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Description

The NEC wPD4164 is a 65,536-word by 1-bit dynamic
N-channel MOS Random-access Memory (RAM) designed
1o operate from a single + 5V power supply. The negative-
voltage substrate bias is internally generated providirg both
autoratic and transparent operation.

The wPD4164 utilizes a three-poly, N-channel, silicon-gate
process which provides high storage cell density, high perfor-
mance, and high reliability.

The wWPD4164 uses a single transistor dynamic storage cell
and advanced dynamic circuitry throughout, including the 512
sense amplifiers, which assure that power dissipation is mini-
mized. Refresh characteristics have been chosen to maximize
yield at a low cost to the user while maintaining compatibility
between dynamic RAM generations.

The wPD4164 three-state output is controlied by CAS, inde-
pendent of RAS. After a valid read or read-modify-write cycle,
data is held on the output by holding CAS low. The data-out
pin is returned to the high impedance state by returning CAS
to a high state. The wPD4164 hidden refresh feature allows
CAS to be heid low to maintain output data while RAS is used
to execute RAS-only refresh cycles.

Refresh is accomplished by performing RAS-only refresh
cycles, hidden refresh cycles, or normal read or write cycles
on the 128-address combinations of A, through Ag during a
2ms period.

Multiplexed address inputs permit the pPD4164 to be pack-
aged in the standard 16-pin dual-in-line package. The 16-pin
package provides the highest system bit densities and is com-
patible with widely available automated handling equipment.

Features

[ 65,536 x 1-bit organization

1 High memory density

O Multiplexed address inputs

[ Single +5V power supply

[J On-chip substrate bias generator

(1 Low power dissipation: 27.5mW max (standby)
(nPD4164-10); 330mW.(active); 27.5mW (standby)

{0 Three-state, TTL-compatible, nonlatched output

] Read, write, read-write, read-modify-write, RAS-only
refresh, and page mode capability

O Allinputs TTL-compatible, and low input capacitance

{1 128 refresh cycles (Ay—Ag pins for refresh address)

[J CAS-controlled output allows hidden refresh

[ Available in a plastic 16-pin package

O 4 performance ranges:

Device AccessTime R/W Cycle RMW Cycle
nPD4164-10 100ns 200ns 230ns B
PD4164-12 120ns 230ns 245ns
wPD4164-15 150ns 260ns 280ns
nPD4164-20 200ns 330ns 345ns

1.PD4164
65,536 x1-BIT
DYNAMIC NMOS RAM
Revision 4
Pin Configuration
830033094
Pin Identification
Pin
No. Symbol Function
1 NC No connection
2 D Data input -
3 WE Write enable
4 RAS Row address strobe
i ag-A; Address inputa
8 Vee +5V power supply
14 Doyt Data output
15 CAS Column address strobe
18 GND Ground

Absolute Maximum Ratings*

Operating Temperature, Topr
gorage Temperature, Tgrg

0°Cto +70°C
-55°Cto +125°C

(Plastic Pack )

Supply Voltages On Any Pin except Vec -1Vio +7VO
Supply Voltage, Voo -0.5Vto +7V0O
Shert-circuit Output Current 50mA
Power Dissipation, Pp w

Note: @ Relative to GNDU

*COMMENT: Exposing the device to stresses above
those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be
operated under conditions outside the limits described
in the operational sections of this specification. Expo-
sure to absolute maximum rating conditions for
extended periods may affect device reliability.
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wPD4164

DC Characteristics AC Characteristics
Ta = 0°Cto +70°C @; Ve = +5V £ 10%; GND = OV Ta=0°Cto +70°C @;Vee = +5V 1 10%;GND =0VRO @ ®
A s ¥cc
Limits Tost Limits
Parameter Symbol Min Typ Max Unit Conditions 4164.20 4164-15 4164.12 4164.10
Vee 45 50 55 v Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Supply Vol
pRly Voltage aND 0 o 0 v Random
Al voltages Read
"""'EA"‘-'g In ‘VWL'E‘) Vine 24 55 v referenced to GND  or Wiite tac 330 260 230 200 s ®
age, (RAS, y B Cycle Time
High-level Input Readwrits
Z*o::t.ﬁ:" "‘EWWE Vin 24 5.5 v Cycie Time  'RWC s 280 245 23 ns ®
8, CAS,
Page Mode
Low-level Input _ e 190 145 130 110 ns @
voage, All nputs Yt 1.0 08 Vv zcn T:rln
Operating Current «PD4164-20 a5 ho‘r)vﬁn.Tsma thac 200 150 120 1w ns @0
Supply Operating uPD4164-15 50 Access Time
%nm RAS, lect LPD4164-12 55 ® tom CAS  ‘CAC 100 75 60 50 ns @
CAS Cycling; tac = —
taclmin)_ 1PD4164-10 had %",',{’_‘;'"BD":',:; tore 0 5 D0 4 0 35 0 3 ns
Standby Current Transition
m:upp'v Times (rise  ty 3 50 3 0 3 35 3 3 ns @
and fall]
Current leca 50 mA - I,')'.
RAS = Ve, D
(= j-_ 'wor Dour charge Time the 120 100 90 90 ns
Refresh Current 16420 s RASPulse 2 10 45 10 42 10 a4 10 s
Srerage Fower l*;:13{5'7 ) = " -
Supply Current, [ RAS Hold
Reres| MJ_ lees | ppat6a-12 s ™ ® Time trsh 100 75 60 50 ns
RAS Cycling, CAS = i
Viic, the = tac (min) uPD4164-10 4 CRSPUIS  tcns 11007 10 06 10 05 10 ps
Page Mode Current ==
CAS Hokt
;«mcm 1.PD4164-20 35 Time fesn 200 150 120 100 ns
Page Mode uPD4164-15 40 ® RAStoCAS
Operation lecs  coaveata s ™ DelayTime  'AcD 30 100 25 75 25 60 20 50 ns
g% a:',ﬁ‘, PD4164-10 4 TS 1o AS ;
] 1 ] 0 [ L
tpe = tpc (min) Time arg cre n:
Input Leakage ==
Current (any input); S:asrgpo':.’lm teen 30 25 25 20 ns
Viy=0Vio +55V; I, -10 10 pA Char
All Other Pins Not CAS
Under Test = 0V ::achl;roga
me {for 4 80 60 80 50
gutum LDnlalgu noge snode ch ns
urrent Doyr Is _ A
Disabled, Vouy = loy 10 10 i c_yile anly}
OVto +5.5V RAS
Gutput Levels High- Poharte e 0 o 0 ) ns
level Output Voitage Time
(lour = 5mA) Vo 24 Vee ¥ Ao ek
Low-level Output v, 0 0.4 v v ress
Vottage (loyr = oL Set-up Time tasn 0 0 0 0 ns
42mA) Row Address
t, 20 15 15 10
Notes: @ T, is specified here for operation at frequencies 10 tec = Inc (Min). Operation at higher Hold Time RAH ns
cycle rates with reduced ambient temperatures and high power dissipation is per- Column
missible, however, provided AC operating parameters are met Address tasc 0 ) 0 0 ns
Iee. loca and lecs depend on output loading and cycle rates. Specified rates ane obtained Set-up Time
with the autput open. Cotumn
Address toan 30 25 20 15 ns
= Hold Time
Capacitance Comamn
Ta = 0°C to +70°C; Vg = +5V = 10%; GND = OV Address
Hold Time tan 130 100 80 65 ns
Limits Test zef;rsneed
Parameter Symbol Min Typ Max Unit Conditions
Input Capacitance c 5 F Command  tpes [ 0 4 0 ns
{Ag=A7) D " P Set-up Time
Input Capacitance c 8 oF Read
RAS, CAS, WE 12 ) Command
Output Capacitance Hold Time  tggy 25 20 20 20 n @
D o::‘ Co 4 PF Referenced
o to RAS
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WPD4164

AC Characteristics (Cont.) Timing Waveforms
Ta=0Cto +70°C D;Vee = +5V 2 10%; GND=0VO O @
Limits Read Cycle
4184-20 4184-15 4164-12 4184-10 t
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes |M
Aas
Read AAS tan
Command  tacw [ 0 L} [ s @ N N
Hold Tims [ e tgp —o]
Wit N te l« tepp=]
Command  tyew s5 4 35 30 ns _ Rco tone !
Hold Time Cas N R\ _J\—
Write Ran [e—tcen
Command task _’1 tasg can
Hold Time  twen 155 120 [ 80 ns . el
Referanced
to RAS ! "l
Row Colu
Wtte \ ["l mn 1
Address | ‘rcs Address —t=tac
Command  twp 85 45 35 30 ns s
Pulse Width we 7717 LTF ANNNNY
f——tcac —*tapp->| e
Write | AR .
Command RAC JEEES [ P
to RAS tawt ] 45 40 35 ns Dour Open. N
Lead Time Valid
Write Data
Command
A CAS towe 55 45 0 35 ns
Lead Time Write Cycle (Early Write)
Data-In 1,
SetupTime 108 [ [ 0 0 nn ® il
Date-in RAS ————le——tan—+|
Hoid Time 'O [ 45 35 30 ns @ - X
Data-in Hoid g
Time R‘:g;_s town 155 120 95 80 ns _‘— trco teas tene |
CAS
w"‘ oh ter 2 2 2 2 m R ’T\_
taan I teen-
Vrite tasn tasc toan Column
Command  twcs —10 -10 -10 [} n ® " l<=t" Address
Set-up Time m -~
CaSto te 55 4 0 % s ® t
WE Delay wo Row tow, ——]
= Address ¢ twen
RAS to Weslu—w e
= 1rwp 130 120 100 20 n ® N
WE Delay — ___\ WP
Notes: @ Tais specified here for operation at frequencies 10 tee = tag (min}. Operation at higher WE
cycle rates with reduced ambient temperatures and higher power dissipation is parmissi- tawe
ble, howewer, provided AC operating parameters are met. —— r*—twch tos
@ Aninitial pause of 100ps is required after power-up followed by any BRAS cycles before ] [ T
proper device operation is achieved. [
® ACmeasurements assume ty = 5ns. ~ mm
® Ving (min) or Vi (min) and Vy (max) are referance levels far measuring timing of input town——| Valid
signals. Also, transition times are measured between Vi or Vi and Vi Data
The ifications for g (Min) and tayc (Min) are used only to indicate cycle times at Dour Open
which proper operation over the full range (T, = 0°Cto +70°C}is assured.
Assumes that tacs < trp (Max). If tag is greater than the maximum recommended vaiug
shown in this table, taac Wil increase by the amount that taeg exceeds the values shown.
@ Maeasured with a load equivalent to 2 TTL loads and 100pF. Read-Write/| Raad'MOd”Y' Write Cycles
Assumes that taco = tagp (Max) tamw
® tors (max) defings the time at which the output achieves the open-circuit condition andis e N
nof referenced to output voltage levels. RAS RAS
@ Operation within the tacp (max) imit ensures that tgac (Max) canbe met. taep [Max) is tam —— 5\.
specified as a reference paint only. I tacp is greater than the specified tacp (max) fimit, "
access time is controlled exclusively by toac- RSH
@ Either gy O tacy MuSt be satisfied for a read cyce tesn
These parameters are referenced 1o CAS Ieading edge in early write cycles and to WRITE — [+—taco teas
leading edge in delayed write ar read-modify-write cycles. CA 0\
@ tyes, lowp 20 tayp are restrictive operating pi in read-write, and read-modity-
write cycles only. IFtycs Zlhwes (Min), the cycle is an early write cycle and the data output N tnan tas tcan| Column
will remain open circuil throughout the entire cycle. If tewp = tewp (min) and tawp = tawo ASR - Address
{min), the cycle is a read-write and the data autput will contain data read from the salected Add - —
cel. f neither of the above conditions is met the condition of the data-out (at access time resses
and until CAS goes back to V) is indeterminate. Row thwo Fa-tewr o
Address 'ncsl—- [+—tcwo t—tawL—|

5-3



pPD4164

Timing Waveforms ({Cont.)
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