N EC pPD424190A/L 42S4190A/L

| 262,144 x 18-Bit

NEC Electronics Inc. | Dynamic CMOS RAM
T-H6-Q3-(7

Description Byte write control with UWE and LWE

di ti
The uPD424190A/L and uPD42S4190A/L are fast-page é‘;g %2?;; FI!sAsslazf:-zgm ng

m]
a
a
dynamic RAMs organized as 262,144 words by 18 bits g On-chip substrate bias generator
and designed to operate from a single power supply. O TTL-compatible inputs and outputs
O Nonlatched, three-state outputs
O Low input capacitance '
a Multiplexed row and column addresses
0
[m]

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

uPD Options 1024 refresh cycles every 16 ms

424190A +5V 40-pin SOJ, 40-pin ZIP and 44/40-pin TSOP plastic
424190L +33V packaging

4284190A +5V, self-refresh mode :

4254190L +3.3 V; self-refresh mode Pin Configurations

Advanced polycide technology using stacked capaci-

tors minimizes silicon area and provides high storage 40-Pin Plastic SOJ

cell capacity, high performance, and high reliability. A 1PDA24180A/L, 4254190AIL
single-transistor dynamic storage cell and CMOS cir- vee 1 ~"mh anp
cuitry throughout ensure minimum power dissipation, vos O 2 3 3 vosg
while an on-chip circuit internally generates the vos O 3 28 [0 vo1y
negative-voltage substrate bias—automatically and vos O 4 37 [ voqe
transparently. Vo4 015 28 [ vo4s
. vee O 8 35 3 GND
Word writing (/04 - 1/O4g), upper byte writing (I/O4q - vos O 7 34 [0 vouq
1/01g), and lower byte writing (I/O4 - 1/Og) are all possi- vog O 8 23 0 vosa
ble using UWE and L WE. If UWE or LWE goes low during : voz O 9 32 1 v042
an early write cycle, all data outputs remain in high vog O] 10 3111 Vo
impedance. Either going low causes a byte write cycle, vog g1 S0 [ vo1p
while bringing both low at the same time results in a wE 412 2HINC
word write cycle. UWE and LWE cannot be staggered ‘g—:E - i g g‘Es
within the same write cycle. g O 15 26 Ag
Refreshing may be accomplished by a CAS before RAS Ao e 251 a7
refresh cycle (CBR) that internally generates the re- A1Q17 24 Ag
fresh address. RAS-only refresh cycles will also refresh :: E :: : g “:i
all memory locations. L vee O 20 21 1 avp
The self-refresh mode is entered by holding RAS low for U

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

O 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

Oooao
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NEC

* Pin €onfigurations (cont)

40-Pin Plastic ZIP

44/40-Pin Plastic TSOP (Normal Pinouls)

RPD424190A/L, 4254 190A/L
Vo4 1
VOi3 3f
GND 5|«
vo1e 7T
o3 9.,
voe 11 |
¥Op 13 |
Yoy 15
V°5 17 <ic 1
VOT 19 Lt
Eﬂ 21 L
UWE 23 |
Ag 25 | -
Aq 27 [ ‘
Ag 29 | ]
GND 31 L
Ag 33 [ :
ﬂ % L
OE a7 ¥,
NC 39 = :};
VL6
44/40-Pin Plastic TSOP (Reverse Pinouts)
pPD424130AML, 4254190A/L
GND {1 O °4Pvec
o4 02 433 vo,
o4z 0s 421 Vo,
Vo6 4 411 Vog
V045 15 401 v0,
ano e ssvee
o Oz 38 vog
VO3 [ 8 a7 P vog
¥0y2 0o 26 [ voy
voq4 O 10 3s [0 vog
-TJF
¥015 13 a2 voy
NC [ 14 31 P LwE
CAS[]1s 30 [J UWE
OEC] 18 29 [1 RAS
ag17 28] Ay
A;O1e 27 Ag
Ag 10 26 A4
Ag O 20 - mI¥
Ay O 21 2ad Ag
GND O 22 O 23vee
Suffix =7JF in the package ideniifier
denotes reverse pinout sequenca.
BIYLE59EA

pPD424190A/L, 4284190A/L.
veedio ~ 4P eno
yo{gH2 431 VO4g
voa s 42 11 V047
vozL]4 41 ] ¥O4g
0,05 401 V045
vec s 390 GND
vog 7 28 [ 1oq4
vog Lt s 37 [ V043
voy;Oe 28 1 vo42
vog ] 10 35 1 ¥O44
-7KF .
vog 13 211 o
WE ] 14 st NC
UWE ] 15 ao[0 cas
AAS 18 20 0E
Agld 17 28 Ag
AgO 18 7 Ay
A0 18 281 Ag
Asxl]20 s A5
Agl] 21 243 A,
vec 22 o 23[] GND

Suffix =7KF In the package identifier
denotes nomal pinout sequence.

Pin Identification

Name Function

Ap - Ag Address inputs

CAS Column address strobe

I/Oq - fOqg Data inputs and outputs

OE Qutput onable

RAS Row address strobe

UWE and TWE Byte write enable

GND Ground

Vee +5-volt or + 3.3-volt power supply
NC No connection




NEN pPDA424190A/L, 42S4190A/L

Ordering Information, uPD424190A (+ 5-volt power)

RAS Access Fast-Page Cycle CAS Access

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

HPDA24190ALE-60 B0 ns 40 ns 20 ns 40-pin plastic $OJ
LE-70 70 ns 45 ns
LE-80 80 ns §0 ns

UPD424190AV-60 60 ns 40 ns 20 ns 40-pin plastic ZIP
V-70 70 ns 45 ns
V-80 80 ns 80 ns

UPD424190AGS-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP
G5-70 70 ne 45 ns {nermal pinouts)
G5-80 80 ns 80 ns

HPD424190AGS5M-60 60 ns 40 ns 20 ns 44/40 -pin plastle TSOP
GEM-70 70 ns 45 s (reverse pinouts)
G5M-80 80 ns 50 ns

Ordering Information, uPD424190L (+ 3.3-volt power)

HAS Access Fast-Page Cycle TAS Access
Part Number Time (max) Time {max) Time (max) Package
HPD424190LLE-ABD 60 ns 40 ns 20 ns 40-pin plastic SOJ
‘ LE-AT0 70 ns 45 ns

LE-ABD 80 ns 50 ns

HPD424190LV-ABD 60 ns 40 ns 20 ns 40-pin plastic ZIP
V-A70 70 ns 45 ns
V-ABO 80 ns 50 ns

HPD424190LG5-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP
G5-A70 70 ns 45 ns (normal pinoute)
G5-A80 80 ns 50 ns _

HPD424190LG5M-AB0 60 ns 40 ns 20 ns 44/40-pin plastic TSOP
GSMAT0 70 ns 45 ns (reverse pinouts)
G5M-AB0 80 ns 50 ns
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NEG

Ordering Information, xPD42S4190A (+ 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

UPD4284190ALE-60 60 ns 40 ns 20 ns 300 pA 40-pin plastic SCJ
LE-70 70 ns 45 ns
LE-80 80 ns 50 ns

uPD4254190AV-60 60 ns 40 ns 20 ns 300 pA 40-pin plastic ZIP-
V70 70 ns 45 ns
V-80 80 ns 50 ns

pPD425S4190AGS5-60 60 ne 40 ns 20 ns 300 pA 44/40-pin plastic TSOP
G570 70 ne 45 ns (normal pinouts)
G5-80 80 ns 50 ns

pPD4234190AGE5M-60 60 ns 40 ns 20 ns 300 A 44/40-pin piastic TSOP
G5M-70 70 ns 45 ns (reverse pinouts)
G5M-80 80 ns 50 ns

Ordering Information, uPD42S4190L (+ 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

pPD42S4190LLE-AG0 80 ns 40 ns 20 ns 300 pA 40-pin plastic SOJ
LE-A70 70 ns 45 ns
LE-AB0 80 ns 50 ns

UPD42S4190LV-AB0 60 ns 40 ns 20 ns 300 A 40-pin plastic ZIP
V-A70 70 ns 45 ns
V-A80 80 ns 50 ns

uPD42S4190LG5-A60 60 ns 40 ns 20 ns 300 A 44/40 -pin plastic TSOP
G5-A70 70 s 45 ns {normal pinouts}
G5-A80 80 ns 50 ns

uPD42S4190LG5M-A60 60 ns 40 ns 20 ns 300 pA 44/40-pin plastic TSOP
GEM-A70 70 ns 45 ns (reverse pinouts})
G5M-A80 80 ns 50 ns
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pPD424190A/L., 42S54190A/L

Block Diagram

RAS—> 7S ciock >| a8 clock
» Generalor I_) Generator _
WE Clock
— LWE Generator
CAS — p— LWWE
CAS Befora RAS *
L 4 —
Internat Refresh 58 Senoraior Y
Clack Data-in
| Butfor
\ < Vo1
Data O Bus >
e uniar g Yot
r
Data-out
Cokumn Decoder - Bufter
Senge Ampifier A
A1 - [
An » g E
Ay » :
Ay o % g Memory Array
Ag = §
Ag *
Az »
Ag *
Ag 83YL-81388
Truth Table
Function RAS LWE UWE CAS OF 1104 - /Oy /019 - /045
Standby ViH X X X X High-Z High-Z
Refresh cycle Vi X X ViH X High-Z High-Z
Byte write cycle Vi ViL ViH ViL ViH Data input High-Z
Vi ViH Vi Vi ViK High-Z Data input
Word read cycle ViL ViH Vis VL ViL Data output Data output
Word write cycle ViL ViL Vi ViL Vi Data Input Data input
ViL ViL ViL ViH VIH High-Z High-Z

X = don't care.
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NLEC

Absolute Maximum Ratings
Voltage on any pin relative to GND

Capacitance
Ta = 25°C; f= 1 MHz

S-volt devices 10t +70V Parameter Symbol Max Unit  Pins Under Test
3.3-volt devices —05to +46V Input capacitance Gy 5 pF Addresses
Operating temperature, Topgr 0 to +70°C Ciz 7 pF M_E' TWE,
Storage temperature, TaTg -55to +125°C OE, RAS
Short-circuit output current, log Input/output Co 7 pF WGy - YOqg
S-volt devices 50 mA capaclitance
3.3-volt devices 20 mA
Power dissipation, Pp 10W
Exposure to Absclute 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 Davices 3.3-Voit Devices
Parameter Symbol Min Typ Max Min Typ Max Unit
Input veoltage, high VIH 24 Vge + 1.0 2.0 Voo +0.3 v
Input voltage, low ViL -1.0 0.8 -0.5 0.8 v
Supply voltage Veo 4.5 5.0 55 3.0 33 3.6 v
Ambient temperature Ta o +70 o] +70 °C

Self-Refresh Current
Ta = Oto +70°C; Voo = +5V =10% (4254190A) or +3.3 V *0.3 V (4284190L)

Symbol 42S4190A 4284190L

Conditions

lecy 300 uA max 100 yA max

/O pins: Viy 2 Vgg - 0.2V; V)L < 0.2V or open.
Other input pins: Vi = Voe = 02V; V)L s 0.2V
or open. tgag = 100 us

DC Characteristics; 5-Volt Devices
Ta = 010 +70°C; Voo = +5.0V 210%

Parameter Symbol Min Typ Max Unit Test Conditions
Standby current lcca 20 mA RAS = CAS = Vjy (min); Ig = O mA
300 LA RAS = CAS = Vgg-02V;lp= 0mA
Input leakage current hy -10 10 HA Vin = 0 V 10 Vgg; all other pins not under test = 0 V
Output leakage current low -10 10 LA Doyt disabled; Vayt = 6V to Ve
Output voltags, low VoL 0.4 lo. = 42mA
Output voltage, high Vou 2.4 loy = -5 mA
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VL uPD424190A/L., 42S4190A/L

DC Characteristics; 3.3-Volt Devices
Ta = Oto +70°C; Voo = +3.3V £0.3V

Parameter Symbol Min Typ Max Unit Test Conditicns

Standby current lece 500 HA RAS = CAS z V|y (min); Ig = O mA
100 HA RAS = CAS 2 Vg -02V;lp = 0mA

Input leakage current ) -5 5 HA ViN = 0V to Vg all other pins not under test = 0V
Qutput leakage current lowy -5 5 HA Doy disabled; Voyr = 0V to Vee ‘
Output voltage, low VoL 0.4 v loL ==-2.0 mA
Output voltage, high Vo 24 v loy = 20 mA
AC Characteristics
Ta = 010 +70°C
uPD424190A, 4284180A: Voo = +5.0V =10%
UPD424190L, 4264190L: Vo = +3.3V 203V

‘ -60 70 -80 _
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
Operating current, lgc (+5) 130 : 120 110 mA RAS, CAS cycling; tge =
average locy (+39) 120 _ 110 100 . tae min (Nete §)
Operating current, loes (+5) 130 120 110 mA FAS cycling; TAS 2. Vi,
RAS-only refresh min; tge = tge Min
cycle, average lces (+3.3) 120 -110 100 (Nete 5)
Operating current, lccs (+5) 110 100 o0 mA - RAS < Vy; CAS cyeling;
fast-page cycle, tpc = tpc min
average lces (+39) 110 100 80 (Note 5) .
Operating current, lces (+5) 140 130 120 mA RAS cyeling; CAS < Vi
CAS before RAS max; tge = tpg min
refresh cycle, lces (+3.9) 130 120 110 (Note 5)
average
Access time from tan 30 35 40 ns (Note# 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 v 0 ns
setup time -
Row address setup tasr 0 0 0 ns
time :
Column address to tawD 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 tcaH 15 15 15 ns
hold time
CAS pulse width tcas 20 10,000 20 10,000 20 10,000 ns
TAS hold time for teHn 15 15 15 ns (Note 15)
CAS before RAS
refreshing
CAS hold time tcHs -35 -40 -50 ns For 4254190A/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 toLz 0 o 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 tcpwh 55 €0 75 ns (Note 14)
precharge to WE
delay time
CAS to RAS tchrp 10 10 10 ns (Note 10)
precharge time
CAS hold time tesH 60 70 80 " ns
CAS setup time for tcsr S 5 5 ns (Neote 15)
CAS before BAS
refresh cycle
CAS to WE delay tewn 40 40 50 ns (Note 14)
Write command tewtr 15 15 15 ns
referenced to CAS
lead time -
Datevin hold time  tpy 15 15 15 ne  (Notes 13, 16)
Data-in setup time tps 0 0 0 ns (Notes 13, 16)
Masked write hold tMcH 0 0 ) o ns
time referenced to
CAS
Masked write tves 0 0 0 ns
setup time
Masked write hold MAH 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 toen 15 15 15 ns
OF command hold  togn 0 ' 0 0 ns
time
OE to RAS inactive togs 0 0 0 ns
setup time
Output turnoff toez 0 15 Y 15 o] 18 ns (Note 9)
delay from Ok
Output disable torr 0 15 -0 15 4] 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 tpc 40 45 50 ns (Note 6)
write cycle time
Fast-page read- trRWC 85 20 100 ns (Ncte 6)
moedify-write cycle -
time with exended
data output
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AC Characteristics (cont)

-60 -70 -80
Parameter Symbol Min Max Min Max Min Max Unit Test Conditlons
Access time from thac 60 70 80 ns (Notes 3, 4, 7, 8}
RAS
RAS to column taan 15 30 15 35 15 40 ns (Note &)
address delay time
Row address hold tRAH 10 10 10 ns
time
Column address tnal 30 35 40 ns
lead time
referenced to RAS
{rising edye)
RAS pulse width tRas 60 10,000 70 10,000 80 10,000 ns
Fast-page RAS trasp 60 125,000 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 tre 120 130 150 ns (Note 6)
write cycle time
HAS te CAS delay trcp 20 40 20 50 20 60 ns (Note 8)
time
Read command tReH 0 0 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 A - Ag
RAS held time tpHGP 35 40 45 ns
reterenced to CAS
precharge
RAS precharge trp 50 80 60 ns
time
RAS precharge tppe o 0 o] ns
CAS hold time
RAS precharge tgps 120 130 150 ns For 4254190A/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 tawe 165 175 200 ns (Note &)
cycle time
RAS to WE delay trwD 80 80 105 ns (Note 14)
Write command tRwL 20 20 20 ns
referenced to RAS
lead time
Rise and fall times tt 3 50 3 50 3 80 ns (Note 4)
Write command tweH 15 15 16 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 ¢] ns (Note 14)

setup time

Write command twp 15 15 16 ns (Note 12)

pulse width

Notes:

(1) Ali voltages are referanced to GND,

(2} 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 tt = Sns.

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

& lccn lccas lecas and g gs depend on output loading and cy¢le
rates. Specified values are obtained with the output epen. 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.
lcc4 is measured assuming that all column address inputs are
switched only once during each fast-page cycle.

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

() Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt
devices, Voy = 2.0V and Vg = 0.8V (ac reference levels).

® Kitpep.< trep (Max) and tgap < tgap (Max), access time Is
defined by tpac (max).
¥trch = trep (max), access time is defined by toae (max).
i iraD = tRAD {Max), access time is defined by taa (Max).

© torr (mex) and tgez (max) define the time at which the cutputs
become open-circuit and are not referenced to Vg o1 VgL

10

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

(11) Either tgry or tgcH Must be satisfled for a read cycle.

(12) Parameter typ is applicable for a delayed write cycle such as a
read-write/read-modify-write cycle. For early write cycles, both
twes and twey must be met.

(13) 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.

(19 twes, trwp towD: tcrpwp and tawp are restrictive operating
parameters in read-write/read-modify-write cycles only.  twcs
= twesg (min), the cycie is an early write cycle and the data /O
pins will remain open-circuit throughout the entire cycle. if towp
= tewp (min), tawp = trwp (Min), and tawp = tawp (Min), then
the cycle is a read-write cycle and the data I/O pins will contain
data read from the selected cells. f neither of the above
conditions is met, the condition of the data |/O pins (at access
time and until CAS returns to V) is indeterminate,

{(15) Holding CAS low priorto RAS going negative will initlate a CAS
before RAS refresh cycle (tcgp and toyp must be satisfied).

{16) 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
tRe
taas >
s \ J \
«—tCRP—2»] i: tRSH > [€——1RP—>
1CSH
N tRCD 1 teas > «<—tCRP—>
= _/ NN L/
«—tASR-» te—tRAD —>-t tRAL >
IRAH (<> tASC— | et CAH--
s [/ /R RLR o ’X//////////////////l//x
fe——tRAH—>

e <—tRCH—>

-
= T2/ % UL

A

tRAH—>

j— | —tRCH

~
= [T UL

- \ iy

s Y
inputOutput OPEN @gﬁ Data Ovtput

foLz >

A
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Timing Waveforms (cont)

Word Early-Write Cycle
tRAS
— A \
AAS A / \
teRP— 3 [€—IRP— |
o tosH >
e o) B . e — |<——tcnp—>
o= \__\ [ ]

- 7/AJ(. = %i S

= twer

tWCH———>
twes > |-
t

I /////I///////////////////

b
-
‘l

tCWL >

- twch

twes > e

S, ‘,////////////////////////

j
< .
oo ////////////////;& XLl

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

77—2""‘_
-

BIYL-7746B
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Timing Wavetorms (cont)

Byte Early-Write Cycle

b )
RS N 4 \
topp> < tRSH » [E—tHP——
< tosH »> < tCRP>
«———Rcp———— > 1e——— oA ——————
- A
TAS }\ / /
K .
tASR: -« tRAL:

- ,///I = XY= XX

owL

twos —= > <—>»— tWCH

w TN | |

< twe l ., tMCH
) < A I o L tap —
=g | R w

s T LT LT T
oo ////////////////g—» v%(/////////////////////////////

Nob-.
[1]OE = don't care.

B3YL-81378
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Timing Waveforms (cont)

Word Late-Write Cycle

| s X: ' A \___
tCRP> < tRSH > S P —
: ' < tesH > teRp>
l¢————tReD————>fe——————1CAS s .
s “\\ | / F
K : i
' 1 t -

//Dg J?Z////)Z | ////////////////////////0(

tRwL

ety p ——)

57 LI //////// I,

e« tpg—] [€————toWL ——>~

|/'

tRWL

"

s
A A

A

= 7 X

o — W///////////////{ﬂ/{m_
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Timing Waveforms (cont)

Byte Late-Write Cycle
1RAS
—
s \ ) \
teap> ' tRSH »| [€—tRp———>
| e tosH » << tCAP>
e QD ———— > 1CAS >
- 4
}( !l

- 7//£ = wj o XTI TIITIITIN

g 1+ IS—

-l _ \

= T

| o —>| tmes | | (—tunn-‘;\-—x- o
| =Lt B M

“—10EH

| = Y ‘(////////////////////////////,

. j*toep>

¥O1-¥Og /7

[ ooon ‘&P e s %W/////////////////

|

T,
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Timing Waveforms (cont)
Word Read-Modily-Write Cycle

\

X

€ cs >

< tRSH >
toRp->| (€ tRCD > 1cAS > |(—to|:|p-)-
— Y \ / /
0AS \ 3 ‘ .
t . .

v /7R % ot ‘?L((///////////////////////////////

> re—towp —

tawD | [— tAWL >

—i i
~ LT N il

[ =]
Iﬁ 1 -
/////////////////// \__

e

tOEA <
= 1 Vi

toeD

C L

- OPEN
InpuyOutput <, torz —> > |e—1ogz
K
OPEN Pout !

BIYL-77538
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Timing Waveforms (cont)

Byte Read-Modily-Write Cycle

s —__SS‘ ] . N ’Z::\_
g (_W !\\; = o
7K ﬂ@; = 1W3(/{.{//////////_/(Qﬂ/(/////////////////,
mf////////}///////': m {T":’"j};//ﬂ/////
S g — X

taAA £ e
{‘loﬂ-—b
— 4
OE
— 7

I

tRag—™
loEz I . .

S
o

A
I
3

|

OPEN 4/ /X Dour_}

% ow K/,

-
VO1o- : < l 1RAC
1018 |‘—"‘c|.z—>

OPEN 4 DouT

YL-81308
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Timing Waveforms (cont)

Fast-Page Read Cycle
o€ tRASP »| -ﬂnp-ﬂ
T "
K
. L «—tRgH—>]
tCRP tcap
«<—tRCD —1CAS «—tCAS <>
. Y 7
CAS N /]
/|
[«—tCcgH——>
etRAD > 3 {RAL—>]
tRAH 1| ]
tASR ; t ¢ t
SR [tasg, | SASC 1 [ Joa <hsC | | teaH
y - Y/ y
Address Row Column 1 Column 2 ﬁ Column n // // /
K K
|
‘ . _ . —>1— tRRH
tRes —e—> tRCH —> <> tRCH —fe> le—tpes “«—>— tACH
| ‘
— 4 4
| ] : < 1RCS O 1 tRCH
tFlth > tRCH —>| <> tRcH —te>] —>| < tRcs >
_ 4 L y Y
—tan——>] |<-—1M > ‘ |<—‘—t~\ >
HE——ACP > ——tACP >
OE
Input/
Output
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Timing Waveforms (cont)

Word Fast-Page—Wn_’te Cycle
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Timing Wavetforms (cont)
Byte Fast-Page Write Cycle
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Timing Waveforms (cont)

Word Fast-Page Read-Modify-Write Cycle
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Byte Fasi-Page Read-Modify-Write Cycle T S
< : tRAP — = > le>{thp
o e— csH o ) ‘ ‘ T _
N\ . | | V
pe—t S < ]
— tRCD —>>] Fane o — :gig —»{ t=lpgp

l«—toag —>] —teas—>|. > letcan [
R X X\

gs_ \\( ' JZ ' 7 . N r ‘ 7[/

B el (I L e
e L ////////ﬁ_jiw//////////////,

le——1 Ltawp

- 'Acs \ tcwn. > > ‘-tmm_-;
.. UWE “C{f{f}' ’
L tMCH
le———— tawD

fncsh>| : twp (>

%l
E\ 6@
g

[¢——tRac——> [<>{1CED

vm-voa[ ‘CII.Z @){;'LT lcu_'l"- DouT 2 lm‘lﬁ{i
| | W A

|
| je——tpac— [e>{tOED _,l<—tAcP+> - tOED tacp—>! |e>
: ‘c.qc|<—>  GAGk—> F-_tmc

| torz—>| |« lopz> [&| || - L_'CEZ"'
~tAA | L,—tm} s fAA
VO10-¥O18 ‘>| _>| <-1D3 : _>[ <—tns ‘

) %:Ek— - é&: @ﬂm ///////

[1] WE = LWE or UWE for lower byte wiite and upper byte writo cycles, respectively.

*.__v- __.____EZ

%

8IYL-814418




e ¥V - L - L ol ¥ ¥ ool b ol ol bf od o bl d Tl S TN

N bu HPDA24190A/L, 42S4190A/L

Timing Waveforms (cont)
Hidden Refresh Cycle (Read Cycle)
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Timing Waveforms (cont)
Byie Hidden-Refresh Cycle (Write)
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Timing Waveforms (cont)

RAS Refresh Cycle
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NEC

Timing Waveforms (cont)
CBR Self-Refresh Cycle
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