NEC

NEC Electronics Inc.

HPD424190A/L, 42S4190A/L
262,144 x 18-Bit
Dynamic CMOS RAM

Description

The uPD424190A/L and uPD42S4190A/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

424190A +5V

424190L +33V

4254190A +5V, self-refresh mode
4254190L +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.

Word writing (/04 - 1/O1g), upper byte writing (1/Oqg -
I/0+g), and lower byte writing {I/O4 - 1/Og) are all possi-
ble using UWE and LWE. If UWE or LWE goes low during
an early write cycle, all data outputs remain in high
impedance. Either going low causes a byte write cycle,
while bringing both low at the same time results in a
word write cycle. UWE and LWE cannot be staggered
within the same write cycle.

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 seli-refresh mode is entered by holding RAS low for
longer than 100 us 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. Self-refresh mode is used with micro-
processors that have a “sleep mode” for low-power
applications such as notebook PCs.

Features

D 262,144 by 18-bit organization

O Single power supply (+5-volt or +3.3-volt)

o Self-refresh option (slow internal automatic refresh)
O Fast-page option
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Byte write control with UWE and LWE
Low power dissipation

CAS before RAS refreshing

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

Low input capacitance

Multiplexed row and column addresses
1024 refresh cycles every 16 ms

40-pin SOJ, 40-pin ZIP, and 44/40-pin TSOP plastic
packaging
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Pin Configurations

40-Pin Plastic SOJ

uPD424190A/L, 4284190A/L
vee 1 ~ aofgeno
voq1 g2 39 [ VvO1g
vop Q3 38 [1 V017
vog O 4 37 [ VO1g
Vo4 Os 36 [ V015
Vee O 6 35 [ GND
vos 7 34 [ V014
g s 33 [ vo43
voy O 9 321 vOq2
vog ] 10 a1 [ voq4
vog O 11 30 1 Vvoqo
WE [ 12 297 NC
UWE [] 13 28 [1 CAS
RAS [] 14 271 OE
Ag Q15 26H Ag
Ag e 251 A7
A1 O17 241 Ag
Az )18 23 As
Az []1s 22[1 Aa
Vec O 20 21 [1 GND
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Pin Configurations (cont)
40-Pin Plastic ZIP

44/40-Pin Plastic TSOP (Normal Pinouts)

T

nPD424190A/L, 4254 190A/L

B3YL-8633A
44/40-Pin Plastic TSOP (Reverse Pinouts)
#PD424190AL, 4254180A/L
aNo 1 O ©¢4fves
voig 2 433 V04
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vog )4 4100V03
Vo455 407 V04
ano e e [vee
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NC 14 31 1 IWE
CAS 15 20 7 UWE
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Ag 17 28[JAg
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Ag 19 281 A4
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Goncies everes povas Sxcuene
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uPD424190A/L, 4254180A/L
vec]1io N  aupoeno
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oz} a 410 vO4g
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vecds 391 GND
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Suffix =7KF In the package identifier
denotes normal pinout sequence.

Pin Identification

Name Function

Ao -Ag Address inputs

CAS Column address strobe

1/Oq - YO4g Data inputs and outputs

OE Output enable

RAS Row address strobe

UWE and LWE Byte write enable

GND Ground

Voo +5-volt or +3.3-volt power supply
NC No connection
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Ordering Information, uPD424190A (+ 5-volt power)

RAS Access Fast-Page Cycle CAS Access
Part Number Time (max) Time (max) Time (max) Package
1PD424190ALE-60 60 ns 40 ns 20 ns 40-pin plastic SOJ
LE-70 70 ns 45 ns
LE-80 80 ns 50 ns
pPD424190AV-60 60 ns 40 ns 20 ns 40-pin plastic ZIP
V-70 70 ns 45 ns
V-80 80 ns 50 ns
UPD424190AG5-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP
G5.70 70 ns 45 ns {normal pinouts)
G5-80 80 ns 50 ns
UPD424190AG5M-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP
G5M-70 70 s 45 s {reverse pinouts)
G5M-80 80 ns 50 ns

Ordering Information, ,PD424190L (+ 3.3-volt power)

RAS Access Fast-Page Cycle CAS Access

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

HPD424190LLE-ASD 60 ns 40 ns 20 ns 40-pin plastic SOJ
LE-A70 70 ns 45 ns
LE-A80 80 ns 50 ns

HPDA24190LV-A60 60 ns 40 ns 20 ns 40-pin plastic ZIP
V-A70 70 ns 45 ns
V-A80 80 ns 50 ns

HPD424190LG5-AS0 60 ns 40 ns 20 ns 44/40-pin plastic TSOP
G5-A70 70ns 45ns (normal pinouts)
G5-A80 80 ns 50 ns

pPD424190LG5M-AS0 60 ns 40 ns 20 ns 44/40 -pin plastic TSOP
G5M-AT0 70 ns 45 ns (reverse pinouts)
G5M-A80 80 ns 50 ns
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Ordering Information, uPD42S4190A (+ 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
HPD42S41S0ALE-60 60 ns 40 ns 20 ns 300 A 40-pin plastic SOJ
LE-70 70 ns 45 ns
LE-80 80 ns 50 ns
1PD42S4190AV-60 60 ns 40 ns 20ns 300 pA 40-pin plastic ZIP
v-70 70 ns 45 ns
V-80 80 ns 50 ns
uPD42S4190AG5-60 60 ns 40 ns 20 ns 300 LA 44/40-pin plastic TSOP
G570 70 ns 5 ns {normal pinouts)
G5-80 80 ns 50 ns
UPD4254190AG5M-60 60 ns 40 ns 20 ns 300 A 44/40-pin plastic TSOP
G5M-70 70 ns 45 ns {reverse pinouts)
G5M-80 80 ns 50 ns

Ordering Information, pPD42S4190L (+ 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

HPD42S4190LLE-AB0 60 ns 40 ns 20 ns 300 LA 40-pin plastic SOJ
LE-A70 70 ns 45 ns
LE-A80 80 ns &0 ns

puPD42S4190LV-A60 60 ns 40 ns 20 ns 300 pA 40-pin plastic ZIP
V-A70 70 ns 45 ns
V-ABO 80 ns 50 ns

HPD4254190LG5-A60 60 ns 40 ns 20 ns 300 LA 44/40-pin plastic TSOP
G5-A70 70 ns 45 ns (normal pinouts)
G5-A80 80 ns 50 ns

uPD42541801.G5M-A60 60 ns 40 ns 20 ns 300 LA 44/40-pin plastic TSOP
G5M-AT0 70 ns 45 ns (reverse pinouts)
G5M-A80 80 ns 50 ns
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Block Diagram
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Truth Table
Function RAS LWE UWE CAS OE |/01 - |/°9 |/O1° - |/°15
Standby Vin X X X X High-Z High-Z
Refresh cycle ViL X Vin X High-Z High-Z
Byte write cycle ViL v ViH ViL ViH Data input High-Z
Vi ViH ViL ViL ViH High-Z Data input
Word read cycle A\ Vi Vi4 ViL Vi Data output Data output
Word write cycle ViL Vi ViL Vi ViH Data input Data input
V"_ ViL Vi ViH Vi High-Z High-Z

X = don't care.
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Absolute Maximum Ratings

Voltage on any pin relative to GND

Capacitance
Ta = 25°C; f= 1 MHz

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

8.3-volt devices -05t0 +46V Input capacitance Ci 5 pF Addresses
Operating temperature, Topp 01to +70°C C 7 oF I:—VF. TWE,
Storage temperature, Tgyg -55 to +125°C OE, RAS
Short-circuit output current, log Input/output Co 7 pF /04 - /018

§-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 device should be operated within the limits
specified under DC and AC Characteristics.
Recommended Operating Conditions

5-Volt Devices 3.3-Volt Devices
Parameter Symbof Min Typ Max Min Typ Max Unit
Input voltage, high Viu 2.4 Vee + 1.0 2.0 Veg +0.3 v
Input voltage, low viL -1.0 0.8 -0.5 0.8 v
Supply voltage Vee 45 5.0 55 3.0 3.3 36 \
Ambient temperature Ta 0 +70 0 +70 °C
Self-Refresh Current
Ta = 0to +70°C; Veg = +5V £10% (42S4190A) or +3.3 V +0.3 V (4254190L)
Symbol 42S54190A 4284190L Conditions
lec7 300 pA max 100 pA max /O pins: Vi = Vgg —0.2V; Vi < 0.2V or open.
Other input pins: Vyy = Veg-02V; V)L s 0.2V
or open. tgas = 100 us
DC Characteristics; 5-Volt Devices
Ta = 0to +70°C; Voo = +5.0V +10%
Parameter Symbol Min Typ Max Unit Test Conditions
Standby current lcc2 2.0 mA RAS = CAS 2 Vjy (min); lo = 0 mA
300 LA RAS = CAS 2 Vg ~-02V;lp= OmA

Input leakage current Iy ~-10 10 HA ViN = OV to Vgg; all other pins not under test = OV
Output leakage current o -10 10 LA Doyt disabled; Voyt = 0VtoVge
Output voltage, low VoL 0.4 lop = 42mA
Output voltage, high VoH 24 loy = -5mA
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DC Characteristics; 3.3-Volt Devices
Ta= 010 +70°C; Vog = +3.3V 0.3V

Parameter Symbol Min Typ Max Unit Test Conditions
Standby current Icca 500 HA RAS = CAS = Vi (min); Ig = O0mA
100 HA RAS = CAS 2 Vg -02V;lp= 0mA

Input leakage current iy ~5 5 LA Vin = 0V to Vg all other pins not under test = 0V
Output leakage current lon -5 5 LA Doyr disabled; Vour = 0V to Vg
Qutput voltage, low VoL 0.4 \ lop =-2.0 mA
Output voltage, high VoH 2.4 loH = 20 mA
AC Characteristics
Ta = 0to +70°C
HPD424190A, 4284190A: Voo = +5.0V £10%
HPD424190L, 4284190L: Voo = +3.3V 203V

-60 -70 -80
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
Operating current, lcet (+5) 130 120 110 mA RAS, CAS cycling; tgg =
average locy (+33) 120 110 100 tpc min (Note 5)
Operating current, lcca (+5) 130 120 110 mA RAS cycling; CAS 2 Vi
RAS-only refresh min; tggc = tge Min
cycle, average Iccs (+3.3) 120 110 100 {Note 5)
Operating current, lces (+9) 110 100 20 mA RAS < V);; CAS cycling;
fast-page cycle, tpc = tpc Mmin
average leca (+3.3) 110 100 90 (Note 5)
Operating current, lces (+5) 140 130 120 mA RAS cycling; CAS < Vi
CAS before RAS max; tgg = tge min
refresh cycle, lccs (+3.9) 130 120 110 (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)
CAS precharge
(rising edge)
Column address tasc [¢] 0 o ns
setup time
Row address setup tasr 0 0 0 ns
time
Column address to tawp 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) 7 b
Column address tcaH 15 15 15 ns
hoid 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 4284180A/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 output in teLz 0 0 0 ns (Notes 4, 7)
low-Z
Fast-page CAS tep 10 10 10 ns
precharge time
CAS precharge topN 10 10 10 ns
time
Fast-page CAS _ tcpwD 55 60 75 ns (Note 14)
precharge to WE
delay time «
CAS to RAS tere 10 10 10 ns (Note 10)
precharge time
CAS hold time tecsH 60 70 80 ns
CAS setup time for tcsh 5 5 5 ns {Note 15)
CAS before RAS
refresh cycle
CAS to WE delay tewn 40 40 50 ns {Note 14)
Write command tewL 15 15 15 ns
referenced to CAS
lead time
Data-in hold time tpH 15 15 15 ns (Notes 13, 16)
Data-in setup time tps 0 0 0 ns (Notes 13, 16)
Masked write hold tMCH 0 0 0 ns
time referenced to
CAS
Masked write tMmes 0 0 0 ns
setup time
Masked write hold tMRH 0 0 0 ns
time referenced to
RAS
Access time from toea 20 20 20 ns {Notes 3, 4,7, 8)
OE
OE data delay time toeD 15 15 15 ns
OE command hold toeH 0 ] 0 ns
time
OE to FAS inactive toes 0 0 0 ns
setup time
Output turnoff toEz 0 15 0 15 0 15 ns (Note 9)
delay from OFE
Qutput disable torr 0 15 0 15 0 20 ns (Note 9)
from CAS high
OE to output in toLz 0 0 0 ns (Notes 5, 7)
low-Z
Fast-page read or tpe 40 45 50 ns (Note 6)
write cycle time
Fast-page read- tpRWC 85 90 100 ns (Note 6)

modify-write cycle
time with exended
data output
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AC Characteristics {cont)

-60 -70 -80
Parameter Symboi Min Max Min Max Min Max Unit Test Conditions
Access time from traC 60 70 80 ns {Notes 3, 4,7, 8)
RAS
RAS to 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
Fast-page RAS tRasp 60 125000 70 125,000 80 125,000 ns
pulse width
RAS pulse width trAss 100 100 100 us For 4254190A/L
(CBR self-refresh
mode)
Random read or tae 120 130 150 ns (Note 6)
write cycle time
RAS to CAS delay treD 20 40 20 50 20 60 ns (Note 8)
time
Read command tRcH [4] [¢] 0 ns {Note 11)
hold time
referenced to CAS
Read command tRcs 0 0 0 ns
setup time
Refresh period tRer 16 16 16 ms Addresses Ag - Ag
RAS hold time tRHCP 35 40 45 ns
referenced to CAS
precharge
RAS precharge tgrp 50 50 60 ns
time
RAS precharge tapc 0 0 ] ns
CAS hold time
FAS precharge tpps 120 130 150 ns For 42S4190A/L
time (CBR self-
refresh mode)
Read command tRRH 0 0 0 ns (Note 11)
hold time
referenced to RAS
RAS hold time tRsH 20 20 25 ns
Read-modify-write trwe 165 175 200 ns (Note 6)
cycle time
FAS to WE delay tRwo 80 90 105 ns {Note 14)
Write command tRwi 20 20 20 ns
referenced to RAS
lead 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
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AC Characteristics (cont)

-60 -80

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions

Write command twes 4] 0 0 ns (Note 14)

setup time

Write command twp 15 15 15 ns {Nots 12)

pulse width

Notes:
(1) All voltages are referenced to GND. (10) The tcRp requirement should be applicable for RAS/CAS cycles
(2) Aninitial pause of 100 s is required after power-up, followed by preceded by any cycle.
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any eight RAS cycles, before proper device operation is
achieved.

Ac measurements assume tt = 5ns.

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

lec1: lcca: lccs, and Igcs depend on output loading and cycle
rates, Specified values are obtained with the output open. Igcs
is measured assuming that all column address inputs are held at
either a high level or a low level during RAS-only refresh cycles.
Icc4 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 cycls
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 3.3-volt
devices, Voy = 20V and Vo = 0.8 V (ac reference levels).

¥ tacp < trep (Max) and tpap < tpap (Max), access time is
defined by tgac (max).

If thep = taep (max), access time is defined by tcac (max).
ftgap = tgap (mex), access time is defined by taa (max).

torF (max) and topz (max) define the tims at which the outputs
become open-circuit and are not referenced to Von or Vo .

)
(12)

(13

4

(%)

(1)

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

Parameter typ is applicable for a delayed writs cycle suchasa
read-write/read-modify-write cycle. For early write cycles, both
twcs and tywopy 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: tRwp: tcwn: topwp and tawp are restrictive operating
parameters in read-write/read-modify-write cycles only. f twes
= twces (min), the cycle is an early write cycle and the data /O
pins will remain open-circuit throughout the entire cycle. if toywp
Z towp (min), trwp = trwp (Min), and tawp 2 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 I/O pins (at access
time and until CAS returns to V) is indeterminate.

Holding CAS low prior to RAS going negative will initiate a CAS
before RAS refresh cycle (tcgg and tgyr must be satisfied).

The first WE falling edge is used as a reference for the setup and
hold requirements of tpg and tpy (late write cycle).
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Timing Waveforms

Word Read Cycle
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Timing Waveforms (cont)

Word Early-Write Cycle
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Timing Waveforms (cont)

Byte Early-Write Cycle
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Timing Waveforms (cont)

Word Late-Write Cycle
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Timing Waveforms (cont)

Byte Late-Write Cycle

4
7
tCRP->] i‘ tASH <—!Ap—>
tesH > rtcﬂp*
tRCD > tcas >
s _/ / ‘
: L/

|

/)I‘ tRAH <—>| tAs -~ |<—>
e G ;>(/////////////////////// /K

<—CWL—>

3
[l
=~

[ tRWL——————>

el
A

S S Y
we /[T N
=TT NI
s ) A

R SRS | P
V0104015 :—éé'& Dota Input /////////////////

15



HPD424190A/L, 42S4190A/L

Timing Waveforms (cont)

Word Read-Modify-Write Cycle
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Timing Waveforms (cont)

Byte Read-Modify-Write Cycle
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Timing Waveforms (cont)

Fast-Page Read Cycle
tRASP [<tRp
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N 7
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Timing Waveforms (cont)

Word Fast-Page-Write Cycle
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Timing Waveforms (cont)

Byte Fast-Page Write Cycle

—/t—r le—tpy top
2 p .\
CAS \ N\
\.s__._72 i___72 N 7/ /
[ e————csH—————>|
[<tRAD ' «—————tRAL —>
tRAH le CAH
tASH tasc. | 1CAH_ | AS CAH
ddress 228 Row Column 1 ///)g Column 2 %PW/ Column SE/////%
! |
CW| towL. > <|——t WL—>
twe: Wi > -« tRwL—|
<€~ tWCH—> €—tWCH - [€—twCH—>
WP——> Wp—>
w 7111 Wl T Y
N Z 5 K /
tMCH—>' tMCH —>' —>| |« tWCH <«—>1— tMCH
tMCS —€—> tMCS —€> tMcs —€ - tMAH
I 7 A A \

= //////////////////////////// //////////////////////////// i

//////////////// ///////////////////////////////// Y,

o 7///////

S k= i«///////////,

20



N E C pPD424190A/L, 42S4190A/L

Timing Waveforms (cont)

Word Fasi-Page Read-Modify-Write Cycile

€ tRASP > tRpp
< tCSH >
-3
RAS N
K 7
-« tPRWC > [€————tRSH———> tCRP
[e——tcas—>* l€«——tcAS—> e———tcaAs—> >
l«——tRCD— > —>| [« tcaH
XN A
e \ N N /)
tRAD tcp | top
tRAH > -] |<— tcaH - l“tCAH tRAL >
tASR <-tasc - [€tasc > tAsC
4 N
Address Row Col 1 // ﬂ Col2 / / Coln //////////
K K K /
tRWD—> € CPWD—>| < tCPWD' >
tewp—> tewp—> tRWL
trcs—He> towL—>| < towL—>| |« | tres > | tow
g 4 p p
w////////] N N zL N |/
- KA Nl 7
tAWD—> > .Rcs > WP 'ch—’ n
twp | < tCPWD—> > twp
a3 tawD—> € {cPWD—> tAWD—> [€ >— tRWL
trcs: > towL—>{ < tAWD—>1 <—tocwD—>
— A p N p
| — N N 7
< tAWD—> - tAWD—> - tAWD—>
le—tan—> twp > |etaa—>|  twpe>| [€tAA twp <>
topA toEA- 10EA i
OE
toen—> | toeD—> | toeD-> |
toEz = - toEZ toEz -
le——tRAC —>- -t ACPT—> tACP >
tCAC—T€—> tCAC <> tcAC—T€<—>
YOH—
VoL—
nput/
Output
ViH—
ViL—
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NEC

Byte Fast-Page Read-Modify-Write Cycle

trasp

. 3 < tesH >

RAS

tPAWC ' >

i
tRco —[;
F_ le—— LA — re——tcAs —>|
. —
cas N )
N 7
tep tcp l
}<— tcaH < tcan tRAL

- tAsH
[ €«——1tcag —>
=

tRp

3%«//////7//////////

tan

tcvw_ > trcs towL e

le—towp —>|

il

A;:AH_) tAsc - }(—msc
“"“ e I = S

tcpwo

tx=«cs towL—>|

14— tewo <!RWL->
e

| 7

<—tLAc‘———:Io> toso {(——ch l;:LIQ tosb ]«—tlhcp! '::L}o toE
tcac tcac teAC
(154 I"“OEZ Llpsz

11

taA

\

1& \ ’
UWE
Z/////[/‘ (,
tMCH > EMCH —> twp | L(—) tMRH
< ‘AwD ——>| < tawp —>| € — tawp —> tMCH
‘RCS(I‘>'4 | 'W? > '> ‘(.—'RCS twe < ; tros
_— y Fl X
LWE if:‘f%f{/ V V §<f
e— tAA > tAA | tAA
tOEA r t0EA tOEA
= |
<—!nAc——> tOED <—‘ACP tOED  [<—taCP tOED
tcAc tCAc tcac
loez 'osz—» 1}052
Doyt 1 I DouT 2 | DOUT P
VO{-VOg [ !cu OUT 14 OUT !c1.zl °TT

Zall
»j Douﬂ_]){ < tos J Dourz_)‘l(’

VO10-VO1g ‘oLz

Notes:
{1] WE = LWE or UWE for lower byte write and upper byte write cycles, respectively.
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Timing Waveforms (cont)

Hidden Refresh Cycle (Read Cycle)

1 tor
(219 > (g ¥ >
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Timing Waveforms (cont)

Byte Hidden-Refresh Cycle (Write}

tpe the

(alo) ~ (e "4
«—— —tgAs——————> tRp—>| < tRp->|

- tRAS >
\ Jz
X 7 N \____
trRcD
l H - L.

tecHR | | toap
J]

[€—tMCS—>

iE(////////////////////////{/‘ZX

[ tMARH

te——tMCH——>]

w /1111111

s Y1/ N

T
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wawa N/,

woion /11T LT,
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Timing Waveforms (cont)

RAS Refresh Cycle

— - —

A

>1— tRPC

o5 _/‘ )\_/
s 7/&_» R

(1) UWE, LWE and OE = Vjy or Vi

CAS Before RAS Refresh Cycle

«—thp—>] |« tRAS >| tRP———>
— .
RAS
/ N L ___
tRPC ' R

"Ts_ji T
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Timing Waveforms (cont)

CBR Self-Refresh Cycle

< tRASS < tAPS:

=] ; / _
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[&—— tRPC —>|

tepN—>| tCcSR ] tcHs
CAS
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