NEC

NEC Electronics Inc.

pPD424440/L, 42S4440/L
1,048,576 x 4-Bit
Dynamic CMOS RAM
With Four CAS controls

Description

The uPD424440/L and uPD4254440/L are fast-page dy-
namic RAMs organized as 1,048,576 words by 4 bits and
designed to operate from a single power supply. The
four CAS controls, CAS; - CAS,, are paired with 1/Oy -
1104

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

uPD Options

424440 +5V

424440L +33V

4254440 +5V,; self-refresh mode
4254440L. +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 1/Q4.4 pins are controlled by CAS;_4
independent of RAS. After a valid read or read-modify-
write cycle, data is held on the output by maintaining
CAS low. The output returns to high impedance when
CAS goes high. Fast-page read and write cycles can be
executed by cycling CAS.

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 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

a

1,048,576 by 4-bit organization

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

Four I/O and CAS pairs

CAS betore RAS refreshing

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

Low input capacitance

1024 refresh cycles every 16 ms
26/24-pin (350-mil) plastic SOJ package
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Pin Configuration

26/24-Pin Plastic SOJ

pPDA24440/L, 4254440L
voq 1 26 [1 GND
Voo 2 25 1 V04
WE s 24 [ vog
ESE4 2330784
cas,Os 22 [1 G
cas,Os 21 [1CAs,
Ag[Os 19 O NC
Ap 9 18 [ Ag
A1 10 70 A7
Az 11 18 [0 Ag
Az 12 15 [ Ag
vec O 13 14 {1 Ag

Pin Identification

Name Function

Ao - Ag Address inputs

1/Oq - 1/O4 Data inputs and outputs

CAS, - CAS, Column address strobes

OE Output enable

RAS Row address strobe

WE Write enable

GND Ground

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

SH- 1
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pPD424440/L, 4284440/L

NEC

Ordering Information, Standard Devices

RAS Access Fast-Page Cycle CAS Access
Part Number Time (max) Time (max) Power Supply Time (max) Package
HPD424440LE-60 60 ns 40 ns +5V 20 ns 26/24-pin plastic SOJ
LE-70 70 ns 45 ns
LE-80 80 ns 50 ns
pPD424440LLE-60 60 ns 40 ns +33V
LE-70 70 ns 45 ns
LE-80 80 ns 50 ns
Ordering information, Self-Refresh Devices
RAS Access Fast-Page Cycle CAS Access
Part Number Time (max) Time (max) Power Supply Time (max) Package
1PD42S4440LE-60 60 ns 40 ns +5V 20 ns 26/24-pin plastic SOJ
LE-70 70 ns 45 ns
LE-80 80 ns 50 ns
uPD42S4440LLE-AB0 60 ns 40 ns +33V
LE-A70 70 ns 45 ns
LE-A80 80 ns 50 ns
Block Diagram
RAS ™  Rasci GAS Clock
Generator Generator
o WE Clock
CASq- 4 WE >
CAS, . _
CAS Before RAS i
'OF Clock
Internal Refresh oF Generator
Clock Data-in
¢ r Buffer
Data VO Bus N zg‘ )
nah%sot:l Address l__ 4
nter
Data-out
Column Decoder Buffer
Sense Ampiifier T
S
o |EL.|2
Ao-Ag ——>1 & [ED ] Memory Array
2 8
<
63YL-80068
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NEC

pPDA424440/L,

42S4440/L

Absolute Maximum Ratings

Voltage on any pin relative to GND

Capacitance
Ta = 25°C; f = 1 MHz

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

+3.3-volt devices 05to+46V Input capacitance  Cyy 5 pF Addresses
Operating temperature, Topr 0 to +70°C C 7 oF _(_3___—A§1 CAG,, WE,
Storage temperature, Tg1g -55to +125°C OE, RAS
Short-circuit output current, log Input/output Co 7 pF /Oq - /04

+ 5-volt devices 50 mA capacitance

+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.
Recommended Operating Conditions

+5-Volt Devices +3.3-Volt Devices
Parameter Symbol Min Typ Max Min Typ Max Unit
Input voltage, high ViH 2.4 Vee + 1.0 2.0 Vee +0.3 v
Input voltage, low ViL -1.0 08 -05 0.8 v
Supply voltage Vee 4.5 5.0 55 3.0 3.3 3.6 v
Ambient temperature Ta 0 +70 o] +70 °C
Self-Refresh Current
Tp = Oto +70°C; Voo = +5 V £10% (4284440) or +3.3 V +0.3 V (42S4440L)
Symbol 4284440 42544401 Conditions
lcc7 300 pA max 100 pA max I/O pins: Vi = Vgg - 0.2V; V| = 0.2V or open.
Other input pins: Viy = Vgg - 02V; V)L < 0.2V
or open. tgas = 100 us
DC Characteristics; +5-Volt Devices
Ta = 0to +70°C; Vgc = +5.0V *£10%
Parameter Symbol Min Typ Max Unit Test Conditions
Standby current lcc2 2.0 mA RAS = CAS = Vi (min); lo = 0mA
300 HA RAS = CAS = Vgc-02V;lp= 0mA

Input leakage current [T -10 10 HA ViN = 0V to Vgg; all other pins not under test = 0V
Output leakage current lon -10 10 LA Doyt disabled; Voyt = 0V to Vee
Output voltage, low VoL 0.4 loL = 42mA
Output voltage, high VoH 2.4 lon = -5mA

SH-3
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pPD424440/L., 42S4440/L

NEC

DC Characteristics; +3.3-Volt Devices

Ta = 0to +70°C; Voc = +3.3V *0.3V

Parameter Symbol Min Typ Max Unit Test Conditions
Standby current lcco 500 LA RAS = CAS = V)y (min); o = 0mA
100 HA RAS = CAS = Vgc-02V;lo= 0mA
Input leakage current liw -5 5 HA Vin = OV to Vg all other pins not under test = OV
Output leakage current lo) -5 5 LA DoyT disabled; Voyt = 0V toVee
Qutput voltage, low VoL 0.4 v loL =2.0 mA
Qutput voltage, high VoH 2.4 \ loy = -2.0 mA
AC Characteristics
Ta = Oto +70°C
Vee = +5.0V £10% or +3.3V 0.3V
-60 -70 -80
Parameter Symbol Min Max Min Max Min Max Unit  Test Conditions
Operating current, average lcct (+5) 90 80 70 mA RAS, CAS cycling; tgg =
loct (+3.3) 80 70 &0 tprc min (Note 3)
Operating current, RAS-only lcca (+5) 90 80 70 mA RAS cycling; CAS = Viy
refresh cycle, average min; tgc = tgc min
lcca (+3.3) 80 70 60 (Note 3)
Operating current, fast-page lcca (+5) 80 70 60 mA RAS < Vj; CAS cycling;
cycle, average tpc = tpc min
leca (+3.3) 70 60 S0 (Note 3)
Operating current, CAS before Iccs (+5) Q0 80 70 mA RAS cycling; CAS < V)
RAS refresh cycle, average max; tgc = tgrc min
iccs (+3.3) 80 70 60 {Note 3)
Access time from column tAA 30 35 40 ns (Notes 4, 5, 7)
address
Access time from CAS tacp 35 40 45 ns (Notes 4, 5, 7)
precharge (rising edge)
Column address setup time tasc 0 ns
Row address setup time tASR 0 0 ns
Column address to WE delay tawD 50 55 65 ns
time
Access time from CAS (falling teac 15 20 20 ns  (Notes 4,5,7)
edge)
Column address hold time tcAH 15 15 15 ns
Delay time, column address to teaL 30 35 40 ns
CAS high
CAS pulse width tcas 15 10,000 20 10,000 20 10,000 ns
CAS hold time for CAS before tcHR 15 15 15 ns
RAS refreshing
CAS hold time (CBR self-refresh  tcpg -35 -40 -50 ns Self-refresh devices
mode)
Hold time, CAS low to CAS high  tcicH 5 ns
CAS to output in fow-Z teLz (o] ns
Fast-page CAS precharge time tcp 10 10 12 ns
CAS precharge time tepn 10 10 10 ns
5H-4
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NEC

puPDA424440/L, 4254440/L

AC Characteristics (cont)

-60 -70 -80
Parameter Symbol Min Max Min Max Min Max Unit  Test Conditions
Fast-page CAS precharge to WE  tcpwp 55 60 75 ns
delay time
CAS to RAS precharge time tcrp 10 10 10 ns
CAS hold time tosH 60 70 80 ns
CAS setup time for CAS before tcsr 5 5 5 ns
RAS refresh cycle
CAS to WE delay tewp 40 40 45 ns
Write command referenced to towL 15 15 15 ns
CAS lead time
Data-in hold time tpH 15 15 15 ns
Data-in setup time tos 0 ns
Masked write hold time tMRH 0 ns
referenced to RAS
Access time from OE toEA 20 20 20 ns (Notes 4, 5, 7)
OE data delay time toED 15 15 15 ns
OE command hold time toEH 0 0 0 ns
OE to RAS inactive setup time toEs 0 0 0 ns
Output turnoff delay from OE topz 0 15 0 15 ] 15 ns (Note 8)
Output disable from CAS high toFF 0 15 [ 15 (o] 20 ns (Note 8)
OE to output in low-Z toLz 0 0 ) ns (Note 5)
Fast-page read or write cycle tpc 40 45 50 ns (Note &)
time
Fast-page read-modify-write tprwC 85 90 100 ns (Note 6)
cycle time with exended data
output
Access time from RAS tRaC 60 70 80 ns (Notes 4, 5, 7)
RAS to column address delay tRAD 15 30 15 35 15 40 ns (Note 7)
time
Row address hold time tRAH 10 10 10 ns
Column address lead time tRAL 30 35 40 ns
referenced to RAS (rising edge)
RAS pulse width tRas 60 10,000 70 10,000 80 10,000 ns
Fast-page RAS pulse width trasP 60 125,000 70 125,000 80 125,000 ns
RAS pulse width (CBR self- trAsS 100 100 100 s Self-refresh devices
refresh mode)
Random read or write cycle tre 120 130 150 ns (Note 6)
time
RAS to CAS delay time tRecD 20 40 20 50 20 60 ns (Note 7)
Read command hold time tRcH 0 0 0 ns
referenced to CAS
Read command setup time tres o] 0 0 ns
Refresh period tRerF 16 16 16 ms Addresses Ag - Ag
128 128 128 ms Self-refresh devices

5H-5
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pPD424440/L., 42S4440/L

NEC

AC Characteristics (cont)

-60 -70 -80
Parameter Symbol Min Max Min Max Min Max Unit  Test Conditions
RAS hold time referenced to trHCP 35 40 45 ns
CAS precharge
RAS precharge time trp 50 50 60 ns
RAS precharge CAS hold time tgpc o] 0 o] ns
RAS precharge time (CBR self- taps 120 130 150 ns Self-refresh devices
refresh mode)
Read command hold time tRRH 0 (o} o] ns
referenced to RAS
RAS hold time tRSH 15 20 25 ns
Read-modify-write cycle time trwe 165 175 200 ns (Note 6)
RAS to WE delay thwD 80 90 105 ns
Write command referenced to tRwL 20 20 20 ns
RAS lead time
Rise and fall times tr 3 50 3 850 3 50 ns
Write command hold time twcH 15 15 15 ns
Write command setup time twes 0 0 0 ns
Write command pulse width twp 15 15 15 ns
Notes:
(1) All voltages are referenced to GND. (7) i tpcp < tpep (Mmax) and tpap < tpap (Max), access time is
(2) Aninitial pause of 100 us is required after power-up, followed by ge?“eg EY tRac (max): ‘_fftHcD 2> trcp (max), access time :S
any eight RAS cycles, before proper device operation is d:f:::d b;’ 1tCA?m(:;)QX)’ if tRAD = tRaD (Mmax) access time is
achieved. AA .
®) lect leea iccs. and Icos depend on output loading and cycle ®) torr ([nax)t de(f’mes 'hf tifme at :thlc\r the 3””’”'5 become
rates. Specified values are obtained with the output open. Icca open-cireuit and are not referenced to Yoy of Vo
is measured assuming that all column address inputs are held at (9) Either tgry of trcH must be satisfied for a read cycle.
fnhel: a high level or a Iov.v level dutl’lmg RAS'O'LIZ refre.sh cycles. (10) Parameter typ is applicable for late-write or read-modify-write
CcC4 IS measured assuming that all column address inputs are cycles. In early-write cycles, tywcy (min) should be satisfied.
switched only once during each fast-page cycle,
_ (11) These parameters are referenced to the leading edge of one of
(4) Ac measurements assume tr = 5ns. the CAS signals in early write cycles and to the leading edge of
(5) Vin (min) and V| (max) are reference levels for measuring the WE in late write or read-modify-write cycles.
IH g
timing of input signals. Transition times are measured between (12) These parameters are the conditions defining read-modify-write
Vi and V. cycles.
(6) The minimum specifications are used only to indicate the cycle (13) Load = 2 TTI (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt

S51- 6

time at which proper operation over the full temperature range
(Ta = Oto +70°C) is assured.

devices, Vo = 2.0V and Vo, = 0.8 V (ac reference levels).
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pPD424440/L., 4254440/L

Timing Waveforms

Read Cycle
< {
12,99
tRAS
- X X
RAS
N 7 \
tRCD icAs > tRP >
N N
TAS, N N
VR
[ €——tCLCH—>
CASp \
[<—1CLCH
o5, \
[€——1tCLCH tCPN
—
CASg \ < 72
tCSH {CRP
[€————tRAD———»1<€tASC>| tRSH
[ €e——tRAH tCAL: >
} tASR ; tRAL
A
Ag-Ag Row L Column
(-lncs-—)l I(—tRﬂH —>
tCAH —> e— < tRCH
7 A
w /1T NN
=3 > tcaC
[e——tAA:
tcLz —)‘ I——
[o3] Vald Data Out
tcac 0
voz Valid Data Out N
tcac | I
Vo3 Valld Data Out >
tRAC > ! >— tOFF
tOES >
V0q Vald DataOut |y
[ e———tOEA—>
I<—tc;\c — tOEZ
o \
B3IFM-87768
5H-7
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pPDA424440/L, 42S4440/L N E C

Timing Waveforms (cont)

Early Write Cycle
< 1RC
tRAS I tRP
— N
AAS N \
K 7
—> |€— T
toSH > tCRP

tRCD ICAS
. N N
CASq S ) N
< tCLCH
CAS, \ /

CAS3 \ /
AS, \ S

ICPN

l€————tRAD———> < tASC->]
l€«——tRAH - tcAL >
tASR < tRAL
4 ' XX X X
= A
- Row Address Don't Care.
AoAg @% k. Address AAAN
tCAH —>
[<—twcs tWCH
WE \ /
N 7

vvvvvvvvvvvv

A
are Valld Data In

.
<—————tns—>‘

AAANADN

Note: OE: Don't Care
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N E C puPD424440/L, 4254440/L

Timing Waveforms (cont)

Late Write Cycle

> | 1T

__ N
RAS N N
K 7
tRCD tCAS— > tRP—>

S N / %\_

CAS, \ /

< {CPN >
J— 4
CAS4 \ 7Z
tCsH tCRP———>
l€———tRAD———>[«€tASC>| |[€————1RSH
[€——tRAH—>1 tCAL:

< tasr tRAL:
p L X XX XXX
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N 7

l«————1tRAD
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pPD424440/L., 42S4440/L

NEC

Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle

o RWC tRp—
.
RAS &c JZ \_
l€«———tRCD tCAS | tCRP
- N V N
tCSH
s, \ ”/
! tCLCH 1 <€ tCPN
- \ /
€ tRSH
—_ 4
\ I
je>— tasr tasC
<—tRAD
>} tRAH
3 £ 990000000000 00000900000 00
rosa (X rom TEDH e R et RRR
tacs —<—>| I tcaH towL —>
tAWD
tCWD tRWL—>
twp
— / /7777 A p /7777 /
W'/ fenican////] N Lo/
tRWD
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toH —(—%
o TYYY ¢ - TN KKK
18 De G [ veaow v RSN
tan > toEZ
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N E C pPDA424440/L, 42S4440/L

Timing Waveforms (cont)

Fast-Page Read Cycle
< 1RASP
1CSH tRHCP <—tRP
- N
RAS N /
N 7
tRSH
(€«———IRCD— > < 1CAS— > 1pC - tCPN
—> <— 1CRP |e-top—> €«—tCAS— > {<tCP—> tcAS
— A L p 4 X Y
o _/ Qi-]z S(___72 SK____JZ \
tcAs [e-ticp—> [€—tCAS—>
p 2 \ 4 X

g
N
[K/

le—tcas—> [<-tcp—> tCAS [<-tcp—>| [<€<—1tCAS—>
— A N X /] '
s R\ 7N AN /
tASR > <~ [« tasc tASC | 1ASC
tmu—! tcaH > tcaH tcaH
4 4 X
Ag-Ag Row Column Column Column
0y
l<—tRAD € TRAL 11 tRAH
tACS tRCH —>| ‘*— tRCS 'RCH —>] '-E- tRcs tRCH
4 4 A X
/1] LY N/ \
tOES >
Ee—tAA—> le———tan—> |e——taa—>
tacp tACP—>|
toEA ] toEA
— \ i
OE \ \ [ ; ; ; ; ; ; ; ; ;
K / N K Z
»>— {OEA toEz toEz >—t0EZ
lcac < toFF | toFF —T< : cac toFF
toLz > torz > toLz 11>
y f N
V04 Valid Data Out Valld Data Out _=— Valid Data Out _[————
| —
torz —te> torz torz
| €«—————tRAG———>] -« tcac
vog { X vandpataout )
o Y Gommor )
83FM-87838
SH -1t
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puPDA424440/L, 42S4440/L

Timing Waveforms (cont)

Fast-Page Early Write Cycle

XX XXX XXX
SO

AVAVAVAV AV

<o

tRASP
1CSH tRHCP <—tRp
pAs &( 7
tRSH
|€————{RCD—>{«€—1tcAS—> PC ICPN
—> (<— tCRP top> [<«—tcAS— > |<icp>| [<€—tcAS—>
— A Y N .
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[e——tcAS—> tecp—>| tcas
J— X 4 ph
2/ N N\
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3 N N i\
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— A p N\ . X
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©_/ N S A S \
t — t
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vvvvvvvv

Valid Data In

' SONIO0090099999999999.99999
XXX HXXXXHXIXIXXIXIX XXX XIXIXIX XX XAXK

XX XXX XXX
ERLEEN

Note: OE: Don't Care

[<ton

l(‘tDH
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Data In

LXXX)
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AN

\/
K

AVAVAVAVAVAVWA

B3FM-87848

Ar-12

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003




NEC

puPDA424440/L, 42S4440/L

Timing Waveforms (cont)

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

tRASP tRP
. p
FAS S( 7
~«<——1RCD > tCAS tPRWC ‘uPN————T
—> < tcap |<—tcp—>] tcas

s, N\ AR / N

N 7 K
J— Y XN X
o2 \ 7N / N

X 7 X 7
/) ) /N 7 N
CASs \ X _ 7 K 7

tCLCH
oS I N / N
CAS4_/ \ N 7 N 7
le—tRAD—>] [€lASC™ <€tCcAH
tasR [<— > F‘IASC ' )
4 tRAH i tcaH l tRAL
—

Ap-Ag ROL%EO(T Column ! Column

]

tAWD < AWD letoyyL >
tRCS towL towp—> [<—twp—>
fcwD twp tRcs <—tRWL— >

1oEH
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pPDA424440/L., 42S4440/L N E C

Timing Waveforms (cont)

Hidden Refresh Cycle
1AC ! tRC ! tAC {
< tRAS <<tRp tRAS tRP «——tRAS ~<<tRpP
N
AAS
N ]
~<—1RCD tASH tCHR

—ﬂ <— tcRP tcas l«—tcpN
s/ )/ *&F i Ji

tAsR —>1 < tasc
—> l‘—tnAH <_>}'tCAH

'RAD tRAL
4
Ag-Ag Row Column
N
trcs —< ! tWHR —<€

S NN

[<loLz toez
[e—1g1 7 _4 toFF

V0404 Valki Data Out

Note: Any CASx may be used
BIFM-87068
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pPD424440/L, 4254440/L

Timing Waveforms (cont)

RAS-Only Refresh Cycle
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1
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L

High I
V01404 igh Impedanca
Note: WE, OE: Don't care
Any CASy may be used
B83FM-876878
CAS Before RAS Refresh Cycle
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HPDA424440/L., 4254440/L

Timing Waveforms (cont)

CBR Self-Refresh Cycle
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