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SIGNAL GENERATOR WITH DDS METHOD DIRECT DIGITAL SYNTHESIS

By Mr.PICHIAN PUWTHONG
Mr. METHA THRAPORN
Mr. WACHIRAPONG SONJAITAM

Advisor Mr. DOLCHAIL SOOKCHAROENPHOL
ABSTRACT

This thesis is designed to periodic signal generator. Which used direct digital new
technique. This called “Direct Digital Synthosis”. Where that it is better normal signal generator; .
Signal as able adjust frequency, Resolution of frequency and shape of signal by control digital
circuit. The main consist of DDS is Accumulator used for generate phase of ramp signal used to
reference ROM address and assigned output frequency by assigned input control word and ROM is
the parts that stored digital data passed to D/A converter. Then passed LPF for rejected to

frequency not tequired.
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WITH DDS METHOD DIRECT DIGITRAL SYSTHESIS )iflumaTuladmsfufiadayanu
woulmidadufisudsnmuiuluilegiu devszainus-7uudrfiun pps Aoty
ﬁmﬂaﬂ‘lﬂﬁua:‘h’s’amagjlmaﬁﬁﬂaEm‘lsﬁmmdmmﬂmiﬁ'mmi‘fuadnu1ﬂ1ntmm
waluTod fuataeauazgilnsaiutlasdoya DDS 5’@"l%i"ummﬁamﬁn%ua?amunz15%’11
mslfudgealsz@nEamludunsduiivednaiiaueinlagaaeauazmsdaunsiziasasa
Taonsefiazuandaninmdnnsues qné’wmzfi’a (Look up table)ws1z DDSHMs fmuaand
voadqgaue Mo usaszSudygnaeniwezliudyanauin ldwdoudumsum
sumasulnsatisa ladsuazennsodonmavosdayg oo winn 18uAms (Look up table)
ﬁ'uua:Mmmsmﬁaﬂmmﬁmiymmﬁvm Hams (Look up tblousznam lunamunn
a1y

ﬁﬁ'ﬂymzﬁ"uimmqmiwv“;uﬁﬂdwﬁus:ﬂﬁw DDS uay Avesansuden (D/A) n3e
medongl (PLL) fustinie PLL uas D/ [gdnsaififluAsaonothasu alunes
(dividers) uag afmanos (phase detectors) uﬁﬁ"’e PLL ttag D/A ﬁ'uﬁﬂé'ﬂmi‘v%ugwlusmn
ouIAeN Tﬂﬂqﬂﬂiaf?ﬁﬁﬁuﬁﬂﬁmmmmmﬁa PLL ia2 D/A fie podiaines (oscillator) ¥4
W feedback-tune amplitude 7;ﬁmuﬂiﬁﬁmummﬁ‘auhﬁiz14 1@ oscillator gavhlvduiia
anuieemnluveuwafifmualy DDS dygrugndutiau lnsodenanmsuuufiaoa
NANT A (ground)ua:ﬂﬁamn?ﬁ'mmvuﬁ%mmﬁ%‘%éuaaﬁuﬂzgﬂnzﬂaaﬂﬁu"lﬂxﬂuﬁiymgm
HUBUIARNMAIY ﬁ%manﬂmﬁaﬂ( Digital-to-Analog Converter (DAC))

Uszneufudefvesssuufiiiu f5aen (Digital) FeamnsomIdluszvufidhuw
BUIABN (Analog)fifleglu DDS ¥l DDS f‘hﬁmmﬁw"lﬂ“l%awuxﬁwifuﬁ"aaquazgﬂga‘lﬁti‘lu
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nanmsnuguiding lumsmiiiadogaoluilegiv

12 ngusvasnlumsesnuuy
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LiNefAnumsyiauaesesnnudon lassunsy
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fufiadayanugilaner (Sine Signal), Faygaigilfuides (Sawtooth Signal) taz Fayanausud
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2.1 HanN15¥Iu

A1-A7
W A;l::r : D Fiip-Flop Eprom } DIA > LPF -y
‘:‘_‘> :> out
put
' §
Clock
A8-A10
Signal Select

17 2.1 vienlaezunTuveslaseay

N7 Clock szmsmaadygulinuiees uendyamey (Accumulator) Tudnd
sfoulvinu anan-Waen éa?ﬁmm{Register) PudoyauestesLoAADT (Adder) Wi 1AuN
MINMIVINAUYEIAT BUnn AoaInanesn (Input Control Word) (W) FuteWinmiiFumISs
auns S(n)=S(n-1)+w Medhudyaa usuil RaM) U Bweauasaveamizon
$1EPROM fiu1 A0-A7 ¥84 EPROM wazeesdengidaann sz ldvmemasai As-A10 G
Aafiun wazuamanalag LED wasiivuedasa DO-DT7 fhumedeyafiesninan EPROM
W duiludygnu ATnea (Digital) wosdyanaueeniiudyann sunden(Analog) Feeglu
Jvesnszuauazrusulasnszumuusediu mmfudqﬁ'igtymvhmws TamaRawmes

A b s ~ 3 s 4' v o : L
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2.2 AR IYAINGS (ACCUMULATOR)
a ¢ £ 4 a0 o 4 o A w
uenfaymwefihunilludlssneuiidwannlunTestuilndyaauuy DDS
:J”uQﬂi%’gﬂuﬁaﬁuﬁﬂMﬁmmﬁ'tyaymﬁﬁ)zwﬁﬁaanmuazl%lﬂuﬁaﬁmumsﬁimg%’u
(Resolution ) mmﬁxﬁn‘ﬁvm uazjUuuuvesdyamilaou ( Spurious Signal )
lagi lueafpainesiieg 2 siiadsfude Tuwuns uiy @inary Type) uaz aAguea
=1 a a a 4 v
un1) (Decimal Type) Frtiausnfio 1uuns uiitl Binary Type) iiuli Taosssumaiiesnnlah
v
duvesgsawisnionasaes niulinnuifiu Binary Taesssuaudedlsimunsgmudy
v
( Decimal ) #5® BCD tiufiarudusssunadmiudifinnnimiousus1avgduly
v v [
mstusazluFiadsziviy AofudmSudieddniafonimuauasdmiumsdoudesy
4 a B KX a Y] v (] 4 o o Y1
Wy¥y BCD ad3n(Logic) Vetlenlsminnhimnannmanaludiuvesasausilddiuinn

47 Direct Digital Synthesis (DDS) sediunyy luws Son Binary Log)

22.1 13 uenflyames (BINARY ACCUMULATOR)
" g é o s
Binary Accumulator 718 Digital Tntegrator #4gUuuumsemiin T auitadsn

S(m) =S(N-1) +W

N
L = N w
N-bit y f ;
adder / Q Q= = =
N
Clock
/
/
N

gﬂ'ﬁ 2.2 Block Diagram Accumulator

lagM  S(n) fle word YU N bit waz W 78 input control word  laetlnd

1 2z o
Wi ueARIYAIADT (accumulator) 92a319TUNINN adder U0z register Rauanslugy 22



register 11ugUnsalifudoyn (storage device) Feznliourouzieniwndegnszduds
ﬁ'tgﬂpmmﬁm(clock)ﬁlumsﬁmmmiﬁgﬁuﬁumﬁwmmLmﬂﬁay‘mmaﬂﬂﬂi%lmﬂﬁay,m
wosa 4 bit (Wit N=4) c?a%zwﬁﬁgﬂnmmmmﬁvm?}'lﬁﬁaﬁmsiwda'lﬂffﬁm%’n W
=1 [5uduiiso) = 0]
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
111
0000
nndeddmunieonidiunnud 1 AR iememudauin sdalsd
auenRanesAIRnITuTAe W* =21 = 15 g1uFunse 1111 = F
JuaUNN ﬁ]:wﬁﬂgﬂgmmmmﬁnwﬁada“lﬂﬁy
0000
111
1110
1101
1100
1011
1010



1001

1000

0111

0110

0101

0100

0011

0010

0001

0000
Lm‘vi"vgwf;"mmﬁﬂamﬂnmmﬁ'uafiuauuiﬂﬁmzé'afnmsauaaiuﬂué’mmmﬁ'u
TulusariRofudnda Taouvuusaeglufimmemuduninuazuuyicosedlufisme

= a H { a a
nuduiRnmIsuuvus iy sezmuiimeadiuauiitiusssumavesdoyaiigniinms
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oA NNYBeafaaes sz gaulas lihiuavesdaana lainaiu
aoue 0 AoldguduasNaeiuz 2 - 1 Aol 21
a a ¢ y & S T w & -
Taondudueniigameiezgnadistannnaufoafivion a4 Audsuaaslugld
9y
o [] =1 a 1 < = . '
2.3a uaz 2.3b lumedatidlunenfaymmesvina 24 bitTas i udazudeatiouin 4 bit wha
2 é ~S W ar T = 1] 74 v ) 74
fu)  Fmaudenszlidnuazmilousunndsnsuazudaz udeniimsdefafurmumaiiag
b4 £ 4
nA(Carry Bit) usamyamesuuuReiuilansaadsium laeld adder vuin 1 bit 24
@7, adder YW 2 bit 12 @3 , adder VMR 8 bit 3 A2 UAY adder YUIA 6 bit 4 §2 W3O 35

A
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W20-23

] N
|
’ 4-bit % | o q _S%B
adder / f o
4 |
] S
Cin
I .
|
|
W0-3 1 ‘ B
——.——» [
4-bit == l S0-3
adder ¥ . Q ! o
|
A
Clock
U1 232 uamsudealaozunsy uBARIYMIADT YLIA 24 bit
6l & 6 e@ 54'!7 6 6@ 6 @
< % <4 SRR L
F100180 Ccnf F100180 Cc noj F100180 Ccny F100180 cfp—mM8M8M8M8M1————
‘-—‘ F P G 0—1 F PG [ £ P GQ_‘ F P G
T R T
L H | l | L H i l ‘ L H ‘ ; | L H J, l
Ld 4 L4 Al A4 o b
Cn- P7 G7 P6 G6 Cn-6 P5 G5 P4 G4 Cn-4 P3 G3 P2 G2 Cn-2 P1 Gt PO GO

cno————————

F100173

{ a 4 . Ao
Eﬂﬁ 2.3b Llﬁﬂﬁﬂﬁﬂﬂiﬂﬂmmin LHOARIYLABDT YUIA 24 bit NUNITNA



23 mssfumnaiugldaana: (LOOKUP TABLE)
1w DDs RoM gn4iilu Look Up Table Tumsifasudoyamaiivunnlfifiudeya
o g A Yo
vuaie e 194u DAC
; w
ddldndndreduduuniivg )i neniynvouendnanes gnldifludunnides
y [
Aumisuesdoyalu Look Up Table uazldumumadygna doyamamaiidoatdouiy

1 4 o o o o { g
Avsavuamedy DAC uazihlidygnaeuienfiemunadesnis

2.3.1 59U - 5aNOTNY (ROM  ALGORITHM)
o ) g1 o ¢
Tagm ldudamsuaaslditunisnlfounlasiifaduly rRoM  Hlussil & w ds

o a 9 aa L ac¢ A o a 9 P d g
mumumawayaﬂau‘v;mmﬁnumsmmz D ABVIUINVNYBIVBY MO IMHNLUAT

$(j)=2""+int [(zf“-1)sm§—§-+o.5]

J=0t02"-1

1 g

@ @ 3 1 s o
Awdgaivesileidulmine 21 Aeius Peak-To-Peak YIYAYBITYYUBMYN

9
E 4 ]

v
fio 2”2 Aulusigeqavesemlmsafildvy DAC wwliify 271 demgiisuausiuves
usaRs e 194y DAC Saririy 2°2 mindeanis Iuniled lifiswesAmplitude Quantization
Sy - 4 iq ¥ o ; 4 4
 lidesmaifiatunnzdeyan nusatasait ¥ dupacy nid 1S aiennndlafiud uasa

= W D : < ¢
#suueniynues ROM 1nd ¢ maguitaiisnsmsuasuilasgegamsizaziueninn

999 ROM A0
e
(2”1 sin =~
2
P o 2
¥aeusollszuna @il
22720 5
o

Tun3din D = W leniynves ROM whonnueaiasadiuemasad 1 uas 2 wazd
vnoueaasan lignididedndae
dmiunsal W=D+ 1 leniynves ROM sxihunnueaase 091 i=0 Tlusamserd

as 4’ { iy 1 < @
2 dw3vi=1 lunsditiveauasad 1 uazBavasueamsai higaidhdsdndaomiloudu 1u



n38l W = D+2 191N¥83 ROM I8 Winnuns ROMazidfannusamsa(uauemasdunn

4 & v o o a ” oo s Sy 1y
nilandy) Aniudwmdndoamaia Amplitude Quantization 7i'lideanms

2.4 19snTRIMNAILY venfinFames ( ACTIVE FILTER)

Active  Filter ﬁmﬁw'ﬁﬂsaemmﬁ'ﬁtytymsﬂmeixsﬁﬂsznauﬁaﬂmﬂﬂmﬂ Ealt
Transistor #38 IC Uag Network (399118 ( Frequency Selective Network ) 12 Resistor
fur Capacitor 2993 Irums e dygnalusimnudfsmun saz@ofusrvinedi (block)
ionaneudygausnmilsynanuiandni Wusngd ouput

na Taesia 4 Filter wisesniunaisgUiuy

1. Filter ¥R Analog #3® ¥l Digital

2. Filter Us$10m Passive 1130 Active

3. Filter STuANUAEE ( Audio Frequency ) %38 6114IN¢( Radio Frequency )

outhen Hawes (Analog Filter) sonuuun el Uiy n outden (Analog) dau
Avaen Wawes (Digital Filter) Wuiudyanmeudon lnverfumatianma Asnea (Digital)
way Srilaiedudiu element iniwmlsznouiiuaces Ramo? (Filter) wiisopaiiu wier
ml (Passive) Loz uoain (Active) ?:udw’msﬁi%“lu Passive Filter 1A Resistor, Capacitor
U0 Inductor 19U Active Filter Yszneudiedavenodeg 1ndman Transistor v5e IC Tugl
Op-Amp La¢ Resistor 4402 Capacitor Y1 IUIINAY Resistor,Capacitor 1t0% Inductor fodudly
Sudhunlszion Passive element msfenldFudnalsznnlaty ?iyuﬁ'nthumm?{ﬁ'rgaymﬁ
deams1iaees Filer 911 8nd1061 RC Filterl¥Ausuamufiifos Audio Frequency )
3ol mAMUERY Low Frequency ) ¥auzdi LC Filter nipo19nd12 1184 Crystal Filter i

wiosnmiinnuagaunng AATILC Filter 8ndae

WBAYDI Active Filter 13vition 1 Passive ~Filter
1. 983 Op - Amp ¥AFBNUBATIAANBUTYYIUYBI995 RC M3 DMUDATIVE0YDITy8y 10
14 9y
Vanuasemssamsuduginssiludiuvesiseses OP-Amp wazmsnisdiusas
[ < a v @ v oar L7 4 ]
myvenauastlSunnudidludassdedu  mamnsedamidanmsvnelfunldouanud i
ld' \ v Q'I
agha RC mmiu
2. 'hifillyym Loading 910137 Op-Amp Tnaictutiaves Input Impedance 9 Uag Output
Impedance i1 2997 Active Filter 8161 OP-Amp 34 litnailayn1 Loading U Output uae

o . . :
Input Y8493 @ i1 Active Filter 149111d0
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3. 7IAQN Active Filter {i51019NN1 Passive Filter w312 10A0991%8 Inductor A5 MM

o A LY IS
uazdal¥ Op-Amp Faluilagiiudnmnlutosnaingaun

Active Filter Muanyuzn1591914

193 Active Filter audnuaensyitaudy 5 wiia

1.
2.

Low Pass Filter (LPF)

High Pass Filter (HPF)

Band Pass Filter (BPF)

Band Reject ¥39 Band Stop (BSF)
All Pass Filter

b4
Filter a1 Resistor 4ag Capacitor Iy Passive Element 115y Active

° @ da v A . .
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2.5.2 N3 DAC
I. Weighted Resister Summing Amplifier

a a <& S = o v
i1l DAC Bawilanilsldthminyesluuns vwhmsinaudwaaslugl 2.3

45V
——0 b0 .5 mA
R 9_5__... vV, ARF 1kQ
i e —
. 4 bl = l 05mA 415V
> R/2
S 5ka |
P 4 & V,=-05V
A | V=0 351 :
2.5k +
b3 N v
R/8 L)
o |
1.25 kQ v -5V
4 (a)

U7 2.13 Weighted Resistor DAC

Tugdifunes #ldfy 4 DUNNAINFIZQNAILANIINAIABABUNN D,-D, (51U e
00 LiudunnaIndazaody Vrer (1sefud1959) UIFUEMINNYDIT T Idninauns
v
il
R R R R
Vo= _me(Dx—f +D2_f g Ds’—f‘ * D4_f')
R 2R 4R 8R
d'i ¥ c;q . 4'1 d’a
o D, = 1 61 1uw13 Sumn Highe D, = 0 1o 1115 Sumn Low
& Y g [l [ a («Qy ]
wiesnugayluaunisuand¥ifudusdess vuoui lu Tnuavesdunesauoui
Vref Tetuthuuseduiin v, wdluaud veef fuau v, sxfiuussiuian swes R, 180N
14 1 4 @ a 5 a *
INUANVBY DAC R, szlinnndiousadueninniiagelumsesauuvaing s -s, whildw

minaing 8191% CMOS ewdonaing wu LF 11331 §u SPST JFET DUNADN NG

[ a

a o":; v Y a o A dy (K-Y) d' £ a L4
MvafegmeluilediziinsdaniedaiuediudyanaasinTIL nlgaiuau adnd



PRI RL IVIRE TP RIE R

R=10KQ,R=10KQ,V_=5V

Y
mismledirudns Sun dmivisesuas v dmiussausunadail

D, B D, D,
(1) 0 0 0 1
2 0 0 1 0
(3) 1 0 0 0

(4) 1 1 1 1

1
PERCENT RESOLUTION = (?) x 100%
1 0,
= (2—4) X 100%
( 1 ) x 100%
= b o
16

=625%
AL UBWINT Vo v ldan
1 \ > v (OxIOOK 0x10K A 0x10K f lxIOKj

+
10K 20k 40K 80K
Vo = -0.625V

( 0x100K 0x10K 1x10K OxlOKj
Vo =-5V + + +
10K 20k 40K 80K

= -1.250 V

(2)

3) Vo= 5v(1x100/< 0x10K+0x10K 0x10K
10K 20k 40K 80K
Vo = -5.000 V
@ Vo= -5y [ 1x100K lxlOK ,1x10K  1x10K
10K TTa0K 8ok

Vo = -9375V



22

2.R-2R Ladder DAC
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3.2 dyganwm
¥ 4 ” o Aa @ a P=1 v A a
w1y I1C 1wes XR 2206 Wludduiiadyanauiirm laswed swifudadonanud
18 3 6w
1. 1-100Hz
2. 100 - 10,000 Hz
3. 10,000 — 1,000,000 Hz
14 v v
791 Tnensdena1  Capacitance  5$¥AWYT 5 waz 1 6 uazasUiuanudlao

zi0vn luudazdmsi Id Tasnsnlaoud vR1 fagd

100nF
N
+12 108K =1
9 I’
VAN
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4.7K§ 2.7K§ 27K 5 8 4
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XR 2206
4 10K
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D 4148
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JUN 3.3 naavasesmaie W

v @ &L o @ @ ¥
wesmane Iuaasiazfnun Falszauussdu Maseiie +12V.+10V.+5V iaz —15v Taoszau
ez ez 1fen IC Regulator twaseen TaeitW +12v tae —12v T I dvseor e uiluaz In
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nszuad1edede 1 dawiv +sv dulddmsugunsal TTL Faee
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Uiy Dendygnu 212995y
AI0 | A9 | A8 | A7 | A6 | AS | A4 | A3 | A2 | A1 | A0
Sine Wave 0 0 0 X X X | X X X X X
Triangle fafova? T LGt /B0 \ o BT AN x | X
Square Wave 0 ) 1 X X X X X X X X
N13eBNILLNY Saendaaas
T+5V
i 7 9 10 16 6 16
[ r—
_-{ 10K s
T_/\/\/\,__Em 14
7416 12 74138
ac A 13
s | 3 B 12
OILF;: §1K oA | 14 c
j 3 4 5 8 8 4 5 8

I{}

AB A9 A10

7N 34 ummasdongidyau
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msvheniena sw eifedyann K ey Input 1995170 2° = 8 gouzue
ns9z19aud 000-011 winiu wie 4 Aoz oy Frya 4 sudyanmusieiuun
f4100 Fabad Wi insudaiaes (invertor) o1yl Clear T¥hT0ImiTion 1 w0
IC 74163 unzteWinnuea IC 74163 Fuilu 5 lnaweS (Decoder) 3108 LMOLAAIADIUE YD

doyanulasezld LED 4 anafluduansna lassouuy aeuueu 81Tun (Common Anode)

3.5 ueARIYIAINBS (ACCUMULATOR)

uenf AR (ACCUMULATOR)Sug nsalfildnyamsviauuans 18 Tnoiesu
S(m)=S (n-1)+ W

uenR oS  Jullu Afaea Suiindu (Digital integrator) tazHAR Ty usy
[l 1 4
(ramp) DB WK TaoAnuFuvesTa I ramp Yusgiiuml W (input control word)
a A o a 4 P
LLE)ﬂﬂ’JQLﬁLﬁBg Veasaldesuiln me wo) Tuns urudluaim (sample data) lag#l T
i é J [ [ a 4‘ Yo a o
1ums Sampling Feiufudaanauinm ideuldiy UeAOADS
a s o ¥y A o o e a ¢ &
wonAvgawes wiminituadlag 1w 109 uoaRIyIRes Faueas phase
[ Qs a J wn’; ’ = 8 A av oa [ ay a o a
voug iU lAdwdnn o f 2° -1 uazdlefisiudaiily ueadayiamed szifia
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AT30ver flow wazls 9N 0 Tnaidnase manuiuves uenRyReS 1z TUBfUSAT Ve
[ b 4 8/
doyayn clock 1av# Fek = 1/T wazdiuduat 1 w Tas W anunsefien 18eaud o vie w e
‘ﬂ o ' Y 9 2L ca ad a o a Ay :
wuinauvilenldlas W< 2N - 1 Fafifelunsdifl Sunniuau N O Saudu 1 Henue
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Aniumdmuald 0 wihiume o waz 2° - 1 ¥y ma 27 udasez 18gunsel Aduiia ma
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N
e > N w
N-bit ) /
adder {\' B Q
L
Clock

/

#

N

31U 3.5 Block Diagram 489 Accumulator

dmTumsuaninisy MIUYOIUBARIYAIADI(Accumulator)aruydtloudygya
: : 32 .

a a a 2 Y = o At 2 y 9 a
HIRM NAWD Fek 0 ? Wi uondyiaimes fifluinn N=32 bit udad w =1 (ORI

4 [ o '3
o3 92191381 10 sec (N3zAURIBAYI I clock 2° Ase) Tumsadramaain 6 B¢ 2.7 uddh
L4
w=2" ud1 uenfyiaines aufies 4027 102 sec (NIERURAYYIN clock 4 A5Y) B2
= J] o [ a a [ d
WU wihudamugusasimsn/aounlasves upAAYIARBS e dATIMINasunlaue s
Sy ¥ a ¢ A a a )
ma nldan HEAAIYIAIADS NABANUNINL (@ )UUIBY

oy A £ '
Aomauamendiamans 18390 @ = de/ o Honladh

dp  FckW

Fout =27
dt iy

1ng Fout Aiv AMWHT output Az T Aomunmup ety IuuIRn

Fout = Anudie Wiwnvesdayg o
Fck =f7w@ CK
W = Control Word

N = $IUYse uBnRIYRIABS(Accumulator)
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b 4
910 Block Diagram 9190 1uneenuuuees e 14ae Taols 1C Adder 1wes 74283

hu Full Adder with Fast Carry 5l IC 4179 4 bit 1des iy 8 bit 9312 IC wes 74174
P
wuilu D- Flip Flop

Vce
5 1 D1 1 Q2
2l 16 4 3 16 5
A2 3 32 D2 Q1
1 4 2 TO ROM
A3 14 =3 D3 Q3
w 13 6 7
A4 12 74283 T4 D4 74174 Q4
10 11 10 —
B1
6 8 9
8 B2
2 =
I_ 9 11 15
- 2 B3
B4
23 D1 Q2
Al 7 4 3 5
2 3 56 D2 7
1 4 2 TO ROM
W A3 14 D3 Q3
_ 13 |27 6 7
A4 12 74283 8 D4 74174 Q4
e 10 11 10
B5
6 — 8 9
8 BS l
2 e
i 16_11 15| g7 16
B8
CLOCK
Vee

Wh 3.6 uanaeeseenuuLsUBARA MDY
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3.6 2993HUIBANNSIEPROM)

EPROM ﬁ‘lumnmanmmumas EPROM 11832716 ¥u1@ 2K x8 bit Thtudeya
ﬂ%ﬂaaw“lf-i’ﬂumimmﬂﬁmmmmnm 4 dyaauaz 19 DAC Whwwes DAC 0800 Kluds
wlasdyanuhtaeanuudyanmeuidon lnef EPROM 2716 Srvfuonasa 1410
WUAG-ALO uazlivn Md1 DO-D7 § 19U 8 @y wazy Al-AT u'lmﬂumamsammﬁmm
EPROM Uazdn 3 9199 A8-A10 ddnymiendyanadoya Tnefidresumisuemnsaiias

192993 ueAAIYAIABY (Accumulator) HlszneuR28291s Adder uag D-Flipflop

A7 4 w 24 [ Vee(+5v)
A8 ) 237 A8
A5 [3 221 A9
A4 4 210 Vpp
A3 s 20 15 508
A2 [Os 190 A10 PIN NAMES
At (07 18 (3 CEPGM IC\)?E-MO gdu(”tgﬁsg:able
A0 Rris 173 07 CE/PGM {(3::: gr?:Z?SProgram
00 [g 16 1 OB
o1 10 B0 05
02 11 14 [ ©O4
(OV)GND [ 4 430 08

3UM 3.7 2995mtieanudh

M3AIUA et 1V (SINE WAVE)

Tavf anend W (Sine Wave) 1 Cycle ¥ 360 091 Taoutiuiiugosas 3 ernield
120 Foudloilunsumulag (Sampling) Tﬂﬂmmﬂmnmmﬂﬂmwuﬂm (Sampling)u N4
%30 Wounn 3 mmﬂm‘lﬂzﬂﬂmiymwamamu‘lﬂammw‘uwunummuumawauama

nsumm"hmmu 8 bltsﬂ‘ilw 15\‘1‘!114’311 256 s2AY 2°. 0OH-FFH ssa:‘lumsmmmu%ﬂﬂ 8 bits

131925070 0 DIFNUS BN 75H



A MIATUIN

' . da ¥ [ (] o
1. MM Sine 9n03rAAA 1S W1 0°,3°. 6

2. hamldnn(ngudie 127(7F)

3. hen lAnnE)ungudae 127(7F)

4. i lduwiidugiuie

o

DURATION | DEGREE 1 Sine x 127(7F) +127(7F) HEX
0 0 0 0 127 7FH
1 3 0.0523 6.6466 133.646 86H
2 6 0.1045 13.2751 140275 8CH
3 9 0.1564 19.8671 146.867 93H
4 12 0.2079 26.4047 153.4047 99H
5 15 0.2588 32.8700 159.8700 AOH
6 18 0.309 39.2451 166.2451 A6H
7 21 0.3583 45.5127 172.5127 ADH

' o 9 F dy
mﬂmmumuanz'lﬂmu
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7F,86,8C,93,99,A0,A6,A6,B3,B9,BF ,C4,CA,CF,D4,D9,DD,E2,E6,EA,ED,FO,F3,F6,F 8,FA,FCF

D,FE,FF,F0,FC,FB,FA F8,F6,F3.F 0.ED,EA,E6,E2,DD,D9,D4,CF ,CA,C4,BF ,B9,.B3,AD,A6,A0,9

9,93,8C,86,7F,78,72,6B,65,5E,58.5 1,4B,45,40,3A,34,2F 2A,25,21,1C,18,14,1 1,0E,0B,08,06,04,0

3,02,01,00,01,02,03,04.06,08,0B,0E, 1 1,14,18,1C,21,25,2A 2F,34,3A,40,45 4B 5 1,58,65,6B,72,78

,IF

ms1quamar"m‘hsmﬂauamﬂa“lu‘nu"mmnmﬁﬁi‘)’mf‘iu%’agmmgdé’qmmdnq
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JUdy Adumisemasa
Sine 0000-00FF
Ramp 0100-01FF
Triangle 0200-02FF
Square 0300-03FF

3.7 20 uasduanaddneaduduanaeinden
2 o =~ . :
9214 1C wes 0808 Fuflu 1C v11A 8 bits NSVTBYARIABAIN EPROM 117U 8 bits

Y91 DAC f191 DO-D7 iveudlasunseuadeaunis

Vref ( D7 D6 D5 D4 D3 D2 D1 DO

=F = (=T B Bl ) AnL N\l MR ™ __)

Rley=1N. 48 16 32 64 128 256

A o
o Io= NIZUABINNAVYDSI DAC (mA)
RI=KQ
Vref= 1519z fimua 13 fie 5V uag R1=2.5 K Q dieauyaimndadiauiiu 1mua

wld Io

s (0.996) = 1.992 Ma
2.5KQ

~ 14 a @ A ] a v W
HASNITLUAN llﬂ ‘iIZL‘IJaEJULﬂULLiQﬂumE]N'Iu’N sasunse LLﬂL‘ﬂuLLiQ?‘MﬂQ’N 7

25k
A0 T2 13 14 ——'\/\/\/——}

Al g 15 AN
A2
10 1
A3
9 2
A4 _
8 Tout +
B 4 ’\/VC
P
A6 6 2 4
A7 3 3
5 16
3 ek !

717 3.8 urmessulasdygnuataoadiudygueuden
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3.8 39930 30IANNDE (Low Pass Filter) SUaY 2 vfia Active

i a9 o+ . B a o 4
th.mfnsﬁnimmmnmmu‘nzmﬂﬂsummn Ummﬁmum1m‘lﬁ'ﬁavmmumsw

v Y } 4
Ty IuNeaNNNINNISHaINsUaus I UG 1S oUABIUBYAD Step 1519219 Low Pass
Filter ¥1a order 2

22k 10k
+12V
== 2 7
33k 33k

3 out put
mdVAVAV== seAVAVAY: ; %
10K
i_L o Ly ]
@ AT4TnE o O] 47nF -12v

U7 3.9 2993050992 WA Second — order
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N1INAadIaTNaANIINAaDY

4.1 nﬁaﬂ'lﬂammmmmmﬂam

REIMTL R

dyaeuniim wivsiniiadyaudioiimrdann:asmoa laonse

( Oscilloscope )

A

Mmuam

Input control word (W)

107 4.1 ugnsudenlaoginsuvesntsnaass

£ 4 v
YUusARAMUANINAE URNNUIRNILAS MnUAf B uRIAEW INaSA (Input Control
2

9
Word) 910 AWa3INF (Dispatch) FeBaria 8 1 nniuABenyUdynn Tnelooadiameos
| v o v o
Hludaiameaiume1viun

- Fck.
NYAT  Fout =

7z

Fout = Ao winnussdayaias

Fck = A710E oy rauRm

W =iusi1 Input Control Word

N = iIuvesinveuenfiyiames(Accumulator)
%xLﬁuﬁwmmﬁmmmﬁwm%:"Lﬁmﬂm's@mszmﬁmmﬁﬁmgnmmﬁmﬁuﬁﬁuwm

aouInansauazIsdae 2" e N iy 8 seriu 2% sty 256 thueg



4.2 Han1Inaaoy

A8 Fek 1WMAY 10 kHz

40

o Input Control Word (W)

AW YBITRR Y output

1
20
30
40
50
60
70

40 MHz
395 Hz
787.3 Hz
1.178 kHz
1.569 kHz
1.892 kHz
2.358 kHz

MU Fek 19180 498 Kilz

i Input Control Word (W)

AN YO T YY1 output

1
2
3

1.946 kHz
3.895 kHz
5.838 kHz
7.783 kHz
9.786 kHz
11.68 kHz
13.63 kHz
15.57 kHz




1

7UN 42 nAnUEAY Time division 2 x 0.5 msec volt division x 1 87 Toya 03 1anend

(3

AN B 978 Hz 91nANA T 011%#N1 250 kHz Ao unnneu Insaisa (W) 1w 1

b.

U 43 VINAMUAAS Time division 1.3x 50 1 sec volt division x 2 smdyauglaed

ANUTW 15.6kHz 1AAND Tya1mu1RnT 250 kHz ArvunnaouInsadse (W) iy 16
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3N 4.4 9N MuARY Time division 2 X 0.5 msec volt division x 2 ud Yy INgy

o LY

Wudosanud 978 Hz snmmadaeIauninm 250 kHz AdunAou Insaisn (w)
Wify 1

JUN 45 9N9muaas Time division 1.6 x 0.2 msec volt division x 20 ud gy

o Q

fudeonnud 2.93 kHz vnanuddyaauin 250 kHz ABuNNADUINSANSA (W)
Wi AY 3
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sUN 4.69100MUAAY  Time division 2.4 x 0.2 msec volt division x 2 1T ISy

& 0o L)

ANUHDIUAIUD 978 Hz 91nA1UE

Qs

YAWUUIAN 250 kHz founnasy Insatisa (W) v

AU 1

1N 4790 MUAAS  Time division 0.8 x 02 msec volt division x 2 DIy

@ 5] L]

a { ! o a a v a ac
MUMBBNANIND 2.93 kHz 9INANNATYYIMUIAN 250 kHz MOUNNADL Insalisa (W)

119 3
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30 49 vnamueRg Time division 2 yayTaig
IMBeunud 3.9 ki VNANVDTYY IR 250 K, Adunnaen InsaiSsn (W)
Wiy 4



+5V

U7 410 ugmseasildlulasenuy

T ?+5V
16 16 24 13 N
Al |g 4 |21 D13 2 [ A0 |g 9 [ DO A0 |45 14—
A2 |3 1 |24 b21 5 [@2 Al l7 10 [ A1y 15—
A3 Ly o EHHRRle /A8 LAF, (G 3 AL ()
M 1 g0 [ D4ty 10 [ A3 fg 13 jo2- A3l 2
6 (o Adly e DAY o =
w 2 B3 AS 13 15 | = ’A}g 7 4
15 (B2 A8 | 16 6
11 g, [P AT |4 17 posstl 5 16
8 8 2N RBE 3 =
9 1_ l: 20 100pF
_ : 12 -+ !
19 7223 —_l. -y
7 A1J A9 ls >’
A5 | 4 |3 D5| 5 , a5
A6 5 1B 05| : =
A7 144 43 [2 BZ} 6 7 Q7
A8 11 10 |28 1M1 10 4
B
6 (6
" gE
BS
12 o |slock
8 8
16 1 16 1:
+5V

22K 10K

2

33K 33K 3

;71,7,1FI4.7nF

4
out put
7

G
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NEC

- N_EC Microcomputers, Inc. | ~ mPD2716-

DESCRIPTION

FEATURES

PIN CONFIGURATION

16,384 (2K X 8) BIT UV ERASABLE PROM

The uPD2716 is & 16,384 bit (2048 x 8 bit) Uitraviolet Eratable énd Electrically Pro-

The uPD2716 features fast, simple one pulse prcgramming c.omrollcd by TTL level
signals. Total Programming time for all 16,384 bits is only 100 seconds,

Ultraviolet Erasable and Electrically Programmable
Access Time — 450 ns Max ' :

Single Location Programming _

Programmable with Single Pulse

Low Power Dissipation Standby Mode

Input/Output TTL Compatible for Reading and Programming
Pin Compatible to uPD2316E (16K ROM)

Single +5V Power Supply

24 Pin Ceramic DIP

Three-State Qutputs

J

A7C

1 24 Vee (+5v)
A2 23 [Jag
As[]3 22{]Ag
A 21{7] vep
a3 s 20 (] G€
3E L g PIN NAMES
A 19{]a
2 KPD .10 Ag-Ag Addretses
A0 216 . g7 cEpam BE Output Ensble
a8 7oy 0g-04 Dats Outputs
%0 (e 167 og CE/PGM Chip Enable/Program
oy 10 15[ 0g
02 14[J0q4
(ov) GND 12 13{J 03
TABLE 1. MODE SELECTION
PINS
MODE Tervom Of Vver| vee | oureurs
Read Ve Viy +5 | +s Oout
Standby Vin Oon’t Care +5 | 5 HighZ
Program Pulsed Vi to Vi Vin 425 | +5 O
Program Verity Vie Vi +25 | +5 Oout
Program inhibit Vie Vin 425 | o8 High Z

ViH and Vi( are TTL high level (1) end TTL low tevet
0) respectively.



R PD2716

WAL

R OATA OUTPUTS - .
Veco—— © 007 g L
vGNDO%—- — i SN %
— OF ——I"GGTPUT enaBLE : SRR §
CE"’_G_M e e L OUTPUT BUFFERS
= Y . Y-GATING
| ™1 oecooer .
AgA10 ~
ADDRESS ¢ . .
INPUTS —a X . 16,384 8IT
—— DECODER e CELL MATRIX
——— Y - -
\ Ll
Operating Temperature. . . . . . . . A P L N ... .-10°C 10 +80°C
Storage Temperature ... ... .. ... . . . . . " o) -65°C 10 +125°C
OumutVoluge...,..-................_. ..... .\ oW -0.3 10 +6 Volts
fnput Voltage. .. ... ... . i I A WCEER - AW -0.3 to +6 Volts
Supply Voltage Yon - -t LNV A0 ' P -0.3 10 46 Volts
Supply\_/olugeVpp.............................\...-0.3t0‘+26.5Volxs

COMMENT: Stress sbove those listed under *“Absofute Maximum Ratings" may cause permanent
damage 10 the device. This is 2 stress rating only and functional operation of the device at these or
eny other conditions above those indicated in the operationat of this ifi is not
implied. Exposure to0 sbsolute maximum rating conditions for extended periods may affect device

reliability. 7 i

*Ta=25°C
Ta=25°C; f=1MHz
PARAMETER SYMBOL | MIN | Tve | MAX | uniT CONDITIONS
input Capacitince "CIN . 4 6 | pF | Viy=0V
Output'Capacitmee Cout 8 12 pF VouT = 0V
READ MODE AND STANDBY MODE
Te = 0°C ~ 70°C: vee D = +sv 2 5%: vpp D Q = vee : 0.6v @
LTS
PARAMETER SYMeoL SN, | TVP. | maAXx UMY mvconomous
. Ovtout High Vottege Vou 24 v 10w = =400 uA
-Owtput Low Votuge V-OL 04s v OL"2.1mA
bnpurt High Votiage V‘.“ 20 X v,‘ - v
Ut Low Voltage [ a1 as v
_;.uwi Lookage Curvent Yo 10 sA VYour =525v
taput Leskags Current LTS 10 A Vin = 625V
Vpp Corrent [, - s oA | Vppesasv
v oot 10 x MA | CEMGM vy O = V,| Stoncty Moce
o« ° [ §7 | 100 mA | CemGM v, BE - v, Rosd taoas

Nates: ® Ve must be spplied simultaneousty or before VPP and removed sfter Vep.

@ Vppmovboeomnctoddimlwaoc(*SV)ﬂn.dmode.ndeM.
The supply current would then be the um of Ippy snd fce (icet or icca).

@ The wilersnce of 0.6V sllows the use of 8 driver circuit for switching the Vpp
supply pin from 425V to +5v.

BLOCK DIAGRAM

o

ABSOLUTE MAXIMUM
RATINGS*

CAPACITANCE

DC CHARACTERISTICS



p. PDZ7

2l PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE "

‘b CHARACTERISTICSVA

[ Ta=2Ct s‘c~ vec @ ~esv s v, @@ -¢2sv :'w SR
_(CONT.) e ik
PARAMETER sveseoL | aewe | vve. | max U TEST CONOITIONS

trput High Voltege Vin - 20 | . Vet | v "

tnput Low Volmge VoL FY) ", 08 v

lrput Laskage Current (™8 10 BA

Vpe Ippy 3 -A

w2 | b D
wa la 3 100 mA
AC CHARACTERISTICS ' - READ MODE AND STANDBY MOOE-
: + 1= 0100V Dm sy 2 5% vp DD wy 205V @
™ ;

y > \ LTS TEST

~ PARAMETER - ISYMBOL | MIN | TYP | MAX | UNIT - CONDITIONS
Address 10 Output Delay | tace 450 as | CE/PGM = OF = vy
CE/PGM w0 Output Delay | 2o 450 s | OE=v;_
Output Enable - 120 M=
0 Output Delay o€ = 2 o, | CE/PG vie
Output Enable High o 1 ! CE/PGM =
s Flost loF . 3 00 ns CE/PGM = Vi
Address to Output Hold ©H | o ns | CE/PGM = OE = vy
Test Conditions E
Output Losd: 1 TTL gnc.ndCL =100pF  Timing Messurement Reference Level:
nput Rise end Fall Times: 20 ns {nputs: 1.0V and 2.0V
{nput Puise Levels: 0.8 10 2.2V Outputs: 0.8V and 2.0V

PROGRAM. PROGRAM VERIFY AND PROGRAM INHIBIT MODE
T,225°C2 5°C: Ve Dy 1 5% vy DD s25v 1 1w

“LIMITS TEST
PARAMETER SYMBOL | MIN| TYP| MAX | UNITS § CONDITIONS
Address Setup Time' 1AS 2 us
OE Sewp Time ; WOFS 2 I
Dats Setup Time s 2 s
Address Hold Time tAH 2 us
?Ho‘d Teme 3 WOEH - 4 M8
Dsts Hold Time i : H 2 : I .
Output Enable to Output Float Delay | tDf [} 120 [ ns - | CE/PGM = Vv
Output Enasble to Output Delsy OE: | 120 ns CEPGM = vy
Program Pulse Width Y] 45 | S0 51 ms
Progrem Pulse Rise Time PRT S - ns
Progrem Putse Fall Time | eFT S ns
Test Conditions: .
Input Pute Levels . ... .. .. .. 0.8Vt 22V  Output Timing Reference Level . .0.8V and 2V
fnput Teming Reference Level. . . .. 1V and 2V

“o-:@'mehw‘-dwmvubﬂmV"mdMﬂurV"
@ v"mumamwuvcccoswummwwm
The supoly current swoutd then be the sum of Ippy 5nd Log Ioct o toc2).
@ mmdowmmmu.awmwmmv"
ouppty pin from 425V to +5V.
@ During progremming. progrem inhibit, snd progrem verity, 8 meximum of 226V

, thi‘dan"m.mmmhummwnv"
POwSr supply shoutd be limited to tews then +26V.
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HIGH IMPEDANCE

— PROGRAM

VALID QUTPUT

PROGRAM MODE"

ﬁ;";.

1GH IMPEDANCE

PROGRAM VERIFY  —od
: ] = . ADDRESS N ADURESS N+m
R SR |1 W j ‘AH'——. P
oo L A VALID INPUT Y K VUATUo X" [vatio INPUT
T H “ADDRESSN”  f Y AOORESS i A\ ADDRESSN+m
WOF ey e F—10F

F=—10€S —=

PRT |

J__

Notas: ® OE may be delayed up 10 xA atterthe falling edge of CE/PGM for fud
CC—to€

ERN

mode wnhout impact on taCC
- @ .wFi specified from OE or CE/PGM.M occurs tirst.

~



= +PD2716

FUNCTIONAL The ﬂPO27!_6 operates from e single +5V power supply and, scoordingly, is ideal .
DESCRIPTION for use with +5V microprocessors such as uPD8085 and uPD&O‘@B74§.

OPERATION
READ MODE
STANDBY MODE

PROGRAMMING
MODE

Programming of the #PD2716 is achieved with a single 50 ms TTL pulse. Total pro-
o'n'mzngmtorul16,3845;uisonwtooac_.um_omwid'wofm¢w
gramming requi nts, d ices on boards and in systems may be programmed essily
end without any specis! programmer. ’ LA G .

The uPD27 16 features a stondbv\mode which reduces the power dissipation from a

" maximum active power dissipation of 525 mW to a maximum standby power dissipa-

tion of 132 mW. This results in a 75% savings with no increase in occess time.

Erasure of the uPD2716 programmed data can be attained when exposed to light with
wavelengths shorter than approximately 4,000 Angstroms (A). It should be noted that
constant exposure to direct sunlight or room level fluorescent lighting could erase the
#PD2716. Consequently, if the uPD2716 is to be exposed to these types of lighting
conditions for long periods of time, the uPD27 16 window should be masked to
prevent unintentions! erasure.

" The recommended erasure procedure fo: the uPD2716 is exposure to ultraviolet light

with wavelengths of 2,637 Angstroms (A). The integrated dose (i.e., UV intensity x
exposure time) for erasure should be not less than 15 W-sec/cm2. The erasure time is
approximately 15 to 20 minutes using an ultraviolet iamp of 12,000 uW/cm2 power
rating. g . i =
During erasure, the uPD27 16 should be placed within 1 inch of the lamp tubes. If the
lamps have filters on the tubes, the filters should be removed before erasure.

The five operation modes of the uPD2716 are iisud in Table 1. The power supplies
required are'a +5V Voo and a Vgp. The Vpp power supply should be at +25V during
Programming, progrem verification and program inhibit, and it should be at +5V
during read and standby. CE/PGM, OE and Vpp select the operation mode as shown in
Table 1.

When CE/PGM and OF are at low (0) level with Vpp at +5V, the READ MODE is

set and the data is available at the outputs after tQE from the falling edge of OE end
TACC after setting the address. i

The uPD2716 is placed in the standby mode with the application of a high (1) level
TTL signal 1o the CE/PGM and a Vpp of #5V. In this mode, the outputs are in a
high impedance state, independent of the OE input. The active power dissipation is
reduced by 75% from 525 mW to 132 mW.

Programming of the uPD2716 is commenced by erasing all data and consequently
having all bits in the high (1) level state. Data is then entered by programming a low
(0) tevel TTL signal into the chosen bit location. fra s .
The PD2716 is placed in the programming mode by applying a high (1) level TTL
signal to the OE with Vpp at +25V. The data to be programmed is applied to the
output pins 8 bits in parallel at TTL levels.

Any location can be programmed at any time, either individually, wuenti-ally or
at random. :

When multiple uPD27 165 are connected in perallel, except for 'C—EI'PGM individual
#PD2716s can be programmed by applying a high (1) level TTL pulse to the CE/PGM
input of the desired uPD2716 to be programmed.

Programming of multiple #PD2716s in parallel with the seme data is easily accom-

plished. All the alike inputs are tied together and are programmed by applying a
high (1) tevel TTL pulse to the CE/PGM inputs.



.?és - ce st o7 :
meammmg ofmu _pla pPD27163 in parallel with dufferont dau is nendend mou ! PROGRAMMING -0
-,_nuly by the. program' nhibit mode>: Excem for CEIPGM all alike inputs (mdudmg OE) lNHlBIT MODE
of the parallel uPD2716s may be comimon’ Programming i sccomplished by apblying
‘aTTL level program pulse to the uPD2716 CE/PGM NPUt with Vpp Bt 425V A fow =r * ~-x. s
level applied to the CE/PGM of the otheerD2716 will mhlblt it from bemg S
progummed ) i spa

" A verify should be perfom\ed 0fi'the programmed bits to determine that the deta was . PROGRAM VERIFY MODE
i eoructlvprognmmedona"bmofu\emﬂls Theprogrammcfymbeper
formed with Vpp at 425V and CErPGM and OF at low (O} levels. o

The data outputs of two or fmore 1PD2716s may be wire-ored tooether 10 the same OUTPUT DESELECTION
data bus. In order 20 prevent bus contention problems between devices, sll but the

G e B ey

selected mznss should bedmleceea by raising the OE input to a TTL high. £ s 18

- N\ 1/~ PAMONGE OUTLINE
OSR

\P

o000 oo oyg
1 4 B - P -12

0 ~15° M L

CéRAMlC
ITEM | MILLIMETERS INCH
A 335 MAX. ['1.32MAX.
8 2.78 11
c. 254 - 0.1
) 0461010 | 0.018+0.004
E 27.94 1.10
~ F- 1.3 0.05
G. 254MIN. | 0.1 MIN.
H 0.5 MIN. 0.020
' SOMAX. | 020 - ¢
ik 55MAX. | 0216
K 15.24 0.60
L 135 0.53 ;
10 +0.004
M| 02010 0010 7%

27160S-12-80-CAT



&National Semiconductor

DAC0808/DAC0807/DACO806 8-Bit D/A Converters

General Description I

The DACO808 series is an 8-bit monolithic digital-to-analog
converter (DAC) featuring a full scale output current settling
time of 150 ns while dissipating only 33 mW with +5Vv sup-
plies. No reference curent (IRe) trimming is required for
most applications since the full scale output current is typi-
cally +1 LSB of'255 Ipgr/ 256. Relative accuracies of bet-
ter than £0.19% assure 8-bit monotonicity and linearity
while zero level output current of less than 4 pA provides
8-bit zero accuracy for IREF22 MA. The power supply cur-
rents of the DAC0O808 series are independent of bit codes,
and exhibits essentially constant device characteristics over
the entire supply vottage range. \

The DAC0808 wil interface directly with popular TTL, DTL
or CMOS logic levels, and is a direct replacement for the

MC1508/MC1408. For hi
DACO0800 data sheet.

Features B
Relative accuracy: +0.19% error maximum (DAC0808)
Full scale current match: +1 LSB typ 5

7 and 6-bit accuracy available (DAC0807, DAC0806)

Fast

Noninverting dig

ble

settling time: 150 ns typ

gher speed applications, see

i

ital inputs are TTL and CMOS compati-

High speed multiplying input Sléw rate: 8 mA/ps |
Power supply voltage range: 4.5V to +18V
Low power consumption: 33 mW @ + 5V

Block and Connection Diagrams

Dual-in-Line Package

-l 182
% A1 A2 A M A5 A Al A
T T ? ? ? ? ? RC (OTE 2) =] U - P cowensarion
& b’ 15
n:::::O—L CURRENT SWITCHES —}—-oin Order Number :nn—,- :v,‘m_,
DACO0808, DAC0807, Yer = —Vhere
See NS Package s a1 — i B/ gU8 5 A
Number J16A, ‘ "
Y NP CURRENT Vee M16A or N16A o i [
SOURCE PAIR A) =i lll
YREF(-) ] )
:52;:1‘[‘. O COMPEN AL p—AS
é TU/H/5687-2
Ver TL/H/5687-1
Small-Outline Package
Vee =1 s}—as Lsp
Vegr (+)—2 a7
Vegr (=) =43 db=as
COMPENSATION = 4 Ti—as
HC (NOTE 2)—s a4
GND—6 a3
Ve =7 =Y
10 8 Sp=AY ¥SB
TL/H/5687-43
Top View
Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMBERS
RANGE J PACKAGE (J16A)° N PACKAGE (N16A)" |SO PACKAGE (M16A)
DACO808LCN | MC1408P8 DAC0808LCM
7-bit 0°C<Ta< +75°C DACO0807LCJ| MC1408L7 DACO0807LCN | MC1408P7 DAC0807LCM
6-bit 0°C<Ta< +75°C DAC0806LCJ | MC1408L6 DACOBO6LCN | MC1408P6 DACO0806LCM

*Note. Devices may be oroered by using either order number.




Absolute Maximum Ratings (ote 1)

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallablllty and speclﬂcaﬁons.

Storage Temperature Range  <:

Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (Plastic)

-65'C o +150°C

Power Supply Voltage - ; 3 % B Dual-In-Line Package (Ceramsc)
Veo +18Vpc ‘Surface Mount Package
VEE —18 Vpg Vapor Phase (60 seconds)

Digital Input Voltage, V5-V12 .
Applied Output Voltage, Vo

Reference Current, 144
Reference Amplifier Inputs, V14, V15
Power Dissipation (Note'3) * -

ESD Susceptibility (Note 4) * "

Electrical Characteristics = :
(Vec = 5V, Vee = —15Vpg, VRgr/R14 = 2mA, DACOBOB: T, = -

g

—10Vpcto +18 Vpg
—11Vpcto +18 Vpg

Nl

3 o

55°Cto +125°C, DACOGOBC DACOBO?C DACOBOSC TA

= 0°C to +75°C, and all digital inputs at hngh logic level unless otherwise noted.)

Infrared (15 seconds)

P Operatlng Ratlngs
Sk Temperature Range -
Vee: Vee DAC0808LC Series’
* 1000 mW ISR i

260°C -
s . 800°C
-y 215°C -

220°C

TMlN < TA < TMAX

e 0 sTA < +75'c

i

Symbol Parameter Condttions Min Typ Max ", | . .Units
E; Relative Accuracy (Error Relative {Figure 4) - %
to Full Scale Ip) AN o
DACO0808LC (LM1408-8) *+0.19 - C %
DACO08B07LC (LM1408-7), (Note 5) +0.39 %
DACO806LC (LM1408-6), (Note 5) +0.78 %
Settling Time to Within 1, LSB Ta=25"C (Note 6), 150 . ns
(Includes tpy ;) (Figure 5) . : :
tpiH, tpHL | Propagation Delay Time . Ta = 25°C, (Figure 5) "~ = 30 © 100 ns
TClp Output Full Scale Current Drift o +20 ppm/°C
MSB Digital Input Logic Levels (Figure 3)- '
VIH Hioh Level, Logic 1" 2 i Ve
ViL Low Level, Logic “0” 0.8 Vpe
MSB Digttal Input Current (Figure 3)
High Level Viy = 5V 0 0.040 mA
Low Level ViL = 0.8V —0.003 —0.8 mA
lis Reference Input Bias Current " (Figure 3) -1 -3 pA
Output Current Range (Figure 3)
VEg = =5V 0 2.0 2.1 mA
VEE = =15V, T, = 25°C 0 2.0 4.2 mA
lo Output Current VReF = 2.000V,
R14 = 100010,
(Figure 3) 1.9 1.99 2.1 mA
Output Current, All Bits Low (Figure 3) 0 4 pA
Output Voltage Compliance (Note 2) Er £0.19%, Ty = 25°C
VEE= —5V,IgRgr=1mA —0.55, +0.4 Ve
Veg Below — 10V -5.0, +0.4 Voc




Electrical Characteristics (Continued) : S - A
(Voo = 5V, Vgg = =15 Vpg, VRee/R14 = 2 mA, DAC080S: Ta = —55°Cto +125°C, DAC0808C, DAC0807C, DACO0806C, T
= 0°Cto +75°C, and all digital inputs at high logic level unless otherwise noted.) ’

Symbol Parameter . . Conditions Min i Typ .. Max Units
SRIRer "1 Reference Current Slew Rate (Figure 6) 4 8- : mA/us
Output Current Power Supply | -5V<g VEg < —16.5V 0.05 2.7 HA/NV
Power Supply Current (All Bits (Figure 3)
Low) ” . A . s
lcc ‘ : TR ‘ 23 22 mA
IEE n . ik : —-43 - -13 mA
 Power Supply Voitage Range |, T4 = 25:C, (Figure 3) g :

Veo o - - . e 4.5 5.0 . 55 Voc
Ve " i -45 | —15 —16.5 - Voe
Power Dissipation \ “ o
All Bits Low Vee = 5V, Veg = —5v - 33 170 - mw
Y o 4% i - Veo = 5V, Vgg = —15V © 106" | 305 . mw
All Bits High Vee = 15V, Vgg = —5v 90 mw
7 : Vec = 15V, Vgg = —15V 160 ~ |- mw

Note 1: Absoiute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its spechied operating conditions. o .
Noteznangemolisnamked. o N e ® :
Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tumax. 64, and the ambient t D e, Ta. The imum
allowable power dissipation at any temperature is Pp = (Typyax — TA)/ 6,4 or the number given in the Absolute Maixmum Ratings, whichever is lower. For this
device, T juax = 125°C, and the typical junction-to-ambient thermal resistance of the dual-in-ine J package when the board mounted is 100°C/W. For the dual-in-
line N package, this number increases 10 175°C/W and for the small outline M package this number is 100°C/W. -

Note 4: Human body model, 100 PF discharged through a 1.5 k2 resistor. : | *
Note & All current switches are tested to guarantee at least 50% of rated cument.

Note &: All bits switched. ; . R

Note 7: Pin-out numbers for the DALOBOX represent the dual-in-line package. The small outline package pinout differs from the duak-in-line package.

Typical Application

Vee sV

AJ()——. 2 S0
DIGITAL M O~ paton m 1_.

INPUTS AS

v
(]
© ourrur

Al A2 pg
Vo=10V (-—+—-*...—)
° 2 4 5

Veg s -Isv
TL/H/5687-3

FIGURE 1. + 10V Output Digital to Analog Converter (Note 7)



Typical Performance Characteristics

Voo = 5V, VEg = —15V, T =

"1y - LOGIC INPUT CURRENT (uA)

Ig - OUTPUT CURRENT (mA)

POWER SUPPLY CURRENT (mA)

Logic Input Currentvs - -

Input Voltage

A1THROUGH A8

-12-10-3-5-4-202 4 6 81012141618
VL - LOGIC INPUT VOLTAGE (V)

0.4

3
g

Output Current vs Output
Voltage (Output Voltage

Compliance)

AL brTs on” l I

T T
Veg = -15V |Vgp = -5V

I |

hg=2mA
Il I

lig= 1 mA

js e}

l14=02mA

L I

[

W -1 -2 2 6

10 14 18

Vp - DUTPUT VOLTAGE (V)

Typical Power Supply

Current vs Vgg

ALL BITS NIG)( DR lOW

‘7—_3“ WITH 1y =

YV

T dee WiTH Iy 1ma

1

] o |
Tgg MTH 110 =02 mA

0 -2 4 -5 3 -10-12-14-16-18-20
Vgg - NEGATIVE POWER SUPPLY (V)

OUTPUT VOLTAGE (V) 1o ~ OUTPUT CURRENT (mA)

POWER SUPPLY CURRENT (mA)

04

02
[}

25°C, unless otherwuse noted

Bit Transfer Characteristics

LT IE
|65 1 1
H he=2mA i
Al
a2
V-l 1
T Y ASTT
/r'v--sv rm—)
Ny /
/ LamF|
gt 157 ¢

=12-10-8-6-4-20 2 4 § 1 101214 1512
Vi - LOGIC INPUT VOLTAGE (V)

~ =

vs Temperature

- Output Voltage Cmﬁiance

T

NN

PERMISSISLE OUTPUT
VOLTAGE RANGE FOR
-3 VEE*-15V.l14=2mA

<
Ny
N

[—SHADED AREA INDICATES

n Nkt
AN
' N
-50 0 50 100 150
TEMPERATURE ('C)
Typical Power Supply
Current vs Voo
Aumsmuuunwwl ; ]
ha=2ma ——
- 1
VEETT
\ 1k
j |
!
lcc i l
|
0 2 4 6 8 10 12 14 15 13 20

Vg - POSITIVE POWER SU

PPLY (V)

B

vida

O\ 2

Loglc Threshold Vonage vs= -'
2

Temperature

-~

15 S F
14 - *
12

1 T ~
[}
06
[ T3
02

0 st
-55-31-18 -1 17 35 53 11 89 107 125

Ta - TEMPERATURE °C)

VrH - LOGIC THRESHOLD VOLTAGE (Vo)

Typical Power Supply
Current vs Temperature

80
ALL BITS HIGH OR LOW
T M Flatima__ L T
£
& —
= 60 Iee
&
c 50
3
S o
£
S 3
—
T

s T lec
H
e 0

0

-5 0 50 100 150
TEMPERATURE (°C)

Reference Input _
Frequency Response

s I
R |
g - Bl ™ 8
5 2 LN \
gL NN
g OIS N
E -t ‘I! \J:
S oo L ~ N
g L N
=14 : N
o L1 il |
0.1 | &} 1 3 10

1~ FREQUENCY (MHz)
TL/H/5687-5

Unless otherwise specified: R14 =
R15 = 1k, C = 15 pF, pin 16 to
VEE: RL = 509, pin 4 to ground.
Curve A: Large Signal Bandwidth
Method of Figure 7, VRgr = 2 Vp-p
oftset 1 V above ground.

Curve B: Small Signal Bandwidth
Method of Figure 7, RL = 2509, VRer
= 50 mVp-p offset 200 mV above
ground.

Curve C: Large and Small Signal
Bandwidth Method of Figure 9 (no op
amp, R = 500), Rg = 500, VRer =
2V, Vg = 100 mVp-p centered at OV.
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FIGURE 2. Equivalent Circult of the DAC0808 Serles (Note 7)

TL/H/5687-4



Test Circuits

Vee
i V) and |y apply to inputs A1-A8.
1 i - The resistor tied to pin 15is to temperature compensate thél\',‘
i 2 — bias current and may not be necessary for all applications,
A1 O— “Vatr 4
' [ Al A2 A3 A4 A5 A6 A7 A :
n o Tt Io=K(——+—— =2 -+—+—+i)
La0— m_ i ) ) 2 4 8 16 32 64 128 256 I
DAL | MO~ pacmns - : vV )
wpyTS MO sEmEs . i - _where K = RF;E;
”E T ouTPUT ; a
wol 1 o Sy and Ay = “1" if Ay is at high level
h— ; | CAN = 0" if Ay is at low level
* £ = il
" 'u’ i_/,\ P -
= Vee TUH/5687-6 . ) iR
FIGURE 3. Notatlon Definitions Test Circuit (Note 7) i
. ; L i ' )
A1 :
——— i)
A2
p——— e O
—e oA v2an .
M D-To-A
0 convinTen :
AS H —O— 110 10v ouTPUT
= ul‘{mm i
At >
150 LATAIIATIA 5: [N
a2y M =
- L] =
e Ve
~
wss |1 ;u
$
=5 T ;
lJ
conen LY S| e oo
A
n
12
(8]
AL LLA B b
n c
e Vee TL/H/5687-7
FIGURE 4. Relative Accuracy Test Circuit (Note 7)
Ve
LA uF 2y
“w 14v
o i N
= -5 2vpe Pty S e
S u g v —— clue LeveL -
! L MEASSACMENT SEE TERD
» 8o Ak gL
] 2 ::"Z.D "
3| DAcws 9 = i
o SERIES . = FOR SETTLING TiaE S ——
o7 —0 ! R '°4mnnwm-?nk»‘n::1, ™nLn
o (N 18] m “ = Lo 38y
- - l - ¥ —
15 pF TRANSIENT s
4 TNAASA (LOW CAPACITANCE, PETR, 100 my 470 EAD
FAST RECOVERY DIODE)
In I -
= v - TL/H/5687-8

FIGURE 5. Transient Response and Settling Time (Note 7)
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Test Circuits (Continued)

Vee

di.

— . TL/H/5687-9
FIGURE 6. Reference Current Slew Rate Measurement (Note 7)

Nee -
A1 > R15 :
12

5 14

At 8 4 R14
. A2 O IS

7 15 =
A0 “Vaer T
me 9| Dacosas |, «
o] TE»

10 =
AB —

1 '} ~ lo U
A7 O—1

12 1§
A8

R
3 c
SEE TEXT FOR VALUES OF C
Vee

TL/H/5687-11
FIGURE 8. Negative VRer (Note 7)

Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at pin 14 for con-
verting the reference voltage to a current, and a turn-around
circuit or current mirror for feeding the ladder. The reference
amplifier input currrent, I44, must always flow into pin 14,
regardless of the set-up method or reference voltage polarity.
Connections for a positive voltage are shown in Figure 7.

The reference voltage source supplies the full current ly4.
For bipolar reference signals, as in the multiplying mode,

2t o N ¥
SCOPE 5 ‘ .
’ -+ SLEWING

TIME

@ R,

Vee

"< RMaRIS G

13

DAC0308

SEE TEXT FOR VALUES OF C B

- VEE e —— it e e e e e e
) TUH/5687-10
FIGURE 7. Positive Vggr (Note 7)

Vs
Rs
R4
VREF
LS 1'14
150
MO »-Eo NC
A) 6 When Vs=0,l14 =.2.0 mA
)
A3 D—; %
AYO—1 Dacosos |13 VREE Vg
AS o—-‘: series  [OVee Vo= s T Rg | \A)Ro
A O—di
11
A7 o—12
A8 O—

o

TL/H/5687-12
FIGURE 9. Programmable Gain Amplifier or
Digital Attenuator Circuit (Note 7)

R15 can be tied to a negative voltage corresponding to the
minimum input level. It is possible to eliminate R15 with only
a small sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 k), minimum capacitor values are 15,
37 and 75 pF. The capacitor may be tied to either VEg or
ground, but using Vgg increases negative supply rejection.



Application Hints (continued)

A negative reference voltage may be used if R14 is ground-
ed and the reference voltage is applied to R15 as shown in
Figure 8. A high input impedance is the main advantage of
this method. Compensation involves a capacitor to Vgg on
pin 16, using the values of the previous paragraph. The neg-
ative reference voltage must be at least 4V above the Vgg
supply. Bipolar input signals may be handled by connecting
R14 to a positive reference voltage equal to the peak posi-
tive input level at pin 15.

When a DC reference voltage is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. If a well regulated 5V sup-
ply which drives logic is to be used as the reference, R14
should be decoupled by connecting it to 5V through another
resistor and bypassing the junction of the 2 resistors with
0.1 uF to ground. For reference voltages greater than 5V, a
clamp diode is recommended between pin 14 and ground.

If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the amplifier must be heavnly compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of —0.55 to
0.4V when Vgg = —5V due to the current switching meth-
ods employed in the DAC0808.

The negative output voltage compliance of the DAC0808 is
extended to —5V where the negative supply voltage is more
negative than —10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 kQ between pin 4 and ground will
yield a voltage output of 256 levels between 0 and
—4.980V. Floating pin 1 does not affect the converter
speed or power dissipation. However, the value of the load
resistor determines the switching time due to increased volt-
age swing. Values of R up to 5000 do not significantly
affect performance, but a 2.5 k) load increases worst-case
settling time to 1.2 ps (when all bits are switched ON). Refer
to the subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages more negative than —8V,
due to the increased voltage drop across the resistors in the
reterence current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and fuli-scale current drift. Relative
accuracy is the measure of each output current level as a
fraction of the full-scale current. The relative accuracy of the
DACO0808 is essentially constant with temperature due to

L sT
the excellent temperature trackmg of the monolithic resistor
ladder. The reference current may drift with temperature,
causing a change in the absolute accuracy of output cur-
rent. However, the DAC0808 has a very low full-scale cur-
rent drift with temperature. i

The DACO0808 series is guaranteed accurate to within + Yo
LSB at a full-scale output current of 1.992 mA. This corre-
sponds to a reference amplifier output current drive to the
ladder network of 2 mA, with the loss of 1 LSB (8 pA) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed value of between 1.9 and 2.1
mA, allowing some mismatch in the NPN current source
pair. The accuracy test circuit is shown in Figure 4. The 12-
bit converter is calibrated for a full-scale output current of
1.992 mA. This is an optional step since the DAC0808 accu-
racy is essentially the same between 1.5 and 2.5 mA. Then
the DACO0808 circuits’ full-scale current is trimmed to the
same value with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the error
band may be displayed on an oscilloscope, detected by
comparators, or stored in a peak detector.

- Two 8-bit D-to-A converters may not be used to construct a

16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of * 1, of one part in 65,536 or +0.00076%,
which is much more accurate than the £0.019% specifica-
tion provided by the DACOSOB

MULTIPLYING ACCURACY

The DAC0808 may be used in the multiplying mode with
8-bit accuracy when the reference current is varied over a
range of 256:1. If the reference current in the multiplying
mode ranges from 16 pA to 4 mA, the additional error con-
tributions are less than 1.6 pA. This is well within 8-bit accu-
racy when referred to full-scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
DAC0808 is monotonic for all values of reference current
above 0.5 mA. The recommended range for operation with
a DC reference current is 0.5 to 4 mA.

SETTLING TIME

The worst-case switching condition occurs when all bits are
switched ON, which corresponds to a low-to-high transition
for all bits. This time is typically 150 ns for settling to within
=+, LSB, for 8-bit accuracy, and 100 ns to 1/, LSB for 7 and
6-bit accuracy. The turn OFF is typically under 100 ns.
These times apply when R < 5000 and Co < 25 pF.

Extra care must be taken in board layout since this is usually
the dominant factor in satisfactory test results when mea-
suring settling time. Short leads, 100 nF supply bypassing
for low frequencies, and minimum scope lead length are all
mandatory.
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54F/74F04
Hex Inverter

Ordering Code: see section 5

Logic Symbol Connection Diagrams
IEEE/IEC Pin Assignment for Pin Assignment
5 DIP, SOIC and Flatpak for LCC and PCC
Ao — I 0Oy
s B AT N
Ay — — 0, Gy—2 Y 3\
Ay — — 03 h< e 5
Ay — — 0, N 14 ? u,
< 1 4
45— p— s /8 L Ty
TUF/9456-3 0, L] ; E] As
oNp—L 5,

TUF/9456-2

TU/F/9456-1

Unit Loading/Fan Out: see section 2 for U.L definitions

54F/74F
Pin Names Description u.L Input I/l
HIGH/LOwW Output loy/lg
An Inputs 1.0/1.0 20 pA/—0.6 mA
On Outputs 50/33.3 —1mA/20 mA




Absolute Maximum Ratings (note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ Free Air Ambient Temperature
i
Distributors for avallabllity and specifications. Military ~55'Cto + 125
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70¢
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +55y
Vg Pin Potential to Commercial +4.5Vto +55y
Ground Pin —0.5Vto +7.0v
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) =30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Voe = 0V)
Standard Output =0.5Vto Voo
TRI-STATE® Output —=0.5Vto +5.5v
Current Applied to Output
in LOW State (Max) twice the rated Ig, (mA)
Note 1: Absohste maximum ratings are values beyond which the device may
be damaged or have its useful e impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current kmit is sutficient to protect inputs.
DC Electrical Characteristics
54F/74
Symbol Parameter LTS Units | Veo Conditions
Min Typ Max
Vin Input HIGH Voltage 2.0 v Recognized as a HIGH Signal
Vi Input LOW Voltage 0.8 Vv Recognized as a LOW Signal
Vep Input Clamp Diode Voltage 2 \ Min | iy = —18mA
VoHr Output HIGH 54F 10% Vg 2.5 lon=—1mA
Voltage 74F 10% Voo 25 \ Min
74F 5% Voo 2.7
Vou Output LOW 54F 10% Ve 0.5 % Mi loL = 20 mA
Voltage 74F 10% Voo 05 e
i Input HIGH Current 20 nA Max | Vy=27v
Igvi Input HIGH Current Vin = 7.0V
Breakdown Test 90 % -’
i Input LOW Current —0.6 mA Max | Viy = 0.5V (CEP, CP, MR, Po-Pq)
Z12 | mA | Max | Vu =05V (CET,PE 3R)
los Output Short-Circuit Current —60 —150 mA Max | Voyr = 0V
lcex Output HIGH Leakage Current 250 HA Max | Voyr = Vee
lec Power Supply Current 37 55 mA Max
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54F/74F174 Hex D Flip-Flop with Master Reset

General Description

The ‘F174 is a high-speed hex D flip-flop. The device is
used primarily as a 6-bit edge-triggered storage register.
The information on the D inputs is transferred to storage
during the LOW-to-HIGH clock transition. The device has a
Master Reset to simuitaneously clear all flip-flops.

Features

= Edge-triggered DO-type inputs

& Buffered positive edge-triggered clock
& Asynchronous common feset

Ordering Code: see Section 5

Logic Symbols Connection Diagrams
Pin Assignment for
‘ l 1 J l J l DIP, SOIC and Flatpak
% 0 B D Dy 0 By 1WA beh v
o Q2 154—Qg
—Olw 013 14 1—0g
0,4 13D,
% % 0 0 05 Q O 0,5 12}-q,
TEE =l 38 5 DDy
TL/F/9489-3 %7 L
ono— 8 sp-cp EREmE
IEEE/IEC TL/F/9489-1
MR R
a1
Dp—— 10 —Q
0y — — 0
8, N
03— A%
g — 0
0g — —2Qg
TL/F/9488-5

Unit Loading/Fan Qut: see Section 2 for U.L. definitions

S54F/74F
Pin Names Description u.L. Input g/t
HIGH/LOW Output lgn/loL
Dg-Ds Data Inputs 1.0/1.0 20 pA/—0.6 mA
cP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/ —0.6 mA
MR Master Reset Input (Active LOW) 1.0/1.0 20 pA/ —0.6 mA
Qp-Qs Outputs 50/33.3 —1mA/20 mA

Pin Assignment
for LCC and PCC

0; 0 K0, D
[Dlulojaja)

05 0, K D B

TL/F/9488-2




Functicnal Description

The 'F174 consists of six edge-triggered D flip-flops with
individual D inputs and Q outputs. The Clock (CP) and Mas-
ter Reset (MR) are common to all fiip-flops. Each D nput's
state is transferred to the corresponding flip-flop's output
folowing the LOW-to-HIGH | Clock (CP) transition. A LOW
input to the Master Reset (MR) will force all outputs LOW
independent of Clock or Data inputs. The 'F174 is useful for
applications where the true output only is required and the
Clock and Master Reset are common to all storage ele-
ments.

Logic Diagram

& oo 5% 0, 0

Truth Table
Inputs Outputs
MR cP Dn Q,
L X X L
H i H H
H g L L
H = HIGH Voltage Leve!
L = LOW Vottage Level
X = Immaterial
— = LOW-to-HIGH Clock Transition
L7} o, S

03 Q Q Q
TU/F/9489—4




Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
. Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°C 1o +125%¢
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +55v
Ve Pin Potential to Commercial +4.5Vto +55v
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Ve = 0V)
Standard Output -0.5Vto Ve
' TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lg (MA)
Note 1: Absolute maximum ratings are vakes beyond which the device may
be damaged or have its useful life impaired. Functional operaton under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
4F
Symbol Parameter $ATUSK Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 Recognized as a HIGH Signal
ViL input LOW Voltage 0.8 Recognized as a LOW Signa
Veo Input Clamp Diode Voltage AN Vv Min = —18mA
VoH Output HIGH 54F 10% Vcc 255 loH = —1mA
Voltage 74F 10% Ve 210 A Min lon = —1mA
74F 5% Voo 27 lon = —1mA
Vou Output LOW 54F 10% Vg 0.5 v Min loL = 20mA
Voltage 74F 10% Vco 0.5 loL = 20 mA
[T Input HIGH Current 20 pA Max Vin = 2.7V
Igvi Input HIGH Current ViN = 7.0V
Breakdown Test Jal KA N
- Input LOW Current —~06 mA Max Vi = 0.5V
los Output Short-Circuit Current —60 -150 mA Max Vout = 0OV
lcex Output HIGH Leakage Current 250 pA Max Vout = Ve
lccH Power Supply Current =5 13 il - cP = _{
O, = MR = HIGH
lccL Power Suppty Current 30 45 mA Max Vo = LOW




AC Electrical Characteristics: See Section 2 for Wavetorms and Load Configurations

74F S4F 74F
Ta = +25°C )
TaVoc = Mil | Ta, Voc = Com ) Fig
Symbol Parameter Ve = +5.0v Units
= = N
CL = 50pF C_ = 50pF CL = 50 pF o
Min Typ Max Min Max Min Max
fmax Maximum Clock Frequency 80 70 80 MHz | 2-1
tpLH Propagation Delay & 59 3.0 10.0 3.5 8.0 ns 2.3
tPHL CP1oQq 4.0 7.0 10.0 4.0 12.0 4.0 11.0
teHL PropagayfSyfelay 60 100 140 | 50 160 | 50 150 | ns | 2-3
MR to Q,
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta = +25°C D /4 B Fig
Symbol Parameter Ve = +5.0V Ta, Vec = Mit Ta, Vec = Com | Units No
Min Max Min Max - Min Max
ts(H) Setup Time, HIGH or LOW 4.0 5.0 40
to CP 4.0 X .
(L) DntoC 5.0 4.0 N o -
th(H) Hold Time, HIGH or LOW 0 20 0
th(L) Dp to CP 0 20 0
tw(H) CP Pulse Width 4.0 5.0 4.0 . 5
L) HIGH or LOW 6.0 75 6.0 5
tll) MR Pulse Width, LOW 5.0 6.5 5.0 ns -4
e Recovery Time, MR to CP 5.0 6.0 5.0 -
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54F/74F283
4-Bit Binary Full Adder with Fast Carry

General Description

The 'F283 high-speed 4-bit binary full adder with internal outputs {So-S3) and the Carry output (Cy4) from the most
canry lookahead accepts two 4-bit binary words (Ao-A3,  significant bit. The 'F283 will operate with either active
Bo-B3) and a Carry input (Cy). It generates the binary Sum  HIGH or active LOW operands (positive or negative logic).

Ordering Code: see sections -

Logic Symbols Connection Diagrams
Pin Assignment Pin Assignment
IRNERE".7 for DIP, SOIC and Flatpak for LCC and PCC
Ao By Ap By Ay By Ay By
S 1 U 16 Y,
| = =@
% K 8,2 1518,
ss f5f == A3 14 4=,
Tgq T o UK
TL/F/9513=1 415 2y
B—16 118y
IEEE/IEC i > 1%
GND—{ 8 st—c,
z
Ap—40 TLIF/9513-2
o A , TUF/9513-3
! P
Az———
Ay —]3 ob—s,
. o
z 1
e —s,
By — 3p—s3
8, — \
By —3
G—C coj—¢,
TL/F/9513-4

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F

Pin Names Description u.L Input i/l

HIGH/LOW Output loy/loL
Ap-Az A Operand Inputs 1.0/2.0 20 pA/ =12 mA
Bo-B3 B Operand Inputs 1.0/2.0 20 pA/—1.2 mA
Co Carry Input 1.0/1.0 20 nA/ —0.6 mA
So-S3 Sum Outputs 50/33.3 —1mA/20 mA
Cq Carry Output 50/33.3 —1mA/20 mA




Logic Diagram

6-€156/411

"
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Absolute Maximum Ratings (ote 1)

Recommended Operating

It Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ n i
¢ Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°C 10 +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —=55°Cto +175°C Military +4.5Vto +55V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) -0.5Vto +7.0v
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5Vto Ve
TRI-STATE® Output —0.5Vto +5.5V
Curmrent Applied to Output
in LOW State (Max) twice the rated Ig; (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or cumrent limit is sutficient to protect inputs.
DC Electrical Characteristics
S54F/74
Symbo! Parameter L. Units | Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 Recognized as a HIGH Signal
Vi Input LOW Voltage 0.8 Recognized as a LOW Signal
Vep Input Clamp Diode Voltage ¥1.2 Min v = —18 mA
VoH Output HIGH 54F 10% Voo 2.5 lor = —1mA
Voltage 74F 10% Ve 2.5 Y Min | oy = —1mA
- 74F 5% Vg 2.7 lon = —1mA
Vou Output LOW 54F 10% Vo 0.5 v Min loL =20 mA
Voltage 74F 10% Vo 0.5 loL = 20 mA
hH Input HIGH Current 20 pA Max | V|y = 2.7V
gy Input HIGH Current Vin = 7.0V
Breakdown Test {00 A e
liL Input LOW Current -0.6 ol Max Vin = 0.5V (Cp)
=1.2 Vin = 0.5V (A, 8q)
los Output Short-Circuit Current —60 -150 mA Max | Voyr = ov
lcex Output HIGH Leakage Current 250 BA Max | Voyt = Vg
lcch ‘| Power Supply Current 36 85 mA Max | Vg = HIGH
lcoL Power Supply Current 36 55 mA Max | Vo = LOW




AC Electrical Characteristics:

See Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
= Ta, Vo = Mil Ta. Voc = Com Fig
Symbol Parameter Voo = +5.0v CL = 50pF CL = 50 pF Units No
CL = 50 pF
Min Typ Max Min Max Min - Max
teLH Propagation Delay 3.5 7.0 9.5 35 14.0 35 11.0 ns 2-3
tomL Coto S, 3.0 7.0 9.5 3.0 14.0 3.0 11.0
toH Propagation Delay 3.0 7.0 9.5 3.0 17.0 3.0 13.0 - 2-3
tprt AnorBato S, 3.0 7.0 9.5 3.0 14.0 3.0 11.5
toLH Propagation Delay 3.0 5.7 %5 3.0 10.5 3.0 8.5 ns 2.3
teHL CotoCy 3.0 54 7.0 25 10.0 3.0 8.0
totH Propagation Delay 3.0 5.7 7.5 3.0 105 3.0 8.5 - 2.3
tPHL AnorBatoCy 25 53 7.0 25 10.0 25 8.0






