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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 power
dissipation , and low costs are gssential.

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 Address | OE Cycle | Power
access access | access d;lnpu-

Type namo time tme | tme [ tme
(max.ns) | (max.ns)| (max.ns) | (maxns) | (min.ns) | {typ.mW)

M5M416160BXX-6,-6S| 60 15 30 18 110 430

M5M416160BXX-7,-7S| 70 20 35 20 130 385

IM5M41 6160BXX-8,-85] 80 20 40 20 150 340

XXwd, TP,RT

e Standard 42pin SOJ, 50pin TSOP
® Single 5.0V 1+ 10% supply

o Low stand-by power dissipation
5.5mW (Max) »...... chereaaaes erenan CMOS input level
o Low operating power dissipation
M5M416160Bxx -6, -6S -+ .- caerensens 530.0mW (Max)
M5M416160BxX <7, -7S cserrrcrrccannees 470.0mW (Max)
M5M416160Bxx -8, -85 «»-errrene.s «eors 420.0mW (Max

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

@ Early-write mode and OE to control output butfer impedance

® All inputs, output TTL compatible and low capacitance

® 4096 refresh cycles every 64ms (Ao ~A11)

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

PIN CONFIGURATION ( TOP VIEW)

(5.0V) Vee @ [ Z2Vss (OV)
o Jollva [FODQe
DATA INPUTS/ | DQ2EX] [BDCHs | DATA INPUTS/
OUTPUTSY DQalE] RIDQ14 [OUTPUTS
DQ4 1. 0O
(5. OV) Vee @ [gVss (0V)
E PRDQ12
DATA INPUTS/ DQG L3 E i DATA INPUTS/
TPUTSY DQ> X & QUTPUTS
DQe X N LOWER BYTE CONTROU
WRITE CONTROL NG > LN ADORESS
\% 8 UPPER BYTE CONTROL]
ROW ADDRESS RASOE E JRIUCA COLUMN ADDRESS
STROBE INPUT A1 \OUTPUT ENABLE
Ao
ADDRESS
INPUTS ADDRESS
(5.0V) Vol Vs (V)
Outline 42POK({400mil SOJ)
(5.0V)Vee @ [IVss (V)
[FID)16
DO [@DQ1s
DATAINPUTS! N } DATA INPUTS/
DQ4 13
(5.0V) Vee [B/Vss (0V)
Qs DQ12
DATA INPUTS) DQs ] g ERIDQ1 | pATA INPUTS/
ouTPuTS DQ7 ] o 10 [ QUTPUTS
DQe E 3
-
o
e
8 LOWER BYTE CONTROL
NCOE (V7] IRINC M@E@
WRITE CONTROL -
UT~NCOE = BLCAS - oes evre conrol
ROW ADDRESS Wi o HUCAS COLUMN ADDRESS
STROBE INPUT STROBE INPUT
A0 | SOUTPUT ENABLE
py Ag
] i1 7
ADDRESS A1 W P ADDRESS
INPUTS as [ veuTs
XA A4
(5.0V) Voo I [ Vss (0V)

(0V) Vss[@ O Ve (5.0V)
8816 (T3] va(alel
DATA INPUTS/ 152 T1DQ2
OUTPUTS| DQMI] FIDGs [opipiTs!
DQa[
(OV) Vss[T] [BJVee (5.0V)
0812 [ z Qs
DATA INPUTS/ 11 3] T
oUfrUTs] Daom] & [Hbay FATAINRUTS
DQ»| E MDQs
NCEH] pry
-3
LOWER BYTE C -
COLUMN ADDRESS
" NC[E § NG
upper avTE MCASEE FEING  WRITE CONTROL
ADDRE%S%%%%@ U'CTS' 3 171 /

" ROW ADDRESS
ot/ STROBE INPUT
ENABLE INPUT

ADDRESS % Z Ao ADDRESS
INPUTS | A} ZIAT [ INPUTS
As A2

A4

A3
(0V) Vss [l [2Vee (5.0V)

Outline 50P3W-M (400mil TSOP)
NC : NO CONNECTION

R
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FUNCTION

The M5M416160BJ, 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.

5-82

ELECTRIC

Inputs Input/Qutput
Operation — = —— — —
AAS LCAS UCAS w OE Da1~DQ8_|Dae~Date
Lower byte Read ACT ACT NAC NAC ACT pouT OPN
Upper byte Read ACT NAC ACT NAC ACT OPN DOUT
Ward Read ACT ACT ACT NAC ACT DOUT DOUT
Lower Byte Write ACT ACT NAC ACT NAC DIN DNC
Upper Byte Write ACT NAC ACT ACT NAC DNC DIN
Ward write ACT ACT ACT ACT NAC DIN DIN
RAS-only refresh ACT NAC NAC DNC DNC OPN OPN
Hidden refresh ACT ACT ACT NAC ACT DOUT DOUT
TAE betore ARS refresh ACT ACT ACT DNC DNG OPN OPN
Stand-by NAC DNC DNC DNC DNC OPN OPN
Note - ACT : active, NAC : nonactive, DNC : don’ t care, VLD - valid, VD : invalid, APD : appiied, OPN : opan
BLOCK DIAGRAM B B B B ~
AOW ADDAESS Voc (5.0V)
LOWERSBYTE CG:TR:. ___RAS CLOCK GENERATOR
COLUMN ADDRESS STROBE INPUTLCAS CIRCUIT Ves (OV)
UPPER BYTE CONTROL -4
COLUMN ADDRESS STROBE INPUT UCAS \@m > 5 2 |
I—g [> 23]
WRITE CONTROL &7 | UPPER | ég oGz
T ¢ | LOWER DATA
) d 2 INPUTS / OUTPUTS
I EE D08
‘ AC~A7 Y 5‘33
(A0 |  column DECODER -
At «
............... Gz
A2 * + e &gg
A3 > SENSE REFRESH gga
& AMPLIFER & | /0 CONTROL [ e
A4 §§ T UPPER DATA
A5 23 Y A d INPUTS / OUTPUTS
ADDRESS INPUTS < S0 gl Ll
" 30 k=t 8 [ §38
A7 g s R H MEMORY CELL L 3G
an] 2 |: (16777216BITS) 2L
A8 < H esa
H
A9 § H
: 4
A0 OE OUTPUT ENABLE
INPUT
A1 .
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M5M416160BJ,TP,RT-6,-7,-8,- %S, - 75,-8'5

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

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage -1~7 v
v Input voltage With respect to Vss A~7 v
Vo Output voltage 1~7 v
‘o Output current 50 mA
Po Power dissipation Ta=25'C 1000 mwW
Topr Operating temperature 0~ 70 °c
Tsig Storage temperature -85 ~. 150 ‘c
RECOMMENDED OPERATING CONDITIONS (Ta-0~ 70°C, uniess otherwise noted) (Note 1)
Limits ’
Symbol Parameter Unit
v ar Min Nom | Max
Vee Supply voltage 45 5.0 55 v
Vas Supply voltage 0 [ 0 v
ViH High-level input voltage, all inputs 24 6.0 \"
ViL Low-level input voltage, all inputs -1 0.8 v
Ncto 1 : All voltage values are with respect to Vss.
ELECTRICAL CHARACTERISTICS (Ta=0~ 70°C, Vcc=5.0V 1 10%, Vs8=0V, Uniess otherwise noted) (Note 2)
Limits
3 | Paramete! ti Unit
Symbol ar r Test conditions in Tve Viax ni
VOH High-level output voltage loH=-SmA 24 Vee v
VoL Low-level output voitage lot=4.2mA 0 0.4 \
loz Off-state output current Q floating, OVS Vours 5.5V -10 10 uA
1 Input current OVEVINS 6V, Other inputs pins=0V -10 10 A
Average supply current M5M416160B-8,-6S| RAS, TAS cycling 95
from Vec operating tRCatwe=min.
lcct (Av) M5M418160B-7,-7S| output open 85 mA
(Note 3,4,5) |M5M416160B-8,-8S 75
RAS- CAS =Vm. output open 2
lccz Supply current from Ve , stand-by Note 6 mA
i yo ) [FAs-cAs 2ve 0.2V 0.5
Average supply current M5M4161608-6,-65 ) 95
from Vor remshing RAS cycling, CAS= Vi
lccs vy M5M416160B-7,-7| tRC=min. 85 mA
output open
(Note 3,5) [M5M416160B-8,-85 75
MSM416160B-6,-65
;::renra\?cec supply current E-VILEA_S' cycling 70
M5M416160B-7,-7S| min.
lccqav) | Fast-Page-Mode output open 60 mA
(Note 3,4,5) [M5M418160B-8,-85 50
6,-85 9!
Avera‘?;supply current M5M4161608- CAS before RAS refresh cycling 5
lecaav) | 'CAS before BAS refresh M5M416160B-7,-7S g“ft;m'gbe o 85 mA
ode (Note 3) |M5M4161608-8,-85 75
Note 2: Current flowing into an IC is positive, out is negative.
3: lee1 (AV), lec3 (AV) and lccd (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4: lcc1 (AV) and Iccd (AV) are dependent on output loading. Specified d values are obtained with the output open.
5: Column Address can be changed once or less while FAS=ViL and TCASAUCAS=ViH .
CAPACITANCE (Ta=0~ 70°C, Vccs5.0V & 10%, Vss=0V, unless otherwise noted)
Limits
Symbol P 1o ti i
Y arameter Test conditions i Ty Viax Unit
Ciia Input capacitance, address inputs 5 oF
Ci ©OFy Input capacitance, OF input Vi=Vss 7 pF
Ci@® Input capacitance, W input fm1MHz 7 pF
Cif%% | Input capacitance, RAS input Vi=25mVrms 7 pF
Ci &xm) Input capacitance, TAS input 7 oF
Ciio Input/Output capacitance, data ports 8 pF

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

SWITCHING CHARACTERISTICS (1a-0~ 70°C, Vcc=5.0V & 10%, Vss=0V, unless otherwise noted , see notes 6,13,14)

Limits
Symbol Parameter M5M416160B-6,-6S | M5M416160B-7,-7S | M5M416160B-8,-8S Unit
Min Max Min Max Min Max
tcac  |Access time from CAS (Note7,8) 15 20 20 ns
RaC Access time from RAS (Note7,9) 60 70 80 ns
tAA Column address access time (Note 7,10) 30 35 40 ns
tcPa Access time from CAS precharge (Note 7,11) 35 40 45 ns
1oEA Access time from OE (Note 7) 15 20 20 ns
teLz Output low impedance time from CAS fow  (Note 7)[ 5 5 5 ns
torF Output disable time after CAS high (Note 12)[ o 15 0 15 0 15 ns
10ez  |Oulput disable time after OE high (Note 12)| 0 15 0 15 0 15 ns

Nota 6: 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). -

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 64 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 1RCD =& tRCD(max) and tASC & tASC(max).

9: Assumes that tRcD S tRCD(mex) and tRADS tRAD(nax). If tRCD OF 1RAD is greater than the maximum recommended value shown in this table,

trac will increase by amount that trco exceeds the value shown.

10: Assumes that 1RAD & tRAD{max) and tASC &3 tASC(max).

11: Assumes that tcP S tcPmax) and tASC & 1ASGimax)

12: forF(max) and toez (mex) defines the time at which the output achieves the high impedance state ( lout S|+ 10 pAl ) and is not reference to

VOH(min) or VoL{max).

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

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

Limits
Symbol Parameter M5M416160B-6,-6S | M5M4161808B-7,-7S [M5M4161608-8,-8S Unit
Min Max Min Max Min Max

tReF Refresh cycie time 84 64 64 ms
Re RAS high pulse width 40 50 60 ns
tRCD Delay time, RAS low to CAS low (Note15)[ 20 45 20 50 20 60 ns
teap Delay time, CAS high to HAS low 10 10 10 ns
tRPC Delay time, RAS high to CAS low 0 0 0 ns
tceN CAS high pulse width 10 10 10 ns
tRAD Column address delay time from RAS low (Note16)| 15 30 15 35 15 40 ns
tASR Row address setup time before RAS low [} 0 0 ns
tasc Column address setup time before CAS low (Note17) 0 10 0 10 [} 10 ns
RAH Row address hold time after RAS low 10 10 10 ns
tCAH Column address hold time atter CAS low 15 15 15 ns
torc Delay time, data to CAS low (Note18) 0 0 0 ns
1020 Delay time, data to OF low {Note18) 0 0 0 ns
GO0 Delay time, CAS high to data {Note19) 15 15 15 ns
tonp Delay time, OF high to data {Note19) 15 15 15 ns
s Transition time {Note20) 1 50 1 50 1 50 ns

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

14: Virgminy and ViL(max) are reference levels for measuring timing of input signals.
15: tReDymax) is specified as a reference point only. If tRco is less than tReoimax), access time is tRac. If trep is greaier than fRCD(mex), access

time is controlled exclusively by tcac or taa. tRCD(min) is specified as tRCO(min) =tRAH(min) +21T+1ASC(min).

16: IRAD(max) is specified as a reference point only. f tRAD & tRAD(max) and tasc S tasc(mex). access time is controlled exclusively by taa
17: 1ascimax; is specified as a reference point only, If tRcD & tRCD(max) and 1ASC & tasc(max), access time is controlied exclusively by icac.

18: Either tozc or tbzo must be satisfied.
19: Either tcoo or topo must be satisfied.
20: tTis measured batween Vikmin) and ViLimax)

MITSUBISHI
ELECTRIC
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Read and Refresh Cycles

Limits
Symbol Parameter M5M4161608-6,-65 | M5SM416160B-7,-75| M6MA4161608-8,-85| it
Min Max Min Max Min Max

WC Read cycle time 110 130 150 ns
was | RAS low pulse width 60 10000 70 10000 80 10000 ns
1cAS TAS low pulse width 15 10000 20 10000 20 10000 ns
wcsh  |CAS hold time atter RAS low 60 70 80 ns
thsH | RAS hold time after CAS low 15 20 20 ns
wcs | Read Setup time after CAS high 0 0 0 ns
tRCH Read hold time after CAS low (Note 21) ) 0 0 ns
tRRH Read hold time after AS low (Note 21)] 10 10 10 ns
tRAL Column address to RAS hold time 30 35 40 ns
tocH | CAS hold time after OF low 15 20 20 ns
104 [RAS hold time afier OF low 15 20 20 ns

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

Write Cycle (Early Write and Delayed Write)

Limits
Symbol Parameter M5M4161608-6,-65| MGM416160B-7,-75 | MSMA16160B-8,85|  Unit
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
tcsh | CAS hoid time after RAS low 60 70 80 ns
tash  (RAS hold time after CAS low 15 20 20 ns
twcs | Write setup time before CAS low (Note 23) [ 0 0 ns
twer | Write hold time after CAS low 10 10 15 ns
tewe.  |TAS hold time afier W low 15 20 20 ns
wwe | AAS hold time after W low 15 20 20 ns
twe Write pulse width 10 10 15 ns
tos Data setup time before CAS low or W low 0 ) o ns
1oH Data hold time after CAS low or W low 10 15 15 ns
tcek | OE hold time after W low 15 20 20 ns
MITSUBISHI
ELECTRIC 5-85



M5M416160BJ,TP,RT-6,-7,-8,-65,-75,-85

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

Read-Write and Read-Modify-Write Cycles

Limits
Symbol Parameter M5M416180B-6,-65 | M5M416160B-7,-7S | M5M416160B-8,-8S Unit
Min Max Min Max Min Max
RWC Read write/read modify write cycle time (Note22)| 155 180 200 ns
1RAS RAS low pulse width 105 10000 120 10000 130 10000 ns
was  |CAS low pulse width 60 10000 70 10000 70 10000 ns
wsi | CAS hold time after RAS low 105 120 130 ns
wsy | RAS hold time atter CAS low 60 70 70 ns
wes  |Read setup time before CAS low 0 0 0 ns
wwo  |Delay time, CAS low 10 W low (Note23)| 40 45 45 ns
w0  [Delay time, RAS low to W low (Note23)| g5 95 105 ns
w0 |Delay time, address to W iow (Note23)| 55 80 85 ns
WL CAS hold time after W low 15 20 20 ns
HWL FAT hold time after W low 15 20 20 ns
we Write pulse width 10 10 15 ns
s Data setup time before W low 0 [ 0 ns
tOH Data hold time after W low 10 15 15 ns
toed [ GE hold time after W low 15 15 15 ns

Note 22: tawc is specified as tRWCmin)=tRAC{max)+10DD(min)+ tRWL{min)+ tRP(min)+51T.
23: twes, tcwo,trwp and taw and,ticewo are specified as reference points only. If twes&twesming the cycle is an early write cycle and the
DQpins will remain high impedance throughout the entire cycle. If tcwn towDimin), tRWD IRWD (min), AWD 2 tAWD(min) and ICPWD & ICPWD(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 naither 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 M5M416160B-6,-6S | M5M416160B-7,-7S | M5M416160B-8,-8S Unit
Min Max Min Max Min Max
trc Fast page mode read/write cycle time 40 45 50 ns
tPRWC | Fast page mode read write/read modity write cycie time 85 95 105 ns
1RAS RAS low puise width for read write cycle  (Note25)| 100 125000 115 125000 130 125000 ns
1cp CAS high pulse width (Note28)| 10 15 10 15 10 15 ns
1cpRH [ RAS hold time after TAS precharge 35 40 45 ns
tcpwo [ Delay time, CAS precharge to W low (Note23)| 60 85 70 ns

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

CAS before RAS Refresh Cycle (Notw 27)

Limits

Symbol Parameter M5M4161808-6,-65 [MEMA416160B-7,-7S | MSM416160B-8,85 | it
Min Max Min Max Min Max

tcsA  [CAS setup time before RAS low 10 10 10 ns

tcin | 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 necessary for praper operation of CAS before RAS refresh
mode.

5 - 86 ELECTRIC
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M5M416160BJ,TP,RT-6,-7,-8,-6%3, I § -8

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

Timing Diagrams (Note 28)

Read Cycle
iRC »
tRAS o tRP N
—_ \ tRSH Lj \
tosH tRPC tcgP
tRCD
tcas
[CAS / UG ' ) —
tRAD tcAH
t " tRAL tASR
AR RAH
tAsc [
COLUMN
Ac-Att §©§ ADDRESS
w
tcoo
—
Hi-Z
INPUTS tcac
DGh-DQ1s L > 10FF
foLz
Hi-Z
OUTPUTS DATA VALID —
{RAC
toEZ
tozo R toEA R tooo
tocH SO
— OOSOOEOSONS
5% {ORH OIS
RN
Note 28 indicates the don't care input.

VIH(min.) S VIN S ViH(max) or ViL(min.) S VIN S VIL{max)

) wi
m Indicates the skew of the two inputs.

* MITSUBISHI
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M5M416160BJ,TP,RT-6,-7,-8,-6S,-75,-85

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

Upper / (Lower) Byte Read Cycle
. tRC
tRAS tRP R
\ tRSH /
RAS
{CSH tRPC {cRP
tRCD {cas tcPN
oo /
(or LCAS)
fcaH RRPC tcrP
{CAS
—_— tRAD tRAL
(or UCAS)
tasr tRAH tasc tASR
< » —
AvA ROW COLUMN ROW
el ADDRESS ADDRESS ADDRESS
tRAH
L, tRCS N tRCH
w
T4 ¢ 0040004000
DQ1-DQe
(or DQe-DQ16)
OUTPUTS HiZ
tozc tcac » tcop ]
INPUTS HiZ
taa toFF
DQe-DQ1s iy
{ or DQ1-DQs) [(]¥4
OUTPUTS Hi-Z invalid >< DATA VALID
tRAC > toez
tnzo ‘ toEA » toop
BE tocH | &
{ORH
MITSUBISHI
5-88 ELECTRIC
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M5M416160BJ,TP,RT-6,-7,-8,-6S,-75,-8S

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

Write Cycle ( Early write)

twe
1RAS W
= \ [
tosH
PC
tcrP trCo tRsH tcrRP
toas
UCAS / [CAS §
tasA tRAH tasc tCAH tASR
AoAn ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
twe J """"" LA AR A KK
] 0:0:0:0:0:0:0:
%000 e e e et e et 0 00 T e T T e Te 20 e e %0 T e
toH
AN AA AN A A AN AAA DA NN A AN
DATA VALID BRI
INPUTS KSR IAIHRALRROES 2505
DO1-DQ1s
Hi-Z
OUTPUTS
\A A AN )
OE & CH

QRIS

MITSUBISHI
ELECTRIC



M5M416160BJ,TP,RT-6,-7,-8,-65,-75,-8%

tRP

tFRP

{RP:

tCRP

{ASR

ROW
ADDRESS

tRPC

/

we

icsH

tRAS

tRSH

tcas

tCAH

COLUMN
ADDRESS

twcH

et
oteteteteted

Hi-Z

toH

tARCD

tasc

XX

tRAH

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

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

RAS

rlﬂ.
5

)

UCAS
A

(or L

tASR

tCRP

ROW
ADDRESS

{or UCAS)

ICAS

A1

Ao

INPUTS

tos

DATA VALID

Hi-Z

OUTPUTS

[2]
et
2
a
=

OUTPUTS

DQ1-DQs
{or DQe-DQ16)

(or DQ1-DQs)

DQs-DQ1s

PR
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M5M416160BJ,TP,RT-6,-7,-8,-GS,-7%,-8'5

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

Write Cycle ( Delayed write )

' we
tRAS tRP
— N
tcsH
pc
tcRP tRCO tRSH terp
tCAS
UCAS/ LCAS \ @
tash tRAH tasc tcaH tasR
P P o < »
Aot ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
w
s tweH
toH
INPUTS DATA VALID
DQh-DQ1e
tozo
OUTPUTS HZ
10E:
toop 1OEH
— NN ANANAAAAAANAASE T T R R R R A AR R K KKK R R X TN
OE e 0 e e e % b e 2ttt %Y

Tt e e e e e e e % e N e

MITSUBISHI
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M5M416160BJ,TP,RT-6,-7,-8,-6S.-7'5,- 8%

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

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

3

LCAS
{or UCAS)

Ac-At1

g

INPUTS

DC1-DQe
(or DQe-DQ16)

OUTPUTS

OUTPUTS

twe
tAAS tRp
—_—
tesH

tcrp tRCD tRsH tRPC  tcRP

7 .
tRPC

f tere

tasR tRAH tasc tcan N SR

ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tWcH

Hi-Z

o1

DATA VALID

5-82
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M5M416160BJ,TP,RT-6,-7,-8,-6S,-75,-B%

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

Read-Write, Read-Modify-Write Cycle

tRWC
tRAS tRP
-
=5 \ / N
tCsH N
¢ » tAPC
{CRP . tRCD tRSH tcAP
tcAs
UCAS/ ICAS 1@
tRAD
WsR | | RaH fasc . tCAH R ASR
AoAn ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tcwp towL |
tAWD
RWD tRWL
LA R KR K K R K K R XXX
—_ RN X KO IO X DD
W \ SO ¢80 000000000000
(AL Soletetetetatetetatetetete e e 0002
” mc N
tfoze tcac
tos
taa , N tDH
INPUTS Hi-Z @ DATA VALID
DQ1-DQ1s L2
Hi-Z ETA Hi-Z
OUTPUTS AP _HiZ
toeA
tobp
tnzo N fOEH
» [——>
toez
W\ AAAAAAARA AN )
5 SRR RERRRERKKAKKNKILLEAKK
ERHRIRAKK KRR
MITSUBISHI
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M5M416160BJ,TP,RT-6,-7,-8,-£:5 i 15,81t

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

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

trwe
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM
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M5M416160BJ,TP,RT-6,-7,-8,-6S, -

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

CAS before RAS Refresh Cycle
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M5M416160BJ,TP,RT-6,-7,-8,-

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

Upper/(Lower) CAS before RAS Refresh Cycle
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Hidden Refresh Cycle (Read) (Note 29)

tRC {RC
tRAS o trP tRAS tRP
_—
s N /N / \
tRPC
tcRP tRCD tRSH tCHR tcRP
UCAS / LCAS
tRAD
tasA tRAH tasc tcAH SR
RO COLUMN ROW
Ao-A11 ADDRESS ADDRESS ADDRESS
tRAL tRRH
|, tRcs
W M
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___tcac
DCh-DQ1s tAAC {OFF
teiz 4
OUTPUTS HiZ y; DATA VALID I
1pzo toEA " toez
tooD
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PRI OO
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Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle.
Timing requirements and output state are the same as that of each cycle shown above.
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M5M416160BJ,TP,RT-6,-7,-8,-S,-74,-8S

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

Upper/(Lower) Hidden Refresh Cycle (Byte Read) (Note 29)
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Note 29: Early write, delayed writs, read write or read modify write cycle is applicable instead of read cycle.
Timing requirements and output state are the sameé as that of each cycle shown above.
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Fast Page Mode Read Cycle
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| ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS-3 ADDRESS
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT } DYNAMIC RAM

Upper/(Lower) Fast Page Mode Read Cycle
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M5M416160BJ,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 )
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) CYNAMIC RAM

Fast Page Mode Upper/(Lower) Byte Write Cycle ( Early Write )
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ROW [~ COLUMN OLUMN COLUMN ROW
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-

15,285

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

Fast Page Mode Write Cycle ( Delayed Write )

tRSH N
. 1RAS , e
_ tcsH tPC M
S N\ / \
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M5M416160BJ,TP,RT-6,-7,-8,-135i,-7 5,85
FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BiT ) DYNAMIC AAM
Fast Page Mode Upper/(Lower) Byte Write ( Delayed Write )
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M5M416160BJ,TP,RT-6,-7,-8,-6S,-75,-85

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

Fast Page Mode Read-Write, Read-Modify-Write Cycle
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M5M416160BJ,TP,RT-6,-7,-8,-€S,-7%,-85

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
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M5M416160BJ,TP,RT-6,-7,-8 ~l:m,-- 75,88

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
requirements than the below are same as normal devices.

-6S /-7S / -8S. The other characteristics and

ELECTRICAL CHARACTERISTICS

{Ta=0~ 70°C, Vcc=5V 110%, Vss=0V, unless ctherwise noted) (Note 2)
Symbol Parameter Test conditions — Limits Unit
Min Typ Max
Average supply current -
lccow | from Vee MEMd1ele08 RAS = CAS < 02V 400 uh
Self - Refresh cycle T
TIMING REQUIREMENTS (Ta=0~ 70°C, Vcca5V + 10%, Vss=0V, unless otherwise noted See notes 13,14)
Limits
Symbot Parameter M5M416160B-6S | M5M416160B-7S | M5M416160B-8S | unit
Min Max Min Max Min Max
trass | Self Refresh RAS low pulse width 100 100 100 us
tRps Self Refresh RAS high precharge time 90 110 130 ns
fchs | Self Refresh RAS hold time - 50 - 50 -50 ns
SELF REFRESH ENTRY & EXIT CONDITIONS
(1) In case of distributed refresh
The last / first full refrash cycles (4K) must be made within tNS /tSN before / after self refresh , on the
condition of tINS= 64 ms and tSN S 64 ms.
INs tsn
-------------- =TT MM
DISTRIBUTED REFRESH DISTRIBUTED REFRESH
<4K /64 ms > <d4K/84 ms >
(2) Incase of burst refresh
The last/ first full refresh cycles (4K) must be made within tNS / tSN before / after seif refresh , on the
condition of tNS + tSN < 64 ms.
tns tsN
W m
BURST REFRESH
< 4K/ 64ms >

BURST REFRESH
<4K/84ms >

MITSUBISHI
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M5M416160BJ,TP,RT-6,-7,-8,

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

Self Refresh Cycle
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M5M416160BJ,TP,RT-6,-7,-8,-
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT | DYNAMIC RAM

Upper/(Lower) Self Refresh Cycle*
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