NEC pPDA424400
1,048,576 x 4-Bit

NEC Electronics Inc. Dynamic CMOS RAM

Description Pin Configurations

The pPD424400 is a fast-page dynamic RAM organized
as 1,048,576 words by 4 bits and designed to operate
from a single +5-volt power supply. Advanced polycide

26/20-Pin Plastic SOJ

technology using trench capacitors minimizes silicon Lo, g % 11 GND
area and provides high storage cell capacity, high per- "‘z_é gs i g 584
formance, and high reliability. A single-transistor dy- mas s »h E:A_g
namic storage cell and CMOS circuitry throughout en- Ag 35 » o
sure minimum power dissipation, while an on-chip circuit 8
internally generates the negative-voltage substrate 3
bias—automatically and transparently. 4 chi

A A
The three-state I/O pins are controlied by CAS indepen- A? d ?o : 3 A‘;
dent of RAS. After a valid read or read-modify-write cycle, Az 1 16 {1 As
data is held on the outputs by maintaining CAS low. Data Az 2 15 g As
outputs return to high impedance when CAS goes high. Vec 13 1417 Ag
Fast-page read and write cycles can be be executed by 83IH-6977A

cycling CAS.

Refreshing may be accomplished by means of a CAS 20-Pin Plastic ZIP

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 1,024 address combinations of Ag
through Ag during a 16-ms refresh period.

Features

1,048,576 by 4-bit organization
Single +5-volt +10% power supply
Fast-page option B sI7A
Low power dissipation

CAS before RAS 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

26/20-pin plastic SOJ or 20-pin plastic ZIP

packaging

nooooooaocogaoaoag

60001 New speeds (60 and 70 ns) and packages (TSOP and 300-mil SOJ) will be available in 1991. 6-199
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NEC

Pin Identification

Absolute Maximum Ratings

Name Function Voltage on any pin relative to GND -10to +7.0V
Ag - Ag Address inputs Operating temperature, Topp Oto +70°C
1/Q4 - 1/04 Data Inputs and outputs Storage temperature, Tgtg -5510 +126°C
CAS Column address strobe Short-circuit output current, Igg 50 mA
OE Output enable Power dissipation, Pp 10w
RAS Row address strobe Exposure to Absolute Maximum Ratings for extended periods may
WE Write enable affect device reliability; exceeding the ratings could cause permanent
GND Ground damage. The device should be operated within the fimits specified
under DC and AC Characteristics.
Vee +5-volt power supply

Ordering Information

Part Number

Row Access Time (max)

R/W Cycle Time (min)

Fast-Page Cycle (min)

Package

uPD424400LB-70 70 ns 140 ns 45 ns 26/20-pin plastic SOJ
LB-80 80 ns 160 ns 50 ns
LB-10 100 ns 190 ns 60 ns

#PD424400V-70 70 ns 140 ns 45 ns 20-pin plastic ZIP
V-80 80 ns 160 ns 80 ns
V-10 100 ns *90 ns 60 ns

Notes:

(1) Contact your NEC sales representative for data sheet and prod-
uct availability of the nPD424400-70.

Block Diagram
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pPD424400
Recommended Operating Conditions Capacitance
Parameter Symbol Min Typ Max Unit [AZ25°Cif=1MHz
Input voltage, high Vin 24 Voo + 10 v Parameter Symbol Max Unit Pins Under Test
Input voltage, low Vi 10 08 v Input capacitance Ciy 5 pF  Addresses
Supply voltage Voe 45 50 55 v G2 7 pf RAS, CAS WE, OE
Ambient temperature  Tx 0 70 C Input/output capacitance Cg 7 pF 1104 - 1/O4
DC Characteristics
Tp = 0to +70°C; Vgg = +5.0 =10%
Parameter Symbol Min Typ Max Unit Test Conditions
Standby current lcca 20 mA RAS = CAS = Vi (min); 1o = OmA
1.0 mA RAS = CAS 2 Vgc-02V;lp = OmA
Input leakage current hw -10 10 uA Vin = 0 V1o Vg all other pins not under test = 0V
Qutput leakage current low -10 10 A Doyt disabled; Voyt = 0V 1o Voo
Output voltage, low VoL 0.4 v loL = 42mA
Output voltage, high Von 24 v IoH = -5mA
AC Characteristics
Ta = 0to +70°C; Vo = +50V = 10%
pPD424400-80 #PDA24400-10

Parameter Symbol Min Max Min Max Unlt  Test Conditlons
Operating current, average lcci 90 80 mA  RAS, CAS cycling;

tac = trc Min (Note 5)
Operating current, RAS-only refresh cycle, lcca 90 80 mA  RAS cycling; CAS = Vi min;
average tre = trc min (Note 5)
Operating current, fast-page cycle, average lcca 70 €0 mA  RAS = Vv ; TAS cycling;

tpc = tpg min (Note &)
Operating current, CAS before RAS refresh lccs 90 80 mA  RAS cycling; CAS = V| max;
cycle, average trc = tac Min (Note 5)
Access time from column address taa 40 50 ns (Notes 3, 4,7, 8)
Access time from CTAS precharge (rising edge)  tacp 45 85 ns (Notes 3, 4, 7, 8)
Column address setup time tasc 0 0 ns
Row address setup time tash 0 0 ns
Column address to WE delay time tawp 65 80 ns (Note 14)
Access time from CAS (falling edge) tcac 20 25 ns (Notes 3, 4,7, 8
Column address hold time tCAH 15 20 ns
TAS pulse width tcAS 20 10000 25 10000 ns
CAS hold time for CAS before RAS refreshing  tcyp 15 20 ns
TAS 1o output in low-Z toLz 0 0 ns  (Note 4,7)
CAS precharge time, fast-page cycle tep 10 10 ns
CTAS precharge time tepn 10 10 ns
TAS to RAS precharge time tcrp 10 10 ns {Note 10)
CAS hold time tosu 80 100 ns
TAS setup time for CAS before RAS refresh tcsR 10 10 ns

cycle
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AC Characteristics (cont)

nPD424400-80  uPD424400-10
Parameter Symbol  Min Max Min Max Unit  Test Conditions
CAS to WE delay towp a5 55 ns  (Note 14)
Write command referenced to CAS lead time towL 15 20 ns
Data-in hold time tpH 15 20 ns (Note 13)
Data-in setup time tps 0 0 ns (Note 13)
Access time from OE toEA 20 25 ns (Notes 3, 4, 7, 8)
OE data delay time toED 20 25 ns
OE command hold time toeH 0 0 ns
OE to RAS inactive setup time toes 0 0 ns
Output turnoff delay from OF toez 0 20 0 25 ns  (Note 9)
Qutput buffer turnoff delay toFF 0 20 0 25 ns (Note 9)
OE to output in low-Z toz 0 0 ns  (Note5,7)
Fast-page read or write cycle time tpc 50 60 ns (Note 6)
Fast-page read-modify-write cycle time teRrWC 100 120 ns (Note 6)
Access time from RAS trAC 80 100 ns (Notes 3, 4, 7, 8)
RAS to column address delay time tRAD 17 40 17 50 ns  {Note 8)
Row address hold time tRAH 12 12 ns
Column address lead time referenced to RAS tRAL 40 50 ns
(rising edge)
RAS pulse width tRAS 80 10000 100 10000 ns
RAS pulse width, fast-page cycle tRASP 80 125000 100 125000 ns
Random read or write cycle time thre 160 190 ns {Note 6)
RAS to TAS delay time tRCD 25 60 25 75 ns {Note 8)
Read command hold time referenced to CAS thcH o] ns {Note 11)
Read command setup time tacs 0 ns
Refresh period tRer 16 16 ms Address Ag through Ag
RAS precharge time 1gp 70 80 ns
RAS precharge TAS hold time tRpPG 10 10 ns
Read command hold time referenced to RAS tRAH 10 10 ns  (Note 11)
AAS hold time tRsH 20 25 ns
Read-modify-write cycle time tawe 210 250 ns (Note 6}
RAS to WE delay thwo 105 130 ns {Note 14)
Write command referenced to RAS lead time tRwL 20 25 ns
Rise and fall transition time ty 3 50 3 50 ns {Note 4)
Write command hold time tweH 15 20 ns (Note 12)
Write command setup time twes 0 0 ns {Note 14)
WE command hold time for tWHR 15 20 ns
TAS before RAS refreshing
Write command pulse width twp 15 20 ns {Note 12)
WE command setup time for twsh 10 10 ns

CAS before RAS refreshing

6-202



NEC

pPDA424400

Notes:

)
@

6)

@

®

(9

All voltages are referenced to GND.

Aninitial pause of 100 ps 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 CAS before
RAS refresh cycle be executed while WE = V|4 to ensure normal
operation.

Ac measurements assume ty = 5 ns.

Vin {min) and V}; (max) are reference levels for measuring the
timing of input signals. Transition times are measured betwaen
Vig and V..

lcet Icea, Iccs. and Igcs depend on output loading and cycle
rates. Specified values are obtained with the output open. Iccs
is measured assuming that all column address inputs are held at
either a high level or a low leve! during RAS-only refresh cycles.
lccs 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) loads and 100 pF (Voy=2.0V
and Vo =08 V).

ftpop = tgos (Max) and tgap = tgap (Max) access time is
defined by tgac (max). If tggp = tgep (Max) access time is
defined by {cac (max) and ifthap 2 trap (Max) access time is
defined by ta 4 {max).

torF (Max) and togz (Max) define the time at which the outputs
achieve the open-circuit condition and are not referenced to Vg
or VoL

(10)

(1)
(12)

(13)

(14)

(15)

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

Either tgpy or tgoy 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 twoy 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.

twcs: tawor towo. &nd fawp are restrictive operating parame-
ters in read-write/read-modify-write cycles only. If tycs 2 twes
{min), the cycle is an early write cycle and the data I/O pins will
remain open-circuit throughout the entire cycle. If tcwp = tcwp
{min), tawp 2 tawp (Min), and tawp = tawp {Min), then the cycle
is a read-write cycle and the data I/O pins will contain data read
from the selected cells. If neither of the above conditions is met,
the condition of the data I/O pins (at access time and until CAS
returns to Vi) is indeterminate.

Assumes that the test mode has been set. Contact your NEC
Electronics sales representative for more details. A test mode
may be initiated by executing a CAS before RAS refresh cycle
with WE held at V). This mode also may inadvertantly be
initiated during power-up because external contro! of the signal
lines is very difficult during this period. It is therefore recom-
mended that while WE is held at V), either a RAS-only or CAS
before RAS refresh cycle should be executed at any time after
the end of the initial power-up sequence to ensure normal device
operation.
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Timing Waveforms
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Timing Waveforms (cont)

Early Write Cycle
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1} OF = don't care.
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Timing Waveforms (cont)

Late Write Cycle
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Timing Waveforms (cont)

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

RAS-Only Refresh Cycle
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Notes:
[1} WE = OE = don't care.

CAS Before RAS Refresh Cycle

tac

<

— \
RAS

\

'RAS

)

1CSR—>
CAS

<—'CHR}

< tCRP

tapc

I«—twsn—>| ""WHR—P‘

— [/
WE

ALV W

High impedance

Inpul’Output

6-208




N E C pPDA424400

Timing Waveforms (cont)

Hidden Refresh Cycle
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Timing Waveforms (cont)

Fast-Page Read Cycle
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Timing Waveforms (cont)
Fast-Page Early Write Cycle
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Timing Waveforms (cont)

Fast-Page Late Write Cycle
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Timing Waveforms (cont)

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