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M5K4164AP-12, -15
M5K4164ANP-12, -15
M5K4164ANP-20

. M5K4164AL-12, 15
M5K4164ANL-12, -15
M5K4164AND-12, -15

'M5M4416P-12, -15
M5M4256P-12, -15, -20
M5M4257P-12, -15, -20
M5M4256S-12, -15, -20
M5M42578-12, -15, -20
M5M4256L-12, -15, -20
M5M4257L-12, -15, -20
M5M4464P-12, -16
MH6404AD1-15
MH6404AND1-15
MH6408AD-15
MH6408AND-15

a NMOS STATIC RAM

M58725P, -15
M5M2167P-55, -70
M5M2168P-55, -70

n CMOS STATIC RAM

M5M5116P, -15
M5M5116FP, -15
M5M5117P, -15
M5M5117FP, -15
M5M5118P, -15
M5M5118FP, -15

65536-Bit (65536-Word by 1-Bit) Dynamic RAM
65536-Bit (65536-Word by 1-Bit) Dynamic RAM
65536-Bit (65536-Word by 1-Bit) Dynamic RAM-..-
65536-Bit (65536-Word by 1-Bit) Dynamic RAM
65536-Bit (65536-Word by 1-Bit) Dynamic RAM
65536-Bit (65536-Word by 1-Bit} Dynamic RAM- .-

65536-Bit (16384-Word by 4-Bit) Dynamic RAM :«-eeeereeeeimiiiiiinins 2—65
262144-Bit (262144-Word by 1-Bit) Dynamic RAM:«+-«-eevveveees e 2—80
262144-Bit (262144-Word by 1-Bit) Dynamic RAM:« - ereeeeiminiiiiiines 2—95
'262144-Bit (262144-Word by 1-Bit) Dynamic RAM:«--eerveeresiiiniinieninen, 2—110
262144-Bit (262144-Word by 1-Bit) Dynamic RAM:«ceeeereermrine, 2—125
. 262144-Bit (262144-Word by 1-Bit) Dynamic RAM:«wceeeereeeeees B AIALILEIE 2—140
262144-Bit (262144-Word by 1-Bit) Dynamic RAM:«-ceeeerrerieeneinn 2—155
262144-Bit (65536-Word by 4-Bit) Dynamic RAM«+eeererevieeieeniiiiienniiee 2—170
262144-Bit (66536-Word by 4-Bit) Dynamic RAM :«+ceesirmisinnininiins 2—185
262144-Bit (65536-Word by 4-Bit) Dynamic RAM :
524288-Bit (65536-Word by 8-Bit) Dynamic RAM:++s+wseerveeriiiieniniieinn 2—206
524288-Bit (65536-Word by 8-Bit) Dynamic RAM«+-s-evvmmemsiieieiins 2—217
16384-Bit (2048-Word by 8-Bit) Static RAM«+++-svevemsimmaieiisimsiiies 3—3
16384-Bit (16384-Word by 1-Bit) Static RAM :++«eerrereereieniieieiaenininns 3—9
16384-Bit (4096-Word by 4-Bit) Static RAM :-+t-srerreerteivienieeninnieninreniene 3—13

16384-Bit (2048-Word by 8-Bit) CMOS Static RAM
16384-Bit (2048-Word by 8-Bit) CMOS Static RAM

16384-Bit (2048-Word by 8-Bit) CMOS Static RAM:-++wxvseeveseeererincenns 4—13
16384-Bit (2048-Word by 8-Bit) CMOS Static RAM

16384-Bit (2048-Word by 8-Bit) CMOS Static RAM«-++wsreserseesriciieciennn. 4—23
16384-Bit (2048-Word by 8-Bit) CMOS Static RAM-+s-vrsevieerririnrinieens 4—28

M5M5165P-70, -10, -12, -15, -70L, -10L, -12L, -15L

65536-Bit {8192-Word by 8-Bit) CMOS Static RAM 4—33
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GUIDE TO SELECTION OF IC MEMORIES

Classification

'DYNAMIC RAMs

Process

DYNAMIC
RAMs

NMOs

I(VIemory capacity Conﬁguratlon
b

its)

(words x bits)

’—| 64K }——.{ 84K><1—l

16K X4

HIIHIIJI

-—I;ZSGK H64K X;‘—[

r-—l 512K I——I 64K X8 }——-E

Type name Features
M5K4164AP- 12 wn}mar;;j?;sinal
T e W
M5K4164ANP-12 ta=120ns
M5K4164ANP-15 ta=150ns
M5K4164ANP-20 —— ta=200ns
MERHBIAL 12| ETZone
MSK4164AL-15 Witﬁar;elE?er::inal
M5K4164ANL-12 —— ta=120ns
M5K4164ANL-15 —— ta=150ns
M5K4164AND-12 |—— ta=120ns
M5K4164AND- 15 =150ns
M5M4416P-12 F—— ta=120ns
M5M4416P-15 F—— ta=150ns
MHG6404AD1-15  |— Wit;ar;els(t)e?riinal
MH6404AND1-15 ta=150ns
MHG408AD- 15 | wniﬁgﬂgimm
MHG6408AND-15 ta=150ns

MITSUBISHI
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GUIDE TO SELECTION OF IC MEMORIES

DYNAMIC RAMs

Configuration

(words x bits) Type name Features

256K>:Il M5M4256S-12 ta=120ns
— M5M4256S-15 ta=150ns
F— M5M4256S-20 ta=200ns
] M5M4257S-12 | W?t?\?it;lbzlggfde
1 M3M4257S-15 wfﬁ?gb?grufde
1 M5M4257S-20 ] WEtz:l?bzbll)gr?\osde
— M5M4256P-12* ta=120ns
—— M5M4256P-15* ta=150ns
— M5M4256P -20* ta=200ns

Classification Process Memo(rgitcsa;pacitv —] M5M4257P-12" Witte:\ ?b]b?eo-gosde
DYNAMIC] NMOS 256K | — | M5M4257P-15* wa=150ns
| M5M4257P-20" Wi oo

| mM5M4256L-12* ta=120ns

- M5M4256L-15% ta=150ns

—— Mb5M4256L-20" [ —— ta=200ns
| s | e

L M5M4257L-15% [fa=1%0ns

ta=200ns

— M5M4257L-20™ With nibble-mode

64K X4 l M5M4464P-12** +—— ta=120ns

M5M4464P-15** [—— ta=150ns

* : New product * %* : Under development
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GUIDE TO SELECTION OF IC MEMORIES

STATIC RAMs

Memory capacity

Configuration

Process (bits} (words x bits) Type name Features
—1{ NMos ]-——-| 16K -ZKXB}—I: M58725P-15  [—| ta=150ns
M58725P — ta=200ns
16K X 1 }——[ M5M2167P-55 | —1 ta=55ns
Classification M5M2167P-70 | —{ ta=70ns
4K x4 }—l—_- M5M2168P-55 |— ta=55ns |
M5M2168P-70 }-— ta=70ns
8K x8 |—— MIMSTESE-T0/ - —{ ta=70ns
M5M5'65g:}8/'_: - ta=100ns
M5M5'65§:}§/L: — ta=120ns
‘ M5M5]65;:}g{_: — ta=150ns
—{szs IL M5M5116P-15  |— ta=150ns
— M5M5116P —— ta=200ns
—— M5M5116FP-15 ta=150ns
— M5M5116FP ta=200ns
——{ M5M5117P-15 | —] ta=150ns
| M5M5117P —— ta=200ns
— M5M5117FP-15 |—— ta=150ns
F— M5MS5117FP — ta=200ns
—— M5M5118P-15 ta=150ns
— M5M5118P — ta=200ns
—— M5M5118FP-15 |—— ta=150ns
— M5M5118FP —1 ta=200ns
— 16K X1 M5M2'°_6475F”jgg**—ta=35,45,55|ns
L1 akx4 M5M210_6‘?E:gg“——ta:35,45,55:ns
* : New product * % : Under development
MITSUBISHI
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GUIDE TO SELECTION OF IC MEMORIES

MASK ROMs
L Memory capacity Configuration .
Classification Process (bits) (words x bits) Type name Features
MASK | |
ROMs [ T | NMO?} IL 64K 8K X8 M5M2364- XX XP }——-[ ta=250ns I

M5M2365- XX XP Hta—ZSOnj
M5M23I2B-XXXPH ta=250ns—|

128K 16K X8

256K

I TT 1

32K X 8 H M5M23256- XX XP }——-{ ta=250na
]————l M5M231000-Xxm-—rta:250ns ]
*k
M5M23064-XXXPH ta:350n?|
ek
M5M23065-XXX?]——rta:350ns ]

Lo L

128K X8

* % : Under development

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

| EPROMs|——| NMoOs |—— s¢K F— skx8 |—— msLazeac-2 | ta=2000s |
L—-—{ M5L2764K H ta=250ns ]
- e oo b weramzmcz ] a—zoons |
——{ M5L.27128K }-—-[ ta=250ns |
——|:56K H32K x8 }———L M5L27256K -2** ,—{ ta:200ns1
_LM5|_27256K" Htazstns ]
*——LM5L27256K-3*' J—ta=300ns]
128KH16K x8 ]——I M5M27CI28K-2*"J———| ta:;z(mnﬂ
——LM5M270128K** ]—{ ta=250ns ]
——1 M5M27C128Kﬁl—{ ta=300ns]

* % : Under development

MITSUBISHI
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GUIDE TO SELECTION OF IC MEMORIES

MOS EAROMs

Classification Process

| EaROMs H MNOS ]——

Memory capacity Configuration

bits)

{words x bits) Type name

Features

320

1
[

20X 16 M58658P

I—-—-’ ta=20us1

1

512

[

32X16 M58659P**

]—l la=20us—l

L

Lo L

700 50X 14 M58653P H ta=20us I
1400 }———Lwoxm M58657P ta=zoﬂs]

[T

M5G1400P

g ey

* % : Under development
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INDEX BY FUNCTION

M64K-Bit DYNAMIC RAM

DIL
Access | Cycl Power |Low power
Memqry Refresh| time tiyrﬁ: ‘disj dissipation s § Inter-
Type Structure capafqnv i " sipation | Max(mw) Specifications L= changeable Page
(configu- Max | Min | Typ - 85 products
ration) Operating a3
(ns) | (ns) | (mw) time
®128 refresh cycles
3 every 2ms
M5K4164AP-12 120 220 175 275 @®1-pin automatic and 16P4 2—3
self-refreshing
Yes capability ) See
@®CAS input allows -
‘ hidden refresh. hidden page1-12
M5K4164AP-15 150 260 150 250 automatic refresh, 16P4 2—3
64K and hidden self-
refresh operation.
(84K 1) ® 128 refresh cycles )
M5K4164ANP-12 120 220 175 275 every 2ms.
NMOS QQAS input allows
hidden refresh
operation
16P4 2—14
M5K4164ANP-15 N 150 260 150 250 See
° page1-12
M5K4164ANP-20 200 330 125 225 2—24
M5M4416P-12 64K 120 | 220 | 175 275 | @128 refresh oycles
every 2ms 18P4 2—65
M5M4416P-15 (16K 4) 150 | 260 | 150 250 | @ 4-bit configuration
ZIL
Memory s 8 .
§ Access = Inter
Type Structure| capacity | Refresh time Specifications $= | changeable Page
(configu- pin 85 products
ration Max(ns) «°
@ Same electrical characteristics as the
M5K4164AL-12 120 M5K4164AP and ANP-series.
®Package 16pin zig zag in-line _
Yes @5-pin automatic and self-refresh 2—34
M5K4164AL-15 64K 150 capability
NMOS K X 16P5A
M5K4164ANL-12 (64 D 120 @ Same electrical characteristics as the
No M5K4164AP and ANP series. — 2—45
@Package: 16-pin zig-zag in-line
M5K4164ANL-15 150
Chip carrier
Memory ]
: Access oQ Inter-
Type Structure (cCa:)pnafcilgtuy_ Regirﬁsh time Specifications &: % changeable Page
ration) Max(ns) &3 products
® Same electrical characteristics as the
M5K4164AND-12 120 MS5K4164AP aod ANP series
64K ®Package: 18-pin of which two are open See
NMOS No ®Lead pitch: 1.27mm 18D0 2—55
' (64K X1) e®External dimensions:7.2X10.8X1.9mm page1-12
M5K4164AND-15 150
- MITSUBISHI
1-8 ELECTRIC
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INDEX BY FUNCTION

SIL MODULE
Memq;y Access Number 58 Inter-
Type Structure| (oree ¥ | Refresh | time of chip Specifications £ | changeable | Page
ratiog) pin Max(ns) carrier &3 | products
. @®Package: 22-pin SiL
256K Four units configuration
MH6404AD1-15 (64K X 4) (64K X 4-bit) | ®External measurements: 2zS5 - 2—185
7.6%X56X3.5mm
Yes
. . ®@Package: 30-pin SIL
512K Eight units configuration
MHG6408AD-15 (64K X 8) (64K X 8-bit) | ®External measurements: 3085 - 2—206
NMOS 150 8.4X76X7mm
. ®Package: 22-pin SIL
256K Four units configuration
MH6404AND1-15 (64K X 8) (64K X 4-bit) ®External measurements: | 2250 - 2—19%
7.6X56X3.5mm
No
. . ®Package: 30-pin
512K Eight units configuration
MHB408AND-15 (64K X 8) (64K X 8-bit) ®External measurements : 3085 - 2=217
8.4X76X7mm
HM256K-Bit DYNAMIC RAM
DIL
Memory | g| Access | Cyele |l | GBS oy . g8 | nter
Type Structure {configu- 538 time time Typ Max(mWw) Specifications i chancgjjeable Page
ration) | & & |Max(ns)|Min(ns) | (mW) |Operating time &3 | eroducts
@256 refresh cycles
M5M4256P-12° 360 |*20 e 16P4 2—80
120 230 260 ®CAS before RAS
refresh operation
M5M4256S-12 413 capability 16S1 2—110
° ®CAS input allows
" ° hidden refresh
M5M4256P-15 g 330 operation. 16P4 2—80
° 150 260 230
M5M4256S-15 E’ 385 16S1 2—110
M5 M4256P-20* 275 16P4 2—80
200 330 190 s
M5M42565-20 303 1651 =% 2—110
256K page1-12
* @256 refresh cycles
M5M4257P-12 (256K X 1) 360 overy 4ms. 16P4 2—95
120 230 260 ®CAS before RAS
M5M4257S-12 | NMOS 413 e | 1681 2—125
® OQAS input allows
M5M4257P-15* E 330 e 16Pa 2—95
® 150 260 230 -
M5M4257S-15 8 385 16S1 2—125
b4
M5M4257P-20" 275 16P4 2—95
- 200 330 190
M5M4257S-20 303 16S1 2—125
@256 refresh cycles
* every 4ms.
M5M4464P-12** _083 120 230 260 360 @CAS before RAS
refresh operation
256K E capability 18P4 — 2—170
(64K X4) S ®CAS input allows
M5 M4464P-15" €] 150 | 260 | 230 330 | iddenrefresh ope:
@4-bit configuration

% ! New product k3% : Under development

MITSUBISHI
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INDEX BY FUNCTION

ZIL
Memory | § | Acce Cycle | Power |Low power 58 Inter-
Type Structure &?:ﬁg: .§§ an:S A, dns;l;a‘;ion &?;‘zan‘,"w) Specifications &:g changeaclzle Page
- =} roaucts
ration) | @ = [Max(ns)|Min(ns) | (mw) [Operating time €3 | P
M5M4256L-12** © © 120 230 260 360 ®Same electrical
N Ty o0 characteristics as —
M5M4256L-15 8 g 150 260 230 330 the MEMA266P and 2—140
M5M4256L-20** 256K 200 330 190 275 M5M4257P series.
= NMOS ®Package 16-pin 16PSA -
M5M4257L-12 (256K X 1) | o] 120 230 260 360 Zig-zag in line .
M5 M4257L-15 gg 150 260 230 330 2—155
M5M4257L-20"" z 200 330 190 275
Hl16K-Bit STATIC RAM
Typical @
Memory Supply Access Cycle o0 Inter-
Type Structure gir:g;;' configuration voltage diszic::)v;f&)n time time &;5 changeable Page -
(Word X Bit) (V) Typ(mw) | Max(ns) | Min(ns) <3 products
M58725P-15 150 150
2K X 3—3
M58725P 8 250 200 200 |#™ |
M5M2167P-55 55 55
NMOS 16K X1 00 age1-14 3—9
M5M2167P-70 6 4 70 70 |20P4 | P
M5M2168P-55 55 55
KX 0 3—13
M5M2168P-70 aKxa 500 70 70 |20P*
M5M5116P-15 150 150 24P See 3
M5M5116P 200 200 4 | page1-14
M5M5116FP-15 150 150 24P2W — i—3
M5M5116FP 200 200
M5M5117P-15 150 150
M5M5117P 200 200 | 24P4 413
16K 2KX8 5+10% 150
M5M5117FP-15 6 v ® 150 150 w5 18
M5M5117FP 200 200 | 2472W| paget-14
M5M5118P-15 150 150
CMO0Ss 4—23
M5M5118P 200 200 |24P4
M5M5118FP-15 150 150 24P2W 4—28
M5M5118FP 200 200
M5M21C67P-35™" 35 35
M5M21C67P-45" 16K X1 45 45 20P4 — —
M5M21C67P-55"" 200 55 55
M5M21C68P-35™ 35 35
M5M21C68P-45"" 4K X 4 45 45 20P4 — —
M5M21C68P-55"* 55 55
HM64K-Bit STATIC RAM
Memory Memory Supply Power dissipation Access Cycle §§ Inter-
Type Structure capacity configuration | voltage Operating Standby time time X5 changeable Page
(WordXBit)| (V) Typ(mW) | Max(mwW) | Max(ns)| Max(ns)| & 3 | Products
M5M5165P-70*" 70 70 —
M5M5165P-10* 1 100 100 s
M5M5165P-12 120 | 120 °e 14
page1-
M5M5165P-15* 150 150
CcMOS 4 x +109 -
M5M5165P-70C" 64K 8KX8 5+10% 150 70 0 28P4 — 4—33
M5M5165P-10L* 0.55 100 100 s
M5M5165P-12L" , : 120 | 120 °° "
M5 M5165P-15L" 150 | 150 page1-14
% : New product *3% > Under development
MITSUBISHI
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INDEX BY FUNCTION

HEMASK ROM

Memory Memory Supply Léii%?l Access Cycle §§ Inter-
Type Structure capacity | configuration voltage dissipation time time {,:;, changeable Page
(Word X Bit) (V) Typ(mW) | Max(ns) | Min(ns) | <3 products
M5M2364-XXXP 64K 8K X8 200 250 — 28P4 | MK37000 5—3
M5M2365-XXXP 150 — 24P4 | MK36000 5—7
M5M23128-XXXP |NMOS | 128K 16K X 8 250 — ©PD23128 | 5—16
M5M23256-XXXP 256K 32K X8 5+10% 200 — 28P4 MK38000 5—19
M5M231000-XXXP** ™ 128K X8 — — 5—22
M5M23C64-XXXP** 350 — — 5—10
CMOSs 64K 8KX8 1
M5M23C65-XXXP** 00 350 — 24P4 — 5—13
HEPROM
Typical
Memory Supply Access § Inter-
Type Structure copocny |confiauration ol | g&baon | tme vt |outlnes| changeable | Page
orl i \ (mw) Max(ns)
MSL2764K-2 64K | 8Kx8 300 200 i PP B 6—3
M _ -
5L2764K NMOS 250 page1-16
M5L27128K-2 250 200 - — 6—10
M5L27128K ' 250 -
M5M27C128K-2** 128K 16K X8 5+5% 200 — See
M5M27C128K** CMOS ° 160 250 — 2gKa | PR9°1-16 | 619
M5M27C128K-3** 300 —
M6L27256K-2** 200 —
M5L 27256 K** NMOS 256K 32K X8 300 250 — 27256 —
M5L27256K-3** 300 — i27256-3
HMEAROM
Typical
Memory Supply Access Cycle Inter-
Type Structure (l:g;r:g;; configuration | voltage diszav;teiron time t?/rie Zailkizgeg changeable Page
(WordXBit) (V) (mwW) | Max(ns) | Min(ns) products
M58658P 320 20X16 *1 — — 7—15
M58659P** 512 32X16 *1 —_ — —
M58653P MNOS 700 50X14 *1 200 20 us — 14P4 — 7—3
M58657P ¥1 — - 7—9
1400 100X 14
M5G1400P %2 — ER1400 | 7—23
#1 Vgg—Vss=—35V+8% VSS_VGND=5Vt2gZ:
%2 Vgg—Vss=—35V+8%
*% . Under development
' MITSUBISHI
ELECTRIC 1-n
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GUIDE TO INTERCHANGEABILITY

AMD

G |

Mitsubi.shi Adve'mced General Fa'i:ri;;ild Fujitsu Hitachi INTEL INTER§|L
Electric Micro Intel Intersil
Devices Instrument | Semiconductor

M5K4116P-2 Am9016F MB8116H HM4716A-2 2117-2
M5K4116P-3 AmS016E MB8116E HM4716A-3 2117-3
M5K4164AP-12 MB8265A-12 | HM4865AP-12
M5K4164AL-12
M5K4164AP-15 MB8265A-15 | HM4865AP-15
M5K4164AL-15
M5K4164ANP-12 MB8264A-12 | HM4864AP-12
M5K4164ANP-15 MB8264A-15 | HM4864AP-15
M5K4164ANP-20
M5K4164ANL-12
M5K4164ANL-15
M5K4164AND-12
M5K4164AND-15 HM4864CC-2
MH6404AD1-15 ’
MHG6408AD-15

s MH6404AND1-15

< | MH6408AND-15

& [M5Masier-12 MB81416-12

E M5M4416P-15 MB81416-15

< | M5M4256S-12 MB81256-12 HM50256-12

§ M5M4256S-15 MB81256-15 HM50256-15

e M5M4256S-20 HM50256-20
M5M4257S-12 MB81257-12 HM50257-12
M5M4257S-15 MB81257-15 HM50257-15
M5M4257S-20 HM50257-20
M5M4256P-12 MB81256-12 HM50256-12
M5M4256P-15 MBB81256-15 HM50256-15
M5M4256P-20 HM50256-20
M5M4257P-12 MB81257-12 | HM50257-12
M5M4257P-15 MB81257-15 HM50257-15
M5M4257P-20 HM50257-20

M5M4256L-12

M5M4256L-15

M5M4256L-20

M5M4257L-12

M5M4257L-15

M5M4257L-20

M5M4464P-12

M5M4464P-15

1—12
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GUIDE TO INTERCHANGEABILITY

MOTOROLA
MOSTEK Motorola NSC Nippon _ T ,
Mostek Semiconductor National Electric Oki Texas Toshiba Remarks
products Semiconductor Instruments
MK4116-2 MCM4116-15 MM5290-2 «PD416-3 TMS4116-15 TMM416P-2
MK4116-3 MCM4116-20 MM5290-3 nPD416-2 TMS4116-20 TMM416P-3
MK4164N-15
»PD4164C-12
MK4564N-15 uPD4164C-15 TMS4164-15NLJ| TMMA4164P-3
TMS4416-15
MK4556-12 MSM41256-12 TMM41256C-12
MK4556-15 #PD41256C/D-15 MSM41256-15 TMM41256C-15
MK4556-20 1«PD41256C/D-20] MSM41256-20
MCMB6257-12 MSM41257-12
MCM6257-15 «PD41257C/D-15 MSM41257-15
u#PD41257C/D-20] MSM41257-20
MK4556-12 MSM41256-12 TMM41256C-12
MK4556-15 «PDA41256C/D-15 MSM41256-15 TMM41256C-15
«PDA41256C/D-20] MSM41256-20
MCM86257-12 MSM41257-12
MCM6257-15 «PD41257G/D-15 MSM41257-15
«PD41257C/D-20] MSM41257-20
MITSUBISHI
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GUIDE TO INTERCHANGEABILITY

AMD
. . AMI FSC
Devices Microsystems [Semiconductor|
M58725P-15 MB8128-15
M58725P
M5EM2167P-55 Am2167-55 MB8167A-55 | HM6167H-55 | i2167-55
M5M2167P-70 Am2167-70 MB8167A-70 | HM6167H-70 | i2167-70
M5M2168P-55 MB8168-55 HM6168H-55
M5M2168P-70 MB8168-70 HM6168H-70
M5M5116P-15 MB8417-15
M&5M5116P MB8417-20
M5M5116FP-15
M&EM5116FP
s M5M5117P-15 MB8416-15 HM6116L-3
< | MBM5117P MB8416-20 HM6116L-4
g M5M5117FP-15 HM6116LFP-3
= | MBM5117FP HM6116LFP-4
ﬁ M5M5118P-15 HM6117LP-3
@ M&5M5118P MB8418-20 HM6117LP-4
M5M5118FP-15 HM6117LFP-3
M5M5118FP HM6117LFP-4
M5M5165P-70
/P-70L
M5M5165P-10 HM6264P-10
/P-10L /LP-10
M5M5165P-12 MB8464-12 HM6264P-12
/P-12L /-12L JLP-12
M5M5165P-15 MB8464-15 HM6264P-15
/P-15L /-15L /LP-15
Mitsubishi Ad'::'nIZed AMI Fsc . . . INTEL INTERSIL
Electric Micro ft\merican F?irchild Fujitsu Hitachi Intel Intersil
Devices Microsystems |[Semiconductor|
M5M2364 -XXXP
S | M6M23C64-XXXP
€ | M5M2365-XXXP
¥ | M5EM23C65-XXXP
2’ M5EM23128-XXXP
2 [M5M23256-XXXP
M5M231000-XXXP

1—14
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GUIDE TO INTERCHANGEABILITY

MOTOROLA
MOSTEK Motorola NSC Nippon Oki ! Toshiba Remark
i emarks
Mostek | Semiconductor National Electric Texas
products Semiconductor Instruments
»PD4016C-3 MSM2128-15 TMM2016P
«PD4016C-2 MSM2128-20 TMM2016P-2
«PD2167D-3
»PD2167D-2
uPD447C-3 MSM5127-15RS
©«PD447C-2 MSM5127-20RS TC5516AP
TC5516AFP
©PD446C-3 MSM5128-15RS
©PD446C-2 MSM5128-20RS TC5517AP
TC5517AFP
©«PD449C-3 MSM5129-15RS
©PD449C-2 MSM5129-20RS TC5518BP
TC5518BF
MSM5165-12RS TC5565P-12
/PL-12
©PDA4364C-15/ | MSM5165-15RS TC5565P-15
C-15L.(150ns)
#PD4364C-20/ /PL-15
C-20L (200ns)
MOTOROLA T
NSC
MOSTEK Motorola Nippon .
. Oki Toshiba Remarks
Mostek Semiconductor N.atlonal Electric | :’exas t
products Semiconductor nstruments
MK37000
MK36000 ) 24pin
nPD23128
MK38000
28pin
MITSUBISHI
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, AMD
"Mitsubishi Advanced AMI FsC INTEL | INTERSIL
Electric Micro American Fairchild Fujitsu Hitachi Intel Intersil
Devices Microsystems [Semiconductor|
M5L2764K-2 MBM2764-20 D2764-2
M5L2764K MBM2764-25 | HN482764G | D2764
MS5L27128K-2 ‘
s | M5L27128K Am27128-25 MBM27128-25) HN4827128-25 | D27128
o |mMsm27c128Kk-2
& [mMsm27c128K MBM27C128-25 D27128
Y 'MsmM27c128K-3 MBM27C128-30
M5L27256K-2
| msL27256K D27256
M5L27256K-3 D27256-3
AMD
Mitsubishi Advanced AMI FsC o INTEL | INTERSIL
Electric Micro American Fairchild Fujitsu Hitachi Intel Intersil
Devices Microsystems {Semiconductor|
M58653 P
2 | M58657P
2 'msG1a00p
< [ms8658P
M58659P

1—16
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GUIDE TO INTERCHANGEABILITY

MOTOROLA NSC n
MOSTEK Motorol i .
‘o orola National Nippon Oki Texas Toshiba Remarks
Mostek Semiconductor Electric
Semiconductor Instruments
products
TMM2764D-2
MK2764-8 «PD2764D MSM2764AS TMM2764D
«PD27128D-2 TMM27128D-20
«PD27128D TMM27128D-25
MOTOROLA
MOSTEK Motorola NSC Nippon m Gl
. National P ] Oki Texas Toshiba General
Mostek Semiconductor ) Electric Inst
products Semiconductor Instruments nstrument
ER1400
MITSUBISHI
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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
M5 8 25 P - 1

Example:

M: Mitsubishi integrated circuit prefix

Temperature range
s: Standard industrial/commercial
(0 to 70/75°C or —20 to 85°C).

9: High reliability

Series designation using 1 or 2 alpha-
numeric characters.

01~09: CMOS

1: Linear circuit

3: TTL

10—-19: Linear circuit

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

TTL

CMOS

P-channel silicon-gate MOS
P-channel aluminum-gate MOS
N-channel silicon-gate MOS
P-channel aluminum-gate ED-MOS
CMOS

DTL

Schottky TTL (equivalent to
Texas Instruments’ SN74S
series)

41~47;
84 :

85 :

86 :

87

88 :

89 :

9:
S$0~S2:

Circuit function identification code using 2
digits.

Package style
K: Glass-sealed ceramic
P: Molded plastic
§: Metal-sealed ceramic
D: Chip carrier

LElectrical characteristic identification code
using 1 or 2 digits.

1—18
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ORDERING INFORMATION

For Second Source Products
Example: M _.? M 4256 _Pr -12

M: Mitsubishi integrated circuit prefix

Temperature range

5. Standard industrial/commercial
(0 to 70/75° C or —20 to 85°C)

9: High reliability

Series designation of original source
using 1 or 2 alphabetical characters.
C: Motorola’s MC series

General Instrument’s series

Mostek's MK series

Intel’s series

Mitsubishi electric

Texas Instruments’ TMS series
: Western Digital’s series
Circuit function identification code of the
original source type name

sH2rxo

Package style

K: Glass-sealed ceramic
P: Molded plastic

S: Metal-sealed ceramic

Electrical characteristic identification code
using 1 or 2 digits.

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

Example: 24 _I[’_ 4

Number of pins

Package structure
D: Ceramic chip
K: Glass-sealed ceramic
P:  Molded plastic
S: Metal-sealed ceramic

Package outline

0: Leadless
1: DIL without fin
2: Flat without fin
4. DIL without fin (improved)
5: SIL without fin
SA: ZIL without fin

MITSUBISHI
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PACKAGE OUTLINES

TYPE 14P4 14-PIN MOLDED PLASTIC DIL Dimensions in mm

+0.5
]9—0.2

M rlri

O

| S R N N [ SN [ N (i SN S |

6.3%+0.15

7.62+0.3

L )\

2.54%+0.25

TYPE 16P4 16-PIN MOLDED PLASTIC DIL Dimensions in mm

6.3%+0.15

7.62%0.3

inl 4.50Ax
o

0.5MIN | 3MIN

2.5430.25 1] 0.5
T

MITSUBISHI
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PACKAGE OUTLINES

TYPE 16S1 16-PIN METAL-SEALED CERAMIC DIL Dimensions in mm

20. 32MAX

1. 27MAX 8. 15MAX
e
inigigiy 4.2mAx
0. 55MIN
2.5MIN
2.5440.25 0.46=0. 1
TYPE 16P5A 16-PIN MOLDED PLASTIC ZIL Dimensions in mm
+0.5
20.15 73 2.8+0.2
l*——:_l 1.240.1
f
T -
0y
[=¥=1 n
O O 377 |
2 o
I
o)
ozt 1
OE \
z !
3 +0.07
A o 0.27 75 of
1.2740.25 0.5 ¢ 3 1.24+0.2
1
| 2.55+0.3
E— p————————

MITSUBISHI
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PACKAGE OUTLINES

TYPE 18P4 18-PIN MOLDED PLASTIC DIL

24

+0.5
—0.2

=]
[—'l[_ll_llﬁ[‘—]l_'lI'_II_—ll'_l’l

L
=1
O | #
o
CJT (J LI LT J0J0LJd
£ Y
4. 5SMAX
|

0.5MIN | 3pin

Dimensions in mm

7.62%0.3

+0.07
i %27 —0.05

I
0.50.1 7.6~10
1-5’:8:? 2.542+0.25
TYPE 18D0 18-PIN LEADLESS CHIP CARRIER Dimensions in mm
7.2+0.3 2. IMAX ' 5.0
3.81%0. 1
1.27£0.1

@ B0 @

i
— —
H ~
| | - o
= ' E6)
- = ® xSRBS
5 5 iy 83
= = CPE ®F
| = @ @
y ]

1—22
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PACKAGE OUTLINES

TYPE 20P4 20-PIN MOLDED PLASTIC DIL Dimensions in mm

+0.5
24 55

N T Y s N B s B e B e B s O o B o |

O

UL I L T LT T T T

6.3%0.15

7.62+0.3

E_-;

J]\ 4.5MAX I ‘
A |
! L
' +0.07
0.5MIN | 3MIN _J 0.27 Zg' 05 |
0.5+0. 1 ] |5 +0.3 | +0.3
2.54+0.25 —0.1 ' —o0.1 7.6~10
~|
TYPE 22S5 22-PIN CHIP CARRIER Dimensions in mm
55.88+0. 8 4.02MAX

i e
} 10.8 1.5240.3
| 1-52

__*.

0.3%0.1

:—ﬁ
1
I

= |_!

7.2
7.6+0. 25

ARARRRARAR HUHHH

8.6MAX

=
0. 25MIN
>}

13. OMAX

0.5+0.1 2.54+0.3
1. 27MAX ’ 53.34%0.3

2.5MIN

MITSUBISHI
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PACKAGE OUTLINES

TYPE 24P4 24-PIN MOLDED PLASTIC DIL

OO0 A00000M0M[00

O O

13+0.15

duduudouuoudugutdy

2.8MIN

5. 5SMAX ‘l \ HIER /?

Dimensions in mm

15.24+0.3

+0.07
0.27 0.05

15.2~17

TYPE 24P2W 24-PIN MOLDED PLASTIC FLAT

O
O
TEREEELELE

Dimensions in mm

/g e E—
0.5+0.2 L g ;‘
z | +
11.9340.3 g g
MITSUBISHI
ELECTRIC
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PACKAGE OUTLINES

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

+0.5
367705

nnnnnnnnnnnnnl:‘

) O O

ooououuoogougooguyg

13%0.15

15.24+0.3
+0.07
0.27
: —0.05
i 22.54i0‘25 0.50. 1
-t . 2+0f3 15.2~17
—0.1

TYPE 28K1 28-PIN GLASS-SEALED CERAMIC DIL WITH TRANSPARENT LID
Dimensions in mm

37. 1MAX -

r["'l oo nn I"L['LIIlELEU'J—| _

| O

13. 6MAX J

oo ouuuouny

16MAX

5. IMAX
3.5MIN
- +0.07
‘ 0.56MAX J 0-25 —0.05
- ! ~———
2.540.3 13040, 2 15.2~17
MITSUBISHI
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PACKAGE OUTLINES

TYPE 28K4 28-PIN GLASS-SEALED CERAMIC DIL WITH TRANSPARENT LID
Dimensions in mm

+
L 36.7+0.6

Ff\f\f\f\f\f\."\f\f\_ﬁf\f\(’\n\

O

.
UUUUUUUUUUUUUU

14.5%0.4

15.24+0.3
2. 54MAX
91——&— 0.5MIN
4.5MAX 5. TMAX : —
_v
+0.07
|3.0mIN 0.2518-97

N :
2.547+0.25
—_—
(1.3) (0.81) 0.46+0. 1
—=t
(33.02) 15.2~17

TYPE 30S5 30-PIN CHIP CARRIER Dimensions in mm

75.94+%1.2 7. 7TMAX

~ le |
@m 0 0 0 .
‘2.54t0.3

ILARLE NI u IIRAALREN| l_] [ VvUuTT 7 I—] JIRAARLEEE

25MIN

8.38+0.5

9. BMAX
15. 5SMAX

o~
S
il

2.5MIN

73.66+0. 3 1. 27MAX

500 ) U AL LA L
O O m

R1.27 10.8 C0.5

MITSUBISHI
1—-26 ELECTRIC



LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

MITSUBISI’" LSls

1. INTRODUCTION

A system of letter symbols to be used to represent the
dynamic parameters of intergrated circuit memories and
other sequential circuits especially for single-chip micro-
computers, microprocessors and LSls for peripheral
circuits has been discussed internationally in the TC47
of the International Electrotechnical Committee (IEC).
Finally the IEC has decided on the meeting of TC47 in
February 1980 that this system of letter symbols will be
a Central Office document and circulated to all countries
to vote which means this system of letter symbols will
be a international standard.

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

2. LETTER SYMBOLS

The system of letter symbols outlined in this document
enables symbols to be generated for the dynamic para-
meters of complex sequential circuits, including memo-
ries, and also allows these symbols to be abbreviated to
simple mnemonic symbols when no ambiguity is likely
to arise.

2.1. General Form

The dynamic parameters are .represented by a general
symbol of the form:-

L NT= T 0 Yo) | SO (1)

where :

Subscript A indicates the type of dynamic parameter
being represented, for example; cycle
time, setup time, enable time, etc.

Subscript B indicates the name of the signal or terminal
for which a change of state or level (or
establishment of a state or level) con-
stitutes a signal event assumed to occur
first, that is, at the beginning of the time
interval. If this event actually occurs last,
that is, at the end of the time interval,
the value of the time interval is negative.

Subscript C indicates the direction of the transition
and/or the final state or level of the signal
represented by B. When two letters are
used, the initial state or level is also indi-
cated.

Subscript 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(B-D)
or tam)
or TA(D) — often used for hold times
or tar — no brackets are used in this case
or ta

or tBc—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 possible, some form of
mnemonic representation is used. Longer letter symbols
may be used for specialised signals or terminals if this
aids understanding.

3. SUBSCRIPT A

(For Type of Dynamic Parameter)

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

MITSUBISHI
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

b) those that are characteristics of the memory.
The letter symbols so far proposed for memory circuits
are listed in sub-clauses 3.1 and 3.2 below.

All subscripts A should be in lower-case.

3.1. Timing Requirements

The letter symbols for the timing requirements of semi-
conductor memories are as follows :

Term Subscript

Cycle time c
Time interval between two signal events d
Fall time f
Hold time h
Precharging time : pc
Rise time r
Recovery time rec
Refresh time interval rf
Setup time su
Transition time t
Pulse duration (width) w

3.2. Characteristics

The letter symbols for the dynamic characteristics of
semiconductor memories are as follows :

Characteristic Subscript
Access time a
Disable time dis
Enable time en
Propagation time p
Recovery time rec
Transition time t
Valid time v

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)

The letter symbols for the signal name or the name of
the terminal are as given below.

Erasure ER
Output enable G
Program PR
Data output Q
Read R
Row address RA
Row address strobe RAS
Refresh RF
Read/Write RW
Chip select S
Write (write enable) w

Note 1: In the letter symbols for time intervals, bars over the sut;SCYiptS, for ex-
ample CAS, should not be used.

: It should be noted, when further letter symbols are chosen, that the sub-
script should not end with H, K, V, X, or Z. (See clause 5)

. If the same terminal, or signal, can be used for two functions (for example
Data input/output, Read/Write) the waveform should be labelled with the
dual function, if appropriate, but the symbols for the dynamic parameters
should include only that part of the subscript relevant to the parameter.

N

w

5. SUBSCRIPTS C AND E

(For Transition of Signal)

The following symbols are used to represent the level or
state of a signal :

Transition of signal Subscript
High logic level H
Low logic level L
Valid steady-state level (either low or high) \)
Unknown, changing, or ‘don’t care’ level X
High-impedance state of three-state output z

The direction of transition is expressed by two letters,
the direction being from the state representéd by the
first letter to that represented by the second letter, with
the letters being as given above.
When no misunderstanding can occur, the first letter
may be omitted to give an abbreviated symbol for sub-
scripts C and E as indicated below.
All subscripts C and E should be in upper-case.
Subscript
Examples Full Abbreviated

Transition from high level to

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 \Y,
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 \
Data input/output DQ Note:  Since subscfripts C and E rnay be abbreviated, and Vsir‘\ce subscripts B and D
. may contain an indeterminate number of letters, it is necessary to put the
Chlp enable E restriction on the subscripts B and D that they should not end with H, L,
V, X, or Z, 50 as to avoid possible confusion.
MITSUBISHI
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6. SUBSCRIPT F (For Additional Information)

If necessary, subscript F is used to represent any addi-
tional qualification of the parameter such as mode of
operation, test conditions, -etc. The letter symbols for
subscript F are given below.

Subscript F should be in upper-case.

Modes of operation 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 7 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 value
IeB Supply current from Vgg
1BB(AV) Average supply current from Vgg
lce Supply current frt;m Vee
lco(av) Avarage supply current from Vcc
lco(PD) " Power-down supply current from Vce
lop Supply current from Vpp
IpD(AV) Average supply current from Vpp
lgg Supply current from Vgg
lgG(av) Average supply current from Vgg
Iy Input current
H High-level input current—the value of the input current when Vo is applied to the input considered
L Low-level input current—the value of the input current when Vg is applied to the input considered
1oH 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 Oft-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 Off-state (high-impedance state) output current, with low-level voltage applied to the output
los Short-circuit output current
Iss Supply current from Vgg
Pd Power dissipation
New Number of erase/write cycles
NRA Number of read access unrefreshed
R; Input resistance ‘)
Ry External load resistance !
RoFF Off-state output resistance
Ron On-state output resistance
ta Access \ime—th.e time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output
ta(a) ta(ap) 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 (E) ta (CE) Chip enable access time
ta(e) 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
ter tc(ro) Read cycle time—the time interval between the start of a read cylce and the start of the next cycle
toRF tc (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(pa) Page-mode cycle time
tcrRMW tc (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 tc(WR) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle
MITSUBISHI
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Former symbol

Parameter—definition

td

td(g)

td (cas-RAS)
1d (cas-w)
td (Ras-cas)
1d (ras-w)
tdis(r-Q)
tdis (s)
tdis (w)
toHL
toLH
ten(a-Q)
ten(r-o)
ten(s-)
tf

th

th(a)
th(a-g)
th(a-PR)
th(cas-ca)
th(cas-D)
th(cas-q)
th (cas-Ras)
th(cas-w)
th(o)
th(p-pR)
the)
th(e-p)
th(e-a)
th(r)
th(ras-ca)
th(ras-cas)
th(ras-D)
th(ras-w)
th(s)
th(w)
th(w-cas)
th(w-b)
Th(w-Ras)
teHL
tPLH

ir

trec(w)
trec(pp)

tsu

tsu(a)
tsu(a-g)
tsu(a-w)

tsu(ca-ras)

td(cas-wRr)

td (ras-WR)
tdis (R-DA)
tpxz(cs)

tPxz(WR)

tPzv(A-DQ)
tPzv(R-DQ)
tPzx(cs-0g)

th(ap)
th(ap-ce)
th(ap-PRO)

th(cas-pa)
th (cas-ouT)

th(cas-wr)
th(pa)
th(pa-PrRO)
th(ce)
th(ce-pa)
th(ce-oE)
th(rp)

th(ras-pA)
th(RAs-wR)
th(cs)
th(wr)
th(wr-cas)
th(wr-DA)
th(wr-Rras)

twr

tr(PD)

tsu(ap)
tsu(ap-cEe)

tsu(ap-wr)

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

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

Delay time, column address strobe to row address strobe

Delay time, column address strobe to write

Delay time, row address strobe to column address strobe

Delay time, row address strobe to write

Output disable time after read

Output disable time after chip select

Output disable time after write

High-level to low-level delay time the time interval between specified reference points on the input and on the output pulses, when the

Low-level 10 high-level delay time output is going to the low (high) level and when the device is driven and loaded by specified networks.

Qutput enable time after address

Qutput enable time after read

Output enable time after chip select

Fall time

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

Address hold time

Chip enable hold time after address

Program hold time after address

Column address hold time after column address strobe

Data-in hold time after column address strobe

Data-out hold time after column address strobe

Row address strobe hold time after column address strobe

Write hold time after column address strobe

Data-in hold time

Program hold time after data-in

Chip enable hold time

Data-in hold time after chip enable

Output enable hold time after chip enable

Read hold time

Column address hold time after row address strobe

Column address strobe hold time after row address strobe

Data-in hold time after row address strobe

Write hold time after row address strobe

Chip select hold time

Write hold time

Column address strobe hold time after write

Data-in hold time after write

Row address hold time after write

High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the

. X output is going to the low (high) level and when the device is driven and loaded by typical devices

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

Rise time

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

Power-down recovery time

Setup time—the time interval between the application of a signal which is maintained at a speciifed input terminal and a consecutive active
tarnsition at another specified input terminal

Address setup time

Chip enable setup time before address

Write setup time before address

Row address strobe setup time before column address

MITSUBISHI
ELECTRIC v 1-31



MITSUBISHI LSIs

SYMBOLOGY

tsu (ra-cas)
tsu(s)
tsu(s-w)
tsu(w)
tTHL
trin
tv(a)
tv(e)
tv(e)pr
tv(e)
tv(pPR)
tv(s)
tw
tw(e)
tw(en)
tw(ew)
tw(pr)
twr)
twes)
tww)
twig)
Ta
Topr
Tstg
Ves
Vee
Voo
Vae
\

ViH
ViL
Vo
Vo
VoL
Vss

New symbol |Former symbol Parameter—definition
tsu(D) tsu (DA) Data-in setup time

tSu(D-E) tSLI(DA-CE) Chip enable setup time before data-in
tsu(p-w) |tsu(pa-wm)| Writesetup time before data-in

tsu(g) tsu(ce) Chip enable setup time

tsu(e-p) |tsu(ce-p) Precharge setup time before chip enable
tsu(c-E) tsu(oe-ce)| Chip enable setup time before output enable
tsu(p-E) tsu (P-CE) Chip enable setup time before precharge
tsu(pp) Power-down setup time

tsu(r) tsu(rD) Read setup time

tsu(r-cas) tsu(ra-cas) Column address strobe setup time before read

tsu(cs)
tsu(cs-wRr)

tsu(wr)

tdv (aD)
tdv (ce)
tv(ce)PR
tv(oE)

tv(cs)

tw(cE)
tw(cen)
tw(eL)

tw(rD)
tw(cs)
tw(wR)

. Data valid time after chip enable

Column address strobe setup time before row address

Chip select setup time

Write setup time before chip select

Write setup time

High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse wh‘en the output is
going to the low (high) level and when a specified input signal is applied through a specified network and

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

Data valid time after address

Data valid time after chip enable in program mode

Data valid time after output enable

Data valid time after program

Data valid time after chip select

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

Chip enable high pulse width

Chip enable low pulse width

Program pulse width

Read pulse width

Chip select pulse width

Wrtie pulse width

Clock pulse width

Ambie;wt temperature

Operating temperature

Storage temperature

Vgg supply voltage

Vec supply voltage

Vpp supply voltage

VGG supply voltage

Input voltage

High-level input voltage—the value of the permitted high-state voltage at the input
Low:level input voltage—the value of the permitted low-state voltage at the input

Output voltage

High-level output voltage—the value of the guaranteed high-state voltage range at the output
Low-level output voltage—the valué of the guaranteed low-state voltage range at the output

Vgs supply voltage

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

rapid, with increasing density and speed accompanied by
decreasing cost. Because of these advances, it is now
practical and economically justifiable to use these devices
in systems of greater complexity and in which they were
previously considered too expensive. All of these advances
add up to increased demand.

We at Mitsubishi foresaw this increased demand and
organized our production facilities to meet it. We also
realized that simply increasing production to meet the
demand was not enough and that positive steps would have
to be taken to assure the reliability of our products.

This realization resulted in development of our Quality
Assurance System. The system has resulted in improved
products, and Mitsubishi is able to supply its customers’
needs with |Cs of high reliability and stable quality. This
system is the key to future planning for improved design,
production-and quality assurance.

2. QUALITY ASSURANCE SYSTEM
The Quality Assurance System imposes quality controls

on Mitsubishi products from the initial conception of a
new product to the final delivery of the product to the
customer. A diagram of the total system is shown in Fig. 1.
For ease of understanding, the system is divided into three
stages.

2.1 Quality Assurance in the Design Stage

The characteristics of the breadboard devices are carefully
checked to assure that all specifications are met. Standard
integrated circuits and high-quality discrete components are
used. During the design stage, extensive use is made of a
sophisticated CAD program, which is updated to always
include the latest state-of-the-art techniques.

2.2 Quality Assurance in the Limited-
Manufacturing Stage
Rigid controls are maintained on the environment, incom-
ing material and manufacturing equipment such as tools
and test equipment. The products and materials used are
subjected to stringent tests and inspections as they are
manufactured. Wafer production is closely monitored.
Finally, a tough quality assurance test and inspection is
made before the product is released for delivery to a
customer. This final test includes a complete visual inspec-
tion and electrical characteristics tests. A sampling
technique is used to conduct tests under severe operating
conditions to assure that the products meet reliability
specifications. )

2.3 Quality Assurance in the Full Production Stage
Full production of a product is not started until it has been
confirmed that it can be manufactured to meet quality and
reliability specifications. The controls, tests and inspection

procedures developed in §2.2 are continued. The closest
monitoring assures that they are complied with.

3. RELIABILITY CONTROL

3.1 Reliability Tests

The newly established Reliability Center for Electronic
Components of Japan has established a qualification system
for electronic components. Reliability test methods and
procedures are developed to mainly meet MIL-STD-883
and JIS C 7022 specifications. Details of typical tests used
on Mitsubishi ICs are shown in Table 1.

Table 1 Typical reliability test items and conditions

Group Item Test condition

High temperature Maximum operating ambient 1000h
operating life temperature
High temperature K

1 storage life Maximum storage temperature 1000h
Humidity (steady o
state) life 85°C 85%RH 500h
Soldering heat 260°C 10s

2 Thermal shock 0~ 100°C 15 cycles, 10min/cycle
Temperature Minimum to maximum storage temperature

cycle 10 cycles of 1h/cycle

Soldering 230°C, 5s, use rosin flux

Tension: 500g 10s

Bending stress: 250g, 90°, 2 tme

20G, X, Y, Z each direction, 4 times

100 ~ 2000Hz — 4 min/cycle

Shock ;)i?r?w(e;sio'sms in X,.Y, and Z, direction,

Lead integrity

3 Vibration

Constant

acceleration 20000G, Y, direction, 1 min

3.2 Failure Analysis
Devices that have failed during reliability or acceleration

tests are analyzed to determine the cause of failure. This
information is fed back to the process engineering section
and manufacturing section so that improvements can be
made to increase reliability. A summary of failure analysis
procedures is shown in Table 2.

Table 2 Summary of failure analysis procedures

Step Description

o Inspection of leads, plating, soldering and welding

o Inspection of materials, sealing, package and marking

o Visual inspection of other items of the specifications

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

1. External
examination

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

ment
2. Electrical o Observation of characteristics by a synchroscope or a
tests curve tracer and checking of important physical

characteristics by electrical characteristics
o Stress tests such as environmental or life tests,
if required

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

o Checking of the silicon chip surface

o Measurement of electrical characteristics by probes,
if applicable

o Use of SEM, XMA and infrared microscanner
if required

3. Internal
examination

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

o Slicing for cross sectional inspection

o Analysis of oxide film defects

o Analysis of diffusion defects

4. Chip analysis

MITSUBISHI
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Fig.1 Quality assurance system
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TYPICAL RESULTS OF RELIABILITY TESTS
AND FAILURE ANALYSES

1. Results of Reliability Test

Formerly, sufficient reliability for memory MOS LSls was
obtained by using metal-sealed ceramic packages, but with
the development of high-reliability plastic molding tech-
nology, production has been shifted to plastic molded
memory MOS LSls.

The following tests are performed:

(1) Operating life test: Durability is tested at high temper-
ature under operating state conditions by applying
clock pulse inputs as shown in Fig. 2.

(2) DC biased test: Durability is tested at high temperature
biasing DC voltage, as shown in Fig. 3.

(3) High temperature storage: The durability of devices
stored at high temperatures is tested.

Typical results of memory MOS LS| life tests are
shown in Table 3. The failure rate computed from this
reliability data using an appropriate acceleration factor is
100FIT or less (1FIT = 107° /hour)

Fig. 2 Operating life test procedure for 266K-bit dynamic

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

e 0 R L I

VocW S, Ag Ag Ap1OE Aqg Sy DQgDQ70QDQ5DQ4

—OVee
(5.5V)

M5M5165P

NC Aj, A7 Ag As Ay Az Ap Ay Ag DQ1DQ2DQ3GND

Table 3 Examples of Endurance Test Results

RAM Type Package Test category Sas';:‘e C"T:::e"‘ Failures| Remarks
PIN CONFIGURATION (TOP VIEW) 200| 200000.| 0
Vss CAS DourAs A3 As As A7 16 pin | Operating e Functional
MSMa2s6P | P e | life 5000 | 480000 | 2 | (yijures
M5M4257P | molded . Functional
DIL 150°C| 200 | 200000 | 1 | :teron
High
M5M4256P temperawre | 150°C| 200 | 200000 | O
storage
) 4
MG EIEE 16500 | gy | | 0] 00| 0
— M5M42565 | Metal- i
AgDiy R/W RAS Ag A1 A2 Vec %S | geaea | T sos6 | 235440 | 3 | Funetiona
_ M5M4257S ceramic failures
Diw=DATA IN o i
RAS=ROW ADDRESS STROBE e R R I
CAS=COLUMN ADDR TRO 16 pin Operating , Functional
DRESS S BE M5K4164AP pmsﬁc_ e 125°C{ 1200 [ 1200000 | 1 | oee™
R/W=READ/WRITE ik toannp| moided [
Dour=DATA OUT DIL ;f;ng;awve 150°C|{ 300 | 300000 0
OPERATING LIFE TEST CONDITIONS . Operati 80| 480000 | o
2! p|n perating .
600ns wewsigse | PEStE | e 125°¢ , P
150ns . 200ns 250ns molded 53241 212960 | 2 (ijyre
DIL T
| temperature | 150°C| 100| 100000 | 0
ﬁg storage
20 pin Operating |, ,c.c Functional
MsM2167P | [ocie | ife 640 | 640000 | 1 (e
r— molded High
mem2igee | T temperature | 150°C| 320 | 320000 | 0
CAS storage :
I?f‘;era"“g 125°c| 172 172000 | ©
M5M5116P | 24 pin
Ao~As X Msms117p | Plastic- | DC 125°C| 160 | 160000 | 0
molded biased
msmstige | 1 oo
temperaiure | 150°C| 160 | 160000 | 0
lorage
R/W op: -
28 pin rating . Functional
glass-sealed life 125°C| 364 | 364000 1 'at;ilr\:c'elona
M5L2764K | ceramic i
D DIL with temperature | 150°C| 144 | 144000 | 0
IN s storage
All : - 28 pin Operatin y
address including the A, to Ag row addresses and | ‘ 9 |125°Cc| 264 | 264000 0
column addresses are cycled through in binary sequence M5L27128K 9 E‘?S‘d life
such that the entire 256K bits are accessed. seal em'c High
Vss=ViL=0V, Vcc=6. 0V, Vju=5.0V o lemperature | 150°C| 144 | 144000 | 0
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Table 4 Examples of Environmental Test Results

Test category Test conditions Type Sample size Failures Remarks
Soldering heat 260°C, 10s M5M4256P ) .
Thermal M5M4257P
environ- | Thermal shock —55'C~125°C, 10min/cycle, ‘15 cycles M5M4256S 1,000 0 -
MM [Temperature cycling —65°C ~150°C, 1h/cycle, 100cycles M5M4257S
mig?& S"IIOCk- 1,500G 0.5ms X, Y, and Z; .dire?tions, 3 times M5M4256S o0 .
environ- \C/;t::t::: 20G, 20~200,0Hz. X, Y, artd Z directions M5M4257S ,
ment Comstent on 30000G, Y; direction for Tmin
CONCLUSION

Mitsubishi Electric’s Quality Assurance System is being
expanded to provide stronger emphasis on the following
points:

1. Establishment of quality and reliability levels that
satisfy customers’ requirements.

2. Expansion of the reliability tests of wafers and assembly
processes for better evaluation, and standardization of
circuit and design rules.

3. Establishment of procedures for speeding up the intro-
duction of new technology and improved methods that
raise reliability and to improve the accelerated life tests
for better failure analysis.

4. Establishment of a system for collecting data on failures
in the field, which will then be analyzed to develop
improved methods for increasing reliability.

We welcome and appreciate the cooperation of our
customers in developing design specifications, establishing
quality levels, controlling incoming inspections, developing
assembly and adjusting processes and collecting field data.
Mitsubishi is anxious to work with its customers to develop
ICs of increased reliability that meet their requirements.

' MITSUBISHI
1-36 ELECTRIC



MITSUBISHI LSIs

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/LSlIs 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 following recommenda-
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
fields of the surrounding space or from charged objects
in their vicinity. For this reason, MOS IC/LSIs 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/LSls

. The printed wiring lines to input and output terminals

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

. 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/LSls, 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 to ground it. This is considered
necessary even for battery-operated equipment.

MITSUBISHI
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M5K4164AP-12, -15

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

DESCRIPTION
PIN CONFIGURATION (TOP VIEW)
This is a family of 65 536-word by 1-bit dynamic RAMs,
fabricated with the high performance N-channel silicongate
MOS process, :{nd is ideal for |arge-.ca.pac!ty memory cermioH neLT REF E"—\J_E Vs (0V)
systems where high speed, low power dissipation, and low e COLUMN ADDRESS
costs are essential. The use of double-layer polysilicon oATA INPUT D (] [Ele- CAS S5 MM RRORES
process technology and a single-transistor dynamic storage CONTROL Y&%‘J% W"E E ]+ Q DATA OUTPUT
cell privide hugh f:ircgit d'ensity-at reduced co.s.ts, and the SP%?ED%ES? st..E § e As
use of dynanf|c.c1rc.:u|try unc!udmg sense amghfrers assurgs Ao*@ § e A
low power dus'snpat'non..MuItnplexed address mguts permit ADORESS INPUTS | A7 (5] > e As | ADDRESS NPUTS
both a reduction in pins to the standard 16-pin package T
configuration and an increase in system densities. The A [0+ As
M5K4164AP operates on a 5V power supply using the (V) veoe [B [9)e- A7
on-chip substrate bias generator.
FEATURES Outline 16P4
e High speed
Access time Cycle time Power dissipation ® Output is three-state and directly TTL-compatibIe
Type name {max) (min) (typ)
(ns) (ns) (mW) ® 128 refresh cycles every 2ms
M5K4164AP- 12 120 220 175 (16K dynamic RAMs M5K4116P, S compatible)
M5K4164AP-15 150 260 150 ® CAS controlled output allows hidden refresh
® Output data can be held infinitely by CAS

® Single 5V+10% SUDD'Y o ® Pin 1 controls automatic- and Self-refresh mode.
® Low standby power dissipation: ~ 22mW (max) ® Interchangeable with Fujitsu MB8265A and Motorola’s
® Low operating power dissipation: 300mW (max) MCMB6664 in pin configuration
@ Unlatched output enables two-dimensional chip selec-

tion and extended page boundary APPLICATION

-wri i i ilit . .

e Early wntg oper?tlon gives common |/O capability Main memory unit for computers
@ Read-modify-write, RAS-only refresh, and page-mode

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

BLOCK DIAGRAM : : : ]

DATA INPUT D -
WRITE CONTROL INPUT w INPUT
LATCH

COLLUMN ADDRESS =735 o Vee (5v)

STROBE INPUT

=] CLOCK GENERATOR
CIRCUIT

ROW ADDRESS RAC 16) V.
STROBE INPUT S T ss (0V)
REF . RS COLUMN DECODER =
i frow : MEMORY CELL
| |pEcoper_i,] (64 ROWS X 256 COLLUMNS .
i
[ -5 SENSE REFRESH AMPLIFIER -
] =}
Ao (5) 2! lrow MEMORY CELL g
S| JoECODER i (64 ROWS X 266 COLUMNS) S
A 0 232 o 5
A2 e Sw 5 s COLUMN DECODER | e Hq & |4> Q DATA OUTPUT
a1 = 25
A3 (12) 2zl frow | MEMORY CELL g o
ADDRESS INPUTS 0 28] JoecooeR : (64 ROWS X 256 COLUMNS) o
Aa ca|! e
As @ L] Eeal SENSE REFRESH AMPLIFIER -
|
As (19 I frow [T MEMORY CELL
A7 (9) I |pecooer : (64 ROWS X 256 COLUMNS)
I
r—- S x COLUMN DECODER
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M5K4164AP-12, -15

65 536-BIT (65 536-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, 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

Output

Inputs
Operation I . . Row Column | =—m Refresh Remarks
RAS CAS W D address ‘| address REF Q ‘
Read ACT ACT NAC DNC APD APD | NAC VLD YES
- Page mode
Write ACT ACT ACT VLD APD APD NAC OPN YES identical except
refresh is NO.

Read-modify-write ACT ACT ACT VLD APD APD NAC VLD YES

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 DNC DNC DNC DNC DNC ACT OPN YES

Self refresh NAC DNC _DNC DNC DNC DNC ACT OPN YES

Hidden automatic refresh NAC ACT DNC DNC DNC DNC ACT VLD YES

Hidden self refresh NAC ACT DNC DNC DNC DNC ACT VLD YES i

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 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 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.

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/0 Operation

If all write opérations 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

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

4. Extended-Page Boundary

By decoding CAS, the page boundary can be extended
beyond the 256 column locations in a single chip. In this
case, RAS must be 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 (A; ~Ag) of the M6K4164AP must
be refreshed every 2 ms to maintain data. The methods of
refreshing for the MbK4164AP 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

The other function of pin 1 (REF) is self-refresh. Timing
for self-refresh is quite similar to that for automatic refresh,
As long as RAS remains high and REF remains low, the
M5K4164AP will refresh itself. This internal sequence
repeats asynchronously every 12 to 16 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 backup is used to maintained
data integrity in the memory. REF may be used to place
the device in the self-refresh mode with no external timing
signals necessary to keep the information alive.

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

There is an internal pullup resister (=~ 3MS2) 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 M6K4164AP 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 Limits Unit
Vee Supply voltage -1-7 A
Vi Input voltage With respect to Vss -1-17 v

Vo Output voltage -1-~7 \
lo Qutput current 50 mA
Pd Power dissipation Ta=25C 700 mwW
Topr Operating free-air temperature range 0~70 °C
Tstg Storage temperature range — 65~ 150 °C

RECOMMENDED OPERATlNG COND'T'ONS (Ta=0-~70°C, unlessotherwise noted) (Note. 1) -
Symbol Parameter Limits Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \2
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 v
Note 1. All voltage values are with respect to Vgg
ELECTRICAL CHARACTER |ST|CS (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 * low=—5mA 2.4 Vce \

Voo Low-level output voltage lou=4.2mA 0 0.4 2

oz Off-state output current Q floating 0V <=Voyur 5.5V -10 10 1A

by Input current OV=V|NS6.5V, Allother pins =0V -10 10 1A

lccicav) Averaqe supply current from Vee.| M5K4164AP-12 RAS, CAS cycling 50 mA
operating (Note 3, 4} M5K4164AP-15 tcrR="tcw = min output open 45

Iccz Supply current from Ve, standby RAS =V|n output open 4 mA

lec3cav) Average supply current from Voc | M5K4164AP- 12 RAS cycling CAS =V 40 mA
refreshing (Note 3) M5K4164AP-15 t C(REF)= min. output open 35

Iccacav) Average supply current from Vee,| M5K4164AP-12 RAAS =V,_, CAS cycling 40 - mA
page mode (Note 3, 4) M5K4164AP- 15 t cpg = min, output open 35

1005(AV) Average supply current from Ve[| M5K4164AP-12 RAS=Vi4, REF cycling 40 mA
automatic refreshing (Note 3) M5K4164AP-15 tc (REF)=mIN. output open 35

lcce (Av) Average supply current from Ve, self refreshing ::ji;:‘”' REF =Vi 8 mA

Ci(a) Input capacitance, address inputs 5 oF

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) | Inputcapacitance, CAS input 10 pF

Ci (REF) Input capacitance, REF 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: lccrav), lececacav). Iccaav) and Ices(av) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.

4: lIcci(av) and Icca(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)

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

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

tcRF Refresh cycle time tRer 2 2 ms
tw(RASH) RAS high pulse width trp 90 100 ns
tw(RrASL) RAS low pulse width tras 120 10000 150 10000 ns
twicasL) CAS low pulse width tcas 60 © 75 o ns
tw(casH) CAS high pulse width (Note 8) teen 30 35 ns
th(RAS-CAS) CAS hold time after RAS toshH 120 150 ns
th(cas-RAS) 'RAS hold time after CAS tRsH 60 75 ns
td (cas Ras) | Delay time, CAS to RAS (Note 9) tcrp —20 —20 ns
t 4 (RAS-CAS) Delay time, RAS to CAS (Note 10) tRco 25 60 30 75 ns
t su(RA-RAS) Row address setup time before RAS t AsR 0 0 ns
tsu(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 ns
Unh(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
frh Transition time ty 3 35 3 35 ns
Lriw

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 as tTh_ =t T_ = 5ns.

: Reference levels of input signals are Vi min and ViL max. Reference levels for transition time are also between ViH and VL.
. Except for page-mode

7

8

9: 1d (cas-RAS) requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e.,
o]

\ \S). For systems where CAS has not been decoded with RAS.)
10: Operation within the td (RAS-CAS) max limit insures that ta (RAS) max can be met. tg (RAS-CAS) max is specified reference point only;if
td (RAS-CAS) 1s greater than the specified Td (RAS-CAS) max imit, then access time is controlled exclusively by ta (CAS).
td(RAS-cAS)MIN= th (RAS-RA)MIN+ 2T THL (11 ) T Esu (ca-cas)min.
SWITCHING CHARACTERISTICS (Ta=0~70°C, Vgc=5V +£10%, Vss=0V, unless otherwise noted)
Read Cycle
M5K4164AP-12 M5K4164AP-15
Symbol Parameter Alternative Limits Limits Unit
Symbol
Min Max Min Max
tcR 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) tRoH 0 0 ns
th Ras-R) Read hold time after RAS (Note 11} t RRH 10 20 ns
tdis (cas) Output disable time (Note 12) toFF i 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 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 VoH or VoL
Note 13: This is the value when td (RAs-CAS) = td (RAS-CAS)max. Test conditions;Load=2T TL, Ci=100pF
Note 14: This is the value when td (RAs-cAs) < Id (RAS-CAS) max. When td(Ras-CAs) = td (Ras-cas)max, 1a (Ras) will increase by the amount that
1d (RAS-CAS) exceeds the value shown. Test conditions;Load=2T TL, C.=100pF
Write Cycle
M5K4164AP-12 M5K4164AP-15
Symbol Parameter Alternative Limits Limits Unit
Symbol
Min Max Min Max
tew 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 tweH 40 45 ns
th (Ras-w) Write hold time after RAS twer 90 95 ns
th(w-RrAS) RAS 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 twp 40 45 ns
tsu(p-cas) Data-in setup time before CAS tps 0 0 ns
th(cas-p) Data-in hold time after CAS ton 40 45 ns
th (RAs-D) Data-in hold time after RAS toHR 90 95 ns
ELECTRIC 2—7



MITSUBISHI LSIs

MS5K4164AP-12, -15

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

Read-Write and Read-Modify-Write Cycles

M5K4164AP-12 M5K4164AP-15
Symbol Parameter A';‘:'mnzz;’e Limits Limits Unit

Min Max - Min Max
tcRw Read-write cycle time (Note 15) trwe 245 295 ns
tcRMW Read-modify-write cycle time (Note 16) trmwe 265 310 ns
th (w-RAS) RAS hold time after write tawL 40 45 . ns
th (w-cas) CAS hold time after write towr 40 45 ns
tw(w) Write pulse width twp 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) tRwD 100 120 ns
td (cas-w) Delay time, CAS to write ‘ (Note 17) tewp 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 ton 40 45 ns
tdis (cas) Output disable time torr 0 35 1] 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 15: tgrwmin is defined as tcrw min = td (ras-w) + th (w-Ras) + tw (rasH) + 3t TLH (i)
16: t grRMw Min is defined as t gamw min = ta (Ras)max + th (w-ras) + tw(ras H) + 3L TLH (truL)
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)21tsu (w-cas)min, an early-write cycle is performed, and the data output keeps the high-impedance state
When td (Ras-w)2td (ras-w)min_and td (6As.w)2tsu (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
) M5K4164AP-12 M5K4164AP-15
Symbol Parameter Alternative Limits Limits Unit
Symbot
Min Max Min Max
tc pGR Page-mode read cycle time tec 140 145 ns
tc pow Page-Mode write cycle time trc 140 145 ns
tec PGRW Page-Mode read-write cycle time — 150 180 ns
tcPGRMW Page-Mode read-modify-write cycle time — 170 195 ns
tw (CASH) CAS high pulse width : top 55 60 ns
Automatic Refresh Cycle
) M5K4164AP-12 M5K4164AP-15
Symbol Parameter Alternative Limits Limits Unit
Symbol
Min Max Min Max
te (ReF) Automatic Refresh cycle time trc 220 260 ns
td (RaS-REF) Delay time, RAS to REF tRFO 90 100 ns
tw (REFL) REF low pulse width tep 60 8000 60 8000 ns
tw (REFH) REF high pulse width te 30 30 ns
td (ReF-Ras) | Delay time, REF to RAS tesr 30 30 ns
tsu (reF-ras) | REF pulse setup time before RAS trRD 250 295 ns
Self-Refresh Cycle 7
N M5K4164AP-12 M5K4164AP-15
ternati
Symbol ; Parameter Si';:zc;\lle Limits Limits Unit
Min Max Min Max
td (rAS-REF) Delay time, RAS 10 REF E tRFD 90 100 ns
tw (REFL) REF low pulse width tege 8000 =) 8000 o ns
td (ReF-RAS) Delay time, REF to RAS tegr 310 345 ns
MITSUBISHI

2—8 ‘ ELECTRIC



MITSUBISHI LSIs

MSK4164AP-12, -15

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

TIMING DIAGRAMS (Note 18)

Read Cycle ton -
tw(RASL)
th(ras-cas
Ve - \ th(ras:-ca}
RAS H s f
Vi ~ N
td(cas-Ras) ‘ ' lee— tw (RASH)
-——ld(RAs»CAs)———————llmcns-nAs)
y tw(casL)
_ Vin - 7
CAS H \ ‘ /
Vie - tw(casH)
tsu(ra-Rras) | |th(Ras-rp) tsu(ca-cas) th
(CAS-CA)
Ag- A Vii -~ ROW COLUMN
0T AT L - ADDRESS ADDRESS
1. s
th R
tsu(r-cas) th(RAS ])
(CAS-R)
— Vi —
" L“
v, —
't ta(cas) ——— =
ta(ras) tdis(cas)
VoH — /4 \
Q IHIGH IMPEDANCE STATE DATA VALID
VoL - NN\ /4
Write Cycle (Early Write)
tow
Tw(RraSL)
th(ras cAs)
— Vin — \ th(ras-ca)
RAS \
Vi — N

|
i — \_
|
td(cas-Ras) —--—|—~—lh(CAs-aAs>———-— LW(RASH) —a|

| tw(casL)

o | /
CAS Vil - tw(casH)

tsu(ra-RAS) | |th(RAs-RA) tsu (CA-CAS)

i
.00 KXAN
S i

r——1d (RAS-CAS)

th(cas-ca)

<
I

|

f— thwecaAS) — -]

[su(w-CAS),-—_*-i i—-——;lh(CAS-W) I
! L thew-ras)

th'(RAs»w)'-————J
tsu(p-cas)=t—+=— L"——ﬁth(ms-o)

- TN — /R K KRR RIS
° -M XXM o= v ORXXXKXK AN
th(RAS-D)
Von —
Q ) VoL — {IGH IMPEDANCE STATE
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Read-Write and Read-Modify-Write Cycles

tcrRw/ tcRMW
tw(RasL)
. th(RAS-CAS)
. ViH ~ \ lw——————th (RAS-CA ) ——————==y '
RAS N ¢ )

Vi — N ‘
—1d(CAS-RAS) th(cas-RaS) tw (RASH)
le———td (RAS-CAS tw(casL)

CAS Vin — /| \\ ! .
C ViL —_/ tw(casH) !l ;
tsu(Ra-RAS)| [th(Ras-RA) lsu(ca-CAS) t
l y h(cas-ca)
ViH =3 ROW XX COLUMN
Ao~A7 ,  _WA ADDRESS "\"02020”‘ 4 ADDRESS
lfd(m\s~w) th(w-cas)—e
ISU(R-CAS)t‘—] ld(CAS W) ———— o] th(W-RAS) ———a=f
v \\jIH - W
-
tw(w)—.]
b ta(cAS )t tdis(cas)
Von - 4
Q v — HIGH IMPEDANCE STATE ‘ l DATA VALID
oL - \ ‘
ta(ras) -
tsu(p-w) th(w-p)
— X \/
D Vin AN/

Vi

""""""v.v.v'-v' 998
NN,

OISO CIINNY
it

v’v\ ’v.v.v’v’v’v :
" QUK LN,

{ DATA VALID )

CXRTRERERE

NN

ter
tw(RasL)
AAS :I'L” h b‘ X
th(ras-RA) I— tw(RASH)
LSU(RA-RAS) | .

(LI 09999999999 . "'0"'.V.V'v'.'.'Q'Q"VV".""'Q""VQVV.V’\.
e I D . R

Von —

Q HIGH IMPEDANCE STATE
VoL =

Note 18 .
Indicates the don’t care input

Note 19. CAS =V, W, Ay, D =don’t care.

M \The center-line indicates the high-jmpedance state
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Page-Mode Read Cycle

tw(rasL)
th(ras-cas)
— Vin — lee—th(RAS-CA)
RAS ViL
- K i b,
td (cas-Ras) | | 77 tw(RASH)
- [ | tc pGR fe———th (CAS-RAS) ——ei
td(ras-cas)
¢ r-—‘wmnsu—— W(CASL) I~ tw(castL)
L
ViH - J_
~7c tw(casH) F-/
CAS v _‘/
I + » N\
th(ras-RA) W(CASH) )
: ' -—{‘h(cAs»cm th(ras-ca) l—»-‘-1!n(c;stc;x>
tsu(ra-RAS
: ) ~tsu(ca-cas) t=lsu(ca-cas) - 1su(cA-CAS)
Ao~ A Vin — ICOLUMN ( COLUMN
AT v - ADDRESS g S
L—Ia(CAS)—j l lw—ta(cas) L’—Ia(CAs)
ta(ras) - tdis(cas) —— tdis(cas)
Q von - EDANCE STATE I ATA
——— H|GH |MP
vou - ’ ya gy
AS-R
tsu(r-cas)
tsu(r-cas) th(cas-R) e th(cas.q)—et
/7 L
_ Vin _ -V
w
Vi —
Page-Mode Write Cycle
tw(RrASL)
e h(RAS-CAS) — ey
FES Vin — —-—(h(RAs-CA)*-]
Vie - N : - /
- g (cas-ras) | | 44 th tw(RASH)
ta : tc pow ==L (CAS-RAS )—emmt
(RAS'CAS) tw(casL) l~—tw(casL)
JR— Vi — :
Cas v _/th(cxxsu)
[ \
t . tw(casH)
[ s th(cas-ca) | ey th(cas-ca)
tsu(ca-cas)
Ao~ A 00PN NMNBEIXK) CoLUMN
om A XXX KAMADDRE sSR! ADORESS,
th(cas-w) th(cas-w) L-<—1 1n(ms-w>l—-———~o~1
th(w-cas) th(w-cas)—ef th(w-cAS) —ad
oo
W 'z W
Vie — ()

b=——Uh (RAS- W ) —ed
tsu(p-w)

savav; *G'AYAVA"A'AVAA", A\ \NAA VY YAAR )
QX R RO
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Automatic Pulse Refresh Cycle (Multiple Pulse) (ot 20)

.V 4 p
AAS "
Vi
ta(nAs REF) to (REF) tsu(REF-RAS)
td (REF-RAS)
tw(REFL) tw(REFL) s tw(REFL)
rer U & #S 7\ /
Vie N Tw(REFH) X

Automatic Pulse Refresh Cycle (Single Pulse) ino 20)

ViH R
Vie
td(RAS-REF) tsu(REF-RAS)

td (REF-RAS)
bt

tw(REFL)

= Vie - [
RE Vie - -

Self-Refresh Cycle ot 20)

RAs UM
ViL —
td(RAS’REF) [d(REF'RAS)
) tw(REFL) )
=
Vi -
REF H
ViL -

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

Hidden Automatic Pulse Refresh Cycle

READ CYCLE REFRESH CYCLE REFRESH CYCLE

Ve - tw(RASL) s
Vie -
td (caS-RAS)
1d (RAS-CAS) . ‘

D
[

th(cas-RAS)

‘ tw(casL) |
Ve — W (CASH) -

th(RAS-RA)
tsu(RA-RAS) th(cas-ca)

<
I
|

(e
>
[}

Vih — ROW ICOLUMN
Ag~ Ay v _ !
s ADDRE S ADDRESSJ

T
tsu(ca-cas)

tsu(R-CAS) th(rAS-R)
W YIH -
Vie —
td (RAS:REF) te(REF) tsu(REF-RAS)
tw(REFL) tw(REFL)
REF " T / \ ////
e T taccas)_, m N y. td (REF-RAS)
ta (RAS) tdis(CAS)
Vox — 'a
Q w, DATA VALID
Voo — \t 7‘7
MITSUBISHI
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Hidden Self-Refresh Cycle (ote 21)

RAS

Ao~ A7

g

D
>
[

[e]
[

Ag—~ A7

g

Vin
Vie

Vin
Vi

ViH
Vi

Vik
Vi

VoH
Vor

READ CYCLE

e |

td (ca

\ e—

td (RAS-CAS)

tw(RASL)

S-RAS)

th(cas-RAS)

tw(CASH)

X

tw(cAsL)

t
tsu(RA-RAS)

h(RAS-RA)
oy

X

th(cas-ca)

K e X
=

tsu(R-cas)

COLUMN
ADDRESS,

tsu(ca-cas)

th(RAS-R)

L

td(RAS-REF)

tw(REFL)

ta(cas)

¥

1d (REF-RAS)

ta(ras)

tdis (cAs)

)L

N

DATA VALID

\\N
/4

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

Hidden Refresh Cycle (Note 19)

ViH
Vi

ViH
Vie

ViH
ViL

READ CYCLE REFRESH CYCLE REFRESH CYCLE
ter ter ter
tw(RASL) tw(RASL) 7 tw(RrasL)
— \ Zl \& /7 R 4 \
- \ Y, tw (RASH) K S \_
td(cas-RAS)
td(RAs-CAS) th(CAS-RAS) tw (RASH)
tw(casL) L
_ )K e
- / tw(CASH) u P
77
th(cas-ca)
tsu(ra-RAS)| [th(RAS-RA) tsu(RA-RAS)| |th(RAS-RA) tsu(ra-Ras)| [th(Rras-RA)
A s
- ROW OLUMN ROW (X XAA/
_@‘ADDRESS A'DbF'*ES’Q ADDRESS P %’0’"”.’
tsu(CcA-cAs)
t
tsu(R-cAS th(RAS-R)
"4 X "V‘V" """""'.V‘V‘V’V.
W XXX &?‘?‘?ﬁ."?‘;‘.ﬁ@ A
ta(cas)
ta (RAS) tdis(cas)
"
' v/
< DATA VALID X\
X\R ,1; /
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- 65 536-BIT (65 536-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
systems where high speed, low power dissipation, and low
costs are essential. The use of double-layer polysilicon
process technology and a single-transistor dynamic storage
cell privide high circuit density at reduced costs, and the
use of dynamic circuitry including sense amplifiers assures
low power dissipation. Multiplexed address inputs permit
both a reduction in pins to the standard 16-pin package
configuration and an increase in system densities. The
M5K4164ANP operates on a 5V power supply using the
on-chip substrate bias generator.

FEATURES
‘® High speed
Access time Cycle time Power dissipation
Type name (max) (min) (typ)
(ns) (ns) (mw)
M5K4164ANP-12 120 220 175
M5K4164ANP-15 150 260 150
® Single 5V+10% supply
o 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 1/0O 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)

Ne (0] 1) Vss (OV)
COLUMN ‘ADDRESS’
DATA INPUT D -»[Z] [Ble-CAS SOLINN ADDE

CONTROL INPUT W*g 2 [W-Q opatAoUTPUT
AR AS-E] A [Beas
Ag—+[5] § 12)e- A3
ADDRESS INPUTS A; -DE ; [11)e Ag ADDRESS INPUTS
A C @

sv) Vee [E] [9)e-A;

Outline 16P4

® OQutput is three-state and directly TTL- compatlble
128 refresh cycles every 2ms
(16K dynamic RAMs M5K4116P, S compatible)
® CAS controlled output allows hidden refresh
Output data can be held infinitely by CAS
® Interchangeable with Mostek’'s MK4564 and
Motorola’s MCM6665 in pin configuration

APPLICATION

® Main memory unit for computers

BLOCK DlAGRAM -
DATA INPUT 2 - —
WRITE CONTROL INPUT w (3 ‘ﬁD_J i'}:’;%;
oL ADD&PES? CAS (18 ——{  CLOCK GENERATOR (®) vee (5v)
ROW ADDRESS RAS .| CIRCUIT
BONOAPRIRSE RAS T Vss (0V)
™ g COLUMN DECODER 1
i |row T MEMORY CELL '
! loEcoper i,] (64 ROWS X 256 COLLUMNS
! ]
i [ SENSE REFRESH AMPLIFIER -
1 2
' 2G| ! Jrow T MEMORY CELL e
Si|i |oEcopeR L] (64 ROWS X 256 COLUMNS) S
A n 38 H o 5x
= )
A 8ol ADDRESS COLUMN DECODER ) || gi 14) Q DATA OUTPUT
i = 25
A3 el low T MEMORY CELL 3 oa
. o .
ADDRESS INPUTS § 23 E DECODER | | (64 ROWS X 256 COLUMNS) o
(R4 o
N Q
As N SENSE REFRESH AMPLIFIER =
A I -
s (9 ilrow |7 MEMORY CELL
A (9) | |pEcoper ] (64 ROWS X 256 COLUMNS)
[
e COLUMN DECODER -
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MSK4164ANP-12, -15

65 536-BIT (65 536-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 Qutput

Operation a5 555 W o :dot;:ess gg;‘:é:: 0 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 | viD | APD | APD | vip | ves |"feshisNO.
RAS-only refresh ACT NAC DNC DNC .| APD DNC OPN YES
Hidden refresh 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 ty(Ras-cas) max (‘gated CAS'
operation). The external CAS signal can be applied with
a margin not affecting the on-chip circuit operations, e.g.
access time, and the address inputs can be easily changed
from row address to column address.

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

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

These output conditions, of the 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 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 |/O data bus.

2 Data Output Hold

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

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

3. Two Methods of Chip Selection

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

4. Extended-Page Boundary

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

Page-Mode Operation

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

Refresh

Each of the 128 rows (A, ~ Ag) of the M6K4164ANP
must be refreshed every 2 ms to maintain data. The
methods of refreshing for the M56K4164ANP are as follows.
1. Normal Refresh

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

2. RAS Only Refresh

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

3. Hidden Refresh

A 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 M5K4164ANP 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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65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Paramater Conditions Limits Unit
Vce Supply voltage —-1-1 \"
Y Input voltage With respect to Vs —1~1 v
Vo Output voltage —-1-~17 \Y
lo Output current 50 mA
Pd Power dissipation Ta=25°C 700 mwW
Topr Operating free-air temperature range 0~70 °c
Tstg Storage temperature range —65~150 °C

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

Limits
Symbol Parameter Unit
Min Nom Max
Voo Supply voltage 4.5 5 5.5 \
Vss Supply voltage 0 Q 0 \
ViH High-level input voltage, all inputs 2.4 6.5 \2
Vi Low:-level input voltage, all inputs -2 0.8 \Y

Note 1: All voltage values are with respect to Vgg

ELECTR'CAL cHARACTERlsT‘CS (Ta=0~70°C, Vcc=5V +10%, Vss=0V, unless otherwise noted) (Note. 2)

Symbol Parameter Test conditions - Limits Unit
Min Typ Max
VoH High-level output voltage lon=—5mA » 2.4 Vee \Y
VoL Low-level output voltage lor=4.2mA 0 0.4 \Y
loz Off-state output current Q floating 0V =Vour=5.5V —-10 10 A
1y Input current O0V=V|N<6.5V, Allotherpins =0V —-10 10 uA
Ioo1(av) Averagg supply current fromVee, | MSK4164ANP-12 RAS, CAS cycling 50 mA
operating (Note 3, 4) M5K4164ANP-15 tcr=tcow = min output open 45
lcc2 Supply current from V¢, standby RAS =V 4 output open 4 mA
lecaav) Average supply current from Ve | M3K4164ANP-12 RAS cycling CAS=Viu 40 mA
refreshing (Note 3) M5K4164ANP-15 t ¢ (REF)= min, output open 35
1 ccaav) Average supply current from Ve, | MOK4164ANP-12 RAS =V, CAS cycling 40 mA
page mode (Note 3, 4) M5K4164ANP-15 | tcpg= min, output open 35
Ci(a) Input capacitance, address inputs 5 pF
C) (D) Input capacitance, data input V|=Vss 5 pF
Ci(w) Input capacitance, write control input f=1MHz 7 pF
C\ (Ras) | Input capacitance, RAS input Vi=25mVrms 10 pF
Ci(cas) | !nput 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: lcci(av). lce3(av), and Icca(ay) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4: lcci(av) and lcca(ay) are dependent on output loading. Specified values are obtair ed wita the output open.

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

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

M5K4164ANP-12 M5K4164ANP-15
Symbol Parameter Alternative Limits Limits Unit
Symbol
Min Max Min Max

terr Refresh cycle time tRer 2 2 ms
t w (RASH) RAS high pulse width trp 90 100 ns
t w(RASL) RAS low pulse width tras 120 10000 150 10000 ns
tw(casL) CAS low pulse width toas 60 co 75 B ns
tw(cASH) CAS high pulse width (Note 8) topN 30 35 ns
th(RAS-CAS) | CAS hold time after RAS tosH 120 ' 150 ns
th(cas-ras) | RAS hold time after CAS tRsH 60 75 ns
td (cAs-Ras) | Delay time, CAS to RAS (Note 9) t crP —20 —20 ns
t 4 (RAS-CAS) Delay time, RAS to CAS (Note 10) trop 25 60 30 75 ns
t su(RA-RAS) Row address setup time before RAS : tasr 0 0 ns
tsu(ca-cas) | Column address setup time before CAS tasc 0 0 ns
th(RAS-RA) Row address hold time after RAS tRAH 15 20 ns
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
trhL Transition time tr 3 35 3 35 ns
trim :

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 114 =t T4 =5ns.
7: Reference levels of input signals are Vi min. and V| max. Reference levels for transition time are also between V) and V.
8: Except for page-mode, .
9: td(cAs-Ras) requirement is only applicable for RAS/CAS cycles preceeded by a TAS only cycle (i.e., For systems where CAS has not been decoded with RAS.)
10: Operation within the td (ras-CAS) Max limit insures that ta (ras)max can be met. td (ras-cas)Max is specified reference point only;if
td (Ras-CAS) is greater than the specified td (Ras-cas) max limit, then access time is controlled exclusively by ta(cas).

td (ras-cas)min =1th (ras-Ra)MIN+ 28 T (t rew) + su(ca-cas)min.

SWITCHING CHARACTE R ISTICS (Ta .=0 ~70°C, V/CC =5V £10%, Vss=0V, unless btherwise noted )
Read Cycle :

M5K4164ANP-12 M5K4164ANP-15
Symbol Parameter Alternative Limits Limits Unit
Symbol Min Max Min Max
ter Read cycle time tre 220 260 ns
tsu (R-cas) Read setup time before CAS tros 0 0 ns
th(cas-R) Read hold time after CAS (Note 11) t roH 0 0 ns
th(ras-R) Read hold time after RAS (Note 11) t RAH 10 20 : ns
tdis (cas) Qutput disable time (Note 12) tore 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 11: Either th (Ras-R) or th (cas-R) must be satisfied for a read cycle.

Note 12: tdis (cas)max defines the time at which the output achieves the open circuit condition and is not reference to Vow or Vo

Note 13:° This is the value when td (Ras-cas)=td (Ras-cas)max. Test conditions ; Load = 2T TL, C(_ = 100pF

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

Write Cycle
M5K4164ANP-12 M5K4164ANP-15
Alternative — .
Symbol Parameter Limits Limits Unit
Symbol -

Min Max Min Max
tew 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 hotd time after CAS tweH 20 45 ns
th (Ras-w) Write hold time after RAS twer 90 95 ns
th (w-Ras) RAS hold time after write tawL 40 45 ns
th (w-cas) CAS hold time after write toweL 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 toH 40 45 ns
th (Ras-D) Data-in hold time after RAS t DHR 90 95 ns
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Read-Write and Read-Modify-Write Cycles

M5K4164ANP-12 M5K4164ANP-15
Symbol Parameter Alternative Limits Limits Unit
Symbol -
Min Max Min Max
tecrw Read-write cycle time (Note 15) trwe 245 295
termw Read-modify-write cycle time (Note 16) trmwe 265 310
th (w-RAS) RAS hold time after write tRwL 40 45 ns
th (w-cas) CAS hold time after write towL 40 45
tw(w) Write pulse width 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) tRwp 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 tos 0 0
th (w-p) Data-in hold time after write toy 40 45 ns
tdis (cas) Output disable time toFr 1] 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: tgrwmin is defined as tcrRw min = td (ras-w) + th(w-Rras) +Iw (rRasH) + 3L TLH(trr)

16: tgrmw min is defined as t gamw min = ta (RAs)Max + th (w-ras) + tw (Ras H) + 3T TLH (tThL)

17: tsu(w-cas), td (RAS-W), and td (cas-w) do not define the limits of operation, but are included as electrical characteristics only.
When tsu (w-cas)2tsu (w-cas)min, an early-write cycle is performed, and the data output keeps the high-impedance state

When td (rRas-w)=td (Ras-w)min_ and td (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 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
M5K4164ANP-12 M5K4164ANP-15
Symbol Parameter Alternative Limits Limits Unit
Symbol

Min Max Min Max
tcpor Page-mode read cycle time tpc 140 145 ns
tc Pow Page-Mode write cycle time tpc 140 145 ns
tc PGRW Page-Mode read-write cycle time —_ 150 180 ns
tcPoRMW Page-Mode read-modify-write cycle time — 170 195 ns
tw (CASH) CAS high pulse width top 55 60 ns
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TIMING DIAGRAMS Note 18)

Read Cycle
RAS  VH
ViL
CAS Vin
. Vi
ViH
Ao~ A7
Vio
— \
W iH
Vi
VoH
Q
VoL

ter

tw(rasL)

\SL

th(ras-

th(ras-cAs

CA)—W

/

td(cas-Rras)

b—td(RAS-CAS)—'---—————!—th(CAs-RAs)——-—‘ |

|

7 \ tw(casL) /
tw(casH)
tsu(ra-RAS) | |th(RAs-RA) Isu(CA-CAS)
I th(cas-ca)
A0 ROW (XXX COLUMN

tsu(r-cas)

I=— 1w (RASH)

/

(X

th(ras-R)
th(cas-R)

l———la (CAS) ——— =]

ta(ras)

Write Cycle (Early Write)

ViH
Vie

D
>
[

ViH
Vie

[¢]
>
ol

Vi
Ap—~A7 . H
Vi

Vi
ViL

=

ViH
Vi

Vo
Vou

HIGH IMPEDANCE STATE

OOOAAXXXX XY
QOO0

tdis(cas)

4

A\

DATA VALID

N

tew

tw(rasL)

\

- \\*—-—th(RAs-cA)

th(Ras-cAS)

—

td(cas-Ras)

F——1G (RAS-CAS) ——emt—e——————tw(casL)

:'//’

tsu(RrA-RAS)

tw(casH)

\

—.—|—Ih(cAs-RAs)—'—-1 [tW(RASH)—-

th(Ras-RA) tsu (CA-CAS)

/

T th(cas-ca)
- ROW COLUMN
_ ADDRESS \| ADDRESS
- ‘ ’ th(w-cas)
tSU(W-CAS)L.—-.1 th(cas-w)
- tw (W)
- N Z
! th(w-ras)
th(ras-w |
tsu(o-cas) == th(cas-p)
B .v"’v’""v’\ R 7200 ".""'.""""""
-M A’A’A‘A‘A‘A‘I e N XXX VA A‘A‘A’A’A‘A A’A’A‘A’l
th(Rras-D) —

{IGH IMPEDANCE STATE
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Read-Write and Read-Modify-Write Cycles

torw/ tcRMW
tw(rasL)
th (RAS-CAS)
R Vii — \ e h(RAS-CA)————ry
RAS N
ViL — X ¥,
td (cas-RAS) th(cas-RAS) tw(RASH)
= td(Ras-cas tw(casL)
e Vig — /| \ / 4
Vi “_/ tw(casH) & I /
tsu(ra-RAS) | |th(Ras-ra) tsu(ca-cas) t
+ h(cas-ca)
Ao~Aq ViH — ROW COLUMN
ViL ADDRESS 9 ADDRESS
}_ |Id(RAS»W) e —th (W-CAS ) —emrd
‘SU(R-0A3>’..1 td(cAS-W)———— ] fe—th(W-RAS) —e—i|
W Vin - \
ViL — N
‘Iw(W)«—l
e la (cAS ) ————=p tdis(cas)
Vou — -
Q v — HIGH IMPEDANCE STATE g DATA VALID W)
oL - \ N /[/
la(ras)
tsu(o-w) th(w-p)
D ViH —

Q'Q'Q'Q‘Q"'Q'Q'Q'Q""" ANAAAARAA AR XX XXX/ '0'0'0'"' N 'Q'Q'Q's
.o?o?o?ofb’&f020202020:9:?:?:?:9:’:’:’2020:0’02’2’2’2’:%?&02’2’2’:?&0!0’"

Vie -

RAS-Only Refresh Cycle ot 19)

tor
} tw(RAsL) |

N ViH — N k \&
RAS

Vi —

$th(RAS»RA) LﬁtW(RASH)————-—(
Tsu(Rra-RAS)

Vin —=XA K XXX AR ARRNNNA ROW (T RTETY R I TLDN
rons ! TXRRORKENIRNR soeess RERERXAXKARE AN

VoH —

Q VoL — HIGH IMPEDANCE STATE

Note 18
Indicates the don’t care input
M The center-line indicates the high-impedance state

Note 19. CAS = Vi, W, A7, D =don't care.
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M5K4164ANP-12, -15

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

‘Page-Mode Read Cycle

tw(rasL)
th(ras-cas)
_ ViH —-'hl—-—th(HAs-CA)—-I
Ras ViL — k o f 7
- 4 . t
4 cas-Ras) | | topon | th(cas-RaS) | Iw(rasH)
td(ras-cas) t
f=—Ttw (casL )— tw(casL) ~ l=tw(casL) 1
\% — 4
ChAs V'H jJ_tw(CASH) \
L — 1
th(ras-RA) W (CASH)
; | -1th(CAS-CA) th(ras-ca) —-——-—fth(OAsCA)
SU(RA-RAS) "jtSU(CA-CAS) - Itsu(cA.CAs)
Ao—ha, VM~ ""."";O‘O‘Q".' O COLUMN s
Tov - ADDRESS \\“%&3‘0‘0‘0‘0 ADDRESS
I L—tamAs)—-I l=taccas) '
ta(ras) tdis(cas)
o Vou — l
e HIGH IMPEDANCE STATE |
VoL — LI
L =7/4 th (raS-R)
tsu(r-cas)
tsu(r-cas) th(CAs~R)--I--— le——th(cas-R)—=f
fd
_ ViH — ~ /
w
Vie —
Page-Mode Write Cycle
tw(rASL) .
th(RAS-CAS) ———=mi
S ViH — th(nAs-oA)--l .
RAS Vie — [ “
7/ t
td (cas-ras) | to paw | th (CAS-RAS )] W(RASH)
td(mas-cas) | t
W(CASL) —tw(casL)
- Vi — !
CAS v _/” tw(CASH)
i T
Hgas-ra) th(cas-ca) i (oAsH)) th
- (CAS-CA)
LtsumA-CAs) L-,‘su(CA-oAS) tsu(ca-cas)
\2
Ao~ A7 VIH
= m— — —
th(oAs-w)l——ﬁ th(CAs-w)L'—ﬂ th(CAs-w)l-—--ni
th(w-cas)—=t th(w-cas)—e th(w-CAS) —e=d
W V- XTI
w
i \ : R
7
1 tw(w) | twiw)
; th (RAS-W ) ——=mi
tsu(p-w) tsu(o-w)
ViH - ,"v’v.v0v’v’v.v.v \
D | O
vie —w " LR 49
F=——1th (RAS-D)
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M5K4164ANP-12, -15

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

Hidden Refresh Cycle

READ CYCLE REFRESH CYCLE REFRESH CYCLE
tcr tcr ter
tw(RASL) tw(RASL) 2 tw(RasL) ,
Vi — ) { ) Y D X
RAS \ \
Vie — X 7 tw (RASH) y,
td (cAs-RAS) n
td (RAS-CAS) th(cAs-RAS) W (RASH)
tw(casL) )
Vin — \
s N Jis
Vi — tw(CASH) ( ‘
7,
th(cas-ca)
tsu(Ra-RAS) th(RIAS-RA)L tsu(RA-RAS)| |th(RAS-RA) tsu(RA-RAS)| |th(RAS-RA)

ROW
ADDRESS

Ap— A ViH — ROW LUMN ROW
0 A7 Vi — { ADDRESS DFES ADDRESS
_r. tsu(ca-cas)

tsu(n-CAs) th(RAS-R)
vy
- ViH — s p %
Vi — A
"
ta(CAS)
ta (RAS) tdis (cas)
VoH — ’( " F x
Q v DATA VALID
oL —
+
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MSK4164ANP-20

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

DESCRIPTION

This is a family of 656536-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
M5K4164 ANP operates on a 5V power supply using the
on-chip substrate bias generator.

FEATURES
' Access time Cycle time Power dissipation
Type name (max) (min) (typ)
(ns) (ns) (mW)
M5K4164ANP-20 200 330 125

Single 5V+20/ supply.

Low standby power dissipation: 22.0 mW (max)

Low operating power dissipation: 225 mW (max)

Unlatched output enables two-dimensional chip selec-

tion and extended page boundary

Early-write operation gives common 1/0 capability

Read-modify-write, RAS-only refresh, and page-mode

capabilities

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

® Qutput is three-stage and directly TTL-compatible

® 128 refresh cycles every 2ms

(16K dynamic RAMs M5K4116P, S compatible)

PIN CONFIGURATION (TOP VIEW)

NG (1] 6 Vvss (oV)
owranwur 0T B 0RS U A
WRITE . =
controL iveut - W =3} & [@wQ  DATA OUTPUT
ROW ADDRESS RAS =[i] = [« A
STROBE INPUT a > 3+ As
Ao =] §  [@eAs ‘
ADDRESS - Z ADDRESS
eots ) A2 B § [ Al iGeuTs
Ay —[T] [0+ As
(5v) Voc (8] [T« A,

Outline 16P4

® CAS controlled output allows hidden refresh.

® Output data can be held infinitely by CAS.

® |nterchangeable with intel’s 2164 and Motorola’s MCM
6665 in pin configuration.

APPLICATION

® Main memory unit for computers.

DATA INPUT D (2 3 '
WRITE CONTROL INPUT W (3 iﬁ?c,;
COLYTRoBE Mibur CAS (15 = cLoCK GENERATOR (&) vee(sv)
ROW ADDRESS RAS CIRCUIT
STROBE TNPUT A 1 T 16) Vss(0V)
N
. R COLUMN DECODER _—
I frow H MEMORY CELL
! |DECODER_,] (64 ROWS X 256 COLUMNS)
! ' .
'
] &l SENSE REFRESH AMPLIFIER -
! pu}
Ao (5) 2ol [row [ MEMORY CELL Q
ar (7) Sk|! |pecooer i] (64 ROWS X 256 COLUMNS) S
1 3301 -
<] W . - o>
Az (6) Syl! WOLTIPCEX COLUMN DECODER [ ] 2 HH 2 —-@ Q DATA OUTPUT
o3 W 1 - DD
ADDRESS INPUTS { .2 (2 z &l pow 1 MEMORY CELL g ce
Ae () 28| |oecooer : (64 ROWS X 256 COLUMNS) o
4 za| ] Q
Q
As (10) [ SENSE REFRESH AMPLIFIER =
A ! -
AG @ I |row : MEMORY CELL
7 o | [pEcoDER, (64 ROWS X 256 COLUMNS)
\
|
F MOLTIPLE X COLUMN DECODER -
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M5K4164ANP-20

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 xS xS w o :d%,:ess fgt',‘,‘e"s'? Q Refresh Remarks
Read ACT | ACT | NAC | DNC | APD | APD | VLD | YES [o .
Write ACT | acT ACT | VLD | APD | APD | OPN YES | identical except
Read-modify-write ACT | ACT ACT | VLD | APD | APD | vio | ves |"feshisNO.
RAS-only refresh ACT NAC DNC DNC APD DNC OPN YES
Hidden refresh ACT | ACT | DNC | DNC | APD | DNC | VLD | YES
Standby NAC | DNC | DNC | DNC | DNC | DNC | OPN NO

Note: ACT acli\}e, 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 multi-

plexed into 8 address signals, which are then latched into

the on-chip latch by two externally-applied clock pulses.

First, the negative-going edge of the row-address-strobe

pulse (RAS) latches the 8 row-address bits; next, the

negative-going edge of the column-address-strobe pulse

(CAS) latches the 8 column-address bits. Timing of the

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

lowing two methods:

1. The delay time from RAS to CAS tq(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 tg(ras.cas)max (‘gated CAS'
operation). The external CAS signal can be applied with
a margin not affecting the on-chip circuit operations, e.g.
access time, and the address inputs can be easily changed
from row address to column address.

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

Data Input

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

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

Data Output Control

The output of the M6K4164ANP is in the high-impedance
state when CAS is high. When the memory cycle in progress
is a read, read-modify-write, or a delayed-write cycle, the
data output will go from the high-impedance state to the
active condition, and the data in the selected cell will be
read. This data output will have the same polarity as the
input data. Once the output has entered the active con-
dition, this condition will be maintained until CAS goes
high, irrespective of the condition of RAS.

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

These output conditions, of the M5K4164 ANP which
can readily be changed by controlling the timing of the
write pulse in a write cycle, and the width of the CAS pulse
in a read cycle,'offer capabilities for a number of applica-
tions, as follows.

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

3. Two Methods of Chip Selection

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

4. Extended-Page Boundary

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

Page-Mode Operation

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

Refresh

Each of the 128 rows (Ao~ Ag ) of the M5K4164 ANP must
be refreshed every 2 ms to maintain data. The methods of
refreshing for the M5K4164 ANP are as follows.

1. Normal Refresh

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

2. RAS Only Refresh

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

3. Hidden Refresh

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

Hidden refresh is performed by holding CAS at 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 M5K4164 ANP is dynamic, and
most of the power is dissipated when addresses are strobed.
Both RAS and CAS are decoded and applied to the
M5K4164 ANP 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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M5K4164ANP-20

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

ABSOLUTE MAXIMUM RATINGS

Symbol Paramater Conditions Limits Unit
Vee Supply voltage —-1~1 \%
Vi Input voltage With respect to Vgg —-1~7 \%
Vo Output voltage —1~17 \"
lo Output current 50 mA
Pd Power dissipation Ta=25°C 700 mw
Topr Operating free-air temperature range 0~70 °C
Tstg Storage temperature range —65~150 °C

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

Limits .
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \Y
Vss Supply voltage 0 0 0 \%
ViH High-level input voltage, all inputs 2.4 Voo +1 \Y
Vi 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, Vgc=5V £10%, Vss=0V, unless otherwise noted) (Note 2)

" Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
VoH High-level output voltage loH=—5mA 2.4 Vece \
VoL Low-level output voltage loL=4.2mA 0 0.4 \%
loz Off-state output current Q floating 0V =Voyut =5.5V —-10 10 uA
Iy Input current 0V =V|N=6.5V, Allother pins =0V -10 10 uA
Average supply current from Ve, RAS, CAS cycling
Icc1(av) 9¢ supply ¢ |M5K4164ANP-20 _ 40 mA
operating (Note 3, 4) tcr="tcw = min output open
| fi V = t
CcC2 Supply current from Vg, standby RAS =V)|H4 output open ‘ 4 mA
Average supply current from Ve, RAS cycling CAS=Vi4
lccaav) 9° SuppY ¢ IM5K4164ANP-20 ‘ 30 mA
refreshing (Note 3) t c(REF)= min, output open
Average supply current from Ve, RAS=V,_, CAS cycling
lcca(a - 30 mA
ccalav) page mode (Note 3, 4) M5K4164ANP-20 t cpg= min, output open
Ci(a) Input capacitance, address inputs pF
Ci (D) Input capacitance, data input Vi=Vss S 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
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), lcescav), and lgca(ay) are dependent on cyclé rate. Maximum current is measured at the fastest cycle rate.
4: lcci(av) and Igca(ay) are dependent on output loading. Specified values are obtained with the output open.
ELECTRIC 2-27
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P ' 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, Vgc=5V +10%, Vss=0V, unless otherwise noted, See notes 5, 6 and 7 )

M5K4164ANP-20
Symbol Parameter Alternative Limits Unit
. Symbol
Min Max

terF Refresh cycle time trer 2 ms
tw(RASH) RAS high pulse width tre 120 ns
tw (RASL) RAS low pulse width tras 200 10000 ns
tw(casL) CAS low pulse width toas 100 oo ns
tw(cAsH) CAS high pulse width (Note 8) tepn 40 ns
th(RAS-CAS) CAS hold time after RAS tosh 200 ns
th(cas-RAS) RAS hold time after CAS tRsH 100 ns
td(CAs-RAS) | Delay time, CAS to RAS (Note 9) torp —20 ‘ns
t4(RAS-CAS) Delay time, RAS to CAS (Note 10) treo 30 100 ns
tsu(RA-RAs) | Row address setup time before RAS tasr 0 ns
tsu(ca-cas) Column address setup time before CAS tasc 0 ns
th(RAS-RA) Row address hold time after RAS tRan 25 ns
th(cas-ca) Column address hold time after CAS tcan 35 ns
th(RAS-CA) Column address hold time after RAS tar 120 ns
e Transition time tr 3 50 ns
trin

Note 5:

6:  The switching characteristics are defined as t 7y =t 1L H=5ns.

Sowow

An initial pause of 500us is required after power-up followed by any eight RAS or RAS/CAS cycles before proper device operation is aéh ieved.

Reference levels of input signals are Vi min. and Vi max, Reference levels for transition time are also between V) and V.
Except for page-mode.
td(cAS-RAS) requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle {i.e., For systems where CAS has not been decoded with RAS)
Operation within the td (RAS-CAS) max limit insures that ta (Ras) max can be met. g (rRas-cAs)max is specified reference point only;if

td (RAS-CAS) is greater than the specified g (Ras-cas) max limit, then access time is controlled exclusively by ta(CAS)-
td (Ras-caAS)Min =th (Ras-RAYMIN+ 2T THL (t riw) +Tsu(ca-cas)min.

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

Read Cycle
. M5K4164ANP-20
Alternative
Symbol Parameter Limits Unit
Symbol
Min Max
ter Read cycle time tre 330 ns
tsu (R-cas) Read setup time before CAS tres 0 ns
th(cas-Rr) Read hold time after CAS (Note 11) treH 0 ns
th(RAS-R) Read hold time after RAS (Note 11) tRRH 25 ns
tdis (cas) Output disable time (Note 12) tore 0 50 ns
ta (cas) CAS access time (Note 13) tcac 100 ns
"ta(Ras) RAS access time (Note 14} trac 200 ns
Note 11: Either th (Ras-R) or th (cas-R) must be satisfied for a read cycle.
Note 12: tdis(cas)max defines the time at which the output achieves the open circuit condition and is not reference to Vo or Vo.
Note 13:  This is the value when'td (Ras-caS)= 1d (RAS-cAs)max. Test conditions ; Load = 2T TL, C = 100pF
Note 14:  This is the value when 1g (rRas-cas)< td (rRas-cas)max. When td (rRas-cas)Ztd (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
. M5K4164ANP-20
Alternative )
Symbol Parameter Limits Unit
Symbol
Min Max
tow Write cycle time tre 330 ns
tsu(w-cas) Write setup time before CAS (Note 17) twes —10 ns
th (cas-w) Write hold time after CAS tweH 55 ns
th (RaS-W) Write hold time after RAS twer 120 ns
th (w-Ras) RAS hold time after write tawL 55 ns
th (w-cas) CAS hold time after write towe 55 ns
tww) Write pulse width twe 55 ns
tsu(p-cas) Data-in setup time before CAS tos 0 ; ns
th (cas-0) Data-in hold time after CAS toH 55 ns
th (RAS-D) Data-in hold time after RAS toHR 120 ns
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Read-Write and Read-Modify-Write Cycles

Alternative M5K4164ANP-20
Symbol Parameter Limits Unit
Symbol
Min Max

tcRw Read-write cycle time (Note 15) tRwe 340 ns
tocRMW Read-modify-write cycle time. (Note 16) tamwe 390 ns
th (w-RAS) RAS hold time after write. tRwL 55 ns
th (w-cas) CAS hold time after write towL 55 ns
tw(w) Write pulse width twp 55 ns
tsu(Rr-cas) Read setup time before CAS tres 0 ns
td (RAS-W) Delay time, RAS to write (Note 17) trRwD 150 ns
td (cas-w) Delay time, CAS to write (Note 17) tcwo 80 ns
tsu (D-w) Data-in setup time before write tos 0 ns
th (w-0) Data-in hold time after write ton 55 ns
tdis (cas) Output disable time torr 0 50 ns
ta cas) CAS access time (Note 13) tecac 100 ns
ta (RAS) RAS access time (Note 14) trac 200 ns

Note 16: tgrwmin is defined as toRW MIN =tg (ras-w) + th(w-Ras) + tw (RasH) + 3UTLH(tThy)
16: tcrmw min is defined as t grmw min =ta (RAS)Max + th (w-ras) + tw(ras H) + 3t TLH(trie)

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)2tsu (w-cas)min, an early-write cycle is performed, and the data output keeps the high-impedance state.

When td (rRas-w)Ztd(Rras-w)min andtd 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 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
. M5K4164ANP-20
Alternative —
Symbol Parameter Limits Unit
Symbol
Min Max
tc PGR Page-mode read cycle time tpc 190 ns
tc Pow Page-Mode write cycle time tpe 190 ns
tc PGRW Page-Mode read-write cycle time - 230 ns
tc PGRMW Page-Mode read-modify-write cycle time — 245 ns
tw(casH) CAS high pulse width tep 80 ns

MITSUBISHI
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TIMING DIAGRAMS (note 18)

Read Cycle ton |
tw(RrASL
th(ras-cas
th(Ras-cA)
RAS VKW T j\ /
Vi — F
_ td(cas-ras) ’ \ F=—1Tw(RASH)
—-—Id(RAs-CAs)——\———th(CAs-RAs)—————‘
. t
e Vi — 7 \ W (GASL) /
ViL - / tw(casH) /
tsu(ra-RAS) | [th(RAs-RA) tsu(ca-cas) t
= h(CAs-cA)
A py VM ROW COLUMN 3 ROW
R L - ADDRESS ADDRESS p ADDRESS
t _
tsu(r-cas) ‘:((::: :))
w ViH — y
Vi = L;ta(cxxs)————-
ta(ras) tdis(cas)
VoH — 4
Q HIGH IMPEDANCE STATE A, DATA VALID
VoL — \ﬁL
Write Cycle (Early Write)
tew
tw(rasL)
th(ras-cas)
Vin — N\ t X -] i .
RAS H h(RAs-CA I
Vi — N /
3
td(cas-ras) ———: Ih(CAS»RAS)—H TW(RASH ) —s=i
l~——1d (RAS-CAS) tw(casL)
SAs Vih — 4 /
CcA ViL — / tw(casH) Z /
tsu(ra-RAS) | |th(RAS-RA) tsu (CA-CAS) t
B h(CAS-CA)
_ H = XA ROW ) COLUMN ROW
fom Vi —AXN ‘ ADDRESS ADDRESS
I ’ ‘ th(w-cAs) —— o]
tsu(w-cas) .._..1 thicas-w)
_ Vi — tw(w)
w Vie - N | | /
! ' th(w-Rras)
th(ras-w -]
: tsu(p-cas) == th(cas-D) v
Vin - R AR R X XX XXX
D DATA VALID o () .”
. R R R
th(ras-D) {
VoH —
Q i 1IGH IMPEDANCE STATE
VoL —
MITSUBISHI
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Read-Write and Read-Modify-Write Cycles

terw/ tocRMW {
tw (RASL)
th (RAs-CcAS)
— ViH —ﬂ\ th(RAS-CA)————
viL — . /
td(cAs-RaS) th(cas-Ras) tw(RASH)
le———1td (RAS-CAS tw(casL)
J— ViH — ‘
CAS vVie =/ tW(CASH)-—-‘\ /I
tsu(RrA-RAS) | [th(Ras-RA) tsu(CA-CAS) th(oas-ca)
ViH —
9&” o
- Itd(RAs-w) fee—th (W-CAS ) —et
r tSU(R-<>A5)I~-—J }— td (cAs-w) te— th (W-RAS ) ——f
W ViH - y
T Y N OGO
~1w(w)——-]
ta(cas) tdis(cas)
Q \;2: : HIGH IMPEDANCE STATE \<§, l DATA VALID
ta(ras) ——
tsu(o-w) th(w-p)
D Vin =R R R R N LRI R
A o, GO (0

RAS-Only Refresh Cycle ot 19)
ter
| tw(RASL) y
R ViH — N k ‘\
RAS
ViL — \
th(ras-RA) ‘ tw(rASH
tsu(rA-RAS)
ITE 0 0.0 09909990V ROW \ 09 0.9.9.9.9999% ROW
rome ! XN sooness QUKL soones
VoH —
Q HIGH IMPEDANCE STATE
VoL = \

Indicates the don't care input

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

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

tw(rasL)

le———th(RAS-CAS

)

ViH —x-—-th(RAS-CA)ﬂ [
RAS
Y- t‘ | s d tw (RASH)
d(CAS-RAS) to PR | =t h (CAS-RAS ) —— =]
|
Ld(Ras-cas) fee— LW (CASL )—smmy tw(casL) ’—-tW(CASL)
CAS FJ
W(CASH)
"‘1th<CA$'CA) th(cas-ca) "_.“Ith(CAS~CA)
|tsu(oA-0As) t=tsu(ca-cas) =+=-tsu(ca-cas) ‘
A~ [, COLUMN
0~A7 » ADDRESS
L-—la(oAs)
tdis(cas) - tdis(cas)
” DATA
s HIGH 1M /
Q VoL — HIGH IMPEDANCE STATE VALID
’LISU(R-CAS} th (RAS-R)
tsu(r-cas) th(cas-r) = '-'——tw (RAS-R)—
L
LA i NELX
w ViL —
Page-Mode Write Cycle
tw(rasL)
th(RAS-CAS ) ———==f
Vin — -—th(RAS-CA)-1
RAS
Vie — . A
- td}CAS-RAS) | | 7/ t tw(RASH)
——} s—-——l—tc pr.————{ h(CAS-RAS )~y
td(ras-cas) t=—tw(casL) tw(casL)
\Y - £,
CAS v:: _/th(cAsm %
th(ras-RA) th(oas-0a) tw(casH) th(cas-ca)
tsu(ca-cas) tsu(ca-cas)
h
Ag—p, VUH COLUMN COLUMN
AT v ADDRESS! ADDRES;
th(cas-w) th(CAS-W)L'—-'1 th(CAS-W)L-—-—‘
th(w-cas)—=t th(w-cas) —=i th(w-cas)—=—t
oo
= ViH — (KX XX
Y- ” gD
7
tw(w) | tww)
F=——1h (RAS- W )—= tsu-w)|| thw-n)
tsu(o-w) th(w-p)
Vi — ey (TTTIRRNRR OO0
W —@ QLR_Caa vau IEXXKXEXXX RLROUCXXXX
le——th(RAS-D)
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Hidden Refresh Cycle

READ CYCLE REFRESH CYCLE REFRESH CYCLE
ter teR tcr
tw(RASL) tw(RASL) ., tw(RASL) ,
ViH — y 4 3 7 b A 3
\ / \ \
Vi — K 7 tw (RASH) K
~> {<-td(cas-ras)
td(RAS-CAS) th(cAs-RAs) tw (RASH)
tw(casL) .
Vv — A 4
cas " S
Vi — tw(CASH) F /i
77
th(cas-ca)
tsu(Ra-Ras)| |th(RAS-RA) tsu(ra-RAS)| [th(RAS-RA) tsu(Ra-RAS)| | th(RAS-RA)

—

Vin — Row cGromy row Y/RRXXXXXXRAT m
v X N N N R

tsu(CA-cas)
tsu(R-cas th(RAS-R)
Vi — 4 XX YNNAARXAAA ANV VN
ve - LR R R R
ta(cas)
ta (Ras) tdis (CAs)
Q o /& DATIZ VALID \\
VoL — x\ P /
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65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

MITSUBISHI LSls

MS5K4164AL-12, -15

DESCRIPTION

This is a family of 65 536-word by 1-bit dynamic RAMs,
fabricated with the high performance N-channel silicongate

MOS process, a_nd is ideal for Iarge:capac'uty memory ADDRESS INPUT  As —[1]
systems where high speed, low power dissipation, and low COLUMN ADDRESS x5 —» [51 12]— Q  DATA OUTPUT
costs are essential. The use of double-layer polysilicon STROBE INPUT 221 Vss (ov)
hnol d a single- i d ; REFRESH INPUT REF —[51 § _©
process technology and a single-transistor dynamic storage 2 Xl b DaTA INPUT
.. . . . . — b - — ko
cell privide high circuit density at reduced costs, and the WRITE CONTROL W —[i1 2 rilo_ mag ROW ADDRESS
use of dynamic circuitry including sense amplifiers assures Ag —[31 & STROBE INPUT
low power dissipation. Multiplexed address inputs permit A f BT Az ADDRESS INPUT
both a reduction in pins to the 16-pin zigzag inline package eSS A 0 F7 Vee (5V)
. . . . aan 73 & L
configuration and an increase in system densities. The =9 e A5}ADDRESS
. Ay — i "! -
M5K4164AL operates on a 5V power supply using the 18 {1_-6]‘_ A4 | INPUTS
on-chip substrate bias generator. !

PIN CONFIGURATION (TOP VIEW)

Outline 16P5A

® All input terminals have low input capaciatance and are
directly TTL-compatible )
® OQutput is three-state and directly TTL-compatible

® 128 refresh cycles every 2ms

FEATURES
® High speed
Access time Cycle time Power dissipation
Type name (max) (min) (typ)
(ns) (ns) (mW)
M5K4164AL.-12 120 220 175
M5K4164AL-15 150 260 150

(16K dynamic RAMs M5K4116P, S compatible)

16 pin zigzag inline package

Single 5V£10% supply

Low standby power dissipation: 22mW (max)

Low operating power dissipation:
M5K4164AL-12
M5K4164AL-15

275mW (max)

250

mW (max)

® CAS controlled output allows hidden refresh
® QOutput data can be held infinitely by CAS
APPLICATION

® Main memory unit for computers
® Refresh memory for CRT

® Unlatched output enables two-dimensional chip selec-

tion and extended page boundary
® Early-write operation gives common /0 capability
® Read-modify-write, RAS-only refresh, and page-mode

capabilities

BLOCK DIAGRAM
DATA INPUT
WRITE CONTROL INPUT

COLUMN ADDRESS
STROBE INPUT
ROW ADDRESS.
STROBE INPUT

REFRESH INPUT

ADDRESS INPUTS

> > b
N - o

> > > P P
S e o e @

i‘ g[ g’ sl o
EOEREEEE l_?—g(%)@'

INPUT
LATCH
of Vee (5v)
=] CLOCK GENERATOR 5
< | CIRCUIT 2) Vss (0V)
— 1
[T R x COLUMN DECODER
i |row T MEMORY CELL
! |DECODER_{,] (64 ROWS X 256 COLUMNS)
( '
N SENSE REFRESH AMPLIFIER -
] 2
z&Gf 1 lRow [T MEMORY CELL e
Si|! [pECODER L] (64 ROWS X 256 COLUMNS) S
211 a
3o 1 = Sw
Syl | [MiTirex COLUMN DECODER L] 2 £t —~(2) o oaTA OUTPUT
suwl!
&1 row [T MEMORY CELL 3 o
8|1 |DECODER {| (64 ROWS X 256 COLUMNS) o
@< : Q
N SENSE REFRESH AMPLIFIER =
I
I |row ' MEMORY CELL .
| |PECODERLL] (64 ROWS X 256 COLUMNS)
]
e COLUMN DECODER -

Ar
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FUNCTION

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

Table 1 Input conditions for each mode

Inputs Output
Operation AAS oAS w o z)dv:ess f;’;‘j;‘s” REF o Retresh Remarks
Read ACT ACT NAC DNC APD APD NAC VLD YES
Write (Early write) AacT | act | act | vio | apo | app | nac | oen | vEs :’:e"’:ﬁ';‘l’fje
Read-modify-write ACT ACT ACT VLD APD APD NAC VLD YES
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 DNC DNC DNC DNC DNC ACT OPN YES
Self refresh NAC DNC DNC DNC DNC DNC ACT OPN YES
Hidden automatic refresh NAC ACT DNC DNC DNC DNC ACT VLD YES
Hidden self refresh NAC ACT DNC DNC DNC DNC ACT VLD YES
Standby NAC DNC DNC ONC 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 memory cells in the M6K4164AL
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 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 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

Date to be written into a selected cell is strobed by the later
of the two negative transitions of W input and CAS input.
Thus when the W input makes its negative transition prior
to CAS input (early write), the data input is strobed by
CAS, and the negative transition of CAS is set as the
reference point for set-up and hold times. 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 M5K4164AL is in the high-impedance
state when CAS is high. When the memory cycle in progress
is a read, read-modify-write, or a delayed-write cycle, the
data output will go from the high-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 M5K4164AL, which can
readily be changed by controlling the timing of the write
pulse in a write cycle, and the width of the CAS pulse in a
read cycle, offer capabilities for a number of applications,
as follows. A
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 |/O data bus.
2. Data Output Hold
The data output can be held between read cycles, without
lengthening the cycle time. This enables extremely flexible
clock-timing settings for RAS and CAS.

MITSUBISHI

ELECTRIC



MITSUBISHI LSIs

MS5K4164AL-12, -15

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

3. Two Methods of Chip Selection

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

4. Extended-Page Boundary .

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

Page-Mode Operation

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

Refresh

Each of the 128 rows (A ~ Ag) of the M6K4164AL must
be refreshed every 2 ms to maintain data. The methods of
refreshing for the M6K4164AL 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 5 (REF) has two special functions. The M56K416AL
has a refresh address counter, refresh address multiplexer
and refresh timer for these operations. Automatic refresh is
initiated by, bringing REF low after RAS has precharged
and is used during standard operation just like RAS-only
refresh, except that sequential row addresses from an
external counter are no longer necessary.

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

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

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

. for self-refresh is quite similar to that for automatic refresh.

As long as RAS remains high and REF remains low, the
M5K4164AL will refresh itself. This internal sequence re-
peats asynchronously every 12 to 16 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 backup is used to maintained
data integrity in the memory. REF may be used to place
the device in the self-refresh mode with no external timing
signals necessary to keep the information alive.

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

There is an internal pullup resister (= 3M£2) on pin 5, so
if the pin 5 (REF) function is not used, pin 5 may be left
open (not connect) without affecting the normal operations.
5. Hidden Refresh

A feature of the M6K4164AL 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, automatic refresh and
self-refresh, but with CAS held low.

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

Power Dissipation - .

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

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

A wait of some 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 Paramater Conditions Limits Unit
Vee Supply voltage —-1~1 \
Vi Input voltage With respect 10 Vsg —1~7 \%
Vo Output voltage —-1~1 \
lo OQutput current 50 mA
Pd Power dissipation Ta=25°C 700 mWw
Topr Operating free-air temperature range 0—~70 °C
Tstg Storage temperature range —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 \"
Vss Supply voltage 0 0 0 \")
ViH 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 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 lo=—5mA 2.4 Vece v
VoL Low-level output voltage loL=4.2mA 0 0.4 \%
loz Off-state output current Q floating OV =VouTt =5.5V —-10 10 uA
h Input current 0V =<V|N=6.5V, Allother pins=0V —10 10 uA
16c1(AY) Averaqe supply current from Vee,  |M5K4164AL-12| RAS, CAS cycling 50 mA
operating (Note 3, 4) M5K4164AL-15| tcr=1tcw = min output open 45 mA
lccz Supply current from Vcc, standby RAS =V4 output open 4 mA
leo3(av) Averagfa supply current from Vec, M5K4164AL-12| RAS cycling CAS=Viy 40 mA
refreshing (Note 3) M5K4164AL-15| tc(REF)= min, output open 35 mA
| cce(av) Average supply current from Vee, | M5K4164AL-12| RAS=V,_, CAS cycling 40 mA
page mode (Note 3, 4) M5K4164AL-15| tgpg= min, output open 35 mA
loos(av) Average supply current fromVee, | M5K4164AL-12| RAS=Vi4, REF cycling 40 mA
automatic refreshing (Note 3) M5K4164AL-15| tc(ReEF)=min. output open 35 mA
lcce (av) Average supply current from Vg, self refreshing RAS=Vin, REF=ViL 8 mA
output open
Ci(a) Input capacitance, address inputs 5 pF
Ci (D) Input capacitance, data input V)=Vss 5 pF
Ci(w) Input capacitance, write contro! input f=1MHz 7 pF
C\ (RAS) Input capacitance, RAS input Vi=25mVrms 10 pF
Ci (cAs) Input capacitance, CAS input 10 pF
C\ (REF) Input capacitance, REF 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: lcci(av). lces(av), lcca(av) and Iccs(av) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4: lgci(av) and lgcacav) are dependent on output loading. Specified values are obtained with the output open.
MITSUBISHI
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TIMING .REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle)

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

M5K4164AL-12 M5K4164AL-15
Symbol Parameter Alternative Limits Limits Unit
Symbol
Min Max Min Max i

terr Refresh cycle time trRer 2 2 ms
tw(RAaSH) RAS high pulse width trp 90 100 ns
tw(RASL) RAS low pulse width tras 120 10000 150 10000 ns
twcasL) CAS low pulse width R toas 60 oo 75 L ns
tw (casH) CAS high pulse width (Note 8) teen 30 35 ns
th(ras-cas) | CAShold time after RAS tosH 120 150 ns
th(cas-RAS) RAS hold time after CAS tRsH 60 75 ns
td(CAs-RAS) | Delay time, CAS to RAS (Note 9) tcap ~20 —20 ns
t4(RAS-cAS) | Delay time, RAS to CAS (Note 10) trep 25 60 30 75 ns
tsu(RA-RAS) Row address setup time before RAS tasr 0 0 ns
tsu(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 ns
th(cas-ca) Column address hold time after CAS tcaH 20 25 - ns
th(ras-cA) Column address hold time after RAS tar 90 95 ns
P Transition time . tr 3 35 3 50 ns
L

Note 5:  An initial pause of 500us is required after power-up followed by any eight REF, RAS.or RAS/CAS cycles before proper device operation is achieved.
6:  The switching characteristics are defined as t 1y =t 7 4 =5ns. .
7. Reference levels of input signals are Vi min. and V| max. Reference levels for transition time are also between Vi and V.
8: Except for page-mode.
9 td(cAs-RAS) requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS)
10: Operation within the td (Ras-cAs) max limit insures that-ta (rRas) max can be-met. td (ras-cas)max is specified reference point only;if
td (RAS-CAsS) 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 1Lt 1e) + Esu(ca-cas)min.

SWlTCHING CHARACTERIST'CS (Ta=0~70°C, Vcg=5V +£10%, Vss=0V, unlessotherwise noted)
Read Cycle

. M5K4164AL-12 M5K4164AL-15
Alternative
Symbol Parameter Limits Limits Unit
. Symbol

) Min Max Min Max
ter 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) tRcH 0 0 ns
th(ras-R) Read hold time after RAS (Note 11) tRRH 10 ) 20 ns
tdis (cas) Output disable time (Note 12) 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 ’ 150 ns

Note 11: Either th (ras-R) or th (cas-Rr) must be satisfied for a read cycle.

Note 12: tdis (cas)Max defines the time at which the output achieves the open circuit condition and is not reference to Vgp or Vg .

Note 13: This is the value when'td (rRas-cas) 2 td (rRas-cas)max . Test conditions ; Load = 2T TL, C_ = 100pF

Note 14:  This is the value when td (ras-cas)< td (ras-cas)max. When td (ras-cas)21d (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
. . . M5K4164AL-12 M5K4164AL-15
. Alternative
Symbol Parameter - Limits Limits Unit
Symbol

X Min Max Min Max
tew Write cycle time tre 220 | 260 ns
tsu(w-cas) Write setup time before CAS (Note 17) twes —5 ) -5 ns
th(cas-w) Write hold time after CAS tweH 40 45 ns
th (rRas-w) Write hold time after RAS twer 90 95 ns
th (w-rAS) RAS hold time after write ’ tRwL 40 45 ns
th (w-cas) CAS 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-p) Data-in hold time after CAS toH 40 45 ns
th (Ras-D) Data-in hold time after RAS toHR 90 95 ns
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Read-Write and Read-Modify-Write Cycles

Alternative M5K4164AL-12 M5K4164AL-15

Symbol Parameter Limits Limits Unit
Symbol

Min Max Min Max
teRw Read-write cycle time (Note 15) tRweC 245 280 ns
tcRMW Read-modify-write cycle time. (Note 16) trRMwe 265 310 ns
th (w-RAS) RAS hold time after write tAwL 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 (Rr-cas) Read setup time before CAS tres 0 0 ns
td (RAS-w) Delay time, RAS to write (Note 17) trwD 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 tos 0 0 ns
th (w-p) Data-in hold time after write ton 40 45 ns
tdis (cas) Output disable time toFF 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 16: t cgwmin is defined as toRw Min =td (ras-w) + th (w-Rras) + tw (RasH) + 3L TLH(tThL)
16: toamw min is defined as t gamw min =ta (RAs)Max + th (w-ras) + tw (Ras H) + 3UTLH(tTh)
17: tsu (w-‘CAS). td (Ras-w), and td (cas-w) 02 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)=Ztsu(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
. M5K4164AL-12 M5K4164AL-15
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
tc PGR Page-mode read cycle time tec 140 145 ns
tc pow Page-Mode write cycle time tpc 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 tep 55 60 ns
Automatic Refresh Cycle
. M5K4164AL-12 M5K4164AL-15
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
te (ReF) Automatic Refresh cycle time tec 220 260 ns
td (Ras-REF) Delay time, RAS to REF trrFD 90 100 ns
tw (ReFL) REF low pulse width tep 60 8000 60 8000 ns
tw (REFH) REF high pulse width te 30 30 ns
td (ReF-RAS) Delay time, REF to RAS trsn 30 30 ns
tsu (rer-ras)| REF pulse setup time before RAS terD 250 295 ns
Self-Refresh Cycle
X M5K4164AL-12 M5K4164AL-15
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
td (RaS-REF) Delay time, RAS to REF tRFD 90 100 ns
tw (REFL) REF low pulse width trep 8000 L] 8000 oo ns
td (REF-RAS) Delay time, REF to RAS trer 250 295 ns

MITSUBISHI
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TIMING DIAGRAMS ot 18)
Read Cycle ot 19)

ter {
tw(rasL)
th(ras-cas)
th(ras-ca)
RAS VK ~ \\ }
Vi — N :
td(cas-Ras) ‘ ’ F=—tw(RASH)
——td(RAS-CAS)——\‘————-th(CAS-RAS)—————J
- tw(castL)
TAs UM - 4 /
Vie — tw(casH) N
tsu(ra-RAS) | [th(ras-Ra) tsu(ca-cas) the
CAS-CA)
Ao~ A7 Vi = . ROwW COLUMN ROW
0 Vil — ADDRESS ADDRESS ADDRESS
tsu(R-cAS) th(ras-R)
th(cas-R)
R L SR
I t ta(cas)
ta(ras) tdis(cas)
VoH —
Q HIGH IMPEDANCE STATE /Y, DATA VALID N
VoL - N /4
Write Cycle (Early Write) ot 19)
tew
tw(RasL)
th(ras-cAs)
J— ViH — \ |-t .
RAS IH \ h(RAs-CA)
Vi — N i,
td(cas-ras) ‘——————l th(CAS-RAS)—H tW(RASH) —=i
l~——1d (RAS-CAS) ] tw(casL)
cAas " ° / /
ViL — tw(casH) Z
tsu(RA-RAS) | |th(Ras-RA) tsu(cA-CAS)
T th(cas-ca)
Ao~ A7 / ROW \F| coLumn ROW
ADDRESS \| ADDRESS ADDRESS
: [—»#Lth(w-ms)—.-‘
ISU(WvCAS)-—‘-f ‘.———.th(CAS-W)
_ ViH — Tw(w)
w Vie - N | I Y.
! ! th(w-Ras)
thras-w)l— oy
tsu(p-cas)=tt= th(cas-D)
Vin - R K R X KX R R X XXX
D DATA VALID () "" OO0
R Rt
th(RAs-0)—— {
VoH —
Q JIGH IMPEDANCE STATE
VoL —
‘ MITSUBISHI
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Read-Write and Read-Modify-Write Cycles (not 19)

tcRw/ tcRMW :

tw(RAsL)
th(Ras-cas)
ViH — 4 lee—————th (RAS-CA ————‘-‘
"AS \ ‘ ( )
Vi — & 7
td(cas-RAS) : th(cas-Ras) tw(RASH)
le—td(RAS-CAS tw(casL)
cAs M~ J \ i / /
Vi —_/ tw(casH) |
tsu(RrA-RAS) | [th(Ras-ra) tsu(CA-CAS)
Ag~As Vi — ROW COLUMN ROW
ViL ADDRESS ADDRESS ADDRESS
[1= Ild(RAs-w) ew—h (W-CAS ) —e=d
: lsu(n-c:xs)r.—-] } td(cas-w) e th (W-RAS ) ——e=i|
o ViH
W
! -SRI \
—-Iw(w)—-J
ta(cas tdis(cas)
VoH — 7
Q HIGH IMPEDANCE STATE //g ’ ‘ DATA VALID
VoL - N\
ta(ras)
tsu(p-w) th(w-b)
5 VIR /.va740'0.0°0'0 0. 9. 0.9V 0.9V 9V V0O

A ALL

RAS-Only Refresh Cycle ot 20)

R TR
TN INNN,

'.v.v'-' ' v.‘ '.v’v\ ‘
KRR

. Q.VAVAVAS'S.O.ViVh A SN I VAN SANE9.9.9.9.9.9.

ter
tw(F\ASL)——}
e Vi — N \
RAS Vi — N
th(ras-RA) L-——tW(RASH)—.l
tsu(Rra-RAS)
_ Vin —XAXXR AR KN 4 ROW \ (X AOOOORKAN X HKXARWWR ROW
ro=ar ! ZXBINRARNNR.  noomess  ERBAIXQAKUXEXKTIK  sooness
VoH —
Q HIGH IMPEDANCE STATE
VoL —

% Indicates the don’t care input o _
20. CAS=REF =V4, W, D =don't care.
A7 may be ViH or VL.
M The center-line indicates the high-impedance state
MITSUBISHI
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!

Page-Mode Read Cycle note 19)
tw(RasL)
le————th(RAS-CAS)
N ViH — th(RAS CA)—.-.1 f
RAS -ViL — s 7 ¢
77 W (RASH
. ld(CAs RAS) | te poR =——th(cas-RAS ¢ . 1
t -
d(RAS-CAS) e LW (CASL ) —omrf l~-Tw(cAsL)
_ Vin — ¢
CAS ViL — ‘IF!W(CASH)
th(ras-Rra) W (CASH)
| -.o\ith(CAS»CA) th(cas-ca)
tsu(ra-ras)
Isu(c;x CAS) =tsu(ca-cas)
Vin - COLUMN COLUMN ROW
Ag~Ay " .
- 'ADDR \ ADDRESS ADDRESS
Vie ADDRESSG 000000..
L-—ta(CAs)
le——ta(ras)
Von — I 2"
== HIGH IMPEDANCE STATE (.
® vo - A
tsu(r-cas) ) th (RAS-R)
tsu(r-cas) th(cas-r) I-'-—tw(RAs-R)——
ey
_ ViH — >
w ViL —
Page-Mode Write Cycle (ot 19)
tw(rasL)
th(RAS-CAS) — =i
Vin — -._Ih(sAs-cM——]
RAS viL - \ p ‘
td (cas-RAS) | 7/ W(RASH)
~t11: b tc pow l th(cas-RAS )=t
J(RAS-CAS) L tw(casL) tw(casL)
_ Vih — 1!
CAS Vi — tw(cAsH)
- th ) tw(casH)
RAS-RA w
| d th(cas-ca) | e th(cas-ca) th(cas-ca)
=tsu(ca-cas) tsu(ca-cas)
Ag—A ICOLUMN COLUMN ROW
oA ADDRESS ADDRESS, ADDRESS
— — —
th(<3/-*.s»w>l'~—--1 Ih(ms-wﬂ-—ﬂ Th(CAs-w)L———-1
th (w-cas)—= th(w-cas) —=f ¢
W Vih —
Vi —
tw(w) tw(w)
F=——=1h (RAS- W)—= tsu-w)| | thw-o)
tsu(o-w) th(w-p)
v _
D " DATA VALID DATA VALID
Vie —
le——1th (RAS-D)
MITSUBISHI
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Automatic Pulse Refresh Cycle (Multiple Pulse) ot 21)

L
mAs M T 7L i #\
Vi —
td(RAS-REF) tc (REF) tsu(REF-RAS)
. td(REF-RAS)
tw(REFL) tw(REFL) Y tw(REFL)
P ViH — -y 4
REF S
Vi — K / tw(REFH) . Z
Automatic Pulse Refresh Cycle (Single Pulse) (notw 21)
mAs oM T ]
Vi —
td (RAS-REF) tsu (REF-RAS)
' td (REF-RAS)
tw(REFL)
M //
Vi — .
Self-Refresh Cycle o 21
AAs "~
ViL —
td(RAS-REF) td (REF-RAS)
tw(REFL) ,
. - A
REF  Vm
Vie — -
Note 21 CAS, Addresses, D and W are don‘t care.
Hidden Automatic Pulse Refresh Cycle
READ CYCLE REFRESH CYCLE REFRESH CYCLE
Ve — twrast) N
RAS S Z \
Vi —
td (cAS-RAS)
td (Ras-CAS)
th(CAs-RAS)
Vi - tw(casL) o
CAS = _ IW(CASH)\ w {
[ K
th(RAS-RA)
tsu(RA-RAS) th(cas-ca)
Vi — ROW <COLUMN ROW
Ag~ Ay |
ViL — ADDRESS/NADDRESS) ADDRESS
tsu(ca-cas)
tsu(R-cas) th(RAS-R)
W Vi —
Vi —
td(RAS-REF) to(REF) tsu(REF-RAS)
tw(REFL) tw(REFL)
_ ViH — I
REF v —
L ta(cas) 2 tw(REFH) | Z td(REF-RAS)
ta(Ras) tdis(CAS)

N

Vo = //} DATA VALID

¢ VoL — N\ 7/,

MITSUBISHI :
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Hidden Self-Refresh Cycle

RAS

[¢]
[

Ag—~ A7

g

D
n

Lo

ViH
Vi

ViH
Vi

Vie

Vin
Vi

ViH
Vi

VoH
VoL

READ CYCLE
_— tw(RASL) Z“
td (cas-RAS)
td (RAS-CAS)
th(cAas-RAs)
_ =\ tw(casL)
_ tw(CASH) >
N
th (RAS-RA)
tsu(RA-RAS)| th(cas-ca)
- ROW COLUMN ROW
— DDRESSYIN ADDRESS ADDRESS
tsu(CA-cas)
tsu(R-cas) th(RAS-R)
td (RAS-REF)
— e tw(REFL) )
- ta(cas) k ;( td (REF-RAS)
ta(ras)
tdis (cAs)
- v
— < DATA VALID
-

Note 22. If the pin 6 (REF) function is not used, pin 5 may be left open (not connect).

Hidden Refresh Cycle ot 19)

READ CYCLE REFRESH CYCLE REFRESH CYCLE
ter tcr tcr
tw(RASL) tw(RASL) Y tw(RASL) ,
AAS ViH — )\ b / & 4 A
A
Vie = N 7 tw (RASH) k \_
td(cas-ras)
td (RAS-CAS) th(CAS-RAS) tw (RASH)
tw(casL) o
5AS Vih — ‘S 4
Vi — / tw(CASH) N /e
B 77
IE(CAS-CA)
tsu(Ra-RAS)| |th(RAS-RA) l tsu(RA-RAS)| |th(RAS-RA) tsu(Ra-RAS)| | th(RAS-RA)
PRu i ot o
Vih — ROW COLUMN £ row XAXAXAAAAA ROW ROW
Ao~ A7 ADDRESS ADDRES! ADDRESS "”0 OO0 ADDRESS ADDRESS
Vi — \ ﬂ" \ / ‘.‘A‘A‘A‘AA‘A‘
tsu(CA-CAS)
-
tsu(r-cas th(RAS-R)
— ViH — N
W -
Vi —
ta(cas)
ta (RAS) tdis (cas)
. /s N
Von — A
Q DATA VALID
Voo — “ f— 4
MITSUBISHI
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DESCRIPTION

This is a family of 65 536-word by 1-bit dynamic RAMs,
fabricated with the high performance N-channel silicongate
MOS process, and is ideal for large-capacity memory
systems where high speed, low power dissipation, and low
costs are essential. The use of double-layer polysilicon
process technology and a single-transistor dynamic storage
cell privide high circuit density at reduced costs, and the
use of dynamic circuitry including sense amplifiers assures
low power dissipation. Multiplexed address inputs permit
both a reduction in pins to the 16-pin zigzag inline package
configuration and an increase in system densities. The
M5K4164ANL 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) (mwW)
M5K4164ANL.-12 120 220 175
M5K4164ANL-15 150 260 150

16 pin zigzag inline package

Single 5V10% supply

Low standby power dissipation: 22mW (max)

Low operating power dissipation:
M5K4164ANL-12  275mW (max)
M5K4164ANL-15  250mW (max)

® Unlatched output enables two-dimensional chip selec-

tion and extended page boundary

® Early-write operation gives common 1/O capability

® Read-modify-write, RAS-only refresh, and page-mode

capabilities

PIN CONFIGURATION (TOP VIEW)

ADDRESS INPUT ~ Ag — [1]
L1 -
COLUMN ADDRESS TAS — b 2l—e DATA OUTPUT
sTRoBE INPUT CAS |3} 2 i
(NO CONNECTION) NG [B] X “°] Vss  (0V)
- -
WRITE CONTROL = _ Lo & &2 +D  DATA INPUT
iNeUT W LI R 5] AAS ROW ADDRESS
Aotz B+ STROBE INPUT
A [** I7 fid) « A, ADDRESS INPUT
— [ =
ADDRESS ! e e
INPUTS | A7 bt . 12l Vec (5Vv)
R CE
Ag i 5 | ADDRESS
{8« A, J INPUTS

Outline 16P5A

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

Output is three-state and directly TTL-compatible

128 refresh cycles every 2ms

(16K dynamic RAMs M5K4116P, S compatible)

CAS controlled output allows hidden refresh

Output data can be held infinitely by CAS

APPLICATION

Main memory unit for computers
Refresh memory for CRT

BLOCK DIAGRAM

paTa INeUT D (8 .
wRITE conTROL INPUT W (7 INPUT
COLUMN ADDRESS 5%% LATCH (
o 5v
SsTRoBE inPUT CAS (3 =" CLOCK GENERATOR Vee (5v)
ROW ADDRESS HAS = CIRCUIT
STROBE. INPUT R S T 4) Vss (0V)
I
1 o e x COLUMN DECODER ]
i row [T MEMORY CELL
! |pecooer i (64 ROWS X 256 COLUMNS)
! ' !
[ SENSE REFRESH AMPLIFIER -
! =
a0 (O)—zt|t [row I MEMORY CELL 2
A (5 S| ! JoECoDER Lf (64 ROWS X 256 COLUMNS) 5
1 21 e
o] - 5
a2 (10— Sy | MR COLUMN DECODER | ] 2 o &x 2) 0 DATA OUTPUT
gwl! N [ o3
A3 @ 2| [row [T MEMORY CELL 3 o>
ADDRESS INPUTS 4 | (T5)—~{ 88| | [pECODER i,] 64 ROWS X 256 COLUMNS) S
g o
)
As (14) N SENSE REFRESH AMPLIFIER =
A |
s (1) I lrow | MEMORY CELL
A (13) | |pecooeri,] (64 Rows x 256 COLUMNS)
1
e COLUMN DECODER -
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FUNCTION

The M5K4164ANL provides, in addition to normal read,
write, and read-modify-write operations, a number of other
functions, e.g., page mode, RAS-only refresh, and delayed-
write. The input conditions for each are shown in Table 1.

Table 1 Input conditions for each mode

Inputs Output
Operation RS cES w b :(jo(;?"ess gg;‘:;:: N o Refresh Remarks
Read ACT ACT NAC DNC APD APD VLD YES
Write (Early write) ACT ACT ACT VLD APD APD OPN YES :;g:tir:acl{de
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 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

M5K4164ANL the 16-bit address signal must be multiplex-

ed into 8 address signals, which are then latched into the

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

(RAS) latches the 8 row-address bits; next, the negative-

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

latches the 8 column-address bits. Timing of the RAS and

CAS clocks can be selected by either of the following two

methods:

1. The delay time from RAS to CAS 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 tygas.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 M6K4164ANL is in the high-impedance
state when CAS is high. When the memory cycle in progress
is a read, read-modify-write, or a delayed-write cycle, the
data output will go from the high-impedance state to the
active condition, and the data in the selected cell will be
read. This data output will have the same polarity as the
input data. Once the output has entered the active
condition, this condition will be maintained until CAS goes
high, irrespective of the condition of RAS.

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

These output conditions, of the M5K4164ANL, which
can readily be changed by controlling the timing of the write
pulse in a write cycle, and the width of the CAS pulse in a
read cycle, offer 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
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3. Two Methods of Chip Selectioh

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

4. Extended-Page Boundary

By decoding CAS, the page boundary can be extended
beyond the 256 column locations in a single chip. 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 (Ay ~ Ag) of the M6K4164ANL
must be refreshed every 2 ms to maintain data. The
methods of refreshing for the M56K4164ANL are as follows.
1. Normal Refresh

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

2. RAS Only Refresh

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

3. Hidden Refresh

A feature of the M6K4164 ANL 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 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 M6K4164ANL is dynamic, and
most of the power is dissipated when addresses are strobed.
Both RAS and CAS are decoded and applied to the
M5K4164ANL as chip-select in the memory system, but if
RAS is decoded, all unselected devices go into stand-by
independent of the CAS condition, minimizing system
power dissipation.

Power Supplies

The M5K4164 ANL 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 Paramater Conditions Limits Unit
Vee Supply voltage T —1~7 \"
\7 Input voltage With respect to Vsg —1~7 \
Vo | Output voltage —1-=7 Vv
lo Qutput current 50 mA
Pd Power dissipation Ta=25°C 700 mw
Topr Operating free-air temperature range 0~70 °C
Tstg Storage temperature range —65~150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=u~‘7o'c.

. Limits X
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \
Vss Supply voltage 0 0 0 \
ViH High-level input voltage, all inputs 2.4 6.5 \2
ViL Low-level input voltage, all inputs -2 0.8 \%

Note 1. All voltage values are with respect to Vss

unless otherwise noted) (Note 1)

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

VoH High-level output voltage lon=—5mA 2.4 Vee \

VoL Low-level output voltage loL=4.2mA 0 0.4 v
loz Off-state output current Q floating 0V <=Vour=5.5V —-10 10 uA
I Input current OV=V|N=6.5V, Allother pins =0V —10 10 HA
l6c1(av) Averagle supply current from Vee, |M5K4164ANL-12| RAS, CAS cy.cling 50 mA
operating (Note 3, 4) M5K4164ANL-15| tog=tcw = min output open 45 mA
lcc2 Supply current from Ve, standby RAS =V)y4 output open 4 mA
locatav) AveragAe supply current from Vee, [M5K4164ANL-12| RAS cycling CAS=Vi4 40 mA
refreshing (Note 3) M5K4164ANL-15| tc(REF)= min. output open 35 mA
| coatav) Average supply current from Vee, | M5K4164ANL-12 RAS =V, CAS cycling 40 mA
. page mode (Note 3, 4) M5K4164ANL.-15) tcopg= min. output open 35 mA
Ci(a) Input capacitance, address inputs 5 pF
Ci(p) Input capacitance, data input V)=Vss 5 pF
Ci(w) Input capacitance, write control input f=1MH2z 7 pF
C (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. lcci(av). lces(av), and locaav) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate,
4: lgcci(av) and Icca(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, Vgc=5V +10%, Vss=0V, unless otherwise noted, See notes 5, 6 and 7)

M5K4164ANL-12 M5K4164ANL.-15
Symbol Parameter Alternative Limits Limits Unit
Symbol
Min Max Min Max

terF Refresh cycle time trer 2 2 ms
tw(RasH) RAS high pulse width tre 90 100 ns
tw(RasL) RAS low pulse width tras 120 10000 150 10000 ns
tw(casL) TAS low pulse width tcas 60 =) 75 o ns
tw(casH) CAS high pulse width (Note 8) teen 30 35 ns
th(RAS-CAS) TAS hold time after RAS tosh 120 150 ns
th(cas-RAS) RAS hold time after CAS tRsH 60 75 ns
td (cAS-RAS) Delay time, CAS to RAS (Note 9) terp —20 —20 ns
t4(RAS-CAS) Delay time, RAS to CAS (Note 10) tRco 25 60 30 75 ns
t su(RA-RAS) Row address setup time before RAS t ASR 1] 0 ns
t su(ca-cas) Column address setup time before CAS tasc 0 0 ns
th(RAS-RA) Row address hold time after RAS tRAH 15 20 ns
th(cas-ca) Column address hold time after CAS tcaH 20 25 ns
th(rAS-CA) Column address hold time after RAS t AR 90 95 ns
T Transition time tr 3 35 3 50 ns
trin

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 iy =1 74 =5ns.
7: Reference levels of input signals are Vi min. and Vi max. Reference levels for transition time are also between Vi and V.
8. Except for page-mode. '
9: td(cAS-RAS) requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS.)
10: Operation within the td (Ras-CcAS) max limit insures that ta (ras)max can be met. td (rRas-cas)max is specified reference point only,it
td (rRas-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 (rRas-AA)MIN + 2L Tt riw) + T su(ca-cas)min.

SWITCHING CHARACTERISTICS (Ta=0~70°C, Voc=5V +10%, Vss=0V, unlessotherwise noted)

Read Cycle
. M5K4164ANL -12 M5K4164ANL-15
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
ter Read cycle time tre 220 260 ns
tsu (R-cAS) Read setup time before CAS tres 0 0 ns
th(cas-Rr) Read hold time after CAS (Note 11) trcH 0 0 ns
th(RrAS-R) Read hold time after RAS (Note 11) JLRRH 10 20 ns
tdis (cas) Output disable time (Note 12) 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 +120 150 ns

Note 11:  Either th (Ras-R) of th (cas-Rr) must be satisfied for a read cycle.

Note 12

Note 13: This is the value when td (Ras-cas)=1d (Ras-cas)max. Test conditions ; Load = 2T TL, Ci_ = 100pF
Note 14:  This is the value when td (ras-cas)< !d (rRas-cas)max. When td (ras-cas)Ztd (Ras-cas)max, ta(ras) will increase by the amount that

1d (raS-CAS) exceeds the value shown. Test conditions ; Load = 2T TL, C,_ = 100pF

tdis (cas)max defines the time at which the output achieves the open circuit condition and is not reference to Vo or Vo .

Write Cycle
M5K4164ANL-12 M5K4164ANL-15
Alternative )
Symbol Parameter Limits Limits Unit
Symbol -
Min Max Min Max

tow Write cycle time tre 220 260 ns
tsu(w-cAs) Write setup time before CAS (Note 17) twes —5 -5 ns
th cas-w) Write hold time after CAS tweH 40 45 ns
th (Ras-w) Write hold time after RAS twer 90 95 ns
th (w-RrAS) RAS hold time after write tawL 40 45 ns
th (w-cas) CAS hold time after write towL 40 45 ns
tw (w) Write pulse width twe 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 45 ns
th (Ras-D) Data-in hold time after RAS toHR 90 95 ns
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65 536-BIT (65 S36-WORD BY 1-BIT) DYNAMIC RAM

Read-Write and Read-Modify-Writé Cycles

Alternative M5K4164ANL-12 M5K4164ANL.-15
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max

torw Read-write cycle time (Note 15) trwe 245 280 ns
terRMw Read-modify-write cycle time (Note 16) tamwe 265 310 ns
th (w-RaS) RAS hold time after write tRwL 40 45 ' ns
th (w-cas) CAS hold time after write teowL 40 45 ns
tw(w) Write pulse width 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) trRwD 100 120 ns
td cas-w) Delay time, CAS to write (Note 17) tcwbp 40 60 ns
tsu(p-w) Data-in setup time before write tos 0 0 ns
th (w-p) Data-in hold time after write toH 40 45 ns
tdis (cas) Output disable time torFF 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 15: tggwmin is defined as tcrw.min = td (rRas-w) + th (w-ras) + tw (RasH) + 3t TLH(trhL)
16: tormw min is defined as t gamw min = ta (RAs)max + th (W-HAS‘) +1tw(ras H) + 3t TLH(tTHY)
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)=2tsu (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)=2tsu (w-cas)min a read-write cycle is performed, and the data of the selected address will be read out
on the data-output.

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

Page-Mode Cycle
. M5K4164ANL-12 M5K4164ANL-15
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
tc pPGR Page-mode read cycle time tec 140 140 ns
tc Pow Page-Mode write cycle time tpc 140 145 ns
tc PGRW Page-Mode read-write cycle time - 150 180 ns
tcPGRMW Page-Mode read-modify-write cycle time - 170 195 ns
tw (CASH) CAS high pulse width tep 55 60 ns
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TIMING DIAGRAMS ot 18)

Read Cycle ton
tw(RASL)
th(RAS-CAS)
axs Vig — \ th(ras-ca) {
ViL = S\ / \
td (cas-rAS) l l et W (RASH) —e=
——td(RAs-oAs)—-—-—-—-—‘th(CAs»HAs)
t
58 Vi 7 \ W(CASL) /
Vi — tw(CASH)
tsu(ra-RAS)| |th(Ras-rA) tsu(ca-cas)
th(cas-ca)
Ao~ A7 Vi - ROW COLUMN ROW
Vil - ADDRESS ADDRESS ADDRESS
tsu(r-cas) th(Ras-R)
th(cas-R)
w Vih —
V p—
b L—-ta(cnw—-
ta(ras) tdis (cas)
Vor - 4 \\
Q
VoL — HIGH IMPEDANCE STATE \ DATA VALID )
Write Cycle (Early Write)
tow
tw(rasL)
th(Ras-cas)
N Viw — \ —~——Ih(CA5-CA)———.~‘
RAS
Vie - \ /
td (cas-RAs) I — th(cas-Ras) ——~———| tw(RrasH)
l~e— 1d (RAS-CAS) tw(casL)
V- 7 L \ /
CAS Vi - / tW(CASH)
tsu(ra-RAS)| |[th(Ras RA) lsu(ca-cas) th(cas-oa)
~-— -CA
_ Vin - ROW 7000, COLUMN ROW
[ \ ’ th(w-cas)
lsu(w-CAS)-—-i th(cas-w)
N Vi — tw w) 'v"-'v’-’v’v’vOV’v’v.v’v’v’v.v’v'~'
Yoo - N | | p “"0““""””0
l, : th(w-RAS)
th(RAS-W)————e={
tsu(0-cas) == th(cas-0)
Vin - OO0 0000099099999 99 v I
D ) DATA VALID o 0“0. 99,0999
Vi -M “"A’A’A’A’ \ '8 .6.6.0,0,0?.00.“?0?0?0?0?‘?0?‘?’& A‘A‘A‘A’A‘A’A‘A‘A’A“"
th(RAs-D)
VOoH —
0 Vou — HIGH IMPEDANCE STATE
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Read-Write and Read-Modify-Write Cycles

torRw/tcRMW al
tw(RasSL)
th(ras-cas)
RAS XIH ——_\N:————th(HAS-CA)———-’T
o= . )
f td (cas-RaS) [ th(oas-ras) tw(RASH)
td (Ras-CAS) . tw(casL)
— Vin — /[, r
OAS. Vi - tw(casH) \ \ l /
tsu(Ra-RAS) .th(RAS-RA) tsu(ca-cas) th (oas-oa)
R
Ao~ A7 :gé:?s’\é ADOD\;?VESS
l[;‘ ,td(HAS-W) ‘ th (w-cAs)—e=
tsu(n-CAs)I-—l ‘-—td(CAs-m——— Pth(W-HAS)‘—‘—
— Vig - LAY X YOV KAXKXAY
R AR Ry
tww)
le——ta (cAS) ————a=y tdis (cas)
Q VoH — y i
VoL —m————""HIGH IMPEDANCE STATE DATA VALID
ta (ras)
tsu(o-w) th(w-D)
Vin R R R R RN R XY
D U D
e R RO os varo MO KERAGRLERe

ter

| tw(rasL) {
RAS \\//": - h k *
o L

th(ras-RA) tw(RASH)
tsu(ra-RAS) .l )
Vig = XXX A X A X AR AANN ROW ORI IR AT XXX IIITR
ronr ! Z XA, soomess RISKAXKKRKIEEZLLXX0IK oo
VoH —
Q VoL - HIGH IMPEDANCE STATE

-

Indicates the don't care input
Note 19 CAS=V|y, W, D =don't care.
A7 may be ViH or VL.
M The center-line indicates the high-impedance state
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Page-Mode Read Cycle

tw(RAsL)
e th(RAs- CAS)—T
Viy _—T-—-th(ms CA)
RAS ViL — 9 Iy 7 t
77/ W (RASH
_-t_d (CAS-RAS) ‘ to paR fe——th(CAS-RAS) } ¢ D
t -
d(RAS-CAS) tw(casL) tw(casL) =-tw(casL)
Vii — !"/
by e \ i
L /T
th(ras-raA W (CASH)
i ) P—{th(CA&CA) th(ras-ca) =—={th(cas-ca)
t .
SU(RA-RAS) ——Itsu(cA-CAs.) = tsu(ca-cas) —f+=-tsu(ca-cas)
Vin - COLUMNEAD Y X 99' COLUMN COLUMN ROW
Ao~ Ay v _ ADDRESS \’.....".0. ADDRESS ADDRESS ADDRESS
o ———) m— Ff
t le—ta(cas) ll._ta(CAs) l—ta(cas)
L—‘ta(ms) tdis(cas)
Vo — TA
Q v e HIGH IMPEDANCE STATE 81°//4
oL th (ras-R)
tsu(r-cas)
tsu(r-cas) th(cas-R) ~—th(cas-A)—=
< L
w Vi —
Page-Mode Write Cycle
tw(rasL)
- 1h(RAS-CAS) ————e=y
Vih — --Ih(RAs-CA)*j
RAS Vie — N\ 7/ 7 tw(RASH)
td (cas-ras) | th(CAS-RAS )=
—tcrow
td (ras-cAS) twicasL) tw(casL)
Vi —
R T\
th(ras-RA) th(oAS-CA) tw(casH) th(cas-ca)
lsu(ﬂA;«As) I~ tsu (ca-cAS) tsu(ca-cas) |
ROW
Vie — COLUMN! coLumn
Ao=hA1 ADDRESS! S QDORESS LODRESS
th(cas-w) Ih(otxs-w)l‘—‘i thecas-w)
Ih(w-CAs)—-—l th(W-CAS)—-'J
Vi —
tw(w) | tw(w)
f=——th (RAS- W) —ed tsu(o-w)| | th (w-p)
tsu(o-w) th(w-D)
D Viu "m DATA VALID DATA VALID
Vi —
t=——1th(RAS-D)
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Hidden Refresh Cycle

ViH
Viu

Py
D
ol

Vi
ViL

|

[e]
>
[

Ap~A Vi
0~ A7
Viu

ViH
Vi

g

VoH
Vou

- READ CYCLE REFRESH CYCLE REFRESH CYCLE
tcr tcr FCR
tw(RASL) tw(RASL) o tw(RASL) ,
\ 1 ) T/ \
. \( 71 tw(HASH)‘ \;; / \ \_
td (cas-RAS) .
td(RAS-CAS) th(CAS-RAS) . tw (RASH)
tw(casL) ) ’
- 7 )K Jzz_—
- / tw(CASH) N e
th(cas-ca)
tsu(Ra-RAS)| |th(RAS-RA) [v tsu(RA-RAS)| [th(RAS-RA) tsu(Rra-RAS)| [th(RAS-RA)
- LTI R XX XXX XRRATR O
X i@tw R TRy R
r. tsu(ca-cas) .
Isu(a-cgs th(RAS-R)
4 X NAAAAXAAA ANV VAN
I R
ta(cAs)
ta (RAS) tdis (cAs)
\<<L DAT}/: VALID N

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

MITSUBISHI LSIs

MSK4164AND-12, -15

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 18-pin chip carrier package Az
configuration and an increase in system densities. The
M5K4164AND operates on a 5V power supply using the
on-chip substrate bias generator.

PIN CONFIGURATION (TOP VIEW)

D NC Vss CAS

REHEMEA
[N R e )

Outline 18D0

Power dissipation ® All input terminals have low input capaciatance and are

directly TTL-compatible

® Qutput is three-state and directly TTL-compatible

® 128 refresh cycles-every 2ms

(16K dynamic RAMs M5K4116P, S compatible)
® CAS controlled output allows hidden refresh
® QOutput data can be held infinitely by CAS
APPLICATION

® Main memory unit for computers

FEATURES
@ Performance ranges
Access time Cycle time
Type name (max) (min) (typ)
(ns) (ns) (mW)
M5K4164AND-12 120 220 175
M5K4164AND-15 150 260 150
o Single 5V+10% supply
o Low standby power dissipation: 22mW (max)
® Low operating power dissipation:
M5K4164AND-12  275mW (max)
M5K4164AND-15 250mW (max)
e Unlatched output enables two-dimensional chip selec-
tion and extended page boundary
e Early-write operation gives common |/0 capability
® Read-modify-write, RAS-only refresh, and page-mode

capabilities

BLOCK DIAGRAM

DATA INPUT D2

WRITE CONTROL INPUT w (3

INPUT
LATCH

COLUMN ADDRESS » Vee (5v
sTroBe INPUT CAS U7 —{ cLock GEnERATOR ce (5V)
ROW ADDRESS RAS .| CIRCUIT
STROBE INPUT NAS T 18) Vss (0V)

[T o vex COLUMN DECODER ]
i lrow T MEMORY CELL
| |DECODER_{,] (64 ROWS X 256 COLUMNS)
! ! ,
'
N R SENSE REFRESH AMPLIFIER -
| 2
Ao 2|1 [row T MEMORY CELL Q
S| [oecooer ] (64 ROWS X 256 COLUMNS) S
Al o 33 ! N e
w
Az 3. i ADDRESS COLUMN DECODER 8 — E 19 Q DATA OUTPUT
A3 =4l z 33
\ z|! |row MEMORY CELL g
ADDRESS INPUTS 4 | 23] [pecoper i | (64 ROWS X 256 COLUMNS) =
4 @ g : ] Q
As i SENSE REFRESH AMPLIFIER =
A i
6 lrow |7 MEMORY CELL
A (10) | |DECODER L] (64 ROWS X 256 COLUMNS)
|
e e COLUMN DECODER |
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FUNCTION

The M5K4164AND 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 _ _ _ Row Column Refresh Remarks
RAS CAS w 0 address | address Q
Read ACT ACT NAC DNC APD APD VLD YES Page mode
Write ACT ACT ACT VLD APD APD OPN YES | identical except
- refresh is NO.

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 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

M5K4164AND the 16-bit address signal must be multi-

plexed into 8 address signals, which are then latched into

the on-chip latch by two externally-applied clock pulses.

First, the negative-going edge of the row-address-strobe

pulse (CAS) latches the 8 column-address bits; next, the

negative-going edge of the column-address-strobe pulse

(CAS) latches the 8 column-address bits. Timing of the

RAS and CAS clocks can be selected by either of the

following two methods:

1. The delay time from RAS to CAS tq (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 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 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 outut of the M5K4164AND is in the high-impedance
state when CAS is high. When the memory cycle in progress
is a read, read-modify-write, or a delayed-write cycle, the
data output will go from the high-impedance state to the
active condition, and the data in the selected cell will be
read. This data output will have the same polarity as the
input data. Once the output has entered the active
condition, this condition will be maintained until CAS goes
high, irrespective of the condition of RAS.

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

These output conditions, of the M6K416AND, which
can readily be changed by controlling the timing of the
write pulse in a write cycle, and the width of the CAS pulse
in a read cycle, offer capabilities for a number of applica-
tions, as follows.

1. Common /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 dxtended
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~ As) of the M6K416AND must
be refreshed every 2 ms to maintain data. The methods of
refreshing for the M56K4164 AND are as follows.

1. Normal Refresh

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

2. RAS Only Refresh

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

3. Hidden Refresh

A features of the M5K4164AND is that refresh cycles
may be performed while maintaining valid data at the out-
put pin by extending the CAS active time from a previous
memory read cycle. This feature is refered to as hidden
refresh. .

Hidden refresh is performed by holding CAS at V,_ 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 M5K4164AND is dynamic, and
most of the power is dissipated when addresses are strobed.
Both RAS and CAS are decoded and applied to the
M5K4164AND as chip-select in the memory system, but if
RAS is decoded, all unselected devices go into stand-by
iindependent of the CAS condition, minimizing system
power dissipation.

Power Supplies

The M5K4164AND operates on a single 5V power supply.
A wait of some 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 Paramater Conditions Limits Unit
Vee Supply voltage ’ —1—7 Vi
V) Input voltage With respect to Vss —1~17 \
Vo Output voltage —-1~7 \
lo Output current 50 mA
Pd Power dissipation Ta=25°C 1000 mwW
Topr Operating free-air temperature range 0~70 °C
Tstg Storage temperature range —65~150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C, unless otherwise noted) (Note 1)
Symbol Parameter Limits Unit
Min Nom Max
Veeo Supply voltage 4.5 5 5.5 \
Vss Supply voltage 0 0 0 \4
Vi High-level input voltage, all inputs 2.4 6.5 \2
ViL 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
VoH High-level output voltage loH= —5mA 2.4 Vee \%
VoL Low-level output voltage loL=4.2mA 0 0.4 \
loz Off-state output current Q floating 0V =Vour =5.5V —10 10 uA
I Input current OV <=V|N<6.5V, Allotheipins=0V -10 10 uA
l601(av) Average supply current from Ve, [M5K4164AND-12| RAS, CAS cycling 50 mA
operating (Note 3, 4) M5K4164AND-15| tcgr=tcow = min output open 45 mA
fccz Supply current from Ve, standby RAS =V output open 4 mA
I 663(aY) Averag.e supply current from Ve, |M5K4164AND-12| RAS cycling CAS=Vix 40 mA
refreshing (Note 3) M5K4164AND-15 tc(REF)= min. output open 35 mA
Icoatav) Average supply current from Vee, |M5K4164AND-12] RAS =V, _, CAS cycling 40 mA

. page mode (Note 3, 4) M5K4164AND-15( tcpg= min, output open 35 mA
Ci(a) Input capacitance, address inputs 5 pF
Ci(p) Input capacitance, data input Vi=Vss 5 pF
Ci(w) Input capacitance, write control input f=1MHz 7 pF
Cy (RAS) Input capacitance, RAS input Vi=25mVrms 10 pF
Ci(cas) | Inputcapacitance, 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. lcci(av). lces(av), and 'CCG(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate,

4. 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=0~70C, Vgc=5V +10%, Vss=0V, unless otherwise noted, See notes 5, 6 and 7)

M5K4164AND-12 M5K4164AND-15
Symbol Parameter Alternative Limits Limits Unit
Symbol
Min Max Min Max

tcRF Refresh cycle time tRerF 2 2 ms
tw(RASH) RAS high pulse width trp 90 100 ns
tw(RASL) RAS low pulse width tras 120 10000 150 10000 ns
tw(casL) CAS low pulse width tcas 60 oo 75 oo ns
tw(CASH) CAS high pulse width (Note 8) teen 30 35 ns
th(RAs-cAs) | CAS hold time after RAS tosh 120 150 ns
th(cas-RAS) RAS hold time after CAS t RSH 60 75 ns
td (cas-ras) | Delay time, TAS to RAS (Note 9) tcre —20 —20 ns
t4a(RAS-CAS) Delay time, RAS to CAS (Note10) trco 25 60 30 75 ns
1 su(RA-RAS) Row address setup time before RAS tasr 0 1] ns
t su(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 ns
th(cas-ca) Column address hold time after CAS tcaH 20 25 ns
th(ras-cA) Column address hold time after RAS t AR 90 95 ns
trHL Transition time tr 3 35 3 50 ns
trin

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 vy =t T =5ns.
7. Reference levels of input signals are Vi min, and Vi max. Reference levels for transition time are also between V,y and V.
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 (rRas)max can be met. td (Ras-cas)mMax is specified reference point only if
td (RAS-CAS) is greater than the specified td (RAs-cas) max limit, then access time is controlled exclusively by ta(cas)-

td (RAS-cAS)Min =th (RAs-RA)MIN + 2t THL (i) + Usu(ca-cas)min.

SWITCHING CHARACTERISTICS (Ta=0~70°C, Vgc=5V +10%, Vss=0V, unless ttherwise noted)

Read Cycle
. M5K4164AND- 12 M5K4164AND-15
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
teR Read cycle time tre 220 260 ns
tsu(p-cas) Read setup time before CAS tres 0 0 ns
th (cas-R) Read hold time after CAS (Note 11) tRCH 0 0 ns
th(ras-R) Read hold time after RAS (Note 11) tRRH 10 20 ns
tdis (cas) Output disable time (Note 12) tore 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 11.  Either th (Ras-Rr) or th (cas-R) must be satisfied for a read cycle.
Note 12. tdis (cas)max defines the time at which the output achieves the open circuit condition and is not reference to Vgu or Vo .
Note 13.  This is the value when td (ras-cas)2td (Ras-cas)max. Test conditions ; Load = 2T TL, C_ = 100pF
Note 14. This is the value when td (ras-cas)< td (RAs-cas)max. When td (ras-cas)=td (Ras-cas)max, ta(pas) will increase by the amount that
td (RAS-CAS) exceeds the value shown. Test conditions : Load = 2T TL, Ci_ = 100pF
Write Cycle
. M5K4164AND-12 M5K4164AND- 15
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
tow Write cycle time tre 220 260 ns
tsu(w-cas) Write setup time before CAS (Note 17) twes 5 5 ns
th (cas-w) Write hoid time after CAS tweH 40 45 ns
th (rRas-w) Write hold time after RAS twer 90 95 ns
th (w-RrAS) RAS 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 (p-cas) Data-in setup time before CAS tos 0 0 ns
th (cas-p) Data-in hold time after CAS ton 40 45 ns
th (ras-D) Data-in hold time after RAS toHR 90 95 ns
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Read-Write and Read-Modify-Write Cycles

Alternative M5K4164AND-12 M5K4164AND- 15
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max

terw Read-write cycle time (Note 15) tawe 245 280 ns
torRmw Read-modify-write cycle time (Note 16) taemwec | 265 310 ns
th (w-Ras) RAS hold time after write tRwL 40 45 ns
th (w-cas) CAS hold time after write toweL 40 45 ns
tw(w) Write pulse width - twp 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) trwD 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 tos 0 0 ns
th(w-0) Data-in hold time after write h ton 40 45 ns
tdis (cas) Output disable time torr 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 15. tcRwmin is defined as torw min = td (rRas-w) + th (w-ras) + tw (RasH) + 3UTLH(triL)
16. tcRmw min is defined as t camw min =ta (Ras)max + th (w-ras) + tw (Ras H) + 3t TLH(tth)
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)2tsu(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 aread-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
) M5K4164AND-12 M5K4164AND-15
Alternative
Symbol Parameter Limits Limits Unit
Symbol :
Min Max Min Max
tec por Page-Mode read cycle time tec 140 145 ns
tc pow Page-Mode write cycle time tpo 140 145 ns
tc PGRW Page-Mode read-write cycle time - 150 180 ns
tcpGRMW Page-Mode read-modify-write cycle time - 170 195 ns
tw (CASH) CAS high pulse width tee 55 / 60 " ns
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TIMING DIAGRAMS Note 18)

Read Cycle tom
tw(RASL
th(Rras-cas)
‘mms-cm-———-' r—-\
_ Vig -
RS VIH \NL [ j
T \
td (cas-RrAS) I =L W(RASH) ——==
e Ld(RAS-CAS)——smtue——————— 1h (CAS-RAS)——————a=]
. t
CAS Vih — 4 \ wieasL) /
Vi — tw(casH)
tsu(ra-RrAS)| [th(ras-rA) tsu(ca-cas) th(cas-ca)
Ao~ Aq Vin - ROW COLUMN R
Vil — ADDRESS ADDRESS y
tsu(R-cAs) th(ras-R)
th(cas-R)
w ViH — L
V —
- } ta(cas)
ta(ras) tdis (cas)
V, _
Q o HIGH IMPEDANCE STATE 7 DATA VALID k
VoL — N //
Write Cycle (Early Write)
tow
tw(rasL)
th(ras-cas)
N A\ - \ o 1 .
AAS VIH \\ h(cas-CcA) ————1 j
|1 S
td (cas-RAS) r-————| th(cas-RAS) —————-l tw(RaSH)
~=——o1d (RAS-CAS) tw(casL)
__ Vib - ; \ / /
cas ViL — / twicasH) y,
tsu(ra-ras)| |th(RAS-RA) tE:(CA-CAS) th(oas-on)
Ao, VM- ROW | coLumn
o ViL - ADDRESS | ADDRESS
.‘——__‘ \ th(w-cas)
tsu(w-cas) I———ﬂ th(cas-w)
W T R — R
ViL - N l | Y, XXX “.‘
. I I th(w-Ras)
h(RAS-w)
tsu (D-cas) == th(cas-0)
Vig — ."v’v.v.v’v’\ Q"’"""’QQQ""'Q"'Q"""".V‘V.V.V.V.V‘V’V.v."‘"
DATA VALID
° Vi —W R0 ’."?“.‘.“??‘?‘?‘?‘?‘?’?‘?‘?‘?‘?‘?‘A.A‘A’A’A’A’A’A‘A’A‘A’A’Al
th (ras-D)
V, -
0 Vzt _ 1IGH IMPEDANCE STATE
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Read-Write and Read-Modify-Write Cybles

torw/tcRMW
tw(RasL)
th (ras-cas)
Vig — N e th(RAS-CA)———=—f
ViL = \k y,
th (cas-Ras) tw(RrasH)

f td (cas-RAS)
le———td (RAS-CAS) tw(casL)

o Ve T\ i

——Ttw (CASH) —=

tsu(ra-ras) | |th(ras-RA) tsu(ca-cas) t
—t g h(cAs-cA)

no—n; VM - ROW | coLumn
ViL - ADDRESS ADDRESS

- ltd(RAs-w; fee— th (W-CAS)—e=
r tsu (R-CAS)H l~—-td (CAS-W)————————e={ f=e—th (W-RAS)——==
— vV _ ] OVAVAVAYAY, "’V’v.v’v’v o)
Vo RS N RIS
b tw (W)
le——ta (cas) tdis (cas)
0 VoH — 4
Vo _mm——————HIGH IMPEDANCE STATE DATA VALID
A
ta(ras)
tsu(o-w) th(w-b)
Vi = R R R TR RSO OOORXKXAX
R BRSSO o vavo BXRARKXXRA00000

. tcRr
tw(RasL)
Vin — N T y
Vie — L
th(RAs-RA) } tw (RASH)

RAS
tsu(RA-RAS)
_ Vig — 0""""""""""".\ ROW Y X '.V‘VVVV.'O'Q'Q'Q' '0'0'0"""""'\
ao=ro it T XONRNNKRCRON  sommess IR XKD
Vou —
Q VoL — HIGH IMPEDANCE STATE

Note 18
Indicates the don't care input —
Note 19 CAS=V|4, W, A7,‘ D =don't care.
M The center-line indicates the high-impedance state
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Page-Mode Read Cycle

tw(rasL)

th(ras-cas)
»—-[h(RAs-CA)~—1
3

__ ViH —
RAS ViL — . )/4 7
R 4 t
_»d (CAS-RAS) | | to poR | th(cas-RAS) W (RASH)
td(ras-cAS) t
t=—"tw(casL)—= W(CASL) 1
Vi _ r’(
ChAs VIH tw(casH) \
L - T y,
th(ras-RA) W (CASH)
. i ".(th(CAS-CA) th(ras-ca) -—-4|th<CAs»0A>
SU(RA-RAS)
= tsu(ca-cas) =tsu(ca-cas) - Lsu(ca-CAS)
Ao~ A Vin - ICOLUMN ,;.:.:.:o;". ¢ COLUMN W
ViL - ADDRESSTRNOX XXX F/ ADDRESS XXX
[ L—Ia(CAS)j tL—-—la(CAs> l——ta(CAs)
‘ta(ms P tdis(cas) - tdis(cas)
VoH — ATA
4
Q VoL _ === HIGH IMPEDANCE STATE f VALIDY?
th (Ras-R)
tsu(r-cas)
tsu(r-cas) th(cas-R) th(cas-r)—=
_ Vin — ~
W
Vie —
Page-Mode Write Cycle
tw(rAsL)
e Th(RAS-CAS) ———a=y
RAS Vin — —*M(RAS-CA)*]
ViL — N\ . 7
7/ tw(ras
g (cas-RAS) ! to pow | th (OAS- AAS )—amd At W (RASH)
td (RAS-CAS) tw(CASL) tw(casL)
S ViH — :
CAS ViL _/U tw(casH)
|
th(as-Ra) th(cas-ca) Hy{oas) th(cas-ca)
tsu(ca-cas) tsu(ca-cas) |
Ag—Ay VH COLUMN COLUMN
0 ViL IADDRESSH ADDRESS,
th(CAS-w)L—ﬁ th(cas-w) th(cas-w)
th(w-cas)—e th(w-cas)—e=
W o _m
ViL —
tw(w)
l=———1h (RAS-W ) —e—d
tsu(p-w)
ViH - e
D o
" R
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Hidden Refresh Cycle

READ CYCLE REFRESH CYCLE REFRESH CYCLE
tcR tcr tcR’
tw(RASL) tw(RASL) 0 tw(RASL) ,
Vi — L 9) R 7N N
RAS Vi — \( 1[ tw (RASH) S / S \
a td (cas-RAS)
1d(RAS-CAS) th(CAS-RAS) tw (RASH)
tw(cAsL)
— Vih — R
cAs Vi — / tw(CASH) SL )
. th(cas-ca)
tsu(RA-RAS)| [th(RAS-RA) ( tsu(ra-ras)| |th(Ras-RA) tsu(RA-RAS)| |th(RAS-RA)
Vin — Aow EromN row YRRXXXXXXRATN row
g AT bD:;;@é B O
|\' tsu(CA-cas)
tsu(R-cas th(RAS-R)
"o - SRR OO
' ta(cas) ]
ta (Ras) tdis (0as)
_ — /
Q \\;Zi _ W ‘ DAT]; VALID N /
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DESCRIPTION

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

FEATURES
® Performance ranges
Access time Cycle time Power dissipation
Type name {max) (min) (typ)
(ns) (ns) (mW)
M5M4416P-12 120 220 175
M5M4416P-15 150 260 150

16,384 x 4 Organization

Industry standard 18-pin dual in line package

Single 5V £10% supply

Low standby power dissipation:

Low operating power dissipation:
M5M4416P-12
M5M4416P-15

25mW (max)

2756mW (max)
250mW (max)

PIN CONFIGURATION (TOP VIEW)

OUTPUT ENABLE OE —[7]

INPUT
paTa v/ | D@1 (2]
DATA OUT | o, o

8 vss (0V)

E"' DQ4 86::’_A IN/DATA

[i6]« CAS COLUMN ADDRESS
STROBE INPUT

[i5]«» DQ3 DATA IN/DATA
ouT

i Aq

(13— Aq

WRITE  —
conTROL INPUT W —*[4]
ROW ADDRESS AT —»
sTRoge inpuT TAS LY
As — (6]

dolyyNGIN

ADDRESS ADDRESS INPUTS

INPUTS | As — 2]+ Az [ (Ao & As—ROW
ADDRESS
Ay —[3] [T+ A3 only)

(5V)  Vee 0] «— A7

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 control output buffer impedance
Read-Modify-Write, RAS-only refresh, Hidden refresh
and Page mode capabilities

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

APPLICATION

® Refresh memory for CRT

BLOCK DIAGRAM
COLUMN ADDRESS (9) Voo(sV)
STROBE INPUT CAS (16 CLOCK GENERATOR
ROW ADDRESS RAS (5 CIRCUIT (18) Vss(0V)
STROBE INPUT
write W (4 QD v
CONTROL INPUT ” |
A1~As DATA
I N
COLUMN DECODER BUFFERS
""""""""" Y (@) bo:
- SENSE REFRESH ” (3) DQ2 | DATA
A AMPLIFIER & 1/0 CONTROL Ny INPUTS/
0 (9 < (15 PQs3 ( outeuTs
Ay (13) zw 1 D
= | Q4
Az (12) 25 R N @)
A; (1) 85 g | DATA
ADDRESS INPUTS % A3 &) b1 Ny § | MEMORY CELL —1 out
4 zz| | a8 [ (65,536 BITS) BUFFERS i
Ag «
A7 (i0) ' ~— OUTPUT ENABLE
7 ! ] INPUT
\ S S ——
( - - - -
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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 — - _ Input Output Refresh Remarks
" ARS | GRS | W | OE | S| e i
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

address (AO through A7)

Fourteen address bits are required to decode 1 of 16,384
storage locations. Eight row-address bits are set up on pins
AO through A7 and latched onto the chip by the
row-address strobe (RAS). Then the six column-address bits
are set up on pins 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-

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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Page-Mode Operation

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

Refresh

Each of the 128 rows (Ay~A¢) of the M5M4416P must be
refreshed every 2 ms to maintain data. The methods of
refreshing for the M5M4416P are as follows.

1. Normal Refresh

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

2. RAS Only Refresh

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

3. Hidden Refresh

A features of the 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 CAS held low.

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

Power Dissipation

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

Power Supplies

The M5M4416P operates on a single 5V power supply.

A wait of some 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 Limits Unit
Vece Supply volrage —1~7 \%
Vi Input voltage With respect to Vgg —1~7 \
Vo Output voltage —1~7 \%
lo QOutput current 50 mA
Pd Power dissipation Ta=25°C 700 mwW
Topr Operating free-air temperature range 0~70 °C
Tstg Storage temperature range —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 \%
ViH High-level input voltage, all inputs 2.4 6.5 \
ViL Low-level input voltage, all inputs —2.0 0.8 \
Note 1: All voltage 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
VoH High-level output voltage loH=—2mA 2.4 Vece \
VoL Low-level output voltage loL=4.2mA 0 0.4 \
loz Off-state output current Q floating 0V =Vour=5.5V —10 10 uA
N Input current OV=V|N=6.5V, Allother pins =0V —10 10 A
1661(AV) Average supply current from V¢, | M5M4416P-12 ﬁA—S, (_)A—S c»./cling . 55 mA
operating (Note 3.4) M5M4416P-15 te(rd) =tc (w) = min output open 50 mA
lcc2 Supply current from V., standby RAS=V|y output open 4.5 mA
l6cacav) Averag<=j supply current from Vo, | M5M4416P-12 RAS cycling CAS=Vy 45 mA
retreshing (Note 3) M5M4416P-15 | tc(Prd) = min, output open 40 mA
Average supply current from V.., | M5M4416P-12 | RAS=V,(, CTAS cycling 45 mA
1004(AV) | page'mode [Note 34) M5M4416P-15 | tc (Prd) = min, output open 40 mA
Note 2: Current flowing into an IC is positive, out is negative.
3: Icc1(Av). leca(Av). and lcca (Av) are dependent on cycle rate. Maximum current is measured at the tastest cycle rate.
4: lcci(av) and lcca(Av) are dependent on output loading. Specified values are obtained with the output open.
CAPACITANCE (Ta=0~70°C, V=5V +10%, Vss=0V, unless otherwise noted)
Symbol Parameter Test conditions N Limits Unit
Min Typ Max
Ci(a) Input capacitance, address inputs 5 pF
Ci (0E) Input capacitance, OE input V|=Vss 7 oF
Ci(w) Input capacitance, write control input f=1MHz 7 pF
Ci (RAS) Input capacitance, RAS input Vi=25mVrms 10 pF
Cj (cas) Input capacitance, CAS input 10 pF
Ci/0 Input/Output capacitance, data ports 10 pF
MITSUBISHI
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SW|TCH|NG CHARACTERISTICS (Ta=0~70°C, Voc=5V £10%, Vss=0V, unless otherwise noted ) (Note 5)

) M5M4416P-12 M5M4416P-15
Symbol Parameter Alternative Limits Limits Unit
Symbol
Min Max Min Max
ta(o) 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(oe) Access time from OF (Note 6) - 30 40 ns
tdis(cH) Output disable time after CAS high (Note 9) torr 0 25 0 30 ns
tdis (0E) Output disable time after OE 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 tgecL 2 tRLCL Max.
8: Assume that ta cL <tgrcL max. If tricy is greater than trcL max then ta (gy will increase by the amount that tpicy exceeds trLcL max.
9 tdis(cH) Mmax and tdis(og) max define the time at which the output achieves the high impedance state (louTS |+10uA| ) and are not reference to Vox

TIMING REQUIREMENTS (For Read, Write,

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

min or VoL max.

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

See notes 10,11)

. M5M4416P-12 M5M4416P-15
Symbol Parameter Alternative Limits Limits Unit
Symbol
Min Max Min Max
to(rF) Refresh cycle time tRer 2 2 ms
tw(rH) RAS high pulse width tRrp 90 100 ns
trLcL Delay time, RAS low to CAS low (Note 12) | tmrcop 25 60 30 75 ns
tcHRL Delay time, CAS high to RAS low (Note 13) | tcrp —20 —20 ns
tsu(rA) Row address setup time before RAS low tAsSR 0 0 ns
tsu(ca) Column address setup time before CAS low tasc 0 0 ns
th(ra) Row address hold time after RAS low tRAH 15 20 ns
th(cLca) | Column address hold time after CAS low 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 tT=5ns.
11: Vj4 minand V_ max are reference levels for measuring timing of input signals.
12: tgLcL max is specified as a reference point only; if tricL is less than tricL max, access time is ta(R). if tRLCL is greater than tgi cL max, access time is
tRLCL *ta(0)- tRLCL mMin is specified as trLcL min. = th(RA) +2 1T +tsu(CA).
13: tcuRL 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:  t1 is measured between Vi min and V| max.

Read and Refresh Cycles

M5M4416P-12 M5M4416P- 15
Symbol Parameter Agj;:‘;glve Limits Limits Unit
Min Max Min Max
to(rd) Read cycle time tre 220 260 ns
tw(RL) RAS low pulse width tRAS 120 10000 150 10000 ns
tw(oL) 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 tros 0 0 ns
th(CHrd) Read hold time after CAS high (Note 15) | tRcH 0 0 ns
th (RHrd) Read hold time after RAS high (Note 15) | tRRH 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
tpoEL Delay time, Data to OE low - 0 0 ns
toeHD Delay time, OE high to Data — 25 30 ns
tRHCL Delay time, RAS high to CAS low — 0 0 ns
Note 15:  Either th(cHrd) or th(RHrd) must be satisfied for a read cycle.
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Write Cycles (Early Write and Delayed Write)

. M5M4416P-12 M5M4416P-15
Symbol Parameter Ag::ig"/e Limits * 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 toas 60 75 . ns
tw(cH) CAS high pulse width toen 30 30 ns
th(RLCH) | CTAS hold time after RAS low ; tosH 120 150 ns
th(cLRH) | RAS hold time after CAS low tRsH 60 ) 75 ns
tsu(weoL) | Write setup time before CAS low (Note 17) | twes -5 -5 ns
th(cLw) Write hold time after CAS low twoH 40 45 ns
th (RLW) Write hold time after RAS low twer 100 120 ns
th(weH) CAS hold time after Write low towL 40 45 ns
th (WRH) 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 tpH 40 45 ns
th(cLD) Data hold time after CAS low ton - 40 45 ns
th (RLD) Data hold time after RAS low ) tpHR 100 120 ns
t 0EHD Delay. time, OE high to Data — 25 30 ns
th (WoE) OE hold time after Write low - 25 30 ns

Read-Write and Read-Modify-Write Cycles

M5M4416P-12 M5M4416P-15
Symbol Parameter A';?;?;Te Limits Limits Unit

Min Max Min Max
te(raw) Read write/read modify write cycle time (Note 16) | tRwo 295 345 ns
tw(RrL) RAS low pulse width trAs 195 10000 255 10000 ns
tw(cL) 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 tRsH 135 180 ns
tw(cH) TAS high pulse width topn 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) | towp 90 110 ns
tRLWL Delay time, RAS low to Write low (Note17) | trwD 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 45 ns
tw(w) Write pulse width twp 40 45 ns
tsu(p) Data setup time tps 0 0 ns
th(wLp) Data hold time after Write low ton 40 45 ns
th(cLoe) | OE hold time after CAS low - 60 ) 75 ns
th(RLOE) | OF hold time after RAS low - . 120 150 ns
tboEL Delay time, Data to OE low — 0 0 ns
toeHD Delay time, OE high to Data — 25 30 ns

Note 16: tg(rgw) is specified as tc(raw) Min = ta(R) Max + toeHD MIN + th (wRH) MiN + tw (RH) Min +4 t.
17: tsy(weL). teLwl and truwL are specified as reference points only. If tsy(wcL) = tsu(wcL) min, the cycle is an early write cycle and the DQ pins will

remain high impedance throughout the entire cycle. If tcuwL = tcLwL mMin and trLwL = trLwL Min, the cycle is a read-modify-write cycle and the DQ
will contain the data read from the selected address. If neither of the above condition is satisfied. the condition of the DQ (at access time and until CAS
or OE goes back to V) is indeterminate.
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Page-Mode Cycle (Note 18)

. M5M4416P-12 M5M4416P-15
Symbol Param Alternative i Limi 5
Y ameter Symbol imits imits Unit
Min Max Min Max
te(Prd) Read cycle time tpc 120 145 ns
to(Pw) Write cycle time tpc 120 145 ns
tw(rL) RAS low pulse width (Note 19) | tRpas 240 30000 295 30000 ns
to(Praw) Read write/read modify write cycle time - 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.
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TIMING DIAGRAMS Note21)

1

Read Cycle
tO(rd)
th(rLcH)
tw(Ry)
th(rLcA)
— Vi — \
RAS wo o \—: %Z \
o tGHAL th(CLRH) tw(RH)
taLoL twicD)
GAS ViH tw(cH) /
ViL Vi
tsu(RA) | | tsuccn o tsu(ra)
th(ra) “ thcLoa). =
Ao~ A7 ViH ROW COLUMN (™ row
ViL — ADDRESS ADDRESS | ADDRESS
tsua) [e—s! th (CHra)
th(RHrd)
- Vit R ORI RLEEKOHRXIHNR
vie XSRS RS0
DQ1~DQ4 ViH — K L 0""'0""":0"'0'
o)y, : KRS
tao)
tacm] i (CH)
- VoH — ) 4
130%1” UDTZa) VoL — gh-Z g‘ DATA VALID
tpoeL, ta(oe) <o tdis (0E)
. th (oERH) t 0EHD
YRR
L 1o
th(cLoE)
th(RLOE)
ote XAA/ '0'0'0"""" 'Q ! : )
Note 21. 2’2’:‘2’.?0?0202020202? Indicates the don't care input.
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Write Cycle (Early Write)

to(ra)

th(rLCH)
tw(rL)
th(RLCA)
— ViH —
RAS V'H N\
L —
- 7
| toHRL th(cLRH) tw(RH)
T L
tRLcL tw(cuw
ViH —
o /
1N - 7
tsu(ra) t
SU(RA) » | tsucca tsu(Ray
thcLca)

Ao~ Az

|
< <
I
ol
Ny

TR
RELELEXLRNBIN

COLUMN
ADDRESS

ROW
ADDRESS

tsu(wen L thcLw)
l=
tw(w)

X TRXTIXTR)

X

LXK XXXX XXX K EKACRA XXX K KX
QRRRRERXXIXNNREIXNE

oo, Vi ~FXXX
?I%PUTE;? ViL t’:’:‘t‘

XXX
0?6’6’5’5”

OO X HURXXKKIXXKKXXXXKRXD
QKRR

th(RLD)
Py e
_ o =Y VVVYV'V"""v’v’v X X XY NAKX X VV"v'-"'v'v VAVAVAVAY; vvvv'vv"-'v T AXKXTYY
I s
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. Write Cycle (Delayed Write)

tew)
th(RLCH)
tw(rL)
—_— th(rLca)
N VIH —
AAS oz \( ] \
e toHAL th(CLRH) tw(RH)
tRLcL tw(cw) I
CAS \\//"t - tw(cH \ ]{
tsu(rA) <_Esu(oA)
th(cLca) "v "”. | tsu(ra)
T oo XX IXTXTXTIITION
TRy - rooness RGSAKINEEOCERNNRIRL sooress
th (weh
thcLw) e
Tw (w)
— Vi =
w ViL é(
th (RLW)
tsu (D) th (WLD)
~00s Vi YAAAAA KA X AAAAAANY VY YY XXX XX KX
TR KR AR
ta(c)
ta(r) ﬁéIrAVAuD
S o - 4
tdis(oE) _,
toeHD k_)' th (woe)
_ Vin =XOKXXXXOOXXXXXXXXXO " 0 OO
T AR QRARXKRRS

A LAA
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Read-Write and

Read-Modify-Write Cycles

toraw)
th(RLcH)
tw(rL)
th(rLCA)
— ViH N
RAS .
Vi — \ y \
e LGHRL th(CLRH) tw(RH)
tRLoL tw(cw) T
J— ViH — 4 t /——
CAS W (CH)
tsu(raA) d <_tsu (cA) / -
th(ra) th(cLca) tsu(ra)
_ ViH /vvvvvv"vvv‘vvv.vvv’v
S D o
toLwt th(WRH)I
tRLWL th (WCH)
Tw(w)
w TXXXXXXXXXTRITRD RIXXKIRIR
v L R
tsu (D) th (wLp)

DQi~DQs VM — . AAR YRR
T i o K, o v TR
a(c)

ta(r)
DQ:~DQs  VOH - High-Z Lo\
(OUTPUTS) VoL — !‘VALID I
t tace) tdis(og)
DOELHI th(cLoE) ItOEHD
— Vih —
OE vie — -\
th (RLOE)
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RAS-Only Refresh Cycle iote22)

to(ra)

tw(rL
— vin — \ \
RAS Ve - St | T \
tw (RH)
formt ! RHC}QI toHRL
. 1 T —
e th(ra)
—= e'tSU(RA) tsu(ra)

- Vin kXXX
SRR Tl G0 e
- Ik XX R R TR XXX XY
" e I

—00s Vin TR R X X R T XX KX KX
s X SRR RRRXXXXX XA
DQi-DQs YO ~ High-Z

(OUTPUTS) VoL —
oE Vin =X R R X KR XX X XX o oA R IR IOK
T R KRR

Note 22. A, may be Viy or Vi
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Page-Mode Read Cycle

tw(rL)
th (RLCH)
th(rLcA)
- ViH = ] ‘———\
| )
-— IL
7
o |dtomme to (Pra) th (GLRH) tw (RH)
tRLcL tw(cL) twicw tw(cy)
GAs UM [ _twern N i \ ,’ /
Vi - Al twew P
L_ Il _tsucca) Id_tsucca) | tsu(ca tsu(ma)
tsu(ra) th(;:)l thecLen) thcLem th(cLea
Ao~Ay H- COLUMN ) coLUMN ) COLUMN ROW
Vi - ADDRESS ADDRESS ADDRESS ADDRESS
tsu(rd) tsu(ra) L_tsu(,d) |<_ th (RHr d)
th(cHra) th(cHra) |<— = th(cHra)
— VIH - N
W
DQi~ ViH-—
QD‘Q4 v::- High-Z : E
(INPUTS) taco) ta(c) ta(o)
ta(r) E_iswu) :iiS(CH) ! :iist)
DQ1~  VoH- High-7 Z oata (- bATA 1 DATA
0Qs Vo- g T N_VALD I/ I : K VALID {-I_-!k VALID |
a (OE) t a DOEL t
(OUTPUTS) tDoEL tais (ot DOEL " (08)] sl Ldis (0B) at<hoz> tdis (og)
(OERH)
th(oECH) —toerp th (OECH) toeHD th (OECH) OEHD
oE M-
ViL- 4
th(cLoE)
th(RLOE)
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‘Page-Mode Write Cycle

tw(rL
, thirLcH) /
th(rLC
Vm-""—"\ (RLCA) ’ , \
RAS Vi (- ;
1
|| LerRL to w) th(cLrH) tw(RH)
trioL twcn tw(cw) . twen
s VM- tw(cH) h
o5 RN g ¢ . /
tsu(ra)
| . tsu