MITSUBISHI LSIs (DRAM MODULE)
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MITSUBISHI LSIs (DRAM MODULE)

MH8M36AUJ-65,-75/
MH8M36ANUJ-65,-75

FAST PAGE MODE 301989888-BIT (8388608-WORD BY 36-BIT) DYNAMIC RAM

DESCRIPTION
The MH8M3BAUJ/ANUJ is 8388608-word x 36-bit dynamic
RAM. This consists of sixteen industry standard 4M x 4
dynamic RAMs in TSOP, eight industry standard 4M x 1
dynamic RAMs in TSOP and two input buffers in SSOP.
The mounting of TSOP and SSOP on a single in-line
package provides any application where high densities and
large quantities of memory are required.
This is a socket-type memory module, suitable for easy
interchange or addition of modules.

FEATURES
Access Cycle Power
Type name time time dissipation
(max. ns) (min. ns) | (typ. mW)
MHEM3BAUJ/ANUJ-65 65 110 6760
MHEM3BAUJ/ANUJ-T5 75 130 6040
® Utilitizes industry standard 4M x 4 RANs in TSOP,

industry standard 4M x 1 RAMSs in TSOP and industry
standard buffer in SSOP

® 7Z-pins single inline package

® Single + 5V (£ 10%) supply operation

® Low stand-by power dissipation

Q24MW{max) === oemememe CMOS input level
® Low operating power dissipation

MHBMBBAUJ/ ANUJ-BG «rwvereereeirieeeiannies - B.40W(max)

MHBM3BAUI/ ANUJ- TG eesemvirimneneiianns < T.41W(max)

® All inputs are directly TTL compatible

® All outputs are three-state and directry TTL. compatible

® Includes (0.22uF x 24) decoupling capacitors

® 2048 refresh cycles every 32ms (Ao~A10)

® Fast-page mode capabilities

® The common 1/0 feature dicatates the use of only early
write operation to prevent contention on Data-in and Data-
out

® MHBM3BAUJ is gold plating contact
MHBM3BANUJ is solder with Nickel underpiating contact

APPLICATION
Main rmemory unit for computers, Microcompiiter memory,
Refrest memory for CRT
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PDi| NC | NC
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PD3| NC [ Vss
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MH8M36AUJ
MH8BM36ANUJ

MITSUBISHI LSIs (DRAM MOLDULE)

FAST PAGE MODE 301989888-BIT
(8388608-WORD BY 36-BIT) DYNAMIC RAM

FUNCTION
In addition to normal read, and early write operations, a
rumber of other functions, e.g., fast-page mode, RAS-only

Table 1 Input conditions for each mode

refresh and CAS before RAS refresh. The input corditions
for sach are shown in Table 1.

| Inputs Input/ Output
t .
| Operation rAS | cAS W Row LCqumn Input [Output Refrosh) Remark
laddressjaddress|
- Read ACT | ACT | NAC | APD | APD | OPN | VLD | YES
_ Write (Early write) ACT | ACT | ACT | APD | APD | VLD | OPN | YES | Fast page mode
_RASonly refresh L ACT | NAC | DNC | APD | DNC | DNC | OPN | YES | identical
_ Hidden refresh . ACT | ACT | DNC | APD | DNC | OPN | VLD | YES
_ CAS before RAS refresh o ACT | ACT | NAC | DNC | DNC | DNC | OPN | YES
Stand-by NAC [ DNC | ONC | DNC | DNC | DNC | OPN | NO
hote. ACT : active, NAC : nonactive, DNC : don™ care, VLD : valid, APD : applied, OPN : open
BLOCK DIAGRAM
‘ 1 ] ma —T‘ﬁ T 1 1 1 7 ‘
1 A 1 P 1t 11 T 11 171 11 l
! J_v”ijunm il
MsM | [usw ] [wsw V5 | oM ”MSM I oM ] MM ] 5 '“nsu ||u5u | !
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t/07 D4 Q0 i D20 [ {/0
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D0s D@22
nar (26 D023
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nas GD— — Dazs
DAto ? 53) Daze
DATA J 0O 65 —(b) D27 DATA
1707 oz 53 Daze /0
03 @ B0 Dazs
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DOIs @5 i 69 DQa1 ,
*H MSM ” M ] 5M | [usw ”usu I MsM [usu “m M5 ”usu lusu T
441003 4174004 ) 4174004] | (44108 [ 4172004 [4174004 441008 [4174004] {417400a] | [447008| [4174004| | 4174004
RS P |
] i I )\ 1 1 i - JI.I } !
TS TAST mASS  RAST AUAIA2A3A4A5A6A7ABA9A|0(AH) W —s‘—s- TAS: TAS3
COLUMN ROW ADDRESS R Row COLUMN
e NPUTS
INPUTS INPUTS INPUTS INPUTS
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MH8M36AUJ

MH8M36ANUJ

FAST FAGE MODE 301989¢:36-3I7

(8388603-WORD BY 36-BIT) DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS

Syrmbol Parameter Conditions ol Fatings Unit
Vez Supply voltage ] - 0.5~7 \
Vi Input voltage | With respect to Vss - 1~7 \4
Vo Output voltage - 1~7 v
lo Output current o 50 mA
Pd Power dissipation o Ta=25C 26 W
Topr Operating temperature 0~70 T
Tsig Storage temperature - 40~100 T
RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, unless otherwise noted) (Note 1)
Limits .
Syrrbol Parameter o Min T Nom | Max Unit
Ves Supply voltage . 45 | 50 55 \'
Vss Supply voltage o 0 0 0 \4
Vi High-evel Input voltage, all Inputs 2.4 6.0 \Y
ViL Low-level Input voltage, all Inputs -1.0 0.8 \'
Note 1. All voltage values are with respect to VSS
ELECTRICAL CHARACTERISTICS (Ta=0--70°C, Vcc =5V = 10%, Vss = 0V, unless otherwise noted) (Note 2)
Syrrbol Parameter Test conditions Min L;n:n;s Max Unit
Vo-i High-level output voltage o IoH = — BmA 24 Vee \
| Vo_ Low-level output voltage loL = 4.2mA 0 0.4 ]
loz Off-state output current Q floating OVE Vours 5.5V ~20 20 wA
| I Input current o 0V=Vins6.5V, Other Input pins=0V -1 1 WA
Average supply current| MHBM3EA-B5 RAS, CAS cycling 1528
fccreavy | from Voo, operating - tRG = twC = min. mA
(Note 3, 4)| MHBM3EATE | output open 1348
o RAS = CAS = Vin, output open 192
2 f Vce, stand-by :
lcczcavy | Supply current from Vcee, stand-by RAS-CAS 2Voo-0. 5V, output open 166 mA
Average supply current| MH8M3EA-E5 RAS cycling, CAS = Vin 1528
lccaavy | from Ve, refreshing tRC = min. mA
(Note 3)| MHBM3EATS | output open 1348
:\é:ag/ecsuoply current MHSM36A-65 RAS = Vi, CAS cycling 1048 N
lccagavy tpc = min. mA
Fast-P Mod
estTegeo e(N(,“, 3, 4) MHBM3EA-75 output open g12
:;;:ac\;/‘i:csupply surrent MHB8M36A-65 | CAS before RAS refresh cycling 1528 N
lecsavY | ZRE betore RAS refresh tRC = min. mA
mode (Note 3| MHBM3BA-TS | output open 1164
Note 2. Current flowing into an IC is positive, out is negative.
2 IcCi(AV), [CC3(AV), IcCa(av) and ICCB(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
&

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

. ICC1(AV) and ICC4(AV) are dependent on ou'put loading. Specified values are obtained with the output open.

Symbol Parameter Test conditions - Limits Unit
o Min Typ Max

Ciry Input capacitance, address inputs | 30 [
Cioay Data input/data output capacitance | V= Vss 30 pF
Ciw Input capacitance, write control input f=1MHz 30 oF
Ciras) Input capacitance, RAS input Vi=25mVrms 30 pF
CUTAS) Input capacitance, CAS input T _7 30 oF
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VITSUBISH! LSIs (DRAM MODULE)

MH8M36AUJ FAST PAGE MODE 301989888-BIT
MHS8M36ANUJ (8388608-WORD BY 36-BIT) DYNAMIC RAM

SWITCHING CHARACTERISTICS (Ta= 0~70%C, Vcc =5V + 10%, Vss = 0V, unless otherwise noted) ( Notes 5, 12, 13)

Limits
Symbol Parameter MHBM36A-65 | MHBM3BA-75 Unit
Min Max Min Max

tcac Access time from CAS (Note 6, 7) 20 25 ns
tRAC Access time from RAS (Note 6, 8) 65 75 ns

taA Column address access time (Note 6, 9) 35 40 ns
tcPa Access time from CAS precharge (Note 8, 10) 40 45 ns
toLz Output low impedance time from CAS low (Note 6) 5] 5 ns
toFF Output disable time after CAS high (Note 11)] O 20 0 25 ns
Note 5. An initial pause of 500us is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles

~OoOWw O~NO

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 32ms) of RAS inactivity before proper device operation is achieved.

. Measured with a load circuit equivalent to 2TTL loads and 100pF.
. Assumes that tRCD 2 tRCD{max) and tASC Z tASC(max).
. Assumes that tRCD = tRCO(max) and tRAD S 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.

. Assumes that tRAD 2 tRAD(max) and tASC S tASC(max).
. Assumes that tCP S tCP(max) and tASC 2 tASC(max).
. toFF(max) defines the time at which the output achieves the high impedance state (IoUT= | £20pA | ) and is not reference to VOH(mim)

or VOL(max).

TIMING REQUIREMENTS (For Read, Elarly Write, Fast-Page Mode Cycles)
(Ta=0~70°C, Vcc =5V + 10%, Vss =0V, unless otherwise noted) (Notes 12, 13)

Limits
Symbol Parameter MHBM3BA-65 | MHBM36A-75 Unit
N Min Max Min Max
TREF Refresh cycle time 32 32 ms
“RP RAS high pulse width ) 40 50 ns
| “RCD Delay time, RAS low to CAS low (Note 14)| 20 45 20 50 ns
_tcRe Delay time, CAS high to RAS low 10 10 rs
1RPC Delay time, RAS high to CAS low 0 0 rs
1PN CAS high pulse width 10 10 rs
_RAD Column address delay time from RAS low (Note 15)| 15 30 15 35 ns
tASR Row address setup time before RAS low 0 0 ns
tASC Column address setup time before CAS low (Note 16)| O 10 0 10 ns
tRAH Row address hold time after RAS low 10 10 ns
teAH Column address hold time aftzr CAS low 15 15 ns
tT Transition time (Note 17) 1 50 ] 50 ns
Ncte 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 pcint 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(mIin}+ 2tT + tASC(min).
15. tRAD(max) is specified as a reference pcint only. If tRAD & tRAD(max) and tASC 3 tASC(max), access time is controlled exclusively by tAA.
16. tASC(max) is specified as a reference po.nt 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 ViL(max).
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MH8M36AUJ
MH8M36ANUJ

V'TAURISHI I.SIs (DRAM MODU'.E)

FAST PAGE MODE 301989888-BIT
(8388608-WORD BY 36-BIT) DYNAMIC RAM

Read and Refresh Cycles

Limits
Syimbol Pararmeter MHB8M3BA-65 | MHBM3BA-75 Unit
Min Max Min Max
tRC Read cycle time 110 130 ns
tRAS RAS low pulse width 60 [10000| 70 |10000 ns
 tcas TAS low pulse width 15 [10000[ 20 [10000] ns
tesH CAS hold time after RAS low 60 70 ns
tASH RAS hold time after CAS low 15 20 ns
tRC Read setup time befors CAS low . 0 0 ns
tRCH Read hold time after CAS high (Note 18) 0 0 ns
tRRH Read hold time after RAS high (Note 18) 10 10 ns
tRAI Column address to RAS hold time 30 35 ns

Note " 3. Either tRCH or tRRH must be satisfied for a read cycle.

Write Cycle (Early Write Cycles)

Limits
Symbol Parameter MHBM36A65 | MHBM3BA-75 Unit
. Min Max Min Max
tWC Write cycle time 110 130 ns
tRAS RAS low pulse width 60 [10000| 70 [10000 ns
tCAS CAS low pulse width 15 | 10000 20 | 10000 ns
tesH CAS hold time after RAS low 60 70 ns
tRSH RAS hold time after CAS low 15 20 ns
twes Write setup time before CAS low (Note 19) 0 0 ns
tWC Write hold time after CAS low 10 10 ns
tow. CAS hold time after W low 15 20 ns
tRW:. RAS hold time after W low 15 20 ns
twp Write pulse width 10 15 ns
tDs Data setup time before CAS low or W low 0 0 ns |
toH Data hold time after CAS low or W low 15 20 ns

Note 19. twes is specified as reference points only. If twCs & tWCS(min) the cycle is an early write cycle and the DQ pins will remain high

impedance throughout the entire cycle.

Fast-Page Mode Cycle (Read, Early Write Cycle) (Note 20)

Limtis
Symbol Pararmeter MHBM3B6A-65 | MHBM3BA-75 Unit
. Min | Max | Min | Max
tPC Fast page mode read/write cycle time 40 45 ns
tRAS RAS low pulse width for read write cycle (Note 21) 100 [ 125000 [ 115 | 125000 ns
tcp CAS high pulse width (Note 22) | 10 15 10 15 ns
tCPRH RAS hold time after CAS precharge 35 40 ns

Note 2C. All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle.

21. tRAS(min} is specified as two cycles of CAS input are performed.
22. tcP(max) is specified as a reference point only.

CAS before RAS Refresh Cycle (Note 23)

Limits
Sympbol Parameter MHBM36A-65 | MHBM3BA-75 Unit
Min Max Min Max
tcsm CAS setup time before RAS low 10 10 ns
tCHR CAS hold time after RAS low 10 15 ns
tRSR Read setup time before RAS low 10 10 ns
tRHR Read hold time after RAS low 10 15 ns

Note 23. Eight to more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before BAS refresh

mode.
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MH8M36AUJ

MHB8M36ANUJ

YTSUBISH (S's (DRAM MOCULE)

FAST FAGE MODE 301989888-BIT
(8388608-WORD BY 36-BIT) DYNAMIC RAM

Timing Dlagrams (Note 24)

Read Cycle
tRC
tRAS tRP
_ VIH ~ B ]
FAS \ / \
ViL— E
- tcsH
tcre tRCO tRSH tRPC tCRP
- Vi = R tcas [
RS sy \ /
ViL — XXX y
tRAD tRAL
tasSR| | tRAH tASC tcAH tcPn tAiRJ
sl e
- XXIITS
Ao~Aro v SERSSA ROW COLUMN (SR0XIRAILR ROW
: ViL— KRN ADDRESS ADDRESS XSSO0 ADDRESS
tRAH
le—of
tRCS tRCH
. ViH -
W
ViL —
tcac
taa tOFF
tcLz
b6} Vor - HiZ HIZ
MP g DATA VALID !
Voo -
tRAC
Note 24 i:i::::::::::: Indicates the don't care input.
?:?:?:?:?:?:?:. VIH(min) & VIN £ VIH(max) or VIL(min) S VIN S Vil.(max)
/zzzzzz Indicates the invalid output.
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MITSUBISHI LSIs (DRAM MODU'E)

MH8M36AUJ FAST PAGE MODE 301989888-BIT

MH8M36ANUJ (8388608-WORD BY 36-BIT) DYNAMIC RAM
Write Cycle (Early write)
twe
tRAS tap
. ViH — 3
RAG \ ] \
ViL - -
tCSH
tcrp tRCD tASH tAPC tCrRP
tcas
X ViH — 3
ViL -
tASR tRAH tAasc tCAH tASR
] s ,..
V\H — - L. RO 020-0-0-0-9-9-09-0.0-8
Ao~Al0 ROW COLUMN aSsslatetetetetasetels, ROW
ViL - ADDERSS f ADDRESS 5RRRLLLRLES ADDRESS
twcs tWCH
- ViH =~ X X XXX KX XK I KX K XX XD
w oo
Vil = R K
]
tos toH
28
- NASANANAAA AR AR AAARANRNA AN ™
DQ ViH 0.0.0.0.0.0.9.0.0.0.9.0.0.0.0.0.0.¢.& 0 0.9.9.9.0.9.9.0.0.0.0.0.0.0.0 0 0 0000l telrriees §
0 s I o
ViL = Z0RRRRELEEEIRLE ] RIS ELKELEL KKK
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MHB8M36AUJ
MH8M36ANUJ

MITSUBISHI LSIs (DRAM MODULE)

FAST PAGE MODE 301989888-BIT
(8388608-WORD BY 36-BIT) DYNAMIC RAM

S-only Refresh Cycle

tRC
—
trAS trRP
e
VIH ~ 1—\ [ L
ViL ~ b \—
teRp trRPC tere
Vin — SRR ERERREY
oS A3
e t0l0 %0 le %% %!
ViL - XXX
tA l trAH tA.SR.
- B o o oo O R SRR S S LTI F - o
VA ROW Yo eI ROW
Ao~Aro SEKEEEBEIN  ADDRESS PRSI KKK RARREECRKIKKH ADDRESS
TN, 0.0.9,9.0.0.9,9.9; - (OO0 00 0.0.009.9.09.8.0.0.9.9.9.0.0.00.0.0.0.00.0.0.0.9.9.0.9.0.9.0.9,
R R e e =
- Vi :0'0:0:0:0:%0:0:0:030:0:0:0:0."0:0:0:0:0:0:.:0:0:0:0:0:0:0:020:0:0:0:0:0:0:030:030:0:0:0:0:0:0:0:0 O S KA R KEIKKKL
W oI R RIRAHX AL LI RIHL A X IIK RIS LIRRHL IR
AR A0, 0,880 8:90 00000 IO 000008 8800080889008 I VI I I 8 R SOOI I I I SO O GO LS
o) VoH — Hi-Z
MP VoL —
CAS before RAS Refresh Cycle
trRC 3 tRC
(s
tRP tRAS tRAS tRP
3
- VIH — 1(s
SV ) /
ViL =
RP t >
tRPC CSR toHR tRPC tcsr tCHR tFIQPC tCRP
. Vi -
ChS / /
ViL = L
3 ; s
tCPN
|
tASR
N
ViH —
Ac~Alo ROW COLUMN
ViL - ADDRESS/AADDRESS
¢ +
tRCH  tRSR tRHR tRSR tRHR tReS
5
- ViH —
w
ViL =
toFF
0a Vo — \ n Hi-Z
149
MF Vor — /

2~530
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MH8SM36AUJ

MHBM36ANUJ

M!TSUBISHI LSIs (DRAM MODULE)

FAST PAGE MODE 301989888-BIT

(8388608-WORD BY 36-BIT) DYNAMIC RAM

Fast Page Mode Read Cycle

tRAS tRP
ViH =
s i )\
ViL -
tesH tRSH
tcRP tRCD tcas tcp tce tcas
ViH = k
oA \ A N 4N /
Vi — b b
tRAD tCPRH
task | | tRaH tasc o tcaH tasc ?ASS. tCAH tASR
ViH -
ROW ROW
e N VR N
tRAL tRRH
tRCS tRCH T*tncs tRCH -] —<-I—~ trCS el tRCH
_ ViH ~ r g
w ?‘
ViL = 2
tcac tCAC
I L 0FF leat tOFF taa tOFF
107 fo terz
DQ Vor - Hi-Z DATA DATA DATA
MP VoL — VALID-1 VALID-2 VALID-3
tRAC tcPA tcPA
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MH8M36AUJ
MH8M36ANUJ

MITSUBISH! LSIs (DRAM MCDULE)

FAST PAGE MODE 301989888-BIT
(8388608-WORD BY 36-BIT) DYNAMIC RAM

Fast-Page-Mode Write Cycle (Early Write)

tRas tRP
—_—
RAS \ Z -
tCSH tPC tRSH
tT_ﬁ: tCAS tcP tcAs tCAS
tasr | |traH
tcaH tasc,,,| |LtcaH tCAH tasa
ROW ROW
A¢~ LUMN-1 [X MN-2 _UMN-.
Ac~Ato ADDRESS NS ’ o3 @ ADDRESS
tweCH twes | | tweH tWCH
_ TR SR,
- BRI
2020000262020 2026262050262
tOH tDS toH tDH
N S A AN A AN A AR R A -5 P
ol SOLELILKEIILIEID DATA DATA DATA MRS
MP Z5LSERIERIERRRKS VALID-1 VALID-2 VALID3  RSKRRR2555
2eleteleteteleleteteteleleolo RCRRRRAKIERHIRKS
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MH8M36AUJ
MH8SM36ANUJ

MITSUBISH! LSis (DRAM MODULE)

FAST PAGE MODE 301989888-8IT
(8388608-WORD BY 36-BIT) DYNAMIC RAM

Hidden Refresh Cycle (Read)

tRc tre
trAS trP trAS trp
[Po—
ViH — \
RAS \ / \__
viL - b
tcre tRCO tRSH tcHR tcre
VIH — k
s \
Vil —
tRAD tRAL
N
tASR| | tRAH tasc tcaH tasr
il
ViH = v
ROW COLUMN ORI EIOLEIELKRK ROW
~A LIRS
Ao~Ato Vi - ADDRESS ADDRESS ‘0’0’0’0’0‘0’o’0‘0’0’0’0‘0‘0’0’0‘0‘0’0‘0’0‘0‘0’0"’0’0’0 ADDRESS
3CS tRRH
N
ViH = OOOTETTN L OO
W R DI SE0RRIKEIELS
GRRRRRLRELRIXAA] SRR
VIL = ZKXKRHDERAR A o SRR
tcac
S —
taA
toLz torr
s — pesm]
DQ Vou — Hi-Z ] v
P { DATA VALID
VoL — 1
trac
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