M5M418160BJ,TP-6,-7,-6S,-7S

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

MITSUBISHI LSIs

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

FEATURES
AAS CAS | Address | OF | cycio Dower
Type name time B:::‘ time time time !l:)?
(max.ns) | (max.ns)| (max.ns) | (max.ns) | (min.ns) | {typ.mW)
M5M418160BXX-6,-65| 80 15 30 15 110 680
M5M418160BXX-7,-7S| 70 20 35 20 130 580
XX=J, TP
e Standard 42pin SOJ, 50pin TSOP
® Single 5.0V £ 10% supply
o Low stand-by power dissipation
5.5MW (Max) «evevrrrnsnnraeanneina, CMOS Input level
® Low operating power dissipation
M5M418160Bxx -6, -6S «r+-:+ R 940.0mW (Max)
M5M418160Bxx -7, -7S ------ tereaae - +++ 830.0mW (Max)

@ Fast-page _mode, Read-modify-write,RAS-only refresh, TAS
before RAS refresh, Hidden refresh capabilities

o Early-write mode and OE to control output butfer 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)

(5.0V)vec O [T;Vss (0V)
D1 ' | oatampuTs:
DATA INPUTS/ ] DQz X
OUTPUTS | DQa OuTPUTS
DQ4
(5.0V)vee [vas(0V)
D
DATA iNPUTS/ ] DQe(] g DATA INPUTS/
ouTpuTs ) DQr X & OUTPUTS
[
s LOWER BYTE Ci
,OOLU\NW
WAITE COE‘TRSL\ § OCAS sI;’PalfBVTE CONTROL
ROW ADD RA [ %wm
STROBE INPUT "y & T ENABLE SPUT
ADDRESS
ADDRESS INPUTS
INPU
(5.0V)Veel] Vss (0V)

DATA INPUTS/
OUTPUTS

DATA INPUTS/ ] DQe ] DATA INPUTS/
OuTPUTS | DQr K] E OUTPUTS
DQe %l i
-k
NC 2
o STROBE INPUT
wriTe conTroL_ NC T 1 NULCAS' | ppen BYTE coNTROL
ROW ADDRESS RAS B SRS GO0 T
STROBE INPUT "o i B O e QUTPUT ENABLE W
NC [
Ao ADDRESS
ADDRESS A2
INPUTST A2l INPUTS
A3
(5.0V) Ve Rves ov)

Outline 50P3W-L (400mil TSOP)
NC : NO CONNECTION
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M5M418160BJ,TP-6,-7,-6S,-7S
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

FUNCTION

The M5M418160BJ,TP provide, in addition to normal read,
write, and read-modify-write operations, a number of other

Table 1 Input conditlons tor each mode

functions, e.9., fast page mode, RAS-only refresh, and delayed-write.
The input conditions for each are shown in Table 1.

Operation _ _ |ipits _ _ Input/Output
RAS LCAS UCAS w OE DQ1~DQ8 | DOR-~DO1S
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 Bybe Writo ACT ACT NAC ACT NAC DIN DNC
Upper Byte Write ACT NAC ACT ACT NAC DNC DIN
Word write ACT ACT ACT ACT NAC DIN DIN
RAS-only refresh ACT NAC NAC DNC DNC OPN OPN
Lower By 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
TS belore FAS refresh ACT ACT ACT DNC DNC OPN OPN
Stand-by NAC DNC DNC DNC ONC OPN OPN

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

BLOCK DIAGRAM

ROW ADDRESS
STROBE INPUT Ras

LOWER BYTE CONTROL _____
COLUMN ADORESS STROBE INPUTLCAS

CLOCK GENERATOR
CIRCUIT

Voc (5.0V)

Vas (0V)

CONTR! ;4
COLUMN ADDRESS STROBE TPUTUCAS l@.@iﬁ“ - fﬁ oot
=
iga
3>\ UPPER [ DQ2
WRITE CONTROL —d -
weur W R Y ¢ Liowen aTa
\d ¢ [INPUTS / OUTPUTS
INEN ;
<t Dae
=
Y o232
Ao-A0 |
20 COLUMN DECODER -
............... gz2 L
N 1 ! o gﬁg (oo
A2 ™ SENSE REFRESH 353
a3 3 ] AMPLIFER & 1 /0 CONTROL [ e @L-
u O3 ! -
po ] T 1
ADDRESS INPUTS < ¢ ‘83 >{ets E
: £ ‘
As MEMORY CELL o (Opae
A7 (18777216BITS) 29,‘53
o L
I —
OUTPUT ENABLE
v - OF INPUT
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M5M418160BJ,TP-6,-7,-6S,-7S

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

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unlit
Vee Supply voltage -1~7 v
Vi Input voltage With respect to Vas A~7 Y]
Vo Output voltage A~7 \
lo QOutput current 50 mA
Pd Power dissipation Ta=25°C 1000 mwW
Topr Operating temperature 0~ 70 <
Tsig Storage temperature -85 ~ 150 c
RECOMMENDED OPERATING CONDITIONS (Tas0~ 70°C, unless otherwise noted) (Note 1)
Limits
Symbol Paramete Unit
y @ ! Min Nom | Max
Vee Supply voltage 45 5.0 55 v
Vss Supply voitage [ 0 0 Y]
ViH High-level input voitage, all inputs 24 6.0 v
ViL Low-level input voltage, all inputs -1 0.8 v
Note 1 : Ali voltage values are with respect to Vss.
ELECTRICAL CHARACTERISTICS (Ta«0~ 70°C, Voca5.0V 1 10%, Vas=0V, uniess otherwise noted) (Note 2)
Limits
Symboi P, 191 o Unkt
ymi arameter Test conditions ™ T Vax ni
Von High-level output voltage {oH=-5mA 24 Vee v
VoL Low-level output voitage loLed.2mA 0 04 v
loz Off-state output current Q fioating, OV S Vour S 5.5V -10 10 uA
1 Input current OVEViN g 8V, Other inputs pins=0V -10 10 L
Average supply current M5M4181608-6,-88| gae 170
lcci vy | from Vee operating m_ﬁgﬁlﬁy_c“w mA
(Note 3,4,5) (M5M4181608-7,-7S| output open 150
FAS. CAS =Vw, output open 2
lecz Sabpy surrent "‘mo‘{:g)v M5M4181608-6,-7 | AAB= CAS &Vee -0.2V, output open 1 mA
MsM4181608-65,-7S | RAS= CAS Ve -0.2V. output open 0.3
Average supply current MS5M418160B-6,-8S| HAS cycling, TAS= 170
Icca avy | from \?cc refreshing mc_,:?r'flmg' Vi mA
(Note 3,5) [M5M4181608-7,-7S| output open 150
Average supply cutren M4181608-6,-6S .
from ee M RAS=vi. TAS cycling 85
lccaavy Fast-Page-Mode tP&;n{m.p‘" mA
output of
(Note 3,4,5) M5M418160B-7,-7S 75
f\verage supply current MSM418160B-6,-65| TAT before FAS refresh cycling 170
lcceay) | 'CAS before RAS refresh m’g‘ n mA
mode Po
(Note 3) [M5M418160B.7,-75 150
Note 2: Current flowing into an IC is positive, out is negative.
3:Icct (Av), [cc3 (av) and [CC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4:IcC1 (AV) and Icc4 (Av) are dependent on output loading. Specified values are obtained with the output apen.
5: Column Address can be changed once or less while =Vit and LCAS/AUCAS=VIH .
CAPACITANCE (Ta=0~ 70°C, Vcca5.0V + 10%, Vss=0V, unless otherwise noted)
» Limits
Symbol Parameter Test conditions Nen Tve Vax Unht
Ciy Input capacitance, address inputs ] pF
Ci(OF) Input capacitance, OE input VisVss 7 pF
Ci# Input capacitance, W input f=1MHz 7 pF
C FRS) Input capacitance, RAS input Vi=25mvrms 7 pF
Cr &x%) Input capacitance, CAS input 7 pF
Ciro inpuvOultput capacitance, data ports 8 pF
x MITSUBISHI
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M5M418160BJ,TP-6,-7,-6S,-7S

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

SWITCHING CHARACTEH|ST|CS {TamD~ 70°C, Vccu5.0V + 10%, Vss=0V, unless otherwise noted, see notes 6,13,14)

Limits
Symbol Parameter MS5M4181608-6,-8S | M5M418160B-7,-7S [ Unit
Min Max Min Max

tcac  |Access tima from CAS (Note7,8) 15 20 ns
RAC Access time from RAS (Note7,9) 80 70 ns
A Column address access time {Note 7,10) 30 35 ns
1CPA Access time from TAS precharge {Note 7,11) 35 40 ns
toea | Access time from OE (Note 7) 15 20 ns
iz [Output low impedance time from CAS low (Note?) [ s 5 ns
toff |Output disable time after CAS high (Note12) | © 15 0 15 ns
toez Output disable time after OE high {Note 12) Q 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
containing a AAS clock such as RAS-Only refresh). o

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=-5mA) and VOL=0.4V(IOL=4 2mA).

Assumes that tRCD& tRCD(max) and 1ASC & tASC(max).

© ®

trac will increase by amount that tRep exceeds the value shown.
10: Assumes that tRAD & tRAD(max) nd tASCR TASC(mmx).
11: Assumes that tce & 1cP(max) and tASC R tASCimax)

12: toFF(max) and toEZ (max) defines the time at which the output achieves the high impedance state ( lours |+ 10 A ) and is not reference to

VoH(min} O VoLmax).

: Assumes that tRcDS tRCOpmax) and tRAGS tRAD(max). f tRCO OF tRAD i8 greater than the maximum recommended value shown in this table,

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

{Ta=0 ~70°C, Vcce5.0V £ 10%, Vss=0V, unless otherwise noted , see notes 13,14)

Limits
Symbol Parameter M5M418160B-6,-65 | M5SM418160B-7,-7S | Unit
Min Max Min Max
REF Rafresh cycie time -8, -7 16.4 16.4 ms
tReF Refresh cycle time -6S, -78 128 128 ms
tRP RAS high pulse width 40 50 ns
taco | Delay time, RAS low to CAS low (Note15)| 20 45 20 50 ns
cre | Delay time, CAS high to RAS low 10 10 ns
tRPC Delay time, RAS high to CAS low 0 0 ns
1cPN CAS high pulse width 10 10 ns
TRAD Column address delay time trom RAS low (Note16) 15 30 15 35 ns
SR Row address setup time before RAS low 0 ) ns
asc Column address setup time betore CAS low {Notet?7) 0 10 0 10 ns
tRAH Row address hold time after FIAS low 10 10 ns
tCAH Column address hold time after CAS tow 15 15 ns
tozc Delay time, data to CAS low (Note1B) 0 0 ns
tozo Delay time, data to OF low (Note18) 0 0 ns
tcop Delay time, CAS 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 requiremaents are assumed 1T =5ns.
14; Viigmin) and ViLimax) are reference levels for measuring timing of input signals.
15: tRcD(max) is specified as a reference point only. If 1RCD is 888 than tRCD(max), access time is tRAC. If tRED is greater than tRCD(mex). access
time is controlied exclusively Dy 1CAC Of tAA. tRCO(min} i8 spacified as tRCO{min) =tRAH(min) +21T+1ASC(min).
16: tRAD(max) is Specified as a reference point only. If tRADE: tRAD(max) aNd ASCS tASC(max). access time is controlied exclusively by taa.
17: tasc(max) is specified as a reference point only. If tRCD tRCO(max) and 1ASCR 1ASC(max). access time is cantrolled exclusively by tcac
18: Either tpzc or tbzo must be satisfied.
19: Either tcpp or 1000 must be satisfied.
20: tTis measured between ViH(min) and ViLimax)

MITSUBISHI
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M5M418160BJ,TP-6,-7,-6S,-7S

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

Read and Refresh Cycles

Limits
Symbol Parameler MS5M416160B-6,-85 | M5SM418160B-7,-7S Unit
Min Max Min Max
tRC Read cycle time 110 130 ns
tRAS RAS low pulse width 60 10000 70 10000 ns
tcas TAS low puise width 15 10000 20 10000 ns
tcsh  |CAS hold time atter RAS low 60 70 ns
tRSH BAS hoid time atter CAS low 15 20 ns
tres Read Setup time before CAS low 0 0 na
[ Read hold time atter CAS high (Note 21) 0 [ ns
e [Read hoid time after RAS high (Note 21) 10 10 ns
tRAL Column address to AAS hold time 30 35 ns
tocH CAS hold time after OF low 18 20 ns
tord  [RAS hoid time atter OF low 1§ 20 ns
Note 21: Either tRck or tRr must be satisfied for a read cycle.
Write Cycle (Early Write and Delayed Write)
Limits
Symbol Parameter M5M418160B-6,-65 | M5M418180B-7,-7S |  ynat
Min Max Min Max
twe Wirite cycle time 110 130 ns
tas | RAS low pulse width 80 10000 70 10000 ns
1cas | CAS low pulse width 15 10000 20 | 10000 ns
csh | CAS hold time after RAS low 80 70 ns
tAsH HAS hold time after CAS low 15 20 ns
wes | Write setup time before CAS low (Note 23) ) ) ns
twcH | Write hold time after CAS low 10 10 ns
tow TAS hold time after W low 15 20 ns
trwt | RAS hold time after W low 15 20 ne
twe Write pulse width 10 10 ns
tos Data setup time before CAS low or W low ] 0 ns
1DH Data hold time after CAS low or W low 10 15 ne
106H OE hold time after W low 15 ns
MITSUBISHI
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M5M418160BJ,TP-6,-7,-6S,-7S

16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

Limits
Symbol Parameter M5M418180B-6,-6S | M5M4181608B-7,-78 Unit
Min Max Min Max
tRWC Read write/read modify write cycle time (Note22) | 155 180 ng
RAS RAS low pulse width 105 10000 120 10000 ns
1CAS CAS low pulse width 60 10000 70 10000 ns
tcsd | CAS hold time ater RAS low 105 120 ns
REH RAS hold time after CAS low 80 70 ns
tRCS Read setup time befare CAS low 0 0 ns
fcwo [ Delay time, CAS low to W tow (Note23) [ 40 45 ns
tawp | Delay time, RAS low to W low (Note23) | g5 95 na
tAwp Delay time, address to W low (Note23) 55 80 ns
fowL CAS hold time after W low 15 20 ns
tawe.  [RAS hold time after W low 15 20 ns
twe Write puise width 10 10 ns
tos Data setup time before W low 0 0 ns
tOH Data hold time after W low 10 15 ns
toer | OF hold time aier W low 15 15 ns
Note 22: tawc is specified as tRWC(min)=tRAC(max)+100D(minj+ IRWLmin)+tRP(min)+ 51T

23: twes, fewp, tRwD and tawo and, tcPpwo are specified as reference points only. If twestwesimin) the cycle is an early write cycle and the
DQpins will remain high impedance throughout the entire cycle. if tcwD& tcwD(min), IRWD 2 tRWD (min), tAWD & tAWD(min) and ICPWD & tCPWD(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.
Hf neither of the above condition (detayed writs) of the DQ (at access time and until CTAS or OF goes back to ViH ) is indeterminate.

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

Limits
Symbol Parameter M5M418160B-6,-6S | M5M418160B-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 85 ns
tRAS RAS low pulse width for read write cycie (Note25) 100 125000 115 125000 ns
tep CAS high pulse width (Note28) 10 15 10 15 ns
tcerH | RAS hold time atier CAS precharge 35 40 ns
tcpwn | Delay time, TAS precharge to W low (Note23) 60 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: tcrimax) is specified as a reference point only.

CAS before RAS Retfresh Cycle (Note27)

Limits
Symbol Parameter M5M418160B-6,-6S |[M5M418160B-7,-78 Unit
Min Max Min Max
csR CAS setup time before RAS low 10 10 ns
fcHR CAS hold time after RAS fow 10 15 ns

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

mode.
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M5M418160BJ,TP-6,-7,-6S,-7S

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

Timing Diagrams (Note 28)

Read Cycle
tRC
tRAS A e tRP R
RAS \ tRSH 7
A
tcsH tRPC tegp
tRCD
e " toAs
LCAS/ UCAS toen
tcAH
i tRAL tASR
- COLUMN R
Ao-Ae ADDRESS ADDRESS
W
” tozc
Hi-Z

INPUTS tcac

DQ1-DQ1e taa »
terz
Hi-Z
OUTPUTS DATA VALID e ]
c
tRA N toE2
tozo R 10EA | toop
Yook IR DD

O toRH R AR

Note 28 Indicates the don't care input.
ViH(min.) & VIN & ViH(max) or ViL{min.} & VIN S VIL(max)
7 Indicates the
/ invalid output.
N Indicates the skew of the two inputs.
A

x MITSUBISHI
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M5M418160BJ,TP-6,-7,-6S,-7S
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Upper / (Lower) Byte Read Cycle

RAS

UCAS
(or LCAS)

[CAS
(or UCAS)

Ao-Ao

INPUTS

DQ1-DQe
(or DQ%-DQ1e)

EUTPUTS
INPUTS

DQe-DQie
( or DQ1-DQes)

OUTPUTS

tRC
tRAS tRP
tRSH / N
tcsH tRPC {CRP
tRCD tcas {CPN R r
tcRP tcaH tRPC tcrRP
tRAD tRAL
tAsR tRAH tasc tasA
M—
ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tRAH
|, tros tRCH
fe >
Hi-Z
tozc fcac " tcop
W N W W W W W W
odseteetetoietotele Hi-Z
.6.0..0005.....0..’.
= taa tOFF
tcz
Hi-Z linvalid
{Sata DATA VALID
tRAC R
tpzo o toEA |

tocH

{ORH
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M5M418160BJ,TP-6,-7,-6S,-7S

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

Write Cycle ( Early write)

RAS

UCAS/ LCA3
Ao-As

w

’—KPUTS

DQ1-DQis

OUTPUTS

twe
tRAS tRP
N /N
e tcsH
tRPC
fcrp tRCD tASH tcRP
tcas
tASR tRAH tasc tcAn R tASR
ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
twek
ton N
DATA VALID
Hi-Z

4 - 256
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M5M418160BJ,TP-6,-7,-6S,-7S

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

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

UCAS
{or LCAS)

(or UCAS)

Ao-Ag

e

INPUTS

DQ1-DQe
(or DQe-DQ1s)

OUTPUTS

INPUTS

DQe-DQts
(or DQ1-DQe)

OUTPUTS

twe
tRAS trP
\ N
tcsH »

tCAP tRcD tRSH AP tcAP

tcas
tCRP tRPC tcre
tasR {RAH tasc tCAH tAsR

ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
X twecH oy
Hi-Z
DS toH
DATA VALID

Hi-Z
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M5M418160BJ,TP-6,-7,-6S,-7S

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

Write Cycle ( Delayed write )

tRP
tchRP

SR

ROW
ADDRESS

twe
tRAS
tcsH
tRSH
tcas

tcaH

COLUMN
ADDRESS

RWL

toH
DATA VALID

Hi-Z

fwWCH

Hi-Z
tcLz

tood

tRCD

tCRP

RAS
] / LCAS

tASR

ROW
ADDRESS

X

Ao-Ag

tRcs

tozc

F
DQ1-DQss

UTPUTS

-

Amrrsualsrn
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M5M418160BJ,TP-6,-7,-6S,-7S

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

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

twe R
tRAS R tRP
N »
RAS \ / \
tcsH
tCRP tRCD tRSH tRPC  fCRP
tCAs
UCAS \ > /
{or LCAS)
tRPC
tcRP tcrp
LCAS
(or UCAS)
tASR tRAH tasc tcaH R tASR
Ao-As ROW | COLUMN ROW
ADDRESS ADDRESS ADDRESS
W 00070,
w Teted0 20200620200 %%
tRCs twcH
INPUTS
DQ1-DQe
(or DQe-DQ1s)
Hi-Z
OUTPUTS
_
toH
—
INPUTS DATA VALID
DQe-DQ1s
{or DQ1-DQe)
OUTPUTS
OE
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Read-Write, Read-Modify-Write Cycle

tRwC

23
ox
2 =5
g o <C
o = W
m (4]
a
£
o N
e T
x S
£ B8 <
& >
r r <
5 M H.v
g ° g
v
x
g gt W
m
2 - o [
T z
£ 3| |28l = 3
. 3y g
3| o )
8 a8 5 2 <
A CA m .
3 N
I
8 S
8 ]
£ W o
°] Q
o«
£ T m
= 0
v B 73 3
2 W
v o
3 Hm
o T
<
s 2
4
< b 2
= © o
|- =2 - =
- e 9 2
" _m < Fm|0_
< : g
o =3 & [z a
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M5M418160BJ,TP-6,-7,-6S,-7S

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

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

tRWC
tRAS N tRP
_
S \ / \
tcsH
tRPC
icRP tRCD N tRSH tCrRP
tcas R
UCAS \ /
(or LCAS)
{CRP {RPC {CRP
LCAS
(or UCAS)
SR ‘lRAH » SC " {CAH » tasr
I
ROW COLUMN ROW
Ao-Ao x ADDRESS >@< ADDRESS ADDRESS
" tcwp tewe
tawD e
{AWD
L
v R
tRCS
fe
INPUTS
DQ1-DQe {RAC R
(or DQe-DQ1s) >
Hi-Z
OUTPUTS
_— tozc
- (7YY [{ 's_’ tDH .
HI-Z
INPUTS DATA VALID
{CAC
DQs-DQi1e
(or DQ1-DQe) tonz
i- ’-‘*\ Hi-Z
OUTPUTS HiZ AT
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RP
e

tRPC

ROW
ADDRESS

M5M418160BJ,TP-6,-7,-6S,-7S

L/
)

7
0
»

9.
&

OO
O
()

+

7
250

%
.,

*
>

&
)

)
®
-

S/
.0

»

*,

<
O

v
()

¢

ol

&

v
L)

Q/

*

e
Hi-Z

S

7

5

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

RAS-only Refresh Cycle

tRC

tRAS

tRAH

RAS

tcAp

UCAS/ LCAS

SR

e

>§ ROW
ADDRESS

Ao-Ag

OUTPUTS

DQ1-DQss
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

RAS Refresh Cycle

CAS before

trp

tcRP

trec

tRC

tCHR

\

tRC

RAS

tcsh

tAPC

tCHR

\

trp

tCsA

tRPC

tcPN

tASR

ROW
ADDRESS

CH

2]

o

tcob

v v v
0’0.0

IR, v

250

o

7
&

x>

§S

Yo

»

v,
@
.

*
&
&

7
9.

)

®

o

N/
&'

o?

)
),

v

Hi-Z

toFF

_/

UCAS / LCAS

Ac-Ae

uTs

lﬂ:

DQ1-DQ1s

0EZ

0D

o)
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M5M418160BJ,TP-6,-7,-6S,-7S

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

Upper/(Lower) CAS before RAS Refresh Cycle

tRP

tchp

tRPC

tcrP
i

tRPC

tRC

tRAS

tCHR /

tCRP

tcsR

tRPC
tRPC

tRC

\

RP

tRPC

fcPN
tAPC
!

1CSR
{CRP
e

{ASR

ROW
ADDRESS

tACH

Hi-Z

»l

tcoo

.0 0.9
0. 9.0.0.0.0.9.1

Hi-Z

{OFF
l—]

RAS

UCAS
(or LCAS)

LCAS
{or UCAS)

INPUTS

toEz

toez

tobd

OuUTPUTS

INPUTS

OUTPUTS

DQ1-DQe

{or DQe-DQ16)

DQue-DQ1s

(or DQ1-DQe)

SR
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M5M418160BJ,TP-6,-7,-6S,-7S

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

Hidden Refresh Cycle (Read) (Note 29)

UCAS / LCAS

Ao-Ag

INPUTS

DQ1-DQ1s

OUTPUTS

Note 29: Early write, delayed write, read write or read modify write cycle is applicable as well as read cycle.

tORH

tre 0 tRC
tRAS {RP tRAS tRP
\ \ /| \
tRPC
tcRe tRCD tRSH tCHR tcRP
tRAD
tA‘si’ tRAH tasc tcAH , tASR
ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tRAL
|, tACS
57
toZE .
4 s
tcAc
" tRAC ~ toFF N
towz
Hi-Z ) DATA VALID
\!
tozo 10EA 1062
toDD

vavevav v
0.0’00:.

X5
Seteeteds!

Timing requirements and output state are the same as that of each cycle shown above.

LR
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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)

tRc 0 tRG
tRAS . tRP N tras ¢ tRP
|
RAS \ \ tRPC \
tAPC
tRco tRsH e
tCRP tCHR
UCAS \ /"_
(or LCAS)
tcRe tcRP
[CAS W
(or UCAS)
tRAD
ASR | |tRAM sc | {CAH R tASR
ASR . R
Ao-A ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
LIRCS AL RN
W
INPUTS
DQ1-DQe
{or DQs-DQi8)
OUTPUTS Hi-Z
. |: tozc tcoo
HI-Z
{cac
DQs-DQ1e N * tOFF
(or DQ1-DQe) ‘tCLZ " »
OUTPUTS Hiz {‘"J:,'L"){ DATA VALID
iy
tRAC - o— 02,
" liozo 1oEA . |, too
{ORH
— BRSSSREHSEEN
3 NS e e tssetetatetatelelels!
MITSUBISHI
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M5M418160BJ,TP-6,-7,-6S,-7S

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

Fast Page Mode Read Cycle

UCAS / LCAS

Ao-Ag

|

INPUTS

DQ1-DQ1s

QOUTPUTS

tRAS trp
tcsH trc tCPAH
B tRSH
\ ~/ N\
tRPC
tcre tRCD tcRe
tRAD
tRAI CAH
tash HH ‘U_kft’: 1CAH tasc tean | hasc > ‘usn
| —
ROW [~ 'COLUMN B COLUMN COLUMN ROW
ADDRESS | ADDRESS-1 ADDRESS-2 ADDRESS-3 ADDRESS
e tRAH
" A e »
i tRCH krcH
_ tRCS trcs B R
i j— e
4 \4
pooze tcop
fcoo tbze hCDD toze
Hi-Z
¥ 3
tcAC Jore tcac L“f
tore o] ez toFF oz
tcez "
Hi-Z DATA DATA \ DATA |
VALID-1 | VALID-2 i VALID-3
1AA
¢ tcrPa N tcPA |
tRAC ‘°R:'_J
toez
toez | tozo L2 (|20, lioea
" | loEA 00D
1000 tocH tooo " tocH
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Upper/(Lower) Fast Page Mode Read Cycle

UCAS
(or LCAS)

LCAS
(or UCAS)

Ao-Ao

g

INPUTS

DQ+-DQe
{or DQe-DQit6)

|_(2UTPUTS

INPUTS

DQse-DQ1s
(or DQs-DQe)

|£UTPUTS

Ras tRp
{CPRH N |
tcsH tpc R e
tRPC
tcap tAcD s P tcAs tp IcAS tore |
5 \ \ / B
tcRP RPC \cRP
; s i
tRAD tRAL
wsA | taan Wsc tcaH 1ASC toan | tasc | lCAHl SR
 Row COLUMN COLUMN COLUMN ' ROW
_ADDHESS ADDRESS-1 ADDRESS-2 ADDRESS-3 ADDRESS
tRRH
A tAA
_ |tRes tReH  IRCS LNCH mT's_‘
R L &
Hi-Z
tcoo tozc
e tozc » tozc tcoo tcop
Hi-Z
tcac t
FF foa tOFF < IOFF
towz P’ te.z — toz
Hi-Z DATA DATA DATA
VALID-2 VALID-3
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M5M418160BJ,TP-6,-7,-6S,-7S

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

Fast Page Mode Write Cycle ( Early Write )

RAS

UCAS/ LCAS

-3

INPUTS

DQ1-DQhs

OUTPUTS

b~

COLUMN
ADDRESS-1

COLUMN
ADDRESS-2

tweH twes tweH
tos toH Ps,) | tOH
DATA VALID-1 DATA VALID-2
Hi-Z

tRAS
{csH trc
\ tAsH
tCRP tRCD |, ftcas cP IcAs tcp tcAS
tasc
> AR us‘c_u tcaH Mss_, tCAH

tCRP

R

COLUMN

@( ADDRESS-3

ROW
ADDRESS

twes
| S T
DATA VALID-3

* MITSUBISHI
ELECTRIC
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M5M418160BJ,TP-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 )

UCAS
{or [CAS)

LCAS
{or UCAS)

Ac-Ao

b

INPUTS

DQ1-DQe
{or DQ»-DQ18)

OUTPUTS

INPUTS

DQe-DQ1e
{or DQ1-DQe)

OUTPUTS

Hi-Z

tRAS
AP
tcsH tpc
\ trsH | 7
o A
tcRP tRcD ICAS tcp tcAS P tRPC tche
/N / e |,
pe 4
1cRp tRPC tcrp
WA | [AAH tsc o tasC tcaH nrc_d tCAH s
ROW LUMN COLUMN COLUMN ROW
ADDRES: ADDRESS-1 ADDRESS-2 ADDRESS-3 IADDRESS
twes | ltwen twes tweH twes
Hi-Z
tos DH tos toH 08
i 030,00 0 0000
N VAUD- #2070 %0%0% % 00
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M5M418160BJ,TP-6,-7,-6S,-7S

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

Fast Page Mode Write Cycle ( Delayed Write )

tRSH .
tRAS q .
- tosH R trc ,
- \ N
tRPC
teRP tRCD R toas . 1cp 1oAS toAP
UOAS I TCAS @—‘ §
tRAD
IASR LR’AH .tA_sEI tCAH . Vusc tcAH ftRwL tASR .
AoAo ROW "COLUMN COLUMN ROW
ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
tRCS tweH 4 tACS tweH
towL :::WL
w twe twe
tozc DS toH
tozc VA AL
DATA
toz0
DQ1-DQne oz towz
OUTPUTS HiZ
toE2 toEZ o
tOEH EH
tooo 1000
o8 \_/
MITSUBISHI
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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)

Ao-Ag

E|

F‘JPUTS

DQ1t-DQs
(or DQe-DQ1s)

L~OUTPUTS

ﬁpms

DQe-DQ1s
{or DQ1-DQe)

\_OUTPUTS

tRSH

tcsH

tRP

tCRP tRCO

fcas

tcp

tcAs

tRPC

’*I tcRP

PC
tcRP

tAsR tRAH tasc tcAH
M-

ROW OLUMN
ADDRESS ADDRESS-1

twWCH

tRWL

WsR

ROW
ADDRESS

twWCH

HI-Z

tozo
tcwz

Hi-Z

toz

tcLz

tDH

DATA
VALID-2

10€2Z

tooD

10EH

toez

tobo

toEH

4272
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MITSUBISHI LSls
M5M418160BJ,TP-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
> tRP
S tesH R tRSH R /
tPAwe .
tRPC
tcas tchp
Wsh | |tRax ase toAH tAsC {CAH SR

Ao-Ao RO COLUMN COLUMN ROW
ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
IRcs tweH 4 | tRCS WCH .
WD towL | | fe WD Tow
tRAC
" taa
tozc DS | | toH
L oz KA Rl [
N DATA " DATA
‘]PUTS 7 VALID-1 tCAC VALID-2
tozo
DQ1-DQs tcwz
DATA DATA
VALID-1 Hi-Z VALID-2
OUTPUTS
{OEA
— toE2 tOEH
oD
OE

* MITSUBISHI
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M5M418160BJ,TP-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 R
tRP
tcsH " tRSH >
- \ -
tPAWC [rrc
tcAp tRCD tcas tcp . tcAs tere
o S \ \
{or LCAS)
tRPC
tcRP tcRp
LCAS
(or UCAS)
{RAD l
Ush | jaan asc tasc 1cAH SR
I
Ao-A ROW col COLUMN ROW
DDRESS ADDRESS-1 ADDRESS-2 ADDRESS
es e twen wos | [*
1AWD tAWD
" towL i
W twp
.
DOn-DQe
(or DQe-DQ18)
| outeuts Hi-Z
AA taa
I
toze tcac s | [tov  toze | |toac tos | | tow
» — »
k il DATA DATA AT e
000002025 % %% % % %
INPUTS VALID-1 \ VALID-2 _J/RRRRRNKNRS
1020
DQe-DQ1s tozo
(or DQ1-DQe) A tcLz tcuz
DATA | DATA
X VALID-2
OUTPUTS vauo' | HiZ -
{OEA
{OEA
loez e toEz toEM
tooo o—
OE
_
MITSUBISH!
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M5M418160BJ,TP-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, Vcca5V +10%, Vss=0V, unless otherwise noted) (Note 2)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
RAS cyclingTAS 5 0.2Vor
TAT before RAS refresh cycling
W s 0.2Vor & Vec - 0.2V
lecs Supply current from Vee M5M418160B | BE s 0.2V or = Vec - 0.2V 500 #A
Extended refresh cycle 8575 | ppmos 0.2V or & Voo - 0.2V
DQ = open
tREF = 128ms
tAAS = tRAS min~1 us
Avi 8 current
coomn | fomves T MSM4181608 RAS = CAS 5 02v 400 #A
Self - Refresh cycle ’

TIMING REQUIREMENTS (Ta=0~ 70°C, Voca5V 1 10%, Vss=0V, unless otherwise noted See notes 13,14)

Limits

Symbol Parameter M5M418160B-6S | M5M418160B-7S Unit
Min Max Min Max

thass | Self Refresh HAS low pulse width 100 100 HE

trrs | Self Refresh RAS high precharge time 90 110 ns

icH8 | Self Refresh RAAS hoid 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
oftnsS 16.4 ms and tsn S 16.4 ms.

s tsn
-------------- =TT L R

P —

1024 cydes  DISTRIBUTED REFRESH

et
DISTRIBUTED REFRESH 1024 cycles
.4 ma > <1K/16.4 ms >

<1K/1
(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
oftns + tsn = 16.4 ms.

s tsN

<
W 1 M m

—
BURST REFRESH 1024 cycles 1024 cycles BURST REFRESH
< 1K/ 18.4me >

<tK/18.4ms >

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

Self Refresh Cycle

trPs

tCRP

tRPC

tcHs

./

tRASS

4k

L

nly

tRP

tcsh

tRPC

tCPN

ASR

ROW
ADDRESS

>
&>

()

v
&

0
)

s

\/
S5

55

>
9,

v
*
.‘

S

&
&

v
&
*

)
)
-

o

*
Q)

*
&

\ /7

v
>
&
Tole

&

*
&'

."
%
TR

P
&

*
>

0’.

N DN

* &

v v
(%)
&0

RS

Hi-Z
N/

tACH

{OFF

UCAS /TCAS

DQ1-DQs

Ao-Ag
w

P
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Upper/(Lower) Self Refresh Cycle®

tRP

tAPS

RAS / \L tRASS N / i
= n o &
I 1} i
tRPC tRPC tCRP
tCPN tcsR
UCAS 4 tCHS _
(or LCAS) /
tRPC tcrP
RPC | tcRp

]
CAS
(or UCAS) / W

Ac-Ao
tRCH
W >
W R
{OFF
O RO
INPUT Sogesssgetateteled
0 S S N ol W
DQ1-DQi1s
OUTPUT
OE

MITSUBISHI
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