NEC

NEC Electronics Inc.

HPDA424266
262,144 x 4-Bit
Dynamic CMOS RAM

Description

The uPD424266 is a 262,144 by 4-bit dynamic RAM
designed with a write-per-bit option and to operate
from a single + 5-volt power supply. Advanced polycide
technology using trench capacitors minimizes silicon
area and provides high storage cell capacity, high
performance, and high reliability. A single-transistor
dynamic storage cell and CMOS circuitry throughout
ensure minimum power dissipation, while an on-chip
circuit internally generates the negative-voltage sub-
strate bias—automatically and transparently.

The three-state I/O pins are controlled by CAS indepen-
dent of RAS, After a valid read or read-modify-write
cycle, data is held on the outputs by maintaining CAS
low. Data outputs return to high impedance when CAS
goes high. Fast-page read and write cycles can be
executed by cycling CAS.

Refreshing may be accomplished by means of a CAS
before RAS cycle that internally generates the refresh
address. Refreshing may also be accomplished by
means of RAS-only refresh cycles or by normal read or
write cycles on the 512 address combinations of ‘Ag
through Ag during an 8-ms refresh period.

Features

262,144 by 4-bit organization

Single + 5-volt power supply
Write-per-bit option

Fast-page option

Low power dissipation

CAS before RAS internal refreshing
Multiplexed address inputs

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

512 refresh cycles every 8 ms
High-density 20-pin plastic DIP, 26/20-pin plastic
S0J, or 20-pin plastic ZIP packaging
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Pin Configurations
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TSOP package will be available in 1991,
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Pin ldentification

Name

Function

Capacitance
Ta = 25°C; f = 1 MHz

Ao - Ag Address inputs Parameter Symbel Max Unit  Pins Under Test
VO - 04 Data inputs and outputs Input capacitance  Cjy 5 pF Addresses
CAS Column address strobe Ce 7 PF RAS, CAS, WE, OE
OE Output enable r:pl:i?:at::; Cio 7 PF VO -1/04
RAS Row address strobe
WE Write enable
GND Ground Absolute Maximum Ratings
Vee + 5-volt power supply Voltage on any pin relative to GND, Vy -1.0to+7.0V
NG No connection Operating temperature, Topg 0te +70°C
Storage temperature, TgTa -55to +125°C
Recommended Operating Conditions Short-gircuit output current, log 50 mA
Parameter Symbol Min Typ Max Unit Power dissipation, Pp 10W
Input voltage, high Vin 24 Vee+ 10V Exposure to Absolute Maximum Ratings for extended periods may
input voltage, low viL -1.0 0.8 v affect device reliability; exceeding the ratings could cause perma-
Supply voltage Vee 45 50 55 Vv nent damage. The device should be operated within the limits
Amblent temperature Ty P 70 - specified under DC and AC Characteristics.
Ordering information
Part Number RAS Access Time (max) R/W Cycle Time (max) Fast-Page Cycle (max) Package
HPD424266C-60 60 ns 120 ns 40 ns 20-pin plastic DIP
C-70 70 ns 130 ns 45 ns
Cc-80 80 ns 160 ns 50 ns
C-10 100 ns 190 ns 60 ns
uPD424266LA-60 60 ns 120 ns 40 ns 26/20-pin plastic SOJ
LA-70 70 ns 130 ns 45 ns
LA-80 80 ns 160 ns 50 ns
LA-10 100 ns 190 ns 60 ns
uPD424266V-60 60 ns 120 ns 40 ns 20-pin plastic ZIP
V-70 70 ns 130 ns 45 ns
V-80 80 ns 160 ns 50 ns
V-10 100 ns 190 ns 60 ns
DC Characteristics
Ty = Oto +70°C; Voo = +5.0 £10%
Parameter Symbol Min Typ Max Unit Test Conditions
Standby current lcc 20 mA BAS 2 Vi (min); lo = 0 mA
1.0 mA RAS = CAS = Vg ~-0.2V;lp = OmA
Input leakage current hy -10 10 HA VIN = 0V to Vg all other pins
not under test = 0V
Output leakage current low -10 10 HA Doyt disabled; Voyt = 0V to Vge
Output voltage, low VoL 0.4 loL = 42 mA
Output voltage, high VoH 24 v loy = -5 mA
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Block Diagram
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<
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83IH.-63048
AC Characteristics
Ta = 0to +70°C; Ve = +5.0V £10%
-60 ~70 -80 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit TestConditions
Operating current, lecq 80 80 70 60 mA RAS, CAS cycling,;
average tpc = tgg min (Note 5)
Operating current, leca 20 80 70 60 mA RAS cycling; CAS = V|;
RAS-only refresh cycle, tac = tpe min (Note §)
average
Operating current, leca 80 70 60 50 mA RAS = V|; CAS cycling;
fast-page cycle, average tpe = tpe min (Note 5)
Opsrating current, lccs 90 80 70 60 mA RAS cycling; CAS before
CAS before RAS refresh RAS; the = tpe min
cycle, average (Note 5)
Access time from tAA 30 35 40 50 ns (Notes 7, 10}
column address
Access time from CAS tacp 35 40 45 55 ns (Notes 7}
precharge (rising edge)
Column address tasc 0 0 0 0 ns
setup time
Row address setup time tASR 0 0 0 0 ns
Column address to WE tawD 50 55 65 80 ns {Note 17)
delay time
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AC Characteristics (cont)

-60 ~70 ~80 ~-10
Parameter Symbol Min Max Min Max Min Max Min Max Unit TestConditions
Access time from CAS tcac 20 20 20 25 ns (Notes 7, 9, 10)
(falling edge)
Column address tcAH 15 17 20 20 ns
hold time
CAS pulse width tcas 20 10,000 20 10,000 20 10,000 25 10,000 ns
CAS hold time for CAS tcHR 15 15 15 20 ns
before RAS refresh cycle
CAS precharge time, tep 10 10 10 10 ns
fast-page cycle
CAS precharge time, tepN 10 10 10 10 ns
nonpage cycle
CAS to RAS tepp 10 10 10 10 ns {Note 13)
precharge time
CAS hold time tcsH 60 70 80 100 ns
CAS setup time for CAS tcsh 10 10 10 10 ns
before RAS refresh cycle
CAS to WE delay tewn 40 40 45 55 ns  {Note 17)
Write command to towi 15 15 20 20 ns
CAS lead time
Data-in hold time toH 15 15 20 20 ns (Note 16)
Data-in setup time tps 0 0 0 0 ns {Note 16)
Access time from OE toEA 20 20 20 25 ns
OE data delay time toED 15 15 20 25 ns
OE command hold time toEH 0 ns
OE to RAS inactive setup  tops 0 0 0 0 ns
time
Output turnoff delay from toez 0 15 0 15 0 20 0 25 ‘ns (Note 11)
CE
Qutput buffer turnoff torr 0 15 0 15 0 20 o 25 ns (Note 11)
delay
Fast-page cycle time tpe 40 45 50 60 ns (Note 8)
Fast-page read-modify- tpRWC 85 90 105 125 ns (Note 6)
write cycle time
Access time from RAS thac 60 70 80 100 ns (Notes 7, 8)
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AC Characteristics (cont)

-60 =70 -80 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
RAS to column address tRAD 15 30 15 35 7 40 17 50 ns (Note 10)
delay time
Row address hold time tRAH 10 10 12 12 ns
Column address lead tRAL 30 35 40 50 ns
time referenced to RAS
(rising edge)
RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns
RAS pulse width, tRASP 60 100,000 70 100,000 80 100,000 100 100,000 ns
fast-page cycle
Random read or write tre 120 130 160 180 ns (Note 6)
cycle time
RAS to CAS delay time taco 20 40 20 50 25 60 25 75 ns (Note 12)
Read command hold tRCH 0 0 0 0 ns {Note 14)
time referenced to CAS
Read command tacs 0 0 0 0 ns
setup time
Refresh period tREE 8 8 8 8 ms Addresses Ag - Ag
RAS precharge time tpp 50 50 70 80 ns
RAS precharge CAS tRPC 10 10 0 0 ns
hold time
Read command hold tpaH 10 10 10 10 ns (Note 14)
time referenced to RAS
RAS hold time tRsH 20 20 20 25 ns
Read-write cycle time trwe 165 175 215 255 ns (Note 6)
RAS to WE delay trwp 80 90 105 130 ns (Note 17)
Write command to tRwL 20 20 25 30 ns
RAS lead time
Rise and fall t1 3 50 3 80 3 50 3 50 ns (Note 4)
transition time
Write-per-bit hold time twBH 10 10 10 10 ns
Write-per-bit setup time twes 0 0 0 0 ns
Write command tweh 15 15 15 20 ns (Note 15)
hold time
Write command twes 0 0 0 0 ns {Note 16)
setup time
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AC Characteristics (cont)

-60 -70 -80 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
Write-per-bit mask data twH 10 10 10 10 ns
hold time
Write command twp 15 15 15 20 ns {Note 15)
pulse width
Write-per-bit mask data tws 0 0 o] Q ns
setup time
Notes:
(1) All voltages are referenced to GND. (10) Ftpap = tpap (Mmax), then the access time is defined by taa.
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An initial pause of 100 us is required after power-up, followed by
any eight RAS cycles, before proper device operation is
achieved.

AC measurements assume tT = 5 ns.

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

leet, leeas lecs. and Iges depend on output loading and cycle
rates. Specified values are obtained with the cutput open. 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.
icce 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 cycle
time at which proper operation over the full temperature range
(Ta = 0to +70°C) is assured.

Load = 2 TTL (-1 mA, +4 mA) leads and 100 pF (Vo = 2.0V,
VoL = 0.8V).

Assumes that thcp < tpep (Mmax) and tgap < tgap (Mmax). If
trop OF tRap is greater than the maximum recommended value
in this table, thac increases by the amount that tgop or tgap
exceeds the value shown.

Assumes thattgep = tpep (max) and tgap < tpap (Mmax).

6-122

(11) topp (max) defines the time at which the output achieves the
open-circuit condition and is not referenced to Voy or Vo

(12) Operation within the tgcp (max) limit assures that tgac (Max)
can be met. tpop (Max) is specified as a reference point only; if
tpep is greater than tpep (max), then access time is controlled
exclusively by tcac.

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

(14) Either tgRy of tron Must be satisfied for a read cycle.

(15) Parameter typ is applicable for a delayed write cycle such as a
read-write/read-modify-write cycle. For early write operation,
both twcs and tywcpy must be met.

(16) 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.

(7 twes, tRwp towos and tawp ere restrictive operating parame-
ters in read-write/read-modify-write cycles only. If twes = twes
(min), the cycle is an early write cycle and the data output will
remain open-circuit throughout the entire cycle. Ftowp = towp
(min), tgwp 2 tpwp (Min), and tawp = tawp (Min), the cycle is
aread-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 CAS
returns to V) is indeterminate.
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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 fast-page 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

RAS \

Wirite-Per-Bit
Cycle
I} Write Data >—
W NN /
Normal 4-bit
Write Cycle
1O < Write Data >———
/o] Mask Data Write Operation
Vo 1 (High) Write Bit
9
Q (Low) Disable Bit Write
1 {High) Write Bit
I}
2 3} (Low) Disable Bit Write
1 (High) Write Bit
e}
8 0 (Low) Disable Bit Write
1 {High) Write Bit
o,
4 0 {Low) Disable Bit Write

83VB-67788
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Timing Waveforms

Read Cycle
< tRC
-« 'RAS >
I — Y Y
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— 4 Y
CAS \ /
J } K , \
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tRAH tAsC
Address Row
X
tRCS
= [T
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te——OEA ——3
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tAA » loEZ —>
- RAC
High Impedance 4 High Impedance
InputOutput 9 E J! Valid Data-out
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Timing Waveforms (cont)

Early Write Cycle

22 tRC >
RAS >

Y X
RAS \( )1 N

tCRP—» |L< tRSH >
tcsH
«———1!RCD - tCAS

AP ——»

Yy

Address

S

WS e IDH >

Al

X

Input/Quitput Data-in

7

Note:
1] OE = don't care.

83vB-67808
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Timing Waveforms (cont)

Late Write Cycle

A
b
n

y

tCRp—» Il= tRSH = tRP——
tCSH >
- tRCD - tlcAS—————————————>

|<—*CWL——> o tCPN ——>]
TASR—> [€—1RAD —>« tRAL -
'RAH tAsC [ tCAH }4— TRWL————>
|
Address Row Coiumn
!
twBH [ twcH >
=3 tRcs je———— twp ————»
‘ h W11
K i /
toEH

= LT ULV

!<—tws —>‘
InpuvOutput / Write-Per-Bit
npATEIRd //ﬁ Mask Set
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle

tRwe
tRAS >
—_ \
RAS
N , \
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e ! 71,
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_ Y
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' NEAEERRNRRNN
<—> 10EA toED
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; Wiite-Per-Bit High Impedance £ vaid
InputOutput High 3 Mask Set )( Data-out
Impedance
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Timing Waveforms (cont)

RAS-Only Refresh Cycle

- tRC >

< tRAS >4
o s Y
RAS S( JZ \

re———tRP—»
tCRP— » IRPC

~ /] AL

Address Row NSNS0 00009.9990.0.099999.9.999900.000.9999.94

High Impedance

Input/Qutput

Notes:
(1] WE = OE = don't care.
43VB-67838

CAS Before RAS Refresh Cycle

-« tRC >
-« tRAS >
N p 4 3
RAS N L
N
e—1tCcHR re—— tRp——
SR —IRPC:
CAS
Address Don't Care
WE Don't Care
OE Don't Care

High Impedance
Input/Output

82H-66498
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Timing Waveforms (cont)

Hidden Refresh Cycle
[€—— Memory Cycle ————————»r«—Hidden Refresh Cycle —»«—Hidden Refresh Cycle —3»|
3 tRC > tRC gy tRC >
tRAS > —IRP— tRAS tRAS tRP—3=
— \ 4 X 5 \
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N 7/ \
ICPN
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H&————1RCD > tRSH
— 4 Y
CAS \ \
—/ . 4 7Z
|
[€— TRAD - - l l tCAS .
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tASC
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S0 89 ) S

tRRH
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= LI NULLLLI L LT

A —
:[ \f 10ES
OE
J”(;
L—tOEA—)-
[€——tCAC—M™ 1OFF
et tRAC > 10EZ
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Timing Waveforms (cont)

Fast-Page Read Cycle
tRASP R
— Y
RAS \ Z
( A
- tCsH > le——— tpc— 3] |e———tRgH— | «—tRp
ICRP .(-) e—tRCD—«——1ICAS ‘oA _— -
CAS 2{ ) R
tASR 1ASC —»
tRAH
Address Row
<< TRAD> | [
}‘l—tRAL—>-
] o O o s
- !'R
WE
| A ' L’lAA—D
i

I e E——IACP—
\FOEA < loes T
) ) 7
N /

™ loeA -«<—» lOEZ
[ €—ICAC— et CAC-2 ! torr
High

o\
Valid Data-out Impedance
L——ZE

83YL-72798

Input/Output High Impedance

Valid Data-out

Valid Data-cut )
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Timing Waveforms {cont)

Fast-Page Early Write Cycle

tRASP >

tpc > e———IRgH ——> np
tcp cp
tc;RP|<—> <—tRCD-—><——tCAs—>F e 1CAS oA L tCPN

=7 N

a
@
I[
A

L€ RAD!
tASR IRAH
Address Row
twes o= [e— IWCs = [<— twcs o [e—

Input/Cutput

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

B83YL-7280B
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Timing Waveforms (cont)

Fast-Page Late Write Cycle

o tRASP
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Timing Waveforms (cont)

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