M5M5165FP is a 65536-bit CMOS static RAM orga
nized as 8192 words by 8 bits which is fabricated using 
high-performance double polysilicon CMOS technology. 
The use of resistive load NMOS cells and CMOS perifera/s 
result in a high-density and low-power static RAM. It is 
ideal for the memory systems which require simple inter
face. 

The stand-by current is low enough for a battery back
up application. It is mounted in a 28 pin flat package. 

FEATURES 
Power supply current 

Type Access time 
(max) Active Stand-by 

(max) (max) 

M5M5165FP-70 70ns 
M5M5165FP-l0 lOOns 2mA 
M5M5165FP-12 l20ns 
M5M5165FP-15 lS0ns SOmA 
M5M5165FP-70L 70ns 
M5M5165FP-l0L lOOns 100,uA 
M5M5165FP-12L l20ns 
M5M5165FP-15L lS0ns 

• Small Outline Package 
• Single +5V Power Supply 
• Fully Static Operation: No Clocks, No Refresh 
• Data-Hold on +2V Power Supply 
• Directly TTL Compatible: All Inputs and Outputs 
• Three-State Outputs: OR-tie Capability 
• Simple Memory Expantion by St , S2 
• OE Prevents Data Contention in The I/O Bus 

• Common Data I/O 

APPLICATION 
Small Capacity Memory Units. 

BLOCK DIAGRAM 

ADDRESS INPUT 

WRITE CONTROL 
INPUT 

OUTPUT ENABLE 
INPUT 

Ag 

As 

As 

A4 
A3 

A2 

A1 

Ao 

A11 

W 

8192 WORDS x 

8 BITS 

(256 ROWS x 

256 COLUMNS) 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

FUNCTION 

NO Vee (SV) 

W ~~~\~OL INPUT 
S2 CHIP SELECT 

A }INPUT 

A
S. ADDRESS 
9 INPUTS 

A11 

OE ~~l~~~ INPUT 
A10 ADDRESS INPUT 

:::: ~;I:~::~:ECT 
164-+ DOs 

5 4-+ 004 
1...-___ ---' 

NC : NO CONNECTION 

Outline 28P2W 

The operation mode of the M5M5165FP is determined by a 
combination of the device control inputs S;, S2, Wand OE. 
Each mode is summarized in the function table. (see next 
page) 

A write cycle is excuted whenever the low level Wover
laps with the low level ~ and the high level S2. The address 
must be set up before the write cycle and must be stable 
during the entire cycle. The data is latched into a cell on 
the trailing edge of W, S; or S2, whichever occurs first, 
requiring the set-up and hold time relative to these edge to 
be maintained. The Output enable input OE directly 
controls the output stage. Setting the OE at a high level, 

DATA I/O 

~. ~8 Vee (5V) 

~GND(OV) 

• MITSUBISHI 
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MITSUBISHI LSls 

MSMSI6SFP·70, ·10, .12, -15, 
-70L, -IOL, -12L, -ISL 

65536-BIT (8192-WORD BY 8-BIT) CMOS STATIC RAM 

the output stage is in a high-impedance stat~, and the data 
bus contention problem in the write cycle is eliminated. 

specified as ICC3 or ICC4, and the memory data can be held 
at +2V power supply, enabling battery back-up operation 

A read cycle is excuted by setting W at a high level and 
OE at a low level while SI and S2 are in an active state (St 
= L, S2=H) 

When setting s;- at a high level or S2 at a low level, the 
chip is in a non-selectable mode in which both reading and 
writing are disabled. In this mode, the output stage is in a 
high-impedance state, allowing OR-tie with other chips and 
memory expantion by ~ and S2. The power supply 
current is reduced as low as the stand-by current which is 

FUNCTION TABLE 

S, S2 W OE Mode 

x L X X Non selection 

H X X X Non selection 

L H L X Write 

L H H L Read 

L H H H 

RECOMMENDED OPERATING CONDITIONS (Ta=0-7O"C. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

GND Supply voltage 0 V 

VIL low input voltage -0.3 0.8 V 

VIH high input voltage 2.2 Vee+0 .3 V 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

DO 

high-impedance 

high'impedance 

DIN 

DOUT 

high-impedance 

Ratings 

Vee Supply voltage -0.3- 7 

VI Input voltage With respect to GND 

Vo Output voltage 

Pd Power dissipation Ta=25·C 

Topr Operating temperature 

Tst9 Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Vee=5V±10%. unless otherwise noted) 

Symbol Parameter Test conditions 

VIH High input voltage 

VIL Low input voltage 

VOH High output voltage 10H=-lmA 

VOL Low output voltage 10L = 2 mA 

II Input current VI=O- Vee 

10ZH High level output current in off-state S1=VIHor S2= VIL or OE=VIH 

10ZL Low level output current in off-state V I/O =O-Vee 

S,:";;0.2. S2~Vee-0.2 

leel Active supply current Outout open 

Other inputs :";;0.2 or ~Vee-0.2 

S,=VIL or S2=VIH 

lee2 Active supply current Output open 

Other inputs =VIH 

lee3 Stand-by supply current 
CD S2:";;0 .2V. Other inputs =0 - Vee 
® s,~Vee-0.2V. S2~Vee-0.2V. 
Other inputs =O-Vee 

lee4 Stand-by supply current S2.=VIL. S1=VIH.Otherinputs=O-Vee 

Cj Output capacitance (T a =25° C) VI=GND. Vj=25mVmrs. f=lMHz 

Co Outout capacitance (T a=25°C) VO=GND. VO=25mVrms. f=lMHz 

Note 1 Direction for current flowing into IC is indicated as positive (no mark) 
2 Typical value is Vcc=5V. Ta=25°C 

3-18 
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-0_3- V ee+ 0 . 3 

O-Vee 

700 

0-70 

-65-150 

Limits 

Min Typ Max 

2.2 Vee+0.3 

-0.3 0.8 

2.4 

0.4 

±1 

1 

-1 

30 45 

35 50 

2(P) 

100(P-L) 

3 

6 

8 

lee 

Standby 

Standby 

Active 

Active 

Active 

Unit 

V 

V 

V 

mW 

·C 

·C 

Unit 

V 

V 

V 

V 

f./.A 

f./.A 

f./.A 

mA 

mA 

mA 

f./.A 

mA 

pF 

pF 



MITSUBISHI LSls 

MSMSl6SFP-70, -10, -12, -IS, 
-70L, -10L, -12L, -lSL 

65536-BIT (8192-WORD BY 8-BIT) CMOS STATIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70'C, Vcc=5V±10%, unless otherwise noted) 

Read cycle 

Limits 

Symbol Parameter M5M5165FP-70 M5M5165FP-l0 M5M5165FP-12 
M5M5165FP-70L M5M5165FP-l0L M5M5165FP-12L 

Min Typ Max Min Typ Max Min Typ Max 

tcR Read cycle time 70 100 120 

ta(A) Address access time 70 100 120 

ta (51) Chip select 1 access time 70 100 120 

ta (52) Chip select 2 access time 70 100 120 

ta (OE) Output enable access time 35 50 60 

tdis (51) Output disable time after St high 30 35 40 

tdis (52) Output disable time after S2 low 30 35 40 

tdis (OE) Output disable time after BE high 30 35 40 

ten (51) Output enable time after S; low 5 10 10 

ten (S2) Output enable time after S2 high 5 10 10 

ten (OE) Output enable time after BE low 5 10 10 

tv (A) Data valid time after address change 10 10 10 

TIMING REQUI REMENTS (Ta=0-70·C, Vcc=5V± 10%, unless otherwise noted) 

Write cycle 

Symbol Parameter 

tew Write cycle time 

tW(W) Write pulse width 

tsu (A) Address set up time 

tsu (5) Chip select set up time 

tsu (D) Data set up time 

th (D) Data hold time 

tree(w) Write recovery time 

tdis (W) Output disable time after W low 

tdis (OE) Output disable time after BE high 

ten (W) Output enable time after W high 

ten (OE) Output enable time after OE low 

Limits 

M5M5165FP-70 M5M5165FP-IO 
M5M5165FP-70L M5M5165FP-IOL 

Min Typ Max Min Typ Max 

70 100 

40 60 

0 0 

65 80 

30 35 

5 5 

5 5 

0 30 35 

0 30 35 

5 10 

5 10 

• MITSUBISHI 
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M5M5165FP-12 
M5M5165FP-12L 

Min Typ Max 

120 

70 

0 

85 

40 

5 

5 

40 

40 

10 

10 

M5M5165FP-15 
M5M5165FP-15L Unit 

Min Typ Max 

150 ns 

150 ns 

150 ns 

150 ns 

70 ns 

50 ns 

50 ns 

50 ns 

15 ns 

15 ns 

15 ns 

10 ns 

M5M5165FP-15 
Unit M5M5165FP-15L 

Min Typ Max 

150 ns 

90 ns 

0 ns 

100 ns 

50 ns 

5 ns 

5 ns 

50 ns 

50 ns 

15 ns 

15 ns 

3-19 



TIMING DIAGRAM 
Read cycle 

W="H" level 

Write cycle (WE control) 

MITSUBISHI LSls 

MSMSI65FP-70, -10, -12, -15, 
-70L, -10L, -12L, -15L 

6SS36-BIT (8192-WORD BY 8-BIT) CMOS STATIC RAM 

tew 

tSU(Sz) 

tSU(S,) 

tSU(D) 

DATA IN 
STABLE 

ten(w) 

• MITSUBISHI 
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MITSUBISHI LSI. 

MSMSI6SFP-70, -10, -12, -15, 
-70L, -10L, -12L, -15L 

65536-BIT (8192.WORD BY 8-BIT) CMOS STATIC RAM 

Write cycle (S control) 

w 

DO,-DOg 
(DATA IN) 

Note 4: Test condition 
Input pulse level: 0.6 - 2.4V 
Input pulse rise, fail time: 10ns 

tcw 

tsu (5) 

(Note 6) 

tSU(D) 

DATA IN 
STABLE 

Load: 1 TTL, CL = 100pF (FP·15, FP·12, FP·10, FP·15L, FP·12L, FP·10L) 

CL = 30pF (FP-70, FP-70L) 

Reference level: 1.5V 
5: Hatching indicates the state is don't care. 
6: Writing is executed while S2 high overlaps S, andWlow. 

th(D) 

7: If Vii goes low simultaneously with or prior to 5;" low or S2 high, the output remain~ in the high· 

impedance state. 
8: Don't apply inverted phase signal externally when DQ pin is in output mode. 

• MITSUBISHI 
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MITSUBISHI LSls 

MSM516SFP-70, -10, -12, -15, 
-70L, -10L, -12L, -15L 

65536-BIT (8192-WORD BY 8-BIT) CMOS STATIC RAM 

POWER DOWN CHARACTERISTICS 

ELECTRICAL CHARACTERISTICS (Ta=O-70·C. unless otherwise noted ) 

Symbol Parameter Test conditions 

Vee (PO) Power down supply voltage 

- 2 .2V ;;;;;Vee(PO) 
VI (51) Chip select input SI 

2V;;;;;Vee(Po);;;;;2.2V 

4.5V;;;;;Vee(PD) 
VI (S2) Chip select input S2 

Vee (PO)<4.5V 

lee(PO) Power down supply current Vee=3V. Other inputs =3V 

-
Note 3: When SI is operated at 2.2V (VIH min) and the supply voltage is between 4.5V and 2.4V, supply current is defined as ICC4. 

* : Icc (PO) = 20jlA max, Ta = 0 - 40°C. 

TIMING REQUIREMENTS(Ta=0-70·C. unlessotherwisenoted) 

Symbol Parameter 

tsu (PO) Power down setup time 

tree (PO) Power down recovery time 

POWER DOWN CHARACTERISTICS 
SI control 

Vee 

5, 

S2 control 

Vee 

tsU(PO) 

0.2V 

3-22 

Test conditions 

S1~Vee-0.2V 

.• MITSUBISHI 
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tR(PO) 

Limits 
Unit 

Min Typ Max 

2 V 

2.2 
V 

Vee(PO) 

0.8 
V 

0.2 

2(P) mA 

* 50(P-L) f.J.A 

Limits 
Unit 

Min Typ Max 

0 ns 

teR ns 



MITSUBISHI LSls 

M5M5187P-45, -55 

65536-BIT (65536-WORD BY 1-BIT) CMOS STATIC RAM 

DESCRIPTION 
This is a family of 65536-word by l-bit static RAMs, 

fabricated with the high-performance CMOS silicon-gate 
MOS process and designed for high-speed application. These 
devices operate on a single 5V supply, and are directly TTL 
compatible. They include a power-down feature as well. 

FEATURES 
• Fast access time M5M5187P-45 ... 45 ns (max) 

M5M5187P-55 ... 55 ns (max) 
• Low power dissipation Active ....... 300 mW (typ) 

Stand by ........ 5 JJ,W (typ) 

• Power down by S 
• Single 5V power supply 
• Fully static operation 

Requires neither external clock nor refreshing 
• All inputs and output are directly TTL compatible 
• Easy memory expansion by chip-select (5) input 

APPLICATION 
High-speed memory systems 

FUNCTION 
A write operation is executed during the S low and W 

low overlap time. In this period, address signals must be 
stable. When W is low, the Q terminal is maintained in the 
high impedance state, so it is possible to connect 0 and Q 

terminals directly. 
In a read operation, after setting W to high, and S to low 

if the address signals are stable, the data is available at the 
Q terminal. 

BLOCK DIAGRAM 

ADDRESS INPUTS 

CHIP SELECT INPUT S 

WRITE CONTROL INPUT W 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

DATA OUTPUT Q +- 9 

WRITE CONTROL W -+ 10 
INPUT 

(OV) GND 

VCcC5V) 

ADDRESS 
INPUTS 

DATA INPUT 

CHIP SELECT 
INPUT 

Outline 22P4H 

When S is high, the chip is in the non-selectable state, 
disabling both reading and writing. In this case the output 
is in the floating (high-impedance) state, useful for OR
ties with other devices. 

Signal S controls the power·down feature. When S goes 
high, power dissipation is reduced· extremely. The access 
time from S is equivalent to the address access time. 

MEMORY ARRAY 
256 ROWS 

256 COLUMNS 

-I 
~ Vcc(5V) T GND(OV) 

DATA OUTPUT 

DATA INPUT 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M5187P~4S,·55 

65536-BIT (65536-WORD BY I-BIT) CMOS STATIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

VCC Supply voltage 

V, Input voltage, With respect to GND 

Vo Output voltage 

Pd Maximum power dissipation 

Topr Operating temperature 

Tstg Storage temperature 

* Pulse width = 20 ns, In case of DC: -O.SV 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

VCC Supply voltage 4.5 5 5.5 V 

V'L Low·level input voltage -3· 0.8 V 

V'H High-level input voltage 2.2 6 V 

* Pulse width = 20 ns, In case of DC: -O.SV 

ELECTRICAL CHARACTERISTICS (Ta =0-70·C, Vcc=5V ±10%, unless otherwise noted) 

Symbol Parameter 

V'H High-level input voltage 

V'L Low-level input voltage 

VOH ~;igh-Ievel output voltage 

VOL Low-level output voltage 

I, Input current 

IIOZ I Off·state output current 

ICCI Supply current from Vee 

ICC2 Stand by current 

ICC3 Standby current 

C, Input capacitance 

Co Output capacitance 

Note'. Currp.nt flow into an IC is positive, out is negative. 
* Pulse width = 20 ns, In case of DC: -O.SV 

Test conditions 

IOH=- 4 mA 

IOL= 8 mA 

V,=O -5.5V 

V,(S)=2.2V, Vo=O-VCC 

V,(S)=0.8V Output open 

V'(S)=2 .2V Other Vr;;;;0.2V 

V, (S) ~VCC-0.2V, 

Other V,~0.2V or V,~VCC-0.2V 

V,=GND, V , =25mVrms, f=lMHz 

Vo=GND, Vo=25mVrms, f= lMHz 

Ratings Unit 

-3.5·-7 V 

-3.5·-7 V 

-3.5·-7 V 

1 W 

-10 -85 ·C 

-65-150 ·C 

Limits 
Unit 

Min Typ Max 

2.2 6 V 

-3" 0.8 V 

2.4 V 

0.4 V 

10 /1A 

50 /1 A 

100 mA 

10 20 mA 

0.001 2 mA 

5 pF 

6 pF 

SWITCHING CHARACTERISTICS (FOR READ CYCLE) (Ta =0 -70·C, Vcc=5V ± 10%, unless otherwise noted) 

Symbol 

tOR 

ta(A) 

ta (S) 

tV(A) 

tentS) 

tdiS(S) 

tpu 

tpD 

3-24 

Parameter 

Read cyCle time 

Address acce5S time 

Chip select access time 

Data valid time after address 

Output enable time after chip selection 

Output disable time after chip deselection 

Power-up time after chip selection 

Power down time after chip deselect ion 

M5M5187P-45 

Min Typ 

45 

5 

10 

0 

a 

• MITSUBISHI 
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M5M5187P-55 
Unit 

Max Min Typ Max 

55 ns 

45 55 ns 

45 55 ns 

5 ns 

10 ns 

20 0 25 ns 

0 ns 

45 55 ns 



MITSUBISHI LSls 

M5M5187P-45, -55 

65536-BIT (65536-WORD BY I-BIT) CMOS STATIC RAM 

TIMING REQUIREMENTS (FOR WRITE CYCLE) (Ta =0 -70·C. Vee=5V ± 10%. unless otherwise noted) 

Symbol Parameter 

tcw Write cycle time 

tsu (5) Chip select setup time 

t su (Al! Address setup time 1 (W CONTROl) 

tsu (A)2 Address setup time 2 (S CONTROL) 

tW(W) Write pulse width 

trec (W) Write recovery time 

tsu (D) Data setup time 

th (D) Data hold time 

tdls(w) Output disable time after W low 

ten(w) Output enable time after W high 

tsu (A-WH) Address to W high 

CONDITIONS 
Input pulse levels ....... . 
Input rise and fall time ... . 
Input timing reference level . 
Output timing reference level 
Output load .......... . 

TIMING DIAGRAMS 
Read cycle 1 

" J\ 

... 0 to 3V 
..... 5ns 

. .... 1.5V 

.O.8V"""2V 
Fig. 1, Fig. 2 

ta (A) 

tv (A) 

M5M5187P-45 

Min Typ Max 

45 

35 

0 

0 

25 

0 

25 

0 

0 15 

0 

35 

Vec 

480Q 

QO-~----i 

255Q 30pF 

(
Including ) 
scope and JIG 

Fig. 1 Output load 

tCR 

" J\ 

M5M5187P-55 

Min Typ 

55 

40 

0 

0 

30 

0 

25 

0 

0 

0 

40 

Max 

20 

Vcc 

480Q 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Qo--_--..... 

255Q 5pF 

(
Including ) 
scope and JIG 

Fig. 2 Output load for ten, tdis 

tv (A) 

Q PREVIOUS DATA VALID :K UNKNOWN )~ DATA VALID ~K 
W=H 
S=L 

Read cycle 2 INote 2) 

Q 

, 
~ 

CR 

ta (5) 

ten (5) 
INote3) 

t UNKNOWN 

tpu 
( 

V 
J 

INote 3) 
tdis(5) 

): DATA VALID 
-'I\: 

.,Il 
tpD 

~ 

ICCl -------------11 
~~50% ICC 

ICC2 

W=H 

->-50% 

I ~ 

Note 2. Addresses valid prior to or coincident with S transition low. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. 
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~ELECTRIC 3-25 



MITSUBISHI LSI. 

M5M5187P-45, -55 

65536-BIT (65536-WORD BY 1-BIT) CMOS STATIC RAM 

TIMING DIAGRAMS 
Write cycle 1 (W control mode) 

w 

D 

Q 

tew 

tsu (5) 

tsu (A-WH) 

tsu (Al! tW(W) 

tsu (D) th (D) 

DATA STABLE 

(Note 31 tdis (W) ten(w) INote31 
~+-----+E--

Write cycle 2 (8 control· mode) 

D 

Q 

3--26 

tew 

tSU(A)~2-+ __ ~E-____ t_s_U~(_5~) ___ ~~ ___ -+~t __ ree(w) 

(Note 31 

ten (s) 

tw(W) 

tsu (0) 

DATA STABLE 

tdis(W) (Note 31 
_+---~-+4i--

-t-~~~I 

(Note51 

Note 4. Hatching indicates the state is don't care. 

5. When the falling edge of W is simultaneous or prior to the 
falling edge of S, the output is maintained in the high impedance . 

. , ·MITSUBISHI 
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MSMS187AP-25, -35 

6SS36(6SS36-WORD BY I-BIT) CMOS STATIC RAM 

OESCR IPTION 
This is a family of 65536 -word by l-bit static RAMs, 

fabricated with the high-performance CMOS silicon-gate 
MOS process and designed for high-speed application. These 
devices operate on a single 5V supply, and are directly TTL 
compatible. They include a power-down feature as well. 

FEATURES 
• Fast access time M5M5187AP-25 ... 25 ns (max) 

M5M5187AP-35 ... 35 ns (max) 

• Low power dissipation Active ....... 300 mW (typ) 
Stand by ........ 5 pW (typ) 

• Power down by S 
• Single 5V power supply 
• Fully static operation 

Requires neither external clock nor refreshing 
• All inputs and output are directly TTL compatible 
• Easy memory expansion by chip-select (8) input 

APPLICATION 
High-speed memory systems 

FUNCTION 
A write operation is' executed during the S low and W 

low overlap time. In this period, address signals must be 

stable. When W is low, the Q terminal is maintained in the 
high impedance state, so. it is possible to connect D and Q 

terminals directly. 
In a read operation, after setting W to high, and S to low 

if the address signals are stable, the data is available at the 
Q terminal. 

BLOCK DIAGRAM 

ADDRESS INPUTS 

CHIP SELECT INPUT S 

WRITE CONTROL INPUT W 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

DATA OUTPUT Q .- 9 

WRITE CONTROL W -+ 10 
INPUT 

(OV) GND 

Outline 22P4H 

VccCSV) 

ADDRESS 
INPUTS 

DATA INPUT 

CHIP SELECT 
INPUT 

When S is high, the chip is in the non·selectable state, 
disabling both reading and writing. In this case the output 
is in the floating (high-impedance) state, useful for OR· 
ties with other devices. 

Signal S controls the ~ower·down feature. When S goes 
high, power dissipation is reduced extremely. The access 
time from S is equivalent to the address access time. 

MEMORY ARRAY 
256 ROWS 

256 COLUMNS 

-I 
~ vcc(SV) T GNDCOV) 

DATA OUTPUT 

DATA INPUT 

• MITSUBISHI 
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MS_187 AP-2S, -35 

6.5536(65536.WORD BY 1.BIT)CMOS STATIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -3.5·-7 V 

VI I npu t voltage With respect to GND -3.5·-7 V 

Vo Output voltage -3.5·-7 V 

Pd Maximum power dissipation 1 W 

Topr Operating temperature -10-85 'C 

Tstg StO(age temperature -65-150 'C 

* Pulse width = 20 ns, In case of DC: -0.5V 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

VIL Low-level input voltage -3· 0.8 V 

VIH High·level input voltage 2.2 6 V 

* Pulse width = 20 nS,ln case of DC: -0_5V 

ELECTRICAL CHARACTERISTICS (Ta =0 -70·C. Vee=5V ± 10%. unless otherwise noted) 

Symbol Parameter 

V'H High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

II I nput current 

IloZ I Off-state output current 

leel Supply current from Vee 

le02 Stand by current 

leC3 Standby current 

0, Input capacitance 

00 Output capacitance 

Note 1. Cummt flow into an IC is positive, out is negative_ 
* Pulse width = 20 ns, In case of DC: -0:5V 

Test conditions 

IOH=-4mA 

IOL= 8 mA 

VI=O-Vee 

VI(S)=2.2V. Vo=O -Vee 

VI(S)=0.8V Outputopen 

VI(S)=2.2V OtherVI;;;;;0.2V 

VI (§) ~VOO-0.2V, 

Other VI;;;;;0.2V or VI~Vee-0.2V 

VI=GND. V,=25mVrms. f=lMHz 

VO=GND. Vo=25mVrms. f=lMHz 

Limits 
Unit 

Min Typ Max 

2.2 6 V 

-3· 0.8 V 

2.4 V 

0.4 V 

10 ~A 

10 ~A 

100 mA 

10 20 mA 

0.001 2 mA 

5 pF 

6 pF 

SWITCHING CHARACTERISTICS (FOR READ CYCLE) (Ta =0-70·C. Voo=5V ±10%. unless otherwise noted) 

Symbol Parameter 

teA Read cycle time 

, ta(A) Address access time 

ta (S) Chip select access time 

tv (A) Data valid time after address 

tents) Output enable time after chip selection 

tdiS(S) Output disable time after chip deselect ion 

t pu Power-up time after chip selection 

t pD Power down time after chip deselect ion 

3-28 
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Min Typ 

25 

5 

5 

0 

0 
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;"'ELECTRIC 

M5M5187AP-S5 
Unit 

Max Min Typ Max 

35 ns 

25 35 ns 

25 35 ns 

5 ns 

5 ns 

15 0 15 ns 
. 

0 ns 

25 25 ns 



MITSUBISHI LSI. 

MSMS187 AP-25, -35 

6SS36(6SS36-WORD BY l-BIT) CMOS STATIC RAM 

TIMING REQUIREMENTS (FOR WRITE CYCLE) (Ta =0-10·C. Vee=5V±10%. unlessotherwisenoted) 

M5M5187AP-25 
Symbol Parameter 

Min Typ Max 

tcw Write cycle time 25 

tsu (5) Chip select setup time 20 

tsu (A), Address setup time 1 (W CONTROL) 0 

tsu (A)l Address setup time 2 (S CONTROL) 0 

tW(W) Write pulse width 20 

treC(W) Write recovery time 0 

tsu (D) Data setup time 20 

th(O) Data hold time 0 

tdis(W) Output disable time after W low 0 10 

ten(w) Output enable time after W high 0 

tsu (A-WH) Address to W high 20 

CONDITIONS Vee 

Input pu Ise levels . . . . . . . . . . . . . . . . 0 to 3V 480Q 

Input rise and fall time ............... 5ns 
Input timing reference level ........... 1.5V Qo-_--~ 

Output timing reference level ...... O.BV --- 2V 255Q 30pF 

Output load ................ Fig. 1, Fig. 2 (
Including ) 

~ __ ~ scope and JI G 

Fig. 1 Output load 

TIMING DIAGRAMS 
Read cycle 1 tCR 

" 
V 

J\ J\ 
tarA) 

tv (A) 

Q PREVIOUS DATA VALID :K UNKNOWN )~ DATA VALID 

W=H 
S=L 

Read cycle 2 (Note 2) 

, 
~ 

CR 

I 
I 

M5M5187AP-35 
Unit 

Min Typ Max 

35 ns 

30 ns 

0 ns 

0 ns 

25 ns 

0 ns 

25 ns 

0 ns, 

0 15 ns 

0 ns 

30 ns 

Vee 

480Q 

Qo-~--~ 

5pF 

(
Including ) 
scope and JIG 

255Q 

~--~ 

Fig. 2 Output load for ten, tdis 

tv (A) 

K 

(Note 3) 
ta(5) tdiS(5) 

Q 

leCI 

lec 

leCl 

W=H 

ten (5) 
(Note 3) 

t UNKNOWN ): DATA VALID 
...l~ 

l 
tpu tpo 

-------------, , 
.., .... 50% "'~SO% 
J 

Note 2. Addresses valid prior to or coincident with S transition low. 
3. Transition is measured ±500mV from steady state voltagewith specified loading in Figure 2. 
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MSMS187 AP.2S, ·35 

6SS36(6SS36-WORD BY l-BIT)CMOS STATIC RAM 

TIMING DIAGRAMS 
Write cvcle 1 (W control mode) 

D 

Q 

tew 

tsu (S) 

tSU(A-WH\ 

tsu(Ah tW(W) 

tsu (0) th (0) 

DATA STABLE 

(Note 3) tdis (W) ten (W ) (Note 3) 

---t-----t-E--

Write cycle 2 (S control mode) 

D 

Q 

3-30 

tew 

tSU(A)~Z~ __ ~E-----t_s_U~(S_)~---~~-__ -~~t __ ree(w) 

(Note 3) 

ten (S) 

tw(W) 

tsu (0) 

DATA STABLE 

_+----~.t_diS (W) (Note 3) 

-r-"'~~I 

(Note 51 

Note 4. Hatching indicates the state is don't care. 

5. When the falling edge of iN is simultaneous or prior to the 
falling edge of S, the output is maintained in the high impedance. 

• MITSUBISHI 
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M5M5188P-45, -55 

65536-BIT (16384-WORD BY 4-BIT) CMOS STATIC RAM 

DESCRIPTION 
This is a family of 16384 word by 4-bit static RAMs, 

fabricated with the high-performance CMOS silicon-gate 
MOS process and designed for high-speed application. These 
devices operate on a single 5V supply, and are directly TTL 
compatible. They include a power-down feature as well. 

FEATURES 
• Fast access time M5M5188P-45 ... 45 ns (max) 

M5M5188P-55 ... 55 ns (max) 
• Low power dissipation Active ....... 300 mW (typ) 

Standby by ...... 5p.W (typ) 

• Power down by S 
• Single 5V power supply 
• Fully static operation 

Requires neither external clock nor refreshing 

• All inputs and output are directly TTL compatible 
• Easy memory expansion by chip-select ($) input 

APPLICATION 
High-speed merTlOry systems 

FUNCTION 
. A write operation is executed during the S low and W low 

overlap time. In this period, address signals must be stable. 
When W is low, the DQ terminal is maintained in the high 

impedance state. 
In a read operation, after setting W to high, and S to low 

if the address signals are stable, the data ia available at the 
DQ terminal. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

CHIP SELECT 
INPUT 

(OV) GND 

Outline 22P4H 

VcC<SV) 

ADDRESS 
INPUTS 

WRITE CONTROL 
INPUT 

When S is high, the chip is in the non-selectable state, 
disabling both reading and writing. In this case the output is 
in the floating (high-impedance) state, useful for OR-ties 
with other devices. 

Signal S controls the power-down feature. When S goes 
high, power dissipation is reduced extremely. The access 
time from S is equivalent to the address access time. 

MEMORY ARRAY 
256 ROWS 

ADDRESS INPUTS 

CHIP SELECT INPUl S 

WRITE CONTROL INPUT 

256 COLUMi\JS 

I L--____ _ 

• MITSUBISHI 
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DO, 

DOz 

--~ 

DATA 
INPUTS 
OUTPUTS 
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M5M5188P~45, -55 

65536-BIT (16384-WORD BY 4-BIT) CMOS STATIC RAM 

ABSOLUTE ,MAXIMUM RATINGS 

Symbol Parameter Conditions 

VOO Supply voltage 

V, Input voltage With respect to GND 

Va Output voltage 

Pd Maximum power dissipatiori 

Topr Operating temperature 

Tstg Storage temperature 

* Pulse width = 20 ns, In case of DC: -0.5V 

RECOMMENDED OPERATING CONDITIONS (T a =0-70·C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

VOO Supply voltage 4.5 5 5.5 V 

V,L Low·level input voltage -3* 0.8 V 

V,H High·level input voltage 2.2 6 V 

* Pulse width = 20 ns, In case of DC: -0.5V 

ELECTRICAL CHARACTERISTICS (Ta =0 -70·C, Voo=5V ± 10%, unless otherwise noted) 

Symbol Parameter 

V,H H igh·level input vol tage 

V'L Low-level input voltage 

VOH High·level output voltage 

VOL Low-level output voltage 

I, I nput current 

IIOZ I Off-state output current 

1001 Supply current from Vee 

1002 Stand by current 

1003 Standby current 

C , I nput capacitance 

Co Output capacitance 

Note 1. Current flow into an IC is positive, out is negative. 
* Pulse width = 20 ns, In case of DC: -O.5V 

Test conditions 

10H=- 4 mA 

iOL= 8 mA 

V,=0-5.5V 

V,(S)=2.2V, VO=O -VOO 

v,(S)=0.8V Output open 

V,(S)=2.2V OtherV,~0.2V 

V, (S) ~Vcc-0.2V, 

Other V,~0.2V or VI~Vco-0.2V 

V,=GND, V , =25mVrms, f=IMHz 

Vo=GND, Vo=25mVrms, f=IMHz 

Ratings Unit 

-3.5*-7 V 

-3.5*-7 V 

-3.5*-7 V 

1 W 

-10-85 ·C 

-65-150 ·C 

Limits 
'Unit 

Min Typ Max 

2,2 6 V 

-3* 0.8 V 

2.4 V 

0.4 V 

10 pA 

50 pA 

100 mA 

10 20 mA 

0.001 2 mA 

5 pF 

6 pF 

SWITCHING CHARACTERISTICS (FOR READ CYCLE) (Ta =0-70·C, Vcc=5V ±10%, unless otherwise noted) 

Symbol Parameter 

tCA Read cycle time 

ta(A) Address access time 

ta (5) Chip select access time 

tV(A) Data val id ti me after add ress 

ten(s) Output enable time after chip selection 

tdis(5) Output disable time after chip deselection 

t pu Power-up time after chip selection 

t pD Power down time after chipdeselection 
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Min Typ 

45 

5 

20 

0 

0 
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M5M5188P-55 
Unit 

Max Min Typ Max 

55 ns 

45 55 ns 

45 55 ns 

5 ns 

20 ns 

20 0 20 ns 

0 ns 

45 55 ns 
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M5M5188P-45, -55 

65536·BIT (16384.WORD BY 4.BIT) CMOS STATIC RAM 

TIMING REQUIREMENTS (FOR WRITE CYCLE) (Ta =0-70·C. Vcc=5V±10%. unlessotherwisenoted) 

M5M5188P-45 M5M5188P-55 
Symbol Parameter Unit 

Min Typ Max Min Typ Max 

tcw Write cycle time 45 55 ns 

tsu (5) Chip select setup time 35 40 ns 

tsu (A), Address setup time 1 (W CONTROL) 0 0 ns 

tsu (A)2 Address setup time 2 (S CONTROLl 0 0 ns 

tW(W) Write pulse width 35 40 ns 

trec(W) Write recovery time 0 0 ns 

tsu (D) Data setup time 20 20 ns 

th (0) Data hold time 0 0 ns 

tdls(w) Output disable time after W low 0 15 0 20 ns 

ten(w) Output enable time after W high 5 5 ns 

tsu (A-WH) Address to W high 35 40 ns 

CONDITIONS 

Input pulse levels . 0 to 3V 480Q 480Q 

255Q 

00--..._---+ 

30pF 

(
Including ) 

~ __ -+ scope and JIG 

5pF 

(
Including ) 
scope and JIG 

~---+ 

255Q 

Input rise and fall time .... . ... 5ns 
Input timing reference level . . .. 1.5V 
Output timing reference level O.SV ......... 2V 
Output loads ................. Fig. 1, Fig. 2 

00-----1,.........--... 

Fig. 1 Output load Fig. 2 Output load for ten, tdis 

TIMING DIAGRAMS 
Read cycle 

DO 
(Output) 

W=H 
S=L 

1 

Read cycle 2 (Note 2) 

DO 
(Output) 

" J\ 

tv (A) 

PREVIOUS DATA VALID 

, 
\ 

ten (5) 

tpu 

I'CCI -------------

tCR 

ta (A) 

:K UNKNOWN ~~ 

CR 

ta (5) 

(Note 31 

X UNKNOWN ): 

I 
- ..... 50% ICC 

ICC2 I 

W=H 

\II 
J~ 

tv (A) 

DATA VALID 

/ 
J 

tdis (5) 

DATA VALID 

tpD 

Note 2. Addresses valid prior to or coincident with S transition low. 

:K 

(Note 31 

~ 
I(. 

, 
--',50% 

\ 

3. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. 
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M5M5188P-4S, -55 

6SS3S.BIT( 16384·WORD BY4·BIT) CMOS STATIC RAM 

TIMING DIAGRAMS 
Write cycle 1 (W control mode) 

w 

DQ 
(Input) 

DQ 
(Output! 

tcw 

tsU(S) 

tsu (A-WH) 

tsu (A) I tW(~) 

tsu (0) 

DATA STABLE 

(Note 31 tdis (w) __ ~ __ --+o~t_en (W) (Note 31 

Write cycle 2 (5 control mode) 

AO - A13 

IN 

DQ 
(Input! 

DQ 
(Outputl 

3-34 

tcw 

tSU(A)~2-+ __ -+~ _____ t_s_U~(S~)~ ___ ~*-___ ~~tr __ ec(w) 

tsu (0) 

DATA STABLE 

_~ ___ --+_tdiS(W) (Note 31 

(Note 5) 

Note 4. Hatching indicates the state is don't care. 

5. When the falling edge of iN is simultaneous or prior to the 
falling edge of S, the output is maintained in the high impedance_ 

. .• MITSUBISHI 
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MSMS188AP-25, -35 

DESCRIPTION 
This is a family of 16384 word by 4-bit static RAMs, 

fabricated with the high-performance CMOS silicon-gate 
MOS process and designed for high-speed application. These 
devices operate on a single 5V supply, and are directly TtL 
compatible. They include a power-down feature as well. 

FEATURES 
• Fast access time M5M5188AP-25 ... 25 ns (max) 

M5M5188AP-35 ... 35 ns (max) 
• Low power dissipation Active ....... 300 mW (typ) 

Standby by ...... 5 fJ.W (typ) 
• Power down by S 
• Single 5V power supply 
• Fully static operation 

Requires neither external clock nor refreshing 
• All inputs and output are directly TTL compatible 
• Easy memory expansion by chip-select is) input 

APPLICATION 
High-speed memory systems 

FUNCTION 
A write operation is executed during the S low and W low 
overlap time. In this period, address signals must be stable. 
When W is low, the DO terminal is maintained in the high 
impedance state. 

In a read operation, after setting W to high, and S to low 
if the address signals are stable, the data ia available at the 
DO terminal. 

BLOCK DIAGRAM 

PIN CONFIGU~ATION (TOP VIEW) 

ADDRESS 
INPUTS 

CHIP SELECT 
INPUT 

(OV) GND 

Outline 22P4H 

vcc<SV) 

ADDRESS 
INPUTS 

WRITE CONTROL 
INPUT 

When S is high, the chip is in the non-selectable state, 
disabling both reading and writing. In this case the output is 
in the floating (high-impedance) state, useful for OR-ties 
with other devices. 

Signal S controls the power-d~wn feature. When S goes 
high, power dissipation is reduced extremely. The access 
time from S is equivalent to the address access time. 

MEMORY ARRAY 
256 ROWS 

11 GND (OV) 

ADDRESS INPUTS 

CHIP SELECT INPUT S 

WRITE CONTROL INPUT 

256 COLUMNS 

I L--____ _ 

• ·MITSUBISHI 
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DO, 

I 

~ 

DATA 
INPUTS 
OUTPUTS 
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MSM$188AP~25, .·35 

8SS38-BIT( 18384~WORD BY 4-BIT) CMOS ,STATIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

VCC Supply voltage 

VI Input voltage With respect to GND 

Vo Output voltage 

Pd Maximum power dissipation 

Topr Operating temperature 

Tst.9 Storage temperature 

• Pulse width = 20 ns, In case of DC: -O.SV 

RECOMMENDED OPERATING CONDITIONS (Ta =0-10·C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

VIL Low·level input voltage -3- 0.8 V 

VIH H igh·level input voltage 2.2 6 V 

• Pulse width = 20 ns, In case of DC: -O.SV 

E LECTR ICA L CHARACTE R ISTICS (Ta = 0 .,..10·C, Vee= 5 V ± 10%, unless otherwise noted) 

Symbol Parameter 

VIH H igh·level input voltage 

VIL Low·level irJPut voltage 

VOH High·level output voltage 

VOL Low·level output voltage 

II I nput current 

IIOZ I Off·state output current 

ICCI Supply current from Vee 

leez Stand by current 

ICC3 Standby current 

C 1 Input capacitance 

Co Output capacitance 

Note 1. Current flow into an IC is positive. out is negative . 
• Pulse width = 20 nS,ln case of DC: -C.5V 

Test conditions 

10H=- 4 mA 

10L= 8 mA 

VI=O-VCC 

VI(S)=2.2V, VO=O -Vec 

VI(5)=0.8V Output open 

VI(S)=2.2V Other VI~0.2V 

VI (5) ~VCC-0.2V, 

Other VI~0.2V or VI~VCC-0.2V 

VI=GND, V 1=25mVrms, f=lMHz 

Vo=GND, Vo=25mVrms, f=lMHz 

Ratings Unit 

-3.5--1 V 

-3.5--1 V 

-3.5--1 V 

1 W 

-10-85 ·C 

-65-150 ·C 

Limits 
Unit 

Min Typ Max 

2.2 6 V 

-3- 0.8 V 

2.4 V 

0.4 V 

10 J-lA 

10 J-lA 

100 mA 

10 20 mA 

0.001 2 mA 

5 pF 

6 pF 

SWITCHING CHARACTERISTICS (FOR READ CYCLE)(Ta =0-10'C, Vce=5V±10%, unless otherwise noted) 

Symbol Parameter 

tOA Read cycle time 

ta(A) Address access time 

ta (5) Chip select access time 

tV(A) Data valid time after address 

ten(5) Output enable time after chip selection 

tdis(5) Output disable time after chip deselection 

tpu Power·up time after chip selection 

tpo Power down time after chip deselect ion 
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Min Typ 

25 

5 

5 

0 

0 
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M5M5188AP-35 
Unit 

Max Min Typ Max 

35 ns 

25 35 ns 

25 35 ns 

5 ns 

5 ns 

15 0 15 ns 

0 ns 

25 35 ns 
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MSMS188AP·25, ·35 

65536-BIT( 16384-WORD BY 4-BIT)CMOS STATIC RAM 

TIMING REQUIREMENTS (FOR WRITE CYCLE) (Ta =0-70·C. Vcc=5V ± 10%. unless otherwise noted) 

Symbol Parameter 

tcw Write cycle time 

tsu (S) Chip select setup time 

tsu (A), Address setup time 1 (W CONTROL) 

tsu (A)2 Address setup time 2 (S CONTROL) 

tW(W) Write pulse width 

treC(W) Write recovery time 

tsu (0) Data setup time 

th (D) Data hold time 

tdis(W) Output disable time after W low 

ten(w) Output enable time after W high 

tsu (A-WH) Address to W high 

CONDITIONS 

Input pulse levels 
Input rise and fall time ... 
Input timing reference level 
Output timing reference level 
Output loads .......... . 

Oto 3V 

. .. 5ns 

.. 1.5V 
. O.8V"- 2V 
Fig. 1, Fig. 2 

M5M5188AP-25 M5M5188AP-35 

Min Typ Max Min Typ Max 

25 35 

20 30 

0 0 

0 0 

20 30 

0 0 

10 15 

0 0 

0 15 0 15 

0 0 

20 30 

Vcc 

480~2 

QO----'9-----+ Oo--_----t 

255Q 30pF 255Q 

(
Including ) 

'--__ ~ scope and JIG 
'----~ 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

480Q 

5pF 

(
Including ) 
scope and JIG 

Fig. 1 Output load Fig. 2 Output load for ten, tdis 

TIMING DIAGRAMS 
Read cycle 

DO 
(Output! 

W=H 
S=L 

1 

Read cycle 2 (Note 21 

DO 
(Output) 

" J\ 

t y (A) 

PREVIOUS DATA VALID 

, 
\ 

ten (S) 

tpu 

ICCI -------------, 

tCR 

ta (A) 

:K UNKNOWN '}~ 

CR 

ta (s) 

(Note 31 

t UNKNOWN ): 

ICC ..,'-50% 

ICC2 J 

W=H 

W 
J~ 

tv (A) 

DATA VALID 

I 
J 

tdis (S) 

DATA VALID 

tpo 

Note 2. Addresses valid prior to or coincident with S transition low. 

:K 

(Note 3) 

-'\ 
l 

~~50% 

3. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. 
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MSM5188AP-25, -35 

85538-BIT( 18384-WORD BY 4-BIT) CMOS STATIC RAM 

TIMING DIAGRAMS 
Write cycle 1 (W control mode) 

w 

DQ 
(Input) 

DQ 
(Output! 

tow 

tSU(S) 

tSU(A-WH) 

tW(W) 

tsu (0) 

DATA STABLE 

(Note 3) tdiS(W) ten(w) (Note 3) 
-.+-----+E--

Write cycle 2 (8 control mode) 

AO-A13 

w 

DQ 
(Input! 

DQ 
(Output! 

3-38 

tow 

tSU(A)~2~ __ ~E-____ t_s_U~(~S~) ___ ~~ ___ -+~t __ reo(w) 

(Note 3) 

ten (5) 

tw(W) 

tsu (0) 

DATA STABLE 

_+----+--,.-tdiS(W) (Note 3) 

--t-~=..---.-I 

(Note 5) 

Note 4. Hatching indicates the state is don't care, 

5. When the falling edge of Vii is simultaneous or prior to the 
falling edge of S, the output is maintained in the high impedance. 

'MITSUBISHI 
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MITSUBISHI LSls 

\,.\~\~~~~'"" MSMS178P·3S,·4S,.SS 
~~,s,s~~~~)~~;o,e<; 6SS36-BIT (8192-WORD BY 8-BIT) CMOS STATIC RAM 

DESCRIPTION 
This is a family of 8192 word by 8-bit static RAMs, fabri
cated with the high performance CMOS silicon gate MOS 
process and designed for high-speed application. These 
devices operate on a single 5V supply, and are directly TTL 
compatible. 

FEATURES 
• Fast access time M5M5178P-35 ....... 35ns (max.) 

M5M5178P-45 ....... 45ns (max.) 
M5M5178P-55 ....... 55ns (max.) 

• Single +5V Power Supply 
• Fully Static Operation: No Clocks, No Refresh 
• Directly TTL Compatible: All Inputs and Outputs 
• Three-State Outputs: OR-tie Capability 
• Simple Memory Expansion by S; , S2 
• OE Prevents Data Contention in The I/O Bus 

• Common Data I/O 
• 300 mil package 

APPLICATION 
High speed memory system 

FUNCTION 
The operation mode of the M5M5178P is determined by a 
combination of the device control inputs St, S2, Wand OE. 
Each mode is summarized in the function table. (see next 
page) 

A write cycle is executed whenever the low level W 
overlaps with the low level SI and the high level S2. The 
address must be set up before the write cycle and must be 
stable during the entire cycle. The data is latched into a cell 
on the trailing edge of W, SI or S2, whichever occurs first, 

BLOCK DIAGRAM 

ADDRESS INPUTS 

Ag 

As 

WRITE CON,~~8~ W 27)-----..-<f 

CHIP SELECT { 51 20 

INPUTS 
S2 

OUTPUT ENABLE 
INPUT 

8192 WORDS X 

8 BITS 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

NO 2 Vee (SV) 

27 <-- W ~~~~~OL INPUT 

2 <-- S2 CHIP SELECT 

25 <-- As }'NPUT 
ADDRESS 

24 <-- Ag INPUTS 

23 <-- All 

22 <-- OE g~r~~~ INPUT 
1 <-- AlO ADDRESS INPUT 

:~ ~ ~;I:~::~~ECT 
6 4-+ DOs 

5 .... D04 
'-------' 

NC : NO CONNECTION 

Outline 28P4Y 

requiring the set-up and hold time relative to these edge to 
be maintained. The output enable input OE directly con
trols the output stage. Setting the OE at a high level, the 
output stage is in a high-impedance state, and the data bus 
contention problem in the write cycle is eliminated. 

DATA I/O 

~VCC (5V) --=:1 GND (OV) 

• MITSUBISHI 
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MI!SUBISHI LSls 

M5M5178P~3S,.4S,-55 

65536-BIT (8192-WORDBY 8-BIT) CMOS STATIC RAM 

A read cycle is executed by setting W at a high level and 
OE at a low level while S1 and S2 are in an active state 
(8; = L, S2 = H) 

When setting S1 at a high level, the chip is in a non
selectable mode in which both reading and writing are dis
abled. In this mode, the output stage is in a high-impedance 
state, allowing OR-tie with other chips and memory expan
tion by S1' The power supply current is reduced as low as 
the stand-by current which is specified as Icc2 or Icc3 . 

FUNCTION TABLE 

51 5z W OE Mode 

L L X X Non selection 

H X X X Non selection 

L H L X Write 

L H H L Read 

L H H H 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ , Max 

Vee Supply voltage 4.5 5 5.5 V 

GND Supply voltage 0 V 

VIL low input voltage -0.3 0.8 V 

VIH high input voltage 2.2 Vee+0.3 V 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

DO 

high-impedance 

high-i mpedance 

DIN 

DOUT 

high-impedance 

Ratings 

Vee Supply voltage -0.3-7 

VI I nput voltage With respect to GND 

Vo Output voltage 

Pd Power dissipation Ta=25·C 

Topr Operating temperature 

Tstg Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Vee=5V±10%. unless otherwise noted) 

Symbol Parameter Test conditions 

VIH High input voltage 

VIL Low input voltage 

VOH High output voltage IOH=-4mA 

VOL Low output voltage 10L= 8 mA 

II I nput current VI=O-Vee 

10ZH High level output current in off-state S1=VIH or 5z= VIL or OE=VIH 

10ZL Low level output current in off-state V I/O =O-Vee 

5,=VIL or 5 Z=VIH 

ICC, Active supply current Output open 

Other inputs =VIH 

"cez Stand-by supply current 5Z=VIL. 5,=VIH. Other inputs=O-Vee 

-

le03 Stand-by supply current 
5 1 ~ V CO - O. 2V 

Other inputs ~0.2V or Voe-0.2V 

I S1: Sz. OE. W 
Ci Output capacitance (Ta=25°C) I VI=GND. Vi=25rnVrnrs, f=1MHz 

Ao-A'l 

Co Outout capacitance (T a=25°C) Vo=GND. Vo=25rnVrms. f=1MHz 

Note 1 Direction for current flowing into IC is indicated as positive (no mark) 
2 Typical value is Vcc=5V, Ta=25°C 
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-0.3-Vee+0.3 

O-Vee 

1000 

-10-85 

-65-150 

Limits 

Min Typ Max 

2.2 Vee+0.3 

-0.3 0.8 

2.4 

0.4 

±1 

1 

-1 

120 

25 

2 

7 
-

6 

8 

ICC 

Active 

Standby 

Active 

Active 

Active 

Unit 

V 

V 

V 

mW 

·C 

·C 

Unit 

V 

V 

V 

V 

p.A 

p.A 

p.A 

mA 

rnA 

rnA 

pF 

pF 



MITSUBISHI LSls 

M5M5178P·35,·45,·55 

65536-BIT (8192-WORD BY 8-BIT) CMOS STATIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70·C, Vcc=5V ±10%, unless otherwise noted) 

Read cycle 
Limits 

Symbol Parameter M5M5178P-35 M5M5178P-45 

Min Typ Max Min 

tCR Read cycle time 35 45 

ta(A) Address access time 35 

ta(51) Chip select 1 access time 35 

ta (52) Chip select 2 access time 15 

ta (OE) Output enable access' time 15 

tdis (51) Output disable time after S. high 20 

tdis (52) Output disable time after S2 low 20 

tdis (OE) Output disable time after OE high 20 

ten (51) Output enable time after S, low 5 5 

t en (52) Output enable time after S2 high 3 3 

ten (OE) Output enable time after OE low 3 3 

tV(A) Data valid time after address change 3 3 

TIMING REQUI REMENTS (Ta =0-70·C, Vcc=5V ± 10%. unless otherwise noted) 

Write cycle 

Typ Max 

45 

45 

20 

20 

25 

25 

25 

Limits 

Symbol Parameter M5M5178P-35 M5M5178P-45 

tcw Write cycle time 

tW(W) Write pulse width 

tSU(A) Address set up time 

tsu (51) Chip select 1 set up time 

tsu (52) Chip select 2 set up time 

tsu (D) Data set up time 

th (D) Data hold time 

trec(w) Write recovery time 

tdiS(W) Output disable time after Iii low 

tdis(OE) Output disable time after BE high 

ten(w) Output enable time afterWhigh 

ten (OE) Output enable time after OE low 

Min Typ Max 

35 

20 

0 

30 

20 

17 

0 

3 

15 

20 

0 

3 

• MITSUBISHI 
.... ELECTRIC 

Min Typ Max 

45 

25 

0 

40 

25 

20 

0 

3 

20 

25 

0 

3 

M5M5178P-55 Unit 

Min Typ Max 

55 ns 

55 ns 

55 ns 

25 ns 

25 ns 

35 ' ns 

35 ns 

35 ns 

5 ns 

3 ns 

3 ns 

3 ns 

M5M5178P-55 Unit 

Min Typ Max 

55 ns 

30 ns 

0 ns 

45 ns 

30 ns 

30 ns 

0 ns 

3 ns 

20 ns 

25 ns 

0 ns 

3 ns 
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TIMING DIAGRAM 
Read cycle 

DOl-DOs 

MITSUBISHI LSls 

MSMS 178P-3S,-4S,-SS 

65536-BIT (8192-WORD BY 8-BIT) CMOS STATIC RAM 

(Dout) ---------------+-< 
~-------______________ ~J 

W="H" level 

Write cycle (W control) 

tSU <S2) 

tSU<SI) 

DE 

tw<w) trec<w) 

DOl-DOs ____________________________ ~~----~ 

(Din) 

3-42 
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MITSUBISHI LSI. 

M5M5178P·35,.45,·55 

6SS36-BIT (8192.WORD BY 8-BIT) CMOS STATIC RAM 

Write cycle (8 control) 

w 

DOl-DOs 
(DATAIN)------------------------------~ 

CONDITIONS 
Input pulse levels " .................... 0 to 3V 
Input rise and fall time ..................... 5ns 

tew 

tsUCs) 

(Note 5) 

tsU(O) 

DATA IN STABLE 
'------------' 

Input timing reference level ................. 1.5V Dout 

Output timing reference level " .......... O.BV -- 2V 
Output loads ...... , ............... Fig. 1, Fig. 2 

(
Including \ 

scope and JIG) 

+5V 

4800 

Fig. 1 Output load 

Note 4: Hatch ing indicates the state is don't care. 

5: Writing is executed while 52 high overlaps s.- andWlow. 

6: If Vii goes low simultaneously with or prior to St' low or 52 high, the output remains in the high-
impedance state. 

7: Don't apply inverted phase signal externally when DQ pin is in outPllt mode. 

• MITSUBISHI 
"ELECTRIC 

Douto---~----~ 

r5PF 

(
Including \ 

scope and JIG) 

+5V 

4800 

2550 

Fig. 2 Output load for ten tctis 
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DESCRIPTION 
This is a family of 8192 word by 9-bit static RAMs, fabri
cated with the high performance CMOS silicon gate MOS 
process and designed for high-speed application. 9 bit 
organization is useful for parity check system. These 
devices operate on a single 5V supply, and are directly TTL 
compatible. 

FEATURES 
• Fast access time M5M5179P-35 ....... 35ns (max.) 

M5M5179P-45 ....... 45ns (max.) 
M5M5179P-55 ....... 55ns (max.) 

• 9 bit organization 
• Single +5V Power Supply 
• Fully Static Operation: No Clocks, No Refresh 
• Directly TTL Compatible: All Inputs and Outputs 
• Three-State Outputs: OR-tie Capability 
• Simple Memory Expansion by ~, S2 
• OE Prevents Data Contention in The I/O Bus 
• Common Data I/O 
• 300 mil package 

APPLICA TJON 
High-Speed memory system 

FUNCTION 
The operation mode of the M5M5179P is determined by a 
combination of the device control inputs s;.-, S2, Wand OE. 
Each mode is· summarized in the function table. (see next 
page) 

A write cycle is executed whenever the low level W 
overlaps with the low level S1 and the high level S2' The 

BLOCK DIAGRAM 
A1 

A2 

A4 

As 

A6 

A7 

As 

ADDRESS INPUTS Ag 

Ao 

WRITE CO~~~8i W 

CHIP SELECT { 51 2,0 

INPUTS 82 26 

OUTPUT ENABLE 
INPUT 

8192 WORDS x 
9 BITS 

(256 ROWS X 

288 COLUMNS) 

PIN CONFIGURATION (TOP VIEW) 

A4 Vee (5V) 

As 2 +-- W ~~~~~OL INPUT 

A6 2 +-- 82 CHIP SELECT 

A7 
ADDRESS As INPUTS 

Ag 

25 +-- A2 } INPUT 
ADDRES's 

24 +-- A1 INPUTS 

3 +-- Ao 

22 +-- OE ~~l~~~ INPUT 
21 +-- A3 ADDRESS INPUT 

1: : ~g f T~~0·r LECT 

8 ..... DOs 

7 ..... 007. DATA I/O 

6 ..... 006 

5 ..... DOs 

Outline 28P4Y 

address must be set up before the write cycle and must be 
stable during the entire cycle. The data is latched into a cell 
on the trailing edge of W, S1 or S2, whichever occurs first, 
requiring the set-up and hold time relative to these edge to 
be maintained. The output enable input OE directly con
trols the output stage. Setting the OE at a high level, the 
output stage is in a high-impedance state, and the data bus 
contention problem in the write cycle is eliminated. 

DATA I/O 

---- - --- - ----

I 

~VOOe5V) 
:-JGNDeOV) 

3-44 
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MITSUBISHI LSls 

M5M5179P-35, -45, -55 

73728-BIT(8192-WORD BY 9-BIT)CMOS STATIC RAM 

A read cycle is executed by setting W at a high level and 

OE at a low level while St and S2 are in an active state 
(SI = L, S2 = H) 

When setting 57 at a high leltel, the chip is in a non
selectable mode in which both reading and writing are dis
abled. In this mode, the output stage is in a high-impedance 
state, allowing OR-tie with other chips and memory expan

tion by 5;". The power supply current is reduced as low as 

the stand-by current which is specified as Icc2 or Icc3 . 

FUNCTION TABLE 

s, S2 W OE Mode 

L L X X Non selection 

H X X X Non selection 

L H L X Write 

L H H L Read 

L H H H 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70°C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4 _5 5 5_5 V 

GND Supply voltage 0 V 

VIL Low input voltage -0.3 0_8 V 

VIH High input voltage 2 _2 Vee+0 .3 V 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

DO 

hi~h-impedance 

high-impedance 

DIN 

DOUT 

high-impedance 

Ratings 

Vee Supply voltage -0.3:..... 7 

VI Input voltage With respect to GND 

Vo Output voltage 

Pd Power dissipation Ta=25°C 

Topr Operating temperature 

Tstg Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta =0-70·C. Vee=5V±10%. unless otherwise noted) 

Symbol Parameter Test conditions 

VIH High input voltage 

VIL Low input voltage 

VOH High output voltage IOH=-4mA 

VOL Low output voltage 10L= 8 rnA 

II Input current VI=O- Vee 

10ZH High level output current in off-state S-;-=VIH or S2= VIL or OE=VIH 

10ZL Low level output current in off-state V I/O =O-Vee 

S,=VIL 

Icc, Active supply current Output open 

Other inputs = VIH 

I cO2 Stand-by supply current S2=VIL. S1=VIH.Other inputs=O-Vee 

-

lee3 Stand-by supply current 
S,~Vee- 0.2V 

Other inputs ~ O. 2V or Vee- 0 . 2V 

l S,. S2. OE. W 
Ci Output capacitance (T a =25°C) VI=GND. Vi=25mVmrs. f=lMHz 

I Ao-A'2 

Co .Outout capacitance (T a=25°C) VO=GND. VO=25mVrms. f=lMHz 

Note 1 Direction for current flowing into IC is indicated as positive (no mark) 
2 Typical value is Vcc = 5V. Ta = 25°C 

• MITSUBISHI 
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-0.3 -Vee+0.3 

O-Vee 

1000 

-10-85 

-65-150 

Limits 

Min Typ Max 

2.2 Veo+0.3 

-0.3 0.8 

2.4 

0.4 

±1 

1 

-1 

120 

25 

2 

7 

6 

8 

Icc 

Active 

Standby 

Active 

Active 

Active 

Unit 

V 

V 

V 

mW 

·C 

·C 

Unit 

V 

V 

V 

V 

f1-A 

f1-A 

f1-A 

mA 

mA 

mA 

pF 

pF 
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MITSUBISHI LSI. 

M5M5179P-35, -45, -55 

73728-BIT(8192-WORD BY 9-BIT) CMOS STATIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-7O"C. Vcc=5V ±10%. unless otherwise noted) 

Read cycle 

Limits 

Symbol Parameter M5M5179j:,-35 M5M5179P-45 

Min Typ Max Min Typ Max 

teR Read cycle time 35 45 

ta (A) Address access time 35 45 

ta (51) Chip select 1 access time 35 45 

ta (52) Chip select 2 access time 15 20 

ta(OE) Output enable access time 15 20 

tdis (51) Output disable time after S; high 20 25 

tdiS(52) Output disable time after S2 low 20 25 

tdis(OE) Output disable time after OE high 20 25 

ten (51) Output enable time after S, low 5 5 

ten (52) Output enable time after S2 high 3 3 

ten (OE) Output enable time after 5E low 3 3 

tv (A) Data valid' time after address change 3 3 

TIMING REQUI REMENTS (Ta =0-70°C, Vcc=5V ± 10%, unless otherwise noted) 

Write cycle . 

Symbol ~arameter 

tew Write cycle'time 

tW(W) Write pulse width 

tsu (A) Address set up time 

t SU (51) Chip select 1 set up time 

tsu (52) Chip select 2 set up time 

tsu (D) Data set up time 

th (D) Data hold time 

tree (W) Write recovery time 

tdis (W) Output disable time after W low 

tdis(OE) Output disable time after OE high 

ten(w) Output enable time after Whigh 

ten (OE) Output enable time after OE low 

3-46 

M5M5179P-35 

Min Typ Max 

35 

20 

0 

30 

20 

17 

0 

3 

15 

20 

0 

3 

• ' MITSUBISHI 
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Limits 

M5M5179P-45 

Min Typ Max 

45 

25 

0 

40 

25 

20 

0 

3 

20 

25 

0 

3 

M5M5179P-55 Unit 

Min Typ Max 

55 ns 

55 ns 

55 ns 

25 ns 

25 ns 

35 ns 

35 ns 

35 ns 

5 ns 

3 ns 

3 ns 

3 ns 

M5M5179P-55 Unit 

Min Typ Max 

55 ns 

30 ns 

0 ns 

45 ns 

30 ns 

30 ns 

0 ns 

3 ns 

20 ns 

25 ns 

0 ns 

3 ns 



TIMING DIAGRAM 
Read cycle 

s, 

OE 

MITSUBISHI LSls 

MSMS179P-3S, -4S, -SS 

73728-BIT (8192-WORD BY 9-BIT) CMOS STATIC RAM 

DOl-DOs 
(Dout) ---------------+-< 

~~ ______________________ LJ 

W="H" level 

Write cycle (W control) 

tcw 

t SU (S2) 

tSU(SJ) 

s, 

OE 

tW(W) trec(w) 

w 

DOl-DOs 
(Din) --------------+--+---< 

'--____ --+ __ -+..JI 

.MITSUBISHI 
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MITSUBISHI LSls 

M5M5179P-35, -45, -55 

73728-BIT(8192.WORD BY 9.SIT) CMOS STATIC RAM 

Write cycle (8 control) 

w 

CONDITIONS 
Input pulse levels ...................... 0 to 3V 
Input rise and fall time ..................... 5ns 
Input timing reference level ................. 1.5V 
Output timing reference level ............ O.BV", 2V 
Output loads ...................... Fig. 1, Fig. 2 

tew 

tSU(S) 

(Note 5) 

tsu(O) 

DATA IN STABLE 

Dout 

(
Including \ 

scope and JIG) 

+5V 

4800 

Fig. 1 Output load 

3-48 

Note'4: Hatching indicates the state is don't care. 

5: Writing is executed while S1 high overlaps s;- andWlow. 

6: If IN goes low simultaneously with or prior to S; low or S1 high, the output remains in the high. 
impedance state. 

7: Don't apply inverted phase signal externally when DQ pin is in output mode. 

'. . MITSUBISHI 
i"&ELECTRIC 

Dout n--__ ------4 

r5PF 

( Including ) 
\.scopeandJIG 

+5V 

4800 

2550 

Fi~. 2 Output load for ten tdis 
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MITSUBISHI LSls 

M5M5256P-l0, -12, -15, 
-10L, -12L, -15L 

262144·BIT (32768.WORD BY 8.BIT) CMOS STATIC RAM 

DESCRIPTION 
This M5M5256P is a 262,144-bit CMOS static RAM orga
nized as 32,768 words by 8 bits which is fabricated using 

high-performance double polysilicon CMOS technology. 
The use of resistive load NMOS cells and CMOS periferals 
result in a high-density and low-power static RAM. It is 
ideal for the memory systems which require simple interface. 

The stand-by current is low enough for a battery back
up application. It is mounted in a standard 28 pin package 
and configured in an industrial standard 32K x 8-bit pinout. 

FEATURES 
Power supply current 

Type Access time 
Stand-bY (max) Active 

(max) (max) 

M5M5256P-IO lOOns 
M5M5256P-12 120ns 2mA 

M5M5256P-15 150ns 70mA 
M5M5256P-IOL lOOns 
M5M5256P-12L 120ns 100,uA 
M5M5256P-15L 150ns 

• Single +5V Power Supply 
• No Clocks, No Refresh 
• Data-Hold on +2V Power Supply 
• Directly TTL Compatible: All Inputs and Outputs 
• Three-State Outputs: OR-tie Capability 
• Simple Memory Expantion by S 
• DE Prevents Data Contention in the liD Bus 
• Common Data liD 

APPLICATION 
. Small Capacity Memory- Units. 

FUNCTION 
The operation mode of the M5M5256P is d':!ermined by a 
combination of the device control inputs 5, Wand DE. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

Vee (5V) 

:5 := ~ 'l~~~ROE~NPUT 
24 - A9 INPUTS 

23- All 

22 - OE ~~r~~~ INPUT 
1 +- AlO ADDRESS INPUT 

0-- S CHIP SELECT 

';:: ~~;I~~T:"O 
16 .... OOs 

5 .... 004 
L-___ --' 

Outline 28P4 

Each mode is summarized in the function table. (see next 
page) 

A write cycle is executed whenever the low level W 
overlaps with the low level S. The address must be set up 
before the write cycle and must be stable during the entire 
cycle. The data is latched into a cell on the trailing edge of 
W, S, whichever occurs first, requiring the set-up and hold 
time relative to these edge to be maintained. The output 
enable DE directly controls the output stage. Setting the 
DE at a high level, the output stage is in a high-impedance 
state, and the data bus contention problem in the write 
cycle is eliminated. 

A read cycle is exec~ed by setting W at a high level and 
DE at a low level while 5 are in an active state. 

------------

ADDRESS INPUTS 

As 

A13 

WRITE CONTROL 
INPUT 

CHIP SELECT INPUT S 

OUTPUT ENABLE OE 
INPUT 

32768 WORD 
x 881T 

(512 ROWS X 

512 COLUMNS) 

za: 
:;2'w 

:3 8 1--+---+---' 
o ~ _.1.------. 
Uo 

• MITSUBISHI 
.... ELECTRIC 

W 
CJ) 

z 
W 
CJ) 

DATA 1/0 

I 

4 Vee (5V) 

:jGND(OV) 

----
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MITSUBISHI LSls 

M5M5256P·l0, ·12, .15, ·10L, • 12L, ·15L 

262144-BIT (32768-WORD BY 8-BIT) CMOS STATIC RAM 

When setting S at a high level, the chip is in a non
selectable mode in which both reading and writing are dis
abled_ In this mode, the output stage is in a high-impedance 
state, allowing OR-tie with other chips and memory expan
tion by S. The power supply current is reduced as low as 
the stand-by current which is specified as Icc5 or Icc6 , 
and the memory data can be held +2V power supply, en
abling battery back-up operation during power failure or 
power-down operation in the non-selected mode. 

FUNCTION TABLE 

5 W OE Mode DO 

H X X Non selection high-impedance 

L L X Write 

L H L Read 

L H H 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

GND Supply voltage 0 V 

VIL low input voltage -0.3 0.8 V 

VIH high input voltage 2 _2 Vee+0.3 V 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage With respect to GND 

Vo Output voltage 

Pd Power dissipation Ta=25·C 

Topr Operating temperature 

Tstg Storage t\1mperature 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Vee=5V ±10%. unless otherWise noted) 

Symbol Parameter Test conditions 

VIH High input voltage 

VIL Low input voltage 

VOH High output voltage IOH=-lmA 

VOL Low output voltage IOL = 2 mA 

II Input current VI=O- Vee 

IOZH High level output current in off-state S=VIH or OE=VIH 

IOZL Low level output current in off-state Vl/o=O-Vec 

S<0.2, W>VCC-0.3 output open 
leel Active supply current (DC,MOS level) other input<0.2 or >Vec'-0.3 

tcycle=l/-ls 

S<0.2, W>Vce-0.3 output open 
Ice2 Active supply current (AC, MOS level) other input<0.2 or >Vec-0.3 

Min cycle 

S=VIL, W=VIH output open 
ICC3 Active supply current (DC,TIL level) other input=VIL or VIH 

tcycle=l/-ls 

S=VIL. W=VIH output open 
lee4 Active supply current (AC, TIL level) other input=VIL or VIH 

Min cycle 

S- ~Vce-0.2V 
lecs Stand-by supply current 

Other inputs =O-Vee 

ICC6 Stand-by supply current S =VIH.Other inputs=O-Vce 

Oi I nput capacitance (T a ;25° C) VI=GND. Vi=25rnVrnrs. f=lMHz 

00 Outout capacitance (T a;25°C) VO=GND, VO=25rnVrms. f=lMHz 

Note 1 Direction for current flowing into IC is indicated as. positive (no mark) 
2 Typical value is Vcc ;5V, Ta;25°C 
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DIN 

DOUT 

high-impedance 

Ratings 

-0.3- 7 

-0.3 -Vee+0.3 

O-Vee 

700 

0-70 

-65-150 

limits 

Min Typ Max 

2.2 Vec+0.3 

-0.3 0.8 

2.4 

0.4 

±1 

1 

-1 

15 25 

30' 65 

20 30 

35 70 

2(P) 

100(P-L) 

3 

6 

8 

Icc 

Standby 

Active 

Active 

Active 

Unit 

V 

V 

V 

mW 

·C 

·C 

Unit 

V 

V 

V 

V 

/-lA 

/.LA 

/-lA 

rnA 

rnA 

rnA 

rnA 

rnA 

/-lA 

rnA 

pF 

pF 



MITSUBISHI LSls 

MSMS2S6P-l0, -12" -IS, -10L, -12L, -ISL 

262144-BIT (32768-WORD BY 8-BIT) CMOS STATIC RAM 

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

Read cycle 

Limits 

M5M5256P-l0 M5M5256P-12 
Symbol Parameter 

M5 M5256P- 10 L M5M5256P-12L 

Min Typ Max Min Typ Max 

teR Read cycle time 100 120 

ta (A) Address access time 100 120 

ta (S) Chip select access time 100 120 

ta (OE) Output enable access time 50 60 

tdis (S) Output disable time after S high 35 40 

tdis (OE) Output disable time after 5E high 35 40 

ten (S) Output enable time after Slow 10 10 

ten (OE) Output enable time after 5E low 10 10 

tv (A) Data valid time after address change 20 20 

TIMING REQUIREMENTS (Ta=0-70·C, VcC=5V± 10%. unless otherwise noted) 

Write cycle 

Symbol Parameter 

--

tew Write cycle time 

tW(W) Write pulse width 

tsu (A) Address set up time 

tSU(A-WH) Address set up time with respeet to VIi high 

tsu (S) Chip select set up time 

tsu (0) Data set up time 

th (D) Data hold time 

tree (W) Write recovery time 

tdiS(w) Output disable time after INlow 

tdis (OE) Output disable time after 5E high 

ten (W) Output enable time after Whigh 

ten (OE) Output enable time after 5E low 

M5M5256P-l0 
M5M5256P-IOL 

Min Typ Max 

100 

60 

0 

80 

80 

35 

0 

0 

35 

35 

10 

10 
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Limits 

M5M5256P-12 
M5M5256P-12L 

Min Typ Max 

120 

70 

0 

85 

85 

40 

0 

0 

40 

40 

10 

10 

M5M5256P-15 
Unit M5M5256P-15L 

Min Typ Max 

150 ns 

150 ns 

150 ns 

75 ns 

45 ns 

45 ns 

10 ns 

10 ns 

20 ns 

M5M5256 P-15 
Unit 

M5M5256P-15L 

Min Typ Max 

150 ns 

80 ns 

0 'ns 

90 ns 

90 ns 

50 ns 

0 ns 

0 ns 

45 ns 

45 ns 

10 ns 

10 ns 
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TIMING DIAGRAM 
Read cycle 

W="H" level 

Write cycle (WE control) 

3-52 
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M5M5256P-l0, -12, -15, -10L, -12L, -15L 

262144-BIT (3276a-WORD BY a-BIT) CMOS STATIC RAM 

tow 

tSU(S) 

tSU(A-WH) 
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MITSUBISHI LSls 

MSMS2S6P-l0, -12, -15, -10L, -12L, -ISL 

262144·BIT (32768.WORD BY 8.BIT) CMOS STATIC RAM 

Write cycle (8 control) 

Ao-AI4 

w 

DOl-DOg 
(DATA IN) 

Note 3: Test condition 
Input pulse level O.6-2.4V 
Input pulse rise, fall time: 10ns 

Load: 1 TTL, CL = 100pF 

Conditions of assessment: 1.5V 
4: Hatching indicates the state is don't care. 
5· Writing is executed in overlap of Sand W low. 

tow 

tsu (8) 

(Note 5) 

tSU(O) 

DATA IN 
STABLE 

6: If W goes low simultaneously with or prior to S, the output remain~ in the high· 

impedance state. 
7 Don't apply inverted phase signal externally when DQ pin is in output mode. 

POWER DOWN CHARACTERISTICS 
ELECTRICAL CHARACTERISTICS (Ta=O-70·C. unless otherwise noted) 

Symbol Parameter Test conditions 

Vee(PO) Power down supply voltage \ 

2.2V"';VCC(PO) 
VI(S) Chip select input S 

2V"'; VCe(PO)"';2 .2V 

ICC(Po) Power down supply current Vcc=3V. Other inputs =3V 

TIMING REQUI REMENTS (Ta=O-70·C. unless otherwise noted) 

Symbol Parameter 

tsu (PO) Power down setup time 

tree (PO) Power down recovery time 

POWER DOWN CHARACTERISTICS 

Vee 

S 

Test conditions 

S ~Vec-O.2V 

• MITSUBISHI 
.... ELECTRIC 

th(O) 

Limits 
Unit 

Min Typ Max 

2 V 

2 .2 
V 

VeC(PO) 

2(P) mA 

50(P-L) fJ.A 

Limits 
Unit 

Min Typ Max 

0 ns 

tCR ns 
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MITSUBISHI LSls 

M5M5256FP·l0, -12, -IS, 
-10L, -12L, -15L 

262144-BIT(32768-WORD BY 8-BIT) CMOS STATIC RAM 

DESCRIPTION 
This M5M5256FP is a 262,144-bit CMOS static RAM orga
nized as 32,768 words by 8 bits which is fabricated using 

high-performance double polysilicon CMOS technology. 
The use of resistive load NMOS cells and CMOS periferals 
result in a high-density and low-power static RAM. It is 

. ideal for the memory systems which require simple interface. 
The stand-by current is low enough for a battery back

up appHcation. It is mounted in a 28 pin flat package and 
configured in an industrial standard 32K x 8-bit pinout. 

FEATURES 
Power supply current 

Type Access time 
Stand-bY (max) Active 

(max) (max) 

M5M5256FP-l0 100ns 
M5M5256FP-12 120ns 2mA 

M5M5256FP-15 150ns 70mA 
M5M5256FP-l0L 100ns 
M5M5256FP-12L 120ns 100,uA 
M5M5256FP-15L 150ns 

• Single +5V Power Supply 
• No Clocks, No Refresh 
• Data-Hold on +2V Power Supply 
• Directly TTL Compatible: All Inputs and Outputs 
• Three-State Outputs: OR-tie Capability 
• Simple Memory Expantion by S 
• OE Prevents Data Contention in the I/O Bus 
• Common Data I/O 

APPLICATION 
Small Capacity Memory- Units. 

FUNCTION 
The operation mode of the M5M5256FP is de.!ermined ~a 
combination of the device control inputs S, Wand OE. 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

Al --+ 9 

Ao--+o 

{

DOl-II 

DATA I/O D02 - 12 

DOJ'" 3 
(OV) GND 

Vee (5V) 

~ : ~131~~~~~OL INPUT 

25 - As ADDRESS 
24 .... Ag INPUTS 

3- All 

2 +- DE ~~l~~~ INPUT 
1 +- AIO ADDRESS INPUT 

o +- S CHIP SELECT 

, 19 _ DOSj'NPUT 

8 .... D07 

7 - D06 DATA I/O 

6- DOs 

5- D04 

Outline 28P2W 

Each mode is summarized in the function table. (see next 
page) 

A write cycle is executed whenever the low level W 
overlaps with the low level S. The address must be set up 
before the write cycle and must be stable during the entire 
cycle. The data is latched into a cell on the trailing edge of 
W, S, whichever occurs first, requiring the set-up and hold 
time relative to these edge to be maintained. The output 
enable OE directly controls the output stage. Setting the 
OE at a high level, the output stage is in a high-impedance 
state, and the data bus contention problem in the write 
cycle is eliminated. 

A read cycle is executed by setting VIi at a high level and 
OE at a low level while S are in an active state. 

BLOCK DIAGRAM --------

3-54 

ADDRESS INPUTS 

All 

Ag 

WRITE CONTROL 
INPUT W 

CHIP SELECT INPUT S 

OUTPUT ENABLE OE 
INPUT 

32768 WORD 
X 8BIT 

(512 ROWS X 

512 COLUMNS) 

• MITSUBISHI 
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DATA I/O 

I 

~VCC (5V) :1GNO
(OV) 



MITSUBISHI LSls 

M5M5256FP-l0, -12, -15, -10L, -12L, -15L 

262144-BIT (32768-WORD BY 8-BIT) CMOS STATIC RAM 

When setting S at a high level, the chip is in a non
selectable mode in which both reading and writing are dis
abled. In this mode, the output stage is in a high-impedance 
state, allowing OR-tie with other chips and memory expan
tion by S. The power supply current is reduced as low as 
the stand-by current which is specified as Icc5 or Icc6 , 
and the memory data can be held +2V power supply, en
abling battery back-up operation during power failure or 
power-down operation in the non-selected mode. 

FUNCTION TABLE 

5 W DE Mode 

H X X Non selection 

L L X Write 

L H L Read 

L H H 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70·C. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

VOO Supply voltage 4.5 5 5.5 V 

GND Supply voltage 0 V 

VIL low input voltage -0.3 0.8 V 

VIH high input voltage 2.2 Voo+0.3 V 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

DO 

high-i mpedance 

DIN 

DOUT 

high-impedance 

Ratings 

VOC Supply voltage -0.3-7 

VI Input voltage With respect to GND 

Vo Output voltage 

Pd Power dissipation Ta=25"C 

Topr Operating temperature 

Tstg Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta =0-70·C. Voe=5V ±10%. unless otherwise noted) 

Symbol Parameter Test conditions 

VIH High input voltage 

VIL Low input voltage 

VOH High output voltage IOH=-lmA 

VOL Lo'w output voltage IOL= 2 mA 

II Input current VI=O-Voe 

IOZH High level output current in off-state Sc=VIH or OE=VIH 

IOZL Low level output current in off-state Vl/o=O-Veo 

5<0.2, W>VOO-0.3 output open 
ICOI Active supply current (AC. MOS level) other input<0.2 or >VOO-0.3 

tcycle= l/-ls 

5<0.2,W>Voc-0.3 output open 
1002 Active supply current (AC.MOS level) other input<0.2 or >Voo-0.3 

Min. cycle 

5=VIL, W=VIH output open 
1003 Active supply current (AC.TIL level) other input=VIL or VIH 

tcycle= 1 /-lS 

5=VIL, W=VIHoutput open 
IOC4 Active supply current (AC.TIL level) other input=VIL or VIH 

Min. eye Ie 

1005 Stand-by supply current 
"S" ~VoO-0.2V 
Other inputs =0 - VOO 

1006 Stand-by supply current 5 = VIH. Other inputs=O - Vee 

Ci I nput capacitance (T a =25° C) VI=GND, Vi=25mVmrs, f=lMHz 

Co Outout capacitance (T a=25°C) Vo=GND. Vo=25mVrms, f=lMHz 

Note 1 Direction for current flowing'into IC is indicated as positive (no mark) 
2 Typical value is Vcc=5V. Ta=25°C 

• MITSUBISHI 
"ELECTRIC 

-0.3 -VOC+0.3 

O-VCO 

700 

0-70 

-65-150 

limits 

Min Typ Max 

2.2 Vec+0.3 

-0.3 0.8 

2.4 

0.4 

±1 

1 

-1 

3 10 

30 65 

7 15 

35 70 

2(P) 

100(P-L) 

3 

6 

8 

100 

Standby 

Active 

Active 

Active 

Unit 

V 

V 

V 

mW 

·C 

·C 

Unit 

V 

V 

V 

V 

/-lA 

/-lA 

/-lA 

mA 

mA 

mA 

mA 

mA 

/-lA 

mA 

pF 

pF 
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MITSUBISHI LSls 

MSM5256FP-l0, -12, -IS, -10L, -12L, -15L 

262144"BIT(32768-WORD BY 8-BIT) CMOS STATIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-10·C. Vcc=5V±10%. unlessotherwisenote(:l) 

Read cycle 

Limits 

Symbol Parameter M5M5256FP-l0 M5M5256FP-12 
M5M5256FP-l0L M5M5256FP-12L 

Min Typ Max Min Typ Max' 

teR Read cycle time 100 120 

ta (A) Address access time 100 120' 

ta (5) Chip select access time 100 120 

ta (OE) Output enable access time 50 60 

tdis (5) Output disable time after S high 35 40 

tdis (OE) Output disable time after OE high 35 40 

ten (5) Output enable time after Slow 10 10 

ten (OE) Output enable time after OE low 10 10 

tv (A) Data valid time after address change 20 20 

TIMING REQUIREMENTS (Ta=0-70·C. VCC=5V± 10%. unless otherwise noted) 

Write cycle 

Symbol Parameter 

tew Write cycle time. 

tW(W) Write pulse width 

tsu (A) Address set up time 

tSU(A-WH) Address set up time with respeetto IN high 

tsu (5) Chip select set up time 

tsu (0) Data set up time 

th (D) Data hold time 

tree (W) Write recovery time 

tdis(W) Output disable time after W low 

tdis (OE) Output disable time after BE high 

ten (W) Output enable time after W high 

ten (OE) Output enable time after OE low 
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M5M5256FP-l0 
M5M5256FP~ 1 OL 

Min Typ Max 

100 

60 

0 

80 

80 

35 

0 

0 

35 

35 

10 

10 

• MITSUBISHI 
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Limits 

M5M5256FP-12 
M5M5256FP-12L 

Min Typ Max 

120 

70 

0 

8.5 

85 

40 

0 

0 

40 

40 

10 

10 

M5M5256FP-15 
Unit 

M5M5256FP-15L 

Min Typ Max 

150 ns 

150 ns 

150 ns 

15 ns 

45 ns 

45 ns 

10 ns 

10 ns 

20 ns 

M5M5256FP-15 Unit 
M5M5256FP-15L 

Min Typ Max 

150 ns 

80 ns 

0 ns 

90 ns 

90 ns 

50 ns 

0 ns 

0 ns 

45 ns 

45 ns 

10 ns 

10 ns 



TIMING DIAGRAM 
Read cycle 

DO,-DOs 

MITSUBISHI LSls 

-M5M5256FP-l0, -12, -15, -10L, -12L, -15L 

262144-BIT(32768-WORD BY 8-BIT) CMOS STATIC RAM 

tOR 

(Dout) -------------+-1 

W="H" level 

Write cycle (WE control) 

tow 

tsU(S) 

tSU(A-WH) 

tSU(A) tW(w) 

w 

DO,-DOs 
(Din) -----------+--+----< 

• MITSUBISHI 
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MITSUBISHI LSls 

M5M5256FP-l0, -12, -15, -10L, -12L, -15L 

262144-BIT(32768~WORD BY 8-BIT) CMOS STATIC RAM 

Write cycle (8 control) 

Ao-A14 

w 

DOl-DOs 

(DATA IN)--------------------------------~ 

Note 3: Test condition 
Input pulse level: O.6-2.4V 
Input pulse rise, fall time: lOns 
Load: 1 TTL, CL = lOOpF 
Conditions of assessment: 1.5V 

4: Hatching indicates the state 'is don't care. 
5: Writing is executed in overlap of 5 and W low. 

tew 

tsU(S) 

(Note 5) 

tSU(D) 

DATA IN 
STABLE 

tree(w) 

6: If iN goes low simultaneously with or prior to S, the output remain~ in the high
impedance state. 

7: Don't apply inverted phase signal externally when DQ pin is in output mode. 

POWER DOWN CHARACTERISTICS 
ELECTRICAL CHARACTERISTICS (Ta=O-70'C, unless otherwise noted) 

Symbol Parameter Test conditions 

Vee(PD) Power down supply voltage 

2 ,2V~Vee(PD) 
VI(S) Chip select input S 

2V~Vee(PD) ~2 .2V 

lee(PD) Power down supply current Vee=3V, Other inputs =3V 

TIMING REOUIREMENTS (Ta=O-70'CI, unless otherwise noted ) 

Symbol Parameter 

tsu (PD) Power down setup time 

tree(PD) Power down recovery time 

POWER DOWN CHARACTERISTICS 

Vee 
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Test conditions 

5 :O?;Vee-O.2V 
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Limits 
Unit 

Min Typ Max 

2 V 

2,2 
V 

Vee(PD) 

2(P) mA 

50(P-L) p.A 

Limits 
Unit 

Min Typ Max 

0 ns 

teR ns 



MITSUBISHI LSls 

MSMS2S6AP-70, -85, -10, 
-70L, -SSL, -10L 

262144-BIT(32768-WORD BY 8-BIT) CMOS STATIC RAM 

DESCRIPTION 
This M5M5256AP is a 262,144-bit CMOS static RAM orga
nized as 32,768 words by 8 bits which is fabricated using 

high-performance double polysilicon CMOS technology. 
The use of resistive load NMOS' cells and CMOS periferals 
result in a high-density and low-power static RAM. It is 
ideal for the memory systems which require simple interface. 

The stand-by current is low enough for a battery back
up application. It is mounted in a standard 28 pin package 
and configured in an industrial standard 32K x 8-bit pinout. 

FEATURES 
Power supply current 

Type Access time 
Stand-bY (max) Active 

(max) (max) 

M5M5256AP-70 70ns 
M5M5256AP- 85 85ns 2mA 

M5M5256AP-IO lOOns 70mA 
M5M5256AP-70L 70ns 
M5M5256AP-85L 85ns 100pA 
M5M5256AP-IOL lOOns 

• Single +5V Power Supply 
• No Clocks, No Refresh 
• Data-Hold on +2V Power Supply 
• Directly TTL Compatible: All Inputs and Outputs 
• Three-State Outputs: OR-tie Capability 
• Simple Memory Expantion by 5 
• DE Prevents Data Contention in the I/O Bus 

• Common Data I/O 

APPLICATION 
Small Capacity Memory Units. 

FUNCTION 
The operation mode of the M5M5256AP is de..!ermined ~a 
combination of the device control inputs S, Wand DE. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

Vee (5V) 

~: ~ ~'l~~;::~::NPUT 
3 +- A" 

22 +- OE ~~l~~~ INPUT 
, +- A,o ADDRESS INPUT 

o +- S CHIP SELECT '::: ~~;I ~~T: I/O 
6 - 005 

5 - 004 
L-. ___ ----' 

Outline 28P4 

Each mode is summarized in the function table. (see next 
page) 

A write cycle is executed whenever the low level W 
overlaps with the low level S. The address must be set up 
before the write cycle and must be stable during the entire 
cycle. The data is latched into a cell on the trailing edge of 
W, S, whichever occurs first, requiring the set-up and hold 
time relative to these edge 'to be maintained. The output 
enable DE directly controls the output stage. Setting the 
DE at a high level, the output stage is in a high-impedance 
state, and the data bus contention problem in the write 
cycle is eliminated. 

A read cycle is exec~ed by setting W at a high level and 
DE at a low level while S are in an active state. 

32768 WORD 
x 8BIT 

A'2 2 

A7 

A6 

As 

A4 

ADDRESS INPUTS A3 

A" 
Ag 

WRITE CONTROL 
INPUT W 

CHIP SELECT INPUT S 

OUTPUT ENABLE OE 
INPUT 

512 COLUMNS) 

• MITSUBISHI 
.... ELECTRIC 

DATA I/O 

I 

38 
,vee (5V) 

14 OND (OV) 

----
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MITSUBISHI LSls 

MSM5256AP·70, ·85, .10, .70L, ;.85L, ·10L 

262144-BIT(32768-WORD BY 8-BIT) CMOS STATIC RAM 

When setting S at a high level, the chip is in a non
selectable mode in which both reading and writing are dis
abled. In this mode, the output stage is in a high-impedance 
state, allowing OR-tie with other chips and memory expan
tion by S. The power supply current is reduced as low as 
the stand-by current which is specified as Icc5 or Icc6 , 
and the memory data can be held +2V power supply, en
abling battery back-up operation during power failure or 
power-down operation in thenon-selected mode. 

FUNCTION TABLE 

5 W OE Mode DO 

H X X Non selection high·impedance 

L L X Write 

L H L Read 

L H H 

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

Limits 
Symbol Parameter Unit 

Min Typ Max 

VCC Supply voltage 4.5 5 5.5 V 

GND Supply voltage 0 V 

VIL low input voltage -0.3 0.8 V 

VIH high input voltage 2.2 VCC+0.3 V 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

VCC Supply voltage 

VI Input voltage With respect to GND 

Vo Output voltage 

Pd Power dissipation Ta=25'C 

Topr Operating temperature 

T5tg Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta=0-1O"C, Vce=5V±10%, unless otherWise noted) 

Symbol Parameter Test conditions 

VIH High input voltage 

VIL Low input voltage 

VOH High output voltage 10H=-lrnA 

VOL Low output voltage 10L= 2 rnA 

II Input current VI=O- VCC 

10ZH High level output current in off·state S=VIH or OE=VIH 

10ZL Low level output current in off·state V I/O =O-VOO 

S<0.2, W>Voo-0.3,output open 
lOCI Active supply current (AC.MOS level) other input<0.2 or >Vco-0.3 

toyole= 1/15 

S<0.2, W>Vcc-0.2, output open 
ICC2 Active supply current (AC.MOS level) other input<0.2 or >VCO-0.3 

Min .. cycle 

S=VIL, W=VIH, output open 
IOC3 Active supply current (AC.TIL level) other input=VIL or VIH 

tcycle= 1/15 

S=VIL, W=VIH output open 
1004 Active supply current (AC.TIL level) other input=VIL or VIH 

Min. cycle 

-S ~VOo-O .2V 
Icos Stand·by supply current 

Other inputs =0 -Veo 

IC06 Stand·by supply current S =VIH,Other inputs=O-VeO 

Oi Input capacitance (Ta=25°C) VI=GND, Vi=25rnVrnr5, f=IMHz 

00 Outout capacitance (Ta=25°C) VO=GND, Vo=25rnVrms, f=IMHz 

Note 1 Direction for current flowing into IC is indicated as positive (no mark) 
2 Typical value is Vcc=5V. Ta=25°C 

3-60 
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DIN 

DOUT 

high·impedance 

Ratings 

-0.3- 7 

-0.3 -Vec+0.3 

O-VCC 

700 

0-70 

-65-150 

Limits 

Min Typ Max 

2.2 Veo+0.3 

-0.3 0.8 

2.4 

0.4 

±1 

1 

-1 

3 10 

30 65 

7 15 

35 70 

2(P) 

100(P':'L) 

3 

6 

8 

ICC 

Standby 

Active 

Active 

Active 

Unit 

V 

V 

V 

rnW 

'c 

'c 

Unit 

V 

V 

V 

V 

/1A 

/1A 

/1A 

rnA 

rnA 

rnA 

rnA 

rnA 

/1A 

rnA 

pF 

pF 



MITSUBISHI LSls 

MSMS256AP-70, -85, -10, -70L, -85L, -10L 

262144-BIT (3276a-WORD BY a-BIT) CMOS STATIC RAM 

SWITCHING CHARACTERISTICS (Ta=0-70·C, Vcc=5V±10%, unless otherwise noted) 

Read cycle 

Limits 

Symbol Parameter M5M5256AP-70 M5M5256AP-85 
M5M5256AP-70L M5M5256AP-85L 

Min Typ Max Min Typ Max 

teR Read cycle time 70 85 

ta (A) Address access time 70 85 

ta (S) Chip select access time 70 86 

ta (DE) Output enable access time 35 45 

tdis (S) Output disable time after S high 30 30 

tdis (DE) Output disable time after BE high 30 30 

ten (S) Output enable time after Slow 5 5 

ten (DE) Output enable time after BE low 5 5 

tv (A) Data valid time after address change 20 20 

TIMING REQUIREMENTS (Ta=0-70·C, Vcc=5V± 10%, unless otherwise noted) 

Write cycle 

Symbol Parameter 

tew Write cycle time 

tW(W) Write pulse width 

tsu (A) Address set up time 

tSU(A-WH) Address set up time with respeet to IN high 

tsu (S) Chip select set up time 

tsu (0) Data set up time 

th (0) Data hold time 

tree(w) Write recovery time 

tdiS(W) Output disable time after W low 

tdis (DE) Output disable time after BE high 

ten (W) Output enable time after Whigh 

ten (DE) Output enable time after OE low 

M5M5256AP-70 
M5M5256AP-70L 

Min Typ Max 

70 

55 

0 

65 

65 

30 

0 

0 

25 

25 

5 

5 

• MITSUBISHI 
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Limits 

M5M5256AP-85 
M5M5256AP-85L 

Min Typ Max 

85 

60 

0 

75 

75 

35 

0 

0 

30 

30 

5 

5 

M5M5256AP-IO 
Unit 

M5M5256AP-IOL 

Min Typ Max 

100 ns 

100 ns 

100 ns 

50 ns 

35 ns 

35 ns 

10 ns 

10 ns 

20 ns 

M5M5256AP-IO Unit 
M5M5256AP-IOL 

Min Typ Max 

100 ns 

60 ns 

0 ns 

80 ns 

80 ns 

35 ns 

0 ns 

0 ns 

35 ns 

35 ns 

10 ns 

10 ns 
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MSMS256AP-70, -85, -10, -70L, -85L, -10L 

TIMING DIAGRAM 
Read cycle 

262144-BIT (3276a-WORD BY a-BIT) CMOS STATIC RAM 

00,-008 
(Oout) -------------+-1 

W="H" level 

Write cycle (WE control) 

tew 

Ao-A'4 

tSU(S) 

tSU(A-WH) 

W 

tSU(D) 

00,-008 
(Din) -----------i--+----( 
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MSMS256AP-70, -85, -10,-70L, -85L, -10L 

262144-BIT (32768-WORD BY 8-BIT) CMOS STATIC RAM 

Write cycle (8 control) 

AO-A14 

w 

DOl-DOS 
(DATA IN)---------------------------------< 

Note 3: Test condition 
I nput pulse level: 0.6-2.4 V 
Input pulse rise, fall time: 10ns 

tew 

tsU(S) 

(Note 5) 

tsu (D) 

DATA IN 
STABLE 

Load: 1 TTL, CL =30pF for-70, 100pF for-85, -10 

Conditions of assessment: 1.5V 
4: Hatching indicates the state is don't care. 
5: Writing is executed in overlap of Sand W low. 

tree(w) 

6: If W goes low simultaneously with or prior to S, the output remaim in the high

impedance state. 
7 Don't apply inverted phase signal externally when OQ pin is in output mode. 

POWER DOWN CHARACTERISTICS 
ELECTRICAL CHARACTERISTICS (Ta=O-70·C, unless otherwise noted ) 

Symbol Parameter Test conditions 

VCC(PD) Power down supply voltage 

2.2V~VCC(PD) 
VI(S) Chip select input S 

2V ~ VCC(PD) ~2 .2V 

leC(Po) Power down supply current Vec=3V, Other inputs =3V 

TIMING REQUIREMENTS (Ta=O-70·C, unless otherwise noted) 

Symbol Parameter 

tsu (PO) Power down setup time 

tree (PO) Power down recovery time 

POWER DOWN CHARACTERISTICS 

Vee ----------------------------~, 

Test conditions 

S ~VCC-O.2V 

• MITSUBISHI 
"ELECTRIC 

Limits 
Unit 

Min Typ Max 

2 V 

2.2 
V 

VCC(PD) 

2(P) rnA 

50(P-L) ~A 

Limits 
Unit 

Min Typ Max 

0 ns 

tCR ns 

3-63 



MITSUBISHI LSls 

,~~!'~~... MSMS257P-35, -45, -55 
~~, oe:' ~'<.o 

" ~ oel 'I')\e. C, 
"'\ .. :,(' ,>V 

~V\oc>v~~~'<.,>1>\e 262144-BIT(262144-WORD BY l-BIT)CMOS STATIC RAM 
• c, 

DESCRIPTION 
The M5M5257P is a family of 262144-word by 1-bit static 
RAMs, fabricated with the high-performance CMOS silicon
gate MOS process and designed for high-speed ap'plication. 
These devices operate on a single 5V supply, and are direct
ly TTL compatible. They include a power-down feature as 

well. 

FEATURES 
• Fast access time M5M5257P-35 ... 35 ns (max) 

M5M5257P-45 ... 45 ns (max) 
M5M5257P-55 ... 55 ns (max) 

• Low power dissipation Active ....... 300 mW (typ) 
Stand by ........ 5 p.W (typ) 

• Power down by S 
• Single 5V power supply 
• Fully static operation 

Requires neither external clock nor refreshing 
• All inputs and output are directly TTL compatible 
• Easy memory expansion by chip-select (S) input 

APPLICATION 
High-speed memory systems 

FUNCTION 
A write operation is executed during the S low and W 

low overlap time. 'In this period, address signals must be 
stable. When W is low, the Q terminal is maintained in the 
high impedance state, so it is possible to connect 0 and Q 

terminals directly. 
In a read operation, after setting W to high, and 5 to low 

BLOCK DIAGRAM 

ADDRESS INPUTS 

CHIP SELECT INPUT 

WRITE CONTROL INPUT 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

DATA OUTPUT Q +

WRITE CONTROL 
INPUT 

(OV) GND 

Outline 24P4Y 

Vee( 5V) 

ADDRESS 
INPUTS 

DATA INPUT 

CHIP SELECT 
INPUT 

if the address signals are stable, the data is available at the 
Q terminal. 

When S is high, the chip is in the non-selectable state, 
disabling both reading and writing. In this case the output 
is in the floating (high-impedance) state, useful for OR
ties with other devices. 

Signal S controls the power-down feature. When S goes 
high, power dissipation is reduced extremely. The access 
time from S is equivalent to the address access time. 

MEMORY ARRAY 
256 ROWS 

1024 COLUMNS 

-I 
~ Vec(5V) 

T GNDCOV) 

I 

J 

DATA OUTPUT 

DATA INPUT 
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M5M5257P-35, -45, -55 

262144-BIT(262144-WORD BY l-BIT)CMOS STATIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage With respect to GND 

Vo Output voltage 

Pd Maximum power dissipation 

Topr Operating temperature 

Tstg Storage temperature 

* Pulse width = 20 ns, In case of DC: -0.5V 

RECOMMENDED OPERATING CONDITIONS(Ta=0-70°C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

V'L Low-level input voltage -3' 0.8 V 

V,H High-level input voltage 2.2 6 V 

* Pulse width = 20 ns, In case of DC: -0.5V 

ElECTR ICAl CHARACTERISTICS (Ta =0 -70°C. Vee=5V ± 10%, unless otherwise noted) 

Symbol Parameter 

V,H High-level input voltage 

V,L Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

I, I nput current 

IIOZ I Off-state output current 

leel Supply current from Vee 

I ee2 Stand by current 

lee3 Standby current 

C , Input capacitance 

Co Output capacitance 

Note 1. Current flow into an Ie is positive, out is negative. 
* Pulse width = 20 ns, In case of DC: -0.5V 

Test conditions 

IOH=-4mA 

IOL= 8 mA 

V,=0-5.5V 

V,(S)=2.2V. VO=O -Vee 

VI(S)=0.8V Output open 

VI(S)=2.2V 

V, (5) ;;;;Vee- 0 . 2V 

V,=GND, V,=25mVrms. f=IMHz 

VO=GND. Vo=25mVrms. f= lMHz 

Ratings Units 

-3.5"-7 V 

-3.5"-7 V 

-3.5"- 7 V 

1 W 

-10 -85 °C 

-65 ~150 °C 

Limits 
Unit 

Min Typ Max 

2.2 6 V 

- 3' 0.8 V 

2.4 V 

0,4 V 

10 ,LA 

50 /LA 

120 mA 

3 mA 

0.1 2 mA 

5 pF 

6 pF 

SWITCHING CHARACTERISTICS (FOR READ CYCLE) (Ta =0 -70°C. Vee=5V ± 10%. unless otherwise noted) 

M5M5257P-35 M5M5257P-45 M5M5257P-55 
Symbol Parameter Unit 

Min Typ Max Min Typ Max Min Typ Max 

tc (R) Read cycle time 35 45 55 ns 

tarA) Address access time 35 45 55 ns 

tars) Chip select access time 35 45 55 ns 

tv (A) Data valid time after address 5 5 5 ns 

ten (S) Chip selection to output active 5 5 5 ns 

t dis (S) Output disable time from CS 0 20 0 20 0 20 ns 

t PU Power-up time after chip selection 0 0 0 ns 

t PO Power down time after chip deselection 35 45 55 ns 

• MITSUBISHI 
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M5M5257P·35, ·45, ·55 

262144-BIT(262144-WORD BY I-BIT) CMOS STATIC RAM 

TIMING REQUIREMENTS (FOR WRITE CYCLE) (Ta =0-70·C. Vcc=5V±10%. unlessotherwisenoted) 

M5M5257P-35 M5M5257P-45 M5M5257P-55 
Symbol Parameter Unit 

Min Typ Max Min Typ Max Min Typ Max 

tC(W) Write cycle time 35 45 55 ns 

tsu (5) Chip select setup time 30 35 40 ns 

tsu (A)l Address setup time (W) 0 0 0 ns 

t su (A)2 Address setup time (S) 0 0 0 ns 

tW(W) Write pulse width 25 25 30 ns 

trec (W) Write recovery time 5 5 5 ns 

tsu (D) Data setup time 20 25 25 ns 

th (D) Data hold time 0 0 0 ns 

tdis(W) Output disable time from W 15 15 20 ns 

ten (W) Output enable time from W 0 0 0 ns 

tsu (A-WH) Address to W high 30 35 40 ns 

CONDITIONS 

Input pulse levels _ ................ a to 3V 480Q 480Q 

Input rise and fall time ................ 5ns 
Input timing reference level . . .... 1.5V 

Q o----,.--~ Qo--t----~ 

255Q 30pF 

(
Including ) 

'----4 scopeandJIG 

5pF 

(
Including ) 
scope and jiG 

'------+ 

2550 Output timing reference level . a.BV ....... 2V 
Output loads ................. Fig. 1, Fig. 2 

Fig. 1 Output load Fig. 2 Output load for ten, tdis 

TIMING DIAGRAMS 
Read cycle 

Q 

W=H 

S=L 

1 

Read cycle 2 (Note 21 

r 

Q 

ICCI 

'V 
J~ 

tv (A) 

PREVIOUS DATA VALID 

, 
~ 

ten (5) 

tpu 

tCR 

ta (A) 

:( UNKNOWN ')~ 

CR 

ta (5) 

(Note 31 

--J- UNKNOWN 

\- ): 
---------- ---1/ 

},,""50% ICC 

I CC2 

" J\ 

tv (A) 

DATA VALID 

" j 
tdis(5) 

DATA VALID 

tpD 

VIi =H 
Note 2. Addresses valid prior to or coincident with S transition low. 

K 

INote 31 

~ 
'{. 

, 
-,50% 

3. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. 
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M5M5257P-35, -45, -55 

262144-BIT(262144-WORD BY l-BIT)CMOS STATIC RAM 

TIMING DIAGRAMS 
Write cycle 1 (W control mode) 

s 

o 

Q 

tew 

tsu (S) 

tsu (A-WH) 

tW(W) 

tsu (0) 

DATA STABLE 

(Note 31 tdiS(W) ten (w) (Note 31 
--+----+E--

Write cycle 2 (5 control mode) 

w 

o 

Q 

tew 

tSU(A)~2~ ____ -+E-_________ t_s_U_(S_) ________ ~*-______ ~~tr __ ee(w) 

(Note 31 

ten (s) 

tw(W) 

tSU(D) 

DATA STABLE 

tdis (w) (Note 31 
-*--------+-

--r-~~~I 

(Note 51 

Note 4. Hatching indicates the state is don't care. 

5 When the falling edge.of iN is simultaneous or prior to the 
falling edge of "5", the output is maintained In the high impedance. 

• MITSUBISHI 
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M5M5258P-35, -45, -55 

DESCRIPTION 
The M5M5258P is a family of 65536 word by 4-bit static 
RAMs, fabricated with the high-performance CMOS silicon
gate MOS process and designed for high-speed application. 
These devices operate on a single 5Vsupply, and are direct
ly TTL compatible. They include a power-down feature as 

well. 

FEATURES 
• Fast access time M5M5258P-35 ... 35 ns (max) 

M5M5258P-45 . . . 45 ns (max) 
M5M5258P-55 ... 55 ns (max) 

• Low power dissipation Active ....... 300 mW (typ) -
Standby by ...... 5 J-I,W (typ) 

• Power down by S 
• Single 5V power supply 
• Fully static operation 

Requires neither external clock nor refreshing 
• All inputs and output are directly TTL compatible 
• Easy memory expansion by chip-select (5) input 

APPLICATION 
High..speed memory systems 

FUNCTION 
A write operation is executed during the S low and W low 
overlap time. In this period, address signals must be stable. 
When W is low, the DO terminal is maintained in the high 

impedance state. 
In a read operation, after setting W to high, and S to low 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

CHIP SELECT 
INPUT 

Ag ----

(OV) GND 

Outline 24P4Y 

VCc(5V) 

ADDRESS 
INPUTS 

WRITE CONTROL 
INPUT 

if the address signals are stable, the data ia available at the 
DO terminal. 

When S is high! the chip is in the non-selectable state, 
disabling both reading and writing. In this case the output is 
in the floating (high-impedance) state, useful for OR-ties 
with other devices. 

Signal S controls the power-down feature. When S goes 
high, power dissipation is reduced extremely. The access 
time from S is equivalent to the address access time. 

MEMORY ARRAY 
256 ROWS 

1024 COLUMNS 

ADDRESS INPUTS 

CHIP SELECT INPUT 

WRITE CONTROL INPUT 
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M5M5258P-35, -45, -55 

262144-BIT(65536-WORD BY 4-BIT)CMOS STATIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

Vee Supply voltage 

VI I nput voltage With respect to GND 

Vo Output voltage 

Pd Maximum power dissipation 

Topr Operating temperature 

Tstg Storage temperature 

* Pulse width; 20 ns. In case of DC: -0.5V 

RECOMMENDED OPERATING CONDITIONS(Ta=0-70·C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

VIL Low-level input voltage -3- 0.8 V 

VIH High level input voltage 2.2 6 V 

* Pulse width; 20 ns, In case of DC: -0.5V 

ELECTRICAL CHARACTER ISTICS eTa =0 -70·C. Vec=5V ± 10%. unless otherwise noted) 

Symbol Parameter 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

II Input current 

Iloz I Off-state output current 

leel Supply current from Vee 

I ee2 Stand by current 

I ee3 Stand by current 

C , Input capacitance 

Co Output capacitance 

Note 1. Current flow into an IC is positive, out is negative. 
* Pulse width; 20 ns, In case of DC: -0.5V 

Test conditions 

IOH= - 4 mA 

IOL= 8 mA 

VI=O - 5.5V 

VI(S)=2.2V. Vo=O -Vee 

VI(S)=0.8V Output open 

VI(S)=2.2V 

VI cSJ ;;;;;Vee- 0 .2V 

VI=GND, V , =25mVrms, f=1MHz 

VO=GND, Vo=25mVrms. f= 1MHz 

Ratings Units 

-3.5--7 V 

-3.5--7 V 

-3.5--7 V 

1 W 

-10 -85 ·C 

-65-150 ·C 

Limits 
Unit 

Min Typ Max 

2.2 6 V 

-3- 0.8 V 

2.4 V 

0.4 V 

10 ILA 

50 ILA 

120 mA 

3 mA 

0.1 2 mA 

5 pF 

6 pF 

SWITCHING CHARACTERISTICS (FOR READ CYCLE)(Ta =0-70·C. Vce=5V±10%. unlessotherwlsenOled) 

Symbol Parameter 

to (R) Read cycle time 

t a (A) Address access time 

ta (s) Chip select access time 

tv (A) Data valid time after address 

ten (S) Chip selection to output active 

tdis (S) Output disable time from CS 

t pu Power-up time after chip selection 

t PO Power down time after chip deselection 

M5M5258P -35 

Min Typ Max 

35 

35 

35 

5 

5 

a 20 

0 

35 

• MITSUBISHI 
~ELECTRIC 

M5M5258P-45 M5M5258P-55 
Unit 

Min Typ Max Min Typ Max 

45 55 ns 

45 55 ns 

45 55 ns 

5 5 ns 

5 5 ns 

a 20 a 20 ns 

a a ns 

45 55 ns 
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M5M5258P-35, -45, -55 

262144-BIT(65536-WORD BY 4-BIT)CMOS STATIC RAM 

TIMING REQUIREMENTS (FOR WRITE CYCLE) (Ta =0-10·C. Vcc=5V±10%. unlessotherwisenoted) 

M5M5258P-35 M5M5258P-45 M5M5258P-55 
Symbol Parameter Unit 

Min Typ Max Min Typ Max Min Typ Max 

to(W) Write cycle time 35 45 55 ns 

tSU(S) Chip select setup time 30 35 40 ns 

tSU (A)l Address setup time (W) 0 0 0 ns 

t su (A)2 Address setup time (S) 0 0 0 ns 

tW(W) Write pulse width 30 35 40 ns 

treo(w) Write recovery time 5 5 5 ns 

tsu (0) Data setup time 15 20 20 ns 

th (0) Data hold time 0 0 0 ns 

tdis(W) Output disable time from W 15 15 20 ns 

ten (W) Output enable time from W 0 0 0 ns 

tsu (A-WH) Address to W high 30 35 40 ns 

CONDITIONS Vec 

Input pulse levels ................. 0 to 3V 480Q 480Q 

I nput rise and fall time ................ 5ns 
Input timing reference level ............ 1.5V Oo-----<r----..... 00--+-----4 

Output timing reference level ....... O.8V --- 2V 
Output loads ................. Fig. 1, Fig. 2 

30pF 

(
Including ) 

'--__ -+ scope and JIG 

255Q 255Q 5pF 

(
Including ) 
scope and JIG 

Fig. 1 Output load Fig. 2 Output load for ten, tdis 

TIMING DIAGRAMS 
Read cycle 

o 

W=H 

S=L 

1 

Read cycle 2 (Note 2) 

o 
) 

'II 
J~ 

ty (A) 

PREVIOUS DATA VALID 

, 
~ 

ten (S) 

tpu 

ICCI -------------

tOR 

ta (A) 

:K UNKNOWN )~ 

CR 

ta (S) 

(Note 3) 

-{ UNKNOWN ): 

1/ - f-50% ICC 

ICC2 I 

iN =H 

W 
J~ 

tv (A) 

DATA VALID 

I 
J 

tdis(S) 

DATA VALID 

tpo 

Note 2. Addresses valid prior to or coincident with S transition low. 

:K 

(Note 3) 

--'r-

'l 

~~50% 
~ 

3. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. 
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M5M5258P·35, ·45, ·55 

262144-BIT(6SS36-WORD BY 4-BIT) CMOS STATIC RAM 

TIMING DIAGRAMS 
Write cycle 1 (W control mode) 

w 

o 

Q 

tcw 

tsu (5) 

tsu (A-WH) 

tw(W) 

tsu (0) 

DATA STABLE 

INote 31 tdis (W) ten (w·) (Note 31 
~+----+E--

Write cycle 2. (5 control mode) 

AO -A13 

w 

o 

Q 

tcw 

tSU(A)~2~ __ -+~ _________ t_s_U_(_S_) ________ ~ ________ ~_tr __ ec(w) 

tw(w) 

tsu (0) 

DATA STABLE 

(Note 3) tdis (W) (Note 3) 
-+----;...o&~ 

ten (5) 

~----t~~""\.1 

INote 5) 

Note 4. Hatching indicates the state is don't care. 

5 When the falling edge of iN is simultaneous or prior to the 
falling edge of S, the output is maintained in the high impedance. 
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M 104225-5, -7 

1024-BIT (256-WORD BY 4-BIT) STATIC RAM 

DESCRIPTION 
The Ml0422S is a 256 words by 4 bits static RAM, fabri
cated with the high-performance bipolar process and 
designed for high-speed application. The Ml0422S is 
packaged in a hermetic ceramic 24-pin dual in-line package 
and is specified for operation over the temperature range 
O°C to 75°C. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Organization ................ 256 words x 4 bits 
• Fully compatible with 10K series ECl families 
• Address access time Ml0422S-5....... 5 ns (max) 

Ml0422S-7 ....... 7 ns (max) 
• Block select access time .............. 4 ns (max) 

• Write pulse width Ml0422S-5 .... _ .. 3 ns (min) 
Ml0422S-7 ..... _. 5 ns (min) 

• Open emitter output for ease of memory expantion 
• Standard 24 pin dual in-line package 
• Interchangeable with Fairchild's Fl0422 

APPLICATION 
Scratch pad, control and buffer storage 

FUNCTION 
The Ml0422S is organized 256 words by 4 bits. It is fully 
compatible with 10K series Eel families. 

The write operation is excuted during BS 1 "'-' BS4 and 
WE overlap time. In the period, address signals must be 
stable. 

In the read operation, after setting WE to high and 
BS1 "'-' BS4 to low if the address signals are stable, the 
data are available at the Q 1 "'-' Q4 terminal. 

When WE is low, or BS1 "'-' BS4 are high, Q 1 "'-' Q4 

terminal are fixed to low. 

BLOCK DIAGRAM 

VeeA 
DATA OUTPUT 01 +- 2 

BLOCK SELECT8S1 --+ 3 

DATA OUTPUT 02 +- 4 

BLOCK SELECT8S2 --+ 5 

{
Dl --+ 6 

DATA INPUTS 02 --+ 7 

WRITE ENABLE WE --+ 8 

ADDRESS {~5: 1
90 

INPUTS 6 
A7--+ 11 

VEE 

Outline 24S1 

Vee 
23 --+ 04 DAT A OUTPUT 

22 +- 8S4 BLOCK SELECT 

1 --+ 03 DATA OUTPUT 

0- 8S3 BLOCK SELECT 

19 -- D4} DATA INPUTS 
8- 0 3 :; :~:l ADDRESS 

14 -AI INPUTS 

13-Ao 

--------"1 

I 

veeAt 
VEE 12 

Vee 24 
I 
L----_ 

256 WORDS X 4 BITS 
MEMORY CELL ARRAY 

BLOCK 4 

BLOCK 3 

BLOCK 2 

BLOCK 1 

Ao Al A2 A3 A4 

ADDRESS INPUTS 

• MITSUBISHI 
.... ELECTRIC 

04 DATA OUTPUT 

D4 DATA INPUT 

8S4 BLOCK SELECT 

03 DATA OUTPUT 

03 DATA I.NPUT 

BS3 BLOCK SELECT 

4 02 DATA OUTPUT 

7 02 DATA INPUT 

5 BS2 BLOCK SELECT 

2 01 DATA OUTPUT 

6 Dl DATA INPUT 

3 BSI BLOCK SELECT 

8 WE WRITE ENABLE 

4-3 



MITSUBISHI LSls 

M 104225 ... 5, -7 

1024-BIT (256-WORD BY 4-BIT) STATIC RAM 

OPERATION MODE 

BS WE 0 Mode Q 

H X X Unselect L 

L H X Read Q 

L L H "1" Write L 

L L L "0" Write L 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

VEE Supply voltage 

VI Input voltage With respect Vee 

10 Output current 

Ta Temperature under bias 

Tstg Storage temperature 

RECOMMENDED OPERATING CONDITIONS 

Limits 
Symbol Parameter Units 

Min Typ Max 

VEE Supply voltage -5.46 -5.2 -4.94 V 

Ta Temperature under bias 0 75 'C 

ELECTRICAL CHARACTERISTICS 
(VCC = VCCA = OV. VEE = -5.2V. Output Load = 50n to -2.0V. air cooling> 2 m/s. unless otherwise noted) 

Symbol Parameter 

VOH 

OutPut voltage 

VOL 

VOHC 

Output thre hold voltage 

VOLe 

VIH 

Input voltage 

VIL 

IIH 

IlL 
Input current 

lEE Supply current 

4-4 

Test conditions 

VIN= VIHMAX or VILMIN 

VIN= VIHMIN or VILMAX 

Guaranteed input High 
Voltage for all inputs 

Guaranteed input Low 
Voltage for all inputs 

VIN=VIHMAX 

BS pin I 
I 

VIN=VILMIN 
except BS pin 

All inputs and outputs opened 

• MITSUBISHI 
.... ELECTRIC 

O'C 

+25'C 

+75'C 

O'C 

+ 25'C 

+ 75'C 

O°C 

+ 25°C 

+ 75°C 

O°C 

+25'C 

+ 75'C 

O'C 

+ 25°C 

+ 75'C 

O'C 

+25'C 

+ 75'C 

0-+75'C 

0-+75'C 

0-+75'C 

Ratings Unit 

+0.5--7.0 V 

+0.5-VEE V 

-30 mA 

-55- +125 'c 
-65- +150 'c 

Limits 
Unit 

Min Typ Max 

-1000 -840 

-960 -810 mV 

-900 -720 

-1870 -1665 

-1850 -1650 mV 

-1830 -1625 

-1020 

-980 mV 

-920 

-1645 

-1630 mV 

-1605 

-1145 -840 

-1105 -810 mV 

-1045 -720 

-1870 -1490 

-1850. -1475 mV 

-1830 -1450 

220 pA 

0.5 170 
/.LA 

-50 

-220 mA 
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Ml0422S-S, -7 

1024-BIT (256-WORD BY 4-BIT) STATIC RAM 

SWITCHING CHARACTERISTICS (FOR READ CYCLE) 
(Vee = VeCA = OV, VEE = -S.2V ± S%, Ta = 0 - +7SoC, air cooling> 2.S mIs, Output Load: RL = son to -2.0V and CL = 30pF to GND, unless otherwise noted) 

Limits 

Symbol Parameter Test conditions MI04225-5 MI04225 -7 Unit 

Min Typ Max Min Typ Max 

tABS Block select access time RL =SO Q 4 4 ns 

t RBS Block select recovery time CL =30pF 4 4 ns 

tAA Address access time See Figure 1 S 7 ns 

SWITCHING CHARACTERISTICS (FOR WRITE CYCLE) 
(VCC = VCCA = OV, VEE = -S.2V ± S%, Ta = a - +7SoC, air cooling> 2.S mIs, Output Load: RL = son to -2.0V and CL = 30pF to GND, unless otherwise noted) 

Limits 

Symbol Parameter Test conditions MI04225-5 MI04225-7 

Min Typ Max Min Typ Max 

tw Write pulse width t WSA = 1ns 3 2 5 2 

t WSD Data setup time 1 1 

tWHD Data hold time 1 1 

t WSA Address setup time tw=tw(min) 1 1 

tWHA Address hold time 1 1 

t WSBS Block select setup time 1 1 

t WHBS Block select hold time 1 1 

tws Write disable time 3 5 3 5 

tWR Write recovery time 3 5 3 5 

RISE AND FALL TIME 
Symbol Parameter Test conditions Min Typ Max 

tr Output rise time 2 

tf Output fall time 2 

CAPACITANCE 

Limits 
Parameter Test conditions Symbol 

Min Typ Max 

CIN Input pin capacitance 3 

Cout Output pin capacitance 

AC Test Circuit Input Levels 

VCC(GND) 

M.U:r 

tr=tf=2ns (typ) 

All timing measurements referenced to SO% of input levels. 

RL =50 Q 

CL =30pF CL including Fixture and Stray Capacitance 

Fig. 1 Switching Test Circuit and Waveforms 

• MITSUBISHI 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

pF 

pF 
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Read Mode Timing 

Block Select Access Time 

50% 

Q 

Write Mode Timing 

ADDRESS 

o 

t WSA 

Q 

tWSBS 

4-6 

MITSUBISHI LSls 

M 104225-5, -7 

1024·BIT (2S6-WORD BY 4 .. BIT) STATIC RAM 

Address Access Time 

ADDRESS 

50% Q 

t WHBS 

• MITSUBISHI 
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Ml0474S-10, -15 

4096-BIT(1024-WORD BY 4-BIT)STATIC RAM 

DESCRIPTION 
The M10474S is a 1024 words by 4 bits static RAM, fabri

cated with the high-performance bipolar process and 

designed for high-speed application. The M10474S is 

packaged in a hermetic ceramic 24-pin dual in-line 

package and is specified for operation over the temper

ature range O°C to 75°C. 

PIN CONFIGURATION (TOP VIEW) 

VeeA 

FEATURES 
e Organization ............................ 1024 words X 4 bits 

e Fully compatible with 10K series ECl families 

eAddress access time M10474S-10 ......... 10ns (max) 

M10474S-15 ......... 15ns (max) 

eWrite pulse width .................................... 5ns (min) 

e Open emitter output for ease of memory expantion 

e Standard 24 pin dual in-line package 

elnterchangeable with Fairchild's F10474 

APPLICATION 
Scratch pad, control and buffer storage 

FUNCTION 
The M10474S is organized 1024 words by 4 bits. It is fully 

compatible with 10K series ECl families. 

The write operation is excuted during CS and WE 

overlap time. In the period, address signals must be 

stable. 

In the read operation, after setting WE to high and CS 

to low if the address signals are stable, the data are 

available at the 01 - 04 terminals. 

When WE is low, or CS is high, 01 - 04 terminals are 

fixed to low. 

BLOCK DIAGRAM 

ADDRESS 

INPUTS 

ADDRESS 
INPUT 

1024 WORDS x 4 BITS 
MEMORY CELL ARRAY 

BLOCK 4 

ADDRESS INPUTS 

I 
L--_ 

BLOCK 3 

BLOCK 2 

BLOCK 1 

Ao Al A2 A3 A4 As , 

ADDRESS INPUTS 

• MITSUBISHI 
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0 3 -

04-

AQ-

A1 -

A2-

A3-
A4-

As-

NC 

VEE 

Vee 

Outline 24S1 F 
NC:NO CONNECTION 

04 DATA OUTPUT 

D4 DATA INPUT 

03 DATA OUTPUT 

D3 DATA INPUT 

02 DATA OUTPUT 

D2 DATA INPUT 

DATA OUTPUT 

DATA INPUT 

WE WRITE ENABLE 

CS CHIP SELECT 
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Ml0474S-10,-15 

4096.BIT(1024.WORD BY 4.BIT)STATIC RAM 

OPERATION MODE 

CS WE 0 Mode Q 

H X X Unselect L 

L H X Read Q 

L L H "1" Write L 

L L L "0" Write L 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

VEE Supply voltage +0.5--7.0 

VI Input voltage With respect V cc +0.5-VEE 

10 Output current -30 

Ta Temperature under bias -55-+125 

Tstg Storage temperature -65-+150 

RECOMMENDED OPERATING CONDITIONS 

Limits 
Symbol parameter Units 

Min Typ Max 

VEE Supply voltage -5.46 -5.2 -4.94 V 

Ta Temperature under bias 0 75 °C 

ELECTRICAL CHARACTERISTICS 
(VCC=VCCA=OV, VEE=-5. 2V, Output Load=50Q to -2. OV, air cooling> 2. 5m/s, unless otherwise noted) 

Symbol Parameter 

VOH 

Output voltage 

VOL 

VOHC 

Output threshold voltage 

VOLC 

VIH 

Input voltage 

VIL 

IIH 

IlL 
Input current 

lEE Supply current 

4-8 

Test conditions 

VIN=VIHMAX or VILMIN 

VIN=VIHMIN or VILMAX 

Guaranteed input High 

Voltage for all inputs 

Guaranteed input Low 

Voltage for all inputs 

VIN=VIHMAX 

CS pin I 
Except CS pin 

I VIN=VILMIN 

All inputs and outputs opened 

• MITSUBISHI 
..... ELECTRIC 

Limits 

Min Typ Max 

O°C -1000 -840 

+25°C -960 -810 

+75°C -900 -720 

O°C -1870 -1665 

+25°C -1850 -1650 

+75°C -1830 -1625 

O°C -1020 

+25°C -980 

+75°C -920 

O°C -1645 

+25°C -1630 

+75°C -1605 

O°C -1145 -840 

+25°C -1105 -810 

+75°C -1045 -720 

O°C -1870 -1490 

+25°C -1850 -1475 

+75°C -1830 -1450 

0-+75°C 220 

0-+75°C 
0.5 170 

-50 

0-+75°C -220 

Unit 

V 

V 

mA 

°C 

°C 

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

pA 

pA 

mA 
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Ml0474S-10, -15 

4096.BIT(1024.WORD BY 4.BIT)STATIC RAM 

SWITCHING CHARACTERISTICS (FOR READ CYCLE) 
(VCC=VCCA=OV, VEE=-5. 2V±5%, Ta=0-+75°C, air cooling> 2. 5m/s, Output Load: RL =500 to -2. OV and C L =30pF to GND, 

unless otherwise noted) 

Limits 

Symbol Parameter Test conditions M10474S-10 M10474S-15 Unit 

Min Typ Max Min Typ Max 

tACS Chip select access time RL =500 6 6 ns 

tRCS Chip select recovery time C L =30pF 6 6 ns 

tAA Address access time See Figure 1 10 15 ns 

SWITCHING CHARACTERISTICS (FOR WRITE CYCLE) 
(VCC=VCCA=OV, VEE=-5. 2V±5%, Ta=0-+75°C, air cooling> 2.5m/s, Output Load: RL =500 to -2. OV and C L =30pF to GND, 
unless otherwise noted) 

Limits 

Symbol Parameter Test conditions M10474S-10 M10474S-15 Unit 

Min Typ Max Min Typ Max 

tw Write pulse width twsA=2ns 5 3 5 3 ns 

tWSD Data setup time 2 2 ns 

tWHD Data hold time 2 2 ns 

tWSA Address setup time tw=5ns 2 2 ns 

tWHA Address hold time 2 2 ns 

twscs Chip select setup time 2 2 ns 

tWHCS Chip select hold time 2 2 ns 

tws Write disable time 5 5 ns 

tWR Write recovery time 12 12 ns 

RISE AND FALL TIME 

Symbol Parameter 
Limits 

Test conditions Unit 
Min Typ Max 

tr Output rise time 2 ns 

tf Output fall time 2 ns 

CAPACITANCE 

Limits 
Symbol Parametef Test conditions Unit 

Min Typ Max 

CIN Input pin capacitance 3 pF 

COUT Output pin capacitance 5 pF 

AC Test Circuit Input Levels 

VcC<GND) 

80% 
M.U.T ~ __ -~ 

tr tf 

tr=tf=2ns(typ) 

All timing measurements referenced to 50% of input levels. 

RL =500 
C L =30pF C L including Fixture and Stray Capacitance 

Fig. 1 Switching Test Circuit and Waveforms 

• MITSUBISHI 
~ELECTRIC 4-9 



Read Mode Timing 

Chip Select Access Time 

CS 

Q 

Write Mode Timing , 

CS 

ADDRESS 

D 50% 

WE 

Q 

4-10 

50% 

MITSUBISHI LSls 

Ml0474S-10, -15 

4096-BIT( 1024-WORD BY 4-BIT)STATIC RAM 

Address Access Time 

ADDRESS 

50% Q 
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MASK ROM ORDERING METHOD 

MASK ROM ORDERING METHOD 
Mitsubishi Electric Corp. receives the data for writing 
programs in the mask ROMs by EPROMs. 
When placing an order, submit three sets of the EPROMs in 
which the data for each pattern are written and the pre
scribed confirmation statements. If another medium is to 
be used, consult with Mitsubishi first. 

EPROM PRECAUTIONS 
1. Mitsubishi's EPROMs are standard, but any EPROMs 

are available. 
2. The EPROM data and address are processed with the 

contents of "H" taken as "1". 
3. Write the products being ordered and the address assign

ment in the EPROMs. The address to be assigned are 
written in the confirmation statements. 

4. If discrepancies between the EPROMs submitted are 
found, a notice to that effect will be issued. 

MASK ROM DEVELOPMENT SYSTEM 

CUSTOMER 

MASK ROM 
CONFIRMATION STATEMENT 

+ 
3 SETS IN EPROMs 

NO 

MASK ROM 

ITEMS TO BE ISSUED WHEN ORDERING 
1. Masking confirmation statement ........... 1 copy 
2. Data for ROMs ............... 3 sets in RPROMs 

OPTIONS 
Refer to the data book and make the appropriate entries in 
the confirmation statement. 
The ROMs will be prepared in accordance with the data in 
the EPROMs and the mask confirmation sattelement sub
mitted. The EPROMs and the confirmation statement will 
not be returned. 

MITSUBISHI ELECTRIC 

NO 

• 

MASK ROM 
AUTOMATIC 

DESIGN 

ROM DATA LIST 
+ 

3 SETS IN EPROMs 

MASK ROM 
MANUFACTURING 

PROCESS 

• MITSUBISHI 
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MASK ROM ORDERING METHOD' 

MITSUBISHI MASK ROMs 
CONFI RMATIONSTATEMENT 

M5M2364-XXXP(28 Pin, 64K Bit) 

Company 
~ name 

TEL ( ) 
Customer 

Date Date: Year/month/day Issued 

1. Confirmation 

Specify the EPROMs submitted. 

Date : Year/month/day 

Section head Supervisor 

9-
siqnature signature 

Q) 
0 
Q) 

a: 

Note: Please fill in all items marked ~ 

Responsible Supervisor officer 

(j) 

~ 
::J 

ro 
c 
0) 

Cii 

3 sets EPROM must be 64K bit (2764), in which the data for each pattern are written. 

~ Parts numbers 1. Mask not needed 2. Mark needed 

I I 
Mitsubishi Ie type number 

Note 1: The 'mark field should be written to the right. 

~ Comments 

5-4 

2: The identification mark can be up to 12 alphanumeric characters 

(except J, I and 0) and hyphens. 

• MITSUBISHI 
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MASK ROM ORDERING METHOD 

Mask ROM number 

MITSUBISHI MASK ROMs 
CONFIRMATION STATEMENT Date: Year/month/day 

o 
o 
o 

*0 

M5M23128-XXXP(128K Bit} 
M5M23256-XXXP(256K Bit} 
M5M231 OOO-XXXP(NMOS 1 M Bit} 
M5M23C1 OO-XXXP(CMOS 1 M Bit} 

0-
CD 
0 
Q) 
a: 

Sect ion head Supervisor 
signature signature 

Note: Please fill in all items marked * 

Customer 

Company 
name 

Date 
issued 

* 1. Confirmation 

TEL ( 

Date: Year/month/day 

Specify the EPROMs submitted. 

An EPROM must be submitted for each pattern. (Check @ in the appropriate box.) 

MASK ROM 27128 

DM5M23128-XXXP DA(0000-3FFF) 

MASK ROM 27128 

DM5M23256-XXXP 
DA(0000-3FFF) 

DB(4000-7FFF) 

~M MASK ROM 27256 

DA(00000-07FFF) 

DM5M231000-XXXP DB( 08000 - 0 FFFF) 

DM5M23Cl00-XXXP DC( 10000-17FFF) 

DD( 18000-1 FFFF) 

* 2. Parts numbers 1. Mar k not needed 2. Mar k needed 

Mitsubishi Ie type number 

Note 1: The mark field should be written to the right. 

rn 
Q) Q) 
o '--
c .2 
co co 
:J c 
rn OJ 
!!2Ui 

Responsible 
officer 

27256 

DA(0000-3FFF) 

27256 

DA(0000-7FFF) 

27512 

DA(OOOOO-OFFFF) 

DB( 10000-1 FFFF) 

2 : The identification mark can be up to 12 aiphanumeric characters 

(except J, I and 0) and hy phens. 

*3. Comments 

• MITSUBISHI 
;"ELECTRIC 
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MSM2364-XXXP 

6SS36-BIT(8192-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
The Mitsubishi M5M2364-XXXP is a 65536-bit mask
programmable high speed read~only memory. 

The M5M236,4-XXXP is fabricated by N-channel 
polysilicon gate technology and available in a 28-pin DIP 
It is interchangeable with the M5L2764K and Intel 2764 in 
read mode. 

The XXX in type code is a three-digit decimal number 
assigned by Mitsubishi to identify the customer's specifica
tion to which the ROM has been programmed. 

FEATURES 
• 8192 words x 8-bit organization 
• Access time .................................... 250 ns (MAX) 
• Two I ine control OE, CE 
• Low power supply 

Current (Icc) active .......................... 80 mA (MAX) 
standby ........................ 20 rnA (MAX) 

•. Single 5V power supply (V cc = 5V ± 10%) 

• 3-State output buffer 
• Input and output 
• Standard 28-pin DI P 
• Interchangeable with the M5L2764K and Intel 2764 

APPLICATION , 
Electronic computers and variou~ software 

BLOCK DIAGRAM 

A12 

All 
AlO 
Ag 

As 
A7 

ADDRESS INPUTS As 
As 
A4 
A3 
A2 

Al 
Ao 

~ 
~ 
~ 
~ 

~ 
~ >g 
(g< 
(f 
ra 
(? 

~ 

ADDRESS 
INPUTS 

X DECODER 

Y DECODER 

CHIP ENABLE INPUT CE 

OUTPUT ENABLE INPUT OE 

~ CHIP 

5-6 

(5V) Vee 

(OV)GND 

'I;;:f ENABLE CIRCUIT 
OUTPUT 
ENABLE CIRCUIT 

~-
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NC 

As 

A4 

A3 

A2 

Al 

Ao 

I 
I 
I 
I 
I 
I 

I 

I 
I 

Outline 28P4 

-

8192 WORDS x 8-BIT 
CELL MATRIX 

Y-GATE CIRCUIT 

' SENSE AMP 
AND 

OUTPUT BUFFER 

11111111 
l1X12X1 3X!5X16Xi7] 8X12 

po Dl D2D~D4DsDsD7, 

DATA OUTPUTS 

Vec(SV) 

NC 

NC 

NC: NO CONNECTION 
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MSM2364-XXXP 

6SS36-BIT(8192-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

FUNCTION 
Set the CE and DE terminals to the read mode (low level). 

Low level inputs to CE and DE and address signals to the 
address inputs (Ao-A 12) make the data contents of the 
designated address location available at the data output 
(00 -07 ). 

When the CE or DE signal is high, data output are in 
a floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Topr Operating temperature 

Tstg Storage temperature 

Conditions 

VI Input voltage With respect to GND 

DC ELECTRICAL CHARACTERISTICS (Ta=0-70°C, Vee=5V± 10%, unless otherwise specified) 

Symbol Parameter Test Conditions 

ILl Input leakage current VIN=5.5V 

ILO Output leakage current VouT=5.5V 

ICCl Vee Supply voltage (Standby) CE=VIH 

ICC2 Vee Supply voltage (Operating) CE=OE=VIL 

Ratings 

-10-80 

- 65- 150 

-0.6-7 

Limits 

Min. Typ 

-10 

-10 

10 

40 

VIL Low level input voltage -0.1 

VIH High level input voltage 2.0 

VOL Low level output voltage IOL=2.1mA 

VOH High level output voltage IOH=-400"A 2 .4 

Note 2. TYPical value IS that With standard supply voltage applied and Ta = 25°C, 

AC ELECTRICAL CHARACTERISTICS (T a = 0 - 70°C, Vee = 5V ± 10%, unless otherwise specified) 

Limits 
Symbol Parameter Test Conditions 

Min Typ 

ta(AD) Address access time CE=OE=VIL 

ta(CE) CE access time OE=VIL 

ta(OE) OE access time CE=VIL 10 

t OF OE output floating delay time CE=VIL 0 

t OH Data validity period after OE, CE CE=OE=VIL 0 

" MITSUBISHI 
"ELECTRIC· 

Unit 

"C 

"C 

V 

Unit 
Max 

10 flA 

10 flA 

20 mA 

80 mA 

0.8 V 

Vcc+ 1 V 

0.45 V 

V 

Unit 
Max 

250 I)s 

250 ns 

100 ns 

90 ns 

ns 
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MSM2364-XXXP 

65536-BIT(8192-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

READ-OUT TIMING DIAGRAM 

VIH 
ADDRESS 

VIL 

VIH 

GE 
VIL 

VIH 
OE 

VIL 

VOH 
OUTPUT 

VOL 

ta(AD) 

HIGH Z 
HIGH Z 

Switching CharacteristiCs Test Conditions 

Input voltage: VIL =0.8V, VIH=2.2V 
Input signal rise-fall time: ~ 20ns 
Reference voltage for timing measurements: Input 1 V, 2V 

Output 0.8V, 2V 
Loading: 1 TTL gate + CL (= 100pF) 

INPUT/OUTPUT CAPACITANCE (Ta =25°C, f= lMHz, unless otherwise specified) 

Limits 
Symbol Parameter Test Conditions Unit 

Min Typ Max 

GIN Input capacitance VIN=OV 4 6 pF 

GOUT Output capacitance VOUT=OV 8 12 pF 

TYPICAL CHARACTERISTICS 
NORMALIZED ACCESS TIME vs. 

SUPPLY VOLTAGE 
SUPPLY CURRENT VS AMBIENT TEMPERATURE 

14 

0 
~ 
;g 

1.2 
ill 
::2: 
i= 
UJ 

~ 1.0 u 
u « 
0 
ill 
N 
:::i 0.8 « 
::2: 
a: 
0 
z 

0.6 

5-8 

Ta~25°C 40 
CL = 100pF 

4: .s 30 
I-
Z 
ill 
a: " i'--- a: 
::J 20 u -
>-
....J 
CL 
CL 
::J 
UJ 10 

4 5 6 
0 

SUPPLY VOLTAGE Vee (V) 

• MITSUBISHI 
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---~ Vcc =5.5V 

~ ~J 
ACTIVE (CE = OE ~ 

STANDBY (CE=H) 

o 50 100 

AMBIENT TEMPERATURE Ta (OC) 



0 
~ 
-'" 
~ 
~ 

(J) 
(J) 
w 
u 
u 
<{ 

8 
N 
...J 
<{ 
::2' 
a: 
0 
z 

;:;: 
E 
u 

.3:? 
~ 

t5 
a: 
a: 
::J 
U 

~ 
c.. 
::J 
(J) 

MITSUBISHI LSI. 

MSM2364-XXXP 

65536-BIT(8192-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE OUTPUT VOLTAGE VS OUTPUT CURRENT 

1.4 
I 

Vee =4.5V 
4/---I-----t----t---+---t----I 

" 
CL=100pF Vee =4.5V 

1.2 

1.0 

..L.-

/ 
V 

/ 
,. / 

31------""'-:::----t---t--:-f--.,...--I----I 

0.8 

0.6 o 50 100 

AMBI ENT TEMPERATURE T a tC) OUTPUT CURRENT (mA) 

SUPPLY CURRENT VS. SUPPLY VOLTAGE 

40 

30 

20 

10 

0 

Ta=25°C 

1.- _I 
ACTIVE (CE = OE ~ -----~ 

-
STANDBY (CE=H) 

4 

SUPPLY VOLTAGE Vee (V) 

--

6 
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MSM23128-XXXP 

131072-BIT( 16384-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M23128-XXXP is a 131072-bit mask
programmable high speed read-only memory. 

The M5M23128-XXXP is fabricated by N-channel 
polysilicon gate technology and available in a 28-pin DI P 
It is interchangeable with the M5 L27128K and Intel 27128 
in re'ad mode. 

The XXX in type code is a three-digit decimal number 
assigned by Mitsubishi to identify the customer's specifi
cation to which the ROM has been programmed. 

FEATURES 
• 16384 word x 8-bit organization 
• Access time ..................... 250ns (max) 
• Two line control OE, CE 
• Low power supply current (Icel Active .. 80mA (max) 

Standby . 30mA (max) 
• Single 5V power supply 
• 3-state output buffer 
• Input and output TTL-compatible 
• Standard 28-pin DIP 
• Interchangeable with the M5L27128K and Intel 27128 

APPLICATION 
Electronic computers and various software. 

FUNCTION 
Set the CE a~d OE terminals to the read mode (low leveL) 

Low level inputs to CE and OE and address signals to 
the address inputs (Ao"'A13) make the data contents of 

BLOCK DIAGRAM 

AS 

A7 
ADDRESS INPUTS As 

As 
A4 
A3 
A2 
A1 
Ao 

~-

~ 

~ 
~ 
~ 
7 
>s< 
f6< 
>f 
>g< 
~ 
r6 

PIN CONFIGURATION (TOP VIEW) 

NC 

AS 

ADDRESS A4 
INPUTS A3 

A2 

A1 

Vcc(SV) 

NC 

NC; NO CONNECTION 

Outline 28P4 

the designated address location available at the data output 

(Do"'D7)' 
When the CE or OE signal is high, data output are in a 

floating state. 
When the CE signal is high, the device is in the standby 

mode or power-down mode. 

-

X-DECODER 16384 WORDS x 8 BIT 
CELL MATRIX 

Y-DECODER Y GATE 
I 
I CIRCUIT 

CHIP ENABLE INPUT CE 

OUTPUT ENABLE INPUT OE 

lIi'rlo. 
't:.;? CHIP ENABLE OUTPUT SENSE 

(SV)Vcc 

(OV)GND 

lIi~ 
't:.p 

~. 
OUTPUT 

ENABLE 

AND 
OUTPUT BUFFERS 

po D1 Dz D3 .. D4 Os Os D7, 

DATA OUTPUTS 

11111111 
l1X12X13X1SX1Ql'l711~ 

j 
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MSM23128-XXXP 

131072-BIT(16384-WORD BY 8-BIT)MASK.PROGRAMMABLE ROM 

ABSOLUTE MAXIMUM RATINGS* 
Operating temperature ... . . -10°C ...... +80°C 
Storage temperature ..... . -65°C ...... +150°C 
All input or output voltage** ... -O.6V ...... +7V 

COMMENT 
• Stresses above those listed may cause permanent damage to the device. 

This is a stress rating only and functional operation of the device at these 
or at any other conditions above those indicated in the operational sec· 

tions of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
affects device reliability . 

•• With respect to Ground. 

D.C. ELECTRICAL CHARACTERISTICS (Ta =0-70·C. Vcc=5V± 10%. unless otherwise noted) 

Symbol Parameter Conditions 
Min 

III I nput leakage current VIN=S.SV -10 

ILO Output Leakage current VOUT=S.SV -10 

ICCI Vee current standby CE=VIH 

ICC2 Vee current active CE=OE=VIL 

VIL Input low voltage -0.1 

VIH Input high voltage 2.0 

VOL Output low voltage IOL =2. lmA 

VOH Output high voltage I OH =- 400/1 A 2.4 

A.C. ELECTRICAL CHARACTERISTICS (Ta =0-70·C. VCc=SV± 10%. unless otherwise noted) 

Symbol Parameter Conditions 
Min 

ta(AO) Address to output delay CE=OE=VIL 

ta(c"E) CE to output delay OE=VIL 

ta(o'E) Output enable to output delay CE=VIL 10 

t OF Output enable high to output float CE=VIL 0 

tOH Output hold from IT or OE CE=OE=VIL 0 

A.C. WAVEFORMS 

VIH 
ADDRESS ADDRESSES VALID 

VIL 

VIH 

Limits 

Typ Max 

10 

10 

15 30 

40 80 

0.8 

VCC+ 1 

0.45 

Limits 

Typ Max 

250 

250 

100 

90 

CE 
VIL Test Conditions for A.C. Characteristics 

taCCE) 

VIH 
Input voltage: V 1L = 0.45V, VIH = 2.4V 
Input rise and fali times: ~ 20ns 

Unit 

fJ.A 

fJ.A 

mA 

mA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

OE 
VIL 

Reference voltage at timing measurement: Inputs lV and 2V 
Outputs O.8V and 2V 

ta(AO) 

VOH 
OUTPUT HIGH Z 

VOL 

Output load: 1 TTL gate, CL = lOOpF 

HIGH Z 

• MITSUBISHI 
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MITSUBISHI LSls 

MSM23128-XXXP 

1310.72-BIT(16384-WORD BY 8-BIT)MASK-PROQRAMMABLE ROM 

CAPACITANCE (Ta=2S0C. f=lMHz) 

Limits 
Symbol Parameter Conditions 

Min Typ Max 

CIN I nput capacitance VIN=OV 4 6 

COUT Output capacitance VOl,JT=OV 8 12 

TYPICAL PERFORMANCE DATA 

NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS. 

5-12 

SUPPLY VOLTAGE 

1.4 

0' 
1.4 

8 Ta=12S'C 

~ CL=100pF S 
~ 1.2 .:J 1.2 
w w 
::;:; 
i= 
'C/). 
C/) 

1.0 w 

::2' 
i= 
UJ 
UJ 

1.0 w " """-u u 
u u 
<l: « 
0 0 
w w 
!:::! 0.8 ..J 

N 
0.8 :::i 

<l: « 
::;:; ::2' 
a: a: 
0 0 
z z 

0.6 0.6 

SUPPLY VOLTAGE VOO (V) 

SUPPLY CURRENT VS. SUPPLY VOLTAGE 

50 

~ 40 

-S 
I-

30 z 
w 
a: 
a:: 
::J 
u 20 
>-
& 
::J 
UJ 10 

Ta ~2S'C 

« 
-S 
I-

~~ 
~ 

-~- -I 002 (C E = C E = L) -
~ 
a: 
a: 
::J 
u 
>-- a: 
0.. 
::J 1001 (CE=H) 
UJ 

4 6 

SUPPLY VOLTAGE Vee (V) 

• MITSUBISHI 
..... ELECTRIC 

SO 

40 

30 

20 

10 

AMBIENT TEMPERATURE 

. Voo~4.SV 
CL=100pF 

V 
~ 

~ 
./ V 

so 100 

AMBIENT TEMPERATURE Ta ('C) 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

Voo!S.SV 

.... 

------1002 (CE=CE=~ r--

--
1001 (CE=H) -
o 50 100 

AMBIENT TEMPERATURE Ta ('C) 

Unit 

pF 
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MITSUBISHI LSls 

MSM232S6-XXXP 

262144-BIT(32768-WORD BY 8.BIT)MASK.PROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M23256-XXXP is a 262144-bit mask
programmable high speed read-only memory. 

The M5M23256-XXXP is fabricated by N-channel 
polysilicon gate technology and available in a 28-pin 01 P 

It is compatible with the M5L27256K and Intel 27256 in 
read mode. 

The XXX in type code is a three-digit decimal number 
assigned by Mitsubishi to identify the customer's specifi
cation to which the ROM has been programmed. 

FEATURES 
• 32768 word x 8-bit organization 
• Access time ..................... 250ns (max) 
• Two line control OE, CE 
• Low power supply current (Icel Active .. 80mA (max) 

Standby . 30mA (max) 
• Single 5V power supply 
• 3-state output buffer 
• Input and output TTL-compatible 
• Standard 28-pin DIP 
• Compatibl'e with Intel 27256 

APPLICATION 
Electronic computers and various software. 

FUNCTION 
Set the CE and OE terminals to the read mode (low level.) 

Low level inputs to CE and OE and address signals to 
the address inputs (Ao '" A 14 ) make the data contents of 

BLOCK DIAGRAM 
~-

~ 
~ 
~ 
~ 

PIN CONFIGURATION (TOP VIEW) 

NC 

A6 

As 

ADDRESS A4 

INPUTS A3 

A2 

AI 

Ao 

DATA { ~~ 
OUTPUTS 02 +- 13 

(OV)GND 14 

x 
>< 
>< 
1) 

Outline 28P4 
NC; NO CONNECTION 

the designated address location available at the data output 
(00 "'0 7 ). 

When the CE or OE signal is high, data output are in a 
floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

! 

A 14 

A 13 

A 12 

All 

A 10 

A9 

A8 

A7 

~ 
~ 

X-DECODER 32768WORDS x 8 BIT 

ADDRESS INPUTS A6 

As 
A4 
A3 
A2 
AI 
Ao 

CHIP ENABLE INPUT CE 

OUTPUT ENABLE INPUT OE 

(5V) Vee 

(OV)GND 

?t 
~ 
>s 
~ 
>7 
~ 
>g' Y-DECODER 

fa 

~ CHIP ENABLE .. ~ 
~ OUTPUT 

ENABLE 

~-
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I 

CELL MATRIX 

Y GATE 
CIRCUIT 

OUTPUT SENSE 
AND 

OUTPUT BUFFERS 

11111111 
l1X12X13X!5X16l17.l18))9 

po 01 D2D3 .. D4Ds DG 07, 
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MITSUBisHI LSls 

M5M23256-XXXP 

262144-BIT(32768-WORD BY 8-BIT)MASK-PROGRAMMABLEROM 

ABSOLUTE MAXIMUM RATINGS* 
Operating temperature. . . . . .. _10°C -- +80°C 
Storage temperature .... . . . . . . . .. -65°C""" +150°C 
All input or output voltage** .......... -O.6V -- +7V 

COMMENT 
• Stresses above those listed may cause permanent damage to the device. 

This is a stress rating only and functional operation of the device at these 
or at any other conditions above those indicated in the operational sec
tions of this specification is not implied. 
Exposure to absolute maximum rating" conditions for extended periods 
affects device reliability . 

•• With respect to Ground. 

D.C. ELECTRICAL CHARACTERISTICS (Ta=0-70°C, Vcc=5V± 10%. unless otherwise noted) 

Symbol Parameter Conditions 
Min 

III Input leakage current VIN=5.5V -10 

ILO Output I eakage current VOUT=5.5V -10 

ICCI Vee current standby CE=VIH 

IC02 Vee current active CE=OE=VIL 

VIL Input low voltage -0.1 

VIH Input high vol tage 2.0 

VOL Output low voltage IOL=2.1mA 

VOH Output high voltage I OH =- 400flA 2.4 

A.C. ELECTRICAL CHARACTERISTICS (Ta=0-70°C, Vcc=5V± 10%. unless otherwise ncited) 

Symbol Parameter Conditions 
Min 

ta(AO) Address to output delay CE=OE=VIL 

ta(CE) CE to output delay OE=VIL 

ta(~) Output enable to output· delay CE=VIL 10 

t OF Output enable high to output float CE=VIL 0 

tOH Output hold from CE or OE CE=OE=VIL 0 

A.C. WAVEFORMS 

VIH 
ADDRESS ADDRESSES VALID 

VIL 

VIH 

CE 

Limits 

Typ Max 

10 

10 

15 30 

40 80 

0.8 

VCC+ 1 

0.45 

Limits 

Typ Max 

250 

250 

100 

90 

VIL Test Conditions for A.C. Characteristics 

VIH 
Input voltage: VIL = 0.45V, VIH = 2.4V 
Input rise and fall times: ~ 20ns 

Unit 

ILA 

pA 

mA 

mA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

OE 
VIL 

Reference voltage at timing measurement: Inputs lV and 2V 
Outputs O.SV and 2V 

VOH 
OUTPUT 

VOL 

5-14 

ta(AO) 

HIGH Z 

Output load: 1 TTL gate, CL = 100pF 

HIGH Z 
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MITSUBISHI LSls 

M5M23256-XXXP 

262144-BIT(32768-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

CAPACITANCE (Ta=2S0C. f=lMHz) 

Limits 
Symbol Parameter Conditions 

Min Typ Max 

CIN I nput capacitance VIN=OV 4 6 

COUT Output capacitance VOUT=OV 8 12 

TYPICAL PERFORMANCE DATA 

NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS. 

1.4 

0' 
~ 

:: 
1.2 

w 
~ 
i= 
(f) 
(f) 
w 1.0 u 
u « 
0 
w 
~ 

0.8 -1 
« 
~ 
a: 
0 
Z 

0.6 

50 

40 « 
-S 
I-

30 z 
w 
a: 
a: 
=> 
u 20 
>-
~ 
=> 
(f) 

10 

SUPPLY VOLTAGE 

Ta=12S0C 

CL =100pF 

1.4 

0' 
~ 

:: 
1.2 

w 
~ 

" 
i= 
(f) 
(f) 
w 1.0 u 
u « 
0 
w 
~ 
-1 0.8 « 
~ 
a: 

'0 
z 

0.6 
6 

SUPPLY VOLTAGE Vcc'(V) 

SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

Ta=2S0C l __ 

---~~_I ICC2(CE=OE= L) 

;;( 
-S 
I-
z 
w 
a: 
a: 
=> 
u - >-

-- ICC1 (?E=H) ~ 
=> 
(f) 

SUPPLY VOLTAGE VCC (V) 

• MITSUBISH, I 
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20 

10 

AMBIENT TEMPERATURE 

VCC,,!4.SV 

CL =100pF 

V ~ 
~ 

..,. ~ 

o 50 100 

AMBIENT TEMPERATURE Ta ("C) 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

VCC=S.SV 

----_----t----r-I CC2 (C E = C E = L) 

ICC1 (~E=H) 
r--

50 100 

AMBI ENT TEMPERATURE Ta (OC) 
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pF 

pF 
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MITSUBISHI LSls 

MSM231000-XXXP 

~u4l"II:t76-BIT (131072:'WORD BY a-BIT) MASK·PROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M231000-XXXP is 1048576-bit mask
programmable high speed read-only memory. 

The M5M231000-XXXP is fabricated by N-channel 
polysilicon gate technology and available in a 28-pin DIP 

The XXX in type code is a three-digit decimal number 
assigned by Mitsubishi· to identify the customer's specifi
cation to which the ROM has been programmed. 

FEATURES 
• 131072 word x 8-bit organization 
• Access time ..................... 250ns (max) 

• ONE line control CE 
• Low power supply current (Icd Active .. 60mA (max) 

Standby . 20mA (max) 

• Single 5V power supply 
• 3-state output buffer 
• Input and output TTL-compatible 
• Standard 28-pin 0 I P 

APPLICATION 
Electronic computers and various software. 

FUNCTION 
Set the CE terminals to the read mode (low level.) 

Low level input to CE and address signals to the address 
inputs (Ao '" A 16 ) make the data contents of the desig
nated address location available at the data output (Do '" 
0 7 ). 

BLOCK DIAGRAM 

ADDRESS INPUTS 

CHIP ENABLE INPUT CE 

(sV)Vcc 

(OV)GND 

r--
~ 

~ 
'1 
~ 
~ 
~ 
>f 
~ 
>s< 
>s< 
~ 
>a< r;. 
~ 

'\; 

@--
14 

PIN CONFIGURATION (TOP VIEW) 

A1 

A6 

As 
ADDRESS 
INPUTS 

ADDRESS A4 

INPUTS A3 

Az 

A, 

Outline 28P4 

When the CE signal is high, data output are in a floating 
state and the.device is in the standby mode or power-down 
mode. 

X-DECODER 

I 

Y-DECODER 
I 

CHIP ENABLE 

·131072WORDS 
x 8 BIT 

CELL MATRIX 

Y GATE 
CIRCUIT 

OUTPUT SENSE 
AND 

OUTPUT BUFFERS 

llU111l 
~ a 0, Dz 03 ... 04 Os Os 01, 

DATA OUTPUTS 

j 

5-16 
• . MITSUBISHI 

.... ELECTRIC 



MITSUBISHI LSls 

MSM231000-XXXP 

104a576·BIT (131072.WORD BY a·BIT) MASK· PROGRAMMABLE ROM 

ABSOLUTE MAXIMUM RATINGS* COMMENT 
Operating temperature ... . 
Storage temperature ..... . 
All input or output voltage ** 

. -10°C - +80°C 
-65°C - +150°C 

... -O.6V - +7V 

• Stresses above those listed may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these 
or at any other conditions above those indicated in the operational sec-

tions of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
affects device reliability . 

•• With respect to Ground. 

D.C. ELECTRICAL CHARACTERISTICS (Ta =0-70"C. Vcc=5V± 10%. unlessotherwisenoted) 

Limits 
Symbol Parameter Conditions Unit 

Min Typ Max 

III Input leakage current VIN=5.5V -10 10 /LA 

ILO Output I eakage current VouT=5.5V -10 10 /LA 

leci Vee current standby CE=VIH 10 20 mA 

lec2 Vee current active CE=VIL 30 60 mA 

VIL Input low voltage -0.1 0.8 V 

VIH Input high voltage 2.0 Vce+ 1 V 

VOL Output low voltage IOL=2.1mA 0.45 V 

VOH Output high voltage IOH=- 400,uA 2.4 V 

A.C. ELECTRICAL CHARACTERISTICS (Ta=0-70°C. Vcc=5V± 10%. unless otherwise noted) 

Symbol Parameter 

ta(AD) Address to output delay 

ta(CE) CE to output delay 

t DF Output enable high to output float 

t OH Output hold from CE 

A.C. WAVEFORMS 

VIH 
ADDRESS 

VIL 

VIH 

CE 

VIL 

ta (AD) 

VOH 
HIGH Z 

OUTPUT 

VOL 

CAPACITANCE (Ta=25°C. f=IMHz) 

Symbol Parameter 

CIN I nput capacitance 

COUT Output capacitance 

CE=VIL 

CE=VIL 

CE=VIL 

Limits 
Conditions 

Min Max 

250 

250 

0 80 

0 

Test Conditions for A.C. Characteristics 

Input voltage VIL = 0.45V, VIH = 2.4V 
Input rise and fall times:. ~ 20ns 

Unit 

ns 

ns 

ns 

ns 

Reference voltage at timing measurement Inputs IV and 2V 
Outputs O.8V and 2V 

Output load: 1 TTL gate, CL = 100pF 

HIGH Z 

Conditions 

VIN=OV 

VOUT=OV 

• MITSUBISHI 
~ELECTRIC 

Limits 

Min Typ 

6 

6 

Unit 
Max 

10 pF 

10 pF 
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MITSUBISHI LSls 

MSM231001-XXXP 

1048576-BIT ('131072-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M231001-XXXP is 1048576-bit mask
programmable high speed read-only memory. 

The M5M231001-XXXP is fabricated by N-channel 
polysilicon gate technology and available in a 28-pin DIP. 

The XXX in type code is a three-digit decimal number 
assigned by Mitsubishi to identify the customer's specifi
cation to which the ROM has been programmed. 

FEATURES 
• 131072 word x 8-bit organization 
• Access time ..................... 200ns (max) 

• One line control OE 
• Low power supply current (Icel Active .. 60mA (max) 
• Single 5V power supply 
• 3-state output buffer 
• Input and output TTL-compatible 
• Standard 28-pin 0 I P 

APPLICATION 
Electronic computers and various software 

FUNCTION 
Set the OE terminals to the read mode (low level.) 

Low level input to OE and address signals to the address 
inputs (Ao '" A 16 ) make the data contents of the desig
nated address location available at the data output (Do '" 
0 7 ). 

When the OE signal is high, data output are in a floating 
state. 

BLOCK DIAGRAM 

ADDRESS INPUTS 

PIN CONFIGURATION (TOP VIEW) 

A7 

A6 

As 

VCC(5V) 

+- A14 

ADDRESS 
INPUTS 

ADDRESS A4 
INPUTS A3 

Az 
A 1 X OUTPUT 

DATA{ ~: : :; ~ 17 - D, } ~;;~T~~ 
OUTPUTS 02 +- 13 16 -+ 04 

X-DECODER 

V-DECODER 

(OV) GNO 14 15 -+ 03 "L.-___ ....r-

Outline 28P4 

131072 WORDS 
x 8 BIT 

CELL MATRIX 

V-GATE 
CIRCUIT 

OUTPUT ENABLE INPUT t--------;~OUTPUT ENABLE 
OUTPUT SENSE 

AND 

5-18 -
• MITSUBISHI 

.... ELECTRIC 

OUTPUT BUFFERS .J 



MITSUBISHI LSls 

MSM231001-XXXP 

1048578-BIT (131072;'WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 

ABSOLUTE MAXIMUM RATINGS* COMMENT 
Operating temperature ... . 
Storage temperature ..... . 
All input or output voltage * * 

. -10°C -- +80°C 
-65°C -- +150°C 

... -O.6V -- +7V 

• Stresses above those listed may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these 
or at any other conditions above those indicated in the operational sec· 
tions of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
affects device reliability . 

•• With respect to Ground. 

D.C. ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Vcc=5V± 10%. unless otherwise noted) 

Limits 
SymbOl Parameter Conditions Unit 

Min Typ Max 

III Input leakage current VIN =5. 5V -10 10 /lA 

I.LO Output I eakage current VOUT=5.5V -10 10 f.J A 

Icc Vee current active 30 60 mA 

VIL Input low voltage -0.1 0.8 V 

VIH Input high voltage 2.0 Vcc+ 1 V 

VOL Output low voltage IOL==2.1mA 0.45 V 

VOH Output high voltage 'OH:::- 400,uA 2.4 V 

A.C. ELECTRICAL CHARACTERISTICS (Ta =0-70·C. Vcc=5V± 10%. unlessotherwisenoted) 

Symbol Parameter 

ta(AD) Address to output delay 

ta<OE) OE to output delay 

t DF Output enable high to output float 

tOH Output hold from OE 

A.C. WAVEFORMS 

VIH 
ADDRESS ADDRESSES VALID 

VIL 

VIH 

OE 
VIL 

ta (AD) 

VOH 
OUTPUT HIGH Z 

VOL 

CAPACITANCE (Ta=25°C. f=IMHz) 

Symbol Parameter 

CIN Input capacitance 

COUT Output capacitance 

OE==VIL 

Limits 
Conditions 

Min Typ Max 

200 

80 

55 

0 

Test Conditions for A.C. Characteristics 

Input voltage: V,L = 0.45V. V,H = 2.4V 
Input rise and fall times: ;;; 20ns 

Unit 

ns 

ns 

ns 

ns 

Reference voltage at timing measurement: Inputs 1 V and 2V 

Outputs O.8V and 2V 
Output load: 1 TTL gate. CL = 100pF 

HIGH Z 

Conditions 

VIN:::OV 

VOUT=OV 

• MITSUBISHI 
~ELECTRIC 

Limits 

Min Typ 

6 

6 

Unit 
Max 

10 pF 

10 pF 
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DESCRIPTION 
The Mitsubishi M5M23C100-XXXP is 1048576-bit mask
programmable high speed read-only memory. 

The M5M23Cl00-XXXP. is fabricated by silicon gate 
CMOS technology and available in a 28-pin DIP. 

The XXX in type code is a three-digit decimal number 
assigned by Mitsubishi to identify the customer's specifi
cation to which the ROM has been programmed. 

FEATURES 
• 131072 words x 8-bit organization 
• Access time .................... 250 ns (max) 
• Low power supply current (Icc) 

Active ...... 30 rnA (max) 
Standby ..... 1 rnA (max) (TTL-compatible) 

100/JA (max) (CE = Vee) 

• Single 5V power supply 
• 3-state output buffer 
• Input and output TTL-compatible 
• Standard 28-pin 01 P 

APPLICATION 
Microcomputer systems and peripheral equipment 

FUNCTION 
Set the CE terminals to the read mode (low leveL) 

Low level input to CE and address signals to the address 
inputs (Ao '" A 16 ) make the data contents of the desig-

BLOCK DIAGRAM 
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MITSUBISHI LSls 

MSM23Cl00-XXXP 
1048576-BIT(131072-WORD BY 8-BIT) 

CMOS MASK-PROGRAMMABLE ROM 

PIN CONFIGURATION (TOP VIEW) 

A6 ADDRESS 

As INPUTS 

ADDRESS A4 
INPUTS A3 

A2 

Al 

Outline 28P4 

nated address location available at the dat output (Do '" 
0 7 ). 

When the CE signal is high, data outputs are in a floating 
state and the device is in the standby mode or power-down 
mode. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

MITSUBISHI LSls 

MSM23Cl00-XXXP 

1048576-BIT(131072-WORD BY 8-BIT) 
CMOSMAS~PROGRAMMABLEROM 

Note 1: Stresses above those listed may cause permanent damage to the device. 

Operating temperature. . . . . . . . . . -10
o
e "" +80

o
e 

This is stress rating only and functional operation of the device at these 
or at any other conditions above those indicated in the operational 

sections of this specification is not implied. Storage temperature ......... . -65°e "" +150
o
e 

Exposure to absolute maximum rating conditions for extended periods 

affects device reliability. 
All input or output voltage (Not~ 2.) • • • • • • . • -O.6V "" + 7V 

Note 2: With respect to Ground. 

D.C. ELECTRICAL CHARACTERISTICS (Ta=0-10·C. Vcc=5V± 10%. unless otherwise noted) 

Limits 
Symbol Parameter Conditions 

Min Typ Max 

III I nput leakage current VIN=5.5V -10 10 

'LO Output I eakage current VOUT=S.5V -10 10 

CE=VIH 1 
IcCt Vee current standby 

CE=Vcc 1 100 

ICC2 Vee current active CE=VIL, 4MHz 30 

VIL Input low voltage -0.1 0.8 

VIH Input high voltage 2.0 Vcc+ 1 

VOL Output low voltage IOL=2.1mA 0.45 

VOH Output high voltage IOH= -400f..lA 2.4 

A.C. ELECTRICAL CHARACTERISTICS (Ta =0-10"C. Vce=5V± 10%. unless otherwise noted) 

Limits 
Symbol Parameter Conditions 

Min Max 

ta(AD) Address to output delay CE=VIL 250 

ta(cE:) CE to output delay 250 

t DF Output enable high to output float 0 80 

tOH Output hold from CE 0 

A.C. WAVEFORMS 

VIH 

ADDRESS 

VIL 

ADDRESSES VALID Test Conditions for A.C. Characteristics 
Input voltage: VIL = 0.45V, VIH = 2.4V 
Input rise and fall times: ::; 20 ns 

Unit 

ILA 

ILA 

mA 

f..lA 

mA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

VIH 
Reference voltage at timing measurement: Inputs 1 V and 2V 

Outputs O.BV and 2V 
CE 

VIL 

ta (AD) 

VOH 
OUTPUT 

HIGH Z 

VOL 

CAPACITANCE (Ta =25"C. f=lMHz) 

Symbol Parameter 

CIN I nput capacitance 

COUT Output capacitance 

Output load: 1 TTL gate, CL = 100pF 

HIGH Z 

Conditions 

VIN=OV 

VOUT=OV 

• MITSUBISHI 
.... ELECTRIC 

Limits 

Min Typ 

6 

6 

Unit 
Max 

10 pF 

10 pF 
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'",~ ~ MITSUBISHI LSls 

.:O~j\)C MSM23C400-XXXP 
419 _~IT(262144.WORD BY 16·BIT)CMOS MASK·PROGRAMMABLE ROM 
1304.BIT(S24288 .. WORD BY 8·BIT)CMOS MASK·PROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M23C400-xxxP is 4194304-bit mask
programmable high speed read-only memory. 

PIN CONFIGURATION (TOP' VIEW) 

The M5M23C400-xxxP is fabricated by CMOS single 
gate technology and available in a 4D-pin DIP. 

The xxx in type code is a three-digit decimal number 
assigned by Mitsubishi to identify the customer's specifica
tion to which the ROM has been programmed. 

FEATURES 
• 262144 words x 16 bit/524288 word x 8 bit organiza

tion 
• Access time . . . . . . . . . . . . . . . . . . . . . . . .. 250ns 
• Low power supply current (Icel: Active ..... 30mA 

Standby .... 100,uA 
• 2 line control OE, CE 
• Single 5V power supply 
• 3-State output buffer 
• Input and output TTL-compatible 

APPLICATION 
Electronic computers and various software. 

BLOCK DIAGRAM 
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OUTPUT BUFFERS 

DATA OUTPUTS (ADDRESS INPUT) 
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MSM23C400-XXXP 

4194304-BIT (262144-WORD BY 16-BIT) CMOS MASK-PROGRAMMABLE ROM 
/4194304-BIT (S24288-WORD BY 8-BIT) CMOS MASK-PROGRAMMABLE ROM 

FUNCTION 
Low level input to CE, OE, BYTE and address signal to the 

address inputs (A-1'" Ai') make the data contents of the 

designated address location available at the data output 

(Do'" D,). 

address inputs (Ao '" A17)' data outputs are Do '" 015. 

When the CE or OE signal is high, data outputs are in a 

floating state. 

When the CE signal is high, the device is in the standby 

mode or power-down mode. When the BYTE signal is high, and address signals to the 

MODE SELECTION 

-

~ CE OE BYTE VCC 
Outputs Outputs 

Mode (10) (12) (31) (21) 
00- 0 7 08- 0 15 

(13,15,17,19,22,24,26,28) (14,16,18,20,23,25,27,29) 

VIL VIL VIL VCC Data out Floating 
Read 

VIL VIL VIH VCC Data out Data out 

Standby VIH X X Vcc Floating Floating 

ABSOLUTE MAXIMUM RATINGS(Note1) Note 1: Stresses above those listed may cause permanent damage to the device. 

Operating temperature ............. _10° C '" +80° C 
This is stress rating only and functional operation of the device at these 
or at any other conditions above those indicated in the operational 
sections of this specification is not implied. Storage temperature .............. -65°C'" +150°C 

All input or output voltage(Not~~) ........ -0.6V '" +7V Exposure to absolute maximum rating conditions for extended periods 
affects device reliability. 

Note 2 With respect to Ground. 

D.C. ELECTRICAL CHARACTERISTICS (Ta=0-70°C. Vcc=5V± 10%. unless otherwise noted) 

Symbol Parameter Conditions 
Min 

III Input leakage current VIN=5.5V -10 

ILO Output I eakage current VouT=5.5V -10 

CE=VIH 
ICCI Vee current standby 

CE=Vcc 

ICC2 Vee current active CE=VIL, 4MHz 

VIL Input low voltage -0.1 

V,H Input high voltage 2.0 

VOL Output low voltage IOL=2.1mA 

VOH Output high voltage IOH= -400/-LA 2.4 

A.C. ELECTRICAL CHARACTERISTICS (Ta=0-70"C. Vcc=5V± 10%. unlessotherwisenoted) 

Symbol Parameter 

ta(AO) Address to output delay 

ta(CE) CE to output delay 

ta (aE) Output enable to output delay 

t OF Output enable high to output float 

tOH Output hold from CE or OE 

Conditions 

CE=OE=L 

OE=L 

CE=L 

CE=L 

• MITSUBISHI 
..... ELECTRIC 

Min 

a 
a 

Limits 
Unit 

Typ Max 

10 ILA 

10 /LA 

1 mA 

1 100 /-LA 

30 mA 

0.8 V 

VCC+ 1 V 

0.45 V 

V 

limits 
Unit 

Max 

250 ns 

250 ns 

100 ns 

80 ns 

ns 

~-23 



MITSUBISHI LSI. 

MSM23C400-XXXP 

4194S04-BIT(262144-WORD BY 16-BIT) CMOS MASK-PROGRAMMABLE ROM 
/4194304-BIT (5242aa-WORD BY a-BIT) CMOS MASK-PROGRAMMABLE ROM 

A.C. WAVEFORMS 

ADDRESS ADDRESSES VALID 

VIH---+--_ 

GE 

VIL 
OE 

VIL 

VOH 
HIGH Z OUTPUT 

VOL 

CAPACITANCE (Ta=25"C. f=lMHz) 

Symbol Parameter 

GIN Input capacitance 

GOUT Output capacitance 

5-24 

HIGH Z 

VIN=OV 

VOUT=OV 

Test Conditions for A.C. Characteristics 
Input voltage: VIL = 0.45V, VIH = 2.4V 
Input rise and fall times: ~ 20 ns 
Reference voltage at timing measurement: Inputs 1 V and 2V 

Outputs O.BV and 2V 
Output load: 1 TTL gate, CL = 100pF 

Limits 
Conditions Unit 

Min Typ Max 

6 10 pF 

6 10 pF 

• MITSUBISHI 
.... ELECTRIC 
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. MSL2764K, -2 
6SS36-BIT (8192-WORD BY 8-BIT) 

ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5L2764K is a high-speed 65536-bit 

ultraviolet erasable and electrically reprogram mabie read 
only memory. It is suitable for microprocessor program

ming applications where rapid turn-around is required. 

The M5L2764K is fabricated by N-channel double poly

silicon gate technology and is avail~ble in a 28-pin 01 P 
with a transparent lid. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• 8192 Word x 8-bit Org~nization 

• Access Time M5L2764K-2 200 ns (max) 
M5L2764K 250 ns (max) 

• Two Line Control DE, CE 
• Low Power Current (Icc) Active ..... 100 mA (max) 

Standby ... 35 mA (max) 
• Single 5V Power Supply 
• 3-State Output Buffer 

• Input and Output TTL-Compatible in Read and Pro-
gram Mode 

• Standard 28-pin 01 P 

• Single Location Programming with One 50 ms Pulse 

• Fast programming algorithm 

• Interchangeable with INTEL 2764 

APPLICATION 
Microcomputer systems and peripheral equipment 

(5V, 21V) Vpp 

A12 - 2 

A7 

A6 

As 

A~~~0i~ A4 

A2 

A1 

Ao 

DATA I do 
INPUTS/ l 01 

OUTPUTS 02 

(OV) GNO 

Outline 28 K 1 

BLOCK DIAGRAM ~-----------~ 

8192 WORD _ I I 

ADDRESS 
INPUTS 

CHIP ENABLE INPUT 

OUTPUT ENABLE INPUT 

PROGRAM INPUT 

(5V) 
(5V.21V) 

(OV) 

X-DECODER 

V-DECODER 

CHIP ENABLE 
1------<1 CIRCUIT 

OUTPUT ENABLE ~---;.t 
CIRCUIT 

PROGRAMMING 
CIRCUIT 

• MITSUBISHI 
~ELECTRIC 

X 8-BIT , 

ROM 

V-GATING 
CIRCUIT 

SENSE 
AMPLIFIERS 

AND OUTPUT 
BUFFERS 

I 

. 

I 

254- As I 
24 4- A9 ADDRESS 

J 
INPUTS 

234- A11 
OUTPUT 
ENABLE INPUT 

ADDRESS INPUT 

CHIP ENABLE 
INPUT 

DATA 
INPUTS 
/OUTPUTS 

NC : NO CONNECTION 

6-3 



MIT$UBISHI LSls 

MSL2764K, -2 

65536·BIT (8192.WORD· BY . 8~BIT) 
ERASABLE· AND ELECTRICALLY REPROGRAMMABLE ROM 

FUNCTION 
Read 
Set the CE and OE terminals to the read mode (low level). 

Low level input to CE and OE and address signals to the ad- . 
dress inputs (Ao - A 12) make the data contents of the 
designated address location available at the data input! output 

(Do - 0 7), When the CE or OE signal is high, data input! output 

are in a floating state. 
When the CE signaUs high, the device is in the standby 

mode or power-down mode. 
In the read mode Vpp must be at Vee level. 

Programming 
(Fast programming algorithm) 
First set Vcc=6V, Vpp=21V and then set an address to first 
address to be programmed. After applying 1 ms program 

pulse (PGM) to the address, verify is perlormed. If the output 
data of that address is not verified correctly, apply one more 1 
ms program pulse. The programmer continues 1 ms pulse
then-verify routines until the device verify correctly or fifteen 
of these pulse-then-verify routines have been completed. The 
programmer also maintains its total number of 1 ms pulses ap
plied to that address in register X. And then applied a program 
pulse 4 times of register X value long as an overprogram pulse. 

When the programming procedure above is finished, step to 
the next address and repeat this procedure till last address to 
be programmed. (See P.7) 

MODE SELECTION 

~ 
-

OE(22) 
Mode 

CE(20) 

Read VIL VIL 

Standby VIH X* 
Program VIL X* 
Program verify VIL VIL 

Program inhibit VIH X* 
*: X can be either VIL or VIH . 

ABSOLUTE MAXIMUM RATINGS (Note 11 

Symbol Parameter 

Topr Operating temperature 

Tstg Storage temperature 

Vil All input or output voltage INote 21 

Vl2 Vpp supply voltage during programming INote 21 

(Conventional programming algorithm) 
The device enters the programming mode when 21V is sup
plied to the V pp power supply input and cr is at low level. A 

location is designated by address signals (Ao-A12), and the 

data to be programmed must be applied at 8-bits in parallel to 
the data inputs (00~07)' A program pulse to the PGM at this 
state will effect programming. Only one programming pulse is 

required, but its width must satisfy the condition 45 

ms~tpw~55 ms. 

Erase 
Erase is effected by exposure to ultraviolet light with a 
wavelength of 2537 A at an intensity of appoximately 
15WS!cm2 • Sunlight and fluorescent light may contain 
ultraviolet light sufficient to erase the programmed informa

tion. For any operation in the read mode, the transparent lid 
should be covered with opaque tape. 

PGM (27) 
Outputs 

Vpp(l) Vec(2S) 
(11- 13. 15 - 19) 

VIH Vee Vee Data out 

x* Vee vee Floating 

VIL Vpp Vee Data in 

VIH Vpp Vee Data out 

X* Vpp Vee Floating 

Ratings Unit 

- 10-S0 ·C 

-65-125 ·C 

-0.6-7 V 

-0.6- 26.5 V 

Note 1: Stresses above those listed may cause p~rmanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods affects device reliability. 

2: With respect to Ground. 

6-4 
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MITSUBISHI LSls 

MSL2764K, -2 

6SS36-BIT (8192-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

READ OPERATION 
Ta=O' to 70'C, Voo=5V±5%, Vpp=Voo 

D. C. CHARACTERISTICS 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

ILl Input load current VIN=5.25V 10 /.LA 

I LO Output leakage current VOUT=5.25V 10 /.LA 

IpPl Vpp current read Vpp=5.25V 15 mA 

ICOl Vee current standby GE=VIH 35 mA 

ICC2 Vee current active GE=OE=VIL 100 mA 

VIL Low-level input voltage -0.1 0.8 V 

VIH High-level input voltage 2.0 VoO+l V 

VOL Low-level output voltage IOL =2 .1mA 0.45 V 

VOH High-level output voltage IOH=-400/.LA 2.4. V 

A. C. CHARACTERISTICS 
M5L2764K-2 M5L2764K 

Symbol Parameter Test conditions Unit 
Min Max Min Max 

ta (AD) Address to output delay GE=OE=VIL 200 250 ns 

ta (CE) CE to output delay OE=VIL 200 250 ns 

ta (OE) Output enable to output delay GE =VIL 10 70 10 100 ns 

t OF Output enable high to output float GE=VIL 0 60 a 90 ns 

tOH Output hold from CE or OE GE=OE=VIL 0 a ns 

AC WAVEFORMS 

VIH 

ADDRESS ADDRESSES VALID 

VIL 

VIH 

GE 
VIL 

V IH 

OE VIL 

ta (AD) 

VOH 
HIGH Z 

OUTPUT 

VOL 

CAPACITANCE (Ta = 25°C, f = 1 MHz) 

Symbol Parameter 

GIN I nput capacitance 

GOUT Output capacitance 

Test Conditions for A.C. Characteristics 
Input Voltage: VI L = o.av, VIH = 2.2V 
Input Rise and,Fall Times: ~ 20ns 
Reference Voltage at Timing Measurement: 

Output Load: 1 TTL gate, CL = 100pF 

Test conditions 

VIN= a V 

VOUT= a V 

• MITSUBISHI 
.... ELECTRIC 

Min Typ 

4 

8 

Inputs 1 V and 2V 
Outputs o.av and 2V 

Max Unit 

6 pF 

12 pF 

6-5 



PROGRAM OPERATION 

MITSUBISHI LSls 

MSL2764K, -2 

6SS36-BIT (8192-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

CONVENTIONAL PROGRAMMING ALGORITHM (Ta =25±5 ·C, Voo =5V ± 5%, Vpp =21 ±Oo5V unless otherwise noted) 

o C CHARACTERISTICS 

Symbol Parameter 

ILl I nput current 

VOL Low-level output voltage (verify) 

VOH High-level output voltage (verify) 

1002 Vee supply current (active) 

VIL Low-level input voltage 

VIH High-level input voltage 

)pp Vpp supply current 

A. C. CHARACTERISTICS 

Symbol Parameter 

tAS Address setup time 

tOES OE setup time 

tos Data setup time 

tAH Address hold time 

tOH Data hold time 

tOF Chip enable to output delay 

tvs Vpp setup time 

tpw PGM pulse width (programming) 

tOES CE setup time 

tOE Data valid from OE 

AC WAVEFORMS 

ADDRESS ): 
tAS 

DATA 
f-

tos 

Vpp -,"I' 
J tvs 

~~ 

tOES 

~~ 

l 

6-6 

Limits 
Test conditions 

Min Typ Max 

VIN=VIL or VIH 10 J-lA 

IOL=2.1mA 0.45 V 

IOH=-400J-lA 2.4 V 

100 mA 

-0.1 0.8 V 

2.0 VOO+1 V 

CE=VIL=PGM 30 mA 

Limits 
Test conditions Unit 

Min Typ Max 

2 J-ls 

20 J-ls 

2 J-lS 

0 J-lS 

2 J-ls 

0 130 ns 

2 J-lS 

45 50 55 ms 

2 J-lS 

150 ns 

PROGRAM VERIFY 

K 
tAH 

~ HIGH Z f- -'" .., ~k::. ~Il" 

tOF 

if- tOES 

tpw -' tOE 

- ,'-
~tr-

Test Conditions for AC Characteristics 
Input Voltage: VI L = OoSV, VIH = 202V 
Input Rise and Fall Times: ~ 20ns 
Reference Voltage at Timing Measurement: Inputs IV and 2V 

Outputs OoSV and 2V 

•. MITSUBISHI 
~ELECTRIC 
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MSL2764K, -2 

6SS36-BIT (8192-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FAST PROGRAMMING ALGORITHM 
DC CHARACTERISTICS ITa=25±5°C, Vcc=6V±O.25V, Vpp=21V±O.5V, unless otherwise noted) 

Symbol Parameter Test conditions 

ILl Input current VIN=V,Lor V,H 

VOL Output low voltage IOL=2.1mA 

VOH Output high voltage IOH= -.400/4 A 

V,L Input low voltage 

V,H Input high voltage 

ICC2 V cc supply current 

IpP2 V pp supply current CE=V'L=PGM 

AC CHARACTERISTICS ITa=25±5°C, Vcc =6V±O.25V, Vpp=21V±O.5V, unless otherwise noted) 

Symbol 

tAS 

tOES 

t OS 

tAH 

tOH 

t OF 

tvcs 

t vPS 

tFPw 

topw 

tCES 

tOE 

Parameter 

Address setup time 

OE set up time 

Data setup time 

Address hold time 

Data hold time 

Chip enable to output float delay 

V CC setup time 

Vpp setup time 

PGM initial program pulse width 

PGM over program pulse width 

CE setup time 

Data valid from OE 

Test conditions 

• MITSUBISHI 
~ELECTRIC 

Limits 
Unit 

Min Typ Max 

10 /4A 

0.45 V 

2.4 V 

-0.1 0.8 V 

2.0 Vcc V 

100 mA 

30 mA 

Limits 
Unit 

Min Typ Max 

2 /4S 

20 /4S 

2 /4S 

0 /4S 

2 /4S 

0 130 ns 

2 /4S 

2 /4S 

0.95 1 1.05 ms 

3.8 63 ms 

2 /4S 

150 ns 

6-7 



AC WAVEFORMS 

VIH 

ADDRESS 

VIL 

VIH/VOH 

DATA 

VIJVOL 

Vpp 
Vpp 

Vee 

Vee+ 1 
Vee 

Vee 

VIH 

CE 

VIL 

VIH 

PGM 

VIL 

VIH 

OE 

VIL 

6-8 
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MSL2764K, -2 

65536·BIT (8192.WORD BY 8.BIT) 
ERASABLE AND ELECTRICALLY, REPROGRAMMABLE ROM 

) 
tAS 
~ 

f-

-Ir 

tos 
~ 

J tvps 

H 
J f- I 

t ves 
~ 

-~ 

teEs 
~ 

-\ 
1 

PROGRAM 

--'~ 

DATA SET 
-, 

tOH 
~ 

i tOES tOE 

,I ~ ~ t FPW 

-~ 
"Ir 

• MITSUBISHI 
"'ELECTRIC 

VERIFY 

K 
~ 
I .Jk-

DATA OUTPUT VALID 
,f-

t OF 
~ 

-+-

Test conditions for A. C. characteristics 
Input voltage: V1L = O,8V, V1H = 2,2V 
Input rise and fall times: ~ 20ns 
Reference voltage at timing measurement' Input lV and 
2V Output O,8V, and 2V 



MITSUBISHI LSls 

MSL2764K, -2 

6SS36-BIT (8192.WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FAST PROGRAMMING ALGORITHM 
FLOW CHART 

NEXT ADDRESS 

Note 3: 4.75~VCC = Vpp~5.25V 

NO 

START 

FIRST ADDRESS, VCC =6V, Vpp=21V 

NO 

SET REGISTER X TO ZERO 

X = 0 

APPLY lms PROGRAM PULSE 

APPLY OVER PROGRAM PULSE 4x Xms 

(Note 3) 

VCC=Vpp=5.0V 

PASS 

•. MITSUBISHI 
"-ELECTRIC 

FAILURE 
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M5L27128K, ·25, ·2, ·20 
131072·BIT( 163a4·WORD BY a·BIT) 

ERASABLE AND ELECTRICALLY·REPROGRAMMABLE ROM 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
The Mitsubishi M5L27128K is a high-speed 131072-bit 
ultraviolet erasable and electrically reprogram mabie read 
only memory. It is suitable for microprocessor program
ming applications where rapid turn-around is required. 
The M5L27128K is fabricated by N-channel double poly
silicon gate technology and is available in a 28-pin DIP 
with a transparent lid. 

(5V. 21V) Vpp 

FEATURES 
• 16384 words x 8-bit organization 
• Access time M5L27128K-2, -20 ...... 200ns (max.) 

M~L27128K, -25 ....... 250ns (max.) 
• Two line control DE, CE 
• Low power current {led: Active .... 100mA (max.) 

ADDRESS 
INPUTS 

DATA INPUTS/ 
OUTPUTS 

A6 

As 

A4 

A3 

A2 

Al 

Ao 

{

Do 

Standby .... 40mA (max.) (OV)GND 

• Single 5V power supply 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 
• Standard 28-pin DIP 
• Fast programming algorithm 
• Interchangeable with INTEL 27128 
• ±10% Vee Tolerance (Read mode): M5L27128K-25, -20 

APPLICATION 
Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM 

6-10 

ADDRESS INPUTS As 

CHIP ENABLE INPUT OE 
OUTPUT ENABLE INPUT OE 

PROGRAM INPUT PGM 

Vee (SV. 6V) 

Vpp( SV. 21V) 

GND(OV) 

£-
(2< 
~ 
~ 
tg 
'i:f 
~ 
>s: 
~ 
~ 
>t-
>g< 
>9< 
1ti 

20 -
22 

27 

28 

1 

14 

I 
I 

X-DECODER 

o 

I 
Y-DECODER I 

I 
I 
I 

CHIP ENABLE 

OUTPUT ENABLE 

AND 

PROG. LOGIC 

• MITSUBISHI 
.... ELECTRIC 

Outline 28K4 

131072-BITS 

CELL MATRIX n 
Y GATE CIRCUITS 

OUTPUT SENSE 

AND 

OUTPUT BUFFERS 

11 12XUX1 ~16X17Xl 8]9 

poD lD2D3D4DsD6D7 , .. 
DATA INPUTS/OUTPUTS 

Vee (5V. 6V) 



MITSUBISHI LSls 

MSL27128K, -25, -2, -20 

131072-BIT(163a4-WORD BY a-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FUNCTION 
Read 
Set the CE and OE terminals to the read mode (low level). 
Low level input to CE and OE and address signals to the ad
dress inputs (AD - A13) make the data contents of the 
designated address location available at the data input/output 
(Do - D7). When the CE or OE signal is high, data input/output 
are in a floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

Programming 
(Fast programming algorithm) 
First set Vcc=6V, Vpp=21V and then set an address to first 
address to be programmed. After applying 1 ms program 
pulse (PGM) to the address, verify is performed. If the output 
data of that address is not verified correctly, apply one more 1 
ms program pulse. The programmer continues 1 ms pUlse
then-verify routines until the device verify correctly or fifteen 
of these pulse-then-verify routines have been completed. The 
programmer also maintains its total number of 1 ms pulses ap
plied to that address in register X. And then applied a program 
pulse 4 times of register X value long as an overprogram pulse. 
When the programming procedure above is finished, step to 
the next address and repeat this procedure till last address to 
be programmed. (See P.6) 

MODE SELECTION 

~ Mode 
CE(20) OE(22) 

Read VIL VIL 

Standby VIH X* 
Program VIL VIH 

Program verify VIL VIL 

Program inhibit VIH X* 
* : X can be either VIL or VIH . 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Symbol Parameter 

Topr Operating temperature 

Tstg Storage temperature 

VII All input or output voltage (Note 2) 

VI2 Vpp supply voltage during programming (Note 2) 

Vl3 A9 (Note 2) 

(Conventional programming algorithm) 
The device enters the programming mode when 21V is sup
plied to the Vpp power supply input and IT is at low level. A 
location is designated by address signals (Ao-A13), and the 
data to be programmed must be applied at 8-bits in parallel to 
the data inputs (00- D7). A program pulse to the PGM at this 
state will effect programming. Only one programming pulse is 

required, but its width must satisfy the condition 45 

ms~tpw~55 ms. 

Erase 
Erase is effected by exposure to ultraviolet light with a 
wavelength of .2537 A at an intensity of appoximately 
15WS/cm2 . Sunlight and fluorescent light may contain 
ultraviolet light sufficient to erase the programmed informa
tion. For any operation in the read mode, the transparent lid 
should be covered with opaque tape. 

PGM(27) 
Outputs 

Vpp( 1) VecC2S) 
(11-13,15-19) 

VIH Vee Vee Data out 

x* Vee Vee Floating 

VIL Vpp Vee Data in 

VIH Vpp Vee Data out 

X* Vpp Vee Floating 

Ratings Unit 

- 10-S0 'C 

-65-125 'C 

-0.6-7 V 

-0.6-26.5 V 

-0.6-13.5 V 

Note 1: Stresses above those listed may cause permanent damage to the device .. This is a stress rating only and 
functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods affects device reliability. 

2: With respect to Ground. 

• MITSUBISHI 
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M5L27128K, -25, -2, -20 

131072-BIT( 16384-WORD BY a-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

READ OPERATION 

DC ELECTRICAL CHARACTERISTICS (Ta = 0 - 70°C. Vpp= VCC. unless otherwise'noted) 
(VCC = 5V ± 10%: M5L27128K-25. -20. VCC = 5V ± 5%: M5L27128K. -2) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

ILl Input load current VIN= 5.5V 10 

ILO Output leakage current VOUT= 5_5V 10 

IpPI Vpp current read Vpp= 5.5V 5 

ICCI Vee current standby 
1 

CE =VIH 40 

ICC2 Vee current Active CE = OE= VIL 100 

VIL Input low voltage 0.1 0.8 

VIH Input high voltage 2.0 Vcc+ 1 

VOL Output low voltage IOL=2.1mA 0.45 

VOH Output high voltage IOH= -400,{ A 2.4 

Note 3: Typical values are at'Ta = 25°C and nominal supply voltages. 

AC ELECTRICAL CHARACTERISTICS (Ta = 0 - 70°C. Vpp = VCC. unless otherwise noted) 
(VCC = 5V ± 10%: M5L27128K-25. -20. VCC = 5V ± 5%: M5L27128K. -2) 

Limits 

Symbol Parameter Test conditions 
M5L27128K-2 M5L27128K 
M5L27128K-20 M5L27128K-25 Unit 

Min Max Min Max 

ta(AO) Address to output delay CE=OE=VIL 200 250 ns 

ta(CE) Chip enable to output delay OE=VIL 200 250 ns 

ta(OE) Output enable to output delay CE=VIL 75 100 ns 

t OF Output enable high to output float CE=VIL 0 60 0 85 ns 

t OH Output hold from CE or OE CE =OE= VIL 0 0 ns 

Note 4: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp 

AC WAVEFORMS 
Test conditions lor A.C. characteristics 

V IH Input voltage: VIL =0.45V. VIH = 2.4V 
Input rise and fall times: ~20ns 

Unit 

/J. A 

/J.A 

mA 

mA 

mA 

V 

V 

V 

V 

ADDRESS 

V IL 
Reference voltage at timing measurement: Inputs IV and 
2V Output 0.8V. and 2V 

VIH 
CE 

VIL 

V IH 
OE 

VIL 

VOH 
ta(AO) 

HIGH Z 
OUTPUT 

VOL 

CAPACITANCE 

Symbol Parameter 

CIN Input capacitance (Address. CEo OE. PGM) 

COUT Output capacitance 

6-12 

Output load: 1TTL gate + CL (1 OOpF) 

or 

HIGH Z 

Test conditions 

Ta =25·C. f=lMHz. VI = Vo =OV 

• .' MITSUBISHI 
.... ELECTRIC 

DUT 

Min 

1.3V 

1N914 

3 .3k Q 

I CL = 100pF 

Limits 

Typ Max 

4 6 

8 12 

Unit 

pF 

pF 



MITSUBISHI LSls 

M5L27128K, -25, -2, -20 

131072-BIT( 16384-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM OPERATION 

FAST PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS (Ta=25±5°C, Vee =6V±0.25V, Vpp=21V±0.5V, unless otherwise noted) 

Limits 
Symbol Parameter T est conditions 

Min Typ 

ILl Input current VIN= VILor VIH 

VOL Output low voltage IOL=2.1mA 

VOH Output high voltage IOH= -400f../A 2.4 

VIL Input low voltage -0,1 

VIH Input high voltage 2,0 

ICC2 Vee supply current 

IpP2 Vpp supply current CE=VIL=PGM 

AC ELECTRICAL CHARACTERISTICS iTa=25±5°C. Vee=6V±0.25V. Vpp=21V±0.5V. unless otherwise noted) 

Symbol Parpmeter 

t AS Address setup time 

tOES OE set up time 

t OS Data setup time 

tAH Address hold time 

tOH Data hold time 

t OFP Output enable to output float delay 

t VCS Vee setup time 

t vps Vpp setup time 

t FPW PGM initial program pulse width 

topw PGM over program pulse width 

tCES CE setup time 

tOE Data valid from OE 

Test conditions 

• . MITSUBISHI 
..-..ELECTRIC 

Min 

2 

2 

2 

0 

2 

0 

2 

2 

0,95 

3.8 

2 

Limits 

Typ 

1 

Max 

10 

0.45 

0.8 

Vee 

100 

35 

Max 

130 

1.05 

63 

150 

Unit 

f../ A 

V 

V 

V 

V 

mA 

mA 

Unit 

f../S 

f../S 

f../S 

f../S 

f../S 

ns 

f../S 

f../S 

ms 

ms 

( f../S 

ns 

6.-13 



AC WAVEFORMS 

VIH 
ADDRESS 

• VIL 

VIH/VOH 

DATA 

VIUVOL 

Vpp 
Vpp 

Vee 

6V±O.2SV 
Vee 

Vee 

VIH 

CE 

VIL 

VIH 

PGM 

VIL 

VIH 

OE 

VIL 

6-14 

MITSUBISHI LSls 

MSL27128K, -25, -2, -20 

131072-BIT( 16384-WORD BY a-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

>-
tAs 
~ 

~ 

0-

t os 
~ 

) 
~ 

t VPS 

H 
J ~ I 

t ves 
~ 

~~ 

teEs 
~ 

-\ 
I 

PROGRAM 

-'.-
DATA SET 

--, 

t OH 
~ 

j tOES tOE 

-' 
.~ ~ 

t FPW 

~\ 

r-

• MITSUBISHI 
..... ELECTRIC 

VERIFY 

K 
~~ 
I ..... [-

DATA OUTPUT VALID 
-,f-

tOFP 
~ 

,f-

Test conditions for A.C. characteristics 
Input voltage: V1L = 0.45V, V1H = 2.4V 
Input rise and fall times: ~ 20ns 
Reference voltage at timing measurement: Input 1 V and 
2V Output O.8V, and 2V 



MITSUBISHI LSls 

M5L27128K, -25, -2, -20 

131072-BIT( 163a4-WORD BY a-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FAST PROGRAMMING ALGORITHM 
FLOW CHART 

NEXT ADDRESS 

NO 

START 

FIRST ADDRESS, Vcc=6V,.Vpp=21V 

NO 

SET REGISTER X TO ZERO 

X = 0 

APPLY 1ms PROGRAM PULSE 

APPL Y OVERPROGRAM PULSE 4 x Xms 

(Note 51 

Vcc=Vpp=5.0V 

PASS 
Note 5: 4.75V ~ Vee = Vpp ~ 5.25V: M5L2712BK,-2 

4.5V ~{Vee = Vpp ;{5.5V: M5L2712BK-25, -20 

• MITSUBISHI 
"-ELECTRIC 

FAILURE 

6-15 



MITSUBISHI LSls 

M5L27128K, -25, -2, -20 

131072-BIT( 16384-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

CONVENTIONAL PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS (Ta=25±5°C, Vcc=5V± 5%, Vpp=21V±0.5V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

ILl Input current VIN=VILor VIH 

VOL Output low voltage IOL =2 .1mA 

VOH Output high voltage IOH= -400f.lA 2.4 

VIL Input low voltage -0.1 

VIH Input high voltage 2.0 

ICC2 V cc supply current 

IpP2 V pp supply current CE=VIL=PGM 

AC ELECTRICAL CHARACTERISTICS (Ta=25±5°C, Vcc= 5V±5%, Vpp =21V±0.5V, unless otherwise noted) 

Symbol Parameter 

t AS Address setup time 

tOES OE set up time 

tos Data setup time 

tAH Address hold time 

tOH Data hold time 

tOFP Output enable to output delay 

tvs Vpp setup time 

t pw PGM Pulse width (during program) 

t CES CEsetup time 

tOE Data valid from OE 

6-16 

Test conditions 

.• MITSUBISHI 
'" ELECTRIC 

Min 

2 

2 

2 

0 

2 

0 

2 

45 

2 

Limits 

Typ 

50 

Max 

10 

0.45 

0.8 

VCC +1 

100 

35 

Max 

130 

55 

150 

Unit 

f.lA 

V 

V 

V 

V 

mA 

mA 

Unit 

f.lS 

f.lS 

f.lS 

f.lS 

f.lS 

ns 

f.lS 

ms 

f.lS 

ns 



AC WAVEFORMS 

ADDRESS ) 
t AS -

DATA 

tos -
Vpp 

Vee I tvs -
Vpp 

CE \ 
tCES 

PGM 

OE 

MITSUBISHI LSls 

M5L27128K, -25, -2, -20· 

131072-BIT( 16384·WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM 

I\. 

tOH 
I-----

tpw 

tOES 

, I. VERIFY 

tAH 

tOFP 

tOE 
~ 

\ 

Test conditions for A.C. characteristics 
Input rise and fall time: ::5 20ns 

-, 

Input voltage: V1L = 0.45V, V1H = 2.4V 

K 

Reference voltage at timing measurement: Input 1V and 2V 
Outputs O.8V and 2V 

• MITSUBISHI 
.... ELECTRIC 6-17 



MITSUBISHI LSls 

MSL27128K-1 
131072-BIT( 16384-WORD BY 8-BIT) 

ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5L27128K-1 is a high-speed 131072-bit 
ultraviolet erasable and electrically reprogrammable r,ead 
only memory. It is suitable for microprocessor program
ming applications where rapid turn-around is required. The 
M5L27128K-1 is fabricated by N-channel double poly
silicon gate technology and is available in a 28-pin DI P 
with a transparent lid. 

FEATURES 
• 16384 word x 8 bit organization 

• Access time 
M5L27128K-1 ................ 250ns (max.) 

• Two line control OE, CE 
• Low power current (led: 

Active .................... 120mA (max.) 
Standby .................... 50mA (max.) 

• Single 5V power supply 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 

• Standard 28-pin DIP 
• Fast programming algorithm 
• Wide temperature range: -40°C""" +85°C 

APPLICATION 
Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM 

:~ At3 

A t2 

At 

A9 
As 
A7 

As 

B 
t~ 

~ 
~ 
~ 

ADDRESS INPUTS As 
~ 
~ 

Ato 
A3 
A2 

At 
Ao 

~ 
~ 
~ 
8 

(g< 
'fi1 

I 

20 

-

X-DECODER 

Y-DECODER 

CHIP ENABLE 

PIN CONFIGURATION (TOP VIEW) 

(5V, 21V) Vpp 

ADDRESS 
INPUTS 

At2 - 2 

A7 

As 

As 

A4 

A3 

A2 

At 

Ao 

DATA INPUTS/ D1 

1 
Do 

OUTPUTS D2 

(OV) GND 14 

Outline 28K4 

-

-l 
131072-BITS 

I 

CELL MA TRIX 

I i 

I 

I 
I 
I 

Y GATE CIRCUITS I 
I 
I 

I 

OUTPUT SENSE CHIP ENABLE INPUT CE 

OUTPUT ENABLE INPUT OE 

PROGRAM INPUT PGM 

22 
OUTPUT ENABLE AND 

6-18 

VcC(5V) 

Vpp(5V.21V) 

GND(OV) 

27 

28 ...".. 

1 ...".. 

14 

I 

I 

AND 

PROG LOGIC 

• MITSUBISHI 
.... ELECTRIC 

OUTPUT BUFFERS 

I 

I 

ll1i ili 3Xi s1i 6l17r18r~ 
pODtD2D 3D4D SDSD7, .., 

DATA INPUTS/OUTPUTS 



MITSUBISHI LSls 

MSL27128K-1 

131072-BIT( 16384·WORD BY 8·BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FUNCTION 
Read 
Set the CE and OE terminals to the read mode (low level). 
Low level input to CE and OE and address signals to the ad
dress inputs (Ao '" A l3 ) make the data content of the 
designated address location available at the data input/ output 
(00- 0 7), When the CE or OE signal is high, data input/output 
are in a floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

Programming 
(Fast programming algorithm) 
First set Vee = 6V, Vpp =21V and then set an address to 
the first address to be programmed .. After applying 1 ms 
program pulse (PGM) to the address, verify is performed. If 
the output data of that address are not verified correctly, 
apply one more 1 ms program pulse. The programmer 
continues 1 ms . pulse-then-verify routines until the device 
verifies correctly or fifteen of these pulse-then-verify rou
tines have been completed. The programmer also keeps the 
total number of 1 ms pulses applied to that address in 
register X. It then applies a program pulse 4 times as long 
as the value of register X as an overprogram pulse. When 
the above programming procedure is finfshed, step to the 
next address and repeat this procedure till the last address 
to be programmed. 

MODE SELECTION 

~ 
- -

Mode 
CE(20) OE(22) 

Read VIL VIL 

Standby VIH X* 

Program VIL VIH 

Program verify VIL VIL 

Program inhibit VIH X* 

*: X can be either VIL or V1H . 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Symbol Parameter 

Topr Operating temperature 

Tstg Storage temperature 

VII All input or output voltage (Note 2) 

VI Z Vpp supply voltage during programming (Note 2) 

VI3 Ag (Note 2) 

(Conventional programming algorithm) 
The device enters the programming mode when 21 V are 
supplied to the V pp power supply input and CE is at a low 
level. A location is designated by address signals (Ao '" At3 ), 
and the data to be programmed must be applied at 8-bits in 
parallel to the data inputs (Do ~ 0 7 ). A program pulse to 
the PGM at this state will effect programming. Only one 
programming pulse is required, but its width must satisfy 
the condition 45ms ~ tpw ~ 55ms. 

Erase 
Erase is effected by exposure to ultraviolet light with a 
wavelength of 2537 A at an intensity of appoximately 
15WS/cm2• Sunlight and fluorescent light may contain 
ultraviolet light sufficient to erase the programmed informa
tion. For any operation in the read mode, the transparent lid 
should be covered with opaque tape. 

PGM (27) Vec(28) 
Outputs 

Vpp(l) 
(11~13.15-19) 

VIH Vee Vee Data out 

X* Vee Vee Floating 

V IL Vpp Vee Data in 

VIH Vpp Vee Data out 

X* Vpp Vee Floating 

Ratings Unit 

- 50-95 "C 

-65-125 "C 

-0.6-7 V 

-0.6-26.5 V 

-0.6-13.5 V 

Note 1: Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated is not recom
mended. Exposure to absolute maximum rating conditions for extended periods affects device reliabilitY. 

2: With respect to Ground. 

• MITSUBISHI 
.... ELECTRIC 6-19 



MITSUBISHI LSls 

MSL27128K-1 

131072-BIT( 16384-WORD BY 8-BIT) 
ERA,SABLE. AND ELECTRICALLY REPROGRAMMABLE ROM 

READ OPERATION 

DC ELECTRICAL CHARACTERISTICS (Ta=-40"C-+8S"C, Voo=SV±S%, Vpp=Voo. unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

ILl Input load current VIN= S.2SV 10 

ILO Output leakage current VOUT= 5.25V 10 

IpPl Vpp current read Vpp==S.2SV 5 

1001 V cc current standby CE = VIH SO 

1002 V cc current active CE= OE=VIL 120 

VIL Input low voltage 0.1 0.8 

VIH Input high voltage 2.0 VCC+1 

VOL Output low voltage IOL = 2. 1 rnA 0.45 

VOH Output high voltage IOH= -400,u.A 2.4 

Note 3: Typical values are at Ta = 25°C and nominal supply yoltages. 

AC ELECTRICAL CHARACTERISTICS (Ta=-40"C-+8S"C, Voo=SV±S%, Vpp=Voo. unless otherwise noted) 

Symbol Parameter Test conditions 

ta (AD) Address to output delay CE=OE=VIL 

ta (GE) CE to output delay OE=VIL 

ta (OE) Output enable to output delay CE=VIL 

t OF Output enable high to output float CE==VIL 

t OH Output hold from CE or OE CE=OE=VIL 

Note 4: Vee must be applied Simultaneously or before V pp and removed simultaneously or after V pp 

AC WAVEFORMS 

V IH 

Limits 

Min Max 

250 

2S0 

100 

0 85 

0 

Test conditions for A.C. characteristics 
Input voltage: V,L=0.45V. VIH=2.4V 
Input rise and fall times: ;;i! 20ns 

Unit 

f..iA 

J-iA 

rnA 

rnA 

rnA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ADDRESS 

VIL 
Reference voltage at timing measurement· Inputs IV and 
2V Output oav. and 2V 

V IH 
CE 

VIL 

V IH 
OE 

VIL 

ta(AD) 
VOH 

HIGH Z 
OUTPUT 

VOL 

CAPACITANCE 

Symbol Parameter 

CIN Input capacitance (Address. CEo OE. PGMI 

COUT Output capacitance 

6-20 

Output load: lTTL gate+ CLll00pFI 

or 

HIGH Z 

Test conditions 

Ta=2S"C, f= lMHz. V, = Vo =OV 

,. MITSUBISHI 
"'ELECTRIC 

DUT 

Min 

1.3V 

1N914 

3.3k Q 

I CL = 100pF 

Limits 

Typ Max 

4 6 

8 12 

Unit 

pF 

pF 



MITSUBISHI LSls 

MSL27128K-1 

131072-BIT( 16384-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM OPERATION 

FAST PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS (Ta=25±5°C, Vcc =6V±O.25V, Vpp=21V±O.5V, unless otherwise noted) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ 

ILl Input current VIN= VILor VIH 

VOL Output low voltage IOL=2.1mA 

VOH Output high voltage IOH= -400fiA 2.4 

VIL Input low voltage -0.1 

VIH Input high voltage 2.0 

ICC2 V cc supply current 

IpP2 V pp supply current CE =VIL=PGM 

AC ELECTRICAL CHARACTERISTICS (Ta=25±5°C, Vcc =6V±025V, Vpp =21V±05V, unless otherwise noted) 

Symbol Parameter 

t AS Address setup time 

tOES OE setup time 

t OS Data setup time 

t AH Address hold time 

t OH Data hold time 

t OFP Output enable to output float delay 

t vcs V CC setup time 

t VPS Vpp setup time 

t FPw PGM initial program pulse width 

topw PGM over program pulse width 

t CES IT setup time 

tOE Data valid from OE 

Test conditions 

• MITSUBISHI 
.... ELECTRIC 

Min 

2 

2 

2 

0 

2 

0 

2 

2 

0.95 

3.8 

2 

Limits 

Typ 

1 

Max 

10 

0.45 

0.8 

VCC 

100 

35 

Max 

130 

1.05 

63 

150 

Unit 

fiA 

V 

V 

V 

V 

mA 

mA 

Unit 

fiS 

fiS 

fiS 

fiS 

fiS 

ns 

fiS 

fiS 

ms 

ms 

fiS 

ns 
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AC WAVEFORMS 

V1H 
ADDRESS 

VIL 

VIH/VOH 

DATA 

VIJVOL 

Vpp 
Vpp 

Vee 

6V±O.2SV 
Vee 

Vee 

VIH 

CE 

VIL 

VIH 

PGM 

VIL 

VIH 

OE 

VIL 
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MITSUBISHI LSls 

MSL27128K-1 

131072-BIT(16384-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE·ROM 

) 
tAS 
~ 

... 
r-

t OS 
~ 

J 
... 
t VPS 

11 
J ... I 

t ves 
~ 

..... 
\ 
t CES 
~ 

.... X-
l 

PROGRAM VERIFY 

K 
~~ 

~ 
1L..DATA OUTPUT V~LlD-'1-DATA SET 

tFPW 

... -' 

tOH 
~ 

i tOES tOE 

I -- ~ 
-'\-

• . MITSUBISHI 
.... ELECTRIC 

... 
tOFP 
~ 

~ 

T est conditions for A. C. characteristics 
Input voltage: YIL =0.45V, V1H =2.4V 
Input rise and fall times: :$ 20ns 
Reference voltage at timi~g measurement: Input lV and 
2V Output O.8V, and 2V 



MITSUBISHI LSls 

MSL27128K-1 

131072-BIT( 16384-WORD BY 8-BIT) 
'ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FAST PROGRAMMING ALGORITHM 
FLOW CHART 

NEXT ADDRESS 

Note 5: 4. 75~ Vee = Vpp ~ 525V 

NO 

START 

FIRST ADDRESS, VCC =6V, Vpp=21V 

NO 

SET REGISTER X TO ZERO 

X = 0 

APPLY lms PROGRAM PULSE 

APPLY OVERPROGRAM PULSE 4x Xms 

(Note 51 

VCC=Vpp=5.0V 

PASS 

< • MITSUBISHI 
.... ELECTRIC 

FAILURE 
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MITSUBISHI LSls 

MSL271281(-1 

131072-BIT( 18384-W.ORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

CONVENTIONAL PROGRAMMING ALGORITHM 
DCCHARACTERISTICS !Ta=25±5°C. Vcc=5V± 5%. Vpp=21V±O.5V. unless otherwise noted) 

Symbol Parameter Test conditions 

ILl Input current VIN=VILor VIH 

VOL Output low voltage IOL=2.1rnA 

VOH Output high voltage IOH= -400/-iA 

VIL Input low voltage 

VIH Input high voltage 

ICC2 V cc supply current 

IpP2 Vpp supply current CE=VIL=PGM 

AC CHARACTERISTICS ITa=25±5°C. Vcc=5V± 5%. Vpp=21V±O.5V. unles~ otherwise noted) 

Symbol 

tAs 

tOES 

tos 

tAH 

tOH 

t OFP 

t vs 

tpw 

tCES 

tOE 

6-24 

Parameter 

Address setup time 

OE set up time 

Data setup time 

Address hold time 

Data hold time 

Output enable to output float delay 

Vpp setup time 

PGM Pulse width (during program) 

CE setup time 

Data valid from OE 

Test conditions 

• MITSUBISHI 
~ELECTRIC 

limits 
Unit 

Min Typ Max 

10 /-iA 

0.45 V 

2.4 V 

-0.1 0.8 V 

2.0 Vcc+l V 

100 rnA 

35 rnA 

Limits 
Unit 

Min Typ Max 

2 /-is 

2 /-is 

2 /-is 

0 /-is 

2 /-is 

0 130 ns 

2 /-is 

45 50 55 rns 

2 /-is 

150 ns 



AC WAVEFORMS 

ADDRESS ) 
tAS -

DATA 

~ 

/ tvs 
I------

CE 

~ 
tCES 

PGM 

OE 

MITSUBISHI LSls 

MSL27128K-1 

131072-BIT(16384-WORD BY a-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM 

ll\ 

tOH 
r---

tpw 

tOES 

VERIFY 

tAH 

., ~ 

"l -, 

tOFP 

tOE 
~ , 

Test conditions for A.C. characteristics 
Input rise and fall time: :$ 20ns 
Input voltage V1L = 0.45\1, V1H = 24V 

K 

Reference voltage at timing measurement: Input 1 V and 2V 
Outputs 0.8V and 2V 

• MITSUBISHI 
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MITSUBISHI LSls 

MSM27C128K, -15, ··2 
131072-BIT( 163a4-WORD BY a-BIT) 

CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
The Mitsubishi MSM27C128K, -lS, -2 is a high-speed 
131072-bit ultraviolet erasable and electrically reprogram
mabie read only memory_ It is suitable for microprocessor 
programming applications where rapid turn-around is re
quired. The MSM27C128K is fabricated by N-channel 
double polysilicon gate Memory and CMOS technology for 
peripheral circuits, and available in a 28 pin DIP with a 

transparent lid. 

FEATURES 
• 16384 words x 8 bit organization 
• Access time MSM27C128K-1S ....... lS0ns (max.) 

MSM27C128K-2 . ....... . 200ns (max.) 
MSM27C128K ........ , 2S0ns (max.) 

• Two line control OE, CE 
• Low power current (Icc): Active ..... 30mA (max.) 

, Standby.... lmA (max.) 

• Single SV power supply 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 
• Standard 28-pin DIP 
• Fast programming algorithm 
• Interchangeable with MSL27128K 

APPLICATION 
Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM 
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MITSUBISHI LSls 

M5M27CI28K, -15,-2 

131072-BIT(16384-WORD BY 8-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FUNCTION 
Read 
Set the CE and DE terminals to the read mode (low level). 
Low level input to CE and DE and address signals to the ad
dress inputs (Ao - A,3) make the data contents of the 
designated address location available at the data input/ output 
(00 - 0 7), When the CE or DE signal is high, data input/output 
are in a floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

Programming 
(Fast programming algorithm) 
First set Vcc =6V, Vpp=21V and then set an address to first 
address to be programmed. After applying 1 ms program 
pulse (PGM) to the address, verify is performed. If the output 
data of that address is not verified correctly, apply one more 1 
ms program pulse. The programmer continues 1 ms pulse
then-verify routines until the device verify correctly or fifteen 
of these pulse-then-verify routines have been completed. The 
programmer also maintains its total number of 1 ms pulses ap
plied to that address in register X. And then applied a program 

MODE SELECTION 

~ 
-

OE(22) 
Mode 

CE(20) 

Read VIL VIL 

Standby VIH X* 
Program VIL VIH 

Program verify VIL VIL 

Program inhibit VIH X* 
* : X can be either VIL or VIH . 

ABSOLUTE MAXIMUM RATINGS (Note 11 

Symbol Parameter 

VII All input or output voltage INote 21 

VI2 Vpp supply voltage during programming INote 21 

Topr Operating temperature 

Tstg Storage temperature 

pulse 4 times of register X value long as an overprogram pulse. 
When the programming procedure above is finished, step to 
the next address and repeat this procedure till last address to 
be programmed. (See P.6) 

(Conventional programming algorithm) 
The device enters the programming mode when 21V is sup
plied to the V pp power supply input and CE is at low level. A 
location is designated by address signals (Ao - A,3), and the 
data to be programmed must be applied at 8-bits in parallel to 
the data inputs (Do - 0 7), A program pulse to the PGM at this 
state will effect programming. Only one programming pulse is 
required, but its width must satisfy the condition 45 
ms~tpw~55 ms. 

Erase 
Erase is effected by exposure to ultraviolet light with a 
wavelength of 2537 A at an intensity of appoximately 
15WS/cm2 • Sunlight and fluorescent light may contain 
ultraviolet light sufficient to erase 'the programmed informa
tion. For any operation in the read mode, the transparent lid 
should be covered with opaque tape. 

PGM (27) Vpp( 1) Vec(2B) 
Outputs 

(11- 13. 15- 19) 

VIH Vee Vee Data out 

x* Vee Vee Floating 

V IL Vpp Vee Data in 

VIH Vpp Vee Data out 

X* Vpp Vee Floating 

Ratings Unit 

-0.6-7 V 

-0.6-22.0 V 

- 10- BO °C 

-65- 125 °C 

Note 1: Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods affects device reliability. 

2: With respect to Ground, 

READ OPERATION 
RECOMMENDED OPERATING CONDITIONS (Ta=O-70°C. unless otherwise noted) 

Symbol Parameter 

Vee Supply voltage 

Vpp Supply voltage 

GND Supply voltage 

VIL Low-level input voltage 

VIH High-level input voltage 

Limits 

Min Typ Max 

4.75 5 5.25 

(Vpp=Vec) 

0 

-0.1 O.B 

2.0 Vee+ 1 

• MITSUBISHI 
I'-. ELECTRIC 

Unit 

V 

V 

V 

V 

V 



MITSUBISHI LSls 

'M5M27C128K, -15, -'2 

131072-BIT( 16384-WORD BY 8-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAM MABLE ROM 

READ OPERATION 

DC ELECTRICAL CHARACTERISTICS (Ta=0-700C, Vee =5V±5%, Vpp=Vee, unless otherwise noted I 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

III Input load current VIN=5.25V 10 

ILO Output leakage current VouT=5,25V 10 

IpRl Vpp current read or standby Vpp=5.25V 1 100 

CE=VIH 1 
ICCl Vee current standby 

1 100 CE=Vcc 

CE=OE=VIL 30 
ICC2 Vee current Active 

f=4MHz 30 

VIL Input low voltage -0.1 0.8 

VIH Input high voltage 2.0 Vcc+ 1 

VOL Output low voltage IOL=2.1mA 0.45 

VOH Output high voltage IOH= -400"., A 2.4 

Note 3: Typical values are at Ta = 25°C and nominal supply voltages. 

AC ELECTRICAL CHARACTERISTICS (Ta=0-70°C, Vee =5V±5%, Vpp=Vee, unless otherwise noted I 

Symbol Parameter Test conditions 

ta(AD) Address to output delay CE=OE=VIL 

ta(CE) CE to output delay OE=VIL 

ta(5E) Output enable to output delay CE=VIL 

tDF Output enable high to output float CE=VIL 

t OH Output hold from CE or OE CE=OE=VIL 

Note 4: Vee must be applied simultaneously V pp and removed simultaneously V PP. 

AC WAVEFORMS 

Limits 

M5M27C128K -15 M5M27C128K -2 M5M27C128K 

Min 

0 

0 

Max Min Max Min Max 

150 200 250 

150 200 250 

75 75 100 

60 0 60 0 85 

0 0 

Test conditions for A.C. characteristics 
Input voltage: VIL = 0.45V, VIH = 2.4V 
Input rise and fall times: ~20ns 

Unit 

J.lA 

J.lA 

J.lA 

mA 

J.lA 

mA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ADDRESS Reference voltage at timing measurement: Inputs lV and 
2V Output O.8V, and 2V 

CE 

V If .. ----!-----~ 
OE 

VIL 

VOH 
ta(AD) 

HIGH Z 
OUTPUT 

CAPACITANCE 

Symbol Parameter 

CIN Input capacitance (Address, CE, OE, PGMI 

COUT Output capacitance 

6-28 

Output load: lTTl gate + CL(l00pFI 

or 

DUT 

HIGH Z 

Test conditions 

Ta =25·C. f= lMHz. VI=VO=OV 

• . MITSUBISHI 
.... ELECTRIC 

Min 

1.3V 

1N914 

3.3kQ 

r CL =l00pF 

Limits 

Typ Max 

4 6 

8 12 

Unit 

pF 

pF 



MITSUBISHI LSls 

M5M27C128K, -15,-2 

131072-BIT( 16384-WORD BY a-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM OPERATION 

FAST PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS (Ta=25±5°C. Vee=6V±O.25V. Vpp=21V±O.5V. unless otherwise noted) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ 

ILl Input current VIN= VILor VIH 

VOL Output low voltage IOL =2 .1mA 

VOH Output high voltage IOH= -400/.1 A 2.4 

VIL Input low voltage -0.1 

VIH Input high voltage 2.0 

ICC2 Vee supply current 

IpP2 V pp supply current CE=VIL=PGM 

AC ELECTRICAL CHARACTERISTICS (Ta=25±5°C. Vee =6V±025V. Vpp =21V±05V, unless otherwise noted) 

Symbol Parameter 

t AS Address setup time 

tOES OE set up time 

t OS Data setup time 

tAH Address hold time 

tOH Data hold time 

t OF Chip enable to output float delay 

tvcs Vee setup time 

t vPS Vpp setup time 

t FPw PGM initial program pulse width 

topw PGM over program pulse width 

tCES IT setup time 

tOE Data val(d from OE 

Test conditions 

'. MITSUBISHI 
"ELECTRIC 

Min 

2 

2 

2 

0 

2 

0 

2 

2 

0.95 

3.8 

2 

Limits 

Typ 

1 

Max 

10 

0.45 

0.8 

VCC 

30. 

30 

Max 

130 

1.05 

63 

150 

Unit 

/.I A 

V 

V 

V 

V 

mA 

mA 

Unit 

/.IS 

/.IS 

/.IS 

/.IS 

/.IS 

ns 

/.IS 

/.IS 

ms 

ms 

/.IS 

ns 

6-29 



AC WAVEFORMS 

VIH 
ADDRESS 

VIL 

VIH!VOH 

DATA 

VIJVOL 

Vpp 
Vpp 

Vee 

Vee+l 
Vee 

Vee 

VIH 

CE 

VIL 

VIH 
PGM 

VIL 

VIH 

OE 

VIL 

6-30 

MITSUBISHI LSls 

M5M27C128K, ·15,·2 

131072-BIT(16384-WORD BY 8-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

): 
t AS 
~ 

-~ 

t 
tos 
~ 

/ 
r 
t vps 

H 
J ~ I 

tves 
~ 

~\ 

teEs 
~ 

),..... 

\-
I 

PROGRAM VERIFY ... 
~~ 

~ 
-' .... ..., r-:.3i 

DATA SET ~ DATA OUTPUT VALID 
..., ~ ...,f-

tOH 
~ 

t OF 
~ 

J~ 
tOES tOE 

I 
~ ~ 

tFPW 

-~ -+--

.• MITSUBISHI 
i'&ELECTRIC 

Test conditions for A.C. characteristics 
Input voltage: V1L =0.45V. V1H = 2.4V 
Input rise and fall times: s20ns 
Reference voltage at timing measurement: Input lV and 
2V Output O.8V. and 2V 



MITSUBISHI LSls 

M5M27C128K, -15,-2 

131072-BIT( 163a4·WORD BY a-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FAST PROGRAMMING ALGORITHM 
FLOW CHART 

NEXT ADDRESS 

Note 5: 4.75~VCC=Vpp~5.25V 

NO 

START 

FIRST ADDRESS, VCC =6V, Vpp=21V 

NO 

SET REGISTER X TO ZERO 
X = 0 

APPLY lms PROGRAM PULSE 

APPLY OVER PROGRAM PULSE 4x Xms 

NO 

(Note 5) 

VCC=Vpp=5.0V 

PASS 

YES 

• MITSUBISHI 
~ELECTRIC 

FAILURE 
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MITSUBISHI LSls 

MSM27C128K, .~S, ·2 

131072-BIT( 16384-WORD BY 8-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRA,MABLE ROM 

CONVENTIONAL PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS (Ta=25±5°C. Vee=5V± 5%. Vpp=21V±O.5V. unless otherwise noted) 

Symbol Parameter 

ILl Input current 

VOL Output low voltage 

VOH Output high voltage 

VIL Input low voltage 

VIH Input high voltage 

Icc Vee Supply current 

IpP2 Vpp Supply current 

AC ELECTRICAL CHARACTERISTICS 

Symbol Parameter 

tAS Address set up time 

tOES OE setup time 

tos Data setup time 

tAH Address hold time 

tOH Data hold time 

tOF Chip enable to output delay 

tvs Vpp setup time 

tpw PGM Pulse width (during program) 

tCEs CE setup time 

tOE Data valid from OE 

6-32 

Limits 
Test conditions 

Min Typ 

VIN = V1L or V1H 

IOL=2.1mA 

I OH= - 40011 A 
/ 

2.4 

-0.1 

2.0 

CE=VIL=PGM 

(Ta=25±5°C. Vee =5V±5%. Vpp=21V±O.5V. unless otherwise noted) 

Test conditions 

• MITSUBISHI 
.... ELECTRIC 

Min 

2 

2 

2 

0 

2 

0 

2 

45 

2 

Limits 

Typ 

50 

Unit 
Max 

10 f..LA 

0.45 V 

V 

0.8 V 

Vcc+ 1 V 

30 mA 

30 mA 

Unit 
Max 

f..LS 

f..LS 

f..LS 

f..LS 

f..LS 

130 ns 

f..LS 

55 ms 

f..LS 

150 ns 



AC WAVEFORMS 

ADDRESS 

DATA 

Vpp 

CE 

PGM 

OE 

VIH/V 0 

VIL/VO 

Vpp 

Vee 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

H 

L 

MITSUBISHI LSls 

M5M27C128K, -15, -2 

131072-BIT( 16384-WORDBY a-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM V,ERIFY 

~~ 
,-' .... 

~ 
J'-

IDATA SET 

~ 
..,'-

J~ 

~\ 

teEs 

-'I ..... 

tpw 

.l 

.., 
tDH 
~ 

.., 

tOES 

~ tAH 

~ DATA OUTPUT1VALID .... 
-'r- ...,'-

~ 

~ 

~~ 
L 

Test conditions for A.C. characteristics 
Input rise and fall time: ~20ns 
Input voltage: V1L =0.45V, V1H =2.4V 

K 

Reference voltage at timing measurement: Input lV and 2V 
Outputs O.8V and 2V 

•. MITSUBISHI 
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MITSUBISHI LSI. 

M5L27256K, -15, -2 
262144-BIT (3.276a-WORD BY a-BIT) 

ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi. M5L27256K is a high-speed 262144-bit 
ultraviolet erasable and electrically reprogrammable read 
only memory. It is suitable for microprocessor program
ming applications where rapid turn-around is required. The 
M5L27256K is fabricated by N-channel double polysilicon 
gate technology and is available in a 28-pin DIP with a 
transparent lid. 

FEATURES 
• 32768 Word x 8 bit organization 
• Access time M5L27256K-15 ........ 150ns (max.) 

M5L27256K-2 ......... 200ns (max.) 
M5L27256K ........ _. 250ns (max.) 

• Programming voltage: 12.5V 
• Two line control OE, CE 
• Low power current (IcC): Active 80mA (max.) 

Standby .... 25mA (max.) 

• Single 5V power supply 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 
• Standard 28-pin DIP 
• Fast programming algorithm 
• Interchangeable with INTEL 27256 

APPLICATION 
Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM r--
~ >; 
~ >< 
~ X-DECODER 

~ 
~ 
B 
~ 
~ 
~ 
B Y-DECODER 

~ 
9 

~ 

A 14 
A 13 
A 12 
All 
A 10 

Ag 
ADDRESS INPUTS As 

A7 

A& 
As 

A4 
A3 
Az 
Al 
Ao 

CHIP ENABLE INPUT CE 20 CHIP ENABLE 

PIN CONFIGURATION (TOP VIEW) 

(5V.12.5V)Vpp 

A6 

As 

ADDRESS A4 

INPUTS A3 

A2 

Al 

Ao 

{

DO 

DATA INPUTSI 01 
OUTPUTS 02 

(OV) GND 

Outline 28K4 

I 
I 

I 
32768WORD X8BIT 

CELL MATRIX n 
i 

I 
I 
1 

Y GATE CIRCUITS I 
I 
I 

OUTPUT SENSE 

OUTPUT ENABLE INPUT OE 22 r OUTPUT ENABLE AND 

6-34 

Vee (5V, 6V) 

Vpp(5V.12.5V) 

GND(OV) 

L 
28 

1 

14 

AND 

PROG LOGIC 

•. MITSUBISHI 
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OUTPUT BUFFERS 

11X12Xi 3Xi SX161i 7YJ 8Xi 9 

pOD IDZD3D4DSD6D7, 
y 

DATA INPUTS/OUTPUTS 



MITSUBISHI LSI. 

M5L27256K, -15, -2 

262144-BIT (32768-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FUNCTION 
Read 
Set the cr and OE terminals to the read mode (low level). 
Low level input to CE and OE and address signals to the ad
tlress inputs (Ao - A14) make the data contents of the 
designated address location available at the data input/ output 
(Do - 0 7), When the CE or OE signal is high, data input/ output 
are in a floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

Programming 
(Fast programming algorithm) 
First set Vee == 6V, Vpp == 12.SV and then set an address to first 
address to be programmed. After applying 1 ms program 
pulse (CE) to the address, verify is performed. If the output 
data of that address is not verified correctly, apply Qne more 1 
ms program pulse. The programmer continues 1 ms pulse

then-verify routines until the device verify correctly or 
twenty five of these pulse-then-verify routines have been 
completed. The programmer also maintains its total number 
of 1 ms pulses applied to that address in register X. And 
then applied a program pulse 3 times of register X value 
long as an overprogram pulse. When the programming 
procedure above is finished, step to the next address and 
repeat this procedure till last address to be programmed. 

MODE SELECTION 

~ 
- -
CE(20) OE(22) 

Mode 

Read VIL VIL 

Output disable VIL VIH 

Standby VIH X* 

Program VIL VIH 

Program verify VIH VIL 

Program inhibit VIH VIH 

*. X can be either V1L or V1H 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Symbol Parameter 

Topr Operating temperature 

Tstg Storage temperature 

VII All input or output voltage (Note 2) 

VIZ Vpp supply voltage during programming (Note 2) 

Erase 
Erase is effected by exposure to ultraviolet light with a 
wavelength of 2537 A at an intensity of appoximately 
1SWS/cm2• Sunlight and fluorescent light may contain 
ultraviolet light sufficient to erase the programmed informa
tion. For any operation in the read mode, the transparent lid 
should be covered with opaque tape. 

Outputs 
Vpp( 1) Vee (28) 

(11-13, 15-19) 

5V SV Data out 

SV SV Floating 

SV SV Floating 

12.SV 6V Data in 

12.SV 6V Data out 

12.SV 6V Floating 

Ratings Unit 

- 10-80 ·C 

- 65-125 ·C 

-0.6-7 V 

-0.6-14.0 V 

Note 1 Stresses above those listed may cause permanent damage to the device. This IS a stress rating only and 
functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods affects device reliability. 

With respect to Ground. 

• MITSUBISHI 
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MITSUBISHI LS.s 

M5L27256K, -15, -2 

262144·BIT (32768·WORD BY 8.BIT) 
. ERASABLE AND ELECTRICALLY REPROGRAMMABLE' ROM 

READ OPERATION 

DC ELECTRICAL CHARACTERISTICS (Ta=O-7QOC. Vcc =5V±5%. Vpp=Vcc. unless otherwise noted) 

Limits 
Symbol Parameter Test condi.tions 

Min Typ Max 

III Input load current VIN= 5.5V 10 

ILO Output leakage current Vour= 5.5V 10 

IpPI Vpp current read Vpp= 5.5V 5 

leel V CC current standby CE = VIH 25 

lee2 V cc current Active CE = OE =VIL 80 

VIL Input low voltage -0.1 0.8 

VIH Input high voltage 2.0 VCC+ 1 

VOL Output low voltage IOL = 2. lmA 0.45 

VOH Output high voltage IOH= -400,uA 2.4 

Note 3: Typical values are at Ta = 25°C and nominal supply voltages 

AC ELECTRICAL CHARACTERISTICS !Ta=O-70°C. Vcc =5V±5%. Vpp=Vcc. unless otherwise noted) 

Limits 

Symbol Parameter Test conditions M5L27256K-15 M5L27256K-2 M5L27256K 

Min 

ta (AO) Address to output delay CE = OE = VIL 

ta (eE) CE to output delay OE = VIL 

ta (OE) Output enable to output delay CE=VIL 

tOF Output enable high to output float CE=VIL 0 

tOH Output hold from CE or OE CE=OE=VIL 0 

Note 4: Vee must be applied simultaneously or before V pp and removed simultaneously or after V pp 

AC WAVEFORMS \ 

VIH 

Max Min Max Min Max 

150 200 250 

150 200 250 

60 75 100 

50 0 60 0 60 

0 0 

Test conditions for A.C. charactristics 
Input voltage: VI L ; OA5V. VIH ; 2AV 
Input rise and fail times: ~ 20ns 

Unit 

u.A 

u A 

mA 

mA 

mA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ADDRESS 

V IL 

Reference voltage at timing measurement: Input O.BV 
and 2V Output O.BV. and 2V. 

VIH 
CE 

V IL 

VIH 
OE 

V IL 

VOH 
talAO) 

HIGH Z 
OUTPUT 

VOL 

CAPACITANCE 

Symbol Parameter 

CIN Input capacitance (Address. CEo OE) 

COUT Output capacitance 

6-36 

Output load lTTL gate + CL (100pF) 

or 

DUT 

HIGH Z 

T est conditions 

Ta=25·C, f=lMHz, VI=VO=OV 

• MITSU,BISHI 
"ELECTRIC 

Min 

1. 3V 

1N914 

3.3k Q 

I CL = 100pF 

Limits 

Typ Max 

4 6 

8 12 

Unit 

pF 

pF 



MITSUBISHI LSI. 

MSL27256K, -15, -2 

262144-BIT (32768-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM OPERATION 

FAST PROGRAM~ING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS (Ta=2S±S·C. Voo=6V ±0.2SV. Vpp=12.SV±0.3V. unless otherwise noted) 

Limits 
Symbol Parameter T est conditions 

." Min Typ Max 

III Input current VIN=VILor VIH 10 

VOL Output low voltage IOL =2 .1mA 0.45 

VOH Output high voltage IOH= -400"A 2 .4 

VIL Input low voltage -0.1 0.8 

VIH Input high voltage 2.0 Voo 

1002 V cc supply current 80 

IpP2 Vpp supply current CE=VIL 50 

AC ELECTRICAL CHARACTERISTICS (Ta=2S±S·C. Voo=6V±0.2SV. Vpp=12.SV±0.3V. unless otherwise noted) 

Symbol Parameter Test conditions 

t AS Address setup time 

tOES OE set up time 

tos Data setup time 

tAH Address hold time 

tOH Data hold time 

t OFP Output enable to output float delay 

t vos V cc setup time 

t VPS Vpp setup time 

t FPw CE initial program pulse width 

topw CE over program pulse width 

tOE Data valid from OE 

Note 5: Vee must be applied simultaneously or before V pp and removed simultaneously or aher V pp. 

• MITSUBISHI 
..... ELECTRIC 

Limits 

Min Typ Max 

2 

2 

2 

0 

2 

0 130 

2 

2 

0.95 1 1.05 

2.85 78.75 

150 

Unit 

"A 

V 

V 

V 

V 

mA 

mA 

Unit 

"s 

"s 

"s 

"s 

"s 

ns 

"s 

"s 

ms 

ms 

ns 
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AC WAVEFORMS 

VIH 
ADDRESS 

VIL 

VIH/VOH 

DATA 

VIL/VOL 

Vpp 
Vpp 

Vee 

Vee+ 1 
Vee 

Vee 

VIH 
CE 

VIL 

VIH 

OE 

VIL 

) 

I 

MITSUBISHI LSls 

MSL27256K, -15, -2 

262144-BIT (327G8-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM VERIFY 

K 
tAS 

~~ ~ 

r- }I- I ..l,.... 
DATA SET .'J DATA OUTPUT VALID 

~ ..., .... ..., .... 

t os t OH 
~tOFP ~ ~ 

~ 

t VPS 

H 
~ I 
I~ 

\- -l tOES 
~ 

tFPW 

topw ~\ 

tOE 
~ 

0-

,f--

Test conditions for A.C. charactristics 
Input voltage: VIL; 0.45V, VIH; 2.4V 
Input rise and fail times: ~ 20ns 

FAST PROGRAMMING ALGORITHM 
FLOW CHART 

Reference voltage at timing measurement: Input O.8V 
and 2V Output O.8V, and 2V. 

FAIL 

INCREMENT ADDR 

6-38 
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MITSUBISHI LSls 

M5L27256K, -IS, -2 

262144-BIT (32768-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLYREPROGRAMMABLE ROM 

DEVICE IDENTIFIER MODE 
The Device Identifier Mode allows the reading of a binary 
code from the EPROM that identifies the manufacturer and 
device type. 

The EPROM Programmer reads the manufacturer code 
and the device code and automatically selects the corre
spronding programming algorithm. 

M5L27256K DEVICE IDENTIFIER CODE 

Ao 07 06 

(10) (19) (18) 

Manufacturer code VIL 0 0 

Device code VIH 0 0 

Note: A. = 12.0 ± O.5V. A, - As. A,. - A, •• CEo DE = VIL. 

05 

(17) 

0 

0 

• MITSUBISHI 
.... ELECTRIC 

04 03 02 01 Do Hex 

(16) (15) (13) (12) (11) Data 

1 1 1 0 0 lC 

0 0 1 0 0 04 

6-39 



MITSUBISHI LSls 

MSL272S6K-1 
262144·BIT (32768·WORD BY 8.BIT) 

ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5L27256K-1 is a high-speed 262144-bit 
ultraviolet erasable and electrically reprogrammable read 
only memory. It is suitable for microprocessor program
ming applications where rapid turn-around is required. The 
M5L27256K-1 is fabricated by N-channel double poly
silicon gate technology and isavaiiable in a 28-pin 01 P 
with a transparent lid. 

FEATURES 
• 32768 word x 8 bit organization 
• Access time M5L27256K-I ......... 250ns (max.) 
• Programming voltage: 12.5V 
• Two line control OE, CE 
• Low power current {lcd: 

Active ..................... 80mA (max.) 
Standby .................... 30mA (max.) 

• Single 5V power supply 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 
• Standard 28-pin DIP package 
• Fast programming algorithm 
• Wide temperature range: -40°C'" +85°C 

APPLICATION 
Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM 
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14 
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MITSUBISHI LSls 

M5L27256K-I 

262144-BIT(3276a-WORD BY a-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FUNCTION 
Read 
Set the CE and OE terminals to the read mode (low level). 
Low level input to CE and OE and address signals to the ad
dress inputs (Ao - A l 4.) make the data contents of the 
designated address location available at the data input/ output 
(00 - 0 7). When the CE or OE signal is high, data input/ output 
are in a floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

Programming 
(Fast programming algorithm) 
First set Vee = 6V, Vpp = 12.5V and then set an address to first 
address to be programmed. After applying 1 ms program 
pulse (CE) to the address, verify is performed. If the output 
data of that address is not verified correctly, apply one more 1 
ms program pulse. The programmer continues 1 ms pulse

then-verify routines until the device verify correctly or 
twenty five of these pulse-then-verify routines have been 
completed. The programmer also maintains its total number 
of 1 ms pulses applied to that address in register X. And 
then applied a program pulse 3 times of register X value 
long as an overprogram pulse. When the programming 
procedure above is finished, step to the next address and 
repeat this procedure till last address to be programmed. 

MODE SELECTION 

~ 
- -

Mode 
CE(20) OE(22) 

Read VIL VIL 

Output disable VIL VIH 

Standby VIH X* 

Program VIL VIH 

Program verify VIH VIL 

Program inhibit VIH VIH 

* X can be either V1L or V1H 

ABSOLUTE MAXIMUM RATINGS (Note 11 

Symbol Parameter 

Topr Operating temperature 

Tstg Storage temperature 

Vrl All input or output voltage (Note 2) 

Vl2 Vpp supply voltage during programming (Note 2) 

Erase 
Erase is effected by exposure to ultraviolet light with a 
wavelength of 2537 A at an intensity of appoximately 
15WS/cm2 . Sunlight and fluorescent light may contain 
ultraviolet light sufficient to erase the programmed informa
tion. For any operation in the read mode, the transparent lid 
should be covered with opaque tape. 

Vcc(28) 
Outputs 

Vpp( 1) 
(11-13.15-19) 

5V 5V Data out 

5V 5V Floating 

5V 5V Floating 

12.5V 6V Data in 

12.5V 6V Data out 

12.5V 6V Floating 

Ratings Unit 

- 50-95 ·C 

- 65- 125 ·C 

-0.6-7 V 

-0.6-14.0 V 

Note 1: Stresses above those listed may cause permanent damage to the device. This is a stress rating only and· 
functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods affects device reliability 

2: With respect to Ground. 

• MITSUBIS.HI 
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MITSUBISHI LSls 

M5L27256K-1 

262144-BIT (3276a-WORD BY a-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

READ OPERATION 

DC ELECTRICAL CHARACTERISTICS (Ta=-40-85°C. Vee =5V±5%. Vpp=Vee. unlesee otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

ILl Input load current VIN= 5.5V 10 

IOL Output leakage current VOUT= 5.5V 10 

IpPI Vpp current read Vpp= 5.5V 5 

1001 Vee current standby CE =VIH 30 

f002 Vee current Active CE=OE =VIL 80 

V,L Input low voltage -0.1 0.8 

V,H Input high voltage Z .0 VOO+ 1 

VOL Output low voltage ILO= Z. 1 rnA 0.45 

VOH Output high voltage IOH= - 400~ A Z.4 

Note 3: Typical values are at Ta = 25°C and nominal supply voltages. 

AC ELECTRICAL CHARACTERISTICS (Ta=-40-85°C. Vee =5V±5%. Vpp=Vee. unless otherwise noted) 

Symbol Parameter Test conditions 

ta (AD) Address to output delay CE=OE=VIL 

ta (OE) CE to output delay OE=VIL 

ta (O~) Output enable to output delay CE=VIL 

tDF Output enable high to output float CE=VIL 

tOH Output hold from CE or OE CE=OE=VIL 

Note 4: Vee must be applied simultaneously or before V pp and removed simultaneously or after V pp 

AC WAVEFORMS 

V,H 

Limits 

Min Max 

250 

250 

100 

0 60 

0 

Test conditions for A.C. charactristics 
Input voltage: VIL = 0.45V. VIH = 2.4V 
Input rise and fail times: ~ 20ns 

Unit 

uA 

u. A 

rnA 

rnA 

rnA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

AOO,RESS 

V,L 
Reference voltage at timing measurement: Input O.8V 
and 2V Output O.SV. and 2V. 

V,H 
CE 

V,L 

V,H 
OE 

V'L 

VOH 

OUTPUT 
VOL 

CAPACITANCE 

Symbol Parameter 

C,N Input capacitance (Address. CEo OE I 

COUT Output capacitance 

6-42 

Output load: 1 TTL gate + CL (lOOpFI 

or 

HIGH Z 

T est conditions 

Ta =25°C. f= lMHz. VI = Va = OV 

• MITSUBISHI 
;"ELECTRIC 

OUT 

Min 

Limits 

Typ Max 

4 6 

8 12 

Unit 

pF 

pF 



MITSUBISHI LSI. 

MSL272S6K-I 

282144-BIT (3276a-WORD BY a-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM OPERATION 

FAST PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS (Ta=2s±soC, Voo=6V±0.2sV, Vpp=12.sV ±0.3V, unless otherwise noted) 

Limits 
Symbol Parameter T est conditions 

Min Typ Max 

ILl Input current VIN=VILor VIH 10 

VOL Output low voltage IOL =2 .1mA 0.45 

VOH Output high voltage IOH= -400/-iA 2.4 

VIL Input low voltage -0.1 0.8 

VIH Input high voltage 2.0 Voe 

1002 V cc supply current 80 

IpP2 Vpp supply current CE=VIL 50 

AC ELECTRICAL CHARACTERISTICS (Ta=2s±SOC, Voo=6V±0.2SV, Vpp=12.SV±O.3V, unless otherwise noted) 

Symbol Parameter Test conditions 

t AS Address setup time 

tOES OE set up time 

tos Data setup time 

tAH Address hold time 

tOH Data hold time 

toFp Output enable to output float delay 

t VOS V cc setup time 

tvps Vpp setup time 

t FPw CE initial program pulse width 

topw CE over program pulse width 

tOE Data valid from DE 

Note 5: Vee must be applied simultaneously or before V pp and removed simultaneously or after V pp 

• MITSUBIS.HI 
~ELECTRIC 

Limits 

Min Typ Max 

2 

2 

2 

0 

2 

0 130 

2 

2 

0.95 1 1.05 

2.85 78.75 

150 

Unit 

/-i A 

V 

V 

V 

V 

mA 

mA 

Unit 

/-is 

/-is 

/-is 

/-is 

/-is 

ns 

/-is 

/-is 

ms 

ms 

ns 
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AC WAVEFORMS 

VIH 
ADDRESS 

VIL 

VIH/VOH 

DATA 

VIL/VOL 

Vpp 
Vpp 

Vee 

Vee+l 
Vee 

Vee' 

VIH 

CE 

VIL 

VIH 

OE 

VIL 

) 

I 

MITSUBISHI LSls 

M5L27256K-I 

262144·BIT (32768.WORD BY 8.BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM VERIFY 

'~K 
t AS 

~ ~ 

~ ~~, 

i-DATA OUTPUT V~LlD-'r DATA SET 
It: -:I -' L-

t OS t OH 
_tOFP - ~ 

t VPS 

4 
r I 

I~s 

\ .i tOES 
~ 

tFPw 

t OPW -\ 

tOE 
~ 

~ 

L-

Test conditions for A.C. charactristics 
Input voltage: VI L ; 0.45V, VIH ; 2.4V 
Input rise and fail times: ~ 20ns 

FAST PROGRAMMING ALGORITHM 
FLOW CHART 

Reference voltage at timing measurement: Input O.BV 
and 2V Output O.BV, and 2V. 

FAIL 

INCREMENT ADDR 

6-44 
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MITSUBISHI LSls 

M5L27256K -I 

262144-BIT (32768-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DEVICE IDENTIFIER MODE 
The Device Identifier Mode allows the reading of a 

binary code from the EPROM that identifies the manufac
turer and device type. 

The EPROM Programmer reads the manufacturer code 
and the device code and automatically .selects the corre
sponding programming algorithm. 

M5L27256K-I DEVICE IDENTIFIER CODE 

Ao 07 06 05 04 03 ~ Code (10) (19) (18) (17) (16) (15) 

Manufacturer code VIL 0 0 

Device code VIH 0 0 

0 1 

0 0 

.• MITSUBISHI 
.... ELECTRIC 

1 

0 

02 0, Do 
(13) (12) (11) 

Hex data 

1 0 0 1C 

1 0 0 04 

6-45 



MITSUBISHI LSI. 

M5M27C256K, -12, -15 
262144.BIT (3276a.WORD BY a·BIT) 

CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M27C256K is a high-speed 262144-bit 
ultraviolet erasable and electrically reprogrammable read 
only memory. It is suitable for microprocessor program
ming applications where rapid turn-around is required. 
The M5M27C256K is fabricated by N-channel double poli
silicon gate memory and CMOS technology for peripheral 
circuits, and is available in a 28-pin DIP with a transparent 

lid. 

FEATURES 
• 32768 word x 8 bit organization 
• Access time M5M27C256K-12 ....... 120ns (max.) 

M5M27C256K-15 ....... 150ns (max.) 
M5M27C256K . . . . . . . .. 250ns (max.) 

• Programming voltage: 12.5V 

• Two line control OE, CE 
• Low power current (led: Active ..... 30mA (max.) 

Standby ..... 1 rnA (max.) 

• Single 5V power supply 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 
• Standard 28-pin DIP 
• Fast programming algorithm 
~ Interchangeable with M5L27256K 

APPLICATION 
Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM r- -

~ 
?(-
~ 
:r,< X-DECODER 

~ 
~ 
~ 
(7< 
IS< rs 
'1 
~ Y-DECODER 

~ 
~ 

A 14 

A 13 
A 12 

All 

Ala 

A9 
ADDRESS II\jPUTS As 

A1 

A& 
As 

A4 
A3 
A2 

AI 
Ao 

I 

20 CHIP ENABLE 

22 I OUTPUT ENABLE 

L:- AND 

PROG LOGIC 

CHIP ENABLE INPUT CE 
OUTPUT ENABLE INPUT OE 

I 

L_ 

PIN CONFIGURATION (TOP VIEW) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

(SV, 12.SV)Vpp 

ADDRESS 
INPUTS 

A6 

As 
A4 

A3 

A2 

A1 

Ao 

DATA 1 Do 
INPUTS/ D1 

OUTPUTS D2 

(OV) GND 

Outline 28K4 

-

32768WOADX8SIT 

CELL MATRIX 

Y GATE CIRCUITS 

OUTPUT SENSE 

AND 

OUTPUT BUFFERS 

1 00 ZXi 3X15X16Yi 7Yi 8Y19 
POD1P2D3D4D5D6D~ 

... 

~ 
I 

~
VPP(5V' 12.SV) 

28 Vee (SV, 6V) 

14 GND(OV) 
I 

I 

J 
DATA INPUTS/OUTPUTS 
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MITSUBISHI LSls 

MSM27C256K, -12, -15 

262144·BIT (32768-WORD BY a-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FUNCTION 
Read 
Set the cr and OE terminals to the read mode (low level). 
Low level input to CE and OE and address signals to the ad
dress inputs (Ao - A 14) make the data contents of the 
designated address location available at the data input/ output 
(Do - 0 7), When the CE or OE signal is high, data input/ output 
are in a floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

Programming 
(Fast programming algorithm) 
First set Vee = 6V, Vpp = 12.5V and then set an address to first 
address to be programmed. After applying 1 ms program 
pulse (CE) to the address, verify is performed. If the output 
data of that address is not verified correctly, apply one more 1 
ms program pulse. The programmer continues 1 ms pulse

then-verify routines until the device verify correctly or 
twenty five of these pulse-then-verify routines have been 
completed. The programmer also maintains its total number 
of 1 ms pulses applied to that address in register X. And 
then applied a program pulse 3 times of register X value 
long as an overprogram pulse. When the programming 
procedure above is finished, step to the next address and 
repeat this procedure till last address to be programmed. 

MODE SELECTION 

~ Mode 
CE(20) OE(22) 

Read VIL VIL 

Output disable VIL VIH 

Standby VIH X* 

Program VIL VIH 

Program verify VIH VIL 

Program inhibit VIH VIH 

* : X can be either V1L or V1H 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Symbol Parameter 

Topr Operating temperature 

Tstg Storage temperature 

VII All input or output voltage (Note 2) 

VIZ Vpp supply voltage during programming (Note 2) 

Erase 
Erase is effected by exposure to ultraviolet light with a 
wavelength of 2537 A at an intensity of appoximately 
15WS/cm2 • Sunlight and fluorescent light may contain 
ultraviolet light sufficient to erase the programmed informa
tion. For any operation in the read mode, the transparent lid 
should be covered with opaque tape. 

Outputs 
Vpp( 1) Vcc(28) 

(11-13,15-19) 

5V SV Data out 

SV SV Floating 

SV SV Floating 

12.SV 6V Data in 

12.SV 6V Data out 

12.SV 6V Floating 

Ratings Unit 

- 10-80 ·C 

- 65- 125 ·C 

-0.6-7 V 

-0.6-14.0 V 

Note 1: Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods affects device reliability. 

2: With respect to Ground. 

• MITSUBISHI 
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MITSUBISHI LSls 

MSM27C256K, -12, -15 

262144·BIT (3276a·WORD BY a.BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

READ OPERATION 

DC ELECTRICAL CHARACTERISTICS lTa=O-70°C. Vee=5V±5%. Vpp=Vee. unless otherwise noted I 

limits 
Symbol Parameter . Test conditions 

Min Typ Max 

ILl Input load current VIN= s.sV 10 

ILO Output leakage current VOUT= s.sV 10 

IpPt V pp current read Vpp= s.sV 1 100 

1001 Vee current standby 
CE=VIH 1 

CE=Voo 1 100 

CE=OE=VIL 30 
1002 Vee current active 

f=4MHz 30 

VIL Input low voltage -0.1 0.8 

VIH Input high voltage 2.0 Voo+ 1 

VOL Output low voltage IOL= 2. lmA 0.45 

VOH Output high voltage IOH= -400,uA 2.4 

Note 3: Typical values are at Ta = 25°C and nominal supply voltages. 

AC ELECTRICAL CHARACTERISTICS lTa=0-70°C. Vee =5V±5%. Vpp=Vee. unless otherwise noted I 

Symbol Parameter Test conditions 

ta (AD) Address to output delay CE=OE=VIL 

ta (OE) CE to output delay OE=VIL 

ta (OE) Output enable to output delay CE=VIL 

t OF Output enable high to output float CE=VIL 

tOH Output hold from CE or OE CE=OE= VIL 

Note 4: Vee must be applied simultaneously Vpp and removed simultaneously VPP. 

AC WAVEFORMS 

Limits 

M5M27C256K-12 M5M27C256K-15 M5M27C256K 

Min 

0 

0 

Max Min Max Min Max 

120 150 250 

120 150 250 

60 75 100 

50 0 60 0 60 

0 0 

Test conditions for A.C. charactristics 
Input voltage: VIL = 0.45V. VIH = 2.4V 
Input rise and fail times: ~ 20ns 

Unit 

/-lA 

/-lA 

/-lA 

mA 

/-lA 

mA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ADDRESS Reference voltage at timing measurement: Input 0.8V 
and 2V Output O.BV. and 2V. 

V IH 
CE 

VIL 

V IH 
OE 

VIL 

VOH 
ta(AD) 

HIGH Z 
OUTPUT 

VOL 

CAPACITANCE 

Symbol Parameter 

CIN Input capacitance (Address. CEo OE) 

COUT Output capacitance 

6-48 

Output load: 1 TTL gate + CL (100pF) 

or 

DUT 

HIGH Z 

T est conditions 

Ta=2SoC, f=;=lMHz, VI=VO=OV 

• MITSUBISHI 
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Min 

1.3V 

1N914 

3.3kO 

I CL = 100pF 

Limits 

Typ Max 

4 6 

8 12 

Unit 

pF 

pF 



MITSUBISHI LSls 

MsM27C256K, -12, -15 

262144-BIT (3276a-WORD BY a-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM OPERATION 

FAST PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS (Ta=25±5"C, Voo=6V±0.25V, Vpp=12.5V±0.3V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

ILl Input current VIN=VILor VIH 10 

VOL Output low voltage IOL=2.1mA 0.45 

VOH Output high voltage IOH= -400"A 2 .4 

VIL Input low voltage -0.1 0.8 

VIH Input high voltage 2.0 VOO 

1002 V cc supply current 30 

IpP2 Vpp supply current CE=VIL 30 

AC ELECTRICAL CHARACTERISTICS (Ta=25±S"C, Voo=6V±0.25V, Vpp=12.5V±0.3V, unless otherwise noted) 

Symbol Parameter T est conditions 

t AS Address setup time 

t DES OE set up time 

t OS Data setup time 

t AH Address hold time 

tOH Data hold time 

tOFP Output enable to output float delay 

t VOS V cc setup time 

tvps Vpp setup time 

tFPw CE initial program pulse width 

topw CE over program pulse width 

t DE Data valid from OE 

Note 5: Vee must be applied simultaneously V pp and removed simultaneously V pp . 

• MITSUBISHI 
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Limits 

Min Typ Max 

2 

2 

2 

0 

2 

0 130 

2 

2 

0.95 1 1.05 

2.85 78.75 

150 

Unit 

"A 

V 

V 

V 

V 

rnA 

rnA 

Unit 

"s 

"s 

"s 

"s 

"s 

ns 

"s 

"s 

rns 

rns 

ns 
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AC WAVEFORMS 

V'H 
ADDRESS 

V'L 

V'H!VOH 

DATA 

V,JVOL 

Vpp 

VPP 

Vee 

Vee+ 1 
Vee 

Vee 

V'H 
CE 

VIL 

VIH 

OE 

VIL 

MITSUBIS",I LSls 

MSM27C256K, ·12, ·15 

262144-BIT (32768-WORD BY 8-BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM 

) 
t AS 
fE-
f-

DATA SET 
r ..., 

t OS t OH 
~ ~ 

I t VPS 

~ 
r I 
I~ -, Jr 

.., 

tFPW 

topw 

tOES 
~ 

~\ 

VERIFY 

K 
~~ 

i-DATA OUTPUT ViLiD [-
.... 

tOE 
~ 

r 

..... 

~ t OFP 

..., ...... 

Test conditions for A.C. charactristics 
Input voltage: VIL = 0.45V, VIH '" 2.4V 
Input rise and fail times: ~ 20ns 

FAST PROGRAMMING ALGORITHM 
FLOW CHART 

Reference voltage at timing measurement: Input O.8V 
and 2V Output O.8V, and 2V. 

FAIL 

INCREMENT ADDR 
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MITSUBISHI LSls 

MSM27C256K, -12, -15 

262144·BIT (32768.WORD BY a.BIT) 
CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DEVICE IDENTIFIER MODE 
The Device Identifier Mode allows the reading of a binary 
code from the EPROM that identifies the manufacturer and 

device type. 
The EPROM Programmer reads the manufacturer code 

and the device code and automatically selects the corre· 

spronding programming algorithm. 

M5M27C256K DEVICE IDENTIFIER CODE 

Ao 07 06 05 04 

(10) (19) (18) (17) (16) 

Manufacturer code VIL 0 

Device code VIH 0 

Note: A. = 12.0 ± 0.5V. A, - A B • A,o - A'4' CEo OE = VIL. 

0 0 

0 0 

• MITSUBISHI 
.... ELECTRIC 

1 

0 

03 02 01 Do Hex 

(15) (13) (12) (11) Data 

1 1 0 0 1C 

0 0 0 1 01 
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MITSUBISHI LSls 

M5L27512~, ·1-" ·2 
524288-BIT (65536-WORD BY 8-BIT) 

; ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5L27512K is a high-speed 524288 bit 
ultraviolet erasable and electrically reprogrammable. read 
only memory. It is suitable for microprocessor program
ming applications where rapid turn-around is required. The 
M5L27512K is fabricated by N-channel double polysilicon 
gate technology and is available in a 28-pin DIP with a 
transparent lid. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• 65536 Word x 8 bit organization 
• Access time M5L27512K-17 ........ 170ns (max.) 

M5L27512K-2 ......... 200ns (max.) 
M5L27512K .......... 250ns (max.) 

• Programming voltage: 12.5V 
• Two line control DE, CE 
• Lower power current (Icc): Active .. 100mA (max.) 

Standby .. 40mA (max.) 

• Single 5V power supply 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 
• Standard 28-pin 01 P 
• Fast programming algorithm 
• Interchangeable with I NTE L 27512 

APPLICATION 
Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM 

A6 

As 
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AI 
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MITSUBISHI LSls 

MSL27512K, .17,·2 

524288-BIT (65536-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FUNCTION 
Read 
Set the CE and OE/Vpp terminals to the read mode (low 
level). Low level input to CE and OE/Vpp and address 
signals to the address inputs (Ao - A15 ) make the data 
contents of the designated address location available at 
the data input/output (00 - 0 7 ). When the CE or OE/Vpp 
signal is high, data input/output are in a floating state. 

When the CE signals is high, the device is in the standby 
mode or power-down mode. 

Programming 
(Fast programming algorithm) 
First set Vee = 6V, OE/Vpp= 12.5V and then set an 
address to first address to be programmed. After applying 
1 ms program pulse (CE) to the address, verify is performed. 
If the output data of that address is not verified correctly, 
apply one more 1 ms program pulse. The programmer 
continues 1 ms pulse-then-verify routines until the device 
verify correctly or twenty five of these pulse-then-verify 
routines have been completed. The programmer also 
maintains its total number of 1ms pulses applied to that 
address in register X. And then applied a program pulse 
3 times of register X value long as an overprogram pulse. 
When the programming procedure above is finished, step to 
the next address and repeat this procedure till last address 
to be programmed. 

MODE SE LECTION 

~ -
Mode CE(20) 

Read VIL 

Output disable VIL 

Standby VIH 

Program VIL 

Program inhibit VIH 

*: X can be either VIL or VIH . 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Symbol Parameter 

Topr Operating temperature 

Tstg Storage temperature 

VII All input or output voltage (Note 2) 

VI2 OENpp supply voltage (Note 2) 

VI3 A!i3 input voltage (Note 2) 

Erase 
Erase is effected by exposure to ultraviolet light with a 
wavelength of 2537 A at an intensity of appoximately 
15WS/cm2

• Sunlight and fluorescent light may contain 
ultraviolet light sufficient to erase the programmed in
formation. For any operation in the read mode, the trans
parent lid should be covered with opaque tape. 

OE/Vpp (22) Vcc(28) 
Outputs 

(11-13,15-19) 

VIL 5V Data out 

VIH 5V Floating 

X* 5V Floating 

12.5V 6V Data in 

12.5V 6V Floating 

Ratings Unit 

- 10-80 °c 
- 65- 125 °c 

-0.6-7.0 V 

-0.6-14.0 V 

-0.6-13.5 V 

Note 1: Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods affects device reliability. 

2: With respect to Ground. 
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READ OPERATION 

MITSUBISHI LSI. 

MSL27S12K, -17,-2 

524288-BIT (65536-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DC ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Vcc=5V±5%. unless otherwise noted) 

Limits 
Symbol Parameter Conditions Unit 

Min Typ Max 

ILl Input leakage current V'N=5.5V 10 IJA 

ILO Output leakage current VouT=5.5V 10 f-J A 

ICCI Vee current standby CE=V,H 40 mA 

ICC2 Vee current active CE=OE/VpP=V,L 100 rnA 

V,L Input low voltage -0.1 0.8 V 

V,H Input high voltage 2.0 Vcc+ 1 V 

VOL Output low voltage IOL=2.1mA 0.45 V 

VOH Output high lIoltage I OH = - 400,uA 2.4 V 

Note 3: Typical values are at Ta = 25°C and nominal.supply voltages. 

AC ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Vcc=5V±5%. unless otherwise noted) 

Symbol Parameter 

ta(AO) Address to output delay 

ta (GE) CE to output delay 

ta (BE) rn: to output delay 

t OF OE high to output float 

tOH Output hold from CE or OE 

AC WAVEFORMS 

V,H 
ADDRESS 

V,L 

V,H 
CE 

V,L 

V,H 
OE/Vpp 

V,L 

VOH 
ta (AD) 

HIGH Z 
OUTPUT 

VOL 

CAPACITANCE 

Symbol Parameter 

C'N Input capacitance 

COUT Output capacitance 

6-54 

Limits 

Test conditions M5L27512K-17 M5L27512K-2 M5L27512K Unit 

Min 

CE=OE/VpP=V,L 

OE/VPP=V,L 

CE=V,L 

CE=V,L 0 

CE=OE/VpP=V,L 0 

HIGH Z 

Test conditions 

Max Min Max Min Max 

170 200 250 

170 200 250 

60 75 100 

50 0 60 0 60 

0 0 

Test conditions for A.C. characteristics 
Input voltage: V,L = 0.45V. V,H = 2.4V 
Input rise and fail times: ~ 20ns 

ns 

ns 

ns 

ns 

ns 

Reference voltage at timing measurement: Input O.8V 
and 2V Output 0.8V. and 2V. 

Output load: lTTL gate + CL (l00pF) 

or 
1.3V 

1N914 

3.3k Q 

DUT 

I CL = 100pF 

Limits 
Unit 

Min Typ Max 

4 6 pF 
Ta=25·C.I= lMHz.VI=Vo=OV 

• MITSUBISHI 
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MITSUBISHI LSls 

MSL27512K, -17,-2 

524288-BIT (65536-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM OPERATION 

FAST PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS (Ta=25±5°C, Vcc =6V±025V, Vpp=12.5V±O.3V, unless otherwise noted) 

Limits 
Symbol. Parameter Test conditions 

Min Typ Max 

ILl Input current VIN=VIL or VIH 10 

VOL Output low voltage IOL=2.1mA 0.45 

VOH Output high voltage 10H= -400J.lA 2.4 

VIL Input low voltage -0.1 0.8 

VIH Input high voltage 2,0 Vee 

lee2 v cc supply current 100 

IpP2 OE/Vpp supply current CE =VIL 50 

AC ELECTRICAL CHARACTERISTICS (Ta=25±5°C, Vcc =6V±025V. Vpp=12.5V±O.3V. unleseeotherwisenoted) 

Symbol Parameter Test conditions 

tAS Address setup time 

tOEs OEIVpp setup time 

tOEH OEIVpp hold time 

tos Data setup time 

tAH Address hold time 

tOH Data hold time 

t OFP CE to output float delay 

tves V CC setup time 

t FPw CE initial program pulse width 

topw CE over program pulse width 

t ov Data valid from CE 

tVR OE/Vpp recovery time 

tpRT OE/Vpp pulse rise time during program 

- -
Note 4: Vee must be applied simultaneously or before OE/Vpp and removed simultaneously or after OE/Vpp, 

• MITSUBISHI 
.... ELECTRIC 

Limits 

Min Typ Max 

2 

2 

2 

2 

0 

2 

0 130 

2 

0.95 1.0 1.05 

2.85 78.75 

1 

2 

50 

Unit 

J.lA 

V 

V 

V 

V 

mA 

mA 

Unit 

J.lS 

J.lS 

J.lS 

J.lS 

J.lS 

J.lS 

ns 

J.lS 

ms 

ms 

J.lS 

J.lS 

ns 
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AC WAVEFORMS 

VIH 

ADDRESSES 

VIL 

VIH 

DATA 

VIL 

6.0V 

Vee 

S.OV 

12.SV 

OE/Vpp 

VIL 

VIH 
CE 

VIL 

MITSUBISHI LSls 

M5L27512K, -17,-2 

52428a-BIT (65536-WORD BY a-BIT) 
ERASABLE 'AND ELECTRICALLY REPROGRAMMABLE ROM 

)t -'r 

t AS 

~ 

'C' 

t OS 

/ tves 

j 
f-

tOES 

t PRT I 

PROGRAM VERIFY 

ADDRESS ~K 

3iof- } DATA OUTPUT \ 
DATA SET 

~ 
") VALID / 

t OH t OV tAH 
~ 

t DFP 
~ 

-l,--

t OEH \ 
~ 

--"\ ...,t:: 
-'~( 

~ 
topw 

4\~ /~ 

Test conditions for A.C. characteristics 
Input voltage: VIL = 0.45V, VIH = 2.4V 
Input rise and fail times: ~ 20ns 
Reference voltage at timing measurement: Input O.SV 
and 2V Output O.SV, and 2V. 

FAST PROGRAMMING ALGORITHM 
FLOW CHART 

FAIL 

INCREMENT ADDR 

6-56 
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MITSUBISHI LSls 

MSL27S12K, -17, -2 

524288-BIT (65536-WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DEVICE IDENTIFIER MODE 
The Device Identifier Mode allows the reading of a 

binary code from the EPROM that identifies the manufac
turer and device type. 

The EPROM Programmer reads the manufacturer code 
and the device code and automatically selects the corre
sponding programming algorithm. 

M5L27512K DEVICE IDENTIFIER CODE 

~ Ao 07 06 Os 
Code (10) (19) (18) (17) 

Manufacturer code VIL 0 0 0, 

Device code VIH 0 0 0 

Note 5: Vcc=5V±5%, Ag= 12.0±O.5V, Al-Aa,AlO-A15,CE,OElVpp= V(L 

04 
(16) 

1 

0 

•. MITSUBISHI 
.... ELECTRIC 

03 02 0, Do 
Hex data 

(15) (13) (12) (11) 

1 1 0 0 10 

1 1 0 1 00 
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MITSUBISHI LSls 

. ~(j~ M5M27Cl00K, -15, -2 
OQ 

~~ , 1048578.B1T (131072-WORD BY 8.BIT) 
. CMOS ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi MSM27C100K is a high-speed 1048S76-bit 
ultraviolet erasable and electrically reprogrammable read 
only memory. It is suitable .for microprocessor program- , 
ming applications where rapid turn-around is required. 
The MSM27C100K is fabricated by N-channel double poli
silicon gate for Memory and CMOS technology for periph
eral circuits, and is available in a 32 pin DIP with a trans
parent lid. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• 131072 word x8 bit organization 
• Access time MSM27C100K-1S ....... 1 \50ns (max.) 

MSM27C100K-2 ........ 200ns (max.) 
MSM27C100K ........ , 2S0ns (max.) 

• Two line control OE, CE 
• Low power current (led: Active ..... SOmA (max.) 

Standby ..... 1 mA (max.) 

• Single SV power supply 

(SV, 12.SV) Vpp 

OUTPUT ENABLE OE-+ 
INPUT 

ADDRESS 
INPUTS 

o 
o 

" 

Vee(SV,6V) 

31 ..... PGM i~~U;RAM 
30 NO 

ADDRESS 
INPUTS 

• Programming voltage ................... 12.SV Outline 32K4 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 

NC: NO CONNECTION 

APPLICATION 
• Pin compatible with 1Mbit MASK ROM 
• Fast programming algorithm 

Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM 

ADDRESS INPUTS 

CHIP ENABLE INPUT OE 

OUTPUT ENABLE INPUT 

PROGRAM INPUT PGM 31 

I 

-----------l 

X·DECODER 

Y·DECODER 

CHIP ENABLE 
OUTPUT ENABLE I--__ ~ 

AND 
PROG LOGIC 

131072 WORD 
x8 BIT 

CELL MATRIX 

Y-GATE CIRCUITS 

OUTPUT SENSE 
AND 

OUTPUT BUFFERS 

I 

=t Vpp(SV, 12.SV) 

32 Vee (SV, 6V) 

16 GND(OV) 

I 

L.c_ 

6-58 

\ Do 01 0 2 03 ~4 05 0 6 0 7 I 

DATA INPUTS/OUTPUTS 
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MITSUBISHI LSls 

~C~ M5M27Cl01K, -15, -2 
~~dO 1048576-BIT (131072-WORD BY 8-BIT) 

CMOS ERASABLE AND ELECTRICALLY REPROGRAM MABLE ROM 

DESCRIPTION 
The Mitsubishi MSM27C1 01 K is a high-speed 1048S76-bit 
ultraviolet erasable and electrically reprogram mabie read 
only memory. It is suitable for microprocessor program
ming applications where rapid turn-around is required. 
The MSM27C101 K is fabricated by N-channel double poli
silicon gate for Memory and CMOS technology for periph
eral circuits, and is available in a 32 pin DIP with a trans
parent lid. 

FEATURES 
• 131072 word x 8 bit organization 
• Access time MSM27C101 K-1S . . . . . .. lS0ns (max.) 

MSM27C101 K-2 ........ 200ns (max.) 
MSM27C1 01 K . . . . . . . .. 2S0ns (max.) 

• Two line control OE, CE 
• Low power current (led: Active ..... SOmA (max.) 

Standby ..... lmA (max.) 

• Single SV power supply 
• Programming voltage ................... 12.SV 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 
• Standard 32 pin DIP 
• Fast programming algorithm 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

(5V, 12.5V) Vpp 

A16-+ 

ADDRESS 
INPUTS 

Ao -+ 12 

DATA INPUTS/{DO -+ 13 
OUTPUTS 01 ++ 14 

02 .... 15 

(OV)GNO 16 

APPLICATION 

32 Vee (5V, 6V) 

31 +-PGM r~~u~RAM 
30 NC 

Outline 32K4 
NC: NO CONNECTION 

Microcomputer systems and peripheral equipment 

-----------l 

ADDRESS INPUTS 

CHIP ENABLE INPUT CE 

OUTPUT ENABLE INPUT OE 

PROGRAM INPUT PGM 31 

I 

L 

X·DECODER 

Y·DECODER 

CHIP ENABLE 
OUTPUT ENABLE 

AND 
PROG LOGIC 

131072 WORD 
x 8 BIT 

CELL MATRIX 

Y·GATE CIRCUITS 

OUTPUT SENSE 
AND 

OUTPUT BUFFERS 

, Do 01 D2 03 ~4 05 D6 D7 J 

DATA INPUTS/OUTPUTS 

• MITSUBISHI 
'" ELECTRIC 

I 

=il Vpp(5V, 12.5V) 

32 Vee (5V, 6V) 

16 GND(OV) 

I 
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MITSUBISHI LSls 

MSM27Cl02K,:-lS, -2 
R~' \"'c 

~,,::;e'O\)\)\ 104857S-BIT (S553S-WORD BY IS-BIT) 
\'CMOs ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M27C102K is a high-speed 1048576-bit 
ultraviolet erasable and electrically reprogram mabie read 
only memory. It .is suit~ble for· microprocessor program
ming applications where rapid turn-around is required. 
The M5M27C102K is fabricated by N-channel double poli
silicon gate for Memory and CMOS technology for periph
eral circuits, and is available in a 40 pin DIP with a trans
parent lid. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• 65536 word x 16 bit organization 
• Access time M5M27Cl02K-15 ....... 150ns (max.) 

M5M27Cl02K-2 . ....... 200ns (max.) 
M5M27C102K ......... 250ns (max.) 

• Two line control OE, CE 
• Low power current {led: Active ..... 50mA (max.) 

Standby ..... lmA (max.) 

• Single 5V power supply 
• Programming voltage . . . . . . . . . . . . . . . . . .. 12.5V 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 
• Standard 40 pin DIP 
• Fast programming algorithm 

/ APPLICATION 
Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM 

(5V, 12.5V)Vpp 
CHIP ENABLE 

INPUT 

DATA INPUTS/. 
OUTPUTS 

(OV)GND 

DATA INPUTS/ 
OUTPUTS 

OUTPUT 
ENABLE 

INPUT 

Outline 40K4 

-------- - ---

X·DECODER 

ADDRESS INPUTS 

Y·DECODER 

CHIP ENABLE INPUT CHIP ENABLE 

OUTPUT ENABLE INPUT OE 
OUTPUT ENABLE I--_---:~ 
AND 

PROGRAM INPUT PGM 
PROG LOGIC 

I L-________ _ 

65536 WORD 
x 16 BIT 

CELL MATRIX 

Y·GATE CIRCUITS 

OUTPUT SENSE 
AND 

OUTPUT BUFFERS 

40 Vee (5V, 6V) 
39 +-PGM PROGRAM 

INPUT 
NO 

ADDRESS 
INPUTS 

GND (OV) 

+-As 

+-A7 

+-A6 

+-As ADDRESS 
INPUTS 

NC: NO CONNECTION 

I 

~ ~;:. 12.5V) 

~ Vee (5V, 6V) 

I $ GND(OV) 

\. Do D, D2 D3 D4 Ds 06 07 Os 09 010 011 011 0 13 0 14 015/ 
y 
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MITSUBISHI LSls 

MSM2764P 
6SS36-BIT (8192-WORD BY 8-BIT) 

ONE TIME PROGRAMMABLE ROM 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
The Mitsubishi M5M2764P is a high-speed 65536-bit one 
time programmable read only memory. It is suitable for 
microprocessor programming applications where rapid 
turn-around is required. The M5M2764P is fabricated by 
N-channel double polysilicon gate technology and is avail
able in a 28-pin DIP. 

FEATURES 
• 8192 word x 8-bit organization 
• Access time .................... 25q~s (max.) 
• Two line control DE, CE 
• Low power current (led: Active. . . . .100mA (max.) 

Standby .... 35mA (max.) 

• Single 5V power supply 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 
• Standard 28-pin DIP 
• Single location programming with one 50ms pulse 
• Fast programming algorithm 
• Interchangeable with Mitsubishi M5L2764K 

APPLICATION 
Microcomputer systems and peripheral equipment 

(SV.21V) Vpp 

As 

As 
ADDRESS A4 INPUTS 

A3 

A2 

Al 

Ao 

DATA ( 
Do 

INPUTS/ Dl 
OUTPUTS 

D2 
(OV) GND 

Outline 28P4 

~-----------=Jl 

8192 WORD _ I I 

BLOCK DIAGRAM 

ADDRESS 
INPUTS 

CHIP ENABLE INPUT 

OUTPUT ENABLE INPUT 

PROGRAM INPUT 

(SV) 
(5V.21V) 

(ov) 

X-DECODER 

Y-DECODER 

I)---...q CHIP EN~FRLfuIT 1------..1 

}----.-Q OUTPUT c~~~~~i ~----..I 

}------=t PROGRAMMING 
CIRCUIT 

X 8-BIT 

ROM 

Y-GATING 
CIRCUIT 

SENSE 
AMPLIFIERS 

AND OUTPUT 
BUFFERS 

DATA INPUTS/OUTPUTS 

• MITSUBISHI 
.... ELECTRIC 

Vee (SV) 
PROGRAM 
INPUT 

JADDRESS 
INPUTS 

OUTPUT 
ENABLE INPUT 

ADDRESS INPUT 

CHIP ENABLE 
INPUT 

DATA 
INPUTS/ 
OUTPUTS 

NC : NO CONNECTION 
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FUNCTION 
Read 
Set the cr and OE terminals to the read mode (low level). 
Low level input to CE and OE and address signals to the ad
dress inputs (Ao - Al~) make the data contents of the 
designated address location available at the data input/ output 
(Do - 0 7), When the CE or OE signal is high, data input/ output 
are in a floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

In the read mode Vpp must be at Vee level. 

Programming 
(Fast programming algorithm) 
First set Vee = 6V, V pp = 21 V and then set an address to first 
address to be programmed. After applying 1 ms program 
pulse (PGM) to the address, verify is performed. If the output 
data of that address is not verified correctly, apply one more 1 
ms program pulse. The programmer continues 1 ms pulse
then-verify routines until the device verify correctly or fifteen 
of these pulse-then-verify routines have been completed. The 
programmer also maintains its total number of 1 ms pulses ap
plied to that address in register X. And then applied a program 
pulse 4 times of register X value long as an overprogram pulse. 
When the programming procedure above is finished, step to 
the next address and repeat this procedure till last address to 
be programmed. (See P,7) 

MODE SELECTION 

~ 
- -
CE(20) OE(22) 

Mode 

Read VIL VIL 

Standby VIH X* 
Program VIL X* 
Program verify VIL VIL 

Program inhibit VIH X* 
* : X can be either VIL or VIH . 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Symbol Parameter 

Topr Operating temperature 

Tstg Storage temperature 

VII All input or output voltage INate 21 

VI2 Vpp supply voltage during programming INote 21 

MITSUBISHI LSls 

MSM2,764P 

6SS36-BIT (a192-WORD BY a-BIT) 
ONE TIME PROGRAMMABLE ROM 

(Conventional programming algorithm) 
The device enters the programming mode when 21V is sup
plied to the Vpp power supply input and cr is at low level. A 
location is designated by address signals (Ao-A12), and the 
data to be programmed must be applied at 8-bits in parallel to 
the data inputs (Do - 0 7), A program pulse to the PGM at this 
state will effect programming. Only one programming pulse is 
required, but its width must satisfy the condition 45 

ms~tpw~55 ms. 

Erase \, 

The M5r.f2764P cannot be erased, because it is packaged in 
plastic without transparent lid. 

PGM (27) 
Outputs 

Vpp( 1) Vee(2S) 
(11-13,15-19) 

VIH Vee Vee Data out 

x* Vee Vee Floating 

VIL Vpp Vee Data in 

VIH. Vpp Vee Data out 

X* Vpp Vee Floating 

Ratings Unit 

- 10-S0 ·C 

- 65-150 ·C 

-0,6-7 V 

-0,6-26,5 V 

Note 1: Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied, Exposure to absolute maximum rating conditions for extended 
periods affects device reliability. 

2: With respect to Ground. 

7-4 
• MITSUBISHI 

.... ELECTRIC 



READ OPERATION 
Ta=O· to 70·C, Vcc=5V±5%, Vpp=VCC 

D. C. CHARACTERISTICS 

Symbol Parameter 

ILl Input load current 

ILO Output leakage current 

IpPI Vpp current read 

ICCI Vee current standby 

ICC2 Vee current active 

VIL Low·level input voltage 

VIH High·level input voltage 

VOL Low-level output voltage 

VOH High-level output voltage 

A. C. CHARACTERISTICS 

Symbol Parameter 

ta (AD) Address to output delay 

ta (CE) CE to output delay 

ta (OE.) Output enable to output delay 

t DF Output enable high to output float 

tOH Output hold from CE or OE 

AC WAVEFORMS 

VIH 

MITSUBISHI LSI. 

MSM2764P 

65536-BIT (8192-WORD BY 8-BIT) 
ONE TIME PROGRAMMABLE ROM 

( 

Limits 
Test conditions Unit 

Min Typ Max 

VIN=5.25V 10 /-lA 

VOUT=5.25V 10 /-lA 

Vpp=5.25V 15 mA 

CE=VIH I 35 mA 

CE=OE=VIL 100 mA 

-0.1 0.8 V 

2.0 VCC+l V 

IOL=2.1mA 0.45 V 

IOH=-400/-lA 2.4 V 

Limits 
Test conditions Unit 

Min Max 

CE=OE=VIL 250 ns 

OE=VIL 250 ns 

CE=VIL 10 100 ns 

CE=VIL 0 90 ns 

CE=OE=VIL 0 ns 

ADDRESS ADDRESSES VALID 

VIL 

VIH 

CE 
VIL 

VIH 

OE VIL 

ta (AD) 

VOH 

OUTPUT 
HIGH Z 

VOL 

CAPACITANCE (Ta ;25°C,f; 1 MHz) 

Symbol Parameter 

CIN I nput capacitance 

COUT Output capacitance 

Test Conditions for A.C. Characteristics 
Input Voltage: VI L ; O.BV, V IH ; 2.2V 
Input Rise and Fall Times: ~ 20ns 

Reference Voltage at Timing Measurement: Inputs lV and 2V 

Outputs O.BV and 2V 
Output Load: 1 TTL gate, CL ; 100pF 

Test conditions 

VIN= 0 V 

VOUT= 0 V 

• MITSUBISHI 
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Min Typ 

4 

8 

Max Unit 

6 pF 

12 pF 
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PROGRAM OPERATION 

MITSUBISHI LSls 

MSM2764P 

65536-BIT (8192-WORD BY 8-BIT) 
ONE TIME PROGRAMMABLE ROM 

CONVENTIONAL PROG~AMMING ALGORITHM (Ta=25±5·C, Veo=5V±5%, Vpp=21±0.5V unless otherwise noted) 

D. C. CHARACTERISTICS 

Symbol Parameter 

ILl I nput current 

VOL Low·level output voltage (verify) 

VOH H igh·level output voltage (verify) 

1002 Vee supply current (active) 

VIL Low·level input voltage 

VIH High·level input voltage 

Ipp Vpp supply current 

A. C. CHARACTERISTICS 

Symbol Parameter 

tAS Address setup time 

tOES OE setup time 

tos Data setup time 

tAH Address hold time 

tOH Data hold time 

t OF Chip enable to output delay 

tvs Vpp setup time 

tpw PGM pulse width (programming) 

teEs CE setup time 

tOE Data valid from OE 

AC WAVEFORMS 

ADDRESS ~: 
tAS 

~ 
DATA 

tos 

Vpp jl{ tvs 

r\ 
tOES 

~~ 

l 

7-6 

Limits 
Test conditions Unit 

Min Typ Max 

VIN=VIL or VIH 10 /.lA 

IOL=2.1mA 0.45 V 

lOH=-400/.lA 2.4 V 

100 mA 

-0.1 0.8 V 

2.0 Vec+ 1 V 

CE=VIL=PGM 30 mA 

Limits 
Test conditions Unit 

Min Typ Max 

2 /.lS 

20 /.lS 

2 /.lS 

0 /.lS 

2 /.lS 

0 130 ns 

2 /.lS 

45 50 55 ms 

2 /.lS 

150 ns 

PROGRAM VERIFY 

K 
tAH 

r HIGH Z fo -' 

'r ..., 

tOF 

if- tOES 

tpw -' tOE 

-"~ ...,~ 

tr-

Test Conditions for AC Characteristics 
Input Voltage: VIL = 0.8V. VIH = 2.2V 
Input Rise and Fall Times: ~ 20ns 
Reference Voltage at Timing Measurement: Inputs lV and 2V 

Outputs O.8V and 2V 

• MITSUBISHI 
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MITSUBISHI LSls 

MSM2764P 

65536·BIT (8192·WORD BY 8.BIT) 
ONE TIME PROGRAMMABLE ROM 

FAST PROGRAMMING ALGORITHM 
DC CHARACTERISTICS (Ta=25±5°C, Vcc =6V±O.25V, Vpp =21V±O.5V, unless otherwise noted) 

Symbol Parameter Test conditions 

'LI Input current VIN=VILor VIH 

VOL Output low voltage IOL =2 .1mA 

VOH Output high voltage IOH= -400J,lA 

VIL Input low voltage 

VIH Input high voltage 

'eez V cc supply current 

Ippz Vpp supply current CE=VIL=PGM 

AC CHARACTERISTICS iTa=25±5°C, Vcc =6V±O.25V, Vpp =21V±O.5V, unless otherwise noted) 

. Symbol 

tAS 

tOES 

t OS 

tAH 

tOH 

tOF 

t ves 

t vps 

t FPw 

topw 

teEs 

tOE 

Parameter 

Address setup time 

OE set up time 

Data setup time 

Address hold time 

Data hold time 

Chip enable to output float delay 

V cc setup time 

Vpp setup time 

PGM initial program pulse width 

PGM over program pulse width 

CE setup time 

Data valid from OE 

Test conditions 

• . MITSUBISHI 
.... ELECTRIC 

Limits 
Unit 

Min Typ Max 

10 J,lA 

0.45 V 

2.4 V 

-0.1 0.8 V 

2.0 Vee V 

100 mA 

30 mA 

Limits 
Unit 

Min Typ Max 

2 J,lS 

20 J,lS 

2 J,lS 

0 J,lS 

2 J,lS 

0 130 ns 

2 J,lS 

2 J,lS 

0.95 1 1.05 ms 

3.8 63 ms 

2 J,lS 

150 ns 
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AC WAVEFORMS 

VIH 

ADDRESS 

VIL 
)~ 

lAS 
~ 

VIH/VOH 
~ 

DATA 

Vn.!VOL 
-'It-

Vpp 

los 
~ 

Vpp 

Vee 

Vec+ 1 
Vee 

Vee 

I 
~ 

1 VPS 

4 
I 

L- I 
1 ves 
~ 

VIH 

CE 

VIL 

..J\ 
t CES 
~ 

VIH 

PGM 

VIL \-
I 

VIH 

OE 

VIL 
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MSM2764P 

8SS38-81T (ai92-WORD BY a-BIT)
ONE TIME PROGRAMMABLE ROM 

PROGRAM 

..Jr-
DATA SET ..., -' 

10H 
~ 

i 10ES tOE 

J 
~ ~ 

tFPw 

~\ 
r 

• MITSUBISHI 
"-ELECTRIC 

VERIFY 

K 
~~ 
I .lr-

DATA OUTPUT VALID 
-,~ 

10F 
~ 

...,f-

Test conditions for A.C. characteristics 
Input voltage: V1L = O.BV, V1H = 2.2V 
Input rise and fall times: ~ 20ns 
Reference voltage at timing measurement: Input 1V and 
2V Output O.8V, and 2V 



FAST PROGRAMMING ALGORITHM 
FLOW CHART 

NEXT ADDRESS 

NO 

RECOMMENDED SCREENING CONDITION 
The following screening test is recommended before using. 

/ ~ 
HIGH·TEMPERATURE STORAGE 

~ READ 
READ 

150°C, 20 - 40 Hr 

MITSUBISHI LSls 

MSM2764P 

65536-BIT (a192-WORD BY a-BIT) 
ONE TIME PROGRAMMABLE ROM 

START 

FIRST ADDRESS, Vcc=6V, Vpp=21V 

NO 

SET REGISTER X TO ZERO 
X = 0 

APPLY lms PROGRAM PULSE 

APPLY OVER PROGRAM PULSE 4 x Xms 

(Note 31 

Vcc=Vpp=5.0V 

PASS 

FAILURE 

Note3: 4.75~Vcc=Vpp~5.25V 

• MITSUBISHI 
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DESCRIPTION 
The Mitsubishi M5M27128P is a high-speed l3l072-bit one 
time programmable read only memory. It is suitable for 
microprocessor programming applications where rapid 
turn-around is required. The M5M27l28P is fabricated by 
N-channel double polysilicon gate technology and is avail
able in a 28-pin DIP. 

FEATURES 
• 16384 word x 8 bit organization 
• Access time .................. " 250ns (max.) 
• Two line control DE, CE 
• Low power current (led: Active .... 100mA (max.) 

Standby .... 45mA (max.) 

• Single 5V power supply 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 
• Standard 28-pin DIP 
• Fast programming algorithm 
• Interchangeable with Mitsubishi M5L27128K 

APPLICATION 
Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM 

A13 
Al2 

All 

A9 
As 
A1 

A6 

ADDRESS INPUTS As 

26 
>; 
~ 
~ ;g 
~ 
>t , 

~ 
~ 
'21 
>7' 
>s< 
~ 
t6 

20 

X-DECODER 

Y-DECODER 

CHIP ENABLE 

MITSUBISHI LSls 

MSM27128P 
131072-BIT( 16384-WORD BY 8-BIT) 

ONE TIME PROGRAMMABLE ROM 

PIN CONFIGURATION (TOP VIEW) 

(5V.21V)Vpp 

ADDRESS 
INPUTS 

DATA INPUTS/ D1 
{

Do 

OUTPUTS D2 

(OV) OND 

21 +- A10ADDRESS INPUT 

2 +- CE CHIP ENABLE 
INPUT 

}

DATA INPUTS/ 

OUTPUTS 

Outline 28P4 

I 
-.. 

I 
131072-BITS 

CELL MATRIX n 
i 

-.. -
I 

I 
I 

Y GATE CIRCUITS I 
I 
I 

OUTPUT SENSE CHIP ENABLE INPUT CE 

OUTPUT ENABLE INPUT OE 

PROGRAM INPUT PGM 

22 OUTPUT ENABLE AND 

7-10 

VCC(5V) 

Vpp( 5 V. 21V) 

OND(OV) 

27 

28 

1 

14 

AND 

PROG. LOGIC 

• MITSUBISHI 
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OUTPUT BUFFERS 

!JY12Xi 3Xi 5Xi 6Xi if) 8119 
poD ID2DJD4DSD6D1, 

• 
DATA INPUTS/OUTPUTS 



FUNCTION 
Read 
Set the CE and OE terminals to the read mode (low level). 
Low level input to CE and OE and address signals to the ad
dress inputs (Ao - A t3) make the data contents of the 
designated address location available at the data input/ output 
(Do - 0 7), When the CE or OE signal is high, data input/ output 
are in a floating state. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

Programming 
(Fast programming algorithm) 
First set Vcc=6V, Vpp=21V and then set an address to first 
address to be programmed. After applying 1 ms program 
pulse (PGM) to the address, verify is performed. If the output 
data of that address is not verified correctly, apply one more 1 
ms program pulse. The programmer continues 1 ms pulse
then-verify routines until the device verify correctly or fifteen 
of these pulse-then-verify routines have been completed. The 
programmer also maintains its total number of 1 ms pulses ap
plied to that address in register X. And then applied a program 
pulse 4 times of register X value long as an overprogram pulse. 
When the programming procedure above is finished, step to 
the next address and repeat this procedure till last address to 
be programmed. (See P.6) 

MODE SELECTION 

~ 
-

OE(22) 
Mode 

CE(20) 

Read VIL VIL 

Standby VIH X* 
Program VIL VIH 

Program verify VIL VIL 

Program inhibit VIH X* 
*: X can be either V1L or V1H . 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Symbol Parameter 

Topr Operating temperature 

Tstg Storage temperature 

VII All input or output voltage INote 21 

VI2 Vpp supply voltage during programming INote 21 

MITSUBISHI LSls 

MSM27128P 

131072-BIT( 16384-WORD BY 8-BIT) 
ONE TIME PROGRAMMABLE ROM 

(Conventional programming algorithm) 
The device enters the programming mode when 21V is sup
plied to the V pp power supply input and cr is at low level. A 
locatioh is designated by address signals (Ao-A13), and the 
data to be programmed must be applied at 8-bits in parallel to 
the data inputs (Do - 0 7), A program pulse to the PGM at this 
state will effect programming. Only one programming pulse is 

required, but its width must satisfy the condition 45 
ms ~ tpw ~ 55 ms. 

Erase 

The M5M27128P cannot be erased, because it is packaged 

in plastic without transparent lid. 

PGM (27) 
Outputs 

Vpp( 1) Vec(28) 
(11-13.15-19) 

VIH Vee Vee Data out 

x* Vee Vee Floating 

VIL Vpp Vee Data in 

VIH Vpp Vee Data out 

X* Vpp Vee Floating 

Ratings Unit 

- 10-80 "C 

-65-150 °C 

-0.6-7 V 

-0.6-26.5 V 

Note 1: Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods affects device reliability. 

2: With respect to Ground. 

• MITSUBISHI 
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READ OPERATION 

MITSUBISHI LSls 

MSM27128P 

131072-BIT( 18384-WORD BY 8-BIT) 
ONE TIME PROGRAMMABLE ROM 

DC ELECTRICAL CHARACTERISTICS (Ta=O-70°C. Vee =5V±5%. Vpp=Vee. unless otherwise noted) 

Limits 
Symbol Parameter T est conditions Unit 

Min Typ Max 

ILl Input load current VIN= 5.25V 10 jj.A 

ILO Output leakage current VOUT= 5.25V 10· LlA 

IpPl Vpp current read Vpp=5.25V 5 mA 

1001 Vee current standby CE =' VIH 45 mA 

1002 Vee current Active CE=OE -VIL 100 mA 

VIL Input low voltage 0.1 0.8 V 

VIH Input high voltage 2.0 VOO + 1 V 

VOL Output low voltage IOL= Z. lmA 0.45 V 

VOH Output high voltage IOH= -400,u.A 2.4 V 

Note 3: Typical values are at Ta = 25°C and nominal supply voltages. 

AC ELECTRICAL CHARACTERISTICS (Ta=0-70°C. Vcc =5V±5%. Vpp=Vcc. unless otherwise noted) 

Symbol Parameter Test conditions 

ta (AD) Address to output delay CE=OE=VIL 

ta (OE) CE to output delay OE=VIL 

ta (Ci'E) Output enable to output delay CE=VIL 

tOF Output enable high to output float CE=VIL 

tOH Output hold from CE or OE CE=OE= VIL 

Note 4: Vee must be applied simultaneously or before V pp and removed simultaneously or after V pp 

AC WAVEFORMS 

VIH 
ADDRESS 

VIL 

VIH 
CE 

VIL 

V II'~ 
OE 

VIL 

VOH 
ta(AO) 

HIGH Z 
OUTPUT HIGH Z 

VOL 

CAPACITANCE 

Symbol Parameter Test conditions 

Limits 

Min Max 

250 

250 

100 

0 85 

0 

Test conditions for A.C. characteristics 
Input voltage: VIL = 0.45V. VIH = 2.4V 
Input rise and fall times: ~ 20ns 

Unit 

ns 

ns 

ns 

ns 

ns 

Reference voltage at timing measurement: Inputs 1V and 
2V Output O.BV. and 2V 

Output load: 1 TT L gate + CL 11 OOpF) 

or 
1.3V 

IN914 

3.3k Q 

OUT r CL = 100pF 

Limits 
Unit 

Min Typ Max 

4 6 pF C1N Input capacitance IAddress. CEo OE. PGM) 

COUT Output capacitance 
Til = 25"C. f= lMHz. VI= Vo = OV 

8 12 pF 

7-12 
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MITSUBISHI LSls 

MSM27128P 

131072-BIT( 16384-WORD BY 8-BIT) 
ONE TIME PROGRAMMABLE ROM 

PROGRAM OPERATION 

FAST PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS (Ta=25±5°C. Vcc=6V±O.25V. Vpp=21V±O.5V. unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ 

ILl Input current VIN= VIL or VIH 

VOL Output low voltage IOL =2 .1mA 

VOH Output high voltage IOH= -400f..iA 2.4 

VIL Input low voltage -0.1 

VIH Input high voltage 2.0 

ICC2 V CC supply current 

IpP2 Vpp supply current CE=VIL =PGM 

AC ELECTRICAL CHARACTERISTICS (Ta=25±5°C. Vcc =6V±025V. Vpp=21V±O.5V. unless otherwise noted) 

Symbol Parameter T est conditions 

t AS Address setup time 

tOES OE set up time 

tos Data setup time 

tAH Address hold time 

tOH Data hold time 

t OFP Output enable to output float delay 

t VCS V CC setup time 

tvps Vpp setup time 

tFPW PGM initial program pulse width 

topw PGM over program pulse width 

t CES CE setup time 

tOE Data valid from OE 

Note 5: V cc must be applied simultaneously or before V pp and removed simultaneously or after V pp. 

• . MITSUBISHI 
.... ELECTRIC 

limits 

Min Typ 

2 

2 

2 

0 

2 

0 

2 

2 

0.95 1 

3.8 

2 

Max 

10 

0.45 

0.8 

Vcc 

100 

30 

Max 

130 

1.05 

63 

150 

Unit 

f..iA 

V 

V 

V 

V 

mA 

mA 

Unit 

f..iS 

f..iS 

f..iS 

f..iS 

f..iS 

ns 

f..iS 

f..iS 

ms 

ms 

f..iS 

ns 

7-13 



AC WAVEFORMS 

VIH 

ADDRESS 

VIL >-
t AS 
~ 

VIH/VOH 
~ 

DATA 

VIL/VOL 
r-

t os 
~ 

Vpp 

Vpp 

Vee 

Vec+ 1 
Vee 

Vee 

I 
~ 

t vps 

4 
I 

~ I 
t ves 
~ 

VIH 

CE 

VIL 

...l~ 

teEs 
~ 

VIH 

PGM 

VIL 

~\ 

l 
VIH 

OE 

VIL 

7-14 

PROGRAM 

...l 

DATA SET 
-, 

t OH 
~ 

j~ 

tFPW J 

MITSUBISHI LSls 

MSM27128P 

131 072-BIT( 16384-WORD BY 8-BIT) 
ONE TIME PROGRAMMABLE ROM 

tOES 
~ 

-', 

VERIFY 

K 
~ 

]f-DATA OUTPUT V~LlD-'r 
...l 

tOE 
~ 

~ 

~ 

...... 

Test conditions for A.C. characteristics 
Input voltage: V1L = 0.45V, V1H = 2.4V 
Input rise and fall times: ~ 20ns 
Reference voltage at timing measurement: Input O.8V 
and 2V Output O.8V, and 2V 

'. MITSUBISHI 
"ELECTRIC 



FAST PROGRAMMING ALGORITHM 
FLOW CHART 

NEXT ADDRESS 

Note6: 4.75~Vcc=Vpp~525V 

MITSUBISHI LSls 

MSM27128P 

131072-BIT( 163a4·WORD BY a-BIT) 
ONE TIME PROGRAMMABLE ROM 

NO 

START 

FIRST ADDRESS, Vcc =6V, Vpp=21V 

NO 

SET REGISTER X TO ZERO 

X = 0 

APPLY lms PROGRAM PULSE 

APPLY OVER PROGRAM PULSE 4x Xms 

(Note6) 

Vcc=Vpp=5.0V 

PASS 

• MITSUBISHI 
.... ELECTRIC 

FAILURE 
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MITSUBISHI LSls 

MSM27128P 

131072-BIT( 1.3a4~WORD BY a-BIT) 
ONE TIME PROGRAMMABLE RO~ 

CONVENTIONAL PROGRAMMING ALGORITHM 
DC ELECTRICAL CHARACTERISTICS !Ta=25±5°C. Vee =5V±5%. Vpp=21V±0.5V .unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

ILl Input current VIN = VIL or VIH 10 

VOL Output low voltage IOL=2.1mA 0.45 

VOH· Output high voltage iOH= -400/-1A 2.4 

VIL Input low voltage -0.1 0.8 

VIH Input high voltage 2.0 VCC + 1 

ICC2 Vee Supply current 100 

IpP2 V pp Supply current CE=VIL=PGM 30 

AC ELECTRICAL CHARACTERISTICS !Ta=25±5°C. Vee =5V±5%. Vpp =21ViO.5V.unless otherwise noted) 

Symbol Parameter Test conditions 

tAS Address set up time 

tOES OE setup time 

tos Data setup time 

tAH Address hold time 

toH Data hold time 

toFP Output enable to output delay 

tvs V pp setup time 

tpw PGM Pulse width (during program) 

tCES CE setup time 

tOE Data valid from OE 

Note 7: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

7-16 
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Limits 

Min Typ Max 

2 

2 

2 

0 

2 

0 130 

2 

45 50 55 

2 

150 

Unit 

/-1 A 

V 

V 

V 

V 

mA 

mA 

Unit 

/-1S 

/-1S 

/-1S 

/-1S 

/-1S 

ns 

/-1S 

ms 

/-1S 

ns 



AC WAVEFORMS 

PROGRAM 

ADDRESS ) 
~ 

DATA 

, 
Il 
It' 

~ ~ 

Vpp J tvs 
f----

CE 

i\ 
tCE.S 

PGM 

tpw 

OE 

tOE.S 

MITSUBISHI LSls 

MSM27128P 

131072-BIT(18384-WORD BY a-BIT) 
ONE TIME PROGRAMMABLE ROM 

I VERIFY 

tAH 

, 
tOFP 

~ 

\ 
'I-

Test conditions for A.C. characteristics 
Input rise and fall time: ~20ns 
Input voltage: V1L =0.45V, V1H = 2.4V 

K 

r 

Reference voltage at timing measurement: Input O.BV and 2V 
Outputs O.BV and 2V 

RECOMMENDED SCREENING CONDITION· 
The following screening test is recommended before using. 

/ ~ 
HIGH-TEMPERATURE STORAGE 
150"C, 20 ~ 40 Hr 

READ 
~ READ 

• MITSUBISHI 
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MITSUBISHI LSI. 

MSM272S6P, FP 
262144-BIT (32768-WORD BY 8-BIT) 

ONE TIME PROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M27256P, FP are high-speed 262144-bit 
one time programmable read only memories. They are 
suitable for microprocessor programming applications 
where rapid turn-around is required. The M5M27256P, FP 
are fabricated by N-channel double polysilicon gate tech
nology and are available in 28-piri plastic packages. 

FEATURES 
• 32768 Word x 8 bit organization 
• Package DiP .......... M5M27256P 

SOP .......... M5M27256FP 
• Access time. . . . . . . . . . . . . . . . . . .. 250ns (max.) 
• Programming voltage: 12.5V 
• Two line control OE, CE 
• Low power current {lcd: Active 80mA (max.) 

Standby .... 25mA (max.) 

• Single 5V power supply 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 

• Fast programming algorithm 

APPLICATION 
Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM 

A14 

Al3 
Al2 

All 

Alo 
Ag 

A8 

ADDRESS INPUTS A7 

A6 
As 
A4 

A3 
Az 
A, 
Ao 

CHIP ENABLE INPUT CE 
OUTPUT ENABLE INPUT OE 

Vee (5V. 6V) 

Vpp(SV.12_SV) 

GND(OV) 

-

;g 
~ 2 

~ 
~ X-DECODER 

~ 
>g 
~ 
>t 
>s< 
>t >< 
>b V-DECODER 

~ 
9 

t 
2.0 

I CHIP ENABLE 

22 OUTPUT ENABLE 

L AND 
PROG LOGIC 

I 

i= 14 

I 

L ___ 

PIN CONFIGURATION (TOP VIEW) 

(SV.12.SV)Vpp Vee (SV. 6V) 

AS 

ADDRESS 
A4 

INPUTS A3 

A2 

Al 20 +- CE CHIP ENABLE 
INPUT 

} 

DATA INPUTSI 
OUTPUTS 

Ao 

1 
Do 

DATA INPUTSI Dl 
OUTPUTS D2 

(OV) GND 

Outline 28P4 (DIP) 
28P2W(SOP) 

-' 
! 

-'-

-

32768WORD X8BIT 

CELL MATRIX 

V-GATE CIRCUITS 

OUTPUT SENSE 
AND 

OUTPUT BUFFERS 

l1X12l13,X1SX16X1 '!X.18l19 

, Do 0 lDzD~D4D5D6D7 I 

DATA INPUTS/OUTPUTS 

I 

J 
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MITSUBISHI LSls 

MSM272S6P, FP 

262144-BIT (3276a-WORD BY a-BIT) 
ONE TIME PROGRAMMABLE ROM 

Erase FUNCTION 
Read 
Set the CE and OE terminals to the read mode (low level). 
Low level input to CE and OE and address signals to the ad
dress inputs (Ao - A 14 ) make the data contents of the 
designated address location available at the data input/output 
(00 - 07). When the CE or OE signal is high, data input/ output 
are in a floating state. 

The M5M27256P, FP cannot be erased, because it is pack

aged in plastic without transparent lid. 

When the CE signal is high, the device is in the standby 
mode or power-down mode. 

Programming 
(Fast programming algorithm) 
First set Vee = 6V, Vpp = 12.5V and then set an address to first 
address to be programmed. After applying 1 ms program 
pulse (CE) to the address, verify is performed. If the output 
data of that address is not verified correctly, apply one more 1 
ms program pulse. The programmer continues 1 ms pulse

then-verify routines until the device verify correctly or 
twenty five of these pulse-then-verify routines have been 
completed. The programmer also maintains its total number 
of 1 ms pulses applied to that address in register X. And 
then applied a program pulse 3 times of register X value 
long as an. overprogram pulse. When the programming 
procedure above is finished, step to the next address and 
repeat this procedure till last address to be programmed. 

MODE SELECTION 

~ 
- -

Mode 
CE(20) OE(22) 

Read VIL VIL 

Output disable VIL VIH 

Standby VIH X* 

Program VIL VIH 

Program verify VIH VIL 

Program inhibit VIH VIH 

*: X can be either V1L or VIH . 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

. Symbol Parameter 

Topr Operating temperature 

Tstg Storage temperature 

VII All input or output voltage (Note 2) 

VI2 Vpp supply voltage during programming (Note 2) 

Vpp( 1) Vcc(2S) 

5V 5V 

5V 5V 

5V 5V 

12.5V 6V 

12.5V 6V 

12.5V 6V 

Ratings Unit 

- 10-S0 °C 

- 65- 150 °C 

-0.6-7 V 

-0.6-14.0 V 

Note 1: Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods affects device reliability. 

2: With respect to Ground. 

• MITSUBISHI 
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Outputs 

(11-13. 15- 19) 

Data out 

Floating 

Floating 

Data in 

Data out 

Floating 
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READ OPERATION 

MITSUBISHI LSls 

M5M27256P, FP 

262144-BIT (32768-WORD BY 8-BIT) 
ONE TIME PROGRAMMABLE ROM 

DC ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Voo=SV±S%.,Vpp=Voo. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

ILl Input load current V'N=S,SV 10 u A 

ILO Output leakage current VOUT=5.5V 10 u A 

Ippt V pp current read Vpp= 5.SV 5 rnA 

lOOt Vee current standby CE =VIH 25 rnA 

1002 Vee current Active CE= OE =V,L 80 rnA 

V IL Input low voltage -0.1 0.8 V 

VIH Input high voltage 2.0 VOO+1 V 

VOL Output low voltage IOL=2.lrnA 0.45 V 

VOH Output high voltage IOH= -400,u.A 2.4 V 

Note 3: Typical values are at Ta = 25°C and nominal supply voltages. 

AC ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Voo=SV±S%. vpp=voo. unless Otherwise noted) 

Symbol Parameter T est conditions 

ta(AO) Address to output delay CE=OE=VIL 

ta(CE) CE to output delay OE=VIL 

ta (i5E) Output enable to output delay CE=VIL 

tOF Output enable high to output float CE=VIL 

tOH Output hold from CE or OE CE=OE=VIL 

Note 4: Vee must be applied Simultaneously or before Vpp and removed simultaneously or after VPP. 

AC WAVEFORMS 

V,H 
ADDRESS 

VIL 

VIH 
CE 

VIL 

VIH 

OE 
VIL 

VOH 

OUTPUT HIGH Z 
VOL 

CAPACITANCE 

Symbol Parameter Test conditions 

Limits 
Unit 

Min Max 

250 ns 

250 ns 

100 ns 

0 60 ns 

0 ns 

Test conditions for A.C. charactristics 

or 

Input voltage: VIL = 0.45V. VIH = 2.4V 
Input rise and fail times: ~ 20ns 
Reference voltage at timing measurement: Input 0.8V 
.and 2V Output 0.8V. and 2V. 

Output load lTTL gate+ CL(l(X)pF) 

1.3V 

1N914 

3.3k Q 

OUT 

Limits 
Unit 

Min Typ Max 

4 6 pF CIN Input capacitance (Address. CEo OE) 
Ta =2S·C. f=1MHz. VI=VO=OV 

8 12 pF COUT 

7-20 

Output capacitance 
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PROGRAM OPERATION 

FAST PROGRAMMING ALGORITHM 

MITSUBISHI LSls 

MSM272S6P, FP 

262144-BIT (32768-WORD BY a-BIT) 
ONE TIME PROGRAMMABLE ROM 

DC ELECTRICAL CHARACTERISTICS (Ta=25±5°C. Vee=6V ±0.25V. Vpp=12.5V ±0.3V. unless otherwise notedl 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

ILl Input current VIN=VIL or VIH 10 

VOL Output low voltage IOL=2.1mA 0.45 

VOH Output high voltage IOH= -400f-lA 2.4 

VIL, Input low voltage -0.1 0.8 

VIH Input high voltage 2.0 Vee 

lee2 Vee supply current 80 

IpP2 Vpp supply current CE =VIL 50 

AC ELECTRICAL CHARACTERISTICS (Ta=25±5°C. Vee=6V±0.25V. Vpp=12.5V±0.3V. unless otherwise notedl 

Symbol Parameter Test conditions 

t AS Address setup time 

tOES OE set up time 

t OS Data setup time 

tAH Address hold time 

tOH Data hold time 

tOFP Output enable to output float delay 

tves Vee setup time 

tvps Vpp setup time 

t FPw CE initial program pulse width 

topw CE over program pulse width 

tOE Data valid from OE 

Note 5: Vee must be applied simultaneously or before V pp and removed simultaneously or after V pp, 

• MITSUBISHI 
'" ELECTRIC 

Limits 

Min Typ Max 

2 

2 

2 

0 

2 

0 130 

2 

2 

0.95 1 1.05 

2.85 78.75 

150 

Unit 

f-lA 

V 

V 

V 

V 

mA 

mA 

Unit 

f-lS 

f-lS 

f-lS 

f-lS 

f-lS 

ns 

f-lS 

f-lS 

ms 

ms 

ns 
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AC WAVEFORMS 

V,H 

ADDRESS 

V,L 
) 

t AS 
*-

V,H/VOH 
'""" 

PROGRAM 

-'t-

MITSUBISHI LSls 

MSM272S6P, FP 

262144-BIT (32768-WORD BY 8-BIT) 
ONE TIME PROGRAMMABLE ROM 

VERIFY 

K 
~ 

DATA DATA SET 
"1 I -'r 
~ DATA OUTPUT VALID 

V,L/VOL 
Ir 

Vpp 

t os 
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Vpp 

Vee 

Vee 
Vcc+ 1 

Vee 

I 
~ 

t vps 

H 
~ I 
I~ 

V,H 
CE 

V,L 
\-

V,H 

OE 

V,L 

FAST PROGRAMMING ALGORITHM 
FLOW CHART 

FAIL 

INCREMENT ADDR 

7-22 

-. 
t nH -

J tOES tOE """1 
~ ~ 

tFPW 

topw -J\ 
k--

• MITSUBISHI 
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~tDFP 
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Test conditions for A.C. charactristics 
Input voltage: VIL ; 0.45V, VIH ; 2.4V 
Input rise and fail times: ~ 20ns 
Reference voltage at timing measurement: Input O.8V 
and 2V Output O.8V, and 2V. 

* 4. 7SV;;;;Vee=Vpp;;;;S.2SV 



DEVICE IDENTIFIER MODE 
The Device Identifier Mode allows the reading of a binary 
code from the OTP ROM that identifies the manufacturer 

and device type. 
The PROM Programmer reads the manufacturer code 

and the device code and automatically selects the corre
sponding programming algorithm. 

M5M27256P, FP DEVICE IDENTIFIER CODE 

~ Ao 07 06 Os 
Code (10) (19) (18) (17) 

Manufacturer code VIL 0 0 0 

Device code VIH 0 0 0 

--Note 6: Vcc=5V±5%. Ag=12.0±0.5V.Al-A8.AlO-A15.CE.OE/Vpp=VIL 

RECOMMENDED SCREENING CONDITION 
The following screening test is recommended before using. 

/ --;;.. 
HIGH·TEMPERATURE STORAGE 

~ READ 

READ 
150°C. 20 - 40 Hr 

MITSUBISHI LSls 

M5M2~2S6P, FP 

262144-BIT (32768-WORD BY 8-BIT) 
ONE TIME PROGRAMMABLE ROM 

04 03 02 01 Do 
Hex data 

(16) (15) (13) (12) (11) 

1 1 1 0 0 lC 

0 0 1 0 0 04 

• MITSUBISHI 
.... ELECTRIC 7-23 



MITSUBISHI LSls 

MSM27512P, FP 
524288-BIT (65536.WORD BY 8-BIT) 

ONE TIME PROGRAMMABLE ROM 

DESCRIPTION 
The Mitsubishi M5M27512P, FP are high-speed 524288-bit 
one time programmable read. only memories. They are 
suitable for microprocessor programming applications 
where rapid turn-around is required. The M5M27512P, FP 
are fabricated by N-channel double polysilicon gate tech
nology and are available in 28-pin plastic packages. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• 65536 Word x 8 bit organization 
• Package DiP .......... M5M27512P 

SOP .......... M5M27512FP 
• Access time . . . . . . . . . . . . . . . . . . .. 250ns (max.) 
• Programming voltage: 12.5V 
• Two line control OE, CE 
• Low power current (Ieel: Active .... 100mA (max.) 

Standby .... 40mA (max.) 

• Single 5V power supply 
• 3-State output buffer 
• Input and output TTL-compatible in read and program 

mode 
•. Fast programming algorithm 

APPLICATION 
Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM 

ADDRESS 
INPUTS 

...----- - --- - ----

Outline 28P4 (DIP) 
28P2W(SOP) 

----~ 

~--~ I 

As 
ADDRESS INPUTS A7 

A6 

As 

X DECODER 

Y DECODER 

CHIP ENABLE INPUT CE CHIP ENABLE 

65536 WORD 
x 8 BIT 

CELL MATRIX 

Y GATE CIRCUITS 

I 
I 

I 
I 

I 
I 

I 

OUTPUT ENABLE t----~ 
OUTPUT ENABLE INPUTIVpp OE/Vpp }--+-~ AND 

OUTPUT SENSE 
'AND 

OUTPUT BUFFERS 

7-24 

(12.5V) I PROG.LOGIC 

Vcc(SV,6V) ~ 
GND(OV)~ 

• MITSUBISHI 
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MITSUBISHI LSls 

MSM27S12P, FP 

524288·BIT (65536·WORD BY 8·BIT) 
ONE TIME PROGRAMMABLE ROM 

Erase FUNCTION 
Read 
Set the CE and OE/Vpp terminals to the read mode (low 
levell. Low level input to CE and OE/Vpp and address 
signals to the address inputs (Ao "" A 15 ) make the data 
contents of the designated address location available at 
the data input/output (Do"" D7)' When the CE or OE/Vpp 
signal is high, data input/output are in a floating state. 

The M5M27512P, FP cannot be erase, because it is pack
agee in plastic without transparent lid. 

When the CE signals is high, the device is in the standby 

mode or power-down mode. 

Programming 
(Fast programming algorithm) 
First set Vee = 6V, OE/Vpp = 12.5V and then set an 
address to first address to be programmed. After applying 
lms program pulse (CEl to the address, verify is performed. 
If the output data of that address is not verified correctly, 
apply one more 1 ms program pulse. The programmer 
continues 1 ms pulse-then-verify routines until the device 
verify correctly or twenty five of these pulse-then-verify 
routines have been completed. The programmer also 
maintains its total number of lms pulses applied to that 
address in register X. And then applied a program pulse 
3 times of register X value long as an overprogram pulse. 
When the programming procedure above is finished, step to 
the next address and repeat this procedure till last address 
to be programmed. 

MODE SELECTION 

~ -
Mode CE(20) 

Read VIL 

Output disable VIL 

Standby VIH 

Program VIL 

Program inhibit VIH 

*. X can be either V1L or V1H 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Symbol Parameter 

Topr Operating temperature 

Tstg Storage temperature 

VII All input or output voltage (Note 2) 

VIZ OEIVpp supply voltage (Note 2) 

VI3 A9 input voltage (Note 2) 

OE/Vpp(22) VCc(2S) 

VIL SV 

VIH SV 

X* SV 

12.SV 6V 

12.SV 6V 

Ratings Unit 

- 10- SO "C 

- 65 - ISO "C 

-0.6-7.0 V 

-0.6-14.0 V 

-0.6-13.5 V 

Note" Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure 10 absolute maximum rating conditions for extended 
periods affects device reliability 

2: With respect to Ground. 

• MITSUBISHI 
"-ELECTRIC 

Outputs 

( 11 - 13, IS - 19) 

Data out 

Floating 

Floating 

Data in 

Floating 
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READ OPERATION 

MITSUBISHI LSls 

MSM27512P, FP 

524288-BIT (6S536-WORD BY 8-BIT) 
ONE TIME PROGRAMMABLE ROM 

DC ELECTRICAL CHARACTERISTICS (Ta=0-70'C, Vcc=5V±S%,unlessotherwisenoted) 

Limits 
Symbol Parameter T est conditions 

Min Typ Ma. 

ILl Input leakage current V'N=5 SV 10 

ILO Output leakage current Vour=5 5V 10 

ICCt Vcc current standby CE=V,H 40 

ICC2 Vcc current active CE=OE/VpP=V'L 100 

V,L Input low voltage -0. 1 0.8 

V,H Input high voltage 2.0 VCC+ 1 

VOL Output low voltage IOL=2.1mA 0.45 

VOH Output high voltage IOH=-400 .... A 2.4 

Note 3: Typical values are at T a = 25° C and nominal supply voltages. 

AC ELECTRICAl. CHARACTERISTICS (Ta=0-70'C, Vcc=5V ± 5%, unless otherwise noted I 

Symbol Parameter 
Limits 

Test conditions 
Min Max 

ta(AO) Address to output delay CE =OE/VPP=V'L 2S0 

ta(CE) CE to output delay OE/VPP=V,L 250 

t a <l5[) C5E to output delay CE=V,L 100 

t OF OE high to output float CE=V,L 0 60 

tOH Output hold from IT or 5E CE=OE/VpP=V'L 0 

Note 4: VCC must be applied simultaneously or before OE/Vpp and removed simultaneously or after QE/Vpp. 

AC WAVEFORMS 

V,H 

Test conditions for A.C. characteristics 
Input voltage: V,L = OA5V, V,H = 2.4V 
Input rise and fail times: ~ 20ns 

Unit 

~A 

~A 

rnA 

rnA 

V 

V 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ADDRESS 

V,L 
Reference voltage at timing measurement: Input O.BV 
and 2V Output O.BV, and 2V. 

V,H 
CE 

V,L 

V,H 
OE/Vpp 

V,L 

VOH 
ta(AO) 

HIGH Z 
OUTPUT 

VOL 

CAPACITANCE 

Symbol Parameter 

C'N Input capacitance 

COUT Output capacitance 

7-26 

Output load: 1TTL gate + CL (l00pF) 

or 

OUT 

HIGH Z 

Test conditions 

Ta=2S'C,f= lMHz,VI=Vo=OV 

.• MITSUBISHI 
"ELECTRIC 

Min 

1.3V 

lN914 

3.3k Q 

I Cl =100pF 

Limits 

Typ Max 

4 6 

8 12 

Unit 

pF 

pF 



PROGRAM OPERATION 

FAST PROGRAMMING ALGORITHM 

MITSUBISHI LSls 

MSM27S12P, FP 

524288-BIT (65536-WORD BY 8-BIT) 
ONE TIME PROGRAMMABLE ROM 

DC ELECTRICAL CHARACTERISTICS (Ta=2S±S·C, Vcc=6V ±0.2SV, Vpp=12.SV ±0.3V, unless otherwise noted) 

Limits 
Symbol Parameter T est conditions 

Min Typ Max 

ILl Input current VIN=VIL or VIH 10 

VOL Output low voltage IOL=2.1mA 0.45 

VOH Output high voltage I OH"" -400/IA 2.4 

VIL Input low voltage -0.1 0.8 

VIH Input high voltage 2.0 Vee 

lee2 V cc supply current 100 

IpP2 OE/Vpp supply current CE "" VIL 50 

AC ELECTRICAL CHARACTERISTICS (Ta=2S±S·C, Vcc=6V±0.2SV, Vpp=12.SV ±0.3V, unless otherwise noted) 

Symbol Parameter T est conditions 

t AS Address setup time 

tOES OE/Vpp setup time 

tOEH OE/Vpp hold time 

t OS Data setup time 

t AH Address hold time 

t OH Data hold time 

t OFP OE to output float delay 

t ves Vee setup time 

t FPW CE initial program pulse width 

topw CE over program pulse width 

tov Data valid from CE 

tVR OE/Vpp recovery time \ 

tpRT OE/Vpp pulse rise time during program 

Note 5: Vee must be applied simultaneously or before OE/Vpp and removed simultaneously or after OE/Vpp. 

• MITSUBISHI 
'" ELECTRIC 

Limits 

Min Typ Max 

2 

2 

2 

2 

0 

2 

0 130 

2 

0 .95 1.0 1.05 

2.85 78.75 

1 

2 

50 

Unit 

IlA 

V 

V 

V 

V 

mA 

mA 

Unit 

IlS 

IlS 

IlS 

IlS 

IlS 

IlS 

ns 

IlS 

ms 

ms 

IlS 

IlS 

ns 
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AC WAVEFORMS 

VIH 

ADDRESSES 

VIL 
)( 

t AS 

VIH 
~ 

DATA 

VIL ~ 

t OS 

6.0V 
Vee 

5.0V / 
Tves 

12.5V 

OE!Vpp 

VIL 

j 
tOES 

t PRT I 

MITSUBISHI LSls 

MSM27S12P, FP 

524288-BIT (65536-WORD BY 8-BIT) 
ONE TIME PROGRAMMABLE ROM 

PROGRAM VERIFY 

ADDRESS :K 
~f- ) DATA OUTPUT', 

DATA SET 
."f-

, 
VALID I 

t OH t OV t AH - ~ 

t OFP 
~ 

-'I--

~\ 
~ VIH 

CE -'~ "" ~~ J~ -,~I VIL 

FAST PROGRAMMING ALGORITHM 
FLOW CHART 

FAIL 

INCREMENT ADDR 

7-28 

~ 
topw 

Vcc=6.0V 

OE!Vpp= 12 .5V 

• MITSUBISHI 
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Test conditions for A.C. characteristics 
Input voltage: VIL; 0.45V, VIH; 2.4V 
Input rise and fail times: ~ 20ns 
Reference voltage at timing measurement: Input O.8V 
and 2V Output O.8V, and 2V. 

* 4. 75V~Vee~5.25V 



DEVICE IDENTIFIER MODE 
The Device Identifier Mode allows the reading of a binary 
code from the OTP ROM that identifies the manufacturer 
and device type. 

The PROM Programmer reads the manufacturer code 
and the device code and automatically selects the corre
sponding programming algorithm. 

M5M27512P, FP DEVICE IDENTIFIER CODE 

~ 
Ao D7 D6 Ds 

Code (10) (19) (18) (17) 

Manufacturer code VIL 0 0 0 

Device code VIH 0 0 0 

--Note 6: Vcc=5V±5%. Ag; 12.0±0.5V. A1~A8. A1O~A15. CEo OE/Vpp; VIL 

RECOMMENDED SCREENING CONDITION 
The following screening test is recommended before using. 

/ ~ 
HIGH·TEMPERATURE STORAGE 

~ READ 

READ 
150°C. 20 ~ 40 Hr 

MITSUBISHI LSls 

M5M27512P, FP 

524288-BIT (65536-WORD BY 8-BIT) 
ONE TIME PROGRAMMABLE ROM 

D4 D3 D2 D1 Do 
(16) (15) (13) (12), (11) 

Hex data 

1 1 1 0 0 1C 

0 1 1 0 1 OD 

.• MITSUBISHI 
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MITSUBISHI LSls 

MSM28C64P 

DESCRIPTION 
The Mitsubishi M5M28C64P is a 65536 bit electrically 
erasable and programmable high speed read-only memory. 

PIN CONFIGURATION (TOP VIEW) 

It is suitable for microprocessor programming appli

cations where on-board programming is required. The 

M5M28C64P is fabricated by N-channel double polysilicon 
Memory gate and CMOS technology for peripheral circuits, 

and available in a 28 pin DIP. 

FEATURES 
• 5V Only operation 
• Page mode write . ................ 16byte (max.) 
• Chip erase time .................. 10ms (max.) 

• Automatic erase before write 
• Fast read access time. . . . . . . . . . . . .. 150ns (max.) 

• Low power current (Ieel: Active ..... 30mA (max.) 
Standby ... '.. 1 rnA (max.) 

• JEDEC approved byte-wide pinout 

• CMOS double polysilicon gate technology 

• 10000 erase/write cycles 
• 10 years data retention 

APPLICATION 
Microcomputer systems and peripheral equipment 

BLOCK DIAGRAM 

A12 

A" 
A9 

As 

A7 

A6 

ADDRESS INPUTS As 

A4 

A10 

A3 

A2 

A1 

Ao 

READY BUSY OUTPUT RDY/SSY 1 ~---I READ 

WRITE ENABLE INPUT WE WRITE 

CHIP ENABLE INPUT CE ERASE 

ROW-DECODER 

COLUMN, 
DECODER 

, OUTPUT ENABLE INPUT OE POWER DOWN 

I CONTROL LOGIC 

VCC(5V)~8 
GND (QV) 14 

-----

READY 
BUSY 

OUTPUT 

ADDRESS 
INPUTS 

A6 

As 

A4 

A3 

A2 

A1 

AO 

DATA INPUTSI { ~~ 
OUTPUTS 

02 

(OV)GND 

• MITSUBISHI 
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Vee (5V) 

21 ..... A10ADDRESS INPUT 

20 ..... CE CHIP ENABLE 
INPUT 

} 

DATA INPUTSI 
OUTPUTS 

Outline 28P4 
NC: NO CONNECTION 

8192 WORDS 
x 881T 

MEMORY ARRAY 

COLUMN 
LATCH 

COLUMN 
GATE 

\ Do 01 D2 03 04 Os 06 0 7 ) 
v 

DATA INPUTS/OUTPUTS 
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MITSUBISHI LSI. 

MSM2~4P 

65536-BIT(8192-WORD BY 8-BIT) 
ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM 

FUNCTION 
Read 
Low level input to CE and DE, High level input to WE 
and address signals to the address inputs (Ao ,.." A l2 ) make 
the data contents of the designated address location avail
able at the data input/output (Do ,.." 0 7 ), When the CE or 
DE signal is high, data input/output are in a floating state. 

When the CE signal is high, the device is in the standby 
mode or power down mode. 

Programming 
Set the cr terminal to the low level and DE terminal to 
the high level. A location is designated by address signals 
(Ao ,.." A l2 ), and the data to be programmed must be 
applied at 8 bits in parallel to the data inputs (Do ,.." 0 7 ), 

A program pulse to the WE at this state will effect pro
gramming. 

MODE SELECTION 

~ CE (20) OE (22) 

Read VIL VIL 

Standby VIH X *2 

Program VIL VIH 

Chip erase VIL VOE *1 

Program inhibit X *2 X *2 

Program inhibit X *2 VIL 

* 1: VOE 9V to 15V. 
*2: XcanbeeitherVIHorVIL. 
* 3: depend on the input condition 

.ABSOLUTE MAXIMUM RATINGS (Note) 

Symbol Parameter 

VI1 Input voltage (Vee. Data. Address. CEo WE) 

WE (27) 

VIH 

X *2 

VIL 

VIL 

VIH 

X *2 

Condition 

With respect to GND 
VI2 Input voltage «)E) 

Topr Operating temperature 

Tstg Storage temperature 

RDY/BSY (1) 
Outputs 

(11-13,15-19) 

HIGH-Z Data out 

HIGH-Z HIGH-Z 

HIGH-Z +VOL Data in 

HIGH-Z +VOL Data in = VIH 

HIGH-Z 
__ *3 

HIGH-Z 
__ *3 

Ratings Unit 

-0.6-7 V 

-0.6-17 V 

-10-80 ·C 

-65-125 ·C 

Note: Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the device at these or at 
any other conditions above these indicated in the operational sections of this specification is not implied. 

8-4 

Exposure to absolute maximum rating conditions for extended periods affects device reliability. 
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READ OPERATION 

MITSUBISHI LSls 

MSM28C64P 

6SS36-BIT(8192-WORD BY 8-BIT} 
ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM 

DC ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=5V ±10%, unless otherwise noted) 

limit 
Symbol Parameter Test condition Unit 

Min Typ Max 

ILl Input leakage current VIN=5.5V 10 f../A 

ILO ,Output leakage current VOUT=5.5V 10 f../ A 

ICCl Vcc current standby CE=VIH 1.0 rnA 

ICC2 V cc current active CE=OE=VIL ~O rnA 

VIL Input low voltage -0.1 0.8 V 

VIH Input high voltage 2.0 VCC+1 V 

VOL Output low voltage IOL =2 .1rnA 0.45 V 

VOH Output high voltage IOH=-400f../A 2.4 V 

AC ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Vcc=5V±10%, unless otherwise noted) 

Symbol Parameter 

ta (AD) Address to output delay 

ta(CE) CE to output delay 

ta (OE) OE to output delay 

t OF OE high to output float 

tOH Output hold from CE or OE 

AC WAVEFORMS (WE=H) 

VIH 
ADDRESS 

V 1L 

VIH 
CE 

VIL 

V 11.1 

OE 
V 1L 

VOH 
ta(Ao) 

HIGH Z 
OUTPUT 

VOL 

Limit 

Test condition M5M28C64P-15 M5M28C64P Unit 

CE=OE=VIL 

OE=VIL 

CE =VIL 

CE=VIL 

CE=OE=VIL 

HIGH Z 

Min Max Min 

150 

150 

50 

a 40 0 

a a 

Test condition for A.C. ch'aracteristics 
Input voltage: Vii; 0,45V, Vih ; 2,4V 
Input rise and fall times: ;;;; 20ns 

Max 

200 ns 

200 ns 

75 ns 

60 ns 

ns 

Reference voltage at timing measurement: Input O.8V and 2V 

Output O,8V and 2V 
Output load: 1TTL gate + CL (100pF) 

CAPACITANCE (Ta=25·C, f=1MHz unless otherwise noted.) 

Symbol Parameter 

CIN I nput capacitance 

COUT Output capacitance 

Test condition 

VIN=DV 

VOUT=QV 

• MITSUBISHI 
i'a.ELECTRIC 

Min 

Limit 
Unit 

Typ Max 

4 6 pF 

8 12 pF 
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MITSUBISHI LSls 

MSM28C64P 

6SS36-BIT(8192-WORD BY 8-BIT) 
ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM 

BYTE ERASE, BYTE PROGRAM OPERATION 
DC ELECTRICAL CHARACTERISTICS (Ta=0-70·C, Voo=5V±10%, unless otherwise noted) 

Limit 
Symbol Parameter Test condition Unit 

Min Typ Max 

ILl Input leakage current VIN=VIL, VIH 10 fJ.A 

VOL Output low voltage IOL=2.1mA 0.45 V 

VOH Output high voltage I OH = - 400,lA 2.4 V 

1002 Vcc current active 30 mA 

VIL Input low voltage -0.1 0.8 V 

VIH Input high voltage 2.0 VOO+l V 

VRB Ready/Busy output low voltage IRB=2.1mA 0.45 V 

AC ELECTRICAL CHARACTERISTICS (Ta=O-70·C, Voo=5V±10%, unless otherwise noted) 

Symbol Parameter 

t AS Address setup time 

tAH Address hold time 

tos CE setup time 

tOH CE hold time 

tos Data setup time 

tOH Data hold time 

tOES OE setup time 

tOEH OE hold time 

twp Write pulse width 

two Write cycle time 

RDY/BSY HIGH·Z 

VOL 

8-6 

Limit, 
Test condition Unit 

Min Typ' Max 

10 ns 

150 ns 

0 ns 

0 ns 

50 ns 

10 ns 

10 ns 

100 fJ.S 

0.15 200 fJ.S 

10 ms 

~~:~~~ '---

~ 

Test condition for A.C, characteristics 
Input voltage: VIL = OA5V. VIH = 2AV 
Input rise and fall times: :::;; 20ns 
Reference voltage at timing measurement: Input O,8V and 2V. Output O.8V and 2V 

• MITSUBISHI 
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MITSUBISHI LSls 

MSM28C64P 

65536-BIT(8192-WORD BY 8-BIT} 
ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM 

PAGE ERASE, PAGE PROGRAM OPERATION 
DC ELECTRICAL CHARACTERISTICS (Ta=0-70T, Vcc=5V±10%, unless otherwise noted) 

Symbol Parameter Test condition 
Min 

ILl Input leakage current VIN=VIL, VIH 

VOL Output low voltage IOL =2.1 mA 

VOH Output high voltage IOH= -400/-iA 2.4 

ICC2 Vcc current active 

VIL Input low voltage -0.1 

V 1H Input high voltage 2.0 

VRS Ready/Busy output low voltage IRs=2.1mA 

AC ELECTRICAL CHARACTERISTICS (Ta=0"':"70"C, Vcc=5V±10%, unless otherwise noted) 

Symbol 

t AS Address setup time 

tAH Address hold time 

tcs CE setup time 

tCH CE hold time 

t os Data setup time 

t OH Data hold time 

tOES OE setup time 

tOEH OE hold time 

twp Write pulse width 

t OL Data latch time 

tpLW Page load width 

twc Write cycle time 

Parameter Test condition 

• MITSUBISH( 
"ELECTRIC 

Min 

10 

150 

0 

0 

50 

10 

10 

100 

150 

150 

10 

Limit 
Unit 

Typ Max 

10 /-i A 

0.45 V 

V 

30 mA 

0.8 V 

VCC+l V 

0.45 V 

Limit 
Unit 

Typ Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

/-is 

ns 

ns 

200 /-is 

ms 
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MITSUBISHI LSls 

MSM28C64P 

65536-BIT(8192-WORD BY 8-BIT} 
ELECTRICALLY ERAS.ABLE AND PROGRAMMABLE ROM 

AC WAVEFORMS 

ADDRESS 
VIH =x A4- A12 VIL ~--------~~~ 

ADDRESS VIH 

AO-A3 
VIL '------' 1I\"""F\"f':~ 
VIH 

CE 
VIL ~~~~~~~~~~~~~~~ 
VIH 

WE 
VIL 

VIH 
OE 

VIL 

VIH 

DATA 
VIL 

tpLW 

HIGH-Z 
RDY!BSY 

VOL 

Test condition for A.C. fharacteristics 
Input voltage: VIL = 0.45V, VIH = 2.4V 
Input rise and fall times: ~ 20ns 
Reference voltage at timing measurement: Input O.8V and 2V. Output O.8V and 2V 

PAGE MODE WRITE 
PAGE MODE WRITE feature allows 1 to 16 bytes of 
data to be written into a single write cycle. 

A page is defined by addresses A4 through A12 • During 
the page load cycle, these addresses must not be changed. 

Following a byte write signal, 1 to 15 additional bytes 
of data must be loaded into the EEPROM within 200llsec. 

READY/BUSY SIGNAL 
Ready/Busy signal allows to sign the completion of a byte 
or page mode write cycle. 

During a write cycle, Ready/Busy signal has VOL. After 
completion of the write cycle, Ready/Busy signal has high 
impedance. 

The Ready/Busy pin is an open-drain output. So the pull
up resistor is required. A typical pullup resistor value for 
Ready /Busy pin is 3kU, assuming total input current of 
devices connected to Ready/Busy pin is less than O.5mA. 

DATA PROTECTION 
(1) Noise Protection 

A WE pulse of less than 20ns will not initiate a write 
cycle. 

(2) V cc Sense 
When the Vcc is less than approximately 3.5 volt, write 
cycle is not initiated 

(3) Write Ir:lhibit 

Holding OE L, WE H or CE H, inhibits a write cycle 
during power-on and power-off. 

8-8 
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MITSUBISHI LSls 

MS8630P 

2048-BIT (128-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

DESCRIPTION 
The M58630P is a serial input/output 2048 bit electrically 
erasable and reprogrammable ROM organized as 128 words 
of 16 bits, and fabricated using MNOS technology. Data 
and addresses are transferred serially via a one-bit bidirec
tional bus. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Word-by-word electrically alterable 
• Non-volatile data storage .......... 10 years (min) 
• Write/erase time ................... 20ms word 
• Typical power supply voltages .......... -30V, +5V 
• Number of erase-write cycles ...... lOs times (min) 
• Number of read access unrefreshed .. 109 times (min) 

• 5V I/O interface 

APPLICATION 
Non-volatile channel memories for electronic tuning 
systems and field-reprogrammable read-only memory 
systems. 

FUNCTION 
The address is designated by one-of-eight and one-of-sixteen 
coded digits. Seven modes-accept address, accept data, 
shift data output, erase, write, read, and standby-are all 
selected by a 3-bit code appl ied to C 1, C2 , and C3 . Data 
is stored by internal negative writing pulses that selec
tively tunnel charges into the Si02 -Si3 N4 interface of the 
gate insulators ofthe MNOS memory transistors. 

BLOCK DIAGRAM 

MEMORY 
TRANSISTOR 

ARRAY 
(12S-WORD BY 

1661TS) 

(5V) Vss 

(-30V) VGG 

NC 

cs 
NC 

CLOCK INPUT 

MODE CONTROL 
INPUT 

READ 

WRITE 

ERASE 
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Outline 14P4 

1 Vss(5V) 

2 VGG (-30V) 

VM(NC) 

(OV) VGND 

NC 

NC 

DATA INPUT! 
OUTPUT 

l MODE CONTROL 

f INPUTS 

NC: NO CONNECTION 

Cl} 
C2 MODE CONTROL INPUTS 

C3 

CHIP SELECT 

6 elK CLOCK INPUT 
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MIT$UBISHI LSls 

MS8630P 

2048-BIT (128-WORD BY 16-BIT)'ELECTRICALLY ALTERABLE ROM 

PIN DESCRIPTION 
Pin Name Functions 

In the accept address and accept data modes, used for input. 

1/0 I/O In the shift data output mode, used for output. 
In the standby, read, erase and write modes, this pin is in a floating state 

VM Test Used for testing purposes only. It should be left unconnected during normal operation. 

Vss Chip substrate voltage Normally connected to +5V. 

VOO Power supply voltage Normally connected to -30V. 

CLK Clock input Required for all operating modes, when CS is low. 

Cl-C3 Mode control input Used to select the operation mode. 

VOND Ground voltage Connected to ground (OV) 

CS Chip select Used for chip selection in "L" 

OPERATION MODES 
Ct C2 C3 Functions 

H H H 
Standby mode. The contents of the address registers and the data register remain unchanged. The output buffer is 
held in the floating state. 

H H L Not used 

H L H Erase mode: The word stored at the addressed location is erased. The data bits after erasing are all low level. 

H L L 
Accept address mode. Data presented at the I/O pin is shifted into the address registers one bit with each clock pulse. 
The address is designated by one-of-eight and one-of-sixteen -coded digits 1 28-word address is assigned in this mode. 

L H H Read mode: The addressed word is read from the memory into the data register. 

L H L 
Shift data output mode: The output driver is enabled and the contents of the data register are shifted to the I/O pin one 
bit with each clock pulse. 

L L H Write mode: The data contained in the data register is written into the location designated by the address registers. 

L L L 
Accept data mode: The data register accepts serial data from the I/O pin one bit with each clock pulse. The address 
registers remain unchanged. 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VOO Supply voltage 

V, Input voltage With respect to Vss 

Vo Output voltage 

Tstg Storage temperature 

Topr Operating temperature 

RECOMMENDED OPERATING CONDITIONS (Ta= - 10-70"C. unless otherwise noted) 

Symbol Parameter 

VOO-VSS Supply voltage 

VSS-VOND Supply voltage 

V,H High-level input voltage 

V,L Low-level input voltage 

9-4 

limits 

Min Nom Max 

- 32.2 -35 - 37.8 

4.75 5 6 

Vss-l Vss+O.3 

V ss-6.5 Vss-4·25 

• MITSUBISHI 
;"ELECTRIC 

Unit 

V 

V 

V 

V 

Ratings Unit 

0.3- -40 V 

0.3--20 V 

0.3--20 V 

- 40-125 "C 

-10-70 "C 



MITSUBISHI LSls 

MS8630P 

2048·BIT (128.WORD BY 16·BIT) ELECTRICALLY ALTERABLE ROM 

ELECTRICAL CHARACTERISTICS (Ta = - 10-70"(;, VGG-VSS = -3SV ± 8 %, VSS-VGNO =5V ~2f~. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

VIH High-level input voltage VSS -1 Vss,+O.3 

Vil Low-level input voltage Vss-6.5 VSS-4.25 

III Low-level input current CLK, Cl. C2. C3. I/O VI-VSS= -S.SV -10 +10 

RI Input pull-up resistance. ES 30 

IOZl Off-state output current, I oVl(.-1evel voltage applied Vo-VSS=-S.SV -10 + 10 

VOH High-level output voltage IOH = - 200j1A Vss -1 

VOL Low-level output voltage IOl =80j1A VGNO +0.5 

IGG Supply current from VGG IO=Oj1A S.S 10 

Notel: TYPical values are at Ta = ?5°C and VGG-VSS = -35V. 

+20% 
TIMING REQUI REMENTS (Ta= - 10-70,,(;, VGG-VSS= -3SV ± 8 %, VSS-VGNO= SV - S %, unless otherwise noted) 

Symbol Paramete"r Test conditions 
Min 

TL(<1» Negative clock pulse width 30 

TH(<1» Positive clock pulse width 33 

T(<1» Clock period 

tw Write time 16 

tE Erase time 16 

t r , tf Risetime, fall time 

tsu Control setup time before the fall of the clock pulse 1 

th Control hold time after the rise of the clock pulse 0 

tss Clock control setup time before the fall of CS 1 

ths Clock control hold time after the rise of ES 1 

SWITCHING CHARACTERISTICS (Ta = - 10-70"(;, VGG = - 35V± 8 %, unless otherwise noted) 

Symbol Parameter 

ta(C) Read access time 

ts Unpowered nonvolatile data retention time 

NEW Number of erase/write cycles 

NRA Number pF read access unrefreshed 

tdv Data valid time 

Alternative Test conditions 
symbols 

CL = 100pF 
VOH = Vss - 2V 

tpw 
VOL=VGNO+1.5V 

Ts NEW= 104 , 
tW(W)= 20ms 

t W(E)=20ms 

Ts NEW= 105 , 
tw(W) =20ms 

tW(E) =20ms 

Nw 

NRA 

tpw 

.• . MITSUBISHI 
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Min 

10 

1 

105 

109 

Limits 

Typ Max 

1000 

20 24 

20 24 

1 

Limits 

Typ Max 

20 

20 

Unit 

V 

V 

jfA 

kQ 

j1A 

V 

V 

mA 

Unit 

j1S 

j1S 

j1S 

ms 

ms 

j1S 

J..lS 

j1S 

j1S 

j1S 

Unit 

j1S 

Year 

Times 

Times 

j1S 
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M58630P 

2048~BIT (128-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

TIMrNG DIAGRAM 

Accept Address Mode (24'clocks) CS : L 

H 
CLOCK 

L 

C, H 

L 

C2 
H 

~~ -, L 

C3 
H 

~~ -, L 

--U U 

MOST SIGNIFICANT DIGIT LEAST SIGNIFICANT DIGIT 

Note 2: The addresses from Aoo to A7 F are designated by one-of-eight and one-of-sixteen coded digits. 

9-6 

The above figure shows designation of address A7 F. 
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MITSUBISHI LSls 

M58630P 

2048-BIT (128-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

Erase Mode CS : L 

H 1Ln.IU1...nsul CLOCK 
L 

H n Cl 
L 

H I I Cz 
L ~~ 
H l~ C3 
L I~ ~I TE 

Write Mode CS : L 

H 1Ln.IU1...nsul CLOCK L 

H I I Cl 
L ~~ 

C2 
H I I L ~l 
H n C3 

IE ~I L Tw 

Read Mode (1 clock) CS : L 

H 

IUUlJ CLOCK L 

Cl 
H 

~ L 

H C2 
L 

H C3 L 

Accept Data (1 6 clocks) 

H 
CLOCK 

L 

Cl 
H I L 

C2 
H 

I L 

C3 H 

I L 

I/O H 

I L 

IE 

cs : L 

~l 

n 

tt 

: 
16 CLOCK CYCLE 

• MITSUBISHI 
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M58630P 

2048-BIT (128-WORD BY IS':BIT) ELECTRICALLY ALTERABLE ROM 

Shift Data Output Mode (16 clocks) cs : L 

1 1 1 2 I 3 I 4 1------I 11 I 12 I 13 1 14 I 15 I 16 I 
CLOCK H 

L 

C, H 
L ~ 

C2 H 
L 

1 

H 
C3 L 

I/O 
L 

Timing of clock, C1 , C2 , C3 , and data input 

H 
CLOCK 

L 

H'------h 

AND DATA 
INPUT L 

tsu 

Note 3: C, - C, and accept data are interchnageable while the clock is set high. 

Timing of clock, C1 , C2 , C3 , and data input 

H 
CLOCK / \ Ii L 

H 
C'-C3 SHIFT DATA OUTPUT MODE 

L 

~~~;U~ATA ----~--------_Jr-____ '_BI_T ___ _+-J 

~ta ----3*"---II_ ta 
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M58630P 

2048-BIT (128:.WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

Operation flowchart 

Rewriting flowchart 

Ijmm~ I CLK 

If!! //J 1i1 ... __ s_TA_N_D_BY_----JX'-__ A_C_C_EP~<I:,..-DD-R-ES-S---'~~~ 

I I 

STANDBY STANDBY 

.", t" ( ADDR~SS DATA ) SS-I/O 

CS 

CLK 

Cl~C3 ~TE 
STANDBY 

STANDBY 

I/O 

Note 4: One or more clock are required for standby between modes. 

5: Set CS to the low level after the lapse of tss and CLK has been set high and C, - C, have been set to 

the standby mode. 
6: Keep CLK to the high level and C, - C, to "standby" from the time when CS is set high to the lapse 

of ths. 

Read Flowchart 

CS 

CLK 

Cl-C3 

I/O 

cs 

ClK 

Cl-C3 

I/O 

I 

Z'I.uvRl~ I 
~ 

ft 

17// §1JU1 STANDBY X ACCEPT ADDRESS 

.1 I. t" 

I 

SlIU I =x STANDBY' 

~ 
. 1 

'J 

( ADDRE~~ DATA 

~~~ 
~~\\~~\\ 

I . ths 

• MITSUBISHI 
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~ 
STANDBY STANDBY 

) ( 

1 
SHIFT DATA OUTPuf; 

DATA OUTPUT ~ 
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M58630P 

2048-BIT (128-WORD BY 16-.BIT) ELECTRICALLY ALTERABLE ROM 

Power-on/off Conditions 
With power-on, VGG is applied after Vss has been applied. 
With power-off, Vss is cut after VGG has been cut. For 
power-on and off, hold CS in Vss or floating state. The re
commended timing chart for power-on and off is as follow~. 

>t 5L 
I~I oL ~ J t 

~I ~~~T-----~--------------------------------------------------------\~------------------------------------~----~~-' 
'" > 
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~ MS8653P 
~¥~ u 700-BIT (SO-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

DE~CRIPTION 

The M58653P is a serial input/output 700 bit electrically 

erasable and reprogrammable ROM organized as 50 words 

of 14 bits, and fabricated using MNOS technology. Data 

and addresses are transferred serially via a one-bit bidirec

tional bus. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Word-by-word electrically alterable 
• Non-volatile data storage ......... 10 years (min) 

• Write/erase time ............... 20ms/word 

• Typical power supply voltages ....... -30V, +5V 

• Number of erase-write cycles ....... 105 times (min) 

• Number of read access unrefreshed ... 109 times (min) 

• 5V I/O interface 

APPLICATION 
Non-volatile channel memories for electronic tuning 
systems and field-reprogrammable read-only memory 

systems 

FUNCTION 
The address is designated by one of five and one of ten 

coded digits. Seven modes-accept address, accept data, 

shift data output, erase, write, read, and standby-are 

all selected by a 3-bit code C!Pplied to Cl , C2 , and C3 . Data 

is stored by internal negative writing pulses that selec

tively tunnel charges into the Si02-Si 3N4 interface of the 

gate insulators of the MNOS memory transistors. 

BLOCK DIAGRAM 

(5V) Vss 

(-30V) VGG 

NC 

NC 

NC 

CLOCK INPUT ClK_ 

MODE CONTROL 
INPUT 

Cl-

VM(NC) 

VGND (OV) 

DATA INPUT! 

OUTPUT 

NC 

NC 

-C3 I MODE CONTROL 

-C2 
INPUTS 

Outline 14P4 NC NO CONNECTION 

----: 

MEMORY 
TRANSISTOR 

ARRAY 
(50-WORD BY 

14-BIT) 

READ 

WRITE 

ERASE 

• MITSUBISHI 
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1 Vss(5V) 

2 VGG(-30V) 

7 Cl} 
8 C2 MODE CONTROL INPUTS 

9 C3 

6 ClK CLOCK INPUT 
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M58653P 

700·BIT (SO·WORD BY 14.BIT) ELECTRICALLYAL TERABLE ROM 

PIN DESCRIPTION 

Pin Name 

I/O !f0 

VM Test 

VSS Chip substrate voltage 

VGG Power supply voltage 

CLK Clock input 

C,-C3 Mode control input 

VGND Ground voltage 

OPERATION MODES 

Cl 

H H H 

H H 

H H 

H 

H H 

H 

H 

9-12 

Functions 

In the accept address and accept data modes. used for input 

In the shift data output mode. used for output 

In the standby. read. erase and write modes. this pin is in a floating state 

Used for testing purposes only. It should be left unconnected during normal operation. 

Normally connected to+5V 

Normally connected to -30V 

14kHz timing reference Required for all operating modes. High-level input is possible during standby mode. 

Used to select the operation mode 

Connected to ground (OV) 

Functions 

StandbY mode: The contents of the address registers and the data register remain unchanged. The output buffer is held 

in the floating state 

Not used. 

Erase mode: The word stored at the addressed location is erased. The data bits after erasing are all low-level. 

Accept address mode: Data presented at the I/O pin is shifted into the address registers one bit wi,h each clock pulse The 

address is designated by one of five and one of ten coded digits. 

Read mode: The addressed word is read from the memory into the data register. 

Shift data output mode: The output driver is enabled and the contents of the data register are shifted to the I/O pin one bit 

with each clock pulse. 

Write mode: The data contained in the data register is written into the location designated by the address registers. 

Accept data mode: The data register accepts serial data from the I/O pin one bit with each clock pulse. The address 

registers remain unchanged. 

• MITSUBIS.HI 
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MITSUBISHI LSls 

M58653P 

700·BIT (SO·WORD BY 14.BIT) ELECTRICALLY ALTERABLE ROM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VGG Supply voltage 

VI Input voltage With respect to Vss 

Vo Output voltage 

Tstg Storage temperature 

Topr Operating temperature 

RECOMMENDED OPERATING CONDITIONS (Ta= -10-70'C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VGG-VSS Supply voltage -32.2 -35 -37.8 V 

VSS-VGNO Supply voltage 4.75 5 6 V 

VIH High·level input voltage Vss-1 Vss+0.3 V 

VIL Low-level inpUt'voltage Vss-6.5 VSS-4.25 V 

Ratings Unit 

0.3- -40 V 

0.3- -20 V 

0.3- -20 V 

--40-125 'C 

-10-70 'C 

Note 1: 
The order of YSS VGG with on or off. 
With on. VGG is turned on after VSS is done. 
With off. VSS is turned off after VGG is done. 

+20% 
ELECTRICAL CHARACTERISTICS (Ta= -10-70'C, VGG-VSS = -35V± 8 %, VSS-VGND =5V- 5 %. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

VIH High-level input voltage Vss-1 Vss +0.3 

VIL Low-level input voltage Vss-6.5 V ss-4.25 

IlL Low-level input current VI-VSS= - 6 .5V ± 10 

IOZL Off-state output current. low-level voltage applied VO-VSS = -6. 5V ± 10 

VOH High-level output voltage IOH = - 200,uA VSS-1 

VOL Low-level output voltage IOL = lO!-IA VGNo+0.5 

IGG Supply current from VGG lo=O!-lA 5.5 8.8 

Note 2: Typical values are at Ta=25°C and nominal supply voltage, 

TIMING REQUIREMENTS (Ta= -10-70°C. VGG-VsS=-35V± 8 %, VSS-VGNO= 5V ~2~~. unless otherwise noted) 

Alternative 
Symbol Parameter 

symbols 
Test conditions 

Min 

f( 91) Clock frequency f¢ 10 

0(91) Clock duty cycle O¢ 30 

tw(W) Write time tw 16 

tW(E) Erase time te 16 

tr. tf Risetime, fall time tr, t! 

tsu(e- 91) Control setup time before the fall of the clock pulse tcs 0 

th(¢-e) Control hold time after the rise of the clock pulse tCH 0 

SWITCHING CHARACTERISTICS (Ta = - 10- 70'C. VGG = - 35V ± 8 %. unless otherwise noted,) 

Symbol Parameter 

ta(e) Read access ti me 

ts Un powered nonvolatile data retention time 

NEW Number of erase/write cycles 

NRA Number of read access unrefreshed 

tdv Data valid time 

Alternative Test conditions 
symbols 

tpw CL = 100PF VOH = VSS - 2V 

VOL =VGNO + 1.5V 

Ts NEW= 104 • 
tw(w)= 20ms 

tw (E)=20 ms 

Ts NEW= 105 • 
tw(w) =20ms 

tW(E)=20ms 

Nw 

NRA 

tpw 

• MITSUBISHI 
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Min 

10 

1 

105 

109 

Limits 

Typ Max 

14 17 

50 55 

20 24 

20 24 

1 

Limits 

Typ Max 

20 

20 

Unit 

V 

V 

!-I A 

!-I A 

V 

V 

mA 

Unit 

kHz 

% 

ms 

ms 

!-IS 

ns 

ns 

Unit 

!-IS 

Year 

Times 

Times 

!-IS 
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M58653P 

700·BIT (50.WORD BY 14.BIT) ELECTRICALLY ALTERABLE ROM 

TIMING DIAGRAM 

Accept Address Mode 

ClK 

C2 I 

C3 ~ 

I/O ~-___________ U __________________ --.: ____________ _ 
ADDRESS LOCATION 

MOST 
SIGNIFICANT DIGIT LEAST SIGNIFICANT DIGIT 

Note 3: The address is designated by one-of-five and one-of-ten coded digits. The figure shows 
designation of the address 49. 

Read Mode 

CLK 

C2 

1 CLOCK CYCLE 

Write Mode 

CLK JlJ1JlJ1MJUL 
Cl ~i~! ----II 

CC3

2 

~·I~E ~~ ~ :.,: -
tw(W) 

Erase Mode 

CLK ll11MMfUl 

C21 
ttl I 

I. I'~ 

.1 C3 tW(E) 

9-14 

Shift Data Output Mode 

CLK 

Cl 

C2 

I/O 

ta(c) 

14 CLOCK CYCLES 

Accept Data Mode 

CLK Jlflfl1UUlJlMf1J1JlJl 
Cl ----,"------il~ 

C2 ----,"--_----;:~ 

C31 .--
L....· ___ --1I~ 

I/O 

I. 

'.MITSUBISHI 
"ELECTRIC 

.: J 
14 CLOCK CYCLES 
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M58653P 

700·BIT (50· WORD BY 14.BIT) ELECTRICALLY ALTERABLE ROM 

The difinition of clock duty cycle, 0 (</» 

I I I 
IE T(L) 

:1 T(¢) I. 
Timing of data input and mode control inputs 
Mode control inputs, C1 , C2 , C3 and input signal my 
change, when clock is 'H' level. 

CLOCK' 

INPUT 
(ADDRESS/DATA) 

Timing of data output 

CLOCK 

DATA 

(OUTPUT) 

tsu (c-¢) 

CONTROL LINES 
STABLE 

ADDRESS OR DATA 
STABLE 

The 1 st bit of output data is output after access time of 
talC) from the mode control transition. And other bits are 
output after talC) from positive edge of clock. 

O(¢)=T(U/ T (¢) 

H 

• MITSUBISHI 
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M58653P 

700-BIT (50· WORD BY '14-BIT) ELECTRICALLY ALTERABLE ROM 

Operating sequential flow 

9-16 

(a) Read Sequence (b) Erase/write Sequence 

STANDBY MODE (WITH CLOCK) STANDBY MODE (WITH CLOCK) 

ACCEPT ADDRESS MODE (15 CLOCKS) ACCEPT ADDRESS MODE (15 CLOCKS) 

STANDBY MODE (WITH. CLOCK) STANDBY MODE (WITH CLOCK) 

READ MODE (1 CLOCK) ERASE MODE (tw(E») 

STANDBY MODE (WITH CLOCK) STANDBY MODE (WITH CLOCK) 

SHIFT DATA OUT MODE (14 CLOCKS) ACCEPT DATA MODE (14 CLOCKS) 

STANDBY MODE (WITH CLOCK) STANDBY MODE (WITH CLOCK) 

WRITE MODE (tw(W») 

STANDBY MODE (WITH CLOCK) 

• MITSUBISHI 
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MS86SSP 
1024-BIT(64-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

DESCRIPTION 

The M58655P is a serial input/output 1024bit electrically 
erasable and reprogrammable ROM organized as 64 words 
of 16 bits, and fabricated using MNOS technology. Data 

and addresses are transferred serially via a one-bit bidirec

tional bus. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Word-by-word electrically alterable 

• Non-volatile data storage .......... 10 years (min) 

• Write/erase time ................ 20ms word 

• Typical power supply voltages ....... -30V, +5V 

• Number of erase-write cycles ....... 105 times (min) 

• Number of read access unrefreshed ... 109 times (min) 

• 5V I/O interface 

APPLICATION 
Non-volatile channel memories for electronic tuning 

systems and field-reprogram mabie read-only memory 

systems 

FUNCTION 
The address is designated by two consecutive one-of-eight 

coded digits. Seven modes-accept address, accept data, 

shift data output, erase, write, read, and standby-are 

all selected by a 3-bit code applied to C" C2 , and C3 . Data 

is stored by internal negative writing pulses that selec

tively tunnel charges into the Si0 2-Si 3N, interface of the 

gate insulators of the MNOS memory transistors. 

BLOCK DIAGRAM 

(5V) Vss 

(-30V) VGG 

NC 

cs 
NC 

CLOCK INPUT ClK_ 

MODE CONTROL Cl-
INPUT 

VM(NC) 

(OV) VGND 

DATA INPUT/ 

OUTPUT 

NC 

NC 

-C3 f MODE CONTROL 
INPUTS 

-C2 

Outline 14P4 NC: NO CONNECTION 

I
-----~ 

1 Vss(5V) 

2 VGG(-30V) 

MEMORY 
TRANSISTOR 

ARRAY 
(64-WORD BY 

16-BIT) 

READ 

WRITE 

ERASE 

• MITSUBISHI 
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C'} C2 MODE CONTROL INPUTS 

C3 

CHIP SELECT 

CLOCK INPUT 
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M58655P 

1024-BIT(64-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

PIN DESCRIPTION 

Pin Name 

I/O I/O 

VM Test 

VSS Chip substrate IIOltage 

VGG Power supply voltage 

CLK Clock input 

Ct -C3 Mode control input 

VGNO Ground voltage 

CS Chip select 

OPERATION MODES 

Cl Cz C3 

H H H 

H H 

H H 

H 

H H 

H 

H 

Functions 

In the accept address and accept data m6des, used for input. 

In the ~hift data output mode. used for output 
In the standby. read. erase and write modes. this pin is in a floating state 

Used for testing purposes only. It should be left unconnecteq during normal operation 

Normally connected to+5V. 

Normally connected to -30V. 

Required for all operating modes, when CS is low. 

Used to select the operation mode 

Connected to ground (OV) 

Used for chip selection in "L" 

Functions 

Standby mode: The contents of the address registers and the data regIster remain unchanged The output buffer is held 

in the floating state_ 

Not used 

Erase mode' The word stored at the addressed location is erased The data bits after erasing are ali low-level 

Accept address mode: Data presented at the I/O pin is shifted into the address registers one bit with each clock pulse The 

address is designated by two one-of-eight-coded digits. 54-word address is assigned in this mode. 

Read mode: The addressed word is read from the memory into the data register. 

Shift data output mode: The output driver is enabled and the contents of the data register are shifted to the I/O pin one bit 

with each clock pulse. 

Write mode: The data contained in the data register is written into the location designated by the address registers 

Accept data mode: The data register accepts serial data from the I/O pin one' bit with each clock pulse The address 

registers remaIn unchanged. 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VGG Supply voltage 

VI Input voltage With respect to Vss 

Vo Output voltage 

Tstg Storage temperature 

Topr Operating temperature 

RECOMMENDED OPERATING CONDITIONS (Ta = -10-10"C unless otherwise noted) 

Symbol Parameter 

VGG-VSS Supply voltage 

VSS-VGND Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

9-18 

limits 

Min Nom Max 

-32.2 -35 -31.8 

4.15 5 6 

VSS-l Vss+O.3 

Vss-6.5 VSS-4.25 

• . MITSUBISHI 
"-ELECTRIC 

Unit 

V 

V 

V 

V 

Ratings Unit 

0.3--40 V 

0.3-- 20 V 

0.3--20 V 

~40-125 "C 

-10-10 "C 



MITSUBISHI LSls 

MS86SSP 

1024-BIT(64-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

ELECTRICAL CHARACTERISTICS iTa"'- - 10-70"C VGG- Vss = -35V+ 8 % Vss VGNO = 5V ~ 250~, unless otherwise noted) -

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

V,H High-level input voltage Vss -1 Vss + O. 3 

V,L Low-level input voltage Vss-6.5 Vss-4.25 

I,L Low-level input current ClK, Cl, C2, C3, I/O VI-VSS= -6_5V -10 +10 

R, Input pull-up resistance, CS 30 

IOZL Off-state output current, low-level voltage applied Vo-Vss=-6.5V -10 +10 

VOH High-level output voltage IOH = - 200'L A VSS -1 

VOL Low-level output voltage IOL = 80,LA VGNo+O.5 

IGG Supply current from VGG lo=O"A 5.5 8.8 

Note 1 Typical values are at Ta = 25°C and VGG-VSS = -35V. 

+20% 
TIMING REQUIREMENTS iTa=-10-70"C, VGG-Vss=-35V+ 8% Vss VGNo=5V- 5%, unlessolherwisenoted) -

Symbol Parameter Test conditions 
Min 

TL(¢) Negative clock pulse width 30 

TH(¢) Positive clock pulse width 33 

T(¢) Clock period 

tw 
\ 

16 Write time 

tE Erase time 16 

t r • tf Risetime, fall time 

tsu Control setup time before the fall of the clock pulse 1 

th Control hold time after the rise of the clock pulse 0 

tss Clock control setup time before the fall of CS 1 

ths Clock control hold time after the rise of CS 1 

SWITCHING CHARACTERISTICS (Ta = - 10 -70"C VGG = - 35V + 8 % unless otherwise noted) -

Symbol Parameter 

ta(e) Read access time 

ts Unpowered nonvolatile data retention time 

NEW Number of erase/write cycles 

NRA Number pF read access unrefreshed 

tdv Data valid time 

Alternative Test conditions 
symbols 

CL = 100pF 
VOH = Vss - 2V 

tpw 
VOL=VGNO+l.5V 

Ts NEW= 104 • 
tw (w)= 20ms 

tW(E)=20ms 

TS NEW= 105 • 
tw(W) =20ms 

tW(E) =20ms 

Nw 

NRA 

tpw 

• MITSUBISHI 
.... ELECTRIC 

Min 

10 

1 

105 

109 

limits 

Typ Max 

300 

20 24 

'20 24 

1 

limits 

Typ Max 

20 

20 

Unit 

V 

V 

,LA 

kQ 

/LA 

V 

V 

mA 

Unit 

/LS 

/LS 

pS 

ms 

ms 

pS 

/LS 

pS 

tlS 

/LS 

Unit 

/LS 

Year 

Times 

Times 

"s 

9-19 



MITSUBISHI LSls 

MS86SSP 

I024-BIT(64-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

TIMING DIAGRAM 

Accept Address Mode (16 clocks) CS : L 

CLOCK 

1/0 

9-20 

H --

L --

H --

L ---

H 

L 

H 

L 

H --

L ---

~~--------------------------------~ 
~~------~------------------------~ 
---U u 

MOST SIGNIFICANT DIGIT LEAST SIGNIFICANT DIGIT 

Note 2: The addresses from Aoo TO An are designated by two one-of-eight coded digits. The above figure shows 

designation of address An 

•. MITSUBISHI 
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MITSUBISHI LSls 

MS86SSP 

I024.BIT(64.WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

Erase Mode cs : L 

H ~u--u--m CLOCK 
L 

H n Cl 
L 

H I I C2 L ~~ 
H ~~ C3 L 

lE ~I TE 

Write Mode cs : L 

H ~u--u--m CLOCK L 

H 

I I Cl L H 

C2 
H I I L ~I 
H n C3 

IE 31 
L Tw 

Read Mode (1 clock) cs : L 

H 

IU1SlJ CLOCK L 

H 

~ Cl L 

H C2 
L 

H C3 
L 

Accept Data (1 6 clocks) 

H 
CLOCK 

L 

Cl 
H 

L I 
C2 

H 

I L 

C3 H 

I L 

I/O 
H 

I L 

IE 

CS : L 

~ 

n 

{~ 

: 
16 CLOCK CYCLE 

• MITSUBISHI 
"ELECTRIC 

I 
I 

~I 
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MITSUBISHI LSI. 

M58655P 

1024.BIT(64.·WORD BY 16.BIT) ELECTRICALLY ALTERABLE ROM 

Shift Data Output Mode (1 6 clocks) CS : L 

1 1 1 2 1 3 I 4 1------1 11 1 12 I 13 1 14 1 15 1 16 I 
CLOCK 

H 
L 

Cl H 
L 

C2 
H 
L 

C3 
H 
L 

I/O 
H 
L 

Timing of clock, C1 , C2 , C3 , and data input 

H 
CLOCK 

L 

Cl-C3 H 
AND DATA 

INPUT L 

Note 3: C I - C3 and accept data are interchnageable while the clock is set high. 

Timing of clock, C1 , C2 , C3 , and data input 

9-22 

CLOCK 

H 

SHIFT DATA OUTPUT MODE 

L 

~~~;u~ATA ____ ~ _____ Jr-____ , _81_T ___ -+--' 

~~ --il*---fLoE--ta 

• MITSUBISHI 
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MITSUBISHI LSls 

M58655P 

I024-BIT(S4-WORD BY IS-BIT) ELECTRICALLY ALTERABLE ROM 

Operation flowchart 

Rewriting flowchart 

ClK I/I/T!(~ I 
1/ 1![/I/)1L... __ ST_A_N_DB_Y_---JXI... __ AC_C_EP"""ITI>,..._D_DR_E_SS __ ~~~ 

I I 

'~J STANDBY ,~ 
I/O 

.: :. tss ( ADDR~SDATA ) S~ 

CS 

ClK IV 
Cl~C3 ~TE 

STANDBY 

STANDBY 

I/O 

Note 4: One or more clock are required for standby between modes. 
5: Set CS to the low level after the lapse of tss and CLK has been set high and C, - C, have been set to 

the standby mode. 
6: Keep CLK to the high level and C, - C, to "standby" from the time when CS is set high to the lapse 

of ths. 

Read Flowchart 

cs 
I 

ClK ~U§I7§~ 
I 

LrlJlSLf 
)f 

Cl~C3 Wi1Ji~ STANDBY X ACCEPT ADDRESS ~ il 

I/O .i i. 
cs I 

I ClK SLnJ 
Cl~C3 ==x STANDBY 

I/O ~ ./ 

( ADDREJ~ DATA 

tss ~ 

J®\\'i0..~~ 

~~\\i.~\\ 

/' ths 

• MITSUBISHI 
;"ELECTRIC 

STANDBY STANDBY 

) ( 

1 
SHIFT DATA OUTPuf~ 

DATA .OUTPUT ~ 

9-23 



MITSUBISHI LSI. 

MS86SSP 

I024-BIT(S4-WORD BY IS-BIT) ELECTRICALLY ALTERABLE ROM 

Power-on/off Conditions 
With power-on, VGG is applied after Vss has been applied. 
With power-off, Vss is cut after VGG has been cut. For 
power-on and off, hold CS in Vss or floating state. The re
commended timing chart for power-on and off is as follows. 

JI t 

~I ~~~~--~--------------------------~I~------------------~--~~~ til 
> 

9-24 
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~ MS8657P 
• 1400-BIT (lOO-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

DESCRIPTION 
The M58657P is a serial input/output 1400 bit electrically 

erasable and reprogrammable ROM organized as 100 words 

of 14 bits, and fabricated using MNOS technology. Data 

and addresses are transferred serially via a one-bit bidirec

tional bus. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Word-by-word electrically alterable 
• Non-volatile data storage .......... 10 years (min) 

• Write/erase time ................ 20ms word 
• Typical power supply voltages ....... -30V, +5V 

• Number of erase-write cycles ....... 105 times (min) 

• Number of read access unrefreshed ... 109 times (min) 
.5V I/O interface 

APPLICATION 
Non-volatile channel memories for electronic tuning 
systems and field-reprogrammable read-only memory 

systems 

FUNCTION 
The address is designated by two consecutive one-of-ten
coded digits. Seven modes-accept address, accept data, 

shift data output, erase, write, read, and standby-are 

all selected by a 3-bit code applied to C1, C2 , and C3 . Data 

is stored by internal negative writing pulses that selec
tively tunnel charges into the Si02-Si 3N4 interface of the 

gate insulators of the MNOS memory transistors. 

BLOCK DIAGRAM 

(5V) Vss 

(-30V) VGG 

NC 

(OV)VGND 

NC 

CLOCK INPUT ClK_ 

MODE CONTROL 
INPUT 

Cl-

VM(NC) 

NC 

DATA INPUT/ 

OUTPUT 

NC 

NC 

-C3 I MODE CONTROL 
INPUTS 

-Cz 

Outline 14P4 NC. NO CONNECTION 

.----: 

0:: 
f-L.U 
-0 CD O o::u 
L.UL.U 
00 

9~ 
IL.U 
<::>0:: 
-0 
IO 

<t 

MEMORY 
TRANSISTOR 

ARRAY 
(IOO·WORD BY 

14·BIT) 

READ 

WRITE 

ERASE 

• MITSUBISHI 
"ELECTRIC 

I Vss(5V) 

2 VGG(-30V) 

4 VGND (OV) 

7 Cl} 
8 Cz MODE CONTROL INPUTS 

9 C3 
, 

6 ClK CLOCK INPUT 
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MITSUBISHI LSI. 

M58657P 

'" 1400·BIT (100.WORD BY 14.BIT) ELECTRICALLY ALTERABLE ROM 

PIN DESCRIPTION 
Pin Name 

I/O I/O 

VM Test 

VSS Chip substrate IIOltage 

VOG Power supply IIOltage 

OLK Clock input 

0,-03 Mode control input 

VOND Ground voltage 

OPERATION MODES 

01 02 03 

H H H 

H H L 

H L H 

H L L 

L H H 

L H L 

L L H 

L L L 

9-26 

Functions 

In the accept address and accept data modes, used for input. 
In the shift data output mode, used for output. 
In the standby, read, erase and write modes, this pin is in a floating state. 

Used for testing purposes only. It should be left unconnected during normal operation. 

Normally connected to+5V. 

Normally.connected to -30V. 

14kHz timing reference. Required for all operating modes. High-level input is possib.le during standby mode. 

Used to select the operation mode 

Connected to ground tOY) 

Functions 

Standby mode: The contents of the address registers and the data register remain unchanged. The output buffer is held 
in the floating state. 

Not used. 

Erase mode: The word stored at the addressed location is erased. The data bits after erasing are all low-level. 

Accept address mode: Data presented at the I/O pin is shifted into the address registers one bit with each clock pulse. The 

address is designated by two one-of-ten-coded digits. 

Read mode: The addressed word is read from the memory into the data register. 

Shift data output mode: The output driver is enabled and the contents of the data register are shifted to the I/O pin one bit 
with each clock pulse. 

Write mode: The data contained in the data register is written into the location designated by the address registers. 

Accept data mode: The data register accepts serial data from the I/O pin one bit with each clock pulse. 
registers remain unchanged. 

• . MITSUBISHI 
;"ELECTRIC 
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MITSUBISHI LSls 

M58657P 

1400-BIT (100-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VGG Supply voltage 

VI Input voltage With respect to Vss 

Vo Output voltage 

Tstg Storage temperature 

Topr Operating temperatLire 

RECOMMENDED OPERATING CONDITIONS (Ta= -10-70"(;. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VGG-VSS Supply voltage -32.2 -35 -37.8 V 

VSS-VGNO Supply voltage 4.75 5 6 V 

VIH High-level input voltage Vss-l Vss+O.3 V 

VIL Low-level input voltage Vss-S.5 V ss-4.25 V 

Ratings Unit 

0.3- -40 V 

0.3- -20 V 

0.3- ~20 V 

-40-125 "(; 

-10-70 "(; 

Note 1: 
-The order of VSS VGG with on or off. 

With on, VGG is turned on after VSS is done. 
With off, VSS is turned off after VGG is done. 

+20% 
ELECTRICAL CHARACTERISTICS (Ta= -10-70"(;. VGG-Vss=-35V± 8%, VSS-VGNo=5V- 5 %. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

VIH High level input voltage Vss-1 Vss +0.3 

VIL Low-level input voltage Vss-S.S Vss-4.25 

IlL Low-level input current VI-VSS'= -6.5V ± 10 

IOZL Off-state output current, low-level voltage applied VO-VSS = -6.5V ± 10 

VOH High-level output voltage IOH = - 200J,iA Vss-l 

VOL Low-level output voltage IOL = 10J,iA VGND +0.5 

IGG Supply current from VGG lo=OJ,iA 5.5 8.8 

Note 2: Typical values are at Ta=25°C and nominal supply voltage. 

TIMING REQUIREMENTS (Ta= -10-70"(;, VGG-Vss= -35V± 8 %, VSS-VGNO= 5V :::2~~. unless otherwise noted) 

Alternative 
Symbol Parameter 

symbols 
Test conditions 

Min 

f (.p) Clock frequency f.p 10 

O(.p) Clock duty cycle O¢ 30 

tW(W) Write time tw 16 

tW(E) Erase time te 16 

tr, t f Risetime. fall time tr, tf, 

tsu(o-¢) Control setup. time before the fall of the clock pulse tcs 0 

th(¢-o) Control hold time after the rise of the clock pulse tCH 0 

SWITCHING CHARACTERISTICS (Ta= -10-70,,(;, VGG = -35V± 8 %. unless otherwise noted.) 

Symbol Parameter 

ta(o) Read access time 

ts Unpowered nonvolatile data retention time 

NEW Number of erase/write cycles 

NRA Number of read access unrefreshed 

tdv Data valid time 

Alternative Test conditions 
symbols 

tpw CL = 100pF 

Ts NEW= 104 , 

TS NEW= 105 , 

Nw 

NRA 

tpw 

• MITSUBISHI 
"ELECTRIC 

VOH =VSS -2V 

VOL = VGND + 1.5V 

tw(W)= 20ms 

tW(E)=20ms 

tw(W) =20ms 

tW(E) =20ms 

Min 

10 

1 

105 

109 

Limits 

Typ Max 

14 17 

50 55 

20 24 

20 24 

1 

Limits 

Typ Max 

20 

20 

Unit 

V 

V 

J,iA 

J,iA 

V 

V 

mA 

Unit 

kHz 

% 

ms 

ms 

J,iS 

ns 

ns 

Unit 

J,iS 

Year 

Times 

Times 

J,iS 

9-27 



MITSUBISHI LSls 

M58657P 

1400·BIT (100·WORD BY 14·BIT) ELECTRICALLY ALTERABLE ROM 

.TIMING DIAGRAM 

Accept Data Mode 

OlK 

I/O ~ ________________ _ U _________________ _ 
I 

Note 3: . The address is designated by two one-of-ten.-coded digits. The figure shows 
designation of the address 99. 

Read Mode 

OlK 

1 CLOCK CYCLE 

Write Mode 

OlK J1IlMMIUl 
01~.~ .. ~r-

:: l~E _t_:;(W) __ '~ 
Erase Mode 

OLK J1IlMMIUl 

02 1 
'" 

r-
I. 1'1 

.1 03 tW(E) 

9-28 

Shift Data Output Mode 

OlK 

01 

I/o 

ta(c) 

14 CLOCK CYCLES 

Accept Data Mode 

OlK JlfLJlJlJlflflIU1JlJ1JlfL 
01 ---,"------11~ 
e21 r-

"-------il~ 

03 ---,~ __ ~:~ 

I/O 

•. MITSUBISHI 
"ELECTRIC 

,:: 
14 CLOCK CYCLES 



MITSUBISHI LSls 

M58657P 

1400·BIT (100.WORD.BY 14.BIT) ELECTRICALLY ALTERABLE ROM 

The difinition of clock duty cycle, D {cf>} 

I I I 
I. IE T(L) 

:1 T(¢» 

Timing of data input and mode control inputs 
Mode control inputs, C1 , C2 , C3 and input signal my 
change, when clock is 'H' level. 

CLOCK 

INPUT 
(ADDRESS/DATA) 

Timing of data output 

CLOCK 

C1 

C2 

C3 

DATA 
(OUTPUT) 

tsu (o-¢» 

CONTROL LINES 
STABLE 

ADDRESS OR DATA 
STABLE 

The 1 st bit of output data is output after access time of 
talC) from the mode control transition. And other bits are 
output after ta(C). from positive edge of clock. 

O(¢»=T(L)/T(¢» 

H 

n 

t~ 

• MITSUBISHI 
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MITSUBISHI ,LSI. 

MS86S7P 

1400-BIT(100-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

Operating sequential flow 

9-30 

(a) Read Sequence (b) Erase/write Sequence 

STANDBY MODE (WITH CLOCK) STANDBY MODE (WITH CLOCK) 

ACCEPT ADDRESS MODE (20 CLOCKS) ACCEPT ADDRESS MODE (20 CLOCKS) 

STANDBY MODE (WITH CLOCK) 

STANDBY MODE (WITH CLOCK) 

SHIFT DATA OUT MODE (14 CLOCKS) 

STANDBY MODE (WITH CLOCK) 

• MITSUBISHI 
;"ELECTRIC 

STANDBY MODE (WITH CLOCK) 

ERASE MODE (tw(E» 

STANDBY MODE (WITH CLOCK) 

ACCEPT DATA MODE (14 CLOCKS) 

STANDBY MODE (WITH CLOCK) 

WRITE MODE (tw(W» 

STANDBY MODE (WITH CLOCK) 



MITSUBISHI LSI. 

M58658P 

320-BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

DESCRIPTION 
The M58658P is a serial input/output 320 bit electrically 
erasable and reprogrammable ROM organized as 20 words 
of 16 bits, and fabricated using MNOS technology. Data 

and addresses .are transferred serially via a one-bit bidirec

tional bus. 

PIN CONFIGURATION (TOP VIEW) 

(5V) Vss VM(NC) 

(-30V) VGG (OV)VGND 

FEATURES NC DATA INPUT; 

OUTPUT 

• Word-by-word electrically alterable 
• Non-volatile data storage .......... 10 years (min) 

cs NC 

• Write/erase time .............•.. 20ms word NC NC 

• Typical power supply voltages ....... -30V. +5V 

• Number of erase-write cycles ....... 105 times (min) 
CLOCK INPUT ClK_ -C3 I MODE CONTROL 

• Number of read access unrefreshed ... 109 times (min) 

• 5V I/O interface 

APPLICATION 
Non-volatile channel memories for electronic tuning 
systems and field-reprogrammable read-only memory 

systems 

FUNCTION 
The address is designated by two consecutive one-of-four 
coded digits. Eight modes-accept address, AD accept 
address, accept data, shift data output, erase, write, read, 
and standby-are all selected by a 3-bit code applied to Cl , 

C2 , and C3 • Data is stored by internal negative writing 
pulses that selectively tunnel charges into the Si0 2 -Si3N4 
interface of the gate insulators of the MNOS memory 
transistors. 

BLOCK DIAGRAM 

MEMORY 
TRANSISTOR 

ARRAY 
(lOO-WORD BY 

14-BiTl 

MODE CONTROL 
INPUT 

READ 

WRITE 

ERASE 

• MITSUBISHI 
.... ELECTRIC 

Cl- -Cz 
INPUTS 

Outline 14P4 NC: NO CONNECTION 

-~ 

1 Vss(SV) 

2 VGG( -30V) 

: ~~} MODE CONTROL INPUTS 

9 C3 . 

4 CS CHIP SELECT 

6 ClK CLOCK INPUT 
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MITSUBISHI LSI. 

MS8658P 

320·BIT (20·WORD BY 16.BIT) ELECTRICALLY ALTERABLE ROM 

PIN DESCRIPTION 
Pin Name Functions 

In the accept address AD accept address and accept data modes. used for input. 

I/O I/O In the shift· data output mode. used for output. 
In the standby. read. erase and write modes. this pin is in a floating state. 

VM Test Used for testing purposes only. It should be left unconnected during normal operation. 

VSS Chip substrate IIOltage Normally connected to+5V. 

VGG Power supply voltage Normally connected to -30V. 

OLK Clock input Required for all operating modes. when CS is low. 

01-03 Mode control input Used to select the operation mode 

VGND Ground voltage Connected to ground (OV) 

OS Chip select Used for chip selection in "L" 

OPERATION MODES 

01 02 03 Functions 

H H H 
Standby mode The contents of the address registers and the data register remain unchanged The output buffer is held 

in the floating state 

Additional data (AD) accept address: Data presented at the I/O pin is shifted into the AD address registers one bit 
H H L with each clock pulse. The address is designated by two one·of·four coded digits. 4-word address is assigned in this 

mode. 

H L H Erase mode The word stored at the addressed location is erased. The data bits after erasing are all low-level 

H L L 
Accept address mode: Data presented at the I/O pin is shifted into the address registers one bit with each clock pulse. The 

address is designated by two one-of-four-coded digits. l6-word address is assigned in this mode. 

L H H Read mode: The addressed word is read from the memory into the data register 

L H L 
Shift data output mode: The output driver is enabled and the contents of the data register are shifted to the I/O pin one bit 
wilh each clock pulse. 

L L H Write mode: The data contained in the data register is written into the location designated by the address registers. 

L L L 
Accept data mode: The data register accepts serial data from the I/O pin one bit with each clock pulse. The address 

registers remain unchanged. 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VGG Supply voltage 

V, Input voltage With respect to V SS 

Vo Output voltage 

Tstg Storage temperature 

Topr Operating temperature 

RECOMMENDED OPERATING CONDITIONS (Ta= -10-70'C. unless otherwise noted) 

Symbol Parameter 

VGG-VSS Supply voltage 

VSS-VGND Supply voltage 

VIH High·level input voltage 

V,L Low· level input voltage 

9-32 

Limits 

Min Nom Max 

-32.2 -35 -37.8 

4.75 5 6 

Vss-1 Vss+D.3 

VSS·S.S VSS·4.2S 

• MITSUBISHI 
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Unit 

V 

V 

V 

V 

Ratings Unit 

0.3--40 V 

0.3--20 V 

0.3--20 V 

-40-125 'C 

-10-70 'C 



MITSUBISHI LSls 

M58658P 

320-BIT (20-WORD BY IS-BIT) ELECT'RICALLY ALTERABLE ROM 

+20% 
ELECTRICAL CHARACTERISTICS (Ta = -10-70"C. VGG-Vss= -35V± 8 %, VSS-VGND=5V- 5 %. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

VIH High-level input voltage Vss-l Vss+0.3 

VIL low-level input voltage Vss-S.5 Vss-4.25 

IlL low-level input current ClK, Cl, C2, C3, I/O VI- VSS=-6.5V -10 +10 

RI Input pull-up resistance, ES 30 

IOZL Off-state output current, low-level voltage applied VO-Vss = -6.5V -10 +10 

VOH High-level output voltage IOH = - 200/-LA VSS-l 

VOL low-level output voltage IOL= lO/-LA VGNo+O.5 

IGG Supply current from VGG lo=O/-LA 5.5 8.8 

Notel: Typical values are at Ta = 25°C and VGG-VSS = -35V. 

+20% 
TIMING REQUIREMENTS (Ta= - 10-70"C VGG-Vss= -35V± 8 % VSS-VGND= 5V - 5 %. unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

TL(.p) Negative clock pulse width 30 

TH(.p) Positive clock pulse width 33 

T(.p) Clock period 

tw Write time 16 

tE Erase time 16 

t r , tf Risetime, fall time 

tsu Control setup time before the fall of the clock pulse 1 

th Control hold time after the rise of the clock pulse 0 

tss Clock control setup time before the fall of CS 1 

ths Clock control hold time after the rise of CS 1 

SWITCHING CHARACTERISTICS (Ta = - 10- 70"C. VGG = - 35V + 8 %. unless otherwise noted) -

Symbol Parameter 

ta(e) Read access time 

ts Unpowered nonvolatile data retention time 

NEW Number of erase/write cycles 

NRA Number of read access unrefreshed 

tdv Data valid time 

Alternative Test conditions 
symbols 

tpw CL = 100pF 
VOH=VSS-2V 

VOL = VGNO + 1.5V 

TS NEW= 104 • 
tw(W)= 20ms 

tW(E)=20ms 

Ts NEW= 105 . 
tw(W) =20ms 

tW(E) =20ms 

Nw 

NRA 

tpw 

• MITSUBISHI 
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Min 

10 

1 

105 

109 

Limits 

Typ Max 

300 

20 24 

20 24 

1 

Limits 

Typ Max 

20 

20 

Unit 

V 

V 

/-LA 

kQ 

/-LA 

V 

V 

mA 

Unit 

/-LS 

/-LS 

/-LS 

ms 

ms 

/-LS 

/-LS 

/-LS 

/-Ls 

/-LS 

Unit 

/-LS 

Year 

Times 

Times 

/-LS 
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MITSUBISHI LSI. 

M58658P 

320 .. BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

TIMING DIAGRAM 

Accept Address Mode (8 clocks) cs L 

H 
CLOCK 

Cl 

C2 

C3 

I/O 

L 

H 

L 

H 
L 

H 
L 

H 

L 

, 
I ~--------------------------------~----~~ 

~----------------------------------~~ I 
----LJ LJ 

I A30 I A20 I AlO I Aoo I A3 I A2 I Al Ao I 
IE MOST SIGNIFICANT DIGIT ~IE: LEAST SIGNIFICANT DIGIT ~I 

Note 2: The addresses from A •• to A" are designated by two one-of-four coded digits. The above figure shows 
designation of address A;, (decimal address 15), 

AD Accept Address Mode (8 clocks) CS L 

9-34 

CLOCK H 
L 

C2 

I/O 

H 
L 

H 
L 

H I L ~----------------------------------------~~ 
H 

L LJ 
I A3 I A2 I Al Ao 

MOST SIGNIFICANT DIGIT LEAST SIGNIFICANT DIGIT 

Note 3: In the AD accept address mode. the higher four are set high. and the lower four digits are designated 
by one of the four coded digits. This address mode allows designation of addresses from A. to A,. 
Each address has a 16 bits. The above figure shows designation of address A,. 

. • MITSUBISHI 
"ELECTRIC 



MITSUBISHI LSls 

M58658P 

320-BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

,Erase Mode cs : L 

H ~1.suul CLOCK 
L 

H n CI 
L 

H I I C2 L ~~ 
H l~ C3 L 

IE ~I TE 

Write Mode cs : L 

H ~1.suul CLOCK L 

CI 
H 
L I ~~ I 

C2 
H I I L U 

.H It C3 

IE ~I L Tw 

Read Mode (1 clock) cs : L 

H 

IUlSlJ CLOCK 
L 

CI 
H 

~ L 

H C2 
L 

H C3 L 

Accept Data (1 6 clocks) 

H 
CLOCK 

L 

CI 
H I L 

C2 
H 

I L 

C3 H 

I L 

I/O H 

I L 

IE 

cs : L 

~l 

n 

{~ 

: 
16 CLOCK CYCLE 

• MITSUBISHI 
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r-
r-
r-
I 

~I 
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MITSUBISHI LSI_ 

MS8658P 

320-BIT(20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE: ROM 

Shift Data Output Mode (16 clocks) CS : L 

I 1 I 2 I 3 I 4 1------1 11 12 I 13 I 14 I 15 I 16 I 
CLOCK 

H 
L 

Cl H 
L 

C2 
H 
L 

C3 
H 
L 

!---+---:;.. ____ -i~-------------'r-

I I 
~+_--------~r-----~--------~r-

I/O 
L 

ta 

Timing of clock, C1 , C2 , C3 , and data input 

H 
CLOCK 

L 

Cl-C3 H 
AND DATA 

INPUT L 

Note 4: C, - C3' and accept data (AD accept data) are interchnageable while the clock is set high, 

Timing of clock, C1 , C2 , C3 , and data input 
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CLOCK 
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L 

H 

L 

SHIFT DATA 
OUTPUT 
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SHIFT DATA OUTPUT MODE 
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M58658P 

320-BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

Operation flowchart 

CS 

ClK 

I/O 

CS 

ClK 

I/O 

Rewriting flowchart 

(ij/lJ/~ I 
11IZZ!l/j1 .... __ S_T_AN_D_B_Y_--'X'-_;.;...(A;.:;..~C...:....~;.:;..~C;:;.;;P~~~~I,;...D;..;;lh;;..;;RD;..;..E~;.;;;.~S.;;.;;S~) --'~~~ 

II 

STANDBY STANDBY 

•• 'os ( ADDR{SSDATA ) S~ 

STANDBY 

Note 5: One or more clock are required for standby between modes. 
6: Set CS to the low level after the lapse of tss and elK has been set high and C, - C3 have been set to 

the standby mode. 
7: Keep ClK to the high level and C, - C3 to "standby" from the time when Cs is set high to the lapse 

of ths. 

Read Flowchart 

CS 

ClK 

I/O 

cs 

ClK 

Cl-C3 

I/O 

2//IJ1J14 LfU1Slf 
0I~;jf~~~ STANDBY 

((. 

.11. 'os 

x ACCEPT ADDRESS 
(AD ACCEPT ADDRESS) , 

< ADDREdi DATA 

I 

I 

I 

JlSU P''S':,~~ 

=x STANDBY ~\\\\~~ 

~ 
. 1 / . ths 

• MITSUBISHI 
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STANDBY 

SHIFT DATA OUTPUTf-

STANDBY·'--------Ir--

} >-------« DATA OUTPUT ~ 
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M58658P 

320-BIT (20-WORD BY IS-BIT) ELECTRICALLY ALTERABLE ROM 

Power-on/off Conditions 
With power-on, VGG is applied after Vss has been applied. 
With power·off, Vss is cut after VGG has been cut. For 
power-on and off, hold CS in Vss or floating state. The re
commended timing chart for power-on and off is as follows. 

,. t 

~I ~~~~-----~----------------------------------------------------------------------~~---------------------------------------------~------r~-. ;: 
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M58659P 

512-BIT(32-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
. The M58659P is a serial input/output 512 bit electrically 

erasable and reprogrammable ROM organized as 32 words 
of 16 bits, and fabricated using MNOS technology. Data 

and addresses are transferred serially via a one-bit bidirec

tional bus. 

FEATURES 
• Word-by-word electrically alterable 
• Non-volatile data storage .......... 10 years (min) 

• Write/erase time ................ 20ms word 

(5V) 

(-30V) 

Vss VM(NC) 

VGG (ov) VGND 

NC DATA INPUT! 

OUTPUT 

cs NC 

NC NC 

• Typical power supply voltages ....... -30V, +5V 

• Number of erase-write cycles ....... 105 times (min) 
CLOCK INPUT ClK_ +- C3 f MODE CONTROL 

• Number of read access unrefreshed ... 109 times (min) 

• 5V I/O interface 

APPLICATION 
Non-volatile channel memories for electronic tuning 
systems and field-reprogrammable read-only memory 

systems 

FUNCTION 
The address is designated by one-of-four and one-of-eight 

coded digits. Seven modes-accept address, accept data, 

shift data output, erase, write, read, and standby-are 

all selected by a 3-bit code applied to Cl , C2 , and C3 . Data 

is stored by internal negative writing pulses that selec

tively tunnel charges into the Si0 2-Si 3N, interface of the 

gate insulators of the MNOS memory transistors. 

BLOCK DIAGRAM 

MEMORY 
TRANSISTOR 

ARRAY 
(32-WORD BY 

16-BITI 

MODE CONTROL 
INPUT 

READ 

WRITE 

ERASE 

• ·MITSUBISHI 
.... ELECTRIC 

CI- --Cz 

Outline 14P4 

.~ 

I Vss(5V) 

VGG( -30V) 

cs CHIP SELECT 

6 ClK CLOCK INPUT 

INPUTS 

NC: NO CONNECTION 
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MS8659P 

512-BIT(3.2-WORDBY IS-BIT) ELECTRICALLY ALTERABLE ROM 

PIN DESCRIPTION 

Pin Name Functions 

In the accept address and accept data modes, used for input. 

I/O I/O In the shift d;;lta output mode. used for output. 
h) the standby. read. erase and write modes. this pin is in a floating state 

VM Test Used for testing purposes only It should be left unconnected during normal operation 

VSS Chip substrate IIOltage Normally connected to+5V 

VOO Power supply voltage Normally connected to -30V 

CLK Clock input Required for all operating modes, when CS is low. 

CI-C3 Mode control inpul Used to select the operation mode 

YOND Ground voltage Connected to ground (OV) 

CS Chip select Used for chip selection in "L" 

OPERATION MODES 

Cl C2 C3 Functions 

H H H 
Standby mode· The contents of the address registers and the data register remain unchanged The output buffer is h.eld 

In the floating state 

H H L Not used 

H L H Erase mode: The word stored at the addressed location is erased The data bits after erasing are all low-level 

H L L 
Accept address mode: Data presented at the I/O pin is shifted into the address registers one bit with each clock pulse The 

address is designated by one-of-four and one-of-eight-coded digits. 32-VIiord address is assigned in this mode. 

L H H Read mode: The addressed word is read from the memory into the data register 

L H L 
Shift data output mode: The output driver is enabled and the contents of the data register are shifted to the I/O pin one bit" 

with each clock pulse. 

L L H Wrote mode: The data contained in the data register is written into the location designated by the address registers 

L L L 
Accept data mode: The data register accepts serial data from the I/O pin one bit with each clock pulse The address 

registers remain unchanged. 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VOO Supply voltage 

VI I nput voltage With respect to Vss 

Vo Output voltage 

Tstg Storage temperature 

Topr Operating temperature 

RECOMMENDED OPERATING CONDITIONS (Ta = - 10-10"C unless otherwise noted) 

Symbol Parameter 

VOo-VSS Supply voltage 

VSS-VOND Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

9-40 

Limits 

Min Nom Max 

- 32.2 - 35 -;- 31. 8 

4.15 5 6 

Vss-l Vss+0.3 

VS5-6.5 V 5s-4. 25 

•.. .. MITSUBISHI 
"ELECTRIC 

Unit 

V 

V 

V 

V 

Ratings Unit 

0.3 -:- 40 V 

0.3-- 20 V 

0.3 --20 V 

-40-125 "C 

-10-10 "C 
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M58659P 

512-BIT(32-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

+20% 
ELECTRICAL CHARACTERISTICS (Ta = -10 -70"C VOO-VSS = -35V + 8 %, VSS-VOND =5V - 5 % unless otherwise noted) -

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

V,H High-level input voltage Vss -1 Vss +0.3 

V,L low-level input voltage Vss-6.5 Vss-4.25 

I,L low-level input current ClK. C1, C2, C3. I/O V, - V ss = - 6 _ 5 V . -10 +10 

R, Input pull-up resistance, CS 30 

IOZL Off-state output current, low-level voltage applied VO-Vss=-6.5V -10 +10 

VOH High-level output voltage IOH =: - 200,u A Vss -1 

VOL low-level output voltage IOL =80JLA VGND +0.5 

100 Supply current from VGG lo=O,uA 5.5 8.8 

Note1: Typical values are at Ta; 25°C and VGG-VSS; -35V. 

+20% 
TIMING REQUIREMENTS (Ta= - 10 - 70"C. VOo-Vss= -35V+ 8 %, VSS-VOND= 5V - 5 % unless otherwise noted) -

Symbol Parameter Test conditions 
Min 

TL(<,6) Negative clock pulse width 30 

TH(ql) Positive clock pulse width 33 

T(ql) Clock period 

tw Write time 16 

tE Erase time 16 
. 

t r , tf Risetime. fall time 

tsu Control setup time before the fall of the clock pulse 1 

th Control hold time after the rise of the clock pulse 0 

tss Clock control setup time before the fall of CS 1 

ths Clock control hold time after the rise of CS 1 

SWITCHING CHARACTERISTICS (Ta = -10-70"C Voo = -35V+ 8 %. unless otherwise noted) -

Symbol Parameter 

ta(c) Read access time 

t5 Unpowered nonvolatile data retention time 

NEW Number of erase/write cycles 

NRA Number of read access unrefreshed 

tdv Data valid time 

Alternative Test conditions 
symbols 

tpw CL = 100pF 
VOH =VSS - 2V 

VOL = V GND + 1. 5 V 

TS NEW= 104 , 
tw(w)=20ms 

tw (E) =20 ms 

TS NEW= 105 , 
tw(W) =20ms 

tW(E) =20ms 

Nw 

NRA 

tpw 

• MITSUBISHI 
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Min 

10 

1 

105 

109 

limits 

Typ Max 

300 

20 24 

20 24 

1 

limits 

Typ Max 

20 

20 

Unit 

V 

V 

ILA 

kQ 

JLA 

V 

V 

mA 

Unit 

JLS 

JLS 

JLS 

ms 

ms 

,us 

,us 

f.J,S 

ILS 

,us 

Unit 

ILS 

Year 

Times 

Times 

'ILS 
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512-BIT(32.WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

TIMING DIAGRAM 
Accept Address Mode (12 clocks) CS : L 

H --
CLOCK 

L ---

CI 
H ---

L ---

C2 
H ---

L ---

C3 
H 

L 

I/O 
H ---
L ---

9-42 

I 
I 
----LJ .-------_ ....... _--------------LJ 

A'JIJ I ~o I A10 I Aoo A7 I Ao 

MOST SIGNIFICANT DIGIT LEAST SIGNIFICANT DIGIT 

Note 2: The addresses from Aoo to A37 are designated by one-of-four and one-of-eight 

coded digits. The above figure shows designation of address A37 

-• MITSUBISHI 
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M58659P 

512-BIT(32-·WORD'BY IS-BIT) ELECTRICALLY ALTERABLE ROM 

Erase Mode CS : L 

H rLIl.Slf1.suul CLOCK L 

CI 
H n 
L 

H I I C2 
L ~~ 
H ~~ C3 L 

IE ~I TE 

Write Mode CS : L 

H rLIl.Slf1.suul CLOCK L 

CI 
H 
L I ~l I 

C2 
H I I L ~l 
H n C3 

IE ~I L Tw 

Read Mode (1 ciock) CS : L 

H 

ILfULJ CLOCK L 

Cl 
H 

~ L 

H C2 
L 

H C3 L 

Accept Data (1 6 clocks) 

H 
CLOCK 

L 

CI 
H I L 

C2 
H 

I L 

C3 H I L 

I/O H 

I L 

IE 

cs : L 

U 

n 

R 

: 
16CLOCK CYCLE 

• MITSUBISHI 
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I 

I 
~I 
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512-BIT(32-WORD BY 1:6-BIT) ELECTRICALLY ALTERABLE ROM, 

Shift Data Output Mode (16 clocks) CS : L 

I 1 I 2 I 3 I 4 1------1 11, I 12 I 13 I 14 I 151 16 I 
CLOCK 

H 

L 

Cl 
H 
L 

C2 
H 
L 

C3 
H 

L 

I/O 
L 

Timing of clock, C1 , C2 , C3 , and data input 

H 
CLOCK 

L 

H 

AND DATA 
INPUT L 

Note 3 C, - C, and accept data are i~terchnageablewhile the clock is set high. 

Timing of clock, C1 , C2 , C3 , and data input 
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H 
CLOCK ~ \ / L 

H 
Cl~'C3 

SHIFT DATA OUTPUT MODE 

L 

1 BIT 
SHIFT DATA --------if--. OUTPUT 

-----------------4-J 
ta --il*---II~ta 
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FIXED DATA AND MODE 
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2 BITS 
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M58659P 

512-BIT(32-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

Operation flowchart 

Rewriting flowchart 

CS 

ClK 

IjflllllJ1L.. __ ST_A_N_DB_Y_--IX,-__ AC_C_E_P~I:I-A_D_DR_E_SS_--'~~~ 

I I 
STANDBY STANDBY 

., 'S" ( ADDR~SDATA ) S2>-I/O 

CS 

ClK sLr 
Cl-C3 ~~E 

STANDBY 

STANDBY 

I/O 

Note 4: One or more clock are required for standby between modes. 
5: Set CS to the low level after the lapse of tss and ClK has been set high and C, - C3 have been set to 

the standby mode. 
6 Keep ClK to the high level and C, - C3 to "standby" from the time when CS is set high to the lapse 

of ths. 

Read Flowchart 

cs I 
ClK LflIlJlY m$$ft~ I If 

Cl-C3 !J21@~ STANDBY X ACCEPT ADDRESS 
JI 

.1 IE,S" 

~ SHIFT DATA OUTPuft 

'-----~~---STANDBY STANDBY r 

I/O 

cs I 

I ClK JLJU 
Cl-C3 =x STANDBY 

I/O ~ .1 

( ADDREJ~ DATA , ------~~----~)~------~( 

P\\G~ 
K~~\l.~\ 
I 
~E ths 

• -' MITSUBISHI 
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DATA OUTPUT := 
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, 512-BIT(32-WORD BY 16-BIT) E~Ef:TRICALLY ALTERABLE ROM 

Power-on/off Conditions 
With power-on, VGG is applied after Vss has been applied. 
With power-off, Vss is cut after VGG has been cut. For 
power-on and off, hold CS in Vss or floating state. The re
commended timing chart for power-on and off is as follows. 

>t 5L 
I~I oL ~ II t 

~I ~~~~--~----------------------------\r-------------------~--~~-. (/J 

> 
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~~ U U MOO-BIT (10~WORD BY ~Bm ELECTRI:~:T~::: 
DESCRIPTION 
The M5G1400P is a serial input/output 1400-bit electri
cally erasable and reprogrammable ROM organized as 100 
words of 14 bits, and fabricated using MNOS technology. 
Data and addresses are transferred serially via a one-bit 
bidirectional bus. 

FEATURES 
• Word-by-word electrically alterable 
• Non-volatile data storage: •••••.••.•••••••• 10 years (min) 
• Write/erase time: ............................. 20ms/word 

• Single 35V power supply 
• Number of erase-write cycles: ............ 105 times (min) 

• Number of read access unrefreshed:····109 times (min) 
• Interchangeable with Gl's ER1400 in pin configuration 

and electrical characteristics 

APPLICATION 
Non-volatile channel memories for electronic tuning 
systems and field-reprogrammable read-only memory 
systems 

FUNCTION 
The address is designated by two consecutive one-of-ten
coded digits. Seven modes-accept address, accept data, 
shift data output, erase, write, read, and standby-are 
all selected by a 3-bit code applied to C1, C2 , and C3 • Data 

is stored by internal negative writing pulses that selec
tively tunnel charges into the Si02-Si3N4 interface of the 

gate insulators of the MNOS memory transistors. 

BLOCK DIAGRAM 

MEMORY 
TRANSISTOR 

ARRAY 
(100-WORD BY 

14-BIT) 

PIN CONFIGURATION (TOP VIEW) 

(OV) Vss VM(NC) 

( -35V) VGG NC 

NC DATA INPUTj 
OUTPUT 

NC NC 

NC NC 

CLOCI< INPUT CLK_ -C3 I MODE CONTRO 

MODE CONTROL Cl- -C2 
j INPUTS 

INPUT 

Outline 14P4 NC: NO CONNECTION 

--: 
1 Vss(OV) 

C
l

} C2 MODE CONTROL INPUTS 

C3 . 

READ 

WRITE 

ERASE 

6 CLK CLOCK INPUT 

_J 

•. MITSUBISHI 
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MSGI400P 

1400·BIT (IOO.WORD BY 14.BIT) ELECTRICALLY ALTERABLE ROM 

PIN DESCRIPTION 
Pin Name 

I/O I/O 

VM Test 

VSS Chip substrate voltage 

VOO Power s.upply voltage 

OLK Clock input 

01-03 Mode control input 

OPERATION MODES 

01 02 03 

H H H 

H H L 

H L H 

H L L 

L H H 

L H L 

L L H 

L L L 

9-48 

Functions 

In the accept address and accept data modes. used for input. 
In the shift data output mode. used for output. 
In the standby. read. erase and write modes. this pin is in a floating state. 

Used for testing purposes only. It should be left unconnected during normal operation. 

Normally connected to ground. 

Normally connected to -35V. 

14kHz timing reference. Required for all operating modes. High-level input is possible during standby mode. 

Used to select the operation mode. 

Functions 

Standby mode: The contents of the address registers and the data register remain unchanged. The output buffer is held 
in the floating state. 

Not used. 

Erase mode: The word stored at the addressed location is erased. The data bits after erasing are all low-level. 

Accept address mode: Data presented at the I/O pin is shifted into the address registers one bit with each clock pulse. The 
address is designated by two one-of-ten-coded digi~s. 

Read mode: The addressed word is read from the memory into the data register. 

Shift data output mode: The output driver is enabled and the contents of the data register are shifted to the I/O pin one bit 
with each clock pulse. 

Write mode: The data contained in the data register is written into the location designated by the address registers. 

Accept data mode: The data register accepts serial data from the I/O pin one bit with each clock pulse. 
registers remain unchanged. 

• 'MITSUBISHI 
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MSG 1400P 

1400-BIT (100-WORD BY l4-BIT) ELECTRICALLY ,ALTERABLE ROM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VGO Supply voltage 

VI Input voltage With respect to Vss 

Vo Output voltage 

Tstg Storage temperature 

Topr Operating temperature 

RECOMMENDED OPERATING CONDITIONS (Ta=-10-70"C unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VGO Supply voltage -32.2 -35 -37.8 V 

VSS Supply voltage (GND) 0 V 

VIH High-level input voltage VSS-l VsS+0.3 V 

VIL Low-level input voltage Vss-15 Vss-B V 

Ratings Unit 

0.3- -40 V. 

0.3--20 V 

0.3--20 V 

-65-150 "C 

-10-70 "C 

Note 1: 
The order of Vss VGG with on or off. 
With on. VGG is turned on after Vss is done. 
With off. Vss is turned off after VGG is done. 

ELECTRICAL CHARACTERISTICS (Ta=-10-70"C. Voo=-35V± 8 %. unless otherwise noted.) 

Symbol Parameter Test conditions 
Min 

VIH High-level input voltage Vss-l 

VIL Low-level input voltage Vss-15 

IlL Low-level input current VI=-15V 

IOZL Oft-state output current. low-level voltage applied VO=-15V 

VOH High-level output voltage IOH =-200.uA VSS-l 

VOL Low-level output voltage IOL= 10J.LA 

IGO Supply current from VOO IO=O.uA 

Note 2: Typical values are at Ta=25°C and nominal supply Voltage. 

TIMING REQUIREMENTS (Ta=-10-70"C. Voo=-35V+ 8 %. unless otherwise noted.) -

Alternative 
Symbol Parameter 

symbols 
Test conditions 

Min 

f(¢» Clock frequency fel> 11.2 

DC¢»~ Clock duty cycle o¢ 30 

tw(W) Write time tw 16 

tW(E) Erase time te 16 

tr. tf Risetime. falltime tr. tf 

tsu(o- ¢» Control setup time before the fall of the clock pulse tos 0 

th(¢>-O) Control hold time after the rise of the clock pulse tOH 0 

SWITCHING CHARACTERISTICS (Ta=-10-70"C. Voo=-35V+ 8 %. unless otherwise noted.) -

Symbol Parameter 

taCo) Read access time 

ts Unpowered nonvolatile data retention time 

NEW Number of erase/write cycles 

NRA Number of read access unrefreshed 

tdv Data valid time 

Alternative Test conditions 
symbols 

tpw CL =100pF 

Ts NEW= 104 • 

Ts NEW= 105 • 

Nw 

NRA 

tpw 

• MITSUBISHI 
.... ELECTRIC 

VOH=Vss-2V 

VOL=Vss-8V 

tw(w)=20ms 

tw (E)=20ms 

tw(W) =20ms 

tw (E) =20 ms 

Min 

10 

1 

10 5 

10 9 

Limits 
Unit 

Typ Max 

Vss +0.3 V 

VSS-B V 

±10 J.LA 

±10 J.LA 

V 

VSS-12 V 

5.5 8.8 mA 

Limits 
Unit 

Typ Max 

14 16.8 kHz 

50 55 % 

20 24 ms 

20 24 ms 

1 .us 

ns 

ns 

Limits 
Unit 

Typ Max 

20 J.LS 

Year 

Times 

Times 

20 J.LS 
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MSG 1400P 

1400·BIT (IOO·WORD BY 14.BIT) ELECTRICALLY ALTERABLE ROM 

TIMING DIAGRAM 
Accept Data Mode 

ClK 

I/O LJ _________________ U _______ . __________ _ 

Note 3' The address is designated by two one-of-ten-coded digits. The figure shows 
designation of the address 99. 

Read Mode 

C lK JlJU1JlJLJlJlJ1 
I I 

Cl~~------------

1 CLOCK CYCLE 

Write Mode 

ClK JlJlJlJ4JUlflJl 
C'~l I 
C2 ~)-l _---'I 
e, .1. ,!'W) .1 

Erase Mode 

ClK~MJlfL 

C21------,~I--~1 

e, I. '~'E) .1 

9-50 

Shift Data Output Mode 

14 CLOCK CYCLES 

Accept Data Mode 

0, I_-:---___ ,i/I/ _ __ ----1,--
C21 I.' I 
0~1~ ____________ ~1~ 
I/O I :;1 

IE 
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64K, 256K-BIT DYNAMIC RAM 

APPLICATION OF 64K-BIT DYNAMIC RAM 
Technology 
Since the introduction of the 1 K RAM in 1970, the devel
opment of dynamic RAM devices has progressed at a rate 
which has seen capa~ities multiplied by four in approxi
mately two years, the latest stage of development being the 
64K RAM. 

Today's modern RAM devices take the user into con
sideration, and 64K dynamic RAMs which operate off a 
single SV power supply are common. 

We will describe here the new technology which made 
possible the development of a highly integrated, high
performance 64K RAM which operates from a single 5V 
supply. 

1. Cell Structure and Process Technology 
The MSK4164AP 64K RAM makes use of the same two
level n-channel polysilicon gate process and one-transistor 
cell structure used in the triple power· supply 16K RAM 
(MSK4116P/S) which has been used in large quantities. 

To "achieve a high-density RAM, the masks are manu
factured using electron beam technology. 

In addition, the geometries on several critical levels of 
the MSK4164AP are 2.S '" 3.0pm, necessitating the use of 
positive photo-resist (for resolution and delineation con
troll as well as dry-plasma processing at these critical levels. 

Fig. 1.1 shows the cross-section of the cell structure with 
Table 1.1 summarizing a comparison of the basic para
meters of the device with the 16K RAM. 

SiO, 
POLY Si 2 

r-----------------l.--
p+ 

I .. Hi-C REGION ~I 
P-TYPE SUBSTRATE 

Fig. 1.1 Hi-C structure memory cell cross-section 

Table 1.1 Main parameters 

Parameter 16K RAM 64K RAM 
Memory cell area 350 p m2 143pm2 

Chip area 16.3mm2 23. 9 p m2 

Available channel length 4 p m 2pm 
Gate oxide film 850A 400A 
Diffusion layer depth 1. Opm O.4 p m 
Diffusion'layer width 4.0pm 2.5pm 
Aluminum width 4.0 p m 3.0pm 

(MSK4164AP/MSK4164ANP) 

2. Substrate Bias Circuit 
In order to facilitate the operation from a single SV supply, 
the MSK4164AP makes use of an on-chip substrate bias 
circuit. This bias circuit consists of a ring oscillator, driver 
circuit, charge pump circuit, and decoupling capacitors. 
The circuit supplies a bias to the substrate of approximately 
-3.SV for Vee = SV (Refer to Fig. 1.2) 

The substrate bias circuit has the following functions. 
1) It prevents destruction of storage data and disturbance 

of bipolar transistor operation caused by input under
shoot which causes an injection of electrons from the 
input terminals to the substrate. 

2) A reduction in the capacitance of the pn junction 
formed by the substrate and internal circuit nodes 
enables an increase in circuit operation speed. 

3) The transistor threshold voltage (VTH) modulation due 
to a bias substrate is reduced, resulting in increased 
circuit operating speed and stability. 
As shown in Fig. 1.3, the substrate bias for high values 

of Vee is lower than for the standby mode due to the 
effect of increased impact ionization current. Adequate 
margin, however, is maintained against a value of VIL min 
of -2V. 

CHARG E PUMP CI RCU IT 

I---i 
, rbl j _~ SUBSTRATE 

DRIVER . " ~ BIAS 

~ 'r DECOUPLING t~ ___ J CAPACITOR 

Fig. 1.2 Substrate bias circuit 

-7 

2 
co -6 
co 
> 
(/) -5 
« 
iii -4 w 
f--« 
a: -3 
f--
(/) 
co 
:::J -2 (/) 

-1 

0 
0 2 3 6 7 8 9 

SUPPLY VOLTAGE Vee (V) 

Fig. 1.3 Substrate bias vs supply voltage 
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3. Reduced Power Consumption and Noise 
For operation from a 5V supply, it is necessary to reduce 
the transistor threshold voltage, VTH. This, however, invites 
error operation due to noise. For this reason, circuits 
required to operate from low voltages only make use of 
transistors with a low VTH, while those requiring noise 
immunity are implemented with transistors having a high 
value of VTH' This scheme insures stable operation. 

To lower the peak cin:uit current, a significant problem 
in memory system design, and provide for high-speed opera
tion, the ratioless driver circuit shown in Fig. 1.4 was used. 

With this circuit, the current flowing in transistors 0 1 

and O2 for changes in the output waveform is practically 
zero. Fig. 1.5 shows the peak current waveforms. The figure 
shows that the peak currents are kept less than 100mA 
irrespective of transition on RAS and CAS. 

--~----~--~--T-----~----Vcc 

~D 

Fig. 1.4 Driver circuit 

(MSK4164AP/MSK4164ANP) 

POWER SUPPLY CURRENT VS 
TIME MANUFACTURER 

Vcc=5. 5V, Ta=25°C 

RAS 

CAS 

60 

40 
Icc (rnA) 

20 

0 

60 

Icc (rnA) 40 

20 

o 

TIME t 50ns/DIVISION 

TIME t 50ns/DIVISION 

Fig. 1.5 Peak current waveforms 
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4. Soft Error Reduction 
Reduction pattern sizes and lower supply voltages for 64K 
RAM devices which result in smaller storage charges also 
result in a higher susceptibility to alpha particles causing 
soft errors. 

These soft errors are caused by alpha particles from 
minute amounts (ppm order) of uranium and thorium 
which are present in the IC package and decay. These 
particles cause the formation of electron-hole pairs in the 
substrate which collect on the surface and can destroy data. 

All floating nodes of dynamic circuits are susceptible 
to such radiation-induced errors and for RAM operation, 
errors can occur when such phenomena occur in the 
memory cells and bit lines (including the sense amplifier). 

To prevent such soft errors, three approaches are pos
sible. 
1) Increase the stored charge in the memory cells. 
2) Increase the sense amplifier sensitivity and the bit line 

signal level. 
3) Prevent alpha particles from reaching the chip circuits. 

As described below, the M5K4164AP makes use of these 
techniques to reduce the effects of alpha radiation. 

(1) Bootstrapped W~rd Line Voltage 
Designs of 64K dynamic RAM devices which must operate 
on 5V supplies must strive to write data into memory with 
the voltage Vee as well as increase the charge stored in the 
memory cell~ in order to reduce the effects of soft' errors. 
This in effect means raising the word line voltage to above 
the value of Vee + VTH for write and read operations. 

Previously, this increase in voltage was accomplished by 
means of the coupling capacitance between the word line 
and the delay circuit. However, the increased capacitance 
resulted in a slow risetime of the word line voltage to Vee, 
as well as increased power consumption. To eliminate these 
problems a circuit design such as that shown in Fig. 1.6 is 
used. The transistor O2 is kept off until the word line 
voltage reaches Vee. This has the word line charge capa
city. C2 is then charged by means of transistor 0 3 after 
which O2 is turned on to connect the word line and C2 • 

The use of this circuit enables increase of the word line 
voltage without sacrificing operating speed and power 
consumption, thereby cutting soft error rates by 90%. 

(2) High-Capacity (Hi-C) Memory Cell 
The increase of memory cell stored charge requires an 
increase in the memory cell capacitance Cs. Limited chip 
area, however, places restrictions on the size of the memory 
cell itself. For this reason the Hi-C structure shown in Fig. 
1.1 was used. This cell structure makes use of the normal 
silicon oxide layer and the P+ and n+ junction capacitance. 
The process for Hi-C memory cell structure requires two 
additional ion implantation steps and involves the risk of 
deterioration of the refresh time, an important charac
teristic of a dynamic RAM device. By selecting the ion 

- (MSK4164AP/MSK4164ANP) 

implantation level properly, the junction capacitance can 
be increased without deterioration in the refresh time 
characteristic. For Hi-C structured cells, a portion of the 
minority carriers formed in the P+ layer are recombined, 
resulting in an effective reduction in soft errors. Such ion 
implantation has achieved a 30% increase in the memory 
cell capacitance and a reduction in soft error rate to 1/12 
of the error rate of a normally structured cell, as shown in 
Fig. 1.7. 

WORD LINE 
SIGNAL 
GENERATION 
CIRCUIT 

DELAY 
CIRCUIT 

¢ WL WORD LINE 

Vee 

Fig. 1.6 Bootstrapped word line voltage generation circuit 

106 241Am 8.4,uCi RADIATION SOURCE 
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CYCLE TIME- l,us 

105 

W 
104 

~ 
f-
i:: 
iii 

103 
a: 
0 
a: 
a: 
w 

102 

10 

5 7 9 

Vee (V) 

Fig. 1.7 Soft error rate dependency on supply voltage 
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(3) Sense Amplifier Circuit 
Increasing the sensitivity of the sense amplifier circuit is 
another effective method of reducing soft errors. Fig. 1.8 
shows part of the sense amplifier circuit used by Mitsubishi 
Electric. High sensitivity with respect to the control signals 
cp1, cp2, and cp3 plays an important role in this amplifier's 
operation. After the data read from the memory cell is 
passed to the sense amplifier, the 4>3 signal is controlled 
to separate the bit line and cut off the noise that is present 
on the bit line when sensing begins. Smooth sensing begins 
with the signal cp1 applied so that the minute potential 
difference is amplified. Next, cp2 is applied and amplified 
at high speed. By careful adjustment of the timing of the 
three control signals cp1, cp2, and 4>3, detection of the poten
tial differences as low as 30m V can be achieved without 
sacrificing speed in this sense amplifier circuit. 

WORO LINE 

~ 

I 

~ 

MEMORY CELL 
'------v------
SENSE AMPLIFIER 

Fig. 1.8 Sense amplifier circuit 

(4) 128 Refresh Method 

WORD LINE 
~ 

I 

~ 
MEMORY CELL 

When the sense and amplifier sensitivity (offset) and other 
factors are considered, it is clear that it is important to 
maximize the read voltage applied from the memory cell 
to the bit line. The electrical charge, a, read from the 
memory cell determines the voltage change fj, V by the 
following relationship 

fj,V ~O/CB (for CB »Cs) 

where CB is the bit line and Cs is the memory cell capa
citance. 

From this relationship it is seen that to make fj,V large 
CB must be made small. To satisfy this condition the 128 
refresh method is used to implement a single bit line with 
64 memory cells, a technique which reduces the length of 
the bit line. Fig. 1.9 shows,the chip layout. The memory 
cells are broken into 64x256 bit units which are narrow, 
long blocks. The column decoders are located in three 
blocks totaMing 256 decoders at the end of the bit line. 

Using this arrangement, the bit line capacitance can be 
minimized. 

(MSK4164AP/MSK4164ANP) 

(5) Mold regin 
In addition to circuit and device structure improvements 
aimed a~ reducing soft errors, the design goal of 10-6 / 

(device hours) requires further improvements. 
When this is done, however, alpha particles emitted 

from the mold regin material itself cause errors, making 
material selection critical. The mold resin chosen exhibits 
an alpha radiation level ofO.05o:/cm2 (hour), below the 
measurement sensitivity of an ion chamber. This is low 
enough that the resulting alpha particle generation level 
is 1/10 or less that of old material itself. 

System evaluations of the M5K4164AP treated in such 
a manner indicate that the design goal of 1O-7 /(device 
hours) for soft error has been achieved. 

256 COLUMN DECODERS 

I 64x256 MEMORY CELLS OC/) C/) 
w 

C/) 
Zl-

8: ~-0: 
" 

:l 
w W o:U 
0: 0 

64x256 MEMORY CELLS 
00: __ ...I 

0 ~u 0:0 U 
Wo: w 0:1-
ILl- 0 256 COLUMN DECODERS w:l 
IL Z ZCL 
:lo ~ wI-
CO u 0 64x256 MEMORY CELLS Cl':l 
C/) 0: 0 

Cl--C/) 
<0 zl-w 

0: 
II) _:l 
N ~CL 

0 -Z 
0 
~ 

64x256 MEMORY CELLS 1--

256 COLUMN DECODERS 

Fig. 1.9 M5K4164AP Chip arrangement 
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Functional Description 

The M5K4164AP is a 64K-bit dynamic RAM which oper
ates off a single 5V supply and has a refresh function built 
in at pin 1. It can be used in a wide range of applications 
from large mainframes to microcomputers. 

This section presents a functional description of the 
M5K4164AP and examines how it can be used in design 
of a memory system. 

1. Block Diagram 
Fig. 1.10 shows the block diagram of the M5K4164AP. 
To preserve the refresh cycle used for 16k dynamic RAM 
devices, two 32k blocks (of 128 rows (refresh address) x 
256 columns each) were arranged one on top of the 
other. 

In the center of each block is located 256 sense ampli
fiers making a total of 512 amplifiers in all. 

On one end of each of these two array blocks is located 
one row decoder. 

To prevent crosstalk between the column address lines 
and bit lines, the column decoders are located at the ends 
of the bit lines opposite to the sense amplifiers. A total 
of three rows of column decoders are used. 

The central column decoder is used commonly by the 
two blocks. 

DATA INPUT 0 

WRITE CONTROL INPUT W 
COLUMN ADDRESS -

STROBE INPUT CAS 
ROW ADDRESS RAS 
STROBE INPUT 

REFRESH INPUT REF 

ADDRESS INPUTS 

(MSK4164AP/MSK4164ANP) 

2. Memory Cell 
As shown in Fig. 1.11, the memory cell consists of one 
transistor and one capacitor. Data is stored as a one or 
zero depending upon the amount of electrical charge 
stored in the capacitor through the transistor Q. 

Because leakage current would result in the stored 
charge of the cell being reduced with time, the data must 
be refreshed within 2ms. 

BIT LINE 

WORD LINE 

I 

~c, 
Fig. 1.11 Memory cell 

Vee (5V) 

Vss (OV) 

Q DATA OUTPUT 

~_J 
Fig_1_10 Blockdiagram 
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3. Clock Timing 
The M5K4164AP has four clock inputs: RAS, CAS, W, 
'FfE'F. Among these, RAS and CAS are the basic clock 
inputs for the memory operation. The RAS input is 
generally used for memory cell data amplification and 
refresh operation while the CAS is used for data read 
and write operations only. 

To enable the design of a memory system with a large 
timing margin, it is necessary to know the timing relation
ships between these two clock inputs and the internal 
clock signals generated by these clocks. 

Fig. 1.13 shows the timing parameters of the RAS and 
CAS clocks while Fig. 1.14 and 1.15 show their relation
ships to the internal clock timing. 

For read or write operations, RAS goes low after which 
the falling edge of CAS initiates the cycle. 

After the read or write is completed, both signals return 
to a high level and the precharging operation is performed 
for the next cycle. 

For this timing relationship to work, the external RAS 
clock must follow the changes of the internally generated 
RAS clock. To simplify the setting of the timing relation
ships of the external RAS and CAS clocks, the internal 
CAS clock ¢CAS, ¢ CAS is controlled by the external RAS 
clock. Fig. 12 shows the internal RAS and CAS clock 
generating circuit. 

tW(RASLl 

RAS 

CAS 

(MSK4164AP/MSK4164ANP) 

RASo---4--<:J 

"'" with normal cycle from refresh control circuit 

,----________ .p RAS 

(ACTIVE) 

:>o-~-----.p RAS 

(PRECHARGEO) 

,---____ .p CAS 

(ACTIVE) 

>o------.p CAS 

CAS~-----~L-/ (PRECHARGEO) 

~ 00 

(OUTPUT OISAE\LE) 

Fig. 1.12 Internal' RAS and CAS clock generating circuit 

tW(RASH) 

tW(CASLl 

Fig. 1.13 RAS, CAS timing 
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(1) CAS Falling Edge Timing (Fig. 1.14) 
The memory system design must be such that the falling 
edge timing of CAS does not critically affect the access 
time. In other words as shown by the solid line in Fig. 1.14, 
the internal ¢CAS phase is prevented by the delay phase ¢t 
from approaching td(RAS.CAS) max. This type of operation 
is referred to as gated CAS. 

This gated CAS feature permits CAS to be activated at 
anytime between the minimum and maximum value of 

td(RAS-CAS) without affecting access time. 
For gated CAS operation, if the generation of internal 

clock phase ~CAS is delayed, the effective pulse width of 

¢CAS is reduced. For this reason, the rising edge of CAS 

is specified by th(RAS-CAS) which is reference to RAS 
rather than tw(CASL). This applies to the column address, 
Wand D inputs hold time as well. 

As shown by the dotted line in Fig. 1.14, if CAS falls 

to a low level after td(RAS-CAS) max, the ¢CAS phase is 
generated upon the falling edge of CAS. 

The minimum and maximum values oftd(RAS-CAS), 
the delay time RAS to CAS, are specified for the 

M5K4164AP. Operation within the td(RAS-CAS) max limit 
ensures that the access time for the device is guaranteed. 
This value may be exceeded without causing data storage 

or reading errors but the access time will be increased. 

RAS 

CAS 

1>1 

CAS INHIBIT 

1> CAS 

INTERNAL CAS 

td(RAS-CAS)max 

td< RAS-CAS) min 

Fig. 1.14 The timing relationship of RAS and CAS 
falling edges to internal clock signals 
(gated CAS operation) 

(MSK4164AP/MSK4164ANP) 

(2) CAS Rising Edge Timing (Fig. 1.15) 

As shown in Fig. 1.15, the internally generated CAS circuit 
precharge signal ¢CAS is generated with a timing that is 
related to the relationship between RAS and the CAS 
rising edge. 

For a CAS rising edge occurring before the RAS rising 
edge, ¢CAS is generated with the CAS rising· edge as a 
reference point (as shown in Fig. 1.15 as a solid line). 
If however the CAS rising edge occurs after that of RAS, 
¢CAS is generated with the RAS rising edge as a reference 
(shown as dotted line in Fig. 1.15). 

However, the data in the output buffer is cleared upon 
the occurrence of the rising edge of CAS regardless of 
the state of RAS. The required pulse width for clear is 

tw(CASH)' 
In this manner, the output data can be maintained for 

a long period while the internal precharge width is made 

large. 
As described above,. if the CAS rising edge occurs after 

that of RAS, the internal CAS pulse width becomes not 

tw(CASL) but th(CAS-RAS). Consideration should be given 
to this point in circuit design. 

RAS 

CAS 

1> CAS 

1>00 

1> CAS 

INTERNAL CAS 

I 

. \ ( 

Fig. 1.15 Relationship of RAS and CAS rising edges 
to internal clock timing 
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4. Address Timing 
Addressing of anyone of the 65,536 memory cells of the 
M5K4164AP requires the internal latching of two 8-bit 

multiplexed address (Ao to A7) by means of clocks RAS 
and CAS. First, the row address is latched by the falling 
edge of RAS. This selects 512 memory cells from the 
total of 65,536 memory cells. Fig. 1.16 shows the timing 

relationships for this operation. 

Fig. -1.16 Row address latching timing relationships 

The setup time tsu(RA-RAS) and holdtime th(RAS-RA) 
are specified with the RAS falling edge as a reference point. 

The ,falling edge of CAS latches the column address. 
This selects one cell from among the 512 cells selected by 
RAS. Fig. 1.17 shows the timing relationships for this 

operation. The setup time 'tsu(CA-CAS) and the hold time 
th(CAS-CA) are specified with the falling edge of CAS as 
a reference, while the hold time th(RAS-CA) is specified with 
the falling edge of RAS as a reference point. 

For these operations two timing parameters must be 
considered. One is the column address setup time 
tsu (CA-CAS) which is specified as minus 5ns, minimum. 
This means that the column address may be input anytime 
up to 5ns after the CAS falling edge. 

RAS 

CAS 

Ao-A7 

Fig. 1.17 Column address latch timing 

The other parameter is the column address hold time 

th(RAS-CA)' For the previously described gated CAS oper
ation, if RAS to CAS delay time td(RAS-CAS) is set between 
the specified minimum and maximum values, the time 

(MSK4164AP/MSK4164ANP) 

from RAS, th(RAS-CA) and time from CAS, th(CAS-CA) 
must both be satisfied as the column address hold time. 
This applies to both the Wand 0 signals to be described 

later. 
The time required to switch from row address to column 

address is referred to as the multiplex tim~ (tMUX). This 
timing is shown in Fig. 1.18. 

Fig. 1.18 Address multiplex timing 

The multiplex time tMUX is given by the following 
expression: 

tMUX = td(RAS-CAS) - tT -"th (RAS-RA) -
tsu(CA-CAS) .......................... (1) 

As long as the access time, ta(RAS) from RAS does not 
exceed the maximum value, the following expression 

determines the maximum value of tMux is achieved by the 
following conditions. 

td(RAS-CAS) = maximum 

ta(RAS-RA) = minimum 

tsu (CA-CAS) = minimum 

Table 1.2 shows actual values of tMUX maximum for 
tT = 5ns. 

Table 1.2 Maximum multiplex time 

, De.;cePar~e~ tMuxmax I td (RAS-CAS) th (RAS-RA) tsu (CA-CAS) 

M5K4164AP-12 I 40ns I 60ns 15n5 Ons 

M5K4164AP-15 I 50n5 I 75ns 20n5 Ons 

If the timing is set to satisfy the above described, opera
tion is guaranteed for both read and write functions. To 
simplify the following description, the timing parameters 
for address inputs has been elimi'nated unless absolutely 
required. 

10-10 
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5. Read Cycle 
Fig. 1.19 shows the timing parameters for the read cycle. 

RAS 
V1H 

V 1L 

CAS 
V 1H 

V1L 

W V1H 

V1L 

Q VOH 

VOL 

Fig. 1.19 Read cycle timing 

In this read cycle, RAS and CAS are made active, and 

the W input is set to a high level. The setup time, tsu(R-CAS) 
before CAS, resulting in outpu~ of the data stored in the 
memory cell at pin Q. The time for the falling edge of RAS 
and CAS to the output is defined as the RAS access time 

ta(RAS) and the CAS access time ta(CAS) respectively. 
The RAS access time depends on the RAS to CAS delay 

time, ta(RAS) and td(RAS-CAS). 
As can be seen from this figure, by setting td(RAS-CAS) 

before td for gated CAS operation, tal RAS) does not 
depend on the value of td(RAS-CAS) and is constant. 

For td(RAS-CAS) set after td, ta(RAS) depends upon the 
value of td(RAS-CAS). For this condition, ta(RAS) is given by 
the following expression. 

ta(RAS) = td(RAS-CAS) + ta(CAS) ................ (2) 

Equation (2) expresses only the electrical characteristics 
of the RAM device; the guaranteed access time being given 

by the following expression. 

ta(RAS) 

min 

td( RAS-CAS) 

INTERNAL CAS 
GENERATION 

Fig. 1.20 Dependency of ta(RAS) on td(RAS-CAS) 

(MSK4164AP/MSK4164ANP) 

ta(RAS) ~ td(RAS-CAS) max + ta(CAS) max ........ (3) 

In equation (3), for a value of td(RAS-CAS) greater than 
the maximum value (ta(RAS)) increases by the increased 
amount only. 

During a read operation when the output is active, 
inputs RAS and W have no effect on the output. Only 
raising CAS to a high level will put the output in the high

impedance state. 
The time from the rising edge of CAS until the output 

goes into the high-impedance state is defined as the- output 

disable time (tdis(CAS)). This time, tdis(CAS) is the period 
for the RAM output to go to the open state and should be 

distinguished from that time the output states to go to 

VOH and VOL' 
If the pulse width tw(CASH) is satisfied for CAS, oper

ation is guaranteed for any arbitrary timed rising edge after 
the next cycle, simplifying the design with respect to CAS 

timing. 

The read cycle parameters th(CAS-R) and th(RAS-R) 
determine the read cycle ending time. Operation is guar
anteed if either of these parameters are satisfied. 

6. Write Cycle 
Three types of write cycles are specified; early write, read 

write and read modify write. 

(1) Early Write Cycle 
Fig. 1.21 illustrates the timing relationship for this cycle. 

This cycle is selected for applications such as I/O com
mon applications in which the output is held at high 
impedance during the writing of data into the memory cell. 

This cycle is executed by causing the W input to fall 
before CAS. 

The Wand D inputs are latched by CAS, then the data 
write is executed, the iN and D input timing parameters 

tsu(W-CAS), tsu(D-CAS), th(CAS.W), and th(CAS-D) are 
determined by the falling edge of CAS as a reference point. 

Two points here are worthy of consideration. First is 

the write pulse setup time tsu(W-CAS). This parameter is 
specified as minus 10ns, minimum. 

The significance of this is that W inputs may occur 
anytime within before 10ns of the falling edge CAS. 

However, should the W input falling edge occur after 
CAS, the rising edge of W is determined not by th(CAS-W), 

but by tw(W)' 
The other point for consideration is setting td(RAS-CAS) 

between the minimum and maximum values. For this con
dition, gated CAS operation requires that as hold time the 

time from RAS for the Wand D input, th(RAS-W) and 

ts(RAS-D) and time from CAS, th(CAS-W) and th(CAS-D) 
both must be satisfied. 

• MITSUBISHI 
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(MSK4164AP/MSK4164ANP) 

V1H 
RAS V1L 

th(AAS-W) 

CAS 
V1H 
V1L 

tSU(W-CAS) th(CAS-W) 

tw(w) 

W V1H 
V1L 

th(CAS-O) 

D 
V1H DATA 
V1L 

Q VOH 
VOL 

Fig. 1.21 Early write cycle timing 

(2) Read Write Cycle Timing 

th(AAS-D) 

HIGH 

This cycle is used in applications where data is to be read 
out of memory while new data is being written into a 
memory cell. 

The timing parameters for this read write cycle are 
shown in.Fig. 1.22. 

For this type of cycle, the W input signal falls after 

td(RAS-W) min and td(CAS-W) min. 
The data read timing is the same as the read cycle. 

Since the read data is latched into an output buffer, W 

RAS 

td(RAS-W) 

CAS 

w 

o 

ta(CAS) 

'YaH 

IMPEDANCE 

input can be made active without disabling the output. 
Since the D input is latched by the falling edge of the 

W input, the W input falling edge is determined as a refer

ence point for the D input setup time tsu(D-W) and hold 

time th(W-D). 
Data is written into the memory cell between the time 

the W input signal falls and RAS and CAS rise. This time is 

specified as th(W-RAS) and th(W-CAS) and both of these 
must be satisfied. 

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

1'---------------------
Q VALID DATA 

Fig. 1.22 Read write cycle timing 
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(3) Read Modify Write Cycle 
This cycle is used in applications such as ECC (see section 
on ECC) on which memory cell data is read and verified for 
correctness, the correct data being written into the cell if 
an error is detected. Fig. 1.23 shows the timing parameters 
of the read modify write cycle. 

The RAM operation is the same as the previously des
cribed read write cycle except that after the data is read, 
data is written so the cycle is slightly extended. 

The minimum time for the read modify write cycle is 
given by the following expression. 

tCRMW min = ta(RAS) max + tMOD + th (W-RAS) min 
+ tw(RASH) min + 3tT ............ (4) 

RAS 

CAS 

w 

D 

ta(RAS) 

Q 

Fig. 1.23 Read modify write cycle timing 

(MSK4164AP/MSK4164ANP) 

In equation (4), tMOD is the time required for incorrect 
data to be rewritten correctly, and is a function of system 
design. In the device specifications tCRMW min is specified 

for tMOD = O. 
As previously described, the M5K4164AP write cycle 

mode is determined by the W input falling edge timing. 
This falling edge timing does not limit the operation of the 
RAM but merely controls the output state. If the W input 
falling edge does not satisfy the conditions described for 
the three write modes, data will be writen but the output 
state will be indeterminate. 

tCRMW 

VALID DATA 
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7. Page Mode Timing 
Page mode operation is successive memory operations at 
multiple column locations within the same row address. 

As with normal operation, page mode operation can be 
carried out in the read, early write, read write or read 
modify write modes. The timing parameters particular to 
the page mode of operation are shown in Fig. 1.24. The 
other parameters are the same as for normal cycles. 

To perform page mode read and write operations, the 
RAS low-level pulse width, tw(RASLl must be increased, the 
maximum value being 10J,ts. The high-level CAS pulse 
width, tw(CASH) is specified separately for the normal 
mode cycle and page mode. For the page mode: the pulse 
width must be increased. For details refer to the specifica

tions. 
F(i)r page mode operation the hold time th(CAS-RAS) 

must be satisfied for even the last cycle, as shown in Fig. 
1.24. Th is appl ies to W as weU. 

Fig. 1.24 Page mode cycle timing 

8. Refresh 
Referring to the block diagram of Fig. 1.10, for each RAS 
cycle, one word line is selected for each of the upper and 
lower blocks, enabling access to 512 memory cells. Next, 
the 512 sensa amplifiers operate to amplify and refresh the 

cell data. Address signal A7 (ROW) has no connection with 
this refresh operation since it is used a~ a block select 
address for data read and write operations. 

RAS 
V1H 
V1L 

CAS 
V1H 
V1L 

Ao-A7 
V1H 

V1L 

W 
V1H 
V1L 

VOH 
Q 

VOL 

Fig. 1.26 Hidden .refresh timing 

(MSK4164AP/MSK4164ANP) 

9. RAS Only Refresh Timing 
RAS only refresh is performed by setting CAS to high 
which sets the output to high-impedance while refresh is 

performed. 
Both distributed and burst mode refresh can be per

formed. 
Fig. 1.25 shows the timing parameters for RAS only 

refresh operation. 

RAS 

Ao-As V1H 
V1L 

Q VVOH---HIGH-IMPEDANCE STATE-----
OL 

CAS=V1H IN. A7. D=don't care 

Fig. 1.25 RAS-only refresh timing 

10. Hidden Refresh Timing 
Hidden refresh is accomplished by setting CAS to low after 
a read cycle to hold the data in the valid state while refresh 
is performed. 

Both distributed and burst mode refresh are possible. 
Fig. 1.26 shows the timing parameters for hidden refresh 
operations. 

Data latched in the output buffer by the read cycle is 
refreshed during the hidden refresh cycles by RAS. There
fore output data is held indefinitely as long as hidden 
refreshing is continued. 

Timing design is simplified because the W signal may be 
changed in any state during hidden refreshing. 

VALID DATA 

10-14 
• MITSUBISHI 

"-ELECTRIC 



MITSUBISHI LSls 

64K, 256K-BIT DYNAMIC RAM 

11. Refresh Operations Using Pin 1 
To simplify the refresh operation, a function absolutely 
essential to dynamic RAM operation, two special refresh 
functions easier to use than the conventional RAS clock 
refresh have been provided. 

These functions are automatic refresh and self refresh. 
These special functions are implemented by an on-chip 

refresh counter, address multiplexer, and timer, along 
with the associated control circuity. The following is an 
operational description of these circuits. 

TIMER 

(MSK4164AP/MSK4164ANP) 

(1) Refresh Control Circuit 
Fig. 1.27 shows a block diagram of the refresh circuit which 
makes use of Pin 1. The control circuit controls not only 
the refresh counter, address multiplexer and timer as shown 
in Fig. 1.27, but RAS and CAS circuits as well. 

Pin 1 refreshing is controlled externally by the REF 
input and internally by the RAS signal which is generated 
by the refresh control circuit. 

During pin 1 refresh operations, the. CAS circuit with 
the exclusion of the output buffer is inhibited to prevent 
data writing and reading. 

-

REFRESH 
CONTROL 

REQUEST 

REF 

RAS 

CAS INHIBIT 
SIGNAL 

CAS 

Fig .• 1.27 Refresh circuit block diagram 

SIGNAL 

CONTROL 
.REFRESH SIGNAL REFRESH 
CONTROL ADDRESS 
CIRCUIT COUNTER 

I 
MULTIPLEX 
SIGNAL 

REFRESH 
ADDRESS 
(7·BIT) 

~ 

REFRESH 
COMPLETED SIGNAL 

INTERNAL 
RASSIGNAv 

I 
\ 

~ 
I 
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(2) Refresh Counter circuit 
The M5K4164AP on-chip refresh counter consists of a 7-bit 
toggle-type counter, the individual counter output being 
used as the refresh address bit. 

For automatic refresh operations, the refresh counter 
counts up synchronized to the internal clock signal rpw 
which is synchronized in turn to the REF input, 128 REF 
pulses required to cycle to the original state. For self 
refresh operation, the refresh counter is free-running with 
a period of from 12 to 16fJs, counting up in synchronous 
to the refresh request signal REF REO (described after
wards). A complete cycle and return to the original state 
requiring that the REF input be held low for 16fJs x 128 
(approx.) :::: 2ms. 

The above described counting operation is performed 
approximately in synchronous with the refresh operation 
completion. The output of the refresh counter, 0 0 to 0 6 
(refresh address) is held until fhe next refresh cycle, forming 
the address for the next cycle. 

The refresh counter outputs are initialized by approx
imately 8 dummy cycles of RAS, RAS/CAS, or REF. 

Ao 

MUX 

.1 
To 

MUX----4To 00 

Fig. 1.28 Refresh address counter and multiplexer circuits 

(MSK4164AP/MSK4164ANP) 

Therefore, no special initialization is requi red for this 
refresh counter. 

However, the contents of the counter, that is the toggle 
counter flip-flop states, cannot be reset or preset externally 
during power up or dummy cycles. 

For this reason, using both normal RAS and pin 1 
refresh will cause the specified refresh time to be exceeded, 
and therefore should be avoided. 

(3) Address Multiplexer 
Fig. 1.28 shows the M5K4164AP on chip address multi
plexer. 

The address multiplexer consists of two MOS transistors 
at the address buffer inputs and the associated control 
signals (MUX, MUX). 

During a normal cycle, MUX is high and MUX is low, so 
that only the external address Ao to A6 is input. 

For pin 1 refresh operations, MUX is low and MUX is 
high so that the refresh counter output signals 0 0 to 0 6 
only are input to the address buffer. 

MUX 
I 

MUX 

'---- Ao 

-Ar-- Ao 

REFRESH ADDRESS COUNTER 
(T-TYPE FLIP-FLOP) 
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\ (4) Timer Circuit 
Fig. 1.29 shows the timer circuit block diagram while Fig. 

1.30 illustrates its timing. 
In the circuit of Fig. 1.29, the oscillator provides the 

substrate bias as well. The other circuits are active when 

REF is low. 
When REF goes low, transistor 0 1 turns on, O2 turns 

off and the charge stored in C2 passes through the rec
tifying circuit C1 and 0 1 to discharge upon the falling 
edge of the oscillator output signal. The charge for one 
cycle of the oscillator output is proportional to the ratio 
of the capacitance of C1 and C2 • 

The ratio of C1 to C2 is chosen such that the voltage 
across C2 for an oscillator repetition period of 12 to 16J,ls 
is approximately equal to the threshold voltage of the next 

gate. When the C2 voltage reaches VTH, the refresh request 
signal REFREO goes active, causing the RAM refresh 
operation similar to the automatic Refresh external signal 

. REF. When C2 is charged by REFREO, REFREO goes 
low, causing a repetition of the above described timer 
operation. 

As long as the REF signal is kept low, this operation 
will automatically continue refreshing all memory cells 
every 2ms. 

Fig. 1.29 Timer circuit block diagram 

(a) Multiple pulse 

_ V1H -

REF V
1L

-

RAS 

REF 

TIMER 

REFREQ 

(MSK4164AP/MSK4164ANP) 

-.I J) " 

~f f~ 
~rr-----r~ 

I I 

--------.----~{~Jf\~------
INTERNAL RAs"\. r-\. r-\. r-\. 
RAS'-~ ~f--J ~f--J ~ 

Fig. 1.30 Timer circuit timing 

12. Automatic Refresh Timing 
Automatic refresh is accomplished in the same manner as 
RAS only refresh but without providing the refresh address 

data. 
Fig. 1.31 shows the timing of the automatic refresh 

operation. 
Automatic refresh begins when REF is set to low 

td(RAS-REF) after RAS goes high . 
Shortly after the refresh cycle begins the internal RAS 

signal begins to operate to strobe the refresh counter out
put and perform the refresh. 

The REF input is internally latched. When the refresh 
operation is complete an internal refresh complete signal 
causes the chip to be precharged. Therefore, it is not 
necessary to use the REF input to determine the precharge 
time greatly simplifying the timing design of REF. 

It is also possible to perform hidden refreshing by 
holding the CAS input low after a read cycle. The timing is 
very similar to the RAS hidden refresh operation timing. 
For details refer to the specifications. 

(b) Single pulse 

RAS V1H -
V1L -

tsuc REF-RAS) 

REF 

Fig. 1.31 Automatic refresh timing 

tWCREFU 
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13. Self Refresh Timing 

Self refresh is generally used for battery backup of memory 

contents. 
Fig. 1.32 shows the self refresh timing relationships 

from which it can be seen that they are quite similar to 
those of automatic refresh. Self refresh begins when REF 

is set to low td(RAS-REF) after RAS is set to high. 
Shortly after the beginning of the refresh cycle, the 

internal RAS signal begins to operate to strobe the refresh 
counter and perform the refresh operation. 

As'long as RAS is high and REF is low, the RAM will be 

RAS 
V1H -

V1L -

V1H -
REF V1L -

Fig. 1.32 Self refresh timing 

14. Notes on the Use of Pin 1 
(1) When pin 1 is not to be used to refresh the chip, it 

should be handled in the following manner. 
Since pin 1 refresh is inhibited by setting the REF 

input to high, the input should be set between V IH 

min and VIH max. (The pin 1 input leakage current 
for V IN = 6.SV is guaranteed to be below 10IlA.) 

(2) When the above method is not possible, pin 1 should 
be left open. Since as shown in Fig. 1.33 as MOS 
transistor is used to connect a pull-up resistor between 
the input terminals and Vee, the terminal will be held 
to a high level (Vee) when left open. 

However, when the input is set low in order to per
form a refresh operation, a current flows from Vee to 
the input terminal. This resistance is made a very high 
value (approximately 3MU) in order to guarantee the 
specified leakage current of 10MA maximum for VIN 

= OV. 

(MSK4164AP/MSK4164ANP) 

automatically refreshed. This operation is repeated with a 

period of from 12 to 161ls. After 2ms, the refresh counter 
has gone through all of the row address, refreshing all of 
the memory cells. Self refresh ends when REF is set to high 
but setting REF to high rt;lay not terminate the internal 

.pperation of the circuit (refer to Fig. 1.30) so that one 

cycle time of td(REF-RAS) is required between setting REF 
to high and RAS to low. 

As with automatic refresh, hidden refreshing is possible. 
For detai Is refer to the specifications. 

tW(REFLl 

This high resistance results in pin 1 being susceptible 
to the effects of external noise so that if pin 1 is to be 
left open, such noise should be considered carefully. 

Fig. 1.33 REF input equivalent circuit 
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M5K4164AP Bit Map 
To facilitate the generation of worst-case pattern checking 
and the optimization of test sequences, it is necessary to 
know the internal topology of a memory device. This sec
tion will examine the internal topology of the M5K4164AP. 

1. Memory Array 
Fig. 1.34 shows the dual in-line package as viewed from 
above with pin 1 to the upper right. It illustrates the 
memory cell layout. 

< ~116K MEMORY ARRAY I 
g DS 16K MEMORY ARRAY 

~ ~m[!l[:mmmr:: 
?: 16K MEMORY ARRAY ~D 

g/16K MEMORY ARRAY I 

The row decoder is located to the left of the memory 
cells while the column decoder is located parallel to the 

cells. 

Fig. 1.34 Memory array location 

ROW ADDRESS 

A7 A5 A3 Al 
Ao A4 A2 A6 

0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 
0 0 0 0 0 0 1 1 3 
0 0 0 0 0 0 1 0 2 

I I 
0 1 1 1 1 1 0 0 
0 1 1 1 1 1 0 1 
0 1 1 1 1 1 1 1 127 
0 1 1 1 1 1 1 0 126 

A7 0 1 
A6 0 0 
Al 0 0 

COLUMN A2 0 0 
ADDRESS A3 0 0 

A4 0 0 
A5 0 0 
Ao 0 0 

1 0 0 0 0 0 o 0 128 
1 0 0 0 0 0 0 1 
1 0 0 0 0 0 1 1 
1 0 0 0 0 0 1 0 

I I 
1 1 1 1 1 1 0 0 
1 1 1 1 1 1 0 1 
1 1 1 1 1 1 1 1 255 
1 1 1 1 1 1 1 0 254 

Fig. 1.35 Address decoder location 

1 0 0 
1 1 0 
0 0 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

16384-BIT MEMORY ARRAY 

DATA 

l 

256 SENSE AMPLIFIER CIRCUITS 
t 

16384-BIT MEMORY ARRAY 
--
DATA 

1 0 1 1 0 
0 0 0 1 1 
1 0 0 0 0 
0 1 1 1 1 
0 1 1 1 1 
0 1 1 1 1 
0 1 1 1 1 
0 1 1 1 1 

\' 

16384-BIT MEMORY ARRAY 

DATA 

256 SENSE A'~PLlFIER CIRCUITS 

16384-BIT MEMORY ARRAY 

DATA 

" 
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0 
0 

1 
1 
1 
1 
1 
1 

1 1 0 
0 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

::: 

;:. 

~; 
65535 

65534 

Pin 1 
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2. Address Decoder 
Fig. 1.35 shows the address decoder. To optimize pattern 
layout, the decoder is arranged as shown in Fig. 1.35. For 
this reason, with Ao (row) as the least significant bit and 
A7 (column) as the most significant bit, sequential binary 
addresses will not address adjacent cells in order. 

For the arrangement of Fig. 1.35, Table 1.3 shows 
the addresses that will be accessed for sequentially incre
mented binary addresses if A6 (row) is the least significant 
bit and Ao (column) is the most significant bit. 

Table 1.3 Address coding 

Column Row 

(MSB) (LSB) 
Cell No. Aa A5 A4 A3 A2 Al A6 A7 A7 Ao A5 A4 A3 A2 Al A6 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 00 0 0 0 0 0 0 0 0 0 0 0 0 1 

32767 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

65535 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

3. Bit Topology 
For the purposes of simplified explanation, we have as
sumed thus far that the memory cells are located in an 
orderly fashion in a matrix. For actual devices, however, 
techniques required to increase the density on the chip 
dictate that an a'rrangement such as shown in Fig. 1.36 is 
used. 

For this reason, this layout must be considered care
fully when designing tests which detect interference between 
adjacent cells. 

(MSK4164AP/MSK4164ANP) 

4. Data Polarity 
Because the sense amplifiers are located in the center of the 
bit lines of the M5K4164AP, half of the data matrix is 
stored in inverted form. While this has absolutely no effect 
on actual operation, it must be considered if a test is to be 
devised which will test all cells in the charged state. This 
bit inversion pattern is given in Table 1.4. 

Table 1.4 Data polarity arrangement 

A7 Ao Input Memory Output 

(row) (row) data cell data data 

1 1 1 
0 

0 0 0 
0 

1 0 1 
1 

0 1 0 

1 O~ 1 
0 

1 
0 1 0 

1 1 1 
1 

0 0 0 

Write operation Read operation 
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COLUMNS 

t;~;~\£ki\bi~'i!r~t WORD LINE BO B1 B2 B3 

ISSS"3 GATE 

OBIT LINE 

WO~~~~~~~db~~~~~~~?h~.~~ 

C/) 

~ o 
a: 

I I 
I I 

I I 
I I 

I I 
I I 

[ 

[ 

The area represented here is physically located in the upper left hand corner of the array. 

Fig. 1.36 Simplified internal bit topology 
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Memory System Design Considerations 
New memory systems designs are making use of dynamic 
RAM, static RAM, EPROM and other semiconductor 
memory devices. All of these devices have some general 
design considerations in common. This application note 
will examine some of the delicate timing' considerations 
involved in the design of a dynamic RAM board. 

1. Power Distribution 
Fi g. 1 .37 shows the cu rrent waveform of an M5 K4164AP 
dynamic RAM. Note that when RAS and CAS go low, the 
row or column address latch and buffer are charged, and 
that when RAS and CAS go high, the row or column 
address latch and buffer are precharged, resulting in a 
transient current waveform. The 60 to 80mA current pulse 
of approximate width 50ns and a risetime of 10 - 20ns 
represents the risetime which is observed at 50ms per 
division. With rise and fall times of this magnitude harmo
nic noise components above 10MHz are generated. It is 
therefore necessary when designing the board power dis
tribution to suppress such noise and provide the device with 
a clean supply voltage. Decoupling capacitors should be 
used which are capable of charging a small loop. 

Fig. 1.38 (a) shows the lumped constant equivalent 
circuit for a PC board. Ls and Rs represent the PC board 
inductance and resistance respectively. If we let the Lx and 
Rs of a 10mil wide 2-ounce copper pattern be 10nH/inch 
and 4mQ/inch, then the generated spike voltage is given by 
the following expression. 

di 80mA 
Ls' dt=10nHX10X 10ns=800mV 

Rs' i =4m Q X 10X80mA=3.2mV 

Since the effect of the series resistance Rs compared to 
that of the series inductance is very small, it may be neg
lected. The series resistance of Ls is frequency dependent, 
increasing with increasing frequencies. 

To reduce the level of the spike voltage, as shown in 
Fig. 1.38 (b), a decoupling capacitor is used to decrease 
the series resistance. This is done by shortening the PC 
board current loop. 

For a 0.1 ~F capacitor value used with a 250ns cycle 
RAM, the spike voltage is given by the following expres
sion. 

1 f' 80mA 
V=O 110dt=0.1,uFx50ns=40mV 

This yields an acceptable value of spike voltage. 
It is recommended that ceramic capacitors with good 

high frequency characteristics are used as the decoupling 
capacitors in memory arrays. The decoupling capacitor is 

(MSK4164AP/MSK4164ANP) 

connected between the memory Vee and the ground with 
as short a lead dressing as possible. In addition, as bulk 
decoupling a solid tantalum capacitor is required. This type 
of capacitor has a better transient response than other large 
value capacitors and can be used with one capacitor per 
16-memory devices between Vee and the ground. 

The power supply traces for a memory array should be 
made as wide as possible and it is recommended that they 
be arranged in a grid. Fig. 1.39 (a) shows an example of 
such an arrangement. 

As another method, the use of multi-layer boards is 
possible, and, is an effective method in simplifying power 
distribution. 

f/J 
.!E 

U 
.2 
(/) 
t
Z 
w 
a: 
a: 
:J 
u 

~ 

RAS 

CAS 

100 
80 

Icc 68 
(mA)~o 

o 
8::' 190 
~ Iss g8 

50ns/DIVISION 

TIME 

Fig. 1.37 Supply current vs time RAS/CAS cycle 
RAS-only cycle 

Rs Ls 

Vee 

Fig. 1.38 (a) PC board trace equivalent circuit 

10-22 
• ,MITSUBISHI 

.... ELECTRIC 



LlO 

Vee 

Fig. 1.38 (b) PC board trace equivalent circuit with 
decoupl ing capacitors 

GNO Vee GNO Vee 

Vee -- - -------
GNO- - --- ----

Vee - -
GNO-

GNOVee GNOVee 

Vee - - ------ - ------ - ------
GNO- ------- - ------ ------

---memory surface ----- soldered surface 

Fig. 1.39 (a) Gridded power distribution and decoupling 
capacitors 

I , 

6 6 
0000 

Fig. 1.39 (b) Printed board pattern 
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2. Signal Distribution 
The next most important consideration in the design of a 
memory system is the design of memory signal (address, 
data, and control signals) distribution. 

For the case of the MSK4164AP dynamic RAM, two 
types of chip enable signals exist; RAS and CAS. If these 
are to be driven by TTL circuits, it is very important to 
keep the driving TTL device as close as possible to the RAM 
array. This minimizes the transmission line impedance 
mismatch between the RAM array loaded line and the TTL 
driver. Another technique is the use of a damping resistor 
located close to the driver. The value of this resistor is 
selected to provide a good waveform at the RAM input, the 
usual values being in the range 10 to son. This technique 
brings the output impedance of the driver close to the line 
impedance which minimizes waveform overshoot and 
undershoot. 

To eliminate crosstalk from RAS and CAS, the RAS and 
CAS signal lines should be kept at 90· to the traces for 
other signals. If this is impossible, they should be kept as 
far as possible from traces of other signals. In addition the 
address and data signal traces should be kept as short as 
possible. Fig. 1.39 (b) shows an example of a printed board 
pattern for a 128K-bite memory system. 

3. Logical Considerations 
Far memory systems with critical timing, it is necessary to 
consider the propagation delay to surrounding ICs. To 
minimize signal delay, gate selection, and the use of the 
same IC package for related signals are effective in reducing 
the difference in delays between signals. To reduce the 
capacitive loading on drivers, it is necessary to limit the 
number of drivers per memory array. For RAS and CAS, 
8 memorie~/driver and for address 16 memories/driver are 
recommended. 

~ Decoupling capacitor 

.MITSUBISHI 
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M5 K4164AP Refresh Methods 
The refreshing of the M5K4164AP cell matrix requires the 
refreshing of 128 row addresses at least every 2ms. In addi
tion to the previously available RAS-only refresh method, 
the M5K4164AP provides REF (pin 1) automatic refresh
ing, and self-refreshing. This section will cover the applica
tion of REF refresh operations. 

1. Automatic Refresh 
Automatic refresh begins after RAS precharge (RAS-V 1H ) 

upon setting REF (pin 1) to low. This method is quite 
similar to the RAS-only refresh with the refresh address 
counter output present as a 7-bit word for automatic re
freshing the refresh counter being automatically incre
mented at the end of the refresh cycle. Fig. 1.40 shows the 
automatic refresh timing. 

(a) Multiple pulse 

RAS V'L-
td( RAS-REF) tC(REF) 

REF V'H -

V'L -

(b) Single pulse 

RAS V'H -
V'L-

tsu( REF-RAS) 

tW(REFU 

V'H-
REF 

V'L -

(MSK4164AP/MSK4164ANP) 

14------~ td(REF-RAS) 

td(R.EF-RAS) 

Limits 

Symbol Parameter 
Alternative 

M5K4164AP-12 M5K4164AP-15 Unit 

tC(REF) Automatic refresh cycle time 

td<RAS-REF) Delaytime, RAS to REF 

tW<REFU REF low pulse width 

tW<REFH) REF high pulse width 

td<REF-RAS) Delay time, REF to RAS 

tsu< REF- RAS) REF setup time before RAS 

.Fig_ 1.40 Automatic refresh timing 

10-24 

symbol 
Min 

tFC 220 

tRFD 90 

tFP 60 

tFI 30 

tFSR 30 

tFRD 250 
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100 ns 

8000 .60 8000 ns 

30 ns 
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Automatic refresh has many advantages over the RAS
only refresh method generally used previously. As shown in 
Fig. 1.41, RAS-only refresh generally requires logic cir
cuitry. This consists of the row-address, column-address 

ROW 
{

ADR 

{

ADR 
COLUMN 

ROW 
{

ADR 

{

ADR 
COLUMN 

7 
6 
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3 
2 
1 
0 
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C/)CX) 
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BO 
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MULTIPLE 
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I 
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iCY 
I 
I 
I 
I 
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I 
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I 
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I 
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§6~~ ~a: 
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CI) t"")f--- C/):::l...J : W CD f--- wCO 
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~ ...Jf-- tt I 

I ~ I 
iRE 
iADDRESS 
i INCREMENT : L ______________________ ~ 

Fig_ 1.41 Address multiplexer and refresh address counter 

By decoding RAS, one bank of a complex memory 
system may be selected, while for RAS-only refresh RAS is 
fed to 'all portions of the memory requiring the decoder as 
shown in Fig. 1.42 (a). With automatic refresh, RAS is used 

A17 

A16 

REF 

RAS 

'soo 
b-'llllv-- RAS3(BANK3) 

I 
I 
I 
! 

»-V\/Ir- RASO ( BAN K 0) 

Fig. 1.42 (a) RAS decoder in RAS-only refresh 

(MSK4164AP/MSK4164ANP) 

and refresh address multiplexer and refresh address counter. 
With automatic refresh, the dotted area shown in Fig. 1.41 
may be eliminated. 

r---

---- a: 
W 
LL. 
LL. 
:::l 
co 
C/)C{> 
C/) 
W 
a: 
0 
0 
< -

A3 
A2 
Al 
Ao 

during the memory cycle and REF for the refresh cycle 
independently so that the gate shown in Fig. 1.42 (b) can 
be eliminated. 

A17 B 

A16 

S32 
F--4 b--'W"v-- RAS3 (BANK3) 

I 

i 
: 

F>--t-<rI>---'l.Mr--- RASO (BANK 0) 

RAS-------' 

Fig. 1.42 (b) RAS decoder using REF pin 

• MITSUBISHI 
;"ELECTRIC 10-25 



MITSUBISHI LSI. 

64K, 2S6K-BIT DYNAMIC RAM 

Another feature of automatic refresh is that the timing 
of the refresh cOntroller is simplified. The timing for RAS
only refresh and automatic refresh is shown in Fig. 1.43 (a) 
and Fig. 1.43 (b) respectively. 

REFRESH ---.J 
CYCLE 

ADDRESS 
Ao-A6 

START 

REFRESH ADDRESS 

1 ~I'--___ ..JII . t2 

Fig. 1.43 (a) RAS-only refresh timing 

L 
, 
A 

REFRESH I I, 

CYCLE ----l L-
iSTART I 

REF ~'-____ {'-: _-=-t3_~.1 

Fig. 1.43 (b) Automatic refresh timing 

-- V1H -
RAS 

V1L -
td( RAS-REF) 

- V1H - \[ REF V1L -

(MSK4164AP/MSK4164ANP) 

For RAS-only, the controHer disables the address multi
plexer upon entering the memory cycle while it enables 
the refresh counter output. Next, after a delay time of tl 
(required because of the address buffer delay time and row 
address setup time tsu (RA-RAS), RAS is set to low. The 
refresh cycle ends at the time t2 that RAS is precharging. 

In contrast to this, the automatic refresh controller sets 
REF to low simultaneously with the beginning of the 
refresh cycle, and after the RAS precharge time t3, the 
refresh cycle ends. For this reason, there is no necessity 
to consider the settling time for address selection. 

2. Self Refresh 
Self refresh, similar to automatic refresh, sets REF low 
after RAS precharge occurs, beginning the internal refresh 
cycle. This method of refresh ignores all other inputs as 
long as RAS' is high and REF is low, making use of an 
internal timer to automatically refresh the row addresses 
every 12 - 16J.ls which enables all cells to be refreshed 
within 2ms. The rising edge of REF terminates the refresh 
operation and after one cycle (td(REF-RAS»a normal read
write cycle is entered. Fig. 1.44 shows the timing for the 
self refresh cycle. Self refresh is an extremely effective 
method of providing memory backup by means of a 
secondary power supply. As shown in Fig. 1.45, most of 
the required functions are implemented within the chip for 
the RAS-only refresh with a simplified external circuit. This 
results in low power consumption and a long life for the 
secondary power supply. 

td( REF-RAS) 

tW(REFU 

} 

Alternative 
limits 

Symbol Parameter M5K4164AP-15 M5K4164AP-20 

td(RAS REF) Delay time. RAS to REF 

tW(REFLJ REF low pulse width 

td( REF-RAS) Delay time. REF to RAS 

Fig. 1_44 Self-refresh timing 
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As described above, self refresh may not be used in the 
RAS-only refresh mode. In designs using two refresh 
counters (internal and external) which operate independ
ently, guaranteeing the refresh (2ms) time is difficult. 

(/l 

::> 
aJ 

~ 
w 

RAM 

ADDRESS 

tii MEMORY 
>-
(/l 

cr: 
o 
cr: 
o 
~ 
w 
U o 
cr: 
0-o 
cr: 
u 
~ 

* 

Note 1. IiIII block shows the device which should be backed up during power down. 
2. * block can be powered down using REF (PIN11. 
3. During self-refresh, REF driver and controller have to be backed up. 

Fig. 1.45 Typical dynamic RAM system with battery back up 
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(MSK4164AP/MSK4164ANP) 
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3. Design Example 
The design example shows the increased effectiveness of 
REF (pin 1) refresh when the M5K4164AP is used as the 
memory for a microprocessor. This design example illus· 
trates the interface between the M5K4164AP and the 

microprocessor. 
When using REF for the microprocessor memory in 

interface, two methodS are possible. One is asynchronous 
refresh and the other involves synchronously refreshing the 
memory. The former technique is not affected by the 
microprocessor status (i.e., reset, wait state, DMA, and CPU 
clock). However, control logic is somewhat complex. While 

ADDRESS BUS 

li 
BOOT STRAP 

ROM t>E-

11 
~ 

DATA 
BUS 

BUFFER 
DATA BUS 

z RAM w 
ROMINH 

INHIBIT r-~ 
LOGIC <{ 

a: 

CPU 
SERIAL OUT 

AND 

(MSK4164AP/MSK4164ANP) 

the second method makes use of simple control logic, the 
microprocessor must satisfy the refresh operation timing 
conditions. . 

Fig. 1.46' through 1.48 show the block diagram, sche
matic diagram, and timing deiagram for the asynchronous 
refresh example. For this example, the refresh cycle counter 
refresh request (REFREO) starts the refresh cycle independ
ently of the microprocessor operation. The arbiter deter
mines whether the microprocessor (RAM R EO) or refresh 
cycle counter (REFREO) has access to the RAM. 

ADDRESS MULTIPLEXER 
Ao-A7 

Ie 
ROW 

Ao-A7 Ao-A7 

COLUMN 
Aa-A15 S M5K4164APX8 

MEMORY ARRAY 

64K Byte 

I 
DIN 

DouT -
RAS CAS W REF 

MPXCNT 

-
WR 

WRITE COMM 
READ COMMA 
MEMORY CYC 

ND 
ADDRESS RAMREQ RAMACK MEMORY 

CYCLE TIMING f--

CPU TIMING 
CLOCK 

CPU READY 

LE 
DECODER 

ARBITOR 

REFRESH REFREQ 
COUNTER 

Fig. 1 .46 Block diagram of the deSign example (Ansynchronous) 
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Fig. 1.47 Design example of microprocessor interface (Ansynchronous) 

2. CPUCLK 3MHz MAX. Minimum frequency should be selected 
not to exceed the refresh memory cycle. 
(128 cycles within 2ms interval.) 
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I 

RD OR WR ~ ~ I 
I 

! ( 
I 
I 
I 
I 

RAMREQ ~ , I 
I 

J I 
I 

1\ VOH 
I 
I 

] I 

MEMCYC 

RAMACK !~ 
1 J T I 

I 
I I 
I I 
I 1 I 

REFACK -Ul I 1 

Y-I 
<-I 

! T I 
I 

: 
RAS I i I I ! I / 
MPXCNT 50ns-+t, 1 I 

I I 
I ! I : 

50ns~ 
I 
I I 

I I I 

READ I I 
I 

W I WRITE I I 
I 

'1 I 
I 

~ 
I -I I I 

REF I I 

NORMAL MEMORY CYCLE AUTOMATIC REFRESH CYCLE 

(Note 1) 

MEMORY CONTROLLER TIMING 

Note 1. If the microprocessor attempts to access the RAM during this period. it must wait until the refresh is over. 

Fig. 1.48 Memory and refresh timing (Ansynchronous) 
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A bootstrap ROM, commonly used in this type of 
memory system, is shown in the example. This is used to 
load the initial program of a RAM-Qased system into RAM 
from disk, for system initialization. In this example, the 
SOD (Serial Out Data) of the MSL808SAP is used to select 
either the bootstrap ROM orRAM as shown in Fig. 1.49. 

example a Z80 microprocessor is used with synchronous 
refresh. As shown in Fig. 1.S1, after the Z80 fetch instruc
tion, the refresh operation is performed (T3 and T4 state). 

In this manner refresh is performed synchronously with 
microprocessor operation. As mentioned previously, this 
type of operation involves a variety of limitations which 
must be considered carefully when designing such a system. 
(i.e., wait state, DMA, reset and CPU clock cycle) 

Fig. 1.S0 and 1.Sl show the schematic diagram and 
timing for the synchronous refresh example. In this 

RAM 
FFFF16 

800016 ENABLE ( 7FFF16 ---------- § 

ROM ROM 
07FF16I 
000016 

ENABLE DISABLE ENABLE 

RAM RAM 
B_OOTSTRAP BOOTSTRAP 
~BgQB~M ~ttQ9Ji~M 

ENABLE ENABLE ----------- ---------

ROM 

DISABLE DISABLE ENABLE 

(a) After hardware RESET (SOD = low) (b) Transfer Bootstrap program in the ROM 
to upper RAM area (SOD = low) 

(c) Inhibiting ROM by using the Bootstrap 

program in the RAM area. (SOD = high) 

Fig. 1.49 Start-up procedure of the memory-overlapped system 

LS257 X 2 
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~ Ao 16 z 
00 ~ 

1--------IA7 ~ 
1--------1 A6 ~ 
1--------IA5 
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l----~A3 

1-------tA2 
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RAS 
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IN 
REF 
DIN 

MEMORY ARRAY 
I I I 

M5K4164APX8 

f3 07 07-00 ~ 07 g 1 ~~-+_~_~_~~_~~+4 __ L-~L-~~-L_-L_-L_-L_~ __ ~~ 

0: Do 8 DATA BUS 

CPU 
CLOCK 

a.. 
00 coo: 
NO 
~ 

MREQ 

RFSH 

WR 

Fig. 1.50 Design example of microprocessor interface (Synchronous) 
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Note: To refresh memory properly. remember: 
o reset period 0 CPU wait state 
o OMA cycle 0 CPU clock 
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Fig. 1.51 OP code fetch and refresh timing 
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APPLICATION OF 256K-BIT DYNAMIC RAM 

1. Concepts of the CAS beforeRAS refresh function 
Several kinds of data refresh method are supported for 

the dynamic MaS RAM (DRAM). In that, RAS only re
fresh method is the most popular one and all the dynamic 
MaS RAMs have this function. On the. other hahd, Mitsu
bishi 256K bit dynamic MaS RAM families M5M4256/ 
M5M4257, support new data refresh method called CAS 
before RAS refresh function. 

Figs. 1, 2 show the clock timing of RAS only refresh and 
CAS before RAS refresh, respectively. RAS only refresh 
initiates at the falling edge of RAS clock while CAS remains 
at "High" level. In this case, refresh row addresses are 
appl ied externally. On the other hand, CAS before RAS 
refresh method initiates the data refresh when CAS clock 
falls.. "low" before the RAS clock activation. In this case, 
refresh row addresses are generated internally. External 
addresses are ignored. Since CAS before RAS refresh 
method does not need specified refresh row address ex
ternally that the scheme has ~n advantage to eliminate 
some hardware on the memory board. 

RAS 

~RESH ADDRESSES 

7////7~ 

"H" 

D,W: DON'T CARE 

Fig. 1.52 RAS only refresh timing 

READ CYCLE 

CAS 

(MSM42S6/MSM42S7) 

M5M4256/M5M4257. also offer Hidgen refresh func
tion as shown in Fig. 1.54. Hidden refresh (or Hidden CAS 
before RAS refresh) is performed while maintaing CAS at 
its "Low" level and executing RAS only cycle after the 
normal read/write cycle. If normal cycle is read cycle, 
then output data Q is valid until CAS goes "High". 

DON'T CARE 

CAS ~'-__ ...J 

DW: DON'T CARE 

Fig. 1.53 CAS before RAS refresh timing 

REFRESH CYCLE 

DON'T CARE 

READ DATA 

Q 
Hi-Z 

------------------~(~ ____ V_A_L_ID ____ _J~--------------

Fig. 1.54 Hidden CAS before RAS refresh timing 
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2. DRAM controller using CAS before RAS refresh 
DRAM controller which uses CAS before RAS refresh 

is shown in this section. To consider DRAM controller, an 
object of processer (CPU) shall be specified. Here, following 
items are assumed (equivalent CPU; 8Q86, 68000, 32016 
etc.) 
(1) CPU 

• Data bus: 16 bits 
• Address space: more than 1 M bytes 

(Address are assigned for every bytes. Memory access 
for each byte is also possible.) 

(2) DRAM 
• Capacity: 1M bytes (M5M4256/M5M4257 x 32) 

(3) Interface signal with CPU (refer Fig. 1.55) 

• Data bus: 16 
• Address bus: 19 (Ao '" A 19 ) 

(Ao is used to specify upper byte or lower byte.) 

-
DATA BUS 

(MSM42S8/MSM42S7) 

• High byte enable *: 1 
(Signal which shows that upper byte of memory being 
accessed. Equivalent to 8086's BHE or 68000's UDS.) 

• Low byte enable *: 1 
(Signal which shows that lower byte of memory being 
accessed. Equivalent to 8086's Ao or 68000's LOS.). 

• Read command*, Write command*: 1 each 

• Ready: 1 
• DRAM request: 1 

16 

(Signal from address decoder which shows that DRAM 
being selected.) 
Note 1. * means negative logic. 
Note 2. Both High byte enable and Low byte enable 

become active when data are accessed by 16 
bits. 

HIGH. BYTE ENABLE* 

CPU 

--
'---

I 

Fig. 1.55 Interface with CPU 
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(4) Timing requirement 
Timing requirement of the signals above are shown in 

Fig. 1.56 These timing are completely acceptable to 8086, 

68000 and 32016. 

ADDRESS 
HIGH BYTE ENABLE* 
LOW BYTE ENABLE* 

DRAM REQUEST 

READY 

READ 
COMMAND* 

READ CYCLE 

WRITE CYCLE 

READ 
DATA 

WRITE 
COMMAND* 

WRITE 
DATA 

Fig. 1.56 Access timing condition of CPU 

2-1 DRAM Controller 

---') 
MIN. 

Ons 

-1 
MIN. 

~ 

, 

, 

Fig. 1.57 shows DRAM controller circuit. In the Figure 
(also hereafter), signals surrounded by C==:J are interface 
signal between CPU. Other signals are control signals ap
plied to the memory block. DRAM controller is composed 
by following 3 main parts. 
(1) Refresh timer 

This timer generates refresh request signal periodically 
and composed of LS112, LS393 in the Figure. Here, LSl12 
works as divided by 3 counter and 2Qo of LS393 becomes 
to be "High" 128 clocks after the resetting that refresh 
request signal is generated every 15.3J.tsec. That is, 

1 
25M Hz x 3 x 128 = 15.3J.tsec. 

(2) Refresh arbiter 
This part makes the decision of access requirement from 

CPU and refresh requirement. The arbiter is composed 
of the gates F 1, F2 and some peripheral gates. Access 
requirement and refresh requirement are decided by as 
follows. 
(i) F 1 = 0, F2 = 0 

Nothing to be done. 

(MSM42S8/MSM42S 7) 

VALID ADDRESS C 
MAX. MIN. 
500ns Ons 

MIN. 
IL-

~ 
\ 

MIN. 
Ons 

1/ 

MIN. 

~ 
VCPU READ D 

L;-
ATA TIMING 

I \ 

1/ 

MAX. MAX. 

80ns 80ns 

I I 
~ WRITE DATA IX 

(ii) Fl=1,F2=0 
F2 to be 1 is prohibited by Gland read cycle or write 
cycle are executed. 

(iii) F 1 = 0, F2 = 1 
Fl to be 1 is prohibitedJand refresh cycle is executed. 

(iv) Fl=1,F2=1 
F 1 is reset and refresh cycle is executed. 

Here, F 1 and F2 use S 112 since high speed operation 
of gate F 1 and F2 are requ ired. 
(3) Timing generator 

This part generates timing signals needed for DRAM 
operation and is composed of LS164 and some peripheral 
gates. LS164's reset condition is absolved by Fl to be 1 
or F2 to be 1, and LS164 shifts "High" signal for every 
one clock from QA' Peripheral gates generate the required 
signals by using these signals (refer Figs~' 1.59 and 1.60 for 
these timing). In the Fig. 1.57, gate G3 has special function 
at CAS before RAS refresh cycle. Here CAS clock becomes 
active by G3 when refresh requirement appears. This is 
compared with RAS only refresh method where CAS clock 
is not activated. 

• MITSUBISHI 
.... ELECTRIC 10-35 



o 
I 

eN 
en 

,. 
11'11: r"'"_ 

~ii1 
-IC 
-"111 
C=S(i; 

= 

I DRAM REQUEST I 

I R EAO C()MMA~N-~*] 

I 
IWRITE COMMAND';" 

i---------------------------------~-------y~~~~~~~~-------------. 
I I 
I I 
I I 

l ~m : 
I : 
I 200 I 
I CLOCK CLOCK 2CK I 
I GENERATOR I 
I (25MHz) I I lCK I 
I 1 I 
I 0 0 I 
: lClR I 

: 2ClR l 
L _____________________________________________________ ------ _J 

_ REFRESH ARBITER f ------------------------, 
I 
I 
I I r--------------I---I T~M~~_G..:NERATOR I I t- ---------, 

I ' 

" 

I , i REFRESH* 

J lSl64 

QHt----' 

D-----+ RAS OF 
OE~ 

Fl 1172S112 
8~ Oc 

Os 
OA 

..,2lR 
, G2 
M 

,+01 
H I 

1~3 ! CAS 

ADDRESS MULTIPLEX 

P G5 ~ DAr ENABLE· 

~ II READY I 
1./ 

, 
I 

~----------------------~ w 
, 

1 
I 

L ___________________________ ~ 
DIR 

Fig. ~ .57 DRAM Controller part 

I. 
~ .. 
N en 
eft 
~ • III -" -I I: 

ell 

~ i: 
~ 
N ZI: ell ~-• 1:= ........ 
i: _C 
'ell n! I: :I! ~ 
N ~ ... ell 
~ I:~ "" 



,. 
fill: r-_ 
~UI 
-IC ::am niii 

o 
I 

w ...... 

= 

HIGH BVTI= r~c:::* CONTROL SIGNAL DRIVER ... _ .. _ .. __ .. _ 
r- - -- - - -- - --- ----, ...----------------------------, DRAM ARRAY 
I CAS 

RAS 
---------------------------l r- -------------

..----::-::-::-:-:::':"' ---i RAS 
LOW BYTE CAS· CAS 

iii iii iii 

I HIGH BYTE ENABLE*l 
I Iii 

REFRESH* 

"';":;;':":><---l....--IAs 
l.-'-'-:":"':"<""---'--I A 7 

~~-'---iAs 
I,...:.:.;"'-"'-_i_--t A5 

L-'-'-'':'='-+---I A4 
1""':':':':"":=""-+---t A3 

t,...;.:;:':":="--+---I A2 

I-"-"--'---;'--l Al 
'--"-"--"---4--IAo 

L4--t---r---t RAS 
L-~-~---l....~CAS 

W Iii 

A19 

[ADr)RESS BUS I 

I As 
1... _________________ .J A7 

':":":":"';"'---..----IA6 
L..;.:.;':"'::<""--+---I A5 

~-'--T---i A4 
1--='--"'--;---1 A3 ADDRESS MULTIPLEXER A 

r--------------------j A~ 

: 1/4LS158 : Ao 
I 

M5M4256 
OR M5M4257X16 

I 
ItjCAS 

I I--+--
I--+--

CAS 

M~M4256 
OR M5M4257X16 

A1S 10 I . 
A 1_ IMAs 

9 100 1Y 
LS158 S 

401 A G 

I 1001 I I I I B' I tf' I I ti I B' L-U-U-B-8B-ti -8----~8-8-Ef~B-8~ 
400 4Y M 3 

301_ MA2 LS158 
300 3Y A17 
201_ MAl As 
2002Y A16 
1 Dl -:- MAo A7 
1001Y A15 
.§ As 
G ~4 

ADDRESS A5 
MULTIPLEX : 

I G I 
I I 
I I L_________ _ _____________ ~ 

00) od 021 0 3 ).041 0 5) 06) 07) 
r-~------------------- ---

LS245 
0 7 

O
A B g: 

0 4 
0 3 

O2 

D1 
00 

orR 

~ 

Os) 09) 010) 011) 0121 013} 014) 015 
'-------------1 

LS245 I 
015 0 15 I DATA 
014 0 14 i BUFFER 

013 AoB. 013 I 
012 0 12 I 
011 011 , 

010 010 : 
09 D9 , 
Os Os I , 

orR , 

r--L I 
I 
I ,..---__ --, 
II DATA BUS I 

orR I 1 til 
DATA ENABLE* L _____________ J 

Fig. 1.58 DRAM Part 

I 
I 
I 
I 
I 
I 

eft 
~ ,:: .. 
N 
(II 
eft ,:: 
• II -,.... -I I: 

en 
~ I: .. 

N ZI: en :.-• -= ....... 
I: _C 
en n! 
I: (It .. ::a! 
N :'r-en --.. -~ "" 



CLOCK 

READ COMMAND * 

OR WRITE COMMAND* 

a of Fl 

Q A of LSl64 

QB of LSl64 

Qc of LSl64 

QE of LSl64 

QF of LS164 

RAS 

CAS 

DATA ENABLE * 

) 

Fig. 1.59 Timing diagram of Read/Write cycle 

10-38 

MITSUBISHI LSls 

64K, ~56K-BIT DYNAMIC RAM 

(MSM42S8/MSM4257) 

/ WRITE CYCLE 

r---.i..--ir-------~--r 
' 1< 

. •. MITSUBISHI 

.... ··ELECTRIC 



MITSUBISHI LSls 

64K, 256K·BIT DYNAMIC RAM 

CLOCK 

2Qo of LS393 

Q of F2 

Q A of LS164 

Q F of LS164 

Q H of LS164 

RAS 

CAS 

Fig. 1.60 Timing diagram of refresh cycle 

2·2 DRAM part 
Fig. 1.58 shows DRAM part circuit. The circuit are well 

known and are composed by following parts. 
(1) Address multiplexer 

18 address bus are multiplexed by LS158. Address 
multiplexer becomes very simple like this, since the assign· 
ment of refresh address is not required externally. This is 
an advantage of CAS before RAS refresh scheme. 

For the comparison, additional refresh address counter 
and CAS control circuit changes required in RAS only 
refresh method are shown in Fig. 1.61. In Fig. 1.61, refresh 
addresses MAo'" MA7 are tied with the output of address 
multiplexer, MAo '" MA7. The elimination of refresh 
address counter is an advantage of CAS before RAS refresh 
method. 

(MSM42S8/MSM42S 7) 

L 

(2) DRAM arrays 
512K words (1 M bytes) system are realized by using 

only 32 pcs of M5M4256/M5M4257. Upper byte or Lower 
byte of 16 words can be accessed independently by con
trolling CAS clocks individually. 
(3), Control signal driver 

Control signals RAS, CAS, Ware driven by control signal 
driver and appl ied to D RAM arrays. Address A 19 controls 
upper address and lower address. Also High byte enable, 
Low byte enable controls Upper byte and Lower byte. 
When RAMs are refreshed, these signals are absolved by G8 
and G9, and all RAMs suffer RAS and CAS activation. 
This condition refreshes the RAMs. 
(4) Data buffer 

Data buffers are composed of 2 pes. of bi-directional 
LS245. Control signals DIR and G are generated by DRAM 
controller. 
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LS393 LS244 MA BUS 

2CK 2QB~--~--~ 
2Qc 1-----+-----1 

lCK 2QB~--~--~ 
2QA ~--+-----1 

lQD~--""""'--~ 

F
2CLR1QC 

lCLK1QB~------1 

1 QA I--------t 

G3 

---< 2G 

~lG 

(a) Additional circuits 

MA7 TO ADDRESS TERMINALS 
t---"'---'I OF DRAM ARRAY 

MAs 

MAs 

MAo 

TO G TERMINAL OF ADDRESS MULTIPLEXER, 
LS158. G TO GND IS DISCONNECTED. 

Qc~------~~J~ __ -a >-~r--4--~~P-------------
1 ; ~ HIGH BYTE CAS· } 

Q B - G6 TO DRAM ARRAY 

Q A - "'" LOW BYTE CAS· 

~>7-------1--~/ 
I HIGH BYTE ENABLE· I 
I LOW BYTE ENABLE· I 

• G3 IS"CHANGED TO AND GATE. REFRESH· IS APPLIED TO THE GATE . 

• G6 AND G7 ARE CHANGED TO INVERTER. 

(b) Changes of CAS control circuit 

Fig. 1.61 Additional circuits and changes required in RAS only refresh method 
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3. I nterface example with 8086 
Interface example explained in Section 2. is applicable 

for all CPU if interface specification are satisfied. It does 
not concern the kind of CPU or clock frequency of the 
CPU. But due to the general purpose of the usage, some 
faults appear. 
(1) Since the clock sequence between CPU and DRAM 

controller is not synchronized that some period to 
synchronize both operation are needed. This delays real/ 
write time. 

(2) DRAM controller becomes complicated, somehow. 
Here an example of interface circuit using 8086 is shown 

in which DRAM controller synchronizes with CPU clock 
sequence. 
3-1 CPU part 

Fig. 1.62 shows. the circuit. 8086 is used with 8MHz 
frequency. In general, 8086 uses a custom clock generator 
IC, 8284A, 8284A makes 8MHz clock frequency by divid
ing 3 from original 24MHz oscillation with crystal, and 
this 8MHz clock can be applied to 8086. But in case of 
8284A, phase difference between original clock and divided 
clock is too la,!:ge that as an example here, clocks divided by 
3 by Sl12 from 24MHz original clock are used to 8086's 
clock. Phase difference in this case becomes less than 5 
nsec. 

READY and RESET input signals are also applied by 
synchronizing with clock when used 8284A, originally. 

(MSM42S6/MSM42S 7) 

But here again, READY signal only is synchronized by S74 
(RESET signal is not necessary to be synchronized). Other 
circuits are well known circuit for 8086, 8288 is used as 
bus controller. LS373 is used as address latch, also. 
3-2 Interface circuit 

Fig. 1.63 shows interface circuit and DRAM part. 
8086 has an address space of 1 M byte that, here as an 
example, 512K byte RAM is considered by·using 16 pcs. of 
M5M4256 or M5M4257, LS158 are used as address multi
plexer. 

DRAM controller circuit is essentially same circuit as 
shown in Fig. 1.57. Here, clock of refresh arbiter Sl12 is 
used as clock of 8086 that peripheral timing control be
comes simplified. Timing charts are shown in Figs. 1.64 and 
1.65. Flip-Flop F 1 is used to synchronize the status signals 
Sl * and S2* with clock. In some case of sampling timing 
of F2, it may happen that status signals Sl * and S2* be
come unstable. The unstable condition is avoided by Fl 
which synchronizes by using opposite phase of the clock. 

LS158 is used as the control signal driver. Control 
signals are switched between normal access condition and 
refresh timing. An example cited here has enough margin 
about access time that LS158 as the control signal drivers is 
applicable completely. Since DRAM bank is one, switching 
of RAS clock signal by address do not occur. 

Also, the circuit cited here is possible to interface with 
8086 without wait state except refresh condition. 
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Fig. 1.65 Timing diagram of refresh cycle 
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Appendix 1. Specification of CAS before RAS refresh 
As discribed in Section 1. if CAS falls tsuR (CAR-RAS) 

earlier than RAS and if CAS is kept low by thR (RAS-CAS) 
after RAS falls, CAS before RAS Refresh is initiated. The 
external address is ignored and the refresh address gene
rated by the internal a-bit counter is put into the address 
buffer to refresh the corresponding row. The output will 
stay in the high impedance state. 

If CAS is kept low after the above operation, RAS cycle 
initiates RAS Only Refresh with internally generated reo 
fresh address (Automatic refresh). The output will again 
stay in the high impedance state (refer Fig. 1.66). 

Bringing RAS high and then low while CAS remains 
high initiates the normal RAS Only Refresh using the 
external address. 

If CAS is kept low after the normal read/write cycle, 
RAS cycle initiates the RAS Only Refresh using the inter-

READ, WRITE CYCLE REFRESH CYCLE 
tCA 

I (M5M42S8/MSM4257) 

nal refresh address and especially after the normal read 
cycle, it becomes Hidden Refresh with internal address. 
The output is available until CAS is brought high. 

A feature of the M5M4256 is that refresh cycles may be 
performed while maintaining valid data at the output pin 
by extending the CAS active time from a previous memory 
ready cycle. This feature is referred to as hidden refresh. 

Hidden refresh is performed by holding CAS at V I L 

and taking RAS high and after a specified precharge period, 
executing a RAS-only cycling, but with CAS held low. 

The advantage of this refresh mode is that data can be 
held valid at the output data port indefinitely by leaving 
the CAS asserted. In many applications this eliminates the 
need for off·chip latches (refer Fig. 1.67). 

Specification of CAS before 'FfAS" refresh cycle is shown 
in Table 1. 

REFRESH CYCLE 
tCA 

READ WRITE 
CYCLE 

Q VOH- }----------""~HIGH IMPEDANCE STATE-------
VOL-__ --¥ 

Fig. 1.66 CAS before RASrefresh cycle 

Table 1. Specification of CAS before RAS refresh cycle 

Symbol Parameter 
Alternative M5M4256-IO 

symbol M5M4257-IO 

Min Max 

tsu R (CAS- RAS) CAS setup time for auto refresh tCSR 25 

thR(RAS-qAS) CAS hold time for auto refresh tCHR 40 

td R (RAS-CAS) Precharqe to CAS active time t RPC 0 

Note: Eight or more CAS before RAS cycles is necessary for proper operation of .CAS before RAS refresh mode. 
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Limits 

M5M4256-12 M5M4256-15 
Unit M5M4257·12 M5M4257-15 

Min Max Min Max 

30 30 ns 

50 50 ns 

0 0 ns 
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READ CYCLE 

tCR 

tW(RASL) 

(MSM42S6/MSM42S 7) 

RAS ONLY REFRESH CYCLE· RAS ONLY REFRESH CYCLE 

RAS VIH-

VIL - (~AS-RAS) ~-----~----1 I\. ____ JI 

Iii V IH -

VIL-

a V OH -

V OL-

Fig. 1.67 Hidden refresh cycle 

Appendix 2. CAS before RAS refresh counter test 
The most useful way to test CAS before RAS refresh 

function is to execute the counter check program. To per
form CAS before RAS refresh itself shall be avoided since 
devices shipped normally have long data hold time. 

Counter check sequence is described below. Before the 
execution of counter test, it is necessary to confirm that 
the RAM operates properly. Also eight or more CAS before 
RAS cycles is necessary for proper operation of CAS before 
RAS refresh mode to initialize the address counter inte
grated on the chip (in memory system, too). 
Counter Check Sequence 

The operation of the internal 8-bit counter can be 
checked by writing in 256 bits using external address, then 
changing the data for the same 256 bits using internal 
counter address and finally reading the 256 bits using ex
ternal address. An example of this checking sequence is as 
follows. 

At the first step, "1" is written in 256 bits with normal 
write mode using external row address and fixing column 
address to the arbitrary value. The most significant bit of 
row address As should be fixed to be "1" or "0". 

At the next step, CAS before RAS clocks are applied. 
In this case, other external Ao '" A7 addresses are ignored 
and Ao ,..., A7 addresses which is generated by the internal 
counter are led to the address buffer. Then CAS is brought 
high and then Low while RAS maintains low, external Ao 
,..., As addresses are latched to be column address. The same 
column address as the one which is used writing "1" must 
be prepared and "0" is written in this selected bit. The 
above described clock should be repeated 256 times until 
all 256 bits become "0". 

At the final step, 256 bits is read checked with normal 
mode using external address and if all checked data were 
"0", then this counter is proved having operated correctly. 
Clock sequence required is shown in Fig. 1.68. . 

Other varieties of test sequences may be considered. 
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STATIC RAM TECHNOLOGY 

Introduction 
Static RAM, though inferior to dynamic RAM in density of 
integration, is used for a wide variety of applications. It is 
easy to use as it does not reguire clocks, refresh operation· 
or related controlling peripheral ICs. In addition, static 
RAMs are available for equipment requiring high-speed 
operation or battery backup in case of power failure. 

1. Classification of Static RAM 
Static RAMs are classified into the following: 
(1) medium-speed CMOS for easy use and battery backup 
(2) high-speed CMOS for computer application 

Mitsubishi Electric Corporation provides the following 

lineup of static RAM. 
(1) medium-speed CMOS 
(2) high-speed CMOS 

M5M5256P, M5M5165P 
M5M21C67P, M5M21C68P, 
M5M5187P, M5M5188P 

2. History of Mitsubishi Memory Cells 
The history of Mitsubishi memory cells is illustrated in Fig. 
2.1. Mitsubishi Electric began producing 256-bit EIE type 
memory cells and later shifted over to high resistive load 
types, diminishing cell area and cutting power consumption 
of memory cells. A high resistive load, which is available up 

E/E TYPE E/D TYPE 

BITS 256 lK 

~ 
E/D 

M58531 P M5L2102AP 

MEMORY 
CELL 

"i CMOS I 
M5L5101LP 

Fig. 2.1 History of Mitsubishi cells 
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to 100Mn has reduced the cell current to as low as 10nAI 
cell. CMOS was started at 1 K bits, developed into 4K bits 
and then to 16K bits. The standby supply current con
sumed in the cells and in periferal circuits is as low as the 
leakage current. The specified value is 20J.lA, but the typical 
value is less than lJ.lA, enabling long term battery buckup 
operation. CMOS, however, has suffered the disadvantage 
of poor production costs due to its larger cell area. In the 
past, either economical NMOS or low power CMOS had to 
be selected to match the application. But, the situation 
has somewhat changed with the appearance of 64K bit 
memories, incorporating NMOS and CMOS technology. 
The mixture of high resistive load NMOS cells and CMOS 
peripherals, realized the hybrid which has the economy of 
NMOS and the low power of CMOS. Mitsubishi has pro
vided the M5M5l65P fabricated by this technology. The 
technical factors reSUlting in the development of this 
product are as follows: i) limit of large power consumption 
and ii) technology of fabricating high resistance of several 
tens of Gn enabled low standby current which is enough 
for battery backup applications. 

HIGH RESISTIVE TYPE CMOS TYPE 

4K 16K 64K 

E/D J HIGH -I I HIGH I 
, RESISTIVE, jl RESISTIVE 

LOAD LOAD 

M5L2114LP M58725P M5M5165P 
M5T4044P M5M21"! M5M2168S 

I CMOS I I CMOS I J --
M58981 P M5M5116P 

M5M5117P 
M5M5118P 
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3. Methods of Power Saving 
Power consumption has become a major problem as, 
memory capacity has increased. The solution lies in 1) the 
use of CMOS for peripheral circuits, 2) the division of cell 
array and 3) the employment of internal synchronous 
circuits. 

Method (1) has been employed in the 64K CMOS 
M5M5165P. 

Method (2) is aimed at decreasing the number of 
memory cells selected. by the word decoder in order to de
crease the current that flows into cells from the bit line. 
Fig. 2.2 shows examples of dividing the cell array. With 1 K 
and 4K bit RAM, all the bit lines are activated, while 1/2 
of the bit lines are activated with 16K and only 1/4 are 
designed to be activated with 64K. (d) is called the devided 
word line method (DWL), dividing the memory cell array 
into arbitrary lines, which is considered to be an important 
method to deal with RAMs of greater capacity in the 
future. The internal synchronous circuit (3), designed to 
cut DC current, lowers the average current greatly by the 
employment of a dynamic circuit. In previous asynchro
nouse circuits, DC current was constantly running while 
chips were in the active state. 

A problem with the internal synchronous circuit is pro
viding a standard clock. Unlike dynamic RAM, static RAM 

t--- ffi----
0 
0 

I/O 
u 
w I/O 0 

1-2 z 
~ 

3-4 
::J 
...J 
0 
U 

(a) ALL SELECTION 

1K.4K 
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M5L2114LP 

t---- ffi 
0 
0 

I/O 
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I/O w 
0 

1-8 z 
~ 

1-8 
::J 
...J 
0 
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(b) 1/2 SELECTION 

16K 
M58725P 
M5M5116P 

Fig. 2.2 Examples of memory cell array 

Fig. 2.3 Circuit diagram of internal synchronous circuit 
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is not given an external clock and must generate the clock 
by itself. As the memory cycle of static RAM starts with 'an 
address change, the internal synchronous circuit makes use 
of changes in the address signal and generates an internal 
clock. In this circuit, the charging current of internal mode 
capacitance runs at the peak rate at the beginning of the 
cycle and no current runs after the access is finished. As the 
average current can be decreased to 1/10 of the conven
tional one (at 1 MHz), this device is most suitable for 
battery-operated equipment such as hand held computers. 

4. Package 
The more the capacity, the more the number of pins. (4K 
has 18 pins, 16K, 24 pins, 64K and 256K, 28 pins). On the 
other hand, a smaller package is required for the high den-

,sity mounting. Available packages which meet these re
quirements are fait package, chip carrier (LCC), ZI P (zigzag 
inline), or shrink pack (lead spacing is 2/3 of the normal 
type). 

Mitsubishi provides the 64K CMOS RAM M5M5165FP 
and 256K CMOS RAM M5M5256FP series using the flat 
package. Fig. 2.4 shows the outline difference between the 
DIP and flat package. The flat package is approximately 
half the size of DIP. 

_0: 
W 

I 0 
/ 8 
o ~ 

0: 
W 

I I 0 I 
/ I 8 / 
o 0 ~ 0 

1 z 1 1 z 1 
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Fig. 2.4 Comparison of package outlines 

.• MITSUBISH. I 
"ELECTRIC 

MITSUBISHI ~Sls 

STATIC RAM 

DUAL IN LINE PACKAGE 

10-51 



MITSUBISHI LSls 

STATIC RAM 

OPERATION OF STATIC RAM 
The timing of static RAM is simple and operation modes 
are very easily understood because of its asynchronous 
operation that does not require strobe signals to take in 
clock signals or external signals. 

PIN CONFIGURATION (TOP VIEW) 

In this chapter, basic operation of static RAM and func
tions of various input signals ate illustrated using the 
M5M5256P 256K static RAM as an example. 

Fig. 2.5., 2.6., 2.7. are the block diagram, pin configu
ration and function table of M5M5256P. 

ADDRESS 
INPUTS 

A14- 1 

Al- 9 

Ao-o 

{

DOI .... ll 

DATA I/O 002 - 2 

00:3 .... 13 

(OV) GND 

Vee (5V) 

:. : ~31~:~~~NPUT 
3 +- All 

OE. ~~l~~~ INPUT 
1 +- AlO ADDRESS INPUT 

o 5 CHIP SELECT 

'::: ~~;!:::'IO 
6- DOs 

5 - D04 L..-____ ....I 

Outline 28P4 

BLOCK DIAGRAM 

A6 

As 

A4 

ADDRESS INPUTS A3 

Al1 
Ag 

WRITE CONTROL 
INPUT W 

CHIP SELECT INPUT 5 
OUTPUT ENABLE OE 

INPUT 

Fig. 2.5 Block diagram of M5M5256P 
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Fig. 2.6 Pin configuration of M5M5256P 

FUNCTION TABLE 

S W OE Mode DO 

H X X Non selection high-impedance 

L L X Write DIN 

L H L Read DOUT 

L H H high-impedance 

Fig. 2.7 Function table of M5M5256P 

32768 WORD 
x 8BIT 

(512 ROWS x 
512 COLUMNS) 
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ICC 

Standby 

Active 

Active 

Active 

DATA I/O 
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(OV) 
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1. Functions of input signals 

(1) Address signals (Ao""'A 1S ) 

Address signals select one random bit out of the memory 
matrix. Read/write memory operation is made to the cell 
which selected by address signal. 
(2) Chip select signal (8) 
When S = L, RAM is in the active state, enabling read/write 
memory operation. When S = H, RAM is in the non-selec
tive state, disabling memory operation. In this case, the 
output is in the high impedance state, easily expanding 
memory capacity with other memorys by OR connection. 

In addition the supply current is in standby state and re
duced to smaller than one hundredth of the normal level 
which contributes to the power saving of a large memory 
system. In most cases, like M5M5256P, the chip select 
signal is in negative logic (chip is selected when signal is L) 
but it is noted that 52 of M5M5165P is in positive logic 
(chip is selected when signal is H). 
(3) Write control signal (W) 
The W signal controls operation modes of read and write. 
The low level W enables the write mode and the high level 

W enables the read mode. When the write mode is enabled 
the data input/output (DO) terminal is in high impedance 

state. 
(4) Output enable signal (OE) 
The OE signal controls the output stage directly at high 
speed. When OE = L, the DO terminals are in the output 
mode, and when OE = H, they are in the high impedance 

TIMING DIAGRAM 
Read cycle 

DOl-DOs 
(Dout) 

W="H" level 

Fig. 2.8 Read cycle timing 
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state. When write operation is enabled and OE is set to H 
the DO terminals are in high impedance state and, thus: 
clash of RAM data output and data input, so called data 
bus contention, is avoided. When read operation is enabled 
OE must be L so that DO terminals may be in the outPu~ 
mode. 

2. Read operation 
~ig. 2.~hows the timing diagram of the read cycle. When 
5 and OE and Land W is H, the read mode is enabled and 
the memory cell data selected by the address Signal is read 
at the DO terminal. There are three kinds of read cycle 
timing, as showen in Fig. 2.8. They are defined as (a) 
address access time talA), (b) chip select access time ta(S), 
and (c) OE access time ta(OE). 

(a) is applied when 5 and OE have already been set to L 
long befor~ the address change. (b) is applied, contrary to 
(a), when 5 is set to L simultaneously or after the change 
of the address signal. In this case, OE must be L before 
the address change, as well as in the case of (a). 

(c) is applied when the OE signal has been set to L well 
after the change of the address signal or the chip select 
signal. The OE signal controls the output buffer circuit 
directly at a high speed, so the high speed access time of 
nealy one-half of that of (a) or (b) is available. When OE is 

set L faster than the timing of talA) - ta(OE) or tA(S) -
ta(OE), (a) or (b) is applied. 
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3. Write operation 
Fig. 2.9 shows the timing diagram of the write cycle. Write 
operation is excuted when Sand Ware both L. When either 
S or W goes to H, the data of the DQ terminal is written 

into the memory cell. Therefore, for the rise of W or S, 
data setup time tsu(A) and data hold time th(O) must be 
maintained. Address setup time tsU(A) and write recovery 

Write cycle (W control) 

tow 

tsU(S) 

tSU(A-WH) 

w 

Write cycle (8 control) 

w 

DOl-DOs 
(DATA IN) 

Note 4: Hatching indicates the state is don't care. 
5: Writing is executed in overlap of S and IN low. 

tow 

tsu(S) 

(Note 5) 

tSU(D) 

DATA IN 
STABLE 

6: If iii goes low simultaneously with or prior to S, the output remains in the high· . 

impedance state. 
7: Don't apply inverted phase signal externally when DQ pin is in output mode . 

. Fig. 2.9 Write cycle timing 
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time trec(W) are defined in order to avoid writing into a cell 
designated by previous or following cycles. 

At the write cycle, the data bus contention problem 
is a matter of concern. The subject is discussed in detail 
in later chapters. 

4. Standby Mode 
When Sis H, the chip becomes non-selective mode and the 
supply cu~rent is in the standby mode. The Supply current 
decreases to one tenth of the normal operation level, which 
contributes to power saving in systems that use many 
memory devices. Fig. 2.10 shows the supply current wave
form for M5M5256P. 

In the case of CMOS RAM, the stand by current is as 
low as the leak current and, the memory cell data can be 
held at a Vee of 2V, enabling battery backup applications. 

APPLICATION OF STATIC RAM 
To explain the application of static RAMS, M5M5256P, 
which has OE input. 

1. Application of M5M5256P 
Fig. 2.11 is an example of an M5M5256P application. The 

aoa5A is used for the CPU. The chip select signal is gated 
by ALE output of aOa5A. Therefore, the chip select signal 

turns to low, synchronously with the fall of ALE. W is 

SOS5A 

ALE 

101M 
A15 

WR U 
RD t---

As-A15 
r-E 

ADo-AD7 
I DOE Q 
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Fig. 2.10 Power saving by S 

connected to WR and OE is connected to the RD output 
of the CPU. The RAMs which have OE input can avoid the 
data bus contention problem by use of RD output as an 
OE signal. 

./ I 1 ---
~ 11 lL 
W s W S 

Ao 

I 
A14 M5M5256P 

Do 

p I 
07 OE OE 

~ j 
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Fig. 2.11 Application circuit of M5M5256P 
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3. Precaution against Noise 
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When memories which have power saving function by chip 
selection shift from standby mode to operation mode, 
the supply current shows a change of several 10mA. In the 
read cycle, the discharging and charging currents for the 
output load capacitance run as peak currents to Vee and 
GND. The current increases with the number of output 
terminals, hence, for a static RAM of x8 structure, the 
current is considerable. Fig. 2.12 shows the supply current 
w~veform of the M5M5165P. Noises generated by large 
current changes narrow operating margins or induce faulty 
operation. Less consideration has been give to SRAM 
compared to DRAM in' the past. Now,\ due to its con
siderable improvement on speed, SRAM has become 
susceptible to noise. Adequate consideration, therefore, 
must be given to the pattern design of the circuit board. 
To absorb noise, a O.1~F ceramic capacitor is recommended 
to be placed between each device. 

Fig. 2.12 Waveform of supply current (M5M5165P) 
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NON-VOLATILE MEMORY SYSTEM 
We can relatively easily design a large non-volatile memory 
system with little additional interface logic by using CMOS 
RAMs. The block diagram of a basic computer system that 
uses CMOS RAMs is shown in Fig. 2.13, and the power 
supply on-off timing of the system are shown in Fig. 2.14. 
It is usually necessary to have advanced warning that AC 
power has been lost. This warning signal produced by the 
power-fa ii-detect circuit interrupts the processor, which 
stores the volatile data in the· non-volatile area (CMOS 
RAMs) before the system's DC source drops. And after the 
RAMs have been protected, their Vee power source is 
replaced by VBAT, as shown in Fig. 2.14. 

I--______ BA_C_K_-U_P_P_O_W_ER_{_V_BA_T_) ------~ Vee VSAl VSAC 

,.. 
__ ~~ __ S_YS_T_EM-.P_OW_ER_{_V_cc_) ____ ~~~s~~gH-I--~~~-----~ 

AC POWER ==> REGULATOR 

POWER-FAIL
DETECT 
CIRCUIT 

POWER
FAIL 

INTERRUPT 

CIRCUIT 

MEMORY PROTECT SIGNAL 

Fig. 2.13 Non·volatile memory system 

~-~~ AC INPUT 

CD 

~ / 
Vec 

@ 
RECTIFIED AC 

@ ------------ VTH ~ 

L...---------i~ 
COMPo OUT 

o 
NMI INTERRUPT ______ :--_.,l 

® (Power faill 

® 

SYSTEM RESET or MEMORY PROTECT 

(j) 

Fig. 2.14 Power on-off timing 

---_/ 
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EXAMPLE OF CMOS NON-VOLATILE 
MEMORY SYSTEM 

Power-Failure Detection 
The power-fail-detect circuit watches a separate power 
supply point to provide an advanced warning of power 
failure. As described before, this warning signal (power fail) 
can interrup 'the processor or merely protect the CMOS 
RAMs. 

SECONDARY SIDE 

MITSUBISHI LSI. 

STATIC RAM 

Fig. 2.17 is a simplified diagram of the power-fail-detect 
circuit. This shows that the power failure is detected from 
the secondary transformer output, which is not regulated. 
The Zener-diode voltage and RC time constant should be 
well selected to prevent AC power failure from shutting 
down the memory system. 

@ TO SYSTEM POWER 

1--......... -.=...,.-_--- Vee 

Fig. 2.15 Power-fa ii-detect circuit 

Power-Switching Circuit 
The power-switching circuit replaces the main source 
Vee by the back-up power source VBAT when Vee drops, 
and replaces the VBAT by the Vee when the Vee voltage 
rises enough to enable normal operation. 

Two types of power-switching circuit are shown in Fig. 
2.16 and Fig. 2.17. The diode-coupled circuit in Fig. 2.16 
requires the main DC supply Vee to be above the required 
VB-Ae voltage by the amount of drop through the diode 
(about 0.6 '" O.7V).Fig. 2.17 shows a transistor-coupled 
circuit, which has better performance than the circuit in 
Fig. 4. In this case it is recommended to use a transistor 
with low collector-base saturation for Q1. 

Ul M51201 L (COMPARATOR) 
U2 LS123 

tl: Period with no AC power, 
t2: Period of power fail operation (interrupt) 

01 

VSAC 

02 

- BACK-UP 
VSAl 1 POWER SUPPLY 

Fig. 2.16 Diode-coupled switching circuit 

TR1 VSAC 
~--~---~ r---~--~· 

03 

VCC + 04 

- VSAl 

1 
Fig. 2.17 Transistor-coupled switching circuit· 
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4. Application Circu its 
Fig. 2.18 shows an example of a non-volatile memory 
system using 64K bits CMOS RAM M5M5165P. 

In this case, the memory protect signal is detected from 
the system power supply Vee. However it is safer to pro
tect the 'memory by taking the signal out of the non
regulated power supply, as shown in Fig. 2.15. Because 
protection is excuted before the fall of Vee and reset after 

the rise of Vee. 

MITSUBISHI LSls 

STATIC RAM 

[Bit Map] 
To make the best use of a test pattern or to do a failure 
analysis, it is necessary to know the relationship between 
external address and the actual cell location inside the 
chips. In such a case, a bit map is used to know the topol
ogy of the memory array. Figs. 2.19, 2.20 show the bit 
maps of all static RAMS which are in production. 

M5M5165P-LX4 32K BYTE CMOS RAM 

S:~X~~ Vee 
SUPPLY 

ADDRESS BUS 
Ao-A12 -------"-'--~-------------f 

(Ao : LSB) 

MEMW MEMORY WRITE SIGNAL 
MEMR---M-E-M-O-R-Y-R-E-A-D-S-I-G-NA--L------4-~--~~~-4~~-+-+~--4-~--4-~~-+~ 

DATA BUS 
00-07 ----~8~--------~--~-------+~~--------+-~---------+~~--------+-~ 

ADDRESS BUS 

A13-A15 

(A15: MSB) 

RAMl 

RAM2 

RAM3 

RAM4 

Fig. 2.18 Application of non-volatile CMOS Memory 
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