N E C ELECTRONICS INC L1E D HE bu2?7525 0033630 937 EENECE

- _ﬂ - pPD424400 424400A/L, 42S4400A/L
N : U 1,048,576 x 4-Bit
NEC Electronics Inc. Dynamlc CMOS RAM

T46~23-(F

Description Features
The devices listed below are fast-page dynamic RAMs O 1,048,576 by 4-bit organization
organized as 1,048,576 words by 4 bits and designedto T Single +5-volt-power supply
operate from a single power supply. G Fast-page option
Optional features are power supply voltage (+5V or S fsy\;rg;ﬁz? g;g%;t(fgﬂw internal automatic refresh)
+3.3V) and a new refresh mode called “self-refresh. o CAS before RAS refreshing
uPD . Options 0 Multiplexed address inputs
Second-generation products 0 On-chip substrate bias generator
424400xx - +5V 0 TTL-compatible inputs and outputs
424400-xxL +5V; low-power O Nonlatched, three-state outputs
Third-generation products 0 Low input capacitance
424400A-xx +5V O 1024 refresh cycles every 16 ms
42S4400A-xx +5V; self-refresh, low-power O 26/20-pin SOJ, 20-pin ZIP, and 26/20-pin TSOP
424400L-Axx +33V ‘ plastic packaging
4254400L-Axx  +3.3 YV, self-refresh, low-power
-xx indicates speed grade (RAS access time). Pin Identification
Advanced polycide technology minimizes silicon area  Name Function
and provides high storage cell capacity, high perfor-  Ap-Ag Address inputs
mance, and high reliability. A sipgle-transistor dynamic  yo,-yo, Data Inputs and outputs
storage cell and QM_OS .cucunr_y throughou_t ensure == CoTurm oddress strobe
minimum power dissipation, while an on-chip circuit —
internally generates the negative-voltage substrate  ©F Output enable
bias—automatically and transparently. RAS Row address strobe
The three-state I/O pins are controlled by TAS indepen-  VE Write enable
dent of RAS. After a valid read or read-modify-write ~ GND Ground
cycle, data is held on the outputs by maintaining CAS Vee +5-volt power supply

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
Ay - 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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Pin Configurations

26/20-Pin Plastic SOJ 26/20-Pin Plastic TSOP (Normal Pinouts)
424400, 4244000VL, 42S4400A/L 424400, 424400A/L, 4284400AL
voq 1 26 [1 GND Vo4 g 10 2¢ 0 GND
vop ]2 25 [ vo, Vo 42 251 V04
wel]s 2 {1 vog WEQ3 2401 vog
RAS []a 23 11 CAS Ras [} 4 237 cas
Ag s 2 [ 6E Ag s 22[7 O
~-8JD
Ag9 80 Ag AgC]e 18{1 Ag
A1 10 17( A7 A0 17[0 A7
A O}t B[ Ag AN 183 Ag
Az 15[ Ag Ag Q12 15[ a5
vec 13 . 4“0 Ay voec 13 0141 Ay
BIHEOTIA Suffix =8JD in the package Identifier
danotes normal pinout sequence.
SIFM-8006A
20-Pin Plastic ZIP 26/20-Pin Plastic TSOP (Reverse Pinouts)
424400, 4244004/, 42S400AL
GND 1 O ©o2{voy
¥4 [} 2 25 voz
¥y s 20 WE
cas [Ja 230 RAS
CE s 22[] Ap
-9KD
AgOe 18 Ap
Az 10 70 A¢
SIHEITA Ag g1 181 Ay
Ag[]12 150 A3
asdns O wfvee
Suffix ~-8KD In the package Identifler
denotes reverse pinout sequence.
SIFM-B008A
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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
HPD424400LA-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
MPD424400LA-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
HPD424400V-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
LPD424400GS-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
uPD424400GS-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
UPD424400GSM-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 80 ns
HPD424400GSM-60L €0 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, pPD424400A (+ 5 V; standard version; 3rd-generation product) .

RAS Access R/W Cycle Fast-Page
Part Number Time (max) . Time (max) Cycle (max) Package
UPD424400ALA-50 - 50 ns 100-ns 35ns 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 s 40 ns -
V-70 70 ns 140 ns 45 ns
V-80 80 ns 160 ns 50 ns .
HPD424400AGS-50 50 ns 100 ns 35 ns 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
pPD424400AGSM-50 50 ns. 100 ns 35 ns 26/20-pin plastic TSOP (reverse pinouts)
GSM-60 60 ns 120 ns 40 ns ‘
GSM-70 70ns 140 ns 45 ns
GSM-80 80 ns 160 ns 50 ns

Ordering Information, uPD42S4400A (+ 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
HPD42S4400ALA-50 50 ns 100 ns 35ns | 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
pPD42S4400AV-50 - 50 ns 100 ns 35 ns 200 uA 20-pin plastic ZIP
V-80 60 ns 120 ns 40 ns
V-70 70 ns 140 ns 45 ns
V-80 80 ns 160 ns 50 ns
HPD425S4400AGS-50 50 ns 100 ns 35ns 200 pA 26/20-pin plastic TSOP {(normal pinouts)
GS-60 €0 ns 120 ns 40 ns
Gs-70 70 ns 140 ns 45 ns
GS-80 80 ns 160 ns 50 ns
HPD4254400AGSM-50 80 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 50 ns
4
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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
HPDA424400LLA-A70 70 ns " 140 ns 45 ns 26/20-pin plastic SOJ (300-mil)
LA-ASO 80 ns 160 ns 50 ns '
HPD424400LV-A70 70ns 140 ns 45 ns 20-pin plastic ZIP
V-A80 80 ns 160 ns 50 ns
HPD424400LGS-A70 70 ns 140 ns 45 ns 26/20-pin plastic TSOP (normal pinouts)
GS-A80 ~ 80ns 160 ns ) 50 ns
uPD424400LGSM-A70 70 ns - 140 ns 45 ns 26/20-pin plastic TSOP {reverse pinouts)
GSM-A80 80ns 160 ns 50 ns

Ordering Information, pPD42S4400L (+ 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

UPD4254400LLA-AT0 70 ns 140 ns 45 ns 100 pA . 26/20-pin plastic SOJ (300-mil)
LA-ABO 80 ns 160 ns 50 ns

1tPD42S4400LV-A70 70 ns 140 ns 45 ns 100 uA 20-pin plastic ZIP
V-A80 80 ns 160 ns 50 ns ’

HPD4254400L.GS-A70 70 ns 140 ns 45 ns 100 uA 26/20-pin plastic TSOP (normal pinouts)
GS-A80 80 ns 160 ns 50 ns

HPD4254400LGSM-A70 70 ns 140 ns 45 ns 100 uA 26/20-pin plastic TSOP (reverse pinouts)
GSM-A80 80 ns 160 ns 50 ns
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Block Diagram

RAS FIAS Clock CAS Clock
Generator Generator —
l |'—' WE Clock
cAs B— WE Genarator
CAS Before RAS l
OE Clock
Intomal Refresh S Generator
Clock Data-in
F Buffer
1 Data VO Bus o1
L o
Data-out
Column Decoder Buffer
Sense Ampiifier T

Memory Array

Muitiplexer

Address Bufter

As *
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INLN\» pPDA424400, 424400A/L, 42S4400A/L
Absolute Maximum Ratings Capacitance
Voltage on any pin relative to GND Ta=25°C;t= 1MHz

S-volt devices -1.0to +7.0V Parameter Symbol Max Unit Pins Under Test

3.3-volt devices 0510 +46V Input capacitance  Cjq 5 pF  Addresses
Operating temperature, Topp Oto +70°C Co 7 oF RAS, CAS, WE, OF
Storage temperature, Tgtg -55 to +125°C Inputioutput Co 7 oF 1104 - Og
Short-circuit output current, log capacitance

S-volt devices §0 mA

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 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 lcc2 20 20 mA RAS= TAS = V| (min);lo = OmA
1.0 02 mA RAS= CAS= Vec-02V;lp=0mA
Input leakage current h -10 10 ~-10 10 HA Vg = 0V to Vg all other pins not under test = 0V
Output leakage current  lo|) -10 10 -10 10 pA Doyt disabled; Voyr = 0V to Vgg
Output voltage, low Vou 0.4 0.4 v lo = 42mA
Output voltage, high VoH 24 24 v loH = =6 mA
Self-refresh current lcc? Not applicable 200 HA  lgp = 0 mA; all /O and input pins 2 Vgg-0.2Vor< 02V

or open; tgag = 100 us; 1024 refresh cycles must be
performed within 16 ms before entering self-refresh and
after exiting self-refresh

DC Characteristics; 3.3-Volt Devices

Recommended operating conditions unless otherwise noted.

424400L 4254400L
Parameter Symbol  Min Max Min Max Unit Test Conditions
Standby current loca 20 05 mA RAS = CAS = V| (min);lo= 0mA

05 01 mA RAS=CAS =z Vee-02V;lp= 0mA

Input leakage current hy -5 5 -5 5 HA Vg = 0V toVgg, all other pins not under test = 0V
Output leakage current  loy -5 5 -5 5 HA Doy disabled; Voyr = 0Vto Voo
Output voltage, low VoL 0.4 04 v loL = 2mA
Output voitage, high Vou 24 2.4 v log = -2 mA
Self-refresh current lee7 Not applicable 100 HA lo = 0 mA; all /O and input pins = Vg -02Veors 02V

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

. CAS Before RAS Refresh
Symbol 424400-xxL  42S4400A © 42S4400L Unit tgas Cycle Standby Conditions
lece (Max) 500 300 150 pA = 1ps 1024 refresh cycles (min) every mic& = Vg —-02V;
300 200 100 LA < 200 ns 128 ms; RAS = CAS 2 Vgg ~ Din, WE, OE, Addresses 2 Vgg

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

~0.2Vor < 02V; /O open

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 2.0 . Voo +0.3 A
Input voltage, low Vi -1.0 0.8 -0.3 0.8 Vv
Supply voltage - Vee 4.5 5.0 5.5 3.0 3.3 3.6 v
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, lcey (+5V) 100 120 100 90 mA  RAS and CAS cycling;
average - the = tpe Min;

lcct (+33V) 70 60 mA |, = 0mA (Note 5)
Operating current, RAS- Iccs (+5V) 100 120 100 80 mA  RAS cycling; CAS 2 Viy;
only refresh cycle, - — tgg = tge Min;
average lcea (+3.3V) 70 60 MA |5 = 0.mA (Note 5)
Operating current, fast- lgog (+5V) 90 90 80 70 mA  FAS < Vy; CAS cycling;
page cycle, average tpc = tpg Min;

lgga (+33 V) 60 50 MA |5 = 0 mA (Note 5)
Operating current, CAS lcos (+5V) 100 120 100 90 mA  BAS cycling; CAS before
before RAS refresh cycle, - RAS; tge = tgc min;
average Iees (+3.3 V) 70 €0 MA 1, = 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 ] 5 0 5 0 10 0 15 ns (Note 9)
time '
Row address setup time tash 0 0 0 0 ns .
Column address to WE tawD 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 10000 ns
CAS hold time for CAS teHR 10 15 15 15 ns

before RAS refresh cycle

8
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AC Characteristics (cont)

-50 -60 <70 -80
Parameter Symbol Min Max Min Max Min Max Min Max Unit TestConditions
CAS hold (CBR self- toHs -50 -50 -50 -50 ns
refresh)
CAS to output in low toLz 0 o 0 0 ns  (Note 7)
impedance
CAS precharge time, fast- tcp 10 10 10 10 10 15 10 20 ns  (Note 9)
page cycle
CAS precharge time, teen 10 10 10 10 ns
nonpage cycle
CAS to RAS precharge tcrp 10 10 10 10 ns  (Note 12)
time
CAS hold time tosH 50 60 70 80 ns
CAS setup time for CAS  tggp 10 10 10 10 ns
before RAS refresh cycle
CAS to WE delay tcwd 40 40 40 45 ns  (Note 16)
Write command to CAS tewl 15 15 15 15 ns
lead time
Data-in hold time toH 10 15 18 15 ns  (Note 15)
Data-in setup time ips 0 [¢] [ 0 ns  (Note 15)
Access time from OE 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  togn 0 0 0 0 ns
OE to inactive setup time  topg 0 ns
Output turnoff delay from topz o 15 0 15 0 15 0 20 ns  (Note 10)
OF
Output buffer turnoff torr 0 15 [¢] 15 0 15 0 20 ns  (Note 10)
delay
OE to output in low-Z torz 0 0 0 0 ns  (Notes 6,7)
Fast-page cycle time- tpc 35 40 45 50 ns  (Note 6)
Fast-page read-modify- tprwe 80 85 =] 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 . tgap 15 25 15 30 15 35 17 40 ns  (Note 8)
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 10000 70 10,000 80 10,000 ns
RAS pulse width, fast- tRASP S0 125000 60 125000 70 125,000 80 125,000 ns
page cycle
RAS width (CBR self- trass 100 100 100 100 us
refrosh)
9
owered by ICminer.com Electronic-Library Service CopyRight 2003




N E C ELECTRONICS INC b1E D BN LY27525 003339 Oby EENECE
pPDA424400, 424400A/L, 42S4400A/L NI

AC Characteristics (cont)

-50 -60 -70 -80
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
Random read or write tre 100 120 140 160 ns  (Note 6)
cycle time 130 150 ns  (Notes 6, 18)
RAS to CAS delay time trcD 20 35 20 40 20 50 25 60 ns  {Notes 8, 9)
Read command hold time  tggy 0 0 0 0 ns  {Note13)
referenced to CAS
Read command setup trcs 0 0 0 0 ns
time
Refresh period tREF 16 16 16 16 ms  Addresses Ag - Ag
(Note 19)
RAS hold time from CAS  tgncp 30 35 40 45 ns
precharge
HAS precharge time tpp 40 40 60 70 ns
50 60 ns  (Note 18)
RAS precharge CAS hold  tppc 10 10 10 ’ 10 ns
time
RAS procharge (CBR tRps 90 110 130 150 ns
self-refresh)
Read command hold time  tppy 10 10 10 10 ns  (Note 13)
referenced to RAS
RAS hold time tRsH 15 15 20 20 ns
Read-write cycle time trRwe 145 165 185 210 ns  (Note 6)
175 200 ns  (Notes 6, 18)
AAS 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 t1 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 0 0 ns  {Note 16)
time
WE hold time twHR 15 15 15 15 ns
Write command pulse twp 10 10 15 15 ns  (Note 14)
width
WE setup time twsn 10 10 10 10 ns
10
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AC Characteristics

Notes:
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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, 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 ty = Sns.

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

leet leea leca and loos depend on ocutput loading and cycle
rates. Specified values are obtained with the output open. Icca
is measured assuming that all column address Inputs are held at
either a high level or a low level during RAS-only refresh cycles.
lccs 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 = Oto +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), tpep= tgep (Max) tRac
tRAD = tRAD (Max), tasc = tASC (max) taA
tRAD Z tRaD (Max), tage Ztagc (Max) tcac

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

tpep (Mmax), tgap (Max), tagc (Mmax) and tep (max) are specified
as reference points only; they are not restrictive operating
parameters. They are used to determine which access time
(tRac: taA tecacs of tagp) is to be used for determining when
output data will be available.

topr (max) and topz (max) define the time at which the outputs
become open-circuit and are not referenced to Vo or Vo .
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(11) For fast-page read operation, access time is defined follows.

CAS and Column Address Access
Input Conditions Time
tep s top (Max), tasc> iop tace
tep = top (max), tage < tep taa
tep = tep (max), tasc <tasc (Mmax) taa
tep = top (Max), tage = tasc (Max) teac

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

(12) The tgpp requirement should be applicable for RAS/CAS cycles
preceded by any cycle.

(13) Either tgpy or tacH must be satisfied for a read cycle.

{14) 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 tygop must be met,

(15) 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.

(16) twes: trwos tcivps and tawp are restrictive operating parame-
ters in read-writefread-modify-write cycles only. ftwcs = twcs
(min), the cycle is an early write cycle and the data I/O pins will
remain open-circuit throughout the entire cycle. if tcwp 2 towp
(min), tawp = tawp (Min), andtawp = tawp (Min), then the cycle
is a read-write cycle and the data I/O pins will contain data read
from the selected cells. If neither of the above conditions is met,
the condition of the data IO pins (at access time and until CAS
returns to Vy) is indeterminate.

(17) 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 difficult 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.

(18) Applies to uPD424400L and yPD42S4400L.

(19) 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
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Timing Waveforms (cont)

Early Write Cycle

7 AN T,

[1} OE = don't care.
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Timing Waveforms (cont)

Late Write Cycle
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle

tRWC
trag—-o—
[ 4
RAS \( 7[ \_
tRSH tRp—>]
tcsH >
I(—tcnp—> l¢——tRCD > teas
— ! \ / '4 Y
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InputfOutput
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Timing Waveforms (cont)

Fast-Page Read Cycle

< tRASP

tCSH > tpc tRSH l€e— tRp—>
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|
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Timing Waveforms (cont)

Fast-Page Early Write Cycle
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Timing Waveforms (cont)

Fast-Page Late Write Cycle
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Timing Waveforms (cont)

Fast-Page Read-Write/Read-Modify-Write Cycle
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Timing Waveforms (cont)

Hidden Refresh Cycle
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Timing Waveforms (cont)

RAS-Only Refresh Cycle
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Timing Waveforms (cont)

CBR Self-Refresh Cycle
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