MITSUBISHI LSIs

M5M4V4405CJ, TP-6,-7,-6S,-7S

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

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 low enough for battery
back-up application.

FEATURES

RAS CAS |Address| OE Cycle | Power

access | access | access | access | dissipa-
Type name time | time | time | time time | tion

(max.ns) (max.ns)(max.ns)(max.ns)| (min.ns)|(typ.mW;
M5M4V4405CXX-6, -6S| 60 15 30 15 110 264
M5M4V4405CXX-7, -7S| 70 20 35 20 130 231
XX=J, TP

® Standard 26 pin SOJ, 26 pin TSOP(Il)
® Single 3.3V+0.3V supply
® Low stand-by power dissipation

CMOS Input level ......ccccviiieeiiieiieeeeeee e 1.8mW(Max)*

CMOS Input level ......cccoviiieiiieeiieeiee e 180puW(Max)
® L ow operating power dissipation

M5M4V4405CXX-6, -6S ......ouvvvirrirririiiiiiiiiieieenens 288.0mW (Max)

MBMAVA405CXX-7, =TS vt 252.0mW (Max)
o Self refresh capabiility”

Self refresh current ..o 100pA(max)
® Extended refresh capability”

Extended refresh current ..., 100pA(Mmax)

e Hyper-page mode (1024-bit random access), Read-modify- write,
RAS-only refresh CAS before RAS refresh, Hidden refresh, CBR
self refresh(-6S,-7S) capabilities.

e Early-write mode and OE and W to control output buffer impedance

o 1024 refresh cycles every 16.4ms (Ao~A9)

o 1024refresh cycle every128ms (Ao~Ao)*

*: Applicable to self refresh version (M5M4V4405Cxx-6S,-7S:
option) only

APPLICATION

Lap top personal computer,Solid state disc, Microcomputer
memory, Refresh memory for CRT

PIN DESCRIPTION

Pin name Function
Ao~Ag Address inputs
DQ1~DQ4 Data inputs / outputs
RAS Row address strobe input
CAS Column address strobe input
W Write control input
OE Output enable input
Vce Power supply (+3.3V)
Vss Ground (0V)

PIN CONFIGURATION (TOP VIEW)

DQ1[I] O - 26] vss
DQ2[2] 25 DQ4
w3 24 DQ3
RAS[4] 23] CAS
Ao [5] = 22] OE
o
=
Sy
<
E-Y
B
o
a
Ao[9] o l1g] As
A1[10 7] A7
A2[1]] 16 As
A3[12] 18] As

vece [I3] [14] A4

Outline 26P0J (300mil SOJ)

DQ1 [1] ~ 26] vss
DQ2[2] 25 DQa
W [3] 24] DQ3
RAS[4] 23 cAs
As[B] = 22 OF
=
H
<
D
H
o
a
o
Ao[9] = 18] As
A1[10 7] A7
A2 [11] 116] A
A3 [12] [15] As

vee [13] [14] A4

Outline 26P3Z-E (300mil TSOP)
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EDO (HYPER PAGE MODE) 4194304-BIT(1048576-WORD BY 4-BIT) DYNAMIC RAM

FUNCTION

In addition to normal read, write, and read-modify-write operations
the M5M4V4405CJ, TP provide, a number of other functions, e.g.,

Table 1 Input conditions for each mode

Hyper Page mode, RAS-only refresh, and delayed-write. The input
conditions for each are shown in Table 1.

Inputs Input/Output
Operation - o ow | Column Refresh | Remark
RAS | CAS ] OE | 0w |SQumal input | Output
Read ACT | ACT | NAC | ACT | APD | APD | OPN | VID | YES |pyper
Write (Early write) ACT ACT ACT DNC APD APD APD OPN YES |Page
Write (Delayed write) AcT | AcT | AcT | Nnac | apD | AP | APD IvD | YES |mode
Read-modify-write ACT ACT ACT ACT APD APD APD VLD YES identical
RAS-only refresh ACT NAC DNC DNC APD DNC | DNC OPN YES
Hidden refresh ACT ACT DNC ACT DNC DNC OPN VLD YES
CAS before RAS refresh 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
| , , , , , ,
COLUMN ADDRESS Vcce (3.3V)
STROBE INPUT CAS »| CLOCK GENERATOR
ROW ADDRESS RAS CIRCUIT Vss (V)
STROBE INPUT
WRITE CONTROL W :j ——
INPUT
l A0 ~ A9 N @
- Ao | COLUMN DECODER DATA IN
AL l 777777777777777 l BUFFERS
A2 DQ1
A3 R SENSE REFRESH [ DATA
ROW & I AMPLIFER & 1 /O CONTROL DQ2L \\pUTS /
ADDRESS INPUTS < 4 COLUMN > DQ3| oyTPUTS
As ADDRESS ! DQ4
A6 BUFFER ! T W
A7 | ROW | MEMORY CELL *IDATA OUT
As A9 |DECODER || (4,194,304 BITS) BUFFERS
\ A9 ~outPuT
SN OE ENABLE
‘ INPUT
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce 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 \V]
lo Output current 50 mA
Pd Power dissipation Ta=25°C 1000 mwW
Topr Operating temperature 0~70 °C
Tstg Storage temperature -65 ~ 150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C, unless otherwise noted) (Note 1)
P ; Limits .
Symbol arameter Min Nom Max Unit
Vcc Supply voltage 3.0 3.3 3.6 \
Vss Supply voltage 0 0 0 Vv
VIH High-level input voltage, all inputs 2.0 Vee+0.3 Vv
DQ1~DQ4 -0. .
ViL Low-level input voltage Q1-DQ 0.3 0.8 v
others -0.3 0.8 \Y
Note 1 : All voltage values are with respect to VSs.
ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vcc=3.3V+ 0.3V, Vss=0V, unless otherwise noted) (Note 2)
Symbol P 1 Test diti Limits i
ymbo arameter est conditions Min Typ Max Unit
VoH High-level output voltage loH=-2mA 2.4 Vce \V;
VoL Low-level output voltage loL=2mA 0 0.4 V
loz Off-state output current Q floating, OVEVouTEVCC -5 5 YA
1] Input current OVEVINEVCC+0.3V, Other inputs pins=0V -5 5 HA
Average supply current | M5M4v4405C-6,-6S | RAS, CAS cycling 80
Icciav) | from Vee tRC=twc=min. mA
operating  (Note 3,4,5) | M5M4V4405C-7,-7S output open 70
RAS=CAS =VIH, output open 2
lcc2 (av) Supply current from Vcc, VIEMAVA405C - 05 mA
stand-by RAS=CAS3Vcc-0.2V
(Note 6) | M5M4v4405C(S) output open 0.05*
Average supply current M5M4V4405C-6,-6S| RAS cycling, CAS= VIH 80
lcca(av) | from Vce trRC=min. mA
refreshing (Note 3,5) | M5M4V4405C-7,-7S output open 70
Average supply current M5M4v4405C-6,-65| RAS=VIL, CAS cycling 80
Iccaav) from Vce tpc=min mA
Hyper-Page-Mode . 70
(Note 3,4,5) | M5M4V4405C-7,-7S| output open
Average supply current M5M4v4405C-6,-65| CAS before RAS refresh cycling 70
Icce(av) from Vcc, CAS before tRC=MinN. mA
RAS refresh mode
(Note 3) M5M4V4405C-7,-7S| output open 60
RAS cycling CAS£0.2V or CAS
before RAS refresh cycling
RASE£0.2V or 3Vcc-0.2V
CASEO0.2V or 3Vcc-0.2V
. | Average supply current WEOD.2V (Except for RAS fallin
Icca(av) from Vcc edae or(3V ?O oV g 100 HA
Extended-Refresh cycle (Note 6) | €dg€) ced.
OEE£0.2V or 3Vcc-0.2V
Ao~A9 £0.2V or®Vcc-0.2V
DQ=open
tRC=125ps, tRAS=tRAS min ~1us
Average supply current DAG—CAC
lccoav® | fromvee MsMavadosc(s) | RAS=CASEO.2V 100 HA
Self-Refresh cycle (Note 6) output open

Note 2: Current flowing into an IC is positive, out is negative.
3:1CC1 (Av), ICC3 (AV), ICC4 (AV) and ICC6 (AV) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.

4: Icc1 (AV) and Icc4 (Av) are dependent on output loading. Specified values are obtained with the output open.

5: Column Addres can be changed once or less while RAS=VIL and CAS=VIH.
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CAPACITANCE (Ta=0~70°C, Vcc=3.3V+0.3V, Vss=0V, unless otherwise noted)

" Limits
Symbol Parameter Test condition: Min Typ Max Unit
Ci(a) Input capacitance, address inputs Vi=Vss 5 pF
Ci(CLK) Input capacitance, clock inputs f=1MHz 7 pF
Ci/o Input/Output capacitance, data ports Vi=25mVrms 7 pF
SWITCHING CHARACTERISTICS (Ta=0~70°C, Vcc=3.3V+0.3V, Vss=0V, unless otherwise noted, see notes 6,14,15)
AHimits
Symbol Parameter M5M4V4405C-6,-6S | M5M4V4405C-7,-7S Unit
Min Max Min Max
tcac Access time from CAS (Note 7,8) 15 20 ns
tRAC Access time from RAS (Note 7,9) 60 70 ns
tAA Column address access time (Note 7,10) 30 35 ns
tcPA Access time from CAS precharge (Note 7,11) 33 38 ns
toEA Access time from OE (Note 7) 15 20 ns
toHc Output hold time from CAS 5 5 ns
toHR Output hold time from RAS (Note 13) 5 5 ns
tcLz Output low impedance time from CAS low (Note 7) 5 5 ns
toEz Output disable time after OE high (Note 12) 15 20 ns
twez Output disable time after WE low (Note 12) 15 20 ns
toFF Output disable time after CAS high (Note 12,13) 15 20 ns
{REZ Output disable time after RAS high (Note 12,13) 15 20 ns
Note 6: An initial pause of 200ys is required after power-up followed by a minimum of eight initialization cycles (RAS only refresh or CAS before RAS refresh

~

©x®

10:
11:
12:

13:

cycles)D@QQRQREPERE@E@QEAQEQRAQ@ @
Note the RAS may be cycled during the initial pause. And eight initialization cycles are required after prolonged periods (greater than tREF(max)) of
RAS inactivity before proper device operation is achieved.

: Measured with a load circuit equivalent to 100pF, VOH=2.4V(IOH=-2mA) and VOL=0.4V(lOL=2mA).

The reference levels for measuring of output signals are 2.0V(VOH) and 0.8V(VOL).
Assumes that tRCD3 tRCD(max) and tASC3 tASC(max) and tCP3tCP(max).

: Assumes that tRCDEtRCD(max) and tRADEtRAD(max). If tRCD or tRAD s greater than the maximum recommended value shown in this table, tRAC will

increase by amount that tRCD exceeds the value shown.

Assumes that tRAD3 tRAD(max) and tASCEtASC(max).

Assumes that tCPEtCP(max) and tASC3 tASC(max).

tOEZ (max), tWEZ(max), tOFF(max) and tREZ(max) defines the time at which the output achieves the high impedance state(IOUTE | +10pA |) and is
not reference to VOH(min) or VOL(max).

Output is disabled after both RAS and CAS go to high.
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Hyper-Page Mode Cycles)

(Ta=0~70°C, Vcc = 3.3V+0.3V, Vss =0V, unless otherwise noted, see notes 14,15)

Limits
Symbol Parameter M5M4V4405C-6,-6S | M5M4V4405C-7,-7S Unit
Min Max Min Max

{REF Refresh cycle time 16.4 16.4 ms
{REF Refresh cycle time* 128 128 ms
tRP RAS high pulse width 40 50 ns
tRCD Delay time, RAS low to CAS low (Note 16) | 20 45 20 50 ns
tCRP Delay time, CAS high to RAS low 5 5 ns
trRPC Delay time, RAS high to CAS low 0 0 ns
tcPN CAS high pulse width 10 13 ns
{RAD Column address delay time from RAS low (Note 17) 15 30 15 35 ns
tASR Row address setup time before RAS low 0 0 ns
tasc Column address setup time before CAS low (Note 18) 0 13 0 13 ns
{RAH Row address hold time after RAS low 10 10 ns
tCAH Column address hold time after CAS low 10 10 ns
tpzc Delay time, data to CAS low (Note 19) 0 0 ns
tpzo Delay time, data to OE low (Note 19) 0 0 ns
tRDD Delay time, RAS high to data (Note 20) | 15 20 ns
tcop Delay time, CAS high to data (Note 20) 15 20 ns
topb Delay time, OE high to data (Note 20) 15 20 ns
tr Transition time (Note 21) 1 50 1 50 ns

Note 14: The timing requirements are assumed tT =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. If tRCD is less than tRCD(max), access time is tRAC. If tRCD is greater than tRCD(max), access time is

controlled exclusively by tCAC or tAA.

@ 17: tRAD(max) is specified as a reference point only. If tRAD 3 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 3 tRCD(max) and tASC 3 tASC(max), access time is controlled exclusively by tCAC.

@ 19: Either tbzc or tbzo must be satisfied.
@ 20: Either tRDD or tCDD or tobbD must be satisfied.
@ 21: tTis measured between VIH(min) and VIL(max).

Read and Refresh Cycles

Limits
Symbol Parameter M5M4V4405C-6,-6S | M5M4V4405C-7,-7S Unit
Min Max Min Max
tRC Read cycle time 110 130 ns
tRAS RAS low pulse width 60 10000 70 10000 ns
tcas CAS low pulse width 10 10000 13 10000 ns
tcsH CAS hold time after RAS low 48 55 ns
tRsH RAS hold time after CAS low 15 20 ns
{RCS Read Setup time before CAS low 0 0 ns
tRCH Read hold time after CAS high (Note 22) 0 0 ns
{RRH Read hold time after RAS high (Note 22) 0 0 ns
tRAL Column address to RAS hold time 30 35 ns
tCAL Column address to CAS hold time 18 23 ns
tORH RAS hold time after OE low 15 20 ns
tocH CAS hold time after OE low 15 20 ns

Note 22: Either tRCH or tRRH must be satisfied for a read cycle.
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Write Cycle (Early Write and Delayed Write)

Limits
Symbol Parameter M5MA4V4405C-6,-65 | MSMAVA405C-7,-7S Unit
Min Max Min Max
twe Write cycle time 110 130 ns
tRAS RAS low pulse width 60 | 10000 70 | 10000 ns
tcas CAS low pulse width 10 | 10000 13 | 10000 ns
tcsH CAS hold time after RAS low 48 55 ns
tRsH RAS hold time after CAS low 10 13 ns
twes Write setup time before CAS low (Note 24) 0 0 ns
tweH Write hold time after CAS low 10 13 ns
towL ‘CAS hold time after W low 10 13 ns
fRWL RAS hold time after W low 10 13 ns
twp Write pulse width 10 13 ns
tDs Data setup time before CAS low or W low 0 0 ns
tDH Data hold time after CAS low or W low 10 13 ns
Read-Write and Read-Modify-Write Cycles
Limits
Symbol Parameter M5M4V4405C-6,-6S | M5M4V4405C-7,-7S Unit
Min Max Min Max
tRwC Read write/read modify write cycle time (Note 23) | 133 161 ns
tRAS RAS low pulse width 89 [10000 | 107 | 10000 ns
tcas ‘CAS low pulse width 44 | 10000 57 | 10000 ns
tcsH CAS hold time after RAS low 89 107 ns
tRSH RAS hold time after CAS low 44 57 ns
trCs Read setup time before0 CAS low 0 0 ns
tcwp Delay time, CAS low to W low (Note 24) 32 42 ns
tRWD Delay time, RAS low to W low (Note 24) 77 92 ns
tAwD Delay time, address to W low (Note 24) 47 57 ns
toEH OE hold time after W low 15 20 ns

Note 23: tRwC is specified as tRWC(min )=tRAC(max)+tODD(min)+tRWL(min)+tRP(min)+4tT.

@ 24: twcs, tcwb, tRwD, tAwD, and tCPWD are specified as reference points only. If twcs3 twcs(min) the cycle is an early write cycle and the DQ pins will
remain high impedance throughout the entire cycle. IftcwbD3 tcwD(min), tRwD3 tRwD(min), tAWD3 tAwD(min) and tCPwWD? tCPWD (min) (for fast page
mode cycle only), the cycle is a read-modify-write cycle and the DQ will contain the data read from the selected address. If neither of the above
condition (delayed write) of the DQ (at access time and until CAS or OE goes back to VIH) is indeterminate.
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Hyper page Mode Cycle
(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25)

Limits
Symbol Parameter M5M4V4405C-6,-6S | M5M4V4405C-7,-7S Unit
Min Max Min Max
tHPC Hyper page mode read/write cycle time (Note 26) 25 30 ns
tHPRWC Hyper Page Mode read write / read modify write cycle time 66 79 ns
tDOH Output hold time from CAS low 5 5 ns
tRAS RAS low pulse width for read or write cycle (Note 27) 77 100000 92 100000 ns
tcp ‘CAS high pulse width (Note 28) | 10 16 13 16 ns
{CPRH RAS hold time after CAS precharge 33 38 ns
tcPwp Delay time, CAS precharge to W low (Note 24) | 50 60 ns
tcHoL Hold time to maintain the data Hi-Z until CAS access 7 7 ns
toEPE OE Pulse Width (Hi-Z control) 7 7 ns
twPE W Pulse Width (Hi-Z control) 7 7 ns
tHCWD Delay time, CAS low to W low after read 32 42 ns
tHAWD Delay time, Address to W low after read 47 57 ns
tHPWD Delay time, CAS precharge to W low after read 50 60 ns
tHCOD Delay time, CAS low to OE high after read 15 20 ns
tHAOD Delay time, Address to OE high after read 30 35 ns
tHPOD Delay time, CAS precharge to OE high after read 33 38 ns

Note 25: All previously specified timing requirements and switching characteristics are applicable to their respective Hyper page mode cycle.
26: tHPC(min) is specified in the case of read-only and early write-only in Hyper page Mode.
27: tRAS(min) is specified as two cycles of CAS input are performed.
28: tcp(max)) is specified as a reference point only.

CAS before RAS Refresh Cycle (Note 29)

Limits
Symbol Parameter M5M4V4405C-6,-6S | M5M4V4405C-7,-7S Unit
Min Max Min Max
tcsr CAS setup time before RAS low 5 5 ns
tcHR CAS hold time after RAS low 10 15 ns
tRSR Read setup time before RAS low 10 10 ns
tRHP Read hold time after RAS low 10 15 ns
tcas CAS low pulse width 17 22 ns

Note 29: Eight or more CAS before RAS cycles instead of eight RAS cycles are necessary for proper operation of CAS before RAS refresh mode.

Self Refresh Cycle* (Note 30)

Limits
Symbol Parameter M5M4V4405C-6,-65 | M5M4V4405C-7,-7S Unit
Min Max Min Max
tRASS CBR self refresh RAS low pulse width 100 100 Hs
trRPS CBR self refresh RAS high precharge time 110 130 ns
fcHs CBR self refresh CAS hold time -50 -50 ns
tRSR Read setup time before RAS low 10 10 ns
tRHR Read hold time after RAS low 10 15 ns
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Test Mode Specification (Note 31)

ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vcc=3.3V+0.3V, Vss=0V, unless otherwise noted) (Note 2)

Limits
Symbol Parameter Test conditions Min Typ Max Unit
Average supply current | M5M4v4405C-6,-65 | RAS, CAS cycling 85
lcci(av) | from Vce tRC=twc=min. mA
operating (Note 3,4,5 M5M4V4405C-7,-7S | output open 75
Average supply current M5M4V4405C-6,-65 | RAS cycling, CAS= ViH 85
lccaavy | fromvee trRe=min. mA
refreshing ot 3,5 | M5M4v4405C-7,-7s | output open 75
Average supply current | \i5m4v4405c-6,-65 | RAS=ViL, CAS cycling 85
lccaay) | from Vee trc=min. mA
Hyper—Page—lz/ll\loodtg 34,5 | M5MA4V4405C-7,-7S | output open 75
Q(\)/renf E:EJCECSUPPW current | \ispavaq0sc-6,-6S | CAS b_efore% refresh cycling 75
ICC6AV) | CAS before RAS refresh tre=min. mA
mode (Note 3) | M5M4V4405C-7,-7S | output open 65
Note 31: All previously specified electrical characteristics, switing characteristics, and timing requirements are applicable to that of test mode.
SWITCHING CHARACTERISTICS (Ta=0~70°C, Vcc=3.3V+0.3V, Vss=0V, unless otherwise noted, see notes 6,14,15)
Limits
Symbol Parameter M5M4V4405C-6,-6S | M5M4V4405C-7,-7S Unit
Min Max Min Max
tcac Access time from CAS (Note 7,8) 20 25 ns
tRAC Access time from RAS (Note 7,9) 65 75 ns
tAA Column address access time (Note 7,10) 35 40 ns
tcpPA Access time from CAS precharge (Note 7,11) 38 43 ns
tOEA Access time from OE (Note 7) 20 25 ns
TIMING REQUIREMENTS (Ta=0~70°C, Vcc=3.3V+0.3V, Vss=0V, unless otherwise noted, see notes 14,15)
Read and Refresh Cycles
Limits
Symbol Parameter M5M4V4405C-6,-6S | M5M4V4405C-7,-7S Unit
Min Max Min Max
tRC Read cycle time 11F 13t ns
tRAS RAS low pulse width 65 |10000 75 |10000 ns
tcas CAS low pulse width 15 [10000 18 |10000 ns
tcsH CAS hold time after RAS low 53 60 ns
tRsH RAS hold time after CAS low 20 25 ns
tRAL Column address to RAS hold time 35 40 ns
tcAL Column address to CAS hold time 23 28 ns
toRH RAS hold time after OE low 20 25 ns
tocH CAS hold time after OE low 20 25 ns
Read-Write and Read-Modify-Write Cycles
Limits
Symbol Parameter M5M4V4405C-6,-6S | M5M4V4405C-7,-7S Unit
Min Max Min Max
tRWC Read write/read modify write cycle time (Note 23) 13€ 166 ns
tRAS RAS low pulse width 94 | 1000c 112 | 1000C ns
tCAS CAS low pulse width 49 | 10000 62 1000C ns
tcsH CAS hold time after RAS low 94 112 ns
tRsH RAS hold time after CAS low 49 62 ns
tcwp Delay time, CAS low to W low (Note 24) 37 47 ns
tRWD Delay time, RAS low to W low (Note 24) 82 97 ns
tAWD Delay time, address to W low (Note 24) 52 62 ns
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Hyper page Mode Cycle L
(Read, Early Write, Read-Write, Read-Modify-Write Cycle, Read Write Mix Cycle, Hi-Z control by OE or W) (Note 25)

Limits
Symbol Parameter M5M4V4405C-6,-6S | M5M4V4405C-7,-7S Unit
Min Max Min Max
tHPC Hyper page mode read/write cycle time (Note 26) 30 35 ns
tHPRWC Hyper Page Mode read write / read modify write cycle time 71 84 ns
tRAS RAS low pulse width for read or write cycle (Note 27) 82 |100000| 97 [100000 ns
tCPRH RAS hold time after CAS precharge 38 43 ns
tcPwD Delay time, CAS precharge to W low (Note 24) 55 65 ns
tHCWD Delay time, CAS low to W low after read 37 47 ns
tHAWD Delay time, Address to W low after read 52 62 ns
tHPWD Delay time, CAS precharge to W low after read 55 65 ns
tHCcoD Delay time, CAS low to OE high after read 20 25 ns
tHAOD Delay time, Address to OE high after read 35 40 ns
tHPOD Delay time, CAS precharge to OE high after read 38 43 ns
Test Mode Set Cycle
Limits
Symbol Parameter M5M4V4405C-6,-6S | M5M4V4405C-7,-7S Unit
Min Max Min Max
tWsR Write setup time before RAS low 10 10 ns
twWHR Write hold time after RAS low 10 15 ns
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Timing Diagrams (Note 32)

Read Cycle
P tRC
tRAS - tRP o
—_— VIH — \ { 3
RAS \ / \
ViL — /1
tcsH
tcrP tRCD tRSH o tcrRP |
tcas
VIH — f 4
CAS / \ /
ViL — Y
o tRAL |
tRAD < tcAL >
tasR | [tRAH e > tASrR
“—» < »> & < tcAH » [
Ao <A VIH = ROW | COLUMN " ROW
0 o VIL — ADDRESS; ADDRESS (ADDRESS
trRCs < > tRRH
B > (> tRCH
_ ViH — X
W /
ViL — |
tozc |« tcoD N
DQ1~DQ4 ViH = N Hi-Z 7
(INPUTS) ViL — Y L
tREZ tWEZ |«
tcac < >
™ > <« 1OFF | |
T toHR & 1OHC
tcLz < >
X \
DQi1~DQs4  VOH— Hi-Z i > Hi-Z
(OUTPUTS) I DATA VALID )
VoL —
tRAC
tpzo {OEA JOEZ|
D g tocH tobb
— VIH — /
OE /
ViL — A
toRrRH |
Note 32 Indicates the don't care input.

VIHmIn)EVINEVIH(max) or VIL(min)EVINEVIL(max)

Indicates the invalid output.
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EDO (HYPER PAGE MODE) 4194304-BIT(1048576-WORD BY 4-BIT) DYNAMIC RAM

Early Write Cycle

RAS

CAS

Ao~Ag

z|

DQ1~DQ4
(INPUTS)

DQ1~DQ4
(OUTPUTS)

ViL —

VIH —
ViL —

VIH —
ViL —

VIH —

VIH —
ViL —

twe
tRAS tRP
VIH — 5\ \
tcsH
tCrRP trRCD tRSH tcrP
< <>
tcas ‘
tASrR
tASR tasc
! e tRAH “-> tCAH F—»
ROW ) COLUMN | ROW
ADDRESS | ADDRESS | ADDRESS
twes tweH
toH
tDs [ >
/ \
>< DATA VALID ><
Hi-Z

VOH —

VoL —

VIH —
ViL —
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M5M4V4405CJ,TP-6,-7,-6S,-7S

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

Delayed Write Cycle

RAS

CAS

Ao~Ag

gl

DQ1~DQ4
(INPUTS)

DQ1~DQ4
(OUTPUTS)

ViL —

twe N
tRAS > tRP
VIH — 5\ \
ViL —
tCsH tcrP
tcrp tRCD tRSH
< tcas >
VIH — 7( \ /
ViL — X /
tASR tRAH tasc tcAH
> > gl > »letASR
VIH — i ROW COLUMN ] ROW
ADDRESS ADDRESS ADDRESS
ViL — \ 1
tcwL
trCs LU
d twp
VIH — \ /
ViL — X i
twcH
tbzc tos toH
g e < »>
ViH — N Hi-Z 7 >< DATA ><
viL - 4 \ VALID |
tcLz
VoH — Hi-Z Vi Hi-Z
VoL — \
tOEH
tozo »>—<{OEZ >
‘ <—>‘ tobb
VIH —
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M5M4V4405CJ,TP-6,-7,-6S,-7S

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

Read-Write, Read-Modify-Write Cycle

RAS

CAS

Ao~Ag

g|

DQ1~DQ4
(INPUTS)

DQ1~DQ4
(OUTPUTS)

VIH —
ViL —

VIH —
ViL —

VIH —
ViL —

VIH —
ViL —

VIH —
ViL —

VOH —

VoL —

VIH —
ViL —

tRWC R
tRAS tRP
tcsH tCcrRP
) tRCD tRSH i -
tCcrRP ’4» N > >
tcas
7 X /
tRAD N /
tASR tRAH tcAH
> > tASC [P < » tASR
i ROW | / COLUMN ROW
! ADDRESS | \ ADDRESS ADDRESS
tAwD N
tRCS [—|—»] |¢ tcwp NPT
tRWD | tRWL
B g twp
/ \ .
s y toH R
tozc [
> Hi-2 < DATA VALID ><
/ tcac ]
tAA |
tcLz
<>
Hi-Z DATA X Hi-z
VALID
W
tRAC
< > le—»{toDbD
tpzo toEA {OEH |
»—« tOEZ
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M5M4V4405CJ,TP-6,-7,-6S,-7S

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

Hyper Page Mode Read Cycle

trRAS tRP
ViH-— ) ]
RAS \ / (-
ViL — 7
tcsH Ul tHpPC  IRsH
tcrP tRCD tcAs tcp tcas tcP | tcas
ViH — f (Y 1 (
CAS / \ / \ / \ /
ViL — 7 7 \ 7
tRAD N tCPRH tASR
tASR tRAH tCAH tAsc tcAH tasc tcAH
> < tASC 4> |« > > [—>| |« < >
ViH — ROW | | COLUMN-2 | COLUMN-3 ROW
Ao~Ao i — ADDRESS COLUMN-1 | I ” I ’ ADDRESS
trCS tRAL tRRH
tcAL tcAL tcAL > tRCH
o VIH — r
W _
ViL— |
twez
< e tRDD
b tcob
VIH — i- ) N
DQi~DQs M \ -z
(INPUTS) vy — / tcac _tcac tcac | ez Nl
taa tAA Lt T T torr ]
) tcLz ] ) tDoH ] ) t I {OFF
DOH
N N o .
v B 2 YO )
(OUTPUTS) vo, I VA - ”
tRAC R . tcPA tcrPA
tpzo toEA N g
> [ toez
tocH < >
. VIH — \ (
OE ViL — X /
l«—»{ toDD
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M5M4V4405CJ,TP-6,-7,-6S,-7S

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

Hyper Page Mode Early Write Cycle

RAS

CAS

Ao~Ag

£

DQ1~DQ4
(INPUTS)

DQ1~DQ4

ViL—

VIH-

ViL—

VIH-

tRAS tRP
< > P>
VIH- —3\ }7
| 7 —
tcsH U e tHPC _ tRsH
tcrP | le tRCD o As P tcas tcP ) tcas R tcrP
4 \ /l X\ 4\ £:_
/ \ 7 X \ 7
e tcAL p tCAL
tASR tRAH tasc tcaH tasc tcAH tasc tcAH tASR |
> e » > |« > > > |e »| < d
ROW | ) | | ) ( ROW
X ADDRESS ( COLUMN-lX X( COLUMN-2>< X( COLUMN-B}X ><( ADDRESS

ViL-

ViH-

ViL—

VIH-
ViL—

VOH—

(OUTPUTS) yoL—

VIH-
ViL—

twcs twcH twcs twcH twcs twcH
< > |«  — » < »
tbs toH tbs tbH tbs tbH
“—> < [
/
DATA DATA DATA
. VALID-1 VALID-2 VALID-3

Hi-Z
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M5M4V4405CJ,TP-6,-7,-6S,-7S

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

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

tRAS tRP

_ VIH— \ { 3
RAS \ / \

ViL— y

tCsH tRWL
> -
tcrP tRCD tcas tHPRWC tcrp
g T ter tcas T

VIH- \
\ /N /

ViL - i |

tRAD
tASR| |tRAH tcAH tasc tCAH tewL
> > TASC 4> [« > > > <«—> le» tASR

VIH- / \ / \ /
Ao~A9g ROW ROW
><ADDRESS><:>< COLUMN-1>< >< COLUMN-2 §< >< ADDRESS
ViL— X 7 X V/ \
tawp tawD R
trRCS "l towL - g
RS e tcwp i tRCS T, tcwp R
twp twp
_ VIH- < > \ >
" / \ | // \
ViL— y \ y
tRWD tcPwpD
tozc tbzc
< > tbs < toH > | > tDS;\ < toH >
DQ1~DQa  ViH- 3 Hi-z €><‘ DATA \’C Hi-Z / DATA ’><
INPUTS | VALID-1 \ VALID-2 |
( ) ViL- 7 tcac Y tcac
tAA taa
tcLz > tcLz
DQ1~DQ4 VoH- Hi-Z | DATA \ Hi-Z T DATA Hi-Z
VALID-1 VALID-2
(OUTPUTS) voL- . 4 \ /
tRAC
< > |«—» tODD < tcPA > > <-tOoDD
tbzo  toEA tbzo ‘ tOEH
—> > »> < >
»— < tOEZ «—> > toEz
VIH- r 3\ toEA 1 Y

OE /
ViL— |\
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LSls

M5M4V4405CJ,TP-6,-7,-6S,-7S

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

Hyper Page Mode Mix Cycle (1)

RAS

CAS

Ao~Ag

=

DQ1~DQ4
(INPUTS)

DQ1~DQ4

VIH-

ViL—

VIH-

ViL—-

VIH-

ViL—

ViH=

ViL—

VIH-
ViL—

VOoH—

(OUTPUTS) v -

VIH-

ViL—

trRAS tRP
tRWL
N /" tcrp
tcsH | tHPC e tHPRWC <N
tcrP tRCD tcas tcp tcas tcp tcas
P > < > >
tcwi
/ N/ N N /
7 X 7 \ 7
tRAD
tasr thAH IASC'<—> _tcaH tasc tcAH tasc tcAH tAsr
| ROwW 1 I COLUMN-2 T] JCOLUMN-C’; | Row
| ADDRESS| | COLUMN-1 X | | ADDRESS
¢ tcpwD
RCS >
. R > twes . twcH tAWD
P tcaL L tcaL tcwp twp
< > [ > > >
s 3\ [
/ \( / 8 v
tbzc tbs tDH
b " i >
\
\ / DATA
7( tcac _ tha \ VALID-3
tan tcac
<« >
tcLz »—<4—twEZ tcLz
> —»
) \ y
Hi-Z DATA N DATA
VALID-1 VALID-3,
. tRAC 7 \
b tbzo | tOEA tcPa |
< > P>
tocn | 1OEZ tozo tOEA| toEz tOEH
|l
< > >4 >
1\ s \
A /
tobb tobb
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M5M4V4405CJ,TP-6,-7,-6S,-7S

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

Hyper Page Mode Mix Cycle (2)

VIH-
RAS
ViL—
ViH— —  \ |\ Y \
CAS \ / \ \
ViL— \ 7 N 7 |
tcp tcas tcas
tasc tCAH 7 tasc | | tcan tASC | tcaAH
ViH— Y i
Ao~A9 >< COLUMN-1 >< COLUMN-2 COLUMN-3
ViL— A\ X
tcAL tRCH tcAL
twcs twcH
. ViH— \ 00
w tHCcwD \
ViL— \ Vi
tHAWD
< »> tDH
tHPWD . s |- toze
l—>|
DQ1~DQ4 ViH- Hi-Z / DATA )>< ) Hi-Z
(INPUTS)  \, _ \ /A vALID-2 I | tonc
tcac wanl® >
taa >
< > twez tcpPa
tcPA N >
v ! toLzie—>|
DQ1~DQ4 OH { DATA X Hi-Z DATA
(OUTPUTS) VoL — \ VALID-1 4 VALID-3
tHcoD tbzCc | toea
tHAOD toEZ RN
b tHPOD | [ toop

=F VIH—

ViL-

/
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M5M4V4405CJ,TP-6,-7,-6S,-7S

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

Hyper Page Mode Read Cycle ( Hi-Z control by OE )

tRAS tRP
_ V=" £
RAS \ / \
ViL— 7
tcsH . tHPC | | tRsH
tcrP tRCD N tcas tcp tcas _ fep " tcas tcrRP
VIH- 7 \ .\ — \ S E—
CAS / \ / \ \ /
ViL— X 7 \ F
tRAD tCPRH
tAsrR tRAH tcAH tasc tCAH tasc | | tcaH fASR |
>t ——p (ASCled |« »> [l > «> |« > < >
Ao~Ag Vik= | ROW f 3 / \ ( Row
ADDRESS COLUMN-1 >< COLUMN-2 COLUMN-3 x ADDRESS
ViL— \ \ 1 \ 1 X
tRAL tRRH
trRCs D a0 i
> (> tRCH
_ VIH— 7
v /
ViL—
tWEZ
tpzc
< > tRDD
tcbb
DQ1~DQs  ViH- N Hi-Z /
(INPUTS) / toac | Jere | DL tREZ [ —
2O L J Y o | )
> < > < > e ‘orr :
toHC
DO1~DQs  VOH— Hi-Z DATA )>_
(OUTPUTS) yo - VALD-3 | )
<« (OEZ ]
o VIH-
OE /
ViL—
«—»tobD
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M5M4V4405CJ,TP-6,-7,-6S,-7S

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

Hyper Page Mode Read Cycle ( Hi-Z control by W)

tRAS tRP
J— VIH- \ /.
RAS \ / \
ViL— X 1
tesH o e tHPC N | tRsH
tcrp trRCD . CAs || tcp tcas tce | teas {CRP
ViH- [ \ Y\ 1
/ \ /N N /
ViL- 7 X 1 \ 7
tRAD ‘ tCPRH
tAsR | | tRAH tcAH tasc | | tca tasc | | tcaH tASR
> — < > tASCe> i« > > > [—> |« > « i
ViH- / \ / \ \
Ao~Ag ROW ROW
ViL— ><(ADDRESS><:><( COLUMN-1 ;>< >< COLUMN-2 >< >< COLUMN-3 7§< >< ADDRESS
tRAL tRRH
tRCS tRCH —» N BN >
v »te-trCs +—>/trRCH
_ ViH-
v /
ViL— F
—>| twez
t twPE
PRSI tRDD
tcop
DQ1~DQa  ViH- \ Hi-Z N T
(INPUTS) ViL— / tcac, ‘tCAC R tcac . mez
< taa > tha > L > : toHR
tcLz tboH twez  |tcLz torF >
—» —pl —» —P| < toHC >
DQ1-DQs VoM™ Hi-Z f DATA 7/ DATA \_HiZ ( DATA ’}_
(OUTPUTS) voL- \ VALID-1 X VALID-2 . VALID-3 1
tRAC _ » tCcPA P tcrPA |
tozo b b v
le—»/tOEA toEz
« 1OCH < >
__ VIH- s
OE \ /
ViL—
[«—>»{topD
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EDO (HYPER PAGE MODE) 4194304-BIT(1048576-WORD BY 4-BIT) DYNAMIC RAM

RAS-only Refresh Cycle

_ VIH-
RAS

ViL—
I VIH-
CAS

ViL—-
Ao~Ag Vik=

ViL—-
_ ViH—
W

ViL—

DQi1~DQs4  VIH-
(INPUTS) ViL—

DQ1~DQ4 Vor-
(OUTPUTS) voL-

_ VIH-
ViL-

tCcrRP

tRC

tRAS

trRP

trRPC

tcrP

tRAH

ully
\Y

tasr

ROW
ADDRESS

X

ROW
ADDRESS

Hi-Z
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M5M4V4405CJ,TP-6,-7,-6S,-7S

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

CAS before RAS Refresh Cycle, Extended Refresh Cycle*

‘ trRC SS e tRC .
trRP tRAS tRAS < trRP
< > > < »| |
_— ViH- S_\, |
RAS / \ \
ViL— 7 \ 7 Vi
tRPC tcsrR tCHR tRPC  tCSR tCHR trRPC > {CRP
>+ < > > < >
—_— ViH- 4
CAS /
ViL— Vi i < i
i 27 T
1 tcen
tASR
g5 :
Ao~Ao ViH— ROW COLUMN
ADDRES ADDRESS
ViL— Ss )
tRRH
>
HtRCH tRSR| | tRHR tRSR | | tRHR RCs
h '\ < > ( < »
W VIH— T 2 A
ViL— SS
(C
DQi1~DQ4  ViH- )
(INPUTS) ViL— %
> tREZ
> tOHR
> toFr
<+«—> toHC
T
DQ1~DQa Von \ ( Hi-z
(OUTPUTS) vor— 4 2
toEz .
VIH- ))
OE

ViL— (
)
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LSls

M5M4V4405CJ,TP-6,-7,-6S,-7S

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

Hidden Refresh Cycle (Read) (Note 33)

RAS

CAS

Ao~Ag

g

DQ1~DQ4
(INPUTS)

DQ1~DQ4

(OUTPUTS) /o,

trRC trRC R
tRAS tRP tRAS tRP |
VIH — \ \ /f
ViL — \ \ \
tcrp tRCD tRSH tCHR
VIH — ‘\ /
ViL — / \
tRAD
> tASR
tasR tRAH tasc tCAH <
ViH = ROW | (T T coLumn —
ADDRESS ADDRESS ADDRESS
ViL — Vi X X
JRCs tRRH
< tRAL «—>
tRCH
VIH — f A
ViL — / \
tcop
tpze >
tRDD
ViH — X Hi-Z 7[—
ViL — / tREZ \
tcac OHR
. tAA . toFF
tcLz toHC
———P
VoH — Hi-Z Hi-Z
DATA VALID
tRAC N
tozo toEA oz,
> > topb
tORH < >
VIH — \
ViL — /

Note 33: 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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M5M4V4405CJ,TP-6,-7,-6S,-7S

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

Self Refresh Cycle* (Note 30)

trRP tRASS tRPS
I VIH- s \ 'S
RAS / \ / \
ViL— 7 \
tRPC
tcrP
trRPC tcsr <>
«> [ {CHS ¢, ‘
_ VIH- / Y \
cAs / \ / \
ViL— 7 X i
tcPN
|
tAsrR
VIH-
Ao~Ag >< ROW ><
ADDRESS
ViL—
tRRH
tRCH tRSR tRHR trRCs
> <—>‘ »—
_ VIH- 3 7
w
ViL—
tRDD
tcop
~ VIH- :
o0 0 S
( ) ViL— N
«—>» tREZ
» tOHR
< » tOFF
< » tOHC
DQ1~-DQ4 VOH— N Hi-Z
(OUTPUTS) v = /
toEz
tobp

VIH- /

OE /
ViL—
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M5M4V4405CJ,TP-6,-7,-6S,-7S

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

Test Mode Set Cycle (Note 34)

tRC
tRP tRAS tRP
J— VIH — ) )
RAS / \ / \
ViL — \
tRPC tcsr tRP!
le» fCHR » REC MICRP
—_— VIH — R
CAS / / \
ViL — ) I
tcPN
tasr
<>
ViH — f rRow \/COLUMN
Ao~Ag ADDRESS/\ ADDRESS
ViL — \
tRCH twsr tWHR tRes
4—7 [ I ’4—>
. VIH —
W
ViL —
DQ1~DQa ViH —
(INPUTS) ViL —
toFF
DQ1~DQ4 VOH — Hi-Z
(OUTPUTS) VoL —
toEz

VIH —
OE
ViL —

Note 34: The cycle is also avaiilable for initialization 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 terminated by either a CAS before RAS(CBR) refresh or a RAS only refresh cycle.
During the test mode, the device is internally organized as 4-bits wide (256 kilobytes deep) for each DQ (input / 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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M5M4V4405CJ,TP-6,-7,-6S,-7S

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

Note 30 : Self refresh sequence
Two refreshing methods should be used properly depending on the
low pulse width(trass) of RAS signal during self refresh period.

1. Distributed refresh during Read / Write operation
(A) Timing Diagram

Read / Write Cycle L
e

Self Refresh Cycle |
e

Read / Write Cycle

tNSD tRASS® 100ps tSND

RAS \ /] 5_’§

T

5_

last
refresh Cycle

first
refresh cycle

Table 2
. Read / Write » Self Refresh»
Read / Write Cycle Self Refresh Read / Write
CBR distributed tNSDEL25Us tSNDEL25us
refresh
RAS only
distributed refresh INSDELBUS {SNDE16pS
(B) Definition of distributed refresh
tREF R
tREF/1024 tREF/1024
__ 5 —
RAS
> > d( <
refresh read/write refresh refresh read/write
cycle cycles cycle cycle cycles

Definition of CBR distributed refresh
(Including extended refresh)

The CBR distributed refresh performs more than 1024
constant period(125us max.) CBR cycles within 128 ms.

Definition of RAS only distributed refresh
All combinations of nine row address signals (Ao~A9) are
selected during 1024 constant period(16ps max.) RAS only
refresh cycles within 16.4 ms.

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

1.1 CBR distributed refresh

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

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

1.2 RAS only distributed refresh

® Switching from read/write operation to self refresh operation.
The time interval tnsb 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 16ps.

o Switching from self refresh operation to read/write operation.
The time interval tsno from the rising edge of RAS signal at the
end of self refresh operation to the falling edge of RAS signal in
the first CBR refresh cycle during read/write operation period
should be set within 16ps.
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EDO (HYPER PAGE MODE) 4194304-BIT(1048576-WORD BY 4-BIT) DYNAMIC RAM

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

Read / Write

v
a

Self Refresh

Read / Write

tNSB tRASS? 100ps tSNB

RAS \ / S_’SY

e
first refresh cycles
refresh cycles 1024 cycles

Table 3
. Read / Write—» Self Refresh—
Read/Write Cycle | ggf Refresh Read / Write
CBR burst tNSBEL6.4Ms tsNBEL6.4ms
refresh
RAS only tNsB+tSNBE16.4ms
burst refresh

(B) Definition of burst refresh

16.4ms

"
refresh cycles last
1024 cycles refresh Cycles

_ )
RAS

£«

Y AwEwE

refresh cycles
1024cycles

Definition of CBR burst refresh

The CBR burst refresh performs more than 1024
continuous CBR cycles within 16.4 ms.

Definition of RAS only burst refresh

All combination of nine row address signals (Ao ~A9)
are selected during 1024 continuous RAS only refresh
cycles within 16.4 ms.

2.1 CBR burst refresh

® Switching from read/write operation to self refresh operation.
The time interval ns 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.

e Switching from self refresh operation to read/write operation.
The time interval snob 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.

read/write cycles

2.2 RAS only burst 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
falling edge of RAS signal at the start of self refresh operation
should be set within tnse(Shown in table 3).

o 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 tsns(shown in table 3).




