MITSUBISHI LSis

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

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, | PIN CONFIGURATION (TOP VIEW)
fabricated with the high performance CMOS process,and is ideal for
large-capacity memory systems where high spead, low power (5.0V)E\,/8c1; - by (OV)
dissipation , and low costs are essential. DATA INPUTS/ ] DQ2] A DQ15 80:';%6"{.’;“1'8/
The use of double-layer aluminum process combined with OUTPUTS | DQ3[X] REIDQ14
triple-well CMOS technology and a single-transistor dynamic (5.0 Vgc“ :'"' Ds.Qs1(30V)
storage stacked capacitor celt provide high circuit density at = 5 DA
reduced costs. Multiplexed address inputs permit both a reduction DATA INPUTS/ § EEIDQ11 | DATA INPUTS/
in pins and an increase in system densities. OUTPUTS B ] 88;0 OUTPUTS
w | 331
a; [ZINC ,égﬂwE'F‘l'?\’TE co;tsmm
FEATURES wAiTE conTRoL_ ) -4 PILCAS smoee weur |
— — ROW ADDRESS T w ; SO ARTH
RAS | CAS [Addrees! OE | Cycie dli-m STROBE INPUT '\ ~rm P AeE ENABLE INPUT
Type name time | tme | tme | tme | tme 3 As
{max.ns) | (max.ns}| (max.ns) | (max.ns) | (min.ns) (typ.mW) Ao PRIA7 ADDRESS
[M5M418180BXX-6,-65| 60 15 30 15 110 | 680 Aolﬁglgﬁg : [ZAs INPUTS
[Msmars1e0Bxx-7,7s| 70 [ 20 | 35 [ 20 | 130 | %0 A = ﬁ
[MsmarsteoBxx.8.8s| 80 | 20 | 40 | 20 | 150 | s00 (5.0V) Vel Rvss (0v)
prppp—— Outline 42POK (400mil SOJ)
® Standard 42pin SOJ, 50pin TSOP (5.0V) Vec [1] [RVss (0V)
® Single 5.0V + 10% supply &6
B DATA INPUTS/
® Low stand-by power dissipation DAT%{,N,';%T}SS/ DG QUTPUTS
5.5mW (Max) +eveeeeren. tesetsrsarnna CMOS Input level DO«
® Low operating power dlsslpaﬂon (5.0V)Veo I LEIVSS (0V)
M5M418160Bxx -6, -6S +ccrresvnrrnannes 830.0mW (Max)
M5MA18160BXX -7, -78 = veorravennnanns 720.0mW (Max) DATAINPUTS/ DQs O }gﬁ;gg%PSUTS/
M5M418160Bxx -8, 88 «eceeerscvncnnnss 610.0mW(Max!
® Fast-page mode, Read-modify-write,AAS-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

d1409181¥NSH

® 1024 refresh cycles every 16.4ms (Ao ~As) WRITE cmfma# NCE [s2i.2 upeea BVTE conr
ROW ADDRESS RA: INPUT
STROBE INPUT NC ) OUTPUT ENABLE INPUT
APPLICATION
Main memory unit for computers, Microcomputer memory, Refresh ADDRESS m%%ﬁrgss
memory for CRT INPUTS
(5.0V) Vcc i &1Vss (0V)
Outline SOP3W-L(400mii TSOP)
(OV) VssE] © vec (5.0V)
DQus[E]
DATA INPUTS/ DQis[E] : DATA INPUTS/
DQu4Ty QUTPUTS
DQu3pz] D
(OV) Vss 28] [E)Vee (5.0V)
Q12 D
DATA INPUTS/] DQ11[E] = DATA INPUTS/
S1 DQio[T a uTS
DG §
NC} ury
®
| OWER BYTE CONTROL =t
GOLUMN ADDRESS 8
STROEE INP! NCEE S
UPPER EYTE CONTROL [CASE : 3 m WEIJTE CONTROL
‘STROBE INPUT ROW ADDRESS
::'GEE gRA
OUTPUT ENABLE NPT/ Ao B3 : STROBE INPUT
Asf
ADDRESS A7
INPUTS AsE] ADDRESS
AsEEl & INPUTS
A4 A3
(OV) VssEl [&2lVee (5.0V)

Outline 50P3W-M(400mil TSOFP)
NC : NO CONNECTION
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MITSUBISHI LSls

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

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

FUNCTION

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

Table 1 Input conditions for each mode

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

Inputs input/Output
Operation — po— p— — —
AAS LCAS UCAS w OE pai-Do8 | pas-pots
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 oouT DOUT
Lower Byte Write ACT ACT NAC ACT NAC DIN DNC
Upper Byte Write ACT NAC ACT ACT NAC DNC DIN
Word write ACT ACT ACT ACT NAC DIN DIN
FAiAS-only refresh ACT NAC NAC DNC DNC OPN OPN
Hidden refresh ACT ACT ACT NAC ACT poutT DoutT
TAS betore AAS refresh ACT ACT ACT DNC DNC OPN OPN
Stand-by NAC DNC DNC DNC DNC OPN OPN
Note : ACT : active, NAC : nonactive, DNC : don' t care, VLD : valid, IVD . Invalld, APD * applied, OPN ' open
BLOCK DIAGRAM _ _ _
Vee (5.0V)
smoas WOt 7as CLOCK GENERATOR
COLUMN ADDHESS STROSE RFUTLCAS O_,——_¥ CIRCUIT Vss (OV)
-4
UPPER BYTE
COLUMN ADDRESS STROBE mpu'rm LOWER o o, Eﬁ
=it s 0]
WRITECONTROL o e ) LitaE &3 baz
INPUT - T i Liower paTa
4 1 [INPUTS/OUTPUTS
n:g 2 :
<E DQe
by
i \ N
0 COLUMN DECODER _+_—.."
[ES
At * ............... + - g Eg
A2 SENSE REFRESH 333
a3 = AMPLIFER & 1 /0 CONTROL §¢ 2
E& T UPPER DATA
A4 232 2 d INPUTS / OUTPUTS
ADDRESS INPUTS £ o § 2 zEe
« Q1 it
a7 22 gza
o L
A9 —
OUTPUT ENABLE
\ OF INPUT
5-112 AELECTRIC



MITSUBISHI LSIs

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

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

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Voo Supply voltage -1~7 v
Vi Input voltage With respect to Vss A~7 v
Vo Output veltage A~7 Vv
lo Qutput current 50 mA
Pd Power dissipation Ta=25°C 1000 mw
Topr Operating temperature 0~ 70 c
Tstg Storage temperature -85~ 150 ‘c
RECOMMENDED OPERATING CONDITIONS (Ta=0~. 70°C, unless otherwiss noted) (Note 1)
Limits
Symbot Parameter Unit
4 Min Nom Max
Vee Supply voltage 4.5 5.0 55 \
Vss Supply voltage [ 0 0 v
Vi High-levei input voltage, all inputs 24 6.0 )
Vi Low-level input voltags, all inputs -1 08 v
Note 1 : All voltage values are with respect to Vss.
ELECTRICAL CHARACTERISTICS (Ta0~ 70°C, Voe=5.0V +10%, Vas=0V, unless otherwise noted) {Note2)
Limits
Symbol P etel iti
ym arameter Test conditions i Ty | Max Unit
Vor High-level output voltage IoHs-5mA 24 Vee v
VoL Low-level output voltage loL=4.2mA [¢] 0.4 \']
loz Off-state output current Q fioating, OV 5 Vour S 5.5V -10 10 uA
T input current OVSViN g 8V, Other inputs pins=0V -10 10 uhA
Avera\?e supply current MS5M418160B-6,-65| RAS, TAS cycling 150
from Vec operating {RCatWC=min.
fect av M5M418160B-7,-7S| output open 130 mA
(Note 3,4,5) [M5M418160B-8,-8S 110
lecz Supply current from Vec , stand-by  (Note 6) RAS- =Vin, output open 2 mA
, stand- —_—
itd Y FiAS= CAS &V00 0.2V 05
-8, - 150
Ave ; srg curren( M5M418160B-6,-6S TAS eycling, TAB Vi
lccs tav) M5M418180B-7,-78| lRe=min. 130 mA
output open
{Note 3,5) [M5M418160B-8,-85 110
M5M4181608-6,-65| ____
I:;’en \?e supply current RAS=Vw, CAS cycling 70
M5M418160B-7,-7S| tPc=min.
lccaav) | Fast-Page-Mode outpUt open 60 mA
(Note 3,4,5) [M5M418160B-8,-88 50
A"°"‘\‘?° supply current MSM4181608 6,65 mcmbelomm refresh cycling 1%
7 =min mA
lecaav Cﬁg before RAS refresh M5M418160B-7,-7S output open 130
{Note 3) [M5M418160B-8,-85 110
Note 2: Current flowing into an IC is positive, out is negative.
3: lee1 (AV), lee3 (AV) and lecd (AV) are dependent on cycle rate, Maximum current is measured at the fastest cycle rate.
4: lee1 (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 LCASAUCAS=VH .
CAPACITANCE (Ta=0~ 70°C, Vc=5.0V +10%, Vss=0V, unless otherwise noted)
" Limits -
Symbo! Parameter Test conditions in T Vi Unit
Gy Input cap address inputs 5 pF
C\ T Input capacitance, GF input Vi=Vss 7 pF
Ci W) Input capacitance, W input f=1MHz 7 pF
Ci1#5 | Input capacitance, RAS input Vi=28mVrms 7 pF
Ci TS Input capacitance, CAS input 7 pF
Ciro Input/Output capacitance, data ports 8 pF
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* MITSUBISHI LSls
M5M418160BJ,TP,RT-6,-7,-8,-6S,-7S,-8S

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

SWITCHING CHARACTERISTICS (Ta-0~ 70°C, Vcc=5.0V 4 10%, Vss=OV, unless otherwise noted , see notes 6,13,14)

Limits
Symbol Parameter M5M4181608-8,-65 | MSMA181608-7,-75 | MoMA181808-6,88 | it
Min Max Min Max Min Max
ac  |Access time from CAS (Note7,8) 15 20 20 ne
trac | Access time from RAS (Note7,9) 60 70 80 ns
'Yy Column address access time {Note 7,10) 30 35 40 ns
tcPa  |Access time from CAS precharge {Note 7,11) 35 40 45 ns
10EA Access time from OE (Note 7) 15 20 20 ns
fciz Output low impadance time from CAS low  (Note7)| s 5 5 ns
toFF | Output disable time after CAS high (Note 12)] o 15 0 15 0 15 s
toez  |Output disable time after O high (Note12){ O 15 0 15 0 15 ns

Note 8: An initial pause of 500 us is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles
containing a RAS clock such as RAS-Only refresh). I
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 2TTL loads and 100pF.
8: Assumes that tRCD& tRCD(max} and tasC 2 tASC(max).
9: Assumes that tRCD & tRCD(mex) and tRAGSS tRAD(max). If IRCD or tRAD is greater than the maximum recommended value shown in this table,
trac will Increase by amount that frco exceeds the value shown.
10: Assumes that tRAD 2 tRAD(mex) and tASCS 1ASC(max).
11: Assumes that tck & tepma) and tASC R tASC(max).
12: toFF(max) and 1062 (mex) defines the time at which the output achieves the high impedance state ( lous 1+ 10 pAl ) and is not reference to
VOH(min) O VOL(max).

TIMING REQUIREMENTS (For Read, Write, Read-Modity-Write ,Refresh, and Fast-Page Mode Cycles)
(Ta=0 ~70°C, Voc=5.0V £ 10%, Vas=0V, unless otherwise noted, see notes 13,14)

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

tREF Refresh cycle time 16.4 16.4 16.4 ms
AP TAS high pulse width 40 S0 60 ns
tRCD Delay time, 'RAS low to CAS low (Note15) 20 a5 20 50 20 60 ns
tcre | Delay time, CAS high to RAS low 10 10 10 ns
trec | Delay time, RAS high to CAS iow [ 0 0 ns
tchN | CAS high pulse width 10 10 10 ns
1RAD Column address delay time from RAS low (Note16) 15 30 15 35 15 40 ns
1ASR Row address setup time before RAS low 0 [ 0 ns
tasc Column address setup time before CAS low (Note17) 0 10 0 10 0 10 ns
tRAH Row address hold time after RAS low 10 10 10 ns
foaH Column address hold time after CAS low 15 15 15 ns
toze Delay time, data to CAS low (Note18) 0 0 P ns
tozo Delay time, data to O low (Note18) 0 0 0 ns
tcod | Detay time, CAS high to data (Note19)[ 15 15 15 ns
tooo | Delay time, OF high to data (Note18)| 15 15 15 ns
r Transition time (Note20) 1 50 1 50 1 50 ns

Note 13: The timing requirements are assumed tr =5ns.
14: Vigmin) and Vimex) are reference levels for measuring timing of input signals.
15: tReo(may) is specified as a reference point only. If tRep is less than tReoimex), access time is trac. If tReD is greater than tRco(max), access
time Is controfled exclusively by tCAC or taa. tRcomn) is specified as tRCD{min) =tRAH(min) +2T+tASC(min).
16: tRAD(ma) is Specified as a reference point only. If RAD tRAD(max) and tASCS 1ASC(mex), access time is controlled exclusively by taa
17: tasc(max) I8 spacified as a reference point only. If fReD tRCD(max) and 1ASC tasCimax), access time is controlled exclusively by tcac.
18: Either tozc or thzo must be satisfied.
19: Either tcoo or tooD must be satisfied.
20: tris measured between ViHimin) and ViLmax)

N 249825 0025534 095 W MITSUBISHI
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MITSUBISHI LSls

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

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

Read and Refresh Cycles
Limits
Symbol Parameter  MSM418160B-6,-65 | MGMIA181608-7,-75 | MSMA18160B-5,88|  ynit
Min Max Min Max Min Max
tRC Read cycle time 110 130 150 ns
tRAS RAS low pulse width 60 10000 70 10000 80 10000 ns
tcas | CAS tow pulse width 15 10000 20 10000 20 10000 ns
tcsi  |CAS hold time after FAS low 60 70 80 ns
trsH  |RAS hold time after CAS low i5 20 20 ns
tres | Read Setup time after CAS high 0 0 0 ns
RCH Read hold time after CAS low (Note 21) 0 0 ns
RRH  {Read hold time after RAS low {Note 21)] 10 10 10 ns
tRAL Column address to IAS hold time 30 35 40 ns
tocH TAS hold time after OF low 15 20 20 ns
torH  |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-6,-65 | M5M418160B-7,-7S | M5M418160B-8,-88 Unlt
Min Max Min Max Min Max
twe Write cycle time 110 130 150 ns
tRAS RAS low pulse width 60 10000 70 10000 80 10000 ns
tcas | CAS low pulse width 15 10000 20 | 10000 20 | 10000 ns
tosH CAS hold time after RAS low 60 70 80 ns
RSH RAS hold time after CAS low 15 20 20 ns
twos | Write setup time before CAS low (Note 23) 0 [ [ ns
WweH | Write hoid time after CAS fow 10 10 15 ns
towt  |CAS hold time after W low 15 20 20 ns
WL | RAS hold time after W low 15 20 20 ns
twe Write pulse width 10 10 15 ns
tps Data setup time before CAS low or W low 0 0 0 ns
toH Data hold time after CAS low or W low 10 15 15 ns
toe4 | OE hold time after W low 15 20 20 ns
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MITSUBISHI LSis

M5M418160BJ,TP,RT-6,-7,-8,-6S,-7S5,-8S

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

Read-Write and Read-Modify-Write Cycles

Limits
Symbol Parameter M5M418160B-6,-65 | M5SM418160B-7,-75 | M5SM418160B-8,-8S |  Unit
Min Max Min Max Min Max

tRWC Read write/read modify write cycle time (Note22)| 155 180 200 ns
tRAs | RAS low pulse width 105 10000 120 10000 | 130 10000 ns
tcas  [CAS low pulse width 60 10000 70 10000 70 10000 ns
tcsd | CAS hold time after RAS low 105 120 130 ns
tsH | RAS hold time after CAS low 60 70 70 ns
tRcs | Read setup time before CAS low 0 0 0 ns
towo | Delay time, CAS low to W low (Note23)| 40 45 45 ns
tRwWD | Delay time, FAS low to W low (Note23)[ g5 95 105 ns
tawp Delay time, address to W low (Note23) 55 60 85 ns
tow. | CAS hold time after W low 15 20 20 ns
tawL. RAS hold time after W low 15 20 20 ns

Write pulse width ) 10 10 15 ns
tos Data setup time before W low 0 0 ° ns
1DH Data hold time after W low 10 15 15 ns
toen  [OF hold time after W low i5 15 15 ns

Note 22: tawc is specified as tRwC(min)=tRAC(max)-+tODD{mun)+tAWL{mm)+IRP(min) +51T.
23: twes, town,tRwo and 1AWD and,tcPwo are specified as reference points only. If twes&twes(min) the cycle Is an early write cycle and the
DQpins will remain high impedance throughout the entire cycle. If IcWDZ1cWDmm), tRWDREtRWD (mun), AWD:= tAWD(min) and {CPWD S&tCPWD(min)
{for fast page mode cycle only), the cycle is a read-madify-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 accass time and until CAS or O goes back 1o Vin) is indeterminate.

Fast-Page Mode Cycle (Read, Early Write, Read -Write, Read-Modify-Write Cycle) (Note24)

Limits
Symbol Parameter M5M418160B-6,-65 | MGSM418160B-7,-7S [MSM418160B-8,-85 | Uit
Min Max Min Max Min Max
[ 2] Fast page mode read/write cycle time 40 45 50 ns
"tPRWG | Fast page mode read write/read modity write cycle time 85 95 105 ns
tRAS RAS low pulse width for read write cycle  (Note25)| 100 125000 115 125000 130 125000 ns
1P 'CAS high pulse width (Note26)| 10 15 10 15 10 15 ns
tcrrH | RAS hold time after CAS precharge 35 40 45 ns
icPwo | Delay time, CAS precharge to W low (Note23)| 80 65 70 ns

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

CAS before RAS Refresh Cycle (Note 27)

Limits
Symbol Parameter M5M418160B-6,-6S |M5M418160B-7,-7S | M5M418160B-8,-8S Unit
Min Max Min Max Min Max
tcsh CAS setup time before RAS low 10 10 10 ns
teHr 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 necessaty for proper operation of CAS before RAS refresh
mode.
BN 6249825 0025536 968 M MITSUBISHI
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MITSUBISHI LSis

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

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

Timing Diagrams (Note 28)

Read Cycle
tRC
" tRAS trP
RAS \ tRSH / N\
A
tcsSH {RPC tcap
'tcnp tReD |
— — tcas
woxs s I Y
10AH
v tRAL tASR
COLUMN ROW
Ac-As ADDRESS W ADDRESS
w
Hi-Z
INPUTS o
DQ1-DQ1s 1AM » toFf
tcz
OUTPUTS HiZ @g ATA VALID
. tRAC 10z
tzo tOEA tood
tocH
OE toRn

Note 28

.
I

Indicates the don't care input.

VIH(min.) & VIN S VIH(max) or VIL(min.) & VIN S ViL(max)

Indicates the
invalid output.

Indicates the skew of the two inputs.

B 5249825 0025537 AT I A
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MITSUBISHI LSIis

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

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

Upper / (Lower) Byte Read Cycle

< tRC
tRAS tRP
N \ tRSH Z
RAS
tosH thrc  tcRP
—>
tRCD tcas tcPN
UCAS \ Z
(or LCAS)
tcAH ftapc teRp
LCAS— tRAD tRAL
{or UCAS)
tasR tRAH tasc tasR
—
Ac-Ao ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tRRH
RCS tACH
W
INPUTS § §
DQ1-DQs
(or DQe-DQ16)
OUTPUTS Hi-Z
toze teac tcob
INPUTS A Hi-Z
1A toFF
DQw-DQi1s
{ or DQ1-DQs) ez
OUTPUTS HiZ ‘"&’:{L"X DATA VALID
T {RAC ,
bzo « IOEA
OF focH
OE
tORH
BN L2y9825 0025538 730 M
MITSUBISHI
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MITSUBISHI LSIs

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

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

Write Cycle ( Early write)

we

RP

tRPC

tcRP

tRAS

tcsH

tASH

tcas

tAsr

ROW
ADDRESS

tCAH

COLUMN
ADDRESS

tweH

toH

trRCD

tasc

AH

R

RAS

tCRP

UCAS/ LCAS

tasn

ROW
ADDRESS

X

Ac-Ap

DATA VALID

DQ1-DQ1s

Hi-Z

IﬂJTPUTS

5-119
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MITSUBISHI LSls
M5M418160BJ,TP,RT-6,-7,-8,-6S,-7S,-8S

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

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

twe
tRas AP
————————
AAS N\ / N\
tesH
tCRP {RCD tRSH P tcrpP
tcas aﬁ
UCAS y \
(or LCAS)
1CRP tRPC {CRP
LCAS 3
(or UCAS)
tAsR tRAH tAsC 1CAH {ASR
Ao-As ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tweH
w
INPUTS
DQ1-DQs
{or DQe-DQ16)
OUTPUTS Hi-Z
tos toH
INPUTS DATA VALID
DQe-DQ1s
{or DQ1-DQe)
OUTPUTS Hi-Z
OE
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MITSUBISHI LSls

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

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

Write Cycle ( Delayed write )

" We
N trRAS tRP
_—-—= M
s \ \___
CSH
N PC
{CRP tRCD tRSH tcRp
tcas

UCAS/ [CAS

{ASR tRAH tasc tcAH tAsR

e »
Ao-Ao ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS

w
toH

INPUTS DATA VALID
DQ1-DQ1s

OUTPUTS HiZ

{OEH

TR RS RII RRRR RR R RR R R IR
oE eorerers

' LS 0.0, 0.0.0.0.0.0.0.0.0.40.¢

m Amnsuslsrn
b249825 Q025541 225 MM MITSUBLS
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MITSUBISHI LSls

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

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)

e

INPUTS

DQ1-DQs
(or DQe-DQ16)

OUTPUTS

INPUTS

DQe-DQ1s
(or DQ1-DQs)

OUTPUTS

twe
tRAS tRP
\ N
tesH

CRP tRCD - tRSH tRPC  iCRP

{ \ tcas /
tRPC
tcRP tcRP
tasr tRAH tasc tcAaH R tasr
ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS

*

A AN NN AN KA AR A A
0.0.:.0.0.0’0.0’1'.0.0 A

7

*

Hi-Z
tos toH
]§< DATA VALID
tcz
>
Hi-Z
toez
tozo toEH

tobo

M 249825 0025542 1Ll EM
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MITSUBISHI LSIs

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

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

Read-Write, Read-Modify-Write Cycle

tRWC
tRAS trP
———
RAS \ / \
e {CsH
N tRPC
1CRP " tRCD {RSH tcRP
tcas
UCAS/ TCAS
tRAD
1ASR tRAH C {CAH N tASR
Ac-As ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tcwn fewr |
tawb
{RWD tRwL
w trcs
tozc fCAC
taA {Ds toH
> >t
INPUTS HiZ @( DATA VALID
DQ1-DQ1s tcLz
Hi-Z A\ Hi-Z
OUTPUTS ,{‘,]9,
toEA
tobp
tozo (o] 7]
< P P —
toez
= e
OE ety

MITSUBISHI
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MITSUBISHI LSIs

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

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

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

RWG
tRAS tRP
tosH
trRPC
tCRP tRCD tRSH {cRP
tcas R
= T \ /
(or LCAS)
lcrp REC  tonp
LCAS
(or UCAS)
R tRAH sC tCAH tASR
—
Ac-As ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
towp towL
tAwD >
tRWD
W m
tRCS
~
DQ1-DQs
tRAC
(or DQe-DQie) >
OUTPUTS a2
— tozc
. tan s | o
Hi-Z
INPUTS & DATA VALID
DQs-DQ16 10AG
{or DQ1-DQs) torz
OUTPUTS
OE

B L249825 0025544 T3k [ |
MITSUBISHI
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MITSUBISHI LSIs

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

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

ROW
ADDRESS

tRC

RP

tcrp

tRPC

R

RAS-only Refresh Cycle

tcrRP

UCAS/ LCAS

&"&A‘/

\/

65
&

v
<7
£y

5

»,
*

L)

b,

()

()

)

\/

Ao-A9

Hi-Z

OUTPUTS

DQ1-DQiie

ST TS

%

L)
(/

0000000.

-

*

*
.
<2
»

00"
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MITSUBISHI LSIs

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

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

CAS before RAS Refresh Cycle

tcRP

tRP

tRPC

tre

{CHR

\

icsr

tRC
tRPC

tRAS

tCHR

\

RP
tcsR
tcPN
T

tAsR

ROW
ADDRESS

tcoo

tRPC

UCAS/ LCAS

RAS

Ao-As

topp

z MITSUBISHI
ELECTRIC
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MITSUBISHI LSls

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

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

Upper/(Lower) CAS before RAS Refresh Cycle

UCAS
{or LCAS)

LCAS
{or UCAS)

Ao-As

=

INPUTS

DQ1-DQs
(or DQe-DQ1s)

QUTPUTS

’E’UTS

DQe-DQ1e
(or DQ1-DQs)

OUTPUTS

/]

tRC

tRe

1RAS

tRP

tRPC

tAPC

tcsr

tRPC

tCRP

trRPC

tcRpP

iCRP

tASR

ROW
ADDRESS

>

K

OO0, CH A
R SN
SR A A A IS

T r
%%90

toEZ

Hi-Z

tcop

toFF

toez

Hi-Z

tobD

B b2498c25

goassu? 743 1N
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MITSUBISHI LSls

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

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

Hidden Refresh Cycle (Read) (Note 29)

UCAS/LCAS

Ac-As

INPUTS

DQu-DQi1e

OUTPUTS

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle.

tRe {RC
tRAS tRP . tRas tRP
tRpc
tcrp tRCD tRSH tCHR tcrRP
{RAD
sk | |tman tASC o, A
ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tRAL tRRH
. LfRcs
57 |
|, tozc
tcoo
Hi-Z
4 taa
| teac
" tRAC M tOFF
oz
Hi-Z {@( DATA VALID
tozo tOEA o toez
toop

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

B 5249825 0025548 LAT IR
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MITSUBISHI LSlis

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

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

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

trc " tRC .
tRAS ., irP N tRAS e AP
s \ / \ oo, N
tRPC
tRCD e tRsH M tcRP
tchp {CHR
UCAS \ /"_
(or LCAS)
tcrp tcRe
LCAS
{or UCAS)
tRAD
{asc ICAH tAsR
lasR H < N
}R_A. — |e >
Ac-As ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
RCS
tRAL tRRH
W m
INPUTS
DQi-DQs
(or DQe-DQ186)
OUTPUTS Hi-Z
L toze tcoD
Hi-Z
INPUTS
tcac
DQe-DQ1s M toFF
{or DQ1-DQs) fcLz
OUTPUTS Hi-Z DATA VALID
—10E2
toop
(E X XD
o OO
OE AHXHRKS

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.

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

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

Fast Page Mode Read Cycle

tras tRP
tesH N tec tCPRH
tRsH |
RAS \ / \
trRPC
tehP tRCD toas tcp tcas | top tcrp
v tcas
UCAS/ LCAS y
tRAD AL | |
tRAH tcAH
IAS‘FI_’ A rfgl tCAH tasc toAH Ius o ‘lASH
Ao-A ™ Row ~COLUMN COLUMN R COLUMN ROW
0-A9 ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS-3| ADDRESS
L RAH .,
tan R wa ||
tRCH tRCH
_ tRCS T tres tRcs
| —— ~—
W y W trcH
tze 100
’ tcop oze | o ftcop t——;ﬁ tozc
INPUTS D -
tcac ¥
tcAc ¢ tcac tOFF
DQi-DQ1s
{OFF 1 torF tcLz
tcLz ou H( -
Hi-Z DATA DATA DATA L
QUTPUTS %{ VALID-1 VvALID-2 |/ VALID-3
tan tcPa R tcPA
tRAC tOR:i—J v
toEZ
toez | tozo e8| ||zo o LloEA [
N d tOEA topo
4 toop to0H tood tocH
6-E— L—m
M L249825 00 z
25550 232 W MITSUBISHI
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MITSUBISHI LSls

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

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)

Ac-Ag

g

(or DQe-DQi1e)

I_OUTPUTS

INPUTS

DQe-DQ1s
{or DQ1-DQs)

\_OUTPUTS

OLUMN
ADDRESS-1

7

tRAS tap N
1CSH trc tasH
1RPC

treo tcp tcas {CRP [

RPC_y  torp
-

tRAD
tasc tasc tcAH tASR

B
A

COLUMN ROW
ADDRESS

DDRESS-2 ADDRESS-3
tRRH
L tRCS Ec’:r tACS

tcop

M K
16%6%% %

{ X

zc

(ML tDze teob
 lore hore teac 1OFF

teLz [—> >

Hi-Z DATA
VALID-3
tAA {CPA R
tRAC
tozo
ibzo 1OEA
toDD

MITSUBISH
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MITSUBISHI LSIs

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

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

Fast Page Mode Write Cycle ( Early Write )

UCAS/ LCAS

Aoc-A9

g|

INPUTS

DQi-DQns

OUTPUTS

tRAS

icsH

trc

IRSH

tRP

tcrRP

tASR m‘AH ftasc CAH tase tcAH tASC
ROW COLUMN COLUMN
DDRES: ADDRESS-1 ADDRESS-2
ST SONWeS tweh twes
SO 00
CXHXHAIINR
DS 1DH ips | oH i
DATA VALID-1 DATA VALID-2 W
Hi-Z

COLUMN
ADDRESS-3

oH

DATA VALID-3

B L249825 0025552 000 mm
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MITSUBISHI LSis

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

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

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

tRAS
tRP
tCSH R tPC M
—_— tRSH
RAS \ Z
tcRP tRCD fcas tcp tcaAs tcP tRPC fcrP
UCAS \ Z N s | e
{or LCAS) ) >
1CRP tRPC 1CRP
LCAS -
(or UCAS)
", PQIA "o hse 1CAH | tase eAH tago | | toa 1ASR
Ac-Ag ROW COLUMN COLUMN COLUMN ROW
ADDRES ADDRESS-1 ADDRESS-2 ADDRESS-3 ADDRESS

—_ twes tweH twes
- weH
1
mpurs

DQ1-DQs
(or DQs-DQis)

OUTPUTS HiZ

os | | on Jos | |, o 22, oM
INPUTS DATA VALID-1 DATA VALID-2 E@( DATA VALID-3
7

DQe-DQ1s
(or DQ1-DQs)

OUTPUTS HiZ
OE

* MITSUBISHI
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MITSUBISHI LSlIs

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

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

Fast Page Mode Write Cycle ( Delayed Write )

RAS
OCAS/ICAS
Ac-Ao

w

tpzc
o S

tRsH
trAS » trp
. tcsH N tPc "
tRPC
tAcD R {cAS tcp tcAs y tcRP
tRAD
tcaH tAsC tCAH [tRwL tASR
ROW 'COLUMN COLUMN ROW
DDRESS ADDRESS-1 ADDRESS-2 ADDRESS
jiale] , tweH 4 tRes tWCH

DOh-DQs
tcLz
OUTPUTS Hi-Z
toEZ toEZ
tozo oD 10EH s {OEH
\/
L2u9a825 0025554 983 [ ]
- z MITSUBISHI
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MITSUBISHI LSlis

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

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

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

" tRSH
{RAS , -
tesH fPC .
s N / \
tcre tRCD tcAs tep toas CRP
s \ \ /
(or LCAS)
PC
tcrP tcRP
iCAS
{or OTAS)
D,
tsh | |tRa tasc tcAH s tcAH o SR
Ac-Ap R COLUMN COLUMN ROW
DDRESS ADDRESS-1 ADDRESS-2 ADDRESS
" tweH tres | |, tweH o
[
o towe OO0
_ OO
w d SRR
INPUTS
DQ1-0Qs
(or DQo-DQ18) HiZ
|_0UTPUTS x
tpze D.E. toH
A DATA
INPUTS X vALD-1
DQe-DQ1s tozo
{or DQ1-DQs) teLz
OUTPUTS Hi-z
toEZ
toez toeH
tooo — R, tooo
3 \_/
~ MITSUBISHI
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MITSUBISHI LSls

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

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

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

tRAS -
—_— tcsH tRsH
RS N qf \__
v PRWC r
L {RCD R tcas tcp tcas v torp

UCAS/ ICAS

tsR 1AsC
|;";‘" fcAH toaH tsR_ |
Ac-As ROW COLUMN COLUMN ROW
DDRESS ADDRESS-1 ADDRESS-2 ADDRESS

tFlCS WCH 4 | tres WeH
L WD, tow [ tawp T
. BT = e L= e
tRAG
[
cAC DS tozc s | | ton
o FaA [ L - I
oATA oiTa R
VALID 1 foac VALID-2 / ERRHRIHRHRRAK
tpzo
oz toLz
DATA DATA
VALID-1 Hi-z VALID-2
EA
toEZ toeH toE2 {OEH
0D
1000
B bc49825 0025556 7?56 WM MITSUBISHI
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MITSUBISHI LSis

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

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
¢ | trP
tCSH ¢ RSH »
RAS N / A
tPRWC g [RPe
TRP | | ftAcD tcas tcp " tcas ToRP
 F \ B
(or LCAS)
tcRP tRPC  tcpp
LCAS
{or OCAS)
{RAD
tasr £AH tasc {CAH tASC 1CAH tASR
Ac-Ao ROW COLUMN COLUMN
DDRESS ADDRESS-1 ADDRE:! ADDRESS
' tweH
mos_ tWCH tRes <
" tAWD tAWD
‘ \‘%WLJ = g\lt?m
W twi twp
INPUTS %
DQ1-DQs
(or DQe-DQ16)
|_outpurs HZ ,
s 1AA
[l
tozc tcAC tDs toH toze fcac ips iDH
P j—> »
N - DATA
DATA
INPUTS §< VALID-1 —NA vaup-2
DQe-DQ1s tozo Do
(or DO1-DQs) - toLz ez
s
QUTPUTS LD Hi-Z
10EA
tOEA
Iz 1oEH toEz toEH
tobD tODD'
OF
7 L92 W AM‘ISLBISI-I
BB L2u96825 002555 ELECTRIC 5 137



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

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/-8S. The other characteristics and
requirements than the below are same as normal devices.

ELECTRICAL CHARACTERISTICS

(Ta=0~ 70°C, Vcc=5V +10%, Ves=0V, unless otherwise noted) (Note 2)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
Average supply current
lcconyy | from Veo MEM4181608 RAS = CAS & 0.2V 400 #A
Self - Refresh cycle e

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

Limits

Symbol Parameter M5M418180B-6S | M5M418160B-7S | M5M418160B-8S | Unit
Min Max Min Max Min Max

trass | Self Refresh RAS low puise width 100 100 100 us

tRPs | Self Refresh RAS high precharge time 90 110 130 ns

fcis | 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 tNS< 16.4 ms and tSN = 16.4 ms.

tns {sN
-------------- T [T
DISTRIBUTED REFRESH DISTRIBUTED REFRESH
<K/ 164 ms > <1K/164 ma >

(2) Incase of burst refresh

The last / first full refresh cycles (1K) must be made within tNS /1SN before / after self refresh , on the
condition of tNS + tSN 5 16.4 ms.

tns tsN
BURST REFRESH
<1K/164ms > aunf;';( IR$§F§$;H)

B 249825 0025558 529 W * MITSUBISHI
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MITSUBISHI LSIs

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

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

Self Refresh Cycle

tRP RPs

s
tec tRPC toRP
toPN tosR

g
N
z
4

+

() I X
IO OO OO O SOOI
I IR I IR T IR oD
A XXX X A D

toFF

RXXXIRZHARIIXZRIRAIXXRXL XX XKLL XTI XL LKA R
e e e 2 T s e e e T N N
T Tt e T e e e e T e e e e N e 2 et N e e % e e
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MITSUBISH!I LSis

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

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

Upper/(Lower) Self Refresh Cycle*

RPS

{cRP

tRPC

fcHs

{cRP

tAPC

o/

1F

AP

tRPC

C Ll l tcAP

!

P08,

A’A

CH

A

Hi-Z

UCAS
(or LCAS)

_J

LCAS
{or UCAS)

Ac-Ap

DQ1-DQ1s

MITSUBISHI
ELECTRIC
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