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M5M418160BJ,TP,RT-6,-7,-8,-6S 7%, 8%

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

DESCRIPTION

This is a famlly of 1048576-word by 16-bit dynamic RAMS,
fabricated with the high parformance 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
RAS CAS | Address OE Cycle dm
Type name tme [ tme | “tmo | “tme ton
(max.ns) | {max.ns)| (max.ns) | (max.ne) | (min.ng) |{typ.mW)
M5M418160BXX-6,-65| 60 15 30 15 110 680
M5M418160BXX-7,-7S] 70 20 35 20 130 590
M5M418180BXX-8,-85| 80 20 40 20 150 500

XX=J, TP,RT

® Standard 42pin SOJ, 50pin TSOP
® Single 5.0V + 10% supply
e Low stand-by power dissipation

5.5mMW (Max) -ceerrenrancianss - CMOS Input level
@ Low operating power dissipation

M5M418160Bxx -6, 65 +revcnnrecirennn. 830.0mW (Max)

M5M418160Bxx -7, -7S +rereracrcccnnas. 720.0mW (Max)

M5M418160Bxx -8, -8S ««rrevenrse +reee s 810.0mMW (Max

e Fast-page_mode, Read-modify-write,RAS-only refresh, CA
before RAS refrash, Hidden refresh capabilities

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

® All inputs, output TTL compatible and low capacitarce

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

APPLICATION
Main memory unit for computers, Microcomputer memory, Refresh
memory for CRT
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M5M418160BJ,TP,RT-6,-7,-8,-65,-75,-8'3

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

FUNCTION
The M5M4181608J,TP, RT provide, in addition to normal read, functions, e.g., fast page mode, RAS-only refresh, and delayed-write.
write, and read-modify-write operations, a number of other The input conditions for each are shown in Table 1.

Table 1 Input conditions for each mode

Inputs Input/Output
Operation RAS LCAS UCAS w OE [ pa1-pae [pos-oate

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 DOUT DOUT
Lower Byt Write ACT ACT NAC ACT NAC DIN DNC
Upper Byte Write ACT NAC ACT ACT NAC DNG DIN
Word write ACT ACT ACT ACT NAC DIN DIN
AAS-only refresh ACT NAC NAC DNC DNC OPN OPN
Hidden refresh ACT ACT ACT NAC ACT DouT DouT
CAB before FAS refresh ACT ACT ACT DNC DNC OPN OPN
Stand-by NAC DNC DNC DNC DNG OPN OPN

Nowe : ACT : active, NAC : nonactive, DNC : don’ t care, VIO : valid, IVD : (nvalid, APD : applied, OPN : open

BLOCK DIAGRAM _ _ _ _ _
ROW ADDRESS Voc (6.0V)
Lmsx :mT RAS CLOCK GENERATOR
GOLUMN ADORESS STROBE INPUTLCAS — CIRCUIT Vas (0V)
P CONTROL &
COLUMN ADDRESS STROBE NPmDmO"—J_ I:ﬂ:)_&ﬁiﬂ > fé
> bat
WAITE CONTROL ¢ fDm_ 2%z 0a2
'Y 1 LLOWER DATA
4 i [INPUTS / OUTPUTS
! =t Dce
] St
a-a9 |
a0 - COLUMN DECODER -
............... gz
M * + p- ggg
A2 Sl SENSE REFRESH 333
" §E AMPLIFER & | /1O CONTROL |9 bt
a4 st 1 UPPER DATA
DRESS INPUTS < am 4 INPUTS / OUTPUTS
AD INPUTS AS §3 L z§$
A8 g MEMORY CELL =18 <k
A7 (16777216BITS) s
853
A8
A9 &
N OE OUTPUT ENABLE
INPUT
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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 -1~7 v
\'2 input voltage With respect to Vss A~7 v
Vo Output voitage -1~7 v
lo Output current 50 mA
Pd Power dissipation Ta=25'C 1000 mw
Topr Operating temperatura 0~70 c
Tsig Storage temperature -85 ~ 150 c
RECOMMENDED OPERATING CONDITIONS (1a=0~ 70°C, uniess otherwise noted) (Note 1)
Limits
P: o Unit
Symbol arameter ™ Norn | M
Vee Supply voltage 45 5.0 5.5 v
Vss Supply voltage 0 0 0 v
Viu High-level input voitage, all inputs 24 8.0 Vv
Vit Low-level input voltage, all inputs -1 08 v
Note 1 : All voltage values are with respect o Vss.
ELECTRICAL CHARACTERISTICS (Ta=0~ 70°C, Voce5.0V £ 10%, Ves=0V, unless otherwise noted) (Note 2)
Limits
Symbol Parameter it Unit
Y Test conditions Min Ty Max |
VoH High-level output voltage oH=-5mA 24 Vee v
Vor Low-level output voltage loL=4.2mA 0 0.4 \"
loz Off-state output current Q floating, OVS Vour S 5.5V -10 10 pA
1 Input current OVSVIN 5 8V, Other inputs pins=0V -10 10 uA
Avorve supply current M5M418160B-6,-65| RAS, TAS cycling 150
from Vee operating tRe=twC=min,
lect vy M5M418160B-7,-7S| output open 130 mA
(Note 3,4,5) |M5M418160B-8,-8S 110
RASa CAS =Vin, output open 2
lcce Supply current from Vce , stand-by Note 6 — mA
PR v (w8 IS tAs Evec 02V o5
Average supply current M5M418180B-6,-6S ) 150
from \?cc retreshing RAS cycling, TAS= Vi
loca v M5M418160B-7,-7§| tRo=min. 130 mA
output open
(Note 3,5) |M5M418160B-8,-8S| 110
M5M418160B-6,-65
Average supply current RS V1. RS cycling i
M5M41B8160B-7,-75| tPc=min.
locyav) | Fast-Page-Mode oulput open 60 mA
(Note 3,4,5) [M5M418160B-6,-8S 50
jiverage supply current MEM4181608-6.65) eas before FIAS refresh cycling 1%0
5 BAS .7 .7g| tRC=min.
lecsav) m:de before AAS refresh M5M4181608-7,-78 | Uput open 130 mA
(Note 3) [M5M418160B-8,-8S 110
Note 2: Current flowing into an IC is positive, out is negative.
3:lec1 (AV), lee3 (AV) and iccd (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycie rate.
4: lec1 (AV) and lccd (AV) are dependent on output loading. Specified values are obtained with the output open.
5: Column Address can be changed ance or less while RAS=ViL and LCASAUCAS=ViH .
CAPACITANCE (Ta=0~ 70°C, Vocs5.0V + 10%, Vss=0V, unless otherwise noted)
Limits
mbol Paramete i i
Sy arameter Test conditions Vin Typ Ve Unit
Cia Input capacitance, address inputs 5 pF
Ci (B Input capacitance, DE input VisVss 7 pE
W Input capacitance, W input f=1MHz 7 pF
Ci#E | input capacitance, TAS input Vi=25mVrms 7 pF
Ci X8 Input capacitance, TAS input 7 oF
Ciio Input/Output capacitance, data ports 8 pF
A ELECTRIC 5-113
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

SWITCHING CHARACTERISTICS (Ta=0- 70°C, Voc=5.0V + 10%, Vse=0V, unless otherwise noted , see notes 6,13,14)

Limits
Symbol Parameter M5M418160B-8,-6S | M5M418160B-7,-7S | M5M418160B-8,-65 Unit
Min Max Min Max Min Max
teac Access time from CAS {Note7,8) 15 20 20 ns
tRac Access time from RAS {Note7,9) 60 70 80 ne
taa Column address access time (Note 7,10) 30 35 40 ns
tcPA Access time from TAS precharge {Nate 7,11) 35 40 45 ne
toEA Access time from OF (Note 7) 15 20 20 ns
(=¥ Output low impedance time from CASlow (Note7)] s 5 5 ns
1OFF Output disable time after CAS high (Note 12)| o 15 0 15 0 15 ns
e 74 Output disable time after OE high (Note 12) ¢} 15 [} 15 0 15 ns

Note 6: An initial pause of 500 ps is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles
containing__RAs clock such as RAS-Only refresh).

Note the RAS may be cycled during the initial pause . And ary 8 'RAS or RAS/CAS cycles are required after proionged 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.

8: Assumes that tRCD & tRCD(max) and tASC tASC(max).

9: Assumes that tRCD & tRCD(max) aNnd tRACS tRAD(ma). If tRCD OF tRAD i8 greater than the maximum recommended value shown in this table,

trac will increase by amount that trco exceeds the value shown.
10: Assumes that 1RAD & 1RAD(max) and tASCE tASC(max).

11: Assumes that tcP & tcPimax) and 1ASCE tASCmax).

12: torF(max) and toEz (max) defines the time at which the output achieves the high impedance state ( louss | 10 uA' ) and is not refersnce to

VoH(min) Of VOL(max).

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

(Ta=0 ~70°C, Vec=5.0V £ 10%, Vss=0V, unless otherwise noted , see notes 13,14)

Limits
Symbol Parameter M5M418180B-8,-6S | M5SM418180B-7,-7S |[M5M418160B-8,-8S Unit
Min Max Min Max Min Max

REF Refresh cycle time 16.4 16.4 16.4 ms
tap TAS high pulse width 40 50 60 ns
tRCD Delay time, RAS low to CAS low {Note15) 20 45 20 50 20 80 ns
tcap Delay time, CAS high to RAS low 10 10 10 ns
tRPC Delay time, RAS high to CAS low 0 0 0 ns
teen TAS high pulse width 10 10 10 ns
trRaD Column address delay time from RAS iow  (Note16) 15 30 15 35 15 40 ns
tAsR Row address setup time before FAS low 0 0 0 ns
tAsc Column address setup time before TAS low (Note17) 0 10 0 10 0 10 ns
1RAH Row address hold time after HAS low 10 10 10 ns
caH Column address hold time after CAS low 15 15 15 ns
toze Delay time, data to CAS low (Note18) 0 0 0 ns
1020 Delay time, data to OF low {Note18) 0 [) 0 ns
tcoo | Delay time, TAS high 1o data (Nowe19)| 15 15 15 ns
1000 Delay time, OF high to data (Note19) 15 15 1§ ns
tr Transition time {Note20) 1 50 1 50 1 50 ns

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

14: Vimin) and ViLmen) are reference levels for measuring timing of input signals.

15: tRe(max) i specified as a reference point only. If tRco is less than tRcoimax). access time is tac. If tRco is greater than tRCD(max), access

time is controlied exclusively by tcac or taa. tRCD(min) is specified as tRCD(min) =tRAH(min) +2tT+1ASC(min).
16: tRaD(max) is specified as a reference point only. If tRADZ 1RAD(max) aNd tASCS: tASC(max), access time is controlled exclusively by taa
17: tasc(max) is specified as a reference point only. i tRcDZ tRcD(max) and 1ASCE: tasc(max), access time is controlled exclusively by tcac.

18: Either tbzc or tbzo must be satisfied.
19: Either tcob or tobo mus? be satisfied.
20: t1is measured between ViHmin) and ViL(max).

5-114
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) CYNAMIC RAM

Read and Refresh Cycles
Limits
Symbol Parameter M5M418160B-6,-65 [ MEM4181608-7,-7S| M5SM418160B-8,-85| it
Min Max Min Max Min Max

IRe Read cycle time 110 130 150 ns
[ RAS low pulse width 80 10000 70 10000 80 10000 ne
tcas  [TAS low pulse width 15 10000 20 10000 20 10000 ns
tosH EAS hold time after FIAS low 80 70 80 ns
tasn | IRAS hold ime after CAS low 15 20 2 ns
s |Read Setup time after CAS high ) 0 0 ns
RCH Read hoid time after CAS low (Nots 21) 0 [ 0 ns
wr+  |Read hold time after RAS low (Note 21)| 10 10 10 ns
RAL Column address to RAS hold time 30 35 40 ns
t0ocH CAS hold time after OE low 15 20 20 ns
10”4 |RAS hold time after OE low 15 20 20 ns

Note 21: Either tRcH or tRRH must be satisfied for a read cycle.

Write Cycle (Early Write and Delayed Write)

Limits
Symbol Parameter M5M418160B-8,-6S | M5M418180B-7,-7S | M5M418160B-8,-85 |  unit
Min Max Min Max Min Max
twe Write cycle time 110 130 150 ns
tas | HAS low pulse wiith 80 10000 70 | 10000 80 | 10000 ns
tcAs CAS low pulse width 15 10000 20 10000 20 10000 ns
tcad | CAS hold time after RAS low 60 70 80 ns
tREH 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
tom.  |CAB hold time afier W low 15 20 20 ns
tew. | RAS hold time after W low 15 20 20 ns
twe Write puise width 10 10 15 ns
tos Data setup time before CAS low or W low 0 0 0 ns
tom Data hold time after CAS low or W low 10 15 15 ns
toen [ OE hold time after W low 15 20 20 ns
MITSUBISHI
ELECTRIC 5-115



M5M418160BJ,TP,RT-6,-7,-8,-6S,-75,-85

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

Read-Write and Read-Modify-Write Cycles

Limits
Symbot Parameter M5M418160B-6,-65 | M5M418160B-7,-7S | M5SM416160B-8,-85 Unit
Min Max Min Max Min Max

tRwe Read write/read modify write cycle time (Note22)[ 156 180 200 ns
tras | RAS low pulse width 105 10000 120 10000 | 130 10000 ns
lcas CAS low pulse width 80 10000 70 10000 70 10000 ns
s |CAS hold time after RAS low 105 120 130 ns
s | RAS hold time after CAS low 60 70 70 ns
tcs | Read setup time before CAS low ] 0 ) ns
wwo | Delay time, CAS low to W low (Note23)| 40 45 45 ns

["swo | Delay time, RAS low 1o W low (Note23)( g5 95 105 ns
tewn  |Delay time, address to W low (Note23)| 55 80 85 ns
tewe | CAS hold time after W low 15 20 20 ns
ww  |FAAS hold time after W low 15 20 20 ne
we Write pulse width 10 10 15 ns
n§ Data setup time before W low 0 0 0 ns
toH Data hold time after W low 10 15 15 ns
lOEH OF hokd time after W low 15 15 15 ns

Note 22: tawc is specified as tRWC(min)=tRAC(max)+10DO(min)+tRWL{min)+1RP(min)+51T.
23: twes, tewp,1rwD and tawp and,tcpwo are specified as reference points only. If twese twes(min) the cycle is an early write cycle and the
DQpins will remain high impedance throughout the entire cycle. If tcwp&icwn(miny, IRWDZtRWOD (min), IAWDEZ IAWD{min) and ICPWD & {CPWD(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 CAB or OF goes back to V) is indeterminate.

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

Limits
Symbol Parameter M5M418160B-6,-6S | M5SM418160B-7,-75 [M5M418160B-8,-85 |  Unit
Min Max Min Max Min Max

trc Fast page mode read/write cycle time 40 45 50 ns
tPRWC | Fast page mode read write/read modify write cycle time 85 95 105 ns
tras RAS low pulse 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
tecrn | RAS hold time after CAS precharge 35 40 45 ns
tcewp [ Delay time, CAS precharge to W low (Note23)| 60 85 70 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: tcpimax) is specified as a reference point only.

CAS before RAS Refresh Cycle (Not27)

Limits
Symbol Parameter [M5M41B160B-6,-65 |M5M418160B-7,.7S | MSM418160B-6,85 |  pit
Min Max Min Max Min Max
icsh [ CAS setup time before RAS low 10 10 10 ne
icvn | 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 necassary for proper operation of CAS before RAS refresh
mode.

5-116 ELECTRIC
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M5M418160BJ,TP,RT-6,-7,-8,

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

ROW
ADDRESS

tcgpp
tasR

tRP

tRPC
{CPN

tcop

{OFF

toEZ

tobo

DATA VALID

thRe
{RSH
tcAs
tRAL
Hi-Z

tcsH
tCAH
tCAC
tcLz

COLUMN
ADDRESS.

RCD
RAD
Hi-Z

tRAH

[N tasc [y

tRAC

tOEA

focH

fORH

tbzo

[9]
<
S
=1
2
2
S

\‘EJTPUTS

Timing Diagrams (Note 28)

Read Cycle

:

RAS

VIH(min.) S VIN & ViH(max) or VIL(min.) S VIN S Vit(max)

Indicates the don't care input.

Indicates the
invalid output.

#

Note 28

N Indicates the skew of the two inputs.
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Upper / (Lower) Byte Read Cycle

tRe
tRAS tRP
L tRSH /
RAS
tcsH tRPC tcrP
tRCO tcas tcPN
UCAS \ Z
(or [CAS)
tCAH PC tcrp
[CAS
tRAD tRAL
{or UCAS) »
tASR 3_‘:” tasc tasR
COLUMN ROW
Ao-As ADDRESS ADDRESS
tRRH
{RCH
w
DQ1-DQs
(or DQe-DQ116)
OUTPUTS Hz
tbzc N tcac tcop |
INPUTS HZ
tAA
DQe-DQ1s ¢ o
{or DQ1-DQE) teLz
Hi-Z Finvaii
OUTPUTS "g’g';’x DATA VALID —
tRAC
{DZO ‘ toEA »
(-)—E e tocH
I
MITSUBISHI
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M5M418160BJ,TP,RT-6,

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

Write Cycle ( Early write)

we

tRP

tRPC

tcrp

tRAS

tcsH

tRSH

tcas

R

ROW
ADDRESS

tcaH

COLUMN
ADDRESS

twcH

tOH

treD

C

tRAH

tchRP

UCAS/ LCAS

SR

1A

ROW
ADDRESS

Ao-As

=

DATA VALID

DQ1-DQ1e

Hi-Z

5-119
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

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

we

RP

|t

tcRe

tCRP

tRPC

RAS

1

tcsH

tRSH

tcas

AsSR

ROW
ADDRESS

{CAH

COLUMN
ADDRESS

tWCH

Hi-Z

tox

tRCD

tasc

XX

tRAH

RAS

l‘l_(ﬁ’
5

)

UCAS
A

(or Lt

{CRP

tasR

ROW
ADDRESS

LCAS

(or UCAS)

X

Ao-Ag

INPUTS

OUTPUTS

tos

DATA VALID

2]
jud
po ]
a
Z

Hi-Z

OUTPUTS

DQi1-DQe
{or DQe-DQ16)

DQe-DQ16
(or DQ1-DQs)

Amsumsu
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M5M418160BJ,TP,RT-6,-7,-8,-6S,-75,-85

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

Write Cycle ( Delayed write )

twe

28
o
- |25
g <
'S m %
£ 2
S
26
o
.0000
-'.*.
% g o
(3 3
Py
o -] g N
HS T
g g
<
2 . =
2
£ 8
g
2 m z8
11 Mm.‘.
% 2x
£ 80
a N
0% 3 m
CH o
W N
Q
w 3 a m
5
x
£ ]
2w
o
To
2 ?
[
hy m
() w
2 =
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g 8
2 2 leﬁ
> L = a
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

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

UCAS
(or LCAS)

LCAS
{or UCAS)

Aoc-Ag

g

INPUTS

DQ1-DQe
{or DQe-DQ18)

OUTPUTS

INPUTS

DQe-DQ1s
(or DQ1-DQs)

QUTPUTS

tRAS

AP

tcsH

tCRP

tRcD

tRSH

tRPC  ICRP

tcas

tcRP

tRPC
tcrp

tRAH

{AsC tCAH

4

tasA

ROW
)( ADDRESS

COLUMN
ADDRESS

ROW
ADDRESS

tRwWL

o
SORHL

SN0

%
ote®
Petel

tWeH

1
i

Hi-Z

toH

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

Read-Write, Read-Modify-Write Cycle

tRwC
tRAS tRP
_—
s \ /N
< tcsH
« 4 tRPC
tCRP tRCD tASH tcrp
tcAs
UCAS/ LCAS
tRAD
fASR | | tAAH fasc . tcan N tAsR
Ao-Ao ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
towo towL
tAWD
tRWD tRWL N
w tRCS
tRAC
tpzc tcac
tan . s | toH
L INPUTS HiZ DATA VALID
D1-DQne
OUTPUTS HiZ
toEH
[
OE

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

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

tRwC
tRAS tRP
—_—
s \ /N
tesH
N tRPC
tCRP tRCD tRSH IcAP
" tcas
TCAS /
(or [CAS)
CRP FC  teae
LCAS
(or UCAS}
R RAH c fcAH tASR
¢ > ‘&' ¥ F—-D
—
Ac-Ae ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
town towL
e tawp »
tRWD X tRWL
w B N
{RCS twp
[ R
DQ1-DQs
(or DQe-DQu16) il >
OUTPUTS a2
tos tDH
NN AR AR AR XD
INPUTS DATA VALID | YG0SK0NXXRHRHANRN
DQe-DQ16
{or DQ1-DQe)
'_BUTPUTS
OF
MITSUBISHI
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

RAS-only Refresh Cycle

ROW
ADDRESS

tre

tcrP

tRPC

tRC

tRAS

7/

@

¥e

*,

v
£

*
.0

7
)

*
)

7
A

O

5

o,
.0
-

&
%

9

o
*

0.

N/

%5

+
X)

257
'9 *
a

o
*
¥,

55

-
)
)

5

55

N/
5
.‘

55

a

N

¥

(X

v

)
<
a

-
+
-

7

5

'

v
<,

.
5%
'

(7

9
®,

7
-

\ 7
&%
&

5

o

00

5

s

50
’0

X

NS
A

()

[
*

RAS

tcRP

UCAS/ LCAS

ROW
ADDRESS

Aoc-As

Hi-Z

OuUTPUTS

DQ1-DQ1e

w
o
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M5M418160BJ,TP,RT-6,-7,-8,-65, -75,-6¢

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

CAS before RAS Refresh Cycle

{AC

tRC

L 4

tRAS

RAS

_/

tRPC

tcsR

UCAS/ LCAS )

g

toFF

tRPC {csr

tCHR

trp

tRPC

tcrpP

tcop

INPUTS

DQ1-DQ16

[S?TPUTS .

Hi-Z

ROW
ADDRESS

0'0'0;0;0'0'0'0'0'0'0‘0"0

(D

@, 8% 0.0.0"0.

LTSN
SRR

tobD
o ’0:1»:0:0:0.0’0:0:0:0:0:0:0:0:0:0:9:0
MITSUBISH!
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M5M418160BJ,TP,RT-6,-7,-8,-15, - 7't3,- 855

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

Upper/(Lower) CAS before RAS Refresh Cycle

RAS

UCAS
(or LCAS)

LCAS
(or UCAS)

Ao-As

]

INPUTS

DQ1-DQs
(or DQe-DQ18)

QUTPUTS

INPUTS

DQe-DQ16
(or DQ1-DQeg)

OUTPUTS

tRP trc trRC
tap |
tRAS {RAS »
: | trrc tcRP
tRPC tcsr RPC tcsR
tcPN
tRPC tcAp tRPC tcRP tRPC tcRP
tAsSR
> ROW
ADDRESS
tRCH
—

O
S ISHAAHSD

toez

Hi-Z

tcob

1OFF
[—>

toez

Hi-Z

AN NN AR A A A A A A A A A
I
PSS SIS

ELECTRIC 5-127
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M5M418160BJ,TP,RT-6,-7,-8,-55,-75,-8%

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

Hidden Refresh Cycle (Read) (Note 29)

tRC L tRC
tRAS tRP {RAS tRP
_——
AAS \ \
tRPC
tCRP tRCD tRSH iCHA tcRP

UCAS/(CAS

tRAD

WsA | |imad |asc tcAH tASR
ROW COLUMN ROW
Ac-As ADDRESS ADDRESS ADDRESS
tRAL

w

| tozc

tcoo
INPUTS Hi-z
4 A
tCAC
DQ--DQ1s Fac » tOFF
tciz Q
OUTPUTS _HiZ {@( DATA VALID
tozo 1OEA toez
¢ tobpd

== R IR )
OE Go S0 0 00

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.
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M5M418160BJ,TP,RT-6,-7,-8,-£:"i, -7 &)= &t

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

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

tRC 0 tRC
tRAS tRP tRAS | {RP
* —
AAS / \ gris A
tRPC
tRCD tASH = tcRp
tcrP {CHR
LCAS \ /
(or LCAS)
tcrp tcrrP
[CAS W
(or UCAS)
{RAD
1AsC tcAH sk
Ash | (tRan Ase |, > -
Ao-Ag ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
LIRCS
tRAL tRAH
.
INPUTS
D1-DQe
(or DQe-DQ1e)
OUTPUTS Hiz
e tozc tcop
HI-Z
tcac
DQe-DQ1e tOFF
(or DQ1-DQs) tcLz
OUTPUTS ‘";’;L‘E)@ DATA VALID
| tOEZ
toea | _tooo
tORH
—_ AK 0’ KKK
OE /_000 QRRHHRS

Note 29: Eaﬂy 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 thai of each cycle shown above

ol sy
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M5M418160B4,TP,RT-6,-7,-8,-I ,..,,,-.'i'!‘ -8‘--»

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

Fast Page Mode Read Cycle

1CSH trc {CPRH

RAS N ey \

tRPC
tcAP tRco  foas tep tcAs tcp tcrP
r_. iy 1CAS
UCAS/ LCAS y

v

" tRAD . tRAL
tasm tRAH tasc CAH tCAH
> e [—>| ! MS& tcaH :l tAsC }ASR

ROW
ADDRESS

Ao-As | Row ‘COLUM | | COLUMN
| ADDRESS AGDRESSH ADDRESS-2
taa
_’tFlCH
tRCS IRCS

tozc
- v tcop toze tcop Ioze teoo

-

Hi-Z
INPUTS
tcac tcac S
DQr-DQ1s orr o CAC I:g,:,;
e
tcwz tc.z FF e ez |
Hi-Z 3{ DATA DATA N DATA
OUTPUTS Vo vaniz D JDATA, }_
= 1oPA tcPa
tRAC > ,
=)
toEz toEZ toEz
e | tozo ‘mzo 1OEA
tozo {0EA tOEA toop
" toop
v’v’v.v.v’v . ST P tocH tocH oo tocH
OE 0.0:0:0:0:0:0:0’ :0: &
AR AR AAA ‘A&A’&
MITSUBISHI
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M5M418160BJ,TP,RT-6,-7,-8,-

S, 1,815

e -

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

Upper/(Lower) Fast Page Mode Read Cycle

tRAS tRP
{CPRH
tCSH trC tRSH
—_— [
RAS \ / \.
{RPC
terp tRcD tcas tcP tcas tcp tcas tcRP
+ e
UCAS \ \ -
{or LCAS)
teap PFC_y tcRe
LCAS
(or UCAS)
tRAD tRAL R
tsh | |Ran tasc || fean 1ASC toan tasc | tc»i SR
" Row COLUMN COLUMN COLUMN ~ [N ROW
Ac-hs | ADDRESS §®< ADDRESS-1 Q@Z ADDRESS-2 @g{ ADDRESS-3 g@ ADDRESS
tRRH K
s L' tar
tACS 1’1‘,"" tRCS RCH  “tres ]
BB \4
—
INPUTS §
DQ1-DQe
{or DQe-DQhie) Hi-Z
LSUTPUTS
tcoo toze
. toze toze tcoD -
Hi-Z
INPUTS —D
N ™
DQe-DQhe toac torF fcac tOFF el N {OFF
(or DQ1-DQs) ez o e— terz le—) oLz
Hi-Z
ATA ATA DATA
_OuTPUTS %{ VALID-1 VALID-2 |/ VALID-3 }'_'
L tcpa toea Ry
F »
toEz 182 | (1020 |toEA tOEE_’
1000
R — tocH
BE ateatitets
ACREERS
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M5M418160BJ,TP,RT-6,-7,-8,-6S,-75,-8

I

“
N
e

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

Fast Page Mode Write Cycle ( Early Write )

tRAS
tRP
tesH R tpe ¢
— tRSH
RAS \ / \.
tRPC
tcRP
tcRp tReo tCAS fcP 1__fcas tcp tcas
UCAS/ LCAS §\
tasR tRAH tasc
SR | L__‘ foan tsc | LR tasg | tcAH A

ROW " COLUMN COLUMN COLUMN ROW
Ac-As :><wonss | ADDRESS-1 }@( ADDRESS-2 E@( ADDRESS-3 E@gAODHESS

— [tweH twes tweH twes
w
tos 1DH s, toH JDs| toH
INPUTS DATA VALID-1 @ DATA VALID-2 m DATA VALID-3
DQ1-DQ1s
OUTPUTS HiZ
OE

MITSUBISHI
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M5M418160BJ,TP,RT-6,-7,-8,-

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

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

tRe

ICRH

tAPC

I
ROW
IADDRESS

ICRP
tASR
—

tRPC

tnsu["

tCAH

tDOH

COLUMN
ADDRESS-3

]

tc

trc

/

lcas

twcs

tCAH

weH

OLUMN

tDs

DATA VALID-3

toH

tcp

tcsH

{CAS

ADDRESS-2

fasc
twes

tCAH

Hi-Z

DATA VALID-2

oH

tRCD

COLUMN
ADDRESS-1

tasc

f:]AH

tcRP

UCAS

{or LCAS)

tasR
e

tCRP

ROW
ADDRES

)

INPUTS

OUTPUTS

tDs

DATA VALID-1

Hi-Z

OUTPUTS

LCAS
(or UCA!
Ao-A9
w

DQ1-DQe
{or DQe-DQI16)

DQe-DQ1e
(or DQ1-DQs)

5-133
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M5M418160BJ.TP,RT-6,-7,-8,-65,-75,-85

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

Fast Page Mode Write Cycle ( Delayed Write )

tRSH R
thas > t"p
tcsH tpc »
i \ /N
tRPC
tcRP tRCD . tcas 1cp tcas teRp
— l&
A
IASR mﬁH sc tcAH tAsC fcaH [trwe tASR
Ao-Ag ROW COLUMN COLUMN ROW
JADDRESS, ADDRESS-1 ADDRESS-2 ADDRESS
tRCs twecH . fRes tWCH
7 " -
towt
W twp
toze
DQ:-DQ1s
] tcLz ez
! Hi-Z
i—OUTPUTS
JoEz toEz
toEH TOEH N
100D oop
o \_/
MITSUBISHI
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M5M418160BJ, TP,RT-6,-7,-8,-61, 75,615

Ty W -
Ve ST

258

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

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

. tRSH
1RAS ’ tRP
tCsH trc R
e /N
tRPC
tchP tRCD . tcAS tep " IcAs tcRP
S /N
(or LCAS)
PC
tcRp tcRP
[CAS
(or OCAS)
taD_,
tASR E:H tAsC tCAH =tAsc tCAH tRWL ASR
Acho ROW COLUMN . ROW
DDRESS ADDRESS-1 ADDRESS
twen
w
[TNPUTS ey
.‘6’6’."’.’."‘.‘A"’.’.’.’.
DQ1-DQs
{or DQs-DQite) .
| outeuts Hi-Z
toze ID:’ {DH tozc tos toH
INPUT: A DATA DATA
uTs 3% VALID-1 VALID-2
DQe-DQ1s tpzo =3
(or DQ1-DQs) tcLz terz
OUTPUTS ¢ Hi-2
toEZ
toez oem tOEH ;
j (a]sls} toop |
o3 \_/
MITSUBISHI
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M5M418160BJ,TP,RT-6,-7,-8,-G"

P LN Py (2
3y 145,88

~
»

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

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

‘ tRas ’ e
—_— IcsH tRSH >
L tPRWC N
1cRP " tRCD tcAS . tcp tcas PC IcRP
UCAS/ [CAS
tRAD_
WsR | [tRAN tAsC 1CAH tasc tcan )
Ao-Ao ROW COLUMN COLUMN ROW
DDRESS ADDRESS-1 ADDRESS-2 ADDRESS
tRCS tweH o | tres tweH N
tawD towL tawD %w':
W m 16wp o 2 \ e
tRAC
7Y
tozc DS H
— toze o R e o2
AAAAAARAARA X )
INPUTS DATA DATA R ESSRREN
VALID- o VALID-2 R
N tozo ’
DQi-DQ1e
oLz tcLz
DATA DATA
VALID-1 - ALID-
OUTPUTS HiZ e
- o toez JOEA
tozo toE2 10EH
toDD Lol
1oDD
o
MITSUBISHI
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M5M418160BJ,TP,RT-6,-7,-8,-5¢1 -

VR e

Ti5,-80

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 N
il tRP
. tcsh tRASH R
s N / \
tPRWC PC
cRP " tRCD fcAs | top . tcAS teRP
S \ /N
{or LCAS)
ICRP tRPC  torp
LCAS
{or OCAS)
tRAD
tAsR I tcaH tasc tcan tASR
Ac-A9 ROW COLUMN COLUMN ROW
IADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
tRCS WeH
5 tWCH tRes
tAWD tawp
¢ towt N
w tcwp twp WP
+ tewo
o
DQ1-DQs
(or DQo-DQi16)
|_outputs “"-l‘—z |
tAA 1AA
I
toze tcAG s| [bn oz tcac tos oK
g j—> >
DATA DATA OO ORI
INPUTS 200 00000 0 0% % %
VALID-1 \ VALID-2__J/RSARIRRR
DO»-DQ1e tozo »zo
{or DQ1-DQe) ) tciz tcz
DATA | DATA
OUTPUTS VALD-1 Hi-Z VALID-2
toEA
tOEA
toez
toez tOEH
tooo tOEH )
tooo
OE
MITSUBISHI
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M5M418160BJ,TP,RT-6,-7,-8,-(

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

SELF REFRESH SPECIFICATIONS

Selt refresh devices are denoted by "S” after speed item, like -6S /-7S/-8S. The other characteristics and
requirements than the below are same as normal devices.

ELECTRICAL CHARACTERISTICS

(Ta=0~ 70°C, VccsSV +10%, V88=0V, Unless otherwise noted) (Note 2)
Limits
P 1-] Test conditions Unit
Symbol arameter Vin Typ ax
Average supply current
lcs v | from Vo MsM4161608 RAS = CAS S 0.2V 400 “A
Self - Refresh cycle s

TIMING REQUIREMENTS (Tax0~ 70°C, VccaSV + 10%, Vss=0V, unless otherwise noted See notes 13,14)

Limits
Symbol Parameter MS5M418180B-65 | MSM418160B-7S | M5M418180B-8S | unit
Min Max Min Max Min Max
trass | Self Refresh RAS low puise wiith 100 100 100 us
1RPS Self Refresh FAS high precharge time 80 110 130 ns
1cHs Self Refresh RAS hold time -50 -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 tNSS 16.4 ms and tSN S 16.4 ms.

tNs tsn
-------------- =TT MM
DISTRIBUTED REFRESH
<1K/16.4 ms >

DISTRIBUTED REFRESH
<1K/18.4 ms >
(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
BURST REFRESH
< 1K/ 16.4ms > BU!:S;I"( I;Efﬁiri
MITSUBISHI
5-138
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M5M418160BJ,TP,RT-6,-7,-8,-

tRPS

tcRp

tRPC

tAsR

ROW
ADDRESS

tCHS

1}

iF

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

tcsR

.\

tRPC

tcPN

¢
)

55

9.

&

o%
S
Hi-Z

+.

<
*
Re

*
7
o,

oY

D

55

%5

*

*

S

5

)
L2

5

55

(X

)

*

X/
X

)

P

/
&>

(7
250

5

.
¢

o ¥

50

)‘msus:su

)

55

L/
<+

)
()

¢
<
()

&
&

L/
*

A

o5

5

&

<
&

59

55

7

5

%e%

>,

*
¥

C’v

&
’0

58
3

*

%

&
7

tRCH

{OFF

*

Self Refresh Cycle

UCAS

Ao-Ae

speteleds
0?0?.?.
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M5M418160BJ,TP,RT-6,-7,-8,-6S,-75,-85

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

Upper/(Lower) Self Refresh Cycle*

ICFIi:.

tRPS
tCRP

tAPC
fcHS
RPC

tcsh
tcRP

tRP
{CPN
C

tRPC
tRP!

RAS
UCAS

(or (CAS)
LCAS

(or OCAS)

AELECTHC
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