NEC

NEC Electronics Inc.

pPD421001

1,048,576 x 1-Bit

Dynamic CMOS RAM

Description

The uPD421001 is a 1,048,576-word by 1-bit dynamic
RAM designed with a nibble mode and to operate from
asingle +5-volt power supply. Advanced polycide tech-
nology using trench capacitors minimizes silicon area
and provides high storage cell capacity, high perfor-
mance, and high reliability. A single-transistor dynamic
storage cell and advanced CMOS circuitry throughout
ensure minimum power dissipation, while an on-chip
circuit generates the negative-voltage substrate bias—
automatically and transparently.

The three-state output is controlled by CAS indepen-
dent of RAS. After a valid read or read- -modify-write
cycle, data is held on the output by holding CAS low.
Data output is returned to high impedance by returning
CAS high. The device is capable of executing nibble
read and write cycles by cycling CAS.

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

Features

1,048,576-word by 1-bit organization
Single +5-volt £10% power supply
Nibble option

Low power dissipation

— 90 mA max (active) for 60 ns version
— 1 mA max (standby)

CAS before RAS refresh cycles
Multiplexed address inputs

On-chip substrate bias generator
Nonlatched, three-state outputs

Low input capacitance
TTL-compatible inputs and outputs
512 refresh cycles every 8 ms
High-density 18-pin plastic DIP, 26/20-pin plastic
804, or 20-pin plastic ZIP packaging
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Ordering Information
RAS Access R/W Cycle Nibble Cycle
Part Number Time (max) Time (max) (max) Package
1PD421001C-60 60 ns 120 ns 40 ns 18-pin plastic DIP
C-70 70 ns 130 ns 40 ns
C-80 80 ns 160 ns 40 ns
C-10 100 ns 180 ns 45 ns
4PD421001LA-60 60 ns 120 ns 40 ns 26/20-pin plastic SOJ
LA-70 70 ns 130 ns 40 ns
LA-80 80 ns 160 ns 40 ns
LA-10 100 ns 190 ns 45 ns
uPD421001V-60 60 ns 120 ns 40 ns 20-pin plastic ZIP
V-70 70 ns 130 ns 40 ns
V-80 80 ns 160 ns 40 ns
V-10 100 ns 190 ns 45 ns
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uPD421001
Pin Identification Capacitance
Name Function h=25°Git=1MHz
o- Ag Address inputs Parameter Symbol Max Unit  Pins Under Test
Dy Data Input Input capacitance Cyy ] pF Address, Dy
DouT Data output Ce 8 PF__ RAS, TAS, WE
FAS Row address strobe Output capacitance  Cp 7 pF Dout
CAS Column address strobe
WE Write onable Recommended Operating Conditions
GND Ground Parameter Symbol Min Typ Max Unit
Vee +5-volt power supply Supply voltage Vee 45 5.0 55 v
NC No connection Input voltage, low ViL -1.0 0.8 v
Input voltage, high VIH 2.4 Vec + 1.0 v
Absolute Maximum Ratings Ambient temperature Ty ] 70 °C
Voltage on any pin relative to GND, V1 -1.0to +7.0V
Operating temperature, Topg 0to +70°C
Storage temperature, Tg1g -55 to +125°C
Short-circuit output current, log 50 mA
Power dissipation, Pp 1.0wW
Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause permanent
damage. The device should be operated within the limits specified
under DC and AC Characteristics.
DC Characteristics
Ta= 0to +70°C; Voc = +5.0V =10%
Parameter Symbol Min Typ Max Unit Test Conditions
Standby current lcc2 2.0 mA RAS = TAS = V|
1.0 mA RAS = CAS = Vg¢ - 0.2
Input leakage current hw -10 10 LA Viy= 0to 55V,
all other pins not under test = OV
Output leakage current loq -10 10 LA Dour disabled; Voyt = 0to 55V
Output voltage, low VoL 0.4 v log = 42 mA
Output voltage, high Vonr 2.4 lon = -5 mA
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AC Characteristics
Ta = 0to +70°C; Voo = +5.0V +10%

-60 =70 -80 ~10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
Operating current, lect 90 80 70 60 mA  RAS, CAS cycling;
average tpc = tpc min (Note §)
Operating current, leca 20 80 70 €0 mA  RAS cycling; CAS = Viy;
RAS-only refresh tpc = tgc min (Note 5)
cycle, average
Operating current, lcca 80 70 60 50 mA  RAS = V; CAS cycling;
nibble cycle, average tne = tne min (Note 5)
Operating current, lces 20 80 70 60 mA  RAS cycling; CAS before
CAS before RAS RAS; tpc = tge min
refresh cycle, average (Note 5)
Access time from taa 30 35 45 50 ns (Notes 7, 10)
column address
Column address hold tap N/A N/A 60 70 ns  {Note 18)
time referenced to
RAS
Column address tasc 0 0 0 0 ns
setup time
Row address setup tasR 0 o] 0 0 ns
time
Column address to tawD 30 35 45 50 ns (Note 17)
WE delay time
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 26 10,000 ns
CAS hold time for tcHR 15 15 15 20 ns
CAS before RAS
refresh cycle
CAS precharge time tepn 10 10 10 10 ns
CAS to RAS tchp 10 10 10 10 ns  {(Note 13)
precharge time
CAS hold time tcsH 60 70 80 100 ns
CAS setup time for tcsR 10 10 10 10 ns
CAS before RAS
refresh cycle
CAS to WE delay towp 20 20 20 25 ns  (Note 17)
Write command to tewL 15 15 15 20 ns
CAS lead time
Data-in hold time toH 15 15 20 20 ns (Note 16)
Data-in hold time tDHR N/A N/A 60 70 ns (Note 18)
referenced to RAS
Data-in setup time tps 0 0 0 0 ns (Note 16)
Nibble access time tNAC 20 20 20 25 ns  (Note7)
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AC Characteristics (cont)

-60 ~70 -80 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
CAS pulse width tnas 20 10000 20 10,000 20 10000 25 10,000 ns
(nibble cycle)
Nibble cycle time tne 40 40 40 45 ns
CAS to WE delay tnewp 20 20 20 25 ns
(nibble cycle)
Write command to CAS  tyowy 15 15 20 25 ns
lead time (nibble cycle)
CAS precharge tnp 10 10 10 10 ns
(nibble cycle)
RAS hold time tNRRSH 20 20 20 25 ns
(nibble read cycle)
RAS hold time tywRsH 20 20 20 25 ns
(nibble write cycle)
Output buffer toFF 0 15 [ 15 0 20 0 25 ns
turnoff delay
Access time from RAS trac 60 70 80 100 ns
RAS to column address tRAD 15 30 15 35 17 35 17 50 ns
delay time
Row address hold time tRAH 10 10 12 12 ns
Column address lead tRAL 30 35 45 50 ns
time referenced to RAS
(rising edge)
RAS pulse width tras 60 10,000 70 10000 80 10,000 100 10,000 ns
RAS puise width, nibble  tpasp 60 100000 70 100,000 80 100,000 100 100,000 ns
cycle
Random read or write tre 120 130 160 190 ns
cycle time
RAS to CAS delay time thep 20 40 20 50 25 60 25 75 ns
Read command hold tacH 0 o] ] 0 ns
time referenced to CAS
Read command trcs o] 0 0 0 ns
setup time
Refresh period tREF 8 8 8 8 ms  Addresses Ag - Ag
RAS precharge time trp 50 50 70 80 ns
RAS precharge CAS tapc 10 10 0 0 ns
hold time
Read command hold tRRH 10 10 10 10 ns
time referenced to RAS
RAS hold time tRsH 20 20 20 25 ns
Read-write cycle time trwe 145 165 180 225 ns
RAS to WE delay trRwb 60 70 80 100 ns
Write command to tawL 20 20 25 30 ns
RAS lead 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
Rise and fall tr 3 50 3 50 3 50 3 50 ns  (Note 4)
transition time
Write command twcH 15 15 15 20 ns

hold time
Write command hold twen N/A N/A 55 70 ns  (Note 18)
time referenced to RAS
Write command twes [ [¢] 0 [¢] ns {Note 17)

setup time
Write command twe 15 15 15 20 ns (Note 15)

pulse width

Notes:

(1) All voltages are referenced to GND. (11) topf (max) defines the time at which the output achieves the
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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 ty = 5 ns.

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

lcctr locas Iccas and Igcs depend on output loading and cycle
rates. Specified values are obtained with the output open. lsca
is measured assuming that all column address inputs are held at
either a high level or a low level during RAS-only refresh cycles.
Icc4 is measured assuming that all column address inputs are
switched only once during each nibble cycle.

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

Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF (Voq = 20V,
VoL = 0.8V).

Assumes that tgep < tgep (Mmax) and tgap = tpap (Mmax). If
treD Of tRAD is greater than the maximum recommended value

in this table, tgac increases by the amount that tgep or thap
exceeds the value shown.

Assumes that tpep = tRep (Max) and tgap < traD (Max).

(10) K tgap = trap (Max), then the access time is defined by taa.
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open-circuit condition and is not referenced to Voy or Voo

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

The torp requirement should be applicable for RAS/CAS cycles
preceded by any cycle.

Either trpy of trey Must be satistied for a read cycle.

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

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.

twes: tawD: towp: and tawp are restrictive operating parame-
ters in read-write/read-modify-write cycles only. ftwcs = twes
(min), the cycle is an early write cycle and the data output will
remain open-circuit throughout the entire cycle. ftowp = 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
CAS returns to Vi is indeterminate.

This parameter is not needed for the uPD421001-60 and
pPD421001-70.
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Timing Waveforms
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Timing Waveforms (cont)

Early Write Cycle
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle
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Timing Waveforms (cont)

CAS Before RAS Refresh Cycle
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Timing Waveforms (cont)

pPD421001

Hidden Refresh Cycle
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pPD421001
Timing Waveforms (cont)
Nibble Read Cycle
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The puPD421001 is capable of executing nibble read,
write, or read-modify-write cycles. Nibble mode allows
high-speed serial access of maximum of 4 data bits. The
first bit is determined by the row and column ad-

by cycling CAS while RAS is held low. The addresses of
nibble bits are determined by the combination of row
address Ag and column address Ag in the following

sequence,

dresses, and the next bits are accessed automatically
Row Address Column Address
Sequence Nibble Bit Ag Ag A7 Ag As Ag Az Ay Ay Ag Ag Ag Ay Ag As Ap A3 Ay Ay Comment
RAS/CAS 1 c 01t 00 0 1 0 1 0 0 1 1 0 1 0 1 0 0 O Example: external
address input

CAS cycling 2 10 1 0 0 0 1 0 1 O 01 1 0 1 0 1 0 0 0 Internaladdress
TAS cycling 3 00 1 0 0 0 1 0 1 © T 1 1 0 1 0 1 0 o o enerated
mcyciing 4 1 0 1 o 0o 0o 1 0 1 0 1 1 1 o 1 0 1 0 0 0
CAS cycling 1 c o t o0 0 O 1 0 1 O o 1+ 1 0 1 0 1 0 0 O Repeatedsequence
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Timing Waveforms (cont)

Nibble Early Write Cycle
tRASP |
[€———IAR——— tRp
__ \
RAS \
tesH >] NG tNC ketNWRSH
[<«—!RCD—>1<—ICAS INP > INAS INP->{ [€INAS INP—> H€INAS tcPN
—y
TAS N N N \
—
tcrp e
IRAH —» ICAH
[ASR~>l l(l— - <|—IAsc
Y \
Address Row Column // / /
X A / ; ; A
Il
«€«————tWCR~——>
}(“WCH —> 1€ tweH € twCH € TWCH »]
twes —» e— twes e twes e twes €~
<—IKWP——> ltwp llwp-——> ftWP—>
X . Z z /
‘(—IDHR
<tDs>l tDH DS » |« tDH € tDS > [« tpH DS > [«!DH
/ y
DN Valid Data In Valid Data In Valid Data in Valid Data In ////////
N N
831H-7126B

Powered by ICminer.com Electronic-Library Service CopyRight 2003 6-67



pPD421001 N E C

Timing Waveforms (cont)

Nibble Read-Write/Read-Modify-Write Cycle
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