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MH1MO09AOAJ-6,-7,-8,- 10/
MH1MO9A0AJA- 6,-7,-8,- 10

FAST PAGE MODE 1048576- WORD BY 9-BIT DYNAMIC RAM

DESCRIPTION
The MH1MOSAOQOAJ, JA is 1048576-word x 9-bit dynamic
RAM and consists of two industry standard 1M x 4 dynamic
RAMs in SOJ and one industry stndard 1M X 1 dynamic RAM
in SOJ.

The mounting of SOJ on a single in-line package provides
any application where high densities and large quantities of
memory are required.

FEATURES
Access time | Cycle time Power
Type name (max) (min) dissipation
(ns) (ns) (typ) (mW)

MH1MQOSAOAJ-6
MH1MOGADAJA-6 60 120 1065
MH1MO9A0AJ-7
MH1MO9AQAJA-T7 70 140 930
MH1M0O9A0AJ-8
MHTMO9ACAJA-8 80 160 800
MHIMO9A0AJ- 10
MH1MQO9A0AJA- 10 100 180 675

® Utilizes industry standard 4M RAMs in SOJ and 1M RAM
in SOJ

® 30pins Single in-line Package

@ Single + 5V (+ 10 %) supply operation

® Low stand by power dissipation:--c-cece--er 13.75mW (max)

©® Low operation power dissipation
MHTMO9AOAJ-6/MHIMOGADAJA-6 +-vvvvmeveeerannnnne 1.60W (max)
MHIMOSAOAS-T/MHIMOGAOAJA-T «+oersvvvvnanenancens 1.38W (max)
MHIMOSAOAS-8/MHTMOGADAJA=B +++oesvenrverearonnns 1.21W{(max)
MHIMOSAQAJ-10/MHIMOIAQAJA=T0 -+erreereeerannnne 1.05W (max)

@ All inputs, output TTL compatible and low capacitance
® Includes (0.22 u F x 3) decoupling capacitors
® 1024 refresh cycles every 16.4ms(Ao~Ag)

APPLICATION
Main-memory unit for computers, Microcomputer memory,
Refresh memory for CRT
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MH1MOSAOAJ- 6,- 7,- 8,- 10/MH1MO09A0AJA- 6,- 7,- 8,- 10

FAST PAGE MODE 1048576 - WORD BY 9-BIT DYNAMIC RAM

FUNCTION
The MH1MO9AQAU, 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 RAS | TAS | W | Row Colmn| oy output|Tefresh|  Remrk
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 [ ONC | 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 v
Vi Input voltage With respect to Vss - 1~7 \4
Vo Qutput voltage - 1~7 \'
lo Output current 50 mA
Py Power dissipation Ta=25°C 1000 mW
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 | Max Unit

Vee Supply voltage 45 5 55 \'

Vss Supply voltage 0 0 0 \4

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 VSS.
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MH1MO9AOAJ- 6,- 7,- 8,- 10/MH1MO9AOAJA- 6,- 7,- 8,- 10

FAST PAGE MODE 1048576- WORD BY 9- BIT DYNAMIC RAM

ELECTRICAL CHARACTERISTICS (Ta = 0~70°C, Vcc = 5V £ 10 %, Vss = OV, unless otherwise noted) (Note 2)

Limits .
iti - Unit
Symbol Parameter Test conditions Min Typ Max
VoH High- level output voltage loH = — BmA 24 Vce \
Vou Low-level output voltage oL = 4.2mA 0 0.4 \Y%
loz Off-state output current Q floating OV s Vour S 5.5V -10 10 u A
I Input current OVSVINSG. 5V, Other inputs pins=0V -10 10 uA
MH1MOQO9A0A-6 290
Average supply current MHIMO9AOA- 7 RAS, CTAS cycling 250
lccrcavy | from Veoe operating tRC = twe = min, mA
(Note 3, 4)|MHTMOSACA-8 output open 220
MH1MOSAOQA- 10 190
RAS = CAS = Vik, output open 6
| ly ¢ fro X - - mA
cc2 Supply current from Vce, stand-by RAS —CAS=Vec—05 25
MH1MOGAQA - 6 280
Average supply current [urouecio ] RAS cycling, CAS = Vin 250
lecacavy | from Vee refreshing MHT n tRC = min. 320 mA
(Note 3) MO9AOA-8 output open
MH1MO9A0A- 10 190
MH1MOSAQA-6 280
Average supply current _ .
| from Vee MHTMOSADA -7 ;ES_- Vi, CAS cycling 240 A
CC4ta | Fast- Page- Mode MHIMOSAOA-8 | o M0t 201 "
(Note 3, 4) \yTM0940A- 10 180
Average supply current | MH1MOSADA-6 - 260
| from Vec before A MH1MOOADA-7 Ct A§_ before RAS refresh cycling 230 A
CCBAV) | refresh mode MH1MO9A0A- 8 oF:ft;;u:nlgben 200 m
(Note 3) i1Mo9A0A- 10 170
Note 2: Current flowing into an IC is positive, out is negative.
3: ICCI1(AV),ICC3(AV) and ICC4(AV) are dependent on cycle rate. Maxzmum current is measured at the fastest cycle rate.
4: ICCI(AV) and ICC4(AV) are dependent on output loading. Specified values are obtained with the output open.
CAPACITANCE (Ta = 0~70°C, VCC = 5V *+ 10 %, Vss = OV, unless otherwise noted)
Symbol Parameter Test conditions - Limits Unit
Min Typ Max
Cicay Input capacitance, address inputs 30 pF
Ciw) Input capacitance, write control input 30 pF
Citras) | Input capacitance, RAS input Vi=Vss 30 pF
Ci(cas) Input capacitance, CAS input f=1MHz 20 pF
Cijo Input/ OQutput capacitance, data ports = 25mVrms 15 pF
Ciccase) | Input capacitance, CASP input 12 pF
Ci(om Input capacitance 10 pF
Cicom Ouput capacitance Vo = Vss, f = 1MHz, Vi = 25mVrms 12 pF

Amnsusnsnl
ELECTRIC




MITSUBISHI LSIs

MH1MO09AOAJ- 6,- 7,- 8,- 10/MH1M09A0AJA- 6,- 7,- 8,- 10

FAST PAGE MODE 1048576 - WORD BY 9-BIT DYNAMIC RAM

SWITCHING CHARACTERISTICS (Ta = 0~70°C, Vcc = 5V £ 10 %, Vss = OV, unless otherwise noted, See notes 5, 12, 13)

Limits
Symbol Parameter MH1MOGAQA-6 | MHIMOOAOA-7 | MHIMOSAQA-8 [MH1MOSAOA-10 Unit
Min | Max | Min | Max | Min | Max | Min | Max
tCAC Access time from CAS (Note 6,7) 15 20 20 25 ns
tRAC Access time from RAS (Note 6,8) 60 70 80 100 ns
taa Column Address access time (Note 6,9) 30 35 40 50 ns
tcra Access time from CAS precharge (Note 6,10) 35 40 45 55 ns
towz Output low impedance time from TAS low (Note 6)| 5 5 5 5 ns
1OFF Output disable time after CAS high (Note 11)| 0 15 0 20 0 20 0 25 ns
Note 5: An initial pause of 500 u s is required after power-up followed by a minimum of eight initislization cycles(any combination of cycles
containing a RAS clock such as FRAS-Only refresh).
Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater
than 16.4ms) of RASJ 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 < tRCD(max) and tRAD < tRAD (max). If tRCD or tRAD is g than the imum  rec ded value shown
in this table. tRAC will increase by amount that tRCD or tRAD exceeds the value shown.
9 : Assumes that tRAD & tRAD{max) and 1ASC = tASC{max).
10 : Assumes that tcP = tcP(max) and tASC 2 tAsC (max).

11

: tOFF (max) defines the time at which the output achieves the high impedance state (loUT= | +10u 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 MH1MOSAQA-6 | MHIMOSAOA-T | MHIMOOADA-8 [MHIMOSAOA-10|  Unit
Min | Max | Min | Max | Min | Max | Min | Max
tREF Refresh cycle time 16.4 16.4 16.4 16.4 ms
tRP RAS high pulse width 50 60 70 80 ns
tRCD Delay time, RAS low to CAS low (Note 14)| 20 | 45| 20 | 50| 20 | 60| 25 | 75 ns
tcRP Delay time, CAS high to RAS low 10 10 10 10 ns
tRRC Delay time, RAS high to CAS low 0 0 0 0 ns
1PN CAS high pulse width 10 10 10 10 ns
tRAD Column address delay time from RAS low (Note 15)| 15 30| 15 35| 20 40 | 20 50 ns
tASR Row address setup time before RAS low 0 0 0 0 ns
1ASC Column address setup time before TAS low (Note 16) 0 10 0 10 0 15 4] 20 ns
tRAH Row address hold time after RAS low 10 10 15 15 ns
tCAH Column address hold time after CAS low 15 15 20 20 ns
t7 Transition time (Note 17) 3 50 3 50 3 50 3 50 ns
Note 12: The timing requirements are assumed tT = 5ns
13: ViH(min) and ViL(max) are reference levels for measuring timing of input signals.
14 : tRCD(max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD
(max), access time is controlled exclusively by tCAC or taa. tRCD(min) is specified as tRCD {min) = tRAH (min) + 2tT + tASC (min).
15: tRaD(max) is specified as a reference point only. If tRAD 2 tRAD(max) and tASC S tASC (max), access time is controlied exclusively
by taa.
16: tZsc(max) is specified as a reference point only. If tRCD 2 tRCD (max) and tASC 2 tasc (max), access time is controlled exclusively
by tcac.
17 t: is measured between VIH{min) and VIL (max).
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Read and Refresh Cycles
Limits
Symbol Parameter MHIMOGAGA-6 | MHIMOSAGA-7 | MHIMOSAOA-8 (MHIMOSAOA-10|  Unit
Min | Max [ Min | Max | Min | Max | Min | Max
tRC Read cycle time 120 140 160 190 ns
tRAS RAS low pulse width 60 (10000 70 (100000 80 [1000d 100 10000 ns
tCAS CAS low pulse width 15 [10000 20 (100000 20 10000 25 [10000] ns
tesH CAS hold_time after RAS low 60 70 80 100 ns
tRSH RAS hold time after CAS low 15 20 20 25 ns
tRCS Read Setup time before CAS low 0 0 0 0 ns
tRCH Read hold time after GAS high (Note 18) 0 0 0 0 ns
tRARH Read hold time aftermgh (Note 18) | 10 10 10 10 ns
tRAL Column addres to RAS hold time 30 35 40 50 ns
Note 18: Either tRCH or tRRH must be satisfied for a read cycle.
Write Cycle(Early Write and Delayed Write)
Limits
Symbol Parameter MHIMOGAOA-6 | MHIMOGAOA-7 | MHIMOSAOA-8 [MHIMO9AOA-10|  Unit
Min | Max | Min | Max | Min | Max | Min | Max
twe Write cycle time 120 140 160 190 ns
tRAS RAS low pulse width 60 10000 70 [10000 80 10000 100 [100000 ns
tcas CAS low pulss width 15 100000 20 [100000 20 10000 25 |10 ns
tcSH CA3 hold time after RAS low 60 70 80 100 ns
tRSH hold time after CAS low 15 20 20 25 ns
twes Write setup time before GAS low 0 0 0 0 ns
twer Write_hold time after CAS low 10 15 15 20 ns
towL CAS hold time after W low 15 20 20 25 ns
tRWL RAS hold time after W low 15 20 20 25 ns
twp Write pulse width 10 15 15 20 ns
tos Data setup time before CAS low or W low 0 0 0 0 ns
toH Data hold time after GAS low or W low 10 15 15 20 ns
Fast-Page Mode Cycle(Read, Early Write, Read - Write, Read - Modify - Write Cycle) (Nots 199
Limits
Symbol Parameter MHIMOSAOA-G | MHTMOAOA-7 | MHIMOSAOA-8 (MHIMO9AOA-10|  Unit
Min | Max | Min | Max | Min | Max | Min | Max
trc Fast page mode read/write cycle time 40 45 50 60 ns
tRAS RAS low pulse width for read write cycle (Note 20)] 100 |100000] 115 (100000 135 [100000] 160 100000 ns
tcp CAS high pulse width (Note 21)| 10 15| 10| 15| 10 [ 20 [ 10 ] 25 ns
tCPRH RAS hold time after CAS precharge 35 40 45 55 ns

Note 18: All 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 specified as a reference point only.

CAS before RAS Refresh Cycle (Note 22)

Limits
Symbol Parameter MHIMO9A0A-6 | MHIMOSAOA-7 | MHINO9AOA-8 |MHIMOOACA-10 Unit
Min | Max | Min | Max | Min | Max | Min | Max
CSR CAS setup time before RAS low 10 10 10 10 ns
tonn TAS hold time after RAS low 10 15 15 20 ns
tRSR Read setup time before RAS low 10 10 10 10 ns
tRHR Read hold time after RAS low 10 15 15 20 ns
Note 22: Eiq!dn or more TAS betore RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh
mods.
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Timing Diagrams (Note 24)
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Write Cycle(Early Write)
twe
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RAS \ /
ViL ~
tcsH
tcre tRCD tRSH tRPC  tCRP|
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R Sy,
Vi — XK
ASC 1 tasy
tash tRAH CAH
SRS RS SR ornr
ViH = X585 ROW e, COLUMN LSRRI ROW
Ac~A 55 %% % %% LR K LRI
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trRC

RAS only Refresh Cycle (Note 25)
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Hidden Refresh Cycle(Read)
tAC tRe
trRAS tRP tRAS L trP
ViH — ) k ? 3
RAS ViL = \: z \-r . \ _
tcrp tRCD tRSH 1CHR
Vi — z
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Fast- Page- Mode Read Cycle
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Fast- Page- Mode Early Write Cycle
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