M5M4V16160BTP-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 essential.

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

FEATURES
AAS CAS |Address [ OF | cyce | Power
Type name “ime | Sme | “me | “tme. | tme | “5ob*
{max.ns) | (max.ns}| (max.ns) | (max.ns) | (min.ns) |{typ.mW)
M5M4V16160BTP-6,-65 60 15 30 15 110 285
MSMAV16160BTP-7,-7S 70 20 35 20 130 255

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

1BMW (Max) ......cccvevvenieanannns CMOS Input level
o Low operating power dissipation

M5M4V16160BTP -6, 65 «.vvvvnennrnrns 345.0mW (Max)

M5M4V16160BTP-7,-7S tevvvrerareianas 310.0mW (Max)

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

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

® All inputs, output TTL compatible and low capacitance

@ 4096 refrash cycles every 64ms (Ao ~A11)

APPLICATION

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

PIN CONFIGURATION ( TOP VIEW)

(3.3V) Vec [ Vss (OV)
D [MDQ16
DATA INPUTS/ [DQ15 | DATA INPUTS/

OUTPUTSTY DQa [IDQ14 [OUTPUTS
mDQi3
(3.3V) Vec @] [T Vss (0V)
[@DQ12
DATA INPUTS/ - = [EDQ1 {DATA INPUTS/
OUTPUTS - o [Z1DQ10 [OUTPUTS
§ D Qo
< [TNC
-—h
()]
- LOWER BYTE CONTROL
g PEINC _/GOLUMN ADORESS
WRITE CONTROL @ UPPER BYTE CONTROL
) ~ o | COLUMN ADDRESS
ROW ADDRESS THASIE h-) \STROK INPUT
STROBE INPUT- 4 /(3 b Ac OUTPUT ENABLE iNPUT|
A I As
ADDRESS A7 ADDRESS
INPUTS B As INPUTS
2l As
Aj3| PN A4
(3.3V) Vee e Vss (0V)

Outline 50P3W-L (400mil TSOP)
NC : NO CONNECTION
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M5M4V16160BTP-6,-7,-6S,-7S

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

FUNCTION
The M5M4V16160BTP provide, in addition to normal read, write,  e.g., fast page mode, RAS-only refresh, and delayed-write. The
and read-modify-write operations, a number of other functions, input conditions for each are shown in Table 1.

Table 1 Input conditions for each mode

Operation — — IE_U? — — InpuvOutput
RAS LCAS UCAS W OE DQ1~DQs |Dae-Dqte

Lower byte Read ACT ACT NAC NAC ACT pouT OPN
Upper byte Read ACT NAC ACT NAC ACT OPN DOUT
Word Read ACT ACT ACT NAC ACT pouT bouT
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
AAS-only refresh ACT NAC NAC DNC DNC OPN OPN
Lower Byte Hidden refresh ACT ACT NAC NAC ACT ooUuT OPN
Upper Byte Hidden refresh ACT NAC ACT NAC ACT OPN DouT
Hidden refresh ACT ACT ACT NAC ACT oouT DOUT
CAS before RAS refresh ACT ACT ACT DNC DNC OPN OPN
Stand-by NAC DNG DNC DNC DNG OPN OPN

Note - ACT : active, NAC : nonactive, DNC : don' t care, VLD . vaiid, IVD : invalid, APD : applied, OPN : open

BLOCK DIAGRAM _ _ _ _ _
ROW ADDRESS vee (3.3V)
. OWERSS;SE:NPUT RAS 1 CLOCK GENERATOR
COLUMN ADDRESS STROBE INPUTLCAS O—r_—3 CIRCUIT Vos (0V)
UPPER BYTE CONTROL [
COLUMN ADDRESS STHOBE INPUT UEAS LOWER o 3. gfg
B =
- 5%
r~=\ UPPER &858
WRITE CONTROL —»
INPUT W o T LOWER DATA
\d INPUTS / OUTPUTS
ot
| i;g
* roAT y o] 253
0~ - —
( A0 o COLUMN DECODER A
A1 T8
A2 | ] = § < I
ed (Joae
SENSE REFRESH 2% [0S
A3 & AMPUFER 8 1 /0 CONTROL | 853 (Opoae
A4 g i T i | UPPER DATA
e 23 Y . J i [ INPUTS ] OUTPUTS
ADDRESS INPUTS { ae 83 el P " !
¥4 o i ut 8 H
a7 ze [T 5 : MEMORY CELL e L1 (Joare
gall%nl & (18777218BITS) <3 H
A8 < ! 5
A9 § H
. 4
1 OF OUTPUT ENABLE
At OF INPUT
\ A1 —
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M5M4V16160BTP-6,-7,-6S,-7S
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage -0.5~46 \
Vi Input voltage With respect to Vss -0.5~4.6 v
Vo Output voltage -0.5~4.6 v
1o Output current 50 mA
Pd Power dissipation Ta=25°C 1000 mw
Topr Operating temperature 0~ 70 h )
Tstg Storage temperature -65 ~ 150 c
RECOMMENDED OPERATING CONDITIONS (Ta=0~ 70°C, unless otherwise noted) (Note 1)
Symbol Parameter Limits Unit
Min Nom | Max
Vee Supply voitage 3.0 33 36 v
Vss Supply voltage 0 0 0 v
ViH High-level inpul voitage, all inputs 2.0 Vec+0.3 v
Vi Low-level input voltage, all inputs 0.3 0.8 v
Note t : 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)
Limits
Symbot Parameter it Unit
y Test conditions Min Ty Max
VoH High-leve! output voltage loH=-2.0mA 24 Vce Y
VoL Low-level output voltage loL=2.0mA 0 0.4 )
loz Off-state output current Q floating, OV Vours 3.3V -10 10 uA
1 tnput current OVSVINGS Vce.0.3V,0ther inputs ping=0V | -10 10 g A
Avera\?e supply current MEM4V18160B-6.-6S | RAS, CAS cycling 95
icc1 (Av) from ccoporatinﬂ tRC=tWC=Min. mA
(Note 3,4,5) [ MeMmav181608-7.-75 | outpul open 85
RAS. CAS =Vin, output open 2
lecz f,‘;‘,’,?,'_‘{,ﬁ“"""‘ "Dm(nge'e) MsMav161608-6,-7 | IAS= CAS 2Vec -0.2V, output open 05 mA
M5MaV161608-6S - 75| RAS= CAS &Vcc -0.2V. output open 0.1§
Average supply current M5Mav16160B-6,-65 | TRAS cycling, CASs Vin 95
lecs v | from Vec refreshing m-m%x "o mA
(Note 3,5) | MSM4V161608-7.-7S | output open 85
fl:;::a\?; supply current M5M4V161608-6,-65 RAS=ViL TAS cycling 70
Iccaavy tPCamin. mA
Fast-Page-Mode | output open
(Note 3,4,5) [ MsMav161608-7,-7S 60
Average supply current 6.
%ﬁ,g"&c niid MEMIVIBIE0BE.6S | xS before FIAS refresh cycling 95
leceav) before FAS refresh tRC=Min. mA
mode (Note 3) | MBM4v18160B-7..7 output open 85
Note 2: Current flowing into an IC is positive, out is negative.
3:1cC1{AV), IcC3(AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4:1cct (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 =ViL and LCAS/UCAS=ViH .
CAPACITANCE (Ta=0~ 70°C, Vec=3.3V + 0.3V, Vss=0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Vi Ty Vo Unit
Ciw Input capacitance, address inputs 5 pF
Y 5] Input capacitance, OF input VieVss 7 pF
Ci® Input capacitance, W input (=1MHz 7 pF
Ci(AE | input capacitance, RAS input Vi=25mVrms 7 pF
Ci €x5 Input capacitance, CTAS input 7 pF
Ciio Input/Output capacitance, data ports 8 pF
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

SWITCHING CHARACTERISTICS (1a<0~ 70°C, Voca3.3V £0.3V, Vas=0V, unless otherwise noted , see notes 6,13,14)

Limits
Symbol Parameter M3M4V18160B-6,-65 | MEM4V161608-7,-7S Unit
Min Max Min Max
fcac Acoess time from CAS (Note7,8) 15 20 ns
fRAC Access time from RAS {Note7.9) 60 70 ns
[ Column address access time (Note 7,10) 30 35 ns
tcPa Access time from TAS precharge (Note 7,11) 35 40 ns
toEA Access time from OE {(Note 7) 15 20 ns
towz Output low Impedance time from CAS low {Note 7) 5 5 ns
10FF Output disable time after CAS high (Not®12) | o 15 0 15 ns
1062 Output disable time atter OE high (Noe12)| © 15 0 15 ns

Note 6: An initial pause of 500 s is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles

oomnininuﬁTS 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 84 ms) of RAS Inactivity belore proper device operation is achieved.

Measured with a load circuit equivaient 10 100pF, VOHe2.4V(I0H=-2mA) and VOL=0.4V(lOL=2mA). The refersnce levels for measuring

of output signals are 2.0V(Vow) and 0.8V(Voal)

Assumes that tRco & tRCO(max) and 1ASC & 1ASC(max)

Assumes thal thcD & tRCO(max) and 1RAD & tRAD(max). If tRCD Or tRAD i3 greater than the maximum recommended value shown in this table,

trac will Increase by amount that tRch exceeds the value shown.

10: Assumes that 1RAD & tRAD{mex) And tASCS ABC(max)

11: Assumes that IcP 5 1CP(max) 8N 1ASC & tASC(max)

12: toFF(max) and 10£2 (mex) defines the time at which the output achieves the high impedance state ( loutS | & 10 kAl ) and is not reference to
VOrmin) 0 VOL(max).

~

©°®

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles)
(Ta=0 ~70°C, Vcee3.3V 1 0.3V, V85«0V, unless otherwise noted , ses notes 13,14)

Limits
Symbol Parameter MEMAV16160B-6,-65 | MSMAV161808-7,-7S Unit
Min Max Min Max
REF Refresh cycle lime -8, -7 64 64 ms
tREF Refresh cycle tlime -@8, -78 128 128 ms
tRP TAAS high pulse width 40 50 ns
treo | Delay time, RAS low to CAS low (Note15) 20 45 20 50 ns
tcRe | Delay time, CAS high 1o RAS low 10 10 ns
Wec | 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
tasn Row address setup time before FAS low [} 0 ns
tasc Column address setup time before CAS low {Note17) 0 10 0 10 ns
tRAM Row address hoid time ater RAS low 10 10 ns
[ Column address hold time after CAS low 15 15 ns
tozc Delay time, data to CAS low (Note18) [ 0 ns
tozo Delay time, data to OF low (Note18) 0 0 ns
oo |Delay time, TAS high to data (Note19) 15 15 ns
tooo Delay time, OF high to data {Note19) 15 15 ns
tr Transition time (Note20) 1 50 1 50 ns

Note 13: The timing requirements are assumed 17 =5ns.
14: Vmmin) and Viymax) are reference levels for measuring timing of input signals.
15: tRcoimax) I8 specified as a reference point only. If tRco Is less than tcoimex), access time is trac. If tRco is greater than t
time is controllad exclusively by 1cac or thA. 1RCD(min) is specified as tRCD(min) stRAMmI} +21T+1ASC(min)
16: tRADImax) i8 specified as a reference point only. If 1RAD & tRAD(mex) ANd 1ASC S tAsC(max), access time s controfied exclusively by taa
17: tascmaxt is specified as a referance point only. If 1ACD & tRCO(max) And tABC & tASC(max), access time is controlied exclusively by tcac.
18: Either tozc or tbzo must be satisfied.
19 Either tcop or tobo must be satisfied.
20: t1 is measurad between ViHmin) and Vi(max).

* MITSUBISHI
5 - 202 ELECTRIC



MITSUBISHI LSls
M5M4V16160BTP-6,-7,-6S,-7S
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Read and Refresh Cycles

Limits
Symbol Parameter M5M4V161608-6,-65 | M5MAV16160B-7,-7S Unit
Min Max Min Max
tRC Read cycle time 110 130 ns
tRAS FAS low pulse width 60 10000 70 10000 ns
tcas TAS low pulse width 15 10000 20 10000 ns
[ TAS hold time after RAS low 80 70 ns
tagn  |RAS hoid time after CAS low 15 20 ns
trcs Read Setup time before CTAS low [ 0 ns
tRCH Read hold time atter CAS high {Note 21) 0 0 ns
tRAH Read hoid time after FIAS high (Note 21) 10 10 ns
tRAL Column addrass 1o AAS hold time 30 35 ns
tocH TAS hold time after OF low 15 20 ns
tori | AAS hoid time after OF low 15 2 ns
Note 21: Either trcH or tRaH must be satisfied for a read cycle.
Write Cycle (Early Write and Delayed Write)
Limits
Symbol Parameter M5M4V18160B-6,.65 | MSM4V16160B-7.-7S Unit
Min Max Min Max
twe 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
184 | CAS hold ime after FAS low 60 70 ns
1RSH RAS hold time after CAS low 15 20 ns
twes Write setup time before CAS low (Note 23) 0 0 ns
twcH | Write hold time after TAS low 10 10 ns
tow TAS hold time after W low 15 20 ns
tAwL RAS hold time atter W low 15 20 ns
twp Write pulse width 10 10 ns
tos Data setup time before CAS low or W low 0 0 ns
DH Data hold time after CAS low or W tow 10 15 ns
toed | OE hold time after W low 15 20 ns
MITSUBISH!
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Read-Write and Read-Modify-Write Cycles

Limits
Symbol Parameter M5M4V16160B-6.-68 | MSM4V18180B-7,-78 Unit
Min Max Min Max
tRwe Read write/read modify write cycle time (Note22) | 155 180 ns
tRAS RAT low pulse width 105 10000 120 10000 ns
tcas CAS low pulse width 80 10000 70 10000 ns
tcsd  |CAS hold time after RAS low 105 120 ns
thst | AAS hold time after CAS low 60 70 ns
tRCS Read setup time before CAS low 0 [ ns
tcwp | Delay time, CAS low to W low {Note23) | 40 45 ns
trwD  [Delay time, RAS low 10 W low (Note23) | 85 95 ns
tAWD Delay time, address to W low {Note23) 55 60 ns
fowL CAS hold time afier W low 15 20 ns
tam. | RAS hold time atier W low 15 20 ns
twp Write pulse width 10 10 ns
D8 Data setup time before W low [ 0 ns
[ Data hold time after W low 10 15 ns
10€H OF hold time after W iow 15 15 ns

Note 22: trwc is specified as tAWC(min)=tRAC(max)+1000(min)+ tRWL{min)+IRP(min)+51T.
23: twes, fowb, tRwb and tawp and,tcewo are specified as reference points only. If twes& twesimin) the cycie is an earty write cycle and the
DQpins will remain high impedance throughout the entire cycle. If IcwD& tcwDmin), IRWDEEtRWO (min), tAWDE tAWD(min) snd ICPWD & ICPWD(min)
(for fast page mode cycle only), the cycle is a read-madify-write cycle and the DQ will contain the daia read from the selected address.
1f neither of the above condition (delayed write) of the DQ (at access time and until TAS or OF goes back to Vin ) is indeterminate.

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

Limits
Symbol Parameter MEM4V16160B-6,-65 | M5M4V161608-7,-78 Unit
Min Max Min Max

fec Fast page mode read/write cycle time 40 45 ne
tPAWC Fast page mode read write/read modify write cycie time 85 95 ns
s [RAS low pulse width for read write cycle (Note25) | 100 125000 | 115 | 125000 ns
tcP TAS high puise width (Nota26) 10 15 10 15 ns
tcern | A hold time atter TAS precharge 35 40 ns
tcpwp | Delay time, CAS precharge to W low (Note23) 80 85 ns

Note 24: All previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle.
25: tras(min) is specified as two cycles of CAS input are performed.
26: 1cPimax) is specified as a reference point only.

CAS before RAS Refresh Cycle Note27)

Limits
Symbol Parameter MEMAV18160B-6,-65 | MSM4V161608-7,-78 Unit
Min Max Min Max
tcsA CAS setup time before RAS low 10 10 ns
fcHR CAS hold time after RAS low 10 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.
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Timing Diagrams (Note 28)
Read Cycle

tRe
tRAS < trpP N
RAS \ tRSH Z R
0 tcsH tRPC tcRP
tcRP tRCD .
e . tcas
[GAS / UCAS W “ tce W
tcaH
" {RAL tASR

" COLUMN ROW
Ao-Art ADDRESS ADDRESS
— SO

O
w SRR
{pzC tcoo
Hi-Z
INPUTS Tonc -
DQ-DQs 1A R 1OFF
tcLz
OUTPUTS Hi-Z DATA VAUID
{RAC
¢ ¥ tCEZ
tozo {OEA toop

OE

Note 28

invalid

DI

Indicates the

output.

indicates the don't care input.
VIH{min.} & VIN & VIH(max) or ViL(min.} S VIN & VIL{max)

Indicates the skew of the two inputs.

)‘wrsualsm
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Upper / (Lower) Byte Read Cycle

tRC
tRAS tRP
\ tRSH /
RAS N "
tcsH tRPC tcrp
—
tRCD tcas tcen
UCAS X K X OO
SRHAIERLY \ /
(or LCAS) o W o
tCAH tRPC tcrP
LCAS
R tRAD tRAL
(or UCAS) N
. tasR tRAH tasc tAsSR
Ao-At1 ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
fRAH
|, Rcs | tRCH
W

—
e R ;
DQ1-DQs
(or DQe-DQi16)
OUTPUTS Hi-Z
toze tcAC " tcop N
— Hi-Z AXKEAENR
INPUTS " o ROEKRRRRR
DQe-DQ16 ¥
{ or DQ1-DQs) o2
" L
OUTPUTS iz " ‘"‘;’;';"X DATA VALID
T tRAC = R
tozo {OEA
(E tocH
tORH
MITSUBISHI

5 - 206 ELECTRIC



MITSUBISHI LSls
M5M4V16160BTP-6,-7,-6S,-7S
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Write Cycle ( Early write)

tRAS tRP

tcsH

tRPC

tCRP tRCD tRSH tcRP
| tcas
oo/ S 5
tASR tRAH tasc tCAH _ 1AsR
Ao-Att ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tWCH
W
DS tDH
’KPUTS DATA VALID
DQi-DQ1s

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

we

tRP

AP

AP

tc

PC

tR

tRAS

/

1csH

tRSH

tcas

ROW
ADDRESS

tcAH

COLUMN
ADDRESS

twee

HI-Z

toH

tRCcD

tasc

tRAH

RAS

l.tci’
5

(or LCAS)

UCAS

ICRP

LCAS

{or UCAS)

tASR

ROW
ADDRESS

X

-At1

Ao

QUTPUTS

tos

DATA VALID

Hi-Z

QUTPUTS

DQ1-DQs

(or DQe-DQi1e)

DQe-DQis

{or DQ1-DQs)

P
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Write Cycle ( Delayed write )

tcrp
UCAS/ LCAS &

X

Ac-A1

]
2w
o
#5
e 4
S o«
o
£ 2
[&]
o
uy
w g a
3 . 3 N
o 8 > L
3 < *
2 -
<
- o
2
=1 2
o £ Mﬂ
g 3
x 2
g & |23
& x 2u 8
7] Sa o]
L 24 L
32 u
< £
& .
i .
) N
a 2 g
Q
£
F @
=1 1z8
oo
el £o
a
« <
0
s

o
® 5
= © o
g 6 5
Z Q [o] _
o w
[a} (o]
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Upper/(Lower) Byte Write Cycle ( Delayed write )

UCAS
(or LCAS)

LCAS
(or UCAS)

Ao-A11

|

INPUTS

DQ1-DQs
{or DQe-DQ16)

INPUTS

DQe-DQ1s
(or DQ1-DQs)

OUTPUTS

OUTPUTS

tchp

1RAS

tcsH

tRCO tRSH

tcas

{CRP

tRPC ICR

P

tRPC

tcRp

tAsR

tRAH

tasc tCAH

tsA

ROW
:>< ADDRESS

COLUMN
ADDRESS

ROW
ADDRESS

Hi-Z

toH

DATA VALID

tcLz
—>

Hi-Z

XXX
’:.. ) ..:.:.:.:.: AKX

toEz
tozo tOEH

tooo
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Read-Write, Read-Modify-Write Cycle

tAWC

tRAS trRP
—_———
RAS \ / \
tcsH
h 4 tRPC
{CRP " tRCD tRSH tcaP
fcas
UCAS 1 TCAS @ 1@'
tRAD
tASR tRAH SC {CAH {ASR
Ao-A1 ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tcwD tewe »
tAWD
RWD RWL
TR e \
 IRAC . twe
tozc tCAC
taa . mf_’ toH
INPUTS Hi-Z ;%{ DATA VALID
DQ1-DQ1s
OUTPUTS Hi-Z
{OEH
H—

deteteteterarasen

P
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ROW
ADDRESS

tcrp
{ASR
—

tchRp
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1RP

tARPC

7
.0

*
9
X

’v
Q
X

7
.’O

TS
e %e %

5

7
)
Q’.’

S5

&

.

M5M4V16160BTP-6,-7,-6S,-7S

tAwc
1RAS

tCSH

PR

3 N
[a] h
£ 5 T
x <
2 4] > z
w
8 o 2
3 ~ e
& I
2
2
g A_m
z| (28] & =3
M Ly F 3
g [2u] e ¥
- Q [+]
o9 Q N Q e
o2 S | 2|y
= 3 e 3
. Q
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1] [&] (5]
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£
r
x
<
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

ROW
ADDRESS

SR

tCRP
CRP

%
X

(or LCAS)
{or UCAS)

UCAS

Ao-Ant

LCAS

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

m@

g g 3 4
17 ) %] o
E L0 B E .3 &
o mm 2 o C A 2
L2 88 3] 2 58 3
= w
B nDuW ol (o]
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RAS-only Refresh Cycle

tRC

tAp

tcAP

tAPC

tRAS

tAsSR

ROW
ADDRESS

RAH

tchP

(723
(7]
w
o
[s]
Q
<

Ao-A11

N/
X
55

050

v
@,

b
!

4

v
)

)

&
9a%a%a%"

S
ats!

5%

Hi-Z

EJTPUTS

DQs-DQ1e

T

S
S
0 %0% %%

]
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CAS before RAS Refresh Cycle

tRP

tCcRP

tRPC

tRC

tRAS

—
ROW
ADDRESS

tAsR

{CHR

\

tRC

tRAS

. tcsR

tRPC

Hi-Z

—»l

tCHR

\

{RP

tcsr

tcoo

tRPc

tRCH
tOFF

tcPN

DQne

!WPUTS

[s/0}}

UCAS / LCAS /

Ao-A11

toez

tono

AL
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M5M4V16160BTP-6,-7,-6S,-7S

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

Upper/(Lower) CAS before RAS Refresh Cycle

tRP tRC i trC
{RP
tRAS 1RAS »
= / \ / \ / \
tAPC tcre
RPC tcsh tAPC tcsh
UCAS tcHR tcHR
{or LCAS)
tcPN
tRPC tcRP RPC tcRp tRPC tcrP
i | “—
(or UCAS)
{ASR
ROW
Ac-Art ADDRESS
XXX XIS
— OO OCSOE 000,070,000
W REHHKERERHARARAAK CRHERRHRERK
tOFF
1>
INPUTS
DQ1-DQe
(or DQe-DQ16) ez | ||
Hi-Z
OUTPUTS
-
tcop N
1OFF
— —»
INP ] . O QOO ..
uTs X AR
DQe-DQhis 10EZ
{or DQ1-DQe) '
Hi-Z
QUTPUTS y
toop
OE
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M5M4V16160BTP-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 A tRP tRAS P
—
- \ \
tRPC
tcRP tRCD : l tRSH tCHR {CRP
UCAS / LCAS
tRAD
tasp tRAH tasc tCAH "SR R
Ac-A ROW COLUMN ROW
0-A ADDRESS ADDRESS ADDRESS
tRAL | |tARH
| tRcs
\AAAARA X AARAA AN /
OO OO
0. 0.0.0.0.0.90.0.0.9.0
w @W SRR
. tozc
i co0
INPUTS Hi-Z
4 tar
fcAC
DQ1-DQ1e 1Rac tOFF
fciz
Hi-Z
OUTPUTS \ DATA VALID fr—
tozo tOEA .22
foop
{oRH
OE
Note 29: Early write, delayed write, read write or read modify write cycle is applicabie as we!l as read cycle.
Timing requirements and output state are the same as that of each cycle shown above.
MITSUBISHI
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

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

UCAS
{or LCAS)

LCAS
(or UCAS)

Ao-A11

3l

INPUTS
DQ1-DQe
{or DQe-DQte)

OUTPUTS

——

INPUTS

DQ%-DQ1s
{or DQ1-DQe)

OUTPUTS

tRC > tRC
1RAS ., P tRAS tRP
— -
R\ e\
tRPC
tRCD RSk M| tere
tCRP tCHR
tcRP tcRP
tRAD
{ASC 1cAH N SR
ash | |tRan hasd
ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
LIRES AL -~
Hi-Z
| _toze tcDD
Hi-Z
tcAC
tOFF
toLz
HiZ {'"},’:,'. DATA VALID
tAA
tRAC i toEz
nzo 10EA tobo
fORH
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M5M4V16160BTP-6,-7,-6S,-7S
FAST PAGE MODE 16777216-BIT  1048576-WORD BY 16-BIT ) DYNAMIC RAM

Fast Page Mode Read Cycle

RAS

UCAS/ LCAS

Ac-A11

|

INPUTS

DQ1-DQ1s

OUTPUTS

tRAS . P
tcsH trc tcPAH
B tRsH
\ Y/ \
tRPC
fcap tRCD . fcAs top tcAs tcp tcap
%‘ N v tcas
N
tRAD traL | |
CA
wa o fwg  low <N SN R Ty | e
ROW COLUMN COLUMN COL! ROW
ADDRESS | ADDRESS-1 ADDRESS-2 ADDRESS-3 ADDRESS
tRRH
A R taa N
tHCH CH
_ tacs T trcs s
- -
0z
Je tcop
tcoD tozc J'CDD tozc
Hi-Z
)
tcac toac tcAC horr
[
to
oz OFF jo tcrz FF e oz
Hi-Z DATA DATA DATA
VALID-1 VALID-2 VALID-3
1AA
. tcPa R tcPA
tRAC toa"H_J
(0EZ 1062 toez
W W W Y W Y W
Sotetetetetetos)
Ga¥a 0 0u0u0u%
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M5M4V16160BTP-6,-7,-6S,-7S
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Upper/(Lower) Fast Page Mode Read Cycle

RAS

UCAS
(or LCAS)

LCAS
(or UCAS)

Ao-A11

g

INPUTS

DQ1-DQe
{or DQe-DQi16)
I_OUTPUTS

INPUTS

DQs-DQ1s
{or DQ1-DQe)

‘i)UTPUTS

tRAS

tRP

tcPRH "
tosH tPc o
N W
tRPC
tCRP tRCD tcas e tcp tcas tcp tCAS tcAP e
tcAP RPC .
tRAD tRAL .
tAs:l_. ‘IE:H tAsc tcAH tasc tCAH 1ASC o e tCAH tAsR .
ROW COLUMN COLUMN columN ' [N ROW
ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS-3 W ADDRESS
tRAH
tAA J( A
_ |wres \RcH  tRCS ACH tRcs i
Hi-Z
1coD tozc
(L2 tozc tcop ‘ tcop
Hi-Z
) 4 y g
tcac tcac tcac
tore » toFF > \oFF
ez |"—‘ tcwz towz
Hi-Z DATA DATA N DATA
VALID-1 VALID-2 [/ VALID-3
| tORH
L tcPA | tcPA
toez t0€z
w0z | || w20 o tbzo | [toEA
> A |
toEA .
tonD toDD tooD
1oCH tocH tocH
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M5M4V16160BTP-6,-7,-6S,-7S

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

Fast Page Mode Write Cycle ( Early Write )

juld

tCRP

1 RPC

tRAS

iCAS

ROW
ADDRESS

toAH

twWeH

fcp

trc

{CAS

COLUMN
ADDRESS-3

{CAH

tweH

COLUMN
ADDRESS-2

tesH

twcs

fwen

tRCD

COLUMN
ADDRESS-1

lt‘a.r tasc

RAS

tcaAp

UCAS/ LCAS

tAsA
[e—>
ROW
:X DDRES:

Ao-A11

DQ1-DQ1s

Hi-Z

</
.0

R/
)
X

O
X)

5

\J
XX
&

O
55

O
*
X))

’L

o
’0

0.

o
.0 ()

*
a

o
)

5

.0

-
)
)

7o,
)
-~

¢

o

\/
A

¥

&
e,

v,
X)

&

Amsualsm
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M5M4V16160BTP-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
M tRp
tesH N tPc
_— tRSH
o \ :
tcrp tRCD fcas tcp tcas tcp tRPC terp
GRS _ \ N VR
(or LCAS) X s 4
tCRP tRpPC tCRP
LCAS -
(or UCAS)
tAsPL E‘;I‘" tsc tcAH tsc tcAH usc | tCAH tasR
ROW COLUMN COLUMN COLUMN ROW
Ac-Ars :Xwonss ADDRESS-1 }@{ ADDRESS-2 ADDRESS-3 }@gmoaess
— tweH twes tweH twes
w
Ll
’]PUTS
DQ1-DQe
{or DQe-DQi1e)
Hi-Z
OUTPUTS
tos toH W08, |, toH 05, ftoH
INPUTS DATA VALID-1 DATA VALID-2 DATA VALID-3
A
DQs-DQis
(or DQ1-DQe)
Hi-Z
OUTPUTS '
OE 0;0;0;0;0;0;0; '0;0; ¢

MITSUBISHI
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M5M4V16160BTP-6,-7,-6S,-7S
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Fast Page Mode Write Cycle ( Delayed Write )

tASH

1RAS

tcsH

tRP

tRcD

tRAD
{ASR l";‘“ tasc tcAH |tean jrwe tASR
Ao-Atr ROW "COLUMN COLUMN ROW
IADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
tRCS | tWCH | tACS WCH
7 -
towe iew
w twp we
DS toy tDZC DS tDH
fozc
y. DATA DATA 0:0:0:0:0:0:0:0:0:0:0
INPUTS % 3 VALID-1 VALID-2 _JARXXX XX XXX
tozo
DQs-DQ1s
tcz tcLz
OQUTPUTS al
togz tOEZ
toEM
tozo tooD 10EH o
- TR \J
MITSUBISHI
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M5M4V16160BTP-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 )

UCAS
(or LCAS)

LCAS
(or JCAS)

Ao-Att

g

HPUTS

DQ1-DQs
{or DQe-DQ16)

|_0UTPUTS

INPUTS

DQs-DQhs
{or DQ1-DQe)

EUTPUTS

tcsH

tcrp

tRCD

tcas

fcp

5

tcrp

" tcAS

LRPC
"’l tcRP

trrc
L‘" tcrp

5

=

tRAD

tRAH
M

tAsC

tcAH

:XA:\DDHESS

ROW

COLUMN
ADDRESS-1

tweH

sc

tCAH

COLUMN
ADDRESS-2

tasr

—
ROW

ADDRESS

tewL

tRCS

Hi-Z

tozc

tos

>

tDH

tozo

DATA
VALID-1

tcLz

Hi-Z

tbzc

tozo

tcLz

.

tos

DATA
VALID-2

tOEZ

tobo

1OEH

toez

2" i

tooo

toeH
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MITSUBISHI LSis

M5M4V16160BTP-6,-7,-6S,-7S

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

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

. tRAS we ,
E— L ‘__L_p
RAS \ J \—
5 tPRWC .
tcRP tRCD 1 fcAg tcp 1cAS 0 tcre
tRAD N
tasr | |tRaH tasc tcAH c tCAH tasA
- p—-l
Ao-Atr ROW COLUMN COLUMN AROW
DDRESS ADDRESS-1 ADDRESS-2 ADDRESS
trcs tweH tncs WCH
PO X IR X M)
— 0%0%6%0%0% 0 e %0
w town WP XL
{RAC
A
toze
tozc loac o8 Lior
F«PUTS o
tozo )
DQs-DQhs tclz
tcLz
DATA DATA
VALID-1 Hi-Z VALID-2
I_EUTPUTS
10EA 1OEA
tozo toEz 10H 10E2 1OEH
tobD f———
000
OE
MITSUBISHI
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M5M4V16160BTP-6,-7,-6S,-7S

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

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

tRAS
trP
tosH . tRSH R r
= \ N
tPRWC tRec
tcAp tRCO fcas tcp " tcas R “} or
o 3 \ /N
{or LCAS)
tcre tRPc fcRpP
LCAS
(or UCAS)
tRAD
Wsh | [[Bam usc teAH tasc toan sk
—
Ao-A1t ROW COLUMN COLUMN ROW
IADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
oS e tRes M
tAWD tawD ¢
¢ tow towe
W twep
w m M 1o \ e tewd \
Mo
DQ1-DQe
(or DC%-DQ18)
|_outeuts Hi-Z
. s taa .
tozc tcac s toH  tozc tcac tos tom
— —| — >
1RAC
DATA DATA
(o TR §aE
tozo
DQs-DQ1s tozo
(or DQ1-DQe) g terz toz
|, DATA A D:IIAB \
. v
OUTPUTS oy | HiZ
tOEA
toEA
toEz YoEH toEz tOEH
tooo 100D
- R
* MITSUBISHI
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MITSUBISHI LSls
M5M4V16160BTP-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, Vcca3.3VE 0.3V, Vss=0V, unless otherwise noted) (Now 2)

Limits
Symbo! Parameter T i Unit
Y/ est conditions Vi Tve Max

FAS cycling TAS & 0.2V or
TAS before RAS refresh cycling

W < 0.2Vor & Vec-0.2V
lcce Supply current from Vce M5M4V 161608 BDE S 02Vora Vec - 0.2V

Extended refresh cycle -6S,-78 Ao~A11S 0.2V or = Voc - 0.2V
DQ - open

REF = 128ms

tAAS = 1RAS Min~1 u8

400 pA

Average supply current
lecaian | trom Ve MSMAVIe108 | RAS - CAS s 02V 200 uA
Self - Refresh cycle '

TIMING REQUIREMENTS (Ta=0~ 70°C, Vcc=3.3V £ 0.3V, Vss=0V, uniess otherwise noted See notes 13,14)

Limits
Symbol Parameter M5M4V18160B-65 MEMAV1E1608-7S Unit
Min Max Min Max
1AASS Self Refresh RAS low pulse width 100 100 us
tAPS Self Ratresh RAS high precharge time 90 110 ns
tcHs Self Refresh RAS hold time - 50 - 50 ns

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

The last/ first full refresh cycles (4K) must be made within tns/tsn  before / after self refresh , on the condition
of tns 64 ms and tsn S 64 ms.

tns tsn
-------------- =T I
———— N——
DISTRIBUTED REFRESH 4096 cycles 4096 cycles  DISTRIBUTED REFRESH
<4K /84 ms > <4K /64 ms >

(2) Incase of burst refresh

The last/ first full refresh cycles (4K) must be made within tns /tsn  before / after self refresh , on the condition
of tns + tsn S 64 ms.

ins tsn
w1 w1
BURST REFRESH 4096 cycles 4096 cycles BURST REFRESH
< 4K 64ms >

<4K/ 64 ms >

* MITSUBISHI
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M5M4V16160BTP-6,-7,-6S,-7S

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

Self Refresh Cycle

tRPS

s \ — \_

tRPC tRPC tcap
tCPN tcsR

4 tcHS
UCAS /1CAS / %

_.HL

- B TSTL ROW
- + 0. 0.0 9.0
Ao-An :.:.:.:.:.‘ ADDRESS

g

tOFF

2 I K KX G
INPUT 250K

DQ1-DQ1s

Hi-Z
OUTPUT
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M5M4V16160BTP-6,-7,-6S,-7S
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Upper/(Lower) Self Retresh Cycle*

tRP

tRPS
RAS /] W tAss W/ N\
* 1— o
{RPC tRPC tcrp
tcPN tcsr
UCAS — tons —
(or L§A§)
tRPC CRP
{RPC tcre |
CAS
{or OCAS)
ANAAAAAAANAAAAAAAAAPAANAAAAAPAPANNS
Ac-A11 GRARRLXHL :0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0
L0009 0 9000000000050 00000000000
w
T e e e T e e e T T A e e AT e e e A AT T AT AT e,
INPUT Q R IR RIIK
DQ1-DQ1s
Hi-Z
OUTPUT
OE
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