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e M5MA4V181600A),TP,RT-6,7,-8

. FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM
MITSUBISHI (MEMORY/ASIC)
DESCRIPTION PIN CONFIGURATION ( TOP VIEW)
This is a tamily of 1048576-word by 16-bit dynamic
RAMS, tabricated with the high pertormance CMOS Vee [T
process,and is ideal for large-capacity memory systems DO
where high speed, low power dissipation , and low 38:‘:'
costs are essential. P4 =2
The use of double-layer aluminum process combined Vee [ ‘é
with triple-well CMOS technology and a ggg : >
single-transistor dynamic storage stacked capacitor a7 $
cell provide high circuit density at reduced costs, pas et
Multiplexed address inputs permit both a reduction in NC [
pins and an increase In system densities. N‘g - g
FEATURES msE 2
e — — NC
RAS CAS |Address OE Cycle d&:;?er- NC T
Type name time | tme |time ime | tme | ton A0 ]
max.ns} {(max.ns) {(max.ns} kmax.ns) fmin.ns} lityp.mw) A1
M5M4V181600AXX6 | 60 15 30 15 120 | 300 A2 £ -
A3 42pin_ pmag

M5MaV181600AXX-7 | 70 20 35 20 140 | 260 Vee EF400mil SOJ Pfvsas
M5M4V181600AXX-8 80 20 40 20 160 160
XX=J,TP,RT
eStandard 42 pin S0J,50 pin TSOP
#Single 3.3V 0.3V supply E
oLow stand-by power dissipation -

3.6mW (Max) "ttt CMOS Input level 2
®{ ow operating power dissipation -

. M5M4V181600AXX-6 «-vec-ceeneonat 360.0mW (Max) x
M5M4V181600AXX-7 =--=--=mcceea-. 310.0mW (Max) §
M5M4V181600Axx-8 ----e-cmccceen. 270.0mW (Max) >

-f
b

sFast-page mode , Read-modity-write,RAS-only refresh
CAS betore RAS retresh, Hidden refresh capabilities
®Early-write mode and OE to control output butfer impedance
All inputs, output TTL compatible and low capacitance
91024 refresh cycles every 16.4ms (Ao ~Ag)

: F 50pin
APPLICATION 400mil TSOP

Main memory unit for computers, Microcomputer memory,
Retresh memory tor CRT

PIN DESCRIPTION

Pin Name |Function

=
Ao-As Address inputs "gn
DQ1-DQhe {Data inputs / OQutputs 2
RAS Row Address Strobe Input =
UCAS Upper Bite Control =~
Column Address Strobe Input 1=
- o
o = Lower Bite Control >
LCAS
Column Address Strobe Input UCAS B2 3
W Write Control Input | W F:‘Iég
OE Output Enable input ,
Vee Power Supply (+3.3V)
‘ Vss Ground (0V)
1 MITSUBISHI ver. A 1992-10
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MITSUBISHI (MEMORY/ASI(C)
- FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

FUNCTION a number of other functions, e.g., tast page mode, RAS-
The M5M4V181600AJ, TP, RT provide, in addition only refresh, and delayed-write. The input conditions
to normal read, write, and read-modify-write operations, for each are shown in Table 1.

Table 1 Input-conditions for each mode

Opesstion — — .—lnmm — _ inputOutput
RAS LCAS UCAS w OF DQ1-DQS |DQ9-DOIS
Lower by Read ACT ACT NAC NAC ACT oouT OPN
Upper byte Read ACT NAC ACT NAC ACT OPN DouY
Word Read ACT ACT ACT NAC ACT DOUT DouUY
Lower Byte Write ACT ACT NAC ACT NAC DIN DNC
Upper Byte Write ACT NAC ACT ACT NAC DNC DIN
Word write ACT ACT ACT ACT NAC DIN DIN
RAS-only refresh ACT NAC NAC DNC DNC OPN OPN
Hidden refresh ACT ACT ACT NAC ACT DOUT DOUT
CAS before AAS retresh ACT ACT ACT DNC DNC OPN OPN
Standby NAC DNC DNC DNC DNC OPN OPN

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

BLOCK DIAGRAM . _ _ _
ROW ADDRESS Vee (3.3V)
STROBE INPUT RAS 1 cLOCK GENERATOR
LOWER BYTE CONTROL 1CAS CIRGUIT z. Vas (OV)
COLUMN AQDRESS STROBE INPUT :
UPPER BYTE CONTROL 1 LOWER E _Z_ g R I
COLUMN ADDRESS smossmvur”c“so : I:D’—*") T
. 55k 38%'
1o a2y
UPPER =03 : D2
WRITE CONTROL 4o —d ) : 1 P Lower pata
INPUT R Py . :
: ' [ INPUTS / OUTPUTS
[o g 0 ' '
L] Wi g <4 ! !
> w
} y g < > )DO8
PV e
‘ > 2o m
AO~A7
o COLUMN DECODER
(Ao Y T -
A1 Y PTE D9
A2 SENSE REFRESH 235
o r AMP B = LU o83 11]
z & LIFER & | /O CONTROL ; ¢
A3 Zi T : | UPPER DATA
A 33 it hd : i [ INPUTS / OUTPUTS
ADDRESS INPUTS < A5 S é’ @ = ’é i , ,
EZ a0~ g1 MEMORY CELL L] % < > oars
As 25|| a g (16777218BITS) ;g =
' &
Y4 . LR
As S N
" OE OUTPUT ENABLE
\ A9 INPUT
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MITSUBISHI (MEMORY/ASIC)

. FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Ratings Unht
Vee Supply voltage 0.5~4.6 v
LAl Input voltage With respect to Vss 0.5~4.6 v
Vo Output voltage 0.5~4.6 v
10 Output current 50 mA
Pd Power dissipation Ta=25'C 1000 mw
Topr Operating temperature 0~70 c
Tstg Storage temperature -£5~ 150 ‘c
RECOMMENDED OPERATING CONDITIONS (Ta=0~ 70°C, unless otherwise noted) (Note 1)
Limits
Symbol Parametar i Nom Max Unit
Vee Supply voltage 3.0 33 3.6 v
Vss Supply voltags 0 "] 0 \
Vix High-level Input voltage, ail inputs 2.4 36 \'4
viL Low-level input voltage, all Inputs -0.3 0.8 \

Note 1 : All voltage values are with respect to Vss

ELECTRICAL CHARAQTERlSTICS (Ta=0 ~ 70°C, Vee=3.3V +0.3V, Vss=0V, unless otherwise noted) (Note 2)

Symbol P t Test ditions Limits Unht
arametaer est con
ymbo ramete Min Typ Max
Vo High-leve! output voltage toH=-3.3mA 24 Vee v
Vou Low-level output voltage foL=2.8mA 0 | 04 v
loz Oft-state output current la floating OV SVour= 3.3V -10 10 HA
1 Input current OV S Vin = 3.6V, Other inputs pins=0v | -10 10 LA
Average supply currant M5M4V181600A-6 RAS, CAS cycling 180
et (AW from Vcc operating M5M4V181600A-7 | tRC=twe=min, 160 mA
output open -
(Note 3,4.5) | M5M4V181600A-8 145
| Suppl Lt v tand-by (Note 6) RAS= CAS =Vix output open 2 A
cc u current from Vece , stand-| m
: pelY Y RAS= CAS2Vec-0.2 0.5
M5M4V181600A6 | ____ — 180
fvm\?’ s”‘:p'yhcl”"em RAS cycling, CAS= ViH
lecaay | O Yee reireshing M5M4V1B1600A-7 | trc=min. ‘ 160 mA
{Note 3.5) | M5Mav1816004-8 | O1PH! OPeN 145
Average supply current M5M4V181600A-6 RAS=VIL CAS cyeling 180
lccaayy | from Vee M5MA4V181600A-7 | trc=min, 160 mA
Fast-Page-Mode output open
{Note 3,4,5) | M5M4V181600A-8 145
M5M4V181600A-6 160
Average supply current CAS before RAS refresh cycling
) g’%’::cfc RS refrosh M5M4V181600A-7 |tpc=min, 145 mA
efore refres
mode (Note 3) | M5M4V181600ag | OUtPut open 135

Nate 2: Current flowing into an IC is positive, out Is negative.
3:lee1 (AV), lee3 (AV) and Iced (AV) are dependent on cycle rate. Maximum current is measurad at the fastest cycle rate.
4: lcc1 (AV) and Icc4 (AV) are dependent on output loading. Specified values are obtained with the output open.
5: Column Address can be changed once or less while RAS=VIL and LCAS/UCAS=ViH .
APACITANCE (Ta=0 ~ 70°C, Vce=3.3V 0.3V, Vss=0V, unless otherwise notad)

Symbo! Parameter Test conditions Limits Unit
. Min Typ Max
Ciny L’;‘:"’,L::FI’::"::':"“ MSM4V181600AJ, TP, RT 5 pE
Cion Input capacitance, OE input :I;;s:z F pF
Ciw Input capacitance, write control input VI=25mVrms 7 pF
Ci (RAS) Input capacitance, RAS Input 7 pF
. Ci (CAS) Input capacitance, CAS Input 7 pF
Ciio Input/Output capacitance, data ports 7 pF
3 MITSUBISHI ver. A 1992-10
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MITSUBISHI (MEMORY/ASIC)
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

SWITCHING CHARACTERISTICS (Ta=0~ 70°C, Vcc=3.3V 10.3V, Vss=0V, unless otharwise noted, see notas 5,12,13)

Limits
Symbol Parameter M5M4V131600A-6 | MSM4V181600A-7 | MSM4V181600A-8 Unlt
Min Max Min Max Min Max
teac Access time from CAS {Note?,8) 15 20 20 ns
tRAC Access time from RAS (Note?,9) 60 70 80 ns
tas Columu address access time (Note 7,10) 30 35 40 ns
tcpa Access time from CAS precharge {Note 7,11} 35 40 45 ns
toEa Access time trom OFE (Note 7) 15 20 20 ns
tewz Output low impedance time from CAS low (Note 7)} 5 5 5 ns
tOFF Output disable time after CAS high {Note 12§ o 15 0 20 0 20 ns
toez Output disable time after OF high (Note 12} ¢ 15 0 20 0 20 ns

Note 6: An Initlal pause of 500 ;. s Is required after power-up followed by a minimum of eight Inltialization cyclas (any comblnation of cycies
contalning a RAS clock such as RAS-Only refresh).
Note the mmay be cycled during the initial pause . And any 8 RAS or Fﬁglcﬁcycles ara required atter proionged periods
(greater than 64 ms) of RAS Inactivity before proper device opseratlon Is achieved.
7: Measured with a load circult equivalent to 2TTL loads and 100pF.
8: Assumas that tRcD = tRCO(max) and tASC == tASC(max).
9: Assumes that tRco = tRCD(mex) and tRADS tRADimax). If tRCD OrtRAD s greater than the maximum recommendad valua shown In this table,
trac will increase by amount that trco exceeds the valus shown.
10: Assumes that tRAD & tRAD(max) and tASC StASC(max).
11: Assumes that tcP = tcP(max) and tASCZ tASCimax;.
12: torFimax) and toez (max) defines the time at which the output achieves the high impedance state (lout =1 1] 1Al) and is not reference to
Vor(min) OF VOL(max),

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

(Ta=0~ 70°C, Vee=3.3V £0.3V, Vss=0V, uniess otherwise noted, see notes 12,13)

Limits
Symbol Parameter MSM4V181600A-6 | M5M4V131600A-7 | M5M4V1B1500A-8 Unit
Min Max Min Max Min Max
AREF Refresh cycle time ms
R 'RAS high pulse width 40 50 60 ns
trRCD Delay time, RAS low to CAS low (Note15)] 20 45 20 |} 50 20 60 ns
tchp Delay time, CAS high to RAS low 10 10 10 ns
tarc | Delay time, RAS high to CAS low 0 0 0 ns
teen CAS high pulse width 10 10 10 ns
tRAD Column address delay time from RAS tow (Note16)| 15 30 15 35 15 40 ns
tASR Row address setup time before RAS low 0 0 0 ns
tasc Column sddress setup time before TAS law {Note17) 0 10 0 10 0 10 ns
tRAH Row address hold time after RAS low 10 10 10 ns
teAH Column address hold time atter CAS low 15 15 15 ns
tozc Delay time, data to CAS low (Note18)] ¢ 0 0 ns
tozo Delay time, data to OE low (Note18)] ¢ 0 0 ns
tcop Delay time, CAS high to data (Note19){ 45 20 20 ns
toop Delay time, OE high to data (Note19)} 45 20 20 ns
T Transition tima {Note20) 1 50 1 50 1 50 ns

Note 13: The timing requirements are assumed t7=5ns.
14: Vilimin) and ViLimax) are reference levels for measuring timing of input signais.
15: tredimax) Is specified as a reference point only. If treo is less than tReoimax), access time Is trac. It tRep Is greater than tRcDimax), access
time s controlled exclusively by tcac or taa tRcDimin) Is specified as tRCD(min) =tRAK(mIn) + 21 H+tASC(min).
16: tRADimax; Is speclfied as a referance point only. It tRAD < tRAD(max) and tasc StAscmax), access tima Is controllied exclusively by taa
17: tascima I specitied as a reference point only. If tco 2 tredimax) and tasc Z tascimax), access time Is controlled exclusively by tcac.
18: Either tozc or tpzo must be satisfied.
19: Either tcoo or topd must be satisfled.
20: tTIs measured between Vikmin) and ViL(max).

MITSUBISHI ver. A 1992-10
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MITSUBISHI (MEMORY/ZASIQ)
. FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM
Read and Refresh Cycles
Limits
Symbol Parameter M5M4V181500A-6 | M5M4Y181600A-7 | MSMAV181800A8 |  |nit
Min Max Min Max Min Max
tRC Read cycle time 120 140 160 ns
thAS RAS low pulse width 60 (10000 | 70 | 10000 80 - | 10000 ns
tcas CAS iow pulse width 15 | 10000 20 | 10000 25 | 10000 ns
tesH CAS hold time atter RAS low 60 70 80 ns
tRSH RAS hold time after CAS iow 15 20 25 ns
tres Read Setup time atter CAS high 0 0 0 ns
trRCH Read hold time after CAS low {Note 21) 0 0 0 ns
tRRH Read hoid time after RAS iow (Note 21} 10 10 10 ns
tRAL Column address to RAS hold time 30 35 40 ns
tocH CAS hoid tima attar OE iow 15 20 25 ns
toRH RAS hoid time after OF iow 15 20 25 ns
Note 21: Elther trcH or trRRH must be satisfied for a read cycie.
|| Write Cycle (Early Write and Delayed Write)
Limits
Symbol Parameter M5M4V131600A-6 | M5M4V181600A-7 | MSM4V181600A8 |  ynit
Min Max Min Max Min Max
twe Wrlte cycle time ) 120 140 160 ns
tRAS RAS jow pulse width ’ 60 | 10000 70 | 10000 80 | 10000 ns
tcas CAS iow pulse width 15 | 10000 20 | 10000 25 | 10000 ns
tesH CAS hold time attar HAS low 60 70 80 ns
tRSH RAS hold time atter CAS low 15 20 25 ns
twes Write setup time before CAS low (Note 24) 4] [ 0 ns
tweH Wrlte hold time atter CAS iow 10 15 20 ns
towL CAS hold tima after W low 15 20 25 ns
1RWL RAS hold time after W low 15 20 25 ns
twp Write pulse width 10 15 20 ns
tos Data setup time batore CAS low or W iow 1] 0 0 ns
ton Data hold time after CAS iow or W low 10 15 20 ns
toed | OE hold time atter W low 15 20 25 ns
5 MITSUBISHI ver. A 1992-10
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MITSUBISHI (MEMORY/ASIC)
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

Limits
Symbol Parameter M5M4V181600A-6 | MSM4V181600A-7 | MSM4Y181600A8]  Upit
Min Max Min Max Min Max
tRwC Read write/read modity write cycle time (Note22)| 160 185 210 ns
1RAS RAS low puise width 95 | 10000 | 115 |10000 1 135 | 10000 ns
tcas CAS low puise width 50 | 10000 65 | 10000 80 | 10000 ns
tcsi | CAS hold time after RAS low 95 115 135 ns
tRSH RAS hold time atter CAS low 50 65 80 ns
tres Read setup time befora CAS low 0 0 0 ns
tcwp  |Delay time, CAS low to W iow (Note23)] 30 40 50 ns
trwo  |Delay time, RAS low to W low (Note23)} 75 90 105 ns
tawp Delay time, address to W low {Note23)} 45 55 65 ns
towL CAS hoid time after W low 15 20 25 ns
tRwL RAS hold time atter W iow 15 20 25 ns
twp Write puise width 10 15 20 ns
tos Data setup time betore W low 0 0 0 ns
toM Data hold time after W low 10 15 20 ns
toEH OE hold time after W low 15 15 15 ns

Note 22: trwc Is specified as tRWC(min)=tRAC(mex)+100D(min)+tRWL(min)+tRP(min)+ 41T,
23: twes, tewo,1rRwD and tawp and,tcewp are speclfiad as reference polints only. If twes= twesimin) the cycle is an early write cycle and the
DQ pins wiil remalin high impedance throughout the entire cycle. it icwp & tcwomin), tAWDZ tRWD (min), tAWDZ tAWD{min) and tcPWO & 1CPWD(mIn)
(fer tast page mode cycie only), the cycle Is a read-madity-write cycie and the DQ will contaln the data read from the sslected address.
It nelther of the above condition (delayed write) of the DQ (at access time and uniil CAS or O-Egoes back to Vi) Is indeterminate.

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note 24)

Limits
Symbol Paramater M5MAV 181600A-6 | M5MAV181600A-7 | M5M4V 18360048 Unit
Min Max Min Max Min Max
trc Fast page mode read/wrlie cycle time 40 45 50 ns
tPRWC Fast page mode read write/read modify write cycle ime 75 95 115 ns
tRAS RAS low puise width for read write cycle (Note25)] 100 [100000{ 115 |100000{ 130 {100000 ns
tcp CAS high puise width {Note26)] 10 15 10 15 10 15 ns
tcorn | RAS hold time atter CAS pracharge 35 a0 45 ns
tcpwd | Delay time, CAS precharge to W iow (Note23)| 35 40 45 ns

Note 24: All previously specitied timing requirements and switching charactaristics ara applicable to thelr respective fast page mode cycle.
25: tRas(min) IS speclfied as two cycies of CAS input are performed.
26: tceimax) Is specified as a reference point only.

CAS betore RAS Retresh Cycle (Note 27)

Limits
Symbol Parameter MSMIV181600A-6 | M5SM4AV181600A.7 | MSMAV 18160CA 8 Unit
Min Max Min Max Min Max
tcsk CAS setup time before RAS low 10 10 10 ns
tcHR CAS hald time after RAS low 10 15 20 ns
IRSA Read setup time befora RAS low 10 10 10 ns
tRHR Read hold time after RAS low 10 15 20 ns
Note 27: Eight or more CAS before RAS cycles Instead of eight RAS cycles are necessary for proper operation ot CAS betore RAS rafresh
moda.
6 MITSUBISHI ver. A 1992-10
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M5M4V181600AJ, TP,RT-5,-6,-7

FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Timing Diagrams ( Note 28)

Read Cycle
L RAS — RP o
‘
— ) RRSH : .
RAS \ -t >
A | wrC
< CRP

tCSH

Y

A

A

<‘CRP> {RCD l
— A '
UCAS 1CAS »>
iy - PN

tCAH
tASR

tASR
< tASC . .
A R . R /\
ROW COLUMN ROW
AO0-A9 ADDRES} | ADDRESS \/ \| ADDRESS
_ {RRH \
] A

tRCS

. 7
B CDD
3\ - tCAC
INPUTS HIGH-Z
DQ1-DQ16 — Y A‘ A OFF
OUTPUTS Tz 7 y
HIGH-Z — DATA VALID
1 X

RAC

’f*e\

g

N

o)

A\ 4

A
L~ Y

N

1OEZ

tOEA

XOGE | AKX

OE
D ©ORH - 1ODD

Note 28
Indicates the skew of the two

@ 777 e N
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIiT ) DYNAMIC RAM

Upper/, (Lower) Byte Read Cycle

(RC
i » RAS RP o
—_ 3 {RSH \
RAS x - > / \
-+
IRPC tCRP
- >
- «CSH -
tCRP - h
< | ®ROD o
o (CAS
‘A R . » y '
UCAS \ / -« >
K Y
Rpc  'CRP
{CRP {CAH
|<—.— <P
. RAD {RAL N
Cas D > >
{RAH
tASR ASC tASR
4L p /\
AO-A9 ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
. . \/
— . tRRH _
!
X
7'L {RCS
_ < . RCH
DZC N
> CAC 1CDD
R N HIGH /
INPUTS ( X
DQ9-DQ16 l P tAA N ‘ 10FF
a7 ), —
OUTPUTS HIGH-Z Jnvatia \/ DATA VALID \
x data
‘ P tRAC T
MUT>O<>C X ><>
OUTPUTS HIGH-Z i‘. OF2
DZO tOEA PURielelo I
tOCH,_
N
tORH >
8 MITSUBISHI ver. A 1992 - 10
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. FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Write Cycle ( Early write ) we

— tRAS N

=) —

RCD ®RSH
tCRP - : -
o (CAS
UCAS I~
LCAS

1
N |

Y
]

7

=
<

tASR IRAH

SR
(CAH
AO-AD ROW COLUMN " ROW
ADDRESS ADDRESS ADDRESS

. lWCS tWCH
W—E ‘—WXXXXXXXXX

IDH

DQY-DQ16

OUTPUTS HIGH-Z
— DS DH
INPUTS DATA VALID
DQ1-DQ8 \
OUTPUTS HIGH-Z

= XXX

9 ' MITSUBISHI
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Upper/(Lower) Byte Write Cycle ( Early write )

WC o
—
— RAS —\
o
K y,
» {CSH - JRPC tCRP
tRCD tRSH —>
tCRP ot - -
‘A R ‘s
UCAS \< tCAS -
K .
{CRP
(CRP ‘tRPC |
- -
LCAS
tASR (RAH
tICAH R (ASR
COLUMN ROW
A0-A9 ADDRESS ADDRESS
: m cs tWCH N
" WW
\DH

I INPUTS W DATA VALID
DQ9-DQI6
‘ OUTPUTS HIGH-Z

DQ1-DQ8 :CC : C C :\/::CCCC CCCCCCCCCCCCC::Ci
OUTPUTS HIGH-Z

10 MITSUBISHI ver. A 1992- 10
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. _ FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM
Write Cycle ( Delayed write ) we
b RP
RAS o -
w N \
K y a
tCSH RPC tCRP

Y

RCD tRSH
tCRP -t -
D ICAS
UCAS - 5\\
LCAS ' )
N A

LASR (RAH

' ]

tASC (CAH WASR

< - oy
-

0-A9 ROW COLUMN ROW
AO- ADDRESS ADDRESS ADDRESS

4

RWL -
. — R WL T
(WCH k 2
1DZQ
| DS DH
INPUTS HGnz < DATA VALID
9-DQ16
DQ BQ D74 1ICLZ
OUTPUTS 0] W\ HIGH-Z
\.% DS
———— IDZC s OH >
\
INPUTS puGH 2 { DATA VALID
A
DQ1-DQ8 ot CLZ
OUTPUTS 0‘ -
N\ HIGH-Z
/
1OEZ {OEH
10DD )
_ Y
11 MITSUBISHI ver. A 1992-10
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Upper/(Lower) Byte Write Cycle ( Delayed write )
tWC RP >
— (RAS A
w \ AN
X A
ICRP

tCSH

RCD tRSH

L g ]
X/ \ 7 / W

{CRP

tCAS

2
s -]
1
A
v |y
| §5

g
1
| V3

-
LCAS
tASR tRAH
tASR

tCAH
<

LASC
— >
|

ROW COLUMN ROW
AD-A9 ADDRESS ADDRESS ADDRESS

1ICWL
< > RWL
D .
— /
WE tWP
-
RCS L
- tWCH
wzc | | »
- DS tDH
HIGH-Z
INPUTS >O<><><>C>———-—-———§ DATA VALID
DQ9-DQI6 -
\CLZ

o JNKRKARXKAKXASXKXKXXKXAK

DQ1-DQ8
OUTPUTS HIGH-Z
— tOEZ]
D20 tOEH
<« >
tODD
— A'A
) ®
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Read-Write, Read-Modify-Write Cycle

FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

RWC
(RP
EE— RAS
RAS x
F y \ .
» CSH
- - tCRP
RCD o (RSH
CRP -
ICAS
UCAS 3 X
N
ICAS RAD \
- - oY N
tASR RAH tASR
tASC {CAH
s
ROW COLUMN ROW
AO-AD ADDRESS ADDRESS ADDRESS
N
{TCWD- -
- T o eV
- tRWD - tRWL
y -
— <><:<>:><>;> RCS
WE \
4
LA DS {DH
INPUTS >O<\><><X( HIGH-Z y DATA VALID
— :
DQY-DQI6 Vi y CAC
©C
OUTPUTS -
HIGH-Z DATA HIGH-Z
VAL[D/
TAA N4 DS {DH
N IIGH-Z 4
INPUTS ) q DATA VALID
DQ1-DQ8 7 ®RAC -
— OEA ™
-~
QUTPUTS 4
DATA \ HIGH-Z
VALD
-
D70 tODD
JOER
tOEZ il
— : 4 A ' ‘
OE /
o S
13 MITSUBISHI ver. A 1992-10
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GLE D EE b2uy49825 0017849 145 EANITL

MITSUBISHI (MEMORY/ASIC) MITSUBISHI LSls

M5M4V181600AJ,TP,RT-5,-6,-7

FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle
- (RWC (RP

‘ —\ (RAS - T—

tCSH | RPC
B (RCD L RSH
tCRP »-
- tCAS 1 r
- A T
UCAS \ /

ICRP N 7

-
il

/WL
LCAS |: gs
tASR

tASC 1CAH {ASR
{RAH > -
'a
ROW COLUMN ROW
AD-A9 ADDRESS ADDRESS ADDRESS
N

)

4l

Y

ICRP

{2
B

4

iy 1ICWD P
. IAWD o | [CWL
[ tRWD : : o (RWL
y X
WE \ WP
<[RSS, iy %
DZC
- DS {DH
.
HIGH-Z
lINPUTs mw; < DATA VALID
DQ9-DQ16 : / _ICAC
(12
OUTPUTS HIGH-Z ‘—? A oaTA HIGH-Z
VALID )
tAA T
INPUTS MXXXXXKXXXXXXXXXXXXXXX
DQ1-DQ8
tRAC
{OEA
OUTPUTS - - HIGH-Z
tOEZ
DZO {OEH
, <P
1ODD |
ﬁ W
N
14 MITSUBISHI ver. A 1992-10
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BIE D BN L249825 0017850 967 EMRMITL
MITSUBISHI LSis

MITSUBISHI (MEMORY/ASIC)
M5M4V181600AJ,TP,RT-5,-6,-7

. FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

RA S-only Refresh Cycle RC

o tRAS oy
——1 i
n tRP

tRAH

ROW

ROW
AG-A9 ADDRESS ADDRESS
= OOOOOOUROXKOOXVONAIXX
INPUTS
DQ1-DQ16

OUTPUTS HIGH-Z

ver. A 1992-10
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LLE D EE bL249825 00L7851L AT3 MENITL

MITSUBISHI (MEMORY/ASIC) MITSUBISHI LSls

M5M4V181600AJ, TP,RT-5,-6,-7

FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

CAS before RAS Refresh Cycle , Extended Refresh Cycle *

RC RC
RP -~

-

T RP
(RAS <

tCRP | _\

UCAS
LCAS

tASR

ROW
AO0-A9 ADDRESS

INPUTS <
OFF
DQ9-DQ16 —
HIGHZ
OUTPUTS
1OEZ
1CDD }
INPUTS \
—
DQI-DQ8 ot
HIGH-Z
OUTPUTS
1OEL tODD
E MW%WWW o
16
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L1E D M bL2u9825 0017352 73T MENMITL
MITSUBISHI (MEMORY/ASIC) MITSUBISHI LSls

M5M4V181600AJ, TP,RT-5,-6,-7

. FAST PAGE MODE 16777216-BIT { 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Upper/(Lower) CAS before RAS Refresh Cycle ,Extended Refresh Cycle

RC RC

4 ¥ )
A & RAS
RPC K & ©CRP

|

a}) §
L
X
S

UCAS ‘ s |
RPC tCRP {RPC {CRP {RPC_ {CRP
< > -] - <
£ s Y ¥
LCAS
{ASR
ROW
AO0-A9 ><><>< ADDRESS
® SOOOOOTOOONKKKK
tOFF
INPUTS \
DQY-DQ16
HIGH-Z
OUTPLUTS,
tOFF
_ <> (CDD
-
DQI-DQS oz
HIGH-Z
OUTPUTS
“oE?
{ODD
A
® -
17 MITSUBISHI ver. A 1932-10
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MITSUBISHI (MEMORY/ASIC) LLE D W L2y9825 0017453 b7b EEMITL
MITSUBISHI LSIs

M5M4V181600AJ, TP,RT-5,-6,-7

FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Self Refresh Cycle ( Note 28 )

(RP

—

Y
5

-

L tRASS .
RPC__ ., _ RPC {CRP

7/ B -
tCPN !
-t tCHS

ICSR

4
|

UCAS
LCAS

tASR

-
ROW
AD-A9 >O<X ADDRESS
*-

tRCH

= T OO0 KNK

tOFF
> tCDD

INPUT /
‘ \

DQ1-DQI6

HIGH-Z
OUTPUT

tODD

18 MITSUBISHI ver. A 1992-10
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MITSUBISHI (MEMORY/ASIC) LLE D EE b249625 0017854 50 EEMITL
MITSUBISHI LSIs

M5M4V181600AJ, TP,RT-5,-6,-7

. FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Upper / (Lower) Self Refresh Cycle® (Note 28 )

- -l - _ W®PS N
X
AS' RASS Y
. _IRPC _ (CRP
7/
'CHS r.
CRP _RPC

tCDD

INPUT

i |

DQ1-DQ16 -

HIGH-Z
OUTPUT

ODD

19 MITSUBISHI ver. A 1992-10
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MITSUBISHI (MEMORY/ASIQ) LLE D EE bL2y9825 0017455 449 EANITL
MITSUBISHI LSIs

M5M4V181600AJ,TP,RT-5,-6,-7

FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Hidden Refresh Cycle ( Read ) ( Note 30)

{RC o ®RC R
- tRAS o RP | {RAS RP -
RAS — [™ il B T I——
\ /A we |\
t(CRP RP
«—> o RCD o {RSH (CHR F_.
- -
UCAS —\
LCAS - _
(RAD
IRAH
tASC le—p 1ASR
tCAH .

i :
=
1><|1‘
P
oz

ROW COLUMN
AQ-A9 ADDRESS ADDRESS
RAL | | ®ru

v

§
%

— _DZC !CDDA
‘\ HIGH-Z ]
INPUTS 4
: / ICAC
> _IOFF
DQ9-DQ16 tICLZ “«
| 4
OUTPUTS HIGH-Z \
DATA VALID /
I — N
«AA _  ‘OEZ
. RAC > - QDD
(OEA ) «CDD
HIGH-Z 7
INPUTS \ /
l Il 7Y R \
tCAC
|
DQ1-DQ8 RAC < . OF
(CLZ i «
OUTPUTS HIGH-Z
DATA VALID
- DZ0 N
tOEZ
DZO 1ODD
~ tOEA
—_ tORH —
OE
» .

Note 30: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle.
Timing requirements and output slate are the same as that of each cycle shown above.

20 MITSUBISHI ver. A 1992-10
ELECTRIC




MITSUBISHI (MEMORY/ASIC)

L1E D WB b249825 001785b 385 MENITI
MITSUBISHI LSls

M5M4V181600AJ, TP,RT-5,-6,-7

FAST PAGE MODE 16777216-BIT { 1048576-WORD BY 16-BIT ) DYNAMIC IéAM

Upper/(Lower) Hidden Refresh Cycle ( Byte Read ) ( Note 30)

» RC I RC
—_— tRAS __ RP {RAS RP
> ot < ———p]
RAS ———| Ty Y Y
IRPG
. 4 RPC
ICRP A e
4CRP
> RCD ‘ {RSH CHR
F _ | AR
UCAS \ /
ICRP - A tCRP
pa A
LCAS _ [RAD
tASR
ASC | (CAH tASR
——————> »
- 4
ROW COLUMN ROW
AQ-A9 ADDRESS ADDRESS ADDRESS
RAL tRRH
(RCS M g
— . 3
WE
P DZC " \CDD
\ HIGH-Z ]
INPUTS \
/ _ (CAC L
bl » - t1OFF
9-DQ16 < < ’
DQ Q \CLZ /
OUTPUTS HIGH-Z invalid
data DATA VALID
\
« IAA _  WOEZ
< 1ODD
I, RAC P 1OEA g
o W
DQ1-DQ8
OUTPUTS HIGH.Z
— tORH g -
" , /<><><><><><><><>O§

Note 30: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle.

Timing requirements and output state arc the same as that of each cycle shown above.
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MITSUBISHI (MEMORY/ASIC) ELE P WM bL2u9825 0017857 211 EEMITL
MITSUBISHI LSis

M5M4V181600AJ, TP,RT-5,-6,-7

FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Fast Page Mode Read Cycle (CPRH (RP
(RAS -~
— X ' \
RAS 1ICSH e RSH /
\[ o el .
tCRP — RCD _,  ICAS (P tCAS 1CP chas| I" \CRP
- B _ - - -t - ‘; »>- . 1“
ocas X/ A ‘ Y
LCAS 3 -
tRAD kRAL
- t————-| - -
tASR RAH LASC 1ASC
> e ] e CAH (CAH (ASC4 KAl tASR
— r L
ROW COLUMN COLUMN COLUMN ROW
A0-A9 ADDRESS ADDRESS ADDRESS ADDRESS ADDRESS
C v, K N —
| TAA "M = T
tRCS - >
- - tRCHﬁbi I‘ (RCS lRCHut '«.chs
N4
WE ——
— (DZC|
<l CDDles re-slinzq] tCDDles] |end DZC <8
INPUTS é % HIGH-Z e ]
Z tCAC 4 {CAC Y V 5
- {OFF (CAC e S
1-bQ16 T tOFF | -
DQI-bQ 1CLZ . L7 1 tCLZ N
OUTPUTS HIGH-Z N i q B N
DATA VALID | | DATA VALID >- DATA VALD | e
Y ! Y
L K K y 7
- 12A > T tCPA | (CPA
IRAC o |t > e >
tORH
tOE7 {DZO tOEZ tDZ \OEA tOEZ
tDZO ALOEA; tOEA - tODD
— ODD
10CH OCH 1oDD , OCH _
OE
N - —
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MITSUBISHI (MEMORY/ASIC) LLE D EB 249825 0017858 1546 EENMITI
MITSUBISHI LSls

M5M4V181600AJ, TP,RT-5,-6,-7

. FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM
Upper/(Lower) Fast Page Mode Read Cycle \CPRH wP
—_ (RAS > \
RAS tCSH PC RSH /
- C . F e,
. tCRP -
o | ®D ___ _ aS - iCAS P " Ioccnp
r \ ‘e — ¥
UCAS}/ \ / \ / \ /
\CRP x_ 7 - 7 —
> ofiCRP
— YOF A\
LCAS
{RAD RAL
tASR
RAH ASC
tASC {CAH 1ASC \CAH ) T U 1 l"’MSR
y y n |
ROW COLUMN COLUMN COLUMN ROW
AQ-A9 ADDRESS ADDRESS ADDRESS ADDRESS ADDRESS
K K x
tAA i
IRCS RCH ™ (RCH a4
- - {RCS tRCS
oot s
___ 14 Y
WE - RCH
. — DZC DD 1CDD
S <+ re-2 D > .‘t.DZC - 'CDD>
| CAC ) CAC. t€CAC OFF
DQ9-DQ16 o ;(’_Fi > 1OFF -—
(12 A (CLZ] ™| | ]
OUTRUTS HIGH-Z y N - ) - {
- A_@ DATA VALID }-% DATA VALID }——%% DATA VALID }—
(AA i 7 X v - y
et . ] tCPA '[ tCPA
— IRAC - j- - - >
N '
INPUTS > ><
M N
DQI-DQS ord |
OUTPUTS HIGH-Z >
\OFEZ WDZO tOEZ tDZ {OEA tOEZ
tDZO AIOE.“\; | 1 tQEA E {ODD
T o tOb
tOCH oct | [P _ OCH _
* /<><></
K —

23 MITSUBISHI ver. A 1992-10
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MITSUBISHI (MEMORY/ASIC)

EXE D WM k249825 0017859 094 EEMITL

MITSUBISH! LSis

M5M4V181600AJ,TP,RT-5,-6,-7

FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Fast Page Mode Write Cycle ( Early V\{Rriste ) ®RP
Al
\ [ > A
- tPC . tRSH jg—f
RAS \< ICSH - - > {RPC \
K 7
CRP | [—eD e (CAS P «cp : {CRP
L e - - ..——’
UCAS y 3 -
LCAS ens (CAS.
tASR tRAH LASC (CAH tASC (CAH tASC ICAH 1ASR
AQ-A9 ROW COLUMN COLUMN COLUMN
- ADDRESS ADDRESS ADDRESS ADDRESS ADDRESS

—_ WCS hwen WS tWC tWCS IWCH
WE - lt— 6|
— DS (DH IR T'DH DS DH
INPUTS DATA VALID DATA VALID DATA VALID
DQ9-DQ16
OUTPUTS HIGH-Z
L—— DS (DH DS DH (102 \DH
INPUTS DATA VALID DATA VALID DATA VALID
DQ1-DQ8
OUTPUTS HIGH-Z
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MITSUBISHI (MEMORY/ASIC) bLE D WM b249825 001L78b0 80b WEMITL
MITSUBISHI LSls

M5M4V181600AJ,TP,RT-5,-6,-7

. FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Fast Page Mode Upper/(Lower) Byte Write Cycle ( Early Write )
RAS

RP
Yy [ ™ K Y
—_— tPC tRSH
RAS . \A (CSH - > / RPC \
wre| ~ e 7
> e oiag— (CAS o {CP P r" ICRP
4 \ X SR
UCAS \ / \ tCAS \ 1ICAS
7 - 2
1CRP R
LR PC I‘_lCRP
"LCAS
yll\sk tRAH (ASC (CAL tASC
ROW COLUMN
A0-A9 ADDRESS ADDRESS
—_— tWCS IWCH WCS
N
I DS DI DS
INPUTS DATA VALID DATA VALID DATA VALID
DQS-DQI6
OUTPUTS HIGH-Z

DQI1-DQ8

OUTPUTS HIGH-Z

25 MITSUBISHI ver. A 1992-10
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D E L2u49425 00178b1 742 EENITI
MITSUBISHI LSIs

MITSUBISHI (MEMORY/ASIQ) blE

M5M4V181600AJ, TP, RT-5,-6,-7

FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Fast Page Mode Write Cycle { Delayed Write )

RP
RAS
I Y [ > 3
tRSH
RAS B ICSH N PC - >
- - - > RPC
CRP ICRP
— IRCD — ICAS \CP
_— 7 C
UCAS
\ iCAS N
LCAS o
N -
{RAD
(ASR [ jran lAISC {CAH tASC hCAH tASR
» j > <+ ' -
A ' / B
AG-AQ ROW COLUMN COLUMN ROW
ADDRESS ADDRESS ADDRESS ADDRESS
K. oy K.
tRCS tWCH {RCS tWCH N
tCWL l {CWL
L p
" M | — —
k_ﬁi' S 7
B DZC N (DS 1 DZC D | I
< '
INPUTS \ 4 DATA DATA
] DZO \ VALID (DZO g VALID
1ICLZ 1ICLZ
DQ9-DQ16 oZc
OUTPUTS HIGH-Z
— {OEZ (DS DS
_ - o (DH 0zd OEZ] o] DH
\ “Twooo > tODD A
A DATA DATA
INPUTS \ VALID VALID
, tDZQ
——» *
DQI-DQ8 tICLZ ICLY
OUTPUTS nGH-2 '%
OF 1OEH . 1OEH
—- g -
D29 « > 10DD
1ODD
. ) i/ 3
OE / \—/
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MITSUBISHI (MEMORY/ZASIC) B1E D M b249825 D0L78k2 LAY EEMNITL
MITSUBISHI LSIs

M5M4Vv181600AJ, TP,RT-5,-6,-7

. FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Fast Page Mode Upper/(Lower) Byte Write (Delayed Write) i

RP
RAS - >
— Y ™ RSH ™ £ 3
‘RAS \A 1CSH N we | > / \ |
i > ™ RPC
icrP | K 7 ICRP
- RCD 1CAS ICP '.l
- - o >

c
o
A
ﬂl/'l
1
]A
(Y
LY
K

-

ASR | |mawAsC ICAH _wsc| | ICAH LASR
e / £
ROW COLUMN COLUMN ROW
AD-A9 ADDRESS ADDRESS ADDRESS ADDRESS
n__ 3 N c_
tRCS tWCH IRCS tWCH

tCWL r. . tCWL

° . z -
R D7z - - 7

C DS DS
{ oH D7C |, OH
B a 5
INPUTS \ 4 DATA DATA
D70 K \ VALID OZO \ VALID
DQ9-DQ16 B hCLz CLZ
OUTPUTS | mGnz
- 10
DQ1-DQS
OUTPUTS HIGH-Z
S tODD)
* OFH
2E, . ©OFH - -
000> -
. 4 N ¥ 3
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MITSUBISHI (MEMORY/ASIC)

GLE D EM b249825 00178k3 515 EMEMITL

MITSUBISH! LSis

M5M4V181600AJ, TP,RT-5,-6,-7

FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Fast Page Mode Read-Write, Read-Modify-Write Cycle

{RAS
—_ 3 RSH
- RAS {CSH erwe [
wre| X
-] | 2 — ICAS 1P
TCeAG "4 A 3
UCAS
\ ICAS |
LCAS >
N 4
RAD
tASR ]
Az tASC (CAH (ASC kCAH tASR
I EE—— -+ >
y A - /
AC-A9 ROW COLUMN COLUMN ROW
ADDRESS ADDRESS ADDRESS ADDRESS
C K_ R‘ 3 )
RCS (WCH RCS tWCH
> et
< IAWD »| 1ICWL < AWD ICWL
-4
— ICWD R CWD 2
WE '\ (WP ) ‘\ WP
< tAA X 1- 4 1AA x 1-
DZC CAC DS DH - ‘Bﬂ OH
[_ - - - DZC - |(CAC
L |e—IBAC - y y
NPUTS N\ ™ 4 DATA DATA
Vv
70 \ I ALID D70 I VALID
- R
DQY-DQ16 - |z cLz
DzC DATA " 'DATA
AN e 3
OUTPUTS [),z ALD 1 gnonz 4 &/VALID
: A 0EA| [V
- _{OEA _L{/ DS q DS
— < OEZ et ol I Dzd tDEZ -« LS
\ A ET01))) * ODD A, -
A
2 »l A DATA DATA
INPUTS / CAC] ¥ VALID b VALID
< zd :
1RAC > < P
DQ1-DQ8 (CLZ (LY
DATA > DA
F VALID / VAIT:I?)
OUTPUTS L MIGHZ ) »
‘ -~
— tOEA :\'" PEA *g
4 tOEZS
DZ <0z, tOEH o - ©OFH
< > 10DD
tODD )
— / Y _/a N
OE / ' \
N : .
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MITSUBISHI (MEMORY/ASIC) blE D WE k249825 00174k4 451 ERMITL
MITSUBISHI LSls

M5M4V181600AJ, TP,RT-5,-6,-7

FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Fast Page Mode Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle

RP
tRAS - >
JU— Y [ 4 )
RSH
RAS - »
B {CSH - s o —
- - - > . RPC
ICRP
(CRP ___RCD - 1CAS P ""
'4 3 2 X -
— ICAS
UCAS <
X v =~ W,
— R g R
LCAS — <+
r n
l&] tRAD 2;
1ASR | ran (AlSC (CAH tASC 1CAH tASR
e —— - <+ +*
A A - - 7 B's
AO-AQ ROW COLUMN COLUMN ROW
ADDRESS ADDRESS ADDRESS ADDRESS
c K - 3
RCS tWCH tRCS tWCH N
ada
< tAWD o WL - LAWD
— ] —| P4
—_— ICWD = ICWD
WE "I\ { twp «——»f\ | wp
o kAA x__ 7 AA + _r
wzc ¢ CAC DS DH T - DS (DH
— - >~ > prd tDZC <«—p-|1CAC ->
. <«—IRAC > y y
INPUTS Y, !)ATA YALD PATA VALID
DZO tDZO
ICLZ
DQ9-DQ16 DATA ISEZ DATA
¥ VALID YALIDD
OLTPUTS %IL, A HIGH-Z AT A
- JOEA V| WEA 1Y
— A 1OEZ jt { {OEZ§> _
DQ1-DQ8
OUTPUTS HIGH-Z
{OEH - OEH
- > 10DD
10DD
_ s g 4 Y\
OE / \
N
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