MITSUBISHI LSls

M5M416160BJ,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, | PIN CONFIGURATION (TOP VIEW)
fabricated with the high performance CMOS process,and is ideal for .
large-capacity memory systems where high speed, low power (S'OV)SI&’ = DSQS1é0V)
dissipation , and low costs are essential. DATA INPUTS/ | DQ2 [Z] [ZDQ15 | DATA INPUTS/
The use of double-layer aluminum process combined with QUTPUTS 883 kil 88:; OUTPUTS
. N . . . [
triple-well CMOS techr_mlogy and a smg}e-traps@or dyr]amlc (5.0V) Voo [ vVss (V)
storage stacked capacitor cell provide high circuit density at pasd 5 FEIDQ12
reduced costs. Multiplexed address inputs permit both a reduction DATA INPUTS/ ] DQs [ § EIDQ11 [ DATA INPUTS/
in pins and an increase in system densities. OUTPUTSY DQ7 [} & kLY 88;0 OUTPUT;
DQs ] Edl
WRITE CONTROL ’% ;ﬂ, : —C—glc °;:a°{v g&’ﬁﬁuﬁ%mm
FEATURES D IN N 8 LCA UPPER BYTE CONTROL
ROW ADDRESS
FAS | CAS |Addiess| OF | cyoie | Pawer STROBE INPUT H;\S = < B OUTPUT ENABLE
Type name acoots | Ggoes | @ aco8Es | g | disSipa- Ak 9 ut
(max.ns) | (max.ns) (max ns) {max.ns) | (min.ns) (typ mW) Aol PE1A7
M5M416160BXX-6,-65( 60 15 30 15 110 | 430 "D.REE% T o Beias ﬁq%%ﬁrgss
M5M416160BXX-7,-7S| 70 20 35 20 130 | 385 o ﬁi
XX=),TP (5.0v) VOC il [Z1Vss (0V)
® Standard 42pin SOJ, 50pin TSOP Outline 42P0OK(400mil SOJ)
® Single 5.0V =+ 10% supply ]
e Low stand-by power dissipation : (5.0V)vee D] [EIVss (0V)
5.EMW (MAX) «xevereareesnenrncncacss CMOS Input level Do) gD Qe
® Low operating power dissipation DATgH“T%l"JTTSSf Dg: o FDQ1a [ PATA b'%gUTS/
M5M416160Bxx -6, -6S «+««-+- eeeaaeans " 530.0mW (Max) Y
M5M416160BXX -7, -7S =<erererrrresses 470.0mW (Max) (5.0V) Vee ] [TIVss (0V)
e Fast-page_mode, Read-modify-write,RAS-only refresh, CAS DQs D z ggﬁ
before RAS refresh, Hidden refresh capabilities AT N 88'; = (] FZIDQ10 | O iAia
® Early-write mode and OE to control output buffer impedance DGs ] § Qo
@ All inputs, output TTL compatible and low capacitance N ;
® 4096 refresh cycles every 64ms (Ao ~At1) -
a LOWER BYTE CONTROL
WRITE CONTROL NG w EEING _ STROSS INPUT
APPLICATION ’ INPU \.v% ] %' UPPER BYTE CONTROL|
Main memory unit for computers, Microcomputer memory, Refresh ROW ADDRESS STROBE INPUT
STROBE INPUT RA! .
memory for CRT At B1A0 OUTPUT ENABLE
A ag | INPUT
Aozl 7
ADDRESS<  AyE7] b ﬁs ADDRESS
INPUTS A2 bl As INPUTS
32 Ad
(5.0V) Vcc Vi [ElVss (0V)
Outline 50P3W-L(400mil TSOP)
NC : NO CONNECTION
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M5M416160BJ,TP-6,-7,-6S,-7S

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

FUNCTION

The M5M416160BJ, TP provide, in addition to normal read, write,
and read-modify-write operations, a number of other functions,

Table 1 Input conditions for each mode

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 — — — — p—
RAS LCAS UCAS w OE DQ1~DQ8 | DO9~DQ16
Lower byte Read ACT ACT NAC NAC ACT DoOuT OPN
Upper byte Read ACT NAC ACT NAC ACT OPN DOUT
Word Read ACT ACT ACT NAC ACT pouT DOUT
Lower Byte Write ACT ACT NAC ACT NAC DIN DNC
Upper Byte Writo 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 Byte Hidden refresh ACT ACT NAC NAC ACT DOUT OPN
Upper Byte Hidden refrash ACT NAC ACT NAC ACT OPN DOUT
Hidden refresh ACT ACT ACT NAC ACT pouT Dout
CAS before RAS refresh ACT ACT ACT DNC DNC OPN OPN
Stand-by NAC DNC DNC DNC DNG OPN OPN
Note : ACT : active, NAC : nonactive, DNC : don' t care, VLD : valid, IVD : Invalid, APD : applied, OPN 1open
BLOCK DIAGRAM _ _ B _ _
ROW ADDRESS Vee (5.0V)
Lm:::gzgz’::g RAS CLOCK GENERATOR
COLUMN ADDRESS STROBE INPUTLCAS CIRCUIT Vs (OV)
UPPER BYTE CONTROL _____ Tz
COLUMN ADORESS STROBE NFUTUCAS )—‘ LOWER o 5. | U200 I
> 95 Iy DQt
30 o
WRITE CONTROL —»\ UPFER 208 3 erd
INPUT W </ T H ' | LOWERDATA
? : i INPUTS/OUTPUTS
ooy ' ]
2
N N
I Sk DG8
Hg 3
‘ o 25D
A0-A7 |
(A0 | coLumnpecooer —
Al - o0
--------------- wew
A2 * + =
] =3 '2 w
A3 SENSE REFRESH ’ 255
=& AMPLIFER & | /0 CONTROL 2C3
Ad Su 1 T UPPER DATA
A5 335 pr nd INPUTS / OUTPUTS
ADDRESS INPUTS < 8% c | N
w 1 [ et}
he o8 g i s}
A7 22 ISR MEMORY CELL [
eg o (167772168ITS) 265
A8 < z ! Ey)
A9 el *
H
Al0 ; OE OUTPUT ENABLE
\ OF INPUT
Al _—
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MITSUBISHI LSls
M5M416160BJ,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 v
Vi Input voltage With respect to Vss 1~7 v
Vo Output voltage “1~7 V)
lo Output current 50 mA
Pd Power dissipation Ta=25°C 1000 mwW
Topr Operating temperature 0~ 70 b
Tstg Storage temperature -65 ~ 150 ‘cC
RECOMMENDED OPERATING CONDITIONS (Ta-0~ 70°C, unless otherwise noted) (Note 1)
Symbol Parameter Limits Unit
Min Nom | Max
Veo Supply voltage 45 5.0 5.5 \
Vss Supply voitage 0 0 0 v
ViH High-level input voltage, all inputs 24 6.0 v
ViL Low-level input voltage, all inputs B 0.8 v
Note 1 : All voltage values are with respect to Vss.
ELECTRICAL CHARACTERISTICS (Ta=0~ 70°C, Voc=5.0V = 10%, Vss=0V, unless otherwise noted) (Note 2)
Limits
Symbol Parameter iti Unit
Y Test conditions Vin Tve Max
Vou High-level output votage lo=-5mA 2.4 Vee v
Vol Low-level output voltage loi=4.2mA 0 0.4 Vv
loz Off-state output current Q floating, OVS Vours 5.5V -10 10 uA
i Input current OVSVINS 6V, Other inputs pins=0V -10 10 uA
Average supply current MSM416160B-6,-65| RAS TAS cveli 95
lec1 av) | from Ve operating gﬁf&%ﬁﬁdmg mA
(Note 3,4,5) (M5M416160B-7,-75| output apen 85
Supply current from Vee , ___= _=VIH' output open 2
leca stand-by (Note §) |MEM416160B-6,-7 | RAS= CAS =V -0.2V, output open 1 mA
MsM4161608-65,.7S | RAS= CAS &Vec 0.2V, output open 0.3
Average supply current M5M416160B-6,-65| RAS cycling, CAS= Vi 95
lccaavy | from Vee refreshing tRc=min, mA
(Note 3,5) |M5M416160B-7,-7S | output open 85
Average sy current -6, -
from \?cc PPy M5M#16160B-6,-65) mrs..vi TAS cycling n
lccaav) | Fast-Page-Mode trc=min. mA
output open
(Nots 3,4,5) M5M416160B-7,-7S 60
A"efa\y; supply current MS5NM416160B-6,-65 | TAS before FIAS refresh cycling 95
lecav) | CAS before RAS refresh Ihe=min. mA
mode utput open
(Note 3) |M5M416160B-7,-78 85
Note 2: Current flowing into an IC is positive, out is negative.
3:lcct (Av), ICC3 (AV) and IcC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4; lcc1 (avy and Icc4 (Av) are dependent on output loading. Specified values are cbtained with the output open.
5: Column Address can ba changed once or less while RAS=ViL and LCAS/UCAS=VIH .
CAPACITANCE (Ta=0~ 70*C, Vcc=5.0V o 10%, Vss=0V, unless otherwise noted)
. Limits ]
Symbol Parameter Test conditions Wi e Ve Unit
Ciy Input capacitance, address inputs 5 pF
C1 {TF) Input capacitance, OF input Vi=Vss 7 pF
[T Input capacitance, W input f=1MHz 7 pF
C1 {FAS) input capacitance, RAS input Vi=25mVrms 7 pF
Ci TAS) Input capacitance, CAS input 7 pF
Cio Input’Output capacitance, data ports 8 pF
B L2uy9825 0028714 830 MM
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M5M416160BJ,TP-6,-7,-6S,-7S

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

SWITCHING CHARACTERISTICS

(Ta=0~ 70°C, Vec=5.0V £+ 10%, Vss=0V, unless otherwise noted , see notes 6,13,14)

Limits
Symbo! Parameter M5M416160B-6,-6S | M5M416160B-7,-7S Unit
Min Max Min Max

1cAC - |Access tima from CAS (Note7,8) 15 20 ns
tRAC Access fime from RAS (Note7,9) 60 70 ns
taa Column address access time (Note 7,10) 30 35 ns
fcpa Access time from CAS precharge (Note 7,11) 35 40 ns
toEA Access time from OE (Note 7) 15 20 ns
toez  |Output low impedance time from CAS low (Note?)| 5 5 ns
toFF Output disable time after CAS high (Note 12)| ¢ 15 0 15 ns
toez  |Output disable time after OE high (Note 12)| O 15 0 15 ns

Note 6: An initiat 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 8RAS 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 squivalent to 100pF, VOH=2.4V(IoH=-5mA) and VOL=0.4V{i0L=4.2mA),
8: Assumes that tReD & tRCD(max) and tASC & 1ASC(max).

9: Assumes that tRCD S tRCO(mex) and tRADS tRAD(max). If tRCD Or tRAD i greater than the maximum recommended value shown in this table,

tRac will increase by amount that tRco exceeds the value shown.

10: Assumes that tRAD & tRAD(max) and 1ASC S tASC(mex).
11: Assumes that tcP &5 toP(max) and tASC 2 tASCimax).

12: torF(max) and to£z (max) defines the time at which the output achieves the high impedance state { louT S|+ 10 uAl ) and is not reference to

VoH(miny oF 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 , sse notes 13,14}

Limits
Symbol Parameter M5M416160B-6,-65 | MSM416160B-7,-75 Unit
Min Max Min Max
tREF Refrash cycle time -8,-7 64 64 ms
tREF Refresh cycle time -6S, -78 128 128 ms
tRP RAS high pulse width 40 50 ns
tRCD 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 iow 0 0 ns
tcen | CAS high pulse width 10 10 ns
1RAD Column address delay time from RAS low (Note186) 15 3¢ 15 35 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 ns
tRAH Row address hold time after RAS low 10 10 ns
1caH Column address hold time after TAS low 15 15 ns
foze Delay time, data to CAS low (Note18) 0 0 ns
20 Delay time, data to OE low {Note18) 0 0 ns
cD0 Delay time, CAS high to data (Note19) 15 15 ns
toop Delay time, OE high to data (Note19) 15 15 ns
tr Transition time {Note20) 1 50 1 50 ns

Note 13: The timing requirements are assumed tT =5ns.
14: ViHgmin) and Vimex) are reference levels for measuring timing of input signals.
15: tReomax) is specified as a reference point only. If treo is less than tRcomax), access fime is trac. if trcp is greater than 1RCD(mex), access

time is controlled exclusively by tcac of taa. trco(min) is specified as tRCD(min) =tRAH(min) +2tT+{ASG{min).

16: tRAD(max) is specified as a reference point only. If tRAD 2 tRAD(max) and tAsC = tasC(max), access time is controliad exclusively by taa

17: tascmax) is specified as a reference point only. if tRep 2 tRedimax) and 1ASC 2 tasc(max), access time is controllod exclusively by tcac.
18: Either tozc or 10zo must be satisfied.

19: Either tcob or tobp must be satisfied.
20: fTis measured between ViHmin) and ViL(max).

b249825 0028715 777 N
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M5M416160BJ,TP-6,-7,-6S,-7S

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

Read and Refresh Cycles

Limits
Symbol Parameter M5M416160B-6,-6S | M5M416160B-7,-7S Unit
Min Max Min Max
tRC Read cycls time 110 130 ns
tRAS BAS low pulse width 60 10000 70 10000 ns
tCAS TAS low pulse width 15 10000 20 10000 ns
tcsi  |TAS hold time after RAS low 80 70 ns
tRSH RAS hold time after CAS low 15 20 ns
tRcs | Read Setup time before CAS low 0 0 ns
tRCH Read hold time after CAS high (Note 21) 0 0 ns
tRAH  |Read hold time after RAS high (Note 21)] 10 10 ns
RAL Column address to RAS hold time 30 35 ns
tocH CAS hold time after OF low 15 20 ns
tord | RAS hold time after OE low 15 20 e
Note 21: Either trRcH or tRaH must be satisfied for a read cycle.
Write Cycle (Early Write and Delayed Write)

' Limits

Symbol Parameter M5M4161608-6,-6S | M5SM416160B-7,-7S|  Unit

Min Max Min Max
twe Write cycle time 110 130 ns
tras [ RAS low pulse width 60 10000 70 10000 ns
tcas | CAS low pulse width 15 10000 20 10000 ns
1csH CAS hold time after RAS low 60 70 ns
’sH | RAS hold time after CAS low 15 20 ns
twcs  |Write setup time before CAS low 0 0 ns
WCH Write hold time after CAS low 10 10 ns
tew.  |TAS hold time after W low 15 20 ns
taw.  |RAS hold time after W low 15 20 ns
we Write pulse width 10 10 ns
tos 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
toed | OE hold time after W low 15 20 ns
B L249825 0028716 LO3 EM
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M5M416160BJ,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 M5M416160B-6,-65 | M5SM416160B-7,-7S | Unit
Min Max Min Max

tRwC 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
tcsh | CAS hold time after RAS low 105 120 ns
tRSH RAS hold time after CAS low 80 70 ns
tRes | Read setup time befare CAS low 0 0 ns
tcwo | Delay time, CAS low to W low (Note23) | 40 45 ns
tAawD | Delay time, RAS low to W low (Note23) | g5 95 ns
tawp Delay time, address to W low (Note23) | 55 60 ns
tow.  |CAS hold time after W low 15 20 ns
tRWL RAS hotd time after W low 15 20 ns
twp Write pulse width 10 10 ns
tDs Data setup time before W low 0 0 ns
oH Data hold time after W low 10 15 ns
ton  [OE hold time atter W low 15 15 ns

Note 22: tawc is specified as IRWC(miny=tRAC(max)+tODD(min)+AWL(min)+tRP(min)+5tT.
23: twes, towD,tawp and tawp and, icPwo are specified as reference points only. If twcsZtwesimin) the cycle is an early write cycle and the
DQpins will remain high impedance throughout the entire cycie. If tewp towD{min), tRWD: tRWD (min), TAWDZZ 1AWD(min) and tCPWD 2 CPWD(min)
{for fast page mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address.
If neither of the above condition (delayed write) of the DQ (at access time and until CAS or OE goes back to Vin) is indsterminate.

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

Limits
Symbol Parameter M5M416160B-6,-6S | MSM416160B-7,-7S Unit
Min Max Min Max
trc Fast page mode read/write cycle time 40 45 ns
tPRWC Fast page mode read write/read modity write cycle time 85 g5 ns
tRas ‘RAS low pulse width for read write cycle (Note25) 100 125000 115 125000 ns
top CAS high pulse width {Note26) 10 15 10 15 ns
teern | RAS hold time after CAS precharge 35 40 ns
tcPwp | Delay time, CAS precharge to W low {Note23) 60 65 ns

Note 24: All previously specified iming 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: tcr(mex) is specified as a refarence point anly.

CAS before RAS Refresh Cycle Note27)

Limits
Symbol Parameter M5M416160B-6,-6S | MsM416160B-7,-7S Unit
Min Max Min Max
tesA [ CAS setup time before RAS low 10 10 ns
tchr | CAS hold time after RAS low 10 15 ns

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

B L2u49825 0026717 54T WA
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M5M416160BJ,TP-6,-7,-6S,-7S

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

Timing Diagrams (Note 28)

Read Cycle
1RC
tRAS tRP N
RAS \ tRSH 7
A
tcsH tRPC tcgr
{CRP tRCD N
— — tcas
LCAS / UCAS fcPN W
tcAaH
i tRAL tasr
: COLUMN ROW
Ac-has ADDRESS W ADDRESS
IRcs
N
w =4
toze
Hi-Z
INPUTS ToA
DQ1-DQ1s taa N
tcz
Hi-Z
OUTPUTS DATA VALID
" tRAC N toez
tozo toeA jiolals]
tocH R
—O—E toRH

Note 28

% .

DN

Indicates the don't care input.
VIH(min.) & VIN = VIH(max) or ViL(min.) = VIN = ViL{max)

Indicates the
invalid output.

Indicates the skew of the two inputs.

M L249825 0028718 446 W
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M5M416160BJ,TP-6,-7,-6S,-7S

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

Upper / (Lower) Byte Read Cycle

tRC

tRAS

trRP

RAS \

tcsH

tRCD

tcas

tCPN

tRPC tchp
>

v

UCAS \ Z
(or LCAS)
tcaH tAPC {cRP
LCAS
- tRAD tRAL

(or UCAS) ¢

tasR tRAH tasc tASR
AcA ROW COLUMN ] ROW
0-Att ADDRESS ADDRESS ADDRESS

tRCH

1R

RH

w
INPUTS §
DQ1-DQs
{or DQe-DQ16)
Hi-Z
UTPUT.
ovreus
toze tcAC " tcop
N N s N = . s
[ inpuTs  XRXRLLAOXKRS Hi-Z AR
Patatata% % NGRS
tAA toFF
DQs-DQ1s ‘
{ or DQ1-DQ8) oLz
OUTPUTS HiZ ‘“c;’a“’t';dx DATA VALID
tOEA |
CTé tocH
toRH
B L2u9825 0024719 31c W
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

Write Cycle ( Early write)

tRP

tRPC

tcrp

twe

trAs

tcsH

tRSH

tcas

tasr

ROW
ADDRESS

tcAH

A

&
K
R
%
*
%
2
K
*
R
2

COLUMN
ADDRESS

tweH

toH

trRCD

tasc

tRAH

)
[+

tCRP

UCAS/ LCAS

tash

ROW
ADDRESS

Ac-At1

DATA VALID

DQ1-DQ1s

Hi-Z

'ﬁJTPUTS

B L2y9825 0028720 034 WA
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD BY 16-BIT ) DYNAMIC RAM

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

twe

7
2
o
o
: e
& & &
g £ b4
o
£
(&)
i g
»
T 3
(%]
£ N N
T X
T = 3 o
o x =
2 g < |58 z 8|2
& S >
oL] <
Og .M
a
W /2]
o 8 =]
2 2 )
g 5
Z
9]
w B Y
_\_ or
3 Hw
& & 3 <
£ L 3
W y | |
® E s &
- w o
o W [ Gm o
o~ ) mD = W 5 9 I
2] < : 2 o - 2
v S S = 88 d _m ag o
[ <C 13 ra= < - 0 mm
2 S 5 5 < s s
[id == o0 2 < (=2 oe

B L249825 0024721 T70 MM
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M5M416160BJ,TP-6,-7,-6S,-7S

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

Write Cycle ( Delayed write )

. we
tRAS tap
_ﬁ a
RAS \ / ~
tosH
RPC
{CAP tRCD tRsH terp
tcas
UCAS/ TCAS X
taskR tRAH tasc tCAH tasR |
Ao-A11 ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
w
WCH
tos toH
Hi-Z
INPUTS DATA VALID
DQ1-DQ1s tcLz
tozo
OUTPUTS HiZ
toEZ
tood | toEH
o JOKERREELEEN S RIS RS,
2% R I A R

B L2u9825 0028722 907 I
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FAST PAGE MODE 16777216-BIT ( 1048576-WORD

MITSUBISHI LSIs

M5M416160BJ,TP-6,-7,-6S,-7S

BY 16-BIT ) DYNAMIC RAM

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

tRAS

tRP

tcsH

tcRP

tRco

tRsH

tRPC  tCRP

UCAS
(or LCAS)

5

LCAS
(or UCAS)

{CRP

¥

tcas

tcrp

tAsR 1tRAH

tasc

tcaH

tASR

Ao-A11

ROW
ADDRESS

COLUMN
ADDRESS

ROW
ADDRESS

tewl

|

twcH

INPUTS

DQ1-DQs
(or DQe-DQ1s)

OUTPUTS

Hi-Z

INPUTS

DQe-DQ1s
(or DQ1-DQs)

OUTPUTS

tpzc

Hi-Z

1DH

DATA VALID

oLz

Hi-Z

toez

tobD

toeH

M 62494825 0028723 843 IE

MITSUBISHI
ELECTRIC

4 - 229



MITSUBISHI LSls

M5M416160BJ,TP-6,-7,-6S,-7S

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

Read-Write, Read-Modify-Write Cycle

RAS

UCAS/ LCAS

Aoc-A11

5|

INPUTS

DOn-DQus

OUTPUTS

tRWC
trAs ®P
tesH
M tRPC
tcap | | tRCD . tRSH tcRP
tcas
tRAD
{ASR tRAH }ASC tCAH tASR
ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
fewp fowL |
tAwD
tRWD RWL
otetetetede!
trcs \ ARSI
toze tcac
taa tos {oH -
> ag
Hi-Z ;@{ DATA VALID
tcLz
Hi-Z ATA Hi-Z
ALIV
toea
tobp
iozo {OEH
[

B Loy9825 0028724 78T IA
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M5M416160BJ,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

UCAS
(or ECAS)

LCAS
{or UCAS)

Ao-An

INPUTS

DQ1-DQs
{or DQe-DQ1s)

OUTPUTS

INPUTS

DQe-DQ16
(or DQ1-DQs)

OUTPUTS

B L249825 0028725

tRwe

tRAS

tRP

tcsH

tCRP

tRcD

tRSH

tcas

%

{CRP

tRPC

tcrP

trPC

fcrP

SR ‘tRAH R C tcAH tAsR
ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tewpd tewL
tawp >
- tRWD tAawL
tRCS twp
tRAC
Hi-Z
tozc
taa tn's_. {DH
Hi-Z )
DATA VALID
fcac
tcLz
Hi-Z
1DZ0
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M5M416160BJ,TP-6,-7,-6S,-7S

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

RAS-only Refresh Cycle

AOW
ADDRESS

tRC

trp

tCRP

trRPC

tRAS

tasr

tcrp

UCAS/ LCAS

tASR

tRAH
—>
ROW
ADDRESS

Ac-Ant

Hi-Z

QUTPUTS

DQ1-DQts

&

o0
505

e
otalel:
ol

L/
».

&>

X

.’
2

o,

{7

*

7

te’s

(2

I L2498425 002872k 552
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MITSUBISHI LSis

M5M416160BJ,TP-6,-7,-6S,-7S

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

CAS before RAS Refresh Cycle

trRC tRC
tRP R
. tAAS L
RAS 7 \ \ tRAS /_ §
tRPC
tosR tRPC tosr tRPC tcRp
tcPN tohR tCHR
UCAS/ LCAS /
WSR
i ROW

5

tOFF

tcop

INPUTS

DQ1-DQ1s

QUTPUTS

Favavovor
%’%&p.

B L249825 0028727 499 WA
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MITSUBISHI LSls
M5M416160BJ,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 tRC tRe
tRAS P
tRAS »
RAS / \ / X Z \
’ tRPC fCcRP
tRFC tcsr tRPC CSR )
UCAS tCHR {CHR
(or LCAS)
tcPN )
trPC tcRP tRPC tcrP tRPC tCRP
o ]
LCAS
(or UCAS)
tASR
LK G K R XK D 400 ROW
Ao-At1 ¢ )
EXRAHSS SRR o tete’s y \_ ADDRESS
W
INPUTS
DQ1-DQs
{or DQu-DQ16) toez
L
1coD N
tOFF
INPUTS
DQs-DQu1s toEZ
(or DQ1-DQs) ¢ >
Hi-Z
OUTPUTS '
tobD
OE

B L249825 00268728 325 N

MITSUBISHI
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MITSUBISHI LSIs

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

Hidden Refresh Cycle (Read) (Note 29)

RC R tRe
tRAS tRP tRAS trP
—
RS \ \ \__
tRPC
tRP R 1RSH fcHR fcRpP
UCAS /LCAS y
tRAD
“,S_R_, i ‘usc’ tCAH 1ASR
ROW COLUMN ROW
Ac-Att ADDRESS ADDRESS ADDRESS
e
tRAL  [treH
{ RCs |
- R
|, Iozc R
. tcoD
Hi-Z
INPUTS
4 taa F—é@
tcAC
DQis-DQ1s tRAC N ﬁ: tOFF
) foz
OUTPUTS Hi-Z y/ DATA VALID
tozo tOEA e toEz
tobD
{ORH
OE

Note 29: 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 sach cycle shown above.

B L249825 0028729 2kl WA
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MITSUBISHI LSls
M5M416160BJ,TP-6,-7,-6S,-7S

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

Upper/(Lower) Hidden Refresh Cycle (Byte Read) (Note29)

tRC L tRC
tRAS . 1 SN Ras | tRP
= N \ /e \
tRPC
" tRCD e tRSH Dl tcRP
tcRp {CHA
UCAS y_‘ \ /,_—
{or LCAS)
tcrp tcrp
—
[CAS W
{or UCAS) ]
RAD :
tASC tcan tasR
ASR | [ — e »
Ac-Al1 ROW COLUMN RAOW
ADDRESS ADDRESS ADDRESS
tRCS
» tRAL ARH

|

S

[eurs R
DQ1-DQe
(or DQe-DQi16)
OUTPUTS Hi-Z
. tozc tcop
tcAC
DQe-DQus v ” {OFF
{or DO1-DQ8) | ez
OUTPUTS HiZ DATA VALID
taa .
tRAC | l— 052
tozo tOEA . . «tODD ,
toRH .
OE
B L2494825 0028730 Té3 MR
MITSUBISHI
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MITSUBISHI LSls

M5M416160BJ,TP-6,-7,-6S,-7S

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

Fast Page Mode Read Cycle

tRAS tRP
tcsH N tec tCPRH
— tRsi |
RAS x / \_
RPC
terp tRCD tcas tcp tcas tcp teap
tcas
UCAS/ LCAS y
tRAD tRAL | |
tAsR tRAH tasc tCAH tase toa | 1cAH tASR
= L 4—>| ! > tasc 4
Ao-A ROW "COLUMN CoLUMN COLUMN ROW
ADDRESS ADDRESS-1 ADDRESS-2 )y ADDRESS-3 ADDRESS
' L RRH
tas . W]
tACH ftRcH
s T thcs mes
[ —H—
w y W tRCH
foze )
tcoD fe—y tozc tcoo toze coo
INPUTS & Az
4 R
tcac
tcac e tcac o
DQr-DQ1s toFF el to torF torz l:_?
oz z A ) .
Hi-Z DATA DATA DATA L
OQUTPUTS ‘k VALID-1 VALID-2 [/ VALID-3
taA
M tcra N tcpa
' tRAC tOR:i_J
toEz
toez | tozo R4 || ozo M |toEa. >
 toEA LoEA ) joo,
' 1
tocH o00 tocH tooo ‘tOCH
= B

B L249825 DD2&7?31 91T WE
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MITSUBISHI LSIs

M5M416160BJ,TP-6,-7,-6S,-7S

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

Upper/(Lower) Fast Page Mode Read Cycle

tRAS tRP
tcPRH 7
e Lad tRsH
’ X —>
= ) —
tRPC
ol o toAs tep toas tep teas trp
e ‘ ' ' ' i
UCAS \ / \ W
(or LCAS)
tchp RPC " toAp
RS J —
LCAS
{or UCAS)
tRAD _ tRAL N
tas L EI.\H tasc . tCAH tasc tcaH R tasc , t(,M.l tash ,
AoA Ry COLUMN N COLUMN COLUMN ' ROW
ik ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS-3 ADDRESS
tRRH
taa tAA
L tRcH  TRCS ReH "Gres »
| 4 [
555
(o T
DQ1-DQs
{or DQe-DQ1s) » Hi-Z
|_OUTPUTS ‘
tcoo toze
1, {tozc 4—%,32_6' ’tﬂﬂ—o 10D
‘ Hi-Z ' 3
INPUTS
4 4 )4
‘ 1
DQe-DQ1s oA \oFF toac | 1oFF cac | tore
(or DQ1-DQs) ez i<—' toLz le—! towz
Hi-Z DATA DATA N DATA
EUTPUTS h@g DATA_ Va2 JDATA, §___
taa |. fepa N L tcea 7l N
e N le N
toez
thAC WEz | [} 1z0 tozo  |toea toez
tozo tOEA
tooD
tocH
OF

B L249825 0028732 856 M

MITSUBISHI
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MITSUBISHI LSls

M5M416160BJ,TP-6,-7,-6S,-7S

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

Fast Page Mode Write Cycle ( Early Write )

tRAS

tcsH

trc

tRP

AR N

L 4
[

tASH Z-

{RPC

tcRP

tcRP tACD tcas fer, tcas fcp tcas
UCAS / LCAS
lasr m‘“ tasc JdeaH tasc tcaH tasc toaH tASR
ROW " GOLUMN COLUMN COLUMN ROW
Ac-Ar XAODRESS}@{ ADDRESS-1 }@{ ADDRESS-2 ADDRESS-3 \ ADDRESS
LA KR MONWES tweH twes
W R
tps tDH X 1OH 10 tDH
INPUTS DATA VALID-1 }@( DATA VALID-2 E@( DATA VALID-3
DQ1-DQ1e
OUTPUTS HiZ
OE

/W b245325 0028733 792 M
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MITSUBISHI LSis

M5M416160BJ,TP-6,-7,-6S,-7S

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

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

tRAS

1CsSH

trc

v

{RP

tRsH Z

RAS \.
tcRP tReD tcas tce tcas tcP tAPc teRp
UCAS \ Z | tess |/
{or LCAS) A e 4
1CRP
tRPC {CRP
LCAS
(or UCAS)
BSRL la Jrse || toad tasc | 1CAH tasc tCAH tASR
AcA ROW COLUMN COLUMN COLUMN ROW
-Alt ADDRESS] ADDRESS-1 ADDRESS-2 ADDRESS-3 IADDRESS
W tweCH twes
INPUTS
D1-DQs
{or DQs-DQ1e)
OUTPUTS Hi2
tos tDH jos | for 1S | toH
INPUTS DATA VALID-1 )@{ DATA VALID-2 DATA VALID-3
A
DQse-DQi1s
(or DQ1-DQs)
OUTPUTS HiZ
OE

M L249825 0028734 b9 MR

4 - 240
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MITSUBISHI LSIs

M5M416160BJ,TP-6,-7,-6S,-7S

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

Fast Page Mode Write Cycle ( Delayed Write )

AAS

UCAS / LCAS ﬁ

Ao-At1

g

DQ1-DQis

OUTPUTS

tRAS

tASH

tcsH

trc

tcrP

tcas

tep

tcas

tRPC
tcRP

tRAD |
AHSH &H .tA_sﬁ tcaH ‘tASC R tcaH tRwL tASR
ROW "COLUMN COLUMN ROW
ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
Ires tweH y tRcs tweH

™

towL

twp

X
toy tozC DS 1DH
toze < »
y; DATA
tozo
tcz fcLz
- Hi-Z
10E2 togz
tOEH N tOEH
tobp Y000
B L249825 0028735 565
MITSUBISHI
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MITSUBISHI LSis
M5M416160BJ,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 )

RAS

UCAS
(or LCAS)

LCAS
(or UCAS)

Ac-A1

|

o

DQ1-DQs
{or DQe-DQis)

|_OUTPUTS

- EE

DQe-DQis
{or DQ1-DQs)

bUTPUTS

B L249825 0028736 4Tl M

tRSH

1RAS

tcsH

trc

v v

trP

tcrP

tRCD

tcas

tcp

tcRP

fcas

trec

tcre
tRPC
l"‘] tcRP

5

tASR

[-——p|

tRAD

tRAH tasc

tcaH

1>

ROW
. ADDRESS

tasc

tCAH

tRwWL

tasR

COLUMN
ADDRESS-2

ROW

ADDRESS

trcs

tweH

Hi-Z

tbze

tpzo

tcLz

b »

toH tozc

VALID-1

DATA

tozo

Hi-Z

i tcz

Joez

topp

toez

tooo

tOEH

MITSUBISHI
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MITSUBISHI LSls

M5M416160BJ,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
— e {CSH tASH »
s \ -
tPRWC "
tcap tRCD tcas Fec tcrp
tRAD_
tasR tRAH tasc {CAH , I’ASC, foAH tasR
1 ?
Ac-Al1 ROW COLUMN COLUMN ROW
ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
es twe 4 | tRes tweH N
N e
¢ WD, towt | | fe TAWD towL
o BT e e = e
tRAC
| (taA
tozc
” toze ﬂf to'_s’ LN
DATA /
INPUTS Y VALID-1 tch%
tpzo
DQ1-DQ1s tclz
tcLz
DATA DATA
VALID-1 Hi-Z VALID-2
OUTPUTS
{OEA 1OEA
toEZ 10EZ toEH
{OEH
tobp
topo
OE /
- B L249825 0028737 334 W
z MITSUBISHI
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MITSUBISHI LSIs

M5M416160BJ,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-Modify-Upper/(Lower) Write Cycle

tRAS
tRP
” tcsH . tRSH .
RAS \ / \
tPAWC tRPC
{CRP tRCD tcAs tcp . tcas torP
UCAS y \ / \
(or LCAS)
tR!
tcRp PC terp
LCAS
(or UCAS)
tRAD
Ueh | |an Jtasc tCAH 1asC 1CAH 1asR
. R
Ao-At1 ROW COLUMN COLUMN ROW
JADDRESS ADDRESS-1 ADDRESS-2° ADDRESS
1R <
cs " tweH tRCS
M tAWD tawp e
0 \tCW‘- [ towL
W twe twp
DQ1-DQs
(or DQe-DQ16)
|_OUTPUTS Hi2
taA tAA
. t t t t t t
DZC R tcac .Dj. DH (o74o] CAC 25)3’ DH .
L tRAC
i DATA DATA
II’PUTS _mz @{ VALID-1 N\ vaLD-2
tozo
DQe-DQ1s tozo
{or DQ1-DQs) toLz tcLz
DATA DATA
| DATA i L
OUTPUTS A\ vaio- Hi-Z A\ vauo-2
toEA
toEA
1oez toez toeH
1000 toEH -
tobD
= L/ R
I L2y9825 0028738 274 W
2 MITSUBISHI
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MITSUBISHI LSls
M5M416160BJ,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, Vce=5V 110%, Vss=0V, urless otherwise noted) (Note 2)

Symbol Parameter Test conditions . Limits Unit
Min Typ Max
RAT cycling TAS = 0.2V or
TAS before RAS refresh cycling
WS 02Vora Vec-02v
lece Supply current from Vee MSM416160B | 3 < 0.2V or = Ve - 0.2V 600 HA
Extended refresh cycle -6S,-78 Ao~ANS 02V or 2 Voc - 0.2V
DQ = open
tREF = 128ms
tRAS = 1RAS min~1 us
Average supply current
kesmn | fromvee MsMa161608 RAS - CAS s 02v 400 A
. | Self - Refrash cycle '

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

Limits
Symbol Parameter M5M416160B-6S M5M416180B-7S Unit
Min Max Min Max
trass | Self Refresh RAS low pulse width 100 100 us
tRPS Self Refresh RAS high precharge time 90 110 ns
1cHs Self Refresh RAS hold time -50 -50 - ns

SELF REFRESH ENTRY & EXIT CONDITIONS
(1) Incase of distributed refresh

The last/first full refresh cycles (4K) must be made within tns /sy before / after self refresh , on the condition
of tns3 64 ms and tsn < 64 ms.

ns tsn
-------------- IERIIN T
——— —_—
DISTRIBUTED REFRESH 4096 cycles 4096 cycles  DISTRIBUTED REFRESH
<4K/64ms >

<4K/64ms >

(2) Incase of burst refresh

The last/first full refresh cycles (4K) must be made within ins/tsn  before / after self refresh , on the condition
of tns + tsn S 64 ms.

tns tsn
m W 1 [ —m
BURST REFRESH 4096 cycles 4096 cydles  BURST REFRESH
<4K/84ms >

<4K/64 ms >

B 5249825 0028739 100 W
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MITSUBISHI LSls
M5M416160BJ,TP-6,-7,-6S,-7S

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

Self Refresh Cycle

tAPS

tcrpP

tRPC

tcHS

tRASS

trRP

tcsR

r}
L4

R

irRPC

‘tePN

tASR

ROW
ADDRESS

L%

PP Y,

X

tRCH

toFF

Hi-Z

=

UCAS /1CAS

Ac-A11

NPUT
DQis

L
-

toEZ

B 249825 0028740 S22
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MITSUBISHI LSIs

M5M416160BJ,TP-6,-7,-6S,-7S

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

Upper/(Lower) Self Refresh Cycle*

Ll tPs
RAS / \L tRASS N 7 \
= ” +
tAPC tRPC {CRP
tCPN tcsr
UCAS _h‘ ) " {CHs » ——
{or LCAS) /
tRPC tcRP
IRPC tcrp

LCAS
(or UCAS)

Ao-A1t

%

{OFF

DQ1-DQ1s

TR iz
&,

OUTPUT SRR )

L0 0 0. ¢ 0 ).

1oEZ

OE otetete e e lede
5

gl
et ete e

/Il 249825 002874) 467 WM
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