M5M4V18160BTP-6,-7,-6S,-7S

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

MITSUBISHI LSls

DESCRIPTION

This is a family of 1048576-word by 16-bit dynamic RAMS,
fabricated with the high performance CMOS process,and Is ideal for
large-capacity memory systems where high speed, low power
dissipation , and low costs are essentlal.

The use of double-layer aluminum process combined with
triple-well CMOS technology and a single-transistor dynamic
storage stacked capacitor celi provide high circuit density at
reduced costs. Multipiexed address inputs permit both a reduction
in pins and an increase in system densities.

FEATURES
RAS CAS |Address | OE Cyocla dm
Type name time time time tme Sme
(max.ns) | (max.ns) | (max.ne) | (max.ng) | {min.na} | (typ.mW)
M5M4V181608TP-6,-65 80 15 30 15 110 450
MEM4V18160BTP-7-75 | 70 20 35 20 130 | 3%0

e Standard 50pin TSOP
o Single 3.3V + 0.3V supply
o Low stand-by power dissipation

1.8MW (MaX) «.iivinnnuiecnnnosssnenes CMOS Input level
o Low operating power dissipation

M5M4AV1I8160BTP -6, -6S ...ovvvvrenenes 620.0mW (Max)

M5M4V18160BTP-7,-78 «evnnvnnesvaans + 540.0mW (Max)

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

o 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 ~As)

APPLICATION

Main memory unit for computers, Microcomputer memory, Refresh
memory for CRT

PIN CONFIGURATION ( TOP VIEW)

{3.3V) Vec @ OVss (QV)
Q 8816
DATA INPUTS/, BOQ1s | DATA INPUTS/
OUTPUTS ADQ14 | OUTPUT
D X [EDQ13 V)
3.3 [EVss (0
¢ [TDQ12
DATA INPUTS/ E DQ11 | DATA INPUTS/
OUTPUT! [ZIDQ10 [OUTPUTS
i D
S LN
X
37
2 “lmnc iememeare
[+ X INPUT
WRITE CoNTROL NPT WY %‘ g %’tﬁama
ROW ADDRESS/ ] UE\smoeewur
PUT ENABLE
NG e | NPT
1A7
ADDRESS J A1l ®As { ADDRESS
INPUTS As | INPUTS
A3 Ad
(3.3V) Veelil @Vss (0V)

Outline 50P3W-L (400mil TSOP)

NC : NO CONNECTION
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

FUNCTION
The M5M4V18160BTP provide, in addition to normal read, write, o.g., fast page mode, RAS-only refresh, and delayed-write. The
and read-modify-write operations, a number of otherv functions, input conditions for each are shown in Table 1.

Table 1 Input conditions for each mode

Operation — — ":'u_u g — InputOutput
AAS LCAS UCAS W OE DQ1-Da8 |Daw-DQ1e

Lower byte Read ACT ACT NAC NAC ACT pouT OPN
Upper byts Read ACT NAC ACT NAC ACT OPN DOUT
Word Read ACT ACT ACT NAC ACT oouT DOUT
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 OFN OPN
Lower Byts Hidden refresh ACT ACT NAC NAC ACT DOUT OPN
Upper Byte Hidden refresh ACT NAC ACT NAC ACT OPN DOUT
Hidden refresh ACT ACT ACT NAC ACT DouT DouT
CAS etore RAS refresh ACT ACT ACT DNC DNC OPN OFN
Stand-by NAC DNC DNC DNC DNC OPN OPN

Note - ACT : active, NAC : nonactive, DNC : don’ tcare, VLD : valld, IVD : invalid, APD : applied, OPN : open

BLOCK DIAGRAM

ROW ADDRESS Voo (3.3V)
STROBE INPUT RAS =1 CLOCK GENERATOR
T

LOWER BYTE CONTROL ____
COLUMN ADDRESS STROBE INPUT LCAS CIRCUY Vas (OV)
PER BYTE CONTH Tz
COLUMN ABDRE SS STROBE WPLUTUCAS Wﬁ g:
4
<

-

Ot OUTPUT ENABLE
OF INPUT

-] 5z2
- w
w
= 2
> UPPER &°
WRITE CONTHOL S | } —
? $ INPUTS s GUTPUTS
I
£3
%
* \ £33
AD~AD — l
a0 . COLUMN DECODER
............... zg@
SENSE REFRESH 333
o« AMPLIFER & | /0 CONTROL ¢ 2
gy “T UPPER DATA
23 2 4 INPUTS / OUTPUTS
ADDRESS INPUTS ﬂ §$ zg&
3 T B | 12
=N 1) ¢ ) 853
L A9
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage -0.5~4.6 v
Vi input voltage With respect to Vss -0.5~4.6 v
Vo Output voltage -0.5~4.8 v
lo Output current 50 mA
Pd Power dissipation Ta=25°C 1000 mw
Topr Operating temperature 0~ 70 c
Tstg Storage temperature -85 ~ 150 ‘c
RECOMMENDED OPERATING CONDITIONS (Ta=0~ 70°C, unless otherwise noted) (Note 1)
Limits
Symbol Parameter
¥ Min Nom | Max Unit
Vee Supply voltage 3.0 33 38 \i
Vss Supply voltage 0 0 0 v
Vi High-level input voltage, all inputs 2.0 Vee+0.3 '
Vi Low-level input voltage, all inputs 0.3 08 v
Note 1 : All vollage values are with respect to Vss.
ELECTRICAL CHARACTERISTICS (Ta=0~ 70°C, Vcc=3.3V £ 0.3V, Vss=0V, unless otherwise noted) (Note 2)
Symbot Parameter Test conditions " Limits Unit
Min Typ Max
Vo High-level output voltage loH=-2.0mA 2.4 Vce v
Voo Low-level output voltage loL=2.0mA Y 0.4 v
loz Off-state output current Q floating, OVS Vouts 3.3V -10 10 uA
1 Input current OVSVINSVce.0.3V,Other inputs pinss0v | -10 10 uh
Average supply current M5M4V181608-6,65 | RAS, CAS cycling 170
tcciav | from Vioe operating RC=tWC=min. mA
(Note 3,4,5) | MSM4V18160B-7.-7S | output open 150
s f RAS~ CAS =Vm, output open 2
locz Supoly ;“"‘"“ rom ‘{ﬁ% o 6) |MEMiviB16086 7 [RAS. CAS& Ve 0.2V, output open 05 mA
M5M4V181608-6S.-75 | RAS= CAS &Vee 0.2V, output open 0.15
Average su?ply current M5MAV181608-6.85 | AT cycling, TASs Vi 170
Icca (Avy from Vec refreshing tRc=min. mA
(Note 3,5) | M5M4V181608-7,-75 | Output open 150
a;:‘ra cec supply current M5M4V18160B-8 -65 RAS-ViL. TAS cyciing 85
lec4av) tPCemin mA
Fast-Page-Mode output 606N
(Note 3,4,5) | Msmav18te0B-7.75 | CUIPU! OP® 75
Average supply current -
from \?oc MEMAVIB1608:6.65 | £T before FAS refresh cycling 170
lecaav) C%S before RAS refresh mc-m'ln. mA
made (Note 3) | MEMMV181608-7,.7S output open 150
Note 2: Current flowing into an IC is positive, out is negative.
3:IcC1 (Av), lcCa (AV) and Icc4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4:1cC1 (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 TCAS/UCAS=ViH .
CAPACITANCE (Tax0~ 70°C, Vcc=3.3V £ 0.3V, Vaa=0V, unless otherwise noted)
| Test conditi Limits Unit
Symbol Parameter ‘o8t conditions in Tvp Max
Ciw Input capacitance, address inputs 5 pF
cioE input capacitance, OF input VieVss 7 pF
G Input capacitance, W input fe1MHz 7 pF
CiFA% | Input itance, RAS input Vi=25mVrms 7 pF
CiTAB | Input capachance, TAS input 7 pF
Ciio Input/Output capacitance, data ports 8 pF
, * MITSUBISHI
ELECTRIC 5 - 231



MITSUBISHI LSls
M5M4V18160BTP-6,-7,-6S,-7S

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

SWITCHING CHARACTERISTICS (Ta=0 ~70'C, Voc=3.3V+ 0.3V, Vss=0V, uniess otherwiss noted , ses notes 6,13,14)

Limits
Symbol Parameter M5M4V18160B-8,-858 | MEMAV181808.7,-76 Unit
Min Max Min Max
tcac Access time from CAS {Note7,8) 15 20 ns
tRAC ‘Access time from RAS (Note7,8) 60 70 ns
79 Column address access time {Note 7,10) 30 as ns
1cPA Access time from CAS precharge {Note 7,11) 35 40 ns
toeA | Access time from OE (Note 7) 15 20 ns
torz OQutput low impedance time from CAS low {Note 7) 5 5 ns
toFr Output disable time atier CAS high (Note12) | 0 15 0 15 ns
toez  |Output disable time after OF high (Nowe12)[ © 15 0 15 ne

Note 6: An initial pause of 500 us is required after power-up foliowed by a minimum of sight inltialization cycles (any combination of cyclss
containing a AAS clock such as FAS-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.
Measured with a load circuit equivalent 1o 100pF, VOH=2.4V(IOH=-2mA} and VOLe0.4V(lOL=2mA). The reference levels for measuring
of output signals are 2.0V(Vow) and 0.8V(VoL)
Assumes that tRCO & tRCO(max) and 1ASC & 1ASC(max).
9: Assumes that fRCD S tRCOmax) and IRADS tRADmex). If IRCD OF tRAD I8 greater than the maximum recommended value showr in this table,
trac will increase by amount that tRcD exceeds the value shown.
10: Assumes that tRADZ tRAD(max) &Nd tASCS tASC(max).
11; Assumes that tcP 5 tcP(mex) and tASC & tASC(max).
12: torrimax) and tokZ (mex) defines the time at which the output achieves the high impedance state ( lout S 1210 A | ) and is not reference fo
VOH(min) OF VOL(max).

~

®

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

(Ta=0 ~70°C, Voc=3.3V £ 0.3V, Vss=0V, uniess ctherwise noted , see notes 13,14)

Limits
Symbol Parameter MBMAV181608-6,-65 | MSMAV181€08-7-78 Unit
Min Max Min Max
tREF Refresh cycle time -8,-7 18.4 16.4 ms
REF Refresh cycle time 8§, -78 128 128 ms
tre RAS high pulse width 40 50 ne
tep | Delay time, RAS low to CTAS low (Note15) | 20 45 20 50 ns
toae | Delay time, CAS high to RAS low 10 10 ne
tRPC Delay time, RAS high to CAS low 0 0 ns
tcen | CAS high pulse width 10 10 ns
tRaD | Column address delay time from FAS low (Note18) 15 30 15 35 ns
1ABR Row address setup time before FAS low 0 0 ne
tAsC Column address setup time before CAS low (Note17) 0 10 0 10 ns
tRAH Row address hald time after FAS fow 10 10 ne
tcAH Column address hold time after CAS low 16 15 ns
tozc Delay time, data to CAS low (Nots18) [y 0 [
tpzo Delay time, data to OF low (Note18) 0 [ ns
1coD Delay time, CAS high to data (Note19) 15 15 ne
1000 Delay time, OE high to data (Note18) 15 15 ns
tr Transition time {Note20) ] 50 1 50 ns

Note 13: The timing requirements are assumed 1T =5ns.
14: Virmin) and Vimex) are reference levels for measuring timing of input signals.
15: tacomax is specified as a reference point only. if tACo is less than tRcDimex). access time is tRac. If tRco I8 greater than RCOmax), K0CESS
time is controlled exclusively by tCAC or 1A, tRCD(min) I8 Specified &s tACD(min) mtRAK(mIn) +21T+ASC(min).
16: tRADmax) 18 Spacified as a reference point only. If tRADZ tRAD(max) and KSCS tAsC(mas), BCOSSS time is controlled exclusively by taa
17: tascimax) is specified as a refarence point only. If tRCDE tRCO(max) and tASCE tASC(max), ACCE8S lime is controlied exciusively by tcac.
18: Either tpzc or tozo must be satisfied.
19: Either tcop or topo must be salisfied.
20. 11 is measured between Vixmin) and ViL(mex).

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

Read and Refresh Cycles

Limits
Symbol Parameter M5M4V1B160B-6,-65 | MSM4V181608-7-7S Unit
Min Max Min Max
tAC Read cycle time 110 130 ns
tRAS RAS low pulse width 60 10000 70 10000 ns
fcas TAS low pulse width 15 10000 20 10000 ns
tesi  [EAS hold time atier BAS low 60 70 ns
tRSH RAS hold time after CAS low 15 20 ns
tacs  |Read Setup time before CAS low 0 [ ns
tRcH Read hold time after CAS high (Note 21) 0 0 ns
tRAH  |Read hold time after RAS high (Note21)[ 10 10 ns
tRAL Column address to AAS hold time 30 35 ns
tocu TAS hold time after OF low 15 20 ne
toad  |RAS hold time after OE low 15 20 ns
Note 21: Either trcH or tRRH must be satistied for a read cycle.
Write Cycle (Early Write and Delayed Write)
Limits
Symbol Parameter M5M4V18160B-6,-65 | MSM4V18160B-7,-7S Unit
Min Max Min Max
twe Write cycle time 110 130 ns
tRAS RAS low pulse width 60 10000 70 10000 ne
tcas CAS low pulse width 15 10000 20 10000 ns
tcsi | CAS hold time after RAS low 60 70 ns
tRSH RAS hoid time after TAS low 15 20 ns
twcs | Write setup time before CAS low (Note 23) 0 0 ns
twed | Write hold time after CAS low 10 10 ns
tew. | CAS hold time after W fow 15 20 ns
trw.  [RAS hoid time after W low 15 20 ns
Write pulse width 10 10 ns
tos Data setup time before CAS iow or W low 0 0 ns
tow Data hold time after CAS low or W low 10 15 ns
{OEH OE hold time atter W low 15 20 ns
* MITSUBISHI
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M5M4V18160BTP-6,-7,-6S,-7S

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

Read-Write and Read-Modify-Write Cycles

Limits
Symbol Parameter M5M4V1B160B-6-65 | MSM4V1B160B-7.-7S Unit
Min Max Min Max
tRWC Read write/read modify write cycle time (Note22)| 155 180 ns
tAAS AAS low pulse width 105 10000 120 10000 ns
tCAS CAS low pulse width 60 10000 70 10000 ns
tcsH  [CAS hold time after RAS low 105 120 ns
tasi | RAS hold time after CAS low 60 70 ns
Rcs | Read setup time before CAS low 0 0 ns
tcwo | Delay time, CAS low to W low (Note23) 40 45 ns
wwo  [Delay time, RAS low to W low (Note23)| 85 95 ns
tawn Delay time, address to W low (Note23}| 55 60 ns
towt CAS hold time after W low 15 20 ns
tAwL AAS hold time after W low 15 20 ns
twep Write pulse width 10 10 ns
tos Daia setup time before W low 0 4} ns
1ok Data hokd time after W iow 10 15 ns
tOER OE hold time after W low 15 15 ns

Note 22: tawc is specified a8 tRWC(mimmtRAC(max)+100D(min)+ IAWL{min)+1RP(min}+ 51T,

23 twes, tewn,tRwo and tawp and icPwo are specified as reference points only. If twes & twesimin) the cycle is an early write cycie and the
DQpins will remain high impedance throughout the entire cycle. If 1CWDZ 1CWD(min). tRWD R IRWD (min), tAWD & AWD(min) and tCPWD 2 tCPWD(min)
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ wili contain the data read from the selected addreass.
If neither of the above condition (delayed write) of the DQ {at access time and until CAS or OE goes back to ViH ) is indeterminate.

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

Limits
Symbol Parameter M5M4V181608-6 -65 | MSM4V18160B-7.-7S Unit
Min Max Min Max
trc Fast page mode read/write cycle time 40 45 ns
tPAWC Fast page mode read write/read modity write cycle time 85 a5 ns
1AAS RAS low pulse width for read write cycle (Note25)| 100 125000 115 125000 ng
tcp CAS high pulse width (Note26)| 10 15 10 15 ns
tcern  [AAS hold time atter CAS precharge 35 40 ns
tcrwo | Delay time, CAS precharge to W iow (Note23)| 60 65 ns

Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle.

25 trasimin) is specified as two cycles of CAS input are performed.
26: fcp(max) is specified as a reference point only.

CAS before RAS Refresh Cycle (Note27)

Limits
Symbol Parameter M5M4V18160B-6,-65 | MSM4V181608-7,-7S Unit
Min Max Min Max
tcsR  [CAS setup time before RAS low 10 10 ns
tchR  [CAS hold time after RAS low 10 15 ns

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

mode.
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Timing Diagrams (Note 28)

Read Cycle
tRc R
N tRAS ) tRP R
RS \ thsw /] N
/
n tcsH tRPC tcap
tcre | | tRCO
L
—_ N tcas
tRAD tCAH
" tRAL tASR
. COLUMN ROW
Ao-As ADDRESS ADDRESS
I‘tFICS
w
HI-Z
INPUTS ton -
OQ1-DQ1s taa R {OFF
tcz
OUTPUTS Hi-Z DATA VALID
tRAC
. > tOEZ
tozo toEA tooo
OE

Note 28

DI

Indicates the don't care input.

ViH{min.) & VIN & Vis{max) or VIL{min.) & VIN & ViL{max)

Indicates the
invalid output.

Indicates the skew of the two inputs.

* MITSUBISHI
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Upper / (Lower) Byte Read Cycle

UCAS
{or LCAS)

LCAS
{or UCAS)

Ac-As

g

—
INPUTS

DQh-DQe
(or DQe-DQ116)

QUTPUTS

INPUTS

DQs-DQ1s
{ or DO1-DQs)

OUTPUTS

tRC

{RAS

4

)

ST
* 0.0.0 0.:.:‘

tRSH

tcsH

tRCD

tcAs

{CPN

tRPC

tcRP

{CAH

IRPC

tcAP

tRAL

COLUMN
[ADDRESS

ROW
ADDRESS

tRRH

fozc

Hi-Z

icoo

Hi-Z

tOFF

tRAC

Lot )@

DATA VALID

pzo

¢ 10EA ’

tocH

tOEZ
tooD

1ORH
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Write Cycle ( Early write )

RAS

UCAS/ [CAS
Ao-Ag

w

WPUTS

DQ1-DQ1s

OUTPUTS

{RAS trRP
\ N
tcsH
tRPC
fcrp tRCD tRSH tcap
tcas |”
tasr tRAH tasc tcAH _ tasA
ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
WCH
toH
DATA VALID
Hi-Z

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

twe
tRAS tRP
—_— »
RAS N % K
tesH R
tcRP tRCD tRSH tRP tcre
e il
UCAS y \ /
(or LCAS)
tcRp tRPC {CRP
LCAS e
(or UCAS)
tash | L tRaH tASC tcAH ASR
NN AN A NN AN
Ac-As ROW @( COLUMN CSRRD 0.0.0.0.:‘
ADDRESS ADDRESS :‘:.:,: >
twes tweH
w
r_‘ »
INPUTS
DQ+-DQs
(or DQe-DQ16)
OUTPUTS Hi-Z
tos tDH
—
INPUTS DATA VALID
DQe-DQ1s
(or DQ1-DQe)
OUTPUTS Hi-Z
OE
MITSUBISHI
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Write Cycle ( Delayed write )

twc
tRAS tRP
——
- \ /N
tcsH
APC
tcRP tRCD tRsH tcrp
tcAS
oo o5 B N A4
tASR tRAH tasc tCAH tasn
e—>
Ao-Ao ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tcwL
tAWL
w \ e%0%e%%
oteteteTe %
twer
tos tow
— »
INPUTS DATA VALID
DQ1-DQ1e
tozo _
OUTPUTS Hi-Z
toEZ
OE

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

twe

(or LTCAS)

LCAS

{or UCAS)

Ao-Ap

DQs-

3
[
£a
3 a
a o «
§ : 5
g o R
£ 3
- -
I
H
/ |
N
- m
z
8
w r
=
X
x m M
8 x »
2 3| (24
5 =t
ao
Qa5
Og
p
(o] 171
< £
[=]
Q W
m
1
2
I’ w
; =0
o
=g
a o [ <
] § 2
n n
- - - |
g & 2 g§ 2
2 mo E Q =
_ z 88 3 g 3
= a a
s s

DQe-DQ1e

AMTSI.BISHI
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.

Read-Write, Read-Modify-Write Cycle

{RWC

tRAS trP
_—
s N \___
e tCsH
tRPC
e | | {RCD tRSH tcRP
teas
|
UCAS / ICAS @
tRAD
tASR tRAH tAsC tCAH _ tASR
Ao-As ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tcwo tewL »
tawD N
tAWD tRWL
w tacs
tozc tcac
toH
INPUTS DATA VALID
DQ1-DQ18
OUTPUTS HiZ
tOEH
[4—
OE S8
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Read-Upper/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycie

tRwC

tRAS

tRP

tCSH

tRPC

{CRP N tRcD

tcAs

UCAS @
(or LCAS)

{CRP

tCRP

tRPC

tcRP

LCAS
(or UCAS)

SC

{CAH

SR tRAH

>§ ROW
Ao-Ao ADDRESS >®<

COLUMN
ADDRESS

ROW
ADDRESS

tcwo

tewL

tAwD

tRwWD

tRWL

v RS

{RCS

—

INPUTS

DQ1-DQe

tRAC

{or DQe-DQts)

OUTPUTS

tozc

Hi-Z

tos {DH

INPUTS

DQo-DQ1e
{or DQ1-DQs)

OUTPUTS

tcAC

L

& DATA VALID
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RAS-only Refresh Cycie

tRC

tRAS

trRP

tRPC

tcre Q—il tcrP

UCAS/ LCAS

SR tRAH
—>

tAsR

ROW
Ac-Ae ADDRESS

g

INPUTS

DQ-DQiie

Hi-Z

OUTPUTS
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CAS before RAS Refresh Cycle

tCRP

tRP

tAPC

tre

tcHA

\

{RPC tCSR

tRC

1RAS

tRP

tasR

TR
KA

XA

L/

¢

ovede

(AN
&5

&

b el
55
55

5

D)

*

o,

5

&
o %% %%

0;0‘0;0;0
553
XX

o

{coo

Hi-Z

toFF

tAPC

tcsr
tcPN 1CHA

UCAS/ LCAS

RAS

Ao-Ae

uTS

!Wp
DQ1-DQ16

toEZ

000

Vo,
¢
Ya!

(2
¢
»

)

55

X
.
X

.0

s

3RS
Pt

*

&5¢

P
¢

@,

%a%!

7

%

SRR
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Upper/(Lower) CAS before RAS Refresh Cycle

tRP

{CRP

{RPC

tCRP

trRPC

tRC

1RAS

{CHR /

tcsA

tRPC
tRPC

tCRP

tRC

tRAS

\

tRP

tRPC
tcen
tRPC

tcsA
tcRP

r———’

tASR

ROW
ADDRESS

tRCH

i-Z

H

1oFF

tcoo

Hi-Z

tOFF

-1

UCAS
{or LCAS)

LCAS
(or UCAS)

Ac-As

INPUTS

toez

toEz

tobD

OUTPUTS

INPUTS

OQUTPUTS

DQ1-DQe
(or DQe-DQ16)

DQe-DQns

{or DQ1-DQe)
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MITSUBISHI LSIs

M5M4V18160BTP-6,-7,-6S,-7S

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

Hidden Refresh Cycle (Read) (Note 29)

tRC tRC
tRAS {RP " tRAs tRP
— =
RAS \ \ / N
tRPC
tcRP {RCD tRSH tCHR tCRP
UCAS/ LCAS ?
tRAD
!A'S_R_’ tRAH N tasc 1CAH tASR
A ROW COLUMN ROW

Ao-Ag ADDRESS ADDRESS ADDRESS

tRAL tRRAH

|, IRCs
* »
v S
|, tpzc
i tcoo
INPUTS Hi-Z
A

tcac

DQ1-DQ1s tRAC tOFF
oz
OUTPUTS Hi-Z {% DATA VALID
tpzo 10EA toEz
" tooo

tORH

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

M5M4V18160BTP-6,-7,-6S,-7S
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

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

tRC L tRC .
tRAS . tap ) tRAs tRP
——ﬁ -
h—A—g \ / \ /tRPC \
tRPC
tRCD e RSH D tcAp
tCRP {CHR R
UCAS \
(or LCAS)
tcrP tcrRP
___
LCAS W
{or UCAS)
tRAD
tAsC tCAH tASR
ASR R "
ASR | |tRad e
AoAe ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
LRCS
tRAL tRRH
v R
INPUTS
DQ1-DQs
{or DQe-DQte)
OUTPUTS Hi-Z
tozc tcop
Hi-Z
|, fcac N
DQe-DQ1s ¢ » {OFF
(or DQ1-DQe) tcLz +
OUTPUTS Hi-Z {‘"g:,'g){ DATA VALID
o ta
RAC toEZ
tozo WEA___, tooo
1ORH
OF
z MITSUBISHI
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MITSUBISHI LSls
M5M4V18160BTP-6,-7,-6S,-7S

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

Fast Page Mode Read Cycle

tRAS tRP

tcsH trc tCPRH

FAS \ thst | / \

tRPC
tcap tRCD tcas tcp teas tep tCRP
l'_' * 1CAS
UCAS / LCAS y

tRAD . . tRaL | .
tasR tRAH tasc CAH
- Ll nee, toan tasc i

[—>] HI

Ao-A oW - COLUMN COLUMN "R\ COLUMN ROW
| ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS-3 ADDRESS

" IRAH
AA N taa "‘
tRCH RCH
_ tRCS T tacs tRes
I - -
W y tRCH
l}DZC
1CD0 ¢y toze tcob toze s
INPUTS 4 HiZ
"
tcac . leac fcac tOFF
DQ-Dare 10FF | toFF tez -~
terz o "‘ »
Hi-Z DATA DATA DATA
OUTPUTS @( VALID-1 VALID-2 |/ vALID3 T
. tha N 1cPA rcra
OE
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MITSUBISHI LSls
M5M4V18160BTP-6,-7,-6S,-7S

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

Upper/(Lower) Fast Page Mode Read Cycle

tRAS tRP N
{CPRH V
tcsH N tPC N tRSH
—_— [
RS N\ /| \
tRPC
tcrp tRCD tcas R tcp tcAs tcp tCAS tCRP
P t » -
UCAS \ / \ / / -
(or LCAS)
tcRP APC o terp
_ o
LCAS
(or UCAS)
RAD tRAL R
ush | |tRan tasc tCAH tASC foAn | usc | |, tc;m| WUSA
Ac-A ™ row COLUMN COLUMN COLUMN I N ROW
A9 ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS-3 | ANY\ADDRESS
{RRH
tAA taa
_ tres fﬁr tRcs [tReH ‘mTf.. '
" EE
INPUTS §
DQ1-DQs
{or DQe-DQ118) Hi-Z
QUTPUTS
tcop tozc
tozc tozc tcoo tcoo
INPUTS D e '_4@
DQe-DQe oA toFF toac toFF feac | TOFF |
{or DQ1-DQs) ez [e— tcLz 1oz
Hi-Z DATA DATA |\ DATA
I_OUTPUTS ‘_@{ VALID-1 VvALID-2 |} VALID-3 |/
™ L icPa R L tcPa tory
e e >
" tRAC toEz 020 toEz tozo toEa toez
d tOEA
toDD tooD topo
tocH toCH
OE
* MITSUBISHI
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MITSUBISHI LSis
M5M4V18160BTP-6,-7,-6S,-7S

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

Fast Page Mode Write Cycle ( Early Write )

tRAS
tRP
tesH . tec »
S e
== ASH
RAS \ N / \
RPC
tcRP
tcrp tRcD | tcas cP tcAs tcp tcAs
UCAS / LCAS
tASR tRAH tasc
A l“l Jdean tasc | tcaH trsc | tcaH A_|
: ROW COLUMN COLUMN COLUMN ROW
Ao-Ag XADDRESW ADDRESS-1 ADDRESS-2 E@ ADDRESS-3 §©§ ADDRESS
— cs tweH twes twen tWCS
w
tos toH s, toH Jos| oH
INPUTS DATA VALID-1 @ DATA VALID-2 @ DATA VALID-3
DQ1-DQ1s
OUTPUTS Hi-Zz
OE
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MITSUBISHI LSls
M5M4V18160BTP-6,-7,-6S,-7S

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

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

tRAS

tRP N
tcsH L trc N
_ \ sk Z \_
tchp tRCD tcas tcp tcAs g L ter tRPC tcap
UCAS \ Z /
tcas
oS X N/

tch
i:_. &R_FC; tCRP
LCAS
(or UCAS)

weR | 1AAH tasc LN tasC | | ftcaH tCAH tAsR

A ROW COLUMN COLUMN COLUMN ROW
Ao-As ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS-3 IADDRESS

b4
(73
o]

— wes tWCH twes
W twCH
INPUTS
DQ1-DQe
(or DQe-DQ1s)
OUTPUTS HiZ
tos toH [0S toH BN 1oH
_ oy [’
INPUTS DATA VALID-1 @ DATA VALID-2 @ DATA VALID-3
A
DCw-DQ1e
(or DQ1-DQe)
OUTPUTS HiZ
OE

Amrrsuaasm
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MITSUBISHI LSls
M5M4V18160BTP-6,-7,-6S,-7S

FAST PAGE MODE 18777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Fast Page Mode Write Cycle ( Delayed Write )

RAS
tcsH trc

- \ /N

tRPC

> tRP

tcas

R | |tRan
[AS |t tASC 1CAH C

._,I 1CAH Wi tASA
Ao-As ROW 'COLUMN COLUMN ROW
ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
lrcs twon . tRes twoH
2
towt
w twp
DS DH__,
tozc
ANAAAAAAA RN )
INPUT! DATA 2000000 %% Y e e
" W VALID-2 R X R
DQ1-DQ1e
tcz tcz
OUTPUTS Hi-Z
toEz toez
10EH {OEM
toop tooD
OE
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MITSUBISHI LSls

M5M4V18160BTP-6,-7,-6S,-7S

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

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

RAS

UCAS
(or LCAS)

LCAS
(or UCAS)

g|

’TNPUTS

DQ1-DQe
(or DQe-DQ18)

I_OUTPUTS

’]pm

DQe-DQ1s
(or DQ1-DQe)

|__9UTPUTS

tRSH

tcsH

]

trP

5

tcrp

tRPC

1cAS | tep IS '-'] tcre
PC
tcRP u.;‘ tcrp
o 1RAD
tasA ‘!E’AH tasc tcAH , ‘tAsc tCAH L tAwL L
ROW COLUMN COLUMN ROW
DDRESS ADDRESS-1 ADDRESS-2 ADDRESS

" twcH " tWCH N
+ < rar g

Hi-Z

OIS,

ERCHSKS
.C""..’..Q’.

tozc

tciz

tos

—>]

DH tpzc

VALID-1

DATA

tbzo

Hi-Z

DATA
VALID-2

ez

tos toH

toez

{OEH

toop

MITSUBISHI
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MITSUBISHI LSIis

M5M4V18160BTP-6,-7,-6S,-7S
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

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

trRas
. > tRP
e — tcsH R tASH N
o= N\ -
. tPRWC N
tcap tRCD tcAs tcp tcas tcRP
UCAS/ ICAS
| tRaD
tash E:H tAsC tcan | fcan tasA
AoAo ROW COLUMN ROW
ADDRESS ADDRESS-1 ADDRESS
tRcs , tWCH . | taes WeH R
-
tAWD towL tawp 1
w @ ewD wp tcwp \ wp
tRAC
! tozc DS [N
tpzc toac 25, loH [
DATA DATA
INPUTS @ VALID-1 torc é{c VALID-2
tDzo
DQ1-DQ1s tcLz
tcLz
DATA DATA
VALID-1 Hi-2 VALID-2
OUTPUTS
10EA
toEH toEZ toEH
tonp
OE
MITSUBISHI
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MITSUBISH! LSis

M5M4V18160BTP-6,-7,-6S,-7S

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

tRAS

tcsH

trp

tPRWC [trec
tCRP tRCD | tcp tcas “‘ toR
o \ /N
{or LCAS)
{CRP tRPC tCRrP_J
iLCAS
(or UCAS)
tRAD
tsA tasc tcAH tasc X tAsR
-
Ao-Ao ROW COLUMN COLUMN ROW
IADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
tRes tweH
|¢ <+ tRCS
< tAWO tewL 1 | tawo
T twe
[eurs
DQ1-DQs
(or DQe-DQ1e)
|_0UTPUTS Hi-Z
tAA
tozc tCAC ton N tozc .
( tRAC
DATA
INPUTS VALID-1
{bzo
DQe-DQ1s
{or DQ1-DQe) tciz
|£UTPUTS Hi-2
toEA
toEZ
toEH N
toop toEH iy
¢ tobp
= T
)‘wrsueisul
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MITSUBISHI LSIs
M5M4V18160BTP-6,-7,-6S,-7S

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 -6S/-7S. The other characteristics and requirements
than the below are same as normal devices.

ELECTRICAL CHARACTERISTICS (Ta=0~ 70°C, Vcca3.3V+ 0.3V, Va0V, unless otherwise noted) (Now 2)

Limits
Symbol P; te Test conditions Unit
Y arameter Min Typ Max
RAS cycling TAS < 0.2V or
TAS before FAS refresh cycling
W& 02Vor& Vec- 0.2V
lccs Supply current from Vec MSM4V18160B | BE 5 0.2V or & Voo - 0.2V 300 uA
Extended refresh cycle -65.-78 As~A9S 0.2V or 2 Ve - 0.2V
DQ = open
REF = 128ms
RAS = tRAS Min~1 us
Average supply current
fccs vy | from Vee Matuy18 808 RAS = CAS 5 02V 200 #A
Self - Refresh cycle '
TIMING REQUIREMENTS  (Ta=0~ 70°C, Voc=3.3V + 0.3V, Ves=0V, uniess otherwise noted Ses notes 13,14)
Limits
Symbol Parameter MEM4V181608-685 MSM4V18160B-78 Unit
Min Max Min Max
taass | Self Refresh TAZ iow pulse width 100 100 us
RPS Self Refresh RAS high precharge time 90 110 ns
CHS Self Refresh RAS hold time - 50 - 50 ns

SELF REFRESH ENTRY & EXIT CONDITIONS
{1) Incase of distributed refresh

The last/first full refresh cycles (1K) must be made within tns/tsn before / after self refresh , on the condition
of tns 16.4 ms and tsn S 16.4 ms.

f—>
-------------- =TT =TT

e —— ————
DISTRIBUTED REFRESH 1024 cycles 1024 cycles  DISTRIBUTED REFRESH
<1K/164 ms >

<1K/ 184 ms >

{(2) In case 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 S 16.4 ms.

tNs tsN

e
w1 M W

—— =
BURST REFRESH 1024 cycles 1024 cycles BURST REFRESH
< 1K/ 16.4ms > <IK/18.4me >

MITSUBISHI
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MITSUBISHI LSls
M5M4V18160BTP-6,-7,-6S,-7S

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

Self Refresh Cycle

tRPS

tcRP

tRPC

tcHS

tRASS
48
Lig

tRP

tcsR

R

trPC

tCPN

tasp

ROW
ADDRESS

Hi-Z

o,
‘000

\/

&
)

.

55

7

7
®

5

o

v
)
o,

&
@
&

N/

S

Po

tRCH

UCAS /TCAS /

F
DQ1-DQ1s

Ao-Ag
W

EZ

tol

6 - 257

AMITSUBISHI



MITSUBISHI LSls
M5M4V18160BTP-6,-7,-6S,-7S

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

Upper/(Lower) Seif Refresh Cycle*

tcrp

tRPS

trRPC
fcHs

{RPC

tCT‘P_.

1t

{RASS

tcsrR

tcrP

tRCH

tOFF

Hi-Z

tRP
tRPC
tcPN
—

tRPC N

_

RAS
" UCAS
(or LCAS)

LCAS

(or OCAS)

Ao-Ag

-DQ1s

DQ1

1oEZ

AELECTRIC
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