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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

MITSUBISHI LSlIs

DESCRIPTION

This is a family of 1048576-word by 16-bit dynamic RAMS,
fabricated with the high performance CMOS process,and is ideal for
large-capacity memory systems where high speed, low power
dissipation , and low costs are essential.

The use of double-layer aluminum process 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 | OF Cycle | Power
Tperane | S | ogaze | oo | o | e | gpe
(max.ns) | (max.ns)| (max.ns) (max.ne) | (min.ns) | (typ.mW)
|M5M416160BXX-6,-6S| 60 15 30 15 110 | 430
M5M416160BXX-7,-78| 70 20 35 20 130 | 385
|MsM416160BXX-8,-85| 80 20 40 20 150 | 340
XX=J,TP,RT
o Standard 42pin SOJ, 50pin TSOP
© Single 5.0V £+ 10% supply
o Low stand-by power disslpation
E5MW (MaX) seveocorannnaaranansnns » CMOS Input level

© Low operating power dissipation
M5M416160Bxx -8, -6S ++erene-e seeseses 530.0mW (Max)
M5M416160Bxx -7, -78 +rseercrarecnnnne 470.0mW (Max)
M5M416160Bxx -8, -85 crrrecrccesannns + 420.0mW (Max)

o Fast-page_mode, Read-modify-write;RAS-only refresh, TAS

before RAS refresh, Hidden refresh capabilities

© Early-write mode and OE to control output buffer 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)
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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

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.

Operation — — Iﬂs — — nput/Output
RAS LCAS UCAS W OF 0Q1~Da8 | DO~DQ1E

Lower byte Read ACT ACT NAC NAGC 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
RAS-only refresh ACT NAC NAC DNC DNC OPN OFN
Hidden refresh ACT ACT ACT NAC ACT Dout DoouT
GAS before MAS refresh ACT ACT ACT DNC DNC OPN OPN
Stand-by NAC DNG DNG DNG DNC OPN OFN

Note © ACT - active, NAC - nonactive, DNC : don' t care, VLD valid, IVD : invalid, APD : applied, OPN : open
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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

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage 1~7 \
Vi Input voltage With respect to Vss 1~7 v
Vo Qutput voltage i~7 v
lo Output current 50 mA
Pd Power dissipation Ta=25°C 1000 mwW
Topr Operating temperature 0~.70 ‘c
Tstg Storage temperature -85~ 150 c
RECOMMENDED OPERATING CONDITIONS (ra-0~ 70°C, uniess otherwiss noted) (Note 1)
Limits
Symbol Parameter Unit
y Min Nom | Max
Voo Supply voltage 45 5.0 55 v
Vss Supply voitage 0 0 0 v
Al High-level input voltage, all inputs 24 6.0 v
ViL Low-lavel input voitage, all inputs -1 0.8 )
Note 1 : All voltage values are with respect to Vss.
ELECTRICAL CHARACTERISTICS (Ta=0~ 70°C, Vec=5.0V + 10%, Vss=0V, unless otherwisa noted) (Note2)
Limits
Symbol P ol i i
Y arameter Test conditions i Ty Mo Unit
Vor High-level output voltage oH=-5mA 24 Vce v
Vor Low-level output voltage foL=d.2mA 0 0.4 Vv
loz Off-state output current Q floating, OV Vours 5.5V -10 10 uA
1 Input current OVSViN S 6V, Other inputs pins=0V -10 10 2 A
Avera\?e supply current MS5M416160B-6,-68| RAS, CAS cycling 95
from Vec operating tRC=twe=min.
lect (av) MSM416160B-7,-7S| output open 85 mA
(Note 3,4,5) [M5M416160B-8,-88 75
RAS= CAS =V, output open 2
lcc2 Su current from Vee , stand- Note 6 —_— mA
itd o ) RAS= CAS &Vcc -0.2V 0.5
Average supply current M5M416160B-6,-65 95
from Ve rel rszhing Eglg%""ng- CAS= vk pe
lces (av) M5M416160B-7,-78| ~ “tput open mA
{Note 3,5) [M5M416160B-8,-85, 75
M5M416160B-6,-68] . = 70
{:;fﬁ?;suw‘y current | RAS=V TAS cycling
MSM416160B-7,-7S] tPc=min.
lec#av) | Fast-Page-Mode output open 60 mA
(Note 3,4,5) M5M416160B-8,-85 50
6.-6S| 95
Average supply current M5M416160B-6,-65| =25 before FIAS refrash cycling
— -7 .75/ tRe=min. A
lecsiav) s‘ggebefore RAS refresh MSM4161608-7,-7S| J0oT Sren 85 m.
(Note 3) [M5M416160B-8,-85 75
Note 2: Current flowing into an IC is positive, out is negative.
3: lee1 {AV), loe3 (AV) and lecd (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4: leet (AV) and lecd (AV) are dependent on output loading. Specified vaiues are obtained with the output open.
5: Column Address can be changed once or less while RAS=ViL and LCASUCAS=Vi .
CAPACITANCE (Ta=0~ 70°C, Vcc=5.0V = 10%, Vssa0V, unless otherwise noted)
- Limits y
Symbol Parameter Test conditions i Tve Mo Unit
CIw Input capacitance, address inputs 5 oF
Cio8 Input capacitance, OF input Vi=Vss 7 pF
Ciw Input capacitance, W input fm1MHz 7 pF
Ci (A5 Input capacitance, RAS input Vi=25mVrms 7 pF
Ci (CAS) Input capacitance, CAS input 7 pF
Ciro Input/Output capacitance, data ports 8 pF

MITSUBISHI
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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

SWITCHING CHARACTERISTICS (Ta-0~ 70'C, Vec=5.0V + 10%, Vss=0V, unloss otherwise noted , 500 notes 6,13,14)

Limits
Symbol Parameter M5M416160B-6,-65 | M5M416160B-7,-7S | MSM416160B-8,88|  nit
Min Max Min Max Min Max
teac | Access time from CAS (Note7,8) 15 20 20 ns
tRaC Access time from RAS (Note7,9) 60 70 80 ns
taa Column address access time (Note 7,10) 30 35 40 ns
fcpa Access time fror CAS precharge (Note 7,11) 35 40 45 ns
toEA Access time from OE (Note 7) 15 20 20 ns
towz Output low impedance time from CAS low (Note 7)| 5 5 5 ns
toFF Output disable time after CAS high (Note 12)| o 15 0 15 0 15 ns
toE2  |Output disable time after OE high (Note12)] © 15 0 15 0 15 ns

Note 6: An initial pause of 500 ps is required after power-up followed by a minimumn of eight initialization cycles (any combination of cycles
containing a RAS clock such as RAS-Only refresh). o
Note the RAS may be cycled during the initial pause . And any 8 RAS or RAS/CAS cycles are required after prolonged periods
{greater than 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 tRCD & tRCD(mex) and tasc & 1ASCmax)
9: Assumes that trco = tRcDimex) and tRADS tRAD(mex) If tReD or tRaD 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 tRAD & tRAD{max) and tASC.S tASC(max).
11: Assumes that tcP 2 1CP(mex) and 1Asc 2 tASC(max)
12: toFF(max) and 10£2 (max) defines the time at which the output achieves the high impedance state { lout s+ 10 pAl ) and is not reference to
VoHminy or VoL(max).

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

Limits
Symbol Parameter M5M416160B-6,-6S | M5M416160B-7,-75 |M5M416160B-8,-8S Unit
Min Max Min Max Min Max
REF Refresh cycle time 64 64 64 ms
tRp RAS high pulse widih 40 50 60 ns
tACD Delay time, RAS low to CAS low (Note15)] 20 45 20 50 20 60 ns
cre | Delay time, CAS high to RAS low 10 10 10 ns
tRPC Delay time, RAS high to CAS low 0 0 0 ns
e | 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 o 0 ns
tasc Column address setup time before CAS low (Note17) 0 10 [} 10 [} 10 ns
tRAH Row address hold time after RAS low 10 10 10 ns
tcan Column address hold time after CAS low 15 15 15 ns
tozc Delay time, data 1o CAS low (Note18) 0 0 0 ns
tozo Delay time, data 1o OE low (Note18) [} 0 ) ns
tcop Delay time, CAS high to data (Note19)| 15 15 15 ns
tood | Delay time, OF high to data (Note19}| 15 15 15 ns
tr Transition time {Note20) 1 50 1 50 1 80 ns

Note 13: The timing requirements are assumed tr =Sns.
14: ViHgmin} and Vimay) are reference levels for measuring timing of input signals.
15: tReomax) is specified as a reference point only. If tacis less than tRcoimax), access time is tAac If trco is greater than tRcD(max), access
time is controlied exclusively by tcac or 1Aa tRCD(min 1S Specified as tRCOmn) =tRAH(mIN) +2tT-+ASG(mn)
16: 1RADimax) I8 specified as a reference point only. If tRAD & tRAD(max) and tASc & tasc(max), access time is controlled exclusively by taa
17: tascimax) is specified as a reference point only. If tReD & tRCD(max) and tASCZ tasc(mex), access time is controlied exclusively by teac
18: Erther tozc or tozo must be satisfied.
19: Either 1cop or 1oop must be satisfied.
20: tTis measured between ViHmin} and ViL(mex)

B L249825 0025504 3584 N MITSUBISH!
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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

Read and Refresh Cycles
Limits
Symbol Parameter M5M416160B-6,-6S | M5M416160B-7,-7S [ M5M416160B-8,-8S Unit
Min Max Min Max Min Max
R Read cycle time 110 130 150 ns
tRAS RAS low pulse width 60 10000 70 10000 80 10000 ns
icas TAS low pulse width 15 10000 20 10000 20 10000 ns
fosH CAS hold time after FAS low 60 70 80 ns
s |RAS hold time after CAS low 15 20 20 ns
tacs  |Read Setup time after CAS high 0 0 0 ns
RCH Read hold time after CAS low (Note 21) 0 0 0 ns
1RRH Read hold time after RAS low (Note 21)] 10 10 10 ns
RAL Column address to AAS hold time 30 35 40 ns
tocH | CAS hold time after OF low 15 20 20 ns
torr  IRAS hold time after OF low 15 20 20 ns
Note 21: Either treH or tRRH must be satisfied for a read cycle.
Write Cycle (Early Write and Delayed Write)
Limits
Symbol Parameter M5M416160B-6,-8S | M5M416180B-7,-7S | M5M416160B-8,-8S Unit
Min Max Min Max Min Max
twe Write cycle time 110 130 150 ns
1RAS RAS low pulse width 60 10000 70 10000 80 10000 ns
cas CAS low puise width 15 10000 20 10000 20 10000 ns
tcsH  [CAS hold time after RAS low 60 70 80 ns
tasH | RAS hold time after CAS low 15 20 20 ns
twos | Write setup time before CAS low (Note 23) 0 0 [} ns
tweH | Write hold time after CAS low 10 10 15 ns
tow. [ CAS hold time after W low 15 20 20 ns
tRWL | RAS hold time after W low 15 20 20 ns
twp Write pulse width 10 10 15 ns
oS Data setup time before CAS low or W low 0 0 o] ns
10K Data hold time after CAS low or W low 10 15 15 ns
toed | OE hold time after W low 15 20 20 ns

4 . * MITSUBISHI
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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

Read-Write and Read-Modity-Write Cycles

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

tRWC Read write/read modify writs cycle time (Note22)} 156 180 200 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 afier RAS low 105 120 130 ns
s | RAS hold time after CAS low 60 70 70 ns
tacs | Read setup time before CAS low ) ) 0 ns
tcwo | Delay time, CAS low to W low (Note23)| 40 45 45 ns
1RwD | Delay time, RAS low to W low (Note23)| g5 95 105 ns
tawo  |Delay time, address to W low (Note23)| 55 60 85 ns
fowe CAS hold time after W low 15 20 20 ns
tawt  [RAS hold time after W low 15 20 20 ns
twp Write pulse width 10 10 15 ns
tos Data setup time before W low 0 0 0 ns
1oH Data hold time after W low 10 15 15 ns
toed  [GE hold time after W low [3 15 15 ns

Note 22: tRwc is specified as RWC(min)=tRAC(meax) +HODD{mn)+ RWL{min)-+tAP(min)+51T.
23: twes, town, trwp and tawp and, tcPwp are specified as reference points only. If twesZtwesimn) the cycle is an early write cycle and the
DQpins will remain high impedance throughout the entire cycle. If towp 2 tcwnimin, RWDE IRWD (mn), LAWD & tAWD(min) and 1CPWD 2 1CPWDYmin)
(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.
It neither of the above condition (delayed writs) 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,-75 | M5M416160B-8,-85 Unit
Min Max Min Max Min Max
tec Fast page mode read/write cycle time 40 45 50 ns
tPRWC | Fast page mode read write/read modify wnite cycle tme 85 95 105 ns
RAS RAS low pulse width for read write cycle  (Note25)| 100 125000 115 125000 130 125000 ns
fcp CAS high pulse width (Note26)| 10 15 10 15 10 15 ns
tceAH  1RAS hold time after CAS precharge 35 40 45 ns
teewo | Delay time, CAS precharge to W low (Note23)[ 60 65 70 ns

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

CAS before RAS Refresh Cycle (Note27)

Limits
Symbol Parameter NEMA16160B-6,65 | MGMA16160B-7,-75 | MGMAT61608.8,88| Uit
Min Max Min Max Min Max
tcsR | 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 necassary for proper operation of CAS before HAS refresh
mode.
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Timing Diagrams (Note 28)

Read Cycle
tRC .
" tRAS " tRp
RAS \ tas / \
y
tcsH tRPC tcap
{CRP tRCD
— tcas
LCAS / UCAS W N tepN
tcAH
v tRAL tAskr
COLUMN ROW
Ac-Ars ADDRESS ADDRESS
IRCS
w
toze
Hi-Z
INPUTS cAC
DQ1-DQ1e 1AA R OFF
oLz
Hi-Z
OUTPUTS DATA VALID e
tRAC toEZ
tozo toea tooo |
fOcH R
OE toRH

Note 28

Indicates the don't care input.
VIH(min.) & VIN & ViH{max) or ViL{min.) < VIN 5 ViL{max)

Indicates the
invalid output.

Indicates the skew of the two inputs.

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

Upper / (Lower) Byte Read Cycle

< tRc
tRAS tRP
\ tRSH /
RAS
tcsH tRPC tcrp
tRCD tcAs tePN
UCAS \ Z
{or LCAS)
tcAH RPC {CRP
LCAS
—_— tRAD tRAL
{or UCAS) »
tasr tRAH tasc tasmR
¢ —
Ao-Al1 ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tRRH
tRCS tRCcH
w
DQ1-DQs
(or DQe-DQ1s)
OUTPUTS Hi-z
tpze {CAC tcoD N|
INPUTS Hi-2
taa {oFF
DQe-DQ1e i
( or DQ1-DQs) ez
OUTPUTS Hi-z ‘"(‘,’gfx DATA VALID
— RAC .
tpzo o 10EA |
oE ‘ tocH
toRH
I L249825 0025508 TT3 IR MITSUBISHI
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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

Write Cycle ( Early write )

twe
tRAS tAP
e———1
FAS \ / N
1CSH
tRPC
tcRP tReD tRSH tcRp
{cas

UCAS / TCAS 1§'

tASR RAH tasc tean N tasA
Ac-At ROW COLUMN ROW

ADDRESS ADDRESS ADDRESS
tweH
w
toH
IIPUTS DATA VALID
DQ1-DQus
OQUTPUTS Hi-Z

OE

B b249825 0025509 93T MM Amnsumqsm
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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 Write Cycle ( Early write)

twe
tRAS trp
——
RAS N / N\
tcsH
{CRP {RCD tRSH Eﬁ tcRP
tcAS
UCAS ?“ \
{or LCAS)
{CRP tRPC {crp
LCAS
(or UCAS)
tASR {RAH tasc CAH 1ASR
Ao-Att ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
twer
w
DQ1-DQs
(or DQe-DQi1s)
OUTPUTS HiZ
tos toH
INPUTS DATA VALID
DQe-DQ1s
{or DQ1-DQs)
OUTPUTS Hi-Z
OE

B L249825 0025510 651 I & MITSUBISHI
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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

Write Cycle ( Delayed write )

twe
tRAS trRP
—_ﬁ M
RAS \ \
tcsH
PC
tcRP tRCD tRSH terp
tcAs
oo v A
tASR tRAH tasc tCAH tasr
» >
Av-Att ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
w
tWCH
tbs toH
INPUTS DATA VALID
DQ1-DQis
OUTPUTS HIZ
tobb
OE

MITSUBISHI
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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

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

UCAS

{or LCAS)

LCAS
(or UCAS)

Ac-At1

|

INPUTS

DQ1-DQs
(or DQse-DQ1s)

OUTPUTS

INPUTS

DQe-DQ1s
(or DQ1-DQs)

QUTPUTS

twe
tRAS tap
\ N
tosH
tchp tRCD tRSH tRPC {CRP
7 \ —
trPc
: {CRP tCRP
tasA tRAH 1ASC toaH R 1ASR
ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tweH
Hi-Z
toze tos toH
j—»
PP P PP PP
XX RAAAY DATA VALID
LA L LS00 0.9.0.0.0:

I 6249825 0025512 424 I z MITSUBISHI
ELECTRIC
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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

Read-Write, Read-Modify-Write Cycle

tRwC

5-93

_X

Ao-A11

DQ1-DQ1s

EJTPUTS

]
w
33
& )
x
a 2 m <
£
2
5
o N
= T
o x e}
% : HE
7 o <
T
g 2 <
g o
T _\
m i Mw
$
L \@
< o
& w =@ 2
= w - 3
T W“ m g
7] 5 Q
£ s 2
| |82 £ :
2
o o
3 2 g 8
5 mm 3
Q Q
<
5 m eSu m
A = S
B
K Rw
a o«
m_ m 2 =
g
o]
g
=]

oh Mrsusista
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M5M416160BJ,TP,RT-6,-7,-8,-6S5,-7S,-8S

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

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

tRwe
1RAS tRP
_——
S \ N
tcsH
N tRPC
tcrP tRCD tRsH tcRP
ICAS .
UCAS \ /
(or CCAS)
CRP RPC  tore
{CAS W
(or UCAS)
R tRAH C tcaH R tAsR
I
ROW COLUMN ROW
Ac-An X ADDRESS ADDRESS ADDRESS
tewd towL
tawp ¢ >
tRwD
v R
tACcs
je »
DQ1-DQs trac
(or DQe-DQ18) »
OUTPUTS Hi-Z
— toze
- A tn‘s_’ toH ,
Hi-Z
INPUTS é{ DATA VALID
DQo-DQ1s 1oAe
{or DQ1-DQs) teiz
OQUTPUTS
OE

I L2494825 0025514 277 A * MITSUBISHI
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MITSUBISHI LSis

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

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

RAS-only Refresh Cycle

tcRp

trP

tRPC

tRC

tRAS

R

ROW
ADDRESS

AH

tcRe

CAS/ LCAS

RAS
UCAS

ADDRESS

(

<
&
<

i-Z

H

OUTPUTS

DQi-DQ1s

5-95

MITSUBISHI
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MITSUBISHI LSIs

M5M416160BJ,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

tRC tRC
tRP 1RP

tRAS

trPC tesh

tRPC tcsR tRPC tcrP

tCPN tCHR {CHR

UCAS/ LCAS /

tasR

—
080 ROW
Ao m XX apbRESs

tRCH

=

toFF

tcob

l—lﬁams

DQu-DCnis

Hi-Z

QUTPUTS

B L249825 0025516 07T WA * MITSUBISHI
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MITSUBISHI LSis

M5M416160BJ,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

tRAS trP

A / \ / \ /
tRPC tcsh tRPC tcsA
UCAS {CHR | tCHR

(or LCAS)

tcen
{RPC tCRP RPC teRp tRPC tcRP

T B
(or UCAS)

{RPC tcrp

tASR

ROW
Ac-Ant ADDRESS

g

FF

INPUTS

DQ1-DQe
(or DQs-DQ16) toez

Hi-Z

OUTPUTS

tcop "

INPUTS

DQs-DQ1s 0EZ
{or DQ1-DQs) -

OUTPUTS

Hi-Z

M L249825 0025517 TOL W AELECTRICI 5-97



MITSUBISHI LSls

M5M416160BJ,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)

tRC N 1RC
tRAS tRP tRAS P
—
- N % / N
tRPC
(CRP tACD tRSH {CHR tcRP
UCAS / [CAS y
tRAD
WSR | |fRAH kaiad foAH tAsR
ROW COLUMN ROW
Ac-Att >< ADDRESS ADDRESS ADDRESS
e ——
{RAL R
L RCS |
ke N
w s
1, toze
M i tcoD
Hi-Z
INPUTS
A 1an X
{CAC
DOh-DQ1e tRAC ¢ i tOFF
tcLz
OUTPUTS Hiz {@( DATA VALID
tozo toEA toEZ
tooo
tORH

Note 29: Early wnte, 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.

B 5249825 0025518 942 BN x MITSUBISHI
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MITSUBISHI LSls
M5M416160BJ,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)

tRe e tre
{rAS < tRP tRAS | le trRP
I —
RAS \ / tRPC \
tRPC
Reo e tRsH N tcRP

tcRP tCHR
TGRS /*‘_
(or LCAS)

tcre tF-i
CAS W
(or UCAS)

tRAD g

tASR m tasc teaH R ' tasR
Ao-Atll ROW COLUMN ROW

ADDRESS ADDRESS ADDRESS

plzcs tRAL tRRH
v BB
 weuts
DQ1-DQs
(or DQe-DQ16)
OUTPUTS Hi-Z
oz et
Hi-Z
DQe-DQ1s o 10AC > 1OFF
(or DQ1-DQs) tcLz
OUTPUTS Hi-Z {iﬂgﬂ@){ DATA VALID

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 thai of each cycle shown above.
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MITSUBISHI LSls

M5M416160BJ,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

1RAS tRrP
tcsH N trc {CPRH
I tRSH‘_.
tRPC
tcRP RCD ., fcas tcp tcas tep tcRP
M tcas
UCAS/ LCAS y
tRAD tRAL | |
tRAH tcaH
BeRl e Fasdd L wee | toan tasc hsh
AcA ™ Row - COLUMN COLUMN "R COLUM ROW
0-A11 ADDRESS | ADDRESS-1 ADDRESS-2 4 ADDRESS-3I ADDRESS
’ L WRH
tAr R taa i
_.tRCH ltncn
_ 1Rcs tRes " tres
r - -
W y tRCH
tozc 10D
tcop .-ﬁ—umzc Hiz coD ._;E_..mzc
|.
INPUTS
y X N
tcAC  foac 1cAC \oFF
DQ1-DQ1s OFF k] toLz toFF ez
tez H‘ "
Hi-Z DATA DATA DATA |
OUTPUTS %{ \DATA_ vALD-2 | VALID-3
15 ’ tcPA R
{RAC "
toez | L tbzo

{OEA

tobp

toCH

M L2494825 0025520 570 A
* MITSUBISHI
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MITSUBISHI LSls

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

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

Upper/Lower) Fast Page Mode Read Cycle

tRAS tRp N
tePRH ;
tCSH i tR$H
— ]
RAS \ j \.
1RPC
tcrp tRCD tcas tep fcas tcp {CAS {CRP
UCAS / \ j /
{or LCAS) ‘
thL RPE T e
__ &
LCAS
{or UCAS)
tRAD tRAL .
teR | |tran msc | ) foan tAsc tcAH | tasc toAH SR
" Row OLUMN COLUMN COLUMN ' ROW
_ Ac-Ant |ADDRESS m ADDRESS-1 &% ADDRESS-2 }@& ADDRESS-3 @ADDHESS
{RRH K
tan %A
" tRes tRcH tRCS tRCH tRT‘S_’
- IS
[
DQ1-DQs
(or DQo-DQ16) Hi-Z
I—OUTPUTS
tcoD tpze
(, toze b_ktiz-c" % tcoD
F“"‘”S & ¥ —E%
DQs-DQ1s e tcac - toac o 1CAC toFE ,
(or DQ1-DQs) teLz lﬂ—’ tez le—»] teLz
Hi-Z DATA DATA DATA
‘_OUTPUTS '_& VALII?-1 VALII_D-Z 4 VALID-3 }_
tAA L tcPA . L topA foRy
1RAC w082 ||| g0 W2 | |ltozo  jloEA toEz
bzo toEA R tOEA
¢ i toop tooD tooo
tocH tocH tocH
OE

MITSUBISHI
- Il b249825 p025521 437 W AELECTRIC 5-101



MITSUBISHI LSis

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 )

tRP

ROW
ADDRESS

tcaH

toH

COLUMN
ADDRESS-3

tre

tRAS

twes

tweH

-3

DATA VALID

 1DH

COLUMN
ADDRESS-2

tcsH

Jean
1

twes

DATA VALID-2

1DH

COLUMN
DDRESS-

tRcD

Al

tasc

H

L‘TA

UCAS/ LCAS

tcRP

tasr
j—>

ROW
ADDRES

Ac-A11

tps

DATA VALID-1

Hi-Z

l‘OUTPUTS

Amnsuelsm

Bl L249825 0025522 373 WA
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MITSUBISHI LSls

M5M416160BJ,TP,RT-6,-7,-8,-6S,-75,-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
tesH . trc M
A \ RsH | Z \
tcrRP tRcD tcas top tCAS tcP
UCAS
(or LCAS) \ Z \ \; 09
1oRe {RPC tchp
LCAS -
(or UCAS)
bR | P;]A“ tsc | | tean tasc toAH e | tCAH tasR
AcA ROW . COLUMN COLUMN COLUMN ROW
1 ADDRES ADDRESS-1 ADDRESS-2 ADDRESS-3 IADDRESS

w tweH twes twer twes
INPUTS
DQ1-DQs
{or DQe-DQ16)
OUTPUTS Hi-Z
s tDH J0S tOH tnsﬁ_ oH
INPUTS DATA VALID-1 @ DATA VALID-2 5@ DATA VALID-3
A
DQ»-DQ16
(or DQ1-DQs)
OUTPUTS HiZ
OE

MITSUBISHI
B L249825 0025523 20T M AELECTRIC
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MITSUBISHI LSlis

M5M416160BJ,TP,RT-6,-7,-8,-6S,-7S,-85

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

Fast Page Mode Write Cycle ( Delayed Write )

tRSH >
tRAS P
. tosH trc l
s N X
tRPC
teRP | | tReD R tcas top tcas tcRP
—
tRAD |
ASR | E:H tCAH ftRWL tASR
AoAt ROW OLUMN ROW
DDRESS DRESS-2 ADDRESS
tRCS tweH . tRes WCH
-

fowt towt

W twp \ we
toze DS DH
1ozc | os| | on N
DATA DATA NGO IR NS
F‘PUTS W @{ VALID-1 _—& VALID-2__/SERRRHXAXRRAR
tozo
DQ1-DQ1e oLz oz
OUTPUTS Hi-Z
toEZ
toEH . 1OEH
tobd
OE
B 5249825 0025524 1ub IH * MITSUBISHI
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MITSUBISHI LSIis

M5M416160BJ,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 N
tRAS » tRP
tcsH .
- /1 N
PG
tcap tRCD tcAS  tep foAS tcRP
ot /N
(or LCAS)
PC
terp {CRP
LCAS
(or UCAS)
tRAD N
tash E.m fAsc tCAH _tasc tCAK tRwL SR
Ao-At1 ROW COLUMN COLUMN ROW
ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
. tweH tes || WCH
towt towL
- e twe,
INPUTS
DQ1-DQs
{or DQe-DQ16) Hioz
|_ourpurs =
26 s | |tow oz s| | OH
2 DATA DATA
INPUTS YAl vALID-1 VALID-2
DQe-DQ1e tozo =
(or DQ1-DQs) towz | towz
‘_OUTPUTS a ) Hiz
tol
J = toen
{oEH
toob

B 5249825 0025525 082 WM A,"E‘L’{_:scr”"‘”ﬁé'
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MITSUBISHI LSls
M5M416160BJ,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

1RAS . -
—_— tcsH , 1RSH ,
RAS \ \
L tPRWC 4
RP 1 te tRCD , tcas R tep tcas W tonp
UCAS/ [CAS W
tRAD N
WsR | |thaH ‘u_sﬁ tcaH hasc fcAH tash
Ac-At ROW ‘COLUMN COLUMN ROW
ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
' tres tWCH . ltres twer .
wo ) tewl tawp oy
tRAC
1aA
tozc DS toH
o s, Lo, =
DATA
l"NPUTs VALID-2
DQ1-DQ1s
DATA
VALUD-2
OUTPUTS
tOEH
OE

M 249425 0025526 T19 W & MITSUBISHI
5-106 ELECTRIC



MITSUBISHI LSlIs

M5M416160BJ,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

(or LCAS)

LCAS
(or UCAS)

Ao-At1

|

INPUTS

DQ1-DQs
(or DQe-DQ16)

|_outputs

ﬁm

DQe-DQ1s
(or DQ1-DQs)

|_0UTPUTS

tRas R
tRP
tosH ” tRSH .
tPRWC PC
tcae tRCD tCAS tcp " tcAs toRP
trpe
tcAP tcrP
{RAD
Ush | aan tase || oy tsc | | toan tsR
.
ROW ROW
JADDRESS ADDRESS

R

Hi-Z|
tAA 1aA
toze ftcac s | {H  tozc tcac s toH
—] —>
tRAC
N DATA
VALID-1
tozo
tozo
= oLz tcLz
DATA | DATA
VALID-1 Hi-Z F\ 1 vaup-2
tOEA
tOEA
162 tosH toEz toEH
tooo o0,

* MITSUBISHI
M L249825 0025527 955 M ELECTRIC
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MITSUBISHI LSlis

M5M416160BJ,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 410%, Vss=0V, unless otherwise noted) (Note 2)

Symbol Parameter Test conditions - Limits Unit
Min Typ Max
Average supply current —_—
lecowwy | from Vec MeMi161608 RAS = CAS s 02V 400 A
Self - Refresh cycle e
TIMING REQUIREMENTS (Ta=0~ 70°C, VccaSV =+ 10%, Vss=0V, unless otherwise noted See notes 13,14)
Limits
Symbol Parameter M5M416160B-6S M5M416160B-7S | M5M416160B-8S Unit
Min Max Min Max Min Max
taass | Self Refresh RAS low pulse width 100 100 100 P
RPS Seff Refresh RAS high precharge time 90 110 130 ns
tcHS [ Self Refresh FAS hold time - 50 - 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 / tSN
condition of tINS=< 64 ms and tSN = 64 ms.

before / after self rafresh , on the

DISTRIBUTED REFRESH
<4K/64ms >

(2) Incase of burst refresh

The last / first full refresh cycles (4K} must be made within tNS / {SN
condition of tNS + tSN X 64 ms.

tns

re—>
1

mm

DISTRIBUTED REFRESH
<4K/64 ms >

before / after self refresh , on the

tsN

>

BURST REFRESH
< 4K/ 84ms >

BURST REFRESH
<4K/64ms >

B L2y9825 0025528 891 WM
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MITSUBISHI LSIs

M5M416160BJ,TP,RT-6,-7,-8,-65,-7S,-8S

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

Self Refresh Cycle

tAPS

tcrp

tAPc

tCHS

/)

tRASS

7}

tRP

tcsh

1F

tAPC

1PN

4+

tASR

-,

AN

&5
]

»

*
*
AR

K/
)

\/
55

5

al

.'

59

X

o
.0
-

v,
&

*
.,

\/
Lo

(/)
()

*
/
S

v
»

o

()

*

>,
*

tRCH

UCAS /TCAS

Ao-An

5-109
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MITSUBISHI LSIs

M5M416160BJ,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*

W
‘00

K

W W
905,
%

v
K

X
2%

55

&
.0’

55

e

e

X

»
>

5

Hi-Z

%
m b
o ©
o o0
g 3 £
L -
Py 3
5
K 2
@
0
£
£
4
R
m 5 2 S & k) _W

DQ1-DQits

‘ z MITSUBISHI
ELECTRIC
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