NEC
4,194,304 x 1-Bit

NEC Electronics Inc. Dynamic CMOS RAM
Description Pin Identification
The uPD424102 is a static-column dynamic RAM orga-  Name Function
nized as 4,194,304 words by 1 bit and designed to  Ag-Aspo Address inputs
operate from a single +5-volt power supply. Advanced ¢s Chip select
polycide technology using trench capacitors mini- o

. - . . IN Data input
mizes silicon area and provides high storage cell ca-
pacity, high performance, and high reliability. A single- ~ Dout Data output
transistor dynamic storage cell and advanced CMOS  RAS Row address strobe
circuitry throughout ensure minimum power dissipa- W Write enable
tion, while an on-chip circuit internally generates the - - a

N . . round

negative-voltage substrate bias—automaticaily and
transparently. Vee +5-volt power supply

. =& NC i
The three-state output is controlled by CS independent No connection

of RAS. After a valid read or read-modify-write cycle,
data is held on the output by holding CS low. The data
output is returned to high impedance by returning CS
high. Static-column read and write cycles can be exe-  ag/m0.-pin Plastic SOJ
cuted by cycling CS. -

Pin Configurations

Refreshing may be accomplished by means of a cs o o1 261 GND
before RAS cycle that internally generates the refresh wedz 25 11 poyr
address. Refreshing can also be accomplished by RAS []3 24P ¢s
means of RAS-only refresh cycles or by normal read or NC []a 23 NnC
write cycles on the 1024 address combinations of Ag - Aos [, 20 Ag
Ag during a 16-ms refresh period. g
Features g
Ag Os 181 Ag
O 4,194,304-word by 1-bit organization Ay 10 170 Ay
O Single +5-volt power supply Az 0311 183 Ag
O Static-column option A3 Q12 150 Ag
D Low power dissipation Vec 013 il S
O CS before RAS refresh cycles oA
O Multiplexed address inputs
0 On-chip substrate bias generator 20-Pin Plastic ZIP
O Noniatched, three-state outputs
O Low input capacitance
O TTL-compatible inputs and outputs DoxA:'
O 1024 refresh cycles every 16 ms N
O 26/20-pin SOJ, 20-pin ZIP, or 26/20-pin TSOP RAS
plastic packaging NC
Ag 1
Az 13
vce 15
Ag 17
Az 19
SHHOO1EA
60081-1 5 C' 1
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pPDA424102

NEC

Pin Configurations (cont)

26/20-Pin Plastic TSOP (Normal Pinouts)

26/20-Pin Plastic TSOP (Reverse Pinouts)

nPD424102 1PD424102
ol Q1o 4 26 [1 GND GND ] 1 O o2 3%
WEQ2 25 11 Doyt dour 2 25 O WE
RAS s 220 Cs csHs 24 1 AAS
NCO4 23 NG NC[ 4 23 B NC
A5 2211 Ag A5 22 1 A0
-9JD —-9KD
Ap Qo 18 Ag Ags 18 [ Ag
Ay 10 17P A, Az 10 17 [ Aq
Ay O 11 16 ag ag Q11 18 Az
Az 012 150 Ag Ag 12 15 1 Ag
vee 0 13 o140 a, Aq] 13 @] 14 O veo
Suffix —8JD In the package Identifier
denotes normal pinout saquenca. Suﬂ'lx-OKDhmm identifler
BIFM-O613A P N BIFMHIG 14A
Block Diagram
RAS ———> J—
RAS > RAS Clock CS Clock
Generator
I—> WE Clock
cs Generator
WE
CS Before RAS
Intemal Refresh
Data-n
¢ J Buffer <—DiN
Refresh Address Data VO Bus
Counter o
5 ta-out
Column Decoder > DouTt
Sense Ampilfier
Ao-Ato 1> g 4 Memory Array
83H-00168

5¢-2
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N E C uPD424102

Ordering Information

Static-
RAS Access R/W Cycle Column Refresh Standby
Part Number Time Time Cycle Time Perlod Current Package
pPD424102LA-60 60 ns 120 ns 35 ns 16 ms 1mA 26/20-pin plastic SOJ (300 -mil)
LA-70 70 ns 140 ns 40 ns
LA-80 80 ns 160 ns 50 ns
LA-10 100 ns 190 ns 60 ns
HPD424102LA-60L 60 ns 120 ns 35 ns 128 ms 300 pA
LA-70L 70 ns 140 ns 40 ns
LA-8OL 80 ns 160 ns 50 ns
LA-10L 100 ns 190 ns 60 ns
HPD424102V-60 60 ns 120 ns 35 ns 16 ms 1mA 20-pin plastic ZIP
V-70 70 ns 140 ns 40 ns
V-80 80 ns 160 ns 50 ns
V-10 100 ns 190 ns 60 ns
uPD424102V-60L 60 ns 120 ns 35 ns 128 ms 300 A
V-70L 70 ns 140 ns 40 ns
V-80L 80 ns 160 ns 60 ns
V-10L 100 ns 190 ns 60 ns
HPD424102GS-60 60 ns 120 ns 35 ns 16 ms 1 mA 26/20-pin plastic TSOP (normal
as-70 70 ns 140 ns 40 ns pinouts)
GS-80 80 ns 160 ns 50 ns
GS-10 100 ns 190 ns 60 ns
HPD424102GS-60L 60 ns 120 ns 35 ns 128 ms 300 A
GS-70L 70 ns 140 ns 40 ns
GS-80L 80 ns 160 ns 50 ns
GS-10L 100 ns 190 ns 60 ns
pPD424102GSM-60 60 ns 120 ns 35 ns 16 ms 1 mA 26/20-pin plastic TSOP (reverse
GSM-70 70 ns 140 ns 40 ns pinouts)
GSM-80 80 ns 160 ns 50 ns
GSM-10 100 ns 190 ns 60 ns
PD424102GSM-60L 60 ns 120 ns 35 ns 128 ms 300 A
GSM-70L 70 ns 140 ns 40 ns
GSM-80L 80 ns 160 ns 50 ns
GSM-10L 100 ns 190 ns 60 ns

BHC-3
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pPD424102 N E C

Absolute Maximum Ratings Recommended Operating Conditions

Voltage on any pin relative to GND -1.0to +7.0V Parameter Symbol Min Typ Max Unit
Operating temperature, Topr 0to +70°C Input voltage, high ViH 2.4 Vge + 1.0 v
Storage temperature, Tg1g -55 to +125°C Input voltage, low ViL -1.0 0.8 v
Short-circuit output current, log 50 mA Supply voltage Vee 45 50 5.5 v
Power dissipation, Pp 1.0W Ambient temperature Ta 0 70 °C

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

Capacitance
Ta = 25°C;f = 1 MHz

specified under DC and AC Characteristics. Parameter Symbol Max Unit  Pins Under Test
Input capacitance Cn 5 pF Address, D)y
Cp 7 pF  RAS, CS, WE
Output capacitance Cg 7 pF BouT

Low-Power Battery Backup (-L Versions Only)

Symbol Max Unit tras TS Before RAS Refresh Cycle Standby Conditions
lcce 500 LA < 1ps 1024 refresh cycles (min) every 128 ms; RAS = CS RAS = CS = Vgg-0.2V; Dy,
= Vgg- 02V or s 0.2V, as appropriate; Doyt WE, Addresses =2 Vgg ~02V
300 HA = 200 s open; all other inputs = Vgg -0.2V or < 0.2V or = 0.2 V; Doyt open
tREF 128 ms

DC Characteristics
Ta = Oto +70°C; Voo = +5.0V £10%

Parameter Symbol Min Max Unit Test Conditions

Standby current lcc2 2.0 mA RAS = CS = Vjy (min)
1.0 mA RAS = TS = Vgg-02V
Input leakage current hw -~10 10 HA ViN = 0V to Vg all other pins not under test = O V
Output leakage current o -10 10 LA Doyt disabled; Vour = 0V to Vee
Output voltage, low VoL 0.4 v loL = 42mA
Output voltage, high VoH 24 v loy = -5 mA

AC Characteristics
Ta = Oto +70°C; Vgg = +5.0V *10%

uPD424102-60  pPD424102-70 pPD424102-80 pPDA424102-10

Parameter Symbol Min Max Min Max Min Max Min Max Unit  Test Conditions

Operating current,  lggy 90 80 90 80 mA  RAS and TS cycling;

average tre = tpe min; lo =
0 mA (Note 5)

Operating current,  Igc3 90 80 90 80 mA  RAS cycling; CS =

RAS-only refresh Viwi

cycle, average tae = tpc min; lop =
0 mA (Note 5)

Static column Icca 70 60 70 60 mA RAS s V|;CS

operating current, cycling;

average tpc = tpg min; lp =
0 mA (Note 5)

5¢-4
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N E C uPDA424102

AC Characteristics (cont)
pPD424102-60 pPD424102-70 rPD424102-80 1PD424102-10

Parameter Symbol Min Max Min Max Min Max Min Max Unit  Test Conditions
Operating current,  lccs 90 80 90 80 mA  RAS cycling; CS
CS before RAS before RAS; tgg =
refresh cycle, tpc min; lp = 0 mA
average (Note 5)

Access time from taa 30 35 40 50 ns (Notes 7, 9)

column address

Column address tan 15 15 15 15 ns

hold time

referenced to RAS
(rising edge)

Column address tasc 0 0 0 0o ns

setup time

Row address setup  tagp 0 0 0 o ns

time

Column address to  tawp 30 35 40 50 ns (Note 15)
WE delay time

Access time from tcac 20 20 20 25 ns (Notes 7, 8, 9)
CS (falling edge)

Column address tcaH 15 15 15 20 ns

hold time

CS hold time for teHR 15 15 15 20 ns

CS before RAS
refresh cycle

CS precharge time,  tcp 10 10 10 10 ns
static-column

CS precharge time,  tcpn 10 10 10 10 ns

nonpage cycle

CSto RAS tcrp 10 10 10 10 ns  (Note 11)
precharge time

TS pulse width tes 20 100,000 20 100,000 20 100,000 25 100,000 ns

CS hold time tesH 60 70 80 100 ns

TS setup time for tosR 10 10 10 10 ns

CS before RAS
refresh cycle

CS to WE delay tcwnp 20 20 20 25 ns  (Note 15)
Write command to tewL 15 15 15 20 ns

CS lead time

Data-in hold time toH 15 15 15 20 ns (Note 14)
Data-in setup time tps o} 0 0 0 ns (Note 14)
Output buffer toFF o] 15 [¢] 15 0 20 o 25 ns (Note 10)
turnoff delay

Output hold time toH 5 5 5 5 ns

from address

Output enable tow 25 25 25 25 ns

time from WE

(rising edge)

Access time from tpwA 60 70 90 110 ns (Note 7, 17)
previous WE

Scec-5
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pPD424102 N E C

AC Characteristics (cont)
#PD424102-60 1PD424102-70 nPD424102-80 #PD424102-10

Parameter Symbol Min Max Min Max Min Max Min Max Unit  Test Conditions
Column address tpwH 60 70 90 110 ns

hold time

referenced to

previous WE

Access time from trac 60 70 80 100 ns (Notes 7, 8)
RAS

RAS to column tRAD 15 30 15 35 17 40 17 50 ns (Note 9)
address delay time

Row address hold tRAH 10 10 12 12 ns

time

Column address tRAL 30 35 40 50 ns

lead time

referenced to RAS
(rising edge)

RAS pulse width tras 60 10,000 70 10,000 80 10,000 100 10,000 ns
Static-column RAS  tpasc 60 100000 70 100,000 80 100,000 100 100,000 ns

puise width

Random read or the 120 140 160 190 ns (Note 6)
write cycle time

RAS to CS delay tred 20 40 20 50 25 60 25 75 ns  (Note 8)
time

Read command tRcH 0o 0 0 ¢] ns (Note 12)
hold time _

referenced to CS

Read command tres 0 0 0 o ns

setup time

Refresh period tREF 16 16 16 16 ms Addresses Ag - Ag
RAS precharge trp 50 60 70 80 ns

time

RAS precharge CS  tgpc 10 10 10 10 ns

hold time

Read command tRRH 10 10 10 10 ns {Note 12)
hold time o

referenced to RAS

Read cycle time tasc 35 40 50 60 ns

RAS hold time thsH 20 20 20 25 ns

RAS to second WE  tpew 75 85 95 115 ns

delay time

Read-write cycle trwe 145 165 185 220 ns (Note 6)
time

RAS to WE delay tRwWD 60 70 80 100 ns  (Note 15)
Write command to tRWL 20 20 20 25 ns

RAS lead time

Static-column trwsc 65 75 95 115 ns

read/write cycle

time

Rise and fall tr 3 50 3 50 3 50 3 50 ns (Note 3)

transition time

5C-8
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HPD424102

AC Characteristics (cont)

pPDA424102-60 pPD424102-70 1PD424102-80 nPD424102-10

Parameter Symbol Min Max Min Max Min Max Min Max Unit  Test Conditions
WE to column WAD 20 30 22 35 20 45 25 55 ns (Note 17)
address delay time
Write command twcH 15 15 15 20 ns
hold time
Write command twes 0 0 0 o] ns (Note 15)
setup time
WE hold time tWHR 15 15 15 20 ns
Write invalid time twi 10 10 10 10 ns
Output hold time twoH 0 0 0 o ns
from WE
Write command twp 15 15 15 20 ns {Note 13)
pulse width
Write cycle time twsc 35 40 50 60 ns
WE setup time twsh 10 10 10 10 ns
Notes:
(1) All voltages are referenced to GND. (11) The tcRp requirement should be applicable for RAS/CS cycles

(2 Aninitial pause of 100 us is required after power-up, followed by
any eight RAS cycles, before proper device operation is (12)
achieved. At the end of the initial power-up sequence, it is (13)
recommended that either & RAS-only refresh or a CS before RAS
refresh cycle be executed while WE = V)y to ensure normal

operation. "
(3) Ac measurements assume ty = 5ns. a4

(4]

=

Vi (min) and V) (max) are reference levels for measuring the
timing of input signals. Transition times are measured between (15)
VIH and V||_.

(5)

=

lect: lcca: Icca, and Igcs 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.
lccs is measured assuming that all column address inputs are
switched only once during each fast-page cycle.

(6) The minimum specifications are used only to indicate the cycle
time at which proper operation over the full temperature range (16)
(Ta = Oto +70°C) is assured.

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF.
(8

Assumes that tgcp < tgcp (mex) and tgap < tgap (Max). if
trcD of traD is greater than the maximum recommended value
in this table, tgac increases by the amount that tgep or trap
exceeds the value shown.

©

(10) togs (max) defines the time at which the output achieves the
open-circuit condition and is not referenced to Vo, or V.

ftgap = trap (Max), then the access time is defined by taa. an

preceded by any cycle.
Either tgry or tgcH must be satisfied for a read cycle.

Parameter typ is applicable for a delayed write cycle suchas a
read-write/read-modify-write cycle. For early write operation,
both twcs and tywcH must be met.

These parameters are referenced to the falling edge of CS for
early write cycles and to the falling edge of WE for delayed write
or read-modify-write cycles.

twes: tRwp: tcwp. and tawp are restrictive operating parame-
ters in read-write/read-modify-write cycles only. ftwcsg = twes
(min), the cycle is an early write cycle and the data output will
remain open-circuit throughout the entire cycle. towp 2 tocwp
(min), tawp = trwp (Min), and tawp = tawp (Min), 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 pin (at access time and until CS
returns to V) is indeterminate.

A test mode may be initiated by executing a CS 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. lt is therefore
recommended that while WE is held at V|, either a RAS-only or
CS before RAS refresh cycle should be executed at any time
after the end of the initial power-up sequence to ensure normal
device operation.

Assumes that tyap =< twap (max).

Sc-7
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Timing Waveforms

Read Cycle

: ; n

tCRP—>] tRSH tAP—>
tesSH >
thcD tcs

o _/*‘ ”\ \(\ L/ N

le—tasp—>{ [«—tRAD tRAL > r—‘c"‘"—"‘

o TN YN e B I

<—tRcH—>]
4»1 <~ tRcS
= VI o |\
— - teac H——'nﬁH'
Pour High mpedance i Vaild Data —
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N E C pPDA424102

Timing Waveforms (cont)

Early Write Cycle

RAS %t ]Z ! ) U

tCRP—> tRSH le——tpp—>
tCSH
tRCD tcs

=/ M 7 / ]L

l—tASR->| [«—1tRAD tRAL:

N 1 =

= I ‘e W
ot o Fs
A S

High Imp

Dout
B3H-69188
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NEC

Timing Waveforms (cont)

Late Write Cycle

X 4
A s J@s R

I‘—'ncs—’l !‘ tweH

< tRC
trAS tRP—>
I —3\ N
K \
< tCSH
'cnpl<-> tRCD > tRSH l«——tcpn
tes
_ Y \ 2
= / WA /
tASR l«—tRAD tasc towL
tRAH [«

"l

= [ N

tos toH

B83H-6019B
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N E C uPDA424102

Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle

R | Vi \
‘0""'“ i- — tRSH > le——tRp—>
=_/ I i \_
<-tRAH ) 'Asc—: e |<—lCAH—>1
S S (/) ST
tRCS l«- tlwvj—tc:wz;——» :ttcnv:vLL——-»

= W \;}/

i s
/////////////////////////////////)f vesiown ’W///////LZ{//////////

<——-——-—!mc—————>

OFF
twoH
r
Dout Hon e J,( Vaild Data P —

Se-n
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Timing Waveforms (cont)

Static-Column Read Cycle

tRASC F€tR

tcsH le——tRSH——>

tcRP «——tRCD tcs le—tep—> [«——tes—> [<tCPN

/,.L__L

[ tRSC: tRSC: tRAL
tASR —>| |« tagc tAH >

Column Address Column Address Column Address

tRCH —> ’<—I tRRH |->|

—rl <~ tRcs tacH

2
i
£
£z
ﬁ%
f %T

T | e

<]
-

< tAA 3 et A A —] L——-tm—>
t&———————tRAG ] toH < tOFF> tcac - l&—tOFF
High Impedance 7 Vald f vad ¥} I vaw ‘E
Bour Data-out . Dataout F Y Dataout
83

H-E0248
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NEC

Timing Waveforms (cont)
Static-Column Early Write Cycle

<
>

tRswW

)
N
s
»
/‘

le——tRSH——

RAS
tosH '
tcRP l«——tRCD tcs tcp—>| (—-—tcs—»)[z-tcm
o j\

— '4 \
s __/ K V.,
tRAH —>| e~ > tCAH <> tcaH <> tcaH
tASR [«—> tasc tasc I-— lAsc->| <
|
4 b \ b p
Row Column Column Column
rasen X 0 KK S0 Fl SN T
[e——tWCH—>| < I towl:
[ f€——tWCH—>]

r€tyCs >
| twp twi—>| [« twp > twes
X ‘ 4 \ /—\ twp———> /_
7 TN £ N L X
|| twsc tRWL: ‘!
I(—t DH—>

Notes:
[1] DouT= high impedance.

Se-13
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Timing Waveforms (cont)

Static-Column Read-Write/Read-Modify-Write Cycle

tRASC tR
— \
RAS N 7

tesh tep
tcrp |<—* tRCD tcs j& tes »| |etopn>]
— X
% \
1\ ( 4N A N
tRAH —> ! trRwsc < tRAL
tASR he —>{ |« tasc tcAH r«-» tcm.;r—»
|
Fow y \ — ' \
Address Address Column Address X Column Address g Column Address
2 K
-
< ! tAWD >| [<—twAD tRsc I . le——towi:
. ) . | towp .
cwD—> PWH RWL:
tacs [€e—twp—> e tAWD - twp—>
_ 7 \ \
WE / / N / N / ;
K 7 K2
tawD le—tpH le— tow —> [ tpg
\
(————-‘AAI l<—tpg teAC > |-r- <—tm~>|
I
DN
tcac
[ €———tRAC————> F’M—» tOFF j—> < toFF
tWOH —> |<» twoH —>{je—
High Impedance £ Valid £ vad F vaid
Dout { Data-out Data-out ,E‘"‘g( Dataott )

514
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Timing Waveforms (cont)

Hidden Refresh Cycle

|€—————— Memory Cyde ———>1<—CS Bafore RAS Cycle —>}<— CS Bafore RAS Cycle —>]
tRe tRe < tRC————>

tRAS > |t Rp~——> tRas l«—tRAS tRp—>
— 4 \ )
RAS N / \
oo 7

tcPN
tcrRP l«— trReD <> tagH l&«————tCHRA PN

__c_s ;l )\\( . r/.
[<-tRA < "‘nAL‘A
R el Y

s /11N i KK S,

[
| tAA—>

a

tASR

trcs <
—_— 4
A,
< > tCAC
le——tRAC————>
High impedance 4 jd 3
\ Valid Data JS—
Dout 3
831H-00230
SC-15
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Timing Waveforms (cont)

mAS N B / !\___
I(—tcnp—» <—tnPc—:
s/ \_/
e s Y
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Timing Waveforms (cont)

CS Before RAS Refresh Cycle

tWSR
— y

Dout

High Impedance

Note:
[11 Address =don't care.
SNH-00228
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