OKI Semiconductor
MSM514410B/BL

1,048,576-Word x 4-Bit DYNAMIC RAM : FAST PAGE MODE TYPE (WRITE PER BIT)

DESCRIPTION

The MSM514410B/BL is a new generation dynamic RAM organized as 1,048,576-word x 4-bit. The
technology used to fabricate the MSM514410B/ BL is OKI's CMOS silicon gate process technology.
The device operates at a single 5V power supply. Its [/O pins are TTL compatible.

FEATURES

* Silicon gate, quadruple polysilicon CMOS, 1 transistor memory cell

» 1,048 576-word x 4-bit organization

* Single 5V power supply, #10% tolerance

* Input ‘TTL compatible

¢ Output  TTL compatible, tristate

* Refresh  :1024 cycles/16ms, 1024 cycles/128ms (L-version)

« Fast page, write per bit mode capability

o CAS before RAS refresh, Hidden refresh, RAS-only refresh capability
¢ Multibit test mode capability

* Package:
26-Pin 300mil Plastic SOJ (50J26-P-300)
20-Pin 400mil Plastic ZIP (ZIP20-P-400)
26-Pin 300mil Plastic TSOP  (TSOP26-P-300-K) (TSOP26-P-300-L)
PRODUCT FAMILY
Family Access Time (Max.) Cycle. Time Power Dissipation
trac | taa | tcac | toEa (Min.} Operating (Max.) | Standby (Max.)
MSM514410B/BL-60 | 60ns | 30ns | 15ns | 15ns 110ns 550mW
MSM514410B/BL-70 | 70ns | 35ns | 20ns | 20ns 130ns 495mW 5.5mw/
MSM514410B/BL-80 | 80ns | 40ns | 20ns | 20ns 150ns 440mwW 1.1mW (L-version)
MSM514410B/BL-10 {100ns | 50ns | 25ns | 25ns 180ns 385mW
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OKI Semiconductor MSM514410B/BL
PIN CONFIGURATION (TOP VIEW)
DQ1 1] 26] Vs o
pQ2[2] 25| D04 Dgg % 2] TAS
WEWE 3] = 241003 Vss [5 | = 4] oos
RAs[4] 2 23] CAS 002 [7] g [e]oa
w5 2 [l mss] 2 W
z N Ol
Ay E g E Ag A @ 2 E} Ay
Ay @ é E A Voo IE g E A
Az E E As As E E Ag
A 12 5] As 19 18] A
Vee (13 [14] Aq 20] As
26-PIN SOJ 20-PIN ZIP
§J=300mil
pat [1] 26] Vss Vss [26] 1] oat
a2 [2 25] DO4 DQ4 [25) 2] DO2
WE [3] = 24] D03 DQ3 [24] = (3] WE
RAS [4] g 23] WB/WE TAS [23] Z 4] RAS
Ag (5] § 22] OF OE [22] E"ﬁ 5] Ag
= S
Ao 9] % 18] As Ag [18] g 9] A0
A+ [10] = 7] A7 A [17] = 10] A1
A [i1] 16] As As [16 1] Ao
A 2] 5] As As 15 12] A3
Vee [13] 14] Ay Aq [14) 13] Voo
26-PIN TSOP 26-PIN TSOP
(K TYPE) (LTYPE)
Pin Name Function
Ag - Ag Address Input
RAS Row Address Strobe
CAS Column Address Strobe
DQ1-DQ4 Data Input/Data Qutput
OF Output Enable
WBAWE Write Enable
Ve Power Supply (5V)
Vss Ground (OV)
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OKI Semiconductor

MSM514410B/BL
FUNCTIONAL BLOCK DIAGRAM
=iT Timing
RAS Generator Timi
_— iming
CAS r Generator
Column Write o
Address Column Somerator WEIWE
Buffers Decoders
OF
1 l
Ao- AQE Internal Refresh sense Amps |1 VO =T output
Counter Control Clock L= Selector e Buffer
Row - DQ1 - DQ4
Address é’ ?,
Buffers = g Memory Input
] 2 Cells Buffer
& @
P w
Vee
Vgg ——— =
On-chip Vgg
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OKI Semiconductor MSM514410B/BL
ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings
Parameter Symbol Rating Unit
Voltage on Any Pin Relative to Vss V1 -10ta7.0 Y
Short Circuit Qutput Current los 50 mA
Power Dissipation Pp* 1 w
Operating Temperature Topr 0to70 °C
Storage Temperature Tstg -5510 150 °C
* Ta=25°C
Recommended Operating Conditions
perating (Ta = 0 to 70°C)
Parameter Symbol Min. Typ. Max. Unit
Voo 45 5.0 55 \'
Power Supply Voltage
bl g Vss 0 0 0 \'
input High Voltage Vi 2.4 — 6.5 \Y
input Low Voltage Vi -1.0 — 08 v
Capacitance (Vog = 5V £ 10%, Ta = 25°C, f = 1MHz)
Parameter Symbol Typ. Max. Unit
Input Capacitance (Ag - Ag, Din) Cint — 6 pF
IolEp)ut Capacitance (RAS, CAS, WB/W| Cine . 7 OF
Output Capacitance (DQ1 - DQ4) Cio — 7 pF
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MSM5144108/BL

OKI Semiconductor

DC Characteristics

(Vee = 5V + 10%, Ta =010 70°C)

MSM514410 | MSM514410 MSM514410{ MSM514410
Parameter |Symbol Condition B/BL60 | B/BL-70 | B/BL-80 | B/BL0 ynit| Note
Min. |Max. | Min. |[Max.| Min. |Max.| Min. [Max.
Qutput High Voltage | Von |lon=-5.0 mA 24{Vec 124 |Veo 124 (Voo |24 (Ve | V
Output Low Voltage | VoL |lor =4.2 mA 0{04,0|04]|0 (04]0 |04V
t Leak oV<Vi<6.5Y,
ut L6akage Iy |All Other Pins Not Under| 10| 10 [~10| 10 |-10| 10 [-10[ 10 | pA
Test =0V
Qutput Leakage DQ, Disable
Current o |oveVo<55v -10| 10 (10| 10 {10 | 10 |-10[ 10 | pA
Average Power = AT .
Supply Current logr |FAS, LASCyeling, | T400 | — 190 | — |80 [— 170 [ mA| 1,2
(Operating) RG = T
RAS, TAS = Vi -2 |—-l2|—12 |- )2
Power Supply loc N R - — — 3 mA| 1
Current (Standby) RAS. TAS > Ver 0.2V
RAS, CAS 2 Voo -0:2Y T 00 T — 1200 | — |200 | — [200 | wA| 5
Average Power RAS Cycling,
Supply Current lccs [CAS=Viy — |100| — |9 |— |80 | — |70 | mA| 1,2
(RAS-only Refresh) tre = Min.
RAS = Viy
Power Supply I faadd
ces |CAS =V — |5 |—!5|— |5 |— |5 |mA|l 1
Current (Standby) DQ, = Enable
Average Power -
Supply Gurrent RAS Cycling,
(CAS Before RAS lccs | TAS Before RAS — |100| — |90 | — |80 | — |70 | mA} 12
Refresh)
Average Power RAS =V,
Supply Current lcc7  |GAS Cycling — |80 |— |8 |— |70 |— |60 |  mA| 13
(Fast Page Mode) tpg = Min.
tre = 125us
Average Power ARE aFe
Supply Current fccto %%%%;fcc:ir:gRAS — |300| — ]800 | — [300 | — 1300 | pA 14 %.
(Battery Backup) fens = 12501
Notes : Specified values are obtained with the output open.

Address can be changed once or less while RAS =Vy; .

Vee-02V sV <65V, -1.0V V) <0.2V.
L-version.
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OKI Semiconductor MSM514410B/BL

AC Characteristics (1/2) (Voo =5V + 10%, Ta = 010 70°C) Note 1,2, 11,12
MSM514410| MSM514410{ MSM514410| MSM514410

Parameter Symbol B/BL-60 B/BL-70 B/BL-80 B/BL-10 |ynit| Note

Min.| Max. Min.| Max. [Min.[ Max. \Min.| Max.

Random Read or Write Cycle Time tRe (110 — | 130 — |150} — 180 | — ns

Read Modify Write Gycte Time tamw | 150 — | 180| — |200| — |240| — | ns

Fast Page Mode Cycle Time t¢ |40 — | 45| — | 50| — |60 — | ns

Ez;itleP#nf:eMode Read Modify Write toamw | 80 | — | 95| — |100| — |120] — | ns

Access Time from RAS trac | — 60 | — | 70 | — | 8 | — | 100 | ns 4,56

Access Time from CAS ftac | — | 15 | —| 20 | — | 20 | — | 25 | ns |45

Access Time from Column Address taa |—1| 30 | — | 3 |— | 40 |— | 5 |ns 4,6

Access Time from OF toen | — | 15 | — ] 20 | —| 20 |— ] 25 |ns| 4

Access Time from CAS Precharge tpa | — | 35 | — | 40 | — | 45 | — | 55 |ns| 4

Mut Low Impedance Time from toLz 0 _ 0 __ 0 _ 0 — s

CAS

Output Buffer Turn-off Delay Time torr 0 15 0 20 0 20 0 25 ns | 7

8;;‘; ?;:;Ompm BufferTum-oft | s (0| 20 | 0| 20 | 0| 20 | 0| 25 |ns| 7

Transition Time tr 3 50 3 50 3 50 3 5 {ns| 3

Refresh Period tReg | — | 16 | — | 16 | — | 16 |— | 16 |[ms

Refresh Period (L-version) tage | — | 128 | — | 128 | — | 128 | — | 128 | m§

RAS Precharge Time tRp | 40| — | 80| — |BO| — |70 — | ns

RAS Puise Width tras | 60 [10,000| 70 |10,000| 80 (10,000| 100 |10,000| ns

RAS Puise Width (Fast Page Mode) | trasp | 60 {100,000/ 70 [100,000| 80 {100,000 100 [100,000| ns

RAS Hold Time tash |15 — |20 — |20 — 25| — |ns

RAS Hoid Time Reference to O toy {15 — |20 — {20, — |25 — | ns

CAS Precharge Time tp |10 — {10! — 10| — [10] — | ns

TAS Pulse Width tcas | 15 10,0001 20 110,000| 20 |10,000] 25 [10,000] ns

TAS Hald Time tesy |60 | — |70 — |80 | — |100| — | ns

CAS to RAS Precharge Time tRp | 5| — | 5| — |5 —|5]| — |ns

RAS to CAS Delay Time tep [ 20| 45 |20 | 50 | 20| 60 {25} 75 ns| 5

RAS to Column Address Delay Time | trap | 15 | 30 15| 35 15| 40 {20 | 50 ns | 6

Row Address Set-up Time tasr 0 — 0 —_ 0 — 0 — | ns

Row Address Hold Time taek |10 — | 10| — 10| — | 15| — | ns

Column Address Set-up Time tasc 0 — 0| — 0 — 0 — | ns

Column Address Hold Time teay | 15 — 15y — 15| — (20| — ns

%E)Al_gmn Address Hold Time from tan 50 _ 55 | — 60 — 75| — ns

Column Address to RAS Lead Time tRa | 30| — |3 | — 40| — | 50| — |ns
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MSM514410B/BL OKI Semiconductor

AC Characteristics (2/2) (Ve = 5V £ 10%, Ta = 010 70°C) Note 1,2, 11,12
MSM514410| MSM514410, MSM514410| MSM514410
Parameter Symbol B/BL-60 B/BL-70 B/BL-80 B/BL-10  [Unit| Note
Min.| Max. |Min.| Max. [Min.| Max. |Min.| Max.

Read Command Set-up Time tres 0 — 0 — 0 - 0 — | ns

Read Command Hold Time tReH 0 — 0 - 0 — 0 - ns| 8
tF:Je%gommand Hold Time Reference - 0 . 0l — ol — 1ol — |nsl s
Write Command Set-up Time twes | O — 0| — (0| — O} — |ns| 9
Write Command Hold Time twe (10| — (10| — 110} — |15} — | ns

Write Command Puise Width twp 0] — |10 — [10]| — (15| — ns
Write Command Hold Time fromRAS| twer | 45| — [50| — |60 — | 75| — | ns

‘OE Command Hold Time togn |15 — (20| — |20 — | 25| — | »ms

Write Command to CAS Lead Time tow. |15 — |20 — |20 — 25| — | ns

Write Command to RAS Lead Time | tgwe | 15| — |20 — |20 — |25 — | ns
Data-in Set-up Time tos 0 — 0 — 0 — 0 — i ns| 10
Data-in Hold Time toH 5| — |15} — 15| — (20| — 1 ns{ 10
Data-in Hold Time from RAS R 1 50| — |55, — |60 — |75 | — | ns

OF to Data-in Delay Time toep |15 — |20 — |20 — |25 — | nms
CAS to WE Delay Time towp [ 35| — | 45| — |45} — |55 | — |ns
Column Address to WE Delay Time | tawp |50 | — | 60| — |65 — |80 | — Ins| 9
RAS to WE Delay Time thwp | 80| — 195 — |105, — |130| — | ns

TAS Active Delay from RAS Precharge| tapc 5| — | 8| — | 5] — | 5| — |ns

A -up Tim
E%\:—Stg;mse i_e/;_su)p ¢ tcsh 5 — 5 — 5 — 5 — ns
?g%‘gecf’;se %)T'me tm |10 — |10 — [0 — [10| — |ns
i Lol bl Bl el el ) Rl
Write-per Bit Set-up time twss 0 — 0| — 0 — 0 — | ns} 13
Write-per Bit Hold time twen | 10} — 10| — {10} — | 10| — | ns| 13
Write-per Bit Selection Set-up Time | twos 0 — 0 — 0 — 0 — ns | 13
Write-per Bit Selection Hold Time twps | 10| — |10 — |10} — |10 ] — |{ns| 13
‘("E’E\_;"Bifosre";"_g)a'ge Time wee |10 — |10 — |10 — {10 — |ns
Hold Time from RAS

‘(".éi_s‘éefore ’;7@) twaw | 10| — (10 — |10 — [10] — |ns

RAS to WE Set-up Time (Test Mode) | twsg | 10| — |10 — [ 10| — |10} — | ns

RAS to WE Hold Time (Test Mode) twir | 10 — 0| — |10} — 10| — ns
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OKI Semiconductor MSM514410B/BL

Notes: 1.

10.

11

12.

An initial pause of 200ps is required after power-up followed by eight or more
initialization cycles (RAS only refresh cycle or CAS before RAS refresh cycle) before
proper device operation is achieved. In case of using internal refresh counter, eightor
more CAS before RAS initialization cycles is required.

The AC characteristics assume tr = 5ns.

Vig (Min.)and V(| (Max.) arereference levels of inputsignals for timing measurement.
Transition times are measured between Vi and Vjy..

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

Operating within the tgcp (Max.) limitinsures that tg c (Max.) canbe met. tgep (Max.)
is specified as a reference point only; if tycp is greater than the specified trcp (Max.)
limit, then access time is controlled exclusively by tcac.

Operation within the tg s p(Max.) limitinsures that tg oc (Max.) can be met. tg Ap(Max.)
is specified as a reference point only; if tgap is greater than the specified tgap Max.)
limit, then access time is controlled exclusively by ta a.

torr Max.) and topz (Max.) defines the time at which the output achieves the open
circuit condition and are not referenced to output voltage levels.

Either tgry of trcH must be satistied for a read cycle.

twes, tewp, trRwh, tawp and tepwp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; if tycs > tweg (Min.) the
cycleis an early write cycle and the data out will remain open circuit (high impedance)
throughouttheentire cycle; if towp 2tewp (Min.), tgwp 2trwp (Min.) and tAWDZtAWD
(Min.), tcpwp = tepwp (Min), the cycle is read modify write cycle and data out will
contain data read from the selected cell; if neither of the above sets of conditions is
satisfied, the condition of the data out (at access time) is indeterminate.

These parameters are referenced to CAS leading edge in an early write cycleand toWE
leading edgeina OE control write cycle or a read modify write cycle.

The test mode is initiated by performing a WB, WE and CAS before RAS refresh cycle.
Thismodeislatched and remain in effect until the exit cycle is generated. Inatest mode
CAD is not used and each I/O pin now accesses 2 bit locations.

Since all 4 I/O pins are used, a total of 8 data bits can be written in parallel into the
memory array. In aread cycle, if 2 data bits are equal, the I/O pin will indicate a high
level.

If the 2 data bits are not equal, the [/O pin will indicate a low level. The test mode is
cleared and the memory device returned to its normal operationalstate by performing
a RAS only refresh cycle or a CAS before RAS refresh cycle.

In atest mode read cycle, the value of access time parameters is delayed for 5ns for the
specified value. These parameters should be specified in test mode cycles by adding
the above value to the specified value in this data sheet.
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MSM514410B/BL OKI Semiconductor

13. Write-per-bit Feature:

The addition of a data write-mask register in this multibit wide memory device allows
the capability of writing only to the needed data bits in a given address location while
leaving the other data bits unaffected.

During execution of a write cycle, including Early Write, Delayed Write or Read-
Modify-Write, if WB/WE isata low level (V1) during the falling edge of RAS the data
present on the DQ pins is latched into the Write-mask register. At this time the DQi
pins determine which data bits will be inhibited during the write cycle. A low level
(Vi) on a DQi pin indicates that the data bit will be masked or inhibited from being
written into the cell during the write cycle. A high level (Vi) on a DQi pin indicates
that the databit will be written into the cell during the write cycle. Referto Table 1and
Figure 1.

Since the write-mask register is latched by the falling edge of RAS, it cannot be changed
during write cycles. All the write cycles use the same mask data latched at the begining
of the RAS cycle.

Tabel 1 Example of Write-per-Bit Operation

Falling edge of RAS i
——— Function
WB/WE | DQ1 DQ2 DQ3 DQ4
Normal Write mode:
H X X X X rmat
Write Enable
Write-per-hit mode:
L L H L L Write Enable for DQ2, DQ4
Write Enable for DQ1, DQ3
X: Don't Care
. T Y
S N
CAS twes twsH
WEBMWE W) Wé

DQ2

F twos twDH W W not_masked
- Write "H"

not masked
DQ4 7W twps twoH ). WZ Write "L

Fig. 1 Example or Write-per-Bit Operation
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OKI Semiconductor MSM514410B/BL

TIMING WAVEFORM

T B i — T: S
I i N G
tsnl | tan | [fasotows| R T’
i e N o T
Ll g ™
e x:ﬁzf////%//ﬂ/%///////f’ . |
= -] sl 7/
sar-oas 1o oo W‘m—;ﬁ
"H" or "L"
Write Cycle (Early Write)

tre

3 tRas kild -
== VH - X taR 1
AS
RS M- N\ ,ﬂ[ e N

tcRp treD tRSH

o T e N\ i

tasr| | tRaH tasc | tean tRaL

weto T ro Yo ST

CWL |

T

twer
i »| tRWL _i

hat}

= v T,

tDHR -
twos | twow fos | | tow |
oo 0 LAY
Hor:
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MSM514410B/BL

OKI Semiconductor

Write Cycle (OE Control Write)

== VN

DQ1-DQ4

VIiH -
ViL -

Viy — 4
-/

Vig -
Vi =

tre

i Trp
| RAS
i
N AR trr |\
N 7 -
tcsH
lCRP tRcD tRsH
tcas
TN [ ¥
tRAD \( /
tasr| | tRau tasc | toan traL
e
Vi - 3 3
ViL - X 7 :
cWL
twes| | tweH tRwL
i |
{0EH
‘—>1

ViL

Vi -
ViL -

:W///// ///////// LTOED

twos twoH

T

Read Modify Write Cycle

Vin -
ViL -

Vin -
ViL -

Vib -
ViL -

ViH-
ViL -

== Viy-

DQ1-DQ4

Vi -

VisoH-
VioL -

tps

"H oL’

I — - _ ﬁ N
R prEe——— /7(—
>@<04W////////////////////////////////////////////////////////
%ferAmm = ]
W toac toOEEzD tos | | oy
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OXI Semiconductor MSM514410B/BL

Fast Page Mode Read Cycle
‘ tRasP lme
e VH - y tar —
RAS ViL - N / ‘tCRP,L
tasH
TAS V- teas  fF
ViL - .:4{
tRaL
tcaH
n VH
Ag - Ag Vi - mn W %

t t
Viv -7 ‘ india T s M
WE ViL —/ taa taa % taa

| Micra Mcpa TRRH
-
toea tora toea

s 2 | A0

tcac torr teac tor teac torr
L Lot
_ tRAC toez terz | |loez foLz 1oz
1 -
Von- Valid IF Vaid ¢ Vald ’;
Da1-Do4 VoL - tCI__Z’ Data-out ¥/ Data-out x Data-out 5

“Hor'L"

Fast Page Mode Write Cycle (Early Write)

thasp trp
== VH - N AR
RA
S ViL - \( . : A1 terp
teap . - C RSH
RCD tep tcp
|‘—>

s VH- j \; tcAs /f \\ tas (A \ toas
Vi - tRAD \ X 7 »__,1/" -
' = tesH| < tRAL
ASH tran [1ASC |toAH tasc| |tcan tasc| | tca
g i —n-
- Y
- R
| fow | tow | tow |
twes . ! tawl
] et Il tweStwen wes| | twen WeSIT Tt
WEWE Vig - j}@/) twp | m lpr W twp_
Vi - ‘ ‘ 7 5 .

« o g,

WoS | ltwon tps| | tow tDs\ toH tos | |ton
ret—
Vih - Mask valid Valid vald
0a1 - D4 VL - Data-in Data-in Data-in Data-in
| toAR

Hor'L
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MSM514410B/BL OKI Semiconductor

Fast Page Mode Read Modify Write Cycle

9 trase
— - N
RAS Vin N taR
ViL - K Vi
fcsH < tpaMw o tRsH RP
tReD tcas lci teas icp toas tcrp

e - —
CAS g:r _ tRaD \\ VN VN
tray tean tasg tasc™ TRAL
task tasc ™ tean T toay
V _ T —hag—- —\ —
Ao~ Ag V:E_ % Columnmcmum _@{_Eolumn
] tRWD ] tRwL
twas B’L]_LRE fowo »| [|tewt
wawe  VH - Y
WB/WE ViL - tawp \-*\_{
togs 1RO twp
o \
taa tCPA‘—
tRAC Ica
DS ™ ttypn ta
bat-Do4 o™ //4 — VMool w
W oL

RAS-only Refresh Cycle

s L
w S Uy
w-n W Ko

Note: WBAWE, OF = "H' or 'L" H' or "
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OKI Semiconductor MSM514410B/BL
CAS Before RAS Auto-refresh Cycle
- tre ‘
e [ tRp : - tras :l/ e |
RAS " __/‘ oo N -
e | 4 i -
SR CHR
e Vi - Fam—
CAS V:[1 —‘/ .
Awre twrH E‘NEL
wmare Vg -
v f
tors
DQ1 - DQ4 ng: i‘ Open
Note: OE, Ag- Ag ="H or 'L’ "H'orL"
Hidden Refresh Read Cycle
tre tre
tRas Trp Tras TRE
w T O N
" tcrp tReD _ trsH tchR
Viy -_/‘-r’ t \
TAS RAD, 7
- — e - tasg N oan 1/
—=
Ag-Ag x:r B //////A@)///////// ;@mn W
thes rjl traL lt-REF tﬂ‘j_ twaH
WEiWE VW=7 tan
awe ' 7] wl 7 Ww
‘ OEA
o \\;IH :W/ | / Z
- i CAC torF
. RAC “ toez
pat-po4 - ) Valid Data-out
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R e I o N =N
t{@i treD tRSH teHR
RSN t 4‘1/_

W U

tDH

Valid Data-in : ///////////////////////////////////////////////////////////

DHR

Test Mode Intiate Cycle

Vi

"H" or "L"

tre |

— - ¥
RAS
ViL - -—-—/ trp

e Vi -
CAS ViL _—/

WBAWE Vi~

DQ1 - DQ4

Vi -

Von-
VoL -

. trp _ tRas ‘V
N
c \
fep tcsR tcHr
VN
/
twsr B twHR
W///Z//%r Y,
torr
Open
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OKI Semiconductor

MSM514410B/BL

CAS Before RAS Refresh Counter Test Cycle

tRas trp
vy — ﬁ
RAS
ViL - \x 7/
fcsR| | towm |, teer tRsH
7 VI - ;|£ y toas 7
CAS -
ViL - \\ i
tasc tcan
Vi - %
SN
0Ty - /////////////// Column
tRaL ]_ A
RRH
Read Cycle twre| | twan tRes tcAC - -
. [
TWRANE VIH _7 Y
woe 77 T G , Ul
Vi _/ / tan ROH
oF ViH - toea y
O ViL - / 7
\ toLz
VOH - Y
DQ1-DQ4 VoL - Open |
TRWL J
Write Cycle twre| | twRH t towL i
i WCS| tweH
e A VIH —_ 7 4 fot—-]
WB/WE % twp
ViL - / ; /A
— Viy - l l
Ot
ViL - //
tps
V -
DQ1 - DQ4 V:r _ Open — Vahd Data-in
Read Modify Write Cycle tawp fow
t twRH tres towo TRwL .
Vv _/WRPz l y twp
w2l NN
-
| tha
v I toea
« v A
toz [TTeRcT] torz 2R tos -
DQ1-Da4 VoM~
VioL -
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