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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 M6M5258P (64K x 4) SRAM
in 1987 Memory Data Book

The pin out designation for the M56M5258P 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

Correct Designation

PIN CONFIGURATION (TOP VIEW)
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E’MOS DYNAMIC RAM

M5K4164AP-12,-15 65536-Bit (65536-Word by 1-Bit) Dynamic RAM:-weeereeeerieiimiennii. 2—3
M5K4164ANP-12,-15 65536-Bit (65536-Word by 1-Bit) Dynamic RAM-:++wrevemeeenese SEREEELEREE 2—14
M5M4416P-12, -15 65536-Bit (16384-Word by 4-Bit) Dynamic RAM-«-- - vevrvveiinniiie 2—24
" 'M5M4256P-10, -12, -15  262144-Bit (262144-Word by 1-Bit) Dynamic RAM-:«-seeerieimiinii 2—39
M5M4257P-10, -12, -15  262144-Bit {262144-Word by 1-Bit) Dynamic RAM:-««eeerereceeninnnieecen: 2—54
M5M4256L-10, -12, -15  262144-Bit {262144-Word by 1-Bit) Dynamic RAM-«--«rsereeceertrnmarnncen. 2—69
M5M4257L-10, -12, -15  262144-Bit {262144-Word by 1-Bit) Dynamic RAM:ceerereeeniiniienininien 2—84
M5M4256J-10, -12, -15  262144-Bit (262144-Word by 1-Bit) Dynamic RAM:«-vseereeeiiini. 2—99
M5M4257J-10, -12, -15 . 262144-Bit (262144-Word by 1-Bit) Dynamic RAM:-ccoeerviiriiiiinn. 2—11,4
M5M4464P-10, -12, -16  262144-Bit (65536-Word by 4-8it) Dynamic RAM '
M5M4464L-10, -12, -15 262144-Bit (656536-Word by 4-8it) Dynamic RAM:--+corveeeiriiiiniin. 2—144
M5M4C264P-10, -12, -15/M5M4C264L-10, -12, -15
262144-Bit Dual-Port Dynamic RAM« -« ceeeerermminiii e, 2159
MH25608J-10, -12, -15/MH25608JA-10, -12, -15
2097152-Bit (262144-Word by 8-Bit) Dynamic RAM ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2—184
MH25609J-10, -12, -15/MH25609JA-10, -12, -15
) ~ 2359296-Bit (262144-Word by 9-Bit) Dynamic RAM:--«--eeeorervenicieieens 2—193
M5M44C256P, J, L-10, -12, -15
Fast Page Mode 1048576-Bit (262144-Word by 4-Bit) Dynamlc RAM :---ee¢ 2—202

M5M44C258P, J, L-10, -12, -15
o Static Cloumn Mode 1048576-Bit (262144-Word by 4-Bit)Dynamic RAM -2—218
M5M4C1000P, J, L-10, -12, -15 )
‘ ' Fast Page Mode 1048576-Bit (1048576-Word by 1-Bit) Dynamic RAM---..2—234
M5M4C1001P, J, L-10, -12, -15 -
‘ Nibble Mode 1048576-Bit (1048576-Word by 1-Bit) Dynamic RAM -« 2—248

_‘M5M4C1002P, J, L-10, -12, -15

' Static Cloumn Mode1048576-Bit(1048576-Word by 1-Bit\Dynamic RAM.. 2—262

B CMOS STATIC RAM

M5M21C67P-35, -45, -65 16384-Bit (16384-Word by 1-Bit) CMOS Static RAM:----esessesemsrmsensinees 3—3
M5M21C68P-35, -45, -56 16384-Bit (4096-Word by 4-Bit) CMOS Static RAM:----wwrersismessssisnss 3—7
M5M5165P-70, -10, -12, -15, -70L, -10L, -12L, -15L
65536-Bit (8192-Word by 8-Bit) CMOS Static RAM:+-+x-wserewrseremseeeeeneees 3—11
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M5M5165FP-70, -10, -12, -15, -70L, -10L, -12L, -15L Page
65536-Bit (8192-Word by 8-Bit) CMOS Static RAM «+-eeveereeesnnees EREEERIEREEES 3—17

M5M5187P-45, -55 65536-Bit (65536-Word by 1-Bit) CMOS Static RAM::-wxrerererrereereniriereeee 3—23
M5M5187AP-25, -35 65536-Bit (65536-Word by 1-Bit) CMOS Static RAM:evrereeeerrrmncseiineneee 3—217
M5M5188P-45, -55 65536-Bit (16384-Word by 4-Bit) CMOS Static RAM:-+veoveereeemenenirnenneen 3—31
M5M5188AP-25, -35 65536-Bit (16384-Word by 4-Bit} CMOS Static RAM:-+eervcevviiiiiiniie 3—35
M5M5178P-35, -45, -556  65536-Bit (8192-Word by 8-Bit) CMOS Static RAM:-weevrerrrerrermiresniiienes 3—39
M5MB5179P-35, -45, -55  73728-Bit (8192-Word by 9-Bit) CMOS Static RAM:-eeeeeeerreeeereienneeriienn 3—44

M5M5256P-10,-12, -15,-10L, -12L, -15L

262144-Bit{32768-Word by 8-Bit) CMOS Static RAM--««xereerrrmremrereeeiianine 3—49
M5M5256FP-10, -12, -15,-10L, -12L, -15L
262144-Bit (32768-Word by 8-Bit) CMOS Static RAM---etereeremerseienimmiiiienn 3—54
M5M5256AP-70, -85, -10, -70L, -85L, -10L
262144-Bit (32768-Word by 8-Bit) CMOS Static RAM:««-eecvreveeerrmrrereeeeen 3—59
M5M5257P-35, -45, -55  262144-Bit (262144-Word by 1-Bit) CMOS Static RAM:ceecvvvveiminniiiiinins 3—64
M5M5258P-35, -45, -55 262144-Bit (65536-Word by 4-Bit) CMOS Static RAM««--eeeeereeeiiiiiiiees 3—68
n ECL RAM
M10422S-5, -7 1024-Bit (256-Word by 4-Bit) Static RAM -«--reerrreesemmemimi ol 4—3
M10474S-10, -15 4096-Bit (1024-Word by 4-Bit) Static RAM«+«-«weereerrimisiiiiii 4—7
E MOS MASK ROM
MASK ROM ORDERING METHOD -+ cose st tsettmtuittteererenaenanuntauesierestnneaeeasstaaseasinns e srssssnsssesinnnmmnnanns 5—3
M5M2364-XXXP 65536-Bit (8192-Word by 8-Bit) Mask-Programmable ROM -+ +---evenvveennnniiiin. 5—6
M5M23128-XXXP -131072-Bit (16384-Word by 8-Bit) Mask-Programmable ROM -+« veevveneenenn. 5—10
M5M23256-XXXP 262144-Bit (32768-Word by 8-Bit) Mask-Programmable ROM
M5M231000-XXXP 1048576-Bit (131072-Word by 8-Bit) Mask-Programmable ROM -«---eevvvnes - 5—16
M5M231001-XXXP 1048576-Bit (131072-Word by 8-Bit) Mask-Programmable ROM-«+--+xexcev. 5—18

M5M23C100-XXXP
M5M23C400-XXXP

B MOS EPROM
M5L2764K, -2

1048676-Bit (131072-Word by 8-Bit) CMOS Mask-Programmable ROM-....5—20
4194304-Bit (262144-Word by 16-Bit) CMOS Mask-Programmable ROM/
4194304-Bit (624288-Word by 8-Bit) CMOS Mask-Programmable ROM--..5—22

65536-Bit {8192-Word by 8-Bit) Erasable and Electrically

Reprogrammable ROM« -+« stcerrsiteutrrmianeiiis ittt 6—3
M5L27128K, -25, -2, -20 131072-Bit (16384-Word by 8-Bit) Erasable and Electrically

Reprogrammable ROM«««c s rrsreararsaasmniniinis sttt 6—10
M5L27128K-I1 131072-Bit (16384-Word by 8-Bit) Erasable and Electrically

REProgrammable ROM« -« st ceteerirurmmitiiiiiei ittt 6—18
M5M27C128K, -15, -2 131072-Bit (16384-Word by 8-Bit) CMOS Erasable and Electrically

Reprogrammable ROM«-+«ceearereerniirinieinis et 6—26
M5L27256K, -15, -2 262144-Bit (32768-Word by 8-Bit) Erasable and Electrically

REProgrammable ROM« - -« tetrerierterimniinieiet ettt 6—34
M5L27256K-I1 262144-Bit (32768-Word by 8-Bit) Erasable and Electrically

Reprogrammable ROM e eeserererorcrieiniiesinetiiniiiemesiesisiiortsressaresssnsesss 6—A40
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M5M27C256K, -12, -15 262144-Bit (32768-Word by 8-Bit) CMOS Erasable and Electrically
Reprogrammable ROM ueertrenimrtiiiiiiiis i et stcea s en e inanceses 6—46
M5L27512K, -17, -2 524288-Bit (656536-Word by 8-Bit) Erasable and Electrically
‘Reprogrammable ROM - eeererertimreiiiiii it ieeiane 6—52
M5M27C100K, -15, -2 1048576-Bit (131072-Word by 8-Bit) CMOS Erasable and Electrically '
Reprogrammable ROM««-+-eseerenemerecs J PRSPPI PR 6—58
M5M27C101K, -15, -2  1048576-Bit (131072-Word by 8-Bit) CMOS Erasable and Electrically
Reprogrammabie ROM eeentemmmiier e PR 6—59
M5M27C102K, -15, -2 1048576-Bit (65536-Word by 16-Bit) CMOS Erasable and Electrically,
Reprogrammable ROM -+« seseeeuemsesiiinmini it 6—60
n MOS OTPROM _
M5M2764P 65536-Bit (8192-Word by 8-Bit) One Time Programmable ROM:«--ereeeverveenninineens 7—3
M5M27128P 131072-Bit (16384-Word by 8-Bit) One Time Programmable ROM:«--ceeeeeeeeeeninien 7—10
M5M27256P,FP 262144-Bit (32768-Word by 8-Bit) One Time Programmable ROM:---eeeeeerreennnnnn. 7—18
M5M27512P,FP 524288-Bit (656536-Word by 8-Bit) One Time Programmable ROM:«-ceeeeereinennnns 7—24
B MOS EEPROM
M5M28C64P 655636-Bit (8192-Word by 8-Bit) Electrically Erasable and Programmable ROM:---- 8—3
g MOS EAROM
M58630P 2048-Bit (128-Word by 16-Bit) Electrically Alterable ROM:-vvveeiimaiiiieiiniiiis 9—3
M58653P 700-Bit (50-Word by 14-Bit) Electrically Alterable ROM«««-vvvreveerriieiiiiiii 9—11
M58655P 1024-Bit (64-Word by 16-Bit} Electrically Alterable ROM:-+eveeeieiiiiiiiinriiiiiieinns 9—17
M58657P 1400-Bit (100-Word by 14-Bit) Electrically Alterable ROM
M58658P 320-Bit (20-Word by 16-Bit) Electrically Alterable ROM-:+vvveeeiviiiiiiiiinniiiin, 9—31
M58659P 512-Bit (32-Word by 16-Bit) Electrically Alterable ROM««reeeeiiviiiiiiiiiiiniiiiinniicnnnin. 9—39
M5G1400P 1400-Bit (100-Word by 14-Bit) Electrically Alterable ROM«+veeiviviiriiiiiiinnnn.. e 9—47 -
m APPLICATIONS
64K, 256K-BIT DYNAMIC RAM

STATIC RAM- - o ccc ittt ittt teereeansanees D R 10—49
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GUIDE TO SELECTION OF IC MEMORIES

Classification

'DYNAMIC RAMs

Process

Memory capacity Configuration

{bits)
64K

{words x bits)

64K X1

DYNAMIC
RAMs

16K X4

H NMOS l————rZSGKJ-——'I ZSBKXTE*

| E—

HENEREEEEEEE

Type name Features
M5K4164AP-12 Wit
M5K4164AP- 15 Wit oons
M5K4164ANP- 12 ta=120ns
M5K4164ANP- 15 ta=150ns
M5M4416P-12 ta=120ns
M5M4416P-15 ta=150ns
M5M4256P- 10 ta=100ns
M5M4256P-12 — ta=120ns
M5M4256P-~15 — ta=150ns
M5M4257P-10 1, ta=100ns
M5M4257P- 12 WS mobe e
M5M4257P- 15 Wlt[ﬁ n:ibl\seorl?oie
M5M4256L- 10 —— ta=100ns
M5M4256L-12  |— ta=120ns
M5M4256L-15 ta=150ns
MsmM4a2s7L-10 [ ,ta=100ns
M5Ma2s7L-12 [ | fa=120ns
M5M4257L - 15 Wi oo e
M5M4256J-10  |— ta=100ns
M5M4256J- 12 ta=120ns
M5M4256J-15 — ta=150ns
M5M42570-10  [— , fa=100ns
MsMa2s70-12 ) | fasiZOns
M5M4257U-15 |, fa=as0ns

' MITSUBISHI
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GUIDE TO SELECTION OF IC MEMORIES

DYNAMIC RAMs

Memory capacity Configuration

(bits) {words x bits) Type name Features
—-I:SBK '——rﬁdKX4 | M5M4464P-10 — ta=100ns
M5M4464P-12 —{ ta=120ns
M5M4464P- 15 —— ta=150ns
M5M4464L -10 — ta=100ns

M5M4464L -12

— ta=120ns

M5M4464L.-15 —1 ta=150ns
{ZM '——{ESGKXB}f MH25608J-10 ta=100ns
- —— MH25608J-12 I ta=120ns

MH25608J-15

— ta=150ns

- ta=100ns

—— MH25608UA-10 *— ta=100n

I - | { ta=120ns

MH25608JA-12 o 2o

- | ! ta=150ns

MH25608JA- 15 With Tead

———LZBM ]—rzsersﬂr MH25609J- 10 ta=100ns

F— MH25609J-12 ta=120ns

L- MH25609J-15 F—— ta=150ns

- ta=100

MH25609JA-10 Boith Toad

I - ta=120ns

MH25609JA-12 With lead

S - ta=150ns

MH25609JA-15 3Vith fead

cMOs 256K 64K x4 | M5M4C264P- 12 ta=120ns

I— M5M4C264P-15 ta=150ns

F—— M5M4C264L--12 ta=120ns

L— M5M4C264L--15 ta=150ns
|
]
|

* . New product
MITSUBISHI
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GUIDE TO SELECTION OF IC MEMORIES

DYNAMIC RAMs

[
|
) Memory capacity Corfiguration
| (bits) {words x bits)

Features

=

INEEEEEEEEEEEEEEEEEEEEEEn

Type name
M5M4C1000P-10*— ta=100ns
M5M4C1000P-12 | ta=120ns
M5M4C1000P-15 — ta=150ns
M5M4C1000J-10* ta=100ns
M5M4C1000J-12 —— ta=120ns
M5M4C1000J-15 |— ta=150ns
M5M4C1000L-10 "— ta=100ns
M5M4C1000L-12 ta=120ns
M5M4C1000L-15 | — ta=150ns
M5M4C1001P-10 *}—  ta=100ns
M5M4C1001P-12 (— ta=120ns
M5M4C1001P-15 | — Wti?h:nigagrr‘nide
M5M4C10010-10 * pa=100ns
M5M4C1001J-12 [ fa=120ns
M5M4C1001J-15 | — [fa=150ns
M5M4C1001L-10 " — Wk ntie mads
M5M4C1001L-12 | —| [fa=I120ns
M5M4C1001L-15 [— fa=150ns
M5M4C1002P-10 " —| fa=109ns
M5Ma4c1002P-12 | —] la=120ns
M5M4C1002P-15 |— [2=J50ns
M5M4C10020-10 " la=100ns
M5M4C10020-12 |— [fa=120ns
M5M4C1002J-15 — fa=150ns
M5M4C1002L-10 * la~100ns
M5M4C1002L-12 |— fa=120ns
M5M4C1002L-15 — la=150ns

% . New product.

’ ~MITSUBISHI
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GUIDE TO SELECTION OF IC MEMORIES

DYNAMIC RAMs

Memory capacity
(bits)

Configuration
{words x bits)

256K X4

v L

M X9 |

Type name Features
M5M44C256P-10 “F— ta=100ns
M5M44C256P-12 [ ta=120ns
M5M44C256P-15 |— ta=150ns
M5M44C256J-10 “F—] ta=100ns
M5M44C256.-12 ta=120ns
M5M44C256U-15 ] ta=150ns
M5M44C256L-10 *——  ta=100ns
M5M44C256L-12 — ta=120ns
M5M44C256L-15 (—— ta=150ns
M5M44C258P-10 "|— fa=100ns
M5M44C258P 12 ta =J2o0ns
M5M44C258P -15 | — [a=180ns
M5M44C2580-10 "|—| [a=100ns
M5M44C2580-12 |—| [a=120ns
M5M44C2580-15 | — la=150ns
M5M44C258L-10 *[—{ lfa-=100ns
M5M44C258L 12— [a~=120ns
M5M44C258L-15 [~ [ta=150ns
MHIM08J-10 ~“*— ta=100ns
MH1MO08J-12 ta=120ns
MH1M08J-15 — ta=150ns
MH1MO8JA-10" " [—| ta—=100ns
MHIMO8JA-12 **|— fa=1200s
MHIMO8JA-15 " *— 8= 1500s
MHIM090-10 ~**—1 ta=100ns
MHIM09J-12 "™ —{ ta=120ns
MHIM09J-15 "] ta=150ns
MHIMO9JA-10" || ta=100ns
MHIMO9UA-12 ¥ 1a-=120ns
MHIMO9UA-15 “*| | 13- 150ns

% ! New product

%% : Under development .

% ! These devices are not published yet.
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GUIDE TO SELECTION OF IC MEMORIES

STATIC RAMs

Classification

Process

(S owos |

. —_—
Memory Sapacity  Enords x bith) Type name Features
4 16K 16K><1} M5M21C67P-35 ta=35ns
) M5M21C67P-45 ta=45ns
M5M21C67P-55 ta=55ns
4K x4 M5M21C68P-35 ta—35ns
M5M21C68P-45 ta=45ns
M5M21C68P-55 ta=55ns
—[ 64K }——1 64K><1= M5M5187P-45 ta=45ns
M5M5187P-55. ta=55ns
M5M5187 AP -25 ** ta=25ns
M5M5187AP - 35 & * ta=35ns
-_| 16K x 4 } M5M5188P-45 ta=45ns
M5M5188P - 55 ta=55ns
M5M5188AP-25 %% ta=25ns
M5M5188AP -85 * % ta=35ns
L—| 8K X8 | M5M5'65'§:;8L ta=70ns
M3MS165P-10 a—100ns
M3M5165P-12 ta—120ns
MBMBI65P- 15 - ta—150ns
M3MS165EP-70 ta—70ns
M3M3165EP- 10 ta—100ns
M5MS165F P12 ta=120ns
M5M5165Eg:}gl_ ta=150ns
1
|
]

** © Under development

4 MITSUBISHI
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GUIDE TO SELECTION OF IC MEMORIES

STATIC RAMs
|
: Memory capacity Configuration

(bits) (words x bits) Type name Features
— 64K, 72K skxs | M5M5178P-35 ** ta—35ns
M5M5178P-45 ** ta=45ns
M5M5178P-55 %% ta=55ns
8K X9 Iﬁ M5M5179P-35 # ta=35ns
M5M5179P-45 ** ta=45ns
| M5M5179P-55 *x* ta=55ns
L M5M5256 AP-70/70% _
_l 256K 1——' 32K X8 | SAP-70/70L ta=70ns
M5M5256A P-85/851% _
AF P-85/851% ta=85ns
M5M5256AP-10/1 0% _
AFP-10/100% ta=100ns
M5M5256P-10/10L _
FP-10/10L ta=100ns
M5M5256P-12/12L _
] FP-12/121 ta=120ns
M5M5256P-15/15L _
— FP-15/15L ta=150ns
M5M5255P-70/70L * ** _
FP-70/70L »j% | 'a=70ns
M5M5255P-85/85L ** % =
FP-85/85L s | '@~ 85NS
M5M5255P-10/10L *** Lo
FP-10/10L »jx | 12=100ns
— saxxa | M5M5258P-35 ** ta=35ns
M5M5258P-45 ** ta=45ns
| M5M5258P-55 ** ta=55ns
—| 256K><ﬂ M5M5257P-35 *% ta=35ns
L | M5M5257P-45 ** ta=45ns
L | M5M5257P-55 ** ta=55ns

% ! New product % : Under development * : These devices are not published yet.
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'GUIDE TO SELECTION OF IC MEMORIES

ECL RAMs
Moo Gwords wbite)  Type name Features
) -—-[_;;rl————‘ 256 <4 |—— M10422S-5 ta=5ns
Classification Process M10422s-7 ta=T7ns
AT BIPOLAR [—

——-1 4096 H1024X4J———‘ M10474S-10** ta=10ns

M10474S-15** ta=15ns
*% . Under de\/elopmem
MASK ROMs
Memory capacny Conflguratuon
Classification Process bits) (words x bits) Type name Features

ok —{ NMOS |——-—L 64K I—[ 8K x 8 I———| M5M2364- XX XP H ta=250ns \
A ——f 128K—;-——-i 16K X8 '—-—{M5M23128-xxpo ta=250ns |
-—‘ 256K ’——Lszxxs |———-——{M5M23256-xxxp H ta=250ns |
_l ™ }-——tzaKan—D M5M231000- XXXP Hta=250nsj

M5M231001- XXXP I——| ta=200ns |

ta=250ns/
M | 128 x8 |——|M5M23C100- X XXP|—] ta=250ns
512K X8 * —
256K X 16 M5M230400-XXXPH ta=250ns [
Y
M5M23C400-XXXFP | — ta=250ns |

+*
M5M23c401-xx>’€pH ta=250ns J

512K X8

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

’ MITSUBISHI
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GUIDE TO SELECTION OF IC MEMORIES

MOS EPROMs
. : Memory capacity Configuration
Classification Process {bits) (words x bits) Type name Features
[EPROMsf——{ Nmos]——( 64K ]——‘ 8K X 8 | M5L2764K-2 ta=200ns
M5L.2764K ta=250ns
—l 128K H 16K><ﬁ M5L27128K-2 ta=200ns
M5L27128K-20 ta=200ns
- M5L27128K ta=250ns
| m5L27128K-25 ta=250ns
——{ 256K H 32K><8} M5L27256K - 15 ta=150ns
L | M5L27256K-2 ta=200ns
L { M5L27256K ta=250ns
——| 512K "—'—l 64K X8 M5L27512K-17 ta=170ns
M5L27512K-2 ta=200ns
M5L.27512K ta=250ns
—| cmosJ——( 128K }———-‘ 16K X8 } M5M27C 128K - 15 ta=150ns
' L | M5M27C128K-2 ta=200ns
L_{ m5m27C128K ta=250ns
——i_ZSGLH 32K><i} M5M27C256K-12 | ta=120ns
L M5M27C256K-15 ta=150ns
L—{ M5M27C256K ta=250ns
——|ﬂ_’-—| 128K X 8 M5M27C100K-15 ta=150ns
M5M27C100K-2 * ta=200ns
M5M27C100K  * ta=250ns
128K X 8 M5M27C101K-15 ¥ ta=150ns
M5M27C101K-2 * ta=200ns
M5M27C101K  * ta=250ns
K
—{64K><16 M5M27C102K-15 ta=150ns
M5M27C102K-2%* ta=200ns
M5M27C102K  *x ta=250ns

* . New product % I Under development

MITSUBISHI
ELECTRIC - 1—9



MITSUBISHI LSIs

'GUIDE TO SELECTION OF IC MEMORIES

MOS EAROMs

Memory capacity Configuration

(bits) (words x bits) Type name Features
_—.Lzzo Hzoxm H M58658P ’——{ ta=20us
_Lsm J—_[ 32><16HM58659P H ta=20us |
Classification Process
EAROMsI——I MNOS I———| 700 I____| 5014 I——LM58653P H ta=20us
——|;1024 J-——| 54><15HM58655P H ta=20us |
’_‘I‘“ioo_|__| 100x 14 © M58657P H ta=20us I
M5G 1400P |—-{ ta=20us l
Wzaxw |-——LM58630P '——{ ta=20,s l
MOS OTPROMs
Memory capacity Configuration
Classification Process (bits) (words x bits) Type name Features
OTPROMSs |-——-l NMOS ]——L 64K ]——{ 8K x 8 HM5M2764P H ta=250ns
___me }_..__[ 16KX8—I————I M5M27128P H ta—250ns
_LzseK H 32K X8 |———LM5M27256|5, FPJ——' ta=250ns |

—— siek ] eakxs |—— msmzrsize, FP || ta=250ns |
256K l——{ 32K><8—|————LM5M27¢‘32‘56P, FI;,——I ta=200nsJ
™ J———| 32K X8 M5M27CIOOP***’——‘ ta=2oonsJ

M5M27C101P ***|—| ta=200ns |

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

1—10
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MITSUBISHI LSIs

GUIDE TO SELECTION OF IC MEMORIES

MOS EEPROM

Memory capacity Configuration
Classification Process (bits) (words x bits) Type name Features

lEEPROMHCMOS]———I 64K ,__i 8K X 8 M5M28CG4P-I5*:I——Lta=150ns I

M5M28C64P  xx ta=200ns |

*% : Under development

MITSUBISHI
ELECTRIC 1—11
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INDEX BY FUNCTION

M64K-Bit DYNAMIC RAM

DIP
‘Memor Access | Cycle Power Low power
capacitz Refresh| time time 4d£f n dissipation » §»§ Inter-
Type Structure {configu- | Pin Max Min 5‘?‘_ ion | Max (mw) Specifications e changeable Page
ration) (ns) (ns) (n:,Vlﬁ)/) Operating 83 products
time
© 128 refresh cycles
M5K4164AP-12 120 | 220 | 175 275 every 2me
Yes @ 1-pin automatic and 2—3
MEK4164AP-15 saK 150 | 260 | 150 250 R miroshing
16P4 | See
M5K4164ANP-12 (Barx1) 120 | 220 | 175 215 | 128 refresh oycles 20
° NMOS every 2ms page 1-
® CAS input allows 2—14
hidden refresh
M5K4164ANP-15 No | 150 | 260 | 150 250 operation
M5M4416P-12 64K 120 | 220 | 175 275 ® 128 refrosh cycles
otloy 2me 18P4 2—24
M5M4416P-15 | (16KX4) 150 | 260 | 150 250 't configuration
H256K-Bit DYNAMIC RAM
DIP
Memory | § A Low power o
Lo ccess Cycle Power - p =29 Inter-
Type Structure ((’ggﬁ%'ta_ 838! time time | dissipation d,\'fas)'(p(a[;'\x,”) Specifications £2 | changeable | Page
ra!ior?) c E'| Max(ns) | Min(ns) | Typ(mW) Operating tine s § products
M5M4256P-10 oo 100 200 300 385 © 256 refresh cycles
M5M4256P-12 23| 120 230 260 360 .eC_vA_erSy b:“;re S 2—39
o
M5M4256P-15 2sek | M F [ 150 | 260 230 330 refrosh operatin | 1gpg | 5°°
M5M4257P-10 (256K X1)| o 100 200 300 385 capability age 1-20
e i pag
M5M4267P-12 83| 120 230 260 360 | ®CAS input allows 2—54
Zg hidden refresh
M5M4257P-15 NMOS 150 260 230 330 operation,
@256 refresh cycles
M5EM4464P-10 100 200 300 420 every 4ms.
®CAS before RAS
256K o0 refresh operation
M5EM4464P-12 B 120 220 260 360 capability. 18P4H 2—129
(64K x<4)| a € ®CAS input allows s
hidden refresh oe
M5M4464P-15 150 260 230 330 operation, page 1-20
. ® 4-bit configuration
RAM @ High spe
MBMA4C264P-12 256K | o1 120 220 300 100 Inlgut%u?gu?enal
cMOSs (554:54) >3 eDul port R | 24par 2—159
aE .
M5M4C264P-15 212, 150 | 260 | 250 80 ey eyoles
. X4
PLCC
Memory | § A Power Low power 3
f Lo ccess Cycle : . - : . 28 Inter-
Type Structure F:(frﬁ?gl}t g*é Nzlme, time dissipation daz'fagw Specifications %g changeable | Page
. I = .
ration) | & ax(ns) | Min(ns) | Typ(mW) Operating ting . §5 | products
M5M4256J-10 v o 100 200 300 385 ® Same electrical —
M5M4256J- OB 120 230 characteristics as -
56J-12 t’fg 260 360 the M5M4256P See 2—99
M5M4256J-15 nmos | 2K 150 260 230 330 and MSM425TP | 1gpoa | P29° 1-20
M5M4257J4-10 (256K X1)| o 100 200 300 385 series. —
2. "
M5M4257J-12 83| 120 230 | - 260 360 | ®Fackage 18-pn See 2—114
M5M4267J:15 ZE 50 | 260 230 330 ’ page 1-20
MITSUBISHI
1—12 ELECTRIC
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INDEX BY FUNCTION

H256K-Bit DYNAMIC RAM

ZIP
Memory | § Low power o
i 2 o | Access Cycle Power o A Inter-
Type . Structure Fgg:ﬁng_ 2 B time time dissipation d&:g?&'w‘) Specifications %é changeable Page
rauor?) : £ | Max(ns) | Min(ns) | Typ(mW) Operating tire e3 products
M5M4256L-10 oo 100 200 300 385 ® Same electrical —
o 3=3 characteristics as
- 2_
M5M4256L-12 ge 120 230 260 360 the M5MA4256P See . 69
M5M4256L-15 256K 150 260 230 330 and MSMAZSTP | coc page 1-20
M5M4257L-10 (256K X1)| o 100 200 300 385 series, —
o, "
M5Ma257L-12 NMOS 23 120 230 260 360 ®Package 16-pin See 2—84
zg zig-zag in line. 1-20
M5M4257L-15 150 260 230 330 page
M5M4464L-10 * 100 200 300 420 ® Same electrical
M5M4464L-12 * zs6K 120 220 260 360 characteristios as | 5opg) — 2—144
- (64K X 4 the M5M4464P
M5M4464L-15 * 29 150 260 230 330 series
RAM o o _pi iq- i
M5M4C264L-12 256K |4 E| 120 220 300 100 | ®24Pn Zg-zagin
(64K X 4) ine — 2—159
CMOS SAM 24P5L
M5M4C264L-15 1024 150 260 250 80
i (256 X4)
* © New product
SIP MODULE .
Memory ; Access Number Sa Inter-
Type Structure (%aoprﬁ?'tly_ Function time of chip Specifications % E changeable Page
rat\or?) mode Max(ns) carrier & § products
MH25608J-10 * 100 @ Package : 30-pin —
Plug In"Type
MH25608J-12 120 ® External dimensions 30N9 See
2M 17.2X88.9X5.08mm
MH25608J-15 . 150 page 1-20
(256K 8 2—184
MH25608JA-10 * 100 @ Package : 30-pin —
x8) Lead Type
MH25608JA-12 . 120 ® External dimensions 30N5 See
20.8X78.9X5.08 mm
MH25608JA-15 Page 150 page 1-20
NMOS
MH25609J-10 * mode 100 ®Package : 30-pin —
Plug In Type
MH25609J-12 120 ®External dimensions 30N9 See
2.3M 17.2X88.9X5.08mm 1-20
MH25609J-15 150 page
(256K 9 2—193
MH25609JA-10 * 100 ® Package : 30-pin —_
X 9) Lead Type
MH25609JA-12 120 ®External dimensions 30N5 See
20.8X78.9%X5.08mm .
MH25609JA-15 150 page 1-20
* . New product '
. MITSUBISHI

ELECTRIC 1—13



MITSUBISHI LSis

INDEX BY FUNCTION

B1M-Bit DYNAMIC RAM |

DIP
Memory | § Access Cycle Power 0 : o .
; 2 f ) i perating =X Inter
Type Structure | S3P3CY | ‘58| time time |dissipation| giocination |- Specifications | S | changeable | Page
(configu- | 88| Max Min Typ Max(mw) 3E products
ration) | & (ns) (ns) (mW) o3
*
M5M4C1000P-10 ® 100 190 300 413 ©512 refresh cycle
o
< o every 8ms
M5M4C1000P-12 28| 120 | 220 250 | 358 ®CAS before RAS 2—234
oE refresh operating
M5M4C1000P-15 = 150 260 200 303 capability
* ® CAS controlled
M5M4C1001P-10 100 190 300 413 output allows
™M KN hidden refresh
MS&M4C1001P-12 83 120 220 250 358 18P4Y 2—248
(IMX1)| Z € See
M5EM4C1001P-15 150 260 200 303 page 1-22
rat
M5M4C1002P-10 S 100 190 300 413
E
M5M4C1002P-12 | CMOS o E 120 220 250 358 2—262
SE
M5M4C1002P-15 3ol 1m0 260 200 303
*
M5M44C256P-10 g 100 190 300 03 ©512 refresh cyole
s every 8ms
M5EM44C256P-12 -0 120 220 250 358 ® CAS before RAS 2—202
23 refresh operating
M5M44C256P-15 ™ wE 150 260 | 200 303 capability -
= = ® CAS controlled 20P4aY
M5M44C258P-10 (256K x4)| = | 100 190 300 413 output allows See
€ . hidden refresh
M5M44C258P-12 LS| 120 220 250 358 @ 4-bits page 1-22| 2218
'.;;2 configuration
M5M44C258P-15 (‘58 150 260 200 303 -
* . New product
SOoJ
Memory | g Access | Cycle Power | Operating S inter-
capacity | = o time time dissipation|  power . G o
Type Structure (configu- | €38 Max Min yp dissipation Specification §§ cgfggfgtbsle Page
ration) | € (ns) (ns) (mW) | Max(mW) g3
M5M4C1000J-10 o 100 190 300 413 | @512 refresh oyolo
- 8o every 8ms
M5M4C1000J-12 E‘g 120 220 250 358 ®CAS before RAS 2—234
@ E refresh operating
M5M4C1000J-15 LN 150 260 200 303 capability
. ®CAS controlled
M5M4C1001J-10 100 190 300 413 output allows See
™ o hidden refresh 2
M5M4C1001J-12 g%; 120 220 250 358 page 1-22 |, o4
(IMX1)| Z €
M5M4C1001J-15 150 260 200 303
*
M5M4C1002J-10 % 100 190 300 413
€ )
M5M4C1002J-12 of 120 220 250 358 2—262
CMOs £3 26P0J
M5M4C1002J-15 UH)S 150 260 200 303 . -
*
M5M44C256J-10 ) 100 190 300 413 ®512 refresh cycle See
g’q, every 8ms
M5M44C256J-12 2zl 120 220 250 358 ®CAS before RAS page 1-22 |, ,4p
GE _ refresh operating
M5M44C256J-15 ™M L 150 260 200 303 capability —
e ° ®CAS controlled -
M5M44C258J-10 (256K>a)| = | 100 190 300 413 output allows See
£ hidden refresh
M5M44C258J-12 LE| 120 220 250 358 ®4-bits page 1-22 | 2218
'55 configuration
M5M44C258J4-15 (%8 150 260 200 303 —
* ! New product
/
MITSUBISHI
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MITSUBISHI LSis

INDEX BY FUNCTION

H1M-Bit DYNAMIC RAM

ZIP
Memory g ° Access Cycle Power Operating 2y Inter-
Type Structure (Ccag:ﬁgg ‘é‘ 2 t;\;ngx ;\'AT: dls_?_l\?gtlon d|g§|‘g:{ion Specifications %§ changeable | Page
fation) | 2| (ns) (ns) (mwW) | Max(mw) &3 products
M5M4c1000L-10* ® 100 190 300 413 512 refresh cycle
g@ every 8ms
M5M4C1000L-12 231 120 220 250 358 ®CAS before RAS 2—234
aE refresh operating
M5M4C1000L-15 L 150 260 200 303 capability See
* ®CAS controlled
M5M4C1001L-10 100 190 300 413 output allows page 1-22
™ L, hidden refresh
M5M4C1001L-12 23| 120 220 250 358 2—248
(1IMX1)| ZE
M5M4C1001L-15 150 260 200 303
M5M4C1002L-10" 2| 100 190 300 0713
CMOS £ 20P5L
M5M4C1002L-12 oE 120 220 250 358 — 2—262
= 3
M5M4C1002L-15 2ol 150 260 200 303
M5M44c256L-16 ° 100 190 300 413 ®512 refresh cycle
o every 8ms
M5M44C256L-12 23| 120 220 250 358 ®CAS before RAS 2—202
E 1S refresh operating
M5M44C256L-15 ™ (= 150 260 200 303 capability
. > ®CAS controlled —
M5M44C258L-10 (256K X4) g 100 180 300 413 output allows
£ hidden refresh
M5M44C258L-12 oE 120 220 250 358 @ 4-Dits 2—218
= configuration
M5M44C258L-15 281 150 260 200 303
*  New product
.
SIM/SIP MODULE
Memory | i Access Number =¥ Inter-
Type Structure éig?i‘gj‘_/ ng;iCe on time of chip Specifications £E | changeable Page
ration) Max(ns) | carrier &3 products
* ko v
MH1MO08J-10 100 ©® Package 30-pin
T x plug in type
MH1MO08J-12 120 ® External measurements | 30N9A
20.3X88.9X5.08
MH1MO08J-15 8 M 150 (Unit mm)
*dok 8
MH1MO08JA-10 (1Mx8) 100 ® Package * 30-pin
x . lead type
MH1MO8JA-12 120 ®Eyternal measurements |30N5A
e Fast 23.6X79.8X5.08
MH1MO08JA-15 150 (unit mm)
pores CMOS page — —
MH1MO09J-10 100 ® Package : 30-pin
Py mode plug in type
MH1M09J-12 120 ® External measurements | 30NSA
e 20.3X88.9X5.08
MH1MO09J-15 9IM 150 (unit mm)
& 9
MH1MO9JA-10 (1M X9) 100 ® Package : 30-pin
—x lead type
MH1MO09JA-12 120 ® External measurements (30NSA
_—s 23.6X79.8X5.08
MH1MO09JA-15 150 (unit mm)

*- . New product

*% . Under deveropment

* . These devices are not published yet.

MITSUBISHI
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INDEX BY FUNCTION

H16K-Bit STATIC RAM

: Typical @
Memory Supply Access Cycle =X Inter-
Type Structure é\gegcoi;‘/ configuration voltage disg?v;%iron time time % § changeable Page
PACY | (Word X Bit) % Typp(mW) Max(ns) | Min(ns) | £3 products
M&EM21C67P-35 35 35
M5M21C67P-45 16K X1 © 45 45 3—3
MEM21C67P-55 55 55 See
- CMOS 16K 51104 200 20P4
M5M21C68P-35 % 35 35 page 1-26
M5M21C68P-45 4K < 4 45 45 3—7
M5M21C68P-55 55 55
>
HM64K-Bit STATIC RAM
: Memory Memory Supply Power dissipation Access Cycle % ] Inter-
Type Structure capacity configuration volla%e Operating | Standby time time S é changeable | Page
(WordxBit) | (V Typ(mW) | Max(mw) | Max(ns) | Max(ns) | €5 | products
M5MS51656P,FP-70 70 © 70
M5MB165P,.FP-10 " 100 100
M5M5165P,FP-12 120 120 28P4 3—11
8K X8
M5M5166P,FP-15 200 150 150 (P) )
M5M5165P,FP-70L . 70 70 28P2W See 3—17
M5M5165P,FP-10L 100 100 (FP) (FP)
. 0.55 page 1-26
M5MS5165P,FP-12L 120 120
M5M5165P,FP-15L 150 150
M5M5187P-45 ’ 45 45 3
M5EM5187P-55 55 55 3—2
64K X 1 300 1
MS5M5187AP-25 ** CMOS 64K 5+10% 25 25
M5MS5187AP-36 ** 35 35 - =z
22P4H
M5M5188P-45 a5 45 See 3—3
MBMB188P-55 00 y 55 55 page 1-26 !
M5EM5188AP-25 »x 6K X4 25 25 T (P
M5EMB188AP-35 * ! 35 35 See pagel-26
MS5M5189AP-25 *x % 300 " 25 25 24P Y
M5EMSG189AP-35 ** & 35 35
M5M5178P-36  »x 35 35 —
M5M5178P-45 * ok 8K X8 300 11 45 45 3—39
M5M5178P-
8P-56 xx 55 S5 | gpay | See
M5M§1 79P-35 A% 35 35 page 1-26
M5M5179P-45  »x ' 72K 8K X9 300 11 45 45 3—44
M5M5179P-55 * Kk 55° 55

*% : Under development * These devices are not published yet, Note : M5SM5189AP with OE

' MITSUBISHI
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INDEX BY FUNCTION

H256K-Bit STATIC RAM

Memor Memory Supply Power_dissipation Access Cycle % 2 Inter-
Type Structure capacixr configuration | voltage | Operating | Standby time time . é changeable | Page
(Word X Bit) (V) Typ(mW) | Max(mW) Max (ns) | Max(ns) &3 products

M5MS5256P,FP-10 100 100 3—49
M5M5256P,FP-12 200 11 120 120 ®)
M5EM5256P,FP-15 150 150 See
M5M5256P,FP-10L 100 100 page 1-26 354
M5M5256P,FP-12L 200 0.55 120 120 (F‘P)
M5M5256P,FP-15L 150 150
M5M5256AP, AFP-70 T * 70 70 —
M5M5256AP, AFP-85 T * 200 11 85 85 28P4 | See
M5MS256AP, AFP-10 1% 32Kkx8 | 100 10 f () |Page 18],
MS5M5256AP, AFP-70L T * 70 70 28P2W — .
MS5M5256AP, AFP-85L T % 200 0.55 85 85 (FP) | See
MEMs256AP, AFP-10L t| OMOS | 256K 5+10% 100 100 page 1-26
M5M5255P, FP-70  *%* 70 70
MSME255P, FP-85 %% 200 1 85 80 - -
M5M5255P, FP-10 *Heo 100 100 See pagel-26|
M5M5255P, FP-70L  *** 70 70
M5M5255P, FP-85L  **xx 200 0.55 85 85 - —
M5M5255P, FP-10L  **x % 100 100 See pagel-26
M5EM5257P-35 ** 35 35
MEM5257P-45 ** 256K X 1 300 11 45 45 3—64
M5M5257P-55 kx| 55 55
M5EM52568P-35 ** 35 s |2 -
M5EM5258P-45 ** 64K X 4 300 11 45 45 3—68
M5M5258P-55 %% 55 55

* © New product ** I 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 LSIs

INDEX BY FUNCTION

HMECL RAM
Typical 2 ~
Type Structure g’;‘:‘)ggirt‘; cormgmt’art)(qn vso?&%'l alover Ao (i_?lrﬁ'ee gg ch;rr:tgeerable Page
(WordX Bit) (v Typ(mW) Max (ns) Min(ns) £3 products
M10422S-5 1024 2564 300 5 — i—
M10422S8-7 Bipotar 1024 256X 4 —-5.2v 300 7 — 24S1F See
M10474S-10 *x 4096 1024%4 +5% 950 10 — page 1-28 4
M104748-15 - *x 4096 1024%4 950 15 —
*% : Under development
HBMASK ROM
. Typical o
Type Structure| Memory cm?i[gﬁ:ztion vsolljfgglye ' ggwer A?\(r:neeSS Ct\{r(r):: g £ chali?\:;eer;ble Page
©apacity | fwordx Bit) ) ‘{Lsyﬂp?m) Max (ns) | Min (ns) | 83 products
M5M2364-XXXP 200 - — 28P4 5—6
MEM23128-XXXP 128K 16K X 8 ’ 200 250 — See 5—10
M5M23266-XXXP | \nvog | 256K 32K X 8 — page 1-28 | 513
M5M231000-XXXP ™ 128K X8 : 150 — 28P4 5—16
M5M231001-XXXP ™ 128K X8 150 200 — — 5—18
M5M23C100-XXXP 5+10% 200/250 — See 5—20
M5M230400-XXXP* — 40P4 | page 1-28 | 5—22
512K X8 )
MBM23CA00-XXXEP x| 0> | am 256K 16 100 250 —  |eapew
M5M23C401 -'xxx;* 512K X8 — 32P4
* : New product %% ! Under development s : These devices are not published yet.
HEPROM
Typical 2% .
Type Structure ;‘43;"0?{ 3 comgzgar;ﬂon vSoLII:)z?g% di spsci)r‘;;el:on A(t}i?:es s Ot?,ﬁl: %:—% ch;rrlnfqeerable Page
(Word X Bit) (v) Typ (mW) Max (ns) | Min (ns) §2 products
MB5L2764K-2 64K 8K X8 - 300 200 — 28K1 6—3
M5L2764K g 250 —
M5L27128K-2 200 — See
M5L27128K-20 t NMOS '350 200 — page 1-28 | o o
M5L27128K 250 —
M5L27128K-256 1 128K 16K X 8 250 —
M5M27C128K-15 150 — _
M5M27C128K-2 CMOS 160 200 — 6—26
M5M27C128K 250 — . See page1-28
M5L27256K-15 150 - 28K 4 )
MS51L27256K-2 NMOS | 256K 32K X8 300 200 — - 6—34
M5L27256K 545% 250 —
MSM27C256K-12 120 — See
M5M27C256K-15 CMOS | 256K - 32K X 8 160 150 — page 1-28 | 6—46
M5M27C256K 250 —
M51.27512K-17 170 — =
M5L27512K-2 NMOS | 512K 64K X 8 300 200 — See 6—52
M5L27512K 250 — page 1-28
M5M27C100K-15 * 150 — —
M5M27C100K-2 *| 200 — See 6—58
MBM27C100K * 128K X8 250 — s2ka page 1-28
M5M27C101K-15 * 150 - —
M5M27C101K-2 *[ CMOS ™ 160 200 — 6—59
M5M27C101K * 250 — See
M5M27C102K-15% 150 — page 1-28
M5EM27C102K-2 *»* 64K X 16 200 — 40K 4 6—60
M5EM27C102K *x 250 —

* . New product *%* ! Under development t : Supply voitage 5V +10%

. MITSUBISHI
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INDEX BY FUNCTION

HOTPROM
Typical Q
Memory Suppl Access Cycle S Inter-
Type Structure (r\)/’clier:g’rly configuration vol ?gg)é dipsos\:vztion time time % E changeable Page
Pacty | (Word x Bit) (v) (m&/) Max (ns) | Min(ns) | &35 products
M5M2764P 64K 8K X8 300 — 7—3
M5M27128P NMOS 128K 16K X8 350 250 — 28P4 s 7—10
M5M27256P, FP 256K 32K % 8 300 = zsr(fziu °e T
MEM27512P,FP 512K | eaKxB | 5+5% | 300 e 3 1—24
M5M27C256P,FP * 256K 32K %8 200 -
M5M27C100P * x*x| CMOS ™ 128K X8 160 200 32P4 _ —
MSM27C101P * ** —
*% :Under development x These devices are not published yet.
HEEPROM
Typical @
Memory Supply Access Cycie Do Inter-
Type Structure ;\:gggfg configuration voltage disps?;;etfon time time % £ changeable Page
(Word X Bit) (V) Ty (mW) Max (ns) | Min (ns) £3 products
M5M28C64P-15 ** ' 150 —
64 8K X8 51+10% 100 28P4 — 8—3
M5M28C64P * Kk cmos K % 200 —
*% . Under development
HEAROM
Typical [l
Suppt Access Cycle = Inter-
Type Structure | Memory | o I\:Iemorly voltgpz power time t|¥rle 22 | changeable Page
capacity | configuration g dissipation o=
(Word X Bit) (v Typ(m) Max (ns) Min(ns) g3 products
M58658P 320 20X 16 1 - . 9—31
M58659P 512 32X16 *1 — — 9—3%
M58653P 700 50X 14 *1 — — S—11
M58655P MNOS 1024 6416 *1 200 20pus — 14P4 — 9—17
M58657P 1400 100% 14 %1 — . 9—25
M5G1400P 2 - See page1-30 | 9—a7
M58630P 2048 128X16 ¥1 .= — 9—3
2,
#10VGe—Vss=—35VE8% Vss—Vano=5V ' g
(
%2 :Vgg—Vgs=—35V+8%
¥ MITSUBISHI
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MITSUBISHI LSis

GUIDE TO INTERCHANGEABILITY

AMD
Mitsubishi Advanced el Fso ) o INTEL "[INTERSIL
Eleotrio Micro General I.:airchlld Fujitsu Hitachi intel Intersil
Devices Instrument Semiconductor

M5K4164AP-12 MB8265A-12 | HM4865AP-12
M5K4164AP-15 MB8265A-15 | HM4865AP-15
M5K4164ANP-12 MB8264A-12 | HM4864AP-12
M5K4164ANP-15 MB8264A-15 | HM4864AP-15
MSK4164ANL-12 :
M5K4164ANL-15
M5M4416P-12 MB81416-12 | HM48416AP-12
M5M4416P-15 MB81416-15 HM48416AP-15
M5M4256P-10
M5M4256P-12 MB81256-12 HM50256P-12
M5M4256P-15 MB81256-15 HM50256P-15
M5M4257P-10
M5M4257P-12 MB81257-12 HMS50257P-12
M5M4257P-15 MB81257-15 | HM50257P-15
M5M4256J-10
M&M4256J-12 MB81256-12 HM50256CP-12
M5M4256J-15 MB81256-15 HMS50256CP-15
M5M4257J-10 ' .
M5M4257J-12 MB81257-12 HM50257CP-12
M5M4257J-15 MB81257-15 HM50257CP-15
M5M4256L-10

E M5M4256L-12 ) : MB81256-12

g M5M4256L-15 MB81256-15

S | M5M4257L-10 ,

< [msmazs7L-12 ‘ MB81257-12 ‘-

2 [msmazs7L-15 MB81257-15
M5M4464P-10 MB81464-10
M5M4464P-12 MB81464-12 HM50464P-12
M5M4464P-15 MB81464-15 HM50464P-15
M5M4464L-10
M5M4464L-12
M5M4464L-15
M5M4C264P-12 MB81461-12 HM53461-12
M5M4C264P-15 ] MB81461-15 HM53461-15
M5M4C264L-12 '
M5M4C264L-15
MH25608J-10 |
MH25608J-12
MH25608J-15
MH25608JA-10
MH25608JA-12
MH25608JA-15
MH25609J-10
MH25609J-12 HMS610038-12
MH25609J-15 : HM561003B-15
MH25609JA-10
MH25609JA-12 _ HM561003A-12
MH25609JA-15 . HMS561003A-15

MITSUBISHI
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GUIDE TO INTERCHANGEABILITY

MOTOROLA
NSC TI
MOSTEK Motorola Nippon . § )
i National . Oki Texas -Toshiba Remarks
Mostek Semiconductor Electric
Semiconductor Instruments
products i
MK 4164N-15
©PD4164C-12 .
MK4564N-15 4 #PD4164C-15 TMS4164-15NLJ| TMM4164P-3
©#PDA41416C-12 TMS4416-12NL
nPD41416C-15 TMS4416-15NL
MK 4556-12 MCMB6256P~12 #PDA41256C-12 MSM41256-12RS | TMS4256-12NL | TMM41256P-12
MK 4556-15 MCM6256P-15 #PD41256C-15 MSM41256-15RS | TMS4256-15NL | TMM41256P-15

MCM6257P-12

MSM41257-12RS

TMS4257-12NL

TMM41257P-12

MCM6257P-15

«PDA41257C-15

MSM41257-15RS

TMS4257-15NL

TMM41257P-15

nPD41256L-12

TMM41256T-12

«PD41256L-15

TMM41256T-15

#PD41264C-12

TMMA41257T-12

1PD41264C-15

TMM41257T-15

MCM6644

©PD41464C-12

TMS4464-12NL

TMM41464P-12

#PD41464C-15

TMS4464-15NL

TMM41464P-15

©#PD41264C-12

nPD41264G-15

MC-41256A8B-12

MC-41256A8B-15

MC-41256A8A-12

MC-41256A8A-15

MC-41256A98B-12

MC-41256A9B-15

MC-41256A9A-12

MC-41256A9A-15

: MITSUBISHI
ELECTRIC
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GUIDE TO INTERCHANGEABILITY

DYNAMIC RAM

N
—
AMD Gl FSC )
Mitsubishi Advanced . . . INTEL INTERSIL
) General Fairchild Fujitsu Hitachi
Electric Micro intel Intersil
. Instrument Semiconductor
Devices X
M5M4C1000P-10 MB81C1000-10 | HM511000P-10
M5M4C1000P-12 MB81C1000-12 | HM511000P-12

M5M4C1000P-15 MB81C1000-15 [ HM511000P-15
M5M4C1001P-10 MB81C1001-10 | HM511001P-10
M5M4C1001P-12 MB81C1001-12 | HM511001P-12
M5M4C1001P-15 MB81C1001-15 HM511001P-15
M5M4C1002P-10 " | HM511002P-10

M5M4C1002P-12

HMS511002P-12

M5M4C1002P-15

HM511002P-15

M5M4C1000J-10

MB81C1000-10

| M5M4C1000J-12

MB81C1000-12

M5M4C1000J-15 MB81C1000-15
M5M4C1001J-10 MB81C1001-10
M5M4C1001J-12 MB81G1001-12
M5M4C1001J-15 MB81C1001-15

M5M4C10024-10

M5M4C1002J-12

M56M4C1002J-15

M5M4C1000L-10

MB81C1000-10

M5M4C1000L-12

MB81C1000-12

M5M4C1000L-15

MB81G1000-15

M5M4C1001L-10

MB81C1001-10

M5M4C1001L-12

MB81C1001-12

M5EM4C1001L-15

MB81C1001-15

M5M4C1002L-10

M5M4C1002L-12

M56M4C1002L-15

M5M44C256P-10

M5M44C256P-12

M5M44C256P-15

M5M44C258P-10

M5M44C258P-12

M5M44C258P-15

M5M44C2564-10

M5M44C256J-12

M5M44C256J-15

M5M44C258J-10

MbEM44C258J0-12

M5M44C258J-15 -

M5M44C256L-10

M5M44C256L-12

M5M44C256L-15

M5M44C258L-10

M5M44C258L-12

M5M44C258L-15

MH1MO08J-10

MH1M08J-12

MH1M08J-15

1—22
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GUIDE TO INTERCHANGEABILITY

MOTOROLA NSC T
MOSTEK Motorola Nippon )
National Oki Texas Toshiba Remarks
Mostek Semiconductor Electric
Semiconductor Instruments
products

©PD421000C-10 TC511000P-10
#PD421000C-12 TC511000P-12
«PD421001C-10 TC511001P-10
#PD421001C-12 TC511001P-12
«PD421002€-10 TC511002P-10
«PD421002C-12 TC511002P-12
#PDA421000LA-10 TC5110004-10
.#PD421000LA-12 TC511000J-12
#PDA421001LA-10 TC5110014-10
nPDA421001 LA-12 TC511001J-12
#PD421002LA-10 TC511002J-10
©PD421002LA-12 TC511002J-12

TC514256P-10

TC514256P-12

TC514258P-10

TC514258P-12

TC514256J-10

TC514256J-12

TC514258J-10

TC514258J-12

MITSUBISHI
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GUIDE TO INTERCHANGEABILITY

AMD

[e]] FSC
Mitsubishi Advanced . . . INTEL INTERSIL
. General Fairchild Fujitsu Hitachi .
Electric Micro _ ’ Intel Intersil
Devices Instrument Semiconductor

MH1MO08JA-10
MH1MO08JA-12
MH1MO8JA-15
MH1M09J-10
MH1MO09J-12
MH1M09J-15
MH1MO09JA-10
MH1MO09JA-12
MH1MO9JA-15

DYNAMIC RAM

MITSUBISHI
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GUIDE TO INTERCHANGEABILITY

MoSTEK MOTOROLA NSGC TI
Motorol Ni
‘O orota National ippon Oki Texas Toshiba Remarks
Mostek Semiconductor Electric
- Semiconductor Instruments
products

: MITSUBISHI
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GUIDE TO INTERCHANGEABILITY

AMD
" Mitsubishi Advanced AMI FsC . INTEL | INTERSIL
Electric Micro American Fairchild Fuiitsu Hitachi Intel Intersil
Devices Microsystems (Semiconductor

M5M21C67P-35 MB81C67-35  |HMB6267-35
M5M21C67P-45 MBB81C67-45  |HM6267-45
M5M21C67P-55 ) MB81067-55
M5M21C68P-35 MB81C68-35  |HM6268-35
M5M21C68P-45 ) ) M B81C68-45 HM6168H-45
M5M21C68P-55 HM6168H-55
M5M5165P-70,-70L MB8464A-70
M5M5165P-10,-10L MB8464A-10 | HMB264-10
M5M5165P-12,-12L‘ MB8464A-12 HM6E264-12
M5MB165FP-70,-70L MB8464A-T0
M5M6165FP-10.-10L MB8464A-10 HM6264F P-10
M5M5165FP-12,-12L MB8464A-12 HMB6264F P-12
M5M5187P-45 MB81GT1-45 | HM6287-45
M5M5187P-55 MB81C71-55 HM6287-55
M5Ms5187AP-25 HM6B787-25
M5M5187AP-35
M5M5188P-45 i MB81C74-45 HM6288-45
M5M5188P-55 MB81C74-55 HM6288-55
M5M5188AP-25

<Et M5M5188AP-35 : HM6788-30

g M5M5189AP-25

E M5M5189AP-35

5 | MBMB179P-35
M5EM5179P-45 MB81C79-45
MB5MS5179P-55 MB81G79-55
MEMS5178P-35
M5M5178P-45 MB81G78-45
M5M5178P-55 MB81C78-55
M5M5256P-10,-10L ) MB84256-10 HM62256-10
M5M5256P-1 2,-12L MB84256-12 HM62256-12
M5EM5256P-15,-15L MB84256-15 HM62256-15
MEMBE256FP-10,-10L MB84256-10 HM62256FP-10
M5M5256FP-12,-12L ‘ MB84256-12 HM62256FP-12
M5M5256FP-15,-15L MB84256-15 HM®62256FP-15
M5M5256AP-70,-70L, '
M5M5256AP-85,-85L HM62256-8
M5EM5256AP-10,-10L HM62256-10
M5ME255P-70,-70L
M5M5255P-85, -85L
M5M5255P-10,-10L
M5M5257P-35
M5M5257P-45
M5M5257P-55
M5EME258P-35
M5M5258P-45
MEM5258P-55

, MITSUBISHI
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GUIDE TO INTERCHANGEABILITY

MOSTEK MOTOROLA NSC T
Motorola Nippon : :
i Oki T Toshiba Remarks
Mostek Semiconductor National Electric exas
products Semiconductor Instruments

©#PD4311C-35

#PD4311G-45

nPC4311C-55

#PD4314C-35

«#PD4314C-45

©PD4314C-55

©PDA4364C-10

©#PD4364C-12 MSM5165-12RS | TC5565P-12

«PD4364G-10

1#PDA4364G-12 ' TCS565FP-12
©#PD4361C-45 TC5562-45
©#PD4361C-55 TC5562-55

1#PDA362C-45

#PD4362C-55

TMM2089-35

TMM2089-45

TMM2089-55
u#PDA43256C-10 SRM20256-10 TC55257-10
unPD43256C-12 SRM20256-12 TC55257-12

#PDA3256C-15

SRM20256LM-10

SRM20256LM-12

#PD43257C-10

MITSUBISHI .
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GUIDE TO INTERCHANGEABILITY

AMD .
Mitsubishi Advanced AMI Fsc INTEL INTERSIL
Electric Micro .American Fairchild Fujitsu Hitachi Intel Intersil
Devices Microsystems [Semiconductor|
s | M10422s-5 MBM 10422A-5
g | m1o0a22s-7 MBM 10422A-7 | HM10422-7
o | M10474s-10 HM10474-10
W | M10474S-15 MBM10474A-15] HM10474-15
Mitsubishi Ad:::Zed AMI Fsc - . INTEL | INTERSIL
Electric Micro -Amencan F'airchild Fulitsu Hitachi Intel Intersil
Devices Microsystems [Semiconductor|
M5M2364-XXXP HN61364
M5M23128-XXXP HNB13128
g M5M23256-XXXP MB83256 HN61256
€ | M5M231000-XXXP
% | msm231001-xxXxP ,
g M5M23C100-XXXP MB831024 HN62301
MEM23C400-XXXP HN62404
M5M23C400-XXXFP
M5M23C401-XXXP
AMD
Mitsubishi Advanced AMI Fsc L INTEL | INTERSIL
N Electric Micro American Fairchild Fujitsu Hitachi Intel Intersii
Devices Microsystems [Semiconductor
M5L2764K-2 MBM2764-20 D2764-2
M5L2764K MBM2764-25 | HNA482764G D2764
M5L27128K-2
M5L27128K-20 MBM27128-20
M5L27128K Am27128-25 HNA4827128-25 | D27128
M5L27128K-25 MBM27128-25
M5M27C128K-2
MS5M27C128K-15
M5M27C128K MBM?27G 128-25 D27128
M5M27C256K-12
MEM27C256K-15 |
- | mem27c256K MBM27C256A-25| HN27G256G-25 | D27256
g MS5L27256K-15 [
£ | M5L27266K-2
Wl mMBL27256K MBM27256-25 | HM27256G-26 | D27256
M5L27512K-17
MS5L27612K-2 , B
M5L27512K Am27512 HN27512G-25 | D27512
M5M27C100K-15
MSM27C100K-2 MBM27C1000-20 | HN27C301G-20 |
M5M27C100K MBM27C1000-25 | HN27C301G-25 |
M5M27C101K-15
M5M27C101K-2 MBM27C1001-20 | HN27C 101G-20
M5M27C101K MBM27C1001-25 | HN27C 101G-25
M5M27C102K-15 HN27C1024G-15
M5M27C102K-2 MBM27C1024-20 | HN27G 1024G-20
M5M27C102K Am27C 1024 MBM27C 1024-25

1—28
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GUIDE TO INTERCHANGEABILITY

MOTOROLA TI
MOSTEK Motorola NSC Nippon )
. National : Oki Texas Toshiba Remarks
Mostek Semiconductor icond Electric Inst
products Semiconductor nstruments
«PB10422D-7
©#PB10474D-10
MCM10474-15 «PB10474D-15
MOTOROLA
MOSTEK Motorola NSC Nippon o m Toshib Rermark
. i oshiba emarks
Mostek Semiconductor National Electric Texas
products Semiconductor instruments
MK37000 nPD2364 MSM3864 TMS4764 TMM2365P
nPD23128 MSM38128A TMS47128 TMM23128P
MK38000 1PD23256 MSM38256A TMM23256P
nPD231000 28pin
#PD23C 1000 MSM531000
40pin
64pin
32pin
MOTOROLA NSC _”
MOSTEK Motorola Nippon
i i Toshiba Remarks
Mostek Semiconductor National Electric Oki Texas r
Semiconductor Instruments
products
TMM2764D-2
MK2764-8 1 PD2764D MSM2764AS TMM2764D
©PD27128D-2 TMM27128D-20
nPD27128D TMM27128D-25
#PD27C256AD-12
uPD27C256AD-15 TC57256AD-15
TMM27512D-20
TMM27512D-25
TCS571001D-20
TC571001D-25
TC571000D-20
TC571000D-25
NMC27C1024Q150 | «PD27C1024D-15
NMC27C1024Q200 | PD27C1024D-20
1PD27C1024D-25
- MITSUBISHI
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GUIDE TO INTERCHANGEABILITY

AMD
Mitsubishi Advanced Aml:':'li‘::an F;:‘r:‘"d it itaot INTEL | INTERSIL
Electric Mu.:ro Microsystems [Semiconductor] e Intel Intersil

Devices
M5EM2764P HN482764P
| MsmM27128P
g M5M27256P MBM27256P-25 | HN27256P-25 | P27256
- & | M5M27512P HN27512P-25 | P27512
5 | MsM27c256P HN270256P
M5M27C100P
MBEM27C101P
AMD
Mitsubishi Advanced AMI Fsc . . INTEL INTERSIL
Electric Micro American Fairchild Fujitsu Hitachi Intel Intersil
Devices Microsystems [Semiconductor
3
o
€ | Msm28ceaP
I
AMD
Mitsubishi Advanced AMI FsC L INTEL | INTERSIL
Electric Micro American Fairchild Fujitsu Hitachi Intel Intersil
Devices Microsystems §emiconduc‘or
M58630P
M58653P
2 | M58655P
8 M58657P
ﬁ M5G1400P
M58658P
M58659P
s MITSUBISHI
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'GUIDE TO INTERCHANGEABILITY

MOTOROLA-
MOSTEK Motorola NN§C | Nippon o TI ' Gl
Mostek Semiconductor Aatlona Electric ! Texas Toshiba General
products Semiconductor Instruments Instrument
#PD2764C
nPD27128C
TMM24256AP
. TMM24512P
nPD27C256C T C54256P
MOTOROLA
MOSTEK Motorola NSC Nippon oKi T ' Gl
Mostek Semiconductor National Electric Texas Toshiba General
products Semiconductor Instruments Instrument
MOTOROLA N
MOSTEK Motorola SC Nippon o Tl . al
‘Mostek Semiconductor | N.atnonal Electric Texas Toshiba General
products Semiconductor Instruments Instrument
ER1400
MITSUBISHI
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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 26 P — 1

o

M Mitsubishi integrated circuit prefix

Temperature range

8§ ! 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 : CMOS

85 : P-channel silicon-gate MOS

86 : P-channel aluminum-gate MOS

87 : N-channel silicon-gate MOS

88 : P-channel aluminum-gate ED-MOS

89 : CMOS

9: DTL

§0~s2 . Schottky TTL (equivalent to Texas

Instruments’ SN74S series)

Circuit function identification code using 2 digits.

Package style

K Glass-sealed ceramic
P Molded plastic

S . Metal-sealed ceramic
D Chip carrier

Electrical
using 1 or

characteristic identification code
2 digits.

1-—-32
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ORDERING INFORMATION

For Second Source Products

Example: M 5 M 4256 P — 12

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.
:  Motorola’s MC series

General Instrument’s series

Mostek’s MK series

Intel’s series

Mitsubishi electric

Texas Instruments’ TMS series

Western Digital’s series

£€42rx00

Circuit function identification code of the
original source type name

PACKAGE CODE

Package style

K : Glass-sealed ceramic 1 . J-lead package (PLCC, SOJ)
P . Molded plastic L . Zig Zag inline package
S ! Metal-sealed ceramic FP . Small outline package

(Miuiflat package)
Electrical characteristic identification code ‘
using 1 or 2 or 3 alphanumerics.
1: 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

OO MANRKDO

("}

—‘—— Auxiliary outline code

Package outline

. Leadless, PLCC, SOJ

DIP without fin

SOP without fin

DIP without fin {improved)
SIP, ZIP without fin

QFP without fin

Specialize

Package structure

D : Chip carrier

: Glass-sealed ceramic
P : Molded plastic
Metal-sealed ceramic
PCB Module (Glass Epoxy)

Number of pins

MITSUBISHI
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'PACKAGE OUTLINES

TYPE 14P4 14-PIN MOLDED PLASTIC DIP

+0.5
¥_p.2

Ml r]r

6.3+0.15
1

1\

4.5MAX

0.5MIN |3MIN

Dimension in mm

r_lr_"ll'—'lr_‘ll_‘ll_ll_1

6.3+0.15

2.54+0.25

4.5MAX

0'5M|NFMIN

0.5x0.1

+0.3
1.5 91

[
2.54+0.25 LO.SiO.‘I
15+0.3
-0.1
TYPE 16P4 16-PIN MOLDED PLASTIC DIP Dimension in mm
: 19253 .

1—34
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PACKAGE OUTLINES

TYPE 16P5A 16-PIN MOLDED PLASTIC ZIP Dimension in mm
2015703 2.840.2
|= : = 1201
O O <1550 |
2| @
o0 0-,'—2_-_- )
oS N
E i
s
| 021007
1.2740.25 05193 : Mzx02
| | 255403
TYPE 18POA 18-PIN MOLDED PLASTIC LEADLED CHIP CARRIER Dimension in mm
12.45£0.1
Yoo I O o O e B e | .
[ 1 _
0 i s
O | i 2
110 -
| SR [ G Dy |
) 13.38+0.13 - 8.184£0.13
%
by y
1.27+013 0.43:|:OI.1 z
e s 6.455 +0.255
11.555£0.255 s ;
- MITSUBISHI
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PACKAGE OUTLINES

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

o T o Y o W s T s 1Y st N s W o

O

J JrJr oI JtJd

6.3+0.15

7.62+0.3

£ T [~

4.5MAX
+0.07
0.5MIN {3 MmIN | 0.277¢-0¢
0.5+0.1 7.6~10
1~5fg:? 2.54+0.25
TYPE 18P4H 18-PIN MOLDED PLASTIC DIP ‘ Dimension in mm
+0.5
2 oz
A /M [ [ M /1 M l'_l\
4
S
O 5
©
O o
= .
U UJ J T tTJ TJ 1TJ -1 TJ
7.62+0.3

4.5MAX
i \ }

3MIN . {.

MITSUBISHI
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PACKAGE OUTLINES

TYPE 18P4Y 18-PIN MOLDED PLASTIC DIP

22.86MAX

[_"Ir_ll"'!l_lr_'lr—ll_lncl‘

(

O

6.9+0.2

O

J

LT LT T J T 717 0T J 0T JT U7T 13

Dimension in mm

7.62TYP

_ [
3MIN
+0.07
1.27MAX “ 0.25_ 505
254+0.25
TYPE 20P4 20-PIN MOLDED PLASTIC DIP Dimension in mm
+0.5
2 g2
O 1o rr
w
o
Ol 5
™
@
LT T T CT O ITCT CT0T
7.62+0.3
= A e
4.5MAX !
|4 { |
0.5MIN | 3MmIN | 0.2728% |
00
0.5+0. 1111, , g+0.3 ,+0.3
2.54%0.25 501 '-a 7.6~10
T
MITSUBISHI

ELECTRIC
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PACKAGE OUTLINES

TYPE 20P4Y 20-PIN MOLDED PLASTIC DIP : Dimension in mm

25.4MAX

{

)

M M M Mo/ o 10

D o

=
L._II_JLII_JL_JLJL_T[_ILJT_J

6.9+0.2

O

7.62TYP
f_'-_—.-( T—=T )
| 4.TMAX
' 0.5MIN  [3MIN
A § .07
F03 0257508
. 0.5+0.1 . —0.1 ﬂ”e——
+0.37
2203
2.54+0.25
TYPE 20P5L 20-PIN MOLDED PLASTIC ZIP ™ Dimension in mm
25.440.2 2.8+0.2
I
O -
o S|

it =T

1.27TYP )H‘o.stcu 1.2TMAX - Sl —0.05

2.54TYP

¥  MITSUBISHI
1—38 ELECTRIC



MITSUBISHI LSIs

PACKAGE OUTLINES

TYPE 22P4H 22-PIN MOLDED PLASTIC DIP Dimension in mm

27.0+0.2

noononononoonn

Ol ¢
0O b
\, /)
I I [ I O B O 0
7.62TYP
A
‘ | 4.7TMAX
0.51MIN |3MIN
_ ‘ 0.25 +0.07
051008 1103 —0.05
12753 2.54TYP
TYPE 24P4F 24-PIN MOLDED PLASTIC DIP : Dimension in mm
29.67 02

f

sinlsinSsSulnEnNeNeNwEal
' O
Y O I B

10.16+£0.3
= === \

8.9+0.15

0.5MIN |3 MIN

0.5%0.1 2.54+0.25

+0.3
‘I.2—__0.1

MITSUBISHI :
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PACKAGE OUTLINES

TYPE 24P4Y 24-PIN MOLDED PLASTIC DIP Dimension in mm

30.48MAX

Frm—lmrlmr‘lr—l'r—ll—lmﬂ\
\O /) ©
U OogoOogog oau
| 7.62TYP
i A ' |
’ ’ 4.75MAX
l
| 0.51MIN |3MIN
+0.07
1.27TMAX 057009 ||t 025 _g05
12103
Zooa | | 2saxozs
TYPE 24P5L 24-PIN MOLDED PLASTIC ZIP Dimension in mm
31.75MAX , _ 2.840.2
x o
< S n
O 5| H
s =
©_ 200
I +0.07
1.27TYP P J ‘ 0.5+0.1 1.27MAX 0-25 —0.05
: o ' ! 2.54TYP
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PACKAGE OUTLINES

Dimension in mm

TYPE 24S1F 24-PIN CERAMIC DIP

30.6MAX

e T e B e T e T e T e DY e TS e B s B e S e B e

— O 3 3 77 7T T C T —J T I

1.27+0.1 10.8MAX |

3.0MAX

»
<
>
x
0.55MIN

=
4.2MAX

3.0MIN

2.54%0.15 0.46+ 0.05 :

TYPE 26P0J 26-PIN MOLDED PLASTIC SOJ Dimension in mm

17.5+0.13

e B e B o B e

e N s S e T e B s |

7.62+0.1

T T T 1T o i g s gy gy o | ’
8.45+0.1

T | ——
J———’W 3.55MAX

2.35%0.1
0.8MIN

1.271TYP l 0.43+0.1 , 6.86+ 013
1 ' +0.11
0-7_0.03
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PACKAGE OUTLINES

Dimension in mm

TYPE 28P2W 28-PIN MOLDED PLASTIC SOP

AAHAHHAHAAAAAA

Ol 1
<
+0.1
04 _o.05 % 1.27+0.2
i el ’ N
[inlninisinisis]sinisinlnlE)h A e E—
pa 1.0£0.2 g
17.5+0.2 H B
« © 11.93£0.3
1
TYPE 28P4 28-PIN MOLDED PLASTIC DIP Dimension in mm
%7103 ‘
nnnnnnnnnnnnnn—l
9 O O E.
oo ouooooooog
15.24+0.3
5.5MAX —
0.07
2.8MIN 0'271—005
15,211
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PACKAGE OUTLINES

Dimension in mm

TYPE 28P4Y 28-PIN MOLDED PLASTIC DIP

35.56 MAX

O mAm ] o m el

0
L
w
S
O &
o
& ‘ ' ) ©
ooyt
7.62TYP
g T ==
. \ : [T
y [ 4.75MAX
, . [ |
0.51MIN |3MIN
|
+0.07
+0.3 +0.09 +0.3 . 0.25
1.27MAX 2_g3 05 g ' o1 0.05
U
2.54+0.25
| 2:54+0.25

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

37.1MAX

| -
‘—mﬂﬂﬂﬁﬂﬂﬂﬂnﬂﬂﬂﬂ_l

O

oo ouodgduuagounrg

13.6MAX J
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PACKAGE OUTLINES

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

36.7+0.6

[
"nnnnnr\r\nr\nnnna\
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o

+

w

<

v
\VAVAVEAVIAVIAVAVVIAVIAV VAV VAV
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PACKAGE OUTLINES

TYPE 30N5 30-PIN MEMORY MODULE (MH25608JA) Dimension in mm

78.9+0.2 5.08MAX

=

18MAX

0.25+0.1
—fe——————
13.66£0.2
1
TYPE 30N9 30-PIN MEMORY MODULE (MH25608J) Dimension in mm
88.9+0.2
3.38 7 82.14+0.2 5.08MAX

E
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R1.6 e — ) S—

goo0ooo0oooaooo
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PACKAGE OUTLINES

TYPE 30N5 30-PIN MEMORY MODULE (MH25609JA)

Dimension in mm

78.9+0.2 5.08MAX

x

<

b3

o) o) 0 0 o) o o) o o x
z Li
s 02500

o~

73.66 0.2

TYPE 30N9 30-PIN MEMORY MODULE (MH25609J)

Dimension in mm

88.9+0.2
3.38 . 82.14+0.2
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PACKAGE OUTLINES

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

41.91+0.6
A4
oS
+
{7+
©w
<
15.12+0.3
-, _2.54MAX
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] [ ]
4.5MAX | ’ 5.1MAX
. Sovll +0.07
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t >t e
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Dimension in mm

TYPE 40P4 40-PIN MOLDED PLASTIC DIP
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'PACKAGE OUTLINES

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

52.07+0.25

51.6740.25
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MITSUBISHI
1—48 ) ELECTRIC



LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

MITSUBISHI LSIs

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-
combuters, microprocessors and LSls for peripheral
circuits has been discussed internationally in the TC47
of the International Electrotechnical Committee (IEC).
Finally the IEC has decided on the meeting of TC47 in
February 1980 that this system of letter symbols will be
a Central Office document and circulated to all countries
to vote which means this system of letter symbols will
be a international standard.

The system is applied in this LSI data book for the
new products only. Future editions of this data book
will be applied this system. The IEC document which
describes ‘“‘Letter symbols for dynamic parameters of
sequential -integrated circuits, including memories” is
introduced below. In this data book, the dynamic para-
meters in the |EC document are applied to timing
requirements and switching characteristics.

.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:-

TABC-DCIF  eeeecrreerieetreeeenee e (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 thg 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 D 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 D 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:

tA(-D)
or  ta)
or ta(D) — often used for hold times
or TAF  — no brackets are used in this case
or ta

or tc—DE — often used for unclassified time
intervals

2.3. Aliocation 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 possiblé, some form of
mnemonic representation is used. Longer letter symbols
may be used for specialised signals or terminals if this
aids understanding.

3. SUBSCRIPT A

(For Type of Dynamic Parameter)

The subscript A represents the type of dynamic para-
meter to be designated by the symbol and, for memo-
ries, the parameters may be divided into two classes :
a) those that are timing requirements for the memory
and
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

b) those that are characteristics of the memory. Erasure : ER
The fetter symbols so far proposed for memory circuits Output enable G
are listed in sub-clauses 3.1 and 3.2 below. Program PR
All subscripts A should be in lower-case. Data output Q

) Read R

3.1. Timing Requirements Row address ‘ RA
The letter symbols for the timing requirements of semi- Row address strobe RAS

. i Refresh RF
conductor memories are as follows : .
i ‘ _ Read/Write RW
Term : Subscript Chip select S
Cycle time c erte (write enable) » ‘ w
. . . Note 1: In the letter symbols for time intervals, bars over the subscripts, for ex-
Time interval between two signal events d ample CAS, should not be used.
Fall time f 2: It should be noted, when further letter symbols are chosen, that the sub-
Hold time h 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
Precharging time pc Data input/output, Read/MWrite) the waveform should be labelled with the
Rise time r dual function, if appropriate, but the symbols for the dynamic parameters
Recovery time rec should include only that part of the subscript relevant to the parameter.
Refresh time interval rf
Setup time “ 5. SUBSCRIPTS C AND E
Transition time ¢ (For Transition of Signal)

Pulse duration (width) w The following symbols are used to represent the level or
state of a signal :

3.2. Characteristics Transition of signal Subscript
The letter symbols for the dynamic characteristics of High logic level H
semiconductor memories are as follows : Low logic level L

. . . Valid steady-state level (elther low or high) \
Characteristic Subscript ,
Unknown, changing, or ‘don‘t care’ level X
Access time a High-impedance state of three-state output z
Disable time dis . L

. The direction of transition is expressed by two letters,
Enable time en - .

. . the direction being from the state represented by the
Propagation time P ) R

. first letter to that represented by the second letter, with
Recovery time rec he lei bei . b
e n .
Transition time t the letters e.l g as given :.a ove '

s When no misunderstanding can occur, the first letter

Valid time v

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

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

4. SUBSCRIPTS B AND D

(For Signal Name or Terminal Name) ' : Subscript
The letter symbols for the signal name or the name of Examples Full Abbreviated
the terminal are as given below. Transition from high level to
All subscripts B and D should be in upper-case. , low level HL L
Transition from low level to
Signal or terminal Subscript high level . LH H
' ‘Transition from unknown or

Address A changing state to valid state XV \%
Clock ' c Transition from valid state to
Column address CA unknown or changing state VX X
Column address strobe CAS Transition from high-impedance
Data input : D state to valid state : zv Vv

E Note: i bscripts C and E be abbreviated, and si bscri D
Data mput/output DQ ote Since sul : ip . n Tnay e abbreviated, an .Sll'.lCESU scripts B and

) . . may contain an indeterminate number of letters, it is necessary to put the
Chip enable E restriction on the subscripts B and D that they should not end with H, L,

V., X, or Z, so as 1o avoid possibte confusion.
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

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
opeyation, test conditions, etc. The letter symbols for
subscript F are given below.

Subscript F should be in upper-case.

Modes of operation . Subscript
Power-down PD
Page-mode read PGR
Page-mode write PGW
Read R
Refresh RF
Read-modify-write RMW
Read-write RW
Write : w

MITSUBISHI
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| SYMBOLOGY

FOR DIGITAL INTEGRATED CIRCUITS

New symbol |Former symbol Parameter—definition

Ci Input capacitance

Co Output capacitance

Ci/o Input/output terminal capacitance

Ci(g) input capacitance of clock input

f Frequency

f () Clock frequency

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

F=):) Supply current from Vgg

IBB(AV) Average supply current from Vgg

lecc Supply current from Vce

| CC(AV} Avarage supply current from Vcc

lce(PD) Power-down supply current from Vcc

Ipp Supply current from Vpp

IDD(AV) Average supply current from Vpp

lga Supply current from Vgg

lGgG(AV) Average supply current from Vgg

1] Input current

L4 High-level input current—the value of the input current when Vo is applied to the input considered

(X Low-level input current—the value of the input current when Vg is applied to the input considered

loH High-level output current—the value of the output current when Vg is applied to the output considered

loL Low-level output current—the value of the output current when Vg is applied to the output considered

loz 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

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

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

los. Short-circuit output current

iss Supply curgent from Vgg

Pd Power dissipation ’

New Number of erase/write cycles

Nga Number of read access unrefreshed

Ri Input resistance

RL External load resistance

RoFF Off-state output resistance

Ron ! On-state output resistance

ta Access time—the time interval between the application of a specified input pulse duringa read’cvcle and the availability of valid data signal at an output

ta (A) ta (AD) Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output

ta (CAS) Column address strobe access time

ta(F_) ta(ce) Chip enable access time

ta(o) ta(oE) Output enable access time

ta (PR) Data access time after program

ta (RAS) Row address strobe access time

ta (s) ta(cs) Chip select access time

tc Cycle time

tch te(rD) Read cycle time~the time interval between the start of a read cylce and the start of the next cycle

terF te (REF) 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

tcra te(pPa) Page-mode cycle time ) !

torMw 1c(RMR) 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

tow to(wr) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle

1—52
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New symbol [Former symbol Parameter—definition
td Delay time—the time between the specified reference points on two pulses
td ($) Delay time between clock pulses—e.g., symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1
1d (cAS-RAS) . Delay time, column address strobe to row address strobe
td(cas-w) [td(cas-wR)| Delay time, column address strobe to write
td (RAS-CAS) Delay time, row address strobe to column address strobe
td(ras-w) |td(ras-wR)| Delay time, row address strobe to write
tdis (R-Q) tdis (R-DA) Output disable time after read
tdis(s) texz(cs) Output disable time after chip select
tdis (w) tpxz(wr) QOutput disable time after write
ToHL High-level to low-level delay time the time interval between specified reference points on the input and on the output pulses, when the
VIDLH Low-fevel to high-level delay time output is going to the low (high) level and when the device is driven and loaded by specified networks.
ten(a-0) |tPzv(A-Dg)| Outputenable time after address
ten(r-0) . [tPzV(R-DQ)| Outputenable time after read
[en(s-Q) ,tPZX(CS-DQ) Output enable time after chip select
tf Fall time
th Hold time—the interval time during which a signal at a specified input terminal after an active transition occurs at another specified input terminal
th(a) th(ap) Address hoid time
th (A-E) th (AD-CE) Chip enable hold time after address
thea-PR) |th (AD-PRO)| Program hold time after address
th (CAS-CA) Column address hold time after column address strobe
th (CAs-D) [th(cas-pa)| Datain hold time after column address strobe
th (cAs-Q) |th(cas-ouT) Data-out hold time after column address strobe
thcas-ras) Row address strobe hold time after column address strobe
th(cas-w) |th(cas-wr) Write hold time after column address strobe
th(p) th(pa) Data-in hold time
th(p-PR) [th(DA-PRO)| Program hold time after data-in
the) th(ce) Chip enable hold time
th (E-D) th (CE-DA) Data-in hold time after chip enable
th(e-6) th(ce-oE) Output enable hold time after chip enable
th(r) th(rD) Read hold time
th(HAs-CA) Column address hoid time after row address strobe
thras-cas) Column address strobe hold time after row address strobe
th(ras-p) |th(Ras-pa)| Datain hold time after row address strobe
th(raS-W) th(ras-wRr)| Writehold time after row address strobe
th(s) th(cs) Chip select hold time
th(w) th(wR) Write hold time
th(w-cas) [th(wR-cas)| Column address strobe hold time after write
th(w-p) th(wR-pa) | Datain hold time after write
th(w-RrAS) |th(wR-Ras)| Row address hold time after write )
tPHL High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the
X . X output is going to the low (high) level and when the device is driven and loaded by typical devices
tPLH Low-level 1o high-level propagation time of stated type
tr Rise time :
trec (w) twr Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle
trec (PD) tR(PD) Power-down recovery time
tsu Setup time—the time interval between the apptlication of a signal which is maintained at a speciifed input terminal and a consecutive active
tarnsition at another specified input terminal
tsu(a) tsu(ap) Address setup time
tSU(A-E) tsu (AD-CE) Chip enable setup time before address
tsu(a-w) |Tsu(aD-wR)| Writesetup time before address

tsu(ca-ras)

Row address strobe setup time before column address
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SYMBOLOGY

New symbol

Former symbol Parameter—definition Y

tsu(p) tsu(pa) Data-in setup time

tsu(p-e) |tsu(pa-ce)| Chipenable setup time before data-in .

tsu(p-w) tsu(pa-wR) Write setup time before data-in

tsu(e) tsu(¢ce) Chip enable setup time

tsu(e-pP) tsu(CE-P) Precharge setup time before chip enable

tsu(a-) |lsu(oe-ce)| Chip enable setup time before output enable

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

tsu(rD) Power-down setup time

tsu(r) tsu(rD) Read setup time

tsu (R-CAS)|tsy (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

tTHL 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

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

tTLH Low-tevel- to high-levely transition time the output is loaded by another specified network
tv(a) tdy (AD) Data valid time after address

tv(e) IdV(OE) Data valid time after chip enable

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

tv(a) tv (og) Data valid time after output enable

tv(pR) Data valid time after program

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

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

tw (EH) IW(CEH) Chip enable high pulse width

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

tw(PR) ‘ Program pulse width’

tw(r) tw(rD) Read pulse width

Tw(s) tw(cs) Chip select pulse width

Tw(w) tw(wR) Wrtie pulse width

twig) Clock pulse width

Ta Ambient temperature

Topr Operating temperature

Tstg Storage temperature

Ves Vg supply voltage

Vee Ve supply voltage

Voo Vpp supply voltage

Vaa Vgg supply voltage

Vi Input voltage

ViH High-level input voltage—the value of the permitted high-state voltage at the input
i ViL Low-level input voltage—the value of the permitted low-state vol{age 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 Vgg supply voltage

Note: These abbreviations, with some exceptions, are excerpted from IEC pub(icat?on 148. N
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PRECAUTIONS IN HANDLING MOS ICs/LSls

A MOS transistor has a very thin oxide insulator under the
gate electrode on the silicon substrate. It is operated by
altering the conductance (g,,) between source and drain to

control mobile charges in the channel formed by the

applied gate voltage.

If a high voltage were applied to a gate terminal, the
insulator-film under the gate electrode could be destroyed,
and all Mitsubishi MOS IC/LSIs 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
MOS IC/LSI.

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

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

1. The recommended ranges of operating conditions
provide 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 MOS IC/LSIs 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
fieids of the surrounding space or from charged objects
in their vicinity. For this reason, MOS IC/LSls should be
protected from electrostatic charges while being transported
and stored by conductive rubber foam, aluminum foil,
shielded boxes or other protective precautions.

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

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

ing personnel should be grounded. Work tables should
be covered with copper or aluminum plates of good
conductivity, and grounded. One method of grounding
personnel, after 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 1M 2 resistor. Be sure that
the grounding meets national regulations on personnel
safety.

. 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.

. PRECAUTIONS FOR MOUNTING OF MOS

IC/LSIs

. The printed wiring lines to input and output terminals

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

. When input/output, or input and/or output, terminals

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

. A filter circuit should be inserted in the AC power

supply line to absorb surges which can frequently be
strong enough to destroy a MOS IC/LSI.

. Terminal connections should be made as described in the

catalog while being careful to meet specifications.

. Ungrounded metal plates should not be placed near

input or output terminals of any MOS IC/LSIs, since
destruction of the insulation may result if they become
electrostatically charged.

. 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 toground it. This is considered
necessary even for battery-operated equipment.
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MS5K4164AP-12, -15

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

MITSUBISHI LSIs

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
M5K4164AP 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)
M5K4164AP- 12 120 220 175
M5K4164AP-15 150 260 150
Single 5V*10% 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 |/0O capability
Read-modify-write, RAS-only refresh, and page-mode
capabilities

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

PIN CONFIGURATION (TOP VIEW)
REFRESH INPUT REF [T_‘—V—El Vss (0V)
onameur o] [B-oms SOsm agoness
controL pos W[ E 4->Q DATA OUTPUT
EEENss TS0 X @eas
Ao—»E § (7« A3
ADDRESS INPUTS  { A2 — [g] % [T+ A4 | ADDRESS INPUTS
Ar—[7] 0]« As
(5v) Vgo [8 :9]*—A7
Outline 16P4

® Output is three-state and directly TTL-compatible

128 refresh cycles every 2ms

(16K dynamic RAMs M5K4116P, S compatible)

CAS controlled output altows hidden refresh

Output data can be held infinitely by CAS

Pin 1 controls automatic- and Self-refresh mode.
Interchangeable with Fujitsu MB8265A and Motorola’s
MCM®6664 in pin configuration

APPLICATION

Main memory unit for computers

BLOCK DIAGRAM

DATA INPUT

INPUT

WRITE CONTROL INPUT

LATCH

COLLUMN ADDRESS
STROBE INPUT

"
|
. |

CLOCK GENERATOR

ROW ADDRESS RAS CIRCUIT
STROBE INPUT - T
REF [T O x COLUMN DECODER -
i Jrow T MEMORY CELL
! |oECODER_ ] (64 ROWS X 256 COLLUMNS !
.
| g, SENSE REFRESH AMPLIFIER -
! pu}
Ao (5) zul! frow : MEMORY CELL g
o S|} [DECODER if (64 ROWS X 256 COLUMNS) S
1 o321 - J a
al - Sw
Az (6)—8gp] ! [Moitex cowuun pecooer [} D f £ ]P 0 DATA OUTPUT
! =l
Az (12) 22l kow [T MEMORY CELL g ox
ADDRESS INPUTS Z3|1 |pECODER | (64 ROWS X 256 COLUMNS) o
As (1) g<|! °
As '] ol SENSE REFRESH AMPLIFIER =
[
As I jrow |77 MEMORY CELL i
A7 | JoecooeR i f (64 ROWS X 256 COLUMNS!
1
e R COLUMN DECODER
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M5K4164AP-12, -15

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

FUNCTION

The M5K4164AP provides, in addition to normal read,.
write, and read-modify-write operations, a number of other
functions, é.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

Inputs Qutput

Operation RS 5AS W o Sd?:ess fg;:;:: BEF Q Refresh Remarks
Read ACT ACT NAC DNC APD APD NAC VLD YES Page mode
Write ACT ACT ACT | viD APD APD NAC OPN YES | identical except
Read-modify-write ACT | ACT ACT | vio | APD | aPD | NAC | viD | ves |refreshisNO
RAS-only refresh ACT NAC DNC DNC APD DNC NAC OPN YES
Hidden refresh ACT ACT DNC DNC APD DNC NAC VLD YES
Automatic refresh NAC ONC DNC ONC ONC DNC ACT OPN YES
Self refresh NAC DNC DNC DNC DNC DNC ACT OPN YES
Hidden automatic refresh NAC ACT DNC DNC ONC DNC ACT VLD YES
Hidden self refresh NAC ACY DNC DNC DNC DNC ACT VLD YES
Standby NAC DNC DNC DNC DNC DNC NAC OPN NO

Note: ACT: active, NAC: nonactive, DNC: don't care, VLD: 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

(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 defay time from RAS to CAS ty (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 tyRras-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 tygmas.cas) i 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 I/O'Operation .
If all write operations are performed in the early-write
mode, input and output can be connected directly to give a
common 1/0O 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

ELECTRIC



MITSUBISHI LSIs

MS5K4164AP-12, -15

65536-BIT (65536-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 (Ag ~As) 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. .

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

4. Self-Refresh oo

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 wil! refresh itself. This internal sequence
repeats asynchronously every 12 to 16 us. 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 béc'kup 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 (=~ 3MS£2) 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 M6K4164AP 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,_ 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 500us and eight or more dummy cycle is
necessary after power is applied to the device before
memory operation is achieved.
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ABSOLUTE MAXIMUM RATINGS

Symbol , Parameter Conditions Ratings Unit
Vee Supply voltage —1~7 v
A Input voltage Wiih respect'to Vss —1~7 \2
Vo Output voltage —1~7 \
to Output current 50 mA
Pd Power dissipation Ta=25°C 700 mw
Topr Operating temperature 0~70 C
Tstg Storage temperature —65~150 C

RECOMMENDED OPERAT'NG CONDITIONS (1a= 0~70°C, unless otherwise noted) (Note 1)
Symbol Parameter Limits Unit
Min Nom [ Max
Vce Supply voltage 4.5 5 . 5.5 v
Vss Supply voltage 0 0 0 v
Vin High level input voltage, all inputs 2.4 6.5 \
ViL Low-level input voltage, all inputs —2 0.8 v
Note 1. All voltage values are with respect to Vgg
ELECTR chL CHARACTERISTICS (Ta= 0~70°C, Vgc=5V+10%, Vss= 0V, unless otherwise noted) {Note 2)
Svmboii Parameter Test conditions Limits Unit
Min Typ Max
VoH High-level output voltage lon = —5mA . 2.4 Vee \Z
NoL Low-level output voltage loL=4.2mA 0 0.4 v
loz Off-state output current Q floating 0V =Vpoyr =5.5v —10 10 uA
" Input current ’ OVSV|NS6.5V, Allother pins = 0V —10 10 uA
lcorav) Averaqe supply current from Ve, M5K4164AP-12 RAS, CAS cycling 50 mA
operating (Note 3, 4) M5K4164AP-15 tcrR=tcw = min output open 45
lce2 Supply current from V¢, standby RAS = V)4 output open 4 mA
Icaav) Average supply current from Vee,| M5K4164AP-12 'RAS cycling CAS =Vin 40 mA
refreshing (Note 3) M5K4164AP- 15 t G(REF)= min. output open 35
locaav) Average supply current from Ve, MB5K4164AP-12 RAS =V, _, CAS cycling 40 mA
page mode (Note 3, 4) M5K4164AP-15 tcpg = min, output open 35
lecscav) Average §upply current from Vee,| M5K4164AP-12 RAS=Vin, REF cycling 40 mA
automatic refreshing (Note 3) M5K4164AP- 15 te (REF)=MIN . output open 35
tces(av) Average supply current from Ve, self refreshing ::pij;:" REF=ViL 8 mA
Ci(a) Input capacitance, address inputs 5 pF
Ci (D) Input capacitance, data input Vi=Vss 5 pF
Ciw) Input capacitance, write control input . f=1MHz 7 pF
Ci(ras) | Inputcapacitance, RAS input V)=25mVrms 10 pF
Ci (cas) Input capacitance, CAS input 10 pF
C\ (ReF) Inputcapacitan;e,'ﬁf input 10 pF
Co Output capacitance Vo=Vss, f=1MHz ,V|=25mVrms 7 pF

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

3. leci(av), lcc 3(AV), lce 4(AV) and lges (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4. Icc1(Av) and ! cca(Av) are dependent on output loading. Specified values are obtained with the output open.
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle)

(Taq=0~70°C, Vgc=5V = 10%, Vss= 0V, unless otherwise noted, See notes 5, 6 and 7)

Limits
Symbol Parameter A M5K4164AP-12 M5K4164AP- 15 Unit
Min Max Min Max

tcre Refresh cycle time tRer 2 2 ms
tw(RASH) RAS high pulse width tap 90 100 ns
tw(RASL) RAS low pulse width tras 120 10000 150 10000 ns
tw(casL) CAS low pulse width tcas 60 ) 75 o ns
tw (CASH) CAS high pulse width (Note 8) topn 30 35 ns
th(ras-cas) | CAShold time after RAS tosH 120 150 . ns
th(cas-ras) | RAS hold time after CAS tasH 60 75 ns
td(cAs-ras) | Delay time, CAS to RAS (Note 9) tcrp —20 —20 ns
td(ras-casy | Delay time, RAS to CAS {Note 10) trco 25 60 30 75 ns
tsu(ra-RAs) | Row address setup time before RAS tasr 0 0 ns
Lsu(ca-cas) Column address setup time before CAS tasc 0 0 ns
th (RAS-RA) Row address hold time after RAS t RaH 15 20 s
th(cas-ca) Column address hold time after CAS tcan 20 25 ns
th(RAs-cA) Column address hold time after RAS t AR 90 95 ns
LT Transition time tr 3 3 3 35 ns
trin 3 35 5 35 ns

Note 5: An initial pause of 500ys is required after power-up followed by any eight RAS or RAS/CAS cvcles before proper device operation is achieved.
6: The switching characteristics are defined as t 1y =t 1 = 5ns.
7: Reference levels of input signals are Viymin and VIL max. Reference levels for transition time are also between V| and VL.
8: Except for page-mode.
9: td(cas-RAS) requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle {i.e.. For systems where CAS has not been decoded with RAS )
O: 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) 1s greater than the specified td (RAS-GAS) max imit, then access time 1s controlled exclusively by ta (CAS) .
td(RAS-CAS)MIN= th (RAS-RAIMIN + 2T THL (11 ) + Tsu (ca-cas)min.

SWITCHING CHARACTERlSTICS (Ta=0~70C, Vee=5V £10%,. Vgs==0V, unless otherwise noted)
Read Cycle '

Limits
Symbol Parameter A';::glve M5K4164AP-12 M5K4164AP-15 Unit
Min Max Min Max

tor Read cycle time tre 220 260 ns
tsu(r-cAS) Read setup time before CAS tres 0 0 ns
th(cas-r) Read hold time after CAS (Note 11) reH 0 0 ns
th (Ras-R) Read hold time after RAS {Note 11) L RRH 10 20 ns
tdis(cas) - Output disable time (Note 12) tore 0 35 0 40 ns
ta(cas) TAS access time (Note 13) tcac 60 75 ns
ta(ras) RAS access time (Note 14) tRaC 120 150 ns

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

Note 12: tdis (c As) Max defines the time at which the output achieves the open circuit condition and is not reference to Vo or VoL

Note 13: This is the value when 1d (RAS-CAs) = td (RAS-CAS)max. Test conditions;Load= T TL, Ci=100pF

Note 14: This is the value when td (RAS-CcAS) < td (RAS-CAS) max. When td(Ras-cas) = td (Ras-CAs)max, ta (RAS) will increase by the amount that
td (RAS-CAS) exceeds the value shown. Test conditions:Load=2T TL, C.=100pF

Write Cycle
Limits
Symbol Parameter A’;j'm";‘o're M5K4164AP- 12 M5K4164AP- 15 Unit
: Min Max Min Max
tow Write cycle time . tre 220 260 ns
tsu(w-cas) Write setup time before CAS (Note 17) twes -5 —10 ) ns
th(cas-w) Write:hold time after CAS twew 40 45 ns
Th (RAS-W) Write hold time after RAS twer 90 95 ns
th(w-RaS) BAS hold time after write trwL 40 45 ns
th(w-cas) CAS hold time after write towe 40 45 ns
Tw(w) Write pulse width twe 40 45 ns
tsu (D-CAS) Data-in setup time before CAS tos 0 0 ns
th(cAas-D) Data-in hold time after CAS ton 40 45 ns
th (RAS-D) Data-in hold time after RAS toHR 90 95 ns
MITSUBISHI
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'65536-BIT (65536-WORD BY 1-BIT) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

Limits
Symbol Parameter A';;:;zlve M5K4164AP- 12 M5K4164AP-15 Unit
Min Max Min Max

tcRw Read-write cycle time (Note 15) trwe 245 295 ns
teRmw Read-modify-write cycle time (Note 16) tamwe 265 310 ns
th (w-RAS) RAS hold time after write tawL - 40 45 ns
th (w-cas) TAS hold time after write towL 40 45 ns
tw.(w) Write pulse width C twe 40 45 ns
tsu (R-cas) Read setup time before CAS tres 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(p-w) Data-in setup time before write tps 0 0 ns
th(w-0) Data-in hold time after write toH 40 45 ns
tdis (cas) Output disable time torF 0 35 0 40 ns
ta(cas) CAS access time (Note 13) tcac 60 75 ns
ta (ras) RAS access time (Note 14) tRAC 120 150 ns

Note 165. tc pw min is defined as tc pw min =td (Ras-w)+th (w-ras) + tw (RASH) + 3t TLH(tthe)
16. tcrmw min is defined as te gyw min = ta (RAS) Max + th (w-rAS) +tw (RAS-H) + 31 TLH (tri)
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 tsy(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. i . °
For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to Vi ) is not defined.

Page-Mode Cycle
Limits
Symbol Parameter Alernarive M5K4164AP- 12 M5K4164AP- 15 Unit
| 4 Min Max Min Max
tc PGR Page-mode read cycle time tec 140 145 ns
tc pGw Page-Mode write cycle time tec 140 145 . ns
tc PGRW Page-Mode read-write cycle time . — 150 180 ns
tc PGRMW Page-Mode read-modify-write cycle time — 170 195 ns
tw (CASH) CAS high pulse width top 55 60 ns
Automatic Refresh Cycle
Limits .
Symbol Parameter A':;:g“;’e M5K4164AP-12 M5K4164AP-15 Unit
ymee Min Max Min Max
tc (ReF) Automatic Refresh cycle time trc 220 - 260 ns
td (RaS-REF) Delay time, RAS to REF tRFD 90 100 ns
tw (ReFL) REF low pulse width tep 60 8000 60 8000 ns
W (REFH) REF high pulse width tF 30 30 ns
td (ReF-Ras) | Delay time, REF to RAS tesh 30 30 ns
tsu (ReF-ras)| REF pulse setup time before RAS trRD 250 . 295 ns
Self-Refresh Cycle
. Limits
Symbol Parameter Moot M5K4164AP-12 M5K4164AP- 15 Unit
Min Max Min Max
td (Ras-REF) Delay time, RAS to REF trep ‘90 100 ns
tw(REFL) REF low pulse width trep 8000 oo 8000 o ns
td (reF-RAS) | Delay time, REF to RAS trer 310 345 S ons
MITSUBISHI
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TIMING DIAGRAMS Note 18)

Read Cycle tcn
tw(rasL)
th(ras-cas)
th(ras-ca) .
— V,,— N N\
RAS V"‘ N Z N
i K
td(cas-ras) tw(rasH)
td(ras-cas) th(cas-ras)
twicasw
— Vi 4 N 7
CAS t \ /
vlL_ ‘W{CASH) ‘
tsu(ra-ras) |th(ras-ra) tsu(ca-cas) | thicas-ca)
Ao~A Vin— ROW COLUMN
4 — ADDRESS ADDRESS
[
th(ras-r)
tsu(r-cas) th(cas-r)
W Vig— 4
Vie— taccas)
ta(ras) tdis(cas)
— 4
Vonu HIGH IMPEDANCE STATE Y OATA VALID N
Q v \ \
oL— N
Write Cycle (Early Write)
tew
tw(rasL)
- th(ras-cas)
v, _ T th(ras-ca)
- H
RAS N ) N\
n— N
td(cas-ras) th(cas-ras) tw(rasH)
td(ras-cas) twicasL)
Ve 7 Y \ / /
CAS tw(casH)
Vi— / \ X Z
tsu(ra-ras)| |th(ras-rA) tsu(lc:A-c'\s) ‘h(CAlS-CA)
Viu— IV’V‘\
Vin COLUMN
Ao~A “\ (AN
Ry 0O d  aobREss }““0‘0‘ ADDRESS
< thiw-cas)
tsuw-cas) th(cas-w)
ty
O
ViL— N 2
thw-Rras) |
thiras-w) |
tsuio-gas)_ thicas-o)
I
— N
Vi m R s
D DATA VALID
Vi AKX 0 N 0 X 0“ XX
th(ras-o)
Q Von— HIGH IMPEDANCE STATE
VoL —
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Read-Write and Read-Modify-Write Cycles

RAS

CAS

Ao~A;

gl

RAS

Ao"" A7

-

torw/tcrmw
twirasL)
th(ras-cas) .
th .
Vi _—\\ : (RAS-CA) f—j
Vie— N \
td(cas-ras) th(cas-ras) twirasH)
td(ras-cas) tw(casu)
Vin— R 3y \ /‘
Vi — /- w(cASH) 9
tsu(ra-ras)| |thiras-ra)  tsucca-cas) [thicas-ca)
Vin— ROW fl coumn
Vie— ADDRESS L ADDRESS 4
td(ras-w) thiw-cas)
tsu(r-cas) td(cas-w) th(w-Ras)
v N R
Vi — X
twiw)
ta(cas) tdis(cas)
Vonu— HIGH IMPEDANCE STATE Y/ 4 DATA VALID
VoL— ANtk /4
ta(ras)

YVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV VVVVVVVVVVVVVVVV
v OOOTNIRRRENNK = e GBS

RAS-Only Refresh Cycle (ot 19)

Vin—
Vie—

tsu(ra-ras)

ter

tw(rasL)

>l

N

th(ras

-RA)

Vin—ANANAA '
Vi Mm‘ ADDRESS

Vor—

)H/F tw(rasH)

N\

HIGH IMPEDANCE STATE

VOL -

Note 18 .
e . M Indicates the don't care input.
H The center-line indicates the high-impedance state.

Note 19. CAS= V|H,W,A7,D=don’t care.

2—10

MITSUBISHI
ELECTRIC



MITSUBISHI LSIs

M5K4164AP-12, -15

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

Page-Mode Read Cycle
tw(rasL)
th(ras-cas)
th(mas-ca)
RAS V'“‘ﬁk /
ViL— N /) /
td(cas-ras) tepar th(cas-ras) tw(rasH)
|
ld(ras-cas) twicasL) | twicas) _, tw(cast)
Vik— ) s i
CAS Vle/ twicasH) \( \
th(ras-rA) twicash)| [thicas-ca) thicas-ca)
F—=1th(cas-ca)
tsu(ra-ras) tsucca-cas) tsu(ca-cas)
Vi K
~ COLUMN
Ao~As Vie ADDRESS
taccas) taccas) taccas)
ta(ras) tdis(cas) tdis(cas) Wis(cas)
' L]
aQ Von— HIGH IMPEDANCE STATE /7ZfDATANR ///FDATA DATAI
VALID VALID 7 VALID
Vou iy \{ Wt
: ‘ tsu(r-cas) th(ras-R)
tsucr-cas) thicas-R) thicas-r)
o L
w V|H—_WF W . !W
Vie—,
Page-Mode Write Cycle
tw(rasL)
th(ras-cas)
t .
Vig— h(RAS-CA)
RAS
Vii— N V74 7
7
ld(cas-ras) teraw thicas-ras) tw(rasH)
[
td(ras-cas) tw(casL) tw(casy) twicasL)
— Vu— L \ N / 7 /7
t,
CAS Vu_*/ W(CASH) _7/ \< 7 X Z_/
th(ras-RA) th(cas-ca) twicasm)| {th(cas-ca) th(cas-ca)
tsu(ra-ras)| tsu(ca-cas) tsu(ca-cas) tsu(ca-cas)
R
Ag~A; LCO_LUMN
0 7 v, —.'/ADDRESS ADDRESS
I x T [
thicas-w) ,th«:As-w) th(cas-w)
th(w-cas) th(w-cas) thiw-cas)
Vie 7 X Z 2 X Z
l twiw) twiw) tww)
th(ras-w) thiw-ras)
thiw-o) th(w-o) tsuco-w)y thw-p) )
Vy— y TAVAVAVAVAVAVAVAVAVAVAY,
D " DATA VALID DATA VALID DATA VALH;) "“.‘“""""“”“’"
ViL— JAVAVAVAVAVAVAVAVAVAYAVA
th(ras-0)

MITSUBISHI

ELECTRIC

2—11



MITSUBISHI LSls

MSK4164AP-12,

-15

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

Automatic Pulse Refresh Cycle (Multiple Pulse) Note 20)

RAS \/'—

td(RAs-HEF)I

/L

to(rer

)

tw(rery)

tw(rEFL)

7/

tsu(REF-RAS)

\_

td(reF-RAS)

tw(reFL)

VIH_

—

/)

tw(REFH)

N

Automatic Pulse Refresh Cycle {Single Pulse) ot 20)

RAS

Vin—
Vie— /

td(aas-rer)

tsu(rer-Ras)

¢ td(rEF-RAS)
W(REFL)
—_— Vy—
REF " /
ViL— . 4
Self-Refresh Cycle now 20)
— V—
RAS "'
i
td(ras-REF) td(REF-RAS)
tw(RerFL) |
— Vim—
REF
w— K
Note 20: CAS, Addresses. D and W are don't care.
Hidden Automatic Pulse Refresh Cycle
READ CYCLE REFRESH CYCLE REFRESH CYCLE
— V" ) tw(rasL) r
'L_Ttd(CAs-RA‘s‘)L-_—7 A
) 'id‘(RAS-CAS) th(cas-ras)
— Vin— A t 4
CAS v twloner, w(cAsL) i
w— / =<t N
th(ras-RA)
tsu(ra-rAS) ‘| thecas-ca)
5 s
Ao~A; Vin ROW COLUMN
0 Vie— ADDRESS, ADDRESS)
tsu(c;xic;\s)
¥
tsu(r-cas) th(ras-R
—  Vig— A N
Vig—
td(ras-REF) te(rer) tsu(rer-rAS)
I .
Vin— tw(ReFL) br tw(rerFL) —r
REF . N /
e t 2 tw(rern) | R b, td(REF-RAS)
a(cas)
tacras) tdis(cas)
Von— 4
Q v/ ﬂ\ DATA VALID NN
Vo AN /4
- @ MITSUBISHI
2—12 ELECTRIC
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MS5K4164AP-12, -15

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

Hidden Self-Refresh Cycle ot 21)

READ CYCLE
. V".(———_)‘ tw(rasL) s —\
RAS vy — R \
L,
td(cas-ras)
td(ras-cas)th(cas-ras)
—_ V= A tw(casL) A
CAS vV tw(cash)
I K
th(ras-RA)
tSu(RA-H{-\S).(_) th(cas-ca)
T
Viy— N
ho~hr hobRess K ADOAESS
[ W N W, } 7
‘ [ tsu(ca-cas)
tsu(r-cas) th(ras-rR)
_ Vin— 4 X
" A
| td(ras-REF)
R V | twirerL) ) L
REF Vi taccas) :V td(REF-RAS)
ta(ras)
tdis(cas)
Von— }L \
Q Vo \( DATA VALID ///
Note 21: if the pin 1»(—@ function is not used, pin 1 may be left open (not connect).
Hidden Refresh Cycle (note 19)
READ CYCLE REFRESH CYCLE REFRESH CYCLE
tom ter tcr
tw(RasL) ‘\;J(RASL) ) p tw(rasL)
— Viu— ﬂ N ] \
RAS ViL— &( . tw(rasH) N y \_
 td(cas-Ras) | twirasH) .
td(ras-cas)_ th(cas-ras) e
> twicasu) -l
— Viu— 4 X  ——
CAS ViL — / tw(casH) S( ¥ }
thccas-ca)
tSU(RA-RIAS) th(ras-rA) A\] tsu(ra-ras)| |th(ras-Ra) tsu(ra-ras)| | th(ras-ra)
Vih— w ) N NNV )
53 121 3, G 3
\[';SAU(CA—CAS)
tsu(R—CA;) Jth(RAs—R)
-1 .
W ey
L XXX
taccas)
. dis(cas)
a(rRas)
Von— T q— /o
Q o { DATA VALID Wy
You . —
MITSUBISHI
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M5K4164ANP-12, -15

65536-BIT (65536-WORD BY 1-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

PIN CONFIGURATION (TOP VIEW)

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 A~
M5K4164ANP operates on a 5V power supply using the (5v) Vec [g]
on-chip substrate bias generator.

ADDRESS INPUTS A, *E

; N i Y ov
systems where high speed, low power dissipation, and low ne [ ] ss (V)

) - G MN ‘ADDR
costs are essential. The use of double-layer polysilicon DATA INPUT }D—'E +CAS SOLE8 ARORESS
process technology and a single-transistor dynamic storage conTROL INEE W3] E 14+ Q DATA OUTPUT
cell privide high circuit densi ROW ADDRESS RAS X

Df . e g ; u ' sltz at reduced cc:tcs, and the ROW ADDRESS RAS - (1] = “« Ag
use of dynamic circuitry including sense amplifiers assures n-g 2 —As
>
2
0

«— A4 | ADDRESS INPUTS

NC : NO CONNECTION

FEATURES " Outline 16P4
® High speed ‘
. Access time Cycle time Power dissipation ® OQOutput is three-state and directly TTL-compatible
Type name (max) (min) . {typ)
(ns) (ns) (mw) ® 128 refresh cycles every 2ms
M5K4164ANP-12 120 220 175 (16K dynamic RAMs M5K4116P, S compatible)
M5K4164ANP-15 150 260 150 ® CAS controlled output allows hidden refresh
' ® Qutput data can be held infinitely by CAS
o Single 5V£10% supply ® |Interchangeable with Mostek’'s MK4564 and
e Low standby power dissipation:  22mW (max) Motorola’s MCM6665 in pin configuration
e Low operating power dissipation: 300mW (max) '
® Unlatched output enables two-dimensional chip selec- APPLICATION

tion and extended page boundary " Main memory unit for computers
Early-write operation gives common 1/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 2 —3

‘
WRITE CONTROL INPUT W (3 INPUT
COLLUMN ADDRESS LATCH ®
&RS Ve (5V B
sTrRose INPUT CAS (5 =" CLOCK GENERATOR cc (5V)
ROW ADDRESS RAS CIRCUIT
STROAE INPUT NAS = T 16) Vss (0V)
ACDRESS
S COLUMN DECODER -

MEMORY CELL
(64 ROWS X 256 COLLUMNS

ROW
DECODER

T

TonTroL SENSE REFRESH AMPLIFIER

EAm

ROW
DECODER i |

) MEMORY CELL
(64 ROWS X 256 COLUMNS) .

MOLTIPLEX COLUMN DECODER

——(14) 0 DATA OUTPUT

Row {7
DECODER ||

MEMORY CELL
(64 ROWS X 256 COLUMNS)

ADDRESS INPUTS

nTaOL SENSE REFRESH AMPLIFIER

ROW
DECODER

MEMORY CELL
(64 ROWS X 256 COLUMNS)

S x COLUMN DECODER Hf

> > D> P > Db > b
Tesl 23223
CEEEOEE(D— -
_{ ROW & COLUMN
ADDRESS BUFFER
-7 e e
P
— 1/0 CONTROL CIRCUIT
I
OUTPUT
BUFFER

~ MITSUBISHI
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MITSUBISHI LSIs

MSK4164ANP-12, -15

65536-BIT (65536-WORD BY 1-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

Inputs Output

Operation aas | cas w o ;;d%‘,:ess ggcl;;:;: o Refresh Remarks
Read ACT ACT NAC | DNC APD | APD | VLD YES | page mode
Write ACT ACT ACT VLD APD APD OPN YES | identical except
Read-modify-write ACT | AcT | ACT | vip | APD | APD | vio | ves |"feshisNO
RAS-only refresh ACT NAC DNC DNC APD DNC OPN YES
Hidden retresh ACT ACT DNC DNC APD DNC VLD YES
Standby "NAC DNC DNC DNC DNC DNC OPN NO

Note: ACT : active, NAC : nonactive, DNC : don‘t care, VLD : valid, APD : applied, OPN : open

SUMMARY OF OPERATIONS

Addressing

To select one of the 65536 memory cells in the

M5K4164ANP the 16-bit address signal must be multiplexed

into 8 address signals, which are then latched into the

on-chip latch by two externally-applied clock pulses. First,
the negative-going edge of the row-address-strobe pulse

(RAS) 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 ty (rascas) is set
between the minimum and maximum values of the
limits. In this case, the internal CAS control signals are
inhibited almost until tyras-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 tygras-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 M56K4164ANP 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 cycie in an early-write cycle.

These output conditions, of the M6K4164ANP, 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 /O Operation «

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

2 Data Output Hold

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

MITSUBISHI
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MS5K4164ANP-12, -15

65536-BIT (65536-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 ~ Ag) of the M5K4164ANP
must be refreshed every 2 ms to maintain data. The
methods of refreshing for the M6K4164ANP are as follows.
1. Normal Refresh .

Read cycle and Write cycle (early write, delayeh 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 ceil. Using a read,
write, or read-modify-write cycle for refresh is not recom-
mended for systems which utilize “write-OR"’ outputs since
output bus contention will occur,

2. RAS Only Refresh

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

3. Hidden Refresh

A feature of the M6K4164ANP 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,_ 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 M6K4164ANP 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 M5K4164 ANP operates on a single 5V power supply.
A wait of some 500us and eight or more dummy cycles

is necessary after power is applied to the device before

memory operation is achieved.

- »-MITSUBISHI
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MS5K4164ANP-12, -15

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

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —1~7 .V
A Input voltage With respect to Vsg —1~7 \
Vo Output voltage —1~7 \"
lo Output current 50 mA
Pd Power dissipation Ta=25°C 700 mw
Topr Operating temperature 0-~70 °C
Tstg Storage temperature — 65~ 150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0-70C, unless otherwise noted) (Note. 1)
Limits
Symbol Parameter Unit
Min Nom Max
Veeo Supply voltage 4.5 5 5.5 \
Vss Supply voltage o 0 4] Vv
ViH High level input voltage, all inputs 2.4 6.5 \
Vi Low-level input voltage, all inputs -2 0.8 \
Note 1. All voltage values are with respect to Vgs
ELECTR'CAL CHARACTERISTICS (Ta=0~70°C, Voc=5V +10%, Vss=0V, unless otherwise noted) (Note. 2)
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max .
Von High-level output voltage loH = —5mA 2.4 Vee \Y
_VOL Low-level output voltage loL=4.2mA 0 0.4 4
loz Off-state output current Q tloating 0V =Voytr=5.5V —10 10 HA
I Input current OV =V|N=6.5V, Allother pins =0V —10 10 uA
Iee1cav) Average supply current fromVee, | MOK4164ANP-12 RAS, CAS cycling 50 mA
operating (Note 3, 4) M5K4164ANP- 15 tor =t cw = min output open 45

lccz Supply current from Vg, standby RAS =V|4 output open 4 mA

16c3(AY) Average supply current from Vec, M5K4164ANP-12 RAS cycling CAS=Vin 40 mA
refreshing (Note 3) M5K4164ANP-15 t ¢ (REF)= min. output open 35

I ca(av) Average supply’ current from Vee, M5K4164ANP-12 RAS =V, CAS cycling 40 mA
page mode (Note 3, 4) M5K4164ANP-15 | tcopg= min, output open 35

Ci(a) Input capacitance, address inputs 5 pF

Ci (D) Input capacitance, data input Vi=Vss 5 pF

Ci(w) Input capacitance, write control input f=1MHz 7 pF

Ci (raS) Input capacitance, RAS input V|=25mVrms 10 pF

Ci (cas) Input capacitance, CAS input 10 pF

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

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

3. Icec1(av), lceca(av). and lcca(Av) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.

4. Icc1(Av) and Icca(ay) are dependent on output loading. Specified values are obtained with the output open.

MITSUBISHI
ELECTRIC
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M5K4164ANP-12, -15

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

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle) :

(Ta=0~70°C, Vcc=5V +10%, Vgs=0V, unlessotherwise noted, See notes 5,6 and 7))

Limits
Symbol - Parameter i M5K4164ANP-12 M5KA1 G4ANP- 15 Unit
Min Max Min’ Max
tcrF Refresh cycle time tRer 2 2 ms
tw(RASH) RAS high pulse width tRp 90 100 ns
tw(rasSL) RAS low pulse width tras 120 10000 150 10000 ns
tW(CASL) CAS low pulse width toas 60 o 75 o ns
tw(casH) TAS high pulse width (Note 8) topn 30 35 ns
th(ras-cas) | CAS hold time after RAS tosH 120 150 s
th(cas-ras) | RAShold time after CAS tRrsh 60 75 ' ns
td (cas-ras) | Delay time, CAS to RAS (Note 9) t crp —20 —20 ns .
td (Ras-cas) | Delay time, RAS to CAS (Note10) troD 25 60 30 75 ns
Usu (RA-RAS) Row address setup time before RAS tasr 0 0 ns
Usu (ca-cas) Column address setup time before CAS tasc 0 0 ns
th (rAS-RA) Row address hold time after RAS tran 15 ’ 20 ns
th(cas-ca) Column address hold time after CAS toan " 20 25 ns
th (ras-cA) Column address hold time after RAS tar .90 95 ns
a8 Transition time tr 3 - 35 3 35 ns
trin 3 35 3 35 ns
Note 5. An initial pause of 500us 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 Ty =t T 4= 5ns.
7. Reference levels of input signals are Vi min and VL max. Reference levels for transition time are also between Vin and VL.
8. Except for page-mode.
9. td (cAS-RAS) requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS)
10. Operation within the 1d (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+ 2L THL (11,,4) T tsu(ca-cas) min.

SWITCHING CHARACTERISTICS (Ta=0~70°C, Voo=5V +10%, Vss=0V, unless otherwise noted )
Read Cycle

Limits
Sympol Parameter Ag:::‘(:e M5K4164ANP- 12 M5K4164ANP-15 Unit
Min Max Min Max

ter Read cycle time tre 220 260 ns
tsu (R-cAs) Read setup time before CAS trRos | 0 0 ns
th (cas-r) Read hold time after CAS {Note 11) troH 0 0 ns
th(RAs-R) Read hold time after RAS (Note 11) [ 10 20 ns
tdis (cas) Output disable time (Note 12) torF 0 35 0 a0 ns
ta(cas) CAS access time (Note 13) toac 60 75 ns
ta(Ras) RAS access time (Note 14) traC 120 150 ns

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 Vo or Vo .
13. Thisis the vauel when td (ras-cas) = 1d(RAS-cAs) max. Test conditions; Load = 2TTL, Ci = 100pF.
14. Thisis the value when td (RAS-CAS) < 1d (RAS-CAS)max. When td(Ras-cas) = 'd (RAS-CAs) max, ta (RAS) will increase by the amount that
td (RAS-CAS) exceeds the value shown. Test conditions; Load = 2TTL,C = 100pF.

Write Cycle
. ] Limits
Symbol ' Parameter Alternative M5K4164ANP- 12 M5K4164ANP- 15 Unit
Symbol Min Max Min Max
tow Write cycle time tre 220 260 ns
Tsu(w-cas) Write setup time before CAS (Note 17) twos -5 —10 ns
th(cas-w) Write hold time after CAS tweH 40 45 ns
th(Ras-w) Write hold time after RAS twor 90 95 ns
th(w-Rras) RAS hold time after write tawL 20 45 ns
th(w-cas) TAS hold time after write towL 40 45 ns
Tw(w) Write pulse width . twp 40 45 ns
tsu(p-cas) Data-in setup time before CAS tos 0 . 0 ns
th(cas-D) Data-in hold time after CAS ton 40 a5 P ns
th(RAS-D) Data-in hold time after RAS toHR 90 95 ns
MITSUBISHI
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Read-Write and Read-Modify-Write Cycles

Limits
Symbol Parameter A'S‘j:zglve M5K4164ANP- 12 M5K4164ANP- 15 Unit
Min Max Min Max

terw Read-write cycle time (Note 16) trRwe 245 295 ns
teRMwW Read-modify-write cycle time (Note 16) t rmMwe 265 310 ns
th (w-ras) RAS hold time after write tRwL 40 45 ns
th (w-cas) TAS hold time after write towl 20 a5 s
tw(w) Write pulse width twe 40 45 ns
tsu (r-cas) Read setup time béfore CAS tros 0 0 ns
1d (Ras-w) Delay time, RAS to write (Note 17) trRwD 100 120 ns
td cas-w) Delay time, CAS to write (Note 17) towp 40 60 ns
tsu(p-w) Data-in setup time before write tps 0 0 ns
th (w-p) Data-in hold time after write ton 40 45 ns
tais (cas) Output disable time . torr 0 35 0 40 ns
ta cas) CAS access time (Note 13) tcac 60 75 ns
ta (ras) RAS access time {Note 14) trac 120 100 ns

Note 15. g pw min s defined as tc aw min =td (Ras-w) ™ th (w-Rras) + tw (RASH) + 3L TLH (1rHL)

16. topmw min is defined as tgrpw min = ta (RAS) Max + th (w-ras) T tw (RAS-H) + 3t TLH (trhL)

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

When tsu(w-cas)=tsu (w- CAS) 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) is not defined

Page-Mode Cycle
Limits
Symbol Parameter Alternative M5K4164ANP- 12 M5K4164ANP- 15 Unit
Symbol Min Max Min Max
te PR Page-mode read cycle time tpc 140 145 ns
tc Pow Page-Mode write cycle time trc 140 145 ns
tc PGRW Page-Mode read-write cycle time — 150 180 ns
topgRMW Page-Mode read-modify-write cycle time — 170 195 ns
tw (CASH) CAS high pulse width tep 55 60 ‘ns
' MITSUBISHI
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 65536-BIT (65536-WORD BY 1-BIT) DYNAMIC RAM

TIMING DIAGRAMS ot 18)

/

Read Cycle tea
tw(rasL)
th(ras-cas)
v \ th(ras-ca)
s W Y
RAS Vo — \ 72 N
td(cas-ras) tw(RASH)
td(ras-cas) thicas-ras)
twicasy) .
—— — 4 j 4
CAS \‘2:_ v / tw(casH) N\ \'( )/‘ / ]
tsu(ra-RAS) ‘h(RAS‘RA) tsu(ca-cas) | thicas-ca)
Vnu— /s
S T
thiras-r)
tsur-cas) th(cas-r)
= V= 4 \
LR AN N
ta(ras) tdis(cas)
a Vou— HIGH IMPEDANCE STATE K DATAVALID
VoL— \QL
Write Cycle (Early Write)
tew
tw(rasL)
th(ras-cas)
Vi T\ th(ras-ca)
RAS " \( ; \
td(cas-ras) thicas-ras) | tw(rasH) .
td(ras-cas) twicasy) ‘
CAS ://I:: ; F twicasn) \ 7/ /
tsu(ra-ras)| [th(ras-ra) tsu(ca-cas) |thicas-ca
e >
. Vig—
s N oy
e thiw-cas)
tsu(w-cas)| - thicasw)
Vi — twiw)
W O RS
th(w-Rras)
th(ras-w)
tsu(p-gas thicas-0)
V —— VVV"VYV'V‘VVVVVV‘VV'VVVVVVVV‘V’V'V‘VY’V
0 ‘o’o‘o’o’o’o‘o‘m o S
th(ras-0)
Q Von— HIGH IMPEDANCE STATE
VoL —
MITSUBISHI
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65536-BIT (65536-WORD BY 1-BIT) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

torw/termw
tw(rasL)
th(ras-cas)
Vi th(mras-ca)
RAS N :
Vie— N /7
td(cas-ras) th(cas-ras) tw(rasH)
td(ras-cas) twicasu)
cAs " ] 2 \ / i
t,
A Vi — w(CASH) \ . 4 /
tsu(ra-ras)| | th(ras-ra) tsucca-cas) [th(cas-ca)
oty M ROW (1 coumn
v.—/ ADDRESS ADDRESS |
td(ras-w) thiw-cas)
tsu(r-cas) td(cas-w) th(w-nas)
W Vin—, ]\
Vie—, K 2
tw(w)
taccas) tdis(cas)
a Vorn— HIGH IMPEDANCE STATE S DATA VALID-
VOL — \\\\(
ta(ras)
tsuco-w)| | thiw-o)

> BB GR. ovvo EERERERE

RAS-Only Refresh Cycle ot 19)

ter

tw(rasL) \

— Viy— % - —\
RAS V'H XK S
W
thiras-ra) tw(rasH)

tsu(ra-raS)

O R R

Von— HIGH IMPEDANCE STATE

VoL—

Note 18 ;?:?:’zt:’:t:’:!:’ Indicates the don't care input.

H The center-line indicates the high-impedance state.

Note 19. CAS=ViH,W,A7,D=don't care.

MITSUBISHI
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Page-Mode Read Cycle

tw(rasL)
th(ras-cas)
th(ras-ca)
RAS UM __\ %
Vii— N / 7
td(cas-ras) terer thicas-ras) tw(rasH)
td(ras-cas) twicasu) | twicasL) twicast)
Vin— 1 | "SI ! . 4
CAS |, _/ twicasn) \ /
w—/ HeT ‘ K Z
th(ras-rA) twicash)| [th(cas-ca) th(cas-ca)
F—=1th(cas-ca) .
tsu(ca-cas) tsucca-cas)
> .
4 ADDRESS
A
taccas) ‘ taccas) taccas)
tacras) tdis(cas) | tdis(cas) tdis(cas)
q Vo HIGH IMPEDANCE _ J/ADATANN ADATA /ADATA
. | Ix VALID
Vou NWAS77/ NWwAHD D\ \eenit7/7/4
tsu(n-cas) th(ras-r)
tsu(r-cas) thicas-r)

th(rAS-R)
i

Page-Mode Write Cycle

RN

twirasL)
th(ras-cas)
Vin— th(ras-ca)
RAS
Vi— K 7 7
M
td(cas-ras) teraw th(cas-ras) tw(rast)
| r 1
td(ras-cas) tw(casL) twicasv) twicasy)
s A )\ /!' _\ S /7 .
VIL_/ W(CASH) \& 4 \ /
th(ras-rRA) th(cas-ca) tw(casr)| |th(cas-ca) th(cas-ca)
fee———{
tsu(ra-ras)| tsutca-cas) tsu(ca-cas) tsu(ca-cas)
>
4
Ao~A; Vi COLUMN
Vi — ADDRESS
thicas-w) thicas-w) thicas-w)
thiw-cas) th(w-cas) thiw-cas)
L R S S
Vi X Z X 7 , K 7
¥ f
‘ tww) twiw) twiw)
th(ras-w) th(w-ras)
tsuo-w)| | _thw-p) tsuco-w) th(w-0) tsucp-wy th(w-p)
Vin—, :
D v DATA VALID DATA VALID
=

th(ras-p)

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

Hidden Refresh Cycle

RAS

CAS

A0~A7

gl

READ CYCLE REFRESH CYCLE REFRESH CYCLE
ter ter tcr
tw(rasL) tw(rasL) ) P tw(rasL)
Vin— ﬁw \x 4 \
Vie— tw(rasH) N \
tdicas-ras) , twirasH)
td(ras-cas)_ th(cas-ras) ]
tw(casL) )
Vin— '4 )S —
Vie — / tw(cash) P :
R/
thicas-ca)
tsu(ra-rAS)| |th(ras-rA) J ‘SU(RA»R‘AS) th(Rf\S-HA) tsu(RA.ﬂ;‘\s) (;Nn‘,xs-m\)
P 3 0 R 3
{ ) N0
Vi — ADDRESS DDRES: A‘A‘A‘A‘A‘ ADDRESS ‘\’A XX “‘0“ XXy eooness ’\\0‘““““0
tsutca-cas)
tsucr-cas) th(ras-r)
. l I
Vil — /
Vie —
taccas)
tacras) tdis(cas)
Vi pa
o il . DAT,: VALID
Vo — N S 4
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DESCRIPTION

This is family of 16348-word by 4-bit dynamic RAM:s,
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

® [ndustry standard 18-pin dual in line package

® Single 5V £10% supply

® | ow standby power dissipation: 25mW (max)

® | ow operating power dissipation:

M5M4416P-12
M5M4416P-15

275mW (max)
250mW (max)

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

PIN CONFIGURATION (TOP VIEW)

OUTPUT ENABLE OE —[T] Vss (0V)
INPUT
DATA IN/DATA
oaTa 1| PQ1+[F] “DQa oyt o
DATA OUT] 0, e [3 « GAS COLUMN ADDRESS
e e 2 STROBE INPUT
conTrot ineuT W —[4] g ++DQ3 “DATA IN/DATA
ROW ADDRESS RAS
strose et 12 0 2 [l A
As—[E 3 — A
ADDRESS ADDRESS INPUTS
INPUTS | As —[T] — Az ( (Ao & A,--ROW
ADDRESS
Ay —[3] Az only)
(8v) Vec [9] 10} Ay

Outline 18 P4

All Inputs, outputs TTL compatible and low capacitance
3-State unlatched outputs '

128 refresh cycles/2ms. Pin 10 is not needed for refresh
Early write or OE to controlroutput buffer impedance
Read-Modify-Write, RAS-only refresh, Hidden refresh
and Page mode capabilities

® Wide RAS pulse width for Page mode ..... 30us max

APPLICATION
Refresh memory for CRT

BLOCK DIAGRAM
COLUMN ADDRESS (8) vee(sVv)
STROBE INPUT CAS (16 CLOCK GENERATOR
ROW ADDRESS ‘RAS (5 CIRCUIT . (18) Vss(oV)
STROBE INPUT
waite W (4 :-D ,],
CONTROL INPUT ” !
A1 Ag DATA
. \ N
COLUMN DECODER ' BUFFERS
— @ o0,
r SENSE REFRESH < o DATA
Ao (id) AMPLIFIER & 1/0 CONTROL by (3) DQZ INPUTS/
« (15) DQ3 ( outeuTs
Ay @ 2w >
2t | ([ oos
Az @ ga:n ﬂ:_. 1 (4)
‘ a | DATA
ADDRESS INPUTS{ A3 8 gﬁ Ao~ S 1 MEMORY CELL —1 out
As zc|| A, | & (65,536 BITS) BUFFERS i
As (7) 2a z |
Ag (5) < e !
—— OUTPUT ENABLE
A
7 (10) ! OE npuT
L
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65536-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 Input/Output
Operation _ o Input Output Refresh Remarks
RAS CAS W OE Row Column
address adress DQ DQ
Read ACT ACT NAC ACT APD APD OPN VLD YES
Write (Early Write) ACT ACT ACT DNC APD APD VLD OPN YES Page mode identical
Read-modify-write ACT ACT ACT ACT APD APD VLD VLD YES
RAS-only retfesh ACT NAC DNC DNC APD DNC DNC OPN YES
Hidden refresh ACT ACT DNC ACT APD DNC OPN vLD YES
Standby NAC DNC DNC DNC DNC DNGC DNC OPN NO

Note. ACT active, NAC nonacitive, DNC don’t care, VLD valid, APD applied, OPN open.

SUMMARY OF OPERATIONS

address (AO through A7)

Fourteen address bits are réquired 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 A1 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 (DQ1 through DQ4)

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 1/0 lines.

data-out {(DQ1 through DQ4)

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 t,(C) that begins with
the negative transition of CAS as long as t,(R) and t,(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 tognp- i

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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'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 strabe 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 (Aq~A, ) of the M5M4416P must be
refreshed every 2 ms to maintain data. The methods of
refreshing for the MBM4416P 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 ﬁTS-only refresh cycle is the recommended technique
for most applications to provide for data retention. A
RAS-only refresh cycle maintains the outputs in the
high-impedance state with a typical power reduction of
20% over a read or write cycle.

3. Hidden Refresh

A features of the MbM4416P 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,,_and
taking RAS high and after a specified precharge period,
executing a RAS-only cycling, but with TAS held low.

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

Power Dissipation

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

Power Supplies

The M5M4416P operates on a single 5V power supply.

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

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

ABSOLUTE MAXIMUM RATINGS

Symbol parameter Condtions Ratings Unit
Vce Supply volrage —1~7 \
Vi Input voltage With respect to Vgg —1~7 \4
Vo - Output voltage —1~7 \
lo Output current 50 mA
Pd Power dissipation Ta=25C 700 mwW
Topr Operating temperature 0~70 °C
Tstg Storage temperature —65~150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C, unless otherwise noted ) (Note 1)
Symbol Parameter - Limits Unit
Min Nom Max
Voo Supply voltage 4.5 5 5.5 A\
Vss Supply voltage 0 0 0 A\
ViH High-leve!l input voltage, all inputs 2.4 6.5 \
ViL Low-level input voltage, all inputs —2.0 0.8 \Y
Note 11 All voltage values are with respect to Vgg
ELECTRICAL CHARACTERISTICS (Ta=0=70°C, Vge=5V £10%, Vgs=0V.,, unless otherwise noted ) (Note 2)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
VoH High-level output voltage lon=—2mA 2.4 Vge \
VoL Low-level output voltage loL=4.2mA 0 0.4 \
loz + Off-state output current Q floating OV=Vour=5.5V —10 10 unA
N Input current 0V=V|NS6.5V, Allotherpins =0V —10 10 HA
6ot Av) Average supply current from Ve, | M5M4416P-12 | RAS, CAS cycling . 55 mA
operating (Note 3.4) M5M4416P-15 | tc(rd) =tc(w) = min output open 50
fcoz Supply current from V. standby RAS=Vy output open 4.5 mA
6o3Av) Averag(-:‘l supply current from Vg, | M3M4416P-12 RAS cycling CAS=V 45 mA
retreshing (Note 3) M5M4416P-15 | tc(Prd) = min, output open 40
looa(av) Average supply current from Vo, | M5M4416P-12 | RAS=v,_, CAS cycling 45 mA
page mode (Note 3,4) M5M4416P-15 te (Prd ) = min, output open 40
Note 2: Current flowing into an IC is positive, out is negative.
3t lec1(Av). lcea(av). and lcca(Av) are dependent on cycle rate. Maximum current is measured at the tastest cycle rate.
4: leci(Av) and Icca(Av)are dependent on output loading. Specified values are obtained with the output open.
CAPACITANCE (Ta=0~70C, Vgg=5V+10%, Vgs=0V, unless otherwise noted )
‘ Limits

Symbol Parameter Test conditions o Tvo Max Unit
Ci(a) Input capacitance, address inputs 5 pF
Ci (oE) Input capacitance, OE input Vi=Vsgs 7 pF
Ci(w) Input capacitance, write control input f=1MHz 7 pF
Ci(RAS) Input capacitance, RAS input Vi=25mVrms 10 pF
Ci (cas) Input capacitance, CAS input . 10 pF
Ci/o Input/Output capacitance, data ports 10 pF

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

SWITCHING CHARACTERISTICS (Ta=0~70°C, Vog=5V £10%, Vss=0V, unless otherwise noted ) {Note &)

Limits
Symbol Parameter i M5M4416P-12 M5M4416P-15 Unit
Min Max Min Max
ta (c) Access time from CAS (Note 6,7) | tcac 60 75 ns
ta(r) Access time from RAS (Note 6,8) | trac 120 150 ns
ta (o) Access time from OFE (Note 6) — 30 a0 ns
tdis(cH) | Output disable time after CAS high (Note 9) torr 0 25 0 30 ns
tdis(oe) | Output disable time after OF high (Note 9) ~ 0 25 0 30 ns
Note 5: An initial pause of 500us 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 tgceL 2 tRLCL Max.
8:  Assume that ta cL <tgrcL max. If trLcL is greater than tgcL Max then tgym) will increase by the amount that tnLCL exceeds trcL Max.
9: tdls(cH) max and tdjs(og) max define the time at which the output achieves the high impedance state “OUT | £10uA| ) and are not reference to Von

|M|NG REQUIREMENTS (For Read, Write,

(Ta=0~70°C, Voc=5V+£10%, Vss=0V, unless otherwise noted,

min or Vo max.

Read-Modify-Write, Refresh, and Page-Mode Cycles)

See notes 10,11)

Limits
Symbol Parameter i M5M4416P-12 M5M4416P-15 Unit
Min Max Min Max
to(rF) Refresh cycle time trer 2 2 ms
twerH) RAS high pulse width trp 90 100 - ns
tricL Delay time, RAS low to CAS low (Note 12)| trop 25 60 30 75 ns
tcHARL Delay time, CAS high to RAS low {Note 13) | tcmrp —20 —20 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 4] ns
th(ra) Row address hold time after RAS low tRAH 15 20 ns
th(cLca) | Column address hold time after CAS low toaH 20 25 ns
th(RLCA) | Column address hold time after RAS low tar 80 100 ns
tr Transition time (rise and fall) (Note 14) | Tt 3 50 3 50 ns
Note 10: The timing requirements are assumed ty=bns.
11: Viy min and V| max are reference levels for measuring timing of input signals.
12: tprcL max is specified as a reference point only; if tr cL is less than tgcL max, access time is ta(R). if TRLCL is greater than tg ¢ Max, access time is
tRLCL +ta(c) trLcL min is specified as tr cL Min. = th(ra) +2t1 + ‘SU(CA)
13:  tcHRL requirement is only applicable for RAS/CAS cycles preceeded by a C; §on|y cycle (i.e., For systems where CAS has not been decoded with RAS).
14: tris measured between Vjy min and Vjr max.

Read and Refresh Cycles

Limits
Symbol Parameter A';j[:;;‘,“ ¢ M5M4416P-12 M5M4416P- 15 Unit
Min Max . Min Max
tc(rd) Read cycle time tre 220 260 ns
tw(RL) RAS low pulse width tRas 120 10000 150 10000 ns
tw(cL) CAS low pulse width toas 60 75 ns
tw(cH) CAS high pulse width toPN 30 30 ns
th(RLcH) | CAS hold time after RAS low tosH 120 150 ns
th(cLrH) | RAS hold time after CAS low tRsH 60 75 ns
tsu(rd) Read setup time before CAS low tRes 0 0 ns
th(CHrd) Read hold time after CAS high (Note 15) | tRch 0 0 ns
th (Rrd) Read hold time after RAS high (Note 15) { tRmH 10 10 ns
th(oecH) | CAS hold time after OE low - 30 40 ns
th(0ERH) | RAS hold time after OE low — 30 40 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 OF low — 0 0 ns
toerp Delay time, OE high to Data — 25 30 ns
tRHOL Delay time, RAS high to CAS low — 0 0 ns
Note 15:  Either th(gHrd) or th(RHrg) Must be satisfied for a read cycle.
MITSUBISHI
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65536-BIT (16384-WORD BY 4-BIT) DYNAMIC RAM

Write Cycles (Early Write and Delayed Write)

Limits
Symbol Parameter B M5M4416P-12 M5M4416P- 15 Unit
Min Max Min Max
to(w) Write cycle time tre 220 260 ns
tw(rL) RAS low pulse width tras 120 10000 150 10000 ns
tw(cL) CAS low pulse width toas 60 75 [ ns
tw(cH) CAS high pulse width Teopn 30 30 ns’
th(rLcH) | CAS hold time after RAS low tosh 120 150 ns
th(cLRH) | RAS hold time after CAS low tRrsH 60 75 ns
tsu(weL) | Write setup time before CAS low (Note 17) | twes -5 —5 ns
th(oLw) Write hold time after CAS low twen 40 45 ns
th(rLw) Write hold time after RAS low twer 100 120 ns
th(WCH) CAS hold time after Write low towL 40 45 ns
th (waH) RAS hold time after Write low tRwL 40 45 ns
tw(w) Write pulse width twe 40 45 ns
tsu(p) Data setup time tos 0 0 ns
Th(wLp) Data hold time after Write low ton 40 45 ns
th(cLp) Data hold time after CAS low ton 40 45 . ns
th(RLD) Data hold time after RAS low tDHR 100 120 ns
t 0EHD Delay time, OF 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 Nt M5M4416P-12 M5M4416P-15 Unit
Min Max Min Max
to(raw) Read write/read modify write cycle time (Note 16) | TRwe 295 345 ns
tw(RL) RAS low pulse width tRas 195 10000 255 10000 ns
tw(oL) CAS low pulse width tcas 135 180 ns
th(rLcH) | CAS hold time after RAS low tosH 195 255 ns
th(cLRH) RAS hold time after CAS low tasy 135 180 ns
tw(CH) TAS high pulse width tepn 30 30 ns
tsu (rd) Read setup time before CAS low tres 0 0 ns
tolwe Delay time, CAS low to Write low * (Note 17) | tcwp 90 110 ns
trRLwL Delay time, RAS low to Write low {(Note 17) | tmrwp 150 185 ns
th(weH) CAS hold time after Write low towL 40 45 ns
th(wrH) | RAS hold time after Write low tRwL 40 a5 s
tw(w) Write pulse width twp 40 45 ns
tsu (D) Data setup time tos 0 0 ns
th(wLD) Data hold time after Write low ton 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
tpoEL Delay time, Data to OE low - 0 0 ns
toEHD Delay time, OE high to Data = 25 30 ns

Note 16:  to(rgw) is specified as to(rdw) Min = ta(R) Max + togHp Min + th(wRrH) MiN + tw (RH) Min +4 t1.

17: tsu(woL), teLwe and trLwL are specified as reference points only. If tgy(weL) 2 tsu(wcL) min, the cycle is an early write cycle and the DQ pins will
remain high impedance throughout the entire cycle. If topwl 2 tcLwL Min and triwy = trwe Min, the cycle is a read-modify-write cycle and the DQ
will contain the data read from the selected address. If neither of the above condition is satisfied, the condition of the DQ (at access time and until CAS
or OE goes back to V) is indeterminate.
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. M5M4416P-12, -15

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

Page-Mode Cycle (Note 18}

Limits

Symbol Parameter it M5M4416P-12 M5M4416P- 15 Unit

. Min Max Min Max )

te(Prd) Read cycle time tpc 120 145 ns
te(Pw) Write cycle time tec 120 145 ns
tw(rL) RAS low pulse width (Note 19) | tgras 240 30000 295 30000 ns
to(praw) | Read write/read modify write cycle time T - 195 250 ns
tw(RL) RAS low pulse width (Note 20) | tgas 390 30000 505 30000 ns
tw(cH) CAS high pulse width top 50 60 ns

Note 18:  All previously specified timing requirements and switching characteristics are applicable to their respective page mode timing.
19: Specified for read or write cycle.
20:  Specified for read-write or read-modify-write cycle.

- 'MITSUBISHI
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M5M4416P-12, -15

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

TIMING DIAGRAMS Note 21)

Read Cycle
to(ra)
th(rLeH)
twrL)
\ th(rLcA) \
_ ViH —
RAS v _ \t / \
tGHRL th(CLRH) tw(RH)
tRLCL tw(cy
L — K -
tsu(ra) | tsu(ca tsu(rA)
th(ra) th(cLca
ViH — 4 N
I ADDRESS ADDRESS | AooRess
tsugay le—s| th (CHr d)
th(RHra)
- = XXX KX RS RRAIKIIGOON
" i — XXX RRRXREGRRRRRRR
DOy~DQs  ViH — ‘0‘0‘0""’”‘v"Q"Q‘V.V.v v‘v """3"""""" . A v’v’v‘v"Q‘Q‘Q”V"Q‘"V’VOV“V’V'
T KA AR Il
ta()
tam) (tii’s (CH)
— ]
DQi~DQs VoM figh-Z { DATA VALID N
(OUTPUTS) VoL — X
tooeL, ta(om) <o tdis (0E)
th(oerH) t oEHD
th(oecH)
J— Vin —
OE ViL— A
th(cLoE)
th(RLOE)
e v’."' '0v’y‘v‘v’v" ", " . ' 4
Note 21. "0:’ ‘.:‘:’:?. Indicates the don’t care input.

XK

o?ofof

X
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M5M4416P-12, -15

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

Write Cycle (Early Write)

to(ra)

th(pLcH)
tw(rL),
th(rLCA)
— ViH— K )
RAS e \ 7] \
toHRL th (cLRH) tw(RH)
taLcL t:a:(cu
5a5 ViH— y tw(ch) \ i /
ViL—
tsuma) N tsu(ca) e tsu(aay
th(ra th(cLca)
ViH— ) N Y X SRR RXX
S 5 . G iy
Lsu(wow) th(cLw)
tww)
— Vir = X000 LIOOOOOOCCCXXXAXKXXXXXXXXXXK XK XAXAX
w RN R R AR YRR
thaLw)

DQ1~DQs ViH — V‘Q’Q’Q""V’v’v’v.v’v""”v“ ] - "‘V"0'.'.'.Q"’Q"’v’v’v‘v‘v’v‘v‘v.v’v’v’v’v‘v‘v‘v‘v‘v’v"v’v“’

e A s I LN

I th(RLD)
R vars
o vin - B T KX R
O (XK Q X O Q )
A A LAY
* MITSUBISHI
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M5M4416P-12, -15

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

Write Cycle (Delayed Write)

tow)
th(rLCH)
tw(RL)
th(rLca) oy
RAS o ‘_——#\ i \
L -~ /
tGHRL th (CLRH) tw (RH)
TRLCL tw(cy) I
ViH— s 3
tsu(ra) . tsu(ca)
th(ra) thicLoa) th (wRH) tsu(ra)
_ ik = 0 COLUMN (XXX I IR A
SR pooress sooness IROSSBEXOOGENONRN  ~oniss
th (weH;
thcLw) e
tw (w)
— ViH -
w ViL - ék
th (RLW)
tsu (o th (wLD)
— Vi v""‘", - .'v'.','.'-"""’V‘V’V‘V’ | "’V.V""‘VOV‘V’V’V’V.V’v.v’-’v’v’v'v‘v.v.'V
R XK RN K RRRRRRNRS
tao)
tar ﬁ(A);r'AVAUD
DQy~DQs  VOHT, High-Z ,(
(OUTPUTS) VoL-
tdis (oE)
toerp th (woE)
- Vin — XXX XK X XS XA A KT X R KX
oF i XX QRRRRRRRRRXRK SN0
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M5M4416P-12, -15

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

Read-Write and Read-Modify-Write Cycles

to(raw)
th(rLcH)
tw(RL)
th(rLcA)
RAS Vik— ' \ N\ ‘
ViL— ~ v
tcHRL th(cLrH) tw(RH)
tRLCL twicw)
— A N
cAs o twiow \L ] /
1L —
tsu(ra)_ , tsu(ca)
thcLen) ) tsu(ra)
NN D' VN VVVaVaVaVaVavavavaviv. N A
e TR g XKLL, wiees
Vie =XXOXXXXOOO0 S &\ 4:0000:0.0.00004.00.0010.044 AD
toLwl ‘th (wnH)!
TRLWL th (wew)
Tw (W)
W
N
tsu (D) (_4 _th(wLo)
- © Vin— .
DQ1~DQa igh-
(INPUTS) ViL = 4 High-Z m %
ta(o)
7
ta(m) !
DQ1~DQa Vou— High-Z Jl DATA \
(OUTPUTS) VoL— b VALID/
tooeL race) 1 tdis (oE)
(—)] th(cLoE) togrp
oF Vin -~ N
ViL — '\ A
th(RLOE)
. MITSUBISHI
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M5M4416P-12, -15

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

RAS-Only Refresh Cycle iNoie22)

RAS

CAS

Ag~ A7

|

DQ1~DQq
(INPUTS)

DQ1~DQa
(QUTPUTS)

te(rd)

tw(rL)

ViH—
ViL—

tw(rH)

| N

teHRL

teHRL

ViH=
Vi

th(ra)

tsu(ra)

Vi — X
02’:“A NAAAA

Vii— "-’v’v’v’v’v""’v
v LB

ViH— Q‘
Vie— 0’0‘6

VoH—

TRTXTIXR)
YRR

ROW ADDRESS ) "z‘z’;""‘;‘z"’v‘v‘v"""

’v’V‘V’V’V’V
0K

R R TR TR

A’A’A’A‘A‘A‘A’A

BN

0
‘?‘A.A.?‘?‘""“‘A’A’A’A‘A’A‘A‘A’A A’A‘A‘A‘A‘A A‘A‘A‘

¥
XX

-'v’v vvv'v'-’ /
‘A‘A’A’A‘A‘A‘A‘?‘?‘?“.““‘:‘t"“.“””‘.‘/ \

R

v,www;o;oygv‘v,v;v;v;go;o;oy;qg:;fé'

tsu(ra)

A.A.A‘.‘A (X

A/
)

ROW ADDRESS

'A%

YISO
A.?.?f?&!?!?!‘!oto}o{!oto’

AAKAAAAN
A‘?‘?"""A‘A’A’A‘?‘?‘?‘?"“"A‘A‘A‘A‘A‘A ’6&:‘:2‘:’:’:“”:’

X0
O

X (X

XX

" V’;‘;’V’V‘V"’

KOO

VoL -

Vin—1X

ViL— YW\

Note 22.

vv..'.".v,"v
Q) VAYAAVAVAY

TR XX
RAROHN

High-Z

XXX
‘ﬁ‘fo’o‘o’o’o’o‘o’a‘o‘a

A’A‘A’A’A‘A‘A’A‘A‘A ..........

A, may be Vg or V_

RO

A

A AXNAXXX
QRN

AA‘AAA

’V’V" "
YR

TR
’0?0?0?0?0?0?2’2‘20202
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MSM4416P-12, - 15

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

Page-Mode Read Cycle

tw(RL)
th(RLCH)
th(rLcA)
e VI N\ >
RAS . I /
- {L
- ./ a—
t GHAL to(Prd) th(CLRH) tw (RH)
tRLcL twicL) twcn ) '
TN twich 3 f \
CAS Vi - \ 11 tw(cH) \ . 1! ) \
) tsu(ca) tsu(ca) , tsu(ca) t_sim“)
tsu(ra) th(ra) theerea) th(cLea) thcLca)
Aen, V=0 ROW COLUMN ) ( coLumn ) COLUMN Frow
SRRV JADDRESS ADDRESS ADDRESS ADDRESS ADDRESS
Lo tsu¢a !, tsu(ra) ,L tsu(ra) '«- th (RHrd)
. N th (CHra) ‘ thicHra) th(cHra)
W ViH — X 3 Y
Vi~
DQ1~ V= N
g‘Qa ViL - High-z —_g E '4
(INPUTS) ta(g) ta() 1L ta
tacm) tdiscor) | tdiscop) tdis o
e f> o
DQ1~  VoH- High.z 4 oaTA I~ baTa 4 DATA
DQs VoL-— igh- VALID /0T VALID /_'!,‘ . VALID |
ta (og; t ta (oE: tpoeL t
{OUTPUTS) 100EL fut <O tis (o) e DOEL T2 L0R)) tes| Ldis (0E) af__,;o(s) || pAtdiscn
OERH,
y th (OECH) Toenp th(OEGH) toerp th (OECH) OEHD
_ H—
OE
ViL— ~ X A
. h (cLOE)
th(RLOE)
. MITSUBISHI
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M5M4416P-12, -15

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

Page-Mode Write Cycle

twrL)
th(RLCH)
th(rLCA)
ViH - \
RAS v, _ N\ ’
1
tcHRL to(pw th(cLrH) tw(RH)
taLoL twcn twicw) twicn , |
RS o twow N / N / N /
ViL— y tw(cH) L 4 s
tsu(ca) tsu(_CA) Tsu(ca) ‘Sﬂéﬂl\)
tsu(ra) th(ra) th(cLca) thicLca) th(cLca)
Ao~a; VR [ row  coumn {~ coLumn COLUMN ROW
ViL- ADDRESS | ADDRESS 4 ADDRESS ADDRESS DDRESS
I theww i thcLw) | th(cLw)
thwcH) thwern th (weH)
v tw(w) tw(w) Tw(w)
J— IH—
th (RLW) it th (WRH)
tsu (D) thwp) tsu@ femd <————>|tn<wm)
DQ1~  ViH={X X X XXX X X AXAXX XD DATA
oo Vi~ valin_}
(INPUTS) | th (ALo)
~ VoH-— ‘
Dg1Q VZ: High-Z
. _
(OUTPUTS) t t
OEHD th(woE) OEHD (t_hﬂ(woe) toeHD th (woe)
oE - a
ViL=)
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M5M4416P-12, -15

~

65536-BIT (16384-WORD BY_4-_BIT) DYNAMIC RAM

Hidden Refresh Cycle

to(ra)

. to(ra)

tw(RD tw(ry ,
th(RLRA) }
_— ViH— 4
RAS \ / \ \
\ TR .
" | towml th(CLRH) tw(rH) tw (RH)
. tRLcL ) tw(cw
CAas \;:E:WI twicH) \k
. . tsu(cm tsu(RA)_y) tsu (ra) e
tsu(ra) E‘(:'f) |_thccron thera) .
_ ViH=\ f row f coLumn ROW ROW
Ao=Ar jDDRESS, \  ADDRESS DDRESS; ADDRESS
tsu(re) th (RHra)
v — XXX QOO
w’ YiH = X OOCK OOOOCOONN
Y e e
DQi~ - ViH- o AR XXX
00 Vi » QXXX
(INPUTS) M tao XOOOONYYX y
tam) 1dis () Lol
Dgg ://g:: High-Z DATA VALID
outPuTS) tpoeL tdis (OFE) pel
) toeHD
58 Vi — ""v’v’v’v‘v’v‘v '0'0'0'0'0"%’"""'6 th(0ERH) .
vic - SRR
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M5M4256P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

MITSUBISHI LSIs

DESCRIPTION

This is a family of 262 144-word by 1-bit dynamic RAMs,
fabricated with the high performance N-channel silicon gate
MOS process, and is ideal for large-capacity memory
systems where high speed, low power dissipation, and low
costs are essential. The use of double-layer polysilicon
process combined with silicide technology and a single-
transistor dynamic storage cell provide high circuit density
at reduced costs, and the use of dynamic circuitry including
sense amplifiers assures low power dissipation. Multiplexed
address inputs permit both a reduction in pins to the 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-10 100 200 300
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:

385mW (max)
360mW {max)
330mW (max)

M5M4256P-10
M5M4256P-12
M5M4256P-15

PIN CONFIGURATION (TOP VIEW)

——
ADDRESS INPUT ~ Ag —(T] 6] Vss (0V)

DATA INPUT D —[Z] [Ele- GAS (Si%gggl IQEBTRESS
WRITE
conroL INpUT W =[] 2 4-»Q  DATA OUTPUT
ROW ADDRESS AAS —+[4] 2 [Bl« As
STROBE INPUT s
Ag —»E g E,, As
(=]
ADDRESS ADDRESS
Neore ) Az B D [l s Neyrs
Ay =[] Qe+ As
(5v) Vee [ 9)e A7

Outline 16P4

® Early-write operation gives common 1/O capability

® Read-modify-write, RAS-only-refresh, Page-mode capa-
bilities

® CAS before RAS refresh mode capability

® All input terminals have low input capacitance and are
directly TTL-compatible

® Output is three-state and directly TTL-compatible

® 256 refresh cycles every 4ms. Pin 1 is not needed for
refresh.

® CAS controlled output allows hidden refresh

APPLICATION

® Unlatched output enables two-dimensional chip selec- Main memory unit for computers, Microcomputer memory
tion and extended page boundary.
BLOCK DIAGRAM
DATA INPUT D (2 \L I
. |
WRITE CONTROL -
neuT W (3
INPUT o v (SV)
COLUMN ADDRESS =g : LATCH cc
sTRogEe inpUT CAS (15 CLOCK GENERATOR
CIRCUIT |
ROW ADDRESS RAS
STROBE INPUT
1 - 16) Vss(0V)
Ag
‘ (40 (5) N N
Al « 32K w 32K 32K 8 32K
E MEMORY |} 3 || memory | memory || & || meMory
Az B ARRaY || @ arraY | arravy || 2 ARRAY =
o o [a] =2
S g
A3 g o -
ADDRESS <] . | —{ = 50
T L o
INPUTS A“ ol COLUMN DECODER —] £ &u DATA
wld —=] = >3 OUTPUT
Asg w g om
2
o (&)
A a 154
® @ i 32K = 32K 32K 32K =
Az o g MeMORY || S || MEMORY | MEMORY Z || memory
2 ARRAY ARRAY | ARRAY || © || ARRAY ,
Ag
MITSUBISHI
ELECTRIC 2—39



MITSUBISHI LSis

‘M5M4256P-10, -12, -15

- 262144-BIT (262144-WORD BY 1-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

Inputs Output
Operation HAS CAS w o :dodv:ess g;(;l:g: Q Refresh
Read ACT ACT NAC DN(_: APD APD VLD YES
Write ACT ACT ACT VLD APD APD OPN YES
Read-modify-write ACT ACT ACT VLD APD APD VLD YES
RAS-only refresh ACT NAC DNC DNC APD DNC OPN YES
Hidden refresh ACT ACT DNC DNC DNC DNC VLD | YES
CAS before ﬂ—s refresh ACT ACT DNC | DNC DNC DNC OPN YES
Standby NAC | ONC | DNC [ DNC | DNC | DNC | OPN NO

Note: ACT : active, NAC : nonactive, DNC : don't care, VLD : valid, APD : 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 ty (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 tyRras-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 tgras.cas) is set larger than the
maximum value of the limits. In this case the internal
inhibition of CAS has already been released, so that the
internal CAS control signals are controlled by the
externally applied CAS, which also controls the access
time.

Data Input

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

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

Data Output Control

The output of the M5M4256P is in the high-impedance
state when CAS is high. When the memory cycle in progress
is a read, read-modify-write, or a delayed-write cycle, the
data output will go from the high-impedance state to the
active condition, and the data in the selected cell will be
read. This data output will have the same polarity as the
input data. Once the output has entered the active
condition, this condition will be maintained until CAS goes
high, irrespective of the condition of RAS.

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

These output conditions, of the M56M4256P, 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 /O Operation

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

2 Data Output Hold

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

MITSUBISHI
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M5M4256P-10, -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. 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 (Ay ~ A,) of the M6M4256P 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
Viu 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 t,g(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,_ 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 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 500us and eight or more dummy cycles
is necessary after power is applied to the device before
memory operation is achieved.
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MSM4256P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vece Supply voltage —1~7 v
Vi Input voltage With respect to Vss —1~7 v
Vo Output voltage —-1~7 v
lo Output current 50 mA
Pd " Power dissipation Ta=25°C 1000 mw
Topr Operating temperature 0~70 °C
Tstg Storage temperature —65—150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0~170°C, unless otherwise noted) (Note 1)
Symbel . Parameter Limits Unit
Min Nom Max
Veo Supply voltage 4.5 S 5.5 v
Vss Supply voltage 0 0 0 \%
ViH High leve! input voltage, all inputs 2.4 6.5 \
" Vie Low-level input voltage, all inputs -2 0.8 v
Note 1: All voltage values are with respect to Vsg
ELECTR chL CHARACTER |ST|CS (Ta=0~70°C, Voc=5V +10%, Vss=0V, unlessotherwise noted) (Note 2)
Symbol Parameter Test conditions - Limits Unit
Min Typ Max
VoH High-level output voltage loy= —5mA 2.4 Vee \%
VoL Low-level output voltage loL=4.2mA 0 0.4 \%
loz Off-state output current Q floating 0V=Vgour=s5.5V —10 10 A
h Input current 0V<sV|NEVee, Otherinput pins =0V —10 10 A
Icciav) Average supply current from Ve, zin:i::z: :g m CAS cycling ;: mA
operating (Note 3, 4) t cr=1tcw= min. output open
M5M4256P-15 60
lcez Supply current from V¢, standby RAS =CAS=VH output open 4.5 mA
Average supply current from Vee, M5M4256P- 10 RAS cycling CAS =V 50
lces (av) refreshing (Note 3) M5M4256P-12 t ¢ (RAS)= min. output open 55 mA
M5M4256P-15 50 .
Average supply current from Vg, MEM4256P- 10 RAS =V, CAS cycling >
1CCa(AV) | page mode (Note 3, 4). M5M4256P-12 | oot ooen 50 mA
oPG . output ope .
M5M4256P- 15 . 45
Average supply current from Ve, M5M4256P-10 CAS before RAS refresh cycling * 65
lcce(av) | CAS before RAS refresh mode M5M4256P-12 to (FES = mi 60 mA
¢ (RAS) = min, output open
(Note3) | M5M4256P-15 55
Ci (a) Input capacitance, address inputs 5 pF
Ci (o) Input capacitance, data input Vi=Vss 5 pF
Cir(w) Input capacitance, write control input f=1MHz 7 pF
Ci.(RAS) Input capacitance, RAS input Vi=25mVrms 10 pF
Ci (cas) Input capacitance, CAS input 10 pF
Co Output capacitance Vo=Vsgs, f=1MHz, Vi=25mVrms 7 pF
Note 2:  Current flowing into an IC is positive ; out is negative,

3
4

legci(av), 'ce3(av), lcca(av) and Iccsiav) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
teci(av) and |CCd(AV) are dependent on output loading. Specified values are obtained with the output open.
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MITSUBISHI LSis

M5M4256P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

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

(Ta=0~70°C, Vcc=5V £10%, Vss=0V, unless otherwise noted, See notes 5, 6 and 7.)

Limits
Symbol Parameter Alematie | M5M4256P-10[M5M4256P- 12| M5M4256P- 15| Unit
ymbol
Min Max Min Max Min Max
tere Refresh cycle time tRer 4 4 4 ns
Tw (RASH) RAS high pulse width tre 90 100 100 ns
tw(RASL) RAS low pulse width thas 100 10600 | 120 10000 | 150 10000 ns
tw(casL) TAS low pulse width tcas 50 60 75 ns
tw(casH) TAS high pulse width (Note 8) teen 25 30 35 ns
th(RAS-CAS) | CAS hold time after RAS losu 100 120 150 ns
th(cas-RrAS) RAS hold time after CAS tasH 50 60 75 ns
1d (cAS-RAS) Delay time, CAS to RAS (Note 9) tcpe 20 30 30 ns
td (RAS-CAS) Delay time, RAS to CAS (Note 10) treo 15 50 20 60 25 75 ns
tsu(ra-RAS) Row address setup time before RAS tasr 0 0 0 ns
tsu(ca-cas) Column address setup time before CAS tasc -5 -5 —5 ns
th (RAS-RA) Row address hold time after RAS tRaH 10 15 20 ns
th(cas-ca) Column address hold time after CAS toan 15 20 25 ns
th (RAS-CA) Column address hold time after RAS tar 65 80 100 ns
t 3 50 3 50 3 50 ns
THL Transition time tr .
tTLH 3 50 3 50 3 50 ns
Note 5. An initial pause of 500ys 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 {yy_ =tTLH=5Sns.
7. Reference levels of input signals are V4 min and VIL max. Reference levels for transition time are also between Vi and V.
8. 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. Id (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-RAYMin+ 2LTHL (1 4) +Esu(ca-cas) min-
SWITCHING CHARACTERISTICS (Ta=0~70"C, Vcc=5V +10%, Vgs=0V, - unless otherwise noted )
Read Cycle
Limits
Alternative
Symbol Parameter Symbol M5M5456P-10 | M5M4256P-12 | M5M4256P- 15 Unit
YMpO!
Min Max Min Max Min Max
ter Read cycle time the 200 230 260 ns
tsu (R-cAS) Read setup time before CAS tacs 0 0 0 ns
th(cas-R) Read hold time after CAS (Note 11) tacH 0 0 0 ns
th(RAS-R) Read hold time after RAS {Note 11) tRAH 20 20 20 ns
tdis (cas) Output disable time (Note 12} torr 0 25 i} 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 11. Either th (gas-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 10 VoHn or Vor.
13. This is the vauel when td (ras-cas) = 1d (RAS-CAS) max. Test conditions; Load = 2TTL, C = 100pF.
14. This is the value when td (Ras-CAs) < td (RAS-CAS)max. When td (ras-cas) = ld (Ras-cAS) max, ta (raS) will increase by the amount that
td (RAS-CAS) exceeds the value shown. Test conditions; Load = 2TTL, C_ = 100pF.
Write Cycle
Limits
Alternative i
Symbol Parameter Symbol M5M4256P-10 [ M5M4256P-12 | M5M4256P-15 Unit
ymbol
Min Max Min Max Min Max
tow Write cycle time tre 200 230 260 ns
tsu(w-cas) Write setup time before CAS {Note 17) twecs —10 —10 —10 ns
thcas-w) Write hold time after CAS twehH 35 40 45 ns
th (RAS-W) Write hold time after RAS twer 85 100 120 ns
th(w-RAS) RAS hold time after write tRwi 35 40 45 -ns
th(w-cas) CAS hold time after write towe 35 40 45 ns
tww) Write pulse width twe 35 40 45 ns
tsu(p-cas) Data-in setup time before CAS tos 0 0 0 ns
th(cas-p) Data-in hold time after CAS ton 25 30 35 ns
th(RAs-D) Data-in hold time after RAS toHR 70 90 110 ns
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MITSUBISHI LSIs

M5M4256P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Read, Write and Read-Modify-Write Cycles

. Limits
Symbol Parameter A'f’;;‘;f M5M4256P- 10 | M5M4256P- 12| M5M4256P- 15|  Unit
’ v . Min Max Min ‘Max Min Max

torw Read-write cycle time (Note 15} tewc .| 225 260 295 -ns
terRMwW Read-modify-write cycle time (Note 16) trmwe 235 275 310 ns
th (w-Ras) RAS hold time after write tRwe 35 40 45 ns
th(w-cas) CAS hold time after write towe 35 40 45 ns
tw(w) Write pulse width twe 35 40 45 ns
tsu (r-cas) Read setup time before CAS tres 0 Y 0 ns
ta(RAS-W) Delay time, RAS to write {Note 17) tawp 90 110 135 ns
td(cas-w) Delay time, CAS to write (Note'17) tewo 40 50 60 ns
tsu(D-w) Data-in setup time before write tps 0 0 0 ns
th(w-p) Data-in hold time after write toH 35 40 45 ns
tdis (cAs) Output disable time , torr 0 -0 35 5 40 ns
ta(cas) | CAS access time ) " (Note 13 teac 50 60 75 ns
ta(rAS) RAS access time " (Note 14) tRaC 100 120 150 ns

Note 15. tc pw min is defined as tc pw min =td (Ras-w)* th(w-Ras) + tw (RasH) + 3t TLH(tTiL)
16. tcrmw min is defined as to gyw min = ta (RAS) Max + th (w-ras) T tw (RAS-H) + 3t TLH (1)
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) 2 tsu (w-cas) min, an early-write cycle is performed, and the data outputs keep the high-impedance state.
When td (rRas-w)= td(Ras-w)min, and tg (CcAs-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| ) is not defined.

Page-Mode Cycle
Limits
Al i
Symbol Parameter Symtol | M5M4256P-10[ M5M4256P- 12 M5M4256P- 15| Unit
Min Max Min Max Min Max
topg Page-made cycle time  tec 100 125 145 ns
tw (casH) CAS high pulse width top 40 55 60 ns
teporw Page-mode read-write cycle time tpcRW 130 160 180 ns
CAS before RAS Refresh Cycle (not 18)
. Limits
Symbol Parameter Alstj'r_:zg\lle M5M4256P-10 | M5M4256P- 12| M5M4256P-15|  Unit
Min | Max Min Max Min Max
tsuR (CAS-RAS) CAS setup time for auto refresh tcsm 25 30 30 ns
thR (RAS:CAS) CAS hold time for auto refresh t cHR 40 50 50 ns
L dR (RAS-CAS) Precharge to CAS active time ; t aPc 0 0 0 ns
Note 18. Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode. \
MITSUBISHI
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MITSUBISHI LSis

M5M4256P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

TIMING DIAGRAMS (Note 19}

Read Cycle ter
'W(RASL)
th(ras-cas)
th(ras-ca)
_ _— [_—_3
RAS \\?H \ j N
L N
td(cas-ras) tw(RasH)
‘d(RAS-(?AS) th(cas-ras)
tw(casL)
— V., — 4 N 4
CAS VI.': _ / twicasn) \ }( /
tsucra-ras) |th(ras-ra) tsutca-cas) | th(cas-ca)
Vi —
rpe s S ] X oo
th(ras-r)
tsu(r-cas) thicas-r)
— Vin— 4 X
w Vii— taccas) W
ta(ras) tdis(cas)
Von— HIGH IMPEDANCE STATE 4 N
Q Vo \ \‘ DATA VALID
Write Cycle (Early Write)
tew
tw(rasL)
th(ras-cas)
o VIH-——_—-\ th(ras-ca)
RAS " \K ] \
L
td(cas-ras) th(cas-Rras) | twirasH)
td(ras-cas) twicasy)
CAS \\?H_ ;l twicasm) )\ \ /
— \ N
thiras-ra) tsutca-cas) |thicas-ca)
Ao~As ! ,‘igg‘é@s@ ADFB%Vgss
- thiw-cas)
tsu(w-cas) thicas-w)
O 1
w Vie— N 2
thiw-Ras)
th(ras-w)j .
tsu(p-gas) th(cas-0) ’ S
V™ ) OO0
o e OO
th(ras-0) '
Q Von— HIGH IMPEDANCE STATE
VoL —
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MITSUBISHI LSIs

M5M4256P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

RAS

CAS

Ao~Ag

terw/tcrmw
(W(RASL)
th(ras-cas)
t; -
Vin— ———\\ h(RAs-CA) ‘
Vii— K 7 \_
td(cas-Ras) th(cas-ras) . tw(rash)
td(ras-cas) tw(casL)
A e RN i
Vii— W(CASH) - P
tsu(ra-ras)| |thiras-ra)  tsucca-cas) |thicas-ca)
Vin— ROW COLUMN ROW
Vie— ADDRESS K ADDRESS ADDRESS
td(ras-w) th(w-cas)

tsu(r-cas) td(cas-w) th(w-Ras)
Vig— )\
Vii— X b

twiw)
taccas) tdis(cas)
Vorn— HIGH IMPEDANCE STATE S DATA VALID
VoL— \\§t
ta(ras)
tsuio-wy| | thow-o)

Vip— 7 ‘

Vi— X

RAS-Only Refresh Cycle (Note20)

R

ter
tw(rasy) .
m :/II " : N i H{ 1‘
" th(ras-ra) | tw(rasH)
tsu(ra-rAS) )
Vin— p y
R
aQ Vou= HIGH IMPED.ANCE STATE

VoL—

» Note 19. 0.‘.‘:’:’.0’0.0 Indicates the don't care input. Note 20. CTAS=V)y, W, D= don't care.
- ’ A8 may be VIH or ViL.
H The center-line indicates the high-impedance state.
MITSUBISHI
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MITSUBISHI LSIs

M5M4256P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Page-Mode Read Cycle

tw(rasL)
th(ras-cas)
thiras-ca)
RAS ™ *ﬂ\ /
ViL— N - 7
td(cas-ras) . teror . th(cas-ras) twirash)
1
td(ras-cas) twicasw) twicasy) twicasL)
vV i Y s N 5 4
CcAS " tw(casH) \
Vie—
th(ras-rA) twicasH)| |thicas-ca) thicas-ca)
F—=1th(cas-ca) {
tsu(ra-ras) | tsucca-cas) tsu(ca-cas) tsu(ca-cas)
" y 7
Ao~ Asg ROW 'COLUMN COLUMN ROW
V, \7YADDRESS ADDRESS, ADDRESS ADDRESS
— - *
taccas) taccas) ta(cms)
ta(ras) tdis(cas) tdls(cAs) tdis(cas)
—)I—e
q Von- HIGH IMPEDANCE STATE /7 parl 3 DATA?» ’ AN
VALID J VALID
VoL— \VAUD// | \ r N\ L
tsu(r-cas) th(ras-R)
tsucr-cas)| thicas-r) thicas-r)
— Viu— 4 4 3
w
Vii—
Page-Mode Write Cycle
tw(rasL)
th(ras-cas)
t -
RAS Vin— h(RAS-CA)
Vie— K. ' 7
7
ld(cas-ras) | teraw thccas-ras) tw(rasH)
r= 1
td(ras-cas) twicasL) tw(casuL) twicasL)
chs um A 3\ % N Y/ /;
Vi — W(CASH) B S ¢
th(ras-rA) thicas-ca) twicasr)| [thicas-ca) thicas-ca)
el L { x
tsucca-cas) tsu(ca-cas) tsu(ca-cas)
Ao~ Ag Vin COLUMN ROW
Vi — ADDRESS, ADDRESS
thicas-w) thicas-w) thicas-w)
thiw-cas) thiw-cas) thiw-cas)
W Vin—
Vii— .
N 2 N Z 4 N
I twiw) twiw) tww)
th(ras-w) th(w-ras)
tsutp-w) th(w-p) thiw-0) tsuio-w) thcw-p)
Vin—
DATA VALID DATA VALID
Vie— _
thiras-p)
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MITSUBISHI LSls

M5M4256P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Hidden Refresh Cycle

i

REFRESH CYCLE

READ CYCLE REFRESH CYCLE
tca ter N ter
tw(rasL) twirasyL) ) ., { tw(rasL) ,
—  Vig— N F \ Y
RAS V) — \ ?(w(ﬂAsm S
n X e, kK 1
td(cas-ras) 'W(RASH)
td(ras-cas) | thicas-ras) N thr(ras-cas)
»t L .
Ve Y | —
CAS Vie — tw(casH) K /4 72
7/
thicas-ca)
tsu(ra-ras) | | th(ras-ra)
A Vin— ROW FCOLUMN ROW
0~A8 (ADDRESS DDRESS, ADDRESS
) tsu(ca-cas) ”
tsu(r-cas) J th(ras-R)
T
/L
W Vin— y U
Vie—
taccas)
ta(ras) tdisccas)
Vou— )L s
DATA VALID
Vou— NS 4 Z
CAS before RAS Refresh Cycle note21) A
READ CYCLE REFRESH CYCLE REFRESH CYCLE READ OR WRITE
: ter . ter CYCLE
{4
VA L tw(rasL) —" tw(rasL) L
RAS v / tw(RASH) S twirasH) _ [\
* L(EERAS-CAS) thR(RAS-CAS) tdR(RAS-CAS) thR(RAS-CAS)  tdR(RAS-CAS) td (cas-Ras)
tSuR(CAS-RAS) ! tsur(cas-Ras) i
J— ViH—
T e/ / .
=
tw(CASH) } N tsu (RA-RAS)
s Y LT XX OO XXX XXX T IONE wow (“cor
Apg—~A
I ey
) tdis(cas) ' .
o Vo — . W HIGH IMPEDANCE STATE
VoL — [ \ls
—
Note 21. W, D =don’t care.
¥ MITSUBISHI
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MITSUBISHI LSIs

M5M4256P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

TYPICAL CHARACTERISTICS
NORMALIZED ACCESS TIME

NORMALIZED ACCESS TIME ta(Ras)

VS. SUPPLY VOLTAGE

T
\ Ta=25C

N\

1.0
0.9 \\
g
0.8
0.7
4.0 5.0 6.0

SUPPLY VOLTAGE Vgg (V)

ACCESS TIME VS. LOAD
CAPACITANCE

0.8

NORMALIZED ACCESS TIME ta(Rras)
o

0.7

—20 O 20 40 60 80 100

NORMALIZED ACCESS TIME
VS. AMBIENT TEMPERATURE

I I
Vece=5.0V

o

AMBIENT TEMPERATURE Ta (°C)

OPERATING CURRENT
VS. SUPPLY VOLTAGE

ELECTRIC

25 l I 80 | I
Vcc=4.5V 2 Ta=25C
E 20 | Ta=25%C E 10 | __tcr=260ns
- o
w
g 15 2 60
= =
a0 — o £ 50 L
= > /
[ / g
%) 5 40
~ :
T, é 30 1 .
) ~
_5 20
0 100 200 300 400 500 600 4.0 5.0 6.0
LOAD CAPACITANCE Cyp (pF) SUPPLY VOLTAGE Vge (V)
OPERATING CURRENT OPERATING CURRENT
VS. AMBIENT TEMPERATURE VS. CYCLE RATE
70 ] &0 T
—_ Vec=5.5V 2 Vec=5.5V /
<E( 60 | tor=260ns £ 50 | Ta=25°C
E = 4
5 3 /
© 50 ° 40 /
) & 30
£ £ /
3 o /
o 30 Q 20
z 4
5 F //
€ 20 L 10—
o o
o o
10_20’ 0 20 40 60 80 100 05 1 2 3 4 5
AMBIENT TEMPERATURE Ta (°C) CYCLE RATE 1/tcRr (MHz)
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MITSUBISHI LSIs

M5M4256P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

tccz (mA)

STANDBY CURRENT

STANDBY CURRENT
VS. SUPPLY VOLTAGE

[

Ta=25C
=
L1
—

T

1
4.0 5.0 6.0

SUPPLY VOLTAGE Vgg (V)

REFRESH CURRENT
VS. SUPPLY VOLTAGE

STANDBY CURRENT lggz (mA)

STANDBY CURRENT
VS. AMBIENT TEMPERATURE

1
Vee=5.5V

—20 0 20 40 60 80 100

AMBIENT TEMPERATURE Ta '(°C)

REFRESH CURRENT
VS. AMBIENT TEMPERATURE

2—50

80 , 60 T T
Ta=25C Voe=5.5V
-~ P
< 0 tcr=260ns <4 50l tcr=260ns
£ €
N <
0 L™
S 60 8 40
- T ————————
= . R
& S0 é 30
o« «
3 =]
o o
40 20
= T
& — Z
@ / T
w P w 10
w30 7 w
@ )/ -3
20 - 0
4.0 5.0 6.0 —20 0 20 40 60 80 100
SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (°C)
REFRESH CURRENT PAGE MODE CURRENT
VS. CYCLE RATE VS. SUPPLY VOLTAGE
60 T T 60 T
~ Vee=5.5V . - Ta=25C
T 50 | Ta=25C L/ :é/ 50 |—tcpc = 140ns
2 / 3
:G 40 7 ©° a0
-
[y / z L~
& 30 T 30 —
« « r
o 3
3 - 3
Tz 20 w20
& S
E 10 & 10 ~
. ju)
@ 7/ 2
0 ‘ 0
] 1 2 3 q 5 4.0 5.0 6.0
CYCLE RATE 1/tcr (MHz) SUPPLY VOLTAGE Vgg (V)
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MITSUBISHI LSIs

M5M4256P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

PAGE MODE CURRENT
VS. AMBIENT TEMPERATURE

60 T Y
~ Vee=5.5V
g topg = 140ns
< 50

<

Q

O

- 40
—

P4

S 30
g \-\\\
a8 20
o

2

g 10
<

a

0
—20 0 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)

" ADDRESS AND DATA INPUT
VOLTAGE VS. SUPPLY VOLTAGE
3.0

[
Ta=25C

N
o

.//
" ViL (max.)

W\

o

o

4.0 5.0 6.0

ADDRESS AND DATA INPUT VOLTAGE Viu, ViL (V)

SUPPLY VOLTAGE Vgc (V)

ADDRESS AND DATA INPUT
_VOLTAGE VS. AMBIENT TEMPERATURE

(
o

I [
Vee=5.0V

N
o

VIH I(mm.)

|
ViL I(max.)

-
(=1

|°

0 20 40 60 80 100

ADDRESS AND DATA INPUT VOLTAGE Vi, Vi_ (V
~nN
o

AMBIENT TEMPERATURE Ta (°C)

ADDRESS AND DATA INPUT VOLTAGE ViH, ViL

PAGE MODE CURRENT
VS. CYCLE RATE
60

T T
Vee=5.5V

sof_Ta=25C

40

20

PAGE MODE CURRENT Igga (mA)
w
S
\\

CYCLE RATE 1/ tgpg (MHz)

ADDRESS AND DATA INPUT
VOLTAGE VS. AMBIENT TEMPERATURE

2 3.0 ] T

= —

N Vee=4.5V

L

>

w

g 2.0

pis

)

o !
S ViH (min.)
C — !
=) | 1
z V||_(m‘ax)
2 10

g

<

[=]

[a]

zZ

<C

2 0

® —20 O 20 40 &80 80 100
a

<

AMBIENT TEMPERATURE Ta (°C)

ADDRESS AND DATA INPUT
~VOLTAGE VS. AMBIENT TEMPERATURE
3 .
<~ 3.0

Voe=5.5V

~N
o

ViH (min.)

VI||_ (ma;(.)

-
o

o

0 20 40 60 80 100

|
n
S

AMBIENT TEMPERATURE Ta (°C)
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MITSUBISHI LSIs

MSM4256P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

INPUT VOLTAGE Vin, ViL (V)

INPUT VOLTAGE Vi, ViL (V)

l

RAS, CAS AND WE INPUT
VOLTAGE VS. SUPPLY VOLTAGE
3.0

|
Ta=25°C
2.0 Vii (min.) —— -
/ J—
——
10 —t] ViL (max.)
0
4.0 5.0 6.0

SUPPLY VOLTAGE - Vcgg (V)

RAS, CAS AND WE INPUT
VOLTAGE VS. AMBIENT TEMPERATURE
3.0 I
Vgoc=5.0V

2.0 Vi (min.)

ViL (max.)

—20 0 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)

[ |
Vee=4.5V
2
E]
> 2.0
>I Vin (min.)
w
q
—
o Tt
g 1.0 ViL (max.)
s e
=
a
=

3.0
T
Voe=5.5V
z
El
>_ 2.0 Vin (min.
T
>
w
2
g ViL (max.)
o 1.0
>
=
>
o
z
4]

. RAS, CAS AND WE INPUT
VOLTAGE VS. AMBIENT TEMPERATURE
3.0

0
—20 O 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)

RAS, CAS AND WE-INPUT
VOLTAGE VS. AMBIENT TEMPERATURE

—20 O 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)
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MITSUBISHI LSIs

M5M4256P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

SUPPLY CURRENT Igg (mA)

. HIDDEN RAS ONLY
RAS/CAS CYCLE REFRESH CYCLE  REFRESH CYCLE

[ , [

N J A\ VA N V \
\] N— —

50ns/DIVISION

CURRENT WAVEFORM

PAGE MODE CYCLE DURING POWER UP

|

|
Do
[}

Vee (V)

SUPPLY VOLTAGE

< CAS

E \ \ 0

8 20 T

= 100 Ta=25C

- I

zZ ] = 15

4 a0 RAS=CAS=V|_

3 ‘ £3

=

> I

2 > Q

& 2

5 . & /

? A ) 3 ® RAS=CAS=V
Ll VARY, el

\ 0 f | !
50ns/DIVISION 50us/DIVISION
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- M5M4257P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

MITSUBISHI LSIs

DESCRIPTION

This is a family of 262 144-word by 1-bit dynamic RAMs,
fabricated with the high performance N-channel silicon gate
MOS process, and is ideal for large-capacity memory
systems where high speed, low power dissipation, and low
costs are essential. The use of double-layer polysilicon
process combined with silicide technology and a single-
transistor dynamic storage.' cell provide high circuit density
at reduced costs, and the use of dynamic circuitry including
sense amplifiers assures low power dissipation. Multiplexed
address inputs permit both a reduction in pins to the 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.

PIN CONFIGURATION (TOP VIEW)

]
ADDRESS INPUT . Ag —[1] 6l vss (OV)
5= COLUMN ADDRESS
DATA INPUT . D -+[2] [Ble- GAS §TROBE (NPUT
WRITE o
controu ineut . W (3] z  [@-0Q  DaTA OUTRUT
—_— (5]
ROW ADDRESS RAS —[a] 13]e A
STROBE INPUT o 2 B+ As
Ao —+[5] E 2+ A3
ADDRESS ADDRESS
pore 1 A2 2Bl T (M As rGeyTs
L A [T Qe As
(5v) Ve [g] e A7

Outline 16P4

FEATURES
Access time Cycle time  |Power dissipation
Type name (?:“"s")) (E“n';‘)) E:‘m)) ® Early-write operation gives common |/ capability )
® Read-modify-write, RAS-only-refresh, Nibble-mode
M5M4257P-10 100 200 300 capabilities. (Pin 1 is used for nibble mode)
M5M4257P-12 120 230 260 ® CAS before RAS refresh mode capability
M5M4257P-15 150 260 230 ® All input terminals have low input capacitance and are
® Standard 16-pin package directly TTL-compatible
® Single 5V+10% supply ® QOutput is three-state and directly TTL-compatible
® Low standby power dissipation: 25mW {max) ® 256 refresh cycles every 4ms. Pin 1 is not needed for
® Low operating power dissipation: refresh.
MBMA257P-10 - « « + v v v v v e 385mW (max) @ CAS controlled output allows hidden refresh
MEMA257P-12 - « « v v v v v 360mW (max)
MBM4257P-16 . . . .. ... ... 330mW (max) APPLICATION

Unlatched output enables two-dimensional chip selec-
tion

Main memory unit for computers, Microcomputer memory

BLOCK DIAGRAM
DATA INPUT D (2 1
|
WRITE CONTROL i/
W (3
INPUT fl — >
COLUMN A i INPUT v
STROBE M7 OAS (15 CLOCK GENERATOR _LATCH ) o cc (5V)
CIRCUIT
ROW ADDRESS BAS i
STROBE INPUT 1 AS !
' - - 16) Vss(0V)
-
A
°(5) . . &
A a & - 32K & 32K 32K = 32K 8
E memoRry || 8 || memory | memory [} & || memory Q
Az 5 ARray || € ARRAY | ARmay [| @ ARRAY =}
8 o a 3
Ao e 8
z =
AORPOTS 4 As = [ COLUMN DECODER —] = ?_E 0\ DATA
gl I 3 3 55 _OUTPUT
As 5 & o @
(&3
Ag 3 61
o 32K 2 32K 32K 5 32K g
Aq & memory || @ || memory | memory || & || MEMORY =
2 array || © || array | arrav || © || ARRAY 3 !
Ag g
1 T
L - . _ - - |
) MITSUBISHI
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262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

FUNCTION

The MbMA4257P 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 delayédv
write. The input conditions for each are shown in Table 1.

Table 1 Input conditions for each mode

Inputs Output
Operation HAS 5AS w o :dod\:/ess E;;l:;‘: o Refresh Remarks
Read ACT ACT NAC DNC APD APD VLD YES *
Write ACT ACT ACT VLD APD APD OPN YES
Read-modify-write ACT ACT ACT VLD APD APD VLD YES
RAS-only refresh ACT NAC DNC DNC . APD DNC OPN YES
Hidden refresh ACT ACT DNC DNC DNC DNC VLD YES
CAS before RAS refresh ACT ACT DNC DNC DNC DNC OPN YES
Standby NAC DNC DNC DNC DNC DNC OPN NO

_Note ACT  active, NAC " nonactive, DNC : don’t care, VLD - valid, APD : applied, OPN ' open. -
* . Nibble mode identical and Nibble mode column address is DNC while togghng CAS.

SUMMARY OF OPERATIONS

Addressing

To select one of the 262 144 memory cells in the

M5M4257P the 18-bit address signal must be multiplexed

into 9 address signals, which are then latched into the

on-chip latch by two externally-applied clock pulses. First,
the negative-going edge of the row-address-strobe pulse

(RAS) latches the 9 row-address bits; next, the negative-

going edge of the column-address-strobe pulse (CAS)

latches the 9 column-address bits. Timing of the RAS and

CAS clocks can be selected by either of the following two

methods: )

1. The delay time from RAS to CAS ty (rascas) is set
between the minimum and maximum values of the
limits. In this case, the internal CAS control signals are
inhibited almost until tyras-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 tyras.cas) IS set larger than the
maximum value of the limits. In this case the internal
inhibition of CAS has already been released, so that the
internal CAS control signals are controlled by the
externally applied CAS, which also controls the access
time.

Data Input

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

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

Data Output Control

The output of the 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 /O Operation

If all write operations are performed in the early-write
mode, input and output can be connected directly to give a
common 1/Q 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 nat 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 biis of data. The
first of 4 nibble bits is accessed by the normal mode with
read data coming out at t,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
AB8) 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 (A, ~ A,) of the MBM4257P must
be refreshed every 4 ms to maintain data. The methods of
refreshing for the MbM4257P 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 oecur.
2. RAS Only Refresh

In this refresh method, the CAS clock should be at a
V)4 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 m and lf—C-A—S
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
initiatess 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,_ 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 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 500us 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 Unit
Vce Supply voltage —-1~7 \%
\ Input voltage With respect to Vgs —1~7 \
Vo Output voltage —1~1 v
lo Output current 50 mA
Pd Power dissipation Ta=25°C 1000 mw
Topr Operating temperature 0—~70 °C
Tstg Storage temperature —65~150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0~70"C, unless otherwise noted) Note 1)
. Limits
Symbol Parameter i Nom Max Unit
Vee Supply voltage 4.5 S 5.5 \
Vss Supply voltage (1] 0 - 4] \Y
Vin High level input voltage, all inputs 2.4 6.5 \
Vi Low-level input voltage, all inputs -2 0.8 \
Note 1. All voltage values are with respect to Vgg
ELECTRICAL CHARACTERISTICS (Ta=0~70"C, Vgc=5V £10%, Vss=0V, unless otherwise noted) (Note 2)
Symbol Parameter Test conditions - Limits Unit
Min Typ Max
VoH High-level output voltage foH=—5mA 2.4 Vee \Y
VoL Low-level output voltage loL=4.2mA 0 0.4 \%

loz Oftf-state output current Q floating 0V =Vouyr=5.5V —10 10 A
1y Inpui current OV=V|N=Vge, Otherinput pins =0V —10 10 uA
locitay) Average supply current from Vee, x:m:::;z: :g m, CAS cycling ;g mA

operating (Note 3, 4) tcr=1cw= min. output.open
M5M4257P-15 60
lccz Supply current from V¢, standby RAS =CAS=Vy output open 4.5 mA
| m5M4257P-10 | _ . 60
LX) inyinet i A Iy |
M5M4257P-15 ) 50
nibble mode 1 cN= min, output open
M5M4257P-15 25
Average supply current from Vee, M5M4257P-10 CAS before RAS refresh cycling 65
tcos(av) CAS before RAS refresh mode M5M4257P-12 LG (RAS) = min, output open 60 mA
(Note 3} | M5M4257P-15 55
Ci (a) Input capacitance, address inputs 5 pF
Ci o Input capacilance,rdata input Vi=Vss 5 pPF
Cy(w) Input capacitance, write control input f=1MHz 7 pF
C) (RAS) Input capacitance, RAS input Vi=25mVrms 10 pF
Cy(cas) | !nput capacitance, CAS input 10 pF
Co Output capacitance Vo=Vsgs, f=1MHz K Vi=25mVrms 7 pF
Note 2: Current flowing into an IC is positive ; out is negative. ’

3. lgct(av), lce3(av), lcesiav) and leceiav) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate,
4. lecci(av) and | CCs(Av) are dependent on output foading. Specified values are obtained with the output open.
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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=0V, unless otherwise noted, See notes 5, 6 and 7 )

Limits
Symbol Parameter A'S‘j'r:abzlve M5M4257P- 10 |[M5M4257P- 12| M5M4257P- 15| Unit
Min Max Min Max Min Max

tcrF Refresh cycle time trer 4 4 4 ns
t w(RASH) RAS high pulse width trp 90 100 100 ns
tw(RasL) AS low pulse width thas 100 | 10000 | 120 | 10000 | 150 | 10000 ns
twicasL) CAS low pulse width tcas 50 60 75 ns
tw(casH) CAS high pulse width (Note 8) topn 25 30 35 ns
th (RAS-CAS) CAS hold time after RAS tesH 100 120 150 ns
th(cas-RAS) RAS hold time after CAS . trsH 50 60 75 ns
td(cas-RAs) | Delay time, CAS to RAS (Note 9) tcap 20 30° 30 .
td (Ras-cAS) Delay time, RAS to CAS (Note 10) treo 15 50 20 75 25 75 ns
tsu(RA-RAS) Row address setup time before RAS task 0 0 0 ns
tsu(ca-cas) Column address setup time before CAS tasc —5 —5 —5 ©ns
th (RAS-RA) Row address hold time after RAS tRAH 10 20 20 . ns
th(cas-CA) Column address hold time after CAS 1 CAH 15 25 20 ns
th (Ras-cA) Column address hold time after RAS t AR 65 100 100 ns
e Transition time tr 3 50 3 50 3 50 ns
trin 3 50 3 50 3 50 ns

Note 5 An initial pause of 500us 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 14 =1t 1 4 =5ns.
7. Reference levels of input signals are Vi min, and Vi max. Reference levels for transition time are also between Vyy and V.
8. Except for nibble-mode.
9: 1d (RAS-CAS) requirement is applicable for all RAS/CAS cycles.
10: Operation within the tg (RAS-CAS) max limit insures that ta (Ras) max can be met. 4 (rRas-cag)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=1th (rRas-RA)MIN + 2t T (t riw) + T su(ca-cas)min.

SWITCHING CHARACTERISTICS (Ta=0~70"C, Vcc=5V £10%, Vss=0V, unless otherwise noted )
Read Cycle

‘ Alternative - Limits
Symbol Parameter Symbol M5M4257P-10 | M5M4257P-12 | M5M4257P-15 Unit
Min Max | Min Max Min Max

ter | Read cycle time tre 200 230 260 ‘ ns
tsu(R-CAS) Read setup time before CAS tacs o] o] g ns
th(cas-R) Read hold time after CAS (Note 11) trcH 0 .0 0 ns
th(RAS-R) Read hold time after RAS -~ (Note 11) tRRH 20 20 20 ns
tdis (cas) Output disable time {Note 12) torr 0 25 0 35 0 40 ns
ta(cas) CAS access time (Note 13) tcac 50 60 75 ns
ta (RAS) RAS access timne (Note 14 tRac 100 ) 120 150 ns

Note 11:  Either th(Ras-R) o 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 Vop or Vo
13:  This is the value when td (Ras-cas)2td (rRas-cas)ymax. Test conditions ; Load = 2TTL, Cy = 100pF
14:  This is the value when tq(pas-cas)< ld(Ras-cas)max. When td(ras-cas)2 td(ras-cas)max, ta(ras) will increase by the amount that
td(Rras-cAs) exceeds the value shown. Test conditions ; Load = 2TTL C, = 100pF

Write Cycle
Alternative Limits
Symbol Parameter Syimbol M5M4257P-10 | M5M4257P-12 | M5M4257P-15 Unit
Min Max Min Max Min. Max
tow Write cycle time tre 200 230 , 260 ns
tsu (w-CAS) Write setup time before CAS (Note 17) twos -10 - —10 —10 ns
thcas-w) Write hold time after CAS twen 35 40 45 ns
th(ras-w) Write hold time after RAS twer 85 100 120 ns
th(w-RAS) RAS hold time after write tRwL 35 40 45 ns
th (w-cas) CAS hold time after write towL 35 40 45 ns
tw(w) Write pulse width twe 35 40 45 ns
tsu(p-cas) Data-in setup time before CAS tos 0 0 ‘ 0 ns
th(cas-D) Data-in hold time after CAS ton 25 30 35 ns
th(ras-D) Data-in hold time after RAS t DHR 70 90 110 ns
MITSUBISHI
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Read, Write and Read-Modify-Write Cycles

Alternative Limits R
Symbol Parameter Symboi | M5M4257P-10 [M5M4257P-12 [ M5M4257P-15 | Unit
Min Max Min Max Min Max

terw Read-write cycle time (Note 15) trwe 225 260 295 ns
tormw 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 towe 35 40 45 ns
tw(w) Write pulse width twe 35 40 45 ns
tsu(R-cas) Read setup time before CAS tres 0 0 0 ns
td(RAS-W) Delay time, RAS to write (Note 17) tRwD 90 110 135 ns
td(cas-w) Delay time, CAS to write (Note 17) tewo 40 50 60 ns
tsu(p-w) Data-in setup time before write tos 0 0 0 ns
th (w-D) Data-in hold time after write ton 35 40 45 ns
tdis (cas) Output disable time torF 0 25 0 35 1} 40 ns
ta(cas) TAS access time (Note 13) tcac 50 60 75 ns
ta(ras) RAS access time {Note 14) trac 100 120 150 ns

Note 15. tggwmin is defined as tocrw Min = td (RAS-CAS)max + td (CAS-w)MIn +th (w-ras) + tw (RasH) T 3T TLH (tThL)

16. toamw min is defined as tcamw min = ta (ras)Max + th (w-ras) + 1w (RAS-H) + 31 TLH(tru)
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 tsy(w-cas) = tsu(w-cas)ymin, an early-write cycle is performed, and the data output keeps the high-impedance state.

When td(Ras-w)= td(ras-w)min_ and tq(cas-w)=tsu(w-CAS)min aread-write cycle is performed, and the data of the selected address will be read out
on the data output.

For ali conditions other than those described above, the condition of data output (at access time and until CAS goes back 10 Vi) is not defined.

Nibble-Mode Cycle
Limits
Symbol Parameter Agy":;;‘ve M5M4257P-10 | M5M4257P-12 | M5M4257P-15 |  Unit
Min Max Min Max Min Max
ten Nibble mode cycle time th 50 55 70 ns
tan (cas) Nibble mode access time tuac 25 30 40 ns
twn casp Nibble mode CAS low pulse width tnCAS 25 30 40 ns
twn(casH) Nibble mode precharge time tae 15 15 20 ns
thn (CAS-RAS) | Nibble mode RAS hold time t nRsH 25 30 40 ns
tdn (cAS-W) Nibble mode CAS to WRITE delay Uyowo 25 30 40 ns
twnRMW (CASL) | Nibble mode RMW CTAS putse width fNoRW 55 65 85 ns
thnRMW(w-cas)|  Nibble mode WRITE to CAS lead time TnowL 25 30 40 ns
thNRMW (CAs-RAS)| Nibble mode RMW RAS hold time tNwSH 55 65 85 ns
LSuN(W-CAS) Nibble mode WRITE setup time before CAS tawes [ a 1] ns
CAS before RAS Refresh Cycle ot 18)
Limits
Symbol Parameter A'S‘j:;‘;;]’e M5M4257P- 10| M5M4257P-12 | M5M4257P-15|  Unit
Min Max Min Max Min Max
tsur(cas-ras)  CAS setup time for auto refresh tcsr 25 30 30 ns
IhR (RAS-CAS) CAS hold time for auto refresh toHR 40 50 50 ns
4R (RAS-CAS) Precharge to CAS active time tRpc 0 0 0 ns
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
R re:
seauence Nibble bit Ag Ay Azcoll’«imnﬁ\idd;e«:s Ag A7 Ag|Ag Ay Az AZW ::d Asss As A7 Ag
RAS/CAS 1 6 1 0 1 0 1 0 1 00 1 0 1 0 1 0 1 0]} Externaladdress
toggle CAS 2 0 ’l o 1.6 1 0 1 0|0 1 0 1 01 0 1 1
toggle T 3 o1 0 1t o 1 o0 1 1{0 1 0 1 0 t 0 1 O lotornally generated address
toggle CAS 4 o1 0 1 0 1 0 1 1{0 1 0 1 06 1 0 1 1
toggle CAS 1 o t 0 1 0 1 0 1 0fO 1 0 1 0 1 0 1 0
' MITSUBISHI
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TIMING DIAGRAMS Note 19)

Read Cycle ten
tw(rasL)
th(ras-cas)
N th(ras-ca)
— V= K—""——_s
RAS N
ViL— \\ Z
td(cas-Ras) twirasH)
td(ras-cas) th(cas-ras)
tw(casL)
— Vi — 4 A
CAS V:': _ ) / tw(casH) 31\ \‘
tsu(ra-ras)| [th(ras-ra) tsutca-cas) | thicas-ca)
Viu— AN AN
Vie— XX / ADDRESS QXY ADDRESS ] ADDRESS
th(Ras-Rr)
tsu(r-cas) thicas-r
W N
Vii— taccas)
ta(nas) tdis(cas)
- Vou— HIGH IMPEDANCE STATE Y/ OATA VALID
VoL— DN
Write Cycle (Early Write)
tow
tw(rasL)
th(ras-cas) »
I VA th(ras-ca)
RAS \
Vie— \(
td(cas-ras) th(cas-ras) | tw(rasH)
td(ras-cas) tw(casu)
—  Viu— 4 )
CAS V':— 2 tw(casH) \ \ /
tsu(ra-ras)| [th(ras-ra) tsuica-cas) |thicas-ca)
_ —
A Vin ROW f COLUMN h ROW
0~Ag ADDRESS | | ADDRESS | ADDRESS
- ' th(w-cas)
tsu(w-cas) th(cas-w)
O
Vii— N Z
th(w-ras)
th(ras-w)
tsu(n::-c.n,s)!_ th(cas-0)
— X AANNVVVAVNNVVNVNNNNNAAANAANANNANNNANNNN
o TR S
Vii— 1 \ VMV \NNNNNYNNNNNNNNNNNNNNN NN
th(ras-p) .
Q Vou— HIGH IMPEDANCE STATE
VoL —
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Read-Write and Read-Modify-Write Cycles

teaw/tormw
tw(rasL)
th(ras-cas)
t -
- Vi __\\ h(Ras-ca) ’ ZF—-———)
Vie— R 7 \
td(cas-ras) thicas-ras) tw(RasH)
td(Ras-cas) tw(casu)
T Viu— N l\ \ / /
CAS Vi — /- W(C'ASH) . 4
tsu(ra-ras)| | th(ras-ra)  tsuica-cas) |thicas-ca)
pons RV - ROW 1 coumn ¥ ROW
Vie— ADDRESS 4 ( ADDRESS 4 DDRESS
td(ras-w) th(w-cas)
tsu(r-cas) td(cas-w) thiw-ras)
TRRNAEY 3\
Vie—, - Z
tw(w)
taccas) tdis(cas)
— 4
g Vor HIGH IMPEDANCE STATE ///< OATA VALID NN
VoL— AN /4
ta(ras)
tsuio-w)| [thiw-o)

O At R NS

RAS-Only Refresh Cycle ote20)

tcr
tw(rasL) "
— Vu— N X
RAS N
Vie— K
th(ras-rA) tw(rasH)
f
tsu(ra-rAS)

Ot A

HIGH IMPEDANCE STATE

Note 19.

Indicates the don't care input.

LA
H The center-line indicates the high-impedance state.

Note 20. CAS=Vy, W, D=don't care.
Ag may be ViH or VIL.
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Nibble Mode Read Cycle iore21)

Note 21:Pin 1 at Row Time and Column Time Determines the Starting Address of the Nibble Cycle.

Nibble Mode Write Cycle (Early Write)

tw(rasL)
th(ras-cas) .
RAS M \ /
ViL —
th(ras-ca) - ten thn(cas-ras)
=
td(mas-cas) tw(casL) twinicasL) twn(casL)
cas \ § il
Vi / /
tsucca-cas) twnicasH) twn(casH)
tsuira-RAs) -
. th(ras-RA) th(cas-ca)
Aohs UM ROW COLUMN
) ViL— ADDRESS ADDRESS
‘ tsu(r-cas) thicas-r) thicas-r) th(cas-r)
tsu(r-cas) tsu(r-cas)
Il |l
brvl Vin—
w .
Vi _W w
taccas) | tdisccas) tan(cas) tanccas)
tdis(cas) tdis(cas)
Von —
Q DATA VALID DATA VALID DATA VALID
Vo ™

tWN(F‘ASL)
— Viy— y
RAS \
Vi — S
t thn(cas-RAS)
th(ras-cas) WN(CASL)
twn(casH) twn(casH) twn(casL)
td(ras-cas)
— twicasL)
: Vim
CAS Vi — t
' th(RAs-RA)
¢ tsuca:cas) .
SU(RA-RAS) CN
e J‘f—)‘ thicas-ca) thiw-cas) —
Ao~As Vin— ROW COLUMN
0 V. — ADDRESS ADDRESS
[ * -
' th(ras-ca) t‘h(c s tsuw-cas)
AS-W
th(ras-w) tS'U(W-CAS)| .
h(cas-w)
W Viw — thicas-w) @
Vie — :F
tsu(w-cas) tsucp-cas)
‘thicas-0) tsu(p-cas) thicas-o) th(cas-o)
tsu(p-cas)
Vin —
D v DATA VALID DATA VALID DATA VALID
nw—
th(ras-D) —>>
Vou— HIGH IMPEDANCE STATE
Q
VoL —
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Nibble Mode Read-Modify-Write Cycle

twi(rASL)
— Vin— /
RAS
Vie — -
lee———— th(ras-cas) ————>| thn(w-RAs)
td(ras-cas) twni(cash) e ;
- Je—— th(ras-ca) t N(W-CAS
c tW(CASL) eN 'WNRMW(CASL)
Vin— *\ / \
CAS Vi — -< X
tsu(ra-AAS) th(cas-ca) thnrRMmw(cAs-RAS)
th(ras-rA) td(cas-w)
tsucca-cas)
Vik— ROW COLUMN )
Ao~ Asg v \ADDRESS ADDRESS 4
w—
th(ras-w)
tsucw-cas) thicas-w) t twow)
SU(R-CAS)
v R \ R
W
Vie — Z
tsu(p-cas) thicas-o) tsuto-w) thiw-0)
Vip— 4 "
D DATA VALID DATA VALID
ViL —
thiras-o) tan(cas) tdis(cas)
Vou — HIGH IMPEDANCE STATE
Q o § DATA VALID
VoL —

Hidden Refresh Cycle

READ CYCLE REFRESH CYCLE REFRESH CYCLE
~ term ter N tcr
twirasL) | X twirasL) , twirasL) ,
J— Vin \\ \i y /
RAS Vi ™ - Iw(rasn) twirasr) | \
td(cas-ras)
td(ras-cas) | th(cas-ras) t tha(ras-cas)
- > w(casL)
—_— Vin— 4 3 P
CAS Vo™ / twicasH) - Sk 7 4
th(cas-ca)
tsu(ra-ras) th(RIAS-RA)
Vin— ROW
e i AT ST ; DO s
tsucca-cas)
tsucr-cas) J th(ras-R)
1
J5
w f QOO0 (X0 X0 M
W R R KRR KRES |
taccas) '
ta(ras) tdis(cas)
V3
Vor— i DATA VALID
Q Vo™ \K Va 7
7
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AS before RAS Refresh Cycle (Note22)

D
b4
[

READ CYCLE

REFRESH CYCLE

REFRESH CYCLE

READ OR WRITE
CYCLE

tw(cash)

ter N tor
U
_\ tw(rasL) 1& twirasL) r R
tw(rasH) [\
RAS-CAS)| | thr(RAS-CAS) tdr(RAS-CAS) thR(RAS-CAS) tdR(RAS-CAS) 1d (CAS-RAS)
T
1SuR(CAS-RAS) Isur(cas-Ras) ’ i
/ / .
i .
tsu (RA-RAS)

S T

tdis(cas)

HIGH IMPEDANCE STATE

/ B \

Note22: W, D =don't care.

TYPICAL CHARACTERISTICS

NORMALIZED ACCESS TIME

VS. SUPPLY VOLTAGE

NORMALIZED ACCESS TIME
VS. AMBIENT TEMPERATURE

13 T ~ | I
g Ta=25C 9 Vog=5.0V
< 1.2 9.2
g \ N
w w
s s Py
= 19 2 9
[ =
" I e
w w)
w w
8 1.0 g 1.0 e
< < /
o o
w w
& 0.9 N 4 0.9 4
ot ~N 3 d
< <
: :
Z 08 T 0.8
p=4 z
0.7 4.0 5.0 6.0 07550 20 40 60 80 100
SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (°C)
ACCESS TIME VS. LOAD NIBBLE MODE ACCESS TIME
CAPACITANCE VS. SUPPLY VOLTAGE
25 T g 1.6
Voc=4.5V < \K )
QD 2| TasC 2 1.4
had w
% g Ta=25C\
g 15 b2
:
g
<q A ]
10 2 1.0
g -~ s
L )
@ 5 7/ Z 0.8 \\
g 8
Q
< 0 Y o6
<
s
S
- 0.4
50700 200 300 400 500 600 = 4.0 5.0 6.0
LOAD CAPACITANCE G (pF) SUPPLY VOLTAGE Vgg (V)
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NIBBLE MODE ACCESS TIME
VS. AMBIENT TEMPERATURE

80

OPERATING CURRENT
VS. SUPPLY VOLTAGE

g 13 1 ]
g Vee=5.0V 2 Ta=25C
g2 E  70}—'cr=260ns
w / -
= Q
o 1.1 / 2 0
2 .
§ .0 // & 50 et
2 v : ol
g .9 // % 40
o =
w <
g -8 g 30 //
= o
S
Z 01 5o 20 a0 s0 80 100 20 2.0 5.0 6.0
AMBIENT TEMPERATURE Ta (°C) SUPPLY VOLTAGE Vgg (V)
OPERATING CURRENT OPERATING CURRENT
VS. AMBIENT TEMPERATURE VS. CYCLE RATE
70 L 60 ]
—_ Voe=5.5V :{ Vee=5.5V
E 50 | tcr=260ns £ 50 | Ta=25C //
g o 8 . //
= A _—
Z Z
& 40 £ 30 /
T T /
3 3 /
g 30 g 20 /
2 g
T 20 T g //
3 &
050 20 a0 &0 80 100 0 1 2 3 4 s 6
AMBIENT TEMPERATURE Ta (°C) CYCLE RATE 1/tcr (MHz)
STANDBY CURRENT STANDBY CURRENT
VS. SUPPLY VOLTAGE VS. AMBIENT TEMPERATURE
S 1
— Ta=25C — Voc=5.5V
: s E s
S 8
- =
o B o —
3 ol 3 R
5> 2 z 2 —
o
Q o
Z 1 // Z 1
= [
w i |
0 4.0 5.0 6.0 0 260 2 a0 & 80 100
SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (°C)
MITSUBISHI
ELECTRIC 2—65



MITSUBISHI LSIs

M5M4257P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

REFRESH CURRENT
VS. SUPPLY VOLTAGE

REFRESH CURRENT
VS. AMBIENT TEMPERATURE

80 | 60 T
Ta=25C Voe=5.5V
% 70 tcr=260ns <E( 50’____tcn=260ns
8 60 g a0
- i ——
Z 5o Z 30 -
[« o
29 [
: | 5 2
0
i " P 5
o
G 30 - E 10
o o
Pad 0 .
20 4.0 5.0 6.0 —-20 0 20 40 60 80 100
SUPPLY VOLTAGE Vgg (V) " AMBIENT TEMPERATURE Ta (°C)
REFRESH CURRENT NIBBLE MODE CURRENT
VS. CYCLE RATE VS. SUPPLY VOLTAGE
60 I T 30 T
—~ Vee=5.5V = Ta=25°C I
< Ta=25C . 4 € | _ton=70ns
E 50 [— v -
- 8
8 a0 / ) //
=
z / E //
E 30 7 % /
: /| S |
20 g 10
g b
& &
w 10 2
z
% 1 2 3 4 5 0 4.0 5.0 6.0
CYCLE RATE 1/tcr (MHz) SUPPLY VOLTAGE  Vce (V)
NIBBLE MODE CURRENT NIBBLE MODE CURRENT
VS. AMBIENT TEMPERATURE VS. CYCLE RATE
~ ~ cc=5.
- g 24| Ta=25%C /
< — - 7
8 Veo=5.5V] o /
= ZO—tCN=70"S ° 22 Ve
z ~ £ ~
w w /
3 g 20
D 2
o - o /
w w
& 10 S 18—
s s
o &
o) @ 16
o m
z z
0 14
—20 0 20 40 60 80 100 6 8 10 12 14 16
AMBIENT TEMPERATURE Ta (°C) CYCLE RATE 1/tcn (MHz)
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ADDRESS AND DATA INPUT

3 VOLTAGE VS, SUPPLY VOLTAGE -
2 3.0 '
= [

£ Ta=25C

>

5]

b3

K20

S Vin (min. —

5 e

T //

f T ViL (max.)

»:( 1.0

3

o

zZ

g

a

é 0 4.0 5.0 6.0

<

SUPPLY VOLTAGE Vg (V)

ADDRESS AND DATA INPUT
VOLTAGE VS. AMBIENT TEMPERATURE

o

0 20 40 60 80 100

|
~N
o

2 3.0

ERRS [ I

> Voe=5.0V

I

>

s

Q

L 20

5

8 Vi (min.)
—————————

5

2 -

z ViL (max.)

< 1.0

<

a

(o]

p=4

<

w

w

3

224

(=]

o

<

AMBIENT TEMPERATURE Ta (°C)

RAS, CAS AND WE INPUT
VOLTAGE VS. SUPPLY VOLTAGE

ADDRESS AND DATA INPUT VOLTAGE Vi, Vi (V

ADDRESS AND DATA INPUT

~VOLTAGE VS. AMBIENT TEMPERATURE

ADDRESS AND DATA INPUT VOLTAGE ViH, ViL (V)

3.0

2.0

T T
Vec=4.5V

ViH (m‘in.)

ViL (max.)

—20 o] 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)

ADDRESS AND DATA INPUT

VOLTAGE VS. AMBIENT TEMPERATURE

3.0 T T
Vce=5.5V
2.0
— ViH (min.)
— 1
ViL (max.)
1.0
o

—20 O 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)

RAS, CAS AND WE INPUT

VOLTAGE VS. AMBIENT TEMPERATURE

ELECTRIC

3.0 T 3.0 T T
Ta=25°C Vec=4.5V
z B
2 E
> >
. 2.0 Vin (min.) W T 2.0
I I Vin (min.)
> >
w — — 4
< —_
5 —TViL (max.) 0= I R e
g 1.0 L (max. 52 1.0 ViL (max.)
e o 5
o}
2 2
0 0
4.0 5.0 6.0 —20 0 20 40 60 80 100
SUPPLY VOLTAGE Vg (V) AMBIENT TEMPERATURE Ta (°C)
MITSUBISHI



MITSUBISHI LSIs

M5M4257P-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

RAS, CAS AND WE' INPUT RAS, CAS AND WE INPUT

VOLTAGE VS. AMBIENT TEMPERATURE VOLTAGE VS. AMBIENT TEMPERATURE
3.0 T T 3.0 =T T
Voo=5.0V Voe=6.5V
z z
2 2
> > Y in.
: 2.0 Vin (min.) ‘w I 2.0 1 (min.)
3 =
w o w
q z 9 Vit (max)
- - L (max.
3 1.0 Vi (max.) lg 3 1.0
> o >
e .
2 22
z ‘E( £
0 0 i
—-20 0 20 40 60 80 100 —20 0 20 40 60 80 160
AMBIENT TEMPERATURE Ta (°C) AMBIENT TEMPERATURE Ta (°C)
HIDDEN RAS ONLY

RAS/CAS CYCLE REFRESH CYCLE REFRESH CYCLE

|

Py

D

v
o

\

[

ol
I
—

SUPPLY CURRENT Igg (mA)

N T \
I i

3
N R
—

50ns/DIVISION

CURRENT WAVEFORM
NIBBLE MODE CYCLE

w DURING POWER UP
é ~
RAS a3 s
~ > 8
< CAS S
E \ g 0
o) ? |
L 20 —+
100 Ta=25C
=
& 80 15
3 \ = RAS=CAS=V,_
[} 60 & 2 10
= VA \ X
& 40 O~
2 ANINAY, L
‘ L 29 |
20 VT \ VWV \ > RAS=CAS=V4
0 ) 0 I | |
50ns/DIVISION . 50ps/DIVISION
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MITSUBISHI LSis

DESCRIPTION

This is a family of 262 144-word by 1-bit dynamic RAMs,
fabricated with the high performance N-channel siticon gaté
MOS process, and is ideal for large-capacity memory
systems where high speed, low power dissipation, and low
costs are essential. The use of double-layer polysilicon
process combined with silicide technology and a single-
transistor dynamic storage cell provide high circuit density
at reduced costs, and the use of dynamic circuitry including
sense amplifiers assures low power dissipation. Multiplexed
address inputs permit both a reduction in pins to the 16 pin
zigzag inline package configuration and an increase in
system densities. In addition to the RAS only refresh mode,
the Hidden refresh mode and CAS before RAS refresh
mode are available.

FEATURES
Access time Cycle time  [Power dissipation
Type name (max) (min) (typ)
) (ns) (ns) (mW)
M5M4256L.-10 100 200 300
M5M4256L-12 120 230 260
M5M4256L~15 150 260 230
® 16 pin zigzag inline package
® Single 5V+10% supply
® Low standby power dissipation: 26mW (max)
® Low operating power dissipation:

M5M4256L-10. - - . . .. oo .. 385mW (max)
MEMA256L-12- « « « « « v e v v 360mW (max)
MBM4256L-15. -+« -« v v vt 330mW (max)

® Unlatched output enables two-dimensional chip selec-

tion and extended page boundary.

PIN CONFIGURATION (TOP VIEW)

ADDRESS INPUT ~ Ag — [T -
COLUMN ADDRESS  maE —»[31 HyT 0 DATAOUTRUT
STROBE INPUT >3] Vss (ov)
ADDRESS INPUT  Ag —[51 o7
wRITE coNTROL 3 ot B 6]~ D  DATAINPUT
ok 13 2 il as ROW ADDRESS
_ L8 STROBE INPUT
Ao —[31 & -
. . 0ol A ADDRESS INPUT
ADDRESS, B (LA Vee (5V)
INPUTS Ay =3 5
A, o Fa 4 As ) ApDRess
4 =[5 A. [ INPUTS
— A3

Outline 16P5A

® Early-write operation gives common 1/0 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

BLOCK DIAGRAM
DATA INPUT D (6 - \I{
. |
WRITE CONTROL
et W (7 i
INPUT
COLUMN ADDRESS mz= (73 CLOCK GENERATOR LATCH Voe (5V)
STROBE INPUT L
ROW ADDRESS ®AS CIRCOIT '
STROBE INPUT AS C‘ Vs (OV)
. S
-
(2 (o)
A 0 « 32K & 32K 32K & 32¢
1 w [} o
E memory |1 8 || MEMORY | MEMORY || & |} MEMORY
£ array H S II arravy | Armay ARRAY =
Az @ 3 & & 3
] o
As(18)> o 5 .
ADDRESS < > = 5
INPUTS | Ad @ R COLUMN DECODER = B q DATA
wl E 5y ouTPUT
Asg 0 ; 8 oo
A o 9 o
¢ @ 32 2 32K 32K 32K =
A7 @ & vemory || 8 || memory | memory || & || memory
2 ARRAY (|| © || Array | ammay || € || aRRay '
210, .
L
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262144-BIT (262144 -WORD BY 1-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

Inputs Output
: Operation RS A W b :{;‘;,:ess ::;;,}‘;:: 0 Refresh Remarks
Read ACT ACT NAC DNC APD APD vLD YES
. Write ACT ACT ACT VLD APD APD OPN YES
Read-modify-write ACT |" ACT "ACT VLD APD APD . VLD YES
RAS-only refresh ACT NAC DNC DNC APD DNC OPN YES
Hidden refresh ACT ACT DNC DNC DNC DNC vLD YES
CAS before RAS refresh ACT ACT DNC DNC DNC DNC OPN YES -
Standby NAC DNC DNC DNC DNC DNC OPN NO

Note: ACT: active, NAC: nonactive, DNC: don't care, VLD: valid, APD: 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 ty (rascas) is set
between the minimum and maximum values of the
limits. In this case, the internal CAS control signals are
inhibited almost until tyras-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 tyras-cas) is set flarger ‘than the
maximum value of the limits. In this case the internal
inhibition of CAS has already been released, so that the
internal CAS control signals are controlled by - the
externally applied CAS, which also controls the access
time.

Data Input .

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

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

Data Output Control

The output of the M6M4256L 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 M6M4256L, 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/O Operation

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

2 Data Output Hold

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

MITSUBISHI
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3. Two Methods of Chip Selection

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

4. Extended-Page Boundary

By decoding CAS, the page boundary can be extended
beyond the 512 column locations in a single chip. In this
case, RAS 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 (Ag ~ A;) of the M6M4256L must
be refreshed every 4 ms to maintain data. The methods of
refreshing for the M6M4256L 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
Vi level and the system must perform RAS Only cycle on
all 266 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 tsug(cas-ras) earlier than RAS and if CAS

is kept low by t,r(rascas) 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 MBM4256L 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,_ 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 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 500us 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 Unit
Vee Supply voltage —1~7 v
vy Input voltage With respect 10 Vsg —1~1 \
Vo Output voltage —-1~7 \
lo Output current 50 mA
Pd Power dissipation Ta=25C 1000 mwW
Topr Operating ‘temperature 0-~70 °C
Tstg Storage temperature —~65~150 °C

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

Symbol ‘ Parameter Limits Unit

Min Nom Max

Vee Supply voltage 4.5 5 5.5 v
Vss Supply voltage 0 0 0 \%

Vin High level input voltage, all inputs 2.4 6.5 \"

ViL Low-level input voltage, all inputs —2 0.8 "

Note 1: All voltage values are with respect to Vsg
ELECTRICAL cHARAcTERlsT'Cs (Ta=0~70°C, Voc=5V £10%, Vgs=0V, unless otherwise noted ) (Note 2)
Symbol ‘Parameter Test conditions - Limits Unit
Min Typ Max
VoH High-level output voltage loH= —5mA 2.4 Veeo \
Vor Low-level output voltage loL=4.2mA ] 0.4 \%
loz Off-state output current Q floating 0V=Vour<5.5V —-10 10 uA
[N Input current OVEVINEVee, Other input pins =0V —10 10 ©A
M5M4256L-10 — 70
L6c1(av) »:verage supply current from Vee, M5M4256L-12 RA CAS cycling - o5 mA
perating (Note 3, 4) ten tC — min. output open
M5M4256L - 15 60
lccz Supply current from Vge . standby RAS =CAS=V|H4 output open 4 mA
Average supply current from Ve, M5M4256L-10 RAS cycling CAS=Vvn &
1CC3 (AV) | refreshing (Note 3) M5M4256L-12 | G(RAS)= min. output open 55 mA
M5M4256L- 15 50
I coe aw Average supply current from V{;Q, z:::::;gt: :: RAS =V, , CAS cycling %532 " mA
page mode (Note 3, 4) t cpg= mMin, output open
M5M4256L - 15 45
Average supply current from Vgg, M5M4256L-10 TAS before RAS refresh cycling 65
icoe(av) |. TAS before RAS refresh mode M5M4256L-12 16 (RAS) = min, output open 60 mA
(Note 3) | m5M4256L-15 55
Ci (a) Input capacitance, address inputs 5 pF
Ci(p) ) Input capacitance, data input Vi=Vss 5 pF
Ci (w)y Input capabitance, write control input f=1MHz 7 pF
Ci (RAS) Input capacitance, RAS input Vi=25mVrms 10 pF
Ci (cas) Input capacitance, CAS input 10 pF
Co Output capacitance Vo=Vss, f=1MHz, Vi=25mVrms 7 pF
Note 2:  Current flowing into an IC is positive ; out is negative,

3: lgcr(av), lccacav), 'ceca(ay) and lcceiay) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.

4: lgci(av) and Icca(av) are dependent on output loading. Specified values are obtained with the output open.

2—12
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MITSUBISHI LSIs

M5M4256L-10,-12,-15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

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

(Ta=0~70°C, Vcc=5V £10%, Vss=0V, unless otherwise noted, See notes 5, 6 and 7 )

Limits
Symbol Parameter A'S‘j’r:zzlw M5M4256L-10 | M5M4256L-12 | M5M4256L-15|  unit
Min Max Min Max Min Max
terr Refresh cycle time tRer 4 4 4 ns
tw(rasH) RAS high pulse width tre 90 100 100 ns
tw(RASL) RAS low pulse width tras 100 10000 120 10000 150 10000 ns
twicasL) CAS low pulse width ) tcas 50 50 pr s
tw (CASH) TAS high pulse width {Note 8) teen 25 30 35 ns
th (RAS-CAS) TAS hold time after RAS tosh 100 120 150 ns
th(cas-ras) | RAShold time after CAS tash 50 60 75 s
td(cas-ras) | Delay time, TAS to RAS (Note 9} tcre 20 30 30 ns
td (Ras-cas) Delay time, RAS to CAS (Note 10) trco 15 50 20 60 25 75 ns
tsu(RA-RAS) | Row address setup time before RAS Lash 0 0 0 ns
tsu (CA-CAS) Column address setup time before CAS tasc —5 —5 —5 ns
th(ras-RA) Row address hold time after RAS tRaH 10 15 20 ns
thcas-cA) Column address hold time after CAS tcan 15 20 25 ns
th(RAS-CA) Column address hold time after RAS tan 65 80 100 ns
Urme . 3 50 3 50 3 50 ns
Tron Transition time tr 3 50 3 0 3 0 s

Note 5:  An initial pause of 500us 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 Ty =1 1 =5ns.
7:  Reference levels of input signals are Vi min. 3nd V|| max. Reference levels for transition time are also between Vy and V.
8: Except for page-mode
9: td(cas-RAS) requirement is applicable for all RAS/CAS cycles.
10:  Operation within the 14 (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 (as-ra)mn + 2t T (trik) + Usu(ca-cas)min.

SWITCHING CHARACTERlSTICS (Ta=0~70C, Vec=5V+ 10%‘ Vgs =0V, unless othérwise noted )
Read Cycle

Limits
Symbol Parameter ‘ A';'r::‘;re M5M4256L- 10 | M5M4256L-12 | M5M4256L-15|  Unit
Min Max Min Max Min Max

ter Read cycle time tre 200 230 260 ns
tsu (R-CAS) Read setup time before CAS trcs 0 ] 0 ns
th(cas-R) Read hold time after CAS {Note 11) tRCH 0 20 0 ns
th(RrAS-R) Read hold time after RAS (Note 11) tRAH 20 0 20 ns
tdis (cas) Qutput disable time {Note 12) torF 0 25 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 11:  Either th (Ras-R) of th(CAs-R) must be satisfied for a read cycle.
12: ldis (cas)max defines the time at which the output achieves the open circuit condition and is not reference to Vo of Vo
13:  This is the value when td (Ras-cas)2td (Ras-cas)max, Test conditions ; Load = 2T TL, C = 100pF
14:  This is the value when td(Ras-cas)< td(Ras-cas)max. When td(Ras-cas)Ztd(ras-cas)max, la(ras) will increase by the amount that
td(RAS-CAS) exceeds the value shown, Test conditions ; Load = 2T TL C{ = 100pF

Write Cycle
Limits
Symbol Parameter Moot [M5MA4256L- 10| M5M4256L-12M5M4256L-15]  Unit
ymoe Min Max Min Max Min Max
tow Write cycle time tre 200 230 |- 260 ns
tsu{w-cAs) Write setup time before CAS (Note 17) twes - -10 —10 —10 ns
thicas-w) Write hold time after CAS tweH 35 40 45 ns
th (Ras-W) Write hold time after RAS twcr 85 100 120 ns
th(w-RAS) RAS hold time after write tawL 35 40 45 ns
th(w-cas) TAS hold time after write . towL 35 40 45 ns
tw(w) Write pulse width twe 35 40 45 ns
tsu(p-cas) Data-in setup time before CTAS tos 0 , 0 0 o
th (cas-D) Data-in hold time after CAS ton 25 30 35 ns
th(ras-D) Data-in hold time after RAS - toHR 70 90 110 ns
MITSUBISHI
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MITSUBISHI LSIis

M5M4256L-10, -12,-15

\ -

262144-BIT (262‘144-WORD BY 1-BIT) DYNAMIC RAM

Read, Write and Read-Modify-Write Cycles

Limits
Symbol Parameter Agj'm“f)‘(;“ M5M4256L-10 | M5M4256L - 12 M5M4256L-15|  Unit
Min Max Min Max Min Max

terw Read-write cycle time (Note 15) t rRwe 235 260 295 ns
toRMW Read-modify-write cycle time (Note 16) trmwe 235 . 275 310 ns
th(w-RAS) RAS hold time after write tawL 35 40 45 ns
th(w-cas) TCAS hold time after write - tewl 35 40 45 ns
tw(w) Write pulse width twep 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) tRwD 90 | 110 135 ns
td(cas-w) Delay time, CAS to write (Note 17) tcwo 40 50 60 ns
tsu(p-w) Data-in setup time before write tos 0 0 ' 0 ns
th (w-D) Data-in hold time after write ton 35 40 45 ns
tdis (cas) Output disable time torF 0 25 0 35 1] 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 16: tgrwmin is defined as tcrw min = td (RAS-CAS)max + td (cas-w)min + th(w-ras) + tw (RasH) + 3LTLH(tTH)
16: tcRMw min is defined as tcamw min = ta (Ras)Max + th (w-ras) + tw(ras 1) + 3L TLH (1)
17: tsu(w-cas). td(Rras-w), and td(cas-w) do not define the limits of operation, but are included as electrical characteristics only.
When tsu(w-cAs)Z tsu (w-cas)min, an early-write cycle is performed, and the data output keeps the high-impedance state
When tg (Ras-w)Ztd (ras-w)min and tg cas-w) 2t su(w-cas)min a read-write cycle is performed, and the data of the selected address will be read out
on the data output, ' )

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

Page-Mode Cycle
Limits .
Symbol Parameter A'S‘j',:ab‘t‘ﬂ“e M5M4256L-10 | M5M4256L-12 | M5M4256L-15|  Unit
Min Max Min Max Min Max
tcee Page-mode cycle time tec 100 125 145 ns
tw (casH) CAS high pulse width tep 40 55 60 ns
tepcRw Page-Mode read-write cycle time tpcRW 130 160 ! 180 ns
CAS before RAS Refresh Cycle (note 1)
s Limits
Symbol Parameter A';e'“ab“lve M5M4256L- 10 | M5M4256L-12] M5M4256L-15|  Unit
ymeer - Min Max Min Max Min Max
tsuR (CAS-RAS) CAS setup time for auto refresh : tcsr 25 30 30 ns
thR (RAS-CAS) CAS hold time for auto refresh tour 40 50 50 ns
L dR (RAS-CAS) Precharge to CAS active time t RPC 0 0 0 ns

Note 18. Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode.

: -~ MITSUBISHI
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MITSUBISHI LSIs

M5M4256L-10,-12,-15

262144-BIT (262 144-WORD BY 1-BIT) DYNAMIC RAM

TIMING DIAGRAMS inote 19)

ter
Read Cycle Ywioaor)
th(ras-cas)
th(ras-ca)
— Vi — )
RAS '™ N /
VIL— R 7
td(cas-ras) twirasH)
td(pas-cas) th(cas-ras)
tw(casL) i
Chs Um~ Vil NN avi
V”__ ‘W(CASH) ( 7
tsucra-ras)| |th(ras-ra) tsucca-cas) | thicas-ca)
— y
Ao~A Vi ROW COLUMN ROW
o~hs Ly, ADDRESS ADDRESS ADDRESS
th(ras-r)
tsu(r-cas) th(cas-r)
— Vin—
W IH
ViL— ta(cas)
tacras) tdisccas)
Von— HIGH IMPEDANCE STATE 7.3
Q DATA VALID.
VoL — X
Write Cycle (Early Write)
tew
tw(rasL)

th(ras-cas)

T th(ras-ca)
— V4
RAS v 4
e N
td(cas-ras) th(cas-Ras) tw(rasH)

cas i IR N V7
rone IO s = . o
— Vi— | twew AVVAVVVAVY,
o v TR e

- B N AVAVAVAVAVAAVATAAVA VAV VAV VAVAVAVAVAVAVAV V. VAVAVAVAVLVAVAVAY:
Q Von— » HIGH IMPEDANCE STATE

Voo —
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MITSUBISHI LSIs

M5M4256L-10,-12,-15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

torw/termw
'W(RASL)
) thiras-cas)
s Viu— -—\K th(ras-ca)
Vie— N 7 \_
td(cas-ras) ' th(cas-ras) | twirasH)
td(ras-cas) twicasy)
SRS T 7 t R\ Y /
Vi — W(CASH) \ 2
tsU(RA-RAs) ‘h(RAS’RA) 'SU(CA-CAS) th(CAS‘CA)
Ao~ Vin— ROW fl coumn ROW
VA ADDRESS . | ADDRESS ADDRESS
td(ras-w) ‘ thiw-cas)
tsu(r-cas) td(cas-w) th(w-ras)
W ’ BB
w
- \
twiw)
taccas) tdis(cas)
Q Von— HIGH IMPEDANCE STATE /7 {l ATA VALID N
VoL— \\\( //
tacras)
thiw-0)

ViH— VNV VVVVAANANNNAANNAANNNANNNNNS \/ \/
o A AARRRREOX

QB

RAS-Only Refresh Cycle ot 20)

twirasL)

— Viu— \ o N
RAS Vi — \( J]‘( L

th(ras-rA) tw(rasH)

tsura-Ras)

\V.Hf \VAVAVAVAVAY, V4 ROW N ‘ \V, X/ Row

Vou— HIGH IMPEDANCE STATE
VoL —

Note 19. M Indicates the don't care input. Note 20. CAS=Viy, W, D=don't care.
Ag may be VIH or VIL.
H The center-line indicates the high-impedance state.

Q
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MITSUBISHI LSIs

M5M4256L-10,-12,-15

262144-BIT (262144 -WORD BY 1-BIT) DYNAMIC RAM

Page-Mode Read Cycle

tw(rasL)
th(ras-cas)
th(ras-ca)
ms W N ‘ /]
Vie— N g : 7
1~
td(cas-ras) tercn th(cas-ras) twirasH)
}
td(mras-cas) twicasu) twicasy) twecasw)
e Ve Y — 7
CAS t )
Vi — W(CASH ‘ \
thiras-rA) twicash)| |thicas-ca) thicas-ca)
> th(cas-ca) {
tsu(ra-RAs) | tsucca-cas) tsucca-cas) tsu(ca-cas)
Ao~As Vin— ROW COLUMN COLUMN ¢ COLUMN R ROW
VIL—\ ADDRESS/ ADDRESS, ADDRESS \ ADDRESS
7. B
_ taccas) taccas) taccas)
ta(ras) tais(cas) tdis(cas)
[
Q Von— HIGH IMPEDANCE STATE /] W/ N
Vou \ Wil

tsu(r-cas) th(ras-rR)

tsu(r-cas) thicas-r) thicas-r)
’ i 7
—  Vi— ' /)
W
Vie—

Page-Mode Write Cycle
tw(rasL)
th(ras-cas)
Vin— ") th(ras-ca)
RAS
Vie— K 7
b
td(cas-ras) L teraw thiCAS-RAS) twirasH)
f= 1
td(ras-cas) twicasL) twicasyL) twicasu)
— Vin— L ) / ? /?
CAS Vi— twicasH) \ L 7/ \< J X Z_/
th(ras-rA) thicas-ca) twicash)| |thicas-ca) thicas-ca)
tsu(ra-ras)| tsuica-cas) tsu(ca-cas) tsucca-cas
>
Ao~ Asg Vin COLUMN p ROW
VIL‘ { @DDRESS ADDRESS
J
thicas-w) thicas-w)
thiw-cas) th(w-cas) . thiw-cas)
Vie— X X i 4 X
‘ twiw) twiw) twiw)
th(ras-w) thiw-ras)
thow-p) tsuio-wyl | thiw-o) tsuco-w: thiw-p)
o T
DATA VALID DATA VALID DATA VALID "
Vi — URXARNN
th(ras-p)
MITSUBISHI
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MITSUBISHI LSIs

M5M4256L-10,-12,-15

262144-BIT (262144 -WORD BY 1-BIT) DYNAMIC RAM

Hidden Refresh Cycle

RAS ONLY REFRESH CYCLE

NLY REFRESH CYCLE

READ CYCLE RAS O
tcn tcr L ter
tw(RrASL) tw(RASL) 7 tw(RrasL) }
ms TN L cmners /[
Vi — tw(RASH) tw (RASH)
tdicas-rRAS)
td (RAS-CAS) | th(CAS-RAS)
> tw(casL) )
/s " I )E /
Vie — tw(CASH) - /L
7
th(cas-ca)
tsu(ra-Aas)| |th(RAs-RA)
Ao~ Ag Vin— ROW OLUMN] ROW
Vi = ADDRESS! DDRES ADDRESS
77
tsu(CA-CAS)
t
i
tsu(R-cas l th(RAS-R)
W T Vie— '
Vig —
ta(cas)
ta (RAS) tdis (CAS)
3
o VoH—  HIGH IMPEDANCE STATE A K \
DATA VALID
. WK 4

CAS before RAS Refresh Cycle ot 21)

READ CYCLE

REFRESH CYCLE

REFRESH CYCLE

READ OR WRITE

ten ) | tor CYCLE
|
- t t F——.\
A5 ://,H R W(RASL) V'V(HASL) twirasrn
' RAS-CAS)| | thr(RAS-CAS) tdB(HfS-CAS) thr(RAs-cAs)  IdR(RAS-CAS) td (CAS-RAS)
v tsuR(CAS-RAS) l tsur(cas-Ras) l :
— tH—
cAs j ‘ \_
. nw— r
Iw(vCASH) " tsu (Ra-RAS)
p VH— X XXX X KX X XX XXX v’v’v“vv‘v“v row \/ coLumn
Ag~ A
T s o g
tdis(cAs) ‘ ) . .
Von— "o HIGH IMPEDANCE STATE
0 A}
VoL— /
—
Note 21: W D =don‘t care.
MITSUBISHI
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MITSUBISHI LSIs

M5M4256L-10,-12,-15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

TYPICAL CHARACTERISTICS
NORMALIZED ACCESS TIME

VS. SUPPLY VOLTAGE

NORMALIZED ACCESS TIME
VS. AMBIENT TEMPERATURE

ELECTRIC

1.3 1.3
—~ T T
) \ Ta=25%C @ Veo=5.0V
<
£ 42 £ .2
K s
o w
Z s /]
= 1.1 = 1.1 /
173 %)
& 7] /
w wl /
g 1.0 g 1.0 g
< < /
a o
w
N 0.9 \ M 0.9
3 ~o E 7
g <
E 0.8 E 0.8
2 g
0-7 4.0 5.0 6.0 0750 200 40 60 80 100
SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (°C)
ACCESS TIME VS. LOAD OPERATING CURRENT
CAPACITANCE VS. SUPPLY VOLTAGE
25 T T 80 T I
Vec=4.5V 2z Ta=25°C’
3 2 | Ta=257C £ ol _tea=260ns
-~ 15}
12}
g s 2 s
= 5
s L
< A ]
10 o 50 >
¢ - = 1
e o
173 5 g 40
g / 5
(& .
L o
[} w 30
[ ~
—5 20
0 100 200 300 400 500 600 4.0 5.0 6.0
LOAD CAPACITANCE C (pF) SUPPLY VOLTAGE Vgg (V)
OPERATING CURRENT OPERATING CURRENT
VS. AMBIENT TEMPERATURE VS. CYCLE RATE
70 T 60 T
—~ Vee=5.5V ~ Vecc=5.5V /
= < = 25°
% 60 | tcr=260ns E 50 | . Ta=25C v
5 2]
S 50 ° a0 /
e ——
z —— z /
40 30
: £ /
o) o
o 1 o /
6] 30 Y] 20
z Z /
- =
< <
o 20 <10 ,/
a [
e} o)
10 0
—20 O 20 40 60 80 100 0 1 2 3 4 5 6
AMBIENT TEMPERATURE Ta (°C) CYCLE RATE 1/tcr (MHz)
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MITSUBISHI LSIs

M5M4256L-10,-12,-15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

STANDBY CURRENT STANDBY CURRENT
" VS. SUPPLY VOLTAGE - VS. AMBIENT TEMPERATURE
6 T 6 T
- Ta=25"C —~ Vgoo=5.5V
i s E s
S 4 3 4
& L~ x — .
3 — 3 i
y : —
o) fa)
N — S
= =
w w
0 4.0 5.0 6.0 i "= o 20 40 60 80 100
SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (‘C)
REFRESH CURRENT REFRESH CURRENT
VS. SUPPLY VOLTAGE VS. AMB]ENT TEMPERATURE
.80 | » 60 T |
~ Ta=25°C Vee=5.5V
E 70 toR=260ns ’é 50| tcrR=260ns
£ el g of—
= - e T———
& s0 Z 30
a <
« «
3 3
I 40
u 30 ] £ 10
o // T
2 4.0 5.0 6.0 220 0 26 a0 60 80 100
SUPPLY VOLTAGE Vge (V) AMBIENT TEMPERATURE Ta (°C)
REFRESH CURRENT ~ PAGE MODE CURRENT
VS. CYCLE RATE ) VS. SUPPLY VOLTAGE
60 T 60 T
—_ Veoe=5.5V ~ Ta=25C
g sof-Tan®C L £ so|—tors=140ns
- 3
8 a0 ,/ 2 40
=4 / = e
& 30 £ 30 L~
: —
I 20 w20
4 o
: i e
g o g
% 1 2 3 4 5 0 4.0 5.0 6.0
CYCLE RATE 1/tcr (MHZ) ‘ SUPPLY VOLTAGE Vgg (V)
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MITSUBISHI LSis

MSM4256L-10, -12,-15

262144-BIT (262144 -WORD BY 1-BIT) DYNAMIC RAM

PAGE MODE CURRENT
VS. AMBIENT TEMPERATURE

60 T T

2 Vee=5.5V
t =

5 50 cpPGg =140ns
<
Q
O
- 40
-
4
w
€ 30 S
s ——
a8 20
<]
b3
& 10
<
o

0

—20 0 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)
ADDRESS AND DATA INPUT

-~ VOLTAGE VS. SUPPLY VOLTAGE
>
~ 3.0
g |
S Ta=25°C
I
>
5}
a 2.0
: R
S )
= I~
5 / T
% - ViL (max.)
< 1.0
st
<
=)
[a]
zZ
<
g 0
3 4.0 5.0 6.0
fa}
o
<

SUPPLY VOLTAGE Vg (V)

ADDRESS AND DATA INPUT
VOLTAGE VS. AMBIENT TEMPERATURE

3.0

[ |
Vee=5.0V

2.0

Vin (min.)
!

ViL I(max.)

—20 0 20 40 60 80 100

ADDRESS AND DATA INPUT VOLTAGE Vi, VL (V)

AMBIENT TEMPERATURE Ta (°C)

PAGE MODE CURRENT
VS. CYCLE RATE

60 T T
2 Vec=5.5V
£ sof Ta=25C
-
8
= 40
- L
g /
x 30 -
5 /
o
u 20
a
<}
s //
& 10
g
Qo

0

[} 2 a4 6 8 10 12

CYCLE RATE 1/tgpg (MHz)

ADDRESS AND DATA INPUT
VOLTAGE VS. AMBIENT TEMPERATURE
3.0

1 |
Voc=4.5V

N
o

ViH (min.)__t |
| I
ViL (m‘ax,)

o

—20 0 20 40 60 80 100

ADDRESS AND DATA INPUT VOLTAGE Vin, ViL (V)

AMBIENT TEMPERATURE Ta (°C)

ADDRESS AND DATA INPUT
~VOLTAGE VS. AMBIENT TEMPERATURE

2 3.0

I I
Vee=5.5V

N
o

Vin (min.)

ViL (ma;(.)

)

—-20 O 20 40 60 80 100

ADDRESS AND DATA INPUT VOLTAGE ViH, VIL

AMBIENT TEMPERATURE Ta (°C)
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MITSUBISHI LSIs

M5M4256L-10,-12,-15

262144-BIT (262144 -WORD BY 1-BIT) DYNAMIC RAM

RAS, CAS AND WE INPUT
VOLTAGE VS. SUPPLY VOLTAGE
3.0

INPUT VOLTAGE V)H, ViL (V)

]
Ta=25°C
2.0 Vin (min.) —
/
/ p—
— -
1.0 ] ViL (max.)
0 4.0 5.0 6.0

SUPPLY VOLTAGE Vgg (V)

RAS, CAS AND WE INPUT
VOLTAGE VS. AMBIENT TEMPERATURE

T

Vee=4.5V
2
El
> 20
>§ Vid (min.)
w
2

——————
5 ‘ .
g 1o ViL (max.)
g
=
o
z

RAS, CAS AND WE INPUT
VOLTAGE VS. AMBIENT TEMPERATURE
3.0

0
—-20 O 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)

RAS, CAS AND WE INPUT
VOLTAGE VS. AMBIENT TEMPERATURE

3.0 T T 3.0 T T
Voe=5.0V Voo=5.5V
z z
= 2
> > Vv min.
: 2.0 ViH (min.) i 2.0 H (mi
> - >
w w
g ¢
5 ViU (max.) 5 Vit (max)
o 1.0 o 1.0
> >
e s =
2 z
z Z
0 0
—-20 0 20 40 60 80 100 —20 0 20 40 60 80 100
AMBIENT TEMPERATURE Ta (°C) AMBIENT TEMPERATURE Ta (°C)
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MITSUBISHI LSIs

M5M4256L-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

s HIDDEN RAS ONLY
RAS/CAS CYCLE REFRESH CYCLE REFRESH CYCLE
Ras [ [
g CAS I
8
- 100
5
& g0
I W N I\
N
> 1\ \ i \
§ 4
2
> [\a V{ AL \J A
\— NV
0
50ns/DIVISION
CURRENT WAVEFORM
PAGE MODE CYCLE " DURING POWER UP
.
RAS] — gz s
(]
~ = L >0
g 0hs \ N £> o
~ D
8 100 ’ 20 125
- Ta=25C
2 a0 /\\ Z 15
E \ R ‘&"2 RAS=CAS=V_
> VIR / 3% 10 -
;‘ a0 53 //
2 /‘) ' ] e RAS—CAS=V
4 = =VIH
Y\ M ) —t—t
0
50ns/DIVISION 50us/DIVISION
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M5M4257L-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

MITSUBISHI LSis .

DESCRIPTION

This is a family of 262 144-word by 1-bit dynamic RAMs,

fabricated with the high performance N-channel silicon gate
MOS process, and is ideal for large-capacity memory
systems where high speed, low power dissipation, and low
costs are essential. The use of double-layer polysilicon
'process combined with silicide technology and a single-
transistor dynamic storage cell provide high circuit density
at reduced costs, and the use of dynamic circuitry including

sense amplifiers assures low power dissipation. Multiplexed-

address inputs permit both a reduction in pins to the 16 pin
zigzag inline package configuration and an increase in
system densities. In addition to the RAS only refresh mode,
the Hidden refresh mode and CAS before RAS refresh
mode are available.

FEATURES
Access time Cycle time  |Power dissipation
Type name (max) (min) (typ)
(ns) (ns) (mw)
M5M4257L-10 100 200 200
M5M42571-12 120 230 260
M5M4257L-15 150 260 230
® 16 pin zigzag inline package
® Single 5V+10% supply
® | ow standby power dissipation:  2bmW (max)
® Low operating power dissipation:
MBMA257L-10- -+« v v v v - .. 385mW (max)
MBMA257L-12. « « v e v e v e e 360mW (max)
 MBM4257L-15. .. . .o 330mW (max)

Unlatched output enables two-dimensional chip selec-
tion and extended page boundary

PIN CONFIGURATION (TOP VIEW)

ADDRESS INPUT A —[T1
21— D
COLUMN ADDRESS &ZE —» [31 o ATA OUTPOT
STROBE INPUT SR Vss (0V)
ADDRESS INPUT ~ Ag —[51  °7
= r b)
WRITE CONTROL w o=l 2 o Siaved)
INPOT e ~__ ROW ADDRESS
[~ 2 i8]« RAS strose INPUT
Ao-—f81 & ]
& G5l A2 ADDRESS INPUT
Ay — 17 -
ADDRESS g LS Vee (5V)
INPUTS A7 —[i3] b
A
) d4l«— Ag ADI
T QRESS
Ag — [i5} - }INPUTS
i1g] « A3

Outline 16P5A

® Early-write operation gives common 1/O capability

® Read-modify-write, RAS-only-refresh, Nibble-mode

" capabilities. (Pin 1 is used for nibble mode)

e CAS before RAS refresh mode capability

® Al input terminals have low input capacitance and are
directly TTL-compatible

® Qutput is three-state and directly TTL-compatible

® 256 refresh cycles every 4ms. Pin 5 is not needed for
refresh. :

® CAS controlled output allows hidden refres

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

Inputs Output
Operation AAS ois w o j;;:ess :;;:;:: o Refresh Remarks
Read ACT ACT NAC DNC APD APD vLD YES *
Write ACT ACT ACT VLD APD APD OPN YES
Read-modify-write ACT ACT ACT VLD APD APD VLD YES
RAS-only refresh ACT NAC DNC DNC APD DNC OPN YES
Hidden refresh ACT ACT DNC DNC DNC DNC VLD YES
CAS before RAS refresh ACT ACT DNC DNGC DNC DNC OPN YES
Standby NAC DNC DNC DNC DNC DNC OPN NO

Note: ACT: active, NAC: nonactive, DNC: don‘t care, VLD: valid, APD: applied, OPN: open.
* : Nibble mode identical and Nibble mode column address is DNC while togging CAS

SUMMARY OF OPERATIONS

Addressing

To select one of the 262144 memory cells in the

MBM4257L 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 ty (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 tymras.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 tygras.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 contro! 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 M6M4257L 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 M6M4257L, which can
readily be changed by controlling the timing of the write
pulse in a write cycle, and the width of the CAS pulse ina :
read 'cycle, offer capabilities for a number of applications,
as follows.

1. Common /0 Operation

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

2 Data Output Hold

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

Since the output is not latched, CAS is not required to keep
the outputs of selected chips in the matrix 'in a high-
impedance state. This means that CAS and/or RAS can
both be decoded for chip selection.

4. Extended-Page Boundary

By decoding CAS, the page boundary can be extended
beyond the 512 column locations in a single chip. In this
case, RAS must be applied to all devices.

Nibble-Mode Operation

The M5M4257L is designed to allow high speed serial read,
write or read-modify-write access of 4 bits of data. The
first of 4 nibble bits is accessed by the normal mode with
-read data coming out at tycas) 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 (A, ~ A,) of the MGM4257L must
be refreshed every 4 ms to maintain data. The methods of
refreshing for the M5EM4257L 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
Viu level and the system must perform RAS Only cycle on
all 266 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 tsuricas-ras) €arlier 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-
respondlng row. The output W||I 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|, 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 M6M4257L is dynamic, and
most of the power is dissipated when addresses are strobed.
Both RAS and CAS are decoded and applied to the
MbM4257L 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 500us and eight or more dummy cycles
is necessary after power is applied to the device before
memory operation is achieved. ’

MITSUBISHI

2—86

\ELECTRIC



MITSUBISHI LSIs

M5M4257L-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage —1~7 v
Vi Input voltage With respect to Vgg —-1~7 \"
Vo Output voltage ~1~7 \4
to Output current 50 mA
Pg Power dissipation Ta=25°C 1000 mw
Topr Operating temperature 0~70 Y
Tstg Storage temperature — 65~ 150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, untess otherwise noted) (Note 1)
Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 Vv
Vss Supply voltage 1] 0 0 \Y
Vin High fevel input voltage, all inputs 2.4 6.5 v
Vi Low-level input voltage, all inputs -2 0.8 \"]
Note 1. All voltage values are with respect to Vgg
ELECTRICAL CHARACTERISTICS (Ta=0~70"C, Vcc=5V +10%, Vss=0V, unless otherwise noted ) (Note 2)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
Vor High-level output voltage lon=—5mA 2.4 Vee v
VoL Low-level output voltage loL=4.2mA 0 0.4 \"
loz Off-state output current Q floating 0V=Vour=5.5V —10 10 nA
1 Input current OV=V|N=Vgc, Otherinput pins =0V —10 10 uA
leeriav) Average supply current from Ve, m::":;;;t::g EE, m cycling ;z mA
operating (Note 3, 4) tcr="1t cw= min., output open .
M5M4257L-15 60
lcez Supply current from Ve, standby RAS =CAS=V)y output open 4.5 mA
Average supply current from Ve, M5M4257L - 10 RAS cycling CAS =Viy 60
lces av) refreshing (Note 3) M35M4257L.- 12 tc(ras)=min, output open ‘ 55 mA
M5M4257L-15 50
leos (av) Average supply current from Ve x:::ii;t::: RAS =V, CAS cycling 22 mA
nibble mode 1 cN= min, output open
M5M4257L.-15 25
Average supply current from Ve, M5M4257L-10 CAS before RAS refresh cycling 55 !
lccs (av) CAS before RAS refresh mode M5M4257L-12 to(RAS) = Min, oUtPUT open 60 mA
(Note 3) | M5M4257L.-15 55 .
Ci(a) Input capacitance, address inputs 5 pF
Ci(py Input capacitance, data input Vi=Vssg 5 pF
C)(w) Input capacitance, write control input f=tMHz 7 pF
Ci (raS) Input capacitance, RAS input Vi=25mVrms 10 pF
Ci(cas) Input capacitance, CAS input 10 pF
Co Qutput capacitance Vo=Vss, f=1MHz, Vi=25mVrms 7 pF
Note 2:  Current flowing into'an IC is positive , out is negative.

3: lcci(av). lcca(av), lecsiav) and leceav) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate,
41 lgci(av) and | cos(Av) are dependent on output loading. Specified values are obtained with the output open.
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Nibble-Mode Cycle)

(Ta=0~70°C, Vgc=5V +10%, Vss=0V,

unless otherwise noted, See notes 5, 6 and 7 )

Limits
Symbol Parameter Alternative - I'p e M4257L - 10 | M5M4257L- 12| M5M4257L-15|  Unit
Symbol Min Max Min Max Min Max
terr Refresh cycle time tRer 4 4 4 ns
tw(RasH) RAS high pulse width tre 90 100 100 ns
tw(rasL) RAS low pulse width tRas 100 | 10000 | 120 | 10000 | 150 | 10000 ns
twi(casL) TAS low pulse width tcas 50 60 75 ns
t w(CASH) CAS high pulse width (Note 8) teen 25 30 35 ns
th (Ras-cas) | CAS hold time after RAS tesH 100 120 150 ns
th(cAs-RAs) | RAS hold time after CAS tRSH 50 ) 75 s
td(cas-RAs) | Delay time, TAS to RAS (Note 9) tere 20 30 30 ns
td(Ras-cas) | Delay time RAS 0 TAS {Note 10) taco 15 50| 20 60| 25 75 ns
tsu(RA-RAS) | Row address setup time before RAS tasa 0 0 0 ns
tsu(ca-cas) Column address setup time before CAS tasc —5 —5 —5 ns
th (RAS-RA) Row address hold time after RAS t RaH 10 15 20 ns
th(cas-ca) Column address hold time after CAS tcan 15 20 25 ns
th (RAS-CA) Column address hold time after RAS tAR 65 80 100 ns
tre I 3 50 3 50 3 50 ns
Transition time tr
trn 3 50 3 50 3 50 ns
Note 5. An initial pause of 500us 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 Ty =tT_H= 5ns.
7. Reference levels of input signals are Viqmin and VIL max. Reference levels for transition time are also between V4 and VL.
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. 1d (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+ 2 THL (t7.) T+ tsu (ca-cas) Min.
SWITCHING CHARACTERISTICS (Ta=0~10"C, Vgc= S5V +10%, Vss=0V, unless otherwise noted)
Read Cycle
Limits
Alternative
Symbol Parameter Symbol M5M4257L-10  M5M4257L-12| M5M4257L-15 Unit
Min Max . Min Max Min Max
ter Read cycle time tRe 200 230 260 ns
tsu(Rr-cas) Read setup time before CAS tRes 0 0 0 ns
th(cas-R) Read hold time after CAS (Note 11) tRCH 0 0 0 ns
th(RAS-R) Read hold time after RAS {Note 11) tRRH 20 20 20 ns
tdis (CAS) Output disable time (Note 12) torr 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 11. Either th (Ras-R) or th (CAs-R) must be satisfied for a read cycle.
12. tdis(CcAs) max defines the time at which the output achieves the open circuit condition and is not reference to Von or VoL.
13. This is the vauel when tg (RAS-CAS) = td(RAS -CAS) max. Test conditions; Load =2TTL, C = 100pF.
14. This is the value when td (RAs-cAs) < 1d (RAS-CAS)max. When td (Ras-cas) = td (Ras-cas) max, ta (RAS) Will increase by the amount that
1d (RAS-CAS) exceeds the value shown. Test conditions; Load = 2TTL, C, = 100pF.
Write Cycle
Allemativve Limits
Symbol Parameter Symbol M5M4257L-10 | M5M42571L-12 | M5M4257L.-15 Unit
Min Max Min Max Min Max
tow Write cycle time ~ tRe 200 230 260 ns
tsu (w-CAS) Write setup time before CAS (Note 17) twes —10 —10 —10 ns
th(cas-w) Write hold time after CAS twcH 35 40 45 ns
| th(ras-w) Write hold time after RAS twcr 85 100 120 ns
th(w-RAS) RAS hold time after write tRwL 35 40 45 ns
th(w-cas) TAS hold time after write towL 35 40 a5 ns
tww) Write pulse width twe 35 40 45 ns
tsu(p-cas) Data-in setup time before CAS tps 0 0 0 ns
~th(cas-0) Data-in hold time after CAS ton 25 30 25 ns
th(ras-D) Data-in hold time after RAS t pHR 70 90 110 ns
" MITSUBISHI
2—88 ELECTRIC



MITSUBISHI LSis

M5M4257L-10, -12, -15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Read, Write and Read-Modify-Write Cycles

Alternative Limits
Symbol Parameter Symbol M5M4257L-10 [M5M4257L-12  M5M4257L-15 Unit
Min Max Min Max Min Max

teRw Read-write cycle time (Note 15) trwe 225 260 295 ns
teRmw Read-modify-write cycle time (Note 16) tamwe 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 towe 35 40 45 ns
tw(w) Write pulse width twe 35 a0 45 ns
tsu(r-cas) Read setup time before CAS tres 0 0 0 ns
1d(ras-w) Delay time, RAS to write (Note 17) tRwD 90 110 135 ns
tdcas-w) Delay time, CAS to write (Note 17) tcewo 40 50 60 ns
tsu(p-w) Data-in setup time before write tos o] 0 0 ns
th(w-p) Data-in hold time after write toH 35 40 45 ns
tdis (cas) Qutput disable time toFF 1] 25 0 35 0 40 ns
ta(cas) CAS access time {Note 13) tcac 50 60 75 ns
ta(Aas) RAS access time {Note 14) trac 100 120 150 ns

Note 156, tc rw min is defined as tc pw min = td (ras-cas) T td (Ras-w) T th (w-ras) + tw (RasH) T 3 TLA(tTHL)

16. topmw min is defined as togmw min = ta (ras) Max + th (w-ras) +tw (RAS-H) + 3t TLH (tTh)

17. tsu(W-CAs), td (ras-w), and td (CASs-w) do not define the limits of operation, but are inctuded as electrical characteristics only.
When tsyu(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) =1lsu(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 Vy) ) is not defined.

Nibble-Mode Cycle
- Limits
Symbol Parameter Aé‘yer:‘;:'"e M5M4257L-10 | M5M4257L- 12 [M5M4257L-15|  Unit
Min Max Min Max Min Max
ten Nibble mode cycle time the 50 55 70 ns
tan (cas) Nibble mode access time tuac 25 3 30 40 ns
twn (casy) Nibble mode CAS low pulse width tncas 25 30 40 ns
tWN(CASH) Nibble mode precharge time tNP 15 15 20 ns
thn (CAS-RAS) | Nibble mode RAS hold time tNRSH 25 30 40 ns
tdn (cas-w) Nibble mode CAS to WRITE delay nowo 25 30 20 ns
twNRMW (CASL) | Nibble mode RMW CAS pulse width tacRw 55 65 40 ns
thNRMW(w-CAS)| Nibble mode WRITE to CAS lead time Taowe 25 30 40 ns
tsun(w-CAS) Nibble mode WRITE setup time before CAS tawes 0 0 80 ns
thN(CAS-RAS) | Nibble mode RMW RAS hold time 55 ns
CAS before RAS Refresh Cycle ot 18)
Limits
Symbol Parameter Fomoel | MSMA4257L-10 [ M5M4257L- 12 M5MAa257L-15|  Unit
Min Max Min Max Min Max
tsur (CAS-RAS) CAS setup time for auto refresh tcsm 25 30 30 . ns
thRr(RAS-CAS) CAS hold time for auto refresh t cHR 40 50 50 ns
tdR (RAS-CAS) Precharge to CAS active time t rPc 0 0 0 ns
Note 18. Eight or more CAS before RAS cycles is necessary for proper operation of TAS before RAS refresh mode.
Nibble Mode Addressing Sequence Example
Sequence Nibble bit Column address ) Row address
Ag A1 Az A3 Ag As Ag Ay Ag|Ag Ay Az Az Ay As Ag A7 Ag
RAS/CAS 1 0 1 0 1 0 1 0 1 0[O0 1 0 1 0 1 0 1 O]} Externaladdres
toggle CAS 2 ¢ 1t 0 1t 0 t 0 1 0f0 1 0 1 0 1.0 1 1
toggle CAS 3 ¢ 10 1 0 1 0 1 70 10 10 10 10 Internally generated address
toggle CAS 4 ¢ 10 t+ 0 t 0 1 10 1 0 1 0 1 0 1 1
toggle CAS 1 o 10 t 0o t o0 1t o0ofl0O 1 0 1 O 1 0 1 O
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TIMING DIAGRAMS (ot 19)

Read Cycle tcr
tw(rasL)
th(ras-cas)
v - th(ras-ca) :
=e W ) Y
RAS Vi \‘ Z N
td(cas-ras) tw(rasH)
td(ras:cas) thicas-ras)
. twicasyL)
—_— Wy — 4 N 4
oA MU wers N\ I’y
tsucra-ras) [th(ras-ra) tsuica-cas) |thicas-ca)
Vin— S )
Ao~k ADDRESS NDDRESS A ADDRESS
‘ th(ras-r)
tsu(r-cas) th(cas-r)
— Viy— Y N
RSN U
ta(ras) tdis(cas)
Von— HIGH IMPEDANCE STATE 4 \\
/l
Q VoL— \ < DATA VALID
Write Cycle (Early Write)
tow
tw(rasL)
th(ras-cas)
FAS Vi — \ th(ras-ca)
AS Vi — \\ 7 N ——
td(cas-ras) th(cas-Ras) | tw(rasH)
td(ras-cas) twicasy)
s\ i, N v/
tsu(ra-RAS) MS-RA) tsu(ca-cas) th(cas-ca)
Vin— ROW fl coLumn ROW
Ac~Ag ADDRESS | ADDRESS ADDRESS
. thiw-cas)
tsu(w-cas) th(cas-w)
. . ¢
_ V— wiw) "‘vvvvvvv‘vvv‘vvv
v OCCRRARAaRRE AN
th(w-ras) .
th(ras-w)
tsu(o-cas th(cas-p) .
ey
> SO oo R R
th(ras-0) . .
Q Vou— HIGH IMPEDANCE STATE
VoL —
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Read-Write and Read-Modify-Write Cycles

terw/termw
tw(rasL)
th(ras-cas)
Vi—) th(ras-ca)
RAS N : \
Vie— K 7
td(cas-ras) th(cas-ras) tw(rash)
td(ras-cas) tw(casu)
-_— VIH - 3 \ /
CAS V tW(CASH) /
—
tsu(ra-ras)| [thiras-ra)  tsu(ca-cas) [thicas-ca)
L Ve A\ T \
ROW OO COLUMN ROW
Ao~As ( D RE
Vie— aooress AN | ADDRess ADDRESS
td(ras-w) thiw-cas)
tsu(r-cas) td(cas-w) th(w-ras)
w
Vie—, \k 2
twiw)
taccas) tdiscas)
Q Vou— HIGH IMPEDANCE STATE S O ATA VALID
VoL— \\\)t
ta(ras)

tsu(o-w)| |thiw-o)

Vip— \ANNNNNANAANNNNNNAANANNNN/ V/ \VAVAYAYAYAYAY \V\/
° i RGBT oo ISR

RAS-Only Refresh Cycle ot 20

twirasL)

s X ]ff N

th(ras-ra) tw(rasH)

I
tsu(ra-rAS)

Vin—s A — \ (7 AT v v —

a Von— HIGH IMPEDANCE STATE
VoL—
Note 19. XXX) ""Q"""‘ . p . — _
Indicates the don't care input. = = - X
Q?O?O’O’MM.. P Note 20. CAS=Vn, W, D= don't care

Ag may be VIH or VIL.

M "The center-line indicates the high-impedance state.
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Nibble Mode Read Cycle ot 21

twirasL)
thiras-cas) -
— le - > .
RAS v .
. W —
thiras-ca) N ten ) thn(cas-ras)
—=>
td(ras-cas) twicasL) ) twnicasw) twn(casL)
— Viu— = aa
CAS \ \ : [ N\
w— 4
' tsu(ca-cas) twnicasH) twN(CASH)
tsu(ra-RAS) !
th(ras-RA) thicas-ca)
Ao~ As Vin= ROW COLUMN
Vie— ADDRESS ADDRESS
tsu(r-cas) thicas-r) thicas-R) thicas-r)
tsu(r-cas) tsu(r-cas)
I -
— Vin — .
w " ,
ViL— E
“ta(cas) | tdisccas) tan(cas) tan(cas)
- tdis(cas) tdis(cas)
Vou - HIGH IMPEDANCE STATE &
Q 4 DATA VALID DATA VALID DATA VALID
Voo~ |

Note 21:Pini 1 at Row Time and Column Time Determines the Starting Address of the Nibble Cycle.

Nibble Mode Write Cycle (Early Write)

twN(RASL)

RAS Vi ——-H\

Vi —

t thN (CAS-RAS)
th(RAS-CAS) WN(CASL)
twn(cASH) WN(CASH)

1
td(ras-cas) WN(CASL)

Vig — twicasw)
CAS Vi — Z : ) .

th(ras-RA)

SU(RA-RAS) 18U(CA-CAS) ) t
u(RA- oN
—— j<——> th(cas ca) thiw-cas) —>1

pohg  TMT ROW COLUMN
R = ADDRESS ADDRESS

¢ th(RAS-CA) lh(CAs—Q) tsu (w-cas)
N th(ras-w) tsu(w-c;:s)I e .
) h(cAas-w)
Vy — th(cas-w)
v . BTN
Vi — #
tsu(wicas) tsu(D-cAs)
: th(cas-D) tsu(p-cas) th(cas-0) th(cas-0)
tsu(p-cas)| |
Vi — XYXVYVYVYVYV X -
o " ".’0’0’0’0“0’ DATA VALID DATA VALID DATA VALID
Vi — OO XX
le——th (Ras-0)—>
Von— HIGH IMPEDANCE STATE

VoL —
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262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Nibble Mode Read-Modify-Write Cycle

RAS

CAS

Ao~ Asg

g

twi(rasL)
Vin — /
VL — N
. lee——— th(ras-cAS) —nf \ thn(w-rAs)
d(RAS-CAS) (e3> WN(CASH)
ke—— th(ras-ca)y ———==] bR GASL) thn(w-cas)
re— tw(casL) — N
Vi — \ /
ViL — X L
tsu(ra-RAS) th(cas-ca) thnRMW(CAS-RAS)
th(ras-ra> tdicas-w)
tsu(ca-cas)
Vi — \ ADDRESS 4 ADDRESS
th(ras-w)
tsu(w-cas) thccas-w) twiw
tsu(r-cas)
Vin— h
Vie— L .
tsutp-cas) thicas-o) tsu(o-w) thiw-0)
Vin— / Y
DATA VALID DATA VALID
Vie — A, > >
th(ras-o) tan(cas) tdis(cas)
Vou— HIGH IMPEDANCE STATE
o —{ DATA VALID
Vo — N

Hidden Refresh Cycle

RAS ONLY REFRESH CYCLE

READ CYCLE RAS ONLY REFRESH CYCLE
ter ter . tor
twirasL) ; . tw(rasL) ) y tw(rasL) ,
RS " \ BL y )
Vv, — . tw(rasH) twirasH)
td(cas-ras)
td(ras-cas) , th(cas-ras) thr(Ras cas)
-+ twicasw)
— Vi l& ¥y
CAS Vi~ _/ twicasH) K P 7/
17
th(cas-ca)
tsucra-ras)| | thiras-ra)
/%
Ao~Ag Vin— ROW COLUMN ROW
— ADDRESS ADDRESS ADDRESS
8 Ny Y
tsucca-cas)
tsu(r-cas) J th(ras-R)
i
W Vin™ -
Vi
taccas)
tatras) tdis(cas)
ya
Von— HIGH IMPEDANCE STATE 74 KA N
Q DATA VALID
Vo™ xQ?L Vs
y/
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262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

CAS before RAS Refresh Cycle o 22)

READ CYCLE REFsz: CYCLE REFREtsCr-:q CYCLE READ OR WAITE
- t t
=AS ://,H % W(RASL) W(RASL) twasth
- RAS-CAS)| | thr(RAS-CAS) tdg(m.\s-CAS) thr(ras-cas) tdr(pas-cas) . td(cas-ras)
v tsuR(cAS-RAS) i tsur(cas-Ras) ' _
IH—
- T\
Ve ' 2 1
tw(casH) g tsu (RA-RAS)
_ Viu— VVV‘VVVVV"VVVVVVVVV’V‘VV’ VVVVV’V’VVVVVVVYV‘VV‘YYVV’VV FEW—@ .
Ag~A
O e
tdis(cas)

HIGH IMPEDANCE STATE

0 !
Voo—___ i/ .
Note 22: W, D = don't care.

TYPICAL CHARACTERISTICS

NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME
VS. SUPPLY VOLTAGE VS. AMBIENT TEMPERATURE

T | [
\ Ta=25¢C Vgo=5.0V

1.2 \
1.1

0.9 =~

0.8

NORMALIZED ACCESS TIME 1a(Ras)
; ¢ z :
NORMALIZED ACCESS TIME ta(pas)
(=]

0.7 4.0 5.0 6.0 0'7*20 0 20 40 60 80 100

SUPPLY VOLTAGE Vg (V) AMBIENT TEMPERATURE Ta (°C)

ACCESS TIME VS. LOAD . NIBBLE MODE ACCESS TIME
CAPACITANCE VS. SUPPLY VOLTAGE

~N
o

T |
Vec=4.5V
| Ta=25C

\\
1.4
‘ Ta=25&
1.2
1.0

0.8 : \‘

n
o

wn

A

w

ACCESS TIME A tacpasy (ns)
=S

0.6

o

N\
NORMALIZED NIBBLE ACCESS TIME tan(cas)

0.4
100 200 300 400 500 600 4.0 5.0 . 6.0

|
n
o

LOAD CAPACITANCE C_ (pF) SUPPLY VOLTAGE Veg (V)
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NIBBLE MODE ACCESS TIME
VS. AMBIENT TEMPERATURE

OPERATING CURRENT
VS. SUPPLY VOLTAGE

ELECTRIC

g 1.3 T T 80 T I
= Vece=5.0V - Ta=25C
z <
< o2 £ 70| —tcr=260ns
w / -
= 19}
o 1.1 / 2 60
% P .
Q z
2 10 P g s P
w . / [ /
2 v 3
o
z 0.9—>4 9 a0
g -
N o
3 0.8 w30
= o
[+ o
2 0 20
Z 5’20 0 20 40 60 80 100 4.0 5.0 6.0
AMBIENT TEMPERATURE Ta (°C) SUPPLY VOLTAGE Vgg (V)
OPERATING CURRENT OPERATING CURRENT
VS, AMBIENT TEMPERATURE VS. CYCLE RATE
n I 60 T
—_ Vee=5.5V — Vece=5.5V
< ol tor=260ns T gl Ta=25C /
£ -~ 4
§ 50 —8 40 /
i . . //
c 40 & 30
£ £ /
8] (s} /
o 30 O 20
z z
5 5 /
EJ 20 e:J 10 //
S} S
10 0
—-20 0 20 40 60 80 100 0 1 2 3 4 5 6
AMBIENT TEMPERATURE Ta (°C) CYCLE RATE 1/tcr (MHz)
STANDBY CURRENT STANDBY CURRENT
VS. SUPPLY VOLTAGE VS. AMBIENT TEMPERATURE
6 I 6 T '
- Ta=25C - Voe=5.5V
: s O
S S
© 4 o 4
- =
o @ —
3 ol 3 ——
> 2 » —
o
[a} a
i // fzf 1
% &
0 0
4.0 5.0 6.0 —-20 0 20 40 60 80 100
SUPPLY VOLTAGE Vge (V) AMBIENT TEMPERATURE Ta (°C)
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REFRESH CURRENT
VS. SUPPLY VOLTAGE

REFRESH CURRENT
VS. AMBIENT TEMPERATURE

80 T 60 T T
Ta=25C Voc=5.5V
E 70 tcr =260ns :EE 50|— tocr=260ns
8 60 g .
- ———
> . E T
@ 50 o 30 -
c c
8 >
T 40 ; 20
w (%]
w w
@
5 30 // £ 10
S // a
20 4.0 5.0 6.0 Ezo 0 20 40 60 80 100
SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (°C)
REFRESH CURRENT NIBBLE MODE CURRENT
VS. CYCLE RATE VS. SUPPLY VOLTAGE
60 T 30 T - y
—~ Vee=5.5V ) ‘Il'a=zsc
E 50_Ta=250 /, E | lcn=70ns
- 8
3 w0 / = 2 //
[
2 30 / é //
w a
£ f 3 -
3 w -
] 10
5" g
g Y
w 10 %
z
% 1 2 3 4 5 6 0 4.0 5.0 6.0
CYCLE RATE 1/tcr (MHz) SUPPLY VOLTAGE Vg (V)
NIBBLE MODE CURRENT NIBBLE MODE CURRENT
VS. AMBIENT TEMPERATURE VS. CYCLE RATE
30 26 T T
~ ~ Voc=5.5V
g - £ 4| _Ta=25C e
§ Vee=5.5V o /
2 20l—ten=70ns o 22 P
- - L~
z Z P
& g 20
pm pm} .
3 z P
w w
8 10 8 18 7
> >
w =N
@ o 16
o o
z z
o 20 a0 6 8 700 14
4 6 8 10 12 14 16
AMBIENT TEMPERATURE Ta (°C) CYCLE RATE 1/tcen (MHz)
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ADDRESS AND DATA INPUT VOLTAGE Vig, Vi (V

ADDRESS AND DATA INPUT VOLTAGE Viu, Vi (V)

~ ADDRESS AND DATA INPUT
VOLTAGE VS. SUPPLY VOLTAGE

ADDRESS AND DATA INPUT
;VOLTAGE VS. AMBIENT TEMPERATURE

3.0

n
o

o

(=]

w
=

N
o

-
o

1 3 3.0 T T
Ta=25C > Voc=4.5V
I
>
w
a
2 20
O e :
- ViH (min.)
— ol .
T 2 —
w—T z t
— T VL (max.) p ViL (max.)
< 1.0
<
a
o
z
<
w
w .
& 0
4.0 5.0 6.0 % —20 1] 20 40 60 80 100
Q
<

SUPPLY VOLTAGE Vg (V)

ADDRESS AND DATA INPUT
~VOLTAGE VS. AMBIENT TEMPERATURE

AMBIENT TEMPERATURE Ta (°C)

ADDRESS AND DATA INPUT
VOLTAGE VS. AMBIENT TEMPERATURE

e
nN
o

B

T 2 3

Vee=5.0V >_ Vee=5.5V

I
>
w
I<]

E 2.0

; o ViH (min.)
Vin (min.) >
— ) e —
i 5 t }
y T Vi (max.)

ViL (max.) z

< 1.0
<
a
o
z
<
w
o

& 0
)
a
<

AMBIENT TEMPERATURE Ta (°C)

RAS, CAS AND WE INPUT
VOLTAGE VS. SUPPLY VOLTAGE

0 20 40 60 80 100

—20 O 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)

RAS, CAS AND WE INPUT
VOLTAGE VS. AMBIENT TEMPERATURE

3.0 T 3.0
Ta=25C Vece=4.5V
2 z
< d
> >
: 2.0 Vin (min.) w T 2.0
2 ‘3 3 Vin (min.)
5 T 2
b4
I x —_
g —] Vi (max.) ¥ g —
o 1o . S8 1o ViL (max.)
e e
> 0 >
2 EE
0 0
4.0 5.0 6.0 —206 0 20 40 60 80 100
SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (°C)
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INPUT VOLTAGE Vi, ViL (V)

" RAS, CAS AND WE INPUT

RAS, CAS AND WE INPUT

VOLTAGE VS. AMBIENT TEMPERATURE VOLTAGE :VS. AMBIENT TEMPERATURE

3.0

3.0

il [
Vecc=5.0V . Vee=5.5V

2.0

2.0 ViH (min.)

Vin (min.)

v Vi (max.)

=

(max.) iw

N
INPUT VOLTAGE ViH, ViL (V)

AMBIENT TEMPERATURE Ta (°C)

20 40 60 80 100 —20 0 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)

HIDDEN RAS ONLY
RAS/CAS CYCLE REFRESH CYCLE REFRESH CYCLE
RAS [ \ [
g CAS \
8
= 100 <
é 80 [/\ [ﬂ
o
ERR | N A\
> WAL LIV v \
=l
A A ATINIRRNENE L
\] \ NIV
0
50ns/DIVISION
o CURRENT WAVEFORM
NIBBLE MODE CYCLE @ DURING POWER UP
<
o~
_ 53
RAS L I g \; 5
~ > O
E CAS \ E: > o
3 @ 20 ]
- 100 ,\ . Ta=25C
& w0 15—
T \ = RAS=CAS=vV,_
o 60 ¥~
o < 10
2 a0 N \ 2E //
5 ] % 8
%3 a — S
20 v/\\; \\ A \\/ AN S RAS=CAS =Vin
\V 3
0 0 ] | [
50ns/DIVISION 50us/DIVISION
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DESCRIPTION )
This is a family of 262 144-word by 1-bit dynamic RAMs,
fabricated with the high performance N-channel silicon gate
MOS process, and is ideal for large-capacity memory
systems where high speed, 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 18-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)
M5M4256J-10 100 200 300
M5M4256J-12 120 230 260
M5M4256J-15 150 260 230
® 18-pin plastic leaded chip carrier
® Single 5V+10% supply
® Low standby power dissipation:  25mW (max)
® | ow operating power dissipation:
MB5MA256J-10- « -« « « + = = -« 385mW (max)

360mW (max)
330mW (max)

M5M42564-12
M5M4256J-15

PIN CONFIGURATION (TOP VIEW)

MIGZHINGIN

‘
i

:

}
0]
i

)
i

Al
Vee ]
Ay [

Outline 18POA NC : NO CONNECTION

Early-write operation gives common 1/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 v
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

® Unlatched output enables two-dimensional chip selec- Main memory unit for computers, Microcomputer memory
tion and extended page boundary.
BLOCK DIAGRAM
DATA INPUT D (2 - \L !
WRITE CONTROL
INPUT 3
INPUT Voo (5v)
y (¢!
O Roa eSS Tas (17 CLOCK GENERATOR LATCH ©
STROBE INPUT
ROW ADDRESS CIRCUIT T
W ADDRESS RAS
STROBE INPUT T : <—18) Vss(0V)
g
Ag
« 32k & 32K 32K & 32K
w
A 9 = memory || 8 || memory | memory §] 8 {] memory
: Az £ ARRAY 3 ARRAY ARRAY o ARRAY =
o fa) a =1
< 4
ADDRESS < 2 58
4 A ; E [—] © & DATA
INPUTS 4 @ il I ’ COLUMN DECODER 3] ¢ el Q ooreut
A o b4 o a
5 < 5]
© (9
' o
A ~
. Ae & 32k = 32K 32k - 32¢ =
A7 5 memory || 3 || memory | memory || & || MeEmoRrY
2] array || T || arrav | armav || € || ARRaY '
Ag
[} .
| . N - - ]
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FUNCTION

The MB5M4256J 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

Inputs Output
Operation RES cis W b Row Column Q Refresh
address | address
Read ACT ACT NAC DNC APD APD VLD YES
Write ACT ACT ACT VLD APD APD OPN YES
Read-modify-write ACT ACT ACT VLD APD APD VLD ‘| YES
RAS-only refresh ACT NAC DNC DNC APD DNC OPN YES
Hidden refresh ACT ACT DNC DNGC DNC DNC VLD YES
CAS before RAS refresh ACT ACT DNC DNC DNC DNC OPN YES
Standby NAC DNC DNC DNC DNC DNC OPN NO

Note: ACT: active, NAC: nonactive, DNC: 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 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 ty (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 tyras-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 tyras-cas) is set larger than the
maximum value of the limits. In this case the internal
inhibition of CAS has already been released, so that the
internal CAS control signals are controlled by the
externally applied CAS, which also controls the access
time.

Data Input .

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

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

Data Output Control

The output of the MBM4256J 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 polafity 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 M6M4256J 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 /0 data bus. ‘ : '
2 Data Output Hold

The data output can be held between read cycles, without
lengthening the cycle time. This enables extremely flexible
clock-timing settings for RAS and CAS.
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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 (A, ~ A;) 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
Vi level and the system must perform RAS Only cycle on
all 266 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 yvrite cycle,

3. CAS before RAS Refresh

If C—TSfalls tSUR(CASARAs)eal'“eI' than mand if CAS
is kept low by thg(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 M6EM4256J 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,_ 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 MBM4256J is dynamic, and
most of the power is dissipated when addresses are strobed.
Both RAS and CAS are decoded and applied 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 500us 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 Unit
Vce Supply voltage -1~17 \"
Vi Input voltage With respect to Vss -1~7 \
Vo Qutput voltage -1-~17 \
lo Output current 50 mA
Pd Power dissipation Ta=25°C 1000 mw
Topr ) Operating temperature 0--70- °C
Tstg Storage temperature —~65~150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0~70"C. unless otherwise noted) (Note 1)
Limits .
Symbol Parameter i Nom Max Unit
Vce Supply voltage 4.5 5 5.5 \"
Vss Supply voltage 0 0 0 \Y
ViH High-level input voliage, all inputs 2.4 6.5 \"
ViL Low-level input voltage, all inputs -2 0.8 v
Note 1. All voltage values are with respect to Vgg
E LECTR'CAL CHARACTE R |ST|CS (Ta=0~70°C, Vec=5V £10%, Vss=0V, unless otherwise noted) {Note 2)
Symbol Parameter Test conditions Limits . Unit
Min Typ Max
Von High-level output voltage loH=—5mA 2.4 Vee |. v
Vour Low-level output voltage loL=4.2mA 0 0.4 \
loz Off-state output current Q fioating OV=Voyr=5.5V —-10 10 uA
Iy Input current OV=V|NS=Vgp, Otherinput pins =0V -10 10 uA
Average supply current from Ve, M5M4256.-10 - F—RTS—, CAS cycling L
lce1av) | joerating (Note 3, 4) M5M4256J-12 Lo = o= mi 65 mA
CR cw = min, output open
M5M4256J-15 60
lccz Supply current from Ve, standby . RAS=CAS=V|y output open 4.5 mA
M5M4256U-10 N . . 60
1663 (AV) Zx;f;:hgien;u?cxec;;rent from Vee. M5M42560-12 RAS cycling CAS =V 55 mA
t c(RAS)= min, output open
M5M4256J-15 50
l6ce (av) Average supply current from Vee, m:x::::j: :(2) RAS= V|‘|_. CAS cycling 22 mA
page mode (Note 3, 4) t cpg= min, output open
- M5M4256U-15 45
Average supply current from Veg, M5M4256U-10 TAS before RAS refresh cycling 65
tcee(Av) | TAS before RAS refresh mode M5M4256U-12 t _ Ou; Lt open 60 _mA
C(RAS) = min, Output op!
(Note 3} | M5M4256J-15 55
Ci (a) Input capacitance, address inputs 5 pF
Ci (D) Input capacitance, data input Vi=Vsgg 5 pF
Ciw) Input capacitance, write control input f=tMHz 7 pF
Ci (RAS) Input capacitance, RAS input Vi=25mVrms 10 pF
Ci(cas) | Inputcapacitance, CAS input 10 pF
Co Output capacitance Vo=Vsgs, f=1MHz, Vi=25mVrms 7 pF
Note 2. Current flowing into an IC is positive ; out is negative. ’

3.
4.

lccr(av), tccacav), tccacay) and Icceiav) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
lcci(av) and lcca(ay) are dependent on output loading. Specified values are obtained with the output open.
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle)

(Ta=0~70"C, Vcc=5V +£10%, Vss=0V, unlessotherwise noted, See notes 5, 6 and 7)

Limits
Symbol Parameter Alternative [ pmsm49560-10] M5M4256J-12| M5M4256J-15]  Unit
Symbel Min | Méx Min Max Min | Max )
tcRF Refresh cycle time trer 4 4 4 ns
tw(RASH) RAS high pufse width tap 90 100 100 ns
tw(RASL) RAS low pulse width tras 100 10000 120 10000 150 10000 ns
twicasL) CAS low pulse width toas 50 60 75 ns
tw (CASH) CAS high pulse width (Note 8) teen 25 30 35 ns
th (RAS-CAS) TAS hold time after RAS tosH 100 120 150 ns
th (cas-ras) | RAS hold time after CAS URsH 50 60 75 ns
td (CAS-RAS) Delay time, CAS to RAS (Note 9} tcre 20 30 30 ns
td (Ras-cAS) Delay time, RAS to CAS (Note 10) trco 15 50 20 60 25 75 ns
tsu (RA-RAS) Row address setup time before RAS tasR 0 0 0 ns
tsu (Ca-CAS) Column address setup time before CAS tasc —5 —5 -5 ns
th(RAS-RA) Row address hold time after RAS trAH 10 15 20 ns
th(caS-CA) Column address hold time after CAS tcan 15 20 25 ns
th(RAS-CA) Column address hold time after RAS tar 65 80 100 ns
AL Transition time tr 3 50 0 3 50 ns
tyLn 3 50 3 50 3 50 ns
Note 5. Aninitial pause of 500us is required after power-up followed by any eight RAS or RAS/CAS cycles before proper device aperation is achieved.
6. The switching characteristics are defined at t 1 =1 TLH = 5ns.
7. Reference levels of input signals are Viqmin and ViL max. Reference levels for transition time are also between V4 and VL.
8. Except for page-mode.
9. td(CAS-RAS) requirement is applicable for all RAS/CAS cycles.
10. Operation within the 1d (RAS-CAS) max limit insures that ta (RAS) max can be met. td (RAS-CAS) max is specified reference point only; if
1d (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 i trin) +1tsu(ca-cas)min.
SWITCHING CHARACTERISTICS (Ta=0~70°C, Vcc=5V +10%, Vss=0V, unless otherwise noted )
Read Cycle
. Limits
Symbol Parameter A:’f:‘;‘(‘f M5M4256J-10 | M5M4256J-12 [M5M4256J-15 | Unit
Min Max Min Max Min Max
ter Read cycle time tre 200 230 260 ns
tsu(Rr-cas) Read setup time before CAS tres 0 | o 0 ns
th(cas-R) Read hold time after CAS (Note 11} tRcH 0 0 0 ns
th(Ras-R) Read hold time after RAS (Note 11) tARH 20 20 20 ns
tdis (cas) QOutput disable time (Note 12) toFr 0 25 0 35 0 40 ns
ta(cas) TAS access time (Note 13) tcac 50 60 75 ns
ta(ras) RAS access time (Note 14} tRac 100 120 150 ns
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 Vo or VoL .
13. This is the value when td (ras-cas) = td (Ras-cas) max. Test conditions; Load = 2TTL, Ci = 100pF.
14. This is the value when td (Ras-cas) < td (RAS-CAS)max. When tg (RAS-CAS) = Ud (Ras-cas) max, ta (RAS) will increase by the amount that
td (RAS-CAS) exceeds the value shown. Test conditions; Load = 2TTL, C. = 100pF.
Write Cycle
. Limits
Symbol *Parameter He” [ M5M42560-10 [ M5M42560- 12 M5M4256.0- 15| Unit
Min Max Min Max Min Max
tow Write cycle time tre 200 230 260 ns
tsu(w-cas) Write setup time before CAS (Note 17) twcs —10 —10 —10 ns
th(cas-w) Write hold time after CAS twen 35 40 45 ns
th (RAS-W) Write hold time after RAS twer 85 100 120 ns
th(w-RAS) RAS hold time after write tawL 35 40 45 ns
th(w-cas) CAS hold time after write towe 35 40 45 ns
twiw) Write pulse width twe 35 40 45 ns
tsu(p-cas) Data-in setup time before CAS tps 0 0 0 ns
th(cas-D) Data-in hold time after CAS tom 25 30 35 ns
th(ras-p) Data-in hold time after RAS tonR 70 90 110 ns
, MITSUBISHI
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‘M5M4256J-10,-12,-15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Read, Write and Read-Modify-Write Cycles

. Limits
Symbol Parameter ey [M5M42560-10[ M5M4256.- 12| M5M4256-15| Uit
Min Max Min Max Min Max

torw Read-write cycle time (Note 15) tawc 225 260 295 ns
teRMw Read-modify-write cycle time (Note 16} trmwe 235 275 310 ns
th(w-RAS) RAS hold time after write tawL 35 40 45 ns
th(w-cas) CAS hold time after write towL 35 40 | 45 ns
tww) Write pulse width twe 35 40 45 ns
su(R-cas) Read setup time before CAS tres: 0 0 0 ns
td(RAS-W) Delay time, RAS to write (Note 17) tRwD 90 110 135 ns
td(cas-w) Delay time, CAS to write (Note 17) t cwo 40 50 60 ns
tsu(0-w) Data-in setup time before write tos 0 0 0 ns
th(w-0) Data-in hold time after write ton 35 40 45 ns
tdis (cas) Output disable time torF 0 25 0 35 o | 40 ns
ta(cas) CAS access time (Note 13) tecac 50 60 75 ns
ta(ras) RAS access time (Note 14) trac 100 120 150 ns

Note 16. tc pw min is defined as tc gw min =1d (Ras-cas) max + td (cas-w) min +th (w-ras) + tw (RasH) + 3T TLH (traL)
16. tcrMw min is defined as toamw 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)g td(RAs—W)min,and td (cas-wy=tsu (W-CAS) min a read-write cycle is performed, and the data of the selected address will be read out
on the data output. .
For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to Vi )} is not defined.

Page-Mode Cycle
. Limits
Symbol - Parameter Aren® | M5M42560-10 | M5M42560- 12] M5M4256J-15|  Unit
Min Max Min Max Min Max
tepg Page-mode cycle time tec 100 125 145 ns
tw (casH) CAS high pulse width tee 40 55 60 ns
tepgRw Page-mode read-write cycle time tpcrRwW 140 160 180 ns
CAS before RAS Refresh Cycle ot 1)
Limits
Symbol Parameter A's‘j:r"‘z:;"’e M5M4256J-10] M5M4256.J- 12 | M5M4256J-15|  Unit
Min Max Min Max Min Max
tsuR (cas- RAS) CAS setup time for auto refresh ' tcsm 25 30 30 ns
thr (RAS-CAS) CAS hold time for auto refresh tcHr 40 50 50 . ns
tdR (RAS-CAS) Precharge to CAS active time T rPC 0 0 0 - ns

Note 18. Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode.
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M5M4256)-10, -12,-15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

TIMING DIAGRAMS (Note 19

)

Read Cycle tcn
tw(rasL)
th(ras-cas)
th(ras-ca)
_— Vi — \ — Y
RAS " N
Vi — K_ ;
tdccas-ras) twirasH)
td(ras-cas) th(cas-ras)
tw(casu)
e Vm— 4 Y
CAS Vi — twicasH) \ 9 /
tsu(ra-ras) [thiras-ra) tsucca-cas) [ thicas-ca)
COLUMN ROW
ADDRESS A ADDRESS
th(ras-R)
tsu(r-cas) th(cas-a
v Vin— 4
w
Vii— taccas)
tacras) tdis(cas)
Von— HIGH IMPEDANCE STATE
Q //< DATA VALID \\
VoL— N
Write Cycle (Early Write)
tew
tw(rasL)
th(ras-cas)
Vin— - —\ th(ras-ca)
RAS J
Vie— \\
td(cas-ras) th(cas-ras) tw(rasH)
td(ras-cas) twicasy)
ST 7 v
CAS " tw(casH)
Vie— . Z
tsucra-ras)| [thiras-RA) tsumiﬁ“) th(cas-ca)
A Vin— ROW COLUMN ROW
o~A8 ADDRESS ADDRESS ADDRESS
! thiw-cas)
tsu(w-cas) th(cas-w)
. Vi — twiw)
Vie— N
th(w-ras)
th(ras-w)
tsu(p-gas) th(cas-0}
N\
D ‘ " DATA VALID
th(ras-D) .
Q Von— HIGH IMPEDANCE STATE
VoL —
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‘M5M4256)-10,-12,-15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

" teaw/tcRmw
tw(rasL)
thiras-cas)
e Viu— ——\\ th(ras-ca) .
ViL_. N . i 2 . \
td(cas-ras) thicas-ras) twirash)
td(Ras-cas) tw(casL) .
V- . N \ . / /
CAS Vie— W(CASH) \ k 2
tsura-ras)| |thras-ra)  tsu(ca-cas) [thicas-ca)
Aoy T ROW COLUMN ROW
08y ADDRESS . | ADDRESS ADDRESS
td(rasiw) . th(w-cas)
tsucr-cas) td(cas-w) thiw-ras)
v N Y
Vie— 4
twiw)
taccas) ) tdis(cas)
Q Von— HIGH IMPEDANCE STATE Y/ 4 DATA VALID
VoL Nk
ta(RAS)

N A s

RAS-Only Refresh Cycle inot20) ten
v N
e OO oSS X TS ‘d‘o‘o‘o‘o‘o’o’o s
"Von— HIGH IMPEDANCE STATE

Q

Vou—

Note 19. M Indicates the don't care input. Note 20. CAS=Viy, W, D= don't care.
Ag may be VIH or VIL. »
M The center-line indicates the high-impedance state.

1
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262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Page-Mode Read Cycle

tw(rasL)
th(ras-cas)
th(ras-ca)
—_— VIH_—)}\ ]
RAS Vi— . . J
—f
tdicas-ras) terr th(cas-Ras) twiRasH)
1
td(ras-cas) twicast) twicasy) twicast)
— Vy— ' \ = /{
A t
CAS Vi — w(casH) \§ \ K 4
th(ras-RA) twicasn)| |th(cas-ca) thicas-ca)
1 th(cas-ca)
tsu(ra-ras) | tsu(ca-cas) tsu(ca-cas)
Ao~hs M COLUMN ¢ ROW
VIL_‘ ! ADDRESS. ADDRESS
A A
taccas) taicas) taccas)
ta(ras) tdis(cas) tdis(cas) tdisccas)
[
a Vou— HIGH IMPEDANCE STATE A DATAN ;rDAT}'\\\ % Y/
Vo — VALID, \\}vxﬂr‘s /) N7
tsucr-cas) th(ras-R)
tsucr-cas) thicas-r) thicas-r)
£
Vii—
Page-Mode Write Cycle
tw(rasL)
th(ras-cas)
Vin— th(ras-ca)
RAS v
nw—— K 6/ 7
td(cas-ras) teraw th(cas-ras) tw(rasH)
T
td(ras-cas) twicasy) tw(casu) twicasu)
R Vs Y ﬂ 7 7
CAS Vi — twicasH) 7(
N 7 7
th(ras-rA) thicas-ca) twicasr)| |thicas-ca) th(cas-ca)
tsucra-ras)| tsuica-cas) tsucca-cas) tsucca-cas)
Ao~ As Vin— COLUMN ROW
Vi — ADDRESS ADDRESS
thicas-w) thicas-w)
thiw-cas) thiw-cas) thiw-cas)
W R (T, AT
Vie— X 7 X i 7 X Z
‘ twiw) ' twiw) twow)
th(ras-w) th(w-ras)
thiw-0) tsu(o-w) th(w-o) thw-o»
Vin— NV VVVVVVN (AN VVVVVVVVY
H DATA VALID \0“’”"“\0 DATA VALID )""‘""““ ’ DATA VALID "“””“""“"""“’
Vie— MAAA : COYWAAAAA AMANAAMANAA
th(ras-0)
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262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Hidden Refresh Cycle

READ CYCLE RAS ONLY REFRESH CYCLE RAS ONLY REFRESH CYCLE
tcr tcR A ter
tw(rasL) tw(RasL) r \ tw(FASL) )
Aas M N * N "
ViL— N Y, tw (RASH) 3 tw(nASH)\_
tyicas-Ras)
td(RAS-CAS) | th(CAS-RAS)
> tw(casL) ) )
CAS ViH— 4 )S 7&/__—
ViL— / tw(CASH) K .
77
th(cas-ca)
tsu(ra-RAS)| [th(RAS-RA)
Vin— ROW OLUM 88 % >< ROW
Apg~Ag VIL_W‘ADDRESWDDRES ADDRESS
i ! ris
tsu(ca-cAs)
tsu(R-cxxS} _\ th(RAS-R)
T
_ ViH— y ’ " ‘ \/
W
RS T
ta(CAS)
ta (RAS) tdis (cas)
/2
0 VoH— "4 4
DATA VALID
Vou AN Y 4 /4

CAS before RAS Refresh (Notw 21)

READ CYCLE REFRESH CYCLE REFRESH CYCLE READ OR WRITE
ter " | ter CYCLE
V- L tw(RasL) tw(rasL)
RAS \ tw(RASH)
Vi —
"t RAS-CAS)| | thR(RAS-CAS) tdr(Ras-cAs) thr(Ras-cAs)  TdR(RAS-CAS) td (cAs-RAS)
T .
o Vi < tsur(CAS-RAS) tsuRr(cas-rRAS) .
OAS / / W \_
VIL— T w - ‘
tw(casH) tsu (ra-RAS)
- Vin— ROW COLUMN
Ag—~Ag ‘.‘."" ”““"‘“‘ ‘ "‘.‘"‘"" ”‘ ‘ ’ "‘ ADDRES/ ADDEESS
’ tdlS(CAS)V
Q Von— N HIGH IMPEDANCE STATE
Al
VoL— /

Note 21: W, D =don't care.
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M5M4256J)-10,-12,-15

262144-8BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

TYPICAL CHARACTERISTICS

NORMALIZED ACCESS TIME
VS. SUPPLY VOLTAGE

NORMALIZED ACCESS TIME
VS. AMBIENT TEMPERATURE

1.3 T 1.3 T T
g \ Ta=25°C ’(g‘ | vec=s.0v
Z T
s 1.2 5 1.2
w w
2 s P
2 1 RN /
& 2 /
w w
g 1.0 S 1.0 e
< b /
a Q
g 0.9 S £ 0.9l
| ™~ i
g <
E 0.8 QE: 0.8
2 S
0.7
4.0 5.0 6.0 0'7420 0 20 40 60 80 100
SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (°C)
ACCESS TIME VS. LOAD OPERATING CURRENT
CAPACITANCE VS. SUPPLY VOLTAGE
25 T l 80 T 1
Vecc=4.5V 2 Ta=25C
"g‘ 20 | Ta=25C E 10 | tcr=260ns
= 1)
@ (]
g 15 = 60
£ s
v
< e w ~
o 10 L~ c 50 /'
= / 3
o Q a0
%) 5 -~
Q <
< o
0 30
5 -~
-5 20 - -
0 100 200 300 400 500 600 4.0 5.0 6.0
LOAD CAPACITANCE Cy (pF) SUPPLY VOLTAGE Vg (V)
OPERATING CURRENT OPERATING CURRENT
VS. AMBIENT TEMPERATURE VS. CYCLE RATE
7 ] 80—
—_ Vee=5.5V —_ Voc=5.5V /
- < Zoee,
<E( 60 | lcr=260ns \_E, 50 | Ta=25°C v
5 o /
© 50 2 40 /
—_—
b 40 30
E g /
=) >
o o /
© 30 Q 20
2 z /
= E
< <
g 20 (UIJ 10 /
g @ 7
o [¢]
10 = 0
—20 O 20 40 60 80 100 1] 1 2 3 4 5 6
AMBIENT TEMPERATURE Ta (°C) CYCLE RATE 1/tcRr (MHz)
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262144-BIT (262144¥WORD BY 1-BIT) DYNAMIC RAM

STANDBY CURRENT
VS. SUPPLY VOLTAGE

STANDBY CURRENT
VS. AMBIENT TEMPERATURE

6 T 6 T
—~ Ta=25C —~ Veoc=5.5V
g s 3o
o o
Q Q
S 4 E ~
= =
o3 — o3
— e~
> 2 % 2 —
(1]
o / o
Z P 7 <z( 1
= - =
w w
0 0
4.0 5.0 6.0 —20 0 20 40 60 80 100
SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (°C)
REFRESH CURRENT REFRESH CURRENT
VS. SUPPLY VOLTAGE VS. AMBIENT TEMPERATURE
80 I 60 T T
Ta=25C Vee=5.5V
g 10 tcr=260ns E 50| tcR=260ns
[ [vd
Q o
[SI ] o 40
L K —_—
: - ———
U 50 Z 30
< <
« <
3 =)
40 © 20
x T
(ﬁ // ]
W30 -~ & 10
« // .
0
2 4.0 5.0 6.0 ~20 O 20 40 60 80 100
SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (°C)
REFRESH CURRENT PAGE MODE CURRENT
VS. CYCLE RATE VS. SUPPLY VOLTAGE
60 T T 60 T
~ Vee=5.5V ~ " Ta=25°C
E 50 | _Ta=25C /1 E 50 | __tcpc=140ns
© -
Q / Q \
° a0 7 2 a0
(=
- / z /
£ 30 g 30 -
3 —
r 20 w20
w s
& o e
w 10 7 & 10
a
0
%+ 2z 3 4 s 4.0 5.0 6.0
CYCLE RATE 1/tcm (MHz) SUPPLY VOLTAGE Vg (V)
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PAGE MODE CURRENT
VS. AMBIENT TEMPERATURE

60 T T
-~ Vce=5.5V
E topg =140ns
< 50
P
S
53
- 40
-
z
w
T 30 —]
] ~—
a 20
(]
=3
G 10
P
o

0

—20 0 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)

ADDRESS AND DATA INPUT
VOLTAGE VS. SUPPLY VOLTAGE
3.0

I
Ta=25C

2.0
R
/:M'
—— Vi (max.)
1.0

o

4.0 5.0 6.0

ADDRESS AND DATA INPUT VOLTAGE Vi, ViL (V)

SUPPLY VOLTAGE Vce (V)

ADDRESS AND DATA INPUT
. .VOLTAGE VS. AMBIENT TEMPERATURE

PAGE MODE CURRENT
VS. CYCLE RATE

© 60 T T
Vec=5.5V
50 | Ta=25°C
40

30 /

20

PAGE MODE CURRENT Igca (mA)

CYCLE RATE 1/tgpg (MHz)

ADDRESS AND DATA INPUT
VOLTAGE VS. AMBIENT TEMPERATURE

2 3.0 T -

S Vog=4.5V

S cc=4.

I

>

G

2 20

L

-

o

> ViH (min.)
2 —
z ViL (max.)
2 10

s

<

o

(]

.4

<

2 o0

¥ —20 O 20 40 60 80 100
8

<

AMBIENT TEMPERATURE Ta (°C)

ADDRESS AND DATA INPUT
_VOLTAGE VS. AMBIENT TEMPERATURE

3 3.0 \>/ 3.0
o T I o ! [
= Voe=5.0V > Vge=5.5V
> >
w w
§ 2.0 2 2.0
5 Viy (min.
3 Vin (min.) ° (min-)
S —_— ) s —
’é ! 5 ViL (max.)
z Vi (max.) $
<« 1.0 < 10
g -
a a
g o
< z
g 4 3 0
@ —20 0 20 40 60 80 100 T —20- 0 20 40 60 80 100
: - :
AMBIENT TEMPERATURE Ta (°C) < AMBIENT TEMPERATURE Ta (°C)
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262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

RAS, CAS AND WE INPUT
VOLTAGE VS. SUPPLY VOLTAGE
3.0

|
Ta=25C
~
2z
=
>, 2.0 ViH (min.)
I
s
]
w —
w 5
&
i —1[ViL (max.)
o 1.0
¢
-
2
o
z
0 4.0 5.0 6.0

SUPPLY VOLTAGE Vgg (V)

RAS, CAS AND WE INPUT
VOLTAGE VS. AMBIENT TEMPERATURE

R I —
Voe=5.0V
2
E
>
. 2.0 .
i ViH (min.)
>
w
Q
2
61 10 ViL (max.)
>
- =
>
a
£
0

—20 0 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)

3.0 T I
Vocc=4.5V
2
=2
> 2.0
>§ Vin (min.)
w
2 —
5 Tt
g 1.0 ViL (max.)
- e
>
a
Z

3.0 T T
Vee=5.5V
B
=
> 2.0 Vii (min.)
I
>
w
Q
g ViL (max.)
]
o 1.0
>
=
>
a
z
0

RAS, CAS AND WE INPUT
VOLTAGE VS. AMBIENT TEMPERATURE

0
—20 0 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)

RAS, CAS AND WE INPUT
VOLTAGE VS. AMBIENT TEMPERATURE

—20 0 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)
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262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

. - HIDDEN RAS ONLY
RAS/CAS CYCLE REFRESH CYCLE REFRESH CYCLE
RAS [ \ [
i CAS \ /
8
- 100
: A
: r |
5wy A
NI WA \ !
2
BN AVAN NIERVAWETIRNIN
0
50ns/DIVISION
CURRENT WAVEFORM
PAGE MODE CYCLE w DURING POWER UP
<
asf— —] as s
> (&)
i Y s R e B
8 100 8 20 I
= Ta=25C
% 80 {\\ = 15 — 1
& [ ‘ RAS=CAS=V_
3 6o i ST 10
> I\ i Ch 7
g 40 29
ENANANINIAN i
20 |—¢f 2 RAS=CAS=V4
Y VI —1 l f
0 0
50ns/DIVISION 50us/DIVISION
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M5M4257.l 10,-12,-15

262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

MITSUBISHI LSls

DESCRIPTION
This is a family of 262 144-word by 1-bit dynamic RAMs,

PIN CONFIGURATION (TOP VIEW)

fabricated with the high performance N-channel silicon gate 0@ >$ g
MOS process, and is ideal for large-capacity memory ==
systems where high speed, low power dissipation, and low .i_':;‘_i T
costs are essential. The use of double-layer polysilicon O . |
process combined with silicide technology and a single- w33 el @
transistor dynamic storage cell provide high circuit density RAs [[22 § T357]) Ae
at reduced costs, and the use of dynamic circuitry including Ne [[53 § {ia]) NC
sense amplifiers assures low power dissipation. Multiplexed A [57 B G3] As
address inputs permit both a reduction in pins to the 18-pin A, 31 < 1127 Aa
plastic leaded chip carrier configuration and an increase in
system densities. In addition to the_R_AS only refresh mo ol fol 15110
de, the Hidden refresh mode and CAS before RAS refresh AR
mode are available. & >8 ¥
FEATURES Outline 18POA  NC: NO CONNECTION
Access time Cycle time  |Power dissipation
Type name fz':z‘)) (E"n';‘)) g:m)) ® Early-write operation gives common |/O capability
® Read-modify-write, RAS-only-refresh, Nibble-mode
M5M4257J-10 100 200 300 s
capabilities

M5M4257J-12 120 230 260 ® CAS before RAS refresh mode capability

M5M4257 J-15 150 260 230 ® All input terminals have low input capacitance and are
® 18-pin plastic leaded chip carrier directly TTL-compatible -
® Single 5V+10% supply ® Qutput is three-state and directly TTL- companble
® Low standby power dissipation:  25mW (max) ® 256 refresh cycles every 4ms,Pin1is not needed for refresh
® Low operating power dissipation: ® CAS controlled output allows hidden refresh

°

M5M4257J-10
M5M4257J-12
M5M4257J-15

385mW (max)
360mW (max)
330mW (max)

Output data can be held infinitely by CAS.

APPLICATION

® Unlatched output enables two-dimensional chip selec-  Main memory unit for computers, Microcomputer memory
tion and extended page boundary
BLOCK DIAGRAM
DATA INPUT \I, -l
1
WRITE CONTROL
INPUT
INPUT Voo (5
COL;’PHNOQE?,S,ES% CAs (17 CLOCK GENERATOR LATCH ce(sv)
CIRCUIT
ROW AODRESS FAS '
STROBE INPUT
. ¥ 18) Vss(0V)
(a
o i
o« @ o
A1 = 32K & 32k 32K ] 32¢ 8
£ memory || 8 || memory | memory || & || memory Q
Az 3 arraY || @ || array | arrav [} & || arrav o
[e] Q (=} w
S @
A3 2 @
ADDRESS ) < I se
INPUTS A‘ | COLUMN DECODER —>] = &u q DATA
o s 25 OuTPUT
A5 w o« om
a o]
A « a
¢ I 32k z 32K 32K = 32K o
A7 3 memory || B || memory | memory || 3 || memory =
2 arraY || © |1 Arravy | arrav || ]| ARRAY 3 !
Aa e
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M5M4257)-10,-12,-15

262144-BIT (262144 -WORD BY 1-BIT) DYNAMIC RAM

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-
write. The input conditions for each are shown in Table 1.

Table 1 Input conditions for each mode

Inputs Output
Operation RAS is W o Row Column 0 Refresh Remarks
address | address
Read ACT ACT NAC DNC APD APD VLD YES *
Write ACT ACT ACT VLD APD APD 0PN YES
Read-modify-write ACT ACT ACT VLD APD APD VLD YES
RAS-only refresh ACT NAC DNGC DNC APD DNC OPN YES
Hidden refresh ACT ACT ONC DNC DNC DNC VLD YES
CAS before RAS refresh ACT ACT DNC DNC DNC DNC OPN YES
Standby NAC DNC DNC DNC DNC DNC OPN NO

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

* : Nibble mode identical except refresh is No, and Nibble mode column address is DNC 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-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 ty (rascas) is set
between the minimum and maximum values of the
limits. In this case, the internal CAS control signals are
inhibited almost until tyRras-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 typras.cas) iS set larger than the
maximum value of the limits. In this case the internal
inhibition of CAS has already been released, so that the
internal CAS control signals are controlled by the
externally applied CAS, which also controls the access
time.

Data Input ;

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

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

Data Output Control .

The output of the MbM4257J 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 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 /0 data bus.

2 Data Output Hold

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

MITSUBISHI

ELECTRIC

2—115



MITSUBISHI LSIs

M5M4257)-10,-12,-15

262144-BIT (262144 -WORD BY 1-BIT) DYNAMIC RAM

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

4. Extended-Page Boundary

By decoding CAS, the page boundary can be extended
beyond the 512 column locations in a single chip. In this
case, RAS must be applied to all devices.

Nibble-Mode Operation

The MbM4257J 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 tycas) 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
AB8) 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 (Ag ~ A;) 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,u 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 ths(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 MbM4257J 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,_ 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 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 MBM4257J operates on a single 5V power supply.

A wait of some 500us 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 Unit
Vee Supply voltage -1~7 "
Vi Input voltage With respect to Vgg ~1~7 \
Vo Output voltage —-1~17 \2
lo Output current 50 mA
(=) Power dissipation Ta=25°C - 1000 mw
Topr Operating temperature 0~70 °C
Tstg Storage temperature —-65~150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0-~70"C, unless otherwise noted) (Note 1)
Limits
Symbo! Parameter i Nom Y. Unit
Voo Supply voltage 4.5 S 5.5. \
Vss Supply voltage 0 0 0 \
ViH High level input voltage, all inputs 2.4 6.5 v ’
ViL Low-tevel input voltage, all inputs -2 0.8 v
Note 1. All voltage values are with respect to Vgg
ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Voc=5V £10%, Vss=0V, unless otherwise noted) (Note 2}
Symbol Parameter Test conditions - Limits Unit
Min Typ Max

VoH High-level output voltage loH=—5mA 2.4 Vce \"
Voo Low-level output voltage loL=4.2mA 0 0.4 A"
loz Off-state output current Q floating 0V =Vour=5.5V —10 10 uA
1) Input current OV=V|N=Vcg, Otherinput pins =0V —10 10 uA
lcorav) Averaqe supply current from Ve, xgx:z:;j: :g RAS, CAS cycling * ;2 A

operating (Note 3, 4} tcr="tcow= min, output open
M5M4257J-15 60
lco2 Supply current from V¢, standby RAS=CTAS=V)y output open 4.5 mA
M5M4257J-10 _ 60
1663 (av) Averagn.a supply current from Vgge, M5M42579-12 RAS cycling CAS=Vin 55 mA
refreshing (Note 3} t G(FAS)= min. output open
M5M4257J-15 50
|¢CS av) Average supply current from Vec, '\M’l:m:::;j::g RAS= Vi, CAS cycling :;2 mA
nibble mode t cN= min, output open
M5M4257J-15 25
Average supply current from Ve, | MIMA257J-10 | ey (22 hresn cycling &5
lcee(av) CAS before BAS refresh mode M5M42570-12 tG(RAS) - min, Output open 60 mA
(Note 3) | M5M4257J-15 55

Ci(a) tnput capacitance, address inputs 5 pF
Ci (D) Input capacitance, data input Vi=Vss 5 pF
Ci(w) Input capacitance, write control input f=1MHz 7 pF
Ci (RAS) Input capacitance, RAS input Vi=25mVrms 10 pF
Ci(cas) | Input capacitance, TAS input 10 pF
Co Output capacitance Vo=Vsgs, f=1MHz, Vi=25mVrms 7 pF

Note 2. Current flowing into an IC is positive, out is negative.
3. lgc1(av). lcecs(av), lees(av) and locs(Av) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4. lgc1(Av) and lcos(Av) are dependent on output loading. Specified values are obtained with the output open.
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Nibble-Mode Cycle)

(Ta=0~170"C, Vgc=5V +10%, Vss =0V, unless otherwise noted, See notes 5, 6 and 7 )

Limits
Symbol Parameter A'S‘e'"a"ve M5M4257J-10 | M5M4257J-12| M5M42570-15 | Unit
yrmbol Min | Max | Min | Max | Min | Max
teRr Refresh cycle time trer 4 4 4 ms
t w(RASH) RAS high pulse width ‘thp 90 100 100 ns
tw(RasL) RAS low pulse width tras - 100 10000 120 10000 150 10000 ns
twicasL) CAS low pulse width : tcas 50 60 | 75 ns
tw(CASH) 4 CAS high pulse width {Note 8) teen 25 30 35 ns
th(ras-cas) | CAS hold time after RAS tesw 100 120 150 ns
th(cas-ras) | RAShold time after CAS . tRsH 50 : 60 75 ns
td(CcAs-RAS) | Delay time, CAS to RAS (Note 9) tere 20 30 30 | ns
td (ras-CAS) Delay time, RAS to CAS (Note 10) t rco 15 50 20 60 25 75 hs
tsu (‘RA- RAS) Row address setup time before RAS tasr o 0 0. ns
tsu(ca-cas) | Cotumn address setup time before CAS tasc ~5 -5 —5 ns
th (RAS-RA) Row address hold time after RAS tRaH 10 15 20 ns
th(cas-CA) Column address hold time after CAS tcan 15 20 | 25 ns
th (RAS-CA) Column address hold time after RAS tar 65 80 100 ns
trme - : 3 50 3 50 3 50 |- ns
Transition time ty

Lrin 3 50 3 |. 50 3 50 ns

Note 5. An initial pause of 500us 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 ry_ =1 T =5ns.
7. Reference levels of input signals are V)i min. 3nd V)i max. Reference levels for transition time are also between Vi and V) .
8. Except for nibble-mode.
9. td (RAs-CAS) requirement is applicable for all RAS/CAS cycles.
10. Qperation within the tq (nas-CAS) Max limit insures that ta (Rag)max can be met. ty (ras-cag)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-cASIMIN=1h (Ras-RA)MIN + 2L THL @t ruw) + U su(ca-cas)min.

SWITCHING CHARACTERISTICS (Ta=0~70"C, Voc=5V +10%, Vss=0V, unless otherwise noted)
Read Cycle

Alternative Limits
Symbol Parameter Symbol M5M4257J-10 | M5M4257J-12| M5M4257U-15 Unit
Min | Max Min Max Min Max

ter Read cycle time tre 200 . 230 260 ns
tsu (R-CAS) Read setup time before CAS tRcs 0 0 . 0 ns
th(CAS-R) Read hold time after CAS (Note 11) tRCH 0 1] 0 ns
th(RAS-R) Read hold time after RAS (Note 11) tRRH 20 20 20 ns
tdis (cas) Output disable time (Note 12) torr 0 25 - 0 35 0 40 ns
ta(cas) TAS access time (Note 13} tcac 50 60 75 ns
ta(ras) RAS access time (Note 14) trac 100 120 150 ns

Note 11.  Either th (Ras-R) o 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 Vo of Vo . -
13, This is the value when td (Ras-cas)=2td (Ras-cas)max. Test conditions ; Load = 2TTL, C = 100pF
14, This is the value when tg(pas-cas)< td(ras-cas)max. When 1d(Ras-cAs)2 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,_ = 100pF

Write Cycle

Alternative : Limits ;. )

Symbol Parameter Symbol M5M4257U-10 | M5M4257J-12 | M5M4257U-15 Unit

Min Max Min Max Min Max
tow Write cycle time . tac 200 230 260 ns
tsu (w-CcAs) Write setup time before CAS (Note 17) twes —10 -10 —10 ns
thcas-w) Write hold time after CAS twen 35 40 45 ns
th (RAS-W) Write hold time after RAS twer 85 100 120 ns
th(w-raS) RAS hold time after write tRwL ‘35 40 45 ns
th(w-cas) CAS hold time after write towe 35 40 45 ns
tw(w) Write pulse width twe 35 40 45 ns
tsu (p-cas) Data-in setup time before CAS tos 0 0 0 ns
thcas-0) Data-in hold time after CAS toH 25 30 ) 35 ns
Lh(RAS-D) Data-in hold time after RAS [, 70 90 110 s
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Read, Write and Read-Modify-Write Cycles

Alternative Limits
Symbol Parameter Symbol M5M4257J-10 | M5M4257J-12 | M5M4257J-15 Unit
Min Max Min Max Min Max

toRw Read-write cycle time (Note 15) tRwe 225 260 295 ns
termw 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) TAS hold time after write towr 35 40 45 ns
tw(w) Write pulse width twe 35 40 45 ns
tsu (R-cAS) Read setup time before CAS tres 0 0 0 |. ns
tg(RAS-w) Delay time, RAS to write (Note 17) trRwp 90 110 135 ns
tdicas-w) Delay time, CAS to write (Note 17) towo 40 50 60 ns
tsu(o-w) Data-in setup time before write tps 0 0 0 ns
th(w-D) Data-in hold time after write R ton 35 40 45 ns
tdis cAs) OQutput disable time torF 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 16: tg pw min is defined as tc Rw min = d (Ras-CAS) max + td(cas-w) min +th(w-ras) T tw (RasH) + 3L TLH(tThL)

16: toppw min is defined as to gpw min = ta (ras) Max + th (w-pas) T Iw (RASH) + 3t TLH (truL)

17: tsu (w-cAs), td (RAS-w), and tg (CAS-w) do not define the limits of operation, but are included as electrical characteristics only.
When tsu(w-CAs) = tsu (w-CAS) min, an early-write cycle is performed, and the data output keeps . the high-impedance state.
When td (ras-w)= td(RAS-w) min, and td (cas-w) = tsu (w-cas)min a read-write cycle is performed, and the data of the selected address will be read out
on the data output,

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

Nibble-Mode Cycle

Limits
Symbol Parameter Ao | M5M42570-10 | M5M4257J-12 [M5M42570-15| O
Min Max Min Max Min Max
ten Nibble mode cycle time e 50 55 70 ns
tan (cas) Nibble mode access time thac 25 30 40 ns
twn (cAsL) Nibble mode CAS low pulse width ncas 25 30 40 ns
twN(casH) Nibble mode precharge time e 15 15 20 ns
thn (cas-RAS) | Nibble mode RAS hold time T NRSH 25 30 40 ns
tdn (cas-w) Nibble mode CAS to WRITE delay tnowo 25 30 40 ns
twNRMW (CasL)|  Nibble mode RMW CAS pulse width TncRW 55 65 85 " ns
thnRMw(w-cas)|  Nibble mode WRITE to CAS lead time TnowL 25 30 40 ns
thNRMw (CAS-RAS)|  Nibble mode RMW RAS hold time T NwsH 55 65 85 ns
tsun(w-cas) Nibble mode WRITE setup time before CAS tnwes 0 0 0 ns
CAS before RAS Refresh Cycle (ot 18)
. Limits
Symbol Pararmeter Femoet® [M5Ma2570-10[ M5Ma2570- 12 MSMA2570-15|  Unit
Min Max Min Max Min Max
tsur (CAS-RAS) TAS setup time for auto refresh t csr 25 30 30 ns
th R (RAS-CAS) CAS hold time for auto refresh t cHR 40 50 50 ns
tdR (RAS-CAS) Precharge to CAS active time t rRPC 0 0 0 ns
Note 18: Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode.
Nibble Mode Addressing Sequence Example
Sequence Nibble bit Column address Row address A
Ag Ay Az A3 Ay As Ag A7 Ag|Ag A Ay Az Ay As Ag A7 Ag
RAS/CAS 1 0 1 0.1 0 1 0 1 0[O0 1 0 1 0 -1 0 1 0} Extenaladdres
toggle CAS 2 010 1o t o 1 00 10 1 0 1O 1 1
toggle CAS 3 0 v 1o ro ! v|o vo 1o veo o nternally generated address
toggle CAS 4 o 1o + 0 t 0 1 1;0 v 0 10 1 0 11
toggle CAS 1 0 1 0 1 0 1 0 1 0|0 1 0 1 0 1 0 1 0
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TIMING DIAGRAMS ot

e 19)

Read Cycle - ten
'W(RASL)
th(ras-cas)
th(ras-ca)
N — B I ———
RAS :;‘“ )\ / N\
w— K_
td(cas-ras) twirasH)
td(ras-cas) th(cas-ras)
tw(casL) .
N — \
CAS \\2: _ / twicasH) \\( 7/ /
tSu(RA'RAS) ‘h(RAS'RA) tSu(C:EAS) 'h(CAS'CA)
Vin— 0
Ao~ Ag V.:_ ADDRESS AobRtss ADDRESS
thiras-r)
tsu(r-cas) th(cas-r)
— Vi— 4 N
R VY N
V‘a(ms) tdiscas)
Von— HIGH IMPEDANCE STATE 74 N\
q VoL— \ \‘ ‘DATA VALID
Write Cycle (Early Write)
tow
tw(masL)
th(ras-cas)
. VIH_._———\\ th(ras-ca) F
RAS
Vii— R 7 \__
" td(cas-ras) th(cas-Ras) | tw(rasH)
td(ras-cas) tw(casu)
CAS \\/II":: / f twicasn) \ \( 5 /
th(ras-RA) ‘su(ciﬁ»xs) thicas-ca)
rots i Ao3RESs
- thiw-cas)
tsu(w-cas) th(cas-w)
B
Y B (h(:/—nAs)
th(ras-w)
tsu(p-cas th(cas-0) .
Vis = 0000000 DOOOOOOOXOOKXXNAK
B Al oo RS
th(ras-p) :

Vonw— HIGH IMPEDANCE STATE
Q
VOL -
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Read-Write and Read-Modify-Write Cycles

terw/termw
tw(rasL)
~ th(ras-cas)

ais Vi _ﬁ———\\ th(ras-ca)

ViL— K 7 \

td(cas-ras) thicas-ras) tw(RasH)
td(ras-cas) twicasu)
CAS WM N\ / /
t
Vi — w(CASH) .
tsucra-ras)| | th(ras-ra) tsuca-cas) |thicas-ca)
Ao~As Vin— ROW £ COLUMN ROW
0 Vie— ADDRESS ADDRESS ADDRESS
td(ras-w) th(w-cas)
tsucr-cas) td(cas-w) th(w-Ras)
w Vin— 3\
ViL—, N A
tww)
taccas) tdis(cas)
o Von— HIGH IMPEDANCE STATE Y/ OATA VALID
VoL— A
taras)
tsuto-w)| |thiw-p)

Vin— VAN NNNNNN/ \/ V VAV Y aVAVAVAVAYAYAYAYAYAYAY
® R o mee B RORRRER

RAS-Only Refresh Cycle ot 20)

twirasL)

Vi Y B '
RAS Vie— X’L JZI( \L_

th(ras-ra) tw(rasH)

tsu(ra-RAS))

O AVAVAVAVAVaVaY rewa— v v YYY % o

Von— HIGH IMPEDANCE STATE

VoL—

Note 19. XXTRRKXKRR _
oe s ..0:‘:2:;2:’:2’2 Indicates the don't care input. Note 20. CAS=V,y, W, D=don't care.
XXXX

Ag may be ViH or VIL.
M The center-line indicates the high-impedance state.
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Nibble Mode Read Cycle (ot 21) .
tw(rasL)
th(ras-cas)
R Vip — e
RAS
Vip —
th(ras-ca) | . ten thnicas-ras)
==
td(ras-cas) twicasu) twnicasy twnicasL)
V= — —
CAS Z \ / N\
w
tsu(ca-cas) twn(casH) twn(casH)
tSU( RA-RAS) —
th(ras-RA) th(cas-ca)
no~ng M ROW COLUMN
Vi — ADDRESS ADDRESS
tsu(r-cas) thicas-r) th(cas-r) thicas-r)
| tsu(r-cas) tsu(r-cas)
v -
- "
w
ViL— Q
taccas) tdis(cas) tan(cas) tan(cas)
tdis(cas) tdisccas)
e
Voun — -
v g DATA VALID DATA VALID DATA VALID
oL

Note 21. Pin 1 at Row Time and Column Time Determines the Starting Address of the Nibble Cycle.

Nibble Mode Write Cycle (Early Write)

twn(r

ASL )

L Vyyy . ey
RAS \

vlL —_— t

Y thn(cas-RAS)
th(ras-cas) twinicasw)
twnicash) twn(casH) twn(cASL)
td(ras-cas) - v

Viy — W(CASL) \ \ /—

CAS Vo —
th(ras-rA)
¢ tsu(ca-cas) '
SU(RA-RAS) CN
— thicas-ca) thiw-cas) —
Ao~ Vin— ROW COLUMN
o~ ADDRESS ADDRESS
- .
th(ras-ca) thicas.w) tsu(w-cas)
th(ras-w) tsuw-cas) | N
(CAS-W)
th(cas-w)
tsu(w-cas) ) tsu(p-cas)
th(cas-p) tsu(p-cas) th(cas-0) th(cas-o)
tsu(p-cas)

AV A VAVAVAVAVAVAN
D " "0’0’0’0’0’.‘:’ DATA VALID DATA VALID DATA VALID M

Vi — X000 XX

th(ras-p) —=>]

aQ Von— HIGH IMPEDANCE STATE

VoL —
1
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Nibble Mode Read-Modify-Write

RAS

CAS

Ao~As

gl

LwN(RASL)
Vin—
Ve — h "4
. le————— th(rRas-CAS) ] N thn(w-RAS)
d(RAS-CAS) (€&——————>~| WN(CASH)
le—— th(ras-ca) >{ 4 ’ , thn(w-cas)
[(___ twicasL) — WNRMW(CASL
Vin — \ /
ViL — X -
tsu(ra-rAS) 1 | thccas-ca) thNRMW(CAS-RAS)
th(ras-RA} tdiccas-w)
tsu(ca-cas)
Vie — ADDRESS ADDRESS A d
th(ras-w)

tsuw-cas) th(cas-w) . tsutr-as) twiw)
" LS \ R
Vie —

tsuto-cas) thicas-o) tsuo-w) thiw-p)
Vin— y -
V. DATA VALID DATA VALID

n— N
th(ras-o) tan(cas) tdis(cas)
Von — HIGH IMPEDANCE STATE g
DATA VALID
VoL —

Hidden Refresh Cycle

READ CYCLE
tcr

RAS ONLY REFRESH CYCLE
tcm

RAS ONLY REFRESH CYCLE
tcm

tW( RASL)

tw(rasL)

'W(RASL)

| Vel
N Vi — b \ / R 7
RAS Vi \ tw(rasH) i____j tw(rasH) \_
) td(cas-ras)
td(ras-cas) , thicas-ras) R thr(ras-cas)
=t w(casL)
—_— Vin— j j‘
CAS Vi — /L. twicasn) ¥ e 4
thicas-ca)
tsu(ra-ras) th(RIAS-RA)
72
Vg —
e (T T . T
tsu(ca-cas)
tsu(r-cas) J th(ras-R)
=1 -
S Ty T R
LA i XK
taccas)
tacras) tdis(cas)
Vou— e F } N\
Q DATA VALID
VoL— Nk ; e
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CAS before RAS

Refresh (Note 22)

REFRESH CYCLE

REFRESH CYCLE

READ OR WRITE

READ CYCLE tor ) . tor CYCLE

. Vip— N tw(rasL) Tw(RaSL)
RAS tweaass) I\ tw(rasH)

ie= —/Lig Ras-cas)| | tha(ras-oas)  LdR(RAS-GAS) thA(RAS-CAS)  LOR(RAS-GAS) \tm)—

Vii— tsuR(cas-Ras) tsuRr(cas-Ras) IJ i
= v/ N [ XY L

tw(casH) N ' tsu (RA-RAS)
R KK, £B55
tdis(cas)

0 zOH: > — HIGH IMPEDANCE STATE

Note 22: W, D = don't care.

TYPICAL CHARACTERISTICS
NORMALIZED ACCESS TIME

VS. SUPPLY VOLTAGE

NORMALIZED ACCESS TIME
VS. AMBIENT TEMPERATURE

1.3 T 1.3 T T
g \\ Ta=25C é, Voe=5.0V
= 1.2 .2
= \ K]
W w
| 2 1.1 A
= ; = /
2 3 P
w
w w
g 1.0 g 1.0 L
I b4 /
o o
N 0.9 \ w99 A
3 ~ 35 -
< <
z Z o0
& o3 & o
.z 4
0.7 4.0 5.0 6.0 07550 20 40 60 80 100
SUPPLY VOLTAGE  Vce (V) AMBIENT TEMPERATURE Ta (°C)
ACCESS TIME VS. LOAD NIBBLE MODE ACCESS TIME
CAPACITANCE VS. SUPPLY VOLTAGE
25 T T g 1.6
Vee=4.5V 3 \
@ g0p—'aTC g4 ,
£ w
Q g Ta=25°C
g 15 512 N
~ v
5 8
e
4 90 v g 1o
w / w
Z / =
nos - 2 os S~
a L~
5] 2
Q N
< 0 3 0.6
<
s
o« N
—s : S o.al—
0 100 200 300 400 500 600 4.0 5.0 6.0
LOAD CAPACITANCE C_ (pF) SUPPLY VOLTAGE Vgg (V)
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NIBBLE MODE ACCESS TIME OPERATING CURRENT
VS. AMBIENT TEMPERATURE ‘ VS. SUPPLY VOLTAGE
g .3 T T 80 T |
3 Vec=5.0V = Ta=25C
< e E  70|—tcr=260ns
w / -
= Q
1 / 2 e
4 -
(8] z
2 1.0 i T 50 Pt
o . L~ «
g / 3 7
5 0.9 2 a0
o =
UEJ 8 % 30 /
g ° g =
S
2 0 0 20 a0 e0 80 100 2073 5.0 6.0
AMBIENT TEMPERATURE Ta (°C) SUPPLY VOLTAGE Vg (V)
OPERATING CURRENT ) OPERATING CURRENT
VS. AMBIENT TEMPERATURE VS. CYCLE RATE
70 — 60 ]
— Vee=5.5V ~ Vee=5.5V,
g 60 |__tcr=260ns E so}—Ta=25C //
ig 50 § 40 //
= Z /
&£ 40 £ 30
g g /
o o /
izg 30 <§D 20 /
i < 10
3 I
020 20 a0 0 8 100 % T 2z 3 & 5 s
AMBIENT TEMPERATURE Ta (°C) CYCLE RATE 1/tcm (MH2z)
STANDBY CURRENT STANDBY CURRENT
VS. SUPPLY VOLTAGE VS. AMBIENT TEMPERATURE
6 T 6 T
= Ta=25C - Vee=5.5V
£ s g s
_§ 4 _g 4
- =
o « —
3 2 / S 2 \\\
> >
a 1 a8 —
P
0 4.0 5.0 6.0 0 %60 20 a0 60 8 100
SUPPLY VOLTAGE Vge (V) AMBIENT TEMPERATURE Ta (°C)
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REFRESH CURRENT
VS. SUPPLY VOLTAGE

REFRESH CURRENT
VS. AMBIENT TEMPERATURE

80 l 60 T T
Ta=25C Vee=5.5V
<E( 10 tcr=260ns < s | _tcr=260ns
£ E
el ™
S 60 8. a0
2 = —
- - T ————
z z
w50 Z 30
[\ o
o 2
3 3
z 40 : 20
w
w w
o
W 30 // )
i // ¢
= 0
0 4.0 5.0 6.0 —-20 O 20 40 60 80 100
SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (°C)
REFRESH CURRENT NIBBLE MODE CURRENT
VS. CYCLE RATE VS. SUPPLY VOLTAGE
60 l I 30 T
- Vge=5.5V 2 Ta=25°C ’
< Ta=25C p £ | _ten=70ns
E S0 — v =
. / 8
13 O
S a0 4 -2 //
5 pd
—
& a0 ,/ £ s
o« 3 /
3 "
r 20 g 10
@ . =3
r ]
Lo10 a
z
% 1 2 3 .4 5 6 0 4.0 5.0 6.0
CYCLE RATE 1/tcr (MHz) SUPPLY VOLTAGE Veg (V)
NIBBLE MODE CURRENT NIBBLE MODE CURRENT
‘VS. AMBIENT TEMPERATURE VS. CYCLE RATE
0 % 1
—~ —~ Vge=5.5V
g - g Ta=25°C pd
= \ E 24 7
8 Vcc=5.5V\ ] /
2 20}—ten=70ns ° 5 //
5 ~~ 5 P
w w
& g 20
=} ]
] (&)
w w
o
g 10 g 18 Z
s =
i ot
g g
z z
g 14
—20 0 20 40 60 80 100 3 8 10 12 14 16
AMBIENT TEMPERATURE Ta (°C) CYCLE RATE 1/ten (MH2z)
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ADDRESS AND DATA INPUT

S  VOLTAGE VS. SUPPLY VOLTAGE
2 3.0

> 1

: Ta=25C

>

o

¢

5 2.0

: R s
7

ol —

Q- /
. i ﬁ/ ViL (max.)

- 1.0

4

[a]

o

z

B4

3

8 % a0 5.0 6.0
<

SUPPLY VOLTAGE Vce (V)

ADDRESS AND DATA INPUT
~VOLTAGE VS. AMBIENT TEMPERATURE

z

S 3.0 T T

> Vee=5.0V

b

>

w

Q

2 20

-t

S V.IHI(min.)
-

2 !

z ViL (max.)
< 1o

<

o

o

4

<

A

w

g %% o 20 40 60 80 100
[=)

<

AMBIENT TEMPERATURE Ta (°C)

RAS, CAS AND WE INPUT
VOLTAGE VS. SUPPLY VOLTAGE

ADDRESS AND DATA INPUT
~VOLTAGE VS. AMBIENT TEMPERATURE
3.0

I |
Voc=4.5V

2.0

Vin (min.)

ViL (max.)

—20 0 20 40 60 80 100

ADDRESS AND DATA INPUT VOLTAGE V|y, V) (V

AMBIENT TEMPERATURE Ta (°C)

ADDRESS AND DATA INPUT
VOLTAGE VS. AMBIENT TEMPERATURE
3.0

| [
Vgc=5.5V

~
o

Vii (min.)

ViL (max.)

o

—20 0 20 40 60 80 100

ADDRESS AND DATA INPUT VOLTAGE Vin, Vi (V)

AMBIENT TEMPERATURE Ta (°C)

RAS, CAS AND WE INPUT
VOLTAGE VS. AMBIENT TEMPERATURE

3.0 T 3.0 T T
Ta=25C Voe=4.5V

~ -~

2 2

2 <

3 =
" 2 2.0 Vi {min.) £ 2.0 v )
= > // N = (min.
o "] .
28 - — 8
< g | —1 < _—

2 = P
22 1.0 AT V0 (max.) 2 1.0 v‘( ——
o > : > iL (max.)
- s
v 'é z
zz - z

, _ | 0 |
4.0 5.0 6.0 —20 0 20 40 60 80 100
SUPPLY VOLTAGE Vcc (V) AMBIENT TEMPERATURE Ta (°C)
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, RAS, CAS AND WE INPUT RAS, CAS AND WE INPUT
VOLTAGE VS. AMBIENT TEMPERATURE VOLTAGE VS. AMBIENT TEMPERATURE
3.0 I 3.0 l I
Vee=5.0V Vec=5.5V
z > '
S 2
>
" ;» 2.0 Vi (min.) w I 2.0 Vint {min.)
= > z >
CZJ w [
<3 29
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o > : o >
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’é z lé E
0 0
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8
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o
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0
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M5M4464P-10,-12,-15

262144-BIT(65536-WORD BY 4-BIT) DYNAMIC RAM

MITSUBISHI LSIs

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-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
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 {max) (min) (typ)
{ns) (ns) (mw)
M5M4464P-10 100 200 300
M5M4464P-12 120 220 260
M5M4464P-15 150 260 230

65536 x 4 Organization

Industry standard 18-pin dual in line package

Single 5V £10% supply

Low standby power dissipation:

Low operating power dissipation:
M5M4464P-10
M5M4464P-12
M5M4464P-15

25mW (max)

420mW (max)
360mW {max)
330mW {max)

PIN CONFIGURATION (TOP VIEW)

OUTPUT ENABLE OE —[1] ~

INPUT

pata iny|PQ1 ++[2]
DATA OUT |5 ]

8 vss (0v)
s DO4 83?\ IN/DATA

1] CAS COLUMN ADDRESS
STROBE INPUT

CONTROLVIVATF:E w [ ;n 5]e+ DQ3 DATA IN/DATA
e s g 3 Ee
-

ADDRESS St I e ADDRESS
INPUTS § As —[T] 2]+ Az [ INPUTS
As—[E] T+ A3

(5V) Vce E 'IO_I‘— Aq

Outline 18 P4H

All Inputs, outputs TTL compatible and low capacitance
3-State untatched 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

o Wide RAS pulse width for Page mode ..... 30us max

APPLICATION

Refresh memory for CRT, Microéomputer memory

BLOCK DIAGRAM
COLUMN ADDRESS O Vee(5V)

STROBE INPUT CAS (16 CLOCK GENERATOR

ROW ADDRESS RAS (5 CIRCUIT ) (18) Vss(0V)

STROBE INPUT

wriTE W (4 ® 1
CONTROL INPUT . !
| | oaTA |
COLUMN DECODER BUFFER
e ! @) vo;
SENSE REFRESH [ e DQ, | DATA
er @ AMPLIFIER & 1/0 CONTROL h o INPUTS/
« (1) DQ3 [ ouTeuTS
Al @ Zuw D
Su Q Qa
Az (12) oy £ @)
A; (1) S 8 DATA ||
ADDRESS INPUTSX “3 g@ Ao 3 MEMORY CELL —>1 our
Aq (8) zC 1 A | 8 (262,144 BITS) BUFFERS i
As (7) B z
Ag e . g:)
—_ OUTPUT ENABLE
LA7 O, OE \NpuT
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. M5M4464P-10, -12, -15

262144-BIT(65536-WORD BY 4-BIT) DYNAMIC RAM

FUNCTION

The M5MA4464P provides, in addition to normal read, write,
and read-modify-write operations, a number of other
functions, e.g., page mode, RASonly 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

(nputs Input/Qutput
Operation A5 55S w 5E . :;:‘s ca ﬂ:er:sn input Output Refresh Remarks
DQ DQ
Read ACT ACT NAC ACT APD APD OPN VLD YES
Write {Early Write) ACT ACT ACT DNC APD APD VLD OPN YES Page mode identical
Read-modify-write ACT ACT ACT ACT APD APD VLD VLD YES
RAS-only retfesh ACT NAC DNC DNC APD DNC DNC OPN YES
Hidden refresh ACT ACT DNC ‘ACT APD DNC OPN VLD YES
Standby NAC DNC DNC DNC DNC DNC DNC OPN NO

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 v

methods: . .

1. The delay time from RAS to CAS tyras.cas) IS set
between the minimum and maximum values of the
limits. In this case, the internal CAS control signals are
inhibited almost until tyRras.casymax (‘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 tyras-cas) isset 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,

data-out will remain in the high-impedance state allowing a -
write cycle with OE grounded.

data-in (DQ1 through DQ4) "

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 1/0 lines.

data-out (DQ1 through DQ4)

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 t,(C) that begins with
the negative transition of CAS as long as t,(R) and t,(OE)
are satisfied. The output becomes valid after the access time
has elapsed and remains valid while CAS and OE are low.
CAS or OFE 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 tognp-
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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 untii 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 (A ~ A;) of the M6M4464P must
be refreshed every 4 ms to maintain data. The methods of
refreshing for the M56M4464P 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 shoutld be at a
V4 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-rag) €arlier than RAS and if CAS
is kept low by thp(ras-cas) after R—AS 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 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 V|_ 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. {n many applications this eliminates the
need for off-chip latches.

Power Dissipation

Most of the circuitry in the M6BM4464P is dynamic, and
most of the power is dissipated when addresses are strobed.
Both RAS and CAS are decoded and applied to the
MB&M4464P 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 operates on a single 5V power supply.

A wait of some 500us and eight or more dummy cycles
is necessary after power is applied to the device before
memory operation is achieved.
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2621,44-BIT(65536-'WORD BY‘4-BIT) DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol parameter Condtions Ratings . Unit
Vee Supply volrage . i —1~7 \%
Vi input voltage With respect to Vgg —1~7 - \
Vo Qutput voltage . —-1~7 ) \"
lo Output current’ 50 mA
Pd Power dissipation Ta=25C 1000 mw
Topr Operating temperature X 0~70 . °c
Tstg Storage temperature —65~150

RECOMMENDED OPERATING CONDITIONS (Ta=0~70"C. uniess otherwise noted ) (Note 1)

Limits X

Symbol Parameter Unit
Min Nom |" Max

Vece Supply voltage . 4.5 S 5.5 \

Vss Supply voltage [¢] 0 0 \Y

ViH High-level input voltage, all inputs 2.4 6.5 \

Vig Low-level input voltage, all inputs -2.0 0.8 \

Note 17 All voitage values are with respect to Vgg

ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vgc=5V +£10%, Vss=0V, unlessotherwise noted ) (Note 2)

Symbol Parameter Test conditions - Limits Unit
Min Typ Max
VoH High-level output voltage lon= —5mA 2.4 Vco \
VoL Low-level output voltage loL=4.2mA ] 0.4 \
loz Otf-state output current Q floating OV=Vour=5.5V - —10 10 uA
h Input current 0V§VQN§G.5‘V, Al other pins =0V —10 10 uA
conc | Lo s v Ve | S O w]
perating (Note 3.4} to(rd) =tc(w) = min output open
M5M4464P- 15 60
[Fe%er] Supply current from V., standby RAS =Vq output open 4.5 mA
: Average supply current from V, M5M4464P-10 RAS cycling CAS =V &
lco3(av) | retreshing (Note 3) | _M5M4464P-12 to(Prd ) = min, output open 55 mA
M5M4464P-15 ! 50
Average supply current from V., M5M4464P-10 RAS =V, CAS cycling 55
leca(av) page mode (Note 3.4) M5M4464P-12 to (Prg ) = min, output open 50 mA
M5M4464P- 15 a5
Average supply current from Ve, M5M4464P-10 CAS before RAS refresh cycling 65
lcce(Av) | CAS before RAS refresh mode M5M4464P-12 o 60 mA
(Note 3) te (RAS) = min, output open
M5M4464P-15 . 55
Note 2: Current flowing into an IC is positive, out is negative.
3: lcc1(av). leca(av). and Icca (av)are dependent on cycle rate. Maximum current is measured at the tastest cycle rate.
4: lcci(av) and Icca(Av) are dependent on output loading. Specified values are obtained with the output open.
CAPACITANCE (Ta=0~706°C, Vgo=5V+10%, Vss=0V, unless otherwise noted )
~ Limits L
Symbol . Parameter Test conditions Min Tvo Max Unit
Ci(a) Input capacitance, address inpu;ns B 5 pF
Ci(og) Input capacitance, OE input Vi=Vss 7 pF
Cy(w) Input capacitance, write control input f=1MHz 7 pF
Ci (RAS) Input capacitance, RAS input Vi=25mVrms : 10 pF
Ci(cas) Input capacitance, CAS input . ' 10 pF
Ci/o Input/Output capacitance, data ports : 10 pF

¢ miTsusism
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SWITCHING CHARACTERISTICS (Ta=0~170°C, Vec=5V£10%, Vss=0V, unless otherwise noted ) (Note 5)

Limits
Alternative \ i X
Symbol Parameter Symbol M5M4464P-10 | M5M4464P-12 | M5M4464P-15 Unit
’ Min Max Min Max Min Max
ta(c) Access time from CAS (Note 6,7) | tcac 50 60 75 ns
ta(r) Access time from RAS (Note 6,8) | tRac 100 120 150 ns
ta(og) Access time from OF {Note 6) — 25 30 40 ns
tdis(cH) | Output disable time after CAS high {Note 9) torF 0 25 0 25 0 30 ns
tdis(oE) | Output disable time atter OE high (Note 9) — 0 - 25 0 25 0 30 ns
Note 5: An initial pause of 500us 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.
6:  Measured with a load circuit equivalent to 2TTL loads and 100pF.
7: Assume that tr cL 2 tRLCL Max.
8:  Assume that tricL <tgLcL max. If tricy is greater than tgy ¢ max then tg gy will increase by the amount that tg ¢ exceeds trcL max.
9: tgis(cH) Max and tgis(oe) mMax define the time at which the output achieves the high impedance state (ourS | #10uA| } and are not reference to Vou

TIMING REQUIREMENTS (For Read, Write,

(Ta=0~70°C, Vcc=5V £10%, Vss=0V, unless otherwise noted,

min or VgL max.

Read-Modify-Write, Refresh, and Page-Mode Cycles)‘

See notes 10,11)

Limits

' Alternative .

Symbol Parameter Symbol . | M5M4464P-10 [ M5M4464P-12 | M5M4464P-15 Unit
Min Max Min Max Min Max
tc(rF) Refresh cycle time trer 4 4 4 ms
t w(RH) RAS high pulse width tre 90 90 100 ns
tRLCL Delay time, RAS low to CAS low {Note 12}'| trcp 25 50 25 60 30 75 ns
t CHRL Delay time, CAS high to RAS low (Note 13) | tcre 10 10 10 ns
tsu(RA) Row address setup time before RAS low tasr 0 0 0 ns
tsu(ca) Column agldress 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 toan 20 20 25 ns
th(RLcA).| Column address hold time after RAS fow tar 70 80 100 ns
ty Transition time (rise and fall} (Note 14} | tt 3 50 3 50 3 50 ns
Note 10: The timing requirements are assumed t1=5ns.
11 Vi minand Vi max are reference levels for measuring timing of input signals.
12 tgLcL 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 tgy ¢ max, access time is
trLcL +ta(C)- trLCL Min is specified as trcL min. = th(rA) + 21T + tsu(CA).
13:  teyRy 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:  ty is measured between Vi min and Vj_ max.

Read and Refresh Cycles

Limits
Symbol Parameter Pomey” | M5M4464P-10[ M5M4464P-12 | M5M4464P-15|  Unit
Min Max Min Max Min Max
to(rd) Read cycle time the 200 220 260 ) ns
tw(RL) RAS low pulse width tRAS 100 | 10000 120 | 10000| 150 | 10000 ns
tw(cL) CAS low pulse width tcas 50 | 100000 60 | 100000 75 | 100000 ns
tw(cH) CAS high pulse width t PN 30 30 35 ns
th(RLCH) | CAS hold time after RAS low tosH 100 120 150 ns
th(cLRH) | RAS hold time after CAS low tRsH 50 60 75 ns
tsu(rd) Read setup time before CAS low tres 0 0 0 ns
th(CHrd) Read hold time after CAS high (Note 15) | tRrcH 0 0 ns
th(aHrd) | Read hold time after RAS high (Note 15) | tRRH 10 10 10 ns
th(oecH) | CAS hold time after OE low - 25 30 40 ns
th(OERH) | RAS hold time after OE low — 25 30 40 ns
th(cLoe) | OE hold time after CAS low - 50 60 75 ns
th(RLOE) | OE hold time after RAS low — 100 120 150 ns
tpoeL Delay time, Data to OE low - 0 0 0 ns
toeHD Delay” time, OE high to Data . 25 25 30 ns
tRHOL Delay time, RAS high to CAS low — 0 0 0 ns
Note 15:  Either th(GHrd) Of th(Rhra) Must be satisfied for a read cycle.
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Write Cycles (Early Write and Delayed Wr'ite)

Limits
Symbol Parameter Aarretre [ M5M4464P-10] M5Ma4s4P-12 M5M4464P-15|  Unit
: Min Max Min Max Min Max
to(w) Write cycle time tre 200 220 260 ns
tw(rL) RAS low pulse width tras 100 10000| 120 10000( 150 10000 ns
tw(cL) CAS low pulse width tcas 50 | 100000 60 [ 100000 75 | 100000 ns
tw(cH) TAS high pulse width ) toen 30 30 35 ns
th(RLCH) | TAS hold time after RAS low tosH 100 120 150 ns
th(cLrRH) | RAS hold time after CAS low tRsH 50 60 75 ns
tsu(wcL) | Write setup time before CAS low twes —5 —5 —5 ns
th(cLw) Write hold time after CAS low tweH 35 40 45 ns
th(RLW) Write hold time after RAS low twer 85 100 120 ns
th(weH) CAS hold time after Write low towL 35 40 45 ns
th (WrH) RAS hold time after Write low tRwL 35 40 45 ns
Tw(w) Write pulse width twe 35 40 45 ns
tsu(p) Data setup time tos 0 0 0 ns
J th(wrp) Data hold time after Write low toH 35 40 45 ns
th(cLp) Data hold time after CAS low i ton 35 40 45 | ns
th(RLD) Data hold time after RAS low toHR . 85 90 110 ns
toeHD Delay time, OE high to Data — 25 25 30 ns
th(WOE) OE hold time after Write low — 25 25 30 ns
Read-Write and Read-Modify-Write Cycles
. Limits
Symbol Parameter Ao [M5M4464P-10] M5M4464P-12] M5M4464P-15|  Unit
Min Max Min Max Min Max

to(raw) Read write/read modify write cycle time {Note 18) | tRwc 270 295 345 ns
tw(RL) RAS low pulse width tras 170 10000| 195 10000| 235 10000 ns
tw(oL) CAS low pulse width tcas 120 [100000| 135 [100000| 160 |100000 ns
th(RLcH) | CAS hold time after RAS low ] tosH 170 195 235 ns
th(cLRH) | RAS hold time after TAS low tRsH 120 135 160 ns
tw(cH) TAS high pulse width . topn - 30 30 35 ns
Tsu (rd) Read setup time before CAS low tres 0 0 0 ns
th(wcH) CAS hold time after Write low towL 35 40 45 ns
th(wrH) RAS hold time after Write low tRwL 35 40 45 ns
tw(w) - | Write pulse width . twe 35 40 45 ns
tsu (D) Data setup time . 1 tos 0 0 0 ns
th(wLp) Data hold time after Write low ton 35 40 45 ns
th(cLoe) | OF hold time after CAS low ) - ] 50 60 75 ns
th(RLOE) | OF hold time after RAS low — 100 120 150 ns
tpoeL Delay time, Data to OE low - 0 0 0 ns
toEHD Delay -time, OE high to Data - 25 |. 25 30 ns

Note 16: tc(-gw) is specified as tc(raw) Min = ta(r) Max + togHp MIN + th(wRH) MiN + tw (RH) Min +4 t1,
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Page-Mode Cycle Note17)

Limits
Alternative
Symbol Parameter Symbol M5M4464P- 10| M5M4464P- 12| M5M4464P-15 | Unin
‘ Min Max Min ‘Max Min Max
to(Pra) Read cycle time tec 100 120 145 ns
te(Pw) Write cycle time tpc 100 120 145 ns
tw(rL) RAS low pulse width (Note 18) [ tgags 200 30000 240 30000 295 30000 ns
te(Praw) Read write/read modify write cycle time — 170 195 230 ns
tw(rL) RAS low pulse width {Note 19) | tgas 340 30000 | 390 | 30000 465 30000 ns
tw(cH) CAS high pulse width tee 40 50 60 ns
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 A’g;:‘;'c:'ve M5M4464P-10| M5M4464P-12 | M5M4464P-15 |  Unit
Min Max Min Max Min Max
tsu R (CR) TAS setup time for auto refresh t csr 10 10 10 ns
thr(RC) CAS hold time for auto refresh tonr 20 25 30 ns
tdr(RC) Precharge to CAS active time trpc 0 0 0 ns
Note 20: Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode.
' MITSUBISHI i
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TIMING DIAGRAMS Note21) -

Read Cycle
to(ra)
th(aLcH)
tw(RL)
th(rLca) / \
—— ViH—
AAS e \ /-’ \
toHRL th (CLRH) tw(RH) -
tRLcL ; twic
P ViH = r twich) h
tSu(ﬁA)>_| 1 tsu(ca) tsu(ra)
th(ra th(cLca)
ViH— - \ " (XX "v.v.v.v"’v%' ‘v‘v'v"'v‘v‘
S ooness RERUBREUKAANN, aorress
tsuta) te—s th (CHr d)
! th (RHr )
W Vin =X XXX XXXAOOKKEOF ORI
" v YRR RRRREEERIBIRN
DQ1~DQ. ViH - t - ?”V’Vov’v’v"'Ovovov’v"""V.V‘V’V‘
(IN:’UTS) ! ViL =\ 4 e ’:’2’:’:’:’:"t‘:‘:’:’:"?‘”":’:‘:‘
ta(o
ta(m) E_i_s (CH)
DQ1~DQs  YOH~ : gh-Z v, DATA VALID N
(OUTPUTS) v — ]‘ |
tboer, ta(oE) elms(os)
th(oerH) 1 0EHD
th (oEcH) I v.v’V"Q'QVVV""Q"VVVVV
o - \ KRR
th(cLoe)
thoe)
XAANNYY XXAAN .
Note 21. ".“ 0’ ndicates the don't care input
RO, s e ot v .
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Write Cycle (Early Write)

te(w)
th(RLCH)
tw(rL)
th(rLca)
s N / N
- - 7]
) teHaL th(CLRH) tw (RH)
tRLcL t‘»'u(cu
—_— ViH— W (CH h |
tsu(ra) - o tsuca e tsura
th (Ra) thicLca) ‘
Vi -TTTXED s
SR oos IRERELXGXRNIOK, s
tsu(woL thcLw)
tw (W)

. VlH _ '-'-" \V; V’V V".""""""’ .v.V’V’V’VOV’V‘V’V’V’V‘v’v.v’v’v’v’v’v’v‘v"’VOV’v’VOV.v' vvvvv
v - SORRRRRARAN XXX

| th(‘RLIW)
boi~0ar V- XRTRIX T IEXX TS — XTI XXX RIIX KX X XXX
T I ot I s R W

L th(ALD)
Pt Ve
o2 in R X RRX O ERX T 5
o B ottt
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Write Cycle (Delayed Write)

tow
th(RLCH)
tw(rL)
th(pLca) :
— _
o \ I \
toHAL th(cLRH) tw(RH)
tALcL twicy) '
N ViH— - 3
Cas V‘“W tw(cH) \ t ;/
SU (RA] . Su(CA)
' th (Ra) th(cLca) th (WRH) tsu(Ra)
ViH — VaVAVAVAY/ v‘v’v’v.v’v’v’v'v’v’v v.vv 4
o - B R RRRRRRRRI, i
th(weH
th(cLw) e
tww)
— ViH -
w ViL— é(
th (RLW)
tsu (D) th (wLD)
DQ1~DQs ViH— V’V’V’v" R KRR "' ""y‘v.v V’V‘ V’ . ‘V‘V’V \/ Y.V’V’V‘V’v‘v’v’v’v’v’-’-'v’v’v’v’v‘v
A ) N AR
taco
ta(r) ﬁg;AVAL'ID
it R { E
tdis (0E) B
toeHD th (woE)
_ Vin XXX XXX XXX KRR XXX R,
o e XXX LRI
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Read-Write and

Read-Modify-Write Cycles

te(raw)
th(RLCH)
tw(RL)
th(aLca) .
J— ViH—
RAS ViL— ) ;
L CHRL th (CLRH) tw(RH)
tRLcL tw(cy)
I ViH— twion
&3S o (CH) L ;/
tsu(ra) | tsu(ca)
th(cLca) tsu(ra)
A COLUMN DOOOCOROOXXXXON [ eon
ol sooness _IRENIKIKINEIAKEAL aooress
toLwt th (wRH)
tRiwe = th (WCH)
oy tw (w)
w Vin— R R XX KRR X KX
v v ey
tsu (O th(wLD)
~D0s \v; ’v‘v‘v‘v’v‘v.v’v‘v v.vv‘v’v‘v’v . '."VQV.V’V.V’V’V""'VVVV"
s i XA e onta vatto KORKXXXRRESNGNEE
a(o)
ta(r)
oH— 4
[()OQJT;STQS‘) ://ou_— High-2 g‘\?:::: /
tooeL fa ) tdis (og)
e;] th(cLoe) toErD
= s A
th(RLOE)
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RAS-Only Refresh Cycle

Ag~ A7

|

DQ1~DQ4
(INPUTS)

DQ1~DQa
(OUTPUTS)

toqra)

tw(rL)

::: ' \t | 1?{ . ) \

toHRL tRHCL | tonRL

Vin = {XX) OOOOOGF :
o KOO W

th(Ra)

tsu(ra) tsu(ra)
pe——

ROW ADDRESS

Vi =R TER) T A
o XA GRARRR AR = ==

'.'v’v’v’v’v'v’v’v’v VQVQV’V’V‘V’V‘V.V‘V Y, '.'."'-'v'v"’v"’v’v’v’v‘v‘v‘v v.v’v‘v.v \/
e o ooy

vv’v v.v’v.v’v’v’v’v.v‘v‘ye
. ’ "A‘A’A‘A‘A’A’A’t"’A’A.A‘A.A‘A

TR :
R RRRKRRNK LXRKCLRONN

v’v’v.v’v’v’v‘y.y’v’v’y‘y.""'""v’v’v’v""" ' ’ ’v’v'v’v‘v."'v'.’v’v'v’v’vV’V’y W, "'v’,'v’v,"""OVOV’V’V’V’V’V‘V
RN

RAXXX

High-Z

ViH—

ViL—

¥ oW ‘ XX RIRRIIKS
o e et
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Page-Mode Read Cycle

G
th (RLCH)
th(rLca) .
. ViH- { [
RAS
ViL — l
‘ 1
t GHRL to(Pra) th (cLRH) tw(rH)
tRLcL twcw tw(cy tw(cy '
sxs  Um- tw(cH ) [
CAS  y - \ ,l tw(cH) \ 4 \
tsu(ca) tsu(ca) ) tsu(ca) tj;‘““’
tsu(ra) tham thicLeca) thcLea th(cLca) I
pop, VH- £ row f coumn Y f coLumn COLUMN ROW
0T vy - (ADDRESS | ADDRESS 4 ADDRESS ADDRESS ADDRESS
L tsuga J,- tsu(rd) tsu(ra) }.—_ th (RHrd)
| th(cHra) t th(crra) th (cHra)
— ViH - 3
T O
Vi -
DO1~ ViH -
QD'Q4 V'" High-Z ‘, ; )
-
(INPUTS) tao ta(o) ta(o)
tacm) Ld_is(cu) tdis (cH) ' ‘tiiswm
DQi~  Vou- Highz f pata ‘ﬁ 7 oata
DQs VoL- igh- vatp_|f i . VALID l — L VALID |
ta t t tooeL t
{OUTPUTS) t00EL | 1<) tais coe) DORCy T <sl tdis (0B) e a<—>t(h°E) e tdis (0B)
(OERH)
th(oECH) ) th (0ECH) Loero th (0ECH) OEHD
o M-
ViL - X e
Ll4
lo_thewon ]
th(RLOE)
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Page-Mode Write Cycle

tw(RL)
thaLcH)
th(aLca |
V'H_ﬁ\ (RLCA) 1
RAS
1L — f
n t
t CHRL topw th (CLRH) W (RH)
taLoL tw(cy) twcw) twicw ,
ViH -, t y N | \
Gas v W(CH) ? twick \
L=, -
tsu(ca) tsucca) tsu(ca) tsu (Ra)
tsura)| ' [th@a) . theciea thcLca) th(cLca)
Ao~n; VM= f row f coumn COLUMN / f coLumn Frow
ViL - ADDRESS, ADDRESS ADDRESS ADDRESS DDRESS
‘ thicLw) | Thow ThoLw) _
thwecH) th (weH) th (wen
tww) tww)j - tww
— Vip = -
w ViL- X X
th (RLW) v . th(wRH) l )
tsu (o thwip) tsu (D) thwip)
DO~  VinTTITIT TS —
DQs Vi =X XXX VALID
(INPUTS)
~ VoH- \
Doy © High-Z -
DQs VoL-
(OUTPUTS)
th (woE) th (woE)
— Vin =X AAAAAAAAAAAS XXX A
o 900999009 (X
. Vi .?.?.A.A‘A‘A‘A‘A.A‘A.A‘ ‘.?.?‘?‘A‘A’A‘A‘A“‘
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Hidden Refresh Cycle

READ CYCLE HIDDEN REFRESH CYCLE
tc(rd) o (rd)
twrL) tw(RL) tw(RL)
I H— N l'_'—'a
RAS \\j“__ S Z tW(RH)S J! & Z tw(RH) &
teHRL Th (CLRH)
tRLCL
C-A_S \\//I,::—/ tW(CH) -‘X‘_ AN ‘ZL
tsu(ra) tsu(ca) | h
th e th(CLCA( e
Ao~ Ar VIH—YONAEOR Lo A X S S A S Y T YN row
e K %@? NN s
th (RHrd)
'<->Isu<ru) i
T Vi —
I N AR IXNRR
PQi=  Vm— High-Z 7
(INPB?;) Vie— R EM
tdis(cH)
)|
DQi~ Vou— 1
DQg VoL— “ I
(OUTPUTS) 00 A tdiS(OE)
th (OERH) toEHD

. AR

A

_ to(rd)

ViH— tw(RL .

RAS NiL— j tw(RH) \ ) j
tdR(Ro) tsuR(cR) thR(RC)
s i BB
R T oSt
. Vou—
DQ1~DQs High-Z
VoL— ‘

I
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DESCRIPTION

This is a family of 6565636-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 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. ‘

PIN CONFIGURATION (TOP VIEW)

DATA IN/{DQf’H 1 -1 A5 COLUMN ADDRESS

DATA OUT |0, w[3] STROBE INPUT
OUTPUT &E I57 L= Vss (0V)
ENABLE INPUT 4 riles Do, DATA IN/
L8 Q1 pata oUT

DATA IN/ DQp «+|7

DATAOUT .~° [ 2 [§|le W WRITE CONTROL
ROW ADDRESs RAS —|9 ‘g" - INPUT
STROBE INPUT 2 NP

kS
- 2 12— AG
ADDRESS INPUT ~ Ag —
- i114]+— A,
(8V) Voo ADDRESS
A - 16]+- A7 [ INPUTS

ADDREss | 2 Tk —A
INPUTS | A, i 2

NC: NO CONNECTION
NP: NO PIN

Outline 20P5L

FEATURES
® Performance ranges
Access time Cycle time Power dissipation

Type name (max) {min) (typ)
(ns) (ns) (mw)
M5M4464L-10 100 200 300
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-10
M5M4464L-12
M5M4464L-15

25mW (max)

420mW (max)
360mW (max)
330mW (max)

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 ..... 30us max

APPLICATION

Refresh memory for CRT, Micro computer memory

BLOCK DIAGRAM
COLUMN ADDRESS (9 Voo(sv)
STROBE INPUT CAS (2 CLOCK GENERATOR
ROW ADDRESS RAS (9 CIRCUIT (®) vss(ov)
STROBE INPUT
wriTe W (8 @ ],
CONTROL INPUT s |
Ag~ A7 D'N-A ———
COLUMN DECODER BUFFER!
Yo y (3) oo
- SENSE REFRESH <1 D DATA
Ao (20) AMPLIFIER & 1/0 CONTROL | A OL INPUTS/
A « - ‘ (1) O3 (ourpuTs
1 Zw
(19 so (3) DQa
Az @ éé = . B @)
o DATA
ADDRESS INPUTS < A3 g :&’ Py S MEMORY CELL —>1 out
@ =
A za ] A, | B (262,144 BITS) BUFFERS !
Ag @
a7 (9) — OUTPUT ENABLE
7 OF inpuT
.
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FUNCTION

The M56M4464L 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 Input/Output
Operation RAS 535 w 5E ] : ;vevss Ca (;I:er:s" Input Qutput Refresh Remarks
! DO DQ
Read ACT ACT NAC ACT APD APD OPN VLD YES
Write (Early Write) ACT ACT ACT DNC APD APD VLD OPN YES Page mode identical
Read-modify-write ACT ACT ACT ACT APD APD VLD VLD YES
RAS-only retfesh ACT NAC DNC DNC APD DNC DNC OPN YES
Hidden refresh ACT ACT DNC ACT APD DNC OPN VLD YES
Standby NAC DNC DNC DNC DNC DNC ONC OPN NO

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

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-addresssstrobe 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 tyras.cas) is set
between the minimum and maximum values of the
limits. In this case, the internal CAS control signals are
inhibited almost until tqras.cas)mex (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 tyRras-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 tow 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 (DQ1 through DQ4)

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, Wis 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 1/0 lines.

data-out (DQ1 through DQ4)

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 t,(C) that begins with
the negative transition of CAS as long as t,(R) and t,(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 tognp-
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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 (A ~ A;) of the MBM4464L must
be refreshed every 4 ms to maintain data. The methods of
refreshing for the M6M4464L 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)u 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 tgyr(cas.ras) earlier than RAS and if CAS
is kept low by t,r(ras-cas) after I_RTS'faIIs, 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 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 Vy,_ 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 i

Most of the circuitry in the M6M4464L 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 500us 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 Unit
Vce Supply volrage —-1~7 \%
Vi Input voltage With respect to Vgg —1~7 v
Vo Output voltage —1~7 v
lo Output current 50 mA
Pd Power dissipation Ta=25C 1000 mw
Topr Operating temperature 0~70 °C
Tstg Storage temperature —65~150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C., unless otherwise noted ) (Note 1)
Symbol Parameter Limits Unit
Min Nom Max
Vece Supply voltage 4.5 5 5.5 \
Vss Supply voltage 0 0 0 A\
ViH High-level input voltage, all inputs 2.4 6.5 A"
Vip Low-level input voltage, all inputs —2.0 0.8 \
Note 10 All voitage values are with respect to Vgg
ELECTRICAL CHARACTERISTICS (Ta=0~70"C, Vgg=5V +10%, Vss=0V, unless otherwise noted ) (Note 2)
Symbol Parameter Test conditions - Limits Unit
Min Typ Max
Von High-level output voltage lop=—5mA 2.4 Vco \%
VoL Low-level output voltage loL=4.2mA 0 0.4 \%
loz Off-state output current Q floating OV =Vour<s5.5V —10 10 T oA
Iy Input current OV=V|NS6.5V, Allother pins =0V -—10 10 uA
Average supply current from Ve, M5M4464L-10 ﬁE, CAS cycling 5
1cC1(AV) | operating (Note 3.4} M5M4464L-12 to(rd) =tc(w) = min output open 65 mA
M5M44641-15 60
lceoz Supply current from V., standby RAS =V output open 4.5 mA
Average supply current from V., M5M4464L.-10 RAS cycling C_AS‘:V|H 60
lecca(av) retreshing (Note 3) M5M4464L-12 to(Prg) = min, output open 55 mA
M5M44641-15 ' 50
Average supply current from V., M5M4464L.- 10 RAS =V, CAS cycling 55
16Ca(AV) | page mode (Note 3.4) M5M4464L-12 fe (Prg ) = min. output open 50 mA
M5M4464L-15 45
Average supply current from Ve, MIMA464L-10 CAS before RAS refresh cycling 55
lcce(av) | TAS efore RAS refresh mode M5M4464L-12 o 60 mA
(Note 3) tc (RAS) = min, output open
M5M4464L-15 55
Note 2 Current flowing into an IC is positive, out is negative
3: Icci(Av). lccacav). and Iceg (av)are dependent on cycle rate. Maximum current is measured at the tastest cycle rate.
4. Icci(av) and Icca(Av)are dependent on output loading. Specified values are obtained with the output open.
CAPACITANCE (Ta=0~70°C, Vgg=5V +10%, Vggs =0V, unless otherwise noted )
Limits )

Symbol Parameter Test conditions Wi Tvo Max Unit
C (A) Input capacitance, address inputs 5 pF
Ci (0E) Input capacitance, OE input Vi=Vgs 7 pF
Ci(w) Input capacitance, write control input f=1MHz 7 pF
Ci (RAS) Input capacitance, RAS input Vi=25mVrms 10 pF
Ci(cas) Input capacitance, CAS input 10 pF
Ci/0 Input/Output capacitance, data ports 10 pF
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SWITCHING CHARACTERISTICS (Ta=0~70°C, Vog=5V +10%, Vss=0V, unless otherwise noted ) (Note 5)

Limits
Symbol Parameter Homey® | M5M4464L-10]M5M4464L-12 [M5MA464L-15|  Unit
) Min Max Min Max Min Max
taco Access time from CAS {Note 6,7)] tcac 50 60 75 ns
ta(r Access time from RAS (Note 6,8)| tmac 100 120 4 150 ns,
ta (oE) Access time from OE (Note 6) — 25 30 40 ns
tdis(cH) | Output disable time after CAS high (Note 9) torr | 0 25 0 25 0 30 ns
tdis(og) | Output disable time atter OE high (Note 9) - 0 25 0 25 0 30 ns

Note 5: An initial pause of 500us 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 tr ¢y 2 tRLCL Max.

Assume that tricL < taLcL max. If trLcy is greater than trpcL max then ta () will increase by the amount that tgy ¢ exceeds trLcL max.

tdis(cH) Max and tdis(og) mMax define the time at which the output achieves the high impedance state (IOUT§ | £10uA| } and are not reference to Vou
min or Vg max.

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

(Ta=0~70°C, Vcc=5V +£10%, Vss=0V, unless otherwise noted, See notes 10,11)

LoNo

Limits
Symbol Parameter A's'j::;'o'lve M5M4464L-10] M5M4464L- 12| M5M4464L-15|  Unit |
Min Max Min Max Min Max
te(rF) Refresh cycle time . tRer 4 4 4 ms
tw(RH) RAS high pulse width trp 90 1 90 100 ns
tRLcL Delay time, RAS low to CAS low {Note 12) | trmco 25 50 25 60 30, 75 ns
tcHRL Delay time, CAS high to RAS low (Note 13)| tcre 10 10 10 ns
tsu(RA) Row address setup time before RAS low tasr 0 0 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 : toan 20 20 25 |- . ns
th(RLCA) | Column address hold time after RAS low tar 70 80 100 ns
" tr Transition time (rise and fall) {Note 14) | tr 3 50 3 50 3 50 ns

Note 10: The timing requirements are assumed tT=5ns.
11: Vin min and Vj_ max are reference levels for measuring timing of mput signals.
12: tpicL max is specified as a referencé point only; if tricy is less than tricy max, access time is ta(R). if tRLCL is greater than trcL Max, access time is
taLCcL +ta(c) tRLcL mMin is specified as TRLCL Min. = th(RA) *+ 21T +15U(CA).
13:  tcumy 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:  ty is measured between Vjy min and Vi max.

Read and Refresh Cycles

Limits
Symbol . Parameter ey | M5Maa6aL-10]M5M4464L- 12| M5MAdGAL-15|  Unit
Min [ Max Min Max Min Max
te(rd) Read cycle time . tre 200 220 260 ns
tw(RL) RAS low pulse width tRAS 100 | 10000 120 | toooo| 150 | 10000 ns
tw(cL) CAS low puise width tcas ' 50 | 100000 60 [100000 75 -{ 100000 ns
tw(cH) CAS high pulse width teen 30 30 35 ns
th(RLcH) | CAS hold time after RAS low tosh 100 120 150 ns
th(cLrH) | FAS hold time after CAS low tRsH 50 1 60 75 ns
tsu(rd) Read setup time before CAS low . trRos 0 0 0 ns
th(CHrd) Read hold time after CAS high {Note 15) | tRcH 0 0 0 ns
th(RHrd) Read hold time after RAS high (Note 15) | tRRH 10 10 10 ns
th(oECH) CAS hold time after OE low ' - 25 30 40 ns
th(oERH) | RAS hold time after OE low - 25 30 a0 ns
th(cLoe) | OF hold time after CAS tow — 50 60 75 ns
th(RLOE) | OE hold time after RAS low - 100 120 150 ns
TDoEL Delay time, Data to OE low - 0 0 0 ns
Logrp Delay time, DE high to Data : - ) 25 25 30 ) ns
tRHCL Delay time, RAS high to CAS low — 0 0 0 ns
Note 15:  Either th(cHrg) or th(RrHrg) Must be satistied for a read cycle.
- MITSUBISHI
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Write Cycles (Early Write and Delayed Write)
Limits
© Symbol Parameter At | M5M4464L-10] M5M4464L- 12 M5M4464L-15|  unit
Min Max Min Max Min Max
to(w) Write cycle time tre 200 220 260 ns
tw(rL) RAS low pulse .width tras 100 1000G6( 120 10000 150 10000 ns
tw(cw) TAS low pulse width tcas 50 [100000] 60 [100000] 75 |100000 ns
tw(cH) CAS high pulse width teen 30 30 35 ns
th(RLcH) | CAS hold time after RAS low tosh 100 120 150 ns
th(cLrH) | RAS hold time after CAS low tasH 50 60 75 ns
tsu(wou) Write setup time before CAS low twes -5 —5 —5 ns
th(cLw) Write hold time after CAS low twen 35 40 45 ns
th (RLW) Write hold time after RAS low twer 85 100 120 ns
th (weH) CAS hold time after Write low towL 35 40 45 ns
th (wrH) RAS hold time after Write low tRwL 35 40 a5 ns
tw(w) Write pulse width twp 35 40 45 ns
tsu(p) Data setup time tos 0 0 0 ns
th (wLp) Data hold time after Write low ton 35 40 45 ns
th(cLo) Data hold time after CAS low ton 35 40 45 ns
th(RLD) Data hold time after RAS low toHR 85 90 110 ns
1 oEHD Delay time, OE high to Data — 25 25 30 ns
th (wOE) OE hold time after Write low — 25 25 30 ns
Read-Write and Read-Modify-Write Cycles
. ‘Limits
Symbol Parameter Hmeer® | M5M4464L-10] M5M4464L-12[ M5MA464L-15 |~ Unit
Min Max Min Max Min Max
te(raw) Read write/read modify write cycle time (Note 16} | tRwe 270 295 345 ns
tw(rL) RAS low pulse width trRas 170 10000{ 195 10000 235 10000 ns
tw(cL) CAS low pulse width tcas 120 | 100000| 135 |100000] 160 |100000 ns
th(RLCH) | CAS hold time after RAS low tesH 170 195 235 ns
th(cLrH) | RAS hold time after CAS low tRsH 120 135 160 ns
tw(cH) CAS high pulse width topn 30 30 35 ; ns
tsu(ra) Read setup time before CAS low tres 0 0 0 ns
th(wcH) | CAS hold time after Write low towr 35 40 45 ns
th(wRH) RAS hold time after Write low tRwL 35 40 45 ns
tw(w) Write pulse width twe 35 40 45 ns
tsu (o) Data setup time tos (4] 4] [i] ns
th (wip) Data hold time after Write low ton 35 40 45 ns
th(cLoe) | OE hold time after CAS low - 50 60 75 ns
th(RLOE) | OE hold time after RAS low - 100 120 150 ns
tooEL Delay time, Data to OE low — 0 0 0 ns
toEHD Delay time, OE high to Data — 25 25 30 ns
Note 16: te(rgw) is specified as to(rgw) Min = ta(R) Max + toEHD MiN + th (wrH) MIN + tw (RH) Min +4 ty.
MITSUBISHI
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Page-Mode Cycle Nowe17)

Limits
Symbol ) Parameter ' Aot ®  [M5M#464L-10 | M5M4464L-12] MEM4464L-15| ot
Min Max Min Max Min Max
to(Prd) Read cycle time tec 100 120 145 ns
toPw) Write cycle time tpe 100 120 145 ns
tw(RrL) RAS low pulse width (Note 18) | tgas 200 30000 240 30000 295 30000 ns
to(pPraw) Read write/read modify write cycle time - 170 195 230 - ns
tw(RL) RAS low pulse width (Note19) | tgas 340 | 30000 [ 390 | 30000 465 | 30000 ns
tw(cH) CAS high pulse width tce 40 50 60 ns

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 A';‘;‘m"zgf M5MA4464L-10 | M5M4464L- 12| M5M4464L-15|  Unit
Min Max Min Max Min Max
tsuR (CR) CAS setup time for auto refresh tosh 10 10 10 ns
thR(RC) CAS hold time for auto refresh teour 20 | 25 30 ns
tdr(RC) Precharge to CAS active time tRPG 0 0 0 ns

Note 20: Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode.
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TIMING DIAGRAMS Note 211

Read Cycle
te(ro)
th(RLCH)
tw(aL)
\ th(rLcA) \
—— ViH—
AAS . \ Jﬂ \
toHAL th(cLRH) tw(RH)
taLcL tweew
Vie k 7
tsu(ra) , tsu(ca) tsu(ra)
th(ra th(cLca)
~ Vip =~ y X 0.9, v.v‘v‘v XXX 'V.v.""'v‘v’
SRR 1 O . D o
tsuca le o thicrea
th (RHrd)
- Vin— 4 R R RIS
w
ViL— ’0!02029&0?!fé?o?ofé&ﬁéﬁé’ﬁ’!*f
001~DQs  ViH-— " KRR
AR, o KRR
ta(o
tam) tdis(cH)
. VoH— N 4 \
(DO%TPL?T%; Vou gh-Z {‘ DATA VALID
tooEL  ta(oE) tdis(oe)
th(0ERH) 1 OEHD.
th (0ECH)
_ Vi DO RKABRIKI
o€ Vi \ KX
L th(cLoE)
o th(RLOE)
XAANNY XX XA
Note 21. ‘.‘0‘ 00 ndicates the don’t care input
R R -
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Write Cycle (Early Write)

to(w)
th(RLCH)
tw(rL)
th(rLCA)
_ ViH — ! !
AAS v: B \t 12 A\
t cHRL th(cLRH) tw (RH)
tRLcL tw (cv)
Py Vim -~ f W (GH)
CAS i twicr) \( ‘ 4 [
tsu(ra) tsu(ca e tsu(aa)
th (RA thcLca)
Vib = — R TTRRR XX ;
0 SR S
tsuwoyw thcLw)
tw (w)
— i =XAOOOONAAAA
W o RXRRKKOARN )
thaLw)
DQ;~DQs ViH- V’V"‘Q""v’v’v.V.v’v."""’v’v.v’ 1 \ "".'."'.""‘""'v’v’v’v"‘v.' V.V‘V.V’V.V‘V’V’V‘V’V‘V’V‘V‘V‘V‘V’V’
R VA s I 11 ALt 04 40
| th(pLD)
i
_ Vin = 'v.v’v‘v’v‘v‘v‘v‘v’v’v‘v."""’6"’v’v’v’v’v‘y""v’v’v".' "". '-’v’V’V’V’V’V’V.V.v.v".v.' XX '-’.’y" ¥, 'v'v'v’v.v’v‘v‘v VLV, "v
o V- 02020202020?o?o?o?o?o?o?o?o?o?.?.?.?1020202020?&?2020202.?.?:0:0202020202020&?o?o?o?oo&.’a‘:‘:‘fﬁof&?:‘20202020?0?0%.‘4,‘:&'02&‘&
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Write Cycle (Delayed Write)

by
>
]

|

[¢]
>
7]

Ao~ A7

g

DQ1~DQq4
(INPUTS)

DQ1~DQ4
(OUTPUTS)

tew
th(rLcH)
tw(aw)
th(rLcA)
Vin— ) > k
ViL— N 7l y
LeHAL th(cLrH) tw (RH)
thicL tw(cL)
IH— 3
tsupa)_ . tsu(ca)
th(ra) thicLea) th (waH) tsu(RA)

Vip— ROW UMN 0'0‘0'0'0'0'0'0'0'0'0'0'0‘0'0'0'0'0'0‘9 / 7
oDt sooress RAROEKNERANRER oosess

thew | e

Tw (w)
Vi~
ViL = é(
th (RLW)

tsu (D) th (wLD)
Vin =AY YAVARXAX AN RN XXX ORI XX KKK
XK1= KRR

ta(o) |
ta(m) 28¥AVAUD
:/’z: B High-Z g
tdis (oE)
_j toeHo F_).‘th (WOE)

Vin- f W00 XXXKAX )
- RRRRRRLRRRRAABOARL

TAVAVAVAVAVAV AVAVA
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Read-Write and Read-Modify-Write Cycles

to(raw)
th(ALCH)
tw(RL)
th(RLCA)
RAS ViH — l\
ViL— y \
toHRL th (GLRH) Tw(RH)
tRLcL twecw)
= T y
tsu(ra)_ tsu(ca) o
th(cLca) tsu(ra)
VAVAVAYATATAVAVAVAVAvAVY. v N
e RN, o5
topwe }(h_(ﬂ;)]
tRLwL th (wer
_ \VAYAVAVAVAVAVAVAVAVAVAVAV tww)
¥ R KRR
tsu (D) th(wLD)
0Qi~0as V=X XXX XXX XXXOOOXKXX . RRRIR AR KRS
SR R R RXXRORR RS
a(c)
ta(m)
A R ot 4
tpoeL aoe) tdis(0E)
é)‘ th(cLoe) toEHD
® W N l
th(rLOE)
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RAS-Only Refresh Cycle

Ag~ Ay

H|

DQ1~DQq
(INPUTS)

DQ1—-DQs
(OUTPUTS)

teaa)
tw (AL I
ViH— X 4 j .
Vi St Jj | U
- lw(RH) '
toHRL tRHCL \ ( toHAL
Vin—{
Vie—
th(ra)
tsu(Ra)
Vin =/ X (ROOOCOOOXIKINNE row apo
R0 IR RKRRRR AR o e

Vig - """"""’"v’v’v‘v’v.v‘v.v’v.vv‘Q"'Q‘Q"'Q"'"Q""v.v.v’v.v’v”‘v’v“v R X XXX XXX KK
A L o e o ool

ViH = """’;

XX R K R o R KR XX XX
R R XXX L KRS

‘A A‘A. ‘A‘ ‘

ViL—

VoH—

High-Z
Vor -

ViH—
ViL—

R R R X XX R XX
e

¥ MITSUBISHI
ELECTRIC 2—155



MITSUBISHI LSIs

M5M4464L-10, -12, -15

262144-BIT(65536-WORD BY 4-BIT) DYNAMIC RAM

Page-Mode Read Cycle

tw (R
th(RLCH)
th(rLca)
— V- { i )
RAS . \ | A
- L
L
teHAL to(pra) th(cLAH) tw(mH)
trLcL twcw twicw twicy I
CAS Vin - twicH i \ ,
ViL- A twew
n " t
- tsu(ca) tsu(ca) \ tsu(ca) SU(RAl)
tsu(ma) th(ra) thicLen thcren thoLon 1
Ag—Ay H- ROW { coLumn f columy Y COLUMN w
0 Vi~ DDRESS \  ADDRESS ADDRESS 4 ADDRESS ADDRESS
tsu(ra) tsu(ra) tsu(ra) |‘_L, th (RHrd)
thchra) i th(crra) th(cHre)
— ViH -~ X
- R .
Vi~
DQ1~ ViW-
00 i High 2 =———KX(X -
(INPUTS) ta(c) 1l tao ta(c)
tacm) ﬁs(cm g’is(cm ' LiiS(CH) .
DQ1~  Vou- High.z f bata f oata 7 oata
DQs VoL- on- VALID , VALID [ar— . VALID |
ta (o) t ta(oE tooeL t
{OUTPUTS) T0EL ke T tais o] | 2t te-s! tdis (OF) = :ldis(oe)
h (OERH)
th (OECH) Loerp thoecH) | | toenp thoECH) OEHD
ViL ~ X 3 1
17
' n‘(CLOE)
th(RLOE)
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Page‘-Mode Write Cycle

tw(RL)
th(rLcH)
Vi th(rLca)
RAS Vil \ /4 ,
t CHRL to (Pw) N th(CLRH) tw (RH)
taoL twicw twicw) twicy |
ViH -, tw F \ f \
e (CH) /
CAS ViL—, \ j tw(cH) \ 4
tsu(ca) Tsucca) tsu(ca) ts}jﬁw
tsu(ra) th(ra) thicLca) th(cLca) thicLea)
Ag~p; V- f row ' column ) COLUMN COLUMN ¥ Frow
ViL- ADDRESS, ADDRESS ADDRESS ADDRESS 4 DDRESS
1]
th(cLw) | thcLw) | thcLw)
th(weh) th(weh) th (weH)
v tww) tw(w) tw(w)
J— IH =
th (RLW) o th(wRH) I
thwLo) tsu (D th (wLD)
DQ1—~ DATA
DQa VALID
(INPUTS)
DQi~ Vou-
DQs Vou-—
{OUTPUTS)
thwoe) th (woE)
p— ViH =X X AAAAAAAAAAAS OO X X XX AN
GE o XKXKKRN KR
o .A.A.A.A’A JAVAVAN A‘A‘A C““‘.‘.‘
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Hidden Refresh Cycle

READ CYCLE HIDDEN REFRESH CYCLE
te (rd) to(rd)
tw(RL) tw(rL) tw(rL)
RAS M ] S 7 S | z §
Vie— & A twirm) . NARTIGE
toHRL th(CLRH) .
tRLoL
A VIiH— B [ T
CAS twcH) S _'Z
ViL— - z(\
tsu(rA) tsu(cn |
th(cLca) tsu(ra)
th(ra) <>t
R0\ j
Ao~A7 VINT Ao COLUMN] Sy
v RESS ADDRESS ADDRESS'
= | -
th (RHrd)
2 tsucra) f :
W VI —
e 3
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M5M4C264L-12, -15

262144-BIT DUAL-PORT DYNAMIC RAM

MITSUBISHI LSIs

DESCRIPTION

The Mitsubishi M56M4C264P,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 Read/Write 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 Read/Write 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 26MHz.

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
"AC . Rand Serial
RAS Random Se”al. Reaad‘/\;:"i\w Read/Write
Type name Access | Read/Write | Read/Write Ve Supply [Vee Supptyl
Time Cycle Time | Cycle Time CC(x:mem Corrent
M5M4C264P-12 .
i 60 40mA
M5M4C264L-12 120ns 220ns 40ns mA m
M5M4C264P-15
50mA 30mA
M5M4C264L-15 150ns 260ns 60ns m m,
® Dual Port Architecture
RAM Port: 64K word x 4 bit
Access Time . .............. 120ns (MAX)
Serial Read/Write Port: 256 word x 4 bit
Access Time . ............... 40ns (MAX)

® Bidirectional Data Transfer function between the RAM

sc Rdvss Wz/10, 7 =
S100 [ ERS s[5 A ‘;30/'03
F 4
st0; ] S10; s105[ =
DT/GE (3] z SE sci1] 2t si0,
Wo/ 100 E] tg" W3/103  SI10q [ 9] 2 ff; 57/0F
w1/10,1[g] = 15 W2/102 _Wo/100 L1112 B w /10
A e Q T WB/wWE [ @ b Wi/
WB/WE[7 N 8] TAS A, [318 U4 RAS
- n MRk
AGE lie] At A: F5 =1=8= Vee
As [io] Az N o A3
Aq ] 14 A3 Ao Zaj _}; Ay
Vee [ Aq 124 | CAS
Outline 24P4F Outline 24P5L
(M5M4C264P) (M5M4C264L)

PIN CONFIGURATION (TOP VIEW)

array and the Data Register.

Fully Asynchronous Dual Port Accessability
during the Data Transfer Period.)

Addressable Start of Serial Read/Write (Pointer Control
Function)

Write per Bit Function.

Real Time Data Transfer from the RAM Array to the
Data Register.
Page Mode,
Refresh.

256 cycles/4ms Refresh.
Fully TTL Compatible.

(except

Hidden Refresh and CAS before RAS

BLOCK DIAGRAM

ROW ADDRESS STROBE —_—

T RAS
COLUMN ADDH
STROBE mbUT CAS
WRITE PER BIT/ v i
ane NABLE INBUT WB/WE

ATA TRANSFER/ OE
QuTPUT ENABLE NEOT DT/0E

SERIAL CONTROL INPUT SC
SERIAL ENABLE SE
INPUT

Ao
Ay
L
ADDRESS | A3
INPUTS | Aq
As
Ag
Az

i

) Wo/10g \mxngﬁg&m
110 wi/107 | pe
LU R ER BIT
. :ﬂ COLUMN DECODE K‘:>BUFFER W,/10, [ INPUTS/DATA
« 2/7°2 1 INPUTS AND
i W3/103 | OUTPUTS
5 Sl ], 1024 COLUMNS (256 x 4) {A-Port)
s3] o =
v — o o)
i ol | !
@ a S
9 z & 256K MEMORY ARRAY
< [e]
o
II Ui iI o
256 x 4
DATA REGISTER
II TU II
> SERIAL s10,| SERIAL
1
ADDRESS 1/0 INPUTS AND
COINTER SERIAL DATA SELECTOR k‘:> - $102[ ouTPUTS
S103| (B-Port)
I
TIMING Vee (5V)
GENERATOR
Vss (0V)
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' M5M4C264P-12 -15/
M5M4C264L-12, -15

262144-BIT DUAL-PORT DYNAMIC RAM

® 24 Pin, 400 mil DIP.

(M5M4C264P)/24Pin, ZIP(M5M4CZG4L)
® N-well CMOS Process & Low Power dissipation

RAM & SAM Active (-12/-15) . . . .. 100/80mA 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
"AS ROW ADDRESS It is used as a clock which latches the row address {AQ-A7) and selects 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 {A8-A15) and reads or writes the selected words. In the
STROBE INPUT data transfer cycle, it becomes the SAM start address.
The M5MAC264P is an address multipiex method for inputting the row addresses and column addresses sepa-
’ . i hed by t
Ao~ A; ADDRESS INPUT rately, in orde.r to select one word from the 64K w9rd memor}/ ceIIsA 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.
WB/WE xFR‘:IEZENF:BBfE/ When the WB/WE level in the RAS clock falling edge is "L"", the write-per-bit or write transfer cycle is selected,
INPUT and when it is “H", a 4 bit write to the RAM or a read transfer cycle from the RAM is selected.
T/0E gﬁ;F_PAUIRéI’:lIiE?E In the RAM read cycle, it makes the data output into enable. Also, when the DT/OE level in the. RAS clock
INPUT falling edge is *‘L", the data transfer cycle is selected, and when it is ““H", the read/write cycle is selected.
Wo~Wa/ 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,
0 3 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
109~103 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.
SERIAL INPUT/ .
S10g~SI03 OUTPUT 256 x 4 word serial data input/output pins.
SE SERIAL This makes serial input/output into enable. In the RAS clock falling edge, when SE is “H"', it is a pseudo trans-
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.

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 column datas in
one row can be read/written continually.

1. Random Read Cycle
Data is read out when DT/OE isa “/L" level.

2. Random Write chIe_ .
Data is written in when WB/WE is a “L" level.

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.

When the WE clock is input after the CAS clock it
becomes a late write 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 again. 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.
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M5M4C264P-12, -15/
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262144-BIT DUAL-PORT DYNAMIC RAM

SAM Port Operation
At the falling edge of the RAS clock, the data transfer
cycle is set up by maintaining the DT/OE 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 selfect 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)/Wé =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 /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 simui-
taneously.

2. CAS-Before-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 ‘while the CAS, OE
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.

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
contro! 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 SIO pins and
when SE is “H", the SIO 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 t'ie 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 SIO 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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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 that 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 whife 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/10 (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 1/O
common terminals (S10) 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 1/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 RAM SAM
DT/CE | WB/WE SE W/I0 0~3 Bit Mask SI00~3
X READ — —
X X
H WRITE — —
H
H Non Masked —
L X Write-Per-Bit
L Masked
H X X RAM—SAM ({read transfer) — Output mode
L X SAM—RAM (write transfer) — Input mode
L
Pseudo Write Transfer
L H X {No RAM contents will be changed) - Input mode
X: Not specified.
RAM Access Mode
RAM WRITE MODE WRITE-PER-BIT RAM READ MODE
e ——“ _/—__.1
I ' _J ) \;} \
CAS \ ’ \ ’ \ ’
OGO
1 ! *2 *3 !
W/10g~3 [OATA\ In | Y5y
AN | \out/
werwe TR T L 5% BB
oT/oE SROSEN] T KO B\ [
*4
SE

*1: Write 4bit data
*2: Set mask bit
*3: Write selected bit

*4: m Indicates the don‘t care input
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Write-Per-Bit Operation

/
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*1

TR ]

N R N NI

- | ! A4 NN \/ N/ \VAYAYAY4 N NN/
R, B R R R R

*2
NO

z

errecTive | ROOKRXXEKK CRRRKKKREEER

Mask REEEEEEE

R R

AVAVAVAVAVAVAVAN VAVAVAN AN AN

*2

R

I R

o [T

I i
i |
- t
! |
:
! |
T
! j
NON EFFECTIVE
)
| I
1 5
+
l |
4 1
1 |
0 1
E
1

Now eFFecTIv RIS

1
SET MASK BIT

Serial Output Mode

i 1}
[WRITE-PERBIT N o
! *1. AtWB/WE = ""H", the 4 bit data are written into RAM

*2. WO~3/100~3 ="H": Non masked
WO0~3/100~3="L": Masked

REAL TIME DATA TRANSFERl

RAM - SAM TRANSFER & START | RAM-—SAM ON THE FLY 1| WRITE CYCLE ' READ CYCLE
RAS \ / ,“ \ /
ff ' 1\ [ \ [
CAS \ / . \ I
PSS S SN PSS S
O 5% W o tttes s I R oo U sy [ O
R AYAVAVAVAVAVAYAVAVAVAVAVAVAVA' “
werwe X | RRRERDREE | RRRR |\ LR R
e ———'{l——\ < ‘ [
DT/0E ’ )
— VAV AV \/ \/} *3 .
SE BRI PR, [\
27 ~
v ' &
| ! "3 o
| .
\_, DATA OUT | 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

Q
>
()

Ap~Ay

SC

SIOi

' "
L ’
(R RN |

RAM - SAM
AT START

|
|

{6

PSEUDO WRITE

\

(G

SAM — RAM (ROW R4)

T

L

Lo IR

2

Ve

VAVAVAVAVAW A WAV AW AV AW AV AV AW,
ELLLLLIILKLS

D

—
e o

o RIS IIE)
B S B 5t

| I I

Iea

I\

Y

i if
Ve oY%
(i T 1y’
! |
|

i DATA OUT L_, DATAIN ! SAM— RAM __ DATA IN
™ EROM COLUMN “A" | FROM TRANSFER FROM
. COLUMN "“C” TO ROW R4 COLUMN D"
*4 it S_Egoes ""H*’ level, SIOi input data is ignored, but serial data selector is continuously working.
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions - Ratings Unit
Vo Supply voltage —1~7 \Y
\ Input voltage With respect to Vgg —1~7 A
Vo Output voltage —1-~-7 A\
lo Output current 50 mA
Pd Power dissipation Ta=25°C 1000 mw
Topr Operating temperature 0~70 °C
Tstg Storage temperature —65—~150 °C
MITSUBISHI
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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
Vee Supply voltage 4.5 5 5.5 \
. Vss Supply voltage 0 0 0 \Y%
ViH High-level input voltage all inputs 2.4 Veoc+1 \
ViL Low-level input voltage all inputs —1 . 0.8 \%

Note 1:  All voltage values are with respect to Vgs.

ELECTRICAL CHARACTER'STICS (Ta=0~70°C, Voc=5V+10%, Vss=0V,’ unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max

Von (R) High-level output voltage (RAM Port). loH(R)=—2mA 2.4 Voo \%
VoL (R) | * Low-level output voltage (RAM Port) loL(R)=4.2mA 0 0.4 \%
VoH (S8) High-level output voltage (Serial 1/0 Port) loH(S)=—2mA 2.4 Voo Y
VoL (S) Low-level output voltage (Serial 1/0 Port) loL(S)=4.2mA 0 0.4 \
loz Off-state output current Q floating OV=Vout=5.5V —10 10 A
1 Input current OV=V|NSVge  Other input pins = OV —10 10 uA

Note 2:  Current flowing into an IC is positive, out is negative
M5M4C264P, L

Symbol Perameter -12 -15 Unit

{Note 3) ' RAM Port Serial 1/0 Port Max | Max
lec1(av) | Random R/W cycle (RAS/CAS cycling, trg =trg(min)) . Standby (SC=V,_) 60 50 mA
lcoz Standby (RAS =V, Dout=Hiz) (Note 4) Standby (SC=V,_) (Note 4) 5 5 mA
lcca(av) | RAS only refresh 6vcle (RAS cycling, CAS =V, trc =trc (min)) Standby (SC=V,_) 50 40 mA
lcca(av) | Page mode cycle (RAS = Vi, CAS cycling, tpg =tpg(min)) Standby (SC=V,_) 40 35 mA
lces(av) | CASbefore RAS refresh (CAS low as RAS falls, t rc=tRrc(min)) Standby (SC=V/_) 50 ‘ 40 mA
lccs (Av) | Data transfer cycle (ﬁlow as RAS falls, trRg="tRre(min)) . Standby (SC=V,_) -~ 65 55 mA
lcer(av) | Random R/W cycle (RAS/CAS cycling, t po="tRre (min)) ‘ Active (t sco=1goc(min.)) 100 80 mA
locs(av) | Standoy (RAS =V, Dout=Hz(min)) Active (t scc=t soc(min. )) 40 30 mA
lcca(Av) | RASonly refresh cycle (RAS cycling, (TA_S=V|H, tre=tpre(min)) Active (t ggc =1t sco(min.)) 90 70 mA
lccio(av) | Page mode cycle (RAS = V|, El—\gcyclihg, tre=tro(min)) Active (t gcc=tscc(min.)) 80 65 mA
lcc11(Av) | CAS before RAS refresh (CAS low as RAS falls, t g =trc(min)) Active (I scc=t scc(min.)) 90 70 mA
Icciz(av) | Data transfer cycle (DT low as RAS falls, tgg=1gg(min)) Active (t oo =t soc(min.)) 105 85 mA

Note 3:  IcC (AV) is obtained with the output open. {AV) specifies average value. .
Note4: If V4 2 Vcc x 0.9 and Vi < 0.6V, then Icc2 < 1.5 mA. (CAS, SE and SI0, ~ SIO; must be stable in high or low level.)
CAPACITANCE (Ta=25C, f=1MHz, V)=25mVmrs)

Symbol ) Parameter Min Max Unit
Cino RAS, CAS, WB/WE, sc, SE, DT/OE . 8 pF
Cint Ag—Aq 5 pF
Cioo Wq/10¢~ W3/103, SI0g~ SI03 7 pF

- MITSUBISHI
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SWITCHING CHARACTERISTICS (Ta=0~70"C, Vco=5V +£10%, Vss=0V, unless otherwise noted ) (Note 5)

Limits
Symbol Parameter A';j’f'ﬂ‘;g;’e M5M4C264P-12, L-12] M5M4C264P-15,L-15|  Unit
Min Max Min Max

tac) Access time from CAS {Note 6,8} [ tcac 60 5 ns
- tam) Access time from RAS (Note 6,9 | tmRac 120 " 150 ns
ta(og) Access time from OE ) (Note 6) | toEa 35 40 ns
tdis(cH) | Output disable time after CAS high (Note 10) | lorr 0 30 0 40 ns
tdis(o) | Output disable time atter OF high (Note 10) | toez 0 30 0 40 ns
ta(so) Access time from SC high (Note 7) tsca 40 50 ns
ta(sg) Access time from SE low (Note 7) tsoA : 35 50 ns
tdis(se) | Outputdisable time after SE high (Note 10) | tsoz 0 30 0 40 ns
th (scHD) Serial output held time after SC high (Note 7) 1 somn 10 10 ns
tsoLp Delay time, SE low to serial setup (Note 7) tsoo 5 5 ns

Note 5 Aninitial pause of 500us 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.

Measured with a load circuit equivalent to 2TTL loads and 50pF.

Assume that tgcL 2 tRLCL Max.

Assume that tai c1 < tricL max. When trycL is greater than tRLCL Max. tg(R) will increase by the amount that try ¢y exceeds trycL mMax.

tdis(cH) max and tgis(og) max define the time at which the output achieves the high impedance state (IOUTS |£101A| } and are not reference to Vou
min or Vo max.

ooy

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

(Ta=0~70°C, Vgc=5V+10%, Vss=0V, unless otherwise noted, See notes 11)

Limits
Symbol Parameter : Agj::;:lve M5M4C264P-12, L-12| M5M4C264P-15,L-15 Unit
Min Max Min Max
te(rr) Refresh cycle time tReF 4 4 ms
tw(RH) RAS high pulse width trp 90 100 ns
trecL Delay time, RAS low to CAS low (Note 12) | tRcp 25 60 30 75 ns
t CHRL Delay time, CAS high to RAS low (Note 13} tcoRP 10 10 ns
tsu(RA) Row address setup time before RAS low t AR 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 tran 15 20 ns
| th(cLca) | Column address hold time after CAS low toan 20 25 ns
th(RLCA) | Column address hold time after RAS low tar 80 100 ns
ty Transition time (rise and fall) {Note 14) | t¢ 3 © 80 3 50 ns
Tsu(wpPB) | Write per bit mode setup time before RAS low twes 0 0 ns
th(weg) | Write per bit mode hold time after RAS Jow twen 20 25 ns
Tsuw) Write mask setup time before RAS low tws 0 0 ns
thw) Write mask hold time after RAS low twh 20 25 ns
tsu(@TH) | DT high setup time before RAS low toHs 0 0 ns
Th(DTH) DT high hold time after RAS low tDHH 20 25 ns

Note 11:  The timing requirements assume t=56ns.
VK min and Vy_ max are reference levels for measuring timing of input signals.
12: tpicL max is specified as a reference point only; When tgicL is less than tricL max, access time is ta(R). When tRLCL iS greater than tricy max, access time is
taLcL +ta(c)- truct min is specified as trLcL Min. = th(ra) +2t1 +tsy(CA).
13:  tcupL requirement is only applicable for RAS/CAS cycles preceded by a CAS only cycle (i.e., For sys(8ms where CAS has not been decoded with RAS).
14: 1ty is measured between Vjy min and V) max.
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M5M4C264P-12, -15/
M5M4C2641L-12, -15

262144-BIT DUAL-PORT DYNAMIC RAM

For Read and Refresh Cycles

Limits
Symbol Parameter A!S‘j’r;‘;gl"e M5M4C264P-12, L-12| M5M4C264P-15,L-15]  Unit
Min Max Min Max
te(rd) Read cycle time tre 220 260 ns
tw(RL) RAS low pulse width * tras 120 10000 150 10000 ns
tw(cL) CAS low pulse width tcas 60 10000 75 10000 ns
tw(cH)- CAS high pulse width topn 25 30 ns
th(RLCH) CAS hold time after RAS low tosH 120 150 ns
th(cLrH) | RAS hold time after CAS low tasH 60 75 ns
tsu(rd) Read setup time before CAS low tres 0 1] ns
th(cHrd) Read hold time after CAS high {Note 156) | tmcH 0 0 ns
th (RHrd) Read hold-time after RAS high (Note 15) | tmRH 20 20 . ns
th(oecH) | CAS hold time after OE low - 30 40 ns
th(0ERH) | RAS hold time after OE low toes 30 40 ns
th(cLoe) | OF hold time after CAS low tcon 60 75 ns
th(RLOE) | OE hold time after RAS low = 120 150 ns
tDoEL Delay time, Data to OE low — 0 0 ns
toeHp Delay time, OF high to Data toep 35 40 ‘ns
t RHCL Delay time, RAS high to CAS low trPc 0 0 ns
tooL Delay time, Data to CAS low toze 0 0 ns
Note/ 16:  Either th(CHra) o th(RHrd) Must be satisfied for a read cycle.
For Write Cycles (Early Write and Delayed Write)
X Limits
Symbol Parameter A’gz’;;glve M5M4C264P-12, L-12| M5M4C264P-15, L-15|  Unit
Min " Max Min Max

to(w) Write cycle time tRe 220 260 ns
tw(RL) RAS low pulse width tRas 120 10000 150 10000 ns
twicL) CAS low pulse width teas 60 10000 75 10000 ns
tw(chH) CAS high pulse width teen 25 30 ns
th(RLCH) | CAS hold time after RAS low tesH 120 150 ns
th(cLRH) | RAS hold time after TAS low t RsH 60 75 ns
tsu (W'CL) Write setup time before CAS low (Note 16) | twcs 0 0 ns
th(cw) Write hold time after CAS low tweH 35 45 ns
th(RLW) Write hold time after RAS low twer 95 120 ns
thiwcH) | CAS hold time after WE low towL 40 45 ns
th(wrH) | RAS hold time after WE low tRWL 40 a5 ns
tw(w) Write pulse width twp 35 45 ns
tsu(p) Data setup time tos 0 0 ns
th(wLp) Data hold time after WE low ton 35 45 ns
th(cLop) Data hold time after CAS low * ton 35 45 ns
th(RLD) Data hold time after RAS low toHR 95 120 ns
toEHD . Delay time, OE high to Data toep 35 40 ns
th (WOE) OE hold time after WE low t0EH 30 40 ] ns

Note 16: When tg,(wCL) 2 tsy(WCL) Min, the cycle is an early write cycle and 1/O pins will remain high impedance through out the entire cycle.
When tcLwL = tCLWL Min, and tRLWL 2 tRLWL Min, the cycle is a read-write cycle, and the data of the selected address will be read out on 1/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)
is not defined.
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M5M4C264P-12, -15/
M5M4C264L-12, -15

262144-BIT DUAL-PORT DYNAMIC RAM

For Read-Modify-Write Cycles

Limits
Symbol Parameter At | M5M4C264P-12, L-12] M5M4C264P~15, L-15|  Unit
Min Max Min Max
to(raw) Read modify write cycle time (Note 17) | tmrwec 295 345 ns
tw(rL) RAS low pulse width tras 195 10000 - 235 10000 ns.
tw(cL) TAS low pulse width tcas 135 10000 160 10000 ns
th(RLcH) | CAS hold time after RAS low tosH 195 235 ns
th(cLrH) | RAS hold time after CAS low tRsH 135 160 ns
tw(ch) CAS high pulse width tcen 25 30 ns
tsu(rd) Read setup time before CAS low tres 0 0 ns
toLwL Delay time, CAS low to WE low {Note 16) | towp 90 110 ns
trRLwL Delay time, RAS low to WE low (Note 18) | tRwD 150 185 ns
th(weH) CAS hold time after WE low towr 40 45 ns
th(wrH) | RAShold time after WE low tRwL a0 [ ns
tw(w) Write pulse width twe 35 45 ns
tsu (D) Data setup time tps 0 0 ns
th(wLD) Data hold time after WE jow ton 35 45 ns
th(cLoE) | OE hold time after CAS low tcon 60 75 ns
th(RLOE) | OE hold time after RAS low — 120 150 ns
tpoEL Delay time, Data to OE low - 0 0 ns
toeHD Delay time, OE high to Data toeD 35 40 ns
Note 17:  tc(raw) is specified as to(raw) Min = ta(r) Max + togHp mMin + tthHH) min + tw (RH) Min +4 ty.
For Page-Mode Cycle inote 18)
» Limits
Symbol Parameter Agomatv®  [M5M4C264P-12, L-12| M5M4C264P-15, L-15|  unit
Min Max Min Max
to(Prd) Read cycle time tpe 120 145 ns
to(Pw) Write cycle time tpc 120 145 ns
tw(RrL) RAS low pulse wi