NEC

NEC Electronics Inc.

HPD424400, 424400A/L, 42S4400A/L
1,048,576 x 4-Bit
Dynamic CMOS RAM

Description

The devices listed below are fast-page dynamic RAMs
organized as 1,048,576 words by 4 bits and designedto
operate from a single power supply.

Optional features are power supply voltage (+5V or
+3.3 V) and a new refresh mode called “self-refresh.”

uPD Options
Second-generation products
424400-xx +5V
424400-xxL. +5V; low-power
Third-generation products
424400A-xx +5V
4284400A-xx +5V, self-refresh, low-power
424400L-Axx +33V
4284400L-Axx  +3.3V; self-refresh, low-power

-xx indicates speed grade (RAS access time).

Advanced polycide technology minimizes silicon area
and provides high storage celi capacity, high perfor-
mance, and high reliability. A single-transistor dynamic
storage cell and CMOS circuitry throughout ensure
minimum power dissipation, while an on-chip circuit
internally generates the negative-voltage substrate
bias—automatically and transparently.

Thethree-state /O pins are controlied by CAS indepen-
dent of RAS. After a valid read or read-modify-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 1024 address combinations of
Ag - Ag during a 16-ms refresh period.

The self-refresh mode is entered by holding RAS low for
longer than 100us during a CAS-before-RAS refresh
cycle. Detection of this long RAS time starts an internal
oscillator that maintains data integrity without exter-
nal clocking. The slow refresh reduces the data hold
current to less than 200 microamperes. Self-refresh
mode is used with microprocessors that have a “sleep
mode” for low-power applications such as notebook
PCs.
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Features

1,048,576 by 4-bit organization

Single +5-volt power supply

Fast-page option

Self-refresh option (slow internal automatic refresh)
Low power dissipation

CAS before RAS 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

26/20-pin SOJ, 20-pin ZIP, and 26/20-pin TSOP
plastic packaging
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Pin Identification

Name Function

Ag - Ag Address inputs

/04 - /Oy Data inputs and outputs
CAS Column address strobe
OFE Output enable

RAS Row address strobe

WE Write enable

GND Ground

Vec +5-volt power supply
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Pin Configurations

26/20-Pin Plastic SOJ

26/20-Pin Plastic TSOP (Normal Pinouts)

424400, 424400A/L, 42S4400A/L 424400, 424400A/L, 4284400A1L
vo1 1 2 [7 GND Vo4 [j10 A 287 GND
vop 2 25 [1 vo, ¥0, O 2 257 V04
wels 24 [1 v weQjs 24 voz
RAS 4 23 0 cAS RAs [ 4 237 cas
Ag s 2 [0 O A9C5 221 O

-9JD

Agls 181 Ag Ag o 180 Ag

AqCj10 170 A, Aq 10 17047

Az 1 160 Ag A2 gQu 180 Ag

az 1z 150 Ag Ag 12 15[ Ag

vec 13 14E| Ag vec O 13 014[d Ay

S3IHB9TTA Suffix -9JD In the package Identifier
denotes normal pinout sequence.
BIFM-8906A
20-Pin Plastic ZIP 26/20-Pin Plastic TSOP (Reverse Pinouls)

424400, 424400A/L, 4254400/ 424400, 424400A/L, 4254400A/L
ok 1F] GND 1 O o,spio
vos O 2 251 Vo2
GND vog O3 240 WE
cas 4 23 RAS

g 22[1 Ag

-9KD

Ag e 180 Ag

Az 10 170 A

BUHGITBA Ag On 160 A

Ag 12 15[ A3
Aq 18 O 141 Voo

Sutfix -8KD in the package Identifler
pinout seq




N E C HPDA424400, 424400A/L, 42S4400A/L

Ordering Information, uPD424400 (+ 5 V; standard version; 2nd-generation product)

RAS Access R/W Cycle Fast-Page
Part Number Time (max) Time (max) Cycle (max) Power Option Package
uPD424400LA-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic SOJ (300-mil}
LA-70 70 ns 140 ns 45 ns
LA-80 80 ns 160 ns 50 ns
HPD424400LA-60L 60 ns 120 ns 40 ns Low-power
LA-70L 70 ns 140 ns 45 ns
LA-80L 80 ns 160 ns 80 ns
1PD424400V-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
HPD424400V-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
uPD424400GS-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
4PD424400GS-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
HPD424400GSM-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
pPD424400GSM-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
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Ordering Information, uPD424400A (+ 5 V, standard version; 3rd-generation product)

RAS Access R/W Cycle Fast-Page
Part Number Time (max) Time (max) Cycle (max) Package
HPDA424400ALA-50 50 ns 100 ns 35 ns 26/20-pin plastic SOJ (300-mil)
LA-60 60 ns 120 ns 40 ns
LA-70 70 ns 140 ns 45 ns
LA-80 80 ns 160 ns 50 ns
UPD424400AV-50 50 ns 100 ns 35 ns 20-pin plastic ZIP
V-60 60 ns 120 ns 40 ns
V-70 70 ns 140 ns 45 ns
V-80 80 ns 160 ns 50 ns
uPDA424400AGS-50 50 ns 100 ns 35 ns 26/20-pin plastic TSOP (normal pinouts)
GS-80 60 ns 120 ns 40 ns
GS-70 70ns 140 ns 45 ns
GS-80 80 ns 160 ns 50 ns
HPD424400AGSM-50 50 ns 100 ns 35 ns 26/20-pin plastic TSOP (reverse pinouts)
GSM-860 60 ns 120 ns 40 ns
GSM-70 70 ns 140 ns 45 ns
GSM-80 80 ns 160 ns 50 ns

Ordering Information, uPD4284400A (+ 5 V; self-refresh, low-power version; 3rd-generation product)

RAS Access R/W Cycle Fast-Page Self-Refresh
Part Number Time (max) Time (max) Cycle {max) Current (max) Package
uPD42S4400ALA-50 50 ns 100 ns 35 ns 200 pA 26/20-pin plastic SOJ (300-mil)
LA-60 60 ns 120 ns 40 ns
LA-70 70 ns 140 ns 45 ns
LA-80 80 ns 160 ns 50 ns
HPD42S4400AV-50 80 ns 100 ns 35 ns 200 uA 20-pin plastic ZIP
V-60 60 ns 120 ns 40 ns
V-70 70 ns 140 ns 45 ns
V-80 80 ns 160 ns S0 ns
pPD42S4400AGS-50 50 ns 100 ns 35 ns 200 pA 26/20-pin plastic TSOP (normal pinouts)
GS-60 60 ns 120 ns 40 ns
GS-70 70 ns 140 ns 45 ns
GS-80 80 ns 160 ns 50 ns
1iPD4254400AGSM-50 50 ns 100 ns 35 ns 200 pA 26/20-pin plastic TSOP (reverse pinouts)
GSM-60 60 ns 120 ns 40 ns
GSM-70 70 ns 140 ns 45 ns
GSM-80 80 ns 160 ns 80 ns
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Ordering Information, uPD424400L (+ 3.3 V; standard version; 3rd-generation product)

RAS Access R/W Cycle Fast-Page
Part Number Time (max) Time (max) Cycle (max) Package
HPD424400LLA-ATO 70 ns 140 ns 45 ns 26/20-pin plastic SOJ (300-mil)
LA-A80 80 ns 160 ns 50 ns
pPD424400LV-A70 70 ns 140 ns 45 ns 20-pin plastic ZIP
V-ABO 80 ns 160 ns 50 ns )
HPD424400LGS-A70 70 ns 140 ns 45 ns 26/20-pin plastic TSOP (normal pinouts)
GS-A80 80 ns 160 ns 50 ns
pPD424400LGSM-A70 70 ns 140 ns 45 ns 26/20-pin plastic TSOP (reverse pinouts)
GSM-A80 80 ns 160 ns 50 ns

Ordering Information, uPD42S4400L (+ 3.3 V; self-refresh, low-power version; 3rd-generation product)

RAS Access R/W Cycle Fast-Page Self-Refresh
Part Number Time (max) Time (max) Cycle (max) Current (max)  Package
1PD42S4400LLA-A70 70 ns 140 ns 45 ns 100 LA 26/20-pin plastic SOJ (300-mil)
LA-A80 80ns 160 ns 50 ns
UPD42S4400LV-A70 70 ns 140 ns 45 ns 100 A 20-pin plastic ZIP
V-A80 80 ns 160 ns 50 ns
pPD42S4400LGS-A70 70ns 140 ns 45 ns 100 A 26/20-pin plastic TSOP (normal pinouts)
GS-A80 80 ns 160 ns 50 ns
pPD4254400LGSM-A70 70 ns 140 ns 45 ns 100 A 26/20-pin plastic TSOP (reverse pinouts)
GSM-AB0 80 ns 160 ns 50 ns
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Block Diagram
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CAS — — WE
CAS Before RAS l
OE Ciock
Internal Refresh o Generator
Clock Data-in
r Butfer
l V04
Data VO Bus
Refrash Address !_ V04
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Absolute Maximum Ratings Capacitance
Ta = 25°C;f= 1 MHz

Voltage on any pin relative to GND

5-volt devices -10to +7.0V Parameter Symbol Max Unit Pins Under Test

33-volt devices —0Sto+46V Input capacitance  Cyy 5 pF Addresses
Operating temperature, Tgpg 0to +70°C Co 7 oF AAS, CAS, WE, OF
Storage temperaturs, Tgrg -55 to +125°C Inputioutput Co 7 pF 104 - 110,
Short-circuit output current, log capacitance

S-volt devices 50 mA

3.3-volt devices 20 mA
Power dissipation, Pp 1.0W

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should be operated within the limits
specified under DC and AC Characteristics,

DC Characteristics; 5-Volt Devices

Recommended operating conditions unless otherwise noted.
424400, 424400A  42S54400A

Parameter Symbol Min Max Min Max Unit Test Conditions
Standby current lccz 20 20 mA RAS= CAS = Vjy (min);lg = OmA
1.0 02 mA RAS=CAS=zVgc-02Vilg=0mA
Input leakage current i —-10 10 -10 10 PA  Vjy = 0V toVgg; all other pins not under test = 0V
Output leakage current loy -10 10 -10 10 pA Doyt disabled; Voyt = 0V to Ve
Output voltags, low VoL 04 0.4 v lop = 42mA
Output voltage, high VoH 24 2.4 \ loH = -5 mA
Self-refresh current lcc7 Not applicable 200 HA  lo = 0 mA; all YO and input pins = Vgc-0.2V or < 02V

or open; thag = 100 ps; 1024 refresh cycles must be

performed within 16 ms before entering seli-refresh and
after exiting self-refresh

DC Characteristics; 3.3-Volt Devices

Recommended operating conditions unless otherwise noted.

424300L 4254400L
Parameter Symbol  Min Max Min Max Unit Test Conditions
Standby current lcez 2.0 05 mA FAS = CAS 2 Vjy (min);lo = OmA

0.5 01 mA RAS=CAS=z Vgc-02V;lgp= 0mA

Input leakage current U1 -5 5 -5 5 HA Vg = 0V to Veg; all other pins not under test = 0V
Output leakage current o) -5 5 -5 5 #A Doyt disabled; Voyt = 0V to Ve
Output voltage, low VoL 0.4 0.4 v loL = 2mA
Output voltage, high VoH 24 2.4 v loH = -2 mA
Self-refresh current lccy Not applicable 100 HA g = 0mA; all O and input pins = Voo -02V or=< 02V

or open; tgas = 100 us; 1024 refresh cycles must be
performed within 16 ms before entering self-refresh and
after exiting seff-refresh
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Low-Power Battery Backup (Low-Power and Self-Refresh Versions Only)
CAS Before RAS Refresh

Symbol 424400-xxL.  4254400A 4254400L Unit tgas Cycle Standby Conditions
lece {max) 500 300 150 PA < 1yus 1024 refresh cycles (min) every RAS = CAS = Vg -02V;
300 200 100  uA < 200ns 128msiRAS = CAS =z Voo~  Din WE, OF, Addresses > Vgg

0.2V or < 0.2V, as appro- -02Vor=< 02V; /O open
priate; /O open; all other inputs
=z Vgg-02Vor= 02V

Recommended Operating Conditions

5-Volt Devices 3.3-Volt Devices
Parameter Symbol Min Typ Max Min Typ Max Unit
Input voltage, high Viy 24 Vec + 1.0 2.0 Ve +0.3 v
Input voltags, low Vi -1.0 0.8 -0.3 (2] v
Supply voltage Vee 4.5 5.0 5.5 3.0 3.3 3.6 \
Ambient temperature Ta 0 +70 0 +70 °C

AC Characteristics
Recommended operating conditions unless otherwise noted.

-50 -60 <70 -80

Parameter Symbol Min  Max Min Max Min Max Min Max Unit Test Conditions
Operating current, Icc1 (+5V) 100 120 100 90 mA  RAS and CAS cycling;
average tpe = tgg min;

lcetr (+33V) 70 60 MmA |5 = 0 mA (Note 5)
Operating current, RAS- lcca (+56V) 100 120 100 90 mA  RAS cycling; CAS = Vi;
only refresh cycle, the = tgpc min;
average Icea (+3.3V) 70 60 mA |5 '= 0 mA (Note 5)
Operating current, fast- lcca (+5V) 90 90 80 70 mA  RAS < Vy; CAS cycling;
page cycle, average tpe = tpg min;

lceq (+33V) 60 5o MA  |5'= 0 mA (Note 5)
Operating current, CAS lces (+5V) 100 120 100 90 mA  BAS cycling; CAS before
before RAS refresh cycle, RAS; tpe = tge min;
average Iccs (+3.3V) 70 60 mA |5 = 0 mA (Note 5)
Access time from column  taa 25 30 35 40 ns  (Notes 3, 4,7, 8, 11)
address
Access time from CAS tacp 30 35 40 45 ns  (Notes 3, 4,7, 11)
precharge (rising edge)
Column address setup tasc 0 5 (o} 5 0 10 (o} 15 ns  (Note 9)
time
Row address setup time tAsR [ o] 0 o] ns
Column address to WE tawD 50 50 55 65 ns  (Note 16)
delay time
Access time from CAS tcac 15 15 20 20 ns (Notes 3, 4,7, 8, 11)
{falling edge)
Column address hold teAH 15 15 15 15 ns
time
CAS pulse width tcas 15 10,000 15 10,000 20 10,000 20 10,000 ns
CAS hold time for CAS tCHRA 10 15 15 15 ns

before RAS refresh cycle
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AC Characteristics (cont)

-50 -60 -70 -80
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
CAS hold (CBR self- tens -50 -50 -50 -50 ns
refresh)
CAS to output in low torz 0 0 0 0 ns (Note?)
impedance
CAS precharge time, fast- tcp 10 10 10 10 10 15 10 20 ns (Note 9)
page cycle
CAS precharge time, tepN 10 10 10 10 ns
nonpage cycle
CAS to RAS precharge tcrp 10 10 10 10 ns (Note 12)
time
CAS hold time tesH 50 60 70 80 ns
CAS setup time for CAS  tcgp 10 10 10 10 ns
before RAS refresh cycle
CAS to WE delay town 40 40 40 45 ns  (Note 16)
Write command to CAS  towL 15 15 15 15 ns
lead time
Data-in hold time tpH 10 15 15 15 ns  (Note 15)
Data-in setup time tps [ 0 ] 0 ns  (Note 15)
Access time from OF toea 15 15 20 20 ns  (Notes 3, 4,7, 8, 11)
OE delay data time toED 15 15 15 20 ns
OE command hold time  togy 0 0 0 0 ns
OE to inactive setup time  togg ] 0 ns
Output turnoff delay from  togz 0 15 0 15 0 15 0 20 ns  {Note 10)
OE
Output buffer turnoff toFr 0 15 0 15 0 15 0 20 ns  {Note 10}
delay
OE to output in low-Z torLz 0 0 0 0 ns  (Notes 6,7)
Fast-page cycle time tpe 35 40 45 50 ns  (Note &)
Fast-page read-modify- tpRrwe 80 85 20 100 ns (Note 6)
write cycle time
Access time from RAS tRAC 50 60 70 80 ns  (Notes 3, 4,7, 8)
RAS to column address tpaD 15 25 15 30 15 35 17 40 ns  (Note 9)
delay time
Row address hold time tRAH 10 10 10 12 ns
Column address lead tRaL 25 30 35 40 ns
time referenced to RAS
(rising edge)
RAS pulse width tRas 50 10,000 60 10,000 70 10,000 8 10,000 ns
RAS pulse width, fast trasp 50 125,000 60 125,000 70 125,000 80 125,000 ns
page cycle
RAS width (CBR sell- tRASS 100 100 100 100 s
refresh)
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AC Characteristics (cont)

-50 -60 =70 -80
Parameter Symbol Min Max Min Max Min Max Min Max  Unit Test Conditions
Random read or write tac 100 120 140 160 ns  (Note 6)
cycle time 130 150 ns  (Notes 6, 18)
RAS to CAS delay time trch 20 35 20 40 20 50 25 60 ns  (Notes 8, 9)
Read command hold time  tgcp 0 0 0 0 ns  {Note 13)
referenced to CAS
Read command setup tRes ] 0 0 0 ns
time
Refresh period tReF 16 16 16 16 ms  Addresses Ag - Ag
(Note 19)

RAS hold time from CAS  tgucp 30 35 40 45 ns
precharge
RAS precharge time tpre 40 40 60 70 ns

50 60 ns  (Note 18)
RAS precharge CAS hold  tgpe 10 10 10 10 ns
time
RAS precharge (CBR taps 20 110 130 150 ns
self-refresh)
Read command hold time  tRgy 10 10 10 10 ns  (Note 13)
referenced to RAS
RAS hold time tASH 15 15 20 20 ns
Read-write cycle time trwe 145 165 185 210 ns  (Note 6)

175 200 ns  (Notes 6, 18)
RAS to WE delay trwD 75 80 90 105 ns  (Note 16)
Write command to RAS tRwL 20 20 20 20 ns
lead time
Rise and fall transition ty 3 50 3 50 3 50 3 50 ns  (Note 3)
time
Write command hold twcH 10 10 15 15 ns  (Note 14}
time
Write command setup twes 0 0 (o} 0 ns  (Note 16)
time
WE hold time WHR 15 15 15 15 ns
Write command pulse twp 10 10 15 15 ns (Note 14)
width
WE setup time twsh 10 10 10 10 ns
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AC Characteristics

Notes:

U
@

@

2

®

<

®

22

@

2

@©

(10)

All voltages are referenced to GND.

An initial pause of 100 ys 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, it is
recommended that either a RAS-only or CAS before RAS refresh
cycle be executed while WE = V) to ensure normal operation.

Ac measurements assume tt = 5ns.

Viy {min) and V) (max) are reference levels for measuring the
timing of input signals. Transition times are measured between
VIH and VIL'

lccts loeas o car and Igcs depend on output loading and cycle
rates. Specified values are obtained with the output open. lcc3
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 = 0to +70°C) is assured.

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

For random read cycles, access time is defined as follows,

Input Conditions Access Time
tRAD = tRap (max), taep< trcp (Max) trac
tpaD = tRAD (Max), tasc = tASC (max) tAA
tRAD = tpaD (MaX), tage =tasc (Max) tcac

The above access times assume that OE has been active topa
(max) prior to when data is expected on the output.

trep (Mmax), tpap (Max), tage {Mmax) and tcp (max) are specified
as reference points only; they are not restrictive operating
parameters. They are used to determine which access time
{trac, taA tcac: ©F tacp) is to be used for determining when
output data will be available.

tofrF (max) and topz (max) define the time at which the outputs
become open-circuit and are not referenced to Voy or Vo

an

(12)

13
(14)

(15)

(16)

17

(18)
(19)

For fast-page read operation, access time is defined follows.

CAS and Column Address Access
Input Conditions Time
tcp = top (MaX), tage top tacp
tcp < top (max), tase < top taa
top = top (max), tase =tasc (max) taa
tep 2 top (max), tage = tage (Mmax) tcac

The above access times assume that OF has been active topa
(max) prior to when data is expected on the output.

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

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

Parameter typ is applicable for a delayed write cycle suchas a
read-write/read-modify-write cycle. For early write cycles, both
twcs and tycH 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 thawps tcivp, and tawp are restrictive operating parame-
ters in read-write/read-modify-write cycles only. twes = twes
{min), the cycle is an early write cycle and the data I/O pins will
remain open-circuit throughout the entire cycle. if tawp = towp
(min), tawp 2 trwp (Min), andtawp = 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 Viy) is indeterminate.

A test mode may be initiated by executing a CAS before RAS
refresh cycle with WE held at V. This mode also may inadvert-
ently be initiated during power-up because external control of
the signal lines is very ditficult during this period. It is therefore
recommended that while WE is held at V|, 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.

Applies to uPD424400L and uPD42S4400L.

1024 refresh cycles must be performed within 16 ms before
entering self-refresh and after exiting self-refresh.
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Timing Waveforms

Read Cycle

tRe

tRSH

Address Row

I tRP——>
tcsH
tcas
Y Y
A\ / N_
tRAD —> tRAL: < tCPN >
tRAH tasc—>{ |« tcan
s \
Column
K A
l«—— tRRH—>
1
tRes le— [€—tRCH >

w [

toES
l«——topa—>

Rl

Input’Output

High Impedance

|«<—tOFF
togz——>

Valid Data-out

High |

83IVB-67798
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Timing Waveforms (cont)

Early Write Cycle

tRAS

tCRP—> i‘ 'RSH P>
tesH >
tRCD < tcas >
tASR->| [<—1tRAD ")’\ tRAL J, tceN
tRAH tasc e
\
Address Row Column

twCH

twes > =

7 Ty | | S /i

< tDH >

Data-in

Note:
[1] OE = don't care.

B83I-60788
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Timing Waveforms (cont)

Late Write Cycle

tAC

tASH T tRP—>

tCSH

]

=TT

& Y

tOEH

= /[T,

ALY

tDS> [€«———tpH——
— Q@W@M@Wi‘ R T
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle

tRWC >
'PAS >
[ 4 Y
o | / \_
|

tcsH
’(—%nw—» tRcD < tcas

=_/ Y /

N
l«—tASR—> [«—1RAD tRAL: > {—tcpNa

tASC > e
l&tRAH > > |<— tcAH

4 NASL
Address m Row m Column
" 4
| l | tAWD > <—tCWL—>l

SR oo DEMISR
=TT N
N TR

—— Hgh impocancs \ . aF)z R

RAC

< torz
toz

B3YL-86608
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Timing Waveforms (cont)

Fast-Page Read Cycle

RAS

Address

input/Output

<

t
RASP

tosH

[€—tRCD—>1€¢——tcas—>

tRCH —>

tRRH

/t;;;;;;/

toz

Valid Data-out

I
toEz

toFF

terz

L—> oz

Valid Data-out

terz

toez
tOFF
High

jmpscance

Valid Data-out

toLz
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Timing Waveforms

{cont)

Fast-Page Early Write Cycle

fcnP‘(—»

tRASP

7

nf

[&t

1
<—tnco—><—tcAs——)~}Ecp

ot
<->| tRAH

tpc

l«——tca
N \2
K

o N

WE

AN

twes >

tasc
tcan tasc |<—> tcAH
\ p
Column Column
7
[ WS > [«
[~ tweH—>] [e—tWCH—>
twp > twp—>

/T

trp

tCPN—>

| tRHCP >
»| le——thgH—>
1
CP tcas
\ /
| —
a3 tRAL- >
tasc > tcaH
4
twes > |[€—

Note:

e SN

[1] OE = don' care.

1 1 7
‘(—tDH tps (—)I I(—tDH tos
| Datak | Datadn

£3YL-80818
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Timing Waveforms (cont)

Fast-Page Late Write Cycle

tRASP

= /I

toED

[< tDs

r-tD|

Input’Quiput

| Datan

toED
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Timing Waveforms (cont)

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

tRASP

d |
< | tRWD ‘i towL <—>‘
>{tAcS towL tACS < tRWL>

&——tCWD——> > < tCWD > twp
twp

tawp —> tAwWD >
le——1tan—>] [€e——tAaa—>
tOEH' <—tAcpi—> <—>‘ tOEH
= NS 7/ N S B RN\
|
toED (-)‘ &> toea| —> [< tps
toEA le> —> |« tpg toED
tcac et DH tCAC | tpH
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uPD424400, 424400A/L, 42S4400A/L N E C

Timing Waveforms (cont)

Hidden Refresh Cycle
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N E C pPD424400, 424400A/L, 42S4400A/L

Timing Waveforms (cont)

RAS-Only Refresh Cycle
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pPD424400, 424400A/L, 42S4400A/L N E C

Timing Waveforms (cont)

CBR Self-Refresh Cycle
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