NEC pPD424100, 424100A/L, 42S4100A/L
4,194,304 x 1-Bit
NEC Electronics Inc. Dynamic CMOS RAM

Description Features

The devices listed below are fast-page dynamic RAMs O 4,194,304 by 1-bit organization
organized as 4,194,304 words by 1 bit and designedto O Single +5- or +3.3-volt power supply
operate from a single power supply. O Fast-page option
Optional features are power supply voltage (+5V or 2 fg\l’fv'rgg;g: gg ts'i(;)r;t(g?;w internal automatic refresh)
+3.3 V) and a new refresh mode called “self-refresh. O CAS before RAS refreshing
uPD Options O Multiplexed address inputs
Second-generation products O On-chip substrate bias generator
424100-xx +5V B TTL-compatible inputs and outputs
424100-xxL +5V; low-power B Nonlatched, three-state outputs
Third-generation products B Low input capacitance
424100A-xx +5V B 1024 refresh cycles every 16 ms
4254100A-xx +5V; self-refresh, low-power 0 26/20-pin SOJ, 20-pin ZIP, and 26/20-pin TSOP
424100L-Axx +33V plastic packaging
4284100L-Axx  +3.3 V; self-refresh, low-power
-xx indicates speed grade (RAS access time). Pin Identification
Advanced polycide technology minimizes silicon area  Neme Function
and provides high storage cell capacity, high perfor-  Ag-Aq Address inputs
mance, and high reliability. A single-transistor dynamic  Gag Column address strobe

storage cell and CMOS circuitry throughout ensure

P il h . . . Din Data input
minimum power dissipation, while an on-chip circuit
internally generates the negative-voltage substrate  Dout Data output
bias—automatically and transparently. RAS Row address strobe m
The three-state output is controlled by CAS indepen-  WE Write enable
dent of RAS. After a valid read or read-modify-write  GND Ground
cycle, data is held on the output by maintaining CAS +5-volt power supply
low. The data output returns to high impedance when NG N -

o connection

CAS goes high. Fast-page read and write cycles can be
executed by cycling CAS,

Refreshing may be accomplished by a CAS before RAS
cycle that internally generates the refresh_address.
Refreshing may also be accomplished by 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 100 s during a CBR cycle. Detection of this
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. Seif-refresh mode is used with micro-
processors that have a “sleep mode” for low-power
applications such as notebook PCs,

60003-2



pPD424100, 424100A/L, 42S4100A/L

NEC

Pin Configurations
26/20-Pin Plastic SOJ

26/20-Pin Plastic TSOP (Normal Pinouts)

424100, 424100A/L, 4284100A/L
b0 28 [ GND
WE ]2 25 [1 Doyt
RAS O3 acAs
NC 4 231 NC
A0 5 8 23 Ag
Age 18{1 Ag
A1 O10 17{1 Ay
Ax 11 18 Ag
Az 12 150 As
voc O3 140 Ay
S3CL-9066A
20-Pin Plastic ZIP
424100, 424100A/L, 42S4100A/L
el
Ag 1[%
Doyr 3
Dy 5f
RAS 7
NC o
Ag 1
Ay 13
Voo 15 [
Ag 17
A7 19
83CL-0067A

424100, 424100A/L, 4254100A/L

ondic ~  zhbaw
we ]2 25 1 boyt
Ras s 241 Cas
ne O4 23[J NC
ap s 20 Ay
-9JD
ag Qs 18 Ag
AqO10 170 Ay
A O 181 Ag
Az 012 150 Ag
vec 013 0147 Ay
Suffix —8JD In the package Identifier
denotes normal pinout sequence.
SIFM-9008A
26/20-Pin Plastic TSOP (Reverse Pinouts)
424100, 424100A/L, 4284100A/L.
GND O 1 O ©°26pPDN
Doyr O 2 250 WE
Cas [a 24 1 RAS
NC O 4 23 NC
Ag Os 2211 A10
—-9KD
ag e 181 Ap
Az 10 171 Ay
Ag O 11 18 Ay
Ag 12 151 Ay
astdies O whvee
Suffix~9KD In the package Identifier
denctos reverse pinout saquence.
SIFM-9060A
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pPD424100, 424100A/L, 42S4100A/L

Ordering Information, uPD424100 (+ 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
uPD424100LA-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic SOJ (300-mil)
LA-70 70 ns 140 ns 45 ns
L.A-80 80 ns 160 ns 50 ns
LA-10 100 ns 190 ns 60 ns
pPD424100LA-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
1PD424100V-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
HPD424100V-60L 680 ns 120 ns 40 ns Low-power
V-70L 70 ns 140 ns 45 ns
V-80L 80 ns 160 ns 50 ns
V0L 100 ns 190 ns 60 ns
1PD424100GS-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic TSOP (normal pinouts)
GS-70 70ns 140 ns 45 ns
GS-80 80 ns 160 ns 50 ns
1PD424100GS-60L 60 ns 120 ns 40 ns Low-power
GS-70L 70 ns 140 ns 45 ns
GSs-80L 80 ns 160 ns 50 ns
HPD424100GSM-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
HPD424100GSM-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




pPD424100, 424100A/L, 42S4100A/L NE' C

Ordering Information, uPD424100A (+ 5 V; standard version; 3rd-generation product)

RAS Access R/W Cycle Fast-Page
Part Number Time (max) Time (max) Cycle (max) Package
HPDA24100ALA-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
pPDA24100AV-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
HPDA424100AGS-50 50 ns 100 ns 35 ns 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
UPD424100AGSM-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, uPD42S4100A (+ 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
uPD4284100ALA-50 50 ns 100 ns 35ns 200 uA 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
HPD4254100AV-50 50 ns 100 ns 35 ns 200 A 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 80 ns
1PD4254100AGS-50 80 ns 100 ns 35 ns 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
HPD4284100AGSM-50 50 ns 100 ns 35ns 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, nPD424100L (+ 3.3 V; standard version; 3rd-generation product)

RAS Access R/W Cycle Fast-Page
Part Number Time (max) Time (max) Cycle (max) Package
uPD424100LLA-A70 70 ns 140 ns 45 ns 26/20-pin plastic SOJ (300-mil)
LA-A80 80 ns 160 ns 50 ns
1PD424100LV-A70 70 ns 140 ns 45 ns 20-pin plastic ZIP
V-AB0 80 ns 160 ns 50 ns
uPD424100LGS-A70 70 ns 140 ns 45 ns 26/20-pin plastic TSOP (normal pinouts)
GS-A80 80 ns 160 ns 50 ns
HPD424100LGSM-A70 70 ns 140 ns 45 ns 26/20-pin plastic TSOP (reverse pinouts)
GSM-A80 80 ns 160 ns 50 ns

Ordering Information, uPD42S4100L (+ 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
HPD42SH00LLA-ATO 70 ns 140 ns 45 ns 100 A 26/20-pin plastic SOJ (300-mil}
LA-A8D 80 ns 160 ns 50 ns
HPD4254100LV-A70 70 ns 140 ns 45 ns 100 pA 20-pin plastic ZIP
V-A80 80 ns 160 ns 50 ns
HPD4254100LGS-A70 70 ns 140 ns 45 ns 100 pA 26/20-pin plastic TSOP (normal pinouts)
GS-A80 80 ns 160 ns 50 ns
pPD4254100LGSM-A70 70 ns 140 ns 45 ns 100 pA 26/20-pin plastic TSOP (reverse pinouts)
GSM-A80 80 ns 160 ns 80 ns




pPD424100, 424100A/L, 42S4100A/L

NEC

Block Diagram

Data-In «— DN

Ll

Data-out
Buffer > Doyt

RAS —> —_— J—
RAS Clock CAS Clock
Genarator Generator >
|—> WE Clock
CAS Generator
WE —
CAS Before RAS
Internal Refrash
Clock
Refresh Address Data VO Bus
Counter
Column Decoder
Sense Amplifier
@
A 11 g E
An- &
0-A10 —7>1 g g Memory Array
b=
<

OAH-56068
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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

3.3-volt devices 0510 +46V Input capacitance Ci 5 pF Addresses, Dy
Operating temperature, Topp 0 to +70°C Cp 7 oF BAS, CAS, WE
Storage temperature, Tg1g 55 to +126°C Output Co 7 oF Dout
Short-circuit output current, log capacitance

5-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.
424100, 424100A  4254100A

Parameter Symbol Min Max Min Max Unit Test Conditions
Standby current lsca 20 20 mA RAS= CAS = Vjy (min);lg = OmA
1.0 02 mA RAS=CAS =2 Vgc-02V;ipg=0mA
Input leakage current hy -10 10 -10 10 HA  Viy = 0V toVgg: all other pins not undertest = 0V
Output leakage current  loqy -10 10 -10 10 HA Doyt disabled; Voyr = 0V to Ve
Output voltage, low Vor 0.4 0.4 v lop = 42mA
Qutput voltage, high Vou 24 24 v lon = -5 mA
Self-refresh current lec7 Not applicable 200 pA  lo = O mA, all input pins = Vgg - 0.2V or < 0.2V or open;

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

DC Characteristics; 3.3-Volt Devices

Recommended operating conditions unless otherwise noted.

424100L 4254100L
Parameter Symbol  Min Max Min Max Unit Test Conditions
Standby current lcc2 20 0.5 mA  RAS = TAS 2 Vi (min); I = OmA

0.5 01 mA PRAS=CAS=2 Vgg-02V;ig= 0mA

Input leakage current hy -5 5 -5 5 HA  Viy = 0V to Vg, all other pins not under test = 0V
Output leakage current oy -5 5 -5 5 HA Doyt disabled; Vour = 0Vto Vg
Output voltage, low VoL 0.4 0.4 v loL = 2mA
Output voltage, high Vou 24 24 v loH = ~2mA
Self-refresh current lec7 Not applicable 100 HA g = 0 mA; allinput pins 2 Vo -0.2V or s 0.2V or open;

tras = 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
Cycle

Standby Conditions

Symbol 424100-xxL.  42S4100A 4254100l Unit 1gas
lecs (max) 500 300 150 YA = s
300 200 100 uA < 200ns

1024 refresh cycles (min) every
128 ms;

RAS = CAS 2 Vg —02Vor
= 0.2V, as appropriate; Doyt
open; all other inputs = Vg ~

RAS = CAS = Ve -02V;
Djn, WE, Addresses = Vg -
02V or < 0.2V; Dourt open

02Vor< 02V
Recommended Operating Conditions
5-Volt Devices 3.3-Volt Devices
Parameter Symbol Min Typ Max Min Typ Max Unit
Input voltage, high ViH 24 Ve + 1.0 20 Vee +0.3 v
Input voltage, low Vi -1.0 0.8 ~0.3 [oX:} \
Supply voltage Vee 45 5.0 55 3.0 3.3 3.6 v
Ambient temperature Ta o +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, iccr (+5V) 100 120 100 90 mA  BAS and CAS cycling;
average tgc = tgc min;

lcct (+3.3V) 70 60 mMA | = 0mA (Note5)
Operating current, RAS- lcca (+5V) 100 120 100 90 mA  RAS cycling; CAS = Viy;
only refresh cycle, tpc = tpg Min;
average lcca (+3.3V) 70 60 mA 5 = 0 mA (Note 5)
Operating current, fast- Icaa (#5 V) 90 80 80 70 mA  RAS < V; CAS cycling;
page cycle, average tpc = tpg min;

lcca (+3.3V) €0 56  mA 5= 0mA (Note5)
Operating current, CAS lecs (+5 V) 100 120 100 90 mA  RAS cycling; CAS before
betore RAS refresh cycle, RAS; tge = tpe min;
average lecs (+33V) 70 60 MA 15 = 0 mA (Note 5)
Access time from column  tap 25 30 35 40 ns  (Notes 3, 4,7, 8, 1)
address
Access time from CAS tacp 30 35 40 45 ns  (Notes 3, 4,7, 11)
precharge (rising edge)
Column address setup tasc 0o 5 0 5 0 10 0 15 ns  (Note 9)
time
Row address setup time tasn 0 0 0 0 ns
Column address to WE tawp 25 30 35 40 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 tcAH 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 tcHR 10 15 15 15 ns

before RAS refresh cycle
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HPD424100, 424100A/L, 42S4100A/L

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 -850 ns
refresh)
CAS to output in low toLz 0 0 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, toPN 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 tcsh 10 10 10 10 ns
before RAS refresh cycle
CAS to WE delay tewp 15 20 20 20 ns  (Note 16)
Write command to CAS  tewy 15 15 15 15 ns
lead time
Data-in hoid time toH 10 15 15 15 ns  (Note 15)
Data-in setup time tps 0 ns  (Note 15)
Output buffer turnoff torF 15 15 0 15 20 ns  (Note 10)
delay
Fast-page cycle time tpc 35 40 45 50 ns  (Note 6)
Fast-page read-modify- thRWC 85 65 70 75 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 tRAD 15 30 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 trRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns
RAS pulse width, fast- tRASP 50 125,000 60 125000 70 125000 80 125000 ns
page cycle
RAS width (CBR seif- trass 100 100 100 100 s
refresh)
Random read or write tpe 100 120 140 160 ns  (Note 6)
cyele time — — 120 150 ns  (Notes 6, 18)
RAS to CAS delay time tRcD 20 30 20 40 20 50 25 60 ns  (Notes 8, 9)




pPD424100, 424100A/L, 42S4100A/L N E C

AC Characteristics (cont)

-50 -60 =70 -80
Parameter Symbol Min Max Min Max Min Max Min Max Unit TestConditions
Read command hold time  tpch 0 0 0 0 ns  (Note 13)
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  tgycp 30 35 40 45 ns
precharge
RAS precharge time thp 40 50 60 70 ns

- - 50 60 ns  (Note 18)
RAS precharge CAS hold  tppc 10 10 10 10 ns
time
RAS precharge (CBR trps Q0 110 130 150 ns
self-refresh)
Read command hold time  tgpy 10 10 10 10 ns  (Note 13)
referenced to RAS
RAS hold time tRsH 15 15 20 20 ns
Read-write cycle time tawe 125 145 165 185 ns  (Note 6)

—_ —_— 155 175 ns  (Notes 6, 18)
RAS to WE delay tRwD 50 60 70 80 ns  (Note 16)
Write command to FAS ~ tpw, 20 20 20 20 ns

- lead time

Rise and fall transition tr 3 50 3 50 3 50 3 50 ns  (Note 3)
time
Write command hold tweH 10 10 15 15 ns  (Note 14)
time
Write command setup twcs 0 0 0 0 ns  (Note 16)
time
WE hold time tWHR 15 15 15 15 ns
Write command puise twp 10 10 15 15 ns  (Note 14)
width
WE setup time twsR 10 10 10 10 ns

10
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AC Characteristics

Notes:

0
@

@
@

(6

=2

@

-~

@)

-~

(10)

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 = Vy to ensure normal operation.

Ac measurements assume ty = 5Sns.

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

lects lceas lecar and Iggs depend on output loading and cycle
rates. Specified values are obtained with the output open. Igca
is measured assuming that all column address inputs are held at
either a high level or a low level during RAS-only refresh cycles,
lccq is measured assuming that ali 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.
For random read cycles, access time is defined as follows.

Input Conditions Access Time
tRAD = tpap (max), trep= trep (max) thac
tRAD = tRAD (max), tasc < tASC (max tAA
tRAD Z trap (MaX), tagc =tagc (Max) toac

trep (Max), tgap (Max), tage (max), and top (max) are specified
as reference points only; they are not restrictive operating
parameters, They are used to determine which access time
(tRAG tAA: tcac OF tacp) is to be used for determing when output
data will be available.

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

a1

12)

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

CAS and Column Address Access
Input Conditions Time
tep = top (max), tage> top tacp
tep = top (max), tasc = top taa
top = top (max), tage <tasc (Max) taa
tep = top (max), tage = tage (max) tcac

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

(13) Either tgpy or tgcy must be satisfied for a read cycle,

(14) Parameter typ is applicable for a delayed write cycle such as a

(15)

(16)

an

(18)
(19)

read-write/read-modify-write cycle. For early write cycles, both
twes and twey 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 tawps towp: and tawp are restrictivé operating parame-
ters in read-write/read-modify-write cycles only. ftwcs = twes

(min), the cycle is an early write cycle and the data output will
remain open-circuit throughout the entire cycle. if tewp = towp
(min), tawp 2 tawp (min), and tawp = tawp (Min), then the cycle
is a read-write cycle and the data output will contain data read
from the selected cell. If neither of the above conditions is met,
the condition of the data output (at access time and until CAS
returns to Vyy) 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 difficult during this period. It is therefore
recommended that while WE is held at Vjy, 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 uPD424100L and uPD42S4100L.

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

11
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Timing Waveforms

Read Cycle
tRe
tRAS >
_— \ ¥ Y
RAS
N / \
tCRP—>] tRSH > [«——tRP—>]
< tcsH
tRCD tcas >
— 4 3
K 2
tRAL: ,! [€e——tCPN—>

s ///%

ST 1 X

[<-tRCS

[€—tRCH —>

—>I
= LT

taa

tcac

High Impedance

<—tCLZ—>

Dout

|\

1OFF,

[<—tRRH

.

Valid Data E—

B83H-5696B
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Timing Waveforms (cont)

Early Write Cycle

—
m .
s N , \—
tCRP—> . < tRSH trp—>|
tcsH
«——1tRCD < tCAS

= f ”\ \ i \
. tRAL: >! [e——tcPn
e >

rane 777X mmﬂ@‘ s T,

l-twes>

twp

S - L_’,-////////////////////////////////////
xDs~>| t

DH ‘+|
A, SRS VT

High Imp

Dour
33H88118
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Timing Waveforms (cont)

Late Write Cycle

Address

DIN

= LT

tRaS tHP
—_ __!\ Z(
X 7
< tcsH >
tcnpley < tRCD < tRSH
\4 tcAs—————» / r
y /
tasR [<—tRAD—>] le——towL—>
tRAH tasc >{tCAH tRWL.
Row Column A/
Address k Address
wi] T
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle

= N ) N

tcnplo | - RS S
=/ N\ V7 i
e Mml o //////////////// T,

e L e tovo———> :__w:m_,
= T i ]/
T e
~ [T = . //////////////

tRAC >
LZ|<—M
High Impedance 4 3
- e Y am  S—
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Timing Waveforms (cont)

Fast-Page Read Cycle
< tRASP
- ¥
s N / R\
[ €«—— tRHCP—>
< 'oSH— _’I © |ethsH >
<-tcRp [« tPC tPC > - RP: >
<—tRCD T >{€—tCAS—>] <—tcp->\f~tcgs_1(tcp> *_tms".l/ < 1PN >
CAG 4 X 4 \ A ‘4 *
ohs \\r )Z | _ S( / \_

Doyt

le——tacp—>

.
Y

ot

A

> '(—iw

~tASC,

tan

Adrs

XXX

taa—> —)' — tRcs -
<-|tRCS > tACH tRCH|->> tRAH -
. ‘ | —» [<—tRCS ] )
Y Ny

le—tcAC—> le—tcac—> !: ' tAA: .
[«——tRAC————> | je——tacP———>
‘<—chc——>

—4 toFF > <~ torr ->1 k— toFF
torz > e toLz e I<—-> torz
High Impedance 7 [ vard % 7 vaid 5 2 vai )
\ -‘Dahﬂu‘!zl 3 Deta-out. ) Data-out D

B3H-63128
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Timing Waveforms (cont)

Fast-Page Early Write Cycle

< trasSP

=\ / \_

tRHCP

“— tRSH —>

R -3x 4 5\—
rn JK////// 5 ]_L(/////////////////////
ANy W
<L N l«—':'?' e
IDS'<—> <—>§H - toH L [e——1pH
LY S Y S Y, ST Y/

B3H-88138
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Timing Waveforms (cont)

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

< tRasP >
tesH l< tRSH > |<tap
—_— 4 \
RS X( } 7[ \_
|
tPpRWC > < tPAWC >
<~ tchp tRAL:
l€«—tRCcD> toAS — > [€—tcp->» [e—toas—> tcas——>
— 1\ s\ 4 \
o AY 4 N { / \
thaH > e | }<—‘cAH B |<—tcAH = tean [T 1CPN —>|
tASR — |  —»| [ tasc > |<—tasc IASC > [«
€ tRAD™
7 Row ] Col / f Col > Col
Sl EAY) & e 4
4 T
tawn <——~|tAwo—> (I—‘AWD—>
[€—tRWD ——> [<tow=> tcwp < tlc\NL tCWD [« > tow
| |l |
— 3 3 ’ \
7 AW \ / L1111
|
towD e twp —1{pes twp —tRCS twp
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l—)l - tpg tog > e | :DSI - l«—
|
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A, e S, o 0 //111111//
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Timing Waveforms (cont)
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Timing Waveforms (cont)
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[1] Address = don't care.
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Timing Waveforms (cont)
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