NEC

NEC Electronics Inc.

pPD424410
Dynamic CMOS RAM

Description

The uPD424410 is a 1,048,576 by 4-bit dynamic RAM
designed with a write-per-bit option to operate from a
single +5-volt power supply. Advanced polycide tech-
nology minimizes silicon area and provides high stor-
age cell capacity, high performance, and high reliabil-
ity. A single-transistor dynamic storage cell and CMOS
circuitry throughout ensure minimum power dissipa-
tion, while an on-chip circuit internally generates the
negative-voltage substrate bias—automatically and
transparently.

The three-state I/O pins are controlled by CAS indepen-
dent of RAS. After a valid read or read-modity-write
cycle, data is held on the outputs by maintaining CAS
low. Data outputs return to high impedance when CAS
goes high. Fast-page read and write cycles can be
executed by cycling CAS.

Refreshing may be accomplished by means of a CAS
before RAS cycle that internally generates the refresh
address. Refreshing may also be accomplished by
means of RAS-only refresh cycles or by normal read or
write cycles on the 1,024 address combinations of Ag
through Ag during a 16-ms refresh period.

Features

1,048,576 by 4-bit organization

Single +5-volt power supply

Write-per-bit option

Fast-page option

Low power dissipation

CAS before RAS internal refreshing
Multiplexed address inputs

On-chip substrate bias generator
TTL-compatible inputs and outputs
Nonlatched, three-state outputs

Low input capacitance

1024 refresh cycles every 16 ms

High-density 26/20-pin plastic SOJ, 26/20-pin
plastic TSOP, or 20-pin plastic ZIP packaging
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Pin Identification

Name Function

Ao - Ag Address inputs

/04 - 1/O4 Data inputs and outputs
CAS Column address strobe
GE Output enable

RAS Row address strobe

WE Write enable

GND Ground

Vee + 5-volt power supply
NC No connection

Pin Configurations

26/20-Pin Plastic SOJ

vos O 26 [1 GND
r0p 2 25 [1 104
WE 3 24 0 vOg
RAS []4 23 [0 Cas
Ag s 22 7 OE
°
3
g
g
Ag 0o * P Ag
Ay 10 1703 A7
Az 11 16 3 Ag
Az Q12 153 As
vee 13 143 Ag
B83IH-6849A
20-Pin Plastic ZIP
OE
VO3
GND
VOp
RAS
Ag
A2
Vce
As
A7
B83H-5375A
S5F-1
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Pin Configurations (cont)

26/20-Pin Plastic TSOP (Normal Pinouts) 26/20-Pin Plastic TSOP (Reverse Pinouts)
uPD424410 uPD424410
vo, 10 A 26 [J GND GND 1 O ©2p oy
0o O 2 25 [7] V04 V04 ]2 25 [1 102
WwE O3 241 vog voz 03 24 1 WE
RAS [ 4 231 CAs cas 4 23 {7 RAS
Ag O5 22 1 OE = m 223 Ag
~8JD -9KD
A O9 18 {1 Ag Ag s 1810 Ag
A, Q10 1711 A7 Az Q10 1703 A
A O 1 160 Ag Ag Q11 161 Ay
Az Q12 15 A5 As 12 153 Az
vee [ 13 0140 A, Aq 413 O 14 [ Vee
Suffix —8JD in the package identifier ) . )
denotes normal pinout sequence. Suffix ~8KD in the package identifier
denotes reverse pinout uence.
B3IFM-7912A P! seq SEMTDITA
Block Diagram
RAS RAS Clock CAS Clock
Generator Generator —
WE Clock
—_— —_— Generator
CAS — — WE
CAS Before RAS l
OF Clock
internal Refresh SE Generator
Clock Data-in
]— Buffer
l 1104
Data IO Bus
Refresh Address L VO,
Counter Column Decoder Data-out
Buffer
Sense Amplifier T
Ay e .
Ay o 5 % 3
Az » | & @ g
o 3 @
Ay o £ 6 o Memory Array
Ag * | = 3 &
< [+
Ag *
A7 *
Ag *
Ag——=
B831H-5691B
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Ordering Information

RAS Access R/W Cycle Fast-Page
Part Number Time (max) Time (max) Cycle (max) Power Option Package
HPD424410LA-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic SOJ (300 mil)
LA-70 70 ns 140 ns 45 ns
LLA-80 80 ns 160 ns 50 ns
LA-10 100 ns 190 ns 60 ns
HPD424410LA-60L 60 ns 120 ns 40 ns Low power
LA-70L 70 ns 140 ns 45 ns
LA-80L 80 ns 160 ns 50 ns
LA-10L 100 ns 190 ns 60 ns
H#PD424410LB-70 70 ns 140 ns 45 ns Standard 26/20-pin plastic SOJ (350 mil)
LB-80 80 ns 160 ns 50 ns
LB-10 100 ns 190 ns 60 ns
pPD4244101.B-70L 70 ns 140 ns 45 ns Low power
LB-80L 80 ns 160 ns 50 ns
LB-10L 100 ns 190 ns 60 ns
1PD424410V-60 60 ns 120 ns 40 ns Standard 20-pin plastic ZIP
V-70 70 ns 140 ns 45 ns
V-80 80 ns 160 ns 50 ns
V-10 100 ns 190 ns 60 ns
HPD424410V-60L 60 ns 120 ns 40 ns Low power
V-70L 70 ns 140 ns 45 ns
V-80L 80 ns 160 ns 50 ns
V-10L 100 ns 190 ns 60 ns .
pPD424410GS-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic TSOP (normal pinouts)
GS-70 70 ns 140 ns 45 ns
GS-80 80 ns 160 ns 50 ns
uPD424410GS-60L 60 ns 120 ns 40 ns Low power
GS-70L 70 ns 140 ns 45 ns
GS-80L 80 ns 160 ns 50 ns
pPD424410GSM-60 60 ns 120 ns 40 ns Standard 26/20 -pin plastic TSOP (reverse pinouts)
GSM-70 70 ns 140 ns 45 ns
GSM-80 80 ns 160 ns 50 ns
pPD424410GSM-60L 60 ns 120 ns 40 ns Low power
GSM-70L 70 ns 140 ns 45 ns
GSM-80L 80 ns 160 ns 50 ns

BF-3
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Absolute Maximum Ratings

Capacitance
Ta = 25°C; f= 1 MHz

Voltage on any pin relative to GND, Vt -10t0 +7.0V

Operating temperature, Topg 0 to +70°C Parameter Symbol Max Unit Pins Under Test
Storage temperature, TgTg -55 to +1256°C Input capacitance Cn S pF  Addresses
Short-circuit output current, log 50 mA Cp 7  pF RAS, CAS, WE, OE
Power dissipation, Pp 1ow  [Mputioutput capacitance Cp 7 pF /O1-VO4

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-

Recommended Operating Conditions

nent damage. The device should be operated within the limits Parameter Symbol Min Typ Max Unit

specified under DC and AC Characteristics. Input voltage, high Vin 24 Veg + 10 v
Input voltage, low viL -1.0 08 \%
Supply voltage Vee 45 50 55 v
Ambient temperature  Ta 0 70 °C

DC Characteristics

Ta = Oto +70°C; Vgg = +5.0 £10%

Parameter Symbol Min Typ Max Unit Test Conditions
Standby current lcc2 2.0 mA RAS = Vjy (min); lo = O mA

1.0 mA RAS = CAS = Vgg-02V;lgp = OmA
Input leakage current LT -10 10 HA Vin = 0V to Vg all other pins

not undertest = OV

Output leakage current low) -10 10 HA Doyt disabled; VoyT = 0V to Ve
Output voltage, low VoL 0.4 v oL = 42mA
Output voltage, high VoH 2.4 v loH = -5 mA

Low Power Battery Backup (-L Versions Only)

Symbol Max Unit trAs CTAS Before RAS Refresh Cycle Standby Conditions
lcce 500 A < 1us 1024 refresh cycles (min) every 128 ms; RAS = CTAS = Vg -0.2V; Dy, WE, OF,
300 uA < 200 ns RAS = CAS = Vgc~02Vor=< 02V, Addresses = Vgg - 0.2V or = 0.2 V; /O open
as appropriate; /O open; all other inputs
= Vgg-02Vors 02V
5F-4
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AC Characteristics
Ta = Oto +70°C; Vgg = +5.0V % 10%

-60 -70 -80 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
Operating current, average lcct 120 100 20 80 mA RAS, CAS cycling;
trc = tpc min (Note 5)
Operating current, RAS-only refresh Icca 120 100 90 80 mA RAS cycling; CAS = Vi
cycle, average min; tge = tge min (Note 5)
Operating current, fast-page cycle, lcca 20 80 70 60 mA RAS =< V) ; CAS cycling;
average tpc = tpc min (Note 5)
Operating current, CAS before RAS lccs 120 100 90 80 mA RAS cycling; CAS =< V)
refresh cycle, average max; tgc = tgc min
(Note 5)
Access time from column address taAA 30 35 40 50 ns (Notes 3,4,7, 8)
Access time from CAS precharge tace 45 55 45 55 ns (Notes 3, 4,7, 8)
(rising edge)
Column address setup time tasc 0 [¢] 0 0 ns
Row address setup time tasm 0 0 ns
Column address to WE delay time tawD 50 55 65 80 ns (Note 14)
Access time from CAS (falling edge) tcac 20 20 20 25 ns (Notes 3,4,7, 8)
Column address hold time tcaH 15 15 15 20 ns
CAS pulse width tcas 20 10,000 25 10,000 20 10,000 25 10,000 ns
CAS hold time for CAS before RAS teHR 15 15 15 20 ns
refreshing
CAS to output active delay time tciz 0 0 0 0 ns (Notes 4,7)
CAS precharge time, fast-page cycle tep 10 10 10 10 ns
CAS precharge time, nonpage cycle tcpN 10 10 10 10 ns
CAS to RAS precharge time tcre 10 10 10 10 ns (Note 10)
CAS hold time tesH 60 70 80 100 ns
CAS setup time for CAS before RAS  tcgpr 10 10 10 10 ns
refresh cycle
CAS to WE delay tocwp 40 40 45 55 ns (Note 14)
Write command referenced to CAS tewL 15 15 15 20 ns
lead time
Data-in hold time tpH 15 15 15 20 ns (Note 13)
Data-in setup time tps 0 [+} 0 0 ns (Note 13)
Access time from OE toea 20 20 20 25 ns (Notes 3,4, 7, 8)
OE data delay time toED 15 15 20 25 ns
OE command hold time toEH o} ¢} 0 0 ns
OE to RAS inactive setup time togs 0 0 0 0 ns
Output turnoff delay from OE toEz 0 15 0 15 0 20 0 25 ns (Note 9)
Output buffer turnoff delay toFF o] 15 0 15 0 20 0 25 ns (Note 9)
OE to output active delay time torLz o] o} 0 0 ns (Notes §,7)
Fast-page read or write cycle time tpc 40 45 50 60 ns (Note 6)
Fast page read-modify-write cycle tpawe 85 90 100 120 ns (Note 6)
time
Access time from RAS trac 60 70 80 100 ns (Notes 3, 4,7, 8)

SF-5

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



puPD424410 N E C

AC Characteristics (cont)

-60 -70 -80 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
RAS to column address delay time tRAD 15 30 15 35 17 40 17 50 ns (Note 8)
Row address hold time tRAH 10 10 12 12 ns
Column address lead time referenced  tRpaL 30 35 40 50 ns
to RAS (rising edge)
RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns
RAS pulse width, fast-page cycle tpAsP 60 125,000 70 125,000 80 125,000 100 125,000 ns
Random read or write cycle time tre 120 140 160 190 ns (Note 6)
RAS to CAS delay time tRcp 20 40 20 S0 25 60 25 75 ns (Note®)
Read command hold time referenced  tgcH 0 0 [o] (o] ns (Note 11)
to CAS
Read command setup time tpcs 0 0 o 0 ns
Refresh period tREF 16 16 16 16 ms Address Ag through Ag
RAS precharge time tRp 50 60 70 80 ns
RAS precharge CAS hold time trpc 10 10 10 10 ns
Read command hold time referenced  tppn 10 10 10 10 ns (Note 11)
to RAS
RAS hold time tRsH 20 20 20 25 ns
Read-modify-write cycle time trwe 165 185 210 250 ns (Note 6)
RAS to WE delay tawD 80 90 105 130 ns (Note 14)
Write command referenced to RAS trwi 20 20 20 25 ns
lead time
Rise and fall transition time tr 3 50 3 50 3 50 3 50 ns (Note 3)
Write-per-bit hold time twBH 15 15 15 20 ns
Write-per-bit setup time twas 10 10 10 10 ns
Write command hold time tweH 15 15 15 20 ns (Note 12)
Write command setup time twcs 0 o] 0 ] ns (Note 14)
Write-per-bit mask data hold time twH 15 15 15 20 ns
WE command hold time for CAS twHR 15 15 15 20 ns
before RAS refreshing
Write command pulse width twp 15 15 15 20 ns (Note 12)
Write-per-bit mask data setup time tws 10 10 10 10 ns
WE command setup time for CAS twsh 10 10 10 10 ns

before RAS refreshing
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Notes:

m
@
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All voltages are referenced to GND.

An initial pause of 100 us is required after power-up, followed by
any eight RAS cycles, before proper device operation is
achieved. At the end of the initial power up sequence, either a
RAS-only or a CAS before RAS refresh cycle be executed while
WE = V) to ensure normal operation.

Ac measurements assume tT = Sns.

Vi (min) and V| (max) are reference levels for measuring the
timing of input signals. Transition times are measured between
Viy and V|

lec1: loeas Iccar and Iccs depend on output loading and cycle
rates. Specified values are obtained with the output open. Icca
is measured assuming that all column address inputs are heid at
either a high level or a low level during RAS-only refresh cycles.
lcca is measured assuming that all column address inputs are
switched only once during each fast-page cycle.

The minimum specifications are used only to indicate the cycle
time at which proper operation over the full temperature range
(Ta=0 to +70°C) is assured.

Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF.

ftrep < trep (Max) and thap < tgap (Max), access time is
defined by tgac (max). if tacp =tacp (mex), access time is
defined by tcac (max). If tgap = tgap (max), access time is
defined by taa (max).

torF (max) and togz (max) define the time at which the outputs
achieve the open-circuit condition and are not referenced to Voyy
or VoL.

(10)

)
(12

(13

(14)

(15)

(16)

The tcrp requirement should be applicable for RAS/CAS cycles
preceded by any cycle.

Either tgpy or tgcH must be satisfied for a read cycle.

Parameter typ is applicable for a delayed write cycle such as a
read-write/read-modify-write cycle. For early write cycles, both
twcs and twcy must be met.

These parameters are referenced to the falling edge of CAS for
early write cycles and to the falling edge of WE for delayed write
or read-modify-write cycles.

twes trRwp: tcwp, and tawp are restrictive operating parame-
ters in read-write/read-modify-write cycles only. if twcs = twcs

(min), the cycle is an early write cycle and the data I/O pins wili
remain open-circuit throughout the entire cycle. If tcwp = tcwp
(min), tawp = trwp (Min), and tawp = tawp (min), then the cycle
is a read-write cycle and the data /O pins will contain data read
from the selected cells. If neither of the above conditions is met,
the condition of the data /O pins (at access time and until CAS
returns to V;) is indeterminate.

A test mode may be initiated by executing a CAS before RAS
refresh cycle with WE held at Vj;. This mode also may inadvert-
ently be initiated during power-up because external control of
the signal lines is very difficult during this period. it is therefore
recommended that while WE is held at V|4, either a RAS-only or
CAS before RAS refresh cycle should be executed at any time
after the end of the initial power-up sequence to ensure normal
device operation.

These parameters define a read-modify-write cycle.

5F - 7
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Write-Per-Bit Option

The write-per-bit option may be used to allow a write
cycle to change any number of bits in the 4-bit word.
The mask is loaded from the four }/O lines at the falling
edge of RAS if WE= V.. If the I/O line is high, then the
corresponding bit will be written when the write cycle

executes. If an I/O line is low, the corresponding bit
does not change. A mask loaded during fast-page
operation will remain set and active for each write cycle
that executes while RAS remains low. The mask may be
changed at the falling edge of RAS only.

Comparison of Write-Per-Bit Cycle Versus Standard 4-Bit Write Cycle

RAS /
CAS \ /
WE /
Write-Per-Bit
Cycle
VO, Write Data )——
we ENNIATARANRRNNRRAN /
Normal 4-bit
Write Cycle
VO, < Write Data >———
1o Mask Data Write Operation
1 (High) Write Bit
o]} - ——
[s] (Low) Disable Bit Write
1 {High) Write Bit
11Op - - -
[} (Low) Disable Bit Write
1 (High) Write Bit
1Og - o
0 (Low) Disable Bit Write
1 (High) Write Bit
[{e)
4 0 (Low) Disable Bit Write
83vB-67788

5F -8
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Timing Waveforms

Read Cycle
tRC
tRAS
E— ' Y
S N 7 N
tCRP—> i4 tRSH tRp
tcsH
tRCD tcas
. \ /X Y
CAS L 2 / W
IASR—>{ {«——tRAD —>} tRAL l&«———tCPN—>
tRAH tasC [
Address Row Column
IRCS pc—
_/
WE
[€————————IOE§ ———————>
[e——1OEA ——>{
= \ N
ICAC————> (€—tOFF
e TAA —————————> toEZ
3 IRAC
’ { High Impedance
InputOutput High impedance ‘@x Valid Data-out on TP
- 1O Z -3
le——tcLz —>

83VB-67798

BF-o9
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Timing Waveforms (cont)

Early Write Cycle
tRC
tRAS >
—_—— y Y
RAS \
\1( JZ
ICRP—> il tRSH |€&——RP——>
tcsH
tRCD tcas
— } \ / 4
CAS / / \
2
tASR— l€——TRAD —3»l tRAL- > ICPN
IRAH tasc e

Address Column

ml(:::mﬁe " VT,

tws tWH L—tos !*——IDH———*(
p— m}«;«;ﬁ;@:@; Daain Ottt T te

Note:
M OF = don't care.

83VB-67808

5E-10
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Timing Waveforms (cont)

Late Write Cycle

tRC
'RAS >
— \ 4 Y
RAS Z
\( 7 \
tCRP—3 [ tRSH » l&—— LRP—3
|
tCSH >
r&————RCD tcas
— Y
CAs \ /
X Z
lcwL——> cPN

TASR—>| [«—!RAD
tRAH TASC > |
|
4
Address Row Column
K

'RCS twp

' N

tOEH

’} AL

W m ey
x /////////ﬁ//////////////

[€e———1DH——>
ite-Per-Bit  SAAAAAAAAAAAAA - \ Voo 00000000000 000
SO 0 A 100 0
SF-11
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle

Address

WE

OE

InpuvOutput

tRwC
tRAS
- X y \
N ; \
[|<— IRSH tRP—
tesH
rv!cnp—> tRCD tCAS >
b \ / b
_/ \ 5 2 \
l«—TASR—>>| «—IRAD tRAL > TCPN—>]
tASC ™ p—
€ 1RAH —» tCAH
Row

|

TWBH

(—KWBS—PI

F Write-Per-Bit
Enable/Disable

_/

le—tws —>|

.

Pl

N

<—KCWL—>‘

[ t RWL—>

re— twp

i

e twH

High impedance

b
o

tcac—>

ANNANANNNNNNNN

-

- Write-Per-Bit )(
—th L Mask Select

impedance’

'RAC

X\

83VB-67828

5,.:—12
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Timing Waveforms (cont)

Fast-Page Read Cycle
tRASP
. T/
RAS X ]
X 7
[«———th09—————>
tcsH [€———IPC [€——!RSH——> [«—IRP
‘cnp’<—> (& tRCD—>|&——tCAS———] tCAS le——tcas | | tepN:
— Y g
CAS J \E \ [ \
tASR |«—> | tASC
tRAH
s
Address Row
X
[<!RAD

]RCS—)‘ e— tRCH —» l tRCH —>"l~ ‘ } tRCH

Lil‘AA — ‘(—t AA ——>
— LAA ——> taCP— tACP—>
‘ TOEA LOES
OF \
|
H‘ICA\c—> o]4 toEZ
tRAC toFF tOFF
‘ l —\ ‘ High
: . [
inputOutput figh mpedance {y Valid Data-out ) { X vaid Data-out Valid Data-out _)meedance
l‘—’ toLz oLz el toL 7
tcLz tcLz > fcLz

83VB-6786B

5F-13
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Timing Waveforms (cont)

Fast-Page Early Write Cycle

tRASP

tcRP [(—» l«—tRCD—»le—tcas—>

tCSH
tcp

w7

1\\

Al

twas WBH twp——
[Note 2] / \_
X y. N

.Y |
€t RAD! tASC
tASR |<—> tRAH >/ tcAH tAsC ’4—»
|
'y
Address Row Column Column
7
twes o> [e— TWCS —»{ l&—
le—t WO H— e— TWCH—»

N

wH

‘DS"" (—IDH~>1

inpuvOutput m [the:«im Data-in

Notes:

{1] OE =don't care.
{2] Write-per-bit enable/disable.
[3] Write-per-bit mask select.

8a3vB-67878

SF- 14
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Timing Waveforms (cont)

Fasi-Page Late Write Cycle

< tRASP

_ Y
RAS \ \
X 7
tesH tPC re——"RSH—3 IRP——

L tcp, icp

CRP{(—» l«——IRCD—>}«——tCAS——> e——tCAS — tCAS——>| tCPN
— y
CAS \\

J Jz : St 7 \k 7

RAD >l tASC tasc

[ ICAH N

tASR <—>‘ tRAH > ICAH > Alsc
\

Address Row Column Column

tRCS towL Htcm \ tRWL’]
e—— TWCH — [€—TWCH-—>| 'RCS tCWL—>|

twes r—» o‘ tWBH et WP 'RCS > l‘— WCH—>1
wp
' € L\ P3

L Nl

.
[ ETIINNNNRY

— DS

— [Ds

tws €t D | 10ED > 1DH

InpuvOutput @

Notes:
[1] Write-per-bit enable/disable.
[2] Write-per-bit mask select.

—
[Note 2] Data-in

83vB-67888

BE -15
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Timing Waveforms (cont)

Fast-Page Read-Write/Read-Modify-Write Cycle

TRASP

[€——1tRCD —

tcap ’<+
/

tASR |<->
tRAH

@g |

CAS

€ tRAD

—8

Address Row

PRWC tRp
| [—tCcp— (€——————tcaAs— > ICPN——
4 \ /( \
X y, \
tRAL
<—ICAH—>1

<

.

twp

Notes:
[1] Write-per-bit enable/disable.
[2] Write-per-bit mask select.

AN

‘; High Impedance

1DH

| |
'ﬂ—»‘lncs towL tRcs € tRWL:
twes tWBH ’d—lcwo—> l&———tcwWD ——>
b \ i Y
S.C A W \
l tAWD tAWD
b TAA —] le——— TAA ——
| tOEH e tacpl—> 1OEH
| |
& \ \ |/
l OED *)l & 1oEA [ tps
tOEA —>{ |« 1tpg 10ED
tws [€tDH > 1CAC
4 X High impedance
InputOutput —< Data- Data-in 9 e Dat?- Data-in
N out oul 4
toLz toL.z
—> loEZ —> toEZ

83VB-67898

5F-16
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Timing Waveforms (cont)

Hidden Refresh Cycle

[€———— Memory Cycle ——— 14— CAS Before RAS Cycle —1«——— CAS Before RAS Cycle ——{
RC tRC > tRC
[€——— IRAS ] tRAS €——————tpAS

Ty

RAS
\ ) \
[ RSH>| [&tRP->| IRP->| tCHR > tRP >
lcnpl<—> le—tRCD cAs le—tcPN

__ 7 \
CAS /

_ﬂ \p ;Z

tASC
'RAH <—>’ tCAH

TASR [<€tRAD -tRAL
|

Address m Row Column
";KRCS‘.‘
|

= 77777777 AW
-7

g

LOEA —>| > torr
e—LCAC—>] toEZ
—toLz
) y Hih
InpuYOutput High Impedance Valid Data-out Impedance
/
re—tcLZ
tAA
tRAC

B83VB-67858

5F -17

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



pPD424410

Timing Waveforms (cont)

RAS-Only Refresh Cycle

RAS

CAS

WE

InpuvOutput

High |
inpuvOutput igh Impedance

Notes:

{1] WE = OE = don't care.

83VB-6783
CAS Before RAS Refresh Cycle
tRC N
IRAS: »|

—)‘ r€&— tCRP

ICSR—> <—10Hn}

<—'wsn~>l l(—twnnﬁ

1 AL TERTETERV ATV

High Impedance

R 18
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