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Description

The NEC nPD4164 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 providing both
automatic 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 wPD4164 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 pPD4164 three-state output is controlled 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 uPD4164 hidden refresh feature allows
TAS to be held 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.

Multlplexed address inputs permlt the wPD4164 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

] High memory density

J Multiplexed address inputs

[J Single +5V power supply

[J On-chip substrate bias generator

[ Low power dissipation: 27.5mW max (standby)
(PD4164-10); 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

1 Allinputs TTL-compatible, and low input capacitance

[ 128 refresh cycles {Aq—Ag pins for refresh address)

[J CAS-controlled output allows hidden refresh

[J Available in a plastic 16-pin package

0 4 performance ranges:

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

PD4164
65,536 x 1-BIT
DYNAMIC NMOS RAM
Revision 4
Pin Configuration
830033094
Pin Identification
Pin
No. Symbol Function
1 NC No
2 Din Data input B
3 WE Write enable
4 RAS Row address strobe
T Ag-A; Address inputa
8 Vee +5V power supply
14 Dour Data output
15 CAs Column address strobe
1. GND Ground

Absolute Maximum Ratings*
Operating Temperature, Topa

0°Cto +70°C

gorage Temperature, Tgr¢  (Plastic Package) —55°C to +125°C
Supply Voltages On Any Pin except Vcc —1Vio +7v®
Supply Voltage, Vcc -0.5Vto +7VO
Short-circuit Output Current 50mA

Power Dissipation, Pp w
Note: @ Relativeto GND

*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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uPD4164

DC Characteristics AC Characteristics
Ta =0°Cto +70°C @; Ve = +5V = 10%; GND = OV Ta=0°Cto +70°C @;Vee = +5V £ 10%;GND =0VR @ @
Limits Tost Limits
Parameter Symbol Min Typ Mex Unit Conditions 4164.20  4164-15 416412 4164-10
v, 45 S50 55 v Parameter Symbol Min Max Min Max Min M Min M it
Supply Voltage cc In Max n Max Unit Notes
GND [ [ v Random
revel " Al voltages Read
:‘ﬂ'u'hiﬁt—s 2 '%) Vine 24 55 v referencedto GND  or Wite tae 330 260 230 200 s ®
3 3 h - cle Time
High-level Input o write
: RAII Iny MTWE Vin 24 55 ¥ cy"’"c‘; Time tRWC 3as 280 245 230 s  ®
Page Mode
Low-level Input - Y 190 148 130 110 ®
Voltage, All Inputs Vi 10 [ Cycle Time  'PC ns
Access Time
Operating Current PD4164-20 a5 from RAS  tRac 200 150 120 10w ns ®O
Supply Operating wPD4164-15 50 Access Time
Current RAS, lect opateatz 55 @ trom CAS  ‘tac 100 75 60 50 ns @
CAS Cycling; tac = 410 Output Butta
tac (min) #PD4164-10 60 Tumeott Delay 'OFF 0 S0 0 4 0 35 0 30 ns
Sh"d.z“c‘:"m Transition
Fow-vwny Times (rise  ty 3 5 3 s 3 3 3 B mm @
Current lecz 50 mA and fall)
BAS = RAS Pre-
(:ﬁ: Vine: Dour charge Time '"° 120 100 % 90 ns
RAS Pulse
mc'm'm wPD4164-20 35 Wicth tras 2 10 .15 10 42 10 4 10 us
Supply Current, 1PD4164-15 40 RAS Hold
Refresh Mode; ' _ppateact2 s ™ @ Tie tasn 100 75 60 50 ns
RAS Cycling, CAS = PD4164-10 a5 TAB Pul
Viug, tac = tac (min) s o 1 eas 1 10075 10 06 10 05 10 ps
Page Mode Current ==
CAS Hold
;«m”ﬂ'&, 1PD4164-20 3 Time tosk 200 150 120 100 ns
Page Mode #PDa164-15 40 RAS to CAS
Operation lect  poarearz s ™ @ Delay Time 'rco 3 100 25 75 25 60 20 50 ns ®
CAS Cycling 1PD4164-10 45 CAS 10FAS
toc = tpc (min) mﬁwe tcre 1] ] 0 [} ns
Input Leakage
CAS Pre-
Current (any input); % 30 25 25 20 ns
Vi =0Vio +55V; I, -10 10 wA charge Time 'CPN
All Other Pins Not CAS
Under Test = 0V Precharge
o Loa Time (for tep 80 60 80 50 ns
Current Doyr I8 , —10 10 A page mode
Disabled, Vouy = oL s c_yile only}
OVic +5.5V RAS
Output Leveis Higr- Prochard®  tasc 0 [ 0 0 ns
(lour = 5mA) Von 24 Vee V¥ Time
Low-level Output v, 0.4 v Row Address
Vottage ffour = oL Setup Time  'AsA 0 [ 0 ° ns
42mA) Row Address , 20 15 15 10
Notes: @ T,is specified here for operalian at frequencies 1o tac = 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. Add t
Iger loga and kecs depend on output loading and cycle rates. Specified rates are obtained Snt-::s?lme AsC ° 0 0 ° ne
with the output open.
Cotumn
Address toan 30 25 20 15 ns
. Hold Time
Capacitance Fr—
Ta = 0°Cto +70°C; Ve = +5V = 10%; GND = OV Address
HoldTime  tap 130 100 80 65 ns
Limits Tost Referenced
Parameter  Symbol  Min Typ Max Unit  Conditions loRAS
Read
I(::\:tmmmc € 5 pF cs::'-t':}ﬁ . thes [ 0 13 0 ns
Input Capacitance ¢ 8 Read
citan oF
RAS, CAS, WE 2 ) Command
Output Capacitance . 7 F Hoki Time  tppy 25 20 20 20 ns @
Diour) © P Referenced
e to RAS
5-2
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LPD4164

AC Characteristics (Cont.) Timing Waveforms
Ta=0Cto +70°C D; Ve = +5V 2 10%;GND=0VQO O @
Limits Read Cycle
4164-20 4164-15 4164-12 4184-10 1
nc
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 1
nas
Read AAS —— tan
Command  tacu 0 (] 0 (] s @ | N
Hold Time tesn [ R S
Write fe——tpop —] trsh r+tcap=|
Command twen 55 45 35 30 ns =5E e teas: |
Hold Time Cas N L\ 7 _}_
RAH 1,
Write re—‘cen
Command task _’l tasc tcan
Hold Time  twer 155 120 o5 B0 ns -~ i
Referenced
to RAS !
Row Column
Write 1, H it
Command  twp 5 s s 20 ne  hddress 22 Address B
Pulse Width we I/ /17 TF N
——tcac —™itapy+]
Write N ARN s
Command RAC q:— oFF
to RAS tawe 56 45 40 35 ns Dour Open.
Lead TImo Vaiid
Write Data
Command
to CAS tow 85 45 40 35 ns
Lead Time Write Cycle (Early Write)
Data-In tac
Setup Time 108 [ 0 0 0 ns @ —
Data-in RAS tan
Hoid Time DM §5 a5 35 30 n @ - ) N
Data-in Fold oan e
mmhoﬂ—;_s town 156 120 95 80 ns o le—trco teag ——=] tene |
Retresh R\
trer 2 2 2 2 ms
Period taan con =—tcen-
Write tasn tasc toa umn
Command  twcs -10 -10 -10 0 nm ® -{ (+={., Address
Set-up Time 3
== t
CASto T
WE Delay tewo 55 as 40 40 ns ® Row town ——v]
T Address ¢l o twon
we 1rwo 130 120 100 %0 nm ® N
WE Delay ~ e
Notes: @ T, is specified hera for operation at frequencies 10 tae = tac (min}. Operation at higher We
cycle rates with reduced ambient temperatures and higher power dissipation is permissi- tawe
ble, however, provided AC operating parameters are met. [ twea 1o
@ Aninitial pausa of 100ps is required after power-up followed by any 8 RAS cycles befare *{ -
proper device operation is achieved. D, VYV Y Y
® AC measurements assume ty = 5ns. N m (XXX XA
@ Ve (min) or Vi, (min) and V) (max) are reference levels for measuring timing of input tour Valid
signals. Also, transition times are measured between Vi or Vi and V. Data
The ifications for trg (Min) and tawc (Min) are used only to indicate cycle times at Pour Open
which proper operation over the full range (T, = 0°C to +70°C}is assured.
Assumes that tacs = tacp (Max). If taes is greater than the maximum recommended vaiue
shown in this tabie, taac Wil increase by the amount that taep exceeds the values shown.
@ Maasured with a load squivalent to 2 TTL loads and 100pF: Read-Write/Read-Madify-Write Cycles
Assumes that taco = trco (Max) ta
® tors {max) defines the time at which the output achieves the open-circuit condition and is N
nof referenced ta output voltage levels. RAS RAS
@ Operation within the tacp (Ma) kmit ensures that teac (max) can be met. tgcp [max) is tan ;\_
specified as a reference point only. If tacp is greater than the specified tacp (Max) limi, "
access time is controlled exclusively by tcac- RSH tap-»|
@ Either 1ggay OF tacy Must be satisfied for a read cycle. tesn tenr
These parameters are referenced 1o CAS leading edge in early write: cycles and to WRITE _— taco teas
leading edge in delayed write ar read-modify-write cycles. Cas R\
® tyes, towp 21d typ & festrictive operating parameters in read-write, and read-modiy-
write cycies only. IFtwcs Zlwcs (min), the cycle is an early write cycle and the data output N tran tasc| [tcan| Column
will remain open circui throughout the entire cycle. If tewp = tewp (min} and tawp = tawo ASR Address
(miny, the cycle is a read-write and the data output will contain data read from the salected Addh m —
cell. If naither of the above conditions is met the condition of the data-out (at access time esses — X
and until CAS goes back to V) is indeterminate. Row trwo r—tewe
Address 'ncsl——| [e—tcwo r—tawL—|
We 7 Eﬁ
le— tcac — twe — i.;toﬁ
- Y S—
O
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wPD4164

Timing Waveforms (Cont.)

RAS-only Refresh Cycle

t

L

= Memory Cycle = Refresh Cycle >

- \4&,.5’ “»-\ﬂ—"—‘

Addresses Fow Adaress KX XX KR XXCOCTERKK
CAS Tl 7
—  |e=—1gpc
Dour pen
Hidden Refresh Cycle

s [/ "
'nm‘r 1, | thant than—|
Row ¢ |+ [ bt tasr>
Addi ASR’ _;' ASR ASR [~
Addresses :
Column L, - Rov
Address ey Address " tacs
we [/117 N\
| l(:AI:
= teac torr —= ,«
"
Doyt ——m— Valid Data —
Y

Page Mode Read Cycle

Addr.

torr

Page Mode Write Cycle
P 'ml:
RAS —io 10—
taco{" ]
CAS
‘ASR
Row
Addr.
Addresses
Col twen
Addr.
WE X
T
le—twer-
(osi[~1ox
On XXX X

torr—
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