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M5M44400BJ,L,TP,RT-5,-6,-7,-8,-5S,-6S,-7S,-8S

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

MITSUBISHI LSIs

DESCRIPTION |

This is a family of 1048576-word by 4-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.

Self or extended refresh current is small enough for battery
back-up application.

FEATURES
RAS access | CAS access Address
Type name time time access
(max, ns) (max. ns) (max. ns)
M5M44400BXX-5,-5S 50 13 25
MBEM44400BXX -6,-6S 60 15 30
MBM44400BXX-7,-7S 70 20 35
M5M44400BXX-8,-85 80 20 40
OE access Cycle Power
Type name time time dissipation
(max. ns) (min. ns) (typ. mW)
M5M44400BXX-5,~5S 13 90 500
MB5M44400BXX - 6,-6S 15 110 400
M5M44400BXX - 7,- 7S 20 130 350
M5M44400BXX -8,-8S 20 150 300
XX=J,L,TP,RT

@ Standard 26pin SOJ, 20pin ZIP, 26pin TSOP (1)
® Single 5V £ 10% supply
® | ow stand-by power dissipation

CMOS Input levelsereeererrirecermmeionnereennns 5.5mW ( max)
CMOS Input lgvel-ss-sserrmeesernimenninininnn, 0.55mW (max)*
@ Low operating power dissipation
MSMA4400BXX-5,-8G rweerreeerersriecnns 687.5mW (max)
MBMA4400BXX -6,-6S »++rereerereeerieens 550.0mW (max)
MBMA4400BXX =T~ TS «weeremmereemereenens 487.5mW (max)

MBM44400BXX-8,-88 «-eeereevvemmreennns 412.5mW (max)
@ Self refresh capability *
se|f refresh CUITEINE «rereremerereesennarenninee
@ Extended refresh capability
Extended refresh current -------r-eeeemeeerees 150 u A (max)
® Fast-page mode(1024-bit random access), Read- modify-
write, RAS-only refresh, CAS before RAS refresh, Hidden
refresh, CBR Self Refresh (-5S, -6S, - 7S, -8S) capabilities.
® Early write mode and OE to control output buffer
impedance
® All inputs, output TTL compatible and low capacitance
©® 1024 refresh cycles every 16.4ms (Ao~Ag)
® 1024 refresh cycles every 128ms{(Ao~Ag)*
® 4-bit parallel test mode capability
% : Applicable to self refresh version (M5M444008J, L, TP,
RT-5S,-6S, - 7S, -8S : option) only.

150 u A (max)

PIN CONFIGURATION (TIO WIVEW)
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APPLICATION
Main memory unit for computers, Microcomputer memory,
Refresh memory for CRT

M5M44400BJ, L, TP, RT-5,-5S : Under development
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MITSUBISHI LSls
M5M44400BJ,L,TP,RT-5,-6,-7,-8,-55,-6S,-7S,-8S

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

PIN CONFIGURATION (TOP VIEW)
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Outline 26P3Z-E(TSOP) Qutline 26P3Z-F(TSOP)
FUNCTION

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

The M5M44400BJ, L, TP, RT provide, in addition to normal
read, write, and read-modify-write operations, a number of

Table 1. Input condition for each mode

Inputs Input/ Qutput
Operation S | tas | w Row |Column| Input |Output|Refresh Remark
A w OE address|address| D Q )
Read ACT | ACT | NAC | ACT [ APD | APD | OPN | VLD | YES
Write (Early write) ACT | ACT | ACT | DNC | APD | APD | VLD [ OPN | YES |Fast page mode
Write (Delayed write) ACT | ACT | ACT [ DNC | APD { APD | VLD | IVD [ YES |identical
Read- modify - write ACT | ACT | ACT | ACT | APD | APD | VLD | VLD | YES
RAS-only refresh ACT | NAC | DNC | DNC | APD | DNC | DNC | OPN | YES
Hidden refresh ACT | ACT | DNC | ACT | APD | DNC | OPN | VLD | YES
CAS before RAS refresh ( Extended*) ACT | ACT | NAC | DNC | DNC | DNC | DNC | OPN | YES
Self Refresh* ACT | ACT | NAC | DNC | DNC | DNC | DNC | OPN | YES
Stand- by NAC | DNC | DNC | DNC | DNC | DNC | DNC | OPN | NO
Note. ACT : active, NAC : nonactive, DNC : don't care, VLD : valid, IVD : Invalid, APD : applied, OPN : open
BLOCK DIAGRAM
WRITE CONTROL vee (5V)
INPUT CAS CLOCK GENERATOR
ROW ADDRESS pag CIRCUIT Vss(0V)
STROBE INPUT
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MITSUBISHI LSls
M5M44400BJ,L,TP,RT-5,-6,-7,-8,-5S5,-6S,-7S,-8S

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

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage - 1~7 \
Vi Input voltage With respect to Vss - 1~7 - \
Vo QOutput voltage -1~7 \
1o Qutput current 50 mA
Pd Power dissipation Ta=25C 1000 mw
Topr 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 Vin T Nom | Max Unit

Vce Supply voltage 45 5 55 A\

Vss Supply voltage 0 0 0 \4

ViH High-level input voltage, all inputs 2.4 8.5 \
. DQ1~DQ4 -1.0 0.8

ViL Low-level input voltage Others 30 08 \

Note 1. All voltage velues are with respect to VSS.
ELECTRICAL CHARACTERISTICS (Ta = 0~70°C, Vcc = 5V + 10 %, Vss = OV, unless otherwise noted) (Note 2)

. Limits .
Symbol Parameter Test conditions Min T Tyo | Max Unit
VoH High-level output voltage loH = — SmA 2.4 Vce \Y
VoL Low-level output voltage loL = 4.2mA 0 0.4 \'
loz Off-state output current Q floating, OV = Vout £ 5.5V -10 10 A
h Input current OV=Vins6. 5, Other inputs ping=0V| — 10 10 WA
M5M444008-5, -58 . 125
Average supply current RAS, CAS cycling
. M5M444008-6, -6S X 100
lccicavy | from Vcc, operating tRC = twC = min. mA
(Note 3,4,5) MSM444008T, -75 output open 85
T M5M444008-8, -8S 75
Supply current from Vcc, RAS = CAS = Vi, output_open 2
lccz(av) st;‘;‘_’b (Noto 6 | HEHA44008 RAS = CAS 2 Vce - 05 1] mA
v WEHA44008(S) | output open 0.1
W5M444008-5, -5S . 12!
Average supply current RAS cycling S
. W5M44400B-6, -6S . 100
lcea(av) | from Vcoc, refreshing CAS = Vi, trRc = min. mA
(Note 3.5) WEN444008-7, TS output open 85
’ M5M444008-8, -8S 75
W5M444008-5, -53 125
Average supply current RAS = ViL
M5M44400B-86, -63 X 100
lccacavy | from Vec, Fast-Page-Mod WEWA4008-T, <75 CAS cydling a5 mA
N , 4, - tRec = min,
(Note 3,4.8) Iy cpaaspppg, -g5 | ™0 ~ i outeut open 75
Average supply current M5M444008-5, -5 | = RAS 105
lcce (A, from Voe, CAS before WEM444008-6, -65 SAjnbeI:;i F;\‘n":\n refreh 85 mA
(A | RAS refresh mode WEMA44008-7, -7S orjtpu?.o o 75
(Note 3)| M5M444008-8, -8S P 65
Stand-by :
RASzvee - 0.2v
__ TASzVcc-0.2VorCASsS0.2v
Average ‘supply current from Vcc CAS %’ecxﬁgm&ggo‘zv or
lccacavy | Extended-Refresh cycle CAS before RAS refresh cycling 150 pA
(Note 6) Ws0.2V or 2Vece - 0.2V
OE=0.2V or 2 VcCc - 0.2V
A0~A9= 0.2V or 2Vecoc—- 0.2V
DQ = open, tRC = 125 us
tRAS = tRAS min~1 us
lecscavy | {85 Supnly current from, | MHA400B( | RAS =CAS <02V 150 | nA

Note 2. Current flowing into an IC is positive. out is negative.
3. Icci (AV), IcCa(AY) and ICCA(AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4. lcc1 (av) and ICC4(AV) are dependent on output loading. Specified values are obtained with the output open.
5. Column Address can be changed once ot less while RAS=VIL and CAS =ViH.
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MITSUBISHI LSis
M5M44400BJ,L,TP,RT-5,-6,-7,-8,-5S,-6S,-7S,-8S

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

CAPACITANCE (Ta = 0~70°C, Vcc = 5V + 10 %, Vss = OV, unless otherwise noted)

" Limits .
Symbol Parameter Test conditions Vin Typ | Max Unit
Cieay Input capacitance, M5M444008J, TP, RT 5 oF
address inputs M5M44400BL Vi = Vss 6
Input capacitance, clock | W5H44400BJ, TP, RT = IMH 7
Creto | ots M5M44400BL :‘/ o5 zv 7 pF
Cro Input/Output capacitance, [ N5H444008J, TP, RT 1= comyvrms 7 oF
data ports M5M44400BL 7
SWITCHING CHARACTERISTICS (Ta = 0~70°%C, Vcc = 5V + 10%, Vss = 0V, unless otherwise noted) (Notes 6, 13, 14)
Limits
Symbol Parameter M5M44400B-5, -58 | M5SM444008-6, -6S | M5M444008-7, -75 | M5M444008-8, -8S Unit
Min | Max | Min | Max | Min | Max | Min | Max
tcaC Access time from CAS (Note 7,8) 13 15 20 20 ns
tRAC Access time from RAS {Note 7.9) 50 60 70 80 ns
tAA Column Address access time  (Note 7,10)| . 25 30 35 40 ns
topa | Access time from TAS (Note 7,11) 30 35 40 45 | ns
precharge
toEA Access time from OE (Note 7) 13 15 20 20 ns
Output low impedance from
terz TAS low (Note 7){ 5 5 5 5 ns
Output disable time after
torF TAS high (Note 12)} O 13 0 15 0 20 0 20 ns
Qutput disable time after
toez OF high (Note 12)| O 13 0 15 0 20 0 20 ns
Note 6. An initial pause of 500 us is required after power-up followed by a minimum of sight 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 16.4 ms) of RAS inactivity before proper device operation is achieved.
7. Measured with a load circuit equivalent to 2TTL loads and 100pF.
8. Assumes that tRCD & tRCD (max) and tASC & tASC (max).
9. Assumes that tRCO 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 & tRAD(max) and tascC § tasc (max).
11. Assumes that tcP S tcP (max) and tasC 2 tasc(max).
12. toFF (max) and tOEZ (max) defines the time at which the output achieves the high impedance state (louT< | 10 u A |) and is not

reference to VOH (min) or VOL (max).
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M5M44400BJ,L,TP,RT-5,-6,-7,-8,-55,-6S,-7S,-8S

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, Vec =5V + 10%, Vss = OV, unless otherwise noted) (Notes 13, 14)

Limits
Symbol Parameter N5SM44400B-5, -53 | MSM444008-6, -65 | MSM444008~7, -78 | M5M44400B-8, -8S Unit
Min | Max | Min | Max | Min | Max | Min | Max
tREF Refresh cycle time M5M444008 16.4 16.4 16.4 16.4 ms
MB5M44400B(S) 128 128 128 128
trRP RAS high pulse width 30 40 50 60 ns
tRCD Delay time, RAS low to CAS low(Note 15)| 18 37| 20 45 | 20 50 | 20 80 ns
tcrp Delay time, CAS high to RAS low 5 5 5 5 ns
tRPC Delay time, RAS high to CAS low 0 0 0 0 ns
tCPN CAS high pulse width 10 10 10 10 ns
tRAD Column address delay time from RAS low 13 5| 15 30| 15 35| 15 40 ns
(Note 16)
tASR Row address setup time before RAS low 0 0 0 0 ns
tasc Column address setup time before CAS low 0 10 0 10 0 10 0 15 ns
(Note 17)
tRAH Row address hold time after RAS low 8 10 10 10 ns
tCAH Column address hold time after CAS low 13 ) 15 15 15 ns
tozc Delay time, data to CAS low (Note 18)] O 4] 0 0 ns
tbzo Delay time, data to OE low (Note 18)] © 0 0 0 ns
tCOD Delay time, CAS high to data (Note 19)| 13 15 20 20 ns
toDD Delay time, OF high to data (Note 19)| 13 15 20 20 |. ns
tT Transition time (Note 20)| 1 50 1 50 1 50 1 50 ns

Note 13. The timing requirements are assumed 1T =5ns.

14. VIH(min) and ViL{max) are reference levels for measuring timing of input signals.

15. tAcb (max) is specified as a reference point only. If tRCD is less than tRCD(max), access time is tRAC.
If tACD is greater than tRCD (max),access time is controlled exclusively by tCAC or taa,
tRCD (min) is specified as tRCD (min) = tRAH (min) + 2tT + taSC (min).

16. tRAD (max) is specified as a reference point only. If tRAD 2 tRAD (max) and tASC £ tASC (max), access time is controlled exclusively
by taa.

17. tasc (max) is specified 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 tDZO must be satisfied.

19. Either tcDD or toDD must be satisfied.

20. t7 is measured between VIH{min) and VIL (max).

Read and Refresh Cycles
Limits
Symbol Parameter ) M5M444008-5, -5S | M5M444008-6, -6S | NSM44400B-7-75 | M5M44400B-8, -85 Unit
Min | Max | Min | Max | Min | Max | Min | Max
trC Read cycle time 90 110 130 150 ns
tRAS RAS low pulse width 50 [10000{ 60 {10000| 70 [10000{ 80 [10000 ns
tCAS - CAS low pulse width 13 |10000{ 15 |10000| 20 |10000{ 20 {10000 ns
tesH CAS hold time after RAS low 50 60 70 80 ns
tRSH RAS hold time after CAS low 13 15 20 20 ns
tRCS Read setup time before CAS low 0 0 0 0 ns
tRCH Read hold time after CAS high (Note 21)| 0 0 0 0 ns
tRRH Read hold time after RAS high (Note 21)| 10 10 10 10 ns
tRAL Column address to RAS hold time 25 30 35 40 ns
tocH CAS hold time after OE low 13 15 20 20 ns
toRH RAS hold time after OE iow 13 15 20 20 ns

Note 21. Either tRCH or tRRH must be satisfied for a read cycle.

MITSUBISHI
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| MITSUBISHI LSls
M5M44400BJ,L,TP,RT-5,-6,-7,-8,-5S,-6S,-7S,-8S

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

Write bycle (Early Write and Delayed Write Cycles)

Limits
Symbol Parameter M5M44400B-5, -58 | M5M444008-6, ~6S { MSM444008~T-7S | NSM444008-8, -8S Unit
Min { Max | Min | Max | Min | Max | Min | Max
twe Write cycle time 90 110 130 150 ns
tRAS RAS low pulse width 50 |10000[ 60 [10000[ 70 {10000/ 80 [10000 ns
tcas CAS low pulse width 13 [10000] 15 |10000] 20 [10000] 20 [10000 ns
tcsH CAS hold time after RAS low 50 60 70 80 ns
tRSH RAS hold time after CAS low 13 15 20 20 ns
twes Write setup time before CAS low (Note 23) 0 0 0 0 ns
tWCH Write hold time after CAS low 8 10 15 15 ns
towL CAS hold time after W fow 13 15 20 20 ns
tRWL RAS hold time after W low 13 15 20 20 ns
twe Write pulse width 8 10 15 15 ns
tos Data setup time before CAS low or W low 0 0 0 0 ns
toH Data hold time after CAS low or W low 8 10 15 15 ns
tOEH OE hold time after W low 13 15 20 20 ns
Read- Write and Read- Modify- Write Cycles
Limits
Symbol Parameter M5M444008-5, -5S | MSM444008-6, ~65 | M5H444008-7, -7S | M5M44400B-8, -85 Unit
Min | Max | Min | Max | Min | Max | Min | Max
tRwe Read Write/read modify write cyv.zl:jo::ngz) 126 150 175 195 ns
tRAS RAS low pulse width 86 |10000f 95 [10000] 115 [10000] 125 |10000 ns
tcas CAS low pulse width 49 [10000] S0 {10000 65 [10000| 65 [10000 ns
tosH CAS hold time after RAS low 86 95 115 125 ns
tRSH RAS hold time after CAS low 49 50 65 65 ns
tRCS Read setup time before CAS low 0 0 0 0 ns
tewn Delay time, CAS low to W low (Note 23) 35 35 40 40 ns
tRWD Delay time, RAS low to W low (Note 23) | 73 80 90 100 ns
tAWD Delay time, address to W low (Note 23) 48 50 55 60 ns
towL CAS hold time after W low 13 15 20 20 ns
tRWL RAS hold time after W low 13 15 20 20 ns
twe Write pulse width 8 10 15 15 ns
tos Data setup time before W low 0 0 0 0 ns
toH Data hold time after W low 8 10 15 15 ns
toEH OF hold time after W low 13 15 15 20 ns

Note 22. tRWC is specified as tRWC (min) = tRAC (max) + toDD (min) + tRWL (min) + tRP (min) + 4tT,

23. twcs, tewn, tRwD and tAwD and tCPWD are specified as reference points only. If twcs & twes(min) the cycle is an eary write cycle
and the DQ pins will remain high impedance throughout the entire cycle. f tCWD 2 tCwD (min), tRWD 2 tRWD (min), tAWD 2 tAwD (min),
and tcPwD 2 toPwD (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 until CAS or OE goes

back to VIH) is indeterminate.

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

Limits
Symbol Parameter M5M444008-5, =58 | MSM44400B-6, -6 | MSM444008-7, -7§ | M5M444008-8, -8 |  Unit
Min | Max | Min | Max | Min | Max | Min | Max

tPC Fast page mode read/write cycle time 35 40 45 50 ns

tPRWC fvanstte 'j:ay%?e n’?i?r?: read write/read modify 71 75 95 100 ns

tRAS RAS tow pulse width for read write cycle (Note 25)| 85 (100000 100 |100000] 115 [100000] 135 (100000 ns

tce CAS high pulse width (Note 26) 8| 12 10] 15 10| 15 10| 20 ns

tCPRH RAS hold time after CAS precharge 30 35 40 45 ns

toPwD Delay time, CAS precharge to W low (Note 23)| 30 35 40 45 ns
Note 24. Ail previously specified timing requirements and switching characteristics are applicable to their respective fast page mode cycle.

25. tRAS (min) is specified as two cycles of CAS input are performed.
26. tcp(max) is specified as a referonce point only.
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MITSUBIéHI LSls
M5M44400BJ,L,TP,RT-5,-6,-7,-8,-5S,-6S,-7S,-8S

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

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

Limits
Symbol Parameter M5M44400B-5, -58 | M5M44400B-6, -6 | M5M444008-7, -7S | N5M44400B-8, -88 Unit
Min | Max | Min | Max | Min | Max | Min | Max
1CSR CAS setup time before RAS low 5 5 5 5 ns
tCHR CAS hold time after RAS low 10 10 15 15 ns
tRSR Read setup time before RAS low 10 10 10 10 ns
tRHR Read hold time after RAS low 10 10 15 15 ns
tcAs CAS low pulse width 25 25 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*
Limits
Symbol Parameter M5M44400B-55 | M5M44400B-6S | M5M44400B-7S | M5M44400B-85 Unit
Min | Max | Min | Max | Min | Max | Min | Max
tRASS CBR self refresh RAS low pulse width 100 100 100 100 us
tRPS CBR self refresh RAS high precharge time 90 110 130 150 ns
tCHS CBR self refresh CAS hold time - 50 - 50 - 50 - 50 ns
tRSR Read setup time before RAS low 10 10 10 10 ns
tRHR Read hold time after RAS low 10 10 15 15 ns
Test Mode Specification (Note 28)
ELECTRICAL CHARACTERISTICS (Ta = 0~70%C, Vcc = 5V £ 10 %, Vss = OV, unless otherwise noted) (Note 2)
- Limits A
Symbol Parameter Test conditions Vin Tvo | Max Unit
M5M44400B-5, -5S . 145
Average supply current e RAS,CAS cycling
) M5M44400B-6, -65 o 115
lcci¢avy | from Vcc operating MENAA400B-7. =TS tRC = twC = min. 100 mA
(Note 3.4,5) : output open
M5M44400B-8, -85 85
M5M444008-5, -5S R 145
Averags supply current — RAS cycling
A M5M444008-6, -6S . 115
lccacayy | from Ve refreshing VEMA240087. TS CAS = Vin, tRc = min. 100 mA
(Note 3,5) : output open
M5M44400B-8, -85 85
M5M44400B-5, -55 145
Average supply current ——— RAS=ViL
M5M44400B-6, -65 ) 115
lccacavy | from Vcc Fast-Page- VEWAAO0R=T, =TS CAS cycling 700 mA
Mode (Note 3,4,5) : tPc = min., output open
M5M44400B-8, -85 85
Average supply current | MoM444008-5, -55 CAS before RAS refresh 120
lccs(avy from Voo CAS before | MSMAALO0B-, -6 cycling, tRe = min 100 mA
) RAS refresh mode M5M44400B-7, 75 ¢ t’ : 85
(Note 3)| WsMa44008-8, -85 | " °P°" 75
Note 28. All previously specified electrical characteristics, switching characteristics and timing requirements are applicable to that of test mode.
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MITSUBISHI LSls
M5M44400BJ,L,TP,RT-5,-6,-7,-8,-55,-6S,-7S,-8S

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

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

Limits
Symbol Parameter M5N44400B-5, ~5S | M5M444008-6, -65 | MSM44400B-7, -7$ | M5M44400B-8, -85 Unit
Min | Max | Min | Max | Min | Max | Min | Max
tcAC Access time from CAS (Note 7, 8) 18 20 25 25 ns
trRAC Access time from RAS (Note 7,9) 55 65 75 85 ns
tAA Column Address access time (Note 7,10) 30 35 40 45 ns
tcrPa Access time from CAS precharge (Note 7,11) 35 40 45 50 ns
tOEA Access time from OE (Note 7) 18 20 25 25 ns

TIMING REQUIREMENTS (Ta = 0~70%C, Vcc =5V £ 10 %, Vss = OV, unless otherwise noted) (Notes 13, 14)

Read and Refresh Cycles
Limits
Symbol Parameter M5M444008-5, -55 | M5M444008-6, ~6S | MSM444008-7, 7S | MSM444008-8, -8S Unit
Min | Max | Min | Max | Min | Max | Min | Max
tRC Read cycle time 95 115 135 155 ns
tRAS RAS low pulse width 55 [10000| 65 [10000] 75 |10000| 85 [10000 ns
tcAS CAS low pulse width 18 [10000[ 20 [10000] 25 [10000[ 25 (10000 ns
tCSH CAS hold time after RAS low 55 65 75 85 ns
tRSH RAS hold time after CAS low 18 20 25 25 ns
tRAL Column address to RAS hold time 30 35 40 45 ns
1OCH CAS hold time after OE low 18 20 25 25 ns
1ORH RAS hold time after OE low 18 20 25 25 ns
Read - Write and Read - Modify - Write Cycles
Limits
Symbol Parameter MSM44400B-5, -5S | M5M444008-6, -6S | M5M44400B-7, -7 | MOSM444008-8, -8 Unit
Min | Max | Min | Max | Min | Max [ Min | Max

tRwe Read Write/read modify write cycl(eN;c’i;zezz) 131 155 180 200 ns
tRAS RAS low pulse width 91 10000 100 |10000| 120 {10000 130 10000 ns
tcas CAS low pulse width 54 10000 55 [10000{ 70 [10000] 70 10000 ns
tcsH CAS hold time after RAS low 91 100 120 130 ns
tRSH RAS hold time CAS low 54 55 70 70 ns
tewo Delay time, CAS low to W low (Note 23)| 40 40 45 45 ns
tRWD Delay time, RAS low to W low (Note 23)| 78 85 95 105 ns
tAwD Delay time, address to W low (Note 23)| 63 55 60 65 ns

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

Limits
Symbol Parameter MSM44400B-5, =53 | M5M444008-6, -6S | MSMA44008-7, -7§ | M5SM444008-8, -88 Unit
Min | Max { Min { Max | Min | Max { Min | Max
trc Fast page mode read/write cycle time 40 45 50 55 ns
Fast page mode read write/read modify
tPRWC write cycle time 76 80 100 105 ns
tRAS RAS low pulse width for read write cycle 90 {100000] 110 |100000] 125 |100000| 145 [100000] ns
tCPRH RAS hold time after CAS precharge 35 40 45 50 ns
tCPWD Delay time, CAS precharge to W low (Note 23)| 35 40 45 50 ns
Test Mode Set Cycle
Limits
Symbol Parameter W5M444008-5, -5S | M5M444008-6, -6S | M5M444008-7, -78 | M5M44400B-8, -85 Unit
Min | Max | Min | Max | Min | Max | Min | Max
tWSR Write setup time before RAS low 10 10 10 10 ns
tWHR Write hold time after RAS low 10 10 15 15 ns

B 249825 0025140 765 1N MITSUBISHI
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MITSUBISHI LSIs

M5M44400BJ,L,TP,RT-5,-6,-7,-8,-5S,-6S,-7S,-8S

FAST PAGE MODE

4194304-BIT(1048576-WORD BY 4-BIT)DYNAMIC RAM

Note 29. Self refresh sequence

Two refreshing ways shoud be used properly depending on

the low pulse width (trass) of RAS signal during self refresh

period.
1. In case of trass < 300ms

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

Read/ Writs Cycle

Self Retresh Cycle

Read/Write Cycle

tNSD

trass < 300ms tSND

VA

=

RRS \
last refresh cycle
Table 2
. Read/ Write — Self Refresh—
Read/Write Cycle Self Refresh Read/ Write

CBR distributed
refres|

RAS only
distributed refresh

tNsD + tshp £ 16.4ms

tnsp £ 16 us tsNo< 16 us

(B) Definition of refresh
Definition of CBR_distributed refresh
The CBR distributed refresh performs more then
1024 discrete CBR cycles within 16.4 ms.
Definition_of RAS only distributed refresh
All combination of nine row address signals (Ao~Ag)
are selected during 1024 discrete RAS only refresh
cycles within 16.4 ms.

first refresh cycle

1.1.1 CBR distribated 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 BAS signal at the start of
self refresh operation should be set within tnso (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 tsnp (shown
in table 2).

1.1.2 RAS only distributed refresh

® Switching from read/write operation to self refresh operation.
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 16us.

® 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 cycle during read/
write operation period should be set within 16 us.

BN 249825 002514l bTL HE
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MITSUBISHI LSIs

M5M44400BJ,L,TP,RT-5,-6,-7,-8,-5S,-6S,-7S,-8S

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

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

Read/ Write L Self Retresh , Read/ Write
s }
tNSB trass < 300ms tSNB
RAS \ / S 1? \ /
first T retresh cycles refresh cycles last !
refresh cycles 1023 cycles 1023 cycles refrash cycles
Table 3

Self Refresh—
Read/ Write

Read/ Write—

Read/Write Cycle Self Refresh

Eggsﬁ”m “tnss £ 16.4ms tsne < 16.4ms
mrgesﬁnly burst tnss + tsne < 16.4ms

(B) Definition of burst refresh
Definition of CBR burst refresh
The CBR burst refresh performs more then 1024
continuous CBR cycles within 16.4ms.
Definition_of RAS only burst refresh
All combination of ten row address signals (Ao~As)
are selected during 1024 continuous RAS only
refresh cycles within 16.4 ms.

1.2.1 CBR distributed Refresh

@ Switching from read/write operation to self refresh operation.
The time interval tnss from the falling edge of RAS signal
in the first 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 16.4 ms.

@ Switching from self refresh operation to read/write operation.
The time interval tsne from the rising edge of RAS signal
at the end of self refresh operation to the falling edge
of RAS signal in the last CBR refresh cycle during read
/write operation period should be set within 16.4 ms.

1.2.2 RAS only distributed refresh

® Switching from read/write operation to self refresh operation.
The time interval from the falling edge of RAS signal
in the first RAS only refresh cycle during read/write
operation period to the faling 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 tsna{shown
in table 3).
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M5M44400BJ,L,TP,RT-5,-6,-7,-8,-55,-65,-7S,-8S

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

2. In case of tRass 2 300ms
(A) Timing diagram

Self Refresh Read/ Write

e

tRASS & 300ms tREF

=

refresh cycle

1024 cycle
Table 4
Read/ Write Self Rofresh—>Read/Wirte
CBR distributed refrash
RAS only distributed refresh

£

CBR burst refresh ther < 16.4ms
RAS only burst refresh

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

2.1

Regardless of the refresh (CBR distributed refresh, RAS only
distributed refresh, CBR burst refresh, RAS only burst refresh)
during Read/Write operation the minimum of 1024 cycles
refresh should be preformed within 16.4 ms from the rising
edge of RAS signal at the end of self refresh operation.
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MITSUBISHI LSIs
M5M44400BJ,L,TP,RT-5,-6,-7,-8,-55,-6S,-7S,-8S

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

Timing Diagrams (Note 30)

Read Cycle
trc
tRAS tRP
ViH ~
RS A /
ViL ~
tosH
tcrRP tRCD tRSH trec tcRP
tcAs
ViH —
oS \ /
ViL -
tRAD tRAL tasr
tasd | tRaH tasc tcAH topn
Vin — SZEZ3
LY ROW COLUMN ROW
~ 25858505
Ao~AS - BRREKIN ADDRESS ADDRESS ADDRESS
Ll 1
tRRH
trRCS tRCH
= ViH — FERRIRRRLRS
w RRERRIKELES
VIL — 20X XXXXXXK
tozc tcoD,
DQ1~DQs ViH ~ 3 Hi-Z IR
(INPUTS) vy — 4 YRR
tcac tOFF
taa
teLz
Vox — . 2 X
DQ1~DQ4 Hi-Z Hi-Z
DATA VALI
(OUTPUTS) V. A D
oL —
tRAC OEZ
oo
o7 de) tOEA tobp
tocH
o VIH — LRXICKK XL R XX AR K IR KKK IORIRI I RRIKIH AR, X KRG XH ST

tORH

Note 30. Indicates the don't care input.

Indicates the invalid output.

ViH (min) $ VIN S VIH (max) or VIL (min) = VIN S VIL (max)
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M5M44400BJ,L,TP,RT-5,-6,-7,-8,-5S,-6S,-7S,-8S

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

Wirite Cycle (Early write)

twe
tRrAS trP
Vik — B
ViL —
tesH
tere tRCD tRSH tRPC tCRP
tcas
ViH —
o x
ViL = 2
tasr tRAH tasC tCAH tASR
- LRART - TV VYV T e e e e e e e s e ve Y S —
ViH ROW KRN COLUMN S RIKL XL ILAIKEN ROW
Ao~As ADDRESS RSN | |ADDRESS RRIRRAIRAILIRIIAILRIRAIAIXN  ADDRESS
VIL - G008 R AR LLLS
) ]
twes tWCH
V|H = SRRy |t | SRR v ""‘ "‘""""’6’6’;""
- dodeleloledede RS ARIRERLLEIERKKIEK
w Rodelelededelelel LRI
Vi — SRR SRR HIRRALLLIKIS,
T
tDs tOH
_ ST TSISEETTEIETIA O O T e T ee
DQ1~DQs VH R R EEIKED O R I R IR KKK IKIIL
00050300 %0%0 020 0 0 0202020 %0 %62 DATA VALID OO 00 O 0 00007030 902000002000 00 007020200202 2020 % 2%
(NPUTS) ZOSRLLLIEKRLELK RSSO RIS
VIL — X EREEREES R LRI
DQ1~DQaVoH ~ Hi-Z
(QUTPUTS) v —
ViH — o0 R R R T R,
OE R e R 3030ss
VL — R R KRR LRI LEERRLEIEKLNK

MITSUBISHI
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MITSUBISHI LSIs

M5M44400BJ,L,TP,RT-5,-6,-7,-8,-55,-6S,-7S,-8S

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

Write Cycle (Delayed Write)

twe
tRAS tRp
ViH —
RS N /
ViL = 7
tcsH
tcRP tRCD tRSH tePC tCRP
tcas
ViH - R
oAS \ /
ViL - 2
tASR tRAH tASC tCAH tASH]
Ao~ho  HT ROW COLUMN ROW
ViL - _ADDRESS ADDRESS ADDRESS
towL
tRCS tRWL
twep
- F k5 X 0K X KK XK IR XA XS
W Vi \ e e oo oo ettt tatotote!
ViL - Selelololoeleleletelelelelololot0te e e
tWCH
tDzC DS tOH
DQ1~DQa ViH = IRRREKS o':‘:‘;:‘:‘:‘:;:3 """""" X Hi-Z y: DATA
0000 0.0.90.9.9.9.9.9.0.0.9.0.9.9.9.0
(INPUTS) Vi — XK. 3 VALID
tcLz
DQ1~DQas VoH - Hi-Z y Hi-Z
OUTPUTS) VoL — A
toez] toe
tDz0 100D

Vi —

ViL - CE0ASEEREEL 9:%%%,

8858585

RS o)

R e R R A BT
e e e atetarete et sataseetoletotetoteretetolets,
e e e 0 02 2 T %0 2020 20 %0 20 %0 Y020 e 20 0 2020 2020 2420 %s.

S0

B L249825 002514L 183 WE
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MITSUBISHI LSIs

M5M44400BJ,L,TP,RT-5,-6,-7,-8,-55,-6S,-7S,-8S

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

Read - Write, Read - Modify - Write Cycle

trwe
tRAS tRP
Vil — 3 r
RAS \ / \
ViL -
tCSH
tRSH tRPC  tCRP
tcas
Vin—
= /
ViL -
tCAH tasr
pomhs  THT COLUMN F ROW
o~he ADDRESS ADDRESS
tAWD
tRCs | tewo tow
tRWD tRwL
Vi twp
— H= 0. 0.0, X3
W OIS \
Vi - XX
tozc DS toH
S ) L BATA VALID RIS
(NPUTS) vy - LXK
tcAC
taa
tcLz
DQ1~DQa Yo" ~ Hi-Z DATA Hi-Z
(OUTPUTS) g, — VALID
' tRAC 10D
tozo , ,toEa toEz toEH
X
OF
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MITSUBISHI LSIs

M5M44400BJ,L,TP,RT-5,-6,-7,-8,-55,-6S,-7S,-8S

tree  tcRe

trRC

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

ROW
ADDRESS

tASR

{

9,
S
)
ot

NN
0
o
52505

>
L
b

D
<
2

NYaVavava
L
85

X

N/
3%

>
5%

NN 0 57 N A Ao A AN A A A NN N NN N N NE
e e e e e e e e e e e L e st
SRR
RRLIRAKHRELRRAASLELLKKA

X

5%

K
bo¥%

ol
3o
Q
%Y

NENE
&
ol
%5
oS
"o}

(X
355
SRR

Yo%
&5

35
a2
9,

5%

0

Q
X2

55

58

NN
oo,
0.0
>
)
)9

5%

5%

9
X2

505

55

NN
2
55

P!

e
X2

55

55

K0
K2

35

%ol

Ko
X2

20!

2ol

R
-

e

0

<
KR
o
B4

2
o
e %

(X
.0
2o

55

X

(P
%

55

(X

2

X0
¥,

9,
X0

2
XX

55

5

X0
XX

100

X

0

%%
XD
e

%

<
QX
%
0e5S,
X

9%

505

.0
9,

R
O

<
Q
%

&
&
5585
-

25
QL

%
e

tRAH

tcRe

ViH -
Vi -
ViH—
ViL—

RAS-only Refresh Cycle

>
()

ATAY

5

NN
%%,
Sele!
hede!

oS

X2

WV
o
XK

ViH —
ViL — XX

Ao~ Ag

250
Jole!
0¥

DQ:~DQa VH —
(NPUTS) v —

i-Z

H

VoH —

(OUTPUTS) Vo —

DQ1~DQa

]

QD

X0
%%

o
X
9

5

5

O,
X
ba¥e!

>
<
<
X

%
o
K

O

55

505

9%
o

525

505

9
1%

55

505

9.
%!

55

55

X >
S
%

P
QR

0”
%X

%

0’.
XK

<

9,
>

555

o
e

%

:0
o2

O

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

CAS before RAS Refresh Cycle, Extended Refresh Cycle*

tre ‘ tRC
LS
tRP tRAS tRAS tRP

ViH— f — 3 f
RAS \ / \ /

ViL —

tRPC tcsR tCHR tRPC tCSR 1CHR tRPC tCRP

ViH - I
s /[ / X \

ViL —

1 1
tCPN
tASR
ViH— 2
ROW COLUMN

Ao~Ag § % BDDRESXADDRESS

Vi - X ¥

tRGH tASR tRHR tRSR tRHR tRCS

_ ViH —
W

viL -

DQ1 ~DQaViH =
(INPUTS) v_ -

R SISSIIITR
3%, XX X I I K 3 M IR X XX X >
S 900000 ¢040.0.0.0.0.09.000.¢.9.90.0.08.¢9.90 X X AKX GO 000006060060 6.4.9.0.0.0.000.0.0.9.9.9.9.0.4,

SO OOV E 00O LI CCEEIOCELD O G L0000 000806000000 00000 0¢85 0800 00.8.86.00.0.00.0
R R R RRRAERHRHARRREEERARAK

toFF
DQ:1~DAMoH = N . Hi-Z
(OUTPUTS) v/, — /

OEZ

[THTITZIXIITLILILS
I ARIRIRHALILIK

ViH —
V|L - 'A"A‘6.A’Q’.’Q‘A‘A’Q‘A’&’Q’.’.‘A,6‘Q’A,A’“.’A’Q’Q“"’.’.""’.’

4K X X IE K ICE K K XXX XX XX XK X X XK XXX X X XXX
B e B B R B B SBIEII
oS a0 00 a0 0900 0a0. 0 0a 0 0auPuY a0 I u a0 Vu a0

io?;o':;:;o'o;o;o;v&
KR RREBBIS
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MITSUBISHI I;SIs
M5M44400BJ,L,TP,RT-5,-6,-7,-8,-55,-6S,-7S,-85

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

Self Refresh Cycle” (Note 29)

tRP tRASS tRPS
Vi — X \ A N
RAS N /
ViL - -
tRPC
tRPC CsR| tCHs tcrp
Vis — / 3
CAS A / 7
tCPN
tASR
ViH— ROW )
COLUMN
Ao~he ADDRESSA ADORESS
tACH, tRSR tRHR tRCS
VH— 0.8.0,.0.0.9.0.9.0.9.8.9.9.0.9.9.0.0.0.9.6.46.64.C
bvvi 0. 0.0.0.90.9.0.9.0.9.9.9.0.0.9.9.0.09.9.9.0.0.9"
w oo atasotetetetetetocntotetotototetatotetotelele’
ViL— X X S0 0.8.0.9.0.0.0.0.000.0.09.9.0.999.0.0.9.1
tooo
DO1~DQs YH— Hi-Z__ 7
(INPUTS) v, — 3
toFF
VoH — Hi-Z
D1 ~DAa \
(OUTRUTS) v — 4
t0EZ
tobo -
ViH— R R R R R R R R R
OF e e e oo st o satatosatatoratetotatetol
ViL— RS $.9.9.0.0.0.0.9.0.0.9.9.0.0.9.0.0.0.9.9.0.0.0.0 0090000 00009.0.0.9.00.000.0.0.0.00.03.00.9.0.0.0.0.0.0 000009 5.0.0.0.0.9 .
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M5M44400BJ,L,TP,RT-5,-6,-7,-8,-5S,-65,-7S,-8S

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

Hidden Refresh Cycle (Read)(Note 31)

tRC tRC
tRAS tRP tRAS trP
ViH — 3
RAS / \ / \
ViL - by
tcrp tRCD tRSH tcHR
ViH -
o EF L) /
ViL - 7
1RAD
tASR| | tRAH tASC) tCAH tASR)
Aoy VM7 ROW 1 |CoLUMN ROW
Vi — ADDRESS ADDRESS DDRESS
tRCS '
tRAL
—_— R e I e P NN AN AN X
w oo SRR
ViL - SaSatatetotetetetolelolotototolols
tDzC tcoD
(NPUTS) y, — '4
tcAac
tan |torE
toLz R
DQ1 ~DQaVoH - Hi-Z Y, Hi-Z
OUTPUTS ) — 4 DATA VALID
tRAC
tDz0 tOEA
tORH
VH~
OE
ViL —

Note 31. Early write, delayed write, read write or read modify write.cycle is applicable instead of read cycle.
Timing requirements and output state are the same as that of each cycle shown above.
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MITSUBISHI LSls
M5M44400BJ,L,TP,RT-5,-6,-7,-8,-55,-6S,-7S,-8S

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

Fast Page Mode Read Cycle
tRAS tRP
ViH — 3
RAS \ / \
Vi~
tcsH tPC tRSH
tCRP] tRCD tcas tcp tcas tcp tcas
Vib —
RS 7 N 4 N /
ViL - X
tRAD tCPRH
tASR| | traH tascles | tCAH tasc| [tcaH tasc| [tcan tASR
Ao~As ViH — ROW COLUMN COLUMN | COLUMN | K ROW
Vi - | ADDRESS. ADDRESS]T | &DRE%Z eDDRESSS ADDRESS
tRAL tRCH
tRCS tRCH | tRCS tRCH tros tRRH
_ VIH — IO,
w S f R
ViL — LK IO
tbze tDzC 11 [toze ] teob
DQ1~DQq YH = X Hi-Z A
(INPUTS) v — V X
tcac toFF tcac tCAC {OFF.
itAA tAA tAa
teLz teLz toFF tCLZ
e— |
DQ1~DQ4VOoH ~ Hi-Z 7 DATA DATA [ DATA
OUTPUTS)y/, _ VALID1 VALID2 VALID3
tRAC | tePA | tcPA
I
tozo tOEA 1OEZ tOEA t 355] tOEA| toEz
L
toCH tocH toCH
ViH - 4 4
o /
Vi — k
ltoop| { tozo toop| (tpzo| forH toDD
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MITSUBISHI LSis
M5M44400BJ,L,TP,RT-5,-6,-7,-8,-5S,-6S,-7S5,-8S

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

Fast Page Mode Write Cycle (Early Write)

tras trRP

ViH— 3

s ViL - S Zﬁ \_

tcsH trc RSH
tcRP tReD tcAs tcp tcAS top tCAS
VH - b -
CAS
ViL -
tash! | tRaH ASC| | tcaH tasc| | tcaH tasc| | tcaH tASR
LG ASC)
—_ N aVaVaVaVaVaV, ,vvvvvv -
ho~he " coLumy REISESENT coLMVIESESSSN corumy | [ Fow
ViL ~ ADDRE RSG5 ADDRESS2) B KR ADDRESS3 éDDRESS
1 Li 1
twesl | tweH twes| | twoH twes| | twon
= SRR R KR KRR R X AXK XA XX XN K AAR AR RSP AA
VI 2 e o RGN L6222 %008 JREEKRELEA
W e e e totetetatatototeteteteseretel £RRRRHXN ostetetetetese]
ViL - SRR 20 KRR B RRRRAA
1]
tDs toH tDS tDH tDS| tDH
Bl 23]
—_ XX L mnaTa XXX RAL avra AP ARARARAAS
DQ1~DQ4 Vi X DATA  RESSENT  DATA DATA
(INPUTS) v, — A vauor KA vALID? VALID3
DQ1~DQaYOH = Hi-Z
(OUTPUTS) g, —
T S SERR A SRRE S SIS
VL — X080 R N R R R SRR RAHHREERARKK
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MITSUBISHI LSIs

M5M44400BJ,L.,TP,RT-5,-6,-7,-8,-5S,-6S,-7S,-8S

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

Fast Page Mode Write Cycle (Delayed Write)

tRAS tRP
ViH— L 3
RAS \ / \
ViL -
tCSH tRSH
tche! tRCD tcas tPC
tcp tcas
Vi —
o \ / /
Vi - k. r
TRWL
tasr| | tRAH tasc tcAH tasg| tCAH tCWL tASR
- XXX XXX "X LOCRDCK KKK ‘
ro~hs H ADTRSs GOLUMN, oK GOAMN,  IREIN , FROw
ViL - ADDRESST NSRS ADDRESSZ /NGRS ADDRESS
tRCS CWL tRCS
jott——3n
twe twp
_ V-
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ViL —
tweH tWCH
tozc tDs toH toze to toH
— ANAAANRAAANAAX XXX XX ] . AN P AR
DQ1~DQs ViH = ZELLZLSLIN Hi-Z [ DATA | z DATA NS00
(INPUTS) v — S8R I LIRS VALID1 VALID2 REXLHHLR
CLZ CLZ
DQ1~DQg YoH = Hi-Z y Hi-Z 7 Hi-Z
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MITSUBISHI LSls
M5M44400BJ,L,TP,RT-5,-6,-7,-8,-5S,-6S,-7S,-8S

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
RAS \ /N
ViL -
tcsH tRwL
tcRP tRCD tcas trPRWC
r- tcp tcas
ViH ~
OB \ N /
ViL -
tRAD
tAsR| | tRaH tAsC tcaH tasc| tcAH towL tASR
N CE ROW COLUMN COLUMN R row
Vi — ADDRESS ADDRESS! ADDRESS2 SN ADDRESS
tAWD tAWD
tRCS tcwo bew | tRC! tcwD
twp
_ ViH — S8 5RRRIRRIRKA
W 120202000 202020 % %0200 %% % %Y &
Vi — RN .
tRwD tcPwo
tozc tDs toH tDzG DS toH
™
DQ1~DQa VH - Hi-Z DATA DATA  WERERZRR
(INPUTS) v, — @l VALID] \ VALID2 RIS
tCAC tCAg,
taA taa
toLz L
DQ1 ~DQaVYOH ~ Hi-Z 7/ N DATA Hi-Z FAJPATA Hi-Z
VALID VALID
(OUTPUTS) o — y T Y/ ?]
tRAC oo tcPa tooD
L toez tnzo toez | toEH
tOEA
ViH — 35
OE
ViL -
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MITSUBISHI LSls
M5M44400BJ,L,TP,RT-5,-6,-7,-8,-58,-6S,-7S,-8S

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

Test Mode Set Cycle (Note 32)

ViH —
RAS

ViL ~

ViH -
CAS

ViL -

ViH —
Ao~Ag

ViL —
— VH -
W

ViL -
DQi1~DQa ViH =
(NPUTS) v, -

DQ1~DQsVoH —

(OUTPUTS) y/ —

trRC
trRP tRAS trp
Z!—
_/ 7 \—
tRPC tCsr tCHR tRPC tCRP
sl l__.
T
tCPN
tasr
tRCH  twsR tWHR

Hi-Z

tOEZ
Vi — SSRGS R SR AR R I AKX IR K IKIHIKH XA LHK K ICHKHIH KR
£ B R o S IR ILRRAEIIRLIERIERK
3 VI — R R IR IR IR R SRR RS R I IR LRI GRKR

Note 32. The cycle is also available for the initialization cycle, but in this case device enters test mode.

The test mods function is initiated with a W and CAS before RAS cycle (WCBR cycle) as specified above timing diagram.
The test mode function is terminated by either a CAS before RAS(CBR) refresh or a RAS only refrash cycle.

During the test mode, the device is intemally organized as 4 bits wide (256 kilobytes deep) for each DQ (input/output) port.
No addressing of Ao, 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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