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M5M44260AJ,TP,RT-7,-8,-7S5,-8S

i FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

DESCRIPTION

This is a family of 262144-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 quadruple-layer polysilicon process combined
with silicide 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.

This device has 2CAS and 1W terminals. Refresh cycle is
512 cycles every 8 ms.

FEATURES
RAS | CAS |Address| OE | Cycle |Power
access | access (access | access dissi
Type name time | time | time | time | time | tion
{max. ns) | {max. ns) [ (max. na) | {max. ns) | (min. ng} | (typ. mk)
M5M44260AXX-7, -78 70 20 35 20 140 | 685
M5M44260AXX-8, -88 80 20 40 20 160 | 580
XX =J,TP,RT

® 40pin 400mil SOJ, 44pin 400mil TSOP (1)
® Single 5V £ 10% supply
® |ow stand-by power dissipation

B.5MW (max) oo CMOS Input level

0.55MW *(max) «rorerrrrreermerrnes CMQS Input level
® Low operating power dissipation

MBEMA42B0AXX -8, =B «++rerseresrnsssnnesse 770mW (max)

® Fast-page mode (512-bit random access), Read- modify-
Write, RAS-only refresh, CAS before RAS refresh, Hidden
refresh capabilities

® Self refresh capability*

Self refresh current «-ooveeerrreer 300 us
® Extended refresh capability*
Extended refresh current -o-rererererrenernens 350 us

® Early write mode and OE to control output buffer
impedance

@ All inputs, output TTL compatible and iow capacitance

® 512 refresh cycles every 8ms (Ao~As)

® 512 refresh cycles every 64ms(Ao~As)*

® Byts or Word control for Read/Write operation (2CAS, 1W
type)
* : Applicable to self refresh version (M5M44260AJ, TP,

RT-78S, -8S : option) only.

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

PIN CONFIGURATION (TOP VIEW)

(5v) vce vss(ov)
DQ1 «» (2] 38] «» DQ15
NOATA |00z ++ [ ] <+ D15 | DATA
(NPUTS/
OUTPUTS | D3« 4] «* DA [ quTPUTS
DQa +» (5] 36] <+ DQ13
(5V) vce vss (0V)
DQ5 ++ «» DQ12
DATA | pas , | DATA
puTer| D08+ L] 23] > a1 | DRI
ouTPuTs|PA7 +[9] 52] +» DQ10| QUTPUTS
DQ8 «» 1] 31] «= DQ9
NC NC léOWER 8YTE

AODRRSs STRORE
«— [CAS INeUT

UPPER BYTE
- e St S
INPUT
«=0E  gytpUT
ENABLE INPUT

NC
WRITE
conTROL INPUT W —>

ROW_ ADDRESS
STROBE INPUT RAS — 14

NC 26] «— As
Ao —»[i¢] 5] «— A7
e 1 e 100
INPUTS| Az —{i§ 23] «— As
A3 19| 22 «— A4
(5V) vce Vss(0V)

Outline  40POK (400mil SOJ)
NC : NO CONNECTION
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

PIN CONFIGURATION (TOP VIEW)
(svivee [T Vss (OV) (OV)vss  [s ol veesw)
DQ1 «+[Z] 43 «»DQ'6 DQ16 +» [43) 2] «»Dan
DATA | pa» 3 DQ15 | DAT DATA | pQ1s < [47] 3] «»DQ2 | DATA
nputs/ |92 +*Cl “ DS DA INPUTS/3 0 o % Doy [INPUTS/
OUTPUTS | D03 ++[4] +> D14 (o TRUTS OUTPUTS OUTPUTS
DQAwE «»DQ13 DQ 13 < [40] E]c—»DQA
(svyvee [€] Vss (0V) (OV) vss 6]  vee(s5v)
DQS‘—’E «»DQi2 DQ12 «+»[3g] ijOs
DATA 5 DATA DATA | pais 8] «» DQs | DATA
npurer 2% [l - INPUTS/ INPUTS/ - g INPUTS/
ouTPUTS | DQ7 «[] z <+ DQ10|OUTPUTS ouTPUTS| DQ10 <> £ 5] > DQ7 (oUTPUTS
DQ8 «»[10] E <> D03 DQ9 +» 35 i 10} «»DQa
N N
-3 -3
> 5
NC E %‘ NC LOWER BYTE CONTROL LOWER BYTE NC 3 E NC
e [ +— TOAS SR RS o sl Ol RS o 4N
GONTROL INPUT W — «— UCAT CoLomn ABDRESS " conTRDL COLUMNUCAS —» [2o) 5] «—— W CconTRoL INPUT
ROW ADDRESS __ STROBE INPUT ADDRESS STROBE INPUTS ROW ADORESS
STROBE INPUT RAS —»[i§] «—OF  outRuT OUTPUT OF —» 18] «— RAS STRose MU
ENABLE INPUT ENABLE INPUT
NC «— A8 : 8 —» 7] NC
Ao —[ig] — A7 A7 —[2]] 18] «— A0
ADDRESS ADDRESS
apDRESS] A' L A8 1 INPUTS INPUTS] A6 9 «— A1 | aDDRESS
INPUTS| A2 —[2d «— A5 5 —» [25 20] «— A2 [INPUTS
A3 — «— Ag A4 — 21] «— A3
(5V) vee Vss (0V) (0V) vss 3 vee(sv)
Outline  44P3W-L (400mil TSOP Normal Bend) Outline  44P3W-M (400mil TSOP Reverse Bend)
NC: NO CONNECTION

FUNCTION
The MBM44260AJ, TP, RT provide, in addition to normal read,
write, and read-modify -write operations, a number of other

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

Table 1. Input condition for each mode
Inputs Input/ Output [
QOperation RAS |[CAS|OCAS| W OF E(.:w CJoLumn Lower Upper  |Refresh Remark
ddressaddressy D Q D Q

Read ACT | ACT | ACT | NAC | ACT | APD | APD | OPN | IVD | OPN | IVD | YES

Upper read ACT | NAC | ACT | NAC | ACT | APD | APD | DNC |OPN| OPN | IVD | YES

Lower read ACT | ACT | NAC | NAC | ACT | APD | APD | OPN | IVD | DNC | OPN | YES

Ea-ly write ACT | ACT | ACT | ACT [DNC { APD | APD | IVD [OPN| IVD | OPN | YES

| Upper early ACT | NAC | ACT | ACT | DNC [ APD | APD | DNC |OPN| IVD | OPN | YES

Lower early ACT | ACT | NAC | ACT | DNC | APD | APD | IVD [OPN| DNC | OPN | YES |Fast page mode
Delayed write ACT | ACT | ACT | ACT |DNC [ APD | APD | IVD [OPN| IVD | OPN | YES |indentical
Upper delayed ACT | NAC | ACT | ACT | DNC [ APD | APD | DNC [OPN| IVD | OPN | YES

Lower delayed ACT | ACT | NAC [ ACT | DNC [ APD | APD | IVD [OPN| DNC | OPN | YES

Read~ Modify - Write ACT | ACT | ACT [ ACT | ACT [APD | APD | IVD [ IVD | IVD | IVD | YES

Upper R-M-W ACT [NAC ! ACT | ACT | ACT | APD | APD | DNC |OPN| IVD | IVD | YES

Lower R-M-W ACT [ ACT NAC | ACT | ACT | APD | APD | IVD | IVD | DNC | OPN | YES
RAS-only refresh ACT | NAC | NAC | DNC | DNC | APD | DNC | DNC |OPN| DNC | OPN | YES

Hidden refresh ACT | ACT | ACT |DNC | ACT | DNC | DNC | OPN | IVD | OPN | IVD | YES

CAS before AAS(Extended)* refresh | ACT | ACT | ACT | DNC | DNC | DNC | DNC | DNC [OPN| DNC | OPN | YES

Self refresh* ACT | ACT | ACT | DNC | DNC { DNC | DNC | DNC [OPN| DNC | OPN | YES
Stand-by NAC | DNC | DNC | DNC | DNC | DNC | DNC | DNC |OPN [ DNC | OPN [ NO

Note. ACT : active, NAC : nonactive, DNC : don’t care, VLD : valid,

APD : applied, OPN : open
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BLOCK DIAGRAM
UPEE%QEZ?@&S? AAS e [T —— {)vee(sv)x 3
COLUMN "ADORESS STHOBE (JTAS — ] CIRCUIT - (Ovss(ov)x3
LOWER BYTE CONTROL [AS — rZ@
COLUMN ADORESS " STROBE LOWER W
EEE (o
WRITE UPPER . ()DQ2 | LOWER DATA
CONTROL INPUT W 1 INPUTS/OUTPUTS
— mg@ DQB
! Ao~A8 £t
of 2
] coLumn DECODER “ga
Ao () -  — )
Al SENSE REFRESH EEE2
z& | | wgw ||
Mo MR AR [T Qo
_— m
A3 g’r?: « . D‘?“’ UPPER DATA
ADDRESS ) A4 2 P 1 [ [INPUTS/OUTPUTS
INPUTSY g Bl 8 32 Y
z&| [Ao] iz MEMORY CELL L— 535 | | (Opais
As 2o s|e (4,194,304 BITS) [y
A7 Sy B ga '
A8 4 — | O OUTPUT ENABLE
e INPUT
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage - 1~7 "
Vi Input voltage With respect to Vss -1~7 \Y
Vo Qutput voltage -1~7 \'
lo Output current 50 mA
P Power dissipation Ta=25C 1000 mw
Tepr Operating temperature 0~70 T
Tstg Storage temperature - 65~150 T
RECOMMENDED OPERATING CONDITIONS (Ta = 0~70%C, unless otherwise noted) (Note 1)
. Limits .
Symbol Parameter Min T Nom | Max Unit
Voo Supply voltage 45 5 55 \'
V53 Supply voltage o 01 © 0 \
Vin High-level input voltage, all inputs 2.4 6.5 \%
DQo~DQis | — 1.0 0.8
i - j ] \%
Vie Low-level input voltage Others 20 08
Note 1. All voltage values are with respect to VSss.
ELECTRICAL CHARACTERISTICS (Ta = 0~70%C, Vcc = 5V £ 10 %, Vss = OV, unless otherwise noted) (Note 2)
- Limits .
Symbol Parameter Test conditions Min Tvo Max Unit
VoA High-level output voltage o loH = — 5mA 2.4 Vee Vv
Vou Low-level output voltage - loL = 4.2mA 0 0.4 \%
loz Off- state output current Q floating, OV £ Voutr £ 5.5V -10 10 wA
I Input current 0<ViN<6. 5V, Other inputs pins=0V -10 10 nA
I Average supply current from | WSM44260A-7, -73 RAS, CAS cycling 165 mA
Ceravy vce, operating (Note 3,4,5)| MSM44260A-8, -8 trc = twc = min. output open 140
Supply current from Vce, stand- by RAS = LAS = Vi, output_open 2
lccz(av) ey ' (Note 6) RAS = CAS 2 Ve - 0.5V 1 mA
output open 0.1*
lcacavy | Averase supply current from| WSM44260A-7, -78 RAS cycling, CAS = Vi, 165 A
VCC, refreshing  (Note 3,5)| W5M442604-8,-88 | tRC = min. output open 140 m
Average supply current | M5M44260A-7,-78 RAS = ViL 165
lccacayy | from Ve, Fast-Page- CAS cycling mA
Mode (Note 3,4,5)| W5WA42604-8,-8S | tec = min., output open 140
Average supply current from | MSM44260A-7, -7§ CAS before RAS refresh 165
Icesavy | vee, TAS before RAS refresh———— —— cycling, tRc = min. mA
mode (Note3, 5)| M5M44260A-8, -8 output open 140
Stand-by :
RAS 2 vce - 0.2v
CAS2Vvcc - 0.2vorCAS 0.2V
CAS before RAS refresh :
RAS cycling CAS 5 0.2V or
lece (avy* Average supply current from Vcc TAS before RAS retresh cycling 350 A
Extended refresh mode (Note 6) WS0.2V or 2Vce - 0.2V H
OE=0.2V or 2VCcC—0.2V
A0~A9 5§ 0.2V or 2Vcec - 0.2V
DQ = open
tRC =125 us
tRAS = tRAS min~1 us
RAS =CAS<0.2V,0E < 0.2V or
lcca cavy® Average supply current from Vco 2 Vee - 0.2V, W=0.2V or 300 A
N Self refresh mode (Note 6) | 2 Vcec — 0.2V, Ao~As = 0.2V or H
2 Vee - 0.2V

Note 2. Current flowing into an IC is positive, out is negative.

3. Iccr (Av), IcC3¢AV) and ICCa(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle
4. IcC1 (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 TAS = VIH.

rate.
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

CAPACITANCE (Ta = 0~70%C, Vcc = BV + 10 %, Vss = OV, unless otherwise noted)

Syrmrbol Parameter Test conditions Min Ljrr:gs Max Unit
Cicro Input capacitance, address inputs | Vi =Vss 5 pF
CicoLky lnput capacitance, clock inputs | f=1MHz i 7 pF
Ci/o Input/ Output capacitance, data ports Vi = 25mVrms |7 oF

SWITCHING CHARACTERISTICS (Ta = 0~70°C, Vcc = 5V + 10%, Vss = OV, unless otherwise noted) (Notes 6, 13, 14)

Limits
Syrrbol Parameter M5M44260A-7, -75 M5M44260A-8, -85 Unit
o Min Max Min Max
tcaC Access time from CAS - (Note 7,8) 20 20 ns
tRAC Access time from RAS (Note 7,9) 70 80 ns
tAn Column Address access time (Note 7,10) 35 40 ns
tera Access time from CAS precharge (Note 7,11) 40 45 ns
tora Access time from OE _ (Note 7) 20 20 ns
teLy Output low impedance from CAS low (Note 7) 5 5 ns
toFF Output disable time after CAS high (Note 12) 0 20 0 20 ns
totz Output disable time after OE high (Note 12) 0 20 0 20 ns

Note 6. An initial pause of 500 u's is required after power-up followed by a minimum of eight initialization cycles (any combination of .cycles

containing a RAS clock such as RAS-only refresh).

Note the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater

than 8 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 2 tRCD (max) and tASC & tASC (max).

9. Assumes that tRCD S tRCD (max) and tRAD ¥ tRAD (max). If tRCD or tRAD is greater than the maximum recommended value shown
in this table, tRAC will increase by amount that tRCD or tRAD exceeds the value shown.

10. Assumes that tRAD Z tRAD(max) and tASC = tASC (max).

11, Assumes that tCP S tcP(max) and tASC & tASC (max).

12. toFF (max) and tOEZ {max) defines the time at which the output achieves the high impedance state (louT & | £ 10 A ) and is not

reference to VOH(min) or VoL (max).

TIMING REQUIREMENTS (For Read, Write, Read - Modify - Write, Refresh, and Fast Page Cycles)
(Ta=0~70°%C, Vcc =5V *+ 10%, Vss = OV, unless otherwise noted) (Notes 13, 14)

Limits
Symbol Parameter M5M44260A-7, -7S M5M44260A-8, -8S Unit
o Min Max Min Mas
tReF Refresh cycle time o 8 8 ms
tREF Refresh cycle time* . 64 64 ms
trp RAS high pulse width - 60 70 ns
tRCD Delay time, RAS low to CAS low (Note 15)] 20 50 20 60 ns
ek Delay time, CAS high to RAS low 10 10 ns
tRPC Delay time, RAS high to CTAS low 0 0 ns
tern CAS high puise width - 10 10 ns
tRAD Column address delay time from RAS low (Note 16) 15 35 15 40 ns
tasR Row address setup time before RAS low 0 0 ns
tAse Column address setup time before CAS low (Note 17) 0 10 0 15 ns
tRAH Row address hold time after RAS low 10 10 ns
toaH Column_address hold time after CAS low 15 15 ns
torc Delay time, data to CAS low - (Note 18) 0 0 ns
tozo Delay time, data to OE low (Note 18) 0 0 ns
tcos Delay time, CAS high to data L (Note 19)] 20 20 ns
tonz Delay time, OE high to data (Note 19)| 20 20 ns |
t1 Transition time (Note 20) 1 50 1 50 ns

Note 13. The timing requirements are assumed t7 = Sns.
14, VIH{min) and VIL (max) are reference levels for measuring timing of input signals.
15, tRCD (max) is specified as a reference point only. If tRCD is less than tRCD (max), access time is tRAC.
¥ tRCD is greater than tRCD(max), access time is controlled exclusively by tCAC or taa.
trRED (min) is specified as tRCD (min) = tRAKH (min) + 21T + tasc (min).

16. tRAD (max) is specified as a reference point only. If tRAD Z tRAD (max) and tASC £ tASC (max), access time is controlled exclusively

by taA,

17. tAsC (max) is specitied as a reference point only. If tRCD Z tRCD (max) and tASC & tASC (max), access time is controlled exclusively

by tcac.
18. Either tDZC or tDZ0 must be satisfied.
19, Either tcDD or tODD must be satisfied.
20. tT is measured between ViH{(min) and Vi (max).
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Read and Refresh Cycles

Limits
Symbol Parameter M5M44260A-7, -7S M5M44260A-8, -85 Unit
Min Max Min Max
tRC Read cycle time 140 160 ns
tRas RAS low pulse width 70 10000 80 10000 ns
tcas CAS low pulse width 20 10000 20 10000 ns
tesk CAS hold time after RAS low 70 80 ns
tRSH RAS hold time after CAS low 20 20 ns
tRCS Read setup time before CAS low 0 0 ns
tRZH Read hold time after CAS high (Note 21) 0 0 ns
| tRar Read hold time after RAS high (Note 21) 10 10 ns
| traL Column address to RAS hold time 35 40 ns
tock CAS hold time after OE low 20 20 ns
tOF} RAS hold time after OE low 20 20 ns
Note 21. Either tRCH or tRRH must be satisfied for a read cycle.
Wirite Cycle (Early Write and Delayed Write Cycles)
Limits
Symbol Parameter M5M44260A-17, -7S M5M44260A-8, -85 Unit
Min Max Min Max
twe Write cycle time 140 160 ns
tRas RAS low pulse width 70 10000 80 10000 ns
tcas CAS low pulse width 20 10000 20 10000 ns
te s CAS hold time after RAS fow 70 80 ns
RS- RAS hold time after CAS low 20 20 ns
tWes Write setup time before CAS low (Note 23) 0 0 ns
tWeH Write hold time after CAS low 15 15 ns
tow. CAS hold time after W low . 20 20 ns
R RAS hold time after W low 20 20 ns
twr Write pulse width 15 15 ns
D3 Data setup time before CAS low or W 0 0 ns
DA Data hold time after CAS iow or W low 15 15 ns
[ OE hold time after W low 20 20 ns
MITSUBISHI
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Read- Write and Read - Modify - Write Cycles

Limits
Symbol Parameter M5M44260A-7, -7S M5M44260A-8, -85 Unit
Min Max Min Max
tRWC Read Write/read modify write cycle time (Note 22) 185 205 ns
tRA3 RAS low pulse width 1185 10000 125 10000 ns
tcas CAS low pulse width 65 10000 65 10000 ns
= CAS hold time after RAS low 115 125 ns
tRSH RAS hold time after CAS low 65 65 ns
tRCS Read setup time before CAS low 0 0 ns
town Delay time, CAS low to W low (Note 23) 40 40 ns
tRWI» Delay time, RAS low to W low (Note 23) 90 100 ns
tAWD Delay time, address to W low (Note 23) 55 80 ns
towt CAS hold time after W low 20 20 ns
tRwL RAS hold time after W low 20 20 ns
twr Write pulse width 15 15 ns
tos Data setup time before W low 0 0 ns
tOH Data hold time after W low 15 15 ns
o OF hold time after W low 15 20 ns

Note 22. tRWC is specified as tRWC (min) = tRAC (max) + toDD (min) + tRWL (min) + tRP (min) + 4tT.
23. twces, towb, tRwD and tAWD and tCPWD are specified as reference points only. If twCs & twes(min) the cycle is an early write cycle

and the DQ pins will remain high impedance throughout the entire cycle. If tCwD 2 tcwD (min), tRWD & tRWD (min), taAwD & tawD (min},

and tcPWD 2 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) of the DQ (at access time and untit CAS or OE goes

back to VIH) is indeterminate.

Fast- Page Mode Cycle (Read, Wrlte, Read - Wrlite, and Read - Modity - Write Cycles) (Note 24)

Limits
Symbol Parameter M5MA4260A-7, -7S M5M44260A-8, ~8S Unit
Min Max Min Max
tPC Fast page mode read/write cycle time 45 50 ns
tPRWC Fast page mode read write/read modify write cycle time 95 100 ns
tRAS RAS low pulse width for read write cycle (Note 25) 115 100000 13% 100000 ns
tcp CAS high pulse width (Note 26) 10 15 10 20 ns
tCPRH RAS hold time after CAS precharge 40 45 ns
tCPWD Delay time, CAS precharge to W low (Note 23) 40 45 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 TAS input are performed.
26. tcp(max) is specified as a reference point only.

CAS before RAS Refresh, Extended Refresh Cycle * (Note 27)

Limits
Symbol Parameter M5M44260A-7, -75 M5M442604-8, -85 Unit
Min Max Min Max
tosr CAS setup time before RAS low 10 10 ns
tCHR CAS hold time after RAS low 15 15 ns
tCAS CAS low pulse width 30 30 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.

Self Refresh Cycle * (Note 28)

Limits
Symbol Parameter M5M44260A-7S M5M44260A-8S Unit
Min Max Min Max
tRASS CBR self refresh RAS low pulse width 100 100 s
trRPS CBR self refresh RAS high precharge time 140 160 ns
tcHs CBR self refresh CAS hold time - 50 - 50 ns
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Note 28. Self refresh sequence

Two refreshing ways should be used properly depending on
the low pulse width (trass) of RAS signal during self refresh
period.

1. In case of trass < 150ms

1.1 Distriduted refresh during Read/Write operation
(A) Timing Diagrams

Read/Write Cycle )

Selt Refresh Cycle )

Read/Write Cycle

tNSD

trAss < 150ms

tSND

—

last retfresh cycle

Table 2

Self Refresh-»
Read/ Write

Read/ Write —>

Read/Write Cycle Self Refresh

tnsD + tsnp < 8ms

refres|

RAS only
distributed refresh

CBR ﬁistributed

tnsD S 16 us tsND < 16 us

(B) Definition of distributed refresh

Definition of CBR distributed refresh

(ncluding extended refresh)
The CBR distributed refresh performs more then 512
constant period (125 us max) CBR cycles within 64
ms.

Definition of RAS only distributed refresh
All combination of nine row address signals (Ao~As)
are selected during 512 constant period (16 us max)
RAS only refresh cycles within 8 ms.

Note:
Hidgen refresh may be used instead of CBR refresh.
RAS/CAS refresh may be used instead of RAS only refresh.

tirst refresh cycle

1.1.1 CBR distributed Refresh

@ Switching from read/write operation to self refresh operation.
The time interval from the falling edge of RAS signal
in the last CBR refresh cycle during read/write operation
period to the falling edge of RAS signal at the start of
self refresh operation should be set within tnsp (shown
in table 2).

® Switching from self refresh operation to read/write operation.
The time interval from the rising edge of RAS signal at
the end of self refresh operation to the falling edge of
RAS signal in the first CBR refresh cycle during read/
write operation period should be set within tsno (shown
in table 2).

1.1.2 RAS only distributed refresh

® Switching from read/write operation to self refresh operat.on.
The time interval tnsp from the falling edge of RAS signal
in the last RAS only refresh cycle during read/ write
operation period to the falling edge of RAS signal at the
start of self refresh operation should be set within 16 us.

@ Switching from self refresh operation to read/write operation.
The time interval tsno from the rising edge of RAS signal
at the end of self refresh operation to the falling edge
of RAS signal in the first CBR refresh cycle during read/
write operation period should be set within 16us.

3-130
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1.2 Burst refresh during Read/Write operation
(A) Timing diagram

Read/ Write . Selt Refresh . Read / Write _
il T
tNSB trass < 150ms tSNB
RAS \ / \ /
y T 1
first refresh cycles refresh cycles last
refresh cycles 511 cycles 511 cycles refresh cycles
Table 3
) Read/ Write —» Self Refresh— 1.2.1 C.BR.dlstnbutad Ref.resh ' .
Read/Write Cycle Self Refresh Read/ Write ® Switching from read/write operation to self refresh operation.
The time interval tnse from the falling edge of RAS signal
CBR burst refresh tnsB S 8ms tsng S Bms in the first CBR refresh cycle during read/write operation
RAS only burst period to the falling edge of RAS signal at the start of
refresh 4 tnss + tshs < Bms self refresh operation should be set within 8 ms.

@ Switching from self refresh operation to read/write operation.
The time interval tsns from the rising edge of RAS signal
at the end of self refresh operation to the falling edge

(B) Definition of burst refresh of RAS signal in the last CBR refresh cycle during read/

Definition of CBR burst refresh write operation period should be set within 8 ms.
The CBR burst refresh performs more then 512
continuous CBR cycles within 8 ms. 1.2.2 RAS only distributed refresh )

Definition_of RAS only burst refresh ® Switching from read/write operation to self refresh operation.
All combination of ten row address signals (Ao~As) The time interval from the falling edge of RAS signal
are selected during 512 continuous RAS only refresh in the first RAS only refresh cycle during read/ write
cycles within 8 ms. operation period to the falling edge of RAS signal at the

start of self refresh operation should be set within tnss
(shown in table 3).

@ Switching from self refresh operation to read/write operation.
The time interval from the rising edge of RAS signal at
the end of self refresh operation to the falling edge of
RAS signal in the last RAS only refresh cycle during read/
write operation period should be set within tsne (shown
in table 3).
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FAST PAGE MODE 4184304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

2. In case of trass = 150ms
(A) Timing diagram- A

Read/ Write l Selt Refresh ) Read/ Write
t }
tNSD E 8ms tRASS & 150ms tSND $ 8ms
RAS \ / S 4
last first
refresh cycle refresh cycle
Timing diagram-B
Read/Write \ Self Refresh L Read/ Write
Ll et
tREF S 8ms trRASS & 150ms tREF S 8ms
VA VARWA T\ TS
refresh cycles refresh cycle
512 cycles 512 cycles
Table 4
Read/ Write Cycle Read/Write —>Self Refresh | Self Refresh— Read/Write
CBR distributed refresh Timing Diagram- A Timing Diagram- A
RAS only distributed
CBR burst refresh Timing Diagram-8 Timing Diagram-B
RAS only burst refresh

(B) Definition of refresh
The same as 1.1-(B) and 1.2-(B)

2.1.1 CBR distributed refresh 2.1.2 RAS only distributed, CBR burst, RAS only burst refresh
® Switching from read/write operation to self refresh operation. ® Before and after the self refresh, 512 refresh cycles
The time interval tnso from the falling edge of RAS signal should be exscuted within 8 ms for each refresh

in the last CBR refresh cycle during read/write operation operation.

period to the falling edge of RAS signal at the start of
self refresh operation should be set within 8 ms.

® Switching from self refresh operation to read/write operation.
The time interval tsnp from the rising edge of RAS signal
at the end of self refresh operation to the falling edge
of RAS signal in the first CBR refresh cvcle during read
/write operation period should be set within 8 ms.

MITSUBISHI
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Timing Diagrams (Note 29)

Read Cycle

[CAS/UCAS

Ao~Ag

3

DQ1~DQis
(INPUTS)

DQ1~DQis
OUTPUTS)

tRC |
tRas tRP
-
ViH ~ \ f -y
ViL — X \
tesH
tCRR tRCD tRSH |tRPC tcRp
F_. tcas
ViH ~ 3 \ / 4 b
. \ /
tRAC tRAL tASR
tASR tRAH tasc] tcaH tceN
[A35
K NSNS
s Jsssl | Sh ) 55 Al
Vi - ADDRESS XXX
trRCs tRCH
ViH SIS
IR
VIL = XREXRAKX
tozc tcoD
ViH = X
ViL = 4 .
tcac
TAA torF
touz
Von — Hi-Z Hi-Z
{ A oata vaLp
VoL —
tRAC
toz0 tOEA toez
—=
tocH tooD
GRIIKICR IS
OSSR

i

Note 29

SRRSO

5
et o S ee v e tede
detotolelete%e%0% %%

9390%
G0 RR

7

X2

torRH

Indicates the don't care input.
2 VIN=2 VIH(max) or ViL (min) £ VIN 3 ViL {(max)

ViH (min)

Indicates the invalid output.

ol sy
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Byte Read Cycle

D
=
o

UCAS
(or LCAS)

LCAS
(or UCAS)

Ao~ Asg

g

DQ1~DQs
(or DQe~DQ18s)
(INPUTS)

DC1~DQs
(or DQs~DQ1e)
(OUTPUTS)

DQs~DQis
(or DQ1~DQe)
(INPUTS)

DQs~DQis
(or DQ1~DQs)
(QUTPUTS)

tRC I
tRAS tRP
- ]
ViH — \ /
ViL - n
tcsH
tCRP tReD tRsH (S)RPC etCF{F’
tcas
v x %
ViL —
tePN
Ve — % '4
Vie —
tRAD . tRAL task
tASR tRAH tCAH ‘
il
— y -
Vi ROW COLUMN ROW
Vi — ADDRESS A IADDRESS ADDRESS
te—a tRRH
trcs tRCH
Vin — 2 o OSSR
RN RSB0
Vi — R RSSO
Vi — &% R RS IRRHHKIOTILIKCLLSEKS
X OO0 e asesacesetatotetoteroteteteteterels:
. S5SNI
Vil — W %‘x % ’:’0’0’0’0‘0’0‘0‘030‘0’0‘0’0’0‘0’0‘0’0‘0’o’
Vow — Hi-Z
Vou -
ttozg) tcob
Vi — & 1 L6
: ) : B
viL — RXRRRLS
tcac
taA torF
tcLz
\
Vor — Hi-Z 7 Hi-Z
Vo, o | DATA VALID
- 1 |
I tRAC T Xoe7
tozo tOEA | tobD
tocH
RS ot IR 55 3
oteseetelede! Petet0tete e % %% %! 203
ded0t0se e te%e%e%0%! ZRERRKRELKEES XS
ViL - ooo’oo‘o‘:‘o‘o’o:oo:o‘o‘ R SRR
tORH
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Wrete Cycle (Early write)

{CAZ/UCAS

Ao~ As

=3

DQi1~DQis
(INPUTS)

DQ1~DQis
(QUTPUTS)

twe s
tRAS tzpr
——

VIH — \ Z[
ViL — X \

tesH

tcRe) tRCD tASH tRPC | tcRp
tcas
A // %
viL —
tasR | tmaH t‘ﬁi tcaH t._JASR
A
AP RPN
COLUMN £XXRRLIRRHIRARRK,
ADDRESS RS0 KRNRRKS
R XX XK X XXX X X
twes tWeH
- S T
f
VIL = RXERLRLRKIIRRLIIRRSS G5 RRERRKIRRRERERRLEEREIRK
1
tDs tDH

CCSERRXK,
SXXLRLRL

L P SOSPSSNINS SIS PSSP o "
O e e O L e e e T e T e
DATA VALID R R HIIRERENS
GRS

SONNCN 2%
SR XK
SR AN

XRRRRLLS
KRR

Rodededetetetels!
202020000 %0 %0 20 % % e e 202 % %Y

000020 20 0 000070 200 % % 207620 % 20 20 % %0 2020 %0 % 20 %0 % e 2o % %

VoH — Hi-Z
VoL -
N 0 N SN SN NN AN AN I I AN AN A AR NASANINASINIA A I AN AN DA AR AR ARAAANAAANAAAAARAANISAARNAAARR AN
ViH — ,0,0,0,0,0,0.0,0,0.0.o.o,o,o.o,o'o::,o'o,o,o,o.o.o,0,0.0,0.0'0,0,0,0.0‘0,0,0.0‘0,0,0‘0,0.o.o.o,o.o0000‘000.0.0.0’0.0,o,o,o.o.o,o.o.o.o.o‘o‘o
e e o e S SO SO SIAAIRAS,
VIL = SXRRERRRRARHRRLRRERARHIRAIKIERAIRRELKIRKARILRRAIRKRIIIELRIERRELLIELAELK LS

MITSUBISHI
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Byte Write Cycle (Early wire)

UCAS
(or LCAS)

LCAS
(or UCAS)

Ao~Ag

=

DQ'~DQs
(or DQe~DQi6)
(INPUTS)

DQ1~DQs
(or DQe~DQ186)
QUTPUTS)

DQs~DQis
(or DQ1~DQs)
(INPUTS)

DQa~DQis
(or DQ1~DQs)
(QUTPUTS)

ViH ~
Vil —

Vin —
ViL —

Vin —
Vie =

ViH—
Vie —

T
ViL —

ViH —
ViL —

VoH —

VoL —

ViH —
Vie —

VoH —
VoL -

Vii =
Vi —

twe
tRAS trp

/ \__

tcsH . 8

RPC CRP
tore_ | tRCD tRSH o e
tcAS
= i [ K
tASR tRAH tasc tCAH tASR|
[
OO0 O O O O O o o o S o o oo ’_—
ROW JIELEN COLUMN RS K IREEIK LRI HIRIKN ROW
ADDRESS RS ADDRESS — JRESSRRLAKAAXLARIXLNRKIKKN  ADDRESS
" REXXXXX NS00S0 000°020.0200°0°6 5207 b Widndiniidl
twes tweH

00-070-020-0:0-020-0-020.0.0-0 0000,
SRR 0:0:0:0.’0:0:0:0:0:0:\
525CORRERREES Do detete%0%0%6%%.

R R R R R R R R R R R R R R R R LR
R R R R R SRR EIROIRKES
O e S s e s Lo o ey Ly e e o ey e e T o e e e o ta o de et et detotu o tetototototedoletodedoteds!
S5SLES 4%”%6%%&&&@&5%U%§ R RIS
Hi-Z
tos tou
0 VATV P D V.
REIRRE
SRS
bo%ode! DATA VALID J5RLEKLS,
2006005 %0% % % % 2000702020 %6%6%6%6%% %% %%

Hi-Z

e S O 0 020 0200 0 0 020 9 9 O 9 O 90 0020290 -0 020200202029 -0-9 9=
.0. .0.0.0.0.0‘0.0.0 9:9.9:0,9.9.0.9.90.9.¢ 0% 0.0.0 (G : % :

000990000000 0.0.0.0.0. 0.0 0.0 0.0.0.0
9:9.9:9.9.9.90.9.0.9.9.90.90.0.90.0.0.9.9.0.00.00.60090¢000009
R R R ARRRAELLRRELLRIEIKLELLELE,
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Write Cycle (Delayed write)

2

D
>
nl

LCAS/UCAS

Ao~ Ag

g

DQ1~DQis
(INFUTS)

DQ1~DQ1s
(OUTPUTS)

twe
trRAS trP
ViH — b Z
viL - X 7
tesH
tCRP tRCD tRSH tRPC tcrP
tCAS ﬂ‘ ’9
ViH — \\ //
L - k
tASR tRAH tASC tcaH tasr
Vin - ROW COLUMN ROW
Vil — ADDRESS ADDRESS . ADDRESS
|
towl
tRCS tRWL
twe
e -
ViL —
twek
, t
tpze DS| | tow
— y NN
Vin DATA ,.:::::Z:::::.:.:X:X:X:z:::::Z::::::::::: 3
Y X VALID  JRERERRRIEKKKE KK LKL
viL — VOG0T 0L E 0 00.0.0.0.020.0.0.0.60
tcrz
Von — Hi-Z A Hi-Z
VoL —- ]
toz0 toezp o0 toEH
TR T > OSSO0
VIH RS RIKEIREIKKN R EROREHARRRILEIRAREIS
O e oo e et tetetatetetototetetedetetotetotely e Se e et ot et t oo teeteteSebeletetel
VIL = RO RS IRSIRNIN R RRRRRHIXRAXRAIRAIEEK,

S
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT}DYNAMIC RAM

Byte Write Cycie (Delayed write)

twe e
tRAS tRe
T
RAS Vi \ / :
ViL = y |
tesh
tRPC
tCRP tRCD tRsH tCRP
tcas |
1
- _ ‘
UCA 33 VIH \ / E
(or LbAg) ViL — ‘ {
[CAS Vb = R
(or UCAS) ViL — |
tasc tcaH lem tASR
_ r
Ao~A ViH COLUMN ROW
0~ A8 Vil ~ ADDRESS \ ADDRESS [ADDRESS
towL
tRCS T tawL
o tRWL
twe
ltwe
Vin — 00T \ R
W S RRRLRLHELLCRK RS o‘o‘ozo‘:‘o,' £ RRLHIALRALLAR
25250 RS 6050608 0202020220202 e %0 2202 % %%
ViL - 'A’A.A.A’A.A'A’A.A.A*A.A.A 2009 k 000000000000,
o Donepney V1 SRR SRR RN
9~DQ1s .
(&rp UTS) Vi — SIS SeSete20tete%ete%0%0e% SRR
DQ1~DQs V. :
OH — Hi-Z
(or DQs~DQ1s)
(QUTPUTS) VoL —
twcH
tos tOH
DQs-~-DQ1s Hi
i-Z
(or DQ1~DQs) y, DATA
(INPUTS) ) ALID
teLz
DQs~DAQ1s V i ;
OH — Hi-Z Hi-
(or DQ1~DQs) Z
(QUTPUTS) VoL -
tpzo tOEH
tOEZ et
toDD
R R RN s OO,
oE Vi ’0:0:0:0:03030:0:0:0:0:0:0:0::: eSoseserntetatelatetoletoni / '\’:’:‘:':’:::::::::‘:‘:.::::::::::::
VIL = CRRRELRRHRRIRL RLLIREREKIELLRRN N 52ORRRRRLLKELELRLEL

3-88
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Read - Write, Read - Modify - Write Cycle

tRwC -
trAS trP
ViH — 3
= \ /
Vi — i
tesH
tcrp trRCD tRSH
: Teas tRPC I—- tcRP
] ViH —
[CAS/UCAS \
ViL — X Z
tASR o
tRAH HASC ke tcaH i
r—u tAsR
VIH - ROW COLUMN 25050205020%%0%
~ [ ogeteSetelotetete! ROW
Ao~ As Vi - ADDRESS ADDRESS T sernsetes ADDRESS
tAWD ) '
towD towL
tRCS tRWD
_ ViH — 3R LR EK
W O s e sesese e Sosetotetotereles
R e 90 %0 % %6 00 09690 %a%6%0 %% %%
tpos toH
1DZC || 1
. - OTOTOIOT0TOTOTOH: i~
DQ1~DQ1s Vi e tateossatetossss Hi-Z F DATA
(INPUTS) ViL - K SKIIRRAIA XY toac 3 . VALID
taa
tcLz
DQ1~DQ1s VoH — DATA Hi-Z
(QUTPUTS) v — VALID
1,
trac tooo!
tbzo toEA
I tOEZbe—»| EEF."
VIH ~ 3R RICHIIHK I I xR XY OO S
OE O et s et oatetetasotetetotatotuleteteteteteretels, {o:0:0:0:0’0’0’o’0:0:0::::::::::::::::::
VIl — g0 K IR AEI KRR 0020202020 %6%6%0%6%0%6 %% % % % % 2 %%

MITSUBISHI
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Byte Read Write, Read - Modify Write Cycle

tRWC :
]
tRAS L tAp
- ViH ~ X
RAS \
ViL —
tcsH |
tore| tRCD tRSH tRPC teRP
tcas ™
UCAS ViH = S
(or LCAS) ViL —
[CAS Vi - h
(or UCAS) ViL -
tRAD
tASR tasr
el tRAH tAsC tCAH S
Ao~Ag Vin T SRON  lPow RSN [ | coLumy GBI ROW
ViL — Q:.:.:?:,’ ADDRESS _A \‘9:.:‘:?‘. A ADDRESS ’,’Q’Q’.‘Q‘Q’Q‘.’.‘Q‘. ADDRESS
tAwD
tcwo tewl
tRWD tRwL
v twp
—_— IH—
W \
ViL - -
DQ1~DQs Vin — LR XX ST IR A R AR
(or DQa~DQ1s) e e OO ORI KRRS
GNPUTS) ViL — RS I I S I L IERRHLAXIAH IR
DQI~DQs v .
oH — _
(or DQo~DQ1s) Hi-Z
(QUTPUTS) VoL —
! tos toH
e
DQe~DQre Vi — TRXTZZTZSTS A e
H RRRRISS (5 0;9,8:9.0:0:0-0:020°0:
(or DQ1~DQa) RIS 4 DATA VALID  YESR0ERREEE0KG
(INPUTS) Vi — 255 \ QSRR
toac A A 0696202020 %0% %% %% %%
taa
tcLz
DQe~DQ1s V.
oH — i- ;
(or DQ1~DQs) Hi-Z DATA Hi-Z
(QUTPUTS) VoL — VALID
tRAC _] t
tozo 10EA > 1000
[<CE ke toEZ EO_EH.‘
Vit — RS RRITIEES = RS
O 9S0s00ssoteletotesnsotetetolel / S RRTERRERELRKKS
0HRRIHSIRLITIIRK et e e te et e tetetetetetetete!
. SERRRERIRRLALALAXAAA 2S05SRIIEIEEKLEEIRKS
VIL = IREERRIKKILEEE | SRR,
3-90 A ELECTRIC
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

RAS- only Refresh Cycle

LCAS/UCAS

Ao~ Asg

g

DQ1~DQis
(INPUTS)

DQ1~DQis
(QUTPUTS)

tRC
tRAS tRP

ViH = BS Zc 3
ViL -~ K 4 | W

tCRPI—-— tRPC tCRP
ViH -
Vi -

tASR
tRAH tASR
Vi - F e e O S S S TSI
A R RIS (W

Vi - N 0 0 N N N0 00 202020200020 10 2020200200 02020 20 020 0202020 A B

R O OO IO DD OO o o oo T TR TR AT
0.0‘0‘0‘0.0.0‘0.0.0.0.0.0‘0‘0.0.0‘0.0‘0.0.0.0.0.0‘0’0‘0‘0‘0.0.0‘0.0‘0‘0.0.0‘0‘0’0.9‘0.0.0.0‘0.0.0.0.0.0.0.0‘0.0‘0.0.0.0.0‘0.0
1900020 %0020 2000000000 0,000.9000909000.9000.9,0:9.9,9,9,8,0.0.9.9,0.9.0.0.9.0.0.0.90.0.9.9.9.0.0.0.0.0.00.9.9.0.9.99.00.0.0
00 %0 %020 %0 %0 00 00 %0 %020 %0 20202020 0 0 0 e 20 20 %6 %0 %% 1207000 0000 e e 00 %0 %0 % %0 te b e e e 0.0‘0.6.0.0.0.0.0.0.0.0.0’0.0’0
19, 8.0.0.0.0.0.0.9.0.9.9.0.0.9.0.0.0.0.9.9.0.0.0.0.9.0.9.0.0.8.0.9.0.0.0.9.9.0.0.0.0.0.0.0.0.0.0. 0 0.0 .0.0.0.0.0.0.0.0.0.9.0.9,

A *e o O 0 0 0.0 00 0 009 920000999 9- ¢ "
2020202020202 %% % 0RO LRRIRILRILIREREEREERS SRR
$RERRLRKHLS & IR HIHLHLLHALIAACRE SRRXIAAHRALS
e%e%e%% et %! 000000 2 2 T 0T T e 0 0 T e 0 0 0 ¥ 20 0 %00 0 00 20 00 % %0 % % %%

0‘0‘0".'.0.0.0‘0‘0§

%
26%020%% %% % % %0%0% %% %! Pe%0%% %% %

Vo = Hi-Z
VoL -
— T S, 029 DT
M o e R AR RHAIENNS SELILLLILLLR
oo O O IR KAIILLLL
ViL — DXRRLEEERRRLIELRIHEREREEEELEK KL LEIELKE 5L
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

CAS before RAS Refresh Cycle, Extended Refresh Cycle’

tRC tRC
trp tRe
tRAS
r tRAS 3
— ViH — \ \ Z
RAS v \ K
L= . tRPC tCRP:
RPC tCsk irrc tCsR '
A teHR toHR
v /| tcen -
o H - J
LCAS/UCAS '
Vi —
tasr
Rl
_ VAV av v v v, N O O o r———————
ViH RIS :z:z:z&&&}:.:.:‘:‘:O:z:z:Q‘}:‘:‘:‘:‘:;:0:0:0:0:0:0}:':z:;:;:z:z:;:;:?‘:‘:‘:‘:‘:‘:‘:‘:z:« ROW
Ac~As e R R e S S I R K KX KIS ADDRESS
ViL — R R R R R RIS IN
tRCH
—— A A W Y N W N W A AW P D W AV W W W W W W W WP N WA W W W G W W W W W N W W P . W P W
- Vin ~ ’\0:0:0:0:0:0:‘0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0
W R0 O R 0 o0
ViL — EXERIIHAHHRRAAAARLLEERIELRELELRKRLEERREEAELLERLLELLEL
DQ1~DQ1s Vin =
(INPUTS) Vi —
toFF
RSl
DQ: ~DQis VoH — f,f:f:f:f:i:f’f Hi-Z
(OUTPUTS) vl —RRERRNES
toez
tooo J
ViH -~
OE
Vi -
3-92 ELECTRIC
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Self Refresh Cycle”® (Note 28)

tRP tRPS
¥
Vi — \. tRASS ,} \
RAS \ {’(’ f
-
Vi tRPC tCRP
tRPC
tCPN ) tcHs
tCSR i
/ i
ViH ~ 49 !
o )
UCAS/LCAS |, | ;
L= i
|
tASR
|
Vir - R R R R RN o
Ac~Ag SRR R R RIRIIIRLIRLILRAIRKISELIKAN ADDRESS
ViL - S99 3L SIS SIS IS IIIIIIIIIIIIIIIIILIII SIS I I I IIIIIII IS I ISP &
tRCH
— P R R R oo R R I R R R R R I R X R R X I RO IR I R R R R IR
- Vo - R R R TT
W R0 R e e e RO O 0 IR IR
ViL -~ &A&&4hﬁ&AN&Q&NLQALQJH&Q&&LQA&SA&Q&A&S.A.ﬁ&dhaﬁ‘4!..-‘&..Q;AQQ..ﬁ&..ﬁsn&dh&&ﬂh&&ﬁkdb
tcop
_ % 02020:0-0-0°0°0; 030020°0 020 %
1~DQ1s SRRRKKS LRRHECRHIRLLIKS
DQ1~DQ Vi XX SRR RIK LIRS
S SRR
ViL — : ¢ 002020 %0 %% %670 %0 2626760 %0% %0 2% %0 %0 20 % %6 % %"
toFF
e
00 ~pye  Vou ST -2
OUTPUTS) v 58885
toez
toop
B O O O O O OO O G L G T O O OO 6 O OO OO
OE Vi e e R S SRS
B0 USRI
R 0 % a0t % Tt 000 % e st 0 % 0 0 % e 0 0000 %0000 %000 0 %000 0000 % %090 %0096 %090 29090990 %Y
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Hidden Refresh Cycle (Read) (Note 30)

tRC tRC
tRAS trP tRAS tRe
—_— -
ViH —
ViL —
tCRP) tRCD tASH tCHR
_ ViH -
LCAS/UCAS ViL -
tRAD
tasR| | tRaH | tasg|| tcAH tasr
ViH = ROW COLUMN ROW
Ao~As Vi - DDRESS, ADDRESS ADDRESS
tRCS
tRAL tRA,
002020707070
— 050 000207030 t0 20 %%,
SXAIIIICIHIHKKRKS
w o‘o‘:‘o‘o‘{o’o%‘o
tcze
DQ1~DQis Vi = LRLRRLR
A
INPUTS) v — 20Kt toac
tAA tOFF
"4
tcLz
DQ1~DQ1s VoH ~ Hi-Z Hi-Z
DATA VALID
(OUTPUTS) o —
tRAC toez
tozo toEa tooo
tORH
Vin = KK KKKKK,
OE SOORKRIKIKLEX
Vi - PRI
Note 30 Early write, delaved write, read write or read modify write cycle is applicable instead of read cycle.
Timing requirements and output state are the same as that ot each cycle shown above.
3-94 ELECTRIC
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FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Fast Page Mode Read Cycle

tRAS , tap
ViH —
e N \
Vie —
tCsH tPC tRSH
tcre tRCD tcas tcp tcAs tcp tcAs
ViH —
UCAS/UCAS
ViL — =
tRAD tCPRH
=
taSR tRAH tASC tCAH tasc tCAH tasd [tcaH
’9 tAsSR
Vin = ROW COLUMN COLUMN COLUMN ROW
Ao~Asg Vi — ADDRESS ADDRESS1 ADDRESS2 ADDRESS3 ADDRESS
! tRAL tRCH
tRCS tRCH Tcs tRCH["tRCS tARH[" "]
. e
W
Vie -
toze| | toze toze tCoD
tCOD
DQ1 ~DQis VIH—% 3 Hi-Z Hi-Z Y
(INPUTS) ViL ~ tcac tOFF tcAC Fl tcac tOFF X
L tAA taa taa
tez tcLz torE tcLz
DQ1~DQrg Vor - [ Hi-Z DATA DATA DATA
(OUTPUTS) v - VALID1 VALID2 VALID3
tRAC ‘ |_ tcPa I tcpa
I
tDz0 tOEA] toEz | tOEA toEZ tOEA toEZ
tocH tocH
ViH ~ R TR R EREIE
OE CRRIIILITIAIRSISS
Vi - SRS
tooD tbzo tood tpzo  toRH to0D
MITSUBISHI
ELECTRIC 3-95
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M5M44260AJ,TP,RT-7,-8.-75,-85

FAST PAGE MODE 4194304-BiT(262144-WORD BY 16-BIT)DYNAMIC RAM

Fast Page Mode Byte Read Cycle

tRAS tRP
RAS Vi - \ /
Vi =~ N 7 \_
tCsH trc tRSH
tcae | tRCD tcAs tep tcas tcp tcAS
U—CAS ViH — \ Z S Z \ Z (]
(or I.CAS) ViL — 7 ] A 7
[CAS Ve - f tRAD tepRd
(or UCAS) ViIL - 7
tasr| | traH tasc| | tcaH tasd [tcan tasc| tcaH
e
ViK = ROW f COLUMN ( ROW
Ao~As i - DORES (ADDRESS? | ADDRESS3 ADDRESS
tFllAlL _’(_RCH
tRCH tRCS| EﬁCH tRCS tRAH
_ VIH = A
SXRLRKY
w SRR
DC:~DQs Vi —
(x o0 B Gl
(NPUTS) Vie - 2
DQ- ~DQs _ )
(or DOg«-DOus)VOH HiLZ "
(OUTPUTS) Vo -
L toze tozc toze | tcop
DQs~DQis — . i
(or DO1 ~DQs) Vin W Hi-Z Hi-Z ¥,
(INPUTS) ViL — toFF tcac tca toFF
taa taa
‘ tcLz toLz
| forg (T
Qa0 ' DATA { DATA ENFoara\ |
(or‘DQ1 ~E)Qa) VoH — \ VALIDI k VALID2 )é (VAL|D3
(QUTPUTS) Vo - [ topa [ tcpa
toez toEA toEz tOlEA toe7
tocH tocH tocH
oE VIH — I
ViL - X ‘%
tobd Dz tood 1020 torH tooo
MITSUBISHI
3-96 ELECTRIC
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M5M44260AJ,TP,RT-7,-8,-7S,-85

FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Fast Page Mode Write Cycle (Early Write)

Ao~ A3

g

DQ1~DQis
(INPJTS)

DQ1~DQ1s
(OQUTPUTS)

o tRAS ) tRP
ViH — 51\
ViL — A | W
tcsH tPC tRSH

tcRe tRCD tcas tcp  tcas tcp tcas
ViK - \ Y \ / \
ViL - \ W \

tASR tRAH tasC tCAH

e L'—-l

ViH = ROW COLUMN JRZIRE2N
Vi - ADDRESS, L ADDRESS 1 sy

tWCH twcs

twes twCH

VIH = 2000 XX XXX X XXX KKK R,
S RNARK L0500
VL — 28BS eledeledelotelode,
tDH
0 0-0-020-020-0-0:0-0-0-0-020-0-0"
R 0o % %atoto e tatetotetetetote% D
Vi — SOSEAIEIIES VALID2
Vor = Hi-Z
VoL —

2 R S R s S S IR I A
R R R R R RRRIIRIRRRLCRKS
0.0.0.9.0.0°0.0:0.00.09.00.00000.000.0.00.00.00.00000.99.0 X X G 000000000000 0.0.9.0.0 0000
VL~ 2 s

MITSUBISHI
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M5M44260AJ,TP,RT-7,-8,-7S5,-85

FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Fast Page Mode Byte Write Cycle (Early Write)

tRas _ tRp
— ViH — \
RAS \
ViL - X 7
tesH tpc tRSH
tcre tacD tCAS tcp tcas | ter tcAs
tald ¢
UCAS ViR = f \ ]‘ \ f ‘
(or LCAD) viL - N 7 \
CCAS Vik = f
(cr UCAS) ViL —
tASR| | traH tasc| | tcan tasc| [tcan tASC| ftCcAH tasm
AV aVav oV aVaY e,
Ao~Ag Vi - ROW_ COLUMN 22 S0F col UMN RSN coLuvn l row
ViL - ADDRESS 4 A DRSS R Y DD S R Y . ADDRESS: (ADDRESS
twcs tweH twCH
229202020020 -0- 0"
W PSSR
3.9.9.9.9.9.0.9-9. ¢
DQ1~DQs Vi — o
9:9.9.9.9.9.0.0.9.9.9.9.0.0. 0.0 0.0.0.9.9.0.0. 0
(or DQs~DQ1s) SRR i RN
(|NPUTS) ViL - ‘00000000000.0.0’ 00000.09000.0
DQ'~DQs
OH — .
(or DQe~DQ1s) Hi-Z
(QUTPUTS) VoL —
tDs tDH tDS tDH iDS tDH
DQs~DQ1s Vin — XA OISO,
(or DQ1 ~DQs) ,0,0,0.0.0.0.0.0.0.0.:.0.0,¢ %) DATA DATA DATA JERRRRS
Vil - XRBEBLEIIRESEN  VALIDY VALID2 VALID3  SES8EKS
(INPUTS) 1L R I IR \‘.‘A‘:‘A’:‘:’:
DQy~DQis Vi
OH — e
(or DQ1~DQs) Hi-Z
(QUTPUTS) VoL -
VIH = R S R Rt DR S RO S RS Yot
o e B IR
VIL — R R R R R R R AR SRR R K SRR R R KRR RS
3-98 ELECTRIC
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M5M44260AJ,TP,RT-7,-8,-7S,-8S

FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Fast Page Mode Write Cycle (Delayed Write)

LCAS/UCAS

Ao~ Ag

g

DQ1~DQis
(INPUTS)

DQ1~DQ16
(OUTPUTS)

tRAS trRP
Vik - 5\ [t \
ViL — 7 \
tCsH tRSH
tcre tRCD tcas teC
l“ tcp tcas
Vi — 3 \ V 3 \ / 4
ViL — / \ /
t
tashl | trRaH tasd tcAaH tasc| tcan
ViH = COLUMN 1 COLUMN
ViL —~ ADDRESS1 ADDRESS2
tRCS towe tres|
MF.’ twp

— TR 0705050707

ViH — X RRRRKAIRXKLR A 3 f558585082%
0o alease e de et tatetatede Setedetelete!
VIL — R RRRRIRNRY \ ,o?o’o?o?c’o?a
tWCH tweH
tozc |
)__ch tps toH _altozc tos toH
VIH - X Hi-Z DATA kK |Hi-Z 2 DATA
Vi — g VALIDI p VALID2
teLz tcLz
VoH — Hi-Z 4 Hi-Z A Hi-Z
Voo - X X
toez toEz
| tozo tooo tozo tood | toew

- WOTOTOZ0TI%

o N / RERRE

ELECTRIC
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CRRE I B A

' M5M44260AJ,TP,RT-7. 6. -

™ -

—yg g
/ n:','E‘!«:J'

FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

Fast Page Mode Byte Write Cycle (Delayed Write)

tRas L tRP
RAG ViH — !\
ViL - \ 7
tesH tRsH
torp trep tcas tec |
[ tep tcas
T - N £\
(or LCAS) ViL — K 7 X 7
[CAS Vin - f
(or UCAS) ViL —
tRWL
tASC tCAH tASC tcaH r‘t?:;vL tasSR
Ao~ As Vin = " COLUMN COLUMN ROW
Vi — 3% | ADDRESS! ADDRESS2 DDRESS
tRCS CWL trCS
twp twp
_ \ \
w \( X
N2
tweH twcH
DQ1~DQs ViH — X OTOSOTOTOTOT I
-5 SR, SIS
ReoTs " i - SR RS
DQ: ~DQs — .
(or DQa~DQ1s) " Hi-2
(QUTPUTS) VoL - . R
DZC tps toH | |toze tos,. ton
DQg~DQ1s _
{or DQ1~0Qs) " [ oaTA ] ¢ DATA
(INPUTS) Vi - 4 3 k VALID1 y ) VALIDZ
tcLz t(I:LZ
DQs~DQre ) Vor - Hi-Z ;% A\ Hi-Z Hi-Z
(QUTPUTS) VoL - 3
toez L toe_z_ i
tozo tooo tozo] | toDD | toew
VIH = XXX IR 4
oF I s !
VIL = 25255 EKLIELLIL S
MITSUBISHI

3-100 ELECTRIC



M5M44260AJ,TP,RT-7 .-8,

e

AL |

-85

FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

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

tRAS tRP
RAS ViH — ﬁ\ J N
ViL —
tcsH tRWL
tchp trRCD tcas tPRWC
tee ) tCAS
. ViH - \ 4
LCAS/UCA ViL - / \ /
J
tRAD
tash| | taan tasc tcaH tasgl |, _tcad tewy tASR
- Vi - @' ROW 5@{ LUMN COLUMN @gf ROW
0~ A8 Vil — . ADDRESS ADDRESS1 ADDRESS2 ADDRESS
tAwD tAWD
taes towp ltowl [RS8 towo
twe twp
_ ViH —
w \ \_ A5
tRWD tcPwD
L tozc tos tDH toze tDs toH
a
DQi~DQs ViH = Hi-Z DATA \ | Hi-Z DATA
(INPUTS) Vie — VALID 4 A [VALID2
tcac ! tcAaC |
taa tAA
tCLZ —wipe tcLz
DQ:~DQ1s VaH - Hi-Z vamy\ Hi-Z VALTIAD HiZZ
(OUTPUTS) VoL — 1 2
tRAC tooD tepa toop
tozo 10EA | toez tozng‘tOE j-lvtoez tOEH
A
ViH — LRI
o BRI
vie- 2 AR
MITSUBISHI
ELECTRIC 3-101
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M5M44260AJ,TP,RT-7.-8.- 75 ,-8%

FAST PAGE MODE 4194304-BIT(262144-WORD BY 16-BIT)DYNAMIC RAM

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

UCAS
(or LCAS)

LCAS
(or UCAS)

Ao~ As

zl

DC~DQs
(or DQa~DQ1s)
(INPUTS)

DC- ~DQs
(or DQo~DQ1s)
(OUTPUTS)

DQg~DQis
(or DQ1~DQs)
(INPUTS)

DQe¢~DQ1e
(or DQ1~DQa)
(QUTPUTS)

tRAS
ViH - !\
ViL — A
tCSH WL
tcrp tRCD tcas tPRWC
tcp tcas
ViH — 4
Vie - \( JZ \ 2
ViH —
ViL =
tRAD
tASR t
tRAH tasClen] tcaH ASC tcaH towL ASR
Vi = ROW [ COLUMN LM COLUMN ) [ row
ViL — ADDRESS ADDRESS1 ® ADDRESS2 ADDRESS
tAWD tawD
tRCS tewd cwL tRCS tewd
twp twp
- O 5
ViL ~ X 2 .
tRWD tcPwo
ViH — E RSSO ISR
5 SO0 6200000302030 202000
S X 030503820 020303007
Von = Hi-Z
VoL —
toze| | '(Di_> toH L toze tos tDH
ViH = X Hi-Z XM DATA > Hi-z KA | DaTA
ViL — y VALID! VALID2
tcac tcac I
taa taa
I
VoM — - TA i- T -
Hi-Z %D\ Hi-Z oA Hi-Z
VoL - 1 2
tRAC topo tcPa topD
tozo tOEA ‘_L L toeH
toez tozo fe— | —rrtoEz

ViH ~ QOGO

ViL —

SR ERREKIKR TRIHKALXN
0%0%6%6% %0%6%6 %% % %% % %%

SRS

Yales:

3-102
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