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FAST PAGE MODE 8388608 - BIT(1048576- WORD BY 8- BIT)DYNAMIC RAM

MITSUBISHI LSis

MH1MO08AOAJ-6,-7,-8/

DESCRIPTION
The MHIMOBAOAJ/JA is 1048576-word x 8-bit dynamic | PN CONFIGURATION(TOP VIEW) (Singie side)
RAM and consists of two industry standard 1M x 4 dynamic ]
3AMSs in SOU. O
The mounting of SOJ on a single in-line package provides vee vee 1|0
3ny application where high densities and large quantities of CAS S TAS 20 o=
nemory are required DAo g 3 Do 310 g =
: Ao g Ao 40 § 5
. Al g Al 5[0 ;
FEATURES DQ1 § oot 60 | § |
Az g E A 7D & B 8
Access time | Cycle time Power A3 g 0 A3 80 § O B
Type name (max) {min) dissipation vss Vss 9|0
(ns) (ns) (typ) (mW) Daz DQz 1011
MHIMOBAQAJ-~6 24 Ad ne
- 5 A5 1210
MHIMOBADAJA-6 60 120 800 DQ3 DQz 130 do E b
- As A8 14|10 d B
e T, | | e | ¥ AR
MH1MOBAOAJ-8 Do Das 180 8
= A8 A8 170 4 © p
MH1MOBAOAJA-8 80 160 600 As as 18o § & B
NC Ne 19jp 4 O B
® Utilizes industry standard 4M RAMs in SOJ and 1M RAM DQs Das 20|0
in SOJ W W 210
] . L vss vss 22|a
@ 30 pins Single in-line Package DQs Das 23|00
® Sinngle + 5V (= 10%) supply operation NC NC 24|00
® Low stand by power dissipation:«--:=--eeerees 11mW (max) Da7 DQ7r 25|0
% Low operation power dissipation % gA—;S 3? g
MHIMOBAQAJ-6/MHIMOBADAJA-G -+ vvvevenees 1.10W (max) NC Ne 28lo
MHTMOBAQAJ-T/MHIMOBAQAJA-T -+ veveneenneee 0.94W (max) NC NC 29|o
MHTMOBAOA-8/MHIMOBAOAJA=G +-+++-crrevnvne. 0.83W (max) vee vee 300
@ All inputs, output TTL compatible and low capacitance
# [ncludes (0.22 4 F x 2) decoupling capacitors NC: NO CONNECTION Outline O
® 1024 refresh cycles every 16.4ms (Ao~As) 30N5F (MHTMOBAOAJA)  30NSG (MHTMOBAOA)
APPLICATION
Main-memory unit for computers, Microcomputer memory,
RRefresh memory for CRT
BLOCK DIAGRAM
DQo DAY DQ2DA3 DQ4 DQ50Q6DQ7
— - —HOH0H3—- 19-20-29-29——-——-—
M5M44400A M5M44400A
! C1
C2
—-—@)——l———@)— OEOEON2MIBENY-———DEF—(9)E)
RAS CTAS W A0 A1 A2 A3 A4 AS A6 A7 A8 A9 vee Vss
MITSUBISHI
ELECTRIC 2—1s



MITSUBISHI LSIs

MH1MO8AOAJ- 6,- 7,- 8/MH1MO8BAOAJA-6,-7,- 8

FAST PAGE MODE 8388608 - BIT(1048576 - WORD BY 8- BITYDYNAMIC RAM

FUNCTION
The MHT1MOBAQCAJ/JA provide, in addition to normal read,
write a number of other functions, e- g+, fast page mode,
RAS only refresh. The input conditions for each are shown
in Table 1.

Table 1 Input conditions for each mode

Inputs Input/ Output

Operation 7AS | GRS W adﬁcfr:é . acgcl;:::; Input |Output Refresh Remark
Read ACT ACT NAC | APD | APD | OPN VLD YES Fast page
Write (Early write) ACT | ACT | ACT | APD | APD | VLD | OPN | YES | mode
RAS-only refresh ACT | NAC | DNC | APD | DNC | DNC | OPN | YES |identical
Hidden refresh ACT | ACT [ DNC | APD | DNC | OPN | VLD | YES
CAS before RAS refresh ACT | ACT | DNC | DNC | DNC | DNC'| OPN | YES
Stand by NAC | DNC [ DNC | DNC | DNC [ DNC | OPN | NO

Note : ACT : active. NAC : nonactive. DNC : don't care. VLD : valid. IVD : Invalid. APD : applied. OPN : open

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage - 1~7 \4
Vi Input voltage With respect to Vss - 1~7 \4
Vo Qutput voltage - 1~7 \4
lo Qutput current 50 mA
Pd Power dissipation Ta=25C 2 \i4
Topr Operating temperature 0~70 °C
Tstg Storage temperature — 40~125 C

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

Limits .
Symbol Parameter Min T Nom 1 Max Unit
Vce Supply voltage 45 5 55 \'
Vss Supply voltage 0 0 0 \
ViH High-level input voltage, all inputs 2.4 6.5 \
Vi Low-level input voltage, all inputs -20 0.8 \

Note 1: All voltage values are with respect to VSS.
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ELECTRICAL CHARACTERISTICS (Ta = 0~70%C, Vcc =BV *+ 10%, Vss = 0V, unless otherwise noted) (Note 2)

Limits .
iti nit
Symbol Parameter Test conditions Min Tvp Max Uni
VoH High-level output voltage lon = ~ 5mA 2.4 Vee v
VoL Low-lavel output voltage loL = 4.2mA 0 0.4 \4
loz Off-state output current Q floating OV = Vour = 5.5V -10 10 uA
h Input current OVSVINS6. 5V, Other inputs pins=0Y - 10 10 uA
Average supply current |MHIMOBAQA-6 RAS, CAS cycling 200
lec1¢avy | from Vcc, operating MHI1MOBAQA-7 | tcR = twc = min. 170 mA
(Note 3,4)[MHIMO8ADA-8 | Output open 150
RAS = CAS = VK, output open 4
lccz Supply current from Vce, stand-b - mA
(AV) | wupply current Tro v RAS = CAS 2 Voo - 05 2
Average supply current |MHIMOBAOA-6 | RAT cyciing, TAS = ViH 200
lccacavy | from Vcce, refreshing MHIMOBADA-7 | tac = min. 170 mA
(Note 3) [MHIMOBADA-8 | output open 150
MH1MO8AOQA - . 21
:;\(;z:a%ec . supply current 08AQA-6 RAS = Vi, TAS cycling 00
lecacav) Fast- Page- Mode MHIMOBAOA-7 | tec = min. 170 mA
(Note 3,4)|MH1MOBAOA-g | OUtPut open 150
H1 - .
ﬁr;?;a%accsu AI t;:elffron:: ¢ | MHIMOBADA-S CAS before RAS refresh cycling 170
lccs (avy BAS refresh mode MHI1MO8AQA -7 ;F:?t:u;mgben 150 mA
(Note 3} | MH1MOBAOA-8 130
Note 2: Current flowing into an IC is positive, out is negative.
3:ICC1(AV), ICC3(AV) and ICC4(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4:lcci (AV) and Icca(av) are dependent on output loading. Specified values are obtained with the output open.
CAPACITANCE (Ta = 0~70%C, VCC =5V + 10%, VSS = OV, unless otherwise noted)
" Limits .
Symbol Parameter Test conditions - Unit
Min Typ Max
Cicay Input capacitance, address inputs 25 pF
Ciw) Input capacitance, write control input Vi = Vss 20 pF
Ci(ras) Input capacitance, RAS input f=1MHz 20 pF
Ci(cas) Input capacitance, CAS input Vi = 25mVrms 20 pF
Ci/o Input/Output capacitance, data ports 15 pF
x MITSUBISHI
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SWITCHING CHARACTERISTICS (Ta = 0~70%C, Vcc =BV *+ 10 %, Vss = OV, unless otherwise noted, See notes 5, 12, 13)

Limits
Symbol Parameter MH1MOBAQA-6 MH1MOBAQA-7 MHIMOBADA-8 Unit
Min Max Min Max Min Max
tcac Access time from CAS (Note 6,7) 15 20 20 ns
tRAC Access time from RAS (Note 6,8) 60 70 80 ns
tAA Column Address access time (Note 6,9) 30 35 40 ns
tcPa Access time from CAS precharge (Note 6,10) 35 40 45 ns
toLz Qutput low impedance time from CAS low (Note 6) 5 5 5 ns
tOFF Qutput disable time after CAS high (Note 11) 0 15 0 20 0 20 ns
Note 5: An initial pause of S00 u s is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles
containing a RAS clock such as RAS-Only refresh).
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/TAS cycles are required after prolonged periods (greater
than 16.4ms) of RAS inactivity before proper device operation is achieved.
6 : Measured with a load circuit equivalent to 2TTL loads and 100pF.
7 : Assumes that tRCD 2 tRCD (max) and tASC & tASC (max).
8: Assumes that tRCD S tRCD(max) and tRAD = tRAD (max). If tRCD or tRAD is greater than the maximum recommended value shown
in this table, tRAC will increase by amount that tRCD or tRAD exceeds the value shown.
9: Assumes that tRAD 2 tRAD (max) and tASC = tAsC (max).
10: Assumes that tCP = tCP(max) and tAsc 2 tasc (max).

1:

torF (max) defines the time at which the output achieves the high impedance state (louTS | £ 104 A |) and is not reference to
VoH (min) or VoL (max).

TIMING REQUIREMENTS (For Read, Write, Refresh, and Fast Page Cycles)
(Ta =0~70%C, Vcc =5V = 10 %, Vss = OV, unless otherwise noted, See notes 12, 13)

Limits
Symbol Parameter MH1MOBAQA-6 MHTMOBADA-7 MHIMOBADA-8 Unit
Min Max Min Max Min Max
tREF Refresh cycle time 16.4 16.4 16.4 ms
trRP RAS high pulse width 50 60 70 ns
trRcD Delay time, RAS low to CAS low (Note 14) 20 45 20 50 20 60 ns
tcRe Delay time, CAS high to RAS low 10 10 10 ns
tRPC Delay time, RAS high to CAS low 0 0 0 ns
tcen CAS high pulse width 10 10 10 ns
tRAD Column address delay time from RAS low (Note 15) 15 30 15 35 20 40 ns
tASR Row address setup time before RAS low [¢] 0 0 ns
tASC Column address setup time before CAS low (Note 16) 0 10 0 10 0 15 ns
tRAH Row address hold time after RAS low 10 10 15 ns
tCAH Column address hold time after CAS low 15 15 20 ns
t7 Transition time (Note 17) 3 50 3 50 3 50 ns
Note 12: The timing requirements are assumed tT = Bns.
13 : ViH(min) and VIL (max) are reference levels for measuring timing of input signals.
14 : tReD (max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD
(max), access time is controlled exclusively by tCAC or taA. tRCD(min) is specified as tRCD (min) = tRAH (min) + 2tT + tASC (min).
156: tRAD(max) is specitied as a reference point only. H tRAD Z tRAD (max) and tASC S tASC (max), access time is controlled exclusively
by taa.
16 tZsc(max)is specified as a reference point only. If tRCD 2 tRCD (max) and tASC & tASC (max), access time is controlled exclusively
by tcac.
17: t: is measured between VIH(min) and VI.(max).

2—18

z MITSUBISHI
ELECTRIC



MITSUBISHI LSIs

MH1MO8AOAJ- 6,- 7,- 8/MH1MO8BAOAJA-6,-7,- 8

FAST PAGE MODE 8388608 - BIT(1048576 - WORD BY 8- BIT)YDYNAMIC RAM

Read and Refresh Cycles

Limits
Symbol Parameter MHIMOBAQA-6 MHTMOBAQA-7 MHIMOBAQA-8 Unit
Min Max Min Max Min Max
tRC Read cycle time 120 140 160 ns
tRAS RAS low pulse width 60 | 10000 70 | 10000 80 {10000 ns
tcas CAS low pulse width 15 | 10000 20 | 10000 20 | 10000 ns
tesH CAS hold time after RAS low 60 70 80 ns
tRSH RAS hold time after CAS low 15 20 20 ns
tRCS Read Setup time before CAS low 0 0 0 ns
tRCH Read hold time after CAS high (Note 18) 0 0 0 ns
tRARH Read hold time after RAS high (Note 18) 10 10 10 ns
tRAL Column address to RAS hold time 30 35 40 ns
Note 18: Either tRCH or tRRH must be satisfied for a read cycle.
Write Cycle(Early Write)
Limits
Symbol Parameter MH1MOBADA-B MH1MOBAOA-7 MH1MOBADA-8 Unit
Min Max Min Max Min Max
twe Write cycle time 120 140 160 ns
tRAS RAS low pulse width 60 |10000| 70 |10000| 80 10000 ns
tcAs CAS low pulse width 15 | 10000 20 | 10000 20 | 10000 ns
tesH CAS hold time after RAS low 80 70 80 ns
tRSH RAS hold time after CAS low 15 20 20 ns
twes Write setup time before CAS low 0 0 0 ns
tWCH Write hold time after CAS low 10 15 15 ns
towL CAS hold time after W low 15 20 20 ns
tRWL RAS hold time after W low 15 20 20 ns
twp Write pulse width 10 15 15 ns
tos Data setup time before CAS low or W low 0 0 0 ns
tDH Data hold time after CAS low or W low 10 15 15 ns
Fast- Page Mode Cycle(Read, Early Write, Read- Write Cycle) (Note 19)
Limits
Symbol Parameter MHIMOBAOA-6 MHIMOBAQA-7 MHTMOBAOA-8 Unit
Min Max Min Max Min Max
tPc Fast page mode read/write cycle time 40 45 50 ns
tRAS RAS low pulse width for read write cycie (Note 20)| 100 | 100000 115 | 100000 | 135 | 100000 ns
top CAS high pulse width (Note 21) 10 15 10 15 10 20 ns
tCPRH RAS hold time after CAS precharge 35 40 45 ns
Note 19: Al previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle.

20 : tras(min) is specified as two cycles of CAS input are performed.

21: tcp(max) is specitied as a reference point only.

CAS before RAS Refresh Cycle (Note 22)

Limits
Symbol Parameter MH1MOBAQA-6 MHIMOBADA-7 MH1MOBAOA-8 Unit
Min Max Min Max Min Max
tcsk CAS setup time before RAS low 10 10 10 ns
tCHR CAS hold time after RAS low 10 15 15 ns
tRSA Read setup time before RAS low 10 10 10 ns
tRHR Read hold time after RAS low 10 15 15 ns

Note 22: Eight or more CA3 before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh

mode.
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Timing Diagrams (Note 23)

Read Cycle
trRC
tRAS tRrP
ViH — \ y
: ViL — \ [ \
tosH
t tRPC  tCRP
tcrp RACD tRSH thp
tcas
VI e 1 [
O v - B /
LE6% %% %%,
tRAD tRAL tASR
tasr tRAH [tASC tcaH tcPN
sas
Vir ~ T80 AT, STOTITTOTOTITITON,
Ao~As RSN ROW t:o}:o:o:o:o:\ COLUMN oo totataleteteteted ROW
Vi — XS ADDRESS JRSXOK6Kg ADDRESS KLRRLEEREER, ADDRESS
!
tRRH
tRCs then
— Vi — R EEREK TR ERRES
W QRRLRAXLAA] NRKRRRRICKR
ViL - SRR LR
toac
toFF
taa
toLz
Q Von = HIGH-Z HIGH- Z
D v DATA VALID
oL —
tRAC
A PSSO
RRRIRREL,
Petetedetoteletete! , L .
Note 23 XXXXXN¥XM  Indicates the don't care input.
o302 2620 %% 205!
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Write Cycle(Early Write)
twe
tRAS trP
ViH — /
s \ /
ViL -
tCsH
teRp tRCD tRSH thrc  toRe
tcas ‘.l r-
Vi — KRXRXRRS 3
oA s \
Vi — SRR
tashtes] [« tRAH ASC tcaH tasal
OSSN [RIRRD LRI IR EETER L
Vi = SN ROW  RERRN COLUMN ~ ThRRoeetoctoscisssst it issiiosscd  ROW
Ao~Ag RSN ADDRESS R ADDRESS ROSCIIRELRERIIELLIELIIIKESN ADDRESS
Vil — XXX P AV 0:95 V00NN L OGO I OIS VSISOV § Sdatlii
twcs| tweH
_ ViH — R ST
W R 000N
Vit = KRERREERELEEKLHHRIRERRLLAKIKHKRKY
1
tos toH
Vi — TR TTRTT T TT) TR XL KT LT TSI
SRR CICIHHIKELLL SRR ARG LLRLRIARARKK
DQ oo et e e e e tatatetasetesotetotese DATA VALID R R RIIRRIRHAS
L 000 %6%% % %' 000a 000069499090 % %6 %9002 %% 1%0%%a%0%% %%

SR
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RAS only Refresh Cycle

Ao~ Ag

g

DQ

trRC
tRAS tRP
ViH ~ 3\
ViL - 1 \___
tCRP
tRPC <—-] r-otcnp
ViH =
ViL —
tAsR
o
- TR - BV OO VG OGO VOGO S V9OV O OOV O OO IO OO PSS VO - o ee.eev.e. U S—
Vie R R RERRERILIIIIEEAEIKK ROW
B3 o R R
Vi - ADDRESS  JRCXRCHRRIIRHLAIIRIIELHNILHILHIXILCANILIRXHIAXHILHAILIRLA AN ADDRESS
WAV VaVAa s Oa e Va0V VaVa VsV VA VaVaVaVs0aa Ve VAV VeV AV e VeV i it

TSI
120000 dede%e

o020 %% %%

SRS

000000’:‘:‘:‘:‘:" XK
0 0009900000,
0.0.0.0.9.0.0.0. 0.9,
O

VoH — HIGH-Z

VoL —-

CAS before RAS Refresh Cycle

tRC « tRC N
tRP tRas tRAS | tap
ViH- A a— R s n!
ViL — 7
tRPG tCSR tCHR tAPC tcsA tCHR tRPC tere
Viu— £ |
CAS
ViL - p
LRI |
tCPN
tASR
Vi SOOI A N
Ao~Ag SERAXLES AD%%»:E/SS COLUMN
VIL = 38XRERLK o DDRESS
tRCH tRSR tRHR tRSR tRHR tRCS
ViH ~ ! IR A ISR
R R REss
Vie — \eletotetetelotetelelelololeteteloloted
Vor ~ HIGH-Z
DQ
VoL —
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Hidden Refresh Cycle(Read)

trRC tre
traS trp trRAS L tRp

ViH — 3

”I
>
[z
<

=

!
L

tRCD tRSH tCHR

tCRPrh—

ViH — N
CA
- \ /
tRAD
tASRben] e tBAH L base tcaH tAEE
pohe THT - ROW COLUMN 7 - ROW
Vie — - ADDRESS ADDRESS \ADDRESS
tRCS
tRAL tRRH
_ ViH —
tcac
taa 1955
teLz
VoH — - -
0Q HIGH-Z DATA VALID HIGH-Z
VoL — -
tRAC
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Fast- Page- Mode Read Cycle

‘ tRAS trp

ViH — 3
RAS \ ]

ViL — \

tesH | tPc tRSH
tcre tRCD tcas [ ter tcas tcp tcas

— ViH —
CAS \ N /N /

ViL — X

tRAD tCPRH
tASE) tRAH tascles] Ltoar tasc| |tcan tasc| | tcad -——jt ASR
"

Ao~ps  THT ROW 7 COLUMN COLUMN F COLUMN  Row

Vil — ADDRESS 1 y 2 A 3 ADDRESS

tRAL l_t_FiCH
tRCS tRCH -—-I ’-——tRCS tRCK T‘- trRes tRRH

ViH = R R RXIRLTRS
W Detetede%e%e%s!
v R R

VI = 200G

tcAC _tQEF tcac toFF tcAC toFF
taA tAA taa
toLz teLz teLz

5a Vor - HIGH-Z DATA DATA f oaTa

VoL — VALID 1 VALID 2 VALD 3

X
tRAC _‘I tcPA tcra
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Fast- Page- Mode Early Write Cycle

trAS tRP
ViH — R
s N
L — K 7
tcsH trc tRSH
tomp tRCD tcas tcp tcAs tce tcas
ViL - K i v, K 7
ASC
tASR tRAH tcAH tasc| | tcaH tasc| | tcaH tASR
- PR Y 9 02020209 S0 00 90 920207024 | t
Ao~ A VIH ROW COLUMN “RABEEEEEAS COLUMN RS - COLUMN “RASEEEA ROW
0~ A9 ADDRESS 1 SIS 2 R 3 RSN ADDRESS
L= w 1 GV, 09.9 KXY K $.0.9.9.¢ & Jnbhut
twes
tweH twes twes twes| tweH
= ARSI KA XK X XX XXX X X X ) 299 9 009
g TERIRti) B2
W RRHRRIKLAILHN JXRXRRIKR
ViL - LRXRREIRLLRIEREIERKKR KL
f T
tDS toH tDS tbH tDS toH
— KA AR XA AN XN 029 9.0,
b M R RRIIITI DATA DATA L5
LSRRI [
Vil = SERRREECRRISEIIIIN  VALID 1 VALID 2 60000
i S V0005999000 9.9.9.9.8 7 Gaa%2%';

z MITSUBISH!
ELECTRIC 2—25



