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

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

VITSUBISHI! LSis

DESCRIPTION

This is a family of 1048576-word by 4-bit dynamic RAMS,
fabricated with the high performance CMOS process, and
s 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 M5M44400ATP, RT are packaged in a 26-pin very
:hin and small outline package which is a high reliability
and high density surface mount device. Two types of
devices are available. M5M44400ATP (normal lead
2end 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

RAS CAS | Addiess| Gt Cycle Power
Tyne name access | access | access | Access time | dissipa

S Hire time time time tion
{max. rsll{max . nslif{max ns)iimax ns{min ns}{ltyp mwW

M3M44400AXX -6, -5L 60 15 30 15 120 400

M5M44400AXX-7. - 7L 70 20 35 20 140 350

|
M5M44400AX X -8, -8L 80 20 40 20 l 160 300

XX WJ, J, L, TP, RT

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

M5M44400AWJ, J, L (L) ~ooeeeees 1.10mW (max)

M5M44400ATP, RT (L)----reevmeeeeee 1.65mW {max)
® |ow operating power dissipation

M5BM44400Axx-6, -BL ~oereeeeeee 550.0mW (max)

M5MA44400Axx-7, -TL «veeeeerees 467 .5mW (max)

MBMA4400AXxX -8, -8L 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) (A, ~ Ag)

® 16-bit parallel test mode capability

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

PIN CONFIGURATION (TOP VIEW)

- J
DATA iNpPUTS/ ; PO -] 26| vss (0v)
DATA OUTP
vreuTS DQ ~[2] 25[+>DQa | paTA INPUTS/
_ DATA OUTPUT
2 B 5 P
J
ROW ADDRESS =7 —» == COLUMN ADDRESS
STROBE INPU% RAS |1 §, Ej‘ CAS staosE inpU~
{8 [5] £ 2]+~ 58 outeuT
‘ & ENABLE INPUT
-+
S
Ag - < 18]
ADDRESSJ o (4] Ji> 18] 2
INPUTS Y 4 "E Z I] .
ADDRESS
Az *E '__6_]*" A6 ¢ INPUTS
Az |12 E* Ag ‘
(5V) Voo 13 Eor Ay J

Outline 26P0Z (WJ:350 mil SOJ)
26P0J {J:300mil SOJ)

OUTPUT ENABLE ==
INPUT - OB -] 13 r3] 5aE COLUMN ADDREsS
DATA INPUT/ D0 w37 L STROBE INPUT
DATA OUTPUT |-+ H
[~ LY hnd
ovives [0 L4700 | pata iNeUTSY
152 ] DATA QUTPUTS
DATA INPUT/ 0 £33 Z o
Sy = e
w RAS -+| 9 2]
STROBE INPUT b= E fole A
Y D e T
ADDRESS INPUTS - S . A
Ay —»[137 © -1 !
-5 2o A
L-5 U4« A3 | apDRess
(5v) vee |15} pn INPUTS
[~ 1Bl A,
as -7 +-
ADDRESS INPUTS b2 V18]« Ag
Ay —[19) -
- f20]+— Ag

Outline 20P5L-B (ZIP)
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MS5M44400AW),),L,TP,RT-6,-7,-8,-6L,-7L,-8L

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

PIN CONFIGURATION (TOP VIEW)

0o, 1] ~ 28] vss (0v) (©OV)Vss [z O [J+=001] ra inpursy
DATA INPUTS/ DATA OUTPUTS
DATA OUTPUTS | b, -] [25] -+ DQs | pata neUTs)  DATA INPUTS/ D +- [25] 2]~ 00,
DATA QUTPUTS  DATA OUTPUTS W WRITE CONTROL
e s w - -+ oo pes [ Bl W
ROW ADDRESS == _ =7= COLUMN ADDRESS COLUMN ADDRESS TAE —f23 4|+ RAS ROW ADDRESS
STROBE LT PAS ’E £ 23] GAS Shiser S0T STROBE INPUT E 4 % STROBE INPUT
o — ouTPUT OE — 22 4 5 [« Ag
Ag |5 22]+— 0E OUTPUT <
E § :] ERABLE INPUT ENABLE INPUT 2
- +u
=3 (=]
! Ag -[3] 4 Ek Ag as —~[19] ¢ E“' A0 | apoREss
ADDRESS > >
INPUTS | 4, ’*E - E]k A A AE ?‘ E]k A; [ INPUTS
T
ADDRESS ADDRESS | A 5
a2 —[1] Ek As 7 INPUTS INPUTS 6 1]+ A
As ﬂE ‘—_ilk Ag As —[15 EF A3
(5V) Vec E EF Ag | Ag o fiq] E Vee (5V)
Outline 26P3Z-E (TSOP) Outline 26P3Z-F (TSOP)
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 — — R ol Refresh Remark
RAS CAS w OE adgr:ls address Input Output
Read ACT ACT NAC ACT APD APD OPN VLD YES
Write (Early write) ACT ACT ACT DNC APD APD VLD 0PN YES ::;e"age
Write (Delayed write) ACT ACT ACT DNC APD APD VLD VD YES identical
Read-modify-wr te ACT ACT ACT ACT APD APD VLD vLD YES
RAS-oniy refresh ACT NAC DNC DNC APD DNC ONC OPN YES
Hidden refresh ACT ACT DNC ACT APD DNC OPN VLD YES
CAS befare RAS refresh ACT ACT NAC DNC ONC DNC DNC OPN YES
Stand-by NAC ONC ONC DNC DNC DNC DNC OPN NO
Note ACT. active, NAC nonactive, ONC. don'tcare, VLD valid, 1VD: Invaiid, APD applied, OPN' open
BLOCK DIAGRAM
COLUMN ADDRESS Ve (5V)
STROBE INPUT CAS CLOCK GENERATOR
ROW ADDRESS RAS CIRCUIT Vss(0V)
STROBE INPUT
WRITE CONTROL W
INPUT - !
2
—_ w
t Apg - Ag 35 rs
t I COLUMN DECODER | 332
1
e ¥ DOy
A
o AMPL?E:\‘ESRE&RIE/ZRCESETROL I O N D0z pata
A‘ L DQj { INPUTS/OUTPUTS
2 Lt
% e DQs
Az i) o« > 5
oo w 8 «
N 28 S MEMORY CELL —{ 3.t
A had Ag~ O T
ADDRESS INPUTS < Ag g 1 OA z (4.194 304 BITS) 53 1
Ag 23 9 c
Ay *a g
g e DE OUTPUT ENABLE
A INPUT
9
~ - _ _ _ - -
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M5M44400AW)J,J,L,TP,RT-6,-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
Vee Supply voitage —1~7 A
2 input voltage With respect to Vgg -1~7 Y
Vo QOutput voltage —1~7 A\
lo Output current 50 mA
Pd Power dissipation Ta =25°C 1000 mw
Topr Operating temperature 0~70 °C
Tstg Storage temperature —65—~150 °C

RECOMMENDED OPERATING CONDITIONS (Ta—0~70°C. uniess otherwise noted) iniote 1
Limits
Symbal Parameter - Unit
Min Nom Max
Voo Supply voltage 4.5 5 5.5 v
Vss Supply voltage o] 4 0 v
Vin High-level input voltage, all inputs 2.4 6.5 v
-~ —1. 0.8 \Y
ViL Low-level input voltage DOy ~DQq 1.0
Others —2.0 0.8 vV
Note 1 Al voltage values are with respect to Vss
ELECTRICAL CHARACTERISTICS (Ta=0-~70T. Voo =5V+10%, Vss=0V, uniess otherwise noted) (Note 2)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Von High-level output voltage o= —5mA 2.4 Vee v
VoL Low-level output Voltage loL=4.2mA 0 0.4 A
loz Off-state output current Q floating OVXVoytr=5.5V —10 10 A
N Input current OV=V|N=6.5, Other input pins=0V —10 10 HA
M3M44400A-6, -6L | m72s &ac 100
Average supply current from RAS, GAS cycling
Icci(av) v ting iNote 3. 4) M3SM44400A-7, -7 | tpc=twc=min. 85 mA
‘cc operating {Note 3,
° M5M44400A -5, -BL | ©UtPut open 75
RAS=CAS=V)n, output open 2
| Supply current from Vee MEMA4300AW. 1. LD 0.2 A
cgz(a ,Jd. [ — . m.
tavd stand-by {Note 5} RAS=CAS=Vgc—0.5V, output open
M5M44400ATP, RT(L) 0.3
M5M44400A-6, -6L. | mz= CAGS = 100
Average supply current from ——————— —— | RAS cycling, CAS=V)y
lecsav) v fresh iNote 3 M5M44400A-7, -7L | tro=mn. 85 mA
refreshin ate P
« ¢ M5M44400A -8, -8L. | ©UtPut open 75
M5M44400A-6, -6L | RRg— CAS 100
Average supply current from RAS=ViL. CAS cychin
lccacavy M5M44400A-7, -7L | tpo=min. 85 mA
Vce Fast-Page-Mode (Note3 . 4) f———————
M5M44400A-8, -BL Qutput open 75
Average supply current from M5M44400A -6, -6L CAS before RAS refresh cyling 85
lecs(av) Vce CAS before RAS refresh M5M44400A-7, -7L trRe=min. 75 mA
mode (Note3) | M5M44400A-8, -8L | OutPut open 65
CAS=0.2V or CAS before RAS
M5M44400AWJ, refresh cycling 2
J,L(L) W =0.2V(Except for RAS tailling edge) 0.
Average supply current from or 2Vgc—0.2v
locs(av) Ap—~A1g=0.2V or 2Vgg—0.2V mA
Vee Battery back-up {Note 5) D=0.2V or =Vgg=0.2V
M5M44400ATP, Q= open 0.3
RT(L) tec=125us
tRAS=TRASMIN~ 148
Note 2: Current flawing into an IC is positive, out is negative.
3 lecitavy lecatav) and lccaav) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4: Iccrav) and Iccaiay) are dependent on output loading. Specitied values are obtained with the output open.
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M5M44400AW),),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, Vgc =5V +10%, Vss =0V, uniess otherwise noted )

Limits .
Symbol Parameter Test conditions v v Van Unit
Crem Input capacitance, M5M44400AW Y, J, TP, RT 5 pF
address inputs M5M44400AL 6 pF
Cy(oB) fnput capacitance, OE input 7 pF
Crew fnput capacitance, write control input V|_=VSS 7 pF
C|(RAS) Input capacitance, RAS input = MKz 7 pF
— Vi=25mVrms
Ci(Cas) input capacitance, CAS input 7 pF
Ci/o ! Input/Output capacitance, data ports 7 pF
SWITCHING CHARACTERISTICS (Ta=0~-170°C, Voo =5V +10%, Vss ~ 0V, unless otherwise noted ) (Notes 5, 12, 13)
Limits
Symboi Parameter M5M44400A-6, -6L | M5M44400A-7, -7L | M5M44400A-8, -8L Urit
Min Max Min Max Min Max
tcac Access time from CAS {Note 6, 7} 15 20 20 ns
trac Access time from RAS {Note 6, 8) 60 70 80 ns
Tan Column Address access time {(Note 6, 9) 30 35 40 ns
topa Access tme from CAS precharge (Note 6, 10} 35 40 45 ns
toea Access time from OE (Note 6) 15 20 20 ns
teorLz Output low impedance time from CAS low (Note 6) 5 5 5 ns
torr Qutput disable time after CAS high (Note 11) 0 . 15 0 20 0 20 ns
toez Output disable time after OF high (Note 11) 0 ) 15 o] 20 0 20 ns

Note 5. An initial pause of 500us 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)
Naote the RAS may be cycled during the initial pause. And any 8 RAS or RAS/CAS cycles are required after prolonged periods (greater than 16.4/128ms
{L)) of BAS inactivity before proper device operation is achieved
6: Measured with a load circuit equivalent to 2T TL loads and 100pF.
Assumes that trep 2 1RCDImax) and LASC 2 tASCImax) -
8: Assumes that tpep < tRCD(max) and tRAD < tRADImax)- |f LRCD OF TRAD is greater than the maximum recommended value shown in this table, trac will
increase by amount that tgep of trap exceeds the value shown.
9. Assumes that taAD 2 tRAD(max) aNd tasC € tASC(max!
10: Assumes that tcp £ CP{max) and tasc 2 tASCImax)-
11 toFF(max) @3nd tOEZ(max) defines the time at which the output achieves the high impedance state (lgyt < |¥10gA}) and is not reference t0 VoH{min) O
Voiimax)-

~
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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, Vgc=5V £10%, Vg5=0V, unless otherwise noted) {(Nates 12, 13)

Limits
Symbol | Parameter M5M44400A-6, -6L | M5M44400A-7, -7L | M5M44400A -8, -B? Unit
i Min j Max Min Max Min Max

ther Refresh cycle tme M3M44400A 16.4 16.4 16.4 ms ]
M5M44400A (L) 128 128 128 ns
trp RAS high pulse width 50 60 70 ns
UacD Delay time, RAS low to CAS low (Note 14} 20 45 20 50 20 60 ns
terp Delay time, CAS high to BAS low 10 10 10 ns
trec Delay time, RAS high to CAS low 0 0 0 ns
topn CAS high pulse width 10 10 10 ns
trap Column address delay time from RAS low (Note 15) 15 20 15 . 35 15 40 ns
tasa | Row address setup tme before RAS low o 0 0 ns

tasc Column address setup time before CAS low iNote 16) 0 10 0 10 [¢] 15 ns |
tRAR Row address hold time after RAS low 10 10 10 ns
tean Column address hold time after CAS low 15 15 i 15 ns
toze Delay time, data to CAS low (Note 17} 0 0 0 ns
tozo ] Delay time, data to OF low (Note 17} 0 0 0 ns
teoo Delay time. CAS high to data (Note 18) 15 20 20 ns
| Toco | Delay tme, OF high 1o data (Note 18) 15 20 20 ns
tr Transiion time {Note 19} 1| 50 1| 50 | 1 50 ns

Note 12: The timing requirements are assumed ty = 5ns,
13" ViH{min) and V| (max; are reference levels for measuring timing of input signals
14 tRCDImax) is specified as a reference point only. If taep is less than tRepmax) . 3cCess time is trac. If tACD is greater than trepimax), 3CCESS time is
controlled exclusively by 1cac or taa - TRCD{min) IS SPecified as TRCDImin) = tRAH(min} * 21T + tASCimin)
15° tRAD(max) s specified as a reference point only. [f tRAD 2 RAD{max) and tasc & TASC(max), acCCess time is controiled exclusively by taa
16: tasc(max) is specified as a reference point only. If tgep 2 1RCD{max) and tasC 2 tasCimax) . access time is controlled exclusively by tcac.
17: Either tpz¢ or tpzp must be satisfied.
18: Either tepp of topp must be satisfied.
19 17 is measured between Vin(min) 80d V) (max)

Read and Refresh Cycles

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

tac Read cycle tme 120 | 140 160 ns

tras RAS low pulse width 60 10000 70 10000 80 10000 ns
ﬂEAs CAS low pulse width 15 10000 20 10000 20 10000 ns
T-CSH CAS hold tme after RAS low 60 70 80 ns

T RSH 7*THVA§ hold ume after CAS low 15 20 20 ns

tRros Read setup tme before CAS low 0 0 0 ns
KD Read hald time after CAS high (Note 20) 0 0 0 ns |

tRRH Read hold time after RAS high (Note 20} 10 10 10 ns

tRAL Column address to RAS hotd time 30 35 40 ns

t oCH CAS hold time after OE low 15 20 20 ns
| torn RAS hold ume after OF low 15| 20 20 as |

Note 20: Either trc or trry must be satisfied fnr a read cyele.

g MITSUBISHI
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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

Write 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
twg Write cycle time 120 : 140 160 ns
1ras RAS low pulse width 60 10000 70 10000 80 10000 ns
tcas CAS low pulse width 15 10000 20 10000 20 10000 ns
teosH CAS hold ume after RAS low 60 70 80 ns
TRsH RAS hold time after CAS low 15 20 20 ns
twes Write setup time before CAS low (Note 22) ¢ 0 0 ns
tweH Write hold time after CAS low 10 15 15 ns
towL CAS hold time after W low 15 20 20 ns
tRwL RAS hold tme after W low 15 20 20 ns
twp Write pulse width 10 15 15 ns
tos Data setup time betore CAS iow or W tow 0 0 [0} ns
ton Data hold time after CAS low or W low 10 15 15 ns
toEH OF hold time after W low } 15 20 20 ns
Read-Write and Read-Modify-Write Cycles
Limits
Symbot Parameter M5M44400A-6, -6L | M5M44400A-7, -7TL | M5M44400A-8, -8L Unit
Min Max Min Max Min Max
trwe Read write/read modity write cycle time {Note 21) 160 185 205 ns
tRas RAS low pulse width 95 10000 115 10000 125 10000 ns
tcas CAS low pulse widtn 50 10000 65 10000 65 10000 ns
tosh TAS hold time after RAS low 95 115 125 ns |
tRsH RAS hold time after CAS low 50 65 65 ns
tres Read setup time befor CAS low Q o] a ns
towo Delay ume, CAS Inw to W low (Note 22) 35 40 40 ns
tRwD Delay tme. RAS tow to W iow (Note 22) 80 90 100 ns
t awD Celay ume, address to W low (Note 22} 50 55 60 ns
towL CAS hold time after W low 15 20 20 ns
tRwe BAS hold tme after W low 15 20 20 ns
[ e Wirite pulse width 10 15 15 ns
1ps Data setup tme before W low 0 0 0 ns
toH Data hold time after W low 10 15 | 15 ns
toeH OE hold time after W low 15 15 ‘ 20 ns
Note 21: tgwc is seecified as tRWC(min) = IRAC(max) * 10 Diminh ¥ TRWL(min) * tRP{min) + 41T.

22

twes. town. trRwo and tawp and tepwp are specified as reference points only. If twes 2 twesimin) the cycle is an early write cycle and the DQ pins will
remain high impedance throughout the entire cycle. 1f tewD 2 toWD(minl- TRWD 2 (RWDImin). TAWD 2 TAWD(min) and LD 2 tepWD(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. |f neither of the above
condition {delayed write) of the DQ (at access time and until CAS or OF goes back to V |y} is indeterminate.

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

Limits
Symbol Parameter M5M44400A-6, -6L | M5M44400A-7, -TL | M5M44400A-8, -8L Unit
Min ! Max Min Max Min Max
tec Fast page mode read/write cycle ime w0 45 50 ns
terwe Fast page mode read write/read modify write cycle nme 75 95 100 ns
trAS RAS low pulse width for read write cycle {Note 24} 100 100000 115 100000 135 100000 ns
tep CAS tigh pulse width (Note 25} 10 15 0 20 10 20 ns
tcepPH RAS hold ume after CAS precharge 35 40 45 ns
tcpwp | Delay tme. CAS precharge 10 W low {Note 22) 35 40 45 ns
Note 23: All previously specified timing requirems and switching characteristics are applicable to their respective fast page mode cycle
24: tRasimin) 1S specified as two cycles of CAS input are performed.
25: tcpimax) i specified as a reference point only.
MITSUBISHI
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M5M44400AWJ,J,L,TP,RT-6,-7,-8,-6L,-7L,-8L

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

CAS before RAS Refresh Cycle ot 26)

I Limits
Symbot Parameter M5M44400A-6, -6L | M5M44400A-7. -7L | M5M44400A-8, -8L Unit
© Min Max Min Max Min Max
tcsm CAS setup time before RAS low 10 10 10 ns
toHR CAS hold ume after RAS low 10 15 15 ns
tRsR Read setup time before RAS low 10 10 10 ns
tRHA Read hold tme after RAS tow 10 15 15 ns
teoas 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 vetore RAS refresh mode.
TEST MODE SPECIFICATION Note 27)
ELECTRICAL CHARACTERISTICS (Ta=0~70T, Vee=5V+10%, Vss=0V, unless otherwise noted) (Note 2}
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
M5M44400A-6. -6L | 575 Cas 115
Average supply current from —{ RAS, CAS cychng -
leci(av) v ) (Note 3. 4) M5M44400A-7, -7L | tpre=twc=mmn 100 mA
operatin ote 3.
cc operatng M5M44400A-8, -8 | Output open 85
M5M44400A-6. -6L | RAS GAG = 115
Average supply current from § RAS cyching, CAS =V
tccsay) v frosh (Note 3) M5M44400A-7.-7L | trc=mn 100 mA
refreshi ote ————
< " M5M44400A-8, -BL | OUTPU! open 85
Average supply current from M5M44400A-6. -6L | RAS = ViL, CAS cycling 115
lcca(av) Vce Fast-Page-Mode M5M44400A-7. -7L | tpc=min. 100 mA
{Note 3, 4) M5M44400A-8. -8L output open 85
: Average supply current from M35M44400A-6, -6L CAS before RAS refresh cyching 100 -
lccs(av) | Vco CAS before RAS refresh M35M44400A-7, -7L | trc=min. ‘ 85 mA
mode {Note 3} M5M44400A-8, -8L. output open - ( 75 1

Note 27: All previously specified electrical characteristics, switching characteristics and tming requirements are applicable to that of test mode.

SWITCHING GHARACTERISTICS (Ta=0~70C, Voc=5V£10%, Vss=0V, unless otherwise noted) Notes 5, 12, 13)

Limits
Symbol Parameter M5M44400A-6, -6L. | M5M44400A-7, -TL | M5M44400A-8, -8L Unit
| Min Max Min Max Min Max
tcac 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 6, 9) 35 40 45 ns
tcra Access time from CAS precharge {Note 6, 10) 40 45 50 ns
toEA Access tme from OE (Note 6} 20 25 |25 ns
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M5M44400AW), )L, TP,RT-6,-7,-8,-6L,-7L,-8L

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

TlMlNG REQU'REMENTS (Ta=0~70C, Vgo=5V+10%, Vss=0V, unless otherwise noted} (Notes 12, 13)
Read and Refresh Cycles

Limits
Symboal Sarameter M5M44400A-6, -6L | M5M44400A-7, -7L | M5M44400A-8, -8L Unit
Min Max Min Max Min Max
tre Read cycie time 125 145 165 ns
tRraS 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 time after RAS low 65 75 85 ns
Y RSH RAS hold time after CAS low 20 25 ! 25 ns
tRAL + Column address to RAS hold ume T 35 40 1 45 ns
TOCH . CAS hold time after OE \ov‘v - T —71720 25 25 ns
{ORH RAS hold time a‘ter OE low 20 o 25 25 ns
Read-Write and Read-Modify-Write Cycles
Limits
Symbol Paramreter M5M44400A-6, -6L | M5M44400A-7, -7L. | M5M44400A-8, -8L. Unit
Min Max Min Max Min Max
tawe Read write/read modify write cycie time {Note 21} 165 180 210 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 time after RAS low 100 120 130 ns
tasH RAS hold time after CAS low 55 70 70 ns
tewn Delay tme, CAS low to W low {Note 22) 40 45 45 ns
tawn Delay time, RAS low to W low iNote 22) 85 95 105 ns
tawp Delay tme ,Aaddre&;s to W low iNote 22) 55 60 65 ns
Fast-Page Mode Cycle (Read, Write, Read-Write, and Read-Modify-Write Cycles) ot 22)
Limits
Symbol Parameter M5M44400A-6, -6L | M5M44400A-7, -7 | M5M44400A-8, -8L Unit
Min Max Min Max Min } Max
vi PC Fast page modev—(’e;c;,;';;me cycle time 45 50 55 ‘ ns
trawe Fast page modi;read write/read modify wnte cycle time 80 100 105 ns
tras RAS low pulse width for read write cycle (Note 24) 110 100000 125 100000 145 i 100000 ns
tcPRH RAS hold ume atter CAS precharge 40 45 50 ns
tepwp belay nme, CTS”precharge to W iow {Note 22) 40 45 50 ns
Test Mode Set Cycle
Limits
Symbol Parameter M5M44400A-6, -6L | M5M44400A-7, -7L | M5M44400A-8, -8L Unit
Min Max Min Max Min Max
71;/;;;:{ V\/(]le setup time before RAS low 10 10 10 ns
7t7wHR Write hold time after RAS low 10 15 15 ns
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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 Diagrams (Note28)
Read Cycle

tac

URas _ tmp

Vi —

3
>
o
I
"1
>
.y
<

Vie
tesH
t
t cnprq !RoD URsw L57° [4-, torp
tcas
- M / _‘W
CAS \ /
Vi —
tRaD Urac tasn
t
(ASR__J LRaH tasc tcan CPN
ViH = ROW COLUMN b 'y ROW
Ag~Ag il — ADDRESS Y ADDRESS ; 5 ADDRESS
le—>t RRH
t LRgH
RCS
Vik — RS AR OOEXXKX
2000090000004,
o R NI
tco
tpze °
|
DQ1~DQg YIH — ¥
ONPUTS) y Hi-Z {
tonc L oFF
taa
e
tez
DQ,~D0Q4 YoH — ) )
uTPUTS |, Hi-Z DATA VALID Hi-z
oL —
Lrac toez
tozo toea toop |
tocH
. Vi —
OE
Vie —
toRH -

Indicates the don’t care input.
Note 28
M Virimin) € Vin £ Vidimax) 07 ViLimin € ViN € ViL(max)
W indicates the invalid output
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MITSUBISHI LSls

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

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

Write Cycle (Early write)

O

Vin —

ViL

DQ1~DQy Vin —

twe
URas lrp
\ /N
- tesH
tcme tReo 'AshH e t
[-—» _ Tons "—l CRP
\ /
t ASR e tRan TASC e toan tﬂ
ROW COLUMN IV"’"”"""""""‘“""' '0'0'0'0'0' " ROW
m{; m sooness RO, _aoosess
twes tweH |
.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.Vov.V’V.V.V’V’V‘V’V’V‘V."V’V‘V.V’V'V.V
— OO XXX
tos ton
V’V’V’V.V.V’V'V.V‘V’V.V‘V V‘V.V \/ \\ ATA VALI '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‘VOV.VOV.V‘
XN, 0 RO

INPUTS)

Vou —
DQ,~DQqg On
{QUTPUTS! Vo, —

ViH —

Vi —

Hi-Z

55 R

()

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;0;0‘0;0;0;0;0;0;0;0;

N N s ot ol
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MITSUBISHI LSls

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

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

Write Cycle (Delayed Write)

tRAS _ tmp
FAS zIH :: \ &
tosH :
tere treo TRSH 1reg
r44> Lcas r’ICRp
H 3
R 1 \ L
tasm tRaH tasce tcan ) tash
—— oo XN i
towL
tRcs URwe
twp
w = XXX KON XXX XX ] OO0 XK X
T v = BBy N o
tweH
toze tEi ton
001~Das Vi — XXOOOCOCOOOOOON0OOOOCK @( DaTA AKX XXRXXXKIXIXKXN
e v, — SR v KOO0
teLz

DQ;~D0 YOH
{OUTPUTS) v, —

I
N
Lo
%
T
~N

toeH
tozo toez
fe—y toop
__ vin: — OO A (- OO
OF L BN RS
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MITSUBISHI LSis

M5M44400AWJ,J,L,TP,RT-6,-7,-8,-6L,-7L,-8L

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

Read-Write, Read-Modify-Write Cycle

tawe
tRAS trp
H -3 3
Ras zu L \ 72 \—
LosH
trop TRsH trec
chpr Tons L—“ r—ﬂ CRP

- Vin — 1

ey || \ /[
IA‘S_R_ tRaH t a0 es] tcaM t’A_S_H,
Vi — I~
e N TR
tawo
Twe
_ Vig — - I.VV.VVVV.V’VVVVV.V‘VVVV
L —M \ AR
tpze 1S fus ton

DQ1~DQs Vie — I " /l.V’V’V’V’V’V’V’V’V.V’V’V’V’V0

e R ; v IR

Lcal
taa :
loLz
1~ DQq Yor —
(DO?JTPL?’(C;) VoL — Hi-2 \I/D:LTS Hi-z
trac 100D
tpzo toEa el toe toen

5E Vi = XX XXX X XXX XXXOOOOOGO OO0, OCOO0OOOOOOOOOOCONNX)

e A XN




MITSUBISHI LSls

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

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

RAS-only Refresh Cycle

tRas tap
ViH — Z '
Vi — - \

ICRP‘-—— tFIF-’C—‘ F—.‘cgp

D
>
v

o]
A
[
< <
- I
P

tash| | tran tasm

o
W

" onss R KNG

%
ADDRESS NXXXROOOOOQGOOKOOO0O X

5
K006

0’:0.00.0.0. ROW

’.”’.' ADDRESS

Ag—~Ag

QRO
00’0 (R

el
N

0’0

0
0

TR
XX

5
BB

e

TR0
K

w Vi AR KX XX KOO KX K XXX (X0
W v — ‘0.0.0“0 R KA

XXX
RN BB

B

VAN

00,00, Vi1 ~ TR Y g

COOOOOOOO ()
T o s el

DOy ~DQy YOH —
(OUTPUTS) o

Hi-Z

e = LT X O O KX X KXy
B e e e e
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MITSUBISHI LSIs

M5M44400AWJ,J,L,TP,RT-6,-7,-8,-6L,-7L,-8L

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

CAS before RAS Refresh Cycle

e trRo ) tRe
¢
tap tRas ) tRas trp
in— £ — —|
RAS
Vie—_/ \ \ / \
t
Urpc csh t tapc  tesm t trpe t crp
cHA | CHR

O

>

»
< <
-
'\j
.
P

\

teen

Lasr

J1

Vie \ GOOOOOOOOCOOCOOOOONA row Y coLumn
Ag—~ Ag Vi = Q ."‘"’.‘.‘.‘.’.’.’.’.’.‘0’.’."’.‘.’0’/ ADDHESSXADDRESS

tRcH URsR T RuA tasA t RHR tacs

A} r‘_)
Vin= 3 SO0
o X DT R RS

]|

00,1~ 0,V D X X O LT X
o R R R
Lorr
DQ1~DQ4Von— \ )
(OUTPUT&VOL_ / U i-Z
toez
5 R R R B R R T X,
o B AR R B BB

A\Y




MITSUBISHI LSIs

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

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

Hidden Refresh Cycle (Read) iNoie29)

tre tac ,
tras Lap tRas . tap ?
Vik -7 X 7
RAS e — \ / \ / \
tore URep tRsH teHR
Vi — r f
= z
e tRrap g
ol [tRAK tase toan IA‘S_R.
Vi — - Row 7| | coLumn | ROw
Ap~ Ag w | ADDRESS ADDRESS | ADDRESS
s tRaL tRRH
- Vin F GOOOOOOOOOOOBUONOVOOGOOONBONO0
T R G o
toze tcop
1=D0 VM N Hi- /
s~ SRS z G
tecac
taa LorF
: tewz =~
DQ;~D04 Von — Hi-z %_ DATA VALID rHi-Z
{OUTPUTS) Vg, |
trac
tozo toEa tOEZ‘_’TOUD
LoRH
. Vi — VVVVVV.V.V.V‘V.V’V’V.V’V.V’V.VV.V.V.V‘Vf ‘V‘V.V’V.V.VVV‘V.V.V’V’V.V’V’
I ot R

Note 29: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycle.
Timing reguirements and output state are the same as that of each cycle shown above.




MITSUBISHI LSlis

MSM44400AW),),L,TP,RT-6,-7,-8,-6L,-7L,-8L

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

Fast Page Mode Read Cycle

tRAS _ lrp
Vig — 3 '
RAS
Vit — T b o \
tesh teg LASH
ICF: URco teas tep | toas tee toas
Vie — 3 y s ) —
oas \ /N 4N
Vi, —
tRAD topan
tasr tRAH N tean tasc| |teaH tasc| | tecan
e ASC e e e r—a le>t Lash
Vig — £ Taow o 7 ROW
Ag - Ag v _m ADDRESS A COLUMN 1 _rCOLUMN—Z \ coL MN—3.‘V \ ADDRESS
tRaL LIETH
t tRCH t
Res tRcH ‘—T ’4—) tRecs ‘—’I T‘Iacs Al
I
_ Vi —
w
Vip —
t
IDZC_){ ‘DZ(E) tnze teon
i
DQ1~DQy ViH — ;" Foy
Hi-Z Hi-Z
ANPUTS) y %é} jv[
tcac _I_O’FF tcac io_Fi tcac toFr
taa l taa N Taa
> I
tolz telz tolz
DQ;~DQg Vor hiz F pata f Data N\ DATA
(OUTPUTS) vy — " | vALDI | vALID2 If VALID-3
tRac tecpa I topa
} }
t Toea t Toea
20 toEz e toEz * [ toez
ook tocH
_ Vi = X000 XXX XXX X X XXX XXX XXX y
& KR \
Vie — AAAAAAAAAAAAAAA‘AAA‘A’A‘AAA-.
t tooo| |tozo toop
L_) DZ0 L_’ |Looo,
tooo torH
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MITSUBISHI LSis

MS5M44400AW),),L,TP,RT-6,-7,-8,-6L,-7L,-8L

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

Fast Page Mode Write Cycle {Early Write)

tras tep

1 t
tesH PG RSH

treo teas tep Lgas - tep L tcas

]
pd
Wi
< <
- I
b
v
T
sk\‘
1S
4
[
=

. 1 ran tasc| [t gan tasc| [tcan Tasc| [tean
ASR e it

| —W —

Vi — Row f ! Vi ] ROW
Ag~ Ag ADDRESS COLUMN-1 COLUMN-2 COLUMN-3 ADDRESS
viL — A > SR

twes twen LWEs mte twes tweon
Viu — T 00000 |
B m R

tos t oK tps ton TDSJ ! pH

- free— o~{ )

g

1~DQq Vin —OO000GO000 “““.Q f DATA i DATA m DATA W
ORI S o

DQ1~DQy YOH T Wiz

OUTPUTS) v —

(X 0.0’0“.: A N“N“NO‘Q’N.N

Ve — XX
o el

Vie — AAN 0 .A

TR RRR RN AR AR RN RRR TR
KR

ol




MITSUBISHI LSls

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

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

Fast Page Mode Write Cycle (Delayed Write)

tRAS trp

tosh tRsH

terp trco tcas tpc

ter tcas

o
A
[
< <
c I
P
Iy,
=
-
~l
'\]
el
-
Ty

TRWL pe>d

tasa| | tgay . toam taso] tcan towe tash
N — W s Wonvvmvvvny s 3 £ row
MO, P 1 1111 O )
tacs towL tres
‘T;p r twp
- Vin = OO0
v LR R \
twon Twen
toze tDﬁ) toH R tos ton
00, ~0a, ¥H — XOCOCOOOOOOCOK H DATA "N - { | o
s~ R mmsoRmagp—— 4N v Wpr— [ MR
tolz oLz
N Vou —
v - V1
LoEZ >4 lm:_z_#..._
Iozo tooo tozo tooo Loen
— Vin: = XOOCOOCOCOOOO0COOOONN
N N \__/




MITSUBISHI LSls

MSM44400AWJ,J,L,TP,RT-6,-7,-8,-6L,-7L,-8L

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

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

tras trp
ViH — 3—\ / p
RAS
viL — \ / \
tosH trwL
torp tReo lecas trRWC
tep tcas
. Vig — —\—\ [-/-_—A& [l—
CRS | _ \ i
fRao
tasm tRan tcan tasc tcan TewL tAsk
Fe> tasc [e>]
Apg—~ A Vi T Fow ) COLUMN:1 )W i COLUMN-2 J@m Row
07 R UMK i ADDRESS
ViL — Y\ ADDRESS 1 g \
fawo tawn
tRes tewo towe tres towp
twe r twe
Vig — ! R
w i1 \ y» \
Vie — : X
Lawp tcpwo
tpze ID‘SJ ton tore tns ton
r
DQ,~DQy VM — ‘ 2 DATA x }__ ] DATA
(INPUTS) y, _%88888: y Hi-2z WL varor Y Hi-2 | | vaLip2
teac
taa
teLz
v - _
DQ;~DQg 'OH Hi-Z DAaTA Hi-Z Hi-Z
{OUTPUTS) VoL — vavon
LRac tobp toop
t t
tozo OEA toez tozo toez OEH
w - T f TR
vie ~— AR000000OOOQOOCOO0OO
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MITSUBISHI LSis

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

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

Test Mode Set Cycle Note30)

Vin—
RAS

Vi —
— Vin —
CAS

Vie —

Vi —
Ag—~Ag

ViL—
— Vi —
W 1H

ViL—
DO ~DQYH~
(INPUTS) v,
DQ;~DQVOH ™

(OUTPUTS)VOL_

I / R N

tro
lpp tras LR
7C p'S Zl_—'ﬁ_
trec  losm tewn tRPG tcRe
[

tepn Tasr

&

ROW COLUMN
ADDRESS, ADDRESS

tRcH twsr twHR tRCs

o

LoFr

4

loez

s T KRR IR R RRAAK '0;0'0'0‘0'0'0‘0'

OE

et ettt oottt elatlottodetlel
Note 30:  This cycle is also available for the iniualization cycle, but in this case device enters test mode.
The test mode function is initiated with a W and CAS before RAS cycle (WCBR cycle) as specified above timing diagram.
The test mode function is lerminated by either a CAS before RAS (CBR) refresh or @ RAS only refresh cycle.
During the test mode, the device is internally organized as 4 bits wide (256 kilobytes deep) for each DQ (input/output) port.
No addressing of Ag, A1 {column only) is required
During a write cycle, data on the each DQ (input) pin is written in parallel into all 4 bits for each DQ port and can be
written independently for each DQ port.
During 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.
During the test mode operation, a WCBR cycle is used to perform refresh.
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