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ABSTRACT

This project is the demonstration of Plus Code Modulation ( PCM ) for teaching and
learning. It composed of transmitter and receiver section which operation by generate the analog
signals. Analog signals is encode by PCM system to digital signals and decode to analog signals
at receiver section. To transmission in digital signals system have the less error of signals than
analog signals system. The process of PCM is sampling analog signals and send its in frame of 8

bits digital coding. The analog signal in this project is frequency 4 kHz.
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annzaovniu 1 degnde lilluBunadavnveaieuinaia 8§ deayaiias Tnaardh i1y
v Aa o 1 o 3 o { Y
AY3TMARIINABIYA A, B, C, D, E, F, G iy H duiudanafiosninoiniewnafud
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a a A a o dau A < =4 a v Q) A a A
flan1izaedn 1 uazliorudunosmesAIngesnIzianizasdnnaiiu o milewdy e
' v 9 o ~ < = [~ AR o 3
FIdueWINAA9BIANaisRnNINIEtan Izl 0 Aaea D IDIANAYBIDUINATIIAD
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v o1seavadvasdnznauanngdafiniiiilveidnwe Q Hanzidloduduna®
PJouldnn A 8¢ H hrenuadnasdudazdd
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=
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) Yo = ] A Y I~
Wuvu aunsouaadlddqlin 216 Fwanseshoudeyauvveynsuidunuuuunu

YUIA 4 UA

Qa Qb Qc Qd

Ql
Q
Q|

CLR Q CLR

CLR

CLK

CLR o

71N 2.16 aafeudyanauuvoYNIMELAZIIUYIEBNIUA 4 Tia

Nzl 2.6 Inanmsvinmlas  dledeudeyaiausnidn ludmudoduana
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A o Y A d aa o 9 = A a [ Y 1
sswimhndusimmesuvoynsudhuuesn  TledRiousunatediudes
o o L = ] @ =1 o o
VDU UTUDIUDS 7415164 muimmsnmslumgﬂ 2.17 uazliurun Ty auailan

Fumsiauasgli 2.18

& 5 & ¥ & g %
SERIALA ) INSET l SET ' SET i SET. SET J SET i SET SET
DATA BZD-D QPR Q—DSET gD QP SElQ—= D El gD SET 4D SET,
DPUT " oClk | rpCk | pCk | ek | —pCk | ~bClk | <bClk | (bl
Q Q Q Q Q Q Q Q
CIR CLR CIR CIR CLR CLR CLR CLR
I [0] [e] P g [¢) [0] O
CLOCK —[>oi— |
CLEAR >

311 2.17 2esideudyamuuueynsudumsuuyvLILeDn YA 8 T0

Input Output

Clear | Clock | A B QA QB = | loH

L X 0|R X I L L

H= L X X &, 4 AL, (e Q.5
i\ £ H H H s Qan
H 6 Iz X Q. '/ Qe
H [\ X L it QoS - Qs
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Vee Qh Qg Of Qe CLR CLK

14 13 2] 7 fiG [5] [5]
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U 2 BT BT BT [

A B Qa Qb Qc Qd GND
Wi 2,18 usumwindayanauaslesFumsiamves 741.S164
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N1I99NUUUINVIND DN

lumsesnuuuisasazutaisaseanily 2 diune
- ¥ANDINING ( Transmitter )

- YANITAIANINTY ( Receiver )

3.1 ANN199BNUULIIDINIAEA
wamnsnuusduvesnwdiaylunseenuuy ldaesdinie  dauvedrsasuilas
Ty neuaeniufinoa ( Analog to Digital Converter - ADC ) uazduvesmsuiasdoya

LLU‘]J‘lJHWLﬂ‘LALL‘]JU?JigﬂilJ (Parallel Input - Serial Output Shift Register : PISO )

1 29331 UA 4
] dygy
input‘ Jsutas | | 2svsutlasdeya NS - ~ ddM
' . ” MR ERNTIY
outaendy SIS TRTEYRINIRA I, .
s FUUAZ I
! me m_?su
| % .
1 2903058 | 23937509
| Ty W ‘ GOTRTRLINIRIEo B!
; :
| 16KHANN 160kHZ

~ < 1 aA g
Z‘IJ‘VI 341 Uaf‘)ﬂu],ﬂ@s‘fuﬂﬁu"lj@dﬂ1ﬂﬁﬂﬁﬂi)‘j‘W“IﬂEJiJ
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3.1.1 Wastuiiadeaadlys

XR206

16 RID v (3
100K 30K

13w
xa

T R
-1y 100K

(2

= o a o
31032 esduidadaaia o

[T e7]

d o o

e 9 wuduanalenl  daanuwad

13 3]

ToFwes xR-2206 vwiilylodi 192

Ty
e
Ny

A <y o 2ny g o a v ~ A
U 9 Lﬂuﬂu ﬁagﬂpmﬂ'lﬂﬂzlﬂuﬁiyﬂﬁm ANNLFADYT Qﬂﬁ'ﬁN meuﬂmmwgﬂﬂﬁu

W R v Y 2 ) AN
ﬁﬂJﬂanm1%“&@1@W@ﬁ1n7§ﬂﬂ§UVlﬂm\ul@uﬂaﬂﬂllazﬂjwuﬂiﬂﬂ"uu@gﬂﬂ?ﬂ%ﬁﬂ’]ﬂuaﬂaqu'ﬁﬂ

s

o ' a u’/’ 1 ) [ o o d Y
Wmsieniiunud 18 0.01 kbz 89 1 MHz dmsuasvsdutadyanalaiyaiioe

[

aunsaadeld fagulfi 3.
Anudfideans (fo) aunsam ldTasns 1dgas
Fo=1/RC  (Hz)
R : Arsaduniufidesdiua 7 vseu g
C Awowafiulszyiinoagiuen s uas 6 vosled
Tavmaudumuilfacdeddifogsening 4 ka < R < 200 ko AU IR AL
ﬂizﬁ;%ﬁmgdmi 1000 pF §9 100 pF  TagnsasezlddadumiulSusiite fiamisarins

USumanud ldamundeanis
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3.1.2 29sEndananni nuasdyananugu

+5
: 16 l
G ——— 14
IBRHT—2—| 400 '
R —
7 . [
256kHz )——r 10 | -
8 ‘L 2IO|pF
“‘E? B i 1M C_4.006Mm
{ T | }——1.

i 33 sahsdyanunnues dyanuauay

o Aa gt v A 2 st 9
NITNUUAANNNDNDY 7319910 IC MCI4060 1150 T4HCA060 T4 2 1Uost I musiu
I~

Ity 1c - Digital Hi Speed CMOS 14 — Stage Ripple / Carry Binary Counter / Divider and
Oscillator Femeluilszaaudienasunesines taz199sn1suuylUuIs s11ay 14 g Iag
pui o <] Y 4 1 1 @ a o o a o
e mnalludyanns 16384 140 6 1AB2995 AR 03 R UASARB A S S UBOdTIANT 19Ty
Nn1UD 4.096 MHz

@ a (4 n+l

AU ie1Mun =2

[ o o s [ ~
Tagn= DUALUBITI DN 15U Q7 3¢ 1A
@ d’ '3
YAUITAD YN Q7 =2"" =256

v [
v W % =3

7 ' o S a A
ﬂauuﬁaumunmmsmmmgmmxmazxamwmmﬂumu Iﬂﬂlﬁﬂ’]

Q3=16 Q9 =1,024
Q4=32 Q10 = 2,048
Q5 =64 Q11 = 4,096
Q6 =128 Q12 =892
Q7 =256 Q13 = 16,384
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° [ 4’, a a { @ qs/’ ' o 1
dmiulasenuiilsnianen nanaua 4.096 MHz AIUUITINENTIVIUDMNALUA DY
o Y o a Ao a o a a 9 o
iz lddyanuminiianudonls Taemsthennuivesnsanea MI5AUTUY 9
a 1 o oA
UIWNIVOUABZIIM NN 15U Q7 vz 18
ANUDYOITYYIUUIRNT Q7 = 4.096 MHz / 256 = 16 kiz

@ :;, a o a 1 3 @ Y
aniusz ldnnudvesdyananniinudazioninn dail

Q3(W7) = 256kHz
Q4 (15) = 128kHz
Q5(W4) = 64kHz
Q6 (¥16) = 32kHz
Q7 (11 14)= 16 kHz

Q8 (¥113)=  8kHz

+5
¢
% ¢ 1\
555 ‘
220uF
SK ]
- B3 O 2 CTeuRHz >
6
2
100K
30pF

3U7 34 2mvsadedaananiin 160 KHz
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g1 3.4 havesadredyganniin 160 kiz Fazadienn lediwos 555 ausavhnig
a$eanudiidosns 18 Taovnssuaamendanmans NNGAI
F=149/((R, +2R,)*C)
F = anufiondyn (idesnts ) v1 3 voa'lod
R, = Manuiiumu ( Tovu)
R, = Manudiuniu ( Tevy )
C =mauiusey (ahdmes)
Sufunmersezamnsefwanmin g 160 kHz llFau1dTassmuald R, - 5
kHz, R,, = 1¥@adumunsua1d 200 kbz , € = 30 pF
F =1.49/((RA+2RB) * C)
=1.49/((5*10° +2(153*10°) *30*10")
=1.49/933*10°
= 159.699 kHz
lun1snaaeseiemnnud 1o nrsunndienniid s Bidntos sudeunand

ANUNANAIAVBIANUMUNIHLAZ AT S

3.1.3 2vsmasdyanaeinaeniufdnea (Analog to Digital Converter : ADC)
lumsesnuuusssutlasdyanaeuneniuddneail  ausafiezidonldenssu
Tnaaeimugailszasdnsidnuudazvetinaueisnssamied  ADC0S20 Sufiedd

] = 1 o o o [ 3 aa
ldheuasiihasdudumnaludies vannsadnnlasdyanaemasniiuaineald

Y
a4A o

o =~ o v W
Tunsditivhmsniuguaniizmsiouves lodduuuihauaieludasiue ( stand-alone )
Tagvimstleuaniizasin 1 1¥suvInua ( MODE ) w94 lod ADC0820 @1115DLLAAY

an1emMIaudelaozuns i ( Timing Diagram ) Aa31n 3.5
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CS Low
RD LOW
twe
WR hﬁ\‘
t INTHWR t\L/‘
— P

\
A,

DBO0-DB7 \ DATA VALID

_______________________ S

71 35 laezunsunaivesled ADC0820

nnlrezunsunatwesled ADC0S20 1sensu gt nuald ADCOS20 5
anEMIinuMNUMelumiues (stand-alone ) Tasnstlouasdn "1° furlnua
= o I~ a 4 o
( MODE ) udl#u1dioa ( CS ) uaze13a (RD ) Wuannzansn 0" el lo5sn1sulag
vy y3 1 oA vy a A & Uy, Y PRS-
Adoya lanaeilaldan WR Sannzassn "o Wuszozatediedesiiga 600 11 TuSuif
Yy A = a ~ 2 ° vy vy
(ns ) 4dUiIBU1 WR Hern1izandn 1" "lammsuﬂwmqmuﬂmﬂwagaiﬂmz‘lqﬁzama1
lumswlasidoya (Ti) 800 i1 ln3util iazazdealdinarlumminaineufisims
v . v
1 a A o W U LY~
urlasrirdioyadn (Tp) 500 w1 Tududi anduazldnalumsinlassdeya 1 asuiy 600 ns
1w a = 9/ a 9 =1
+500 ns 91U 1.9 Tulasdutii (ps) Tumsesnuuuldussasiesl9natves wWr i
a [~ [ 1 [ { = P a =
anzasIn "0" iWudewvesmeimmiitesiigauesnl WR fofi 600 1 TuGuif s
v
dararanteoni 600 i TuFund a1l led v §eiuses e wr Han1zanin
I a =1 [ :/‘ 1 qul [
"0 wWuszeziian 1.2 lulasiui ﬂauufn:zé’m"l%'na1Glummﬂmm%’egamwmmmu 12
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1 A @ o 9 da Jd = ] [l
daunsdoans luszuyInsiwie uvudiaiveudomalumsaunn  eglushs
ad <=1 ~ Y A [ ;j 9 9 P 1 1 @
300 - 3400 1350 fAriisaweNzawisniladiso Atiusizaeslgnnudlumsguadao
1 T W 1 a o QIJ d‘
MNIMSONIAIATIYBIA NUEAUUUA ( Baseband ) qega vuAedus1dnawaly
1 (Y I~ [ = == ad A P 9 =
MIqumdyaauluaeunvenmDAILUANAD 6800 1§5a udipsa N lTaE Y

[ P ad o ' = {o 1
myqudyyIni 6800 350 i ldendentsies 19299505090 0RE MY ( Low Pass Filter -
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1 o = a 4 [~ i 1 QS/I
N 1.3 ps iaziiaunmussannizauiiu 12 Tulasiunfidesmiui smunawesti
1 ] a J= ) :11 9 a a ad o
aosanIzwINuazaveylugn 3125 TulasTuni deiuszawisaldnnud 16 AlaEsa 1h
9 o o ' 1Y 1 o a a ad = 3 9 o 1 1
nlsiudyanuduadeyadmdyanain 16 AlaEsa mhanldiudyauduam
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voyamunsoai1sun 1dlaeldled 4060 fvz lddaanannitnnaug 16 AlaiEn vonuiay

[ < o @ 1 ~
deamsudalonlifus WR wedled ADC 0820 ngannsainu laandasigumud

[ 1 3 ]

~ @ 1< 1Y an ~
doensangdi 3.6 waavansulasdygaeuasniiuduanaftnoanisasigudiesn

q

a ad < 1 4 7 a 1 [ o o
16 Alawia wmuiuletleuaanzasinme q Wi ADC0820 s lvduanueuiaen
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BUNAYNTUATY Y I ummmusaﬂumqﬂﬂ"lﬂmﬂmﬂswmUmmzmsﬁmmgmﬁm
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NS
Data Input
0
o) g
T e 5 pro |2 LSB
2| veft) DBl 3
2. ok pE2 |2
ADCO0820 5
Clock Sarapling 16kHz 6 TR DB3
pp4 |14
NOT !/,
AN pps |— 13
L 8N DB6 | N
11 \ 17
Vref(-) DB7 W
13 &5

= [ o aa
1Un3.6 2nsulasdyanaernaonilu@inea

3.1.4 2evsudasveyauuuvunuiluuyueynsy ( Parallel Input - Serial Output

Shift Register )
[~ . - = J [
lumseenuumissudasfeyamuumnuiuiuuounsues 19 ledmed  74r166 iy
@ 4 [ = d
nanlumsioudeyavioutasfoyauuuynuiiuiueynsy Taeldlodiues 74F169

4 , ' &
( Synchronous 4 bit — Up/Down Counter ) mmuauﬂmﬁaumuaﬂﬁaﬂmmm%ya I

=

Y o Yo @ 9y a
amsadeuanigltaunsavinuldfegi 3.7 uazansagzUvesdyainlumsaiisia

Q

2 . a ) A Yo o ' A Y '
133 ( start bit ) UALUAIY ( stop bit ) Lwa“l%mwuﬂmmmmmwﬂmagmmaz‘xgﬂ ( Frame )

oazaInTunsfima (Detect ) Foyanamasyidodreazain
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+5 o= +5 I
From ADC0820 o L
z |

2 4 Senal In 2 R a 5 - =
F—3 B‘ Clear |9 Cocx:> = Al 3 ‘,},J Q 5
4 ¢ Vec | 16 7415169 B —:i 3 LClock Data Output
5 clL2 2;
=D g Qof ol 6
S 7 o Vee |14
1 |r Clock S - @.
Q— & % T 7 é 1 -
U4 ly 5 o

& Clock Inhibit | O = GND|_8 7

& GND E_‘L O & pl 10 ﬁ

2 i e g

Bit Ratel60kHz

= v g
i 37 20sumlasdeyauvvanmuiiuiveynsy

a oy 2 g 9 S

W3l 3.7 cmulmafnstawagmmmmmﬂuuuuwﬂsu%mmmmmmms

] 4 1 @ o
Tuaadfoyauazidondifeynlanldnduygianniieisle (Ripple Carry Output : RCO)

9 1

v04lod 74F169 FelunisdsdoynsrnzeonuunliyadoyaunazyaiifinGy (star bit) uaz
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Tek S[GIE S00ks/s 173 Acgs
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1 5
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o

C2 Freq
4.0706kHz

Chi T0.0mVG  WiH 1,00V M T00fs ChT 7 2:8MV" 10 oct 2002
Ch3  2.00 vA 19:56:44

a [ a { { 1 =1 % LY a { 9
Wi 4.6 duanmewaendunafinnud 4 iz YOINAFUNIUAVT YA 15 ums

Sampling 16 kHz
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TeK G 500ks/s 34 Acas k
L Y 8|

C2 Freq
4.9800kH2

“I  C3Freq
1 16.1206kHz

C3 Ampl
4.88 Vv

i

|

ChT T0.0mve  [IF 1.00V W T005s “CHT 7 —Z.8WV 10 oct 2002
Ch3 2,00 V& 19:56:03

37 47 dygaewaendunaiinnud 5 kHz YoImadunsuAUdy I RnA 19 lums

Sampling 16 kHz
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4.3.8 MMTIATYYIUUINDT TP12 ANUDYsEIN 160 kHz vie 5V il udyanannitniinld

vi- sl
lumsdedoya
Tek HIOE 10.0MS/rs 28 Acgs -
X
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..... e i
1 161.120kHz

C2 Ampl

4.32V

Ch1 50.0mVy [®iF] 2.00V  M5.000s Chi SmV 10 Oct 2002

Ch3 50.0mv+y 19:46:09

1 4.8 dyganminfinnud 160 kiiz I¥dmsunsdsdoyn
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LY) q

Tek SN 1.00MS/[s 7 Acgs
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o

............................. . C1 Freq
] 16.1340kHz

C1 Ampl
4.08 Vv

M 200N = SMS0.0IS Chl 0 0.6V 1700t 9003
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Tek SR SookS/sr 15 A_Eqs

a

C1 Freq
3.0120kHz2
Low signal
amplitude

C1 Ampl
2.72V

o C2 Freq
1 20.0342kHz

C2 Ampl
4.08 V

BRI 2.00VChZ "2:00V M T00Ws i 7 106V 17.0ct 2002

15:08:00
o o a o = =~ v o o dsy v A d
Wi 410 dygreeunasnduyeiinnud 3 kHz  deutudyanaiod IRavegndudidiy
Jay0ATneanININAIAHS
o o R @ ~ = o £ = v o
4.3.11 mnnauaziuangildyauinge TP2 laeieuiuga TPs lasldmnaieai (#inns
o LA o o =
USunaad fgaadredene lafinn1dTn1u8 4 kiz)
Tek HTTR ‘SOOKS/Sr 333 A1gqs .
L L A
NN Dy - A ) 9 &f..
; : . s ; i ; ) ) ] 4.0650kHz
/J”W« : : - £y : - { | Low signal
1- S : N N b : 3 : C1 Ampl
L5002 Freg
4 55.6150kHz
I Low
resolution
C2 Ampl
4.08 V

@] 200V Ch2 200V W T00jis Ch 71076V 17 Oct 2002

15:09:41
= o a ~ = =1 v o v Jde Y o A d
307 411 dyawouiaendunafinnud 4 kHz muuNUTYMad lnauegasuiiu
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Tek HTTH I.OOMS/rs S5 Acqgs
F T

C1 Freq
5.0760kHz
Low signal
amplitude

C1 Ampl
2.88V

"1 C2Freq
{ 16.1312kHz

Bl 200V T Chs T Zeo v M50.00s CR1 106V 7 O 2002
15:03:24

P o a A a = v w v Iy Y o ad
wh 412 dyanaewaendunaiinnwd s kiz  leusy wausiad ldauogaduiny

Yoyadtnoanonvinnings

43.13 nga Tps & hitleudysnaduwnzamisosiimsSadausnuasarLass Teyayas

Wad IRaneqainld thuiingddyane

Te

2an

[ §5top:| 1.00MS/rS 182 Acqs
Y.
[ 1

e o

{1 C2Freq
] 16.1288kHz
Low signal
amplitude

C2 Ampl
3.76 V

34

ChT 50.0mVQ [€f¥] 2.00V M 50.0us Chi 7 SmV 190 Oct 2002
Ch3 50.0mva

19:50:10
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TekK HTTH 2.50|\-1S/rs 26 Acgs
by g%
18 T

{1 C1 Freq
1 166.547kHz
Low
resolution

C1 Ampl
4.08 V

CHi 200V W 2,00V 2.0V 17 Oct 2002
15:19:04
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@ a
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T 1 Tianud 3 kHz)

Tek HTTH 250k$/sr 18 Acqgs
v
[ T

Teia

5 C2 Freq

] 3.0242kHz
Low signal
amplitude

C2 Ampl
2.72V

; it j : ] : Ficbribtit 03 Freq
: : 3.0488kHT
: : e : T 1 Low signa
//\ ) /TN N /‘\.‘ amplitude
\ ks

£ / \ i
3+ ) / \ // 'v’} / /
f NS NN AL NS N s

2.8mV 10 Oct 2002
20:17:53

Chi 10.0mvQ ¥ 2.00V ™M 2000s Chi 7
Ch3 2,00 VA
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Tek HITH ZSOKS/S[

1T T

{ C2Freq
4.0107kHz
1 Low signal
amplitude

C2 Ampl
2.72V

6 Acqs
T

C3 Freq
i 4.0323kHz
Low signal
amplitude

C3 Ampl
2.40 V

¢ - : : Unstable
T y 3 : 3 1 histogram

Chi T0.0mva GH 200V W 2008s CRT 7 ~2.8mV 10 Oct 2002

ch3 2.00 v~ 20:19:05
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C2 Ampl
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Unstable
histogram
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a [ a ' v [ o @ et =
307 4.17 dyanwewnendunanumaduiivuiudaanaeiduaneaniasuianud
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EAIRCHILD

SEMICONDUCTOR M

DM74LS164

General Description

These -bit shift registers feature gated serial inputs and
an asynchronous dear. A low logic level at either input
inhiits entry of the new data, and reseds the firstflp-ficp o
the low level at the next chack pulse, thus providing come
plete control over incoming data. & high logic level on
eilher input enatles the other input, which wil then deter-
mine the state of the first flip-flop. Data atihe serid inputs
may be changed while the clock is HIGH or LOWY, but onky
informaticn meeting the setup and hold time requiremznts
will b2 entered. Clacking occurs cn the LOVA-to-HIGH leved
tranziticn of the clock inpul. Allinpuls are diode-dampedto
minimize transmission-line effcts.

HAugust 1985
Revised April 2000

8-Bit Serial In/Parallel Out Shift Register

Features

W Gated (enabla'disable) serial inputs
| Fully buffered clock and serid inputs
W Asynchronous dear

B Typical clock frequency 35 MHz

B Typical power dissipation 80 m\Y

Ordering Code:

Order Huraber | Package Humber

Package Description

Dh7dLa16dl] M14A 14d-Lead Smell Oulling ntegrated Gircuit G), WS-120, Q180 Marmrow
DITALSTEaN EEA 14-Lead Mastic Dualin-Cin= Package (POIF), JEDEG MS-00T, 0.300 Wide

Connection Diagram

QUTRUTS
’_—_'——‘WN\
Voo Qy G QF Qp  CGLEAR CLOCK
[ET RETNE ST PYIRN 7Y lﬂ ]3
A%
e
v z a e " 15 I3 ]7
A B on Wy  of O

—
SERIAL BPUTS QUTFUTS

Dvizas also svaintisIn Taps and Real Spadly by sppending he 20K kiler X" o 1he cedering cod.

Function Table

Inputs Quiputs
Clear | Clock [ & B | Q. Qp . Q4
) X X X L L
H L XA LG O N8 Qu
H i MIFH G @ J.F Og,
H T NraprL @ J4 o
H q X501 L ¢Bux i f Qe

H~ HGH Leved (akady atak)

L~ LOAY Levad slrady stala)

X Dorft Cara (ary pal, Induging ranstions)

1+ Tranettion from LOW-to-HIGH lawel

T O, Qup» The laval ol O, Cyg, 0 Qy, rusprativaly bakrs he
Indizakd Zeadyeslale Input oorditons ware estetished.

Qag Ogq = The kel 0f O of O bekrn e mostracent T rereition ol he
chak Indicatas 7 anobl shit.

& 2000 Fainchild Semicondustor Corporaticn DS005206

wre fairchildszmi com
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DM74L5164

Logic Diagram

exran 2L —o>o
k=2 el b »Dc I

[
L

suan (xS e crsn | | Focan
neurs n-‘i_'—l:)} LI hoog

et 10 " CLOCK

CLE CLE&R CACAR
A

Sof"T"i{% &0 o LI
- CLOCH. - ONDTE I CLECK, e 13 Rty

AR CLEAR
a O

g Qs Cr

s %T\) e _T‘B U s GoPds oa
(LY no (5311 12 1%
m‘;

Timing Diagram

LLTAHITS

CS.EAR *j_l

A

SPUTS )

y .z Yi- 1) ]

OuTeYTS

1

CLESR

wwafgirchildzsmi.com
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Absolute Maximum Ratingsiuas 1)
Hoto 1: The *ahsolta Maximum Rallngs” are Hozs valuaes beyond which
a-'PP‘Y \’0"399 o Ihe =afaly of the davos cannct be gusraniced. The dedoe should nat be
operakd al thesa ¥mils. The paramabic vakas oedned In the Elaclical
Input ‘lb“age w C?l‘us:'(nrmks tabies are nol guamnised ol tha absclula maximum rathgs.

Cperating Free Air Temperature Range 0°Co+70°C  The Recommended Opsming Sondtions” taas wil datine the condiions
Storsge Tempersiure Range £5°Clo+150°C 1% aelud dawea aperiion.

Recommended Operating Conditions

Symbol Parameter TAin Hom fax Units
Vee Supply Voliage 4.75 5 5.25 v
Vig HIGH Level Input Voltage 2 Ay
ViL LOW Level Input Voltage 0.8 W
leg HIGH Level Quiput Cumrent -04 mA
lee LOW Lewel Oulput Current 8 mA
ok Clock Frequency (Nete 2) u 25 RHz
Tor Pulze WTdih Chock 20 5

(Hcte 2 Clzar 20
tery Data Sebup Time (Mot 2) 17 ns
1y Data Held Time ([Hote 2} 5 ns
tagL Clear Release Time (Hote 2) 30 ns
T Free Air Cpersling Temperalure a 70 G

Hota 2: Ty = 25 C ard Vg « 54,

Electrical Characteristics
et recommended aperaling free air ternperlura range funkess ctherwise naledj

Symbol Parameter Conditienz Min ("32 % Max Units
Wy Inpat Clamp \Qkage Vo= Min, |y =18 ma . -1.8 v
VCH HIGH Level Vm- Mil‘l, IGH . m'ax 27 3.4 v

Culput Voltige W = Mo, g = Min
Ve LOWN Le'.;d Vg = Min, lgg = h%:x 035 as :
Cuiput \oltige Vi =, Vi = Min W
lgp =4 mA, Vg « Min 0.25 0.4
Iy Inpet Current @ I hpul Vokage Vog = Mo, V= TV 01 ma
[ HIGH Level pul Current Vg M, V= 27V 20 pA
I L Lewvel Inpat Currert Ve~ K, Vj= U4V . ~u.d ma
las Shed Circuit Oulpat Current W' o~ Ko (Mete 4) -2 ~100 ma
lec Supply Currert Vg = Max [Mcte 3) \ 16 a7 mé,

Hoto 3: QI yphesis are al Voo = 5, Ty « 2570,

Hota 4: Notmore than ok oulput should ba shorted ot 5 Hime, ond the duratiza =¥aubd rol exesed one second

Heto5: 1o,z 12 raazuncd wih alloulputs OFEN, he SERIAL Fpul groundad, he CLOCK Input 81 24V, 20d 1 mormenlary grourd, then 1.5V, applid fo the
CLELR Inpul.

Switching Characteristics
at Vg = 6¢ard T = 255C

From (Input) RL =2 ki2
Syamibal Parmmeter To (Quiput) Cp=15pk UL = pk Units
in ax i [IE
Tranx avimarn Clack Frequercy 25 IdHz
ta H Frapagalicn Delay Time
Chacki to Oulput 217 0
LOW-taHIGH Level Output i e
= Frapagatica Delay Time
o Clack ta Quiput 32 40 =
HIGH-to-LOA Level Oupul it ° e
tog Frapagatica [elay Time
Clear to Cutpul 36 5 =
HIGHAo-LOW Lavel Cutput e ! e e

2 ww fairchildsszrri.com
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8-BIT SHIFT REGISTERS

The SNE4LFALS165 is an 8-Eit Shift Register. Designed wilh all inputs
buffered, the drive requirements are lowsered 1o one 54741 S standard lcad.
By ulilizing input clamping diodes, switching transients are minimizzd and
systemn design simplified.

The LS166 is a parallel-in or seral-in, serial-out shift register and has a
complexity of 7T equivalent gates with gated chek inputs and an overriding
dear input. The shiftlcad input establishzs the parallel-in or serial-in mode.
When high, this input enables the serial data input and couples the eight
flip-flops for s=rial shifting with each clock pulse. Synchranous leading ocours
on the nzxit clock pulse when this is low and the parallel data inputs are
enabled. Serisl data flowig inhibited during paralled loading. Closking is done
on the low-to-high level edge of the clock pulse via a two input posifive NOR
gate, which permits one input to be used as a dock enable or dock inhibit
funclicn. Clocking is inhibited when either of the dock inputs are held high,
holding either input low enables the other daock input. This will allow the
system dock to be free running and the register stopped on cormmand with
the other clock input. A drange fram low-to-high on the clock irkikit input
should only be done whenthe dockinput is high. A buffered direct dear input
overrides all otherinputs, including the clock, and sets all flip-flops tozero.
« Synchronous Load
+ Direct Overriding Clear
¢ Parallel to Serial Conversion

FRRALLEL RARSLLEL IPUTS

SHIFTY INPUT OUTPUT
Vcolowb H o G4 G F E CLEAR

A

SN54/741.5166

3-BIT SHIFT REGISTERS
LOW POWER SCHOTTKY

-;:# J SUFFIX
n_l‘ CERAMIC
CASE €20-00
i&
1
F N SUFFIX
) FLASTIC
Y CASE B4E-(8
1

(f D SUFFIX
N soic
1

CASE 751803
SHFY H &y & F E
A [t
| sERBLRRUT CL_CKCW GRDERING INFORMATION
LG,
A B C D mnHar K SHEILSXXX)  Caramiz
[ <] I T & \N SHT4LSIOOMN  Plaslic
L] [2] [o] Lo [=] [e] 5] [&] SNTALSXXXD ~SOIC
SERL A B C O CLCCKCLOCK GHO
IHPUT HHIET
FARALLEL INFITS
FUNCTION TAELE
INPUTS INTERHAL
) OUTPUTS ouTRUT
cLear | SHIFTE L CLOEK 4 o) qog | seriaL PARRLES au
CLEAR | Loap | mmmir | CLOCK PR on | on
L % X % X X L L L
H X |5 L X X Qa0 [ %] QM
H L L T X a...h a b h
H H L T H X H Oan Qe
H H L T L X L Qan Qe
H X H T X X Qun (& =% Qm

FAST AMD LS TTL DATA

63



SN54/74L.5166

Typical Clear, Shift, Load, Inhibit, and Shift Sequences

creer 1L l
CLOCK INIHBIT L i
CLE&R—I—' }
SERAL IPUT [—I 1 !
' I | [
SHIFTLOAD I I i l
( l | | H| ol
g 1| S e
1 i T
c{ —IH]| o
FARALIEL | O I ! % L | %
IMFUTS =h
E=1+ t | : f
F— L -
G ' | | mh ||
nd i o~ L
Ul t | +—
ourPT -1 | iniarr 7P ALLIHLLIT
| b SERAL SHF T ] w——SERlﬁLSHIFT——a—
CLEAR 10D
CLE:*H——{)-——

M
SERALIHPUT i
SHETLOAD L4
2

PR

=
i3

=
L 2

-
C¥
oc
&
ct
1
5
‘cr:
Cg

;-%@%%@;

3 10 [:

i1 4

{125 &
G

(4}
H

i1

CLOCK :
) | L
CLOCKINREIT

]

i
Qy

jCK]
<5

FAST AMD LS TTL DATA
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SN54/74L5166
GUARANTEED OPERATIHG RANGES

Symbal Parameter Lin T¥p Iax unit

Voo upply Vollaga B4 45 60 5.5 v
74 475 50 5.25

Ta Opzraling Amblart Temperalure Ranga B4 -55 2 125 *C
74 a 2% k1]

laH Oulpul Curtent— High B4, 74 -0A mA

loL Quiput Current — Loe & 4.0 ma
74 a.0

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uriess olherwise spacilizd)

Limils
Symbd Parameter Hin ™p Max unit Test Condillons
ViH InpLt HIGH \Gliage 20 v ﬁﬁ;};’m Irput HIGHMolsge 12
e 0.7 Guaanlesd Input LOW wllage foe
YL INpLE LOWY Woitage = e v | arinpuis .
MK Input Clamp Did2 \oilage -065 | -15 Vv Voo = MIN, g ==13 ma
B4 25 3.5 v Voo = MIN, IoH = M&X, Wiy = ViH
YoH O pdt HIGH ¥idliage 7 | 27 | 35 v | orViL per Trulh Tebia
54, 74 025 | 04 v oL =4.0mA Voo = Vs MIN,
VoL Ouput LOVY volaga VIN=V|L oV H
74 0.38 0.8 W oL =8.0mA parTrulh Tatle
20 Voo = MaX, Wy =2TV
I IrpLt HIGH Current 7 i .
0.1 ma | Voo = MAX, Vpy = 7.0%
IiL Input LCWY Current -04 mh Voo = MEX, V=04V
los Shart Creut Currant (Nobe 1) -20 =100 ma Voo = MeX
oo PoserSupply Current 3s ma | Voo = MAX

Nakz 1: Mol moea than e calput shon be shorded alatime, nor for more than 1 second.
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L s s
FEAIRCHILD
SEMICONDUCTOR 1

DM74LS373/DM74L.S374

Edge-Triggered Flip-Flops

General Description

Thasa 8-bit registers feature totem-pole 3-STATE outputs
designed specifically for driving highty-capacitive or rala-
tively low-impadance loads. Tha high-impedance state and
increased high-logic level drive provide these registers with
the capability of being connected directty to and driving the
bus lines in a bus-organizad system without nead for inter-
faca or pull-up components. They are particulary attractive
for implementing buffar registers, 170 ports, bidirectional bus
drivers, and working registers.

The eight latches of the DM54/74L8373 are transparent
D-type latches meaning that while the enable (G} is high the
Q outputs vill follow the data (D) inputs. When the enabla is
taken low the oulput will be lalched at the level of tha data
that was set up.

The eight flip-flops of the DI454/74L.5374 are edge-triggered
D-type flip flops. On the positiva transition of the dock, the Q
outputs will be set to the logic states that were sat up at the
D inputs.

March 1998

3-STATE Octal D-Type Transparent Latches and

Abuffered output control input can be used to place the sight
outputs in either a normal logic stata (high or low logic levels)
or a high-impedanca state. In the high-impadance state tha
outputs neither load nor drive the bus lines significantly.

The output control doas not affect the internal opzration of
the latches or flip-flops. That is, the old data can be retained
or new data can be entered even while the outputs are off.

Features

& Choice of 8 latches or 8 D-type flip-flops in a single
package

= 3-STATE bus-driving outputs

= Full parallel-accass for loading

= Buffered control inputs

= P-N-Pinputs reduce D-C loading on data lines

Connection Diagrams

Dual-In-Line Packages

L8373
ENABLE
Vee 80 80 70 7Q 60 6o 50 50 G
20 19 liE 17 [16 115 l|4 1‘3 |12 11
[Ja ol:l En a‘:I ['o n‘j‘[ln o‘]
GP—eaG (3 —Ci G g
OF OE OF OF
Iy < L ]
N ~ et E £ o
|— OEG;“‘\EGOE —I '— OEG lf"—:GOE
I 1 I
I B M= I T
JR [ P R S U T T
ouTPUT 1 10 20 2Q 3Q 30 40 4Q GND
CONTROL
DESNAIY

Crder Number DIM54L.S373J, DMS4LS373W. DMT4LS373N or DIM74LS373WM

See Package Number J20A. M20B, N20A or W20A

K198 Fairctibd Semizcoduntar Corperation

DELOG33

wwerfairchildesmi.com
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Connection Diagrams (Confinued)

'Le374

Voo &0 & Fx k<3 «© L 30 0 CLoCK
| T O N LT LT I T B n
lfa T 5 o) b_a
= Qo—y—c> TF & ﬁb—wﬁb = ;J;
0t QE TE o T
T T T 1
S_© T4 oD o8
sefeel] [Leepits
T Y Y T
P AL
,1 12 ls |4 |5 le i? ) In |1a
QTFEIT 10 2200 30 3B 48 e@ G

CONTROL
ILXRA- 7

Qrcler Number DMS4LS374J, DMS4LS374W, DIATALS374WI or DIATALS274H
See Package Number J204, M20B, N20A or W20A

Function Tables

DMS4/741L.S373
Output Enable D Qutput
Control G
L H H H
U H L L
L L X Q,
H X X z

H =HghLaw(Steady St} L= Law Lawl (Standy State) X = Dol Caes
? = Transtfon rom kadohigh ke, Z = Hgh rpadance St

Qg = Tha ksl of the atpul befom =tesdyskie Inpul condiions viers astab-
Tahed

DM54/74LS374
Qutput Clack 1} Output
Control
L 1 H H
L 7 L L
L 1 X Q,
H X X z

weuw feirchikdrzmi.cam
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Logic Diagrams

DMS4T4LS234
Transparent Latches
ourpLt {3
CONTACL ‘"D
i
in ol Q t
—
2
& &l L]
L a 4
. i3]
3 20
T
g y |
G
] ;I/\m a0
18
40 o r
A &
5 1"’—4@
3 [ ]
so 13 Y ]
bty G
G :LL"*‘ 50
o2 i
et G ]
Q LU
N o 3 |
& 116
1 TQ
gp 119t F I
—3 &
119
5_:EL_!W

ENABLE {810 D
G

[ELCCaviB

QUTPUT
CONTROE

50

&0

ae

14}

DMS4I74LS374
Positive-Edge-Triggered Flip-Flaps

J @
B 151
E 8
g 19
113
5 |
b x ]
e a {12
14}
5 |
$och ok
- {15)
17
N W Iy )
e
" e
1
(1 ~—
"‘"“;:"‘:"d. H e
[Rh .
]

ELOCK

20

30

49

« 5Q

0

(R G i
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Recommended Operating Conditions (Coninued

Symbol Parametar D1AS4LS374 DI74LS374 Units
hlin Hom fax Klin Nom ldax
Ly Pulse Viidth Chck High 15 15 ne
({Mcte &) Clock Low 15 15
toy Datz Setup Time (Motes 7, &) 207 20T ns
™ Datz Hold Time (Notes 7, 8) 17 11 ns
Ta Free Air Operating Tempersiure ~bb 125 a 70 ‘C
Hola7: Tha symid (1) Indexdas ihe risng sdge of tha chek PUiss ts Lesed S0 raleranca.
Hota8: Tx = 25'C 2nd Yoz = GV,
'LS374 Electrical Characteristics
over recommended operaling free air temperatire range (unless otherwise rioled)
Symbol Parameter Conditions Ilin Typ hax Units
{Mote 8
Y, Input Clamp Voltage Vee = Min, |, = ~18 mA ~1% ¥
Van High Level Cutput Veltags Ve = Min DIis4 24 34
loy = Max DN74. 24 3 ¥
Vi = W
Vi = Min
VoL Loa Level Cutput Vllagz Vee = Win D4 0.25 04
log = Max D74 0.35 as
V= M v
Vi = Min
loy =12 ma DMT4 0.25 04
Vee = Min
I, Input Current # Max Ve = Max VW = TV 01 mA
Input Voltage
™ High Level Input Current Vee = Max = 2.7V 20 pA
e Low Lexvel Input Current Vee = Max W, = 0.4V -04 mA
lozi Off-State Oulput Veo T Max Vg =2.Tv
Current with High Vi = Min, W = Max 2 pA
Level Quiput
Vollage Applied
leze Off-State Output Vee = Max, Vg = 04V
Current with Low Vi = Mling W = B =20 pA
Level Cutput
Voltage Applied
Iz Sheet Circuit Ve = Max DM54 -50 -225 mA
Oulput Current (Mcte 10) D74 -50 -225
lee Supply Current Vee = Max D, = 27 45 mA
GHD, OC = 4.5%

vewwfairchikdeami.com
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'LS374 Switching Characteristics
atNee =5V and T, = 25°C

R, = 6670
Symbol Parameter C,_=4d5pF C, = 150 pF Units
Win Wax Win Max

faax Maximum Clock Frequsncy 35 20 IMHz

for Propagation Delay Time 28 2 ns
Low to High Level Output

.y Propegation Delay Time 28 48 ns
High to Low Lewel Cutput

torn Qutput Enable Time 44 ns
to High Lewel Quiput

torr Qutput Enable Time 44 ns
to Low Lewsl Oulput

tore Qutput Disable Time 20 ns
frem High Lewel Output (Mote 11)

. Outrat Disable Time 25 ns
frem Low Level Qutput (Note 11)

Hobo 9: Al lypoals 566 ot Ve = 5V, T, = 250

Hob 10 Nod imees than one culpul should EQ shicckd <2 alime, ond tha duration shoukd nat exeard one saooad.

Nok 11: G =5 pF

wwew hrirchibdzemicom
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DM74LS74A

General Description

This device contains two independent posilive-edge-rig-
gered D flip-flops with complemzntary cutputs. The infor-
mation on the D input is ascapted by the fliplops on the
positive going edge of tha dock pulse. The triggering
occurs at a woltage lewel end is not dreclly related 1o the
transiticn time of the rising edge of the clock. The data on
the D input mey be changed whie the clock is LOW or
HIGH wilhout affecting the cutpuls as long as the data
e=tup and hald times are not viokated. A low logic level on
the preset or dear inpuiz will s=t or resst ihe oulputs
regardless of the logic levels ofthe ofher inputs.

August 1985
Revised lMarch 2000

Dual Positive-Edge-Triggered D Flip-Flops with
Preset, Clear and Complementary Qutputs

Ordering Code:

Order Humber [Package Humber Package Description
DIAT4LS7 AL 144 14-Lead Smll Oulline Integrated Circuit (SOIC), JEDEC WS-120, Q.10 Narow
DhT4LSEEAS] M14D 14-Tead &mdl Gulline Package (S0P}, EIRJ TYPET, 5. 3mm Wid=
D74l 57 4AN N14A 1d-Lead Mastic Dual-n-Linz Fackage (POIF), JEDEC MS-00T, U.200 Wade

Connection Diagram

Vie CiR2 o2 {LK2 PAz

W E [~ (X5

T{\2
[EL >

3 4 3 [ lr

15

CLr1 oy o (34

Drvbzus Ak swatstis in Tape and Rakl Spadly by appandng e 2tk kiler X" o Ihe codriing code:

Function Table

Inputs Qutputs
pr [ctr|ck | D Q 5]
L H X X H L
H L X X L H
L b X X |H{Mate 1) H [Hats 1)
H | H T H H L
H H 1 ION\E L H
H H L X Q, Qs

H o~ HIGH Legke Levd

X~ Biher LOAV o HIGH Logie Laval
L« LOW Loge Lawd

T« Pesitweping Trargioa

Q= The culpul loghe ket of O befons tha izatod input condiions wars

aslabitshad,

Helo 1: Thi configoraton iz nonsistie; tal iz, 1wl ot pursistwhan alfar
I peeset andbor dese inpubs elirn % thar inadiva (HIGH] laval

@& 2000 Fairchild Semiconductor Corporation DS005373

e fairchildszmi com
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DMT4LS74A

Absolute Maximum Ratingsitce 2)

Hota 2: The “Absiiula Maxmum Redings” ane those: velugs baycad wheh

Suprly Voltage TV the sarsty of the destee canmet be guseariead. The dewd:e Zhzakd nal ba
7 ¢ operakd at these tmis. The paramatc values detnod in the Elestriesl

Input Voltage i Charactartstizz tabks are not guaranicad al tw sbedule maxmun ralings.
Crerating Free Air Temperature Rangs OCo+70°C T ‘Reccmmandid Of 9 Corditons” Isbla wil daling he condiicns

Storage Temperature Range -65°C fo +150°C  'oradtusidavoe apseatan.

Recommended Operating Conditions

Symbol Parameter Tdin MNom [dax Units
Vg Supply Voltage 475 5 5.45 W
Ny HIGH Lewel Input Woltegs 2 v
Vi LOW Level Input Voltzge 0.8 v
lay HltzH Level Qutrat Turrent -u.4 mA
ToL [OW Tewel Gutpat Current [ mA
feik Clock Frequency (Mote 3) [¢] 25 LHz
fok Clock Frequency (Note 4] (4] 20 MHz
T Pdse Widh Clock HIGH 18
(Mot= 3) Precet LOVW 13 ns

Clear LOW 15

ty Pdse vadth Clock HIGH 75
(Hote 4) Drezet [OW 70 ns

Clear LUAY 20
[ Setup Time (Note 3)(Mcte 5) 207 ns
tsy Selup Time (Note 4)(Mct= 5 25T ns
t Hold Time [Hote S)(Hote 6y ar ns
Ta Free Alr Operaling Tempzrature a TU FC

Hota 8: Cp « 1S pF, Ry« 2 KIY Tao 25°C, andV¥ee « 3.

Ot d: €y « S6pF, Ry 2 KL Ty0 25°C, and¥ . - 94,

Hota 5: The symisct (1) Blizakes the nsng edge ofthe dock pubsa ts uzed o refersree.
HOte 6: T, « 25°C ang Vg « 54,

ww fairchildesmi.com . 2



Electrical Characteristics

et tecomimznded operaling free air lemperiure range unkess atharwise nated)

Symbaol Parameter Conditions Min (NI::T] Max Units
v, Tnput Clamp Vakage Voo =T, || =18 mA 15 v
Veu HIGH Level Vo = i, Iogg = Max 57 21 v

Quiput Valbage W =hbax, Vg = Hin
Ve LCA Lewoed Vo= hin, I =~ M.ax 0.35 as
Culput Valtyge Ve =hlax, Vi = Min v
I, =4 ma& Vo =Hin 0.25 0.4
T Tnpct Current @ Vg = e Data [
Input Viellage V) -1V Clack 0.1 b
Fresel 0.2
Clear a2
T GH Cevel Vo = Wc Dala — 20
Inpet Cumrent =27V Clock 20
Thear —ar—|
Presel 40
Iy LCW Tewnel Vo = M Dl -0.d
Input Current Wi = 0.4y Clock -0.4
Fresel %2 mA
Claar —0.8
T Shed Circuil Dulpct Current[Vs = e (et 5 Y] o100 ™A
lec Supgly Currert Vs = Wt (Notes 9 4 B mA

Hoto 7. Hi yphiz are at Vg = BV, Ty = 25°C.
Hoto 8: Nal mare Ihan on culpul should be shailed <t 2

ma, ord e durglion shodd not axcard ons seoond, For

Sesdoes, wilh kecdback lrom He pulpuls,

whara stetng (e cfpats tn ground may czusa tha cufpuls to changa logislake an equiaknl ksl may be PRIToomad whara Vg » 2,125 with the i mum

and maxTam kmits reducsd by ong hat! Yomiharstsied vidues This
Hotc 9: With 2l cutputs CREN, lce

Switching Characteristics

AtV = B aed Ty = 25°C

ks vary uzatil when using automatic lnst aguipment.
15 meazsad wih CLOCK graunse aflerzaltng b © and T oulpals HGHIn furn,

From (Input] Ry w2 kT
Symbol Parametar To [Output) CL =15 pF CL=50pF Unitz
Nin Max HMin Max
hx Maximum ClockFrequency P23 20 KHz
e L §70Fom Delay Tigg Cleck 100 cel3 26 35 ns
LOWAo-HIGH Lerel Quipat
ey Prapagdtion Defay Time - v
- 3 0 12 %
HISHo LOW Level OQuipee ~ | ek 100 60 3 ¥ =
ey Frapagstica Delag Time
g 2100 5 5
LOWIHIGH Leed Quipee |52t 0 £ % i
oy Prapagdtica Delay Time - e
P 30 35
HESH 10 LOW Leted uipee ehe ) i
teey Prapagsicn Delay Time
26 35 =3
LOW2o HIGH Level Quipig,. | 1o 100 2 "
g Prapagdicn Delay Time 3
Clesxr 100 30 35
HESH-to-LOW Levved Oulpe g i

[

ww fairchildsami.com
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@ MOTOROLA

BCD DECADE/MODULO
16 BINARY SYNCHRONQUS
BI-DIRECTIONAL COUNTERS

The SNE4/74LS168 and SNS4/74LS169 are fully synshronous 4-stage
upfdown counters featuring a preset capability for programmabie operaticn,
carry lockahead for easy cascading and a U/D inputto oontrol the direction
of counting. The SN54/74LS168 counls in a BCD decade (6. 4,.2 1)
sequence, while the SN54/74LS169 operstes in a Modulo 16 binary
sequence. All state changes, whather in counting cr parallel loading, are
iniliated by th= LO'W-lo-HIGH trareition of the dock.
¢ Low Power Dissipation 100 my Typical
¢ High-Speed Count Frequency 30 [Hz Typical
¢+ Fully Synchronous Operaticn
¢ Full Carry Lookahead for Easy Cazeading
+ Single Up/Down Conlrel Input
+ Pceilive Edge-Trigger Operaticn
« Input Clamp Diodes Limit HighrSpeed Termination Efects

COMNECTION DIAGRAM DIP (TOP VIEW)
Yoo TC 0p 0; Gy Oy CET PE

(6] [i6] [ae] [] [iz] [u] [] [5]

HOTE:

The Flaipak werskon

has lha sama pnouks
{Sornedion Diagam) as
iha Dot In-Line Pacikaga

DT LT T G BT IET [T I:

W Pp Py Py Py CEP oD

2]

SN54/74L.S168
SN54/74L.S169

BCD DECADE/MODULD
16 BINARY SYNCHRONOUS
EI-DIRECTIONAL COUNTERS

LOW POWER SCHOTTKY

-::# J SUFFIX
h]‘ CERALIC
CHSE 620-09
1o
1
e N SUFFIX
! PLASTIC
& CASE 84603
1
@ D SUFFIX
X saic
CASE 751803

1

ORDERING INFORMATIOM

SNELSXXX)  Cerzmiz
SHILSOGM - Fastic
SNF4LSXXXD  S0IC

PIM NAMES LCWDING {Ncta g)
HIGH LOWY

CEP Court Enatle Paralel [#olive LOW) Inpul 0.5UL. 025 UL
CET Count Enatie Trickls (Active LOG) Input 1.0UL. 0.5 UL
CFP Clock Puse (Acive peelllve going edgs) gt 0.5 ULL. 025 UL
PE_ Pardlel Enablz (aciive LOW) InpLt 05 UL. 0235 UL
uio Up-Doan Counl Coalred Inpul 0.5 U.L. 025U.1.
Pg-P3  Pardld Daa Infuls 05 UL. 023 UL,
Qu-03  Flip-Flop Qulputs 10UL. | S28) UL
TC Taminal Count (Aclive LCW) OLEpUL 10UL. | &235)UL.
HNOTES:

a 1TTLUNE Losd (UL} = 40 e HISHA & ma Lo
b The Oupat LOA/ drive teoior s 2.5 UL, foe Titkery 2] and § ULL. o Commarcial (747
Famperalira Rangas,

LOGIC SYMBCL
9,874 /5 %

i——u0
10 —qcer

Gy 2203

1]

W12 12 1

Yo =PINiG
GND =PNEB

FAST AND LS TTL DATA




SNS4/74LS168 » SN54/74L.5169

LOGIC DIAGRANS (continued)

SMNS4/74LS169

By Py

— F2
pg%‘l ol |
U

F3

T 7 * 1 T4 JI—
11, A : r'—‘]_ e [, n
i [ A 111 _j_j_ I ' )
Y i 2
e n
Cy 8 &2 05
GUARANTEED OPERATIHG RANGES
Symtol Parameler Min p ax unit
Voo Supply vollagz 54 45 50 55 v
T4 475 a0 5.25
Ta Opsaling &mblart Tempersire Rangs g4 -55 2% 125 C
74 Q 23 Ta
IoH Oulput Currenl — High 54,74 -04 ma
loL Oulpul Current — Low B 4.0 ma,
74 8.0

FAST AND LS TTL DATA
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SN54/74L.5168 « SN54/74L.5169

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RAHGE (Lnkzs olharsise spedhed)

Limits
Svmbol Parameter [in Tvp lax unit Test Conditions
_ Guarantzed Infut HIGH Yalaga for
WK INFULHIGH Votags 2.0 v Al Irpuds
. 54 0.7 Guarantzed Input LOY Volkags for
L INFULLOVY Yollage = 7 Yl aiinpus
K INful Clamp Diode Volags -06s5 | -15 W | Voo =HMIN, g = -18 ma
54 2.5 35 W Ve = MIN, Iog = MaX, Wy = Vi
aH Qutput HIGH Yoltage = N3 77T 1 Vi pzeTiuin Tatie
54,74 025 04 Ay oL =4.0 nA Voo = Ve MIN,
VoL Cutput LOW \itsge VN = VLOrViH
74 035 | 05 V| o =80ms par Truh Teble
INfUl HIGH Currenlt
Qther Inputs 2 né Voo = MAX, Wiy =27 W
H CET Input 40
Cher Input o4
CET lnpl_:ﬂ 0.2 MA | Voo = HAX, Vi =70V
Input LOW Cumen!
I Ciher inpul =04 | ma& | Voo =MAX, Vy=04yY
CET Inpul -08
lcs Sheet Clreult Current (Nte 1) ~-20 -100 | m& | W = MAX
Icc Power Supply Curent 34 me VCC = MAX

Rede 1 N mors Ihen £0n QUEW shousd be shacked al ona tima, noe foe meee than 1 seccad.

FUNCTIONAL DESCRIRTION

The SNS4/74LS168 and SMS4TALSIED usse edge
triggered D-type flipflops that have no constraints on
chargingthe control or data infut signals in either state of the
Clack. The orly requirement is that the varicus inpuls attain
thedesired state atleasta sst-uptime befcre the rising edgs of
the clock and remain valid for the recommended hald time
thereafter.

The parallel load operation takes precedencs over the other
operations, asindicated inthe Mode Select Table. \When PE is
LOW the data onthe Pg—Pa,inputs enters the flip-lops ontha
next jsipg edgz of the Clock. In ordef for counting to oceur,
bath CEP and CET mustbe LOW and PE must be HIGH. Tha
WD input then determines the direction of counting.

The Terminal Coynt!TC] outputis normally HIGH and goss
LOW, providedthat CET is LOW, wh=na counter reaches zero
in tha COUNT DOWN mode or reaches 15 (9 for the
SNS4/F4LS168)in the COUNT UP made. Tha TC culput state
iz nata function of the Count Erable Parallel (CEP)input level .
The TC cutput of the SNS4TALS 162 decads counter canalzo
be LOW inthe ill=gal states 11, 13 ard 15, which can oosur
when power is urned on or via parallel loading. Ifillegal state
oceurs, the SNEATALS16S will return to the legitimate
sequencawilhin two courds. Sincs tha TC signalis derived by
decoding th= flip-flop states, there exists the possibility of
decoding spikes on TC. For this reazcn the usz of TC as a
clock signal iz not recommended.

MODE SELECT TAELE
PE CEP CET u'o Aclion on Rising Clcck Eage
L % * X Load (Pn— an)
H L L H Count Up (ncremanl)
H L L L Ceount Down (dacremant)
H H % X Mo Change (Hokt)
H X H X No Change (Hok)

H = HiGH ‘W taga Laval
L= LI atage Loval
X =immakny

FAST AND LS TTL DATA
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SN54/74L5168 « SN54/74L.S169

AC CHARACTERISTICS (Ty = 25°C, Vog = 5.0V)

Limils
Symbd Parameter Min Typ Max | Unit Test Canditions
Tt Exmum Clock Fraqusncy 25 32 MHz
tpLH Propagallon Detay, 23 35 .
tPHL ChcktaTC 23 35
tpLH Frepagalion Delay, 13 20 fmm o= BN
tpHL Ciick to 1y O g UL \&C;gﬂ‘:‘
tpLH Fropagalion Delay, 16 20 ns
tPHL CETloTC 15 20
tpLH Fregagalion Delsy, 17 25 &
LpHL UDloTC 19 2
AC SETUP REQUIREMENTS (T4 = 25°C)
- Limils
Symbd Parameter Min Typ fdax unit Test Conditlons

lyy Chck Pulsa WHIh 25 ns

2elp Thme,
s [ala or Ensblz N 17

Z2olp Time
s FE X L Voc=50V
[S wo Tl e ns

HAd Tima
th £y Irput 0 ns

FAST AND LS TTL DATA



Novemdar 1934

;NNatianal Semiconductor

LM741 Operational Amplifier

General Description

The LI741 gading are genersl puposs opsratonal amplE-  outout, 0o latch-up whent tha commdn made range & ax
erg which festute impeoved pavirmance over industry slst-  ceaded, as well a8 freadom from oscilstons.

dards Eke the LA702 They are direct, plugin replacemanls  The LMTAIC/LMTA1E are ideatical 1 the U741 ALMTAIA
for the 709G, L1201, MCT439 and 748 i mostapplealions.  aypeed tnat e LMTAIG/LMTAIE have ther peciormance
The ampiters offer many fegluras vhich make their api-  quarantead wer & 070 1o 27040 tarperatica ranga, in-
catea nearty fooioroot overtoad peolectoa on tieinputand  stead of —55°C 1o 4 125°C.

Schematic Diagram
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o8 o8 (o3 [s1%]
4 4 i&u
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Absolute Maximum Ratings
1t Military/Aerospace specified devices sre required, please contact the National Semiconductor Sales Office/

Digltibutors for availabili
{Hote §}

ty and specificationsa

L7411 LM7E LM741 w741C
Stpply Vollage +22y +22v +22V +18v
Powear Dissipation (Mot 1) SC0m S60 Y SO0 nW SO0\
Differeatat lrput Voltage +30V + 30V +30V 30V
apul Votlage {Note 2) 18y £15V +15V 15V
Output Shovt Greult Duratoa Coantousus Coatinuous Ceatauous Contituous
Openating Tenyperalurs Fangs — 5010 + 12590 OC b +70°C —E5C 10 +125°C Cilo +70°C
Stxage Temperature Range — 8010 + 15050 —85C 1o + 15¢°C —85°Clo +150°0 -850 + 150°C
Juneton Teaperative 1567C 160°C 150°C 100°G
Soldaing Iloematea
N-Package {10 eaconds) 2¢00 o o] ZECC ZEFC
J-ov H-Package (10 s2coms) Jnec J06°C G00°C 300°C
M-Packags
Vapor Phass (B0 sscoads) 2156 A5G 215°0 215G
intared {15 szoonds) 2156 215C 215°C 215C
Saa AN-450 “Surlace Mownling Methods and Thair Eflect on Froduct Fefgiity ™ for olher methods of soldering
Furlace mount devicez.
E8D Tolerance {Nate 8) 4607 4600 400V ACGV
Electrical Characteristics {toteq)
Paramater Conditions W74 1A/ LWMTAE 174 L8s741C Unsits
Min | Typ | Max | Man | Typ | Max | Min | Typ | Max
Inpet Offe=t Vollage Ta =~ B°C
Rg © 10kQ 1% S.G 20 (=3 my
B 7 500 02 3.0 my
Tosare # Ta % Taauax
Re = S00 40 mv
Rg o 10k 5.0 75 mv
Average knput Offzet = LV
Vollags DAl -
- = & +on
lng:l«Jl Offg=t Vollage e 250, VS pa i 10 415 +15 my
Adjastmaal Bange
Input Otfsat Current Tp =~ 25C 30 | s 20 | 230 2 | 2;e | oA
Tarare % Ta % Tazax 70 a5 | see 800 | nA
Averags pal Offest d QARG
Currant Dl Gy
Inpat Bias Current Ta, = 25°C 30 a ac £GG & 500 A
Tann & Ta % Tanay 210 1.5 68 | pA
Input Resislance Tp = BC Vg -tV | 10 | 60 63| 20.. ¢3 | 20 S0
Tasnd 5 Ta # Tan, a
G A0
Ve e £ 20V o
Ingut Vallage fange Tp 256 12 | £18 v
Tantee = T T *124F13 v
Large Sonal Vollage Gan | Ty « 259G, R, & 2k
Vg - +20V Vg = +15V | 5 VEmy
Vg = 158V, Vg = $10V S0 pasie] z0 200 Wom
Tanm = Ta % Tanae
Rz 2EO,
Vg = £20V, Vg - £15V | 32 ViV
Ve - F15V Ve - 110V z5 15 Vimy
Vg = +3V Vg +2 1 Vimv

[N}
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Electrical Characteristics e ) Coatinued)

¥(
Parameter diticns LMTAIASLMTAIE L4741 741C Unite
Min | Typ |Max | Min | Typ |Max | Min | Typ | Max
Outout Vollage Swirg Vg = £ 20V
By 2 1CKD +1& v
B; &2k + 15 v
Vg = 15V
Ry = 10kQ +12 | =14 +1z | £14 v
Ry & ZkQ +10 | 13 +1¢ | +13 Vi
Outrut Shext Cireuit Ta~ 25 10 25 35 b 25 ma
Curranl Tasap s Ta % T ana 10 40 [N
Commoa-sboda Tasare = Ta 5 T e
Rejection Ratio Bg 5 10K, Vg ~ £12V 70 | @ 7 | o 48
Bg % 500, Vepg ~ £12¢ ag a5 da
Suppdy Vollage Rejaction | Taaan £ Ta 5 Tanex
Rato Vg = £20VI0 Vg~ £5V
Rg ® 00 as 85 da
Rs = 10RO 7 = <) 77 ac 48
Traazienl Respoase Ta =~ 25°G, Uity Gain
Rise Tirme 0Z5 | G2 0.3 G3 us
Overshioot 6.0 2% =3 ] %
Bandwidth {Nota 4) Ta > 25°C 0437 | 1.5 34Kz
Staw Rate Ty, ~ 2550, Urily Gain [a 33 a7 Q.5 G5 Vi us
Sugply Curseat Tp = 2598 .7 | 28 17 | 28 | ma
Powner Congumplion Ty = 25%C
Vg = +20V a | 1% mivt
Vg = £15V 50 as e as m
LIT41A Ve = 20V
Ta = Tagan 165 i
T Toraax 135 o/
LMTA1E Vg = +20V
Ta Tanin 150 e
Ta ™ Tamax 150 v
L3741 Vg - t13V
Ta ~ Tapan € | tog mi
Ta = Tanaax i o

Kale 1 For oprason & Geaid Bineanata &, 31040 4ok oas must be diased baicd on Sxned 16uatanog, axd '!i ax Jand under “Aba duns Masdivun:

Fawns'L Ty = Ta s AL

Trermal Redgiance Ceredp (J) P (V] HOS &) 20-8M)
Gp Hunedoa wambced) 16T 106G TWCC, 1E3CTM
6 (uason 1 Cae) A NA 23T NeA

Rote 22 For supply voaoss 1604 5wt 215\, T abaolu Marinur inesT vehage & oaud 20 1 SUply Y oRacs.
+125°C (M7 LAMTATA) For 3w LATAICLMTE, Tice

Rote 3 Unloas 0TWiwiee SEactiod, 39ess Spaiudioes pely 108 W =
SRCHEHG e HnRd W OC Ty

Raote 4: Calculoed vakie ¥or: BY (UHD

<TCGC.

OISR T

Rote 5t Foc 4y SESeitR106 5ow FETSTAI A7 LA and RETSIH 120! for LMTA 14,
Rote € Hardn body mod, 1.5 K i i i O pE

TS, ~S8°C u Ta @
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Connection Diagrams

Mietal Can Package

KZ

NON=NYERENG IHPUT(3) (SFoerser kL

s

TLHAA -2

Order Number (34741H, (M741H/8837,
L741AH /883 or LM7A1CH
See NS Package Mimber HIBC

Dual-ln-Line or S.0. Package

N/
CEFSET KULL = 1 af=uc
HNIRTIG IKPUT— 2 =v
ROK-IHYERTIRG— 3 & |-cumrur
HPUT
WT—tq 3~ GFFSET RULL

TLHARA-3
OrderNumber LM741d, LM7414/883,
L¥7A 1038, LG4 1CH of LMTA1EH
Ses NS Packsge Humber JOBA, MQEA or NISE

LMTATH B datie por JMES10,10107

Ceramic DuatIn-Line Package

N/
I 3] (RN ol i1
NE—3 I3—HZ
+ QFFSIT NULL =3 12N
-IR—$4 11—+
LR 3] Q- QUT
W g G < OFFRET HULL
Ne—£7 sF—HC
TLAHAIR -5

Order Humber LM741-14/883%, LI741AJ-14/883 "
See NS Package Humber J14A

fako @i abde por JMES1GISIN
*faleo avalabie pie JUEESS10/ 0102

Ceramic Flatpak
§ g - 1
KCI:2 [ ;! RC
+CFPSOT woLL ";‘:I HC
El
~INEUY
I:‘ LI74IW ;1 Ve
R | — fd CUTRUT
3 3
- Y -GFFSET HULL
TLAL M-
Order Humber L3741V /883

See NS Package Humber W 10A
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22 BEXAR
/N .. the analog plus company %

FEATURES

¢ Low-Sine Wave Distorticn, 0.5%, Typical

¢ Excellent Temperatura Stability, 20ppm=C, Typ.
e« \Wide Sweep Range, 2000:1, Typical

¢ Low-Supply Sensitivity, 0.01%V, Typ.

# Linear Amplitude [Modulation

e TTL Compatible FSK Controls

¢ \Wida Supply Range, 10V to 26V

¢ Adjustable Duty Cycla, 1% TO 99%

XR-2206

Monolithic

APPLICATIONS
e \Waveforrn Generation

¢ Sweep Generation

¢ AN Generation

e VIF Conversicn

« FSK Generation

e Phase-Locked Locps (WCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, friangla, ramp, and pulse waveforms of
high-stability and accuracy. The oulputwaveforms can ba
bath armplitude and frequancy madulated by an extamal
voltage. Frequency of operation can ba sslected
extemnally ower a range of 0.01Hz to mora than 1hHz.

The circuit is ideally suited for communications,
instrumentation, and function generatcr applications
requiring sinuscidal tone, A, FiW, or FSK ganeration. It
hasatypicaldrift spacification of 20ppm©C. The cscillator
frequency can be linearly swwept over a 2000:1 frequency
range with an extemal control voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206h 16 Lead 200 Wil GDIP ~EEC 10 +125°C
XR-Z205P 16 Lead 200 Wil POIP —40°C to +85°C
XR-2206CP 16 Lead 200 il PDIP 0°C to +70°C
XR-2206D 16 Lead 200 Mil JEDEC SOIC 0°C to +70°C

AT 5 5 5

TEOM

EX*R Corpoeaticn, 48720 Kato Road, Fremont, CAS4524 @ (510) G28-7000 @ (510) GES-TO1T7

1

Function Generator
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XR-2206
Ay (5 7

'\"s GHD BIAS
6 @ -
Thmir r

Capaciler vcoj‘,—‘
= =0 3

— T @
Timing

Reslslars curren niulinler

- e Sl il “ 2) s10
Faxi (S———
ast (3 3} t10

went (3
wrvenz ({0
st (B
sz (S

Figure 1. XR-2206 Elock Diagram
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2 EXAR _ XR-2206

AISI

SYNAZ ANSSI 1 SYIA2
STO SYRMA STO 2 YN
MO WAVEAZ [A[e] 3 WIAVESZ
Veo WWAVES Veo 4 WWAVEAD
e GHND TC1 5 GND
TC2 SYNCO TC2 5 SYNOD
TR1 BIAS TR1 T BI&S
TRZ FSKI TR2 3 FSKI
16 Lead POUFLIITTD.500%) 16 Lead SOIC (Jadec, 0.300")
PIN DESCRIPTION
Pin# Symbol Typ= | Description
AKSI | Lmplitude Kodulating Signal [nput.

2 STO (] Sine or Triangle Wave Output.

3 VIO 0 Multiplier Output.

4 Veo Pasitive Power Supply.

5 TC1 | Tirming Capacitor Input.

3 TC2 | Timing Capacitor Inpuit.

7 TR1 e} Timing Resistor 1 Qutput.

8 TR2 0] Timing Resistor 2 Qutput.

] FSKI | Frequency Shift Keying Input.

10 BIAS Q Internal Voltage Reference.

1 SYNCO (9] Sync Output. Thig culput is & open odlector and naeds a pull up resistor 1o Vioe.

12 GND Ground pin.

13 WAVEAT | Wave Form Adjust Input 1.

14 WAVEAZ l Wave Form Adjust Input 2.

15 SYMA1 | Wave Symetry Acljust 1.

16 SYMAZ | Wawve Symetry Adjust 2.

PoRev1B S S S S

COTOM”

3



XR-2206
A Ry L

DC ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2 Vee = 12V, Ta =25°C. C=0.014F, Ry = 100ke2, Ry = 10k, R; = 25k
Unless Otherwise Specified. S1 open for triangle, closad for sine wave.

XR-2206M'P XR-2206CP!D
Parameters Min. ' Typ. I Max. | Min. l Typ. | Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 25 v
Split-Supply Voltage 45 #13 | 45 +13 v
Supply Current 12 17 14 2 mé Ry Z 10ks:
Oscillator Section
hax. Operaling Frequency 0.5 1 [1X3 1 MHz | C=1000pF, Ry =1K2
Lowest Practical Frequency 0.01 0.01 Hz C=50iF, Rq= 2N
Frequency Accuracy 1 +4 +2 % offy |fa= 1/R4C
Temperature Stability 10 150 220 ppmfC | 0°C = Tq =, 70°C
Frequency Ry=Rp=20k2
Sine \Wave Amplitlude Stability? 4800 4800 ppm~C
Supply Sensitivity 0.01 0.1 0.01 SV Vo = 10V, Vg = 200,
Ry=Rg =20k
Sweep Range 1000:1 | 2000:1 2000:1 fH=fL |fy@R{=1K2
fi @ Ry =212
Swseep Linearity
10:1 Sweep 2 2 % fi = 1kHz, fiy= 10kHz
1000:1 Sweep 8 8 % fi = 100Hz, fy = 10CkHz
Fh Distortion 01 01 % +10% Deviation
Recornmended Timing Components
Timing Capacitor: C 0.001 100 | 0.001 100 uF Figure 5§
Timing Resistors: Ry & Ry 1 2000 1 2000 ke
Triangle Sine Wave Output? Figure 3
Triangle Amplitude 160 160 m\ker | Figure 2, Sy Opan
Sine Wave Amplitude 40 &0 €0 E0 m\fike2 | Figure 2, S¢ Closad
Iz, Output Swing 6 6 Vpp '
Qutpul Impedanca 600 600 0
Triargle Linearity 1 iy %
Amplilude Stability 05 05 dB For1000:1 Sweep
Sine Wave Distortion
Wilthout Adjusiment 25 26 % Ry = 30k
With Adjustment 04 1.0 05 15 % See Figure 7 and Figure &
Notes

.
{ Output anpfituda is directly praportional to the resistance, Ry, on Pin 3. See Figure 3.

2 For maximum amplitude stabiiity, R shouid be a posifive temperature coeficiant rasistor

Hold face parameters are coverad by praduction test and gusraniged over operaiing temperaiure range.

V- Rev. 108 S/ o) o s i
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A R T T

DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2206

XR-220610/P XR-2206CP/D
Parameters Mir. I Typ. I Max. | Min. l Typ. I Max. | Units |Conditions
Amplitude Modulation
Input Impadance 50 100 50 100 kg2
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % Fer 85% modulation
Square-Wawve Output
Amplitude 12 12 Vep | Measured at Pin 1.
Rise Time 250 250 ns Cp = 10pF
Fall Tima 50 g0 ns Cp = 10pF
Saluration \bltage 0.2 0.4 0.2 0.6 \Y IL=2mA
Leakage Current 0.1 20 01 100 who |Voo= 26V
FSK Keying Lews! (Pin 9) 08 14 24 0.8 14 24 vV See section cn direuit controls
Referenca Bypass Valtage 29 3.1 b & 25 g 35 \ Measured at Pin 10.

Notes

! Output amplitude is diractly prapariional to the resictancs, R3. 0nPin3. See Figurs 3.

For maximum ampiituds stapi

iity; Ry should be a posifve tampearaturs coeficent resictar

Bold face parameters ara covarad by production test and guaranzed over gperating famperaiure range.

Specilicalicns are subject to change without notlce

ABSOLUTE MAXIMUNM RATINGS

Power Supply &. . 90). . ... Q00 I\ .S 2V Total Timing Curment ... ... .. ... .. Bmd
Pover Dissipation ................... .. 750m\y/ Storage Temperature ... ... ... £5C to +150°C
Derate Above 25°C ... SmWWiEC

SYSTEM DESCRIPTICN

The XR-2206 is camprised of four functional blocks; a
voltage-contralled oscillator (VCOY, an analog mutiplier
and sine-shaper; a unity gain bufferamplifier;and a setof

cument switchas.

The VCO produces an cutput frequency proportional to
aninput cumant, which is sat by a resistor from tha timing

Y Rev G S/ s

terminails to ground. With two timing pins, two discrate
cutput frequencies can be independantly preduced for
FSK generation applications by using the FEK input

control pin. This input conirals the cumant switches which

5

selact one of the timing resistor currents, and routas it to
the VCO.
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&National Semiconduc

A/D Converter with Track/Ho

General Description

8y uging s hall-fash eoaversica tachnique, me &l
ADDIBZ0 CHOS AMD offers a 1.5 1 conversion tme and
disgpales caly 75 m\W of power. Tha hall-fash 2zhaque
congisle of 32 compamalxg, 8 most sigafisant 44t ADS
and a least ggnifeant d-bit ADS.

The npat 1o the ADSOIZ0 is racked and hald by the input
samplng creullry efiniadling the need {eor an extornal sam-
pie-and-neid for signate moving al lees than 100 mVi s,
Forease of nlerkace b miemprocessoes, the ADDIAZ0 has
tesn dedgaead 10 appear as a mamay Bocatisa or 170 part
witheut the need for externd intedadng kge.

Key Specifications
B Fesnuton
m Coavemion Tims

8 gits
25 p8 M (RD Mads)
1.5 pa $8ax (R0 Moda)
B inpul ggealz wilh siew rale of 100 mV/us comvertad
withoul extaraal sanpleand-hold © 8 Bl
N Low Power
m Tolal Unadiusted Error

75 W BAax
£ 35 158 and + 1188

ADCO0820 8-Bit High Speed P Compatible

Febryary 1895
tor

Id Function

Features

B Buit-in rack-md-ho¥d functon

u {o mizsing codes

m No external docling

m Shgls supedn—5 Vi

B Essy inleface 1o all microprocessos, o operatag

and-alone

Lathed TRISTATES cuteut

Logie hipats and culpals mest kot 3408 and T2L wolt-

age kel gpedificaticas

B Operalas rafomeldcaly o with @y refareace sakue
equal 1o o 1233 than Vo

u OV 1 8V andsg input vollage rame with singls SV

Eupply

Mo ze&o o full-acata adjust required

Owarkow culput avalabia for cascading

03" slandard vSdtt 20-pia DI

Zihpin avided chp carrar parkans

20-gin small cutine package

20-gin shrink small culine pacage (S80P)

Connection and Functional Diagrams

Duakin-Line, Smai Qulline and

SSOP Packages
o/
Ve~ R
@2 19f—He
{3 =G
M4 1302 Ragt) » fannsnd — (¥}
pascca L7
tar—s 16026 H | oo
Rk [ 5035 ]
(RS o 2] 1] '
K~ 1o 5 e
T — iV (4 SIS
w1—9 ; (Trasd] [T
s SAwygpl-3 AR
TR STi0E
RN
TUH S
Top View
—
Holded Chip Carrier e —tt2
Package hotsie 5 S
ALE oo l:lll’l—J 43
EEEEE
LB
- [ERSEEED | & Tis% FAL LOMPRAL LRy }—-’-—“ﬂ
L LYy (4 l ! l i
T g (=) Hee WYy 141 31 )
3 tlgum TLH 5052
i Lt FIGUHE 1
Moo g
¢33 g™
5 L0 - See Ordering Information
TrESTATD S &y 3 Hadaad of Madiana

P 1208 Nkawd Zuricanducty Caprnian TLALE2 |

PROLOM MO Frided U S A

uonoung pIoH/Aor4L YHM Jo1ieauo) a/ v slaitedwoy 4+ paads ybiH ig-8 028090V
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Absolute Maximum Ratings pows 122
It Military/Aerospace epecified devites are required,
pleage contsct the HNational Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Vollags {Vor) v

Logie Contrel Inputs —0ZV 10V 4+ 0.2V
Veollage al Olher lpats snd Quind —02v 1 Vi +0.2v
Storage Tampecatire Range -65°C10 + 180°C
Package Kssipation a1 Ty ~ 250 875 mW
npat Curreat 3t Aay Pin {Note § 1mA
Parkage faput Curent {Note 5) 4mi
ESD Susaaplabigty (Nots 9] 1200V

Lesd Tenp. {Soldedng, 10 s2c)
Daabin-Line Parkage {plastic)
Dugl-in-Line Paciage (ceranve)
Surface Mount Package

Vapor Phass (60 e8¢
inlrared {15 88¢.)

=06
BEC

21570

Operating Ratings (vowz1a2

Tempersture Range
ADD08Z0CCY

ADCCEZ0I/A

ADOI820HCN, ADCAZGO0N
ADOCE20BCV, ADOIBZOCOV
ADOBZOBCWM, ADCORZ0CCANIA
ADOISZ00CIS A

Vo Rangs

TamaTas Taax
—40°CE Ty 5 +85°0
—AFCETAZ $+85C

0L Th 870°C
GOE TA 5T0C
PO TH 870
CCE Ty 470°C

45V b sy

Converter Characteristics 1r foSosing epecifeations spply for R mads {pia 7 0), Ve = 5V, Vege(+) —5V,
aad Vigep{—)~GND untass olbarvias specifed. Boldface fimits apply from Teyy 10 Taax: 98 othee Emits T, =T}25C.

ADCIE20BCN, ADCO820CCN
ADCO820BCY, ADCOS200CY
peLaniee ADCI829B CVeM, ADCOBIACCVINE Limit
Paramater Caonditions ADCOE82ICCIS A, ADCIB20CIV 14 Um‘*jts
J Tested | Design ) Tested Design
’;i‘;’ q| Limt | umt | 12: & | Limit Limit
Hot2 8} iote 7y | itiote ) (Hote7) | (totes)
Respluton 8 8 8 8itz
Tolal Unadjusled | ADOIGZORCH, BOWS 3 Ty |88
Error ADOI8200CU -k | 188
{Nete 3) ADDIBZOCN, GOAYM, GIVIA +1 +1 LS8
ADNBZOCEIS A +1 %1 188
Micinum Raterence 23 104 23 12 £
Regatece
Hgdinum Baleenes z23 & z3 £3 & K0
Hesistance
Mavievum Vgee{ £) Yee Voo Yee v
Inpat Vollage
Midiram Vigeed—) GHND GHD GND v
input Vollage
Miginum Vgge{+) Yeee(-} Vae(=) | Veee(—) | V
inpat Vollaga
Hstimm Ve~ Viee(+) Veee(+) | Veed4) | v
fnpul Vellage
Mt Vi Teput Yoe + 0.1 Voo +01 | Yep+@1 v
Voltaga
Minierram Vg bput GHD-@a.1 GND—-0.1 | GHD—-0.1 | V
Vollage
Maniovam Anslog TS Vo
Inpat Leakage Vg~ Non 3 G3 3 LA
Cuirrent Vipg = GHD -3 —03 -8 wA
Power Supply Verm 5V 5% * Y4g ¥ + ¥ * 3 ES A 188
Seaztvity
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DC Electrical Characteristics me totoning spadtications apghy

Boldface fimits apply from Tayy 10 Tawa s &8 other Eavlz Ta=Ty=25G

for Voo <5V, unlacs otheraiza gaadtiad.

ADDIB20BCH, ADCUS200CH
ADCAS2IBCY, ADCOE20CCY
e ADDIS20BCWM, ADCA200C VWL S
Parameter Conditions ADCO82OCCIS A, ADCISIACIVIM thaits
H
Tested | Design Tested Design
; fi’ﬁ o | Umit | Lmit | ‘:53: o | Lt Limit
Hote) | ote7) | ate sy | MO8 | hivas | prore 8
Vipygry Logioal 17 | Ve == 525V 8. Wi R 20 20 20 v
lnput Vollsge Mode a5 as 35 Ui
Vg LOgnal "0 | Vo 475V TS, WR RD .8 [oE:8 0.8 v
laput Voltage Mhoda 15 15 15 v
logy. Logies "1™ | Viyy - 5V: T8 RO 0003 1 2005 1 kA
Iaput Curreat Vingy =~ 8V VIR 2.1 3 G 03 2 LA
Vingn ™ 5V: Mode 50 204 50 170 20 wA
logoy, Logicd 0™ | Vipyoy = 0V TS, D, Wi, -06es | -1 —0.003 -1 BA
Input Curesit Mode
V. Logical 1 [ Vg = 475V, {np = —560 pic 24 z8 24 v
Output Vollage DB0- 087, OFL INT
Vi = 4.T5V, {oyig = — 10 wig 4.5 46 45 v
080~ D7, OFL, INT
Vit Logical @ | Von ~ 475V Loy - 1.6 mi a4 @.a4d ] v
Outzut Viltage Dag- D87, OFL, INT, 07
leup, TRISSTATE | Vigyp == 5V DBO~DA7, R0Y .1 a a1 04 3 EA
Output Curent Vet~ GV; DB0-D87, ROY —G.1 —¢ -0 ~03 % LA
leounce, Qulput | Vigyr = 0V DBO- D87, OFL -1z -8 = b7 -6 mA
Sourea Ourrent INT -8 —440 -9 —53 —448 mni
Tgnee QUL S0K | Ve~ SV 0080- 087, OFL 14 7 14 8.4 7 mA
Currant iNT, RDY
lgo, Supply Currzat | GS % R RO ~ 0 75 15 75 13 15 mAa
AC Electrical Characteristics me tovwing sraciicstions APl 400 Vo = SV 1o | - 20 8. Vipgep{+ ] <5V,
Visep{—) 0V and Ty ~25°C untess oThervice spadlied.
T Tested Deaggn
Parameter Conditions {m‘{f > Limit Limit | Unite
(Hote 7} | {rote 8}
L. Conversioa Tima 1o¢ K0 Maode Pind ~ O, (Figure 2) 16 Z5 i3]
tac oo, Access Time {Delay from Pia7 ~ O, (Fgure 2} Ly +20 1y +50 ns
Faling Bdge of RD 1o Output Vasd)
Lvaan Coavamion Time foe PinT - Ve tyg ~ €000z, 152 e
WR-RD Mode gy =~ BO0 g (Figures 5a arvd 3b)
g, Weile Tima Min Pin7 —~ Vor (FYures 38 and 5b) £00 03
Baax {Notz 4) Saa Graph =0 re
tap. Resd Tims M PiaT - Vo (Fures 53 and 3b) €00 ne
{hgle 4) Sea Graph
e, Access Time {Delay from PinT = Ve e <t (Figuee 3a)
Falkag Edge of FlJ to Outaut Vagig) C; «15pF 19C 280 s
C, ~ 100 pF 210 3z0 ]
foos Access Tima (Celay rom PinT =~ Ve g > U (Figue 3b)
Faling Bdge of Rl to Output Vasid) C; ~15pF 70 120 0s
C. ~100pF 90 150 0s
ooy Access Time (Detay tromn Rizing Reyoe = 1kand C_ ~ 15pF 3G ns
Edge of ROY 1o Quinut Vakd)
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AC Electrical Characteristics (Coataued) The ssBowing epacifeatons apply 1oc Von SV, 11 =20 ng,

Vezp(+) 8V, Vgzp{—) = GV 31d T 4 ~ 2550 wiess othawize spedtied.

T Tested Design
Parameter Conditions ¥p o Limit Limit Usite
Mote®) | hote7} | qotes
1, breal Comparisoa Time Piey 7V (Figumss 5b ard 41 800 130G ns
C, ~ S0 g
Ut Yt TRESTATE Coatrod Ry =1k, G, = 10 pF 160 200 0z
{Datay foxn Figing Edge of RO 1o
-2 Stata)
Trqy . Datay from Rising Edge of PR T = Vo, Gy = S0pF
V1o Fasng Edga of INT tegy >4 (Figure Sb) t nz
lgy <Y (Eigues 5 ot 200 Tpwy £ 290 ng
TaTH, Delay romRisiag Bige of {Flgures 2, 53 and 3b) 125 225 S
RD 1 Riiey Edga of TNT C, -~ 50 ¢F
TriTHass. Datay foom Figng Edge of (Figurs &), G, 50 pF 175 Z7 ng
ViR o Fishg Edge of INT
lgpyy, Detsy fom TS 1o ROY {Flgure 2}, G, =50 pF, Ba 7 =G = 100 ns
1o, Datay from TNT 1 Ourtout Vabid (Figure 4) 20 0 nsg
lgp, Datay fom RO 1o INT Pin 7 - Vo, e <ty 260 0 03
(Figeacs 53}
1r Detay fom End of Conversion (Figurés 2, 33, Sy and 4) 530 HE]
10 Nawt Conarging {Noded) See Graph
Skzw Rate, Tracking 1 Vi ps
Cuips Fusalog Iput Capacitancs 45 pF
Gt Loge Output Cxpaeitance & 53
Gy Loge Bput Capacitance 5 B
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Timing Diagrams
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Railez O powdeap 33 53250 of T can b g o foav. TLH &0
FIGURE 2. RD Sode (Pin7 is Low)
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FIGURE 3a. WR-RD Mode (Fin 7 is High snd tap< ty}
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- FIGURE 4. WR-RD #ode (Fin 7 is High}
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FIGURE 3b. WR-RD Mode (Pin 7is Highand tgp 1)
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Description of Pin Functions

Pin Hame Function Pin Mame Function
1 Vg Analoginputirange ~ GHD = Vi 2Ven & T WR-RD Mode
z D& TEISTATE data clput—kit 3 {LSB) INT going kvw indcatas that te coaver-
3 D81 TRISTATE data outpest—bit 1 sion is conpieled and the data medt & in
4 DBz TRISTATE dats eulput—bit 2 the outout kateh. INT willgo low, ~80Gns
5 D&3 TEISTATE data odtput—hit 3 {the presst intamal time cut, 1) afier the
& WR/RDY WRRDMode rizing edge of WR (s2e Fgue 3b); o¢ INT
VITE With TS bow, the conversica i elart- w4 qo ow afier the talng edge of BO, #
24 on the fdling edge of W Approx- T goag ko prioy 10 1he 800 08 time oul
mataly 800 ns {fe regd nlerad tme {g2e Figure 33). INT is rased by the figng
out, 1) after the W rising edge, the result edge of RD & TS (s2e Figwes 3a and
of the coavergion wil be gtobed jats the Th).
aulpat lateh, provided thatl TD doas not RD Mode
actwr peior 10 1S time out {ese Fgwes AT going byw indeatze thal he ooaven
J3 and 3b). siot iz ooarpdetad and the daly eedl & in
RD Mode ne outpul kiteh TNT ks resat by the riging
RDY: Ths & & opea drdn 2atut {no in- edge of BD o CS {ee Figure 2.
eraal pual-up device). DY wsl oo bow al- 10 GND Grownd
o the faling edge of CS: BOY wit go 11 Vesp{—) The bottom of regisler ladder, vollage
TRISTATE whan the resull of the coaver- range GNDEVeee(—) 8 Ve $) {Notz
goa iz glhroted into the cuput laleh 1 is 5)
uzed B Smplly 1he intarlace 10 nicra. 12 Vel #£) The lop of ity laddar, vollage range:
POCESE0C Shelam {zae Fgure 2). ) Vee{—)=Viaeel #1sVon {Notes)
7 Mode Mode: Mode salaction input—il i inter- 18 GS GS miustbe bowin ocder o the KD o Wi
adly tied 1o GND throogh a SG e A curaat 1o be recomizad by fa coavertar.
SoUlCa. 14 B4 TRESTATE data outsut—bit 4
RD Mode: When made islow 15 DBs THEFSTATE data cutput—tit S
. WR-RD Mode: Whea movais high 16 DB TRISTATE data outout—kit 6
8 RO WR-RD ode 17 087 TRISTATE dats oafout—bit 7 (#44S8)
with OF low, the TRFSTATE dals cutputs 18 OFC Overliow oulut—I1 the saslog input 2
{DB0DE7) Wl be actvaled whan RO higher théen e Vigee( +), OFL wilbe byw
qose ko {see Figure 4). RO can alzo be at e end of cawemicn. L ean bauged 1o
Wwed L increase Me goeed of e con- cagcade 2 o moce devicss 1 have mgre
vertar by reading dala prioe 1 1he preast reaclution {3, 1G-E1). This culputis Sways
inlead time o {t, ~800 ag). I Mg is actve and does acl go iats TRESTATE
deos, 1he dala reault transtarred 10 autoul ag DEG~DBT do
baleh & lakched after the ifag edge of 18 NG No connection
te R {z22 Figures 53 and Fh), 20 Voo Power supely wollage

HD Mode

Vit TS fow, tie coaversion wilatarl vilht
HD gong kvw, akso RD il enatis the
TRISTATE data culpuls al the comple.
toa of the conversion. BOY going THl-
STATE and INT going kow ndicales the
ooapletion of the coavargon {z22 Sgure
2}

1.0 Functional Description

1.1 GENERAL OPERATION

The ADDIEZD 422s 1o 40N flash A/0 converlers 1 make
an 3-Bl measurensnt {Sgore 7). Esch fash ADD is made
up ol 15 comparaiees which comaas the unkaom it
a relevance fadder 10 get @ 461 rezufl. To take a fi8 8-bit
reading, oae tissh conversion is dons 1o provids e dmest
sgniteant catabils (va the MS flszh ADC). Dvivea by e 4
M5Bz, m intemal DAC recredles an analeg soproMmation
ol the ingut vollage. Thie saaleg signal iz then sublracted
from the input, and e diferance vollageis converiad by a
secoad 4-6l flazh ADS {the LS ADD), groviding fie 4 keast
ggnifeant Bis of e ouput data woed

The interaal DAS iz aotually 8 stheaction of ©ia MS flach
converler. This iz acomrpished by usiag the same regiglor
ladder for the ASD as wellas for genscatng Me DAC signat
The DAS ocutlputis sctially the 1ap o e regslor ladder
which most chossly aperosimalas tie angog ingut & add-
lica, the “zamdaddala’” comparalors wad in the ADCO820
provide the abiily to compsera the magniludes of sevaral
analeg signals simdtanecusty, without uging input summing
ampifisrs. The i3 egeadally usaful ia the LS fash ADG,
‘whare the signal to be comvertad i2 sn analog ditaence

-1
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DACO0830/DAC0832

General Description

The DAC083D is an advanced CMOS/Si-Cr 8-hit muliiplying
DAC designed to interfaze drectly with the 8080, 8048,
8085, Z80%, and other popuar mizroprocessars. A deposited
silicon-chromium R-2R resistor laddzr network divides the
reference current and provides the circuit with excsllent tem-
peratur fracking characterisfizs (0.05% of Full Scale Range
maxirrum linearity error over temperature). The circuit uses
CMOS current swilch=e and contrel logis to achieve ko
poeer consumption and low culput leakage current erors.
Speeid circuilry provides TTL logic input voltage level com-
peadibility.

Double buffering allows these DACS to oulput a wilt=g= cor-
responding to one digital word while hoiding the nest digital
word. Thiz pemits the simullanecus updating of any number
of DACs.

The DACOS2D zaries are the &-bit mambers of a famity of
microprozessar-compatible DACE (M ICRO-DAC™).

&National Semiconductor

8-Bit uP Compatible, Double-Buffered D to A Converters

Iday 1999

Features

= Double-bulfered, single-buffared or {iva-through digital
data inputs

= Easy interchangs and pin-compstible with 12-kit
DACA230 series

= Dirzct interface fo &l populer microprocessars

= Linearity specified with zero and full scale adust
only— NOT EEST STRAIGHT LIME FIT.

= Viorks with £10V reference-full 4-quadrant muliplication

= Can be used in the voltage switching mode

= Logicinpuls which meet TTL voltage level specs 1.4V
logic theeehald)

= Operates “STAND ALONE" {withcut pP) if desined

= Augilable in 20-pin small-autline cr molded chip carrier
packagz

Key Specifications

= Curent setlling time: 1 ps

= Resolulion: 8 bits

= Linearity: &, 9, or 10 bits (quaranteed over femp.)
= Gain Tempeo:  0.0002% FS/C

= Low powsr dissipation: 20 m\Y

= Single power supply: 5t 15 W,

Typical Application
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Connection Diagrams (Top views)

Dual-In-Line ancl Kolded Chip Carrier Package
Small-Outline Packages T
: » WA, TR [, O Oy
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Absolute Maximum Ratings paes 1. 2

If MWilitary!4erospace spacified devices are required,
please contact the Hational Semiconductor Sales Office!

Distributors for availabi

Supply Velteges (Vo)

Vollage at Any Digital Input

Violtage at V. Irpat

Storege Tarmperature Range

Package Dissipation
at Ta=25°C (Mot= 3)
DC Viltsge Applied to
lsurs O |z (Note 4)

ESD Susceptability (Mate 4)

lity and specifications.

TRt

Vec to GND
+25

-6ECto +150°C

S00 miW

=100 MV fo Ve
800V

Electrical Characteristics

Lead Temperature (Soldering, 10 sec.)

Dual-In-Line Package (tlastic] 280°C
Dual-In-Line Package (ceramiz) A0C
Surfacz ldount Packagz
Vapor Phass (60 sec.) 215C
Infrared (15 sec.) 220C
Operating Conditions
Temperaiure Rarge ThsTasTraax
Part numbers with “LCH™ suffix 0°C to+70°C
Part numbers with “LCVWLT suflix 0°C t0 +70°C
Part numbers with “LCV™ suffix 0°C to+70°C
Part numbers with “LCJ" sufft -40°C to +85°C
Part numbers with LI sufix ~-£5°C to +125°C
Veltsge at Any Digitel Input Ve to GND

‘.",.(E,.;_IO‘COU Vqe unless otherwise noted. Boldface limits apply over temperature, Ty =T aSTrax. For all other limits

A
Vee = 475 Vg W ‘f;ff{,‘:‘,‘c:f;i‘g;
- See o e to 15 Vi 25% Limit
Parametar Condilions - - 5
Hete : Taxzted Deszign Units
Tep Limit Cimit
Mot W e 5) {Hcte 6)
CONVERTER CH&RACTERISTICS
Resclulion & ) ¢ bit=
Lir=anity Errar bax Zero and {fullzcale adjusied 4.8
=1 SNV peepe it 1000
DACAS30LY & LCY 0.05 0.05 % FER
DACASI2LI & LCY 02 X % FER
Eé!\;):@:iﬂl_cll, LCWT & Q.05 0.05 % FER
DACAS31LCH a4 0.1 % FSR
Pé)\".:JI\SB'ELCN‘ LOWId & 0.2 0.2 % FER
Dillerential Honlnearity Zero and {ull scad e adjusied 4,8
filax =10y 410V
DACQI30L & LCY 0.1 0.1 % FSR
DACAS32LL & LCY 0.4 0.4 % FSR
Eé\U'MIiULCN. LCAT & [R] 0.1 % FSR
DACOS31LCH 0.2 0.2 % FSR
Péf?.'GJILCN, LCAW & Q4 0.4 % FSR
Herctanicity =100 e LJ&Led 4 . ] ¢ bits
=410V LCH, LCAM & LCY B ¢ bibs
Gan Emer Max Using hiemal Ry, T 102 %1 2N %FS
1O e 10
Gain Errce Tempeo Max Using internad R, 00002 00003 %
FSrC
Power Supply Rejectian Al digtal inpuls laiched high
Wee= 145V o 16.5V 00002 00025 %
118V 10 12.6V 00006 FERAW
4.6V 10 5.9 Q013 0.015
Reference Felax 15 20 20 k2
Inpet Mn 15 10 10 ki
S At o | G [ ;

wwveredicnalcom
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Electrical Characteristics {Continued)

¥,‘Ei's-'1 CU,OUO Yo unless otherwise noted. Boldface limits apply over temperature, Ty 2T x£Traax. Foral cther limits
SO .

i, Seo Vee = 15.75 Vo c'g 15 Vocu;'s‘y" Limit
Parameter Conditions - 4
Hote Tvp Tested Dezign Units
g Limit Limit
R e {Hote 6
CONVERTER CHARACTERISTICS
Qupul Lesksge | loyn Alldstrinpus LIELCY 10 100 100 na
Cleol Hax latched krw  LCK, LCWHI & LCY 5 100
lourz Aldstrinpus LI&LCS 100 100 n&
lached High LCH, LC'ATI & LCV & 100
CQupul Loyt All dats inputs 45 pF
Capsitance boya lalched bow 115
Ly Al daty inputs 13 =3
Loyt laiched high 30
DIGITAL AND DC CHARACTERISTICS
Digiad Input Mo Lagiz Lewr LJ: 478y a6
Vollges Lk 1878y R
LCJ: 4.75v Qr Voe
LCJ 15.75¢ a.e
LCH, LC'ATY, LCW 095 0.2
Min Lagiz High LI&LCy 2.0 2.0 Voe
LCH, LCWR, LCY 19 2.0
Digitad Inpat QST Digial inpuls <084
Currents Li&Lcy =5 =200 -200 173
LCH, L'WY, LCV -130 -200 103
Digtal npuls=2.0%
L&Lcy 0.1 +10 +10 pa
LCH, LCWH, LCv +8 +10
Supply Current hlax &Ley fl2 35 35 mi
Dxatin LCH, LCWH, LCY e 2.0

Electrical Characteristics
}r"ns,égj ((:J.C-:lil No- wnless otherwisa noted. Boldface limits apply over temperature, TransTasTrnsx. For all other limits

£
Ve 1535V, | Veeld i,:rcﬂfs S =475 ¥, V&g‘;\g N
Symbol Parameter Cenditionz Sge Toztad " i ] Tested Design Lm:nl
i Tym . Limnit Design-Limil =y Limit Limi]t Lk
MNcie 12) {Note 5) [Mcie B3 (Hotke 12} e 5) {Hete 6)
AC CHARACTERISTICS \
1 Current Setlirg V=0V, Vi =BV 10 s 10 Hs
Time \
1y Wiile 3nd XFER V=W, V=8V | 11 100 23 75 e}
Pulse 'Wdih Kin g 320 320 900 900
tos Dot Setup Time V=0V, V=8V [ 100 2 375 [Ex]
Hin 320 320 900 900
loy Dzt Held Tine V=0, V=8V ] 0 80 ns
Hin 30 0
lex Contred Setup Time | V=0V, V=5V ] 110 25 [Bxa] = ]
Kin 320 320 1100 1100
= Conrel Hal Time | Ve =0, V=6V 9 Q a 10 0 0
Kin a 0

Hoto1: Atsalts Maknim Ratings Indieste inis tyord whish camage I the dauer may ocor DC 86 AC akarizal speematizas do nat SEpl whan opersling
the devize byypond 85 spadikd cpwralhg cocdtiares.

Helo 21 AX witos 7o mezswred wik nespect fo GRD. univss dfhaiviza spectkd

wvinicoaloom 4



Electrical Characteristics (continued)

Hote d: Tha maxiinum power dissipalica mustbe ozsizd alelevated temperalures 2nd is distaled by Tiwsw, B, and fhe amtient temparalure, Ta. The maximum
aliyaatie power diselpalion at any zmpzcalure Is Pp = (T pux - TaAlMa ©F e numbse given In Ihe Absolulz ktaximum Ralings, whchever Is lraer. For this ddce,
Tarwx = 125°C [piasslic) or 150°C (cerami), and ihe Lypical Junclicn-lo-amtlent iharma resistance of he J packaga when board mounted ks BY’CA%. For ha N pack-
age. Nk numter Inzreases to 100°CAY and for Iha V paskage [his number Is 120°CAVY.

Hote 4: Foe current s'aftching appiications, bath lgyrs and loyrz must go to grond or the “Virlual Ground” of an operatinal ampiiier. Tha linzarity ecrorls degraded
by approximalelyVog * Vger. FOT exampls, Il Vrez = 127 llena 1 mv ofisel, Vigs, 0N loyry OF lgyrz Il INroduas sn add fbnal 0.51% Inearlly error.

tote S: Tesled Imits are guaranieed 1o Nalional's ACOL (Average Oulgoing Quality Leswel).
Note 6: Guaranteed, bul nof 100% produstian lested. These Imils are nol Lsed 10 cakculale oulgoing quallly levels.
Hote 7. Guarantzed at Vger=210 Vs aNd Vpge =1 Ve,

Hote 8. Thz unll “FSR’ slands for “Full Scakz Range.” “Linzaily Ermor” end *Poser SUpply Refsctin” Specs are basedcn (his wnil o elminate dependsnce on a par-
fiauler Vigge Valu2 and fo ndicate ine 2 performance of thzpart. Tha *Linearlly Error speciiicalion of the DACDB30 ks 10.05% of FSR (MAX)". This guarantess that
afler pzrforming a zero and full scale adjusimant (see Sections 2.5 and 2.6), Ih2 plot of Iha 256 analog vallags culputs will éach b2 wlitin 0.06%XVgrer Of a glraight
linzwhich passes through zero and ull scale.

Note & Boldface tecled limils spply 1 he LJ and LCJ sulll perts orly.

Hote 101 A 100nA leakage curent iih Rey=20k aNd Vegp =10V corfesponds to & zero efree of (100x100 9061 6%x100/10 which 15 0.02% of FS.
Hotz 11: The enlire wrile pusa must accur wilhin the valld data ntarval for the speciiizd tes. lon. &nd 15 to apply.

Hote 12: Typioals ane at 25°C and reprecant most liket paramaric norm.

Hote 13: Human tady model, 100 pF dischargzd Ihrough a 1.5 kG realglor.

Switching Waveform

fLe, C3,

W

DATA BITS

SETTLED TO
{pery lourz T LB

5 waw national.com
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Definition of Package Pinouts

Control Signals (All control sign=ls level sotuated)

TS: Chip Select (active k). The TS in combiaticn
wilh ILE will ercbie TR,

ILE:  InputLatch Enable (active high). The ILE in comti-
nation with TS enables TR,

WR,:  Write 1. The active low TR, is used o lozd the dig-
talinput data bils (DIy nto the input latch. The data
in the input latch i latched when TR, is high. To
update the input latch-TF and ™R, must be low
whie ILE is high.

WR,:  Virite 2 (active low). This signal, in combination with
K , causes thz 8-bit data whizh is avsilable in
the input latch 1o transfer 1o the DAC register.

TFER: Transfer control signal (active low). The TFER will
enable W,

Other Pin Functions

D1,-DI;: Digital Inputs. Dl is the leset significant kit (LSB)
and DI is the mast signifizant bit (MSE).

louri:  DAC Current Qutput 1. |5y, is @ maximum fora
digital codz of all 1°s in th= DAC rqister, and is
zerofoe all s in DAC register.

lawz: DAC Current Output 2. lyy+4 is a constant minus
lourt + O loyre + layry = constant(l full sasle for
a fixed reference valtags).

Ry, Feadback Resistor. The feedback rezistor is pro-

Linearity Error

4

LT

AHRLAE QUTFLT
LU [ THSTH

QELL FESFIREE

—r

[EGITAL 1¥2pT
oA 1

a] End point test after
zero and fs adj.

Definition of Terms

Resolution: Resolution is direcly related 1o the number of
&witchzs cr bils within the DAC. Fer example, the DAC0830
has 2° or 255 sleps and therefors has 8-bit resolulion.
Linearity Error: Linarity Errer is the masimum deviatica
from a siraipht line passing thrcugh the endpoints of the
DAC transfer charactanstic. |t is measured after adjusting far
zero and ful-scale. Linzarity error is & paramater infrinsic to
th= device and canniot be externally adjustad,

Matianal's linearity “end point test” (a) and the ‘bzat straight
line™ test (b,c) used by other suppliers sre illustrated abeve.
Thz *end point test™ greatly simplifics the adjustment prece-
dure by eliminating the need for multile ileralions of check-
ing the linearity and then adjusting full scale uniil the linearity
is met. The “end point test” guarantess that linearity is met
after a sinde ful scale adjust. (One adjustment vs. mulipl=

ECTYRL

IE3L RESFONE

N
QLIAL T

b) Best straight line

vided on the IC chip for use as the shunt feedback
rezistor for the external op amp which is used 1o
provide an oulput voltage for the DAC. This on-
chip resistor shoul alasys be used (not an exter-
nal registor) since it matchzs the resistors which
are used in the on<chip R-2R ladder end tracks
th=se resistors over temperature.

Ve Reference Voltage Input. This nput connects an
exterral precision waltage source o the interral
R-2R ladder. Vier can be selectad over the rangs
of +10 1o ~10%. This isalso the analog voltage in-
put for a 4-quadrant multiplying DAC spplication.

Voo Digital Supply Voltage. This is the power supply
pin for the part. Voo can be from +5 1o +15Vy...
Operation is optimum for +15V,-

GND: The pin 10 voltage must be at the seme ground
potential as |5,y and |y for cument saitching
applizations. Any differencs of potential (V... fin
10} will result in @ linearity change of

Vospn 10
IVpee
Fee example, if Vi, = 10V and pin 10 is 9V offset from
loury ard lgyrs the linearity change will bz 0.08%.

Pin 3 cen be offest £100m\ with no linesrity change, butthe
logiz input threzhald will shift.

b
Ly x%issenimp Ao

i :
1148 SFAIK 4]
" z
i I
=
=
=
]

Vsl UL iFUr
1RGN 23

<] Shifting fs adj. to pass
best straight line test

iterations of the adjustment.) Thz “end point teet” uses a
stardand zero and F.S. sdustment procedure and is & much
mre stringent test for DAC linzarity.

Power Supply Sensitivity: Pawer supply sensilivity is a
meazure of the effect of power supply changss on the DAC
ful-ecale output.

Settling Time: Settling time is the time required from a cod=
tranzition unlil the DAC oulput reachse within +%LSE of the
final output velue. Full-scale satiling fime requires a zero to
ful-scale or ful-scsle 1o zero cutput change.

Full Scale Error: Ful scee errcr is & measure of the oulput
arror betaeen an idedd DAC ard th= actual devica cufput.
Idzally, for the DACOB3D s=ries, full scale is Vg, —1LSB.
Foe Ve = 10V and unipolar operation, My ompe =
10,0000V-39mV 0.951Y. Fullscale emor iz adjustable bo
ZE0.
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