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M5M4V18160BJ,TP,RT-6,-7,-8,-6S ~75,-8S

FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT : DYNAM:C: RAM
DESCRIPTION
This is a family of 1048576-word by 16-bit dynamic RAMS, | PIN CONFIGURATION ( TOP VIEW)
fabricated with the high performance CMOS process,and is ideal for
large-capacity memory systems where high speed, low power (@3¢ 3’8? :: :: D%s"gOV)
dissipation , and low costs are essential. DATA INPUTS/) DQ2 T [[DQ1s LDATA INPUTS/
Ths use of double-layer aluminum process combined with OUTPUTS] DQa [RIDQ14 uTsS

triple-well CMOS technology and a single-traasistor dynamic
storage stacked capacitor cell provide high circuit density at
reduced costs. Multiptexed address inputs permit both a reduction
in pins and an increase in system densities.

FEATURES
Type name time time time time | tme Son
{max.ns) | (max.ns)| (max.ns) [ (max.ns) | (min.ns) |{typ.mW)
M5M4V'18160BXX-6,65 | 60 15 30 15 110 450
M5M4V18160BXX-7,-7S | 70 20 35 20 130 390
MSM4\/18160BXX-8,-85 | 80 20 40 20 150 330
XX=J,TP,RT
® Standard 42pin SOJ, 50pin TSOP
® Single 3.3V + 0.3V supply
o Low stand-by power dissipation
36mWMax) ....oiieiiiiiiiiiiaiiya, CMOS Input level
e Low operating power dissipation
MEM4V18160BxxX -6, -6S: cc v vvvniniinn, 540.0mW (Max)
MEMAVIBI160BXX -7, -7S: ctvvvevnrnnanans 470.0mW (Max)
ME5M4V18160Bxx -8, -85. -« v vevrii i 400.0mW (Max)

® Fast-page mode, Read-modify-write,RAS-only refresh, CTAS
before RAS refresh, Hidden refresh capabilities

® Early-write mode and OE to control output buffer impedance

® All inputs, output TTL compatible and low capacitance

® 1024 refresh cycles every 16.4ms (Ao ~Asg)

APPLICATION
Main memory unit for computers, Microcomputer memory, Refresh
memory for CRT
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ADDRESS 36 [ oy
INPUTS As s
23 A4
(3.3v) Vcc ril P yss (0V)
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M5M4V18160BJ,TP,RT-6,-7,-8,-G5, - T4:,-8'5

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

FUNCTION

The M5M4Vv18160BJ, TP, RT provide, in addition to normal read,
writs, and read-modify-write operations, a number of other

Table 1 Input conditions for each mode

) Inputs Input/Output
Operation — — — — —
RAS LCAS UCAS w OE DQ1~DQ8 | DQ9~DQ16
Lower byte Read ACT ACT NAC NAC ACT DOUT OPN
Upper byte Read ACT NAC ACT NAC ACT OPN DOUT
Word Read ACT ACT ACT NAC ACT DOUT DOUT
Lower Byte Write ACT ACT NAC ACT NAC DIN DNC
Upper Byte Write ACT NAC ACT ACT NAC DNC OIN
wWord write ACT ACT ACT ACT NAC DIN DIN
ﬁ.rS--nnly refresh ACT NAC NAC DNC DNC OPN OPN
Hidden refresh ACT ACT ACT NAC ACT DOUT bouT
UKS betore RAS refresh ACT ACT ACT DNC DNC OPN OPN
Stand-by NAC ONC DNC DNC DNC OPN OPN

Notis : ACT : active, NAC : nonactive, DNC : don' tcare, VLD : valid, IVD - Invalid, APD : applied, OPN : open

functions, e.g., fast page mode, RAS-only refresh, and delayed-write.
The input conditions for each are shown in Table 1.

BLOCK DIAGRAM _ _ _ _ _
ROW ADDRESS Vee (3.3V)
STROBE INPUT BAS CLOCK GENERATOR
LOWER BYTE CONTROL ...
COLUMN ADDRESS STROBE INPUTLCAS —— % CIRCUT Vss (OV)
UPPER BYTE CONTROL ______ Tz |—
COLUMN ADDRESS STROBE INPUT UCAS )_—' \j )s LOWER o o, | U212
gt oar
»Aa
WRITE CONTROL oo e JJP Liilaii 223 > oaz
INPUT y — T ' ¢ | LOWER DATA
- : L[ INPUTS /OUTPUTS
s3] |
= !
gt _‘(-)O pas
\ o222
ac-a9 L
” a0 . COLUMN DECODER -
o [ -
Al * ----------- + <= s 5 T
[ iy DQo
A2 SENSE REFRESH 333
a3 §5 | AMPLIFER & 1 /0 CONTROL [ g ; Dato
L1 [~ | : ' | uPPER DATA
A4 23 ' — : i [ INPUTS /OUTPUTS
ADDRESS INPUTS < A5 Se 3 H . : :
a? al Ezé ! '
A6 §5 vt B § MEMORY CELL e 1 "’QDQ‘G
A7 A R (167772168BITS) 3%t [
AB Zl:
A9 b Q
GE OUTPUT ENABLE
~ OF |NPUT
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M5M4V18160BJ,TP,RT-6,-7,-8,-6S,-7S,-8S

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

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Veo Supply voltage -0.5~4.6 v
Vi Input voltage With respect to Vss -0.5~4.6 v
Vo Output voltage -0.5~4.6 \
lo Output current 50 mA
Pd Power dissipation Ta=25°C 1000 mwW
Topr Operating temperature 0~ 70 c
Tslg Storage temperature -85~ 150 ‘C
RECOMMENDED OPERATING CONDITIONS (Ta=0~ 70°C, unless otherwise noted) (Note 1)
Limits .
S | Parameter Unit
Symeol Min Nom Max
Vee Supply voltage a3 3.3 3.6 \
Vss Supply voltage 0 0 0 v
Vi High-leve! input voltage, all inputs 20 Vee+0.3 v
Vi Low-level input valtage, all inputs -0.3 0.8 v
Note 1 ; All voltage values are with respect to Vss.
ELECTRICAL CHARACTERISTICS (Ta=0~ 70°C, Vcc=3.3V + 0.3V, Vss=0V, unless otherwise noted) (Note 2)
Symbol Parameter Test conditi Limits Unit
Y| est conditions i T Max
Vou High-level output voltage loH=-2.0mA 24 Vee v
VoL Low-level output voltage foL=2.0mA 0 0.4 v
loz Off-state output current Q floating, OVS Vours 3.3V -10 10 BA
1 Input current OVEVINS Vce.0.3V,Other inputs pins=0V | -10 10 uhA
Average supply current M5M4V18160B-6 -65 | HAS, CAS cycling 150
from Ve operating tRC=twec=min.
lec av) M5MAV181608-7-7S | output opan 130 mA
(Note 3,4,5) | M5M4V181608-8 -85 110
| Supol " v rand-b (Note 6) RAS= CAS =Vm, output open 2 A
cc: upply current from Vec , stand-| ote — m
i i Y RAS= CAS 2Vac 0.2V 05
Average supply current MSM4V18160B-6 -6S ' 150
from Vec refreshing RAS cycling, TAS= Vi
leca v M5MaV181608-7 -7 | IRC=min. 130 mA
output open
(Note 3.5) | Msmav181608-6 -85 110
M5M4V18160B-6 -6S
ﬁ;renra oec supply current A=V, TAS cycling 70
M5M4V18160B-7 .78 | tPC=min.
lccaav) | Fast-Page-Mode output open 60 mA
(Note 3,4,5) | M5SM4V181608-8 -85 50
*608-6 - e 1
Averi?cecsuppty current MEMAV18"60B-€ 65 CAS before RAS refresh cycfing 50
lccsiav) glégebefore TAS refresh MSM4V18160B-7 -75 g‘;;ﬁ}'gben 130 mA
(Note 3) | MsM4v181608-8,-85 110
Note 2: Current flowing into an IC is positive, aut is negative.
3: lec1 (AV), lcc3 (AV) and Icc4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4: lec1 (AV) and lcc4 (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 LCASJUCAS=VH
CAPACITANCE (Ta=0~ 70°C, Vce=3.3V 0.3V, Vss=0V, uniess otherwise noted)
Limits
Symbo! Parameter Test conditio i
y es ns Win Ty iax Unit
Ciia Input capacitance, address inputs 5 pF
Ci1 o8 Input capacitance, OF input Vi=Vss 7 pF
CIi®w Input capacitance, W input fo1MHz 7 pF
C1(RAS) Input capacitance, RAS input Vi=25mVrms 7 pF
Ci Tx5 Input capacitance, CAS input 7 pF
Ciio Input/Output capacitance, data ports 8 pF
A M l
6-56 ELECTRIC
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M5M4v18160BJ,TP,RT-6,-7,-8,-6S,-7S,-8S

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

SWITCHING CHARACTERISTICS

(Ta=0 ~ 70°C, Vec=3.3V + 0.3V, Vss=0V, unless otherwise noted , see notes 6,13,14)

Limits
Symbol Parameter M5M4V181608-6,-65 | M5MAV18160B-7-7S | M5SM4V181608-8,-85 Unit
Min Max Min Max Min Max
tcac  |Access time from CAS (Note7.8) 15 20 20 ns
1RAC Access time from RAS (Note?,9) 60 70 80 ns
1An Column address access time (Note 7,10) 30 35 40 ns
tera Access time from CAS precharge (Note 7,11) 35 40 45 ns
torA Access time from OF (Note 7) 15 20 20 ns
toLz Output low impedance time from CAS low  (Note7)| 5 5 5 ns
torF Output disable time after CAS high (Note 12} 0 15 0 15 0 15 ns
toez  [Output disable time after OE high (Note 12)] 0 15 0 15 0 15 ns
Noter 6: An initial pause of 500 ps is required after power-up foliowed by a minimum of eight initialization cycles (any combination of cycles

comamlng__F{AS clock such as RAS-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 16.4 ms) of RAS inactivity before proper device operation is achieved.
7: Measured with a load circuit equivalent to 2TTL loads and 100pF. The reference levels for measuring of output signals are 2.0V(VoH) and
0.8V(Vo)

8: Assumes that tRcD & tRCD(max) and tASC & tASC(max;

9: Assumes that IRcD S tRcO(max) and tRADS tRAD(max:. If 1RCD OF IRAD is greater than the maximum recommended value shown in this table,
trac will increase by amount that tRco exceeds the value shown.

10: Assumaes that tRAD & tRAD(max) and tASCS tASC(max)
*1: Assumes that tcp S tcPimax) and tASC & 1ASC(max).

* 2: torr(max) and toEZ (mex) defines the time at which the output achieves the high impedance state ( lout & |10 pA |} and is not reference to
VoH(mn) or VoL{max)

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

(Ta=0 ~70°C, Vcc=3.3V £ 0.3V, Vss=0V, uniess otherwise noled , see notes 13,14)

Limits
Symbol Parameter M5M4V181608-6,-65 | M5M4V181608-7-75 | M5SM4V18160B-8,-85 Unit
Min Max Min Max Min Max

tREF Refresh cycle time 16.4 16.4 16.4 ms
tRP HAS high puise width 40 50 60 ns
tRcoO Delay time, RAS low to CAS low (Note15)| 20 45 20 50 20 80 ns
1cRp Delay time, CAS high to RAS low 10 10 10 ns
tRrc | 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 (Note16) 15 30 15 35 15 40 ns
task Row address setup time before RAS low 0 0 0 ns
tasc Column address setup time before CAS low (Note17) 0 10 o] 10 0 10 ns
tRAH Row address hoid time after HAS low 10 10 10 ns
tcan Column address hold time after CAS low 15 15 15 ns
tozc Delay time, data to CAS low (Note18) ) ) ° ns
020 Delay time, data to OF low {Note18) 0 0 0 ns
tcoo | Delay time, CAS high to data (Note19)| 15 15 15 ns
toon Delay time, OE high to data {Note19) 15 15 15 ns
tr Transition time (Note20) 1 50 1 50 1 50 ns

Note 13: The timing requirements are assumed 11 =5ns.

14: Vigmin) and ViLimax) are reference levels for measuring timing of input signals.
15: thcoimax) is specified as a reference point only. If trep is less than tRcDimax), access time is tRac. If tRCD is greater than tRCh(max). access
time is controlled exclusively by tcac or taA. tRcoimn) is specified as tRCD(min) =tRAH(mn) +2tT+1ASCmin).

18: tRAD(max) is specified as a reference point only. If trAD& tRAD(max) and IASCS tASC(max). access time is controlled exclusively by taa.
17: tasc(max) is specified as a reference point only. If thep tRcD(max) and 1aSC2 tasC(max). access time is controlled exclusively by tcac
18. Either tpzc or tbzo must be satisfied. )

19: Either tcoo or topp must be satisfied.

20: tris measured between Vikmin) and ViL(max)

ELECTRIC



M5M4VvV18160BJ,TP,RT-6,-7,-8,-6S,-7S,-8S

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

Read and Refresh Cycles

Limits
Symbol Parameter M5M4V181608-6,-6S | M5MAV18160B-7,-7S | M5M4V181608-8,-85 Unit
Min Max Min Max Min Max

ne Read cycle time 110 130 150 ns
WAs | RAS low puise width 50 10000 70 10000 80 10000 ns
151y TAS low pulse width 15 10000 20 10000 20 10000 ns
1254 |CAS hold time after RAS low 60 70 80 ns
tRsH RAS holid time after CAS low 15 20 20 ns
tacs Read Setup time aiter CAS high 0 [ 0 ns
tacH Read hold time after CAS low (Note 21) 0 0 0 ns
taru Read hold time after RAS low (Note 21); 10 10 10 ns
taaL Column address to AAS hold time 30 35 40 ns
toeH CAS hold time after OF low 15 20 20 ns
tORH RAS hold time after OE low 15 20 20 ns

Nota 21: Either trcH or tRRH must be satisfied for a read cycle.
Write Cycle (Early Write and Delayed Write)
Limits
Symbol Parameter M5M4V18160B-6,65 | MSM4VIB160B-7-7S | M5MAV18160B-8,-85 Unit
Min Max Min Max Min Max

twe Write cycle time 10 130 150 ns
1Ras RAS low pulse width 80 10000 70 10000 80 10000 ns
tcas CAS low pulse width 15 10000 20 10000 20 10000 ns
t1csi | CAS hald time after RAS low 60 70 80 ns
1ASH RAS hold time after CAS low 15 20 20 ns
twes  |Write setup time before CAS low (Note 23) ) 0 0 ns
twcH | Write hold time after TAS low 10 10 15 ns
tcwe | CAS hold time after W low 15 20 20 ns
tRwL RAS hold time after W low 15 20 i 20 ns
twe Wirite puise width 10 10 15 ns
tos Data setup time befare CAS low or W jow 0 0 0 ns
ton Data hold time after CAS low or W low 10 15 15 ns
toen | OE hold time atter W low 15 20 20 ns

MITSUBISHI
6 - 58 ELECTRIC
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M5M4V18160BJ,TP,RT-6,-7,-8,-:i -
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TE-85

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

Read-Write and Read-Modify-Write Cycles

Limits
Symbot Parameter MSM4V18160B-6 -65 | MSMAV18160B-7,-7S | M5M4V18160B-8,-85 Unit
Min Max Min Max Min Max

tAwC Read write/read modify write cycle time (Note22)| 155 180 200 ns
tras | RAS low pulse width 105 10000 120 10000 | 130 10000 ns
tcas  |CAS low pulse width 60 10000 70 10000 70 10000 ns
tcs4  |CAS hold time after RAS low 105 120 130 ns
tas« | RAS hold time after CAS low 50 70 70 ns
tRCS Read setup time before CAS low 0 0 0 ns
tcwn  |Delay time, CAS low to W low (Note23)| 40 45 45 ns
tawo  |Delay time, RAS low to W low (Note23)| gg 95 105 ns
tAWD Delay time, address to W low (Note23)| &5 80 65 ns
towt  |CAS hold time afer W low 15 20 20 ns
[ RAS hold time after W fow 15 20 20 ns
twp Write pulse width 10 10 15 ns
tos Data setup time before W low 0 0 0 ns
toH Data hold time atter W low 10 15 15 ns
toed | OE hold time after W low 15 15 15 ns

Note 22: tawc is specified as tRWC(min)=1RAC(max)+10DD(min)+tRWL (min)+1RP(min)+51T.
23: twes, town,1RwD and tawp and, tcPwo are specified as reference points only. i twes& twesimin the cycle is an early write cycle and the
DQpins will remain high impedance throughout the entire cycle. If tcwD& towDimin), IRWDZ tRWD (min), tAWD & lAWD(min) and tCPWD X 1CPWD(min)
{for fast page mode cycle only), 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 (delayed write) of the DQ (at access time and until CAS or OE goes back to Vi) is indetsrminate.

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

Limits
Symbol Parameter M5M4V18160B-6,-65 | M5M4V18160B-7,-7S | M5M4V181608-8,-8S Unit
Min Max Min Max Min Max
trc Fast page mode readwrite cycle time 40 45 50 ns
tPRWC Fast page mode read writa/read modify write cycle time 85 95 105 ns
RAS RAS low putse width for read write cycle  (Note25)| 100 125000 115 125000 130 125000 ns
tcp CAS high pulse width (Note26)| 10 15 10 15 10 15 ns
tcean | RAS hold time atier TAS precharge 35 40 45 ns
tcewn | Delay time, CAS precharge to W low (Note23)| 60 65 70 ns

Note 24: All previously specified timing requirements and switching characteristics are applicable 1o their respective fast page mode cycle.
25: Ras(miny is specified as two cycles of CAS input are performed.

26 tchemax) is specified as a reference point only.

CAS before RAS Refresh Cycle (Note 27,

Limits
Symbol Parameter M5M4V18160B-6,-65 | M5M4V1B160B-7-75 | M5M4V1B160B-8,-8S Unit
Min Max Min Max Min Max
tcsa  |CAS setup time before RAS low 10 10 10 ns
tcia  [CAS hold time after RAS low 10 15 15 ns

Note 27: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh

mode.

MITSUBISHI
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M5M4Vv18160BJ,TP,RT-6,-7,-8,-6S,-75,-8'5

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

Timing Diagrams (Note 28)
Read Cycle

tRe .
tRAS - tRP —
—— tRSH
RAS N / N
tcsH N trRPC tcgp
tcRP tRCD
— ——— tcas
[CAS / UCAS W ¢ top
tRaD tcaH
" tRAL tASR

S —

Ao-ho COLUMN ROW
ADDRESS ADDRESS
e i
ltncs
i
. tozc
Hi-Z
INPUTS 4 toac
DQ1-DQ1e 1AA toFF
tcLz
Hi-Z [
OUTPUTS DATA VALID P—
tRAC
toez
tbzo tOEA tobo
tocH R
O—E {ORH
Note 28 Indicates the don't care input.
VIH(min.) S VIN 3 VIK(max) or VIL(min.) S VIN S ViL{max)
7 Indicates the
A invalid output.
N
&\\S Indicates the skew of the two inputs.
MITSUBISHI
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M5M4V18160BJ,TP,RT-6,-7,-8,-|

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

Upper / (Lower) Byte Read Cycle

tRC

P

A

tcap

tRPC

tCRP

RPC

1ASR

ROW
ADDRESS

tRRH

N

tcoo

10FF

AS

tR.

tASH

tCPN

tRCH

tcsH

tcas

tcaH

tRAL

Hi-Z

DATA VALID

tcac

Hi-Z

X

invalid

tcz

tRCD

COLUMN
ADDRESS

tasc

tRAD

XX

tozc

/
\|_data

Hi-Z

tRAC

RAS

ferp

ROW
ADDRESS

Ao-As

INPUTS

OUTPUTS

10EA

tocH

tpzo

OUTPUTS

DQ1-DQs
{or DQe-DQ1s)

DQe-DQ16

( or DQ1-DQB)

toRH

)"mswsm



M5M4V18160BJ,TP,RT-6,-7,-8,-6S,-7S,-85

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

Write Cycle ( Early write)

twe

trRP

tcrRP

tRPC

tRAS

tRsH

tcas

tcsH

ROW
ADDRESS

tcAH

tWCH

foH

COLUMN
ADDRESS

tAco

SC

ta

XX

tRAH

tcRP

UCAS/ LCAS

R

tas

ROW
ADDRESS

Ao-As

tos

DATA VALID

ﬁpms

DQ1-DQ1s

Hi-Z

LO'UTPUTS

'\MITSUBISHI
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M5M4V18160BJ,TP,RT-6,-7,-8,-Gi5), - 7'43,- 865

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

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

tRAs trP

s \ 7N

tcsH

{CRP tRCD tRSH tRP tCRP
I tcAs l

tCRP tRPC tCRP

tASR tRAH tAsC tcAH ASR

\d 14

x ROW COLUMN
Ac-hs ADDRESS }@( ADDRESS

ROW
ADDRESS

£|

INPUTS

DQh-DQe
(or DQe-DQ16)

Hi-Z

OQUTPUTS

tos tor

INPUTS

DATA VALID

DQe-DQ1s
(or DQ1-DQs)

OUTPUTS Hi-Z

MITSUBISHI
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M5M4V18160BJ,TP,RT-6,-7,-8,-£4 7 t5i,- 05

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

Write Cycle ( Delayed write )

" twe
tRAS tRP
—_——1
s \ N
1CsSH
PC
tCRP tRCD tRsH teAp
tcAs
UCGAS / LCAS N
tASR tRAH tasc {CAH tASR
¥ &—ﬁ 1
Ao-Ae ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
W
tweH
tos toH
[
Hi-Z
INPUTS DATA VALID
DQ1-DQ1s toLz
OUTPUTS Hi-Z
toez
toDD
OE
MITSUBISHI
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M5M4V18160BJ,TP,RT-6,-7,-8,-£3 - 75~ 8%
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

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

twe R
tRAS tRP
* 4
RAS \ \_
{csH
tcRp tACD . tRSH {RPC  1CAP
tcas
UCAS \
(or LCAS)
tRPC
iCRP tcapP
LCAS
{or UCAS)
tASR TRAH tsc 1CAH . tAsR
ROW | COLUMN ROW
Ac-Av :>< ADDRESS }@g ADDRESS ADDRESS
| tow
AN ) XA A AN KN XX
. g %% O
ottt a0 et %% e SRS
w ORISR \ CRRHRRXHKHAK
tRCs WCH
INPUTS
DQ1-DQs
{or DQe-DQ16)
OUTPUTS Hi-Z
— —] “35‘-. . foH
(AR AAAA S
INPUTS Hi-Z @q DATA VALID  [IEXXXHXAUK
WSO 0.8, ¢
DQe-DQi16
{or DO1-DQs) .lcu.
OUTPUTS HiZ
{OEZ
tpzo toEH
tooD
OE
MITSUBISHI
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M5M4V18160BJ,TP,RT-6,-7,-8,-6%, -7

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

Read-Write, Read-Modify-Write Cycle

tRweC

trP

tCRP

tRPC

R

ROW
ADDRESS

tRAS

tRSH

tCsH

tcas

tcAH

COLUMN
ADDRESS

towe

tAwL

tDH

DATA VALID

Hi-Z

tOEH

tcwo

tawo

tRwD

il

ATA

tcAC

tcLz

tACcD

1AsC

tRCS

oz

tRAD

XX

tRAH

RAS

{CRP

UCAS/ LCAS

R

ROW
ADDRESS

X

Ao-A9

Hi-Z

tOEA

tobd

toez

tbzo

Hi-Z

|_3UTPUTS
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M5M4V18160BJ,TP,RT-6,-7,-8,-55 - 7%5,- 85

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

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

tAwc N
tRAs trP
_
- \ /N
tcsH
trRPC
tCRP tRco | tRsH tcre
tCAS R
UCAS @ \
(or [CAS)
ICAP Ll -
LCAS
(or UCAS)
SR tRAH SC CAH tasR
+ > “ » >
-
Ac-Ap ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tcwp tewL
" tawp ?
tRWD " tAWL N
- R \
tRCS
™
INPUTS
D1-DQe \RAC
(or DQe-DQ1s) >
OUTPUTS al
— YZC
taa trﬁ, tOH
Hi-Z
INPUTS @g DATA VALID
DQe-DQ16
(or DQ1-DQs)
OUTPUTS




73,-8%

M5M4vV18160BJ,TP,RT-6,-7,-8,-6S -

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

RAS-only Refresh Cycle

iald

tcrp

tRPC

tRC

tRAS

ROW
ADDRESS

tRAH

RAS

tcre

/ LCAS

ucC,

w
(723
w
o
[a]
[=]
<

Ac-Ag

&

55

v
0.0
)

5

e

4

0

Yol

25
.0

()

Pa!

5

v
7
e

)
()
&

v
7
L/

&
*
&

v
*

5

-

(5%

)

>
*
-

v

i-Z

H

OUTPUTS

DQ+-DQ1s

»

TR,
o %%

Z5
X

-,
>

5

&
¥

XS
L

5

"
&%
%!

v

PN

6-68
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M5M4V18160BJ,TP,RT-6,-7,-8,

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

CAS before RAS Refresh Cycle

tre

tcRP

trRPC

tASR

ROW
ADDRESS

tRC

tRAS

{CHR

\

tRC

tRAS

tCSR

tRPC

tCHR

\

{RP

tcsh

tReC

23
-

tCPN

0D

¢

Hi-Z

_/

UCAS / LCAS

Ao-As

’_ﬁnurs

DQ1-DQ1s

toez

tobD

OE

6 -69
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M5M4V18160BJ,TP,RT-6,-7,-8,

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

Upper/(Lower) CAS before RAS Refresh Cycle

514

tcrP
{CRP

tRPC
tAPC

tre

tRAS

{CHR /

tCRP

tcsh

tAPC
tRPC
1

tRC

1RAS

N )

trP

RPC tcsh
i tceN
fRPC 1CRP

tAsR

ROW
ADDRESS

tRCH

Hi-Z

»

tcoo

Hi-Z

RAS
(or LCAS)

(or UCAS)

UCAS
LCAS

Ao-A9

toez

10EZ

toon

QUTPUTS

[INPUTS
DQ1-DQs

{or DQe-DQ18)

DQe-DQ16

{or DQ1-DQe)

OUTPUTS

{

P

0

v
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M5M4V18160BJ,TP,RT-6,-7,-8,-5% - ' t5,- 85

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

Hidden Refresh Cycle (Read) (Note 29)

tRC R trRe
tRAS AP 1RAS tRP
S d
RS \ /N / \
tRPC

tcap tRCD tRSH | tenm tcRP

UCAS/LCAS
| tRAD
u‘s_n_' IRAH' tasc ‘ {CAH tAsk
AOW COLUMN i ROW
Ac-Ae ADDRESS ADDRESS ADDRESS
e —
tRAL N
| tRCS |
|, tozc .
tcoo
INPUTS Hi-Z
tAA
_ tcac
DQi-DQ1s tRAC {OFF R
tclz
Hi-Z
OUTPUTS 4 DATA VALID
tbzo toEA toEz
toDD
tORH

OFE

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle.
Timing requirements and output state are the same as that of each cycle shown above.

z MITSUBISHI
ELECTRIC 6-71



M5M4V18160BJ,TP,RT-6,-7,-8,-55 - 7:5,-8%

R R

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

Upper/(Lower) Hidden Refresh Cycle (Byte Read) (Note 29)

tRC R iRC
tRAS o« [RP 1RAS < Gid
—_— =
=S \ / tRPC \
L
tRco tRSH tcRP
tchP 1CHR N
— =
UCAS \ /
(or LCAS)
tcRP tcRP
r——a
[CAS W
(or UCAS)
tRAD
tASR
R R AsC fcAH
AS AH Fard
ROV COLUMN ROW
Ac-As :X ADDRESS ?@{ ADDRESS ADDRESS
tRCS
¢ tRAL RRH
w
INPUTS
DQ1-DQe
(or DQe-DQ16)
OUTPUTS Hi-Z
|= tozc , tcoo
Hi-Z
INPUTS
tcAC
DQe-DQ1s tOFF
{or DQ1-DQs) oLz
OUTPUTS Hi-Z {‘";3;"){ DATA VALID A
OE
Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle.
Timing requirements and output state are the same as that of each cycle shown above.
MITSUBISHI
672 AE.ECTR!C



M5M4V18160BJ,TP,RT-6,-7,-8,-55,

K

R

S8

FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT } DYNAMIC HAM

Fast Page Mode Read Cycle

tRAS 1RP
tcsH tPc 1CPRM
_ 3 thsk |
o /
tchp tRCD g fcAs tep tcas tcp
UCAS / LCAS
tRAD tRAL ‘
tsA | E:i“ tASC tcAH tAsc toaH basc toAH SR
Ao-Aa " row " COLUMN [~ | column COLUMN ROW
ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS-3 ADDRESS
L tRRH .
tAA R taa R
tRCH CH
_ tRCS tres 1T tres
L - -
w tRCH
tozc
5. tcoD
tcoo toze . CDD toze
INPUTS Hiz
tcac teac tcac
DQr-DQre toFF " toFF t ﬁo'F’F
towz | cLZ le-¥ CLZ -
Hi-Z DATA DATA DATA
| QUTPUTS %{ VALID-1 VALID-2 VALID-3 }'
N = tcpa tcPA
tRAC ton r_J
toez toez toez
|| tozo oo . ltoea
toz0 10EA 1OEA » {oDD
tooo
T T —10cH tocH 100D tocH
_ e SO,
OE oletetololotelolotelon)
20 6L AAEE 44 S
MITSUBISHI
ELECTRIC 6-73



M5M4V18160BJ,TP,RT-6,-7,-8,-6S,-75,-85

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

Upper/(Lower) Fast Page Mode Read Cycle

tRAS tRP
. tcPRH
tcsH N tPc M e
=]
= \ \
tRPC
tchp tRCD {cas tcp R tcas tcp 1CAS tcRP
» e » M le e
or G N/ \ / B
(or LCAS)
tchpP RPC tCRP
- -
LCAS o
(or UCAS)
tRAD tRAL R
MEL }E:H tasc " tcaH tasc 1CAH tasc . t(_M.i tASR N
Ao-ho " Row COLUMN COLUMN COLUMN ' ROW
|aoDRESS ADDRESS-1 ADDRESS-2 ADDRESS-3 ADDRESS
tRRH
tan ta
- tRCs EC’JH tRcs tRCH ‘tHTts—h
INPUTS §
Dh-DQs
(or DQe-DQ16) Hi-Z
OUTPUTS
o tcoD 102¢
o oze toze tcoD tcoD
INPUTS Hi-Z
DQs-DQ1e toAC or toac ore foAC ore
{or DQ1-DQs) ez . [ telz PREN tez
Hi-Z
DATA DATA DATA
I_C’UTP uTs VALID-1 VALID-2 VALID-3 }‘—
A
tRAC
tbzo 10EA
toCH
5
* MITSUBISHI
6 - 74
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M5M4V18160BJ,TP,RT-6,-7,-8,-6€S,-7%:,-8S

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

Fast Page Mode Write Cycle ( Early Write )

tRAS

tcsH

trc

_—m—
AAS N
tcrP tRCD
UCAS/ [CAS
sk | [than  Iasc (lean tasc toAR tAs::_‘7 teaH SR
ROW COLUMN COLUMN COLUMN ROW
Ac-Ae :><ADDRES ADDRESS-1 5@ ADDRESS-2 @ ADDRESS-3 ADDRESS
_ tweH twes tweH twes
w
tos toH ips,) JBH Jos| toH
INPUTS DATA VALID-1 DATA VALID-2 W DATA VALID-3
DQ1-DQ1s
OUTPUTS Hiz
OE

ELECTRIC



M5M4V18160BJ,TP,RT-6,-7,-8,-55 -7

et

o o
X ‘il:“

o) " Wt

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

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

tRAS
_ tRP
tcsH trc -
s N e/ N\
tcRp tRCD . lcas tcP ;| fcas tep tRPC tcre
UCAS /] B
— {CAS
(or LCAS) / \ \J jll
tc“T._, tRPG tcRP
LCAS [
(or UCAS)
pral EIAH Wsc | jtean 1Asc tcAH tasc tCAH tASR
Aoc-As ROW COLUMN COLUMN COLUMN ROW
ADDRES. ADDRESS-1 ADDRESS-2 ADDRESS-3 IADDRESS
_ SRR R twes twe twes
W SRR IA\ wes | [twen H
INPUTS
DQ1-DQs
{or DQe-DQ18)
OUTPUTS HiZ
tos tOH los tDH tDS: tDH
— e
INPUTS DATA VALID-1 DATA VALID-2 m DATA VALID-3
DQe-DQ16
(or DQ1-DQe.)
OUTPUTS HiZ
OE
MITSUBISHI
6-76 ELECTRIC
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M5M4v18160BJ,TP,RT-6,-7,-8,-6S,-7S,-8S

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

Fast Page Mode Write

Cycle ( Delayed Write )

{RSH N
. tRAS P
" tcsH trc >
ARG / \
tAPC
tcRp tRCD tcas tep tcAS ’ tcRpP
UCAS/LCAS
| tRAD
IASR . ‘tﬁ’m .M_SE tcan jAsc tcAH ftrwe tASR
Ao-As ROW COLUMN COLUMN ROW
DDRESS ADDRESS-1 ADDRESS-2 ADDRESS
tRCS R twcH trRcs tWCH
-
_ towL towL
w twp wp
tozc DS toH
tpze tDs tDH
INP DATA DATA
’—- uTS VALID-1 | VALID-2
tpzo
DQ1-DQ1s
tcwz oz
\. OUTPUTS HiZ
toEZ 0EZ
1OEH toEH |
topo tooD
OE
MITSUBISHI
ELECTRIC 6-77
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M5M4V18160BJ,TP,RT-6,-7,-8,-6S - 75,-8%

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

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

. tRSH N
" tras N tRP
tcsH tPc »
RAS \ / N
ftrrc
tCRP tRCD tcas _cp " tcas toRP
e \ \ /
(or LCAS)
pC
tcAP E’l tcrRp
LCAS
(or UCAS)
tRAD
tAsR E:H tasc tcAH tasc tCAH tAwL tASR
Ac-Ao ROW COLUMN COLUMN ROW
ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
. twer tres | |, tweH
towL
w twp
—
i INPUTS
DQ1-DQs
(or DQe-DQis) X
|_outPuTs HiZ
toze E’ oH tozc 1os " 1DH
INPUTS y. DATA DATA
]% VALID-1 N_ VALID-2
DGs-DQ16 toz0 'y
(or DQ1-DQs) tcLz tcLz
\_‘OUTPUTS HiZ
toEz toez
toEH 0 tOEH ,
tooo " toop
o \_/




M5M4v18160BJ,TP,RT-6,-7,-8,-6

S,-75,-85

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

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

tRAS
» e |
—_— " {CsSH tASH >
L tPRWC e
tcRe | | tRCD R tcas tcp tcas Ir:lc fCRP
- >
— 4
tRAD
tasr E»AH tAsC tcAH tASC tcm; UsR
Ac-As ROW COLUMN COLUMN ROW
IADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
tRCS WeH . | tres tweH
<
< MWD, towL TAWD towL
w w ewo | \QwP towp \ wp
tRAC
taa
DS
wzc ]E‘A’C tos toh tozc Do) letoH
INPUTS DATA / DATA
’—7 @ } VALID-1 {CAC N_ VALID-2
DQ-DQ g
1 16
toLz tez
DATA ‘_'; {/ DATA
VALID-1 - 3
OUTPUTS Hi-z i Mkt
tota j’
toEH toEz tOEH
toop
OE
MITSUBISHI

ELECTRIC



M5M4V18160BJ,TP,RT-6,-7,-8,-6S,-75,-85

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

trRAS
trRP
. tcsH . IRSH .
RAS \ \
tPRWC [trPe
tcAP tRCD fcAs tcp . cAS toRe
UCAS / \
{or LCAS)
PC
tcap < teRP
LCAS
(or UCAS)
{RAD
tasR m‘“ tasc tcan se tcaH tAsR
Ac-Ao ROW COLUMN COLUMN ROW
IADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
—_—
tReS Wk tRCs N
tawp tawp
towL | e tewl
™ t twe WP
’—I;lPUTS
DQ1-DQs
{or DQe-DQ16)
|_ OUTPUTS Hi-Z |
— tAs tAA
tozc tcac tos toH tozc tcac DS toH
»  — le—> —> —
— K tRAC
DATA DATA
INPUT:
uTs @{ VALID-1 YL vaup-2
DQe-DQ16 tozo 2o
(or DQ1-DQs) tcLz tciz
| OATA ) ! | DATA
OUTPUTS VALID-1 Hi-Z VALID-2
tOEA
toez tOEH
{OEH
tooo
OE
MITSUBISHI
6-80 ELECTRIC



M5M4V18160BJ,TP,RT-6,-7,-8,-6S5,-75,-85

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

SELF REFRESH SPECIFICATIONS

Self refresh devices are denoted by "S" after speed item,

like
requirements than the below are same as normal devices.

68 / -7S / -85. The other characteristics and

ELECTRICAL CHARACTERISTICS

(Ta=0~ 70°C, Vec=3.3Vt 0.3V, Vss=0V, uniess otherwise noted) (Noe 2)
Symbol Parameter Test conditions - Limits Unit
Min Typ Max
Average supply current o
lccoav) | from Vee M o oo RAS = CAS S 02V 200 uA
Self - Refresh cycle T

TIMING REQUIREMENTS

(Ta=0 ~ 70°C, Vee=3.3V + 0.3V, Vss=0V, uniess otherwise noted See notes 13,14)
Limits
Symbol Parameter MSM4V18160B-6S M5M4V18160B-7S M5M4V181608-85 Unit
Min Max Min Max Min Max
tRass | Self Refresh RAS low pulse width 100 100 100 us
tes | Self Refresh RAS high precharge time 20 110 130 ns
tous Self Refresh RAS hold time -50 -50 -50 ns

SELF REFRESH ENTRY & EXIT CONDITIONS
(1) In case of distributed refresh

The last/ first full refresh cycles (1K) must be made within tNS /tSN before / after self refresh , on the
condition of NS 16.4 ms and tSN < 16.4 ms.

ins

tsN
H—" '(—-P'
-------------- T L =TT
DISTRIBUTED REFRESH DISTRIBUTED REFRESH
<1K/164ms > . <1K/16.4ms >
(2) incase of burst refresh

The last / first full refresh cycles (1K) must be made within tNS / tSN before / after self refresh , on the
condition of tNS + tSN < 16.4 ms.

tns

tsn
<> >—ie
m m i 1 M m

< 1K/ 16.4ms >

BURST REFRESH
<1K/164ms >

ELECTRIC



M5M4V18160BJ,TP,RT-6,-7,-8,-6S,-75,-85

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

Self Refresh Cycle

trPs

tcrP

tRPC

tcHS

wi

tRASS

—7}

tRP

tcsh

tRPC

RAS

tcPN

[ R

tASR

b

ROW
ADDRESS

)
XX

)

.’.’

S

)

<
*
P

»
*
*,

&,
o

A

N/
X
5

\/
gXRS
&

"
o
£

*
T

»
)

C)
Tl

>,
7
*

76
&
-

55

o

5

A
o2
(X

.
)
Pl

\/

90

S¢S

T

N\

55

)

K/
A

-
*
()

&,
<
L

\/
)
XX

)

@,

&
-

"

P

-
’0

SO

O

EXHN

aval

Oy

tOFF

Hi-Z

UCAS /TCAS

Aoc-As

|_Tr\lPUT
DQ1-DQ1s

)‘mswnsm

6-82
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M5M4v18160BJ,TP,RT-6,-7,-8,-£:S5,
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Upper/(Lower) Self Refresh Cycle®

tAPS

tcre

tRPC

_tCHS

tcrP

PC

tR

tRASS

Fy
L4

tRe

tcsr

PC

1R

1CPN

R

tcrP

»

55

-
*,

)
9,

.'
S5

*
.

o

N7/
A

)

tRCH

Hi-Z

(or [CAS) /

UCAS

tRPC

[CAS
(or JCAS)

Aoc-Ag

DQ1-DQ1s

toez

OO o g
.0

Tavave",
000.

6-83
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