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M5M44400AW),J,L,TP,RT-6,-7,-8,-6L,-7L,-8L

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

MITSUBISHI LSlIs

DESCRIPTION

This is a family of 1048576-word by 4-bit dynamic RAMS,
fabricated with the high performance CMQS 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.

The M&EM44400ATP, RT are packaged in a 26-pin very
thin and small outline package which is a high reliability
and high density surface mount device. Two types of
devices are available. M5M44400ATP (normal lead
bend type package), M5M44400ART (reverse lead bend
type package). Using both types of devices, it becomes
very easy to design a printed circuit board.

Stand-by current is small enough for battery back-up
application (L version).

FEATURES

Power
dissipa-

Address| OF Cycle
access | access | tme

RAS CAS
access | access
time time tme time tion
(max ns){imax nsllimax ns)|{max ns)j{min ns}ftyp mw.

Type name

M5M44400AXX -6, -6L 60 15 30 15 120 400
M5M44400AXX-7, -7L 70 20 35 20 140 350
M5M44400AXX-8, -8L 80 20 40 20 160 300

XX=WJ, J, L, TP, AT

® Standard 26 pin SOJ, 20 pin ZIP, 26 pin TSOP
® Single 5V £ 10% supply
® | ow stand-by power dissipation
M5M44400AWd, J, L, TP, RT - 5.5mW (max}

M5MA44400AWY, J, L (L) --oreeeeveee 1.10mW {max)

M5M44400ATP, RT {L)-eeereeeeeeeres 1.65mW (max)
® Low operating power dissipation

MBEM44400AxXX-6, -BL roreoreeereee 550.0mW (max)

M5EMA44400AXX-7, -TL «oommememeeees 467.5mW (max)

MBEM44400Axx -8, -8BL e 412.5mW (max)

® Fast-page mode (1024-bit random access), Read-mo-
dify-write, RAS-only refresh,CAS before RAS refresh,
Hidden refresh capabilities

® Early write operation and OE to control output buffer
impedance

® All inputs, output TTL compatible and low capacitance

® 1024 refresh cycles every 16.4ms /128ms (L) (Ap ~ Ay)

® 16-bit parallel test mode capability

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

PIN CONFIGURATION (TOP VIEW)
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

PIN CONFIGURATION (TOP VIEW)
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FUNCTION a number of other functions, e.g., fast page mode, RAS-
The M5M44400AWJ, J, L, TP, RT provide, in addition only refresh, and delayed-write. The input conditions
to normal read, write, and read-modify-write operations,  for each are shown in Table 1.

Table 1 Input conditions for each mode

Inputs Input/Output

Operation s Tas - o agg“g“ ggg:'g npot outpot Refresh Remark
Read ACT ACT NAC ACT APD APD OPN VLD YES
Write [Early write) ACT acT ACT DNC APD APD VLD OPN YES :::;:"’99
write (Delayed write} ACT ACT ACT DNC APD APD vLD VD YES \dentical
Read-modify write ACT ACT ACT ACT APD APD vLD VLD YES
TRAS-only refresh ACT NAC DNC DNC APD DNC DNC OPN YES
Hidden refresh ACT ACT DNC ACT APD DNC OPN vLD YES
CAS betore RAS refresh ACT ACT NAC DNC ONC DNC DNC OPN YES
Stand-by NAC DNC DNC DNC ONC DNC DNC OPN NO

Note ACT active NAC nonactive, DNC don’tcare, VLD vahd, IVD invalid, APD applied, OPN open

BLOCK DIAGRAM
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M5M44400AWJ,J,L,TP,RT-G,-7,-8,-6L,-7L,-8L

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Ve Supply voltage —1~7 v
Vi Input voltage With respect to Vg —1~7 \4
Vo QOutput voltage —1~7 v
lo Output current 50 mA
Pg Power dissipation Ta=25C 1000 mw
Topr Operating temperature 0-~70 °C
Tstg Storage temperature —65~150 °C

RECOMMENDED OPE RATING COND|T|0NS (Ta=0~70"C, unless otherwise noted ) (Note 1}
Limits
Symbot Parameter Unit
Min Nom Max
Vge Supply voltage 4.5 5 5.5 v
Vss Supply voltage 0 0 0 \
Vin High-level input voltage, all inputs 24 6.5 v
-D -1.0 0.8 A
ViL Low level input voltage DOy Qs
Others —-2.0 0.8 Y
Note 1 All voltage values are with respect ta Vgs
ELECTRICAL CHARACTERISTICS (Ta=0-70, Voo=5V+10%, Vss=0V, unless otherwise noted) (Note 2)
Symbol P Test condit bimits Unit
i st conditions i

ymbol arameter L v Tve M
VoH Htgh-level output voltage loH= —5mA 2.4 Vece A\
VoL Low-level output Voltage loL=4.2mA [1] 0.4 \"
loz Off-state cutput current Q floatng OV VouT=5.5V -10 10 rA
1y Input current OV=ViNS6.5, Other input pins=0V —-10 10 #A

M5M44400A-6, -6L | 575 A28 100
Average supply current from AAS, CAS cycling
Icci(av) Vee operating (Note 3. 4) M5M44400A-7, -7L | tpc=twc=mn 85 mA
erating (Note 3,
cC op g M5M44400A-8, -8L output open 75
RAS=CAS=V)4, output open 2
, Supply current from Ve MEME00AWS, J. L) o2 "
X - . m
o2AY) | tand-by {Note 5) : RAS=CAS=2Vcc—0.5V, output open
M3M44400ATP, RT(L) 0.3
M3M44400A-6, -6L | 7zc CAS= 100
Average supply current from RAS cycing CAS=V)4
lccs(av) v fresh (Note 3) M3M44400A-7, -7L | tpe=mn. 85 mA
refreshin: o
< 9 M5M44400A -8, -gL | Output open 75
M5M44400A-6, -6L | Bas— OoAS 100
Average supply current from RAS=V)L, CAS cycln
lccacav) Vee Fast-Page-Mods (Note3, 4) M5M44400A-7, -7L | tpg=min. 85 mA
ast-Page-Mo ote3,
e 9 MB5M44400A-5, -BL | Outout open 75
Average supply current from M35M44400A-6, -6L CAS before RAS refresh cyling 85
lecs(av) V¢ CAS before RAS refresh M5M44400A-7, -7L | tro=min 75 mA
mode {Note 3) M5M44400A-8, -gL | Output open 65
CAS=0.2V or CAS before RAS
M5M44400AWJ, refresh cycling
J.L{L) W 0.2V (Except for RAS fallling edge) 0.2
Average supply current from or ZVec—0.2V
locs(av) Ap~A19=0.2V or ZVge—0.2V mA
Ve Battery back-up (Note 5) D<0.2V or 2Veg—0.2V
M5M44400ATP, Q= open 0.3
RT(L) trRe=125ps
tRAS=1RASMIN~ 18
Note 2 Current flowing into an IC is positive, out 15 negative
3 leciiav). lecatavy and Iccaiay) are dependent on cycle rate Maximum current is measured at the fastest cycle rate
4 Icci(av) and lecaiay) are dependent an output loading Specified values are obtained with the output open
ELECTRIC 3-49
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M5M44400AWJ, )L, TP,RT-6,-7,-8,-6L,-7L,-8L

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

CAPACITANCE (Ta=0~70°C, Ve =5V £10%, Vss=0V, unless otherwise noted )

Limits

Symbol Parameter Test conditions i v Vax Unit
Crim Input capacitance, M5M44400AW Y, J, TP, RT 5 pF
address Inputs M5M44400AL & il

CI(3E) Input capacitance, OE input Vi=Vss 7 pF
Ciw) Input capacitance, ane control input = IMHz 7 pF
C\ (AAS) input capacutance,iA_S nput V, =25 mVrms 7 pF
CI(CAS) Input capacitance, CAS input 7 pF
Cio Input/Output capacitance, data ports 7 pF

SWITCHING CHARACTERISTICS (Ta=0~70°C, Vcc =5V £10%. Vss =0V, unless otherwise noted ) (Notes 5, 12, 13)
Limuts
Symbol Parameter M5M44400A -6, -6L | MSM44400A-7, -7L | M5M44400A-8, -8L Umit
Min Max Min Max Min Max
toac Access time from CAS (Note 8, 7) 15 20 20 ns
trac Access time from RAS (Note 6, 8) 60 70 80 ns
taa Column Address access tme (Note 6, 9) 30 35 40 ns
topa Access time from CAS precharge {Note 6, 10} 35 40 45 ns
toea Access time from OE {Note 6) 15 20 20 ns
toLz Output low impedance time from CASlow  (Note 6) 5 5 5 ns
torr Qutput disable tme after CAS high {Note 11) 0 15 0 20 0 20 ns
toez Output disable time after OE high (Note 17) o] 15 0 20 o] 20 ns
Note 5 An initial pause of 500ps is required after power-up followed by a minimum of eight initiahzation cycles (any combination of cycles containing a RAS

clock such as RAS-Only refresh)

Note the RAS may be cycled during the imitial pause And any 8 RAS or RAS/CAS cycles are required after prolonged pertods (greater than 16.4/128ms
(L) of RAS inacuvity before proper device operation 1s achieved

Measured with a load circuit equivalent to 2TTL loads and 100pF

Assumes that tacp 2 tRCDImaxt and tasc 2 TASCimax)-

Assumes that trep € 1RCDImsx) 3Md tRAD £ TRAD(max} If trcp OF tRAD !5 greater than the maximum recommended value shown in this table, trac will
increase by amount that trcp Of trap exceeds the value shown

Assumes that tRap 2 tRAD{max} 3nd tasc £ tasCimax)

Assumes that tcp S 1CPimax) and tasc 2 tASCimax)-

tOFF(max) 3Nd tOEZ(max) defines the time at which the output achieves the high impedance state (loyt < |£10pA}) and is not reference to VOHImin} OF

Vouimax)

3-50
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M5M44400AW),J,L,TP,RT-6,-7,-8,-6L,-7L,-8L

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

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

(Ta=0~70°"C, Voo =5V +10%, Vsg =0V, unless otherwise noted) (Notes 12 13}

Limits
Symbal Parameter M3M44400A-6, -6L | M5M44400A-7, -7 | M5M44400A -8, -8L Unit
Min Max Min Max Min Max

M5M44400A 16.4 16.4 16.4 ms

trRerp Refresh cycle time
M5M44400A (L) 128 128 128 ns
tap RAS high pulse width 50 60 70 ns
treo Delay ume, RAS low to CAS low (Note 14) 20 45 20 50 20 60 ns
terp Delay time, TAS high to RAS low 10 10 10 ns
trec Delay time, RAS high to CAS low 4} 0 0 ns
tepn CAS high pulse width 10 10 10 ns
traD Column address delay time from RAS low {Note 15) 15 30 15 35 15 40 ns
tash Row address setup time before RAS low 0 0 0 ns
tasc Column address setup time before CAS low {Note 16) o 10 0 10 0 15 ns
trAR Row address hold tme after RAS low 10 10 10 ns
Toan Column address hold ume after CAS low 15 15 15 ns
toze Delay time, data to CAS low {Note 17) 0 0 0 ns
tozo Delay ume, data to OF low {Note 17} 0 0 0 ns
tcop Delay time CAS high to data {Note 18} 15 20 20 ns
tobo Delay time, OE high to data (Note 18) 15 20 20 ns
ty Transition tme (Note 19) 1 50 1 50 1 50 ns

Note 12 The timing requirements are assumed ty = bns
13 Vin{min) @nd V| {max) are reference levels for measuring timing of input signals
14 tRCDImax) 's specified as a reference point only If taep 1s less than tRep(max). 3CCess time is trac. If taco s greater than tcp(max), 3Ccess time is
controlled exclusively by tcac or taa treD(min 1S sPecified as tRepmin = tRAH(min} + 217 + tASCimin)
15 tRAD(max) 15 specified as a reference point anly If tRAD 2 TRADImax) aNd tasc € tasCimax) 8ccess ime is controtled exciusively by taa
16 tascimax) 15 sPecified as a reference point only If trep 2 tRCD(max) 30D 1ASC = tASCima) . 3CCESS time Is controlled exclusively by tcac
17 Exther tpz¢ or tpzo must be satisfied
18 Either tcpp or topp must be satisfied
18ty 1s measured between Vip(mn) and V|| max)

Read and Refresh Cycles

Limits
Symbol Parameter M5M44400A-6, -6L | M5M44400A-7, -7L { M5M44400A-8, -8L Unit
Min Max Min Max Min Max

tre Read cycle tme 120 140 160 ns
tRAS RAS low pulse width 60 10000 70 10000 80 10000 ns
tcas CAS low pulse width 15 10000 20 10000 20 10000 ns
teosH TAS hold ume after RAS low 60 70 80 ns
t RSH RAS hold time after CAS low 15 20 20 ns
tres Read setup time before CAS low 0 0 0 ns
tRCH Read hold ume after CAS high (Note 20) 0 0 0 ns
tRRH Read hold tme after RAS high {Note 20) 10 10 10 ns
tRAL Column address to RAS hold tme 30 35 40 ns
tocH CAS hold time after OF low 15 20 20 ns -
t 0RH RAS hold ume after OF low 15 20 20 ns

Note 20 Erther trcw Of tRRH must be satisfied fnr a read cyele

MITSUBISHI
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

Wirite Cycle (Early Write and Delayed Write Cycles)

Limits
Symbol Parameter M5M44400A-6, -6L | M5M44400A-7, -7TL | M5M44400A-8, -8L Unit
Min Max Min Max Min Max
twe Wnite cycle time 120 140 160 ns
tRAS TAS low pulse width 60 10000 70 10000 80 10000 ns
tcas CAS low pulse width 15 10000 20 10000 20 10000 ns
tosH TAS hold time after RAS low 60 70 80 ns
tRsH RAS hold ume after CAS low 15 20 20 ns
twes Wiite setup ume before CAS low (Note 22) 0 0 0 ns
tweH Write hold time after CAS fow 10 15 15 ns
towl CAS hold time after W low 15 20 20 ns
tRwL RAS hold ume after W fow 15 20 20 ns
twp Write pulse width 10 15 15 ns
tos Data setup time before CAS low or W low 0 0 0 ns
toH Data hold tme after CAS low or W low 10 15 15 ns
toEH OF hoid time after W low 15 20 20 ns
Read-Write and Read-Modify-Write Cycles
Limiis
Symbol Parameter M5M44400A-6, -6L | M5M44400A-7, -7L | M5M44400A-8, -8L Unit
Min Max Min Max Min Max

tRwe Read write/read modify wnte cycle time {Note 21) 160 185 205 ns
traS RAS low pulse width 95 10000 115 10000 125 10000 ns
tcas CAS low puise width 50 10000 65 10000 65 10000 ns
tosH TAS hold time after RAS low 95 115 125 ns
1RSH RAS hold tme after CAS low 50 65 65 ns
tres Read setup time befor CAS low 0 0 0 ns
tewo Delay time, CAS Inw to W fow (Note 22} 35 40 a0 ns
trwo Delay time, RAS low to W low (Note 22) 80 90 100 ns
tawp Delay tme address to W low {Note 22) 50 55 60 ns
towe CAS hold time after W fow 15 20 20 ns
tRwL RAS hold time after W low 15 20 20 ns
twe Wirite pulse width 10 15 15 ns
tos Data setup time before W low 0 Q 0 ns
tpH Data hold time after W low 10 15 15 ns
toen O hold time after W low 15 15 20 ns

Note 21 tawc 15 specrfied as tRwC(min) = tRAC(max) * 10 Dlminl * tRWL{min) * tRPImin) + 417
22 twes. tewD: tAawD and tawp and tcpwp are specified as reference points only | twes 2 twesiminy the cycle s an early write cycle and the DQ pins will
remain high impedance throughout the entire cycle If towo 2 towDiminl- TRWD 2 TRWD{min), tawD 2 tAwD(min) 30 tcPwD =2 ICPWD(min} {for fast
page mode cycle only}, the cycle 15 a read modify-write cycle and the DQ will contain the data read from the selected address |f neither of the above
condition [delayed write) of the DQ (at access time and untit CAS or DE goes back 10 Vy) 15 indeterminate

Fast Page Mode Cycle (Read, Write, Read-Write and Read-Modify-Write Cycles) iNote 23)

Limits
Symbol Parameter M5M44400A-6, -6L | M5SM44400A-7, -7L | M5M44400A-8, -8L Unit
Min Max Min Max Min Max
tpe Fast page mode read/wnite cycle tme 40 45 50 ns
tpRWC Fast page mode read write/read mody write cycle ime 75 95 100 ns
tras RAS low pulse width for read write cycle {Note 24} 100 100000 115 100000 135 100000 ns
top CAS high pulse width {Note 25) 10 15 10 20 10 20 ns
toppH RAS hold tme after CAS precharge 35 a0 45 ns
tecpwD Delay tme, CAS precharge 10 W low (Note 22) 35 40 45 ns

Note 23 Al previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle
24 1pas(min) 1s SPecified as two cycles of CAS input are performed
25  topimex) s sPecified as a reference point only
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

CAS before RAS Refresh Cycle (o 26)

Limits
Symbol Parameter M5M44400A-6, -6L | M5M44400A-7, -7L. | M5M44400A-8, -8L. Unit
Min Max Min Max Min Max
tosr CAS setup time before RAS low 10 10 10 ns
teuR CAS hold time after BAS low 10 15 15 ns
tRsR Read setup time before RAS low 10 10 10 ns
tRHR Read hold time after RAS low 10 15 15 ns
tcas CAS low pulse width 25 30 30 ns

Note 26 Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode

TEST MODE SPECIFICATION ot 27)
ELECTRICAL CHARACTERISTICS (Ta=0~70T, Veo=5V£10%, Vss=0V, unless otherwise noted) (Note 2)

Limints
Symbot Parameter Test conditions Unit
Min Typ Max
M5M44400A-6, -6L | mas mAS 15
Average supply current from 440 6 RAS, GAS cycing
icct(av) v aun Note 3. 4) M5M44400A-7, -7TL | tro=twc=mn 100 mA
operati .
cc operang M5M44400A-8, -8L | OUIPut open 85
M -6, - = AR 115
Average supply current from M5M44400A-6. -6L | Fias cycling, CAS=Viy
lcoacav) Vee refresh (Note 3) M3M44400A-7,-7L | tre=min 100 mA
refreshin
« g MS5M44400A-8, -gL | OutPut open 85
Average supply current from M5M44400A-6, -6L RAS=V|_, CAS cycling 115
lccatav) Ve Fast-Page-Mode M5M44400A-7,-7L | tpc=min 100 mA
(Note 3, 4) M5M44400A-8, -8L | Output open 85
Average supply current from M3M44400A-6, -6L CAS before RAS refresh cycling 100
lece(av)y Vce CAS before RAS refresh M5M44400A-7, -7L | trc=mmn 85 mA
mode {Note 3) M5M44400A-8, -gL | Output open 75

Note 27 All previously specified electrical charactenistics, switching characteristics and timing requirements are apphcable to that of test mode

SWITCHING GHARACTERISTICS (Ta=0~70T, Voo=5V£10%, Vss=0V, unless othewise noted) (Notes 5, 12, 13}

Lirmits
Symbol Parameter M5M44400A-6, -6L | M5M44400A-7, -7L | M5M44400A-8, -8L. Unit
Min Max Min Max Min Max
toac Access time from CAS {Note 6, 7) 20 25 25 ns
tRac Access time from RAS {Note 6, 8} 65 75 85 ns
taa Column address access time (Note 8, 9) 35 40 45 ns
topa Access time from CAS precharge (Note 6, 10) 40 45 50 ns
toEa Access ume from OE (Note 6) 20 25 25 ns

MITSUBISHI
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

TlMlNG REQU'REMENTS {Ta=0—707C, Veoe=5VE10%, Vss=0V, unless otherwise noted) {Notes 12, 13}
Read and Refresh Cycles

Limits
Symboi Parameter M5M44400A-6, -6L | M5M44400A-7, -7L. | M5M44400A-8, -8L Unut
Min Max Min Max Min Max
tre Read cycle tme 125 145 165 ns
tras RAS low pulse width 65 10000 75 10000 85 10000 ns
tcas CAS low pulse width 20 10000 25 10000 25 10000 ns
tosh CAS hold ume after RAS low 65 75 85 ns
t RSH RAS hold ume after CAS low 20 25 25 ns
tRaL Column address to RAS hold time 35 40 45 ns
LocH TAS hold time after OF Jow 20 25 25 ns
1oRH BAS hold ume after OF low 20 25 25 ns
Read-Write and Read-Modify-Write Cycles
Limits
Symbol Parameter M5MA44400A-6, -6L | M5SM44400A-7, -7L. | M5M44400A-8, -8L Unit
Min Max Min Max Min Max
tawc Read write/read modify write cycle time (Note 21) 165 190 210 ns
tras RAS low pulse width 100 10000 120 10000 130 10000 ns
tcas CAS low pulse width 55 10000 70 10000 70 10000 ns
tosH CAS hold ume after RAS low 100 120 130 ns
tRsH RAS hold time after CAS low 55 70 70 ns
towo Delay time, CAS low to W low (Note 22) 40 45 45 ns
tRwD Delay tme, RAS low to W low {Note 22) 85 95 105 ns
1 awp Delay tme address to W low {Note 22) 55 60 65 ns
Fast-Page Mode Cycle (Read., Write, Read-Write, and Read-Modify-Write Cycles) (Note 22)
Limits
Symbol Parameter M5M44400A-6, -6L | M5SM44400A-7, -7L | M5M44400A-8, -8L Unit
Min Max Min Max Min Max
tpg Fast page mode read/write cycle ume 45 50 55 ns
tpRWC Fast page mode read wnite/read modify wnite cycle uime 80 100 105 ns
tRras RAS low pulse width for read write cycle {Note 24) 110 100000 125 100000 145 100000 ns
tCPRH RAS hold ume after CAS precharge 40 45 50 ns
tcpwD Delay ime, CAS precharge to W low {Note 22) 40 45 50 ns
Test Mode Set Cycle
Limits
Symbol Parameter M3M44400A-6, -6L | M5M44400A-7, -7L | M5M44400A-8, -BL Unit
Min Max Min Max Min Max
twsr Write setup time before RAS low 10 10 10 ns
TwHR Wirite hold ume after RAS low 10 15 15 ns
MITSUBISHI
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

Timing Diagrams iNote28)

Read Cycle
- Vin —
RAS

ViL —

Vi —
CAS

Vie —

Vih —
Ag~Ag

Vie —
— Vi —
w

Vie —
DQ1~DQs ViH —
{INPUTS) Vi —
0Q;~DQq You —

TPUTS,

(OUTPUTS) VoL —
— Vi —
CE

Vi —

tac
tras trp
R —— y
\ / \
tosH
torp trRoD = tRsH :_‘:PC tomp
- l‘q teas r
gy \ [ X
tRran t raL 1 AsR|
IAsn.,l ! Ran 1 ASC sl tean tepn
- Iy
o B R ! N o
<>t RAK
tRos 1ReH
toze fooo
’V’V’V‘V’V’V‘V.V‘V
) 0
teac torr
taa
toLz
Hi-Z w DATA VALID Hi-z
fRac t _052_1
tpzo toea tooo
tocH
V.V.V’V V.V V’V V.V.V’V‘V‘V‘V’"V.V’V‘V‘V'V.V‘V.V‘V’V’V‘V‘V.V’V.V.V.V‘V‘V‘
BRI
ToRrH

Note28 M

Indicates the don‘t care input

m Indicates the invalid output

Virinin) € VIN £ ViH{max) or ViLimin) £ Vin € ViLtmax)

S My
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

Write Cycle (Early write)

twe

LRas t e

A
»
[¢7]
< <
I
(|
[P

Losh

}Eﬁi tRop tcAstHSH r—atcap
R Vi —
7= \ , X
tash tRAH 1 ASChas] toan fﬁfﬂ
A—A Vie — ROW COLUMN ROW
G VI ADDRESS ADDRESS ADDRESS
twes tweH |
_ Vig — .v‘v’v’V.V‘v’v.v’v’v‘v’v.v’v’v.v v.' \/\/\ 'V’V.V’V’V".V V.V V" V‘V.V.V‘V V.V V"’V’V’V’V"’V.V’V‘V"
R s oottottttttlttl! BRI
tps ToH

D01~0as Vin — JOOOXXXXNXXX XN

meurs)” v, — OSSR pATA VAL
0Q1~DQq Vor = Hi-Z

{OUTPUTS) VoL —

i — O XX XXX (OO AXXXX000
T RO
MITSUBISH
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FAST PAGE MODE 4194304-BIT(1048576 WORD BY 4-BIT)DYNAMIC RAM

Write Cycle (Delayed Write)

twe
tras L
— Vi —
RAS ViL — \t \—
teosH
Lerp taco trgH trec
F——> Toas r*foap
. Vin — 3
o T \ /
tasr tran Lasc tean tash
— RN s
Lowe
tRcs LRw
fwe
_ ViH — X /l""""."""'""."V’V"""" "'
Y- ARG
twoH
toze tEi t o
pa;~ba, VH — XXOOOOCCOOCOOOOCOOOOONCON H 4@ s
oneurs v — ST
toiz
. VoH —
?;UTPL?TQS‘: VoL — e g // hez
toen
tozo toez - ‘
— vin: — XXO00OOGOOOOOIOOOBOOOOOOR (X OOOOOOOOOOCOOOX)
BF L — OIS XXX
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MITSUBISHI LSis

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

Read-Write, Read-Modify-Write Cycle

trwe
lras 1pp
ms T N / J‘\
RAS vl —
LosH
tcrp r_, tReo I CA‘SRSH tﬁrc l(_)t orp

o \ maj

e 1 raD

IA_S_FL t RAH t asoles] tcaH tﬂ

Vin — ROW COLUMN ROW

Ap~—Ag Vi — ADDRESS ADDRESS W W ADDRESS
tawp
twp

_ Vi —
W

viL —

toze tos Yo
DO;~Dag Vi — \ ! i FOQOOQOO0O
s -~ ; —H [ RO
Teal
tAAC c
Terz
DQ;~DQq Yor
ouTRUTS) VoL — HIZ vALID Hrz
trac t
tpzo toea L tOEZODD toen

OF Vin — OCOOOOOCOOOOOOOOOOOON0
A / RS
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

RAS-only Refresh Cycle

tRas [
JE— Vih — !S Z
ViL — \

tcnpr, t|=u='c—| ’-—-{tCHP

tash| | tray tasr

]
>
2]

O
3
w
< <
oI
I

WYY ALYV VY VAV Y, v vvav,y, T S

N Vin — ROW KX K ROCOOOOOONN
o N, e YRR GO momRORRReION, s

e

QX

Vig — .V".V.V.V’V‘V’V‘V’V‘V.V.V.VoV.V.V.V.V’V.V.".V’V’V.V‘V"’V’V.V.V’V.V.V’V.VOV’V’V‘V’V’V’V.V’V’V.V‘V.V.V’V.V’V’v’v’v.v.v’v’v‘v’v’
i — SRR XA

%|

00~ 0ax ¥ — B R XXX Y XXX
st v, — GRS RRRRRRR

)
BN

QORROKXXX

DQ1~DQq YOH —
(OUTPUTS) o —

Hi-Z

oF Vin R AKX KX X XXX XXX XXX XX XXX XXX X XXXX K
7w - R RN
MTSUBISH
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

CAS before RAS Refresh Cycle

Ure ) tre
tRe tRas LrRas tre
T s — —
RAS ViL— _/ \ Z \
tape [0SR tomm trRec  lesn t onm taerc  tome
> t
IH— ¢
= R o X
tCF"N n
t Asr
Vin \ XXX o/ oot
Bomhs T
V trcH tasR t RHR R IFEF;‘ t aHR ‘ ‘,,’ESJ
v w XXX XXX
T - W CEREKRRKRY
001~ 00,V TR X LR X XX X0
R K
torr

DQ;~DQsVorH— Iy}
{OUTPUTS] W
)VOL_ /

toez

i AR R RS R R R R TR
R 0 N ettt
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

Hidden Refresh Cycle (Read) (Note29)

1re tae
tRas trp tRas e trRP
. Vin — } g
RAS viL — \ ] \
1 CRPF_' trco tRsH toHa
Vi —
= :
" traD
ASAles] 1 RaH tasc tcan tA_S-R>
S A D A R
t
RCS - -
Vin — R OXXIXXAXXXXXXXXXXIIOOOO Y X XX XX XXX
. R ORI
lpze teoo
1~ Vih —
G O SRR
toac
taa torFF
tez ~
DQ;~DQg YOH ™ H-Z DATA VALID LH-Z
(OUTPUTS) Vo — -
tRac 102 |es]
tozo toEa tooo
toRH
_ Vin — DOOOOOOOOOON0
e BRBNS
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
MITSUBISHI
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

Fast Page Mode Read Cycle

tRras Lap
— Vi — 3 3
RAS
ViL — 1 b
tosH teg tRSH
tere treo tcas ) toas top toas
I Vi — - p .
oS X Z \ \
ViL —
trRaD LopRH
tasm tRaH toan tasc| |tcan tasc| | tean
e 1 ASC et le—> e—>] > I"AIASR
Vig — 2 3 - g p—
Ap~ Ag ADFB%VQSS COLUMN.1 ;8% COLUMN 2 COLUMN 3 ADD%ESS
Vie — t 9 #+ }
TRaL Lt_R;‘JH
1 tAcH t
Res tRcH r’tacs 6*1 ﬂT-‘Yncs s
_ Vin —
w
Vi —
._tozc tozo tozg tcoo
DQ1~DQgq VIH ez oz
INPUTS} w Ao 4
| toac ing tcac torF toac LoFF
tana Laa tAA
> >
toL toLz torz
DQ~DQs YOH — , DATA DATA N " paTA
IOUTPUTS) v, — Hi- N vaup VALID 2 vaups [T
tRac topa topa
le }
tozo toea . toeA toEA
OE. toez + b t
TocH o Toon 0EZ
w RO T
OE
Vie — Q&ﬁ@‘hAQ&Q&“N&&Q&QAN&QQQ@&E
tozo Toop| {tozo toop
re—>|

tooo toRH
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

Fast Page Mode Write Cycle (Early Write)

tras trp
Vin — p
RAS \ Z
Vip —
tesn tpg t RsH
teorp ’__, tRco loas tep tcas tep tcas
oas M T h f -\ ZL -\ /———
Vie — o 7
tASRbesl t AaH tj_S_C. t cAH tasc| [tcan tasc| |tcan ash il
Vin — ROW f m f [ row
Ag~ A COLUMN 1 COLUMN 2 COLUMN 3 ADDRESS
DR _m ADDRESS A
t twoh Lwek
twes WCH twos L twes
2 ¢
T e — XECOOGBBOBIN | . )
I(ESJ tom 10-‘5_’ toH Ig’s_—’ ton

00,~D0, V! ’;’z

n —O0OCOOCOOOOO00NY DAT, DATA _&'0'0'0'0'0'0'0'0
pRa M rnncronay B o I i R s

DQ:~DQg YOH T oz
(OUTPUTS) Vo, —

(AR A RRIXRIXAXAAIXAR (ROXROK

— Vin — XOOOOO0COOOOOCOCOCOOONN0 OOOOOOOOO0 OO0
R e
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT) DYNAMIC RAM

Fast Page Mode Write Cycle (Delayed Write)

tras thp
ViH — A
LR \
[ S
tesh tRsH
tcRP trco tcas tpc
l‘—) top tcas
ViH — \ Z
ow —W ] / \
tnwu_et—>
Lasr t tasc te cwL tasr
=P tRAH tAscr—) CAH Pl AH A
—
Vin — row X p I/."v’v.v.v.v.v.v‘v r ) W
S W i R S
t t
thcs cwL RCS

twe r Lwe

- Vin = RO m
T = OGSO \ \-
tweH twen
toze ID‘S_‘ toH > toze ‘oS lon
DQ,~DQa Vin — ‘V‘V.V‘V‘V.V.VV‘V.V’V.V.V.V’VV- o j@ DATA y e & DATA m
et v, — XEOERXOEEKNY mz——4IN vato: el | it
teLz toLz

DQ,~DQy VYo — Hi-Z ;l //// HI-Z - /// Hi-Z
{OUTPUTS) v, — \ y

tOEZ e 1oEz ->He—
t t
bzo 100D tozo topp e 22H
v,
0‘0’0

Vi — v‘v’v.v‘v ‘v.v’V’V’V.V’V‘V’V’V‘V.V’V’V.Y
T = RN j
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MITSUBISHI LSIs

FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

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

tras il
R
Vil — S Z \
RAS
ViL — 1
tosH AWL
temp troo toas t tpRWCt
cp CAS
. -
Vin — _\ Z \ Z
CAS Vil — b A X
I
traD
t t Lowe tasm
t t ASC CAH
Aii tRan 1ASC (&> e <]
Vi — p B . y Frow
Ag—A H ROW OLUMN 1 COLUMN 2 ADDRESS
07 Ay Vi — ADDRESS 1 X | W
[ - v
Tawp Lawp
tacs tewo towe tacs tewn
twe twe
)
Vi — & \
W Vil — *x
. tRwD Lepwo
t
toze tci tow o] tbzc = Low
— DATA DATA
D0Q1~DQy VM § H-Z VALID-1 [ Z_'i_ VALID 2
(INPUTS) v —
Lcac
Taa
towz
DQ1~D0g YOH Hi-Z "
(OUTPUTS) v = b
trac toon
t
tozo Seal Ll toez
ARSI
w = T
vie — KXOU0COOOOOOOOOOOOON
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FAST PAGE MODE 4194304-BIT(1048576-WORD BY 4-BIT) DYNAMIC RAM

Test Mode Set Cycle Note30)

tro
tap lras tre
V- X\ X
RAS viL— / \ Z \
trec  losm toHA tRpe terp
w R W
oAS Vie — _/ ) \.
topn tasr
Vin— ROW COLUMN
Ag—Ag Vie— m ADDRESSX ADDRESS
troH  twsm twHR tacs
— ViH — D— '7‘V‘70V’V‘V‘V.V’V’V‘V.V‘V.V.V.V’V.V.V.V.V.V’V V’V’V‘V.V.V‘V‘V’V‘V.V.V‘V‘V.V.V‘V‘V.V.V.V“'
Y e w R A UYL
DQ1"'DQAV|H - %
{INPUTS) VL —
torr

DQ1~DQsYOH™ L
(QUTPUTS)yq, — /

toez
R o I RO TINOPENORROEEOREENETNTOTOEOTERErE RO R
T i i e ettt ettt

Note 30  This cycle is also available for the inmalization cycle, but in this case device enters test mode
The test mode function is iniiated with a W and CAS before RAS cycle (WCBR cycle) as specified above uming diagram
The test mode function 1s terminated by either a CAS before RAS {CBR) refresh or a RAS only refresh cycle
During the test mode, the device Is internally organized as 4 bits wide {256 kilobytes deep) for each DQ {input/autput) port
No addressing of Ag, A1 (column only) is required
During a write cycle, data on the each DQ {input) pin 1s wnitten in parallel into all 4 bits for each DQ port and can be
written iIndependently for each DQ port
Dunng a read cycle, the each DQ {output) pin indicates independently a HIGH state if all 4 bits are equal, and a LOW
state if any bits differ
Dunng the test mode operation, a WCBR cycle 1s used to perform refresh
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