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i
Abstract

The objective of this project is to study and design the circuit for a digiial signal scrambler that
H

uses to increase the security of communication . s

The process of this digital signa! scrambler employs A/D ( Analog to,Digital converter ) to

|
convert analog voice signal to discrete digital signal and send it through a!scrambler circuit . The

{
scrambler circuit consists of pseudo - random sequence generator and XOR gate. It passes digital

audio signal to combine with pseudo - random signal. !
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n dodugua T99z3und1 Variable Slope Delta Modulation ( VSDM ) 1u VSDM wn slope
789 Lo WNTeITBUfinTIRe FzRuTunIaaasd azuiunsusutlasresRyY o

o v 1] hd ‘! [ L « ] “v
Buwn MitaudaiesraIsyIMAdn Uaziisan slop overload TwiATasdy danald

[

atymnmmmumau‘lm‘?maﬂm : ‘
mnﬂauuuﬂawaa slope T8IMINNVEINITBUTIINTIAET ez lalasnns
(ABULLRY step size Wufia step size ammwm'lmy Luaamm'\mun'nlﬂauuuﬂms AU
uazaz ummmamuaumﬂﬂauuuﬂms-ﬂuammmauwnuau ;
2.1.5 CVSD (Continuously Variable Slop Delta ModulationlDe!'nodulation)

¥

maiﬁﬁ'maamaé’maﬂgtni’u nfa mmn’i’wuaounumwf‘lﬁ'lﬁ'agwfmgm'hﬁ'ﬂhu
ANUDIYPIUWIRM ua:a:glwn'hm'mﬁqoqmaoﬁ'rytyﬁmauﬂnmnn;hwmwh'i'fu'lﬂ uan
i anuFarssmawdsuidssssdygromialawfiaemd  (dyngmicrange ) luszuu
waduaaguaiwitlufduay ududasfimuRududerimihfiveislawdammdld
ntaiu Tas mMIAUuEATIIEEaIBuTinTIaaT ( Gain control integafter) waliaey
suasdadyamnSanuswann 9 léviu suulmifanduniidedont szumaadh

o 4 o ' . |
saanlasRuULAswulRIANNTRat9RaLHBY H3a CVSD ‘

1
{
L 1 o dt =| L\
UWHUHINTINITUTBITEUY CVSD 'lumwuaommﬂmmyty'lmmpoamaamﬂuﬂaya
-n ' o aa & o~ L ol
fAInan Lm:mwuaammﬂmnaumnﬂwaaLﬂuatyrg’lml.ﬁm Llﬂ'ﬂ\'lﬂdallﬂ 29 usr 2.10 ey
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Clocx

I
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Slooe ?

Oegetat 1 Samoter P Level Datact Magni
" ’ Algor.inm
Cantrol ¢

Y

Slooe ‘
Avoie _ teg Poterity t
Ous . Switcn

[N S—

U4 2.10 msudnsdygudtasaiusuiasnyes CVSD

}

Ehmhznaumzl'lu'nanmsmad’wuaﬂgm'ﬁ’uﬂsznaud"urmﬂﬂ‘%uuLﬁuu'luﬁ'm'uao
miutatewrnaniiu@inea ( forward path ) uazasesdunitnsaeiusnimsutainauiines
\lwawiaan ( feedback path ) Lwa'l"ﬁ'lumsmuauaﬂﬂmmu Tﬂunauwmanwnﬂ‘%uu
Winy Ao ammmamaannﬂaommﬂmuaw.awnwnn"lﬂmnaumn'smasl Lmnw'n'n"lmmn
2991ufFauiiey g(1) Ltammsammmmmmnmos*mwusmuau?w (input voltage )
mJLmnwmlaoaumnsmawuﬂummaa um'l'nmamasmu'lmnumauamﬂaammmmaﬂ
wu (1w1a 3 w3e 4 findudvweiled ) udihnsaTegiuiu o m»fuwma 1" vanuande
aj t'hLflm‘zimfuuam'iwm:mfué’mwmmjaaauﬁmsmafs’hLﬁu"lﬂmauhuawiamm'ﬁ'wm
fygnalinu G'l'aoﬁ'mmﬂﬁ'ué'mwmu'lﬁ'ﬁoi{umwwﬁnf?u 'ludmma:qmmﬂmné’umn
avaeadudganmenwinan  Almahauludnwus@ondu fs ﬁﬁma’éuwwﬁtﬁ'ﬁma:gnm
TWuRsufsuiuseaudreaba@laea ( digital threshold ) Lﬂa"ldlmﬁvgv!aanmﬁmvlﬂLﬁu"l'i'
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. (b4 Shait Regester '
- nolo*JooLoog
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Loge Canz
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1D o Fiiter
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po—
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7 slie
Ansiog Ret Fitter
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gﬂﬁ 2.11 langFameluves cvsp

2.2 mssuasuiia ( Scrambling )

et e mw

mysuanndafygnuiainmanulseadslidygne  Tesiplilidiaguenszuy
fujuszidladaysiimnlutudygold smadumitlasiuanufianmafazfiadtessin
fidayaiin 0" Gadanmiunawu ms‘mmmﬁaawﬁﬂe‘m’[ﬂuﬁﬂﬁwﬁtﬂﬁuuu:uﬁaq’m
( pseudorandom sequence W38 pseudonoise ) LTAUYLIUTEYS ﬂ?a?ﬂﬁﬂm‘:ﬂuma
@770 A&7 ( logic combinatiion ) ﬁumuuuﬁaqaﬁgnamﬂi’ J

nwmmmﬁai‘ﬂﬂm:nuq‘[sﬂ azlgmsnaudin (@n 17 1w *0% wIaen 0" illu <)
fimifulin inafiadu 9 snevnnIndudin 1" uas “o° 'lwuum'fl’aga'?‘lﬁ’flfaﬂa “0" Umnguiilu
fulng i

n’m’:wmuﬁniagmﬁﬁﬁwmuﬁwé’uuuuﬁqq'mfu ﬁ'ﬁﬁ’aﬁﬂtﬁﬂﬁﬂé’mmuﬁqtfuz
daflanehudniin Gudu dsnmadeaiu Sfygrawfnmdaridoiu dauld
Lmnwnnmuaunu 'mmLuﬂmmuuuunmmﬂmwm‘lummn‘nu‘na}; uR IS numMeaGy
nﬂﬂmunuumsamsa 9 ;

2.2.1 mﬁuuuunaiiu ( Psuedorandom sequence ) |

ﬁﬁﬁmtuuﬁosju Lﬂuéﬁé’uﬁﬁqmﬁnwm ( characteristic ) 'lné'tﬁuaﬁ'ua"le\”uﬁﬁmﬁiu
athaauyol ﬁ%aﬁﬁuﬁﬁgﬂunumaaq‘:’agmﬂuﬁmz mmmsnﬁﬁﬁﬁﬁ’uuuuﬁaiiumﬂs:qn@f
lilanawadnluszuunsdadygiauuudlaes 1% madave ( coding ) N1331889TEUL
( simulation ) 139 ( measurement ) I.l.a“miﬂa\'lnummnﬁwaua ( scrambhng )

mnmsaﬂauayﬂmanumwaamﬂuuunmauu uwumumnnqug Galois - field

1
Lm:w'qmuw'mmmao Galois fields
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linear feedback shift register ( m-sequence ) 'mLﬂumﬂunuﬂmanum.lnammnumwunu
miguagwauyal i
- I P -~y m al o iV e .
m—sequence fadauLULIRTaLlasfitisszos 271 Aatslaslfwanues Galois
o Y ¥ -~ . . .
field GF(2") TaFwnnwmwwilimusanaadaszneyldsn (lnedquble polynomial )
o & Lg -4 Con - « A o m m
p(x) T03MAINAITES GF(2) T p(x) Hamaniafiania wak x Tiap 271 lu GF2")
wa29z138n p(x) 1 primitive polynomial uazIaNWAUIN primitive elem%nt‘uao 2"
P T o, . -
dazwainas GF2") Nludlugud  smansousauin m-bit word; wialugtiaaan

P

. . & P Y 1 o L 2 &/
M8y 289 x  m—bit binary word ﬁanmn&:mm*munu x §wuudsz 1, 90 0 fla 22 14

et o o

iin NU&AVF ( high order ) aamﬂaaonu x' gmduudas 1 Sansmushaiudidundowne
2"-1 fin mmun'lﬂu UWARZITBUMIAaUTEINH AiD m—sequence ﬁeuﬂ:'hﬁﬁﬁuuum{a:ﬁ
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(shift register) (TuRanlTandunasay (D - flipflop ) ua%‘fﬂL"'s'm‘ln"ﬁuwwﬂaalwia*é"mnl.'i'u
D, fiBleninn Q maowauwaaumnaunammuu Buwnuaa D, ﬂataw{wmmmmwuma
1T@aT (parity generater) widamnainaef (laga q‘lﬂmamnaaamhn XOR ) 2zl
wriwniusain «o” mauauw'n ‘0" indmaug ua:'lma'mwmﬂuamni“f \iaBuwn 1" 1
suamiiwand auwmaamsmaumamﬂammmnwmaqﬂauwaau a'm'sﬂ 2.8 UEAINTI
ﬂaauwmaqmmlwmamasmumuﬂ1~ Wauaasin Minn Q ﬂaqﬂauﬂaauum-m'lu
mLﬂuaamatﬂuauwmjaammtaumamﬂasmauﬂ ﬂmanmm.'nam!muuuunmu'uunu
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CIRIGI TR 1
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munTanaensfiazmanld  uasdenthsezfaawindaula gfiEediuan1eesit (el
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aouzn bisansosfedauifinsduadnauriasald imafiahddufilitasrzuzau
- & o & ala o~ ' ~ntad o - a ve & o .- v |-
fisrawe (udduifigusnemsuuugy  FEniefgaiashildsdudonsdifaldwiy
N ™ - - . el 1V - . -l
Waauiwauann  dagiuanninalulad MOS-LSI uﬂ'nmﬂu"lﬂ"lﬂm:mq'nw ( chip) il
WauWaauIITaad 200 aa'le a2 m'ln‘"lmmﬂunumwm'mmﬂ 2" ‘[ﬂﬂ"lu'swnoam'z*
000.0 tiasnniaouzrediiaaesiin ‘0" nue a-m'lnﬁm'z-maww’s'aamaﬂmn@m's

wWaswuasla 9 n

—1 Parity gK====----
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OO
& P
N
©
O} 5.
N2
'.O
'.D'

Qe
01 ] ______ >i° -.n

clock

al o~ ' o & o &
gﬂn 2.13 @I9g19NMIMLUAKIAVULL m-sequence
o . i . . 3 N
f38u713783 linear feedback shift register 'lugﬂ 2.8 i p(x) = x #+x+1 w primitive
" - o A .
polynomial arle m-sequence ANUYLYII 7 UN Taol? feedback shift register 'luz}.l 2.8
P ° a o [ v 3 ad 2 -
u‘.lma'-am'a):mmsqmwv}lmunm%uﬂmu X UASWITANY X +x+1 LUALFURANISLTULINYEY
- -l v 0 . v o & a~ o~ - i
IN-398@BIME X  INTIWUIVINAY 100 drauTasinilaunaufe
0010111...
- ’ ala - o~ Vo a1
'ma:'m"lﬂwaﬂ 9 ufa m-sequence PUNIA 7 UN FINANINUIUVDI “0" @13991N
wan  od d = & e - v o o -l = s & sm & o
1" agni Miazduiwunlndidssiungarinmniullldusdundanusuduium

&

- - o & -~ Y I e & -

f n'\“’lﬂWﬁ]'\Tm’la'\ﬂu1uﬂﬂﬂm:1“lﬂu14llﬂ1 WNUMAAULDY ( subéequence ) 2Un lﬂu
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U
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00,01,10,01,11,11,10
' P A 'Y A Y ol v o & v o~
wiszuuvazlng 2 a5 onciu 00 WilndAssngaviniendulylddniy
. v d . A0 e - 4 1L o v
geuntanugaduimaun udraudes 3 Inudssuuussdmnagniasayininu snciu
o . o 30 - 1 9 a
000 dnwms iduitazminglunn g m-sequence AMWET 271 WiadsEum 10° in usen
§raudeswia rin sncduuuy ‘0" nuaszlsnguiludwauin g au Tqa r @adluiin 30
2.2.3 m’mm’maommuuuumau '
Rvsongl 2.7 u.ammwmmmﬂmﬂmmumau 'nﬂ‘s'amﬂasﬂrnaumuwauwaau
m 63 -mmmmu'lﬂ 2" §n1z wdamaz 0" naayndRzgnaniin Lw?.uua.m'lmm'zz
-~ -~ ) -~ J L4 "; J [ L
vasinTimaes liiiamaasuuasla 9 B dsiudslisnznidulyld 2™1 annaz
LJ & . ey . -t ¢ ) -l « o &
MARWIY p(x) \ilu primitive polynomial ﬂmﬂam*mmmaﬂ\tam'rnLﬂu'lﬂ‘lﬂm
nua 2 Aamiz  LihammzezGuduatinels (sniiuamazgudnum ) anazvasiiaaed
szmddsmy 21 wazdaufild (a) fesauseudanaiy 21 mb-ml.ﬂm.ﬂ.nm'm
§a399 i Tnwiunaay m dzale '
o v ] ' Y & “ «, L -:
mmmmmv\uﬂ‘lmwmma*mvgmaqwauﬂaaum'lﬂmo \ugunnvasmizau
A “a L J‘ -~ e A L v
wainaef welilddmduniianumigega (21) lumaljid tialdszaanlunslinu
. ar P - v . ... . alct o .~ a of v -l
fiuarenias m imeniRenld primitive polynomial numu‘:uaum’:anmﬂu 1 vl
' v v - A v I - od e a ! -
ga (adway 3 @7 ) wiananAeldieninn Q vesdunseuniduBunruesnTaauue
“v v J ol - J J ¥
wiaailiesfige nadl m=1 s m=15 missnuuLTRamefienzlildanuengege

Ltaﬂqﬁfaﬂﬁﬂovia"lﬂﬁ

FmutnIiaaes Feedback Tap
1 1 v
2 -~ 1,2
3 2,3
4 3,4 |
5 3,5 .
6 5,6 1
7 6.7
8 2,3 14,8,
9 5,9
10 7, 10{
1 9, 11!
12 2,10, 11 ,12
13 1.,11,12 ,13
14 2,12 ,113 14
15 14,15
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1 1 Analog Input
Lﬂuauwnmau'uamwnﬂmumumwaﬂauamm'\mmm mw-tﬂu AC w3a DC

coupled  Fuiunsldom ezdusygraEssddtindussauditimely uadadn

muma"luaaam TWINN 1 wazn 10 axgmibanly awInanAaNLNLIIAEY aanuuuanlety

low hysteresis (Un@tasnin 0.1 uaabsm) uazlifndammraenageung 70 1adiue)

91 2 Analog Feedback

uBunnauIneesneInTowfny 'lumnmmauumuﬂ:maL';nnuamaammnwn
192097 IRRE 7 ) Tuasnaatian 2 awlignld wiaanea: RONIV,./2711 10 aenT1et
wiaanvsauaeyly '

auwmammﬂﬂ?uumuua-um"u.a"luamaﬂ 1.5 lulasuandldatunszuadudian
182 2 TRz AN AN B BINTTUN U899 TS
97 3 Syllabic Filter

usmun‘lmmnmm-mnauL'xn"lﬂ'lu'la‘mwaﬂ'zuau step size 1298uUAiNTI@aEney
282993 RC agf3zwinm 11 A 3 fasfitasgtime constant) n'l‘ﬁ'lukmmmanamm
ammmtamm'lﬂumtmnu 6 AafIuN fia 50 fsddwl

{
7 4 Gain Control Input

unauldann Syllabic Filter tiauasax C, uaziiuusasuszning Voo MU 3 9014
sy lulidudssussdmiunszus a9 4 § slew rate 0.5 Tadselulasiund a9
fumu R sansaiawle Lwaﬂsuaﬂmwanmsmnamma udnIshzunnnin 5 Alalary
Wanwadssmmw

91 5 Reference Input }

Lﬂuauwnmmnmmaumnsmamauwa"lﬂtaas h‘ﬂumsmoaq TLGIU DC 'uaoamnnm
lﬂ’WIWYl 'lmawmmaumu.smumoaaLm'zn 1 llﬁ"ﬂﬂﬂﬂl.‘ll’]ﬂlﬂl’] 10

91 6 Filter Input

Lﬂuﬁuwnmaumaaaﬂmtﬁmuuamamﬁuﬁmsmaf NIEURTINITEUNIN IR
Tnadr lluan 6 Luaauw'namaan (11 1) ummmuauJ's'mJmuunuamhnmamaannﬂau
nau(I 2)1wmammnwamamaauwmauammaa(m 13)ummn'lwui'zmamua Tuma
nauRRNIzusiiasInaaanan 6 s*uuaumnwuhnm'lﬂmaamsmmuﬂs*mwmmumu
@OTENINTI 6 UR: 7 mmumus*wmm 6 usz 7 msumam-wm 8 filalawu e
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1

i
Lﬂvmta'mwn'uaaaaﬂuauﬂmﬂuaummmm T¥uTnaa 600 Iav&umuusmu

217 Analog Output
Vo2 19 +6 dBm slew rate vas0atuauiliiiivdufinsias Sy 0.5 '['mma'lufﬂﬂmﬁ

l.m'nw'n'uaom 7 ‘muns,uﬂmummnﬂnmauwnmaaaavumns*uainnhum"lﬂ 30 {iad
wal

- e



19
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ny 11 '
fiflymneaianaeismudmass NPN Sedasldeadumusminidsus & Syllabic filter
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MC3417, MC3517
MC3418, MC3518

amaomisas e

IMOTOROLA

Speciﬁcations and Applications
Information

CONTINUOUSLY VARIABLE SLOPE
DELTA MODULATOR/DEMODULATOR

Providing a simplified approach to digital speech encoding/
decoding, the MC3517/18 series of CVSOs is designed for miiitary
secure communication and commercial telephone applications.
A single IC provides both encading and decoding functions.

® Encode and Decode Functions an the Same Chip with

a Digital Input for Selection
® Utilization of Campatible 12L — Linear 8ipolar Tachnology
® CMOS Compatible Digital Qutput

¢ Digital Input Threshoid Selectable (V¢ /2 reference
provided on chip)
® MC3417/MC3517 has a 3-8it Algorithm {General

Communications)

® MC3418/MC3518 has a 4-8it Algorithm {Commercial Teleohonel

CONTINUOUSLY VARIABLE
" 'SLOPE DELTA
MQDULATOR/DEMODULATOR

LASER-TRIMMED
INTEGRATED CIRCUIT

RSN ROV S et

o i s i

L SUFFIX
CERAMIC PACKAGE
CASE 620-02
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MC3417, MC3418, MC3517, MC3518 1
. 1
MAXIMUM RATINGS
AN voitages caleranced to Vg, Ta = 25°C uniets otherwise noted.) I
Rating Symbol Value Unit -
Power Supoly Voltage Vee -0.4t0+18 Vde &
Oiltsrentisi Analog Input Voitage Vio :50 Vde
Osgital Threshold Voltage Ve -0.4 t0 Voo Vde
Logee input Voitags VLW‘ -0.410+18 Vde 1
(Clock, Digitat Data, Encode/Oecode)
Caincidence Output Voltage VoiCon) -0.4 10 +18 Vde
Svilabec Filter tnput Voltage Vi{Syi} -0.4 1o Ve Vdc |
Gain Controt Inout Valtage ViHGE) -0.4 10 Voo Vde '
Relerence Inout Voitage Vi{Ret) (VCgi2 = 1.0 10 Vee vde N
Vee/2 Queput Current IRef -25 ma i
ELECTRICAL CHARACTERISTICS 't
(Veg » 12V, Vgg = Gnd, Ty = 0°C 10 +70°C for MC3417/18, Ty » -5S°C to + 125°C for MC35 17718 untess otherwise noted.)
MC3417/MCIS 17 T MC1418/MC3S18
Characteristee Symbol Min Typ Max ff‘in 187 Max Unit
Powaer Suooly Voitage Range {Figure 1) veeR 475 12 16.5 4 75 12 16.5 Vde
Power Suppiy Current (Figure 1} Icc . ’ mA
(idie Channet) .
Ve = 50V) . 37 s.0 - 37 5.0
Ve =15 V) - 6.0 10 - 60 10
Clock Rate SR - 16 k - i 2% - “{Samoies/y
Gain Conteol Current Range (Figure 2) 1GCR Q.00¢ - 30 obot - 3.0 mA
Ansioq Comparacor tnput Range Vi 1.3 - Vee~-13 1l - Vee =13 Vde
{Pins 1 and 21 '
1875V < Vec < 165 V) P
Anatog Qucout Range (P 1) Vo 13 - Vee-113 {3 - Vee - 1.3 Vde
175V < Vee S 165V, Ig = : 5.0 mAl .
input Bias Currents (Figure 3) hg T uA
{Comparator n Active Reqioni
Analog Input {IT) - a.5 15 r Q25 10
Anatog Feeaback (12) - Q.5 1.5 - Q25 L]
Syllaowe Fiiter input (1) - 0.06 Qs t 0.06 0.3
Aeference 1nout (ISt - -0.06 -05s -0 086 -03
Inout Qffsat Cuerent "o i wA
{Comoarator 1n Active Argionl i
Analog Input/Analog Feeaback - Q.15 0.6 E- Q.45 [ X
H1 =12 - Figure 3
Integrator Amoniher - 0492 0.2 B 0.0 01
«15-161 = Figure ¢ A
tnput Qtfrec Voitage vio - 20 6.0 - 20 §.0 mv
V/1 Converrer (Pins 3 and 4} = Figure § 1
Transconauctance gm N mAImvV
Vii Converter, @ 10 1.0 mA a1 a3 - a1 [0 ) -
tntegrator Amotilier, G to + £0 mA Load 10 1Q - =:O ] -
Prooagation Delay Times (Note V) i ut
Clock Trigger (0 Digitai Outout PLH - 10 25 T 1o 2.5
{Cy_ = 25 oF 10 Gna) tPrL - 08 25 } 08 2.5
Clock Trigger to Coincraence Cutout [ TR} - 10 30 - 1.0 10
{Cy_ = 25 oF ta Gaa) tPHL - 08 20 i 0.8 20
IRy =4 %0 to Veed
Coincidence Qutout Voltage — VouiCant - 0.12 Q.25 - 0.12 0.28 vde
Low Logic State i
{loLtcon} * 3.0 mA) 5
Coincicencs Qutput Leakage Current — IOH(Con) - Q.01 a5 - .01 0.s uA
High Logic State i
(VoW = 1S0 v.0%C < T4 < 70°C)

NOTE 1. All propagation detay times messured S0% to S0% from r=e ~eqatree gong {fr0m Ve to ~0.4 V) eaqe of the clock.

MOTOROLA LINEAR/INTERFACE DEVICES
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MC3417, MC3418, MC3517, MC3518 .. |

ELECTRICAL CHARACTERISTICS (continued) "

MCI417/MC3S17 1 MC3418/MC3I518
Chuaeacterittic Symbal Min Tye Max - « Min Typ Max Unit
Apotied Digital Thrashold Valtage Range VTH *12 . - Vec-20] {12 - Vee -20 Vde
{Pin 12) 1
Oigital Threshold Input Current I1(th) ] uA
fl2vevy svee =20Vt
(V[ #polied ta Pins 13, 14 and 15} - - 5.0 I - - S0
{V (4 applied to Ping 13, 14 and 15} - -10 -50 - -10 -50
Maximum integrator Amoiifier QutputCurrent o 5.0 - - 5.0 - - mA
Ve/2 Geanerstor Maximum Output Current [F-1%] +10 - - 110 - - mA
{Source only)
Vee?G Outout Imp IRl - 10 6.0 - 3.0 6.0 a
0 to +10 mA) }
Vec/2 Generator Tolerance o« - - :3.5 ! - - =35 %
475V S Voe € 165 V) I
Logic Input Vaitage {Pins 13, 14 and 15) ] vde
Law Lagic State viL Gnd - Vin =04 | 1Gna - Vin-04
Migh Logic Scate . Vi Vien * 04 - 18.0 | vin 04 - 18.0
Oynamic Total Looo Offser Voltage EVoHset ] mv
{Note 2) - Figures 3,4 ana S
lge =120 uA, Ve =12V - I
Ta = 259C - - - - 105 1.8
09C < Ty < +70°C  mcla17/18 - - - - 1 0.75 123
-85%C € T4 € +1259C mcasii/1a - - - - : 1.8 4.0
IGC * 13.0uA, veg = 12V s
Ta = 25°C - :25 5.0 - - -
09C & Ty € #70°C  MC3417/18 - : 3.0 £715 - - -
-559C € T4 & »125°C mMC3s17/18 - 145 110 - - -
!GC *120uA, Ve =50V ]
Ta = 25°%C - - - - : 1.0 120
0%C ¢ Ty < +70°C MC3417118 - - - - : 1.3 228
-55°C < T4 < +125%°C mCas1718 - - - - 128 : 5.0
IGC * 330 kA, Ve 5.0V
Ta = 25°% . - 1 4.0 : 6.0 - - -
09C < T4 < +709C mcaatine - : 45 : 8.0 I - - -
-559C < T4 < +1259C mc3s17/18 - 1 6.5 : 10 - - -
Oigital Qutout Voltage 1 vae
tigy = 3.6 mal vou - 0.1 0.4 J - 0.t 0.4
1ow = =0.35 ma) Vo |Vee-1.0jvee -02 - /cc - 10|Vec =02 -
Svllabic Filver Appiied Valtage {Pin 3) Vitsyn «3.2 - vee 1-32 - vee Vac
(Fiqurs 2) i
Inteqrating Current (Figure 2) HIPYY ¥
figg = 12,0 pal 8.0 10 12 5 8.0 10 12 uA
lige = 1.5 ma) 1.45 1.50 155 145 1.50 155 ma
Uige = 3.0 mal 2.75 30 azs | fars 10 1.25 ma
Ovnamic tategrating Current Match VOoiavel - = 100 : 250 - - 106G - 2350 mv
{tGe * 1.5 mAl Figure 6 .
1aout Current ~ High Logic State 1™ T uA
(Vig=18v3
Oigital Oata Input - - *5.0 { - - 50
Clock ingut - - +50 - - 50
Encode/Oecade lnout - - +50 i - - «5.0
laput Current ~ Low Logic State e wA
WV =owv) ]
Oigital Data tnout - - -10 1 - - -10
Clock Input - - -150 i- - ~360
Encede/Decade inout - - 16 I - - -38
Clock tngut, Vi 0.4 V - - =72 1 - - -72

NOTE 2. Oynams total 1000 otf1et (EVq1gqc) #Quals Vg (comoarator) (Fiqure 31 munus V|ozx {Figure 5), The inout oftret voitaqes of the
analog comparator and of the integeator amolilier include the eifects of input offset ducrent INrQugh the 1nput renstory. The stooe
POIArity switch Current mismatch 300€art 33 3n sverage voltage acrots the 10 & m(oq;um resistor, Foe the MC3417/MC3ISL7, the
clock frequency 1t 160 kH2. For the MC3418/MC3518, the clack trequency it 32.0 JHE. idie channet perfarmancs 1s guarantaea if
thit dyname tatal 1000 offsat is [ess than one-hat! of the change in integrator outout vJitage dunng one clock cycie (ramo step wzel,
Lasar trimming it used (0 insure good idie channel performance.

MOTOROLA LINEAR/INTERFACE DEVleS



MC3417, MC3418, MC3517, MC3518

zero and receive restart begins without framing when the
receiver reacquires. Similarly a delta modulator is toleranc
of sporadic bic errors. Figure 12 shows the deita modu-
lator waveforms while Figure 13 shows the corresponding

CVSD decoder block diagram.

The Companding Algorithm

The fundamental advantages of the defta modulator
are its simplicity and the serial format of its output,
lts limitations are its ability to accurately convert the
‘input within a limited digital bit rate. The analog input
must be band limited and amplitude limited. The fre-
quency limitations are governed by the nyquist rate while
the amplitude capabilities are set by the gain of the

integrator.

The frequency limits are bounded on the uoper end;
that is, for any input bandwidth there exists-a clock
frequency larger than that bandwidth which will trans.
mic the signal with a specific noise level. However, the
amplitude limits are bounded on bath uoper and lower
ends. For a signal level, one specific gain will achteve an
optimum noise level. Unfortunately, the basic deita
modulator has a smail dynamic range over which the

noise level is constant.

The continuously variable slope circuitry provides
increased dynamic range by adjusting the gain of the
For a qiven clock frequency and nput
bandwidth the addiional circuitry increases the delta
modulator’'s dynamic range. External to the basc -
deita modutator is an algorithm which moanitors the
past few outputls of the delta modulator in a umole
shik register. The register 1s 3 or 4 bits long depending on
the application. The accepted CVSO algorithm uimply
monitors the contents of the sheft register and indicates

integracor.

oy

CIRCUIT DESCRIPTION (continued)

dence. When it occurs, Jit indicates that the gain of the
integrator is too small.l The coincidence output charges
a single poie low pass filter. The voltage output of this
syltabic filter controis trje integrator gain through a pulse
amplitude modulator v@\ose other input is the sign bic
or up/down controt. e !

The simplicity of the all ones, all zeros algorithm
should not be taken |i9huy. Many other control aigo-
rithms using the shift reflister have been tried. The key to
the accepted algori(hm]is that it provides a measure of
the average power or Jevel of the input signal. Other
techniques provide more instantaneous .information
about the shape of the input curve. The purpose of
the algorithm is to coptrol the gain of the integrator
and to increase the dypamic range. Thus a measure of

if it contains ail 15 or T This condition is called coinci-

the average input leveli is rvha: is needed.

The algorithm is re:ﬁ)eﬂed in the receiver and thus
the level data s recovered in the receiver. Because the
algorithm only operates !:n the past sertal data, it changes
the nature of the bit strdam without changing the channel
bit rate.

The etftect of the aquri(hm is to compand the input
wgnal. If a CVSD encozier 1s played into a basic delta
modutator, the output of the delta modulator will reflect
the shaoe of the nput signal but all of the output will
be at an equai level. This the algorithm at the output is
needed to restore the revel variations. The brt stream
in the channel 15 as if 1t Were from a standard deita modu-
lator with 3 constant levi input,

The deita modulator éncoder with the CVSD algorithm
provides an efficient melhod for digitizing a2 voice input
i a manner which 15 gsoecially convenient for digital
communciations requirerients,

APPLICATIONS INFORMATION 1
CVSD DESIGN CONSIDERATIONS I

A aimpte CVSD encoder using the MC3417 or MC3418
s shown in Figure !4, These ICs are general purpose
CVSD building blocks which allow the system designer
to tailor the encoder’s transmission charactensucs (o the
application. Thus, the achievabie transmussion capabilities
are constrained by the fundamental Ismiations of delta
modulation and the design of encoder parameters, The
performance is not dictated by the internal configuration
of the MC3417 and MC3418. There are seven design
considerations involved in designing these basic CVSD

building blocks into a specific codec application.

These are listed below:
1. Selection of clock rate

Reauired number of shift register bits
Satscnien of loop gin

Selection of minimdm step size

. Design of in(egrana]n filter transfer function
. Design of syliabic fijter transfer function

. Design of low pass Lilter at the receiver

NG e WS

The circust in Figure (4 is the most basic CVSO circuit
possible. For many applications in secure radio or other
ntelligible  voice channgl requirements, it is entirely
sufficient. In this circurt, items 5 and 6 are reduced to
their simofest form, The syilabic and intagration filters
are both single pole networks. The selection of items
1 through 4 govern the cobec performance.

i
i

N
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LM741/LM741A/LM741C/LM741E Operatlonal Ampllfler

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.
The ampiifiers offer many features which make their appli-
cation nearly foolproot: overload protection on the input and

- ,—4’ l

output, no latch-up when the common mode range is ex-
ceeded, as well as freed%)m from oscillations. ’

The LM741C/LM741E ale identical to the LM741/LM741A
except that the LM741C:/LM741E have their performance
quaranteed over a 0°C to +70°C temperature range, in-
stead of —55°C to +125°C.

Schematic and Connection Diagrams (rop Views)

P

¥
]
]
p |
- i
e 3 2 NYRING !
weut a a2 WPUT i
—AAA—
a3
A N o 25K
4 a7 oUTPUT
R0
50K
0
as
OFFSET NULL ~m S _OFFSET
NUL,
R
50 1 4 1K
LR
TUH/EM -1
Metal Can Package Dual-in-Liné or S.0. Package
£
HC . ()
OFFSET NuLL—{1 s f~nc
oFrFseT nulL (3 Qv '
MYERTING INPUT —| 2 1 Y
INYERTING INPUT (2) (s outPut I '
NOM-INVERTNG—{ 3 | § (—OUTPUT
NON=INVERTING NPUT (3) 0 OFFSET NULL meuT
v —4 S b~Of FSET NULL
TUH/9341-2 i TUHEs1-3
Order Number LM741H, LM741AH, Order Number LM741CJ, LM741CM,

LM741CH or LM741EH
See NS Package Number HOSC

- -

LM741CN‘or LM741EN
See NS Package Nun;ber JOSA, MOSA or NOSE

K

[P N —

ALPIN/OLVLIN/V LR LN/ LRI



. TLO71
TLO72
TLO74

MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

el sy e S PTIE TR

i
. LOW NOISE, JFET INPUT
Low N?‘Se, JFET !n_PUt E OPERATIONAL AMPLIFIERS
Operatlonal Ampln‘lers : SILICON MONOLITH

These low noise JEET input operational amplifiers combine two state-of-the-an INTEGRATED CIRCUIT

F

~gar technologies on a single monolithic integrated circuit. Each internally

csmpensated operational amplifier has well matched high voltage JFET input :
cevices for low input offset voltage. The BIFET technology provides wide ‘Q
sandwidths and fast slew rates with low input bias currents, input offset currents, F. r‘.’.m
snd supply currents. Moreover, the devices exhibit low noise and low harmonic .
] -~
1

- stortion mzking them ioeal for use in high tidelity audio amplitier applications .

These devives are available in single, dual and qu.2 operationai amplitiers P SUFFEIX JG SUFFIX
«hich are pin-compatible with the industry standard MC1741, MC1458, and the FLASTIC PACKAGE . CERAMIC PACKAGE
'1C3403/LM324 bipolar products. CASE 626 CASE 693
+ Low Input Noise Voltage: 18 nVAHz Typ D gUFle

. . ' PLASTIC PAC
» Low Harmenic Distortion: 0.01% Typ gl\@ SCASE 75:<AGE
¢ Low Input Bias and Offset Currents 1! (s0-8)
* High Input Impedance: 1612 Q Typ i PIN CONNECTIONS
» High Slew Rate: 13 Vips Typ ;
Nul {1} NC

* Wide Gain Bandwidth: 4.0 MHz Typ
kv # Input 24 i Vee

s Low Supply Current: 1.4 mA per Amp { l}
Nonimq. Ingut ] 5] Outpt
e TBowana

H TLOT1 (Top View)

i
i
- Y 1 14 i
1l n I .
] 3
N SUFFIX J SUFFIX
PLASTIC PACKAGE  CERAMIC PACKAGE
CASE 646 CASE 632
ORDERING INFORMATION (“-0{4 Only) (TLO74 Oniy)
Op Amp Temperature PIN CONNECTIONS
Function Device Range Package
i ./
TLO71ACD, CD S0-8 Output 17} 14 Output 4
Single TLO71ACJG, CJG 00 +70°C Ceramic DIP & £}
lnpuT 1 Inputs 4
TLO71ACP, CP Plastic DIP Erey g -
. TLO72ACD. CD 508 Yee (4] 07} vee
oual TLO72ACJG, CJG 0°10+70°C Ceramic DIP oo 2 {E 9] } s
2 3
TLO72ACP, CP Plastic DIP WT a o
Quad TL074ACY. CJ Ceramic OIP Ovpr 2 (7] (2] Oupa 3
0° 10 +70°C
TLO74ACN, CN Plastic DIP , TLOT4 (Fop View)

MOTORQLA LINEAR/INTERFACE ICs DEVICE DATA
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TLO71, TLO72, TLO74

1
MAXIMUM RATINGS :
TLO7_C
Rating Symbol TLO7 AC Unit |1
Supply Voitage Vee +18 " ' N
VEE . -18 1
Dilferential input Voltage vVipo =30 v
input Voitage Range (Note 1) ‘VipR £18 :
Qutput Short Circuit Duration (Note 2) tsc Continuous [
Power Dissipaiion { "
Plastic Package (N. P} o €80 mwW |
Derate abave Tp = +47°C 18 10 mWrC
Ceramic Package (J, JG) Pp €80 mw 11
Derate above Tp = +82°C 0JA 10 mwrC 1
Operating Ambient Temperature Range Ta 0to+70 *C .
. S'grane Temoderatuie Range Tstg -5510 +150 ! :C

NOTES: 1. The magnitude of the input voltage must not exceed the magnitude of the supply 1
voltage or 15 V, whichever is less.
2. The output may be shorted to ground or either supply. Temperature and or supply
voltages myst be limited to ensure that power dissipatian ratings are not exceeded. 1

ELECTRICAL CHARACTERISTICS (VG = -15 V. VEE = =15 V. Ta = Thigh t0 Tigw (Note 3}

N . TLOT.C
! TLO7_AC
Characteristics Sym§ol Min Typ Max Unit
Input Otfset Valtage (Rg s 10 k. Vgpg = 0) V|q' mv
TLO71, TLO72 — _ 13
TLO74 -— — 13
TLC7_A } -_ _ 7.5
Input Offset Current (VoM = 0) (Note 4) I|o' nA
TLo7_ - — 2.0
TLO7_A 1 - - 2.0
Input Bias Current (VoM = 0)  (Note 4) g nA
TLO7_ . - -— 7.0
TLO7_A s — — 7.0
Large-Signal Voltage Gain (Vo = =10V, R 22.0 k) AvoL Vimv
TLC7_ : 15 | — -
TLGT_A ' s ¢ - —
| Output Vaitage Swing (Feak-to-Feak; vo v
(RL210Kk) 24 —_ —
(R 22.0k) 20 | - —_
NOTES: (continued) . B
3. Tigw = 0O°Clor TLOTIC, TLOTIAC Thigh = +70°C for  TLO71C. TLOT1AC
TLC72C, TLO72AC TLO72C. TLO72AC
TLO7<C. TLO74AC TLO74C, TLOJ4AC

4. Input Bias currents of JFET input op amps approximately double for every 10°C rise in Junction Temperature as shown in Figure 3.
To maintain Junction Temperature as close to Ambient Temperature as possible, pu‘lse techniques must be used during testing.

TEST CIRCUITS
Figure 1. Unity Gain Voltage Follower . Figure. Inverting Gain of 10 Amplifier
VA~
10k
1.0k
——e—0OVp Vin i —+—OVp
o— + i
Vin
L}
Ry =20k Cy = 100pF i AL Cy = 100pF

Kl s

MOTOROLA LINEAR/INTERFACE ICs DEVIC:E DATA



TLO71, TLO72, TLO74

ELECTRICAL CHARACTERISTICS (Vo = +15 V. VEE 2 =15 V. Ta = 25°C, unless otherwise pated.)

) TLO7_C
TLO7_AC
Characteristics Symbol ;| Min Typ Max Unit
Input Otiset Voitage (g S 10 %, Vo = 0) vip | mv
TLO71, TLO72 i pop— - 3.0 10
TLO74 _ 3.0 10
TLO07_A B = 3.0 6.0
! Average Temperature Coefficient of Input Offset Voliage avio/aT - 10 _ rvrC
" "Rg = 5002 Tz = Tigw 10 Thigh (Note 3) i
! Input Offset Current (VG = 0) (Note 4) o pA
! TLO7_ - 5.0 50
i TLO7_A i — 5.0 50
" input Bias Current (Vo = 0) (Note ¢) g ! pA
! TLO7_ —_ 30 200
TLO7_A g - 30 200
. ir put Resistance fi . _ 1012 —
7 Cemmon Mode Input Voltage Range vica ! v
TLO7_ £10 +15, -
TL7_A 211 -12 -
! +15, |
: -12
Lz-ge-Signal Vokage Gain AvoL VimVy
iVo==10V,R 2 2.0k} TLO7_ 25 150 - |
TLO7_A J %0 150 -
i Ouput Voitage Swing (Peak-to-Peak) Vo K 24 28 — v
i (Ry=10Kk)
Comman Mode Rejection Ratio (Rg s 10 k) CMRR } dB
Two7_ 70 100 —
TLO7_A L] 80 100 —
Supply Vohage Rejection Ratio (Rg < 10 k) PSRR d8
. . TLO7_ 70 100 -
TLO7_A 80 100 -
Suppty Current (Each Amplifier) o i _ 1.4 25 mA
Uity Gain Bandwidth BW || — 4.0 — MHz
T'zn Fate {See Figure 11 sr ! —_ 13 —_ Ve
/iqa = 10V. Ry = 2.0k Cy = 100 pF s
1 Rise Time (See Figure 1) te —_ 0.1 — us
i
' Overshoot Factor _ — 10 — %
Vin = 20 mV, R = 2.0 k, Ct_ = 100 pF
Zquivalent Input Noise Voitage- en | — 18 —  nVhHz
Rg = 100 t = 1000 Hz
Zquivalent Input Noise Current *ia — 0.01 —  lpAnHz
Rg = 100 2 { = 1000 Hz
Tatal Harmonic Distortion THO : — 0.01 —_— %
VQ (RMS) = 10 V. Rg S 1.0k 1
R( 2 2.0k I = 1000 Hz
Channel Separation — — 120 —_ 8
Ay = 100 B

MOTOROLA LINEAR/INTERFACE ICs DEVICE DéTA
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LM139, A
39,A LM2901

LM239
39,A M(C3302

LM

and Industrial electronic applications.

Single of Split Supply Operation

Low Input Bias Current — 25 nA {Typ}
Low input Offset Current — £5.0 nA (Typ)
Low Input Offset Voltage — £1.0 mV (Typ LM1 39A Series)

QUAO SINGLE-SUPPLY COMPARATORS

These comparators are designed for use in level detection, low-
level sensing and memory apolications in Consumer Automotive

DU N Y 2 1 NS S—

q.UAD COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

— | -

PLASTIC PACKAGE

Input Common-Mode Voltage Range to Gnd CASE 646-05
Low Output Saturation Voltage — 130-mV {Typ} @ 4.0 mA 14
TTL and CMOS Comoauble ’ i
103
MAXIMUM RATINGS
Rating Symbol Value Unit CER(?MSKE: ::zcngGE 14
Power Sugply Voltage LM139. A/LM239, A/ Vee +36or 218 vde A '
MO-001AA
LMJ39A/LM2901 i
MCJ302 *300r zi5 ¥
. .
input Oiftarennal Voltage Range Vior Vvde 4 -
LM139, AsLM239, A/LMJI9. A/LM2901 36
MC3302 30
input Common Moda Voitage Range VICR -03twVee Vde : PIN CONNECTIONS
Qutput Short-Circut to Gnd (Note 1) Is¢ Continuous f
input Current (Viq < -0.3 Vde) (Note 2 ha 50 mA ~ ] Ouiput
Power Dissipation @ Ta = 25°C Po E 3.
Ceramic Package 10 Watis Outout
QOerate above 25°C 80 mw/°C A R
Plastic Package 10 Watts
Oerate above 25°C 80 mw/°C A 12} Gou
Operaung Ambient Tamperature Range Ta l—_-) 1ot
LM139, A -s5t0 #125| °C ALl R
LM239. A -25t0 +85 taput
LM2901/MC3332 -d0t0 +85 kP
LM339, A _ Gto 70 ) nans
Storage Temperature Range Tsig .65 to -150 aC 3
5 'ruut
1
Je
FIGURE 1 — CIRCUIT SCHEMATIC (Diagram shown s far 1 compacator) - r_‘
Q (o) ’ !
Vee ~ input - input Qutput X (Top View)
1
. T
; l 3 i H
SR J ) J ORDERING INFORMATION
1 [N W,
J ?__4 h : ﬁ Temperature
ot 7 N i JE i Deyice Range Package
) !
| i i - ¥ " LMl;QJ. AJ| -55°C1o +125°C |Ceramc OIP
i v
P i "“'_L_H LM239). AJ| -25°C to -B5°C |Ceramic OIP
! ; N P LM239N. AN Plasuc OIP
i r—é— ey — LM3393.AJ] 0°C1o-70°C |Ceramic OIP
I 2 N I L_\ LM33IN. AN Plasuc OIP
M * LMzdoIN ~40°C 10 -85°C | Plasvc OIP
L Lo Mmc33ozL Ceramic DIP
0O Gnd MC3302P Plasuc OIP
1

MOTOROLA LINEAR/INTERFACE OEVIC%S
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LM139,A, LM239,A, LM339,A, LM2307, MC3302 i

.
FIGURE 2 — INVERTING COMPARATOR WITH HYSTERESIS FIGURE 3 — NON-INVERTING COMPARATOR WITH

HYiTEHES(S
"Wee *Vee
R3
10k R,
Vin O AAA Py 10% ref
Rraf Vo 10k
*vee O )’
. L va
A
Veel vin © Vv
™
10xgRI v . Vee AT
= ret Regf * R?Y
- vee R1
Viel * g AT *RZ 2 R1//Repf
RI > R17/ Reat//R2 , Amount of Mysteress Vi
Vit _'3”_IRLEL— v RY] +
R RT77Rygy AT Ormas TTOm:n Yot gAY (VOmas VOmual
R2 5> Regi/ /R1 .
TYPICAL CHARACTERISTICS
{Vce = +15 Vde, Ta = +25°C {each comparator) unless otherwise noied )
.
FIGURE 4 — NORMALIZED INPUT OFFSET VOLTAGE FIGURES —~ lNlLUT BIAS CURRENT
140 18 I
/ 42 T ——
3 g ry s -ssec L "]
210 g 3 L | e
g N 1 z s asee L—T" |
z - z W } ——
— x
2 oo S ] e L
3 " N 3
s A E — ot
= = = '8 T 1
I z i
£ oa0 L7 Z 4
=1 4 a H
= =
50 3
060 9 ¥
-50 .25 0 5 50 15 100 125 ] 10 80 17 16 20 22 28 n
Ta. AMBIENT TEMPERATURE (°C) g 1vacr

FIGURE 6 — OUTPUT SINK CURRENT versus
OUTPUT SATURATION VOLTAGE

o ; ‘

§o Ta 3 -55°C /rA

s¢ 4 /WrA=-|15=c

A LA 4

o AL A L L

20 //// f i i

A
v

4

Ig. OUTPUT CURRLNT (A}

||
i00 200 300 400

Vyaq. OUTPUT SATURATION VOLTAGE {aV)

o
o
t=]

[P —

o
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SCLADGO0AB

CMOS 1,
COUNTER

-STAGE BINARY
ND OSCILLATOR

FEATURES

14 Fuily Static Stages

10 Butffered Outputs Available

Common Reset Line

8MHz Counting Rate @ 10Vdc

All Active Oscillator Components on Chip for
R-C or Crystal Control

- po o > S

DESCRIPTION

The SCLA4060AB consists of an oscillator section
and 14 ripple<carry binary counter stages. The
oscillator configuration allows design of either R-C
or crystal oscillator circuits, A Reset input is
provided which resets the counter to the all-Q's
siate. A high level on the Reset line accomplishes
the reset function. The state of the counter is ad-
vanced one step in binary order on the negative
transition of the Clock input @. All inputs and out-
puts are fully buffered. Qutputs are available from

CONWNECTION DIAGRAM
(all packages)

VppQi0 Q8 Q9 R

¢?6i5
9

[ N N A
16 1S 14 13 12 11 10
SCL406CAB
1 2 B 4 s 6 7 8
T T T 1 1
Q12 Q13 Q14 QG Qs Q7 Q4 Vgs

Add suffix for package:

16-pin Ceramic
16-pin Epoxy
16-pin Flat
Chip

1

k 16-pin Cerdip
‘E

k

§

stages 4 through 10 and 12 through 14,
Applications include timers, frequency dividers,
delay circuits and counter controls,

RECOMMENDED' OPERATING CONDITIONS

TRUTH TABLE For maximum reliability:

CLOCK | RESET | OUTPUT STATE DC Supply Voltage \2 -V Jto 15 Vdc
DD - Vss
B : “:'::::::_. Operating Temper'ature Ta
—~ C, O, F, H Devict 55 t0 +125 °C
x 1] AN Qutouit arelow E Device 40 to +85 oc
X = Don't Carn 1
i
1
LOGIC DIAGRAM s
]
o [ 1] "ﬂ o8 99 o0 ﬂ:" Bln lun
t} {t ] ) I it L it
FIT T
1
]
19 q o ] e
e 2] e rey r--uuu: rey e
Ll R rL ! N &, ¢
|

TSNS NE-]



SCL40GOAB
i
— ]
Vou DRAIN VOLTAGE {Vie)
20 18 16 <14 12 <10 8 5 4 2 0 - .
v ive 5 g ;
x- e - -~ =
u[ ? .103 £ d
Vs =~10 Ve 15 E et £ fam P
! £ g
i 20 g 10
v g 8 L
Vs =—15 Vde H3 z ! Ve = 10 Ve
p3 = s 6 A |
X 8 4 / ]
El 2 A !
: £ 2 Voo = 5 Ve T, = 25°C
. 2 i Il 1 1 1
T.l=25[':" 0 2 4 6 8 10 12 14 16 18 20
lv,,.. DRAIN VOLTAGE {Vde)

Typical P-Channel
Source Current Characteristics

T] pical N-Channei
Sink (%:xrrem Characteristics

TIMING DIAGRAM

12
Cloch l , I

4 ] AL 2 64 128 256 §12 1024 2048 4096 8192 16,184

5 Vi U i W i W s ¥ i ¥ e N e I i O i IV i iy

Reset -——1

I W Wi W S R W S e

Qs
as i pa W W U IV BN UE WU WU S
as | s W W U SN I Iy ENU KU U S
ar e W I W IS Ty M N B N
a8 | e U Uy Uy SN U W) B
as I__—L._\_%_L—l_l_—l_
Qo IS I (U ENUU WO B
1
a2 § N s W IS
Q13 i o e S B
Qs ; —1_
i

TYPICAL COUNTER STAGE
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F -
4
] SCL4060AR
. i )
APPLICATIONS INFORMATION
TYACAL, vyaLus T
CHCILLATOR "y ry oo ~s @
saeovamcy w | W i Veo-HY
T 1w 183 LY. .3
. . | 100w 438 “w | 03, [X]
1O e 4% A$ L 94
19 KMs 443 L) 0,001 pf L2 )
e of 8.7
-i.T'-—‘iy@'”"" = RTESCT) v
Cy? 100 p?
[ PR R 11]
Agmi0 Ay A
Typical RC oscillator cireuit
3
3
l-_"'.‘" —_—— = e
| SCLA4060AB | ¥
1 4 ! 1
| .
L |
1
5M{ SRS 100ME
Rsz (5§ X—» 10X} RS(XTAL) ¥
CsCr
< < Ssrcr CLIXTAL)
. Typical crystal oscillator circuit E
3
by Pt .
——— e e — e — - — -
| SCL4060AB 2
H 1 Yoo
A
i ! e v, el
| ! "
L —————-d
TreCAL COMPONINT VALULS 13
FOR OPCRATION FAQM 6O M - v,
WMAUT 4T Yoo+ } 7018 YOUTS: T
Rgei30 k0 Yu A d
R’y o390 %0 3 .
1 ) o R L )
(FOR USE WHIN INPUT SIGHALS WITR Al e-vendare
SLOW RISC-FALL TINE AAE USTD ! ag »ay
1s cLockl 1)-03 Voo :
Y e
I R
Input pulse-shaping circuit {Schmitt trigger] Input circuit.chafacteristics for pulse-shaping
circuit.
F :
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CMOS

SCL40708B
QUAD EXGLUSIVE-OR GATE
FEATURES
¢ Bl.'sffsred Outp‘uts CONNECTION DIAGRAM
¢ Diode Protection on all Inputs ¥ (all packages)
¢ Fully “B"-Series Compatible
¢ Balanced Output Drive Current Specifications .
v 481 aA 4y 3y 38 3a
¢ Pin Compatible with 4030 types, MC14507, 20 T 3 ¥ 3
74C86 14 13§12 11 10 9 8
SCL40708
DESCRIPTION 1 2 3 4 5 ] 7
The SCL40708 contains four independent ex- 11A 18§ 1IY Z‘Y 2IA 218 vlss

clusive-OR gates integrated on a single monolithic
silicon chip. Each exclusive-OR gate consists of five
N-channe} and five P-channel enhancement-mode
transistors, plus output buffering devices.

TRUTH TABLE
{one of four gates)

B

~o-ol|»

- =2 00

O - = 0|

Where 1 = High Level
0= LLow Level

LOGIC DIAGRAM

scLaozos )] D

SCHEMATIC DIAGRAM
{one of four gates}

Add suffix for package:
14-pin Cerdip
14.pin Ceramic
14-pin Epoxy
14-pin Flat
Chip

TrT"mQO

RECOMMENDE% OPERATING CONDITIONS
For maximum religbility:
DC Supply Voltage VoD - Vss

Operating Tempéerature TaA
C, D, F, H Device
E Device

3015 Vde

5510 +125 °C
40 1o +85 ©C

Note: The SCL4D70B is identical to the SCL40308;
the devichs are fully interchangeable in all
applicatio

@

..4.
_|

¢

(213

AE Ak

TR~

FUNCTION DIAGRAM

1A 1—u
18 1k 1y
2A s
3A ®
38 ] D—ea
aA i
48 u:D__" Y
4 Y = A®B.
VOO = Pin 14
] Vgg = Pin 7




scL40708

ELECTRICAL CHARACGTERISTICS:

STATIC CHARACTERISTICS '

Se T cgyeTmact

a-LLAST UCHPICAnT BT
®+MO3T SiGMIZICANT GIT ISICH BIT)

2 ° 7
B PARAMETER Voo | conpiTions |_TLow g K THIGH” | ynits
(Vde} Min, | Max. | Min.] Typ. | Max. | Min, | Max.
QUIESCENT DEVICE loo N
CURRENT i 5 |[Vin=Vggor Vop{ - [0.05 — §0.0005{ 0.05 - | 1.5 | pAde
T 10 |All valid input - |0.10 - .00t | 0.10 - 3.0 |
15 |combinations - |0.20 ~ $0.002 | 0.20 - | 6.0
NOTES: ! Hemammg Smrc Electrical Characteristics are listed under “SCL40008 Sen,s Family Specifications”.
? Tiow *-55°C for C, D, F, H device.
= -40°C for E device.
Trigw = +125°C for D, F, H device.
= + 85°C for € device. .. i .
3 This devica has been designed for balanced output drive current specificatiogs. Consuit Family Specifications.
]
DYNAMIC CHARACTERISTICS (C_ =50pF, T4 =25°C) 3
Voo - ;
PARAMETER vde) Min, TYp. Max Units
PROPAGATION DELAY TIME oL ms toML 5 - ¥ s 350 ns
10 - 70 140
15 - 50 100
QUTPUT TRANSITION TIME Ty M. TTHY 5 - 100 200 ns
10 - 50 100
15 — 40 80
Yos. DRAIN YOLTAGE {Véc) 50 - —TT
20 -18 -16 -14 .12 -1'0 -1[! -ls 4 -2 0 T - Vs = 15 Véc
R s 7 S5 - £ F
] I} A -0 z - 5 /
1 S z 0
Yoy =-10 Vée 7 45 g g
R 20 = S & " Ves = 10 Vde
] 2 544
30w < / V
3 3 B 0l
Ve =—15 vde_L ) 5 8 ‘v“lgszmc T.l- ZSI'C
T i T,=25°CH-45 & 10 12 14 16 18 20
- -50 } Vos mum VOLTAGE (vde)
Typical P-Channel ‘i ypical N-Channel
Source Current Characteristics Sink Et.ymznl Characteristics
APPLICATIONS INFORMATION f
8-BIT TWO'S COMPLEMENT ADDER/SUBTRA '{‘TOR
3
SCL40708 4
'l '2 V: " 7 T, '7 "' 3
l SiGm
.Il
r By Ey X, Ky 3y 2y Xy Xy oIy 3y X B, By Ky X,
' L] L] L] ] ] . [ ° L J 1 1 ) 1 ) | 1 * -t
] * . ° L] [ ] 9 ) L ) ) L] ] 1 ) ) L] .=y
L L} L] . L] [ L] 1 L] A 1 1 1 1 ) L] [ L] =)
. PR
:,-, -7-,1: P S o
a l,A,.-,A,n,A.l. a l.AzD-,A,b,A.A..
M, SCL40088 i scL40088 SO N DA
R e PO Ay o o e o 8 o« v o ean |
L] T t ] 1 1 ) ) 13711 L L] L] o L] L] L] «-im
T T P
e 37 3y %4 $3 3 31 %o Two's comgdlement numbers.and
a* a0 [ e their equivalent decimal values

]
]




$CL4081B, SCL40828
sCL4073B

SCL4081B - Quad 2-Input AND
SCL40828 - Dual 4-Input AND

FEATURES

Buffered Outputs
Diode Protection on all Inputs
Fully ““B*-Series Competible

]

¢
¢
¢

Balanced Output Drive Current Specifications

SCL40738B - Triple 3-lnput AND

TRUTH TABLE

$S

Lo

4

CH

0S AND GATES

Inputs

Qutput

11,

-1

All other combinations

1
(o}

FUNCTION DIAGRAMS

1A
18
2A
28
3A
3B

W @ A RN

sCcL40818

[¥]
<

»
~
<

10 3Y

4A 12
48 13

1 ay

1A
18
ic
iC
A
28
2C
20

1A
18
.1C
2A
28
2C
3A
a8
3C

T R’ AU N

P o >0
.<; l

-
-

Sy

Jeeiss

SCL40738

Vop = Pin 14
Vgs = Pin 7
tar oll Oevices

Y =AB

<

13 2Y

©
-
<

N
=<

10 3Y

= ABC

= ABCD

CONNE(‘TION DIAGRAMS
It packages)

Vpp 48 4Y 3y 38 3A
I ] ] I ] i 1
14 13 1100 9 8 -
%CU!OB‘!B
1 2 4 5 6 7
] i L 1S I T
1A 18 1 2Y 2A 2B Vgg
Voo 2Y ¥D 2C 28 2A NC
1 | . ] 1 | l
14 13 1 11 10 9 8

s¢L40828B
1 2 3 4 5 & 7
i 1 1 | ! I
1Y. 1A 18 1C 10 ' NC Vss
VDD 3C JB 3A 3Y 1Y 1C
] 1 1 l |
14 13 1 i1 10 9 8
SCLA0738
1 2 4 5 6 7
1 1 I". | | T 1
1A 1B 2A 28 2C 2Y Vgg
Add sx.‘fﬁx for package:
C § 14-pin Cerdip
D { 14-pin Ceramic
E I 14-pin Epoxy
F | 14-pin Flat
H £ Chip

RECOMMENDED OJERATING CONDITIONS

For maximum reliabili
DC Supply Voltage

Operating Temperaty
C, D, F, H Device
€ Device

ty:

t VoD - Vss
re Ta

Jwo 15 Vde

-55t0 +125 9C

400 +85 °C



ELECTRICAL CHARACTERISTICS
STATIC "CHARACTERISTICS '-?

SC1.40818B, SCL4082B, SCL40738

PARAMETER Voo | conDITIONS | TLOW L TrisH___| ynits
(Vde} Min. | Max, | Min. | Typ. | Max. | Min. | Max
QUIESCENT OEVICE o i :
CURRENT 5 |V tVesorVoo| ~ | 005 - [0.goos| 0.05| —~ | 15 imAde
10 |Allvatidinput | — | 010| - 0%1 oi0| - | 30
.- 15 |combinations - 0.20y - 21 020 - 6.0

NOTES ! Remammg Sm-c Electrical Characteristics are listed under “SCL40Q0B Series F'rmly Specifications”
! Tiow * -55 Clor C, D, F, H device.

= -40° C for E dev-ce

Trigw * #125°C for C, D, F, H device.

=+ 85°C for Edev-c:

3 These devices have been designed for balanced output drive current specificatiops. Consult Family Specifications.

DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C)

LOGIC DIAGRAMS

Voo " .
PARAMETER (vde) Min Typ. Max UnmJ
PROPAGATION DELAY TIME tpLm. tow] 5 = 150 300 ns

10 - &5 130
15 - 50 100
OUTPUT TRANSITION TIME trems trad 5 - 100 200 ns
. 10 - 50 100
15 - 40 80
H
i
Yos. DRAIN YOLTAGE (Vdc) 50 T I T
20 -18 -6 .14 12 'IIO ? ? 4 2 0 g6 Ve, = 15 Voc
Yog == 5 Ve 5 -~ r
Sl 7 a0 ¥ = 3 <+
! /A g Z A
Voo ==10 Vie 7 15 8 g
- 20 % s 7 Yoy = 10 Vde
4 25 2 S 5
=2 S
30 A =5 134
a5 3 ST
Yoo = =15 vde L] *°§ 5 54 Vul’s;"" T, =25 C
1 e
t T 1 Ti=2sreq4s 2 0 2z 4 6 8 10 12 14 16 18 20
L1 -50 }v,,,, DRAIN VOLTAGE {Vde}
Typical P-Channel ypical N-Channel
Source Current Characteristics Sink Lurrent Characteristics

SCHEMATIC DlAGRAlA . SCL40828 (1 of 2 gates)

SCL40818B

1=

scL40828

SCL40738
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1008

PN

*R not needed due 10 temperature
independant iy

DC Summing Amplifier
{Vix's 2 0Vpcand Vg Voc)

TU/H/9299-6

Whare: Vg = V3 + V2 = V3 = Vg
(V1 + V) 2 (V4 + V) tokeep Vg > O Ve

LED Driver

Typical Single-Supply Applications v* = s.0vo)

Non-inverting DC Galn (0V Input = 0V Output)

5V

Vo IVOLTS)

— e — — —

GAIN= 1+ Rz
A1

iy

= 101 {A§ SHOWN}

Yin (mV)
TUH/9299-5
Powet Amplifier

i‘ Al

3 916x

A
]2 .
1000 v

TWH/9299~7

1000 N
et A $ 3 .
1 s
- : 1 3}
138 of
14 LMI24A ;]l l__-
o y l?:i
100¢
TUHS29-8 — N -
R4
oM
—AAA— 16 LMIZAA
1 2‘ a
1a0n : jﬂif +
1 As )
o
- l —Q Vo
1A LMIZ4A
R?
1004
+ 9 v
Rl a -;L’
fo = 1 kM fre 10.F
Q=5
Ay = 100 (40 0B) =} =
TUHI9299-0

A ety mortd A

ZO6ZW/VYZENT/VHZZNT/VYYZENT/PZENT/PEZNT/VZLNT
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Typical Single-Supply Applications v* = 5.0vod) (Continvedq) ¥
AC Coupled Non-inverting Amplifier 3
R1 R2 ¥
- 100K ™ ¥
— .

—{ v

—F

]
Rg Ry, ¥
5.2% 10k |3
¥
; = %
i {
i v E
i 3
A2
g Ag=142 :
Ay = 11 {As shown) i
TUH/9299-25
t
DC Coupled Low-Pass RC Active Fiiter !
1 4
b
1
i
H
¥
di
H
1
¥ -— - P
g‘ T N 3222-28
H
High Input Z, DC Differential Amplifier ;
R2
! 100k %
H WA
At At i
100% . 100 :
\ -
l A1
= 100k
178 LM124A AN
*Vy O———————{ + 14 LMT24A Yo
V1 O L
£ -
For:—; - :—; {CMRR depends on this resistor fato match) + TUH/e299-21
Vom1+ 2w i
(¢] + X (V2= V4) s
As showre Vg = 2(Vz = V) 2
i
® B
Fy
¥ -
1

e

oy gy

ZOBZWT/VPZEWT/VYZZNT/ YL W/V2ENT/YZENT/YZENN



54T74/T474

s

Tasmtmp simtans

Dual- O-Type. Positive-Edge-Triggered Flip-Flop with Preset and Clear.

Schattky TTL High-Speed TTL Lew-Pawer Schattky TTL Standard TTL Low-Power TTL
: Packsge Package Package . . Package . Package
Device Type Device Type Device Type Davicp Type Devica Type
clPiMicF C|PIMICF C|P{M|CF] cj ClPIMI|CF] P ClPIM|CF]
ol SNSIST i1 WD SKSIHTL 10 WO SNULST - JO Wl ShsaTe 4 D! ShsaL T4 -1 OINDITR
T.L SNT4STL 3 OIND. SNTiM1L EIOI 0N SNUL ST 1 OIND SNTAT4 1 DINTY SNTALTA 3 DINDITS
- LD FMSSTA/FMISTAIO] 7 MSAH 747 F MM T4 |OKD| F 2| resmgs s 1vmssi ap 1D | FMSATIE usle OO e
F“" FCT4874/7 Ce574 0D AD L JFCTIHILIFCINTL 1o® PO F 2| FIegt /o2 20| 2D (Bl 7CraTu7Cnn lodIPDt
q ! i :
MOTOROLA SRILS 1L PG ¥
[ c OM S2M74 1 DIND OMSILSTE P OMSLTL, 1OING]  IwZ{ OMUL J DIND F2
NS OMHSTL ND DUTAHTA 13N OMI_STL OM 7474 ) DING OM 7L T4 JEINDL [FD
i
PHILIPS NS 5] C13131/TaH T4 B NTLSTL - [ <131/ 1474 o
" GNETICS 354374 SS4MT FOIAD]  [wD | ssa7e 1 FDIA w|
S ‘{nrsn N7aRT2 IFDIAD, NTILST ! Nun FDIACH
ENS ' 1 i 2
SIEM v ] FLAL I
- | i i 1
Ty t [rsn D M8420 TiraT
= ) ] 1 { {
HITAG! HOT:S7¢ DIPG HOTILSTA P HQT474/H02S10 D|PT
! ]
M‘T%ISHI MTSTE 5] MTALSTL R MSIZIIMSITA T lecy
: 1
NEC 4SS CO i s [0 uPBe, OXD| CTH
— . 1
TOSHIBA i TomTia G ]
Electrical Characteristics SNSALST74L/SNTALS74
nseiuls MaTIFUM fRUNLS Sver soerduny IPee-nr tamoursture fante
. - T 3hea- PYTT— . . -
$utory semam, YCC re Ovwrviry Pov-wr IBELL ] W » At Pin sstgnments (Top v'ew)
o s 3.4¢ ey o L | INTICS © w T
Sow s o arre v ~4T w ae :
et O] 2
: N
SNSALST4 SNTALS 74 -t vec cLA 0 XX PR 0 M A 0 W GMOG N me
wn_ =Ov uazlan MM wn J%L‘GTLJIZI_!HLITFLJ sLivL it (el felisl
Suawy veiign, VAT 5 [ REL] ' s . ] T I = — H 1 7 ' ']
. St 1Qu o=y _ cem| [ § N ’J: lflo :’ = a !
e e v Iy ) 3 ma I =ra& i H |
— —n 1 St~ ] C] s H = i Liar? i Laen cuaby doua sap= 1| :
. = 18 = } . %*—:-JJ! i L = il .
R mgreacer sata ER EN ! irﬂu - 1_;] . 2 L
it Lowieves dai kD EY 5 Lil . Wi« T
o rt bt §t HIEL & L2 BT sl ofafararsrisror
Iowwen Peret empmrinse, Ty -ty Y] XK 1 1@ 0K 1PA Q" 3 INO R0 b e ! m HX
- cLa LA ol
electrical characlarisics over recommended eperatng nctional Table
trea-sir tamoerature range ‘74 ‘H74, ‘LST4 'ST4 ! N
PARAMETER » T__TEST CONGITIONS I ' MIN_TYP [ MAX [UNIT < H74, LS74, 'S74 {See Note 2)
Yiw  High-eve wout voiage [ g 1] INPUTS 1 QUTPUTS |
Iy Low-evet moul vortage [} 2.3t PRESET CLEAR CLOCK o5 ! Q Q |
K inoul clamo »oitage P VOGN, () w e imA -3 ¢ u H X £ ) o« [N
VCC=MIN, VY= iV, i " X Fs [N L]
o, Hugn-evel cumul sottar V2 K K T .
L g ge Uy B0V, lay aMAX : 1S B | "t L x X I " "
UCGeMIN, V=Y, ¢ | H H H Hoou
v i
L Lowtevs cutut vaitage Uy 203V, gy wema ! ity H d cloom
tooul current 2t __—L:' n b X 19, &
1 nout VGG AMAX, lyaPl :" ! ma T
volsge ______z| r .
LI Functipnal Block Diagram
' 20
Hgneevel ' e
Ll { Voo =aaa =M b LY.
™M out currant cemMAX, V=D i i . ¥
0 *
D.0K, B -3.1., . Alon oy
Low-evel {Clear . i -1.3 |
I nout cwrent Iaresat VEgaMAY, V=04V —= 1 ™
1ClocK i -3.3;
Short-cwcwt (Serses 3aL 3] ] — 150 ¢ iva o
ns o mMa m
93 outout curent e {Seres 7451 vee x Tem ~i00 ! i
. Sudtdy current IrVr aMAZ. See Now ! | i 0
cC (a cer mo-tioa) jvee . See Now 1 1 t] ma
H TICCR eouency ‘i ey ? 25 1 TS T2, S74, Ale, 8 L7 0ual, b'u:-".u‘ «iht CLIAS A0 I%(LT
LN | om cleas, Jreset or ciocx | 2 .‘Tc: ! H a5y
(as acorcorate} 3 Q o 3 i Sumisad, H T e
[P H A s ! & 10 i
NOTES D ) Mun g oufduis 29en. 10C 'S MARgrad wih (e G Ind 3 OULY Mgn . fuen,
A( tne hma of mAVMEemant, Clock moul -3 ounqes
. 2 Ammgn teval [3igady 3aua), . Dow ver [steady State), X avretevant
D OmIanQLon TOM e (0 AQN evar
Qamine ieve a1 J J0iore 118 MUCARG DL SOTHLONE were 45RONINL,
© Thua conhiGuratiall «3 AGNItatie: (ML 3, © wek A0l JErUst enen Oresat
AV Jtaes MOULS Sy D W LAACTve W) eeal.
*For conntons INGwn 43 MIN of MAX. 4 N8 J00MCHIN vd'ue 10eched e e aHng
24M ryorcal wames are 4t Voo =iV, Ta =287, . .
*Mut more AN ONe CUIUL 1NOW0 38 INTINO AL 4 mme. -
€101y AWOOAGRION CINY UM, Ow (CTBGATIVE JHTUL:
(P, MOrCOGANON JaMY HME, WGA-0-Ow v Muldul .
Tha arfmw nticats tHe 40G8 af IC GIOCR NI USeS { rIreres: " MW Te sy eogh.
T - i . - -
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$rnunms awmnseala, il 67-69 , 2534

as n’ =1 a v o a a o a n’ 13 é LY P= % Y aa 111
3] AeAnA HosANUNT , e dmaqns, st udviuuuainea
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aonfuma TuTadnszooundudnunmsaianseiia |, 2532
y {
[4] fins quausud , “ Slaansedadiugm _gomiumaTuladnsseound) $rnmunms
{
aanseds, mh 8687, 2533 :
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[5] 10T quausuA , © MIBOALULINTTDRANTOUAT , aonfuinn TuTatnszeound
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