MITSUBISHI LSIs

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

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

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
dissipation , and low costs are essential.

power

The use of double-layer aluminum process combined- with
triple-well CMOS technology and a single-transistor dynamic
storage stacked capacitor cell 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 | Power
Trponame | dumis | acios | sk | acomse | 'y’ | g
{max.ns) { (max.ns)| (max.ns) | (max.ns) | {(min.ns) | {typ.mW)
M5M418160BXX-6,-6S| 60 15 30 15 110 680
M5M418160BXX-7,-78| 70 20 35 20 130 5§90

XX=J,TP

® Standard 42pin SOJ, 50pin TSOP
@ Single 5.0V * 10% supply
@ Low stand-by power dissipation
5.5mW (Max)
® Low operating power dissipation
M5M418160Bxx -6, -63 940.0mW
M5M418160Bxx -7, -7S esenes B30.0mMW
e Fast-page mode, Read-modify-write,RAS-only refresh,
before RAS refresh, Hidden refresh capabilities
® Early-write mode and OE to control output buffer impedance
& All inputs, output TTL compatible and low capacitance
® 1024 refresh cycles every 16.4ms (Ao ~Ao)

APPLICATION

CMOS Input level

(Max)
(Max)
CAS

Main memory unit for computers, Microcomputer memory, Refresh

memory for CRT

B L249825 0028742 775 M

PIN CONFIGURATION ( TOP VIEW)

(5.0V) Voo ]

DQ1 E] DQ1
DATA INPUTS/ ) DQ2 FEIDQ1s | DATA INPUTS/
OUTPUTS 2 PRDQ14 TS
D \E/)Q13
5.0V)Veeo 2] [Vss(0V)
(6500 E ki 0812
DQ11 | DATA INPUTS/
yece{SSH B BB e
2 IZINC  LOWERBYTE Dgemmo».
I
wamecovmo, NGER 8 EILOAS TG ol
ROW ADDRESS RASHH @ RCHS oLl ADrESS
STROBE INPUT * No] 78 Ag “N\OUTPUT ENABLE INPUT
NC N As
Ad A7 | ADDRESS
ADDRESS HAs | INPUTS
INPUTS [ As
3 A4
(S.OV)VCC Zvss (OV)
Outline 42POK (400mil SOJ)
(5.0V) Vee @ [=mVss (0V)
DAE oy D816 DATA INPUTS
DATA INPUTS/ ] DQ2LE] IBIDQ15 /
OUTPUTS | DQ3IZ TDQue | OUTPUTS
DQ4 ] [®DQ13
(5.0V)Vee [E] [EIVss (0V)
D E 4 : 8812 DATA INPUTS/
DATA INPUTS/ ] DQs ] [ZDQ11
OUTPUTS | DQ7 a FADQ1o [ QUTPUTS
DQs ] § [TIDCk
NC - [TNC
*
8 LOWER BYTE CONTROU
NC[Z (] TINC jSOLUMN ADDRESS
wrITE conTroL_ NCEE] = UPPER BYTE CONTROL
INPUT W] b COLUMN ADDRESS
ROW ADDRESS RAS[H] e~ STROBE INPUT
STROBE INPUT "\ Sl o NOUTRUTENABLE INPUT
NCE [TMAs
Ao (A7 | ADDRESS
ADDRESS A1 P As
INPUTSY Ao A, | NPUTS
As[Z] AL
(5.0V) VeeZ Z8Vss (0V)

Outline 50P3W-L(400mil TSOP)
NC : NO CONNECTION
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MITSUBISHI LSls
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 norma! 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 OF DQ1~DA8 | DQE-DA16
Lower byte Read ACT ACT NAC NAC ACT DOUT OPN
Upper byte Read ACT NAC ACT NAC ACT OPN DOUT
Word Read ACT ACT ACT NAC ACT DOUT DOUT
Lower Byte Write ACT ACT NAC ACT NAC DIN DNC
Upper Byte Writo ACT NAC ACT ACT NAC DNG DIN
Word write ACT ACT ACT ACT NAC DIN DIN
RAS-only refresh ACT NAC NAC DNC DNC OPN OPN
Lower Byte Hidden refresh ACT ACT NAC NAC ACT oouT OPN
Upper Byta Hidden refresh ACT NAC ACT NAC ACT OPN DOUT
Hidden refresh ACT ACT ACT NAC AcT DouT DouT
CAS before FAS refresh ACT ACT ACT DNC DNC oPN OPN
Stand-by NAC DNC DNC DNC DNG OPN OPN
Nate : ACT : active, NAC : nonactive, DNC : don' t care, VLD : valid, IVD Invalié, APD : applied, OPN : open
BLOCK DIAGRAM _ B _ _ _
ROW ADDRESS Vee (5.0V)
LWE:;:;:&'::“ RAS GLOCK GENERATOR
COLUMN ADDRESS STROBE INPUT LcAs CIRCUIT Vss (V)
UPPER BYTE CONTROL tz2
COLUMN ADDRESS STROBE INPUT UCA s LOWER o o, %fﬁ I
s
-
WRITE coNTFlOL —»[ ) UPPER oo v h
T i 1 LLOWER DATA
b !  (INPUTS /OUTPUTS
14 =g} ' [
w2 ' )
st bas
JEL
Y o] 253
AO~AD |
n0 - COLUMN DECODER —
e — L | (g B2t
[ [le]
h SENSE REFRESH 225
;- AMPLIFER &1 /O CONTROL |9 [=F Q1o
Su T | UPPER DATA
%a ' b » [ INRUTS/OUTPUTS
ADDRESS INPUTS < Sn [ H cho \
Alia] 2| f3g :
sl Bl esmey | i
w v -
eQ|lne | S| ‘ ) 853
2l
L K 4
A OE OUTPUT ENABLE
bt OF Neut
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MITSUBISHI LSls
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 Unit
Vee Supply voltage -1~7 \'
Vi Input voltage With respect to Vss -1~7 v
Vo Output voltage A~7 v
lo Output current 50 mA
Pd Power dissipation Ta=25*C 1000 mw
Topr Operating temperature 0~ 70 c
Tstg Storage temperature -65~ 150 o}

RECOMMENDED OPERATING CONDITIONS (Ta=0~ 70°C, unless otherwise noted) (Note 1)

Symbol Parameter Limits Unit
Min Nom Max

Vee Supply voltage 4.5 5.0 55 v

Vss Supply voltage 0 ] ¢ v

ViH High-level input voltage, all inputs 24 6.0 v

ViL Low-leve! input voltage, all inputs -1 0.8 v

Note 1 : All voltage values are with respect to Vss.

ELECTRICAL CHARACTERISTICS (Ta=0~ 70°C, Vcc=5.0V = 10%, Vss=0V, unless otherwise noted) (Nata2)

Limits
Symbol Parameter iti Unit
i Test conditions i Tve Max
VoH High-level output voltage loH=-SmA 24 Vec \
VoL Low-feve! output veoltage {oL=4.2mA 4] 0.4 v
loz Off-state output current Q floating, OV = Vours 5.5V -10 10 uA
1] Input current OVSVin g BV, Other inputs pins=0V -10 10 uhA
Average supply current M5M418160B-6,-65| =4= =55 el 170
lec1avy | from Ve operating mffw%’:giﬁy_dmg mA
(Note 3,4,5) (M5M418160B-7,-7S| output open 150
Suopt ‘ RAS= CAS =VH. output open 2
lecz upply current from Ve, [\M5M418160B-6,-7 | RAS- CAS ZVec- 1 mA
stand-by (Note &) RAS= CAS Ve -0.2V, oulput open
M5M418160B-65,-7S | RAS= CAS &Vcc-0.2V, output open 0.3
Average supply current M5M418160B-6,-65| RAS cycling, TAS=VH 170
lccaavy | from Ve refreshing tRC=min. mA
(Note 3,5) |[M5M418160B-7,-7S| output open 150
Average supply current -6,-65| =vx J—
fr;;a\?cc pply M5M418160B-6,-65 RAS-VL TAS cycling 85
lccaiavy | Fast-Page-Mode 1P<3t;fﬂxlf;-pe mA
outpur n
(Note 8,3,5) M5M418160B-7,-7S 75
Avera\ﬁcecsupply current M5M418160B-6,-65| TAS before FAS refresh cycling 170
lccaav) | 'CAS before RAS refresh LT:ZE[Z' n mA
mode pel
{Note 3) [M5M418160B-7,-78 150
Nots 2: Current flowing into an IC is positive, out is negative.
3:1cc1 (Av), ICC3 (AV) and ICC4 (AV) are dapendent on cycle rate. Maximum current is measured at the fastest cycle rate.
4: Icc1 (av) and lcc4 (av) are dependent on output loading. Specified values are obtained with the output open.
5: Column Address can be changed once or less while RAS=ViL and LCAS/UCAS=VIH .
CAPACITANCE (Ta=0~ 70°C, Voc=5.0V & 10%, Vss=0V, uniess otherwise noted)
Symbol P Test diti Limits Unit
ymbol arameter es .con itions Vin o Max n
Ciia Input capacitance, address inputs 5 pF
Ci &8 Input capacitance, OE input Vi=Vss 7 pF
(o] Input capacitance, W input f=1MHz 7 pF
CI (RAS) Input capacitance, RAS input Vi=25mVrms 7 pF
Ci TAS) Input capacitance, CAS input 7 pF
Civo Input’Qutput capacitance, data ports 8 pF
B L2u9825 0028744 574 HN
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MITSUBISHI LSls
M5M418160BJ,TP-6,-7,-6S,-7S

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

SWITCHING CHARACTERISTICS (Ta=0~ 70°C, Vce=5.0V £ 10%, Vss=0V, unlass otherwise noted , see notes 6,13,14)

Limits
Symbol Parameter M5M418160B-6,-6S | M5SM418160B-7,-7S|  Unit
Min Max Min Max

tcac | Access time from CAS (Note7,8) 15 20 ns
tRAC Access time from RAS (Note7,9) 0 70 ns
taa Column address access time (Note 7,10) 30 35 ns
tcpa Access time from CAS precharge (Note 7,11) 35 40 ns
toEA Acocess time from OE {Note 7) 15 20 ns
toLz Output low impedance time from CAS low {Note 7) 5 5 ns
toFF Qutput disable time after CAS high (Note 12) 0 15 0 15 ns
10e2  {Output disable time after OF high (Note12) [ 0 15 0 15 ns

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

containing a RAS clock such as RAS-Only refresh).

Note the RAS may be cycled during the initial pause . And any 8 RAS or RAS/CAS cycles are required after prolonged periods
(greater than 16.4 ms) of RAS inactivity before proper device operation is achieved.
7: Measured with a load circuit equivalent to 100pF, VOH=2.4V(I0H=-5mA) and VoL=0.4V(loL=4.2mA).

8: Assumes that tRCD & 1RCD(max) and 1ASC 2 tASC(max).
9: Assumes that tRCDS tRCO(mex) and tRADS RAD(max). If tRCO or tRAD is greater than the maximum recommended value shown in this table,
tRac will increase by amount that tReo exceeds the value shown.
10: Assumes that tRAD 2 tRAD(max) and tASCS tASC(max).

11: Assumes that tcP S teP(max) and tasc: tASC(mex).

12: toFF(mex) and toEz (mex) defines the time at which the output achieves the high impedance state { louss | 10 A ) and is not reference to

VOH(min) OF VOtmex).

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles)
(Ta=0 ~70°C, Vcc=5.0V:t10‘_'/o, Vss=0V, unless otherwise noted , see notes 13,14)

Limits
Symbol Parameter M5M418160B-6,-85 | MSM418160B-7,-7S Unit
Min Max Min Max

REF Refresh cycle time -6, -7 16.4 16.4 ms
tREF Refresh cycle time -88, -7S 128 128 ms
tBp RAS high pulse width 40 50 ns
tacd | Delay time, RAS low to CAS low (Note15) | 20 45 20 50 ns
tcrp Delay time, CAS high to RAS low 10 10 ns
trec [ Delay time, RAS high to CAS low 0 0 ns
tcen [ CAS high pulse width 10 10 ns
tRaD Column address delay time from RAS low (Note16) 15 30 15 35 ns
tasr Row address setup time before RAS low 0 Q ns
tasc Column address setup time before TAS low (Notsi7) 0 10 0 10 ns
tRAH Row address hold time after RAS low 10 10 ns
tCAH Column address hold time after CAS low 15 15 ns
tnze Deslay time, data to CAS low (Note18) 0 0 ns
tozo Delay time, data to OF low (Note18) 4 0 ns
tcop Delay time, CAS high to data (Note19) 15 i 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 tr =5ns.

14: Vikmin) and ViLmax) are reference levels for measuring timing of input signals,

15: tRcoimax) is specified as a reference paint only. If tRep is less than tReD(max), access time is 1RAG. If tRED is greater than tRCD(max), access
time is controlled exclusively by tcAc or tAa. tRCOmin) is specified as IRCD(min) =tRAH(min) +2tT+1ASC(min).

16: tRAD(mex) is specified as a reference point only. If tRAD tRADmax) and tAscS tascimax), accass time is controlled exclusively by taa

17: tascimax) Is specified as a reference point only. If tRDZ tRCD(max) and tasc tasc(max), access time is controlled exclusively by tcac.

18: Either tnzc or tbzo must be satisfied.
19: Either tcob or tobb must be satisfied.
20: t7 is measured between ViH(min) and ViLmex).

B L2u49825 0028745 40Oy WM
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MITSUBISHI LSls

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

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

Read and Refresh Cycles

Limits
Symbol Parameter M5M4181608B-6,-6S | M5M418160B-7,-78 Unit
Min Max Min Max
tRe Read cycle time 110 130 ns
tRAS RAS low pulse width 80 10000 70 10000 ns
tcas CAS low pulse width 15 10000 20 10000 ns
tesh  |CAS hold time after BAS low €0 70 ns
tRaH RAS hold time after CAS low 15 20 ns
tRCS Read Setup time before CAS low [ 0 ns
tRCH Read hold time after CAS high (Note 21) 1} 0 ns
tRRH  |Read hold time after RAS high (Note 21) 10 10 ns
RAL Column address 1o FAS hold time : 30 35 ns
toch  |TAS hold tims after OF low 15 20 ns
torn [ RAS hold time after OE low 15 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-6,-68 | M5SM418160B-7,-7S Unit
Min Max Min Max
twe Wirite cycle time 110 130 ns
tRAS RAS low puise width 60 10000 70 10000 ns
tcas | CAS low pulse width 15 10000 20 10000 ns
tcsi | CAS hold time after RAS low 60 70 ns
tRSH FAS hold time after CAS low 15 20 ns
twes Write setup time befare CAS low (Note 23) o] 0 ns
twcH | Write hold time after CAS low 10 10 ns
tewe | CAS hold time after W low 15 20 ns
WL RAS hold time after W low 15 20 ns
twp Write pulse width 10 10 ns
tDs Data setup time before CAS low or W low 0 0 ns
toH Data hold time after CAS low or W low 10 15 ns
toeH | OE hold time after W low 15 20 ns
B L249825 002874k 340 HE
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- MITSUBISHI LSls
M5M418160BJ,TP-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 MS5M418160B-6,-6S | M6M418160B-7,-7S Unit
Min Max Min Max

thwe Read write/read modify write cycle time (Note22) | 155 180 ns
tRAS RAS low pulse width 105 10000 120 10000 ns
tcas  [CAS low pulse width 60 10000 70 10000 ns
fcsH CAS hold time after RAS low 105 120 ns
s |AAS hold time after CAS low 80 70 ns
tAcs | Read setup time before CAS low 0 0 ns
tcwo  [Delay time, CAS low to W low (Note23) | 40 45 ns
tAwD  [Delay time, RAS low to W low (Note23) | g5 g5 ns
tawp Delay time, address to W low (Note23) 55 60 ns
tow.  |CAS hold time after W low 15 20 ns
trwL | RAS hold time after W low 15 20 ns
Write pulse width 10 10 ns
tos Data setup time before W low 0 0 ns
{DH Data hold time after W low 10 15 ns
toeH | OE hold time after W low 15 15 ns

Note 22: trwc is specified as tAwC(min=1RAC(max)+tODD{min) +RWL(min)+RP(min)+5tT.
23: twes, towp,tRwD and tawp and,tcPwo are specified as reference points only. If twcs&twesiming the cycle is an early write cycle and the
DQpins will remain high impedance throughout the entire cycle. If towD tewDimin), tRWD = tRWD (min), AWDZZ tAWD(min) and 1CPWD & 1CPWD(min)
(for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address,
if neither of the above condition (delayed write) of the DQ: (at access time and until CAS or OE goes back to 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|  ynit
Min Max Min Max
trc Fast page mode read/write cycle time 40 45 ns
1PRWC Fast page mode read write/read modify write cycle time 85 o5 ns
tras RAS low pulse width for read write cycie {Note25) 100 125000 115 125000 ns
1cp TAS high pulse width (Note28) 10 15 10 15 ns
tcrH | RAS hold time after EAS pracharge 35 40 ns
tcPwp | Delay time, CAS precharge to W low (Note23) 60 85 ns

Note 24: Alt 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: 1cPmax) is specified as a reference point only.

CAS before RAS Refresh Cycle (ot 27)

Limits
Symbol Parameter M5M418160B-6,-65 | M5SM418160B-7,-7S Unit
Min Max Min Max
tesR  |CAS setup time befors BAS 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 eight RAS cycles are necessary for proper operation of CAS beforg RAS refresh
mode.

B 249825 0028747 cd? 1
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MITSUBISHI LSis

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

Timing Diagrams (Note 28)
Read Cycle ‘

tRe ,
tRAS " Gl N
‘RAS \ RSH 7
/
tcsH tRPC {cpp
tCRP trep R
— —— 3 . tcas
LCAS / UCAS 4 N tcPN W
fcaH
v tRAL tASR
" COLUMN ow
Ao-hs ADDRESS W % ADDRESS
W
tozc
Hi-Z
INPUTS tcAc
DQ1-DQ1s tha »
tcLz
OUTPUTS HiZ DATA VALID
. {RAC N toEz
bzo R toEA fobd
tocH N
OE fORH

Note 28

#,
N\

B L2u9825 0028748 113
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Indicates the don't care input.
VIH{min.) S VIN S VIH{max) or ViL(min.) S VIN S VIL{max)

Indicates the
invalid output,

Indicates the skew of the two inputs.
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MITSUBISHI LSls
M5M418160BJ,TP-6,-7,-6S,-7S

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

Upper / (Lower) Byte Read Cycle

tRC

tRAS tRP
S \ tRSH Z
RAS
tesH tRPC  tCRP
icrP tRCD tcAs CPN R
UCAS \
{or [CAS)
tcRP tcaH tRrc - toRP
LCAS VAN W
LCAS— :’:’:‘:’:’:’:‘:' tRAD tRAL
{or UCAS) Pa¥ata a5
tAsR ‘E:H tasc tASR
AoAs ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tRRH
tReS | | tRCH
XD
W * .0
w S
INPUTS § §
DQ1-DQs
(or DQe-DQ1s)
OUTPUTS : Hi-Z
tpze ) tcAc tcop
INPUTS Hi-Z
taa R {OFF
DQe-DQ1e » »
{ or DQ1-DQs) tez
Hi-Z e vali
OUTPUTS ' —~ invalid DATA VALID —
o tRAc = N
ozo o 1OEA
OE tocH
tORH

| [:.E'_-HBES 0028749 05T WA
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MITSUBISHI LSls
M5M418160BJ,TP-6,-7,-6S,-7S

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

Write Cycle ( Early write)

two
tRAS tRP
-_—
= \ (B
tcsH
tRPC
iCRP tRcD tRSH {CRP
1 tcas

UCAS / ICAS §

tASR TRAH tasc tcAH tasr
Ac-As ROW COLUMN ROW

ADDRESS ADDRESS ADDRESS
twCH
w
toH
IWPUTS DATA VALID
DQ1-DQe
OUTPUTS HiZ

OE

B L249825 0028750 471
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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 )

tRAS tRP

tcsH

tCcrRP trcD tRSH tRP! tcRP
tcas )‘_ﬁ F_.
s 3 \ X
(or CCAS)

tcrp tRPC tcrP

tasr tRAH tasc tcaH tASR

ROW COLUMN
Ac-o :X ADDRESS >@< ADDRESS

ROW
ADDRESS

g

INPUTS

DQ1-DQs
(or DQw-DQ1s6)

OUTPUTS Hi-2

tos toH

—

INPUTS DATA VALID

DQe-DQ1s
(or DQ1-DQs)

OUTPUTS Hi-z

AMITSUBISHI
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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 )

tRAS trP

tcsH

tRPC

cRP tRCD tRSH tcRP
tcas l.-'

UCAS/ LCAS ﬁ %

tasr tRAH tasc tCAH tasR
¢ ¢ i — < »

Ac-Ag ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS

w
tweH
t0s toH
Hi-Z
INPUTS —ga DATA VALID
D1-DQ1s oLz
tozo _ .
OUTPUTS Hi-2
toez
toDD
OE
I L249825 0028752 buy IN
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 Write Cycle ( Delayed write )

RAS

UCAS
(or LCAS)

LCAS

(or UCAS)

Ao-As

|

INPUTS

DQ1-DQs
(or DQe-DQ16)

OUTPUTS

INPUTS

DQo-DQ1s
(or D1-DQs)

QUTPUTS

Al MC "
tRAS tRP
\ N
tCcsH
tcrRP tRCD " tRSH tRPC  tCRP
\ tcas /
tRPC
tcRp tcrp
tAsR tRAH 1ASC | {CAH R tASR
ROW | COLUMN ROW
ADDRESS ADDRESS ADDRESS

twcH

Hi-Z

toze

Hi-Z

toH

DATA VALID

tcz

Hi-Z

toEz

M Lo49a825 0028753 5480 W
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MITSUBISHI LSls
M5M418160BJ,TP-6,-7,-6S,-7S

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

Read-Write, Read-Modify-Write Cycle

tRWE
1RAS R tRP
-
s \ /N
" tCsH
M > tRPC
{CRP tRCD tRSH tCRP
(o713
1
UCAS / [CAS @ _’%
tRAD
tasR tRAH tasc icaH tAsR
Ao-As ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tewp towL
tAwD |
¢ tRWD tRWL
" R s \
_ tRAC R twp
tpzc tcac
taa tos toH
» -
INPUTS Hiz %@( DATA VALID
DQ1-DQ1s tcLz
OUTPUTS Hi-Z ATA), HiZ
-
toEA
tooo
tozo i tOEH
) ' ‘tOEZ .
OE &) /
M L249825 0028754 u4l7? M
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MITSUBISHI LSis
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

trwe

tRAS

trp

|

tcsH

{CRP |

tRcD

tRSH

tcAs

UCAS
(or LCAS)
{CAP

tRPC

tcrP

tRPC

tcRP

[CAS @Tﬂ'
{or UCAS)

tRAH

SC

tcAH

Ac-As

ROW
ADDRESS

COLUMN
ADDRESS

tasr
—>

ROW

ADDRESS

tcwp tewt

tawp

trRwD

tRwL

v R

tRCs

DQ1-DQs

{or DQe-DQis)

tRAC

OUTPUTS

v

—

INPUTS

DQe-DQ1s
{or DQ1-DQs)

OUTPUTS

Hi-Z

tozc

Hi-Z

DH
tD‘S_, 1

tcac

|
DATA VALID

Hi-Z

1Dz0

B L249825 0028755 353 1N
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M5M418160BJ,TP-6,-7,-6S,-7S

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

RAS-only Refresh Cycle

tRC

tRAS

tCRIP‘_, ’ ﬁp’r tcrp
UCAS/ LCAS W

bl tRAH tasR

\ 7
- ROW L2 (AKX ROW
oo ‘ :x ADDRESS o SRR 2 ADDRESS

g

INPUTS

DQ1-DQ1s

Hi-Z

OUTPUTS

B 249825 0026756 297 A

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

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

CAS before RAS Refresh Cycle

tCRP

1B

tRP

tRe

tRAS

tcHRA

\

tcsh

trRPC

tAc

tRAS

tcHR

tRP

tcPN

tcsr
T

tAsR

ROW
ADDRESS

»

tcop

Hi-Z

toFF

trRPC

UCAS/ LCAS

RAS

Ac-Ag

=

’an’s

DQ1-DQ1s

v
OUTPUTS

toez

tobo

B L249825 0028757 126 IR
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MITSUBISHI LSls
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

ICRI‘P_.

tRPC

fcRp

trRPC

tRC

tRAS

tRC

tRPC tcsh
% tCHR /
tRPC

tcrRP

tRAS

\

tRP

tcsR
tCRP

tAsR

ROW
ADDRESS

tRCH

Hi-Z

Hi-Z

tcob

tOFF

tRPC

RAS

tRPC
tceN

UCAS
(or LCAS)

LCAS

{or UCAS)

Ao-Ag

INPUTS

toEz

toez

tobp

OUTPUTS

INPUTS

OUTPUTS

DQ1-DQe
{or DQe-DQue)

DQs-DChs

(or DQ1-DQs)

B L2u49825 0028758 Ob2 WA

z MITSUBISHI
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MITSUBISHI LSlIs

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

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

Hidden Refresh Cycle (Read) (Note 29)

tRC R tRC
tRAS tRP RAS tRP
—
- \ \ \
tApc
tcrp tACD tRsH tCHR tCRP
UCAS / LCAS
tRAD
‘A‘Si. tRAH tasc tCAH tASR
A ROW COLUMN ROW
Ac-Ag ADDRESS ADDRESS ADDRESS
tRAL tRRH
| RCS |
k N
AR R A AR R R
KRR
SRORGAAA
w ggg?* SR
|, toze
tcop
Hi-Z
INPUTS \
4 tan X
| toac
DQ1-DQ1s Rac < {OFF
ez "
OUTPUTS Hi-Z { DATA VALID I
tnzo toEA toez
tobp
tORH
— SRR
OF oagetetetetoledetelel

e,

.9,

Note 20: Early write, delayed write, read write or read modify write cycle is applicable as well as read cycle.

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

W Lcu49825 0028759 TTH9 M

SR
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MITSUBISHI LSls

M5M418160BJ,TP-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 e tRC .
tRAS L, trP tRAS tRP
——: o
RTS \ Z \ / tRPC \
trRPC
tACD tRsH A tcRP
tchp {CHR
UCAS y_‘ \ /"—
(or LCAS)
tcAP teRP
= F 5
(or UCAS)
tRAD
A m “ﬁf ¢ toAH > L
oA ROW COLUMN ROW
0-A8 ADDRESS ADDRESS ADDRESS
(IRCS
tRAL tRAH
v B
INPUTS
DQ1-DQs
(or DQe-DQis)
OUTPUTS HiZ
toze tcop
Hi-Z
INPUTS D '
tcac
DOs-DQ1s N toFF
(or DQ1-DQs) tcLz >
OUTPUTS Hi-Z J)"{‘,’a" DATA VALID ———
> toEz__,
" tooo
OE
M L249825 0028760 710 MR
MITSUBISHI
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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 Cycle

UCAS/ LCAS

Avo-Ag

|

INPUTS

DQ1-DQ1e

OUTPUTS

tRAS trRP
tcsH N trc tcPRH R
—_— tRSH
o / \-
tAPC
terp tReo tcas tcp tcas top teRp
T ¢ > tcas
i J pr—
IRAD tRAL | |
trAH fcaH
tasr A .tff tcaH tasc | toan | iasc sk
[—>
™ Rrot COLUMN COLUMN COLUMN ROW
ADDRESS | ADDRESS-1 ADDRESS-2 ADDRESS-3 ADDRESS
I L tRRH
tAA A ) ’
RCH fRCH
. tRes A tACS tRCS
—- —
toze _ ‘
tcop tozc ftcop [e— toze o0
Hi-Z
4 171 S
tcac | loac tcAC tcf:
1OFF kel tOFF teLz
oz toLz N
Hi-Z DATA DATA N DATA L
VALID-1 VALID-2 I/ VALID-3
taa
< 1cPA > icra
il tORH
toez
toEz L wzo toez 020 ioen M
tOEA 100D
tooD toH toop tocH
B L2u9825 00287kl b57 .
x MITSUBISHI
W ELECTRIC
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MITSUBISHI LSls
M5M418160BJ,TP-6,-7,-6S,-7S

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-Ap

Z|

INPUTS

DQn-DQe
(or DQs-DQit6)

LSUTPUTS

INPUTS

DQe-DQ1s
({or DQ1-DQs)

\_OUTPUTS

1RAS tRP R
{CPRH
tosH trc
» tRSH
tAPC
tcRpP tRCD cas tep tcas tcp toAS 1ORP
‘ » —OI—N-
tcRP RPC_ 1 1omp
5 i
tRAD tRAL .
tsR
AN f_‘:” tasc o ole tcaH R tasc tCAH N tasC ol t]'AHl tasR N
™ Row OLUMN N COLUMN COLUMN ' AOW
ADDRESS ADDRESS-1 v ADDRESS-2 ADDRESS-3 ADDRESS
tRRH
e LI tAa
. |es theH  tRos frcH tHT'S—b
Hi-Z
tcop tozc
1026 tozc 1CDD tcDD
Hi-Z
4 4
tcac fCAC
¢ toFF ore toFF - LN
toz [ oz — tc1z
Hi-Z DATA " DATA |\ DATA
VALIP-1 VALIl?-2 4 VALID-3
taa L 1cPA | I tcpa O
e > ¢
tRAC toEZ
toEZ || tozo tozo  [toEA foEz
tDz0 toEA tOEA
" topD . topp toobp
tocH 1OCH tocH
TR >
OO IOOOIN
H5HHAERIRRED
I L249825 0028762 593 WA
MITSUBISHI
ELECTRIC
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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 Write Cycle ( Early Write )

RAS

UCAS/ LCAS

=|

INPUTS

DQ1-DQi1s

OUTPUTS

tRAS
tRP
tesH tPC
_ .
\ tRSH \
tRPC
tCRP
tcRP trcD tcas tcp tcas tcP tcAs
1A tR tasc
EF‘_N L.“\H N JdCAH |, tasc tcAH IASS_' tcaH SN
ROW " COLUMN COLUMN COLUMN ROW
ADDRES ADDRESS-1 ADDRESS-2 ADDRESS-3 ADDRESS
twCH twes tWCH twes
tos toH tps, toH s toH

DATA VALID-1 }@{ DATA VALID-2

Hi-Z

DATA VALID-3

I L2u9825 00287L3 42T WA

* MITSUBISHI
ELECTRIC
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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 Upper/(Lower) Byte Write Cycle ( Early Write )

tRAS
tRP
tosH R tPC ¢ »
RAS \ tASH Z \-
tcRp ) tcas tce tcas P tRPC tcRP
or 07 \ /N /Ny
{or LCAS) o 4
1R tRPC {CRP
LCAS —
{or UCAS)
(AS‘L :_R;IAH tasc tcAH ‘ tasc . tCAH . usc_' tcaH task
ROW COLUMN COLUMN COLUMN ROW
Ao-A9 DORES ADDRESS-1 ADDRESS-2 ADDRESS-3 IADDRESS

—_— twol twes
W H
Ll T
N TR D
SSS
INPUTS ot te bbb te?
DQi1-DQs
(or DQe-DQns}
Hi-Z
OUTPUTS
tos 1oH tDs . oH s oH
INPUTS DATA VALID-1 @i DATA VALID-2 }@( DATA VALID-3
: 4
DQe-DQ1s
(or DQ1-DQs)
OUTPUTS Hi-Z
OE

B L2u49825 00287b4 3bb IN

| z MITSUBISHI
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MITSUBISHI LSis

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

il , thP
tcsH R trc N
RS N \
trPC
tcap tRCD tcas tcp toAs X terp
oors x5 B
RAD |
tasR E:H tasc tcAH tasc tCAH [tRWL tAsR
Ac-As ROW "COLUMN COLUMN ROW
DDRESS ADDRESS-1 ADDRESS-2 ADDRESS
{RCS N tweH tRCS tWCH
" el
tewL
' wp
DS tDH .
toze |
y: DATA
FPUTS W N VALID-1 A VALID-2
tozo
DQ1-DQ1s
tolz oz
l\OUTPUTS Hi-Z
toEz toez
toEH tOEH
tooo )
TS5

~ 04409\

E ¢ XA
° %ate%e%e% %% \_/

B L2u9825 0D287L5 272 WA
MITSUBISHI
ELECTRIC
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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 Upper/(Lower) Byte Write ( Delayed Write )

tRSH

« tRAS ; R
tosH tPc R >
s \ /
tRPC
toRP tRCD tcas tep tCAS '—’l tcrp
o 2575 \ / N /
(or LCAS)
tAPC
tcRP tcRP
LCAS
(or UCAS)
tRAD
tasR E:H tasc tcAR ‘tASC tcAH . TRWL ’ tASR S
Ao-Ae ROW COLUMN K COLUMN ROW
ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
; !
tres ‘ tweH tres | |, tweH N
) tewL N
tewl
A [
_ A A A A A \
KIS WP twp
W KRR \e,
(e
DQ1-DQs
(or DQs-DQ1s) .
| outpuTs Hi-Z
os toH
toze t‘Di, toH , toze sl ¢ N
INPUTS VAo —@(
DQs-DQ1s '
(or DQ1-DQs) |, oz
I__OUTPUTS Hi-Z
toez
toeH
toEH >
tobD
o \_/
B L249825 0028766 139 M
MITSUBISHI
ELECTRIC
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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

" , 1P
—_— L tesH , " tRsH N
- \ 1 N
" tPAWC N
. Rl
R I T . toas top tcas R W,
l "y | .
ialal \Y
¢ tRAD >
WA | IRAH tasc tcAH s tcAH tasR |
Ao-As ROW COLUMN COLUMN ROW
ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
tRCS . tweH y tRci’ tweH R
tawo towt tAwD ewe
1RAC
|t
tcac  tos| [tpn tDZC 0S| tom
" tbze ¥ e » N
N DATA DATA
lTNPUTS Y VALID-1 oy § | VALID-2
tDzo
DQ1-DQ1s tcLz
tciz
DATA DATA
VALID-1 Hi-Z VALID-2
|_OUTPUTS
tOEA tOEA
toez toEZ {OEH
toEH
tobp
toDD

IR b249825 00287k7 075 W

: MITSUBISHI
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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-Uppet/(Lower) Write, Read-Modify-Upper/(Lower) Write Cycle

. tRAS R
) tRP
. tesH . tRSH o L
s \ TN
" tPRWC tRrc
tcre
tcrP tRCD icas tcp " tcas
UCAS \ Z \ Z
(or LCAS)
tAPC
tcRP tCRP
LCAS
{or UCAS)
tRAD
tASFI= ‘EH’AH tasc tCAH QtAsc tcAH , tASR
J AV AY AW A e,
oo ROW COLUMN £S5 ROW
IADDRESS ADDRESS-1 o ADDRESS
tRes i tweH wes | ¢ tweH N
tawb tawp
* \tcl”i. EWL
W twe twp
[ BT
DQ1-DQs
{or DQe-DQ16)
‘_OUTPUTS Hi-Z
taa tAA
tnze tcac tos toH tozc tcac tos toH
» e ¢ »
k tRAC T
A
(T‘PUTS @{ VALID-1 |
tozo
DQe-DQuis tozo
{or DQ1-DQe) tcLz : oz
DATA DATA
/ . " vALID-2
OUTPUTS Nt | iz { b
toEA
toEA
1082 toEZ toEH
to0D tOEH — ¢ »
OE

I L249825 0028768 TOL N

MITSUBISHI
4-274 ELECTRIC



MITSUBISHI LSis
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, Vec=5V +10%, Vss=0V, unless otherwise noted) (Note 2)

Symbol Parameter Test conditions - Limits Unit
Min Typ Max
RAS cycling TAS = 0.2V or
TAS before RAS refresh cycling
W = 0.2Vor& Ve - 0.2V
lecs Supply current from Vec M5M418160B | BE < 0.2V or = Vec - 0.2V 500 nA
Extended refresh cycle -65,-78 Ao~AsS 0.2V or = Vee - 0.2V
DQ = open
tReF = 128ms
1RAS = tRAS min~1 us
Average supply current
locs@v | from Voc MsMa1s1608 RAAS = GAS S 02V 400 HA
Self - Refresh cycle '

TIMING REQUIREMENTS (Ta=0~ 70°C, Vec=5V =+ 10%, Vss=0V, unless otherwise noted See notes 13,14)

Limits
Symbol Parameter M5M418160B-6S | M5M418160B-7S Unit
Min Max Min Max
trass | Self Refresh RAS low pulse width 100 100 us
tRes | Salf Refresh 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 (1K) must be made within tns/tsn  before / after self refresh , on the condition
of tns= 16.4 ms and tsn < 16.4 ms.

Ns ‘ tsN
-------------- M| e

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

{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 S 16.4 ms.

tns tsn

[<—>1 <
m W1 _ M m

——
BURST REFRESH 1024 cycles 1024 cycles BURST REFRESH
< 1K/ 16.4ms >

<1K/16.4ms >

- 249825 DD28769 94 W

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

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

Self Refresh Cycle

trRP P

RAS / tRASS N 7
‘ " ot 4

tAPC tRPC tcre

cPN tesA

- h tCHS fr—
UCAS /TCAS / %

tAsR
A P AR AR A AR A A AR A e
Ao-As > P 0.0.:':’:.: .:.:.:’:’:.‘_ AOW
RASOEEE/ N ADDRESS

w
1OFF
TSR
SRS SRR
INPUT SIS e teteta%e bt
A 20200000 %
DQ1-DQ1s
. Hi-Z
QUTPUT
tOEZ
N AR AU A A A S A A A A ALK D
oE SRR RLAXHHHALAN
SRS SIS

X DA S S DA S DD G HEEE A S

M L249825 0028770 LET WA

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

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

Upper/(Lower) Self Refresh Cycle*

trPS

{CRP

tRPC

tCcHS

tcrp

tRPC

./

thAss

trRP

tcsr

tRPC

tceN

tcap

ol

tRCH

{OFF

Hi-Z

trRPC

n

{or LCAS)

_

LCAS
{or JCAS)

Ao-As

‘TN
DQ1-DQ1s

toez

B L249825 0028771 5TH WA

4-277
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