NEC
1,048,576 x 4-Bit

NEC Electronics Inc. Dynamic CMOS RAM
Description Pin Identification

The pPD424412 is a static-column 1,048,576 by 4-bit ~ Name Function

dynamic RAM designed with a write-per-bit optionto  Ao-Ag Address inputs

operate from a single +5-volt power supply. Advanced 1/O4 - I/O4 Data inputs and outputs

polycide technology minimizes silicon area and pro- &g Chip select

vides high storage cell capacity, high performance,

. - . h i OE Qutput enable
and high reliability. A single-transistor dynamic storage i
cell and CMOS circuitry throughout ensure minimum ~ FAS Row address strobe
power dissipation, while an on-chip circuit internally =~ WE Write enable
generates the negative-voltage substrate bias—  GND Ground
automatically and transparently. Voo + 5volt power supply

The three-state |/O pins are controlled by CS indepen-
dent of RAS. After a valid read or read-modify-write . . .
cycle, data is held on the outputs by maintaining 5  Pin Configurations
low. Data outputs return to high impedance when CS

goes high. Static-column read and write cycles canbe ~ 26/20-Pin Plastic SOJ

executed by cycling CS.
Refreshing may be accomplished by means of a CS zg‘ e 25 11 GND
before RAS cycle that internally generates the refresh 02 42 S =
Y . Y9 R welOs 241 vO3
address. Refreshing may also be accomplished by s Oa »h s
means of RAS-only refresh cycles or by normal read or AgOls »oE
write cycles on the 1024 address combinations of Ag - g
Ag during a 16-ms refresh period. %
Features Ag s 18[3 Ag
. . . Ay Qw0 170 A7
1,048,576 by 4-bit organization Az 11 16 g
Single +5-volt power supply az 012 150 As
Write-per-bit option vec 13 140 Ag
Static-column option ST

Low power dissipation

CS before RAS internal refreshing

Multiplexed address inputs

On-chip substrate bias generator
TTL-compatible inputs and outputs

Nonlatched, three-state outputs

Low input capacitance

1024 refresh cycles every 16 ms

High-density 26/20-pin SOJ, 20-pin ZIP, or 26/20-
pin TSOP plastic packaging

20-Pin Plastic ZIP

oooocooooaoooaao

83H-7011A
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puPD424412

NEC

Pin Configurations (cont)

26/20-Pin Plastic TSOP (Normal Pinouts)

26/20-Pin Plastic TSOP (Reverse Pinouts)

pPD424412 1wPD424412
vosdio ~ 28[16ND GND [ 1 O o281 vos
vop O 2 251 VO, vos 0 2 25 1 voz
we(s 241 oz vog g3 24 0 WE
RAS O 4 23[1Cs cs 4 23 0 RAS
Ag Os 22 1 OE OE s 22171 Ag
~9JD -9KD
Aps 181 Ag Agds 18 [1Ap
A0 170 A7 Az 10 17 1 Aq
Az O 1 160 Ag Ag O 11 16 [0 Az
Az Q12 151 Ag Ag ] 12 o 15 [ Ag
vec O 13 014{1 A4 AT 13 14 O vee
Suffix ~8JD in the package Identifier
denotes normal pinout sequence. dS:fﬂx —9KD in the package Identifier
SOFMTBIA notes reverse pinout sequence. oA
Block Diagram
AAS RAS Clock CS Clock
Generator Generator —
WE Clock
C_S — — W—E r
CS Before RAS
OE Clock
Internal Refresh o Generator
Clock Datain
l_’ Buffer
l VO
Data VO Bus
L V0,4
Data-out
Column Decoder atecoy
Sense Ampiifier T
* -
Ay o g g
Az ¢ @
Ay * % § Memory Array
Ag * -3 §
Ag *
Ay *
Ag *
Ag—
B3H-70128
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N E C uPD424412

Ordering information
RAS Access R/W Cycle Static-Column

Part Number Time (max) Time (max) Cycle (max) Power Option Package
pPD424412LA-60 60 ns 120 ns 35 ns Standard 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
puPD424412LA-60L 60 ns 120 ns 35 ns Low power
LA-70L 70 ns 140 ns 40 ns
LA-80L 80 ns 160 ns 50 ns
LA-10L 100 ns 180 ns 60 ns
pPD424412V-60 60 ns 120 ns 35 ns Standard 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
pPD424412V-60L 60 ns 120 ns 35 ns Low power
V-70L 70 ns 140 ns 40 ns
V-80L 80 ns 160 ns 50 ns
V-10L 100 ns 190 ns 60 ns
uPD424412GS-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic TSOP (normal pinouts)
GS-70 70 ns 140 ns 40 ns
GS-80 80 ns 160 ns 50 ns
pPD424412GS-60L 60 ns 120 ns 35 ns Low power
GS-70L 70 ns 140 ns 40 ns
GS-80L 80 ns 160 ns 50 ns
1PD424412GSM-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic TSOP (reverse pinouts)
GSM-70 70 ns 140 ns 40 ns
GSM-80 80 ns 160 ns 50 ns
HPD424412GSM-60L 60 ns 120 ns 35 ns Low power
GSM-70L 70 ns 140 ns 40 ns
GSM-80L 80 ns 160 ns 50 ns
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HuPD424412 N E C

Absolute Maximum Ratings Recommended Operating Conditions

Voltage on any pin relative to GND, Vy -10to +7.0V Parameter Symbol Min Typ Max Unit
Operating temperature, Topr 0to +70°C Input voitage, high Vin 24 Vee + 1.0 \
Storage temperature, TgTg -55to +125°C Input voltage, low ViL -1.0 08 Vv
Short-circuit output current, log 50 mA Supply voltage Voo 4.5 5.0 5.5 A
Power dissipation, Pp 1.0W Ambient temperature T 0 70 °C

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma- Capacitance

nent damage. The device should be operated within the limits Tp = 25°C; f = 1 MKz
specified under DC and AC Characteristics.

Parameter Symbol Max Unit Pins Under Test
Input Cn 5 pF Addresses
capacitance
Cp 7 pF RAS, CS, WE, OE
Input/output Co 7 pF /04 - 1/O4
capacitance
DC Characteristics
Ta = Oto +70°C; Vg = +5.0 £10%
Parameter Symbot Min Typ Max Unit Test Conditions
Standby current lcc2 2.0 mA RAS = CS = Vjy (min); o = OmA
1.0 mA RAS = CS =z Vgg-0.2V;lp = OmA
Input leakage current hw -10 10 uA VIN = 0V to V¢ all other pins
not under test = 0V
Output leakage current loy -10 10 HA I/O disabled; Voyt = 0V to V¢ee
Output voltage, low VoL 0.4 v lop = 42mA
Output voltage, high VoH 2.4 v loH = -5 mA
Low Power Battery Backup (-L Versions Only)
Symbol Max Unit tras CS Before RAS Refresh Cycle Standby Conditions
lcce 500 A s 1us 1024 refresh cycles (min) every 128 ms; RAS = CS = Vg -0.2V; WE, OF, Addresses
300 A < 200 ns RAS = TS = Vgc-02Vors 02V, > Vgg - 02V or < 02V; /O open

as appropriate; I/O open; all other inputs
=z Vgg-02Vor=o02V

5G4
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N E C uPDA424412

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

-60 -70 -80 -10

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

Operating current, average lcet 120 100 90 80 mA  RAS, C8 cycling;
tgc = tpe min
(Note 5)

Operating current, RAS-only  lcc3 120 100 90 80 mA  RAS cycling; CS =

refresh cycle, average V|H min; tge = tpe
min (Note 5)

Operating current, static- lcca 90 80 70 60 mA RAS =< v|;; C§

column cycle, average cycling; trge =
trsc min or
twsc = twsc min
(Note 5)

Operating current, CS lces 120 100 90 80 mA  RAS cycling; CS =

before RAS refreshing, ViL max; tge =

average tre min
(Note 5)

Access time from column tAA 30 35 40 50 ns (Notes 3, 4, 7, 8)

address

Colum address hold time tan 15 15 15 15 ns

referenced to RAS (rising

edge)

Column address setup time tasc 0 o] 0 0 ns

Row address setup time tasm 0 [¢] 0 0 ns

Column address to WE delay  tawp 30 55 65 80 ns  (Note 15)

time

Access time from CS (falling  tcac 20 20 20 25 ns (Notes 3,4,7,8) 59

edge)

Column address hold time tcaH 15 15 15 20 ns

C8 hold time for CS before  tchn 15 15 15 20 ns

RAS refreshing

CS precharge time, static- tep 10 10 10 10 ns

column cycle

CS precharge time topN 10 10 10 10 ns

CS to RAS precharge time toRp 10 10 10 10 ns  (Note 11)

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

S hold time tcsH 60 70 80 100 ns

CS setup time for CS before  tcgp 10 10 10 10 ns

RAS refreshing

CS to WE delay tewp 20 40 45 55 ns  (Note 15)

Write command referenced towL 15 15 15 20 ns

to CS lead time

Data-in hold time tpH 15 15 15 20 ns (Note 14)

Data-in setup time tps o 0 0 0 ns (Note 14)

Access time from OE toEA 20 20 20 25 ns  (Notes 3, 4, 7, 8)

OE data delay time toED 15 15 20 25 ns

OE command hold time toEH 0 0 0 0 ns

56~ 5
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uPD424412 N E C

AC Characteristics (cont)

-60 -70 -80 -10

Parameter Symbol  Min Max Min Max Min Max Min Max Unit Test Conditions
OE to RAS inactive setup toes 0 [ 0 0 ns
time
Output turnoff delay from toez 0 15 0 15 0 20 [] 25 ns  (Note 10)
OE
Output buffer turnoff delay torFF 0 15 0 15 0 20 0 25 ns (Note 10)
Output hold time for address  toy ) S 5 5 ns
Output enable time from WE  tow 25 25 25 30 ns
Access time from WE tewa 60 70 90 110 ns  (Notes 7, 16)
Column address hold time tPwH 60 70 90 110 ns
referenced to WE
Access time from RAS trac 60 70 80 100 ns (Notes 3, 4, 7, 8)
RAS to column address tRAD 15 30 15 35 17 40 17 50 ns (Note 9)
delay time
Row address hold time tRAH 10 10 12 12 ns
Column address lead time tRAL 30 35 40 50 ns
referenced to RAS (rising
edge)
RAS puise width trAs 60 10,000 70 10,000 80 10,000 100 10,000  ns
RAS pulse width, static- tRasC 60 100,000 70 100,000 80 100,000 100 100,000 ns
column cycle
Random read or write cycle thc 120 140 160 190 ns (Note 6)
time
RAS to CS delay time treD 20 40 20 50 25 €0 ‘25 75 ns (Note 8)
Read command hold time trcH o (¢} 0 0 ns (Note 12)
referenced to CS
Read command setup time tpcs [¢] 0 0 0 ns
Refresh period tREF 16 16 16 16 ms  Addresses Ag- Ag
RAS precharge time tpp 50 60 70 80 ns
RAS precharge CS hold time  tgpg 10 10 10 10 ns
Read command hold time tRRH 10 10 10 10 ns (Note 12)
referenced to RAS
Read cycle time trsc 35 40 50 60 ns
RAS hold time tRSH 20 20 20 25 ns
RAS to second WE delay tasw 75 85 95 115 ns
time
Read-modify-write cycle time tgwc 145 185 210 250 ns (Note 6)
RAS to WE delay tRWD 60 90 105 130 ns (Note 15)
Write command referenced tRWL 20 20 20 25 ns
to RAS lead time
Read/write cycle time tawsc 65 95 120 145 ns
Rise and fall transition time tr 3 50 3 50 3 50 3 50 ns (Note 4)
WE to column address delay  twap 20 30 22 35 20 45 25 55 ns  (Note 16)
time
Write-per-bit hold time twBH 15 15 15 20 ns

hG-6
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NEC

AC Characteristics (cont)

HPD424412

-60 -70 -80 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
Write-per-bit setup time twes 10 10 10 10 ns
Write command hold time tWCH 15 15 15 20 ns (Note 13)
Write command setup time twcs 0 0 [ 0 ns (Note 15)
Write-per-bit mask data hold  tywy 15 15 15 20 ns
time
WE command hold time for  twpg 15 15 15 20 ns
CS before RAS refreshing
Write invalid time twi 10 10 10 10 ns
Write command pulse width twp 15 15 15 20 ns (Note 13}
Write-per-bit mask data tws 10 10 10 10 ns
setup time
Write cycle time twsc 35 40 50 60 ns
WE command setup time for  twsg 10 10 10 10 ns

CS before BAS refreshing

Notes:

M
@

@

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 refresh or a CS before RAS
refresh cycle be executed while WE = V| to ensure normal
operation.

Ac measurements assume tT = 5ns.

an

(12)
(19)

(14

The tcRrp requirement should be applicable for RAS/CS cycles
preceded by any cycle.

Either tgrH or tgcH Must be satisfied for a read cycle.

Parameter typ is applicable for a delayed write cycle such as a
read-write/read-modify-write cycle. For early write cycles, both
twcs and tycy must be met.

These parameters are referenced to the falling edge of CS for
early write cycles and to the faliing edge of WE for delayed write

(4) Viy (min) and V| (max) are reference levels for measuring the or read-modify-write cycles.
timing of input signals. Transition times are measured between (15) twes: tRwD» towD, and tawp are restrictive operating parame-
Vip and Vi ters in read-write/read-modify-write cycles only. lf twcs = twes
(5) lcct lccas lcca. and iccs depend on output loading and cycle (min), the cycle is an early write cycle and the data I/O pins will
rates. Specified vaiues are obtained with the output open. icca remain open-circuit throughout the entire cycle. if tcwp = towp
is measured assuming that all column address inputs are held at (min), tgwp 2 tawp (Min), and tawp = tawp {min), then the cycie
either a high level or a low level during RAS-only refresh cycles. is a read-write cycle and the data I/O pins will contain data read
lccq is measured assuming that all column address inputs are from the selected cells. If neither of the above conditions is met,
switched only once during each static column cycle. the condition of the data I/O pins (at access time and until CS
(6) The minimum specifications are used only to indicate the cycle returns to Vy) is indeterminate. o -
time at which proper operation over the full temperature range (16) A test mode may be initiated by executing a CS before RAS
(Ta=0 to +70°C) is assured. refresh cycle with WE held at V. This mode also may inadvert-
ently be initiated during power-up because external control of
@ Load = 2TTL (-1 mA, +4 mA) loads and 100 pF. the syignal lines is very cgfz«:ult du?ing this period. It is therefore
(8) If thep = exceeds tpap max, then tpac will increase by the recommended that while WE is held at Vy, either a RAS-only or
amount tggp exceeds tgep (Max). CS before RAS refresh cycle should be executed at any time
(9) KFtgap = tap (Max), then the access time is defined by taa. after the end of the initial power-up sequence to ensure normal

(10)

torr (max) and togz (max) define the time at which the outputs
achieve the open-circuit condition and are not referenced to Vop
or Vor.

an

device operation.

Assumes twap < twap (max).
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pPD424412 N E C

Write-Per-Bit Option

The write-per-bit option may be used to allow a write
cycle to change any number of bits in the 4-bit word.
The mask is loaded from the four I/O lines at the falling
edge of RAS if WE = V.. If the I/O line is high, then the
corresponding bit will be written when the write cycle
executes. If an 1/O line is low, the corresponding bit
does not change. A mask loaded during static-column
operation will remain set and active for each write cycle
that executes while RAS remains low. The mask may be
changed at the falling edge of RAS only.

Comparison of Write-Per-Bit Cycle Versus Standard 4-Bit Write Cycle

155

w 2~ AN

[ T
Vo, < —
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NEC

HPD424412

Timing Waveforms

Read Cycle
tRe
tRAS
_ \ s Y
s N / N
tcRP—>| ‘l< tRSH tRP—>|
tesH
tRcD tcs
_ Y
s _/ N
tASR—>{ l«—tRAD —> tRAL-
tRAH tasc—>| e
'y
Address Row s Column
tRcs e
we /11T
WE
toEs
toEA
= \ \
I<—ICAC—> [<tOFF
< taa > toEZ
tRAC >
4
InputOutput High Impedance ; Valld Data-out High Impedance
83YL-71368B
$6- 9
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NEC

Timing Waveforms (cont)

Early Write Cycle
tRc
tRAS
-\ Y
RAS N ) N
tCRP—> i tASH | tRP——>|
tesH
trco tcs
4 Y
s_/ ]\ \ / J \_
tASR—>| [«—tRAD—>] tRAL ‘! tcp >
tmr‘q tasc — > tCAH
X
Address Row Column ]
tWBS > tweH twCH
€—tWwCSs
tWp ——————————>
" K, St | T
Enable/Disable y /
tws‘>l twH [ tps L tDH
h

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

5 -10
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N E C pPDA424412

Timing Waveforms (cont)

Late Write Cycle

tCRP—> i tASH tRP—>]
tesH
tRco tes

E \
tASR—>| [<«—tRAD —>
tRAH
| I
|
4
Address Row "

S| :_Jt QJWCH__>
W DO s, X/ N N,

= /11 ALV

tws

/ Write-Por-Bit
Input/Output Mask Select

twH

Data-in

56 -1
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pPD424412 N E C

Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle

tawe

tRAS

tRSH < tRp——>

—

Y

tcsH
I<—tcar-—> tRcD tcs

j«<—tASR—> f«—tRAD -« tRAL

[€tRAH
4 y
Address Row Column
K N A AN
l tRWD <——thL—>l

o 'lv i e I
TR Y

ATV

H——tm—»
tos

X
Data-in
¥,

56-12
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N E C pPD424412

Timing Waveforms (cont)

Static-Column Read Cycle

tRASC
T
RAS N\
3 7
tesH tRSH tRP
tcp

tcnpl<-> l€«—tRCD—>|< tcs le——1tcs top ——>|
— —\ y \
s f \ N\ \

X Vi X

z | [
SN SN SN //,
->' | tacs ’ l‘—> tRAH

tRsc tRsC tRAL

|
'lncs-’l L tACH —> h— l tRCH
v [T Y,

[ tap ——> "‘-‘M—Q

taa

tOEA tOES

o L\ A\ NI
‘(—-tCAc—> tolzz |<* tOEA L—> toEz

fe———tRAC——>| toH tOFF |<—> le—tcac>] tOFF
Impedance v ) —\
InpuvOutput High ! { valid Data-out Valid Data-out }-———< Valid Dataout  Jy———
~ 7
83YL-71438
56-13
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NEC

Timing Waveforms (cont)

Static-Column Early Write Cycle

trasc

1 OF = dont care.

— Write-Per-Bit
WE Enable/Disable
tws | | twH tos tDH
write-Per-8it 3/
Input/Output Mask Select s Datan
! tRSW
Note:

83YL-72178
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NEC

pPD424412
Timing Waveforms (cont)
Static-Column Read-Write/Read-Modify-Write Cycle
tRASC
RAS \
RAS ' 7
tAp
tcnr*l(-ﬂ tAcD tep——>
= \
tRAD
tASR | | tRwsC
tHAlH le—> taSC i‘ tPwH
|
4 4 | 4
Address @K Row i Column ! Column
tweH N
| CAH —>
tRWD twAD € tRwWL>]
t
twes <> | trcs T»l L- tewp Lile tAWD twp
s \ \ \
— Write-Per-Bit
0 EEN - /T N LI
tawD l
[e——tan —>
‘ tOEH <—>’
|
— y
= Y
|
toED <—>|
. ~ toea
twg e WH tcac tpH
4 X High Impedance X High Impedance
Wihie-Per.Bit T, 770N TIPOTRNCO igh Imp
Input/Output ®<( Mask Sotect 4 ; ,D —
! tRAC
B3IYL-72188
5G -15
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pPDA424412 N E C

Timing Waveforms (cont)

Hidden Refresh Cycle
tRC tRC tre
[€————— tRA§————— tRAS tRAS !
RAS \ ]/ \—
“‘tHSH—» le-tRP-> tAP>{ |[«———tcHR—> tRP->
tcRP l«—tRCD tcs le—tceN
__7 4 \
= //// /
tASC
tRAH lc—>

wenten] ﬁ? o]
- ioiq %WWWW i
W ////////] LI

tOES—>|
« T\

LL!OEA —> 1OFF

L—tcAC———) toEZ
Y High
High Impedanc: impedance
Input/Output on P 2 g Valid Data-out ;>——-
K
tAA
trac
S3YL-70198
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pPDA424412

Timing Waveforms (cont)

RAS-Only Refresh Cycle

Address

Input/Output

’4— tCRP—>|
/

tASR—>
Row

Notes:
[1] WE = OE = don't care.

83Y1-70178

CS Before RAS Refresh Cycle

WE

Input/Output

|

K

T

_\ftw‘_} *tmn}

kviwsn—>| l<~twun—>

[e——tRP—>

'npc<—>‘ ‘>| [ tcrp
\/

7/ X

AL TRV

High Impedance

63YL-70188
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