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pPD424280A/L, 42S4280A/L
' - 262,144 x 18-Bit
Dynamic CMOS RAM

T-H4(-23-17

‘Descript»ion

The uPD424280A/L and PD4284280A/L are fast-page
dynamic RAMs organized as 262,144 words by 18 bits
and designed to operate from a single power supply.

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

uPD " Options
424280A  +5V
4242801 +33V

4254280A = +5V, self-refresh mode
4254280L +3.3 V; self-refresh mode

Advanced polycide technology using stacked capaci-
tors minimizes silicon area and provides high storage
cell capacity, high performance, and high reliability. A
single-transistor dynamic storage cell and CMOS cir-
cuitry throughout ensure minimum power dissipation,
while an on-chip circuit internally generates the
negative-voltage substrate bias—automatically and
transparently. ‘

The three-state |/O pins are controlled by UCAS and
LCAS independent of RAS. After.a valid read or read-
‘modify-write cycle, upper or lower lower byte datais held on
the outputs by maintaining UCAS or LCAS low. Data

outputs return to highimpedance when either UCAS or
LCAS goes high, Fast-page read and write cycles can
be executed by cycling UCAS or LCAS. o

Refreshing may be accomplished by a CAS before RAS
refresh cycle (CBR) that internally generates the re-
fresh address. RAS-only refresh cycles will also refresh
all memory locations.

The self-refresh mode is entered by hotding RAS low for
longer than 100 us during a CBR cycle. Detection ofthis
long RAS time starts an internal oscillator that main-
tains data integrity without external clocking. The slow
refresh reduces the data hold current to less than 200
microamperes. Self-refresh mode is used with micro-
processors that have a “sleep mode” for low-power
applications such as notebook PCs.

Features

0 262,144 by 18-bit organization

Single power supply (+5-volt or +3.3-volt)
Self-refresh option (slow internal automatic refresh)
Fast-page option

Byte read/write control with UCAS and LCAS
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Low power dissipation

CAS before RAS refreshing

On-chip substrate bias generator

TTL-compatible inputs and outputs

Nonlatched, three-state outputs

Low input capacitance

Muttiplexed row and column addresses

512 refresh cycles every 8 ms

40-pin SOJ, 40-pin ZIF, and 44/40-pin TSOP plastic
packaging .

Pin Configurations

40-Pin Plastic SOJ

#PD4242B0AL, 4254280A0.
vee T -/ %P enp
vo12 : 3P Vo
vop [} a 88 0 voty
vogj 4 87 0 voqg
vos s 26 [11015
vec e 35 [J GND
vos O} 7 34 [1v04
vog[}s 3P O3
Vo9 32 o2
vog ] 10 st 1 voy4
o1 30 {1 ¥O1p
NGO 12 20 P LcAs

© WE[] 13 28 [1 UCAS
s 14 27D CE
NGO 15 26 [1Ag
ApT] 18 251 A7
M7 2Dag
Ax ] 18 230 As
Ag] 19 22[] A4
vec [ 20 21 1 GND
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Pin Configurations (cont)

40-Pin Plastic ZIP 44/40-Pin Plastic TSOP (Reverse Pinouts)
WPDA24280A/L, 42S4280A/L WPDA24280A/L, 4254280A/L
vo41 1R © anorft O °#®[vee
Vo3 3 vogg O 2 431 voq
GND § Vo473 42[71 Voo
Vo5 7 Vo5 ] 4 4111 vo3
Vs; 1? Vo155 401 V04
V05 13 anD e »Pvee
V04 15 voua 7 38{1 1Og
Vo5 17 Vo138 871 vog
107 18 Vo2 e %[0 voy
V0g 21 vo¢s O 10 361 vog
WE 23
NC 25 —7KF
V049 ] 13 32 Vog
LCAS [} 14 st1p E
ucas 0j 18 WO WE
OELC] 16 2911 RAS
Ag[]17 280 NC
Ay 18 270 Ap
Ag 19 261 Aq
As ]2t 240 Ag
andze O 23 vee
44/40-Pin Plastic TSOP (Normal Pinouts) Sutfix <7KF in the package kdentifier
denotes reverse pinout sequence.
£3PMO007A
uPDA24280A/L, 4254280AL
vecd1o \.J  aafiaeno . o
vo; 2 43N voss Pin Identification
vopOs 42 [ vog7 Name - Function
voa[]4 41 [1 V08
vosd s swfvoss Ag-Ag Address inputs
vec O s 33 [J GND Y04 - /048 Data inputs and outputs
vos O 7 V04 [CAS, UCAS Column address strobes
vog L} 8 37 (1013 =
vor ] 38 11042 (_)E_ Output enable
vog ] 10 35 [ voq4 RAS Row address strobe
~7JF WE . Write enable
vog d 13 2 N vogo GND Ground
NC ] 14 3t P LCAS Voo +5-volt or +3.3-volt power supply
WEL 15 d s ueas NC No connection ’
RAS [] 18 2911 OE -
NG O 17 281 Ag
Al 18 70 Ay
As ]9 26 1 Ag
Az 20 25 Ag
Ag ] 21 2404
veoo O 22 o 23 [1GND
Suffix ~7JF Inthe Identifier
denotes normal phmwwm
SIFM-B800A
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Ordering Information, uPD424280A (+ 5-volt power)

RAS Access Fast-Page Cycle CAS Access
Part Number Time (max) Time (max) Time (max) Package
UPD424280ALE-60 60 ns 40 ns 20 ns 40-pin plastic SOJ
LE-70 70 ns 45 ns
LE-80 80 ns 850 ns
uPD424280AV-60 60 ns 40 ns 20 ns 40-pin plastic ZIP
V-70 70 ns 45 ns
V-80 80 ns 50 ns
HPD424280AGS-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP
G5-70 70 ns 45 ne (normal pinouts)
G5-80 80 ns 50 ns
HPD424280AG5M-60 €0 ns 40 ns 20 ns 44/40-pin plastic TSOP
| GsM70 70 ns 45 ne (reverse pinouts)
{ G5M-80 80 ns 50 ns

Ordering Information, pPD424280L (+ 3.3-volt power)

RAS Access Fast-Page Cycle CAS Access

Part Number Time (max) Time (max) Time (max) Package

UPD424280LLE-A60 60 ns 40 ns 20 ns 40-pin plastic SOJ
LE-A70 70 ns 45 ns
LE-A80 80 ns 50 ns

uPD424280LV-A60 60 ns 40 ns 20 ns 40-pin plastic ZIP
V-A70 70 ns 45 ns
V-AB0 80 ns 50 ns

HPD424280LGS5-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP
G5-A70 70ns 45ns (normal pinouts)
G5-A80 80 ns 50 ns

uPD424280LG5M-AB0 60 ns 40 ns 20 ns 44/40 -pin plastic TSOP
G5M-AT0 70ns 45ns (feverse pinouts)
G5SM-AB0 80 ns 50 ns
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Ordering Information, uPD42S4280A (+ 5-volt power; self-refresh mode)

RAS Access ' Fast-Page Cycle CAS Access - Self-Refresh
Part Number Time (max) Time (max) + Time (max) Current (max) Package -
UPD42S4280ALE-60 60 ns 40 ns 20 ns 300 A 40-pin plastic SOJ
LE70 70 ns 45 ns '
LE-80 80 ns 80 ns
HPD4254280AV-60 60 ns 40 ns 20 ns 300 A 40-pin plastic ZIP
V-70 70 ns 45 ns
V-80 80 ns 50 ns
HPD4284280AGS5-60 60 ns 40 ns 20 ns 300 pA 44/40-pin plastic
gs-70 70ns 45ns {r:so?zal.pinouts)
G5-80 80 ns 50 ns '
1PDA42S4280AG5M-60 60 ns 40 ns 20 ns 300 pA 44/40-pin plastic
G5M-70 70 ns 45 ns Irsé?;se pinouts)
G5M-80 80 ns 50 ns

Ordering Information, xPD42S4280L (+ 3.3-volt power; self-refresh mode)

RAS Access - Fast-Page Cycle - CAS Access Self-Refresh
Part Number Time (max) Time (max) Time (max) Current {max) Package
HPD42S4280LLE-A60 €0 ns - 40 ns 20 ns 100 uA 40-pin plastic SOJ
LE-A70 70 ns 45 ns
LE-A80 80 ns 50 ns
HPD4254280LV-A60 60 ns 40 ns 20 ns 100 LA 40-pin plastic ZIP
V-A70 70 ns 45 ns
V-AB0 80 ns 50 ns
uPD4254280LG5-A60 60 ns 40 ns 20 ns 100 pA 44/40-piny plastic : .
G5-A70 70 ns 45 ns Tsop
{normal pinouts)
G5-A80 80 ns 50 ns
HPD42842801 GSM-A60 60 ns 40 ns 20 ns 100 pA 44/40-pin plastic
G5M-A70 70 ne 45 ns TsoP
(reverse pinouts)
G5M-A80 80 ns 50 ns
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Block Diagram

Ras > RaS clock > AS Clok
Generator Generator —
I [ VE Clock
cas, |2 WE
UCAS CAS Before RAS l
e p—
intemal Refresh ' Senareo A
In — ene! r
Clock O — Datadn
J'_ Buffer
VL V01
Data VO Bus
Refresh Address VO1g
Counter Column Decoder I_ Data-out
Sense Ampiffier T
Ay e 3
As o g E
s e g Memory Ariay
Ay * §
Ag * §
Ag *
Ay *
Ag—>]
ssP-78228
Truth Table
Function RAS ‘LCAS UCAS WE OFE 1/0q - 1/Og /049 - HOyg
Standby H X X X X High-Z High-Z
Refresh cycle L H H X X High-Z High-Z
Byte read cycle L L H H L Data output High-Z
L H L H L High-Z Data output
Word read cycle L L L H L Data output Data output
Byte write cycle L L H L H Data input —_
L H L L H — Data input
Word write cycle L L L L H Data input Data input
L L L H H High-Z High-Z

X = dont care.
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Absolute Maximum Ratings Capacitance
Ta=25°C;f = 1 MHz

Voltage on any pin relative to GND

5-volt devices -10t0 +7.0V  Parameter Symbol Max Unit  Pins Under Test

3.3-volt devices 05t +48V Input capacitance  Cyy 5  pF  Addresses
Operating temperaturs, Topg 0 to +70°C Co 7 pF LCAS, UCAS, WE,
Storage temperature, Tgtg -55 10 +125°C OE, RAS
Short-circuit output current, log Input/output Co 7 pF /Oy - V046

5-volt devices 50 mA capacitance

3.3-volt devices 20 mA
Power dissipation, Pp 10w

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

Recommended Operating Conditions

5-Volt Devices 3.3-Volt Devices
Parameter Symbol Min Typ Max Min Typ Max Unit
Input voltage, high ViH 24 Vee + 1.0 20 Vee +03 v
Input voltage, low ViL -1.0 08 -0.5 08 v
Supply voltage Vce 45 50 55 3.0 3.3 36 v
Ambient temperature Ta 0 +70 0 +70 °C

Self-Refresh Current
Ta = 0to +70°C; Voo = +5V £10% (4284280A) or +3.3 V +0.3 V (4254280L)

Symbo} 42S4280A 42542801 Conditions

lee? 300 pA max 100 A max VO pins: Vi 2 Vgg-02V; Vi < 0.2V or open.
Other input pins: Vi = Vgg~02V; VL < 02V
or open. tgag = 100 us

DC Characteristics; 5-Voit Devices
Ta = Oto +70°C; Voo = +5.0V +10%

Parameter Symbol Min Typ Max Unit Test Conditions

Standby current lece 20 mA RAS = CAS = Vjy (min); Io = OmA
300 A FAS = CAS 2 Vgg~02V;lp = O0mA
Input leakage current hw -10 10 HA ViN = OV to Vg all other pins not under test = 0V
Output leakage current o -10 10 HA Doyt disabled; Voyt = OV to Vg
Output voltage, low VoL 0.4 v loL = 42mA
Output voltage, high VoH 24 v loH = -5 mA
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DC Characteristics; 3.3-Voit Devices
Ta = 0to +70°C; Vge = +3.3V 03V

Parameter Symbol Min Typ Max Unit Test Conditions

Standby current lec2 500 pA RAS = CAS 2z V|y (min); lop = O mA
100 PA RAS = CAS = Vg -02V; lgp = OmA

Input leakage current ") -5 5 HA Vin = 0V to Vg all other pins not under test = 0V
Output leakage current loy -5 5 HA Doyt disabled; Voyt = 0VtoVee
Output voltage, low Vou 0.4 v loL =2.0 mA
Output voltage, high VoH 2.4 v loy = 20 mA
AC Characteristics
Ta = Oto +70°C
pPD424280A, 4254280A: Voo = +5.0V 210%
uPD424280L, 4284280L: Vog = +3.3V 203V

-60 70 -80
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
Operating current, loot (+5) 160 150 140 mA RAS, CAS oycling; tpe =
average loct (+33) 150 140 130 tpe min (Note 5)
Operating ourrent, lges (+95) 160 150 140 mA RAS cycling; CAS = Vi
RAS-only refresh min; tae = tge min
cycle, average lccs (+3.3) 150 140 130 (Note 5)
Operating current, lges (+5) 110 100 90 mA RAS < V) ; TAS cyeling;
fast-page cycle, tpc = tpc min
average lccs (+3.3) 110 100 90 {Note 5)
Operating current, lces (+95) 160 150 140 mA RAS cyeling: CAS < Vi
CAS before RAS max; tge = tpc Min
refresh cycle, locs (+3.3) 160 150 140 (Note 5)
average
Access time from tAA 30 35 40 ns (Notes 3, 4,7, 8)
column address
Access time from tacp 35 40 45 ns (Notes 3, 4, 7, 8, 16)
CAS precharge
(rising edge)
Column address tasc 0 0 0 ns
setup time
Row address setup tAsR 0 0 0 ns
time
Column address to tawo 50 55 70 ns (Note 14)
WE delay time
Access time from tcac 20 20 20 ns (Notes 3, 4,7, 8)
CAS (falling edge)
Column address teAH 15 15 15 ns
hold time
CAS pulse width tcas 20 10,000 20 10,000 20 10,000 ns
CAS hold time for tCHR 15 15 15 ns (Note 15)
CAS before RAS
refreshing
CAS hold time tcHs -35 -40 -50 ' ns For 4284280A/L only
(CBR self-refresh
mode)
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AC Characteristics (cont)

. -60 -70 -80
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
CAS to outputin toLz 0 0 [ ns (Notes 4, 7)
low-Z
Fast-page CAS tep 10 10 10 ns
precharge time
CAS precharge tcen 10 10 10 ns
time
Fast-page CAS tcpwD 55 60 75 ns {Note 14)
precharge to WE
delay time
CAS to RAS tcrp 10 10 10 ns (Note 10)
precharge time
CAS hold time tesH 60 70 80 ns
CAS setup time for tcsr 5 5 [ ns (Note 15)
CAS betfore RAS
refresh cycle
CAS to WE delay towp 40 40 50 ns (Note 14)
Write command towr 15 15 15 ns
referenced to CAS
lead time
Data-in hold time tpH 15 15 15 ns (Note 13)
Data-in setup time tps 0 0 0 ns {Note 13)
Masked write hold tMRH 0 [ 0 ns
time referenced to
RAS
@ess time from toEa 20 20 20 ns (Notes 3, 4,7, 8)
OE
OE data delay time ~ topp 15 15 15 ns
OE command hold toeH 0 0 0 ns
time
OE to RAS inactive toes (1] 0 0 ns
setup time
Output turnoff toez 0 15 0 15 ] 15 ns (Note 9)
delay from OE
Output disable torF 0 15 0 15 0 20 ns (Note 9)
from CAS high
OE to output in toLz o ) o 0 ns (Notes 5, 7)
low-Z
Fast-page read or tpe 40 45 50 ns (Note 6)
write cycle time
Fast-page read- tprwe 85 90 100 ns (Note 6)
modify-write cycle
time with exended
data output
Access time from trac 60 70 80 ns (Notes 3, 4, 7, 8)
RAS
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AC Characteristics (cont)

-60 <70 -80
Parameter ... Symbol Min Max Min Max Min Max Unit Test Conditions -
RAS te column tRaD 15 30 15 35 15 40 ns (Note 8)
address delay time
Row address hold tRAH 10 10 10 ns
time .
Column address tRAL 30 35 40 ns
lead time
referenced to RAS
(rising edge)
RAS pulse width tRAs 60 10,000 70 10,000 80 10,000  ns
Festpage FAS - = tmasp 60 125000 70 125000 80 125000  ns
pulse width
RAS pulsé width tpass’ 100 100 100 us For 4284280A/L
(CBR self-refresh ' ’
mode) '
Random read or tpe 120 - 130 150 ‘ ns ~ (Note )
write cycle time :
RAS to CAS delay tRep 20 40 20 50 20 60 ns (Note 8) .
time ‘ . .
Read command tRcH 0 0 0 ns (Note 11)
hold time )
referenced to CAS
Read command trcs 0 0 0 ns
sotup time
Refresh period tREF 8 8 ’ 8 ms Addresses Ag - Ag
RAS hold time taHCP 35 40 45 ns
referenced to CAS
precharge
RAS precharge tre 50 50 ) 60 ns
time
RAS precharge tppc 0 0 0 ns
CAS hold time
RAS precharge tars 120 130 150 ns For 4284280A/L
time (CBR seolf-
refresh mode)
Read command tRRH 4] 0 [+] ns (Note 11)
hold time
referenced to RAS
HAS hold time tRsH 20 20 25 ns
Read-modify-write trwe 165 175 200 ns (Note 6)
cycle time
RAS to WE delay trWD 80 90 105 ns (Note 14)
Write command trwL 20 20 20 ns
referenced to RAS
load time
Rise and fall times tr 3 50 3 50 3 50 ns (Note 4)
Write command tweH 15 15 15 ns (Note 12)
hold time
Write command twcs 0 0 0 ns (Note 14)

setup time
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AC Characteristics (cont)

-860 -80
Parameter Symboi Min Max Min Max Min Max Unit Test Conditions
Write command twp 15 15 15 ns (Note 12)
pulse width
Notes:

(1) All voltages are referenced to GND.

(@) Aninitial pause of 100 us is required after power-up, followed by
any eight RAS cycles, before proper device operation is

achieved,
(3} Ac measurements assume ty = 5ns.
(4) Vi (min) and V) (max) are reference levels for measuring the

timing of input signals. Transition times are measured bstween
Vi and V.

(5 lcot lcea: lecas and lggs depend on output loading and cycle
rates. Specified values are obtained with the output apen. Iggs
is measured assuming that all column address inputs are held at
either a high level or a low level during RAS-only refresh cycles.
Iccs is measured assuming that all column address inputs are
switched only once during each fast-page cycle.

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

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt
devices, Vo = 2.0V and Vg = 0.8 V (ac reference levels).
(8) Wtpcp < tgep (max) and tpap < tgap (Max), access time is
defined by tgac (max).
i trep = tgep (Max), access time is defined by toac (max).
ittRaD 2 tpaD (max), access time is defined by ta 5 {(max).

@

-~

torF (max) and togz (max) define the time at which the outputs
become open-circuit and are not referenced to Vo or Vor.

{10) The topp requirement should be applicable for RAS/CAS cycles
preceded by any cycle.

10

(11) Either tgry or tgoH must be satisfied for a read cycle.

(12) Parameter typ is applicable for a delayed write cycle suchas a
read-write/read-modify-write cycle. For early write cycles, both
twcs and tywen must be met.

(13) These parameters are referenced to the falling edge of one ofthe
CAS signals for early write cycles and to the falling edge of WE
for delayed write or read-modify-write cycles.

(14) twes, trwD: towp: tcpwp and tawp are restrictive operating
parameters in read-write/read-modify-write cycles only. If tyeg
2 twes (min), the cycle is an early write cycle and the data /O
pins will remain open-circuit throughout the entire cycle. if towp
2 tewp (Min), thwp = tawp (Min), and tawp = tawp (min), then
the cycle is a read-write cycle and the data IO pins will contain
data read from the selected cells. If neither of the above
conditions is met, the condition of the data I/O pins (at access
time and until CAS returns to V|y) is indeterminate.

(15) Holding LCAS or UCAS low prior to RAS going negative will
initiate a CAS before RAS refresh cycle (tcgp and topyp must be
satisfied).

(16) The first CAS falling edge is used as a referencs for the start of
tacp (CAS precharge access time).
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Timing Waveforms

Word Read Cycle
< tRe
tras > [e——tgp—>
— y [ )
S N JZ A
I
CSH
€ tRCD tRSH ’] tcRP
LCRP [ 1cAS >
—_— Y y
wE }\\ 'y
< tesH
tRCD l > tRSH
tCAP [€>] tcas tcRP
R ' Y 4
s/ \ !/
[€¢———tRAD >l tRAL:
tAsn|<—> AAH
1t S
tRCH
'(—tncs—) <—tnnin—>
= /I AN
|(——toEs—>
tan
\l:*iosr>
= \
tCAC: : «—>» tOFF
tRAC I tOEZ —>
impedance 0
¥O1-VO18 Hon! g@g‘ Data Output 75—
L—'lon.z
[e—————tLZ —>

1
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Timing Waveforms (cont)

Byte Read Cycle
tRC >
tRas > [€——tRP—>
\ ¥
RAS \ / A\
K 7
tcSH ri
—1tRCD > tRSH tcrp
tcrp I‘-’ [« tcas————>

< tMRH

:
(
\

5

Y

l tRCH

S J T
| SR i N
oE \ \t /‘.
¥01- 0y High imped l o
e —
S — e

[1] Nonactive CAS = Vjy_
RFNTEA8
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Timing Waveforms (cont)

N E ¢ ELECTRONICS INC bE D WE L42?525 0033913 5T0 EENECE
|

Word Earily-Write Cycle
tre
tRas > tRp-——>
— y
RAB N N
N /
tosH Ari
tRCD tASH
teRp <™ € tCAS: e~ tCRP—»
—_— 4 r
ws ]\\ ‘ /)
< | tesH >
tRCD > tRSH
lcﬁP [ tcAS € tCRP ~>|
— 4 3 4
s/ /
\! /
le——tRAD I 1ok tRAL 3>
tASR [« traH tAch > tCAH
\
s TN o R ARy
A
|| tewl- !
TRAWL >

i
etwcs-»‘ \«twcu-ﬁ

|e——— t Yp—

): J ! T
ot SRR e K R R R R

B83FM-7658
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Timing Waveforms (cont)

Byte Early-Write Cycle
4.7 c
tRAS > [ €——tRP—>
I N
nas Sc 7-] \
tcsH ;i
< tRCD tRSH > > tCRP
tcrP ’<-> € tCAS— >

I<——> tMAH

-«< tRAD tRAL

I tRwL >

twes tWCH—>]

< tow >
€ twp—————»

= LTI L

v01- 109 X XK KR K XA K XK XX KX XX XX XX
tos<—->| < oM
4 R

VOyp- V04

Notes:
[1] Nonactive CAS = V),
[2] OF = don't care.

SIFM-78288
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Timing Waveforms (cont)
Word Late-Write Cycle

tRC >
- tRAS tRp—>

— )

As \( ) N

< tRCD > tRSH

tRCD tRSH———————>]
} tcas > >| toRP

tRAD >

4
Addross Row m Column
N 7

[ e——towL—>
|t AW >
[e— tyyp ——>

I S T

-

= /(111111 NI

[<——t0ED |«—tpg—>»| |[€———tpH——>]
4 ) 3
Data input

A
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Timing Waveforms (cont)

RS _——’S( " 7 fw——»\_
. tROD t‘csn tRSH >i > <> tcRp
s l{\ \ i
rone <] | le—>tm
oA _/‘ ‘ ) |
tAsR (—:tm 'ASC: <—->I I"‘“CA““':AL
ot v
ST S T
= 7//////////////////[ N

SIFM-76208
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Timing Waveforms (cont)

Word Read-Modify-Write Cycle
tRwe >
- tRAS > tRp——>
— y
As S( \_
¥,
< tosH >i
< tRCD > tRSH - >
tcnp'(—) le—— —tcAg——————————————> < >| tRP
R 4
UCAS
/ 1\\ -
: | tcsH >
[€———tRCD > tRSH
- tcap < tEAg >| tCRP
— Y y
icAs \\ / /
Z

S/ :;@1 e Y/

B t [<—tow
tACS towp €t AWL—>]

< | | tRWD > [€—twp—>

R

\
Data input
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Timing Waveforms {(cont)

Byle Read-Modify-Write Cycle

tRWC
tRAS

tRCD tRSH

l€—tRAD—>

tasC
tASR | tRAH <—tcAH—>|
Y
Addrass m Row Column
3 K

| tawp > <—'GWL—>|
tncsl<->| e toyp——————> [—tRWL—>]
I tRWD! > < twp

12

[l

S Y/

- 7//////////////:/

taa

€ > tOEA

e

|
NNNNNONNQNONNN 00000000000 000000000000009099.0999

toED

e tcac——
o tos
!‘ tRAC tDH

TR =

V040~ toiz —>|
V018 tewz —-> r toez
High Impedance Data
Output

Note:
[1] Nonactive CAS = V4.

BIFW-78308
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Timing Waveforms (cont)

Word Fast-Page Read Cycle
< tRASP - > .
e tRHOP ————>] |
- X "
RAS S( 7Z \

tpg ——>| € tRSH —>»

toaple—s> <—tnco—>|<—tcAs—> e top — | toas «—top —>] [« teas '(—-ﬂtcnp
s X s y / y 7
UCAS / \\ /] N N '

< tpc > [€— tRSH —>|
tcpple <—tHcD—I—><—tcAs—> le—top —»| |le—toas le—1CP —> [«—tCAS *—Jtcnp
/ s \ v \ 4 ;
o \ / \ N /
tRAD
tGSH
tRAH >} I(—

tASR <—>| 1ASG >

tAA ——>!

B
|

tOEA tOEA > ; tRRH
Jf i ’ NI

t |
le— tOFF ‘mc: —>| le—tOFF [«€—tCAC—>|

> ]
1oLz - —)l le-toEz —] toLz »toEz  —> | toLz |<—> toEZ
3 4 X 4 3
VO1- V013 é’m‘; 03532 s ‘o.%nhujz_
' 4>l toLz

SFM-78318
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Timing Waveforms (cont)

Byte Fast-Page Read Cycle
- ' tRASP !
T e tRHOP————>| |
) —
mAS N 7 N
i i‘ tpe > C le— tRgH—>
© 7 toRple—> r—mw——»«—ic;\s—ﬂ le—top —»{ |e—tcas L top —>| [e—toags > I(.)tcm,
o . L g ! . T
s/ NN N i
toaple—s > tMRH
ws - f ’%Z
. tRAD
tash

> tRCH

le—— tAA > l€—tOES —>
- LOEA > > tRAK

N\

R ~ §
,.45

voq-
o 1100 o .| tcac - : I
tCAC |e—> le~ tOFF - —> ltOFF  * |&—tcac—>] e~ tOFF
tez - le—toEz -»| |[«toLz [e—>itoEz > tez toez.
& 3 \
. Deta Daa ¥ Daia
¥010- V018 Output Output 2 ¥ Output E"‘ -
[———tRAC ———>] > toz
Note:

{1] Nonective CAS = V4,
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Timing Waveforms (cont)

Word Fast-Page Early-Write Cycle

iz tpe > [€— tRSH—>
tcRP) > <—tRCD—>1«-tcas tcp —> e—tcas —> [€—IcP —> «—tcas —>] terp
— R 4 4 X
= N \ / s
N 7
tpc > le— tRSH —»1
. tCRP oc— tRCD — >} toAS —>! top —»f («—tcas —>| [€—tCP —>»! [« tCAS —> tcap
3 4 \
icas \\ N / \

tWes —»| twes —> I
tweH

(1] OE = dont care.
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Timing Waveforms (cont)
Byle Fast-Page Early-Write Cycle

tRP_,

tRasp
- N
AAS N )
|<—— tpc ————] &— tRGH —>1
tcRp le— treD—>le—teas —>| tep le—tcas —> tcp —> re—1cas —> tcRp
s N A N
_/ \ K 7 ke 7 T2
tcRP L—»‘ MRH
— y
] N\
<-m>|
03 tesH >
t — )
RAH |<_ tcAH tasc || tcan tRAL——
tasa tASC | fe|e—> ] tASC tcnlu
| Y \ — 4 y 7
Address Row Column 1 Column 2 Cokumnn W/ / / / /
Pl
Toom—] I | T o]
CWL [——towL ‘<-“——tch
e tRWIL——>

twes > e twes > -
[e~twCH e~ tweH —>]
twp-— le——tywp—> et—

§
:
§
§

VO1-vOg
toH t'os <——>| I(—-) toH

VO1p - VO1g

Notes:
[1] Nonactive CAS = vy,
[2] OE = don't care.
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Timing Waveforms (cont)

Word Fast-Page Late-Write Cycle

3 trasp
< tRP
3 tesH
— \
- 7
i: tpg < 1RSH ;
le—tACD——>«——toas———>] }etcp>] |e——tcas—>] |« iop>] le——tcas—>] |« crg
— X A \ A
UCAS \\_ / N St 7//
-« tpc tRSH '
le—1RCD g tCAS——>] letCp>»] e——tocaAs—>» tCp»| i €———1tCAS——>! |« cRg

=y || e || et | ROz

1OED —

YO1-VO18
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Timing Waveforms (cont)

Byte Fast-Page Late-Write Cycle

3 tRASP >
tRP
tcsH
BAG .
S
N y
l€— tCRP tpc > | e———— R toap
<—tRCD—— > 1€ tcas—>| letocp»| [«——tcas—> [«€tcP>| [«——tCas >
— N : r
: N A N AN 7
MRH
[«€— tCRP -
LCAS
tRAH -
tASR—>

= /[T

¥Oy - ¥0p

V019 -¥O18

Note:
{1] Nonactive CAS = Vi,

24




N E ¢ ELECTRONICS INC LIE D WM bu27525 0033925 2l EENECE
IS F V) 4 pPD424280A/L ,'42S4280A/L

Timing Waveforms (cont)

Byte Fast-Page Read/Write Cycle

< ‘RasP ™ e
l«——— o —————>] ‘RHCP
o e !
RAS N /
- 7
e I -
i tPRWC > [ e—————— tRgH ———>]
YCRP[€>{ |[<— IRCD —>te——tCAS ——>{ | He——toAs ——>| N ‘CRP
r p [ /'!——""'
e _/ ! / ’F £/
tPC— T tpC > ]
CRpj<> e—top—>| [e—toas > l«Zm ‘ 'MRTIT I‘-
— R A
% ] ‘T \%
[ .
tAAH > > I<—‘CAH e 1cAH I‘“GAH
[} . . ;
tAsn<->| > <—IIAIs,c < ASQ' > ,(l-usc _

tOEA [ tOEA

al

YoH
voL

VOq-
VOg

ViH
viL

Vou
VoL

{019~
-'Wlsi

| ViH
| viL
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Timing Waveforms (cont)
Word Fast-Page Read-Modify-Write Cycle

< tRASP >
tRp
< tesH >
I
[ ~ 7
—>| [<—tcRP 'r tPRWC > e——— tRSH————> onp
Me—IRCD ——>1€——ICAS— > [« 1CP>| [«——ICAS——>| [€ICP> [e——ICAS——> |%
X A \ A Y 4
CAS (1
®_/ M 7 N N /7
—>» |« tCAP Bl tPRWC > < tRSH > o
le—tROD ——»{e——CAS— > [€ 1P |€———1lCAS~—> |« ICP>| [&——-lCAg— >
r p A p — 4
CAS (2
@ / \\t 4 N 4 N y
< 'RAD —> I(—tc,qﬂ
tran—> | > I(—tc.m > '(—tCAH < tRAL >
tAsn—>| — l tasc ‘A_SC ] tasc l
\ L
MUWM Row [X; Col 1 Col 2
7 K7
«———Atﬂwo—> <———Ltcpwo—> < I tcPwD > tRWL
tRcs |<— tewL—> € tewl> < towe—> I(—
— \ y \ s 3 ’
=7/ ! i N
twp twp twp
—tCWD —> [e—toWD —> 1 le— towp—>
[€e———tAWD———> - tAawD—> a7 tAWD —
|' trcs <> tros
- —»— tAA - tan [ taa
> LOEA <> tOEA ' <> toga
o ﬂ(_, . N \
N7
- tRAC — t0ED le—taCP * |toen le~tacP 3
tcac > teac > tcac >

V01-VO1g
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Timing Waveforms (cont)

Byte Fast-Page Read-Modify-Write Cycle

< tRASP > \me
< tosH
__ p
N 7
<— tGRp i< tpc > | e——— thgH———>
j€<—tRcD —> tCAS—» [€icp> [«——1ICAS—> € 1Cp> [€——1lCAS—> | CRP;|
X y— X S / 4
UCAS
N 7N 7 N 1%
Y
[«—tCRP —> i
L tRAD >/ > I(—ICAH
tRAH—> > ,(—lcm > |<—|CAH ] tRAL >
ASR l
Addross

| taa
toEA
VoH- .
o Vo- High Impac
¥Og 1 vin-
Vi~
I(——‘nAcT> tosp I(—-lAc,,- > o I(—RA,,,. > Lo
ICAC —e—> <—>| tcac > ! >
_ CAC
> oEZ = oz > l0Ez
o | |
VoL-
Dour 1 | Dour2 Dourn
V010 oLy - ips tolLZz > —>| [€- tps tOLz- - tps
1O18 tq_z—)l ] —>| tcrz [ —)I oLz |
{DH DH tDH
ViH- Y A p
Din1 DiN2 Diyn
viL- N N—7
Note:
[1] Nonactive CAS = Vjy.
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Timing Waveforms (cont)
Hidden-Refresh Cycle (Word Read Cycle)

m—.ﬁg: _ z""“;—_m—j;\_

? m; 7 ,~ng@'l;m K/L/Z////////////////////////X
=TT N ”’<//////////// Y,
o"57///////// ////////////m:-: j///ﬁ//ii/_/"{//////////
25— w-w m,;j@fi o oo ':E__
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Timing Waveforms (cont)

Hidden-Refresh Cycle (Word Write Cycle)

.

KU ":’i@//////////////////////////)(

twp——>

WE///////////////A T
o °////////////////)3i e KALLIIILITTTTITTITETE

29




N E ¢ ELECTRONICS INC LLE D EW by27525 0033930 LAT MENECE

pPDA424280A/L, 42S4280A/L N E C

Timing Waveforms (cont)

Hidden-Refresh Cycle (Byte Write Cycle)

C <
S AP Y
|—————1tRag
————| —
. \_—
K K

toRpP le——— tRCD > l€——tCHR -« tCRP —-
— p s
UCAS \\(

3l
[l
17t

s » N,
WWQP o jﬁ@;ﬁ c°'""“—l«///////////////////////////9(
T T

~~ 7
////////////////f = —%///////////////////////////4/4,_
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Timing Waveforms (cont)

RAS-Only Refresh Cycle
< RAS RP—>
T Ty )\
RAS N JZ N
tCRP <RPC
- ‘%Z/
tcRP tRPC
ioAs 7 ’%ééé/
tasR

S

83RD-74748

CAS Before RAS Refresh Cycle
3 tprc
[€—tRP —> tRas > [€—tRP——>|
— 2 p —
w_ N 3 \__
tg; tcsr

i Fi‘ g
w T,

(1) H elther UGAS or LGAS input Is held
low before RAS transitions low, the
on-chip CER refresh circult Is enabled

BORD-74758
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Timing Waveforms (cont)

CBR Self-Refresh Cycle
RASS > € taPs
_— £ ' /a y
AAS
/ ; 7 —
le— trpg ——>| : - -
<—tcpu—>£tcsn > 7‘Fcus
— s X .
CAS
_/ ) 46
|_1OFF
T[T s
$3Y1.-8500B




