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MITSUBISHI

M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

LSIs

DESCRIPTION

The M5M467400/465400BJ,BTP is organized 16777216-word by 4-bit, M5M467800/465800BJ,BTP is organized 8388608-word by
8-bit, and M5M465160BJ,BTP is organized 4194304-word by 16-bit dynamic RAMs, fabricated with the high performance CMOS

process, and are suitable for large-capacity memory systems with high speed and low power dissipation.

The use of double-layer aluminum process combined with CMOS technology and a single-transistor dynamic storage stacked
capacitor cell provide high circuit density. Multiplexed address inputs permit both a reduction in pins and an increase in system

densities.
FEATURES
RAS CAS |Address| OE Cycle | Power RAS CAS |Address| OE Cycle | Power
Typename | Secess | acess | access | secess | e | dhgba | | gype name afecss | attess |aceess | access | e |dzapa
(max.ns) | (max.ns) [(max.ns) [(max.ns) | (min.ns) [ (typ.mW), (max.ns) [ (max.ns) [(max.ns) |(max.ns) [ (min.ns) [ (typ.mW)
M5M467400BXX-5,55 .
IM5M467BOOBXX-5,SS 50 13 25 13 90 300 M5M465160BXX-5,5S 50 13 25 13 90 420
M5M467400BXX-6,65 M5M465160BXX-6,65 60 15 30 15 110 390
IM5M467BOOBXX-6,GS 60 15 30 15 110 250
M5M465400BXX-5,55
IM5M4658008XX-5,5$ 50 13 25 13 %0 390
IM5M4654OOB><X-6,GS
M5M465800BXX-6.6S 60 15 30 15 110 325
XX=J,TP
eStandard 32 pin SOJ, 32 pin TSOP (M5M467400Bxx/M5M465400Bxx/M5M467800Bxx/M5M465800Bxx)
Standard 50 pin SOJ, 50 pin TSOP (M5M465160Bxx)
®Single 3.3 £ 0.3V supply
®| ow stand-by power dissipation
1.8mW (Max) - ------------ LVCMOS input level
®| ow operating power dissipation
M5M467400Bxx-5,5S / M5M467800Bxx-5,58 - - - - - - - - - - - - 360.0mW (Max)
M5M467400Bxx-6,6S / M5M467800Bxx-6,6S - - - - - - - - - - - - 324.0mW (Max)
M5M465400Bxx-5,5S / M5M465800Bxx-5,58 - - - - - - - - - - - - 468.0mW (Max)
M5M465400Bxx-6,6S / M5M465800Bxx-6,6S - - - - - - - - - - - - 432.0mW (Max)
M5M465160BXX-55S - - - - - - - - - - - - - oo oo oo 504.0mW (Max)
M5M465160BXX-6,6S - - - - - - - - - - - - - - - - oo 468.0mW (Max)
eSelf refresh capability*
Self refresh current - - - - - ------- 400pA (Max)
eFast-page mode , Read-modify-write, CAS before RAS refresh, Hidden refresh capabilities
eEarly-write mode and OE to control output buffer impedance
oAll inputs, outputs LVTTL compatible and low capacitance
%:Applicable to self refresh version(M5M467400/465400/467800/465800/465160BJ,BTP-5S,-6S:0option) only
ADDRESS
Part No. Row Add| Col Add Refresh Refresh cyC|e_
Normal S-version
RAS Only Ref,Normal RIW | 8192/64ms |8192/128ms
IM5M4674OOBxx A0-A12 | AO-A10
CBR Ref,Hidden Ref 4096/64ms |4096/128ms
IM5M4654OOBxx AO-A11| AD-A11 E‘B‘iggg}yH?de(jg\:f’g";,a' RW [ 4006/64ms [4096/128ms
RAS Only Ref,Normal R/W | 8192/64ms |8192/128ms
M5M467800Bxx|A0-A12 | AO-A9
CBR Ref,Hidden Ref 4096/64ms |4096/128ms
IM5M4658008xx AO-A11|A0-A10 E‘B‘iggg}y,_'?decjg\r‘]‘),;";ﬁ' RIW [ 4006/64ms [4096/128ms
RAS Only Ref,N I RIW
IM5M4651GOBxx AO-A11| AD-A9 | pn mo o et 4096/64ms |4096/128ms
APPLICATION
Main memory unit for computers, Microcomputer memory, Refresh memory for CRT
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M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

PIN DESCRIPTION
M5M467400Bxx / M5M465400B xx

M5M467800Bxx / M5M465800Bxx

Pin Name JFunction Pin Name JFunction

Ao-A12 Address Inputs Ao-A12 Address Inputs
DQ1-DQ4 [Data Inputs / Outputs DQ1-DQ8 [Data Inputs / Outputs
RAS Row Address Strobe Input RAS Row Address Strobe Input
CAS Column Address Strobe Input CAS Column Address Strobe Input
W Write Control Input W Write Control Input
OE Output Enable Input OE Output Enable Input
Vcce Power Supply (+3.3V) Vcce Power Supply (+3.3V)
Vss Ground (0V) Vss Ground (0V)

NC No Connection NC No Connection
M5M465160Bxx

Pin Name JFunction

Ao-A11 Address Inputs

DQ1-DQ16 |Data Inputs / Outputs

RAS Row Address Strobe Input

UCAS gg uenrﬁr?)fbtxgdcroenstsrosltrobe Input

LCAS %:%mer;r?)ggézl%gtsrosltrobe Input

W Write Control Input

OE Output Enable Input

Vcce Power Supply (+3.3V)

Vss Ground (0V)

NC No Connection XX=BJ,BTP

M5M467400/465400BJ,BTP

vee Vss
DQ1 DQ4
DQ2 DQ3
NC NC
NC z =z NC
NC o o NC
N s cas
W 39 oF
RAS 5 3 A12/NC(Note)
A0 o O A1l
Al E E A10
A2 A9
A3 As
A4 A7
A5 A6
Vce Vss

Outline 32PON (400mil SOJ)

Outline 32P3N (400mil TSOP Normal Bend)

Note
NC

PIN CONFIGURATION (TOP VIEW)

Vss
DQ4
DQ3
NC
NC
NC
‘CAS

OE

A11

<
a1
<
>
(o2}
(€2}
A
o
o
vy}
_|
)

d1900v7.97NSIN

: NO CONNECTION

A12/NC(Note)

1 Al12..M5M467400Bxx, NC...M5M465400Bxx
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M5M467800/465800BJ,BTP

<
a
<
N
o)
al
®
o
=}
joy]
(&

£d008L9TINSIN

Vss
DQs
DQ7
DQs6
DQ5
Vss
CAS
OE

A1l
A10
A9
A8
A7
A6
Vss

Outline 32PON (400mil SOJ)

Note

A12/NC(Note)

PIN CONFIGURATION (TOP VIEW)

<
a
<
S
o)
al
©
o
=}
(o9}
—
o

d.19008297NSN

Vss

DQs

DQ7

DQs

DQ5

Vss

‘CAS

OE
A12/NC(Note)
A1l

Outline 32P3N (400mil TSOP Normal Bend)

1 A12..M5M467800Bxx, NC...M5M465800Bxx

NC : NO CONNECTION
M5M465160BJ,BTP PIN CONFIGURATION (TOP VIEW)
vee [1] [50] Vss Vee [1] [50] Vss
DQ1 [2] [49] DQ16 DQ1 2] [49] DQ16
DQ2 [3]| l48] DQ15 DQ2 [3] l48] DQ15
DQs3 [¢] 47] DQ14 DQs [4] [47] DQ14
DQ4 5| l46] DQ13 DQ4 5| l46] DQ13
vee [ [45] Vss Vee [6] 45] Vss
DQs [7] |44] DQ12 DQs [7] |44] DQ12
DQs6 [8] [43] DQ11 DQ6 [8] [43] DQ11
DQ7 [9] [42] DQ10 DQ7 [9] l42] DQ10
DQs [10] [41] DQo DQs [10] [41] DQo
NC [1] = [40] NC NC [11] 5 [40] NC
Vee [12] E |39 Vss Vee [12 E 30 Vss
W [13] 2 38] LCAS W e LCAS
RAS [14) 5 37 Gcas RAS [14 5 57 GcAs
Nels g [loe Nels| & [Eoe
NC [i] < 135 NC NC [1] 3 135 NC
NC [17] [3a] NC NC [17] 4] NC
NC [18] 33 NC NC [18] s3] NC
Ao [19] 132 A11 Ao [19] 32| A11
A1 [20] [31] A10 A1 [20] 1] A0
A2 [21] [30] A9 A2 [21] [30] Ag
A3 [22] 29] A8 A3 [22] 23] A8
A4 [23] 28] A7 A4 [23] 28] A7
A5 [2] [27] As A5 [24) 27] As
Vce E E Vss Vce E E Vss

Outline 50P0G (400mil SOJ)

Outline 50P3G (400mil TSOP Normal Bend)

NC : NO CONNECTION
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FUNCTION

The M5M467400(800)/465400(800,160)BJ, BTP provide, in addition to normal read, write, and read-modify-write operations,
a number of other functions, e.g., Fast page mode, CAS before RAS refresh, and delayed-write.
The input conditions for each are shown in Table 1.

Table 1 Input conditions for each mode

M5M467400Bxx / M5M465400Bxx / M5M467800Bxx / M5M465800Bxx

Inputs Input/Output
Operation — — — — Row Column Refresh Remark
RAS CAS w OE address | address Input Output
Read ACT ACT NAC ACT APD APD OPN VLD NO FAST PAGH
Write (Early write) ACT ACT ACT DNC APD APD VLD OPN NO mode
Write (Delayed write) ACT ACT ACT DNC APD APD VLD VD No  |identical
Read-modify-write ACT ACT ACT ACT APD APD VLD VLD NO
monly refresh ACT NAC DNC DNC APD DNC OPN OPN YES
Hidden refresh ACT ACT DNC ACT DNC DNC OPN VLD YES
CAS before RAS refresh ACT ACT NAC DNC DNC DNC DNC OPN YES
Standby NAC DNC DNC DNC DNC DNC DNC OPN NO
M5M465160Bxx
) Inputs Input/Output
Operation p— Tors Ccas W p— a(?(?r\gss ggé,??sr; D01-008 |DOs-DOI6 Refresh Remark
Lower byte read ACT ACT NAC NAC ACT APD APD VLD OPN NO
Upper byte read ACT NAC ACT NAC ACT APD APD OPN VLD NO
Word read ACT ACT ACT NAC ACT APD APD VLD VLD NO Eﬁ)?e— PACH
Lower byte write ACT ACT NAC ACT NAC APD APD DIN DNC NO identical
Upper byte write ACT NAC ACT ACT NAC APD APD DNC DIN NO
Word write ACT ACT ACT ACT NAC APD APD DIN DIN NO
Ws-only refresh ACT NAC NAC DNC DNC APD DNC OPN OPN YES
Hidden refresh ACT ACT ACT NAC ACT DNC DNC VLD VLD YES
CAS before RAS refresh ACT ACT ACT DNC DNC DNC DNC OPN OPN YES
Stand-by NAC DNC DNC DNC DNC DNC DNC OPN OPN NO
Note : ACT : active, NAC : nonactive, DNC : don' t care, VLD : valid, IVD : Invalid, APD : applied, OPN : open
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M5M467400Bxx / M5M465400Bxx

BLOCK DIAGRAM

COLUMN ADDRESS Vee (3.3V)
STROBEINPUT  CAS " cLoCK GENERATOR
ROW ADDRESS RAS CIRCUIT Vss (0V)
STROBE INPUT |
WRITE CONTROL O ‘—43—4.7
INPUT L
L A0~A1l , 0
A0 (Note) COLUMN DECODER S U
4 TEH
Al <y
777777777777777 a3
A2 L L
A3 SENSE REFRESH pQL
Ad z AMPLIFIER & | /O CONTROL N e DQ2 | DATA
A5 2 %L N DQ3 | INPUTS/OUTPUTS
2 ‘
2 |
ADDRESS INPUTS < A6 8o il 2l 59 oet
A7 <0 NEER B |0
0 B B MEMORY CELL NE<
A8 ogl|Ao | 67108864 BITS =1
o €2l a2 2 ! ( ) <a
 _—
(Note)j O | 1
A10 2
ALl N OE OUTPUT ENABLE
AL2 INPUT
(Note) - - - - -
Note : Refer to Page 1 (ADDRESS)
M5M467800Bxx / M5M465800Bxx
BLOCK DIAGRAM
COLUMN ADDRESS vee (3.3V)
STROBE INPUT - CaS ] cLocK GENERATOR
ROW ADDRESS TRAS CIRCUIT Vss (0V)
STROBE INPUT
WRITE CONTROL O ‘ﬂD—«
INPUT
J’ AO~A10 , - 2
Y (Note) COLUMN DECODER 2"l
»| o [T
AL » el DQ1
,,,,,,,,,,,,,,, o2
Ao i j’ o DQZ
A3 SENSE REFRESH
A4 z i AMPLIFIER & | /O CONTROL N e DQ4 DATA
=i N DQS INPUTS / OUTPUTS
A5 3 g !
ADDRESS INPUTS < g ga A | I 5e
A7 20 ol K 05 DQ7
s ol MEMORY CELL O DO8
A8 egli* 1 ual: 67108864 BITS £S5 Q
2| a2l o ) ( ) Sap
A9 L 4 E =
A10 Note) | 2 I
Al iN OE OUTPUT ENABLE
Ao INPUT
(Note) - - - - -

Note

. Refer to Page 1 (ADDRESS)
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M5M465160Bxx

BLOCK DIAGRAM

ROW ADDRESS
STROBE INPUT

LOWER BYTE CONTROL
COLUMN ADDRESS

STROBE INPUT

UPPER BYTE CONTROL
COLUMN ADDRESS

STROBE INPUT
WRITE CONTROL INPUT

ADDRESS INPUTS

VCC (3.3V)
CLOCK GENERATOR
; CIRCUIT VSS (0V)
ﬁj LOWER \
DQ1
() bQ2
! |
! |

- UPPER |

RAS

LCAS

UCAS

(8)LOWER
BUFFERS

DATA Oq‘k DATA IN

LOWER DATA

w i? | ! INPUTS / OUTPUTS
| 8§ O
) |
A0~A9
A0 | coLumn bEcopER L
AL czg |
A2 y I g <l
z f SENSE REFRESH S x 5] | [ LD
e 34 B - o DQ10
A4 25 AMPLIFIER & | /O : !
S o N CONTROL | ' | UPPER DATA
As S 9 el L ! ' [ INPUTS / OUTPUTS
0 | ™ o !
ho g & al G3e|] :
A7 2 of Ao~ 9| MEMORY CELL & o<k 4—PQDQ16
I [~ D —J
A8 A 21 (67108864BITS) <3
A9 . 2| c
= i
o =1 OF OUTPUT ENABLE
A INPUT
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage -0.5 746 \
VI Input voltage With respect to Vss -0.5 7 4.6 \%
VO Output voltage -05 746 \
10 Output current 50 mA
Pd Power dissipation Ta=25°C 1000 mw
Topr Operating temperature 07~70 °’c
Tstg Storage temperature -65 ~ 150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0 ~70°C, unless otherwise noted) (Note 1)
Limits i
Symbol Parameter - Unit
Min Nom Max
Vce Supply voltage 3.0 3.3 3.6 \Y,
Vss Supply voltage 0 0 0 \%
VIH High-level input voltage, all inputs 2.0 Vcc+0.3 \
ViL Low-level input voltage, all inputs -0.3 0.8 \
Note 1: All voltage values are with respect to Vss.
ELECTRICAL CHARACTERISTICS (Ta=0 ~70°C, Vcc=3.3% 0.3V, Vss=0V, unless otherwise noted) (Note 2)
[M5M467400B / M5M467800B]
- Limits X
Symbol Parameter Test conditions - Unit
Min Typ Max
VoH High-level output voltage loH=-2mA 2.4 Vce \Y;
VoL Low-level output voltage loL=2mA 0 0.4 vV
loz Off-state output current Q floating OV £ Vour £ Vcc -10 10 PA
I Input current OVEVIN £ Vec+0.3V, Other input pins=0V -10 10 uA
Average supply current M5M467400B-5,5S | ———= ——= .
lcc1 (av, from Vee MSM467800B-5,55 Saﬁ—stvwccé:li%yc“ng 10
&) | operating (Note 3.4,5) | MSM467400B-6,65 | " v~ % mA
"7 | M5M4678008-6,65 putop
M5M467400B-5,5S
6,65 | RAS=CAS =i, output open 1
M5M467800B-5,55 = =Vvin outputop
Average supply current -6,6S
lcc2(av) | from Vee MB5M467400B-5 6 mA
stand-by (Note 6)  |vsm4678008-56 | 05
] _ 3 .
MB5M467400B-55 65 RAS= CAS ° Vcc -0.2V,output open 03
M5M467800B-5S,6S '
Average supply current M5M4674008-5,55 RAS=VIL, CAS cycling 100
| M5M467800B-5,5S M
ccaav) | from Vee trc=min. mA
Fast-Page-Mode M5M467400B-6,6S output open 90
(Note 3,4,5) | M5M467800B-6,6S
Average supply current M5M467400B-5,5S | — — )
from Ve M5MA467800B-5,55 fA_S before RAS refresh cycling 130 A
lcce @v) | EAS before RAS refresh M5M467400B-6,6S olet_rS;no. en 120
mode (Note 3,5) | M5M467800B-6.6S putop
Note 2: Current flowing into an IC is positive, out is negative.
3:lccl (AV), Icc4 (AV) and Icc6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4: Iccl (AV) and Icc4 (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 CAS=VIH.
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ELECTRICAL CHARACTERISTICS

[M5M465400B / M5M465800B]

(Ta=0 ~70°C, Vcc=3.3% 0.3V, Vss=0V, unless otherwise noted) (Note 2)

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
VoH High-level output voltage loH=-2mA 2.4 Vce \V
VoL Low-level output voltage lo,=2mA 0 0.4 vV
loz Off-state output current Q floating OV £ Vour £ Vcc -10 10 LA
1 Input current oVEVIN £ Vce+0.3V, Other input pins=0V -10 10 UA
Average supply current M5M465400B-5,5S [—= ——= )
&Y | operating (Note 3,4,5) | M5M465400B-6,65 out_ utc; en 120 mA
"7 | Msma6s8008-6,65 | °UPU OP
M5M465400B-5,5S
685 | RAS= CAS =V, output open 1
M5M465800B-5,55 = CAS =Vin output op
Average supply current -6,6S
lcc2av) | from Vce M5M465400B-5.6 mA
stand-by (Note 6) | vsm4658008-56 | 03
, _ 3 i}
MBM465400B-55 65 RAS= CAS ° Vcc -0.2V,output open 03
M5M465800B-5S,6S '
M5M465400B-5,58 | —— N
Average supply current ! — i
ge supply M5M4658008-5,55 | RAS=ViL,CAS cycling 100
lccaay) | from Vee tpc=min. mA
Fast-Page-Mode M5M465400B-6,6S output open 90
(Note 3,4,5) | M5M465800B-6,6S
Average supply current M5M465400B-5,58 | —— _ ] 130
| from Vee M5M465800B-5,55 ::A_S bgfore RAS refresh cycling A
CC6AV) | CAS before RAS refresh M5M465400B-6,6S Re=min.
output open 120
mode (Note 35) | MEM465800B.6,6S
[M5M465160B]
. Limits .
Symbol Parameter Test conditions - Unit
Min Typ Max
VoH High-level output voltage loH=-2mA 2.4 Vce V
VoL Low-level output voltage loL=2mA 0 0.4 vV
loz Off-state output current Q floating OV E Vour £ Vce -10 10 HA
1 Input current ov £ VIN £ Vcc+0.3V, Other input pins=0V |  -10 10 HA
Average supply current M5M465160B-5,5S [ RAS, CAS cycling 140
lcci(av) | from Vee trc=twc=min. mA
operating (Note 3,4,5) M5M465160B-6,6S output open 130
M5M465160B-5,58 |—— ——
Average supply current 665 | RAS=CAS =V output open 1
Icc2 (av) from Vcc M5M465160B-5,6 o 0.5 mA
stand-b Note 6 RAS= CAS 2 Vcc -0.2V, output open
Y ( ) M5M465160B-5S,6S P P 0.3
Average supply current M5M465160B-5,5S | RAS=ViL, CAS cycling 105
lccaav) |from Vee trc=min. mA
Fast-Page-Mode (Note 3,4,5) | M5M465160B-6,6S |output open 95
»f&r\éfnre:?cecsupply current M5M465160B-5,5S | CAS before RAS refresh cycling 140
| —_— —_— =mi mA
ces v CAS before RAS refresh trRe=min. 130
mode (Note 3,5) M5M465160B-6,6S | output open
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CAPACITANCE (Ta=0~ 70°C, Vcc=3.3 £ 0.3V, Vss=0V, unless otherwise noted)

- Limits .
Symbol Parameter Test conditions - Unit
Min Typ Max

Ci) Input capacitance,address inputs 5 pF

Ci (0B Input capacitance, OE input 7 pF
— - - - Vi=Vss

Ciw) Input capacitance, write control input f=1MH 7 pF
— - — = z

Ci (RLS) Input capacitance, RAS input Vi=25mVims 7 pF

Ci(cas) Input capacitance, CAS input 7 pF

Ci/o Input/Output capacitance, data ports 7 pF

SWITCHING CHARACTERISTICS (Ta=0~ 70°C, Vcc=3.3 £ 0.3V, Vss=0V, unless otherwise noted , see notes 6,13,14)

Limits

M5M46X400B-5,5S | M5M46X400B-6,6S
Symbol Parameter M5M46X800B-5,5S | M5M46X800B-6,6S | Unit

M5M465160B-5,5S |M5M465160B-6,6S

Min Max Min Max

tcac Access time from CAS (Note 7,8) 13 15 ns
tRAC Access time from RAS (Note 7,9) 50 60 ns
taa Column address access time (Note 7,10) 25 30 ns
tcrPa Access time from CAS precharge (Note 7,11) 30 35 ns
toEa Access time from OE (Note 7) 13 15 ns
tcLz Output low impedance time from CASlow (Note7) 5 5 ns
toFF Output disable time after CAS high (Note 12) 0 13 0 15 ns
toEz Output disable time after OE high (Note 12) 0 13 0 15 ns

Note 6: An initial pause of 500us is required after power-up followed by a minimum of eight initialization cycles (any combination of cycles
containing RAS-only refresh or CAS before RAS refresh).
Note the RAS may be cycled during the initial pause. And any eight initialization cycles are required after prolonged periods
(greater than 64 ms) of RAS inactivity before proper device operation is achieved.
: Measured with a load circuit equivalent to VOH=2.4V(IOH=-2mA) / VOL=0.4V(IOL=2mA) loads and 100pF. The reference levels for
measuring of output signals are VOH=2.0V and VOL=0.8V.
8: Assumes that trcp 3 treD(max) and tasc 3 tasc(max) and tcp 3 tcp(max).
9: Assumes that trco £ treD(max) and trRAD £ tRAD(max). If tRcD 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 trRaD 3 trAD(max) and tasc £ tasc(max).
11: Assumes that tcp £ tcp(max) and tasc 3 tasc(max).
12: torr(max) and toez(max) defines the time at which the output achieves the high impedance state (lout £ *10 pA) and is not reference
to VoH(min) Or VoL (max).

~
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M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

(Rev. 1.1)

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write ,Refresh, and Fast-Page Mode Cycles)
(Ta=0 ~ 70°C, Vcc=3.3 £0.3V, Vss=0V, unless otherwise noted See notes 13,14)

Limits
Symbol parameter M5M46X400B-5,55 | M5M46X400B-6,6S | it
M5M46X800B-5,5S | M5M46X800B-6,6S
M5M465160B-5,5S | M5M465160B-6,6S
Min Max Min Max
tREF Refresh cycle time 64 64 ms
tREF Refresh cycle time (S-version only) 128 128 ms
trP 'RAS high pulse width 30 40 ns
trcD Delay time, RAS low to CAS low (Notel5) 18 37 20 45 ns
tcrp Delay time, CAS high to RAS low 5 10 ns
trRPC Delay time, RAS high to CAS low 0 0 ns
tepn CAS high pulse width 8 10 ns
tRAD Column address delay time from RAS low (Notel6) 13 25 15 30 ns
tAsR Row address setup time before RAS low 0 0 ns
tasc Column address setup time before CAS low (Notel7) 0 7 0 10 ns
tRAH Row address hold time after RAS low 8 10 ns
tcAH Column address hold time after CAS low 13 15 ns
tbzc Delay time, data to CAS low (Notel8) 0 0 ns
tbzo Delay time, data to OE low (Notel8) 0 0 ns
tcop Delay time, CAS high to data (Notel9) 13 15 ns
tobp Delay time, OE high to data (Notel9) 13 15 ns
T Transition time (Note20) 1 50 1 50 ns

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

14: Vinmin) and ViL(max) are reference levels for measuring timing of input signals. ViHmin)and ViL(max) of the switching characteristics are
2.0V and 0.8V respectively.

15: trep(max) is specified as a reference point only. If trepis less than trepmax), access time is trac. If trepis greater than trRcomax), access
time is controlled exclusively by tcac or taa. tRcomin) is specified as tRcpminy =tRAH(min) +2tT+tASC(min).

16: trRab(max) is specified as a reference point only. If tRap3 trabmax) and tascE tascmax), access time is controlled exclusively by taa.

17: tasc(max) is specified as a reference point only. If trep 3 trep(max) and tasc® tascmax), access time is controlled exclusively by tcac.

18: Either tozc or tozo must be satisfied.

19: Either tcop or tobp must be satisfied.

20: tTis measured between ViHmin)and ViL(max).

Read and Refresh Cycles

Limits

M5M46X400B-5,5S | M5M46X400B-6,6S .
Symbol Parameter M5M46X800B-5,55 |M5M46x8008-6,65 | UMt

M5M465160B-5,5S | M5M465160B-6,6S

Min Max Min Max
trC Read cycle time 90 110 ns
tRAS RAS low pulse width 50 10000 60 10000 ns
tcas CAS low pulse width 13 10000 15 10000 | ns
tcsH CAS hold time after RAS low 50 60 ns
tRSH RAS hold time after CAS low 13 15 ns
trcs Read Setup time before CAS low 0 0 ns
tRCH Read hold time after CAS high (Note 21) 0 0 ns
tRRH Read hold time after RAS high (Note 21) 10 10 ns
tRAL Column address to RAS hold time 25 30 ns
tocH CAS hold time after OE low 13 15 ns
tORH RAS hold time after OE low 13 15 ns
Note 21: Either trcH or tRRH must be satisfied for a read cycle.
10 MITSUBISHI Jun. 1999
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MITSUBISHI

M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

LSIs

Write Cycle (Early Write and Delayed Write)

Limits
M5M46X400B-5,5S [M5M46X400B-6,6S
Symbol Parameter M5M46X800B-5,5S | M5M46X800B-6,6S | Unit
M5M465160B-5,5S [M5M465160B-6,6S
Min Max Min Max
twe Write cycle time 90 110 ns
tRAS RAS low pulse width 50 10000 60 10000 ns
tcas CAS low pulse width 13 10000 15 10000 | ns
tcsH CAS hold time after RAS low 50 60 ns
tRSH RAS hold time after CAS low 13 15 ns
twes Write setup time before CAS low (Note 23) 0 0 ns
tweH | Write hold time after CAS low 10 ns
tewl CAS hold time after W low 13 15 ns
tRWL RAS hold time after W low 13 15 ns
twp Write pulse width 8 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 8 10 ns
tOEH OE hold time after W low 13 15 ns
Read-Write and Read-Modify-Write Cycles
Limits
M5M46X400B-5,5S [M5M46X400B-6,6S
Symbol Parameter M5M46X800B-5,5S |M5M46X800B-6,6S | Unit
M5M465160B-5,5S [M5M465160B-6,6S
Min Max Min Max
tRwC Read write/read modify write cycle time (Note22) 126 150 ns
tRAS RAS low pulse width 85 10000 95 10000 | ns
tcas CAS low pulse width 50 10000 50 10000 ns
tcsH CAS hold time after RAS low 85 95 ns
tRSH RAS hold time after CAS low 50 50 ns
trCcs Read setup time before CAS low 0 0 ns
tcwp Delay time, CAS low to W low (Note23) 30 30 ns
tRwp | Delay time, RAS low to W low (Note23) 65 75 ns
tAwD Delay time, address to W low (Note23) 40 45 ns
tewL CAS hold time after W low 13 15 ns
tRWL RAS hold time after W low 13 15 ns
twp Write pulse width 10 ns
tos Data setup time before CAS low or W low 0 ns
toH Data hold time after CAS low or W low 8 10 ns
|_toen OE hold time after W low 13 15 ns

Note 22: trwcis specified as tRwc(min)=tRAC(max)+toDD(min)+tRWL (min)+tRP(min)+41T.
23: twcs, tcwp, trRwb and tawp and, tcpwp are specified as reference points only. If twcs 3 twcsmin) the cycle is an early write cycle and the

DQ pins will remain high impedance throughout the entire cycle. If tcwp 3 tcwpmin), tRwp 3 tRwD (min), tAwp 3 tAwD(min) and tcPwp 3 tcPwD(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) is satisfied, the DQ (at access time and until CAS or OE goes back to Vi1) is indetermi-

nate.
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M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

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

Limits

M5M46X400B-5,5S |M5M46X400B-6,6S
Symbol Parameter M5M46X800B-5,55 |M5M46X800B-6,65 | Unit

M5M465160B-5,5S |M5M465160B-6,6S

Min Max Min Max

tpc Fast page mode read/write cycle time 35 40 ns
tPRWC Fast page mode read write/read modify write cycle time 70 75 ns
trRAS RAS low pulse width for read write cycle (Note25) 85 125000 100 125000 ns
tcp CAS high pulse width (Note26) 8 12 10 15 ns
tCPRH RAS hold time after CAS precharge 30 35 ns
tcewo | Delay time, CAS precharge to W low (Note23) | 30 35 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: tcp(max) is specified as a reference point only. If tcp 3 tcp(max), access time is controlled exclusively by tCAC.

CAS before RAS Refresh Cycle (Note 27)

Limits

M5M46X400B-5,5S |M5M46X400B-6,6S
Symb0| Parameter M5M46X800B-5,5S |M5M46X800B-6,6S | Unit

M5M465160B-5,5S |IM5M465160B-6,6S

Min Max Min Max

tcsr CAS setup time before RAS low 5 5 ns
tCHR CAS hold time after RAS low 10 10 ns
tRSR Read setup time before RAS low 10 10 ns
tRHR Read hold time after RAS low 10 10 ns

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

12 MITSUBISHI Jun. 1999
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M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

SELF REFRESH SPECIFICATIONS

Self refresh devices are denoted by "S" after speed item, like -5S/-6S. The other characteristics
and requirements than the below are same as normal devices.

ELECTRICAL CHARACTERISTICS (Ta=0 ~ 70°c, Vce=3.3V + 0.3V, Vss=0V, unless otherwise noted) (Note 2)

. Limits .
Symbol Parameter Test conditions Min Typ Max Unit
Average supply current M5MA6X400B-5S.65 .CAS be_fore RAS 3:'efresh cycling
from Vee ’ input high level Vce-0.2V 500 PA
lccs (av) M5M46X800B-5S,6S | input low level £ 0.2v
Extended - Refresh cycle |\501465160B-55,6S | output = OPEN | tRC = 3125115
(note 5,6) tRAS = tRAS(min) ~ 300ns
Average supply current [\ enia6x400B-55.6S | —— ——
’ RAS = CAS £ 0.2v
Icce (av) from Vec M5M46X800B-5S,6S 400 HA
Self - Refresh cycle M5M465160B-5S.6S | output=OPEN
(note 6) '

TIMING REQUIREMENTS (Ta=0 ~ 70", Vcc=3.3V £0.3V, Vss=0V, unless otherwise noted See notes 13,14)

Limits

M5M46X400B-5S| M5M46X400B-6S
Symbol Parameter M5M46X800B-5S| M5M46X800B-6S Unit

M5M465160B-5S | M5M465160B-6S

Min Max Min Max
tRASS Self Refresh RAS low pulse width 100 100 uS
trRPS Self Refresh RAS high precharge time 90 110 ns
tCHS Self Refresh _CAS hold time - 50 - 50 ns

SELF REFRESH ENTRY & EXIT CONDITIONS

(1) In case of CBR distributed refresh

The last/first full refresh cycles must be made within tNS/ tSN before/ after self refresh ,
on the condition of tNS £128 ms and tSN £ 128 ms.

| tNs | tsn
— —

| |
ffffffffff =TT Self refresh period TR R

DISTRIBUTED REFRESH

DISTRIBUTED REFRESH

< 128 ms > <128 ms >

(2) In case of burst refresh

The last /first full refresh cycles must be made within tNS/tSN before / after self refresh ,
on the condition of tINS £16 ms and tSN£ 16 ms.

tNs tsn
[——

(LA Self refresh period LA Il

BURST REFRESH

BURST REFRESH
<128 ms >

<128 ms >
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M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

MITSUBISHI LSIs

6,-5S,-6S

Timing Diagrams (Note 28)

Read Cycle
tRC
. tRAS . trRP
VIH — B = R
RAS \ tRSH / i
ViL — -~ = tRPC tcrP
. tcsH
" tcrP ) tRCD R
CAS ViH — Vi . tcas A 3
- N tceN |
LCAS/UCAS ViL —
(at M5M465160Bxx only) tRAD tcAH
tRAL tAsSR
tasr ﬂAH tASC
VIH — —\ \ ~ 'l
ROW COLUMN ROW
Address ViL — _/\ ADDRESS L ADDRESS § ADDRESS
trRCs tRRH
_ VIH — - =
w tRCH
ViL — >\
tbzc tcop
VIH-T " Hi-Z e
DQ1~ DQ4 (8,16) N\ i /
(INPUTS) ViL / tcac . A |
7.V N toFF
tcLz
VOH — ; - i
DQ1 ~DQ4 (8.16) Hi-2 DATA VALID Hiz
(OUTPUTS) VoL — y
tRAC R
q [foEz
tbzo toEA tobb
tocH
VIH — — =
OE X‘ toRH
ViL — -
Note 28 Indicates the don't care input.
ote =&: VIH(min) £VIN £ ViH(max) or ViL(min) £ VIN £ ViL(max)
Indicates the invalid output.
- Indicates the skew of the two inputs. (at M5M465160xx only)
14 MITSUBISHI Jun. 1999
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MITSUBISHI LSIs

M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

Write Cycle (Early Write)

VIH —
RAS

ViL —
CAS VIH —

LCAS/UCAS Vi~
(at M5M465160Bxx only)

twc

tRAS

tcsH

tcrRP

trRCD

tRSH

—

v

tAsRr tRAH
< <

tasc

tcas

tcaH

<

tASR
<

VIH — — -3 ~ = ~
Address ROW COLUMN ROW
VIL — ADDRESS ADDRESS ADDRESS
IL - ﬁ = — -
twes tweH
o VIH —
%
ViL — : 7=
tbs tDH
I E—
DO1~DQa@1s ' B
(INPUTS) ' Vi - L DATA VALID
VOH — Hi-Z
DQ1~DQ4 (8,16)
(OUTPUTS) VoL —
- VIH —
OE
ViL —
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M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

Write Cycle (Delayed Write)

P twc R
tRAS trRP
VIH — 7X — =
RAS Vi - = 7/ \
tRPC
tcsH
« > " tcrp
{CRP tRCD tRSH
B tcas R
o ) N\ V4
LCAS/UCAS V'~
(at M5M465160Bxx only)
tAsR tRAH tasc tcAH tAsR
> “> < P »
Address  VH-T\/ ROW i COLUMN ) - ROW
VIL — | ADDRESS ADDRESS ADDRESS
I . o .
tewL
tRWL
| «
_ VIH — =
W X‘ twp /
ViL — e i
twcH
trRCS »
tbzc tbs tDH
[ [P »
VIH — B . -\
DQ1~ DQa4 (8,16) Hi-Z
(|NPUTS) VIL — | DATA VALID i
tcLz
4P|
Vo — tozo _
DQ1 ~DQ4 (8,16) Hi-Z
(OUTPUTS) /o, -
toEz
tobb tOEH
_ VIH — m - —
OE \ / \
ViL —
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M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

MITSUBISHI LSIs

Read-Write, Read-Modify-Write Cycle

tRWC R
tRAS N tRP
RAS ViH_. ————— — ~
ViL — \r 7/ \
tcsH
< » tRPC
tcre ||, tRCD . tRSH . tT‘RE’
CAS VIH — — ‘ tcas l
LCAS/UCAS ViL — J
(at M5M465160Bxx only)
tRAD
tAsSR tRAH tasc tcaH tASR
> e )
VIH — a 0\ -
Address ROW COLUMN ROW
ViL — B ADDRESS E B ADDRESS ADDRESS
P tcwp _ tewe
p " tawp b
. tRWD . tRWL
o VIH — - m /
W / \
ViL — trRCS | ¥
tRAC N twp
tpzc tcac
< tps
taa tDH
VIH — ) r = B
DQ1~ DQ4 (8,16) \ Hi-Z 7:>< }<
DATA VALID
(INPUTS) ViL — / N\ L i
tcLz
VOH — ) —\ )
DQ1~DQ4 (8,16) oH Hi-z ATA Hi-Z
(OUTPUTS) VoL — VALIDY
toea
tobbD
tbzo _toEH.
tOE£
_ VIH — B ~ R
OF \ / \
ViL — -
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M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

Fast Page Mode Read Cycle

tRAS trRP
tcsH trc R tCPRH R
ViH -7 RsH | £~ X
RAS X "/
ViL — = —
. tRPC |
tcrP t CRT‘,
CAS VIH — /
LCAS / UCAS ViL — ‘ v
(at M5M465160Bxx only) B tRAD R
tASR tRAH tAsc tCAH tAsc tCAH tasc tCAH JASR,
[ > 4—»\ < 4 > < q < »> < ‘
Address ViH — T row | "COLUMN ] ™ COLUMN X 7~ Tcowmn | N\ Rrow
_ ADDRESS ADDRESS-1 ADDRESS-2 Y ADDRESS-3 ADDRESS
ViL - = = T - = ~
. tRRH
taA R tAA N
tRCH tRCH
. IRCS IT tres i trRCs
- »r—e
— VIH — 7 = ~=
w tRCH
ViL —
tbzc
» tcob
tCDD «—»| [« tDzC tCDD «—»| [«—» tDzC
VIH — = n . n Y—
DQ1~ DQ4 (8,16) \ /N Hi-z 7N 7
(INPUTS) ViL — ﬁZ SVZ XVZ \
tcac  [CAC fcac toFF
L
toLz LOFF tcLz tOFF toLz i
VoH — Hi-Z ™~ DATA ~ DATA 7 DATA
DQ1 ~DQa4 (8,16) v
(OUTPUTS) o, — VALID-1 VALID-2 | VALID-3
r L
« Lo tcPA N tcPA
tRAC g )
torRH toEz
toEz A
toez |11, tozo » || Dz0, | toea g
< » t tobD
‘tDZO' ‘ tOEA OEA PN ) N
tobb ¢
- ViH e tocH « OCH - e OCH —
OE \ / X /
ViL — - - -
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M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

MITSUBISHI LSIs

Fast Page Mode Write Cycle (Early Write)

tRAS

tcsH trc

VH -7 X ’
RAS \ {RSH /
ViL — —
tcrP RCD tcA tcp CP
; ti S tCAS t tcas
CAS VIH — f
LCAS /UCAS VIt —
(at M5M465160Bxx only)
tAsR tRAH tasc tcaH tasc
N e ‘ R < tasc tcaAH

tcAH tasr

d L » [
VIH _ /— m ~ N N\ —
Address ROW COLUMN COLUMN
ADDRESS ADDRESS-1 ADDRESS-2
ViL — - b - — — —

COLUMN ROW
ADDRESS-3 ADDRESS

VIH — twes twcH twes twcH twes
—>|
ViL — : ‘ :

twcH  /

W
tps toH Jos) . toH os toH
VIH — B p /= ~
D1~ DQ4(316) DATA VALID-1 DATA VALID-2 DATA VALID-3
(INPUTS)  , — ] | . ]
VOH — )
DQ1 ~DQa4 (8,16) Hi-Z
(OUTPUTS) yo —
o VIH —
OE /
ViL —
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M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

Fast Page Mode Write Cycle (Delayed Write)

tRSH

trRAS >
« # & tRP »
tcsH R trc q
RAS VIH — 3\‘ v ” /L )
ViL — = Hf \;
trRPC
> t
tcrP tcas tcp CRP
> < trRCD > > le» tcas R
e JL \ A I
LCAS / UCAS ViL —  [RAD
(at M5M465160Bxx only)
tAsSR tRAH
ASR B fAsC fean tASC tCAH, | RWL tASR
Address VM~ © rRow | © coLumn ] COLUMN | ROW
ViL — ADDRESS - ADDRESS-1 ADDRESS-2 ADDRESS
- w | | 7
tRCS | twcH trcs . twcH
> < o

tcwi
tcwL

VIH — -
) twp twp
I E—
ViL — i — = —

tos toH
L —

=

tbs toH tbzc

tbzc <
= e
DQ1~ DQ4 (8,16 ™ N 7 DATA | DATA AX
VALID-1 R
(INPUTS) ViL — 4 \ | i VALID-2 :
tbzo
>
tcLz tcLz
VoH )
DQ1 ~DQa4 (8,16) Hi-Z
(OUTPUTS) g, —
toez toez
tbzo tOEH > tOEH
topb o tobp

e R ¢ >
- VIH — L N ~ A
OF / \—/ \_
ViL —
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M5M467400/465400BJ,BTP -5,-6,
M5M467800/465800BJ,BTP -5,-6,
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DY

(Rev. 1.1) MITSUBISHI LSIs

FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM

-55,-6S
-55,-6S

NAMIC RAM

FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM
Fast Page Mode Read-Write, Read-Modify-Write Cycle
tRAS » . tRP
Vi ———— tcsH tRSH REEE =
RAS X / \
ViL — - =
tPRWC N
e tRPC
tcrRP| | tRCD . tcas . er tcas > tcrP
= ' ' PRI
=W _ N\
ik~ tRAD
( LCAS / UCAS " < > WL
at M5M465160Bxx only, tasr tRAH tasc tasc >
Py LI ol tCAH# tASR
Address ViH — - ROW | = COLUMN | ' CoLuMN ] ROW
ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
VIL — - 4 — ~ \ _
tRWD
trRCS twcH trCS tweH
N Al " tawD ol ]
< IAWD | tewL | | I tewL
- VIH — 7~ = U 7L m
W / tewn \ twp Z « tcwb #\‘twp‘
Vie-—— | gy i « tcPwD N S
tRAC tcPA
Y ) taa
tcaC tbs tozc tDs tDH
. oz toH
DQ1~DQ4 ViH- N / DATA / DATA
(8.16) VALID-1 VALID-2
(INPUTS) ViL — 41 \ T tcac A
tpzo
tcLz tcLz
DATA DATA
DQ1~DQ4 VOH - A\ VALID-1 Hi-z VALID-2
(8,16)
(OUTPUTS) VoL — toEA toeaY T
tpzo PRSI NN {OEH toEZ . toEH
> tobp - <
> tobb
_ VlH _ - N ' A
OE /
ViL — =
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(Rev. 1.1) MITSUBISHI LSIs

M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

RAS-only Refresh Cycle

tRC

v

) tRAS N
VIH — =1
RAS \ \
ViL — = —
tRP
tcrp L T tcrp
CAS VIH — j v
LCAS/UCAS ViL —
(at M5M465160Bxx only)
tAds—Rb tRAH t

[ —— ASR
Address VM~ ROW ROW
ViL — . ADDRESS ADDRESS

W VIH —
ViL —
DQ1~DQa@is) YH™
(INPUTS) Vil —
DQ1 ~DQ4 (8,16) VoK — Hi-Z
(OUTPUTS) VoL —
_ VIH—
OE
ViL —
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(Rev. 1.1) MITSUBISHI LSIs

M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

CAS before RAS Refresh Cycle

tRC tRC
trP < >

trRP

v

) tRAS
— VIH — —F B f B -
RAS x X tRAS
ViL — —

tRPC

M

tcPN {CHR tCHR
Xt >

PN tRPC tcsr tRPC

tCRP

-

CAS VIH — -
LCAS/UCAS ViL — 4/ \ =

|\

(at M5M465160Bxx only)

tASR

»

Address
ViL —

ROW
ADDRESS

tRCH tRSR tRHR tRSR tRHR
4—" ‘4—? < > < > < »

y
h.

tRCs

VIH- x 7 Y

!

VIL—

 toFF

tcob

A

DQ1~ DQ4 (8,16) ViH — /
(INPUTS) Vi — \

DQ1~DQa (S,lG)VOH B Hi-Z

(OUTPUTS) ', -

toez

A
b

tobbp

v

VIH — <

ViL —
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(Rev. 1.1)

M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

MITSUBISHI LSIs

Hidden Refresh Cycle (Read) (Note 29)

tRC R trRC R
trRAS trRP ) tRAS trRP N
I VIH — =1 = = |
RAS X X /
ViL — ~ — - \
tere | ¢ tRCD tRSH tCHR tcrP
i . f ‘
LCAS/UCAS ViL —
(at M5M465160Bxx only) . tRAD
WSR || tRAH, {asc R tASR
Address  VH~ ROW | | coLumn R oW
ADDRESS ADDRESS ADDRESS
ViL — = —~
. tRAL | |tRRH
, trRCS ‘_w tRFE IRHR
o ViH — - A
W
ViL —
tbzc
. tcob -
_ = . ]
DQ1~ DQ4 (8,16) ViH N\ Hi-z
(INPUTS) ViL — N4 AA \
tcac
RAC torF
tcLz [—» |
VoH — ; - Hi-Z
DQ1 ~ DQ4 (8,16) Hi-Z / >< DATA VALID =
(OUTPUTS) VoL — X7
toEz
tbzo R toEA tobbD
o ViH - torH |
oe \ /
ViL — =
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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(Rev. 1.1)

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

MITSUBISHI LSIs

M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

Self Refresh Cycle

VIH —
RAS

ViL —

CAS VIH —

LCAS/UCAS ViL —
(at M5M465160Bxx only)

Address ViK —

ViL —

_ VIH —
w

ViL —

DQ1~ DQ4 (8,16) ViH —

(INPUTS) ViL -

DQ1~DQ4 (s,ls)VOH N
(OUTPUTS) /., —

j— VIH —

ViL —

A

trRP tRASS trRPS

+“——>

/S \ /|
_ ‘ / N
tRPC
tRPC tCSR tCHS tFEF:
/“\\F P v/
I I
«—>» tCPN

tASR

| ROW
. ADDRESS

tRCH

tRSR
‘ tRHR

toFF

AN Hi-Z

toEz
}

25

MITSUBISHI Jun. 1999
ELECTRIC



(Rev. 1.1)

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

MITSUBISHI LSls
M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

Upper / (Lower) Byte Read Cycle

(at M5M465160Bxx only)

tRC

tRAS trRP
I VIH — B - B
RAS \ tRSH [
ViL — x —
tcsH tRPC tCRP
tCRP | tRCD . tcas tcPN R
UCAS ViH — Vi

(or LCAS) ViL —

{CRP tCAH tRPC tcrP
“—> < < »|

N S 1Y

LCAS ViH — 7T

(or UCAS) ViL —

tASR tRAH tasc tAsr
> [« <

—
, [RrRAD tRAL \f

VIH — - R - T =
Address ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
ViL — = B ~ — _

tRRH

_ tRcs _ tRCH

VIH —

Z|

ViL —

vé f

DQ1~DQs VIH —
(or DQ9 ~ DQ1s)
(INPUTS) ViL —

DQ1~DQs VOH —

(or DQ9 ~ DQ16) Al
(OUTPUTS) VoL —
tbzc R tcac R p tcob N
DQ9~DQis  VIHH-— B Hiz —
(or DQ1~ DQs) } ! <
INPUTS ViL — _
( ) " < taa R . toFF —
tcLz
DQo~DQi16  VOH-— Wiz 7L r
(or DQ1~ DQs) 4 DATA VALID
(OUTPUTS) VoL — . L
tRAC
> > toEZ
tozo L. toEA | tobD
_ VIH — = tocH R =
OF X » /
ViL — L
tORH
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MITSUBISHI LSIs

M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

Upper / (Lower) Byte Write Cycle (Early Write)
(at M5M465160Bxx only)

A

twe

tRAS

tRP

VIH- "

RAS \ / \
ViL — \— i
tcsH
_tCRP trRCD L tRSH tRPC tcrRP
tcas
—_— _ —
UCAS ViH \
(or LCAS) . — N
tcrRP tRPC tCrRP
LCAS Vi —
(orUCAS) , -/
_tasrR tRAH tasc . tCAH tASR
V|H . | — 'l y N\ '
Address ROW COLUMN ROW
ViL — |  ADDRESS ADDRESS ADDRESS
7 — 7 N
Jwes | tweH R
— VIH — N
w \ /
ViL — V —
DQ1~ DQs VIH —
(or DQ9~ DQ1s)
(|NPUTS) VIiL —
DQ1~DQs VOH — Hi-Z
(or DQ9 ~DQ16)
(OUTPUTS) VoL —
tbs toH
DQo~ DQ16 VIH — - m
(or DQ1~ DQs) >< DATA VALID }<
(INPUTS) VIL — | N
DQ9 ~DQ1s6 VOH — Hi-Z
(or DQ1~ DQs)
(OUTPUTS) VoL —
VIH —
OE ViL —
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(Rev. 1.1)

MITSUBISHI LSls
M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S

M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

Upper / (Lower) Byte Write Cycle (Delayed Write)
(at M5M465160Bxx only)

. twc R
tRAS J e RP
VIH-" )
RAS X / \
ViL — - —
B tcsH
tcrP tRCD tRSH tRPC  tCRP
< < > 9‘ F—»
- . tcas R
S o \ /AR
(or LCAS) ViL — | u
trRPC
tCrRP > tCF_Py
LCAS Vin -
(or UCAS) ViL —
tASR _ trRAH tasc | | tCAH R tASR
VIH-N\/" Rrow b B COLUMN ROW
Address
VIL — L ADDRESS | | ADDRESS ADDRESS
|, fowr
D tRWL
| <
_ VIH — . twp
W \
ViL — < > - —
tRCs twcH
DQ1~DQs VIH —
(or DQ9 ~ DQ1s6)
(INPUTS) ViL —
DQ1~ DQs VOH — Hi-Z
(or DQ9 ~DQ16) -
(OUTPUTS) voL —
tbzc tbs tDH
< > I < d
DQ9~ DQ1s6 VIH — B Hi-z - B
(or DQ1~ DQs) D i DATA VALID }<
(INPUTS) ViL — 4 L _
tcLz
 —
DQ9 ~DQz16 VOH — Hiz
(or DQ1~ DQs)
(OUTPUTS) vy —
tOEZ [
tbzo tOEH
) toDD
VIH — B B
OF \ / \
ViL —
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M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

MITSUBISHI LSIs

Upper/(Lower) Byte Read-Write, Upper/(Lower) Byte Read-Modify-Write Cycle
(at M5M465160Bxx only)

tRwWC R
tRAS tRP N
VIH — =) - =
RAS X / N\
ViL — = o
. tcsH
) tRPC
tcrP | | trRCD 1 tRSH [ tcrp
. tcas
UCAS ViH — A\ /
(or LCAS) ViL — | |
tcrP RPC oo
’<—>
LCAS Vin -
(or UCAS) ViL —
tASR tRAH tasc tCAH R tASR
VIH — ~ ~ = /-
Address ROW COLUMN ROW
ViL — u ADDRESS V ADDRESS ] | ADDRESS
< tewo tewL |
tawD >
L tRWD { tRWL
— VIH — L
" / N
ViL — = ~
trRCs twp
DQ1~ DQs VIH —
(or DQ9 ~ DQ16)
(|NPUTS) ViL —
tRAC R
DQ1~ DQs VoH — Hi-Z
(or DQ9 ~DQ1s)
(OUTPUTS) VoL — | tozc|
tbs
« tAA , AR tDH
DQo~ DQ16 VIH — A‘ Hi-z /a
(or DO1~ DQs) ) DATA VALID
(INPUTS) ViL — g g
_ tcac |
tcLz
DQ9 ~DQ16 VOH — iz §
(or DQ1~ DQg) : Hi-Z
(OUTPUTS) VoL —
b0 toEH
g tobp
VIH — 7\ =
OE / \
ViL — —
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(Rev. 1.1)

MITSUBISHI LSls
M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S

M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

Fast Page Mode Upper / (Lower) Byte Read Cycle
(at M5M465160Bxx only)

tRAS tRP R
) j tCPRH b g
tCsH tpc ¢ »
> e > tRSH
VIH — R <« _- -
RAS X / \
ViL — ~ —~ -
tRPC
tcrP tRCD . tcas || tecr tcas tcp tcas tcrP
S N/ N /N ANV
(orLCAS) - / L 7 L _
tcrp RPC tcrpP
_ RS
LCAS ViH — / A\/ﬁ
(or UCAS) ViL —
tRAD _ tRAL .
IAEE’ 4E{}AH ‘tASC o e tcAH R JASC tcaH tasc | | tcan tAsrR
Address VM " Row | " ColuMN N\ 7 COLUMN | ©  coLumn | | N ROW
ViL — ADDRESS ADDRESS-1 / ADDRESS-2 ADDRESS-3 / ADDRESS
L S = A I 1 - =
tRRH R
| |taa } "
trRCS tRCH  tRCS tRCH ' tres
[P [ >
_ VIH — 7 ‘ ‘ ’4_’ ~
W tRCH ‘\
ViL — L, »
DQ1~DQs VIH —
(or DQ9 ~ DQ1s)
(INPUTS) ViL —
DQ1~DQs  VOH-— Hi-z
(or DQ9 ~ DQus6)
(OUTPUTS) VoL — .
tcob DZC
. tbzc R < ‘tDZC B tCDD‘ < » tcoD
DQ9e~DQis VIH - =\ A Hi-z A N o
(or DQ1~ DQs) } \ } \ } q
(INPUTS) ~ ViL — . ¥ M =
tcac tcac tcac
A i LOFF > toFF 7 JOFF
tcLZ > ez ¢ tcLz >
(%?%5?9106@\)/% - Hi-Z 7 DATA "~ DATA 7 'bATA O\ |
(QUTPUTS)" VoL — _ VALID-1 | VALID-2 VALID-3
toRH
taa L tcPa R . tcPA «—>
_ > le
« tRAC 082 | || 70 . toez Jpzo, | toEA tOE‘Z»
tpzo toEA | ( OEA | «—>
g g tobD tobp tobp
ViH tocH tocH tocH
_ sl = > « ——
OE \ \ x /
ViL — — - \
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MITSUBISHI LSls
M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

Fast Page Mode Upper / (Lower) Byte Write Cycle (Early Write)
(at M5M465160Bxx only)

VIiH — B

tRAS

tcsH

tpc

trP

RAS X ‘tRSH#/i \
ViL — = -
tcrRP trRCD tcas tcp tcas tcp tRPC tcrp
— VIH — B —\ L m B ’4*
UCAS f X / X X tcas ||/ \f
(0rLCAS) vy - - S = N g,
tcrP
tRPC
’4—> _tcrRP |
LCAS VIH — r
(or UCAS) vy —
tAsR
> EAH LIASC tCAH | tAsc tcAH tasc tcaH JASR,
VIH — — 4 - B ) ~ 3\ e
Address ROW COLUMN COLUMN COLUMN ROW
_ ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS-3 ADDRESS
ViL - b - — — — — !
W VIH — \ twcs tweH / \ twcs| |twcH J—\E\N—CS’ twen  /
> \ — >
ViL — ] ‘ ) ‘ ! s
DQ1~DQs VIH —
(or DQ9 ~ DQ1s)
(INPUTS) ViL —
DQ1~DQs VOoH — Hi-z
(or DQo9 ~DQ1s)
(OUTPUTS) VoL —
tos tDH 0S| | toH oS, toH
DQs~DQ1s VIH- ~ e
(or DQ1~ DQs) DATA VALID-1 DATA VALID-2 DATA VALID-3
(INPUTS) ViL — — |
DQ9~DQi6  VOH-— Hi-z
(or DQ1~ DQs)
(OUTPUTS) voL —
o VIH —
oF /
ViL —
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FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

MITSUBISHI LSIs

M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S

M5M465160BJ,BTP -5,-6,-5S,-6S

Fast Page Mode Upper / (Lower) Byte Write Cycle (Delayed Write)
(at M5M465160Bxx only)

<
<

tRAS

{RSH

tRP

tCsH trc >
VIH — B e > /o m
RAS X / N
ViL — — N
tRPC
[ tcrP
tCrRP tRCD ) tcas tcp R tcas X r_'
T~AG VIH — B — /-
UCAS X / X /
(orLCAS) vy - = B - N
tRPC
tcrP > {crP
tcas  VH-TTT
(or UCAS) v —
_trRAD
EASR~ <t—R>A : EASC tCAH , (AsC tcAH _ tRwL tASR
i N > < [—————>
VIH — = ROW | = ) = ~
Address COLUMN COLUMN ROW
ViL — ADDRESS ADDRESS-1 ADDRESS-2 ADDRESS
= 7 N— 7 = -
tRCS twcH tres| |, twcH
towL ‘H ‘t—’
_ VIH — T -~ [ - CWL
W / \ twp ﬁ \ twp
ViL — = A
DQ1~DQs VIH —
(or DQo9 ~ DQ1s)
(INPUTS) ViL —
DQ1~DQs VOH — Hi-Z
(or DQ9 ~DQ1s)
(OUTPUTS) voL —
tps
tbs tbzc tDH
tozc toH PELCSEN
~ VIH — " | |
sy D O =2 o Y
(INPUTS) ViL — / \ VALID-1  \ VALID-2
tpzo
tpzo >
[ tcLz tcLz
>
DQo~DQis  VoH-— Hi-Z
(or DQ1~ DQs)
(OUTPUTS) VoL —
t toez
O toEH
toEH N
§ tobb topD
VH - s ~ o ~
OE \ \—/ N
ViL —
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FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

MITSUBISHI LSIs

M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S

M5M465160BJ,BTP -5,-6,-5S,-6S

Fast Page Mode Upper / (Lower) Byte Read-Write, Upper/(Lower) Byte Read-Modefy-Write Cycle
(at M5M465160Bxx only)

tRAS
. trRP
tcsH tRSH N i
ViH — B > < > - =
RAS X / \
ViL — — —
tPRWC tRPC
>
cRP || tRCD tcas tce | tcas R tCFF;
VIH — B - -\ /-
UCAS j X / X Z N /
(orLCAS) ViL — - = - =
trRPC
tcrP 4—»‘ tCFi
LCAS VIH —
(or UCAS)
ViL —
. [RAD tRWL
tASR
y Lo ase) | tean tasc | | tean tASR
Address "~ "~ rRow |  COLUMN | ><" COLUMN | ROW
VIL — | ADDRESS | ADDRESS-1 | \L ADDRESS-2 i ADDRESS
tRWD > twcH
tres « twek tres | [0 "
[—>
‘ tawD o towl tawD <tz\'/v .
VIH — = N a =
W / towD \ twe \4 twp /
VIL — ¢ e tcwb N S—;
tcPwD
DQ1~DQs VIH —
(or DQ9 ~ DQ16)
(INPUTS) viL —
tcPA
DQ1i~ DQs VOH — Hi-Z
(or DQ9~ DQ1s)
(OUTPUTS) VoL - tAn ’ tAA
tbzc tcac tbs tDH tbzc tcac tbs tDH
> [ 4 “—>|
DQ9~DQi6 ViH— 3( fRAC q / ~ DATA | DATA
(or DQ1~ DQs) ) \ VALID-1 VALID-2
(|NPUTS) VIiL — ~ — —
tpzo
tbzo
g tcLz tcLz
DATA DATA
DQo~DQ16  VOH — VALD-1 | Hi-Z ‘h/ VALID-2
(or DQ1~ DQs)
(OUTPUTS) voL — toEA
toEA
toez
toez tOEH
tOEH
tobD tobD
. VIH — — | r ~
e N X
ViL — =
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M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

MITSUBISHI LSIs

Upper / (Lower) CAS before RAS Refresh Cycle

(at M5M465160Bxx only)

trRP

tRC

tRC

) tRP
trRAS RAS >
VIH — > - = —
RAS X / X /
ViL — — — .
tRPC tcrP
tcsr < »>
" tRPC <R }iPC tcsSrR ) ’4*
UCAS ViR - TN tcHR | / ; \ ‘—JtCHR / A\ f 7\‘
(or LCAS) wviL — ‘ -
‘toPN
trRPC ICRP | tRPC tcrP tRPC tCRP
LcAs  Vm- IR 3 ~—
(orUCAS) v —
tASR
VIH —
Address ROW
-~ ADDRESS
ViL
tRCH  RSR tRHR tRSR tRHR tRCS
[\ a— < > > —>
vV ‘ r_’ i ‘ ‘4—>
W H— s 7 \ /
ViL —
toFF
[
DQ1~DQs VIH —
(or DQ9 ~ DQ16)
(INPUTS) VIL —
toEz
>
DQ1~ DQs VoH— Hiz
(or DQ9~ DQ16)
(OUTPUTS) VoL —
tcob
toFF
DQ9~ DQ1s VIH — e =
(or DQ1~ DQs)
(INPUTS) ViL — A\
toez
DQ9 ~DQ1s VOH — Hiz
(or DQ17~ DQs)
(OUTPUTS) VoL —
tobp
. VIH — -
OE /
ViL —
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M5M467400/465400BJ,BTP -5,-6,-5S,-6S
M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

MITSUBISHI LSIs

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

(at M5M465160Bxx only)

trRC

trRC

tRAS

tRAS

v

tRP

< N trRP R R
VIH — =) = — -
RAS X / \ / tRPC \
ViL — - A
tRPC
tRCD ’ tRSH « tCRP
tcRP tCHR F_'
UCAS VIH — j 4\ /L A\/F
(or LCAS) wviL — - —
t(ﬁ’i' tcrP
LCAS VIH — ~
(or UCAS) ;- j V
tRAD
tAsC tCAH tASR
tASR tRAH < » <
> ¢ [\ ] <4 >
VIH= N/~ row NN/~ COLUMN i ROW
Address
ViL — rADDRESS ) L ADDRESS ><7 ADDRESS
s tRAL RRH tFS_Fi tRHR
— VIH — =
w J
ViL —
DQ1~DQs VIH —
(or DQ9 ~ DQ1s)
(INPUTS) VIL —
DQ1~ DQs VOH — Hiz
(or DQ9~ DQ1s)
(OUTPUTS) VoL —
tbzc tcop
DQys~DQis  VIH-— B Hi —
(or DQ1~ DQs) } ! <
(INPUTS) VIL — — |
tcAc R
g _ toFF
tcLz <
DQ9~DQis  VOH- Wiz }L
(or DQL™ DQS) DATA VALID —
(OUTPUTS) VoL — N\
tAA .
tRAC : « toEz
tOEA i tobb
tbzo >
«— tORH
_ VIH — -
OE X /
ViL — |
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M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

Byte Self Refresh Cycle
(at M5M465160Bxx only)
tRP tRASS tRPS

ViH — Ty 2

w ol \ / \_

tRPC

v

tcsr tcHs tcrP

UCAS VIH — l__\ B
(orLCAS) vy - / \ /

tRPC {CrP tRPC tCRP

v IV %
(or UCAS) v — Y/
tASR

VIH —
> Z[ ROW
Address v ADDRESS
IL —

tRcH  fRSR tRHR
VIH — v B
ViL —

DQ1~DQs VIH —
(or DQ9 ~ DQ1s)

v

g|

(INPUTS) VIL —
¥ tOFF
toHC
tREZ
< tOHR
DQl"- DQS VOH — Hi-Z
(or DQ9~ DQ16)
(OUTPUTS) VoL —
toEZ
. tcop
DQ9~ DQ16 VIH — }O_FE —
(or DQ1~ DQs)
(INPUTS) ViL — -~
DQo~DQis  VOH— Hi-Z
(or DQ17~ DQs)
(OUTPUTS) VoL —
toez

tobD

o VIH — ~
OF ViL — /
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M5M467800/465800BJ,BTP -5,-6,-5S,-6S
M5M465160BJ,BTP -5,-6,-5S,-6S

FAST PAGE MODE 67108864-BIT (16777216-WORD BY 4-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (8388608-WORD BY 8-BIT) DYNAMIC RAM
FAST PAGE MODE 67108864-BIT (4194304-WORD BY 16-BIT) DYNAMIC RAM

Keep safety first in your circuit designs!

» Mitsubishi Electric Corporation puts the maximum effort into making semiconductor
products better and more reliable,but there is always the possibility that trouble may
occur with them. Trouble with semiconductors consideration to safety when making
your circuit designs,with appropriate measures such as (i) placement of substitutive,
auxiliary circuits,(ii) use of non-flammable material or (iii) prevention against any
malfunction or mishap.

Notes regarding these materials

*These materials are intended as a reference to assist our customersin the selection of the
Mitsubishi semiconductor product best suited to the customer's application;they do not
convey any license under any intellectual property rights,or any other rights,belonging to
Mitsubishi Electric Corporation or athird party.

*Mitsubishi Electric Corporation assumes no responsibility for any damage,or infringement
of any third-party’'s rights,originating in the use of any product data,diagrams,charts or
circuit application examples contained in these materials.

* All information contained in these materials,including product data,diagrams and charts,
represent information on products at the time of publication of these materials,and are
subject to change by Mitsubishi Electric Corporation without notice due to product
improvements or other reasons. It istherefore recommended that customers contact
Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for the latest product information before purchasing a product listed herein.

 Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use
in adevice or system that is used under circumstances in which human lifeis potentially
at stake. Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi
Semiconductor product distributor when considering the use of a product contained herein
for specia applications,such as apparatus or systems for transportation,vehicular,
medi cal,aerospace,nuclear,or undersea repeater use.

*The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or
reproduce in whole or in part these materials.

*If these products or technologies are subject the Japanese export control restrictions,they
must be exported under alicense from the Japanese government and cannot be imported
into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan
and/or the country of destination is prohibited.

*Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi  Semiconductor
product distributor for further details on these materials or the products contained therein.
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