NE'C NEC Electronics

Description

The NEC pPD416 is a 16,384-word by 1-bit dynamic MOS
Random-access Marmory. Itis designed for memary applica-
tions where very tow cost and large bit storage are important
design objectives.

The wPD416 is fabricated using a double-poly-iayer, N-
channel, silicon-gate process which affords high storage cell
density and high performance. The use of dynamic circuitry
throughout, including the sense amplifiers, assures minimal
power dissipation.

Multiplexed address inputs permit the . PD416 to be pack-
aged in the standard 16-pin duak-in-line package. The 16-pin
package provides the highest system bit densities and is avail-
able in either ceramic or plastic. Nongcritical clock fiming
requirements allow use of the multiplexing technique while
maintaining high performance.

Features

O 16,384-word x 1-bit organization

C High memery density: 16-pin ceramic ar plastic packages

[ Multiplexed address inputs

O Standard power supplies: +12V, —5V, +5V

[ Low power dissipation: 462mw active (max),

20mw standby (max)

71 Qutput data controlled by CAS and unlatched at end of
cycle o

[0 Read-medify-write, RAS-only refresh, and page mode
capability

O Allinputs TTL-compatible and low capacitance

O 128 mefresh cycles

O 3 performancea ranges:

Deavics Access Time RW Cycle AMW Cycle
rPD415-2 200ns 375ns I7ons e
wPD316-3 150ns 320ns 320ns
#PD415-5 120ns J20ns 320ns

Pin Configuration

uPD416
16,384 x 1-BIT
DYNAMIC NMOS RAM

Pin Identification
Pin
Mo, Symbol Fumction
1 Vae — 5V power supply
2 O o Datzin
i  wAmE ' Rendnrite
a frey declr._us atrobe
13::& Aq-4y Address inputs
8 vy "+ 12V powar supply ’
9 Ver +5Y power supply
14 Doyt Data-out '
18 CAS Column address sirebe
15 GND

Groond

Absolute Maximum Ratings*

Dperating Temperature, Tops 0°C o +70°C
Storage Temperature, T -55°Cto +150°C
All Quiput Voltages, Vo —0.5Vto +20V
All Input Voltages, V, —0.5V to +20V
Supply Voltages Voo, Voo, GND O -0.5V 1o +20V
Supply Voltages Vpg, Yoo ® —1.0Vta +15V
Short-circuit Qutput Current 50mA
Power Dissipation, Pp - . w

Nates: (1 Relative 1o Vg,
@ Relaive 1o GRD

*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 cutside the limits described
in the operational sections of this specification. Expo-
sure to absolute maximum rating conditions for
extended perinds may affect device reliability.

Capacitance

Ta = 0°Cto +70°C; Vpp = +12V * 10%;
Vag = —5V = 10%; Vg = +5V * 10%; GND = OV

Limits

. Tesl
Parameter Syrmabol  Min  Typ Max Unli Condltions
Inpart Capacitance
{Aa—Ae) D G t s
RS cl e On o
Ol.np\T Capacitance Cq 5 7 pF
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Operational Description

Addressing

The 14 address bits required to decode 1 of 16,3B4-bit loca-
tions are multiplexed on o the 7 address pins and then
fatched an the chip with the use of the row address strobe
(RAD), and the column address strobe (CAS). The 7-bit row
address is first applied and RAS is then brought low. After the
RAS hold time has elapsed, the 7-bit column address is
applied and CAS is brought low. Since the column address is
not needed internally until a time of t. g Max after the row
address, this multiplexing operation imposes no penalty on
access time as [ong as
if this time is exceeded, access time will be defined from CAS
instead of RAS.

Data 11O

For a write operation, the input dala is latched on the chip by
the negative going edge of WRITE or TAS, whichever occurs
later. If WRIT E is active before CAS, this is an “early-write”
cycle and data-out will remain in the high impedance state
throughout the cycle. For a read, write, or read-modify-write
cycle, the data output will contain the data in the selected cell
after the access time. Data-cut will assume the high imped-
ance state anytime that CAS goes high.

Block Diagram

is appliad no later than tcpp max.

12 a6

Butier 5 Cell Matrix

Page Mode

The page mode feature allows the n.PD416 to be read or
written at multiple column addresses for lhe samerow
address. This is accomplished by maimaini%gg low on AHAS
and strobing the new column address with CAS. This elimi-
nates the set-up and hold times for the row address resulting
in faster operation.

Refresh

Refresh of the memory matrix is accomplished by performing
a merory cycle at each of the 128-row addresses every 2.
milliseconds or less. Because data-out is not latched, RAS-
only cycles can be used for a simple refresh operation.
Chip Selection

Either RAS andsor CAS can be decoded for chip-select
function. Unselected chip outputs will remain in the high
impedance state.

Power Sequencing

In order to assure iong-term reliability, Vg should be applied
first during power-up and removed last during power-gdown,
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AC Characteristics 3 Assumes it taco » taco [,
_ B2ty (e clefires the lime at which tha outpLt achieves the oper-circui condibon @ s
Ty = 0Cto +TOC; ¥pp = +12V = 10%; -, ot reterenced ta outpul voltuge lavels
Voo = +8V ¢ 10%; Vg = — 5V = 10%; GND = 0V @ Ve {min| o Vi (men) and ¥, (M} ace rterence evals for measunng amng of inmpul
signals Alsa. transitar mes are measured betwean ¥ e O Vi, and'y), .
] Limifs @ Opsralian within the 1agg (Max) 1 ersums that la; M) can be Mel. g (Md) $
* T speailieg as a reterence pointonty. If tupe 15 grealer han the specited tape (max) mit,
pPOMt6-2  LPOMIET  LPOMTES Test _ access fime is contoled exchusl by icac:
paramater Symbol Min Max S Max Min Az Unil  Condhtions & These parameters are refaranced to CAS leading edge m ear'y wrte ¢ycles and to WRITE
leracng edkge in delayed wrile or read-modify-white cycles
mﬁ I:; ta 374 A20 430 s @ Bty town 304 by A6 IOt ESICIME DPEralnG parameters They ars included in e
. . - gata sheal as tpcincal charactaristics only. iy & by [MO), the cyoe s an eary wrle
Rasd-Write Cycie o eyche and the gata-oul pin will rgmain open circuit fhigh rmpedance): it > toy,g 1Min). the
Time twe W5 375 320 ne @ cyde 15 a rackwnte cyde and the dsta-outwil conlam 0a1a read Irom the salectad ch It
- ) - - nadher of ihe abowe sets of condibons & sahshed the condiban of the data-our {4t 8CLESS
Puge Mode Cycle tpc 135 170 150 ne time] B ndedarminata.
Accozs THne ) 5 A
oy t 200 150 120 08 @ W -
from RAS nac ) _ _ DC Characteristics.
Access Time o
from GBS leag 135 100 80 s [OR Ta = 0°Cto +70°C; 3 Vpp = +12V *+ 10%;
- = & = = — &+ - -
Gupt  w . s @ Voo = +3V = 10%; Vag 5V = 10%; GND = 0V
Turn-otf Deiary Los¥
Transiticn Times a . o o m_. - Tast
(rise s all} tr 3 80 3 15 a 3\ ns D F ¥ Min Tvp Max Unit Conditions
FA% Procharge . m_ — o ' 100 ns B Supply Voltage Voo s 120 132 v @ )
Time N i ) Supely Vohage Voo 45 50 55 v 2%
FIAB Pulss WItth s 200 32000 150 2000 120 10000 ns Supply Vohage GND [ [ v &
AAEHold Time  tasy 135 100 80 s B Spply voltage Yoy 45 -50 -55 ¥ &
CAS Pules Withh toye 135 10000 100 10,000 80 10000 ns ) (nput High Valtage -
=iE - B = ) (Logic 1} AAS, CAS, Yo 7 o v &
R_sn"'l “,’rﬁﬁs Yoo 3 6 W 5 5 4 = ® WRITE _ " ) o L
CAS 10 HAS Pre- ’ Input High Vollage
zap -20 -20 0 ] {Logic 1), (all inputs .
charge Time B ) o ox AAS, CAS, Yiu 24 70 v &
Row Addmas 5 WRITE}
Setup T tasn ] 0 ns == . . —_———
oo e Input Lom Voliage v -10 o8 ¥ @
S o g
mumﬂm‘“ (P 25 20 15 ns {LogicOh (allinputs)  » — e _
Calumn Address " Operating Vgp Cument  Igp, a6 ma  FAS. CAS cyclngiin: =
Setp Time tee - 10 -10 ~10 ns _ — tmg min ¢ _ .
= - . . - AAE = Vi Dgyr = high
Standby Vpp Current | 15 ma et Dour = N8
Coiumn Addroas . 55 45 a0 . ¥ Voo o2 impedance
Haid Time H T . — T 7 —
aod -- -_— _ Refresh ¥, Curvent
Cohumn Addross (PDI16-5) ) 27 mA RAS \EAE = Wi
Hole Time Flefer- 1, 120 0§ 80 rs — - . B3 Y. T RAS cyolngi OAS = Vil
antadto AAS Refranh ¥, Gurrem Inoa 26 mA = LR
— - . - - 1all speeds except
Faad Command L 0 o o s wPO41E-5]
Set-up -“m ) RS P —_— —_— .____‘_?-A _ e .I._
P Command — T Pagh Mode Vop Cument  lgg, 2 ma ST M GRS cycling
Time [— 0 [ 0 hey o . —— _lpe = Zons
w:l mm Comrand — - . . R Operating Voo Cumanl ey LA ;*g.;:g;& cyeling tpg =
. Twom 55 45 %0 ns . i e — dns L
o — - : I Standby Vee Curment  lecs -10 10 A TAS = Veic Doyr = high
HoldTima Aeter- twga 120 9% 8 ns — - - —_ e
ancad 1o B Retresh V. Curmer legs -1¢ m A :MS =\én?1;r:!2; TAS = Yiuc:
- I — - L
Write Command —e — [N T
Pulse Width e 5 “ 0 " Page Mode Ve Cuttent ooy A :IAS_—Z:EHS IJ:S eveling:
- —— - S T e =2Osty
Writs Command i RAS, CAS Cycing: 1gr =
1o AAS Laad taw. 70 = 50 ns Cperating ¥gg Curmend  lpgy 2006 W
Titre —_——— e — - 375{“ -
- . R RAS = Vyyei Dgyr -
Write Command Standby ¥pp Current lggz 100 WA HC: SouT
to CAS tow 70 50 5 ns — high impedance
Laed Time ___ FetmshVgyCumenl  lgg; 20 A DASEYOINGCAS = Vi
- L3
Dats-in Sel-up tos 0 0 ° ne 3 [ — _ ———m FAS =V Cgs_a !
Time - . . Page Mocle Vg Current  lngy 200 A ey cycling:
Data-In Hotd " - — e
tom 55 45 40 ne . ;
Time Vg = —SViOV - Vo -
- Input Laalcage ) ~10 10 WA +Tv:al ins ne
Data-in Hotd Time (any tnp) h uwh  +7¥:allcther pins not
Reterenced tc  low 120 Ty (%) ne . L e, undertesi =0V
Ras - S R — Oulpi Leaksge lowy -10 10 A Jour!scitapledi oV~
CAS Precharge . N our % +55
Tima [for page  ice 80 60 B0 ns Outpant High Voltage _ r-.
mods cych only) _ ) fLogic 1} ) Vou 24 Vo ol = -sma
PetreattPeriod  tagr 2 2 2 ™ _ o\nputul;au Yolsge Voo 04 ¥ oy =42mA
Writs Command 20 20 o o] {Logic
Sat-up Time twes - - ne b
= == — Notem: (D T, is spenind here kor operation al frequencies 10 s = trg (in). Oparaton al higher
CASWWRIE @ 10 B0 8 i@ cycle rales wilh recuced ambient Lerrpéralures and Migh power dsipaion 1§ parmissidle.
Dy . —_ prewided AL oparshng paremeters are met. See Figure 1 Yo derdling curae.
RAS 1o WRITE 160 120 120 ® @ Al voltagas rierenced 1o GND
Oelay Trwo ne @ Outp wiltaga wil swing fom GHD1G Vg when adialed wih 10 current Ioading Far
: : : . - purposes o mainiaining data in standty mode. V.o may be reduced to GNG without
Hotes: 92 AC measummants assume iy = 5AS. ;ﬂmr:‘e;s mu:ns o dala retertion. Hovewe. the ¥, (min] specihicatian is acl
(£} The specilicatons 16f tey (e s gy (N are used onty 10 Irdicale cycle tirne at ) . "
ek proper operakon over Ma ful temperature range 10°C = Ty = 70°C s asswed. @ L‘:@;.;E;g“ oo 9epend on cycie rate See Figutes 2, 2and 4 lorIog mits al ciber
() Assumes that Lyep * tagp IMax) g 16 greater than the maximum roumnended ® " .
= : > Ieg and |y depand upon output ipading. Dunng ceadout of igh-ieve: ata Vg ls
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(@ Measured with a koad squraient 1o 2 TTL Igads and 100pF, of leavage curants only.



~PD416

Timing Waveforms

L
e 2 .
Row
Ak

Lo
mss  wes [T
iress  _ _wes

L towe
Fo+—a]

Read Cycle
'Nh
Irv-u:

AAS tan— — r—.

e
PR T — Vi
TS [~ —\ace-- ] "!:i I [4cap=
s 2
k tﬂlﬂi R \ ‘c —ry
AAR -q Aﬁ‘ M
addressee X ¥4 SO S
Row I l""J Column

Addiraas d Aciuirgss — o
=ane — A
WHITE L tenge sl ‘m}.\.m..

——laag s — ] it
Dayr Open———3 vaiid Daw
Write Cycle
Ine .

RS ——— - tras— ﬁ—*—

tagn trp—-

S [+—lmen lcas t‘cnn“

!ﬂAH k- T lr

WHITE

ey 777177

on XXXXX

Doy

L=t

o

tOHR'

tF“\"I_

Read-Writa/Read-Modify-Write Cycile

1 —_— -
AAE T taas -
tran tape t
cas lt——nop — et s m——toas v cap
1 1 1, Column
'Asn}.« -k—".'q AE: _c_m“ Addresas
Acirgsses
Row lawp o Lewr
Adoress | Fecsfed e Ttown v
WHITE if ju'
A—lrac— g — I“_‘nrr

RAS-only Refresh Cycle

Dye

tap

XX XXX X XX XCOOOY,

Open

Mote: CAS = Ve WARITE = Oontcare,

Page Mode Read Cycle

tﬁ L]

RAS

et— Y —n]

L

tce

toas l.—{- teas ——-r

toan

1 '.RSC

toan tasc

AS

Col

!WEH

tASF ‘HSC

i

i

twcn—

tns '““-0[:\« vtz

T..

D

tDHH

ST R ——
Data

e

Frwy



- T
Derating Curves Cycto Timetac (6} 309
1000 500 400, 376 l 00 250
50| - ol | 1 }
Cycha T 6-5
yeio Time ty (na) =20 RPDaY
1000 St 400 300 250
% | I - L] ars 1 j'/
T0 Ty, (mdx) ] 40 >
g € Spec. Limit - ,‘
[ L
r ™~ E | .‘@5‘/ @0‘.‘“‘6‘ -
&0 20 i
IE <, w7
a8 SR 4
#
£ A
I a pllPd
50 -1 - g2 r
o 19 20 30 4.0 = A
Cycle Rate (MH2) = 1097, (ns) 2 P - P /
W .
10 al
Figurs 1. Maximum Ambignt Temperature versus Cycle Rate for <
Extended Fraquancy Oparation s
Note: T, {max] tor operalon 8l cycling ratesgreater than 2.66MHZ (Icy: = 375na}15 determuned by ]
To(max)['C] = 70 9.0x (cyck cate [MHZ] 2,66} For uPD416-5. 1 is Ty {max) [*C] - 70

- 9.0 x icycha rate (MHz] - 3125 0 10 0 e a0
Cycio AME (MHI) = D%t (N3]

Figure 2. Maximum Ipp; versus Cycle Rate for Device Operation at

Cycie Time tac (ne) 0 Extended Frequenclas
1000 500 400| 375 |3 250
50 1113 1 L !
LPOAIES
i Cycte Time ta (s}
i 1000 500 400 300 250 200 160
40 A 50 | | | i 1
Y
E
¥ x - 0
E] -t =
Q - Fy
E Spec. Limit | ! 4|/ &
2 = 1 £
: | o = £
20 __wifa SR p— — 5 30
§ \’ﬁ /«V“\ P + =3 Spec. Limit
F @ %
WS &
< - | -
1 v - 0 -
-~ P = —
/% 3 LT
. -
el
: W=
a 10 20 e 4.0
Cycle Aate (MH2] = 10315 (n5)
ion at 1 f '
Figura 3. Maximum lpp, versus Cycle Rats for Device Operalion a 0 10 20 a0 a0 50 50

Extended Frequencies Cycle Rato (MHzl = 10%tag (ns)

Figure 4. Maximum Ipp, versus Cycle Rate for Device Cparation in
Page Mode

Package Qutlines
For information, see Seaction 9.

Plastic, LPDA16C
Ceramic, nPD416D
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