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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

M5M4V16165CTP-5,-6,-7,

MITSUBISHI LSIs

-5S,-6S,-7S

DESCRIPTION

This is a family of 1048576-word by 16-bit dynamic RAMS,
fabricated with the high performance CMOS process, and is ideal
for large-capacity memory systems where high speed, low power
dissipation, and low costs are essential.

The use of double-layer metal process combined with twin-well
CMOS 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.

FEATURES

RAS CAS |Address | OE Cycle | Power
access | access | access | access . dissipa-
Type name tme | tme | tme | tima | "Me | Tgon

(max.ns) [{max.ns) | (max.ns} | {max.ns) | {min.ns) |(typ.mw)

|MsmavistesCTP5, 58 50 13 25 13 90 | 360

|usmv1s1sscrp-s,-ss 60 15 30 15 110 | 285

[wsmavisrescrezasl 70 | 20 | 35 | 20 | 130 [ 256

e¢Standard 50 pin TSOP
eSingle 3.3V +10% supply
eLow stand-by power dissipation
1.8mW (Max) -----------mmmmaemanaaaaes CMOS Input level
eLow operating power dissipation

M5M4V16165CTP-5,-58 435.0mW (Max)
M5M4V16165CTP-6,-6S --- 345.0mW (Max)
M5M4V16165CTP-7,-7S 310.0mW (Max)

eHyper-page mode, Read-madify-write,RAS-only refresh
CAS before RAS refresh, Hidden refresh capabilities
e Early-write mode, OF and W to control output buffer impedance
All inputs, output TTL compatible and low capacitance
4096 refresh cycles every 64ms (Ao~A11)
* : Applicable to self refresh version (M5M4V16165CTP-5S,-6S,
-7S : option) only

APPLICATION

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

PIN DESCRIPTION

Pin name Function

Ao~A11 Address inputs

DQ1~DQis | Data inputs/outputs

RAS Row address strobe input
UCAS }:Jgﬂ?r:nbgz;:snggtlrobe input
LCAS tgrlvjznbg}%?g:strgrobe input
W Write control input

OE Output enable input

Vee Power supply (+3.3V) |

Vss Ground (0V)

PIN CONFIGURATION (TOP VIEW)

vee [ ~7 [s0] Vs$
pQ1 [z} [4] DQ1s
DQ2 [3] 8] DQ1s
DQ3 [+] 7] DQ14
DQ4 [3] [46] DQ1a
vee [6] [45] Vss
DQs [7] [«] DQ12
DOs [&] 3] oan
Dar [9] 2] DQ1o
pQs [io] [41] DQg
NC (] «; [40] NC

12 e 39

13 5 38

14 2 ar
NC [13] 8 j35] NC
Nne[gl 3 [ toas
w 3] UCAS
RAS s} OF
A1t [19] (32 A9
Ao [z} 31} As
Ao [2]] [0} A7
Al [z [29] As
Az [z 28] As
A3 [z4] [27] A4
vee [z [26] vss

Outline 50P3G-F(400mil TSOP Normal Bend)

NC : NO CONNECTION

SR
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some HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM
FUNCTION
The M5M4V16165CTP provide, in addition to normal read, write, hyper page mode, RAS-only refresh, and delayed-write. The input
and read-modify-write operations, a number of other functions, e.g., conditions for each are shown in Table 1.

Table 1 Input conditions for each mode

inputs inputOuput |
Operation —T —
RAS | LCAS | UCAS W GE | Dai-Dee [pas-Daie]
Lower byte read ACT ACT NAC NAC | ACT | pout | oen
Upper byte read ACT NAC ACT NAC | ACT OPN | DOUT
Word read ACT ACT ACT NAC | ACT | pourt | pour
Lower byte write ACT ACT NAC ACT NAC DIN DNC
Upper byte write ACT NAC ACT ACT NAC DNC DIN
Word write ACT ACT ACT ACT | NAC DIN DIN
RAS-only refresh ACT NAC NAC DNC | DNC | OPN OPN
Hidden refresh ACT ACT ACT NAC | ACT | DOUT | DOUT
TAS before RAS refresh | ACT ACT ACT DNC | onc | OPN OPN
Stand-by NAC DNC DNC DNC DNC | oPN OPN

Note : ACT : active, NAC : nonactive, DNC : don' t care, VLD : valid, IVD : invalid, APD : applied, OPN : open

BLOCK DIAGRAM - - _ — —
ROW ADDRESS
STROBE INPUT RAS "} CLOCK GENERATOR Yoeesn
LOWER BYTE CONTROL
COLUMN ADDRESS ICAS | ClRcurr vas ov)
STROBE INPUT
UPPER BYTE CONTROL UCAS ljj LOWER z@ |
e 35| o8
WRITE CONTROL ) UPPER k. o
NPT W e/ T ' i | Lowen paTA
$ : i [ INPUTS/OUTPUTS
x ' 1
- § ' !
] < DQs
A0-A7 (= :‘:t 2
, Ao ] coLumN DECODER
i Kz@
:; e i o & < i
SENSE REFRESH | | 285
A3 2 & AMPUIFIER & | 0 CONTROL =0
Ad 2 i 1 UPPER DATA
o 2 s ? INPUTS / OUTPUTS
ADDRESS INPUTS {0 S — 5
w
A7 2 &[S0 MEMORY CELL —Ne <
As 28} A (16777216BITS) XY
A9 - ‘[
A0 BE OUTPUT ENABLE
\ A1t INPUT
MITSUBISHI
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS
Symbol

Parameter Conditions Ratings Unit
Vee Supply voltage -0.5~4.6 \']
Vi Input voltage With respect to Vss -0.5~4.6 v
Vo Output voltage -0.5~4.6 Vv
1o Qutput current 50 mA
Pg Powoer dissipation Ta=25"C 1000 mw
Topr Operating temperature 0~70 ‘C
Tstg Storage temperature -65 ~ 150 ‘C
RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, unless otherwise noted) (Note 1)
Limits
Symbol P t Unit
¥ arameter Min Nom | Max
vee Supply voltage 3.0 33 3.6 Vv
Vss Supply voltage 0 0 0 Vv
VIH High-level input voltage, all inputs 2.0 vce+0.3 v
ViL Low-leve!l input voltage, all inputs -0.3 0.8 \2
Note 1: Ali voltage values are with respect to VSS.
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vcc=3.3V10.3V, Vss=0V, unless otherwise noted) (Note 2)
Limits
it ni
Symbol Parameter Test conditions Vi Typ | Max Unit
VoH High-level output voltage I0H=-2.0mA 2.4 Vee \
VoL Low-level output voltage loL=2.0mA 0 04 v
loz Off-state output current Q floating OV sVout £3.3V -10 10 uhA
I tnput current OV= VIN < 3.6V, Other inputs pins=0V | -10 10 uA
Average supply current  |MSM4V16165C-5,58 | Fag EAS cvciing 120
loc1Av) from Vec operating M5M4aV16165C-6,-68 | tRC=twc=min. 95 mA
output open
(Note 3,4.5) |msmavi6165¢-7,-78 85
RAS= CAS =V, output open 2
lcc2 Supply current from Vcc, stand-by  (Note 6) | RAS= CAS 2Vcc -0.2V 0.5 mA
output open 0.15%
___ 12
Average supply current MSMaVi6165C5, 88 RAS cycling, CAS=vm 0
lccaav) | from Vee refreshing M5M4V16165C-5,-65 tHC{;";In- 95 mA
output open
(Note 3,5) |msMavie165C-7,-78 85
#;(ranra c% supply current | M5M4V16165C-5,-88 ﬁgzw_ CAS cycling 165
lccs(av) | Hyper-Page-Mode M5M4v16165C-8,68 | tPe=min 130 mA
output open
(Note 3,4,5) | M5M4v16165C-7,-78 putope 110
avera e supply current  |M5M4V16165C-5,-58 CAS before RAS refresh cycling 120
omVec X
IcCstV) | CAS before RAS refresh | MSM4V16165C-6,69 :)let;mlgben 95 mA
mode (Note 3) |M5Mav1i6165C-7,-78 85
Stand-by:
RASzVcec0.2v
TASZVcc0.2V or CASS0.2V
CAS before RAS refresh:
Average supply current TRAS cycling CASS0.2V of
Iccaav)* | from Voe M5M4V16165C (S) ‘CAS belore RAS refrash cycling 400 HA
Extended-refresh cycle W02V or 2VCCO2Y
(Note 6) OE=0.2V or ZVCe0.2V
A0~A11502V or 2VCC-0.2V
DQ=open, tAC=125 us,
{RAS=tRASTIN~1 us
Average supply current
Icceiavy % | from Ve M5M4V16165C (8) | RAS=CAS=0.2V 200 uA
Selt-refresh cycle

Note 2: Current flowing into an IC Is positive, out is negative.
3:1CC1 (AV), ICC3 (AV) and ICC4 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.

4: 1CC1 (AV) and ICC4 (AV) are dependeni on output loading. Specified values are obtained with 1he output open.

5: Column Address can be changed once or less while RAS=VIL and (CAS/UCAS=VIH .

Amnsualsm
ELECTRIC
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

CAPACITANCE (Ta=0~707C, Vcc=3.3V£0.3V, Vss=0V, unless otherwise noted)

Symbol Parameter Test conditions in L.llr,; 23 Max Unit
Ci(a) Input capacitance, address inputs 5 pF
C1 (3 Input capacitance, OE input Vi=Vss 7 pF
Ci (W) Input capacitance, vite control input f=1MHz 7 pF
Cl (RAS) Input capacitance, RAS input Vi=25mVims 7 pF
CI(CAS) Input capacitance, CAS input 7 pF
Ci/o Input/Output capacitance, data ports 7 pF

SWITCHING CHARACTERISTICS (Ta=0~70TC, Vcc=3.3V£0.3V, Vss=0V, unless otherwise noted, see notes 6,14,15)
Limits
Symbol Parameter M5M4V16165C-5,-55 [M5MAV16165C-6,-68 | MsMavisiesc7,78|  Unit
Min Max Min Max Min Max

tcac Access time from CAS (Note 7.8) 13 15 20 ns
tRAC Access time from RAS (Note 7.9) 50 60 70 ns
tAA Columu address access time (Note 7,10) 25 30 35 ns
tcPA Access time from CAS precharge (Note 7,11) 30 35 40 ns
1OEA Access time from OE (Note 7) 13 15 20 ns
toHC Qutput hold time from CAS 5 5 5 ns
10HR Output hold time from RAS (Note 13) | 5 5 5 ns
oLz Qutput low impedance time from CAS low (Note 7) 5 5 5 ns
toez Output disable time after OE high (Note12) | o 13 0 15 0 20 ns
twez Oultput disable time after WE low (Note 12) [ 0 13 o 15 0 20 ns
toFF _Oulput disable time after CAS high (Note 12,13) | 0 13 0 15 0 20 ns
tREZ Output disable time after RAS high {Note 12,13) 0 13 0 15 0 20 ns

Note 6: An initial pause of 500 us is required after power-up followed by a minimum of eight initialization cycles {any combination of cycles containing a RAS
clock such as RAS-Only refresh), _

Note the RAS may be cycled during the initial pause . And any 8 RAS or RAS/CAS cycles are required after prolonged perlods {greater than 64ms)

of RAS inactivity before proper device operation is achleved.

Measured with a load circult equivalent to VOH=2.4V(IOH=-2mA) / VOL=0.4V(I0L=2mA) load 100pF.

The reterence leveis for measuring of output signal are 2.0V(VOH) and 0.8V(VOL).

Assumes that tRCD 2 tRCD(max) and tASC & tASC(max). and tCP& tCP(max).

~

© @

Assumes that tRCD 5 tRCD(max) and tRAD X tRAD(max). If TRCD or tRAD Is greater than the maximum recommended value shown in this table, tRAC

will increase by amount that tRCD exceeds the value shown.

10: Assumes that tRAD 2 tRAD(max) and tASC S tASC(max).

11: Assumes that ICP 5 {CP(max) and tASC & tASC(max).

12: tOEZ(max), tWEZ(max), tOFF(max) and tREZ(max)defines the time at which the output achieves the high impedance state ( IOUTS {10 xA[) and is not
reference to VOH(min} or VOL(max).

13: Oulput is disabled after both AAS and CAS go to high.

MITSUBISHI
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh and Hyper-Page Mode Cycles)
(Ta=0~70C, Vcc=3.3V£0.3V, Vss=0V, unless otherwise noted, see notes 14,15)

Limits
Symbol Parameter M5MAV16165C-5,-55 | MSMAV16185C-6,-6S | MSMAV16165C-7,-78 Unit
Min Max Min Max Min Max

tREF Refresh cycle time 64 64 64 ms
tREF & Refresh cycle time 128 128 128 ms
tRP RAS high pulse width 30 40 50 ns
tRCD Delay time, RAS low to CAS low (Note 16) | 18 a7 20 45 20 50 ns
tcrp Delay time, CAS high o RAS low 5 5 5 ns
tRPC Delay time, RAS high to CAS low 0 0 0 ns
tCPN CAS high pulse width 8 10 10 ns
tRAD Column address delay time from RAS low (Note 17) 13 25 15 30 15 35 ns
tASR Row address setup time before RAS low 0 0 0 ns
tAsC Column address setup time before CAS low (Note 18) 0 10 0 13 0 13 ns
tRAH Row address hold time after RAS low 8 10 10 ns
tCAH Column address hold time after CAS low 8 10 10 ns
toze Delay time, data to CAS low (Note 19) 0 0 0 ns
10z0 Delay time, data to OE low {Note 19) 0 0 0 ns
tRDD Delay time, RAS high to data {Note 20) 13 15 20 ns
tcoo Delay time, CAS high to data (Note 20) 13 15 20 ns
topo Detlay time, OE high to data {Note 20) 13 15 20 ns
T Transition time {Note 21) 1 50 1 50 1 50 ns

Note 14: The timing requirements are assumed 1T =2ns.
15: VIH(min) and ViL(max} are reference levels for measuring timing of input signals.

16: tRCD{max) is specified as a reference point only. i tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than 1RCD(max}, access time is

controlled exclusively by tCAC or tAA.
17: tRAD{max) is specified as a reference point only. |f tRAD 2 tRAD(max) and tASC = tASC(max), access time is controlled exclusively by tAA.
18: tASC(max) Is specified as a reference point only. If tRCD 2 tRCD(max) and tASC Z tASC(max), access time is controlled exclusively by tCAC.
19: Either tDZC or tDZO must be satisfied.
20: Either tRDD or tCDD or 100D must be satistied.
21: 1T is measured between ViH(min) and VIL(max).

Read and Refresh Cycles

Limits
Symbol Parameter M5M4V 16 165C-5,-58 | M5M4V16165C-6,-6S | MSMAV16165C-7,-78 Unit
Min Max Min Max Min Max
tRC Read cycle time a0 110 130 ns
tRAS RAS low pulse width 50 10000 60 [ 10000 70 | 10000 ns
fcas CAS low pulse width 8 | 10000 10 | 10000 13 ] 10000 ns
tcsH CAS hold time after RAS low 40 48 55 ns
1RSH RAS hold time after CAS low 13 15 20 ns
tRCS Read setup time before CAS low 0 0 0 ns
tRCH Read hold time after CAS high (Note 22) 0 0 0 ns
tRRH Read hold time after RAS high (Note22) | 10 10 10 ns
tRAL Column address to RAS hold time 25 30 35 ns
tcAL Column address to CAS hold time 13 18 23 ns
tORH RAS hold time after OE low 13 15 20 ns
10CH CAS hold time after OE low 13 15 20 ns

Note 22: Either tRCH or tRRH must be satistied for a read cycle.

z MITSUBISHI
ELECTRIC
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Write Cycle (Early Write and Delayed Write)

Limits
Symbol Parameter MEM4V18165C-5,-53 |MSMAV16165C-5,-68 | MEM4V18165C-7,-78 Unit
Min Max Min Max Min Max
twe Write cycle time 90 110 130 ns
tRAS RAS low pulse width 50 10000 60 | 10000 70 | 10000 ns
tcas CAS low pulse width 8 |10000] 10 |10000] 13 | 10000 ns
tcsH CAS hold time after RAS low 40 48 55 ns
tRSH RAS hold time after CAS low 13 15 20 ns
twes Write setup time before CAS low (Note 24) 0 0 0 ns
twon Write hold time after CAS low 8 10 13 ns
towL CAS hold time after W low 8 10 13 ns
tAwL RAS hold time after W low 8 10 13 ns
twp Write pulse width 8 10 13 ns
tDs Data setup time before CAS low or W low 0 0 0 ns
toH Data hold time after CAS low or W low 8 10 13 ns
Read-Write and Read-Modify-Write Cycles
Limits
Symbol Parameter M5MAV16165C-5,-59 | MSMAV16165C-4,-68 | MSMAV1S185C-7,-78 Unit
Min Max Min Max Min Max

tRWC Read write/read modify write cycle time (Note 23) | 109 133 161 ns
tRAS RAS low pulse width 75 | 10000 89 | 10000 | 107 | 10000 ns
fcas CAS low pulse width 38 | 10000 44 | 10000 §7 | 10000 ns
tcsH CAS hold time after RAS low 70 82 99 ng
tRSH RAS hold time atter CAS low 38 44 57 ns
tRCS Read setup time before CAS low 0 0 0 ns
tcwp Delay time, CAS low to W low (Note 24) [ 28 32 42 ns
tRWD Delay time, RAS low to W low (Note24) [ 65 77 92 ns
tawp Delay time, address to W low (Note24) [ 40 47 57 ns
tOEH OE hold time after W low 13 15 20 ns

Note 23: tRWC is specified as IRWC(min)=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+41T.
24: twes, 1cwD, tRWD and tAWD and, ICPWD are specified as reference points only. If tWCSZtWCS(min) the cycle Is an early write cycle and the DQ pins
will remain high impedance throughout the entire cycle. If tCWDZICWD(min), tRWD & tRWD(min), AWDZ IAWD(min) and {CPWDZ tCPWD(min)
(for hyper 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 abave condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate.

MITSUBISHI
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Hyper page Mode Cycle
(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycte, Hi-Z control by OE or W) (Note 25)
| Limits
Symbol Parameter M5MAV18165C-5,-58 |M5M4aV16185C-6,-68 |MsMavIBtesC-7,.78|  Unit
Min Max Min Max Min Max

tHPC Hyper page mode read/write cycle time 20 25 30 ns
tHPRWC Hyper page mode read write/read modify write cycle time 57 66 79 ns
tDOH Output hold time from CAS fow 5 5 5 ns
tRAS RAS low pulse width for read write cycle {Note 26) 65 [100000| 77 |100000|] 82 [100000 ns
tcp CAS high pulse width (Note 27) 8 13 10 16 10 16 ns
1CPRH RAS hold time after CAS precharge 30 35 40 ns
tCPWD Delay time, CAS precharge to W low (Note24) | 45 52 62 ns
tcHOL Hold time to maintain the data HI-Z until CAS access 7 7 7 ns
tOEPE OE Puise width (Hi-Z control) 7 7 7 ns
tWPE W Pulse width (Hi-Z control) 7 7 7 ns
tHowo Delay time, CAS low to W low_after read 28 32 42 ns
tHAWD Delay time, address to W low _after read 52 62 72 ns
tHPWD Delay time, CAS precharge to Wiow after read 62 72 82 ns
tHCOD Delay time, CAS low to OE high after read 13 15 20 ns
tHAOD Delay time, address to OE high after read 25 30 35 ns
tHPOD Delay time, CAS precharge to OE high after read 30 35 40 ns

Note 25: All previously specified timing requirements and swiiching characteristics are applicabie to their respective Hyper page mode cycie.
26: tRAS(min) Is specified as two cycles of CAS input are performed.
27: {CP(max) is specified as a reference point only.

CAS before RAS Refresh Cycle (Note 28)

Limits
Symbol Parameter M5MAV16165C-5,-58 | MSM4V16185C-6,-68 | MSM4V16165C-7,-78 Unit
Min Max Min Max Min Max
tcsh ‘CAS setup time before RAS low 5 5 5 ns
1CHR CAS hold time after RAS low 10 10 15 ns

Note 28: Eight or more CAS befora FAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode.

ELECTRIC 5 - 385
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SELF REFRESH SPECIFICATIONS
Self refresh devices are denoted by *S* after speed item, like -5S/ -6S/ -7S. The other characteristics and requirements than the below are
same as normal devices.

TIMING REQUIREMENTS (Ta=0~70'C, Vcc=3.3V10.3V, Vas=0V, unless otherwise noted, see notes 13,14)

| Limits
Symbol Parameter MSMAV18165C-55 [M5MAV16165C-6S [M5Mav16165C-7S|  Unit
Min Max Min Max Min Max
1RASS Self refresh RAS low pulse width 100 100 100 M8
1RPS Self refresh RAS high precharge time 90 110 130 ns
{CHS Self refresh RAS hold time - 50 - 50 - 50 ns

SELF REFRESH ENTRY & EXIT CONDITIONS

(1) In case of distributed refresh
The tast / first full refresh cycles (4K) must be made within tNs / tsN before / after self refresh, on the condition of tns264ms and
tsSN=64ms.

tns —’I
—TIT1

DISTHIBUTE[’)( REFRESH

DISTRIBUTED REFRESH
<4K/64ms >

< 4K/ 64ms >

(2) In case of burst refresh
The last / first full refresh cycles (4K) must be made within tns / tsN before / after self refresh, on the condition of tns +tsNS64ms.

NS SN
m m— 1 1 [ M
BURST REFRESH BURST REFRESH
< 4K/ 64ms > < 4K/ 64ms >

MITSUBISHI
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Timing Diagrams (Note 29)
Read Cycle

tRe
tRAS tRP
VIH - )
RAS \ /
ViL — —
1CSH
tchpP tRCD tRSH tcre
CAS
VH -
LCAS /UCAS \ /
ViL —
tRAL
tRAD
» tcAL "
SR
“ii tRAH tasc tcaH ol
Ao~Att ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
trcs tRRAH
1¢ —» tRCH
w
toze, tcoo
tROD
(INPUTS) vy — ezl
teac tREZ "
» fofFF
tAA 1OHC
tciz toHR
VOH — y N
~ i- -
DQ1~DQ1s Hi-Z / DATA VALID HI-Z
{OUTPUTS) voL — p
tRAC
tDZO tOEA tOEZ
tocH 100D
VIH —
o LB
Vit —
toRH

- m

Indicates the don't care input.
VIH(min)& VINS VIH(max) or ViL{min) SVINS VIL(max)

ZZ 2 Zz Z E indicates the invalid oulput.

P
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Byte Read Cycle
tRC
{RAS tRP "
—_— VIH —
s N /
viL -
tcsH {CAP
| {cRP tRCD tRSH
[CAs M-
(or UCAS) v -
tcas
UCAS ViK -
(or LCAS) i - /
tRAD tRAL
tcaL
UeR| |man tsc| [ toad UsR|
ViH ~
Ao~Att ROW COLUMN - ROW
ViL - ADDRESS ADDRESS ADDRESS
s tRAH
» tRCH
J— VIH -
w
ViL —
DQ! ~DQU VIH =
(or DQe~DQ1s)
(INPUTS) Vi -
DQ1~DQe VOH —
(or DQe~DQi1s) Hi-z
(OUTPUTS) VoL ~
tozc tcop
tROD ’
DQe~DQ1s gy "
- WAAAARA AR A
(or DQ1~DQe) SHAHAAINKS iz
(lNPUTS) ViL - 9. 0.0.9.0.0,0.5, trRez
tcac toHR twWez
tAA » tOFF
tcLz
DQe~DQie vou - iz =
guDT%‘L;g?t\!/)OL _ DATA VALID HiZ
tRAC
tbzo 1OEA | ez
1OCH o—.l tooo
o TSSO
OF XIS
O IHX I ISR I I
’.’.‘0’6’0’0‘0’.’.’0’.’0’0’:’:’:‘0 L XS m
tORH
| =
MITSUBISHI
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Early Write Cycle

we N
tRAS AP
VIH - Y
RAS \ / \
ViL —
fesH
tCRP tRCD tRSH N 1CRP
tcas
VIH —
[CAS / UCAS w \ [
viL -
sk
tAsR {RAH tasc tcAH [
> ¢} 4
PPV L ROW COLUMN ROW
ViL - ADDRESS ADDRESS ADDRESS

tWCH
w
DS toH
—
DQ1~DQ1e
(INPUTS) DATA VALID
DQ1~DQ1s YOH = HI-Z

(OUTPUTS) yo —

OF ViH — X

ViL -

MITSUBISH!
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oR ELIMIN AR‘\’ M5M4V16165CTP-5,-6,-7,-55,-6S,-7S
cona HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM
Byte Early Write Cycle
twe
thns tee

ViH- =" Y

™ - \ /N

tosH
tcRP tRCD tRSH
.

h—>
[cas M-
(or UCAS) ViL —
UCAS ViK — \
(orLCAS) y, -

SR tasc tAsR
t’:_» tRAH i tcAH

VIH —
Ao~A11 ROW COLUMN
ViL — ADDRESS ADDRESS

I

tcas {CRP

g|

DQ1~DQs _
{or DQe~DQ1s)
(INPUTS) VL —

DQ1~DQs yop —
(or DQe~DQ1e) f-2
(OUTPUTS) VoL —

oyl o

DQo~DQ16 vy —
(or DQ1~DQs)
(INPUTS)  viL —

DATA VALID

DQo~DQ1s

VOoH —
(or DQ1~DQs) Hi-Z
(OQUTPUTS) VoL —

ViH —
viL -

5 - 390 ELECTRIC



PRELIMINARY

PSRN

MITSUBISH! LSIs

M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Delayed Write Cycle

RAS

ViL =

VIH —
LCAS / UCAS

ViL —

ViH —
Ao-An

ViL =
. VIH -
W H

ViL —
DQi~DQis VM~
(INPUTS) vy -

DQi~DQ1s YOH —
(OUTPUTS) o —

twe
tRAS tAP
VIH — —!\ / ‘
tcsH tcAp
tcrP tRCD tRSH
tcas
e \ /
1ASR tRAH t:s_c. tcan sl tasR
ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
tcwL
\ tRWL
RCS » twp
tweH
ZC tos .
'2—0 M Iow
N Hi-Z { DATA
y ) VALID
tcLz
Hi-Z 7 K Hi-Z
Y/ A
1OEH
AW W N W WL W W W
$50tet00000000 Seletele

5 - 391
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MITSUBISHI LSis

MIN ARY M5M4V16165CTP-5,-6,-7,-5S5,-6S,-7S

Noti® ”‘. raatng bt are subiet
Some 01 HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM
Byte Delayed Write Cycle
twe
tRAS tRP

_ ViH . =
RAS \ /

viL —

tcsH
tcRP tRCD tAsH
cas -
(or UCAS) i —
tcas tcrp
ucas VM- \ /
{or LCAS) iL —
tasr {RAH ASC J—» tCAH -

Ac~An V- ROW i COLUMN ROW

ViL— ADDRESS | ADDRESS ADDRESS

foWL
tRCS tRWL

, " T
— H -
W \

viL =
DQ1~DQs , _
(or DQe~DQ16)
(INPUTS) V1L -
DQ1~DQs g, _
(or DQe~DQ1s) Hi-Z
{OUTPUTS) VoL =

tWCH
DQe~DQ ki
9~DQ1s VIH = R e R R R ) v
(0 DQI~DAs) IR K HiZ j@ DATA
(NPUTS) vy - 3 VALID
fcLz
DQe~DQ1s you _
(or DQ1~DQ8) Hi-Z , //l HI-Z
(OUTPUTS) VoL ~ ) 94 ¢
1OEH

202020 8-9020-9-0.0.0_¢_

20202020004
o 2ee %%
SRR
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M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Read-Write, Read-Modify-Write Cycle

tRWC N
. tRAS tRP
ViH- "
AAS \ / \
Vi =
tCSH tCRP
tcrRp tRCD tRSH
tcas N
ViH — r
LCAS /UCAS m \ /
ViL — tRAD
tasr tRAH tASR
> tAsC len {CAH M
Ao~Att Vin— ROW COLUMN ROW
ViL — ADDRESS ADDRESS ADDRESS
tawo tewl
tRCS J L tcwo tRWL
tRWD twp
_ VIH -
W \
viL -
tpzc s toH
ViH - N
DQ1~DQ1e } H-Z DATA VALID
(INPUTS) vy - tcAC
taA
tcLz
DQ1~DQ1s YOH = HI-2 DATAN Hi-Zz
{OUTPUTS) yq, — VALIDY
RAC
R
toEZ
DE
x MITSUBISHI
ELECTRIC 5 - 393



MITSUBISHI LSis

M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Byte Read-Write, Read-Modify-Write Cycle

RAS

VL —
LCAS Vik -
(or UCAS) y —
UCAS ViH —
{or LCAS) viL —

VIiH -
Ao~Att

viL -
— VIH —
w

ViL —
DQ+~DQa ViH —
(or DQe~DAQ16)
(INPUTS) ViL —
DQ1~DQs VOH —
(or DQe~DQi1s)

(OUTPUTS) VoL —

DQe~DQts vy _
(or DQ1~DQs)

(INPUTS)  wviL —

DQo~DQie VOH —
(or D ~DQs)

(OUTPUTS) VoL —

VIH -

tRwC
tRAS tRP
VIiH — __!\ / ‘
tcsH
{CRPlea tRCD tRSH
tcaAs , tcRP
Ind
tRAD
tASR AAH 1ASR
ol TN tasc e teaH "
ROW COLUMN ROW
ADDRESS ADDRESS ADDRESS
wo tow
tRcs - tewo ey
WD

twp
\AAAXLAAAAAS
\ 12020 l0t0t0tntetateterele
L0.0,0.0.0.0.0.9.0.0,0.4

Hi-Z
DH
tos
tbzc [
-
;‘ Z DATA VALID
fcac
tAA
toLz
Hi-Z DATA | Hi-Z
vALD §
{RAC
tood
tozo {OEA tOEH
e tOEZ
NN A AR A

TR CRRITDIIRN SRR
OO0 09,0059 0 0000600000, SO0, 00.0.0.0.0.0.0.0.0.¢

viL =

5 -394
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MITSUBISHI LSlIs

M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Read Cycle

tRas R tRP R
VIH- =
RAS \ /
ViL — 4
tcsH tHPC tRsH
tcRP tRCD tcas tcp tcas tcp tcas |
. VH-
LCAS / UCAS \ / \ \ /
ViL —
tRAD CPRH
tasr tasc tasc tasR |
- RAH 1ASC le_sl tcan . o fcaH R er tcaH R
Ao~A1t ViK - ROW ROW
~A1
ViL - @ ADDRESS @ COLUMN-1 COLUMN-2 % COLUMN-3 x ADDRESS
tRCS tRRH
fcaL tcAL tcaL tRCH
W VH -
Vi -
twez
tozc 10D »
tcop
DQ1~DQ1s Vm—m 3 Hi-Z
(INPUTS) ViL — 4 tcac tcac tcac B ez
tAA tAA taa "1 tonR
i tOFF N
tcL.z tDOH Lt&ou OHC
DQ1~DQs VOH = Hi-Z DATA DATA DATA
(OUTPUTS) v — VALID-1 ) VALID-2 VALID-3 )_
1RAC [ tcra tcea
> r
OEA
tozo | 1oez
1OCH
= s
viL ~ L
In—o topo
* MITSUBISHI
ELECTRIC 5 - 395
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MITSUBISHI LSis

M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Byte Read Cycle

1RAS trP
_ VIH — =
RAS \ /
viL —
1CSH tHPC tRSH
tcap 1RCD tcp tcas tcp
>
(CAS ik - \ ]
{or UCAS) vy -
tcas {cas tcRP
UCAS VK~ /
(or LCAS) viL — \, \
{RAD tCPRH
msc 1ASR
tasr| | tRaH tASCH— {CAH :_* tCAH tﬁ tCAH
Ao~Ar1 COLUMN-1 COLUMN-2 COLUMN-3 Aomss
tRAH
tCAL tCAL tcaL -—3 tRCH
w
tozc
DQ1~DQs yyyy _
{or DQe~DQ16) Hiz @
(INPUTS) ViL —
tcac REZ
taa OHR
DQI~DQAs you
- HI-Z
{or DQs~DQ1e) megz \
(OUTPUTS) VoL — ..
tcLz
toze tcPa 1700
tcoD
DQe~DQ1e vy — HLZ
{or DQ1~DQe) - @
(NPUTS)  wi - tcac tcac
tAA taa tWez
M toFF
tewz | [DoH toHe
DQs~DQ16 you —
{or DQ1~DQs, Hz DATS DATA }—
(OUTPUTS) VoL - VALID-1 VALID-3
tRAC tcrPa
tbzo fOEA
— toez
toCH
VIH —
OE
viL -
e oo
* MITSUBISHI
5 - 396 ELECTRIC
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MITSUBISHI LSls

M5M4V16165CTP-5,-6,-7,-55,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Early Write Cycle

ViH —
RAS

ViL =
R VIH —
LCAS / UCAS

viL —

VIH -
Ao~A11

ViL =
w
DQ:1~DQrs
(INPUTS)

DQ1~DQ1s YOH =
(OUTPUTS) o, ~

DATA
VALID-1

Hi-Z

DATA
VALID-3

v e
X

tRAS tRp
\ / \
tcsH tHPC tRSH
tcRP RCD tcAS tcp tCAS tcp tcas tcRP
%7 \ /N /N /
tcAL tcaL
tasR sC task
A | tRAH ‘AH tcaH tASC ICAH tasc ey L tCAH »
———
AOW ROW
@ ADDRESS@ COLUMN-1 COLUMN-2 COLUMN-3 @ ADDRESS
St
1
tWCH twes | | tweH | twes | | twon
tos| | tom tos | | tou tos | | tow
[—>| ¥

A A KA KA AR
R R
SOSCRS

z MITSUBISHI
ELECTRIC
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MITSUBISHI LSis

M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Byte Early Write Cycle

— ViH —
RAS

viL —
LCAS Vi —
(or UCAS) vy —
UCAS VI ~
(or LCAS) yy —

VIH —
Ao~A11

v -
. VIH —
w

viL —
DQ1~DQs VIH —
(or DQe~DQ16)
(INPUTS) VIL —
DQ1~DQs v,

{or DQe~DQ1s}
(QUTPUTS) VoL ~

DQs~DQ6 vy —
(or DQ1~DQs)
(INPUTS) VL —

DQs~DQ16 oy _
{or DQ1~DQs)
(OUTPUTS) Vou -

tRAS trRP
S
e 1CSH tHPC tRSH
tCRP "
[
/
. trco tcas tep tce tcas fcRP
{CAL tCAL
ICAR ' N ASR
tasR ’” tRAH tAsc"_. Al tasc bl 10" tasc ley] [oICAH
ROW ROW
ADDRESS COLUMN-1 COLUMN-2 COLUMN-3 ADDRESS
1 [
twes | | tweH twcs | | tweH twes | | twen
tos tDH DS {DH
DATA DATA
VALID-1 VALID-3
l
Hi-Z
tos | | toH
DATA
¥ VALID-2
HI-Z

5~ 398
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MITSUBISHI LSIs

M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

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

tRAS 1RP
ViH—-—""" 1
s \ /
viL —
tcsH , LR
tCRP tRCD tcas tHPRWC CAP
’H " tcP tcas "
VIH —
s 0~ ST \ R /
viL -
tRAD
tRAH tasc cWL
‘A.S_R. tASC e tean » — toan ! - tasR
ViH —
Ao~An ROW AOW
viL - w ADDRESS COLUMN-1 COLUMN-2 ADDRESS
. e
feS CWD
1 towp e | T e
——W- VIH — \ \
ViL =
tRWD 1CPWD
tozc
tozc s 1DH 2| s 1DH
DQi~DQis VIH - H-Z y DATA > Hi-Z F | oata
(NPUTS)  y, _ / \ VALID-1 Q{ VALID-2
1CAC tcac !
taa tAA
toLz — —slletolz
DQi~DQis YOH— Hi-Z oATAY H-Z DATAY Hi-Z
(OUTPUTS) v, — VALID ) vaLio )
tRAC
L» 00D loPA tooo
tozo , lOEA ozo tOEH
toEz = 10ez
— Vid —
OE
viL -

ELECTRIC
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M5M4V16165CTP-5,-6,-7,-5S5,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Byte Read-Write, Read-Modity-Write Cycle

tRAS trP
S ViH =~
RAS \ /
ViL —
o tcsH -o-L— tRWL
fcas VM-
(or UCAS) vy -
tRCD R tcas tHPAWC
» cp 1CAS e—] tCRP
UCAs Vi ~ \ / \ [
(or LCAS) vy —
tRAD
tasR hadii
SR ) tRAH tasc les tCAH tasc tcAH R tewL oo thsn
ViH —
Ao~ AOW ROW
RO o o Y
tAwD tAwD
tRCS 1cWD 1CWL] | trcs -stle tcwo
\ twp twe
. VIH —
’ 5% \ R
ViL —
tRWD tCPWD
DQI~DQs \,, _
{or DQe~DQ1s)
(INPUTS) Vi —
DQ1~DQs VOH — i
(or DQs~DQ1e) 2
(OUTPUTS) VoL —
tozc
toze 08 -t 'D_*i tos oH
DQs~DQ1s VIH — Hi-Z DATAI Hi-Z DATA
(:)r;)QwDQt\:/) _ y VALID-1 VALID-2 @ '
(INPUTS) VL tcAC tcac
w A
teLz —4—!— telz
DQe~DQ16 vy _
(or DQ1~DQs) Hi-2 { AV sl { 323.3 ) acs
(OUTPUTS) VoL ~ ] 2
toop tcPA toon
020 tOEH
toez j tOEA ez
O_E VIK — v’v v v.v.;.z A & ’v‘ .v‘ \
ViL —
MITSUBISHI
5 - 400 ELECTRIC
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MITSUBISHI LSIs

M5M4V16165CTP-5,-6,-7,-5S5,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Mix Cycle (1)

tRas RP
tRWL ’
VH- =
s \
ViL —
tcRP
tosH tHPC 0 tHPRWC
teap tRCD tcas tcP tcas | |tep tcas
VIH — \ towL
CAS / UCAS W \ [ \ \ * /
ViL —
tRAD
tsR tasc tasc tasr
ol | thau tasc sl 1 1CAH, W30 |lean tCAH N
onr RN e N o KX : s
~Al COLUMN-1 COLUMN-2 COLUMN-3
Vi — ADDRESS 5 ADDRESS
tRCS twes | [tweH 1cPWD
) tAWD
feaL |L CAL N tcwo
7 VIH - twp |
ViL - m / \
tozc tbze
tos toH oS toH
F—
pQi~bars VM- \ DATA DATA
(INPUTS) ViL — y teac VALID-2 A VALID-3
an tCAé
towz "H" wez towz
DQ1~DQ1s VOH = Hi-Z DATA DATA \
(OUTPUTS) yq, — IO f VALD
tRAC tcPA
020, 1A | oez tnzo | 1OEA | toEZ toEM
e
BE ViH — 357 '0:0:0:0:0:0:0'0'0:0:0:0:0‘
OO O
ViL — % A’A’A’:‘:‘:’:.A.A.A.A.:.A.A’A.A"‘
topo 100D
z MITSUBISHI
ELECTRIC 5 - 401
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HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

MITSUBISHI LSls
M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S

Hyper Page Mode Mix Cycle (2)

ViH —
RAS
ViL —
tHPC
VIH —
L[CAS / UCAS / \ [ \ A \
ViL ~ S —
tcp tcas {CAS
tasc tcaH tasc toaH tasc tcAH |
ViH —
Ao~An m@' COLUMN-1 COLUMN-2 @ COLUMN-3 ﬁ
viL = 1 |
1CAL tACH tcaL
twes twcH
_ VIH -
W IH \ /
viL = tHCwD
tHAWD on
HPWD tos > tozc
B r—*
0Qi~DQis VM- HI-Z DATA m HI-Z
VALID-2
(INPUTS) v — teac tcac
tAA e tAA
CPA " |tcra
tWEZ j-o] towz
DQ1~DQ1e YOH = 7 7 A DATA Hi-Z  OATA
(OUTPUTS) ysq, — "/, A /; VALID-1 VALID-3
tHCOD toEZ 0ze tOEA
tHAOD tobo ‘_.‘
tHPOD
— VH —
OE \
ViL - A S
MITSUBISHI
5 - 402 ELECTRIC
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MITSUBISHI LSIs

M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Read Cycle ( HI-Z control by (ﬁ)

tRP
VIH - ) 4
s \ / \
ViL —
tcsH tHPC tRSH
tCT’F; tRcD tcas cP tcas tcP tcAs tcRP
ViH - z T 3
LCAS / UCAS w \ \ / \ /
viL -
tRAD 1GPRH N
SR
uss’ tRA tasC ks {CAH :s_c' tCAH t:s_c’ tcaH
VIH — ROW AOW
Ao~At1 " _m ADDRESS COLUMN-1 COLUMN-2 COLUMN-3 x ADDRESS
{RAL tARH_
tRcs
tRCH
_ VIH —
w
ViL =
WEZ
tozc tADD
tcop
TN
(INPUTS) v, — tcac tcac tcac tREZ
taa R taa toHR S
M M v tOFF
tcLz 100H foz
{00 1OHC
DQ1~DQ1s YOH = Hi-Z DATA _< Bﬁlﬁ X DATA Hi-Z DATA }_
(QUTPUTS) 1 VALID-1 ALID ) VALID2 | VALID-3
tRAC toEz \cPA teea
fcHoL toEZ
toEZ
OE
toEPE |‘—' tooD
MITSUBISHI
AE.ECTRIC
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M5M4V16165CTP-5,-6,-7,-5S5,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Hyper Page Mode Read Cycle ( HI-Z control by w )

tRAS tRP
ViH ~ —— Y
RAS \ / \
ViL —
tcsH tHPC tRSH
tcRp tRCD tcas tcp tcas tcp 1CAS tCRP
ViH -
[CAS/ UCAS w \ / \ / \ /
viL - 4
tRAD {cPRH
USRI LI tasc oyl Lot tasc| | toan 1:9_& toaH tash
Ao-Art VK- ROW COLUM COLUMN.2 coLUMNS [ ROW
Vi — ADDRESS N1 " - X ADDRESS
tRAL tRRH
tRCs tRCH
tRes ) tACH
— ViH —
W m
ViL — \t
tWPE e
L toze | tRoD
1coD
DQ1~DQrs V'"‘m H-Z
INPUT _
¢ Show tcac toAc tcac tREZ
taa [ taa [
tcLz tDOH twez [toz {oFF
e 1OHC
DQ1~DQis YOH = Hi-Z DATA DATA HI-Z DATA
(OUTPUTS) g, - VALID-1 VALID-2 VALID-3
{CPA fcpa
l0EZ
7
—=» tODD
MITSUBISHI
5 - 404 ELECTRIC
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MIN ARY M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S
PREL\ i T @
T g HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM
Fis-only Refresh Cycle
tRC
tRAS tRP

ViH-"—"" X

RS, \ / N
tRPC
tcap H {CRP

VIH -
LCAS/ UCAS

viL -

usﬂb tRAH {ASRA -5

Ao~At1 ik - ROW ROW

viL = ADDRESS ﬂi
— ViH — R
w

ViL —
DQ1~DQ1s VIH -
(INPUTS) vy -
DQi~DQ1s VOH ~ Hi-Z

(OUTPUTS)yq, —

OE

P
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M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

CAS before RAS Refresh Cycle, Extended Retresh Cycle*

tRC if tRC
{RP 1RAS tRAS tRP
VIH —
S f N\ \ / \
VIL — _J
tRPC ICSR tCHR tRPC  ICSR tCHR tRPC
¢ — tcrp
. ——NH- W
LCAS/UCAS / / \_
viL — ) ]
4t tceN
le— tAsSR
Ao~An VM- @ ni ROW  V/ coLumn
viL - 19 DORESS/\ ADDRESS
— VIH ~
w
ViL — )
DQ1~DQ1e ViH - H
(INPUTS) - 1
tREZ
¥ tOHR
[+— toFF
toHe
DQi~DQ1s YOH - 4 " HiI-Z
(OUTPUTS) yq - 4 »
toEz
OE
MITSUBISHI
5 — 406 ELECTRIC



PRELIMINARY

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

MITSUBISHI LSIs

M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S

Hidden Refresh Cycle (Read) (Note 30)

tRC tRC
{RAS tRP tRAS {RP
VH - ——
AAS \ /
viL —
tcrp tRCD tRSH {CHR
VIH —
LCAS / UCAS \ /
ViL —~
tRAD
tasr
tASR tRAH tasc tCAH
Ao~Att ViH - m ROW @ COLUMN oW
ViL — ADDRESS ADDRESS ‘ADDRESS
tRCS tRAH
tRAL tRCH
_ VIH —
" SRRy
ViL —
tcoD
tozc tROD
(INPUTS) vy — 4 tREZ
tcac toHR
taa , tOFF
tcLz toHC
DQ1~DQis YOH = HI-Z DATAVALD } HI-Z
(OUTPUTS) y,, — i
Lilad toez
tnzo {OEA »
7 tORH tobD

OE

Note 30: Early write, delayed write, read write or read modify write cycle is applicable instead of read cycie.
Timing requirements and output state are the same as that of each cycle shown above.

S
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MITSUBISHI LSis

M5M4V16165CTP-5,-6,-7,-5S5,-6S,-7S

HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Self Refresh Cycle *

tRP

tRASS tAPS
VIH —
RAS / \ /
ViL — 7
\ tRPC
RPC
— tCSR tous tcrP
ViH —
[CAS / UCAS /
ViL = 1 ¢
1CPN
tasR
|
Ao~A11 Vi - :X AD%?*WSSX
ViL -~ E
fRRH
]
tACH tRCS
— VH -
W H
ViL -
tROD
tcop
DQi~0Qss V"~
{(INPUTS) ViL —

DQ1~DQ1e YOH ~ )

N Hi-Z
(OUTPUTS) VoL — 4
oE ViH —
viL -
MITSUBISHI
5 - 408 ELECTRIC
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ARY M5M4V16165CTP-5,-6,-7,-5S,-6S,-7S

v HYPER PAGE MODE 16777216-BIT (1048576-WORD BY 16-BIT) DYNAMIC RAM

Upper / (Lower) Self Refresh Cycle*

tRP

» tRPS
RAS ViH — \L tRASS jz i \—
ViL — / X i
tRPC trPc tcRP
_tcPN tCSR
UCAS VIH — 4 . tCHS N —
(or LCAS) viL ~ /
tRPC tcre
tRPC {crRP
¥ |4—v

|

LCAS VH ~
(or UCAS) , _

O

VIH — TR
Ao~A1 .0’0.0.
ViL -
tRCH
VIH —
w
ViL —
DQi1~DQis VIH -
(INPUTS) vIL —

Hi-Z

DQi1~DQis VOH—
(OUTPUTS) |, _

~

MITSUBISHI
ELECTRIC
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