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ABSTRACT
This project describes system that uses to increase the security of data
communication by scramble.”
The procedure in this project will be converted low frequency signal from
analog to digital , after that send to scramble circuit with consist of pseudorandom
sequence. The receiver uses descramble circuit , digital to analog conversion and send to

low pass filter. Finally go to amplifier circuit to recovering original signal.
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14 P P < v t a9 * o - ] :
AIUN 2 FWAWINATIRIATUNIULIN 1]3‘11!11131?1?1%\1%31%’.]1
auM3 IMuA (Node Equation)

Vo(SC,+(1/R )-Vin (SC,) =1

nywmaesaidu Vo= sc =s

Cl #
Vin o [Tuo
Ry .

7171 3.3 2eesnseendwd lavaa

Vin=(SC/HI/R))/C, = S+ (I/CR))
ez Wnaudsmenisi £,=12TCR)

112 TE(\(3.3*10°*965)

49.98 =50 Hz

unum

AneslatwiaNamed

ri’hnmﬁmaemmﬁf’fmmmtmué’uﬁuﬁ 2 dsznoudassetuswni] uasiees

LT

RC As31i 3.4
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»
da uezlan

k / R,R,C,C,

T =
Vi +81/RC)+L/RC)+(Q-K/RGC)+ L/ RRGC,)

ndlaATurs e ImIT TS IRUSUSY 2 veerensasosnnNduyy Tadme

WZ
Vo/Vin = — £ >
s* + s, / Q) + W,

& a e A ow -
‘]fs‘lﬂ’)'lllﬂﬂ‘ﬂi’)ﬂﬂilﬂ'llﬂ'lﬂﬂﬂ?'mBI‘Hﬂ

W, = Wp = 1/ /R,R,C,C,

£ = 127 ( {RR,C,C, )

UNUA

1l

127 J(72 * 10%) (72 * 10°%) (837 * 10™%) (536 * 107°)
3.3KHz

|
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wei Mc3als el @ Fwyraueninnlud nuuzvesdyg ualasaiy
aYAsNBeN o

MC3417 a2 MC3418 fiFeiSonifing 31 CONTINUOS VARIABLE SLOPE
DELTA MODULATOR /DEMODULATOR i leffvihmiiumnlaadygnaezuinen
fuateeavuanin 1 da uazuﬂaaﬂé’nﬁ'ngmjmfrﬂﬁn'lﬂmmﬁn doyanlasa
yua 1 1a mmsmh‘l‘d'1%mma1;ﬂsuTﬂa'I%'uwuuamaaszuuéamﬂ‘i’a‘hﬂﬁn&u
szuuIng uazInsdwsd TasiidaanollssAnE mmuazadasuvesdynuandy
Fagadleafuimms 1dan

nsvieuvesled MC3417 fezldudnnisues cvsD Tnssafunoluiiing
Jmmesey 14A fhﬂ%”miaﬂs:ﬁ'nﬁagq;muazmuﬂué'ﬂswmmﬁmﬁu'lﬁmﬁmmﬁ
Tas MC3417 1855tmnivina 3 9 dau Mc3418 1§53maniving 4 fa Sl

AaInTHUBId g IUANT
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NeazdaarazmiTinlFnuves MC3417 , MC3418
41 1 Analog input
. o
Hurdunavesnsunisuaed dmiudyn uewasndiouse nwuuuied
Say ¢ A v A o Y 1w v Y a Y e 9
uazdFddesnsioussavdFvesdy g lfimiuusdudsdeniglu dedlidaau
muluueadesznitew 1 Auan 10
%1 2 Analog feedback
a v s d A as 5 s o
Wuvdunali nd widavesasumisuassdaudeadu dmivileunduy
ar d' 9/ g -‘:l =} 3 s [ d' 9/ ] é
Fyanaeuneniadwiwnenls sufsusudygraeunsniduning Fwsld
mwizlussuwnlasndvsuinenduddaea Tagdevt 2 Whduw 7 udlunisudasndu
d .
vindvssaiiusuneni v1 2 Wl
41 3 Syllable filter
o s ] Y, & Y] s '
Wuvnidwsvdeussdui 181 nn1sasivssdudya i M 1ui99snses
Houndudrlodionrugudaswersvesduiinunes Idasuaussdaynnulddiu
a ' ' & a o Ve
Tageziia997 RC ABTENa1aw 11 azv 3 Fadle Insdiasuauaus 6-50 mS
41 4 Gain Control input
9 o o o a A o 9/ ' 19 P 1Y)
¥ muasasweeasivessufinames JaslFnusauduan 3 Futuwnliy
Saswemuszaudyga mnnudumui i ruadasweeglvesssuy uRes
a0t 't a a o a4 o =t
g1 Lt s alalevu Mefnuuafesniwuesiees
41 5 Reference input X y 4o
s una lindumavesduiinsiaes IideuszAuddvensiana lulvua
amsutasnneweentiuddaeassialimirdue 1 Tasdediuu 10
%1 6 Filter input
a ar a a d o s v @ o -~ o o
vidunanduavesduiinsiaeidimiuasivginsaingusn fAe dunu
Uszeduiininey uazdadumusszniie 8-13 Alalevu
U1 7 Analog output
k4
dhusninavesdudiinsmed awnsationszualdgaga 30mA e 2 fiemi
‘i a a o o dyd o o
selusniliidluduiinsiaesdaiiliagisa 0.5 Taatiae ulasian
U1 8 Vee
» 4 [3
MC3417,MC3418 annsaesnuuyldau ldneaiulwidsunes (single supply)

' P Yy )
uaz IWguana (dual supply) ¥911 8 fivzAesdediuds Inauaus
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U1 9 Digital Output
o s aa <« a s o ¢ J o
yuedyadyguasasai lAennaudasiimadeegsznin Vee U Vee
L4 v v 1
AONLATIa CMOS uaz TTL feyaifeufivenvinsvesdygasniniiv 14
41 10 Vec/2 Output
L3 ~ é é L Y ; dv 3 1
yussdudedensanitavessdu e deldnulddsudss tenszua
q9q@ 10 mA deeiidauiulszouene 0.1 Tulaswiia deeine 10 Ay Vee
%1 11 Coincidence Output
9y o Ad 1 a dy a [ aa o g/ &
Thednaniiaad inAnulsandygnuadasai Idonnsudas sendlu

a ool

quiiednisamesmuludhu “0 wie 17 nua Wudgmnuasiniaszdudunaie
AuuSAT YR UINTIAST
91 12 Digital Threshold

¥ muaserumsslsavesn 13 ,14,15 mieldneandestunisdnufivae
Inaszgasnn duflu cMos wdsiy veo2 nioluneadislalen 2 dumnile Vee
dieldfiu TTL
%1 13 Digital data input

s unavesd yapuasaealuInuavesnisulasndueindaeniinewn
aon Yeyndunadesnsiiihunatediies 0.5 ulaswn deunazndemminves
doygnauiEnt (Vvauviag)
U1 14 Clock input

dmiuimuaiasavesdoya FiidesarSvesmsutasdagu dase
32 K fhfuaauddanisuiing 32 Kz szdumssTaavesnilimualasn 12
awndhead Snuand1ga 300 oS Fnaudiea 900 S
%47 15 Encode/Decode

wildhidrsuguindenneunsunes Aezde Widisaans fufhu <1
dennounsuaeifneuneniisudunadun fuilu <o Aidenneumsuasidm
asavadmivnsulasndudunsimuaTnuansien wennnidiaunsesy
Fogudunafiiuitaea 18 Tasfloundudmisni 13
Y116 Ve

y
ymsaau lWides 152119 4.75-16.5 Taa Houfy Vee
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ASeeadudygnusuineniieglusaduegmuasiiusz1dnisaeatns MC3418 W

L} o ‘§ 1 =y
aoiflunudny Y Full Duplex ¥avz 1¥mauduiinn 16 K

3.2 299593 190UIINN (clock generator)

LY o g) wa v o o w 9 -§
awsa%’wmgqpmmwmimmﬁumﬂummmuﬂszqnummumumaﬁ%’m
' A 9/ a a 4'{ a 4'
fashvewdan lasldalunmsdszyufludadmun uazilesninmsndaniuiige
A S s My a a Ao A A a
nieaunardusi1ldlad ssnmaniianuddmseaunaien Jeduulinuaalu
a o 4 A & o o Y Ao
aswdanudgainarwaniwdifieuld ledidminmivuazms szoznmlu
o (4 1 o 4 o a o a4 & o
msetiasu 18 Tasaauigiuaat viesunuihumsaaud FBddimnsinn
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A9 aAAUAT AT AT UTUYY
y Yy 4 a2 - ;
TuTassuiiog 14108 MC14060 FuslunvuFuea Fellvanisndanuiuas
o ' g/ [ @ o 9 v o - a s
wisawdegmelu narldnudesmduddumunardunulszquionsanea 35

v s [ d’
amsmaglnsainlouen lddsil

f=Y23R.C,
Jathi 1 KHz <f <100 KHz
2R <Rg<10R,

Cleck 11

o ' ’ 1

Reset 10 Out 1 9 OQut2

Rrc

I 1L

ANA~ {¢
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) d 14 v e 1
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Tufidl micmiﬂﬂum"aﬁai‘fum mnamwwmu"lé’mnmmm ( recovery clock)
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09-0ct-96 Recallbration Suggested (SYSTEN CONFIG Menu)
o v 7
TINEBASE

3. TineDiv g
b%.m

Pretrigger
4.

Alias Protect
l On CPOFT I
L
mart Progs o TRISOER on OGNS fax. Sarples
ic....m ff'.'f:" —F 250w 0 @ | 2.0k pts |

== 1.1%5m CHi NEASURENENTS
=== 1.,595m ok 5. "W w?
st -400us nean ey L]
178t 2 S00MHz 292 .6ue R -A-

Sus
0x

31091 4.1 gildnaaemnm



4’! o o aa o ~ ' Y » -
diehdyauasasan g 4.1 6 g1 11112995 Scramble Anyuz Y

.
I

daanuaznlaou lnndy naasldaegili 4.2

“

‘qv\ ”“"'M’:Y”‘ TRIGOER on OGN

CuRSORS on ON4 - 250mV DC

== 1.15s CNi NEASURENENTS
1.5%ns pi-pk S.1v per M

st  -400us nean ~166eV dutyMm

178% 2 .S00kHz rise < 800ns ovep

5101 4.2 dyanumdnndiumsauas i

Anedunisaauasiia iedsaing lilsunsuasaiumsaaunasda oz 14

duuasgln 4.3
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09-0ct-96 Recalibration Suggested (SYSTEN CONFIG Menu)
22:25:50

v v
Gl o

v
200us

¥
nart 'r.m” ”‘ TRIGOER on ON4
‘cnun on .: I 250V OC

- 1.1%ns GN4 MEASURENENTS
... 1, 45N per B

5109 4.3 jldgauitedsa Iy TUsunsuaseRunsATIAT LA

dioThAaMAIABALIN LIS D/A converter 9 1AANYU VBT YY1

c o/ 1; t& S o o ~ o s ~
udegii 4.4 Feeziidnwausdyyin ndirsenudygudum

!  {
‘g.rt Pr.mn" TRIGOER on ON3
CURSORS on OGNS ol 7S DC
== 2.980ns

=== 3,988ns pkpk

at  -1.000ns nean

178t 1.000kHz

319 4.4 FyuMdI9INFIU D/A Converter
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@ MOTOROLA

MC3417, MC3517
MC3418, MC3518

{ Specifications and Applications

Information

CONTINUOUSLY VARIABLE SLOPE
DELTA MODULATOR/DEMODULATOR

Providing a simolified aoproacn to digital speech encoding/

_decoding, the MC3517/18 series of CVSOs is designed for milicary

fécure communication and commercial telechone asoplications.
A singie IC arovides both enceding and decoding functions.

® Encode and Decoge Functions on the Same Chip with

2 Digital Inout tor Seiection
® Utilization of Compatible 120 - Linear Bipolar Tacnnoiogy
® CMQOS Compatible Digital Qutout

® Oigttat Inout Threshold Selectable (Vo2 reference
orovided on chio)

® MC3417/MC3517 has a 3-Bit Algorinm {General
Communicauons}

® MC2418/MC3518 has a 4.8it Algoritnm (Commercial Teleonane)

CONTINUQUSLY VARIABLE
SLOPE DELTA
MOOULATOR/DEMODULATOR

LASER-TRIMMED
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 520

s

Anai0g tnous -
AN0Q Feeuoacs aide v’

CVS0 BLOCK DIAGRAM

£ncace
Sezzae Cloexr
lis L

I Sea nuat ,

C3imoararor,

Ouguear sm——iS
Sata inout ~'

Jigar 13 = =T
-’hrunou:l Yrm H -——;
—_— i
i 11
] —S0C e FR T Res
Sigeear 3| ——— s { Gueitonag
Cuout

Svesdnan

———l
n . i roe
tegrato T Canver .

Amontier

Surmuyr I Y
l taer o f { Yimg ——— -
T
Anaog Aet Fiter

Outout  1ngut  "rout

> e Fritme
arery ,...¢: 9
Vme2 10 Ty <t Svseren —= Garn Carrtrol
iyl -— Aat ' I -—

PIN CONNECTIONS

|

Anaiag
1 e 1 v
1nout ey ! ,..5_.' cc
i
|
Sndiag Encoges
Fenamaen |2 11" {15 |oecaas
i
SvHaare
Ziar ;_‘!_‘ 11e |cloex
h
i
San r ,'_| Qugieas Daca
Contron L~ ‘i__ 1aout (-}
er > Digeeas
1rout l"l 5 l 2 ,’Thrmmd
. I
Feiter 1 s ?—1 Cosncigencs
1nout t -) i Sutout
1
Ansiog [ ; veer2
7
Outoue LI L—.‘o IOuluut
: !
» MU' 11¢ 1]
Vee . i 9
i : i k4 Queput
¢
—————

ORDERING INFORMATION

Devic Pack. i . Temoerasure
* i i Range
MCI417L | Ceramc DIP | 09C 10 - 70°C

4C2218L Czeamic OIP | 09C 10 ~70°C
MCI517L Caramic DIP § ~359C 10 +125°C
MC3518L | Ceramic OIP ! <359C 1n « 1259

2-12

7 wkrdai kbl



MC3417, MC3517, MC3418, MC3518

MAXIMUM RATINGS
(ANl voitages referenced to Veg, T = 259C unless otherwise noted.} -

Rating Symbaol Valus Unit
Power Supply Voltage Yee ~Q0.41t0 +18 Vvde
Oiffarenual Analog tnput Voltage Vio =50 Vde
Digital Threshold Voltags VTH -04 w0 Vee Vde
Logwc input Voltage VLogic ~0.4 to +18 Vde
{Clock, Digital Data. Encode/Decode)
Coincidence Quiput Voltage Voiconl -0.4t0 +18 Vde
. Sylabic Filter lnput Voltage Visyl) -041t0 Vee Vdc
’ N ‘ Gain Control Inout Voltage ViGe) -041w0 Vee Vde
Reterence input Voitage ViRef) | Vec/2~ 1.0 00 Ve Vde
Veef2 Output Current IRet -25 mA
ELECTRICAL CHARACTERISTICS
(Ve = 12V, Veg = Gad, T =09C 1o +70°C for MC3417/18, Ta = —559C 1o +125°C for MC3517/18 unless otherwise noted.)
\ MC3417/MC3517 MC3418/MC3S18
Charactaristic Symbol Min Typ Max Min Tvp Max Unit
Power Supply Voltage Range (Fiqure 1) VeeRr 4.75 12 16.5 4.75 12 16.5 Ve
Power Supply Current (Figure 1} Icc mA
(idte Channet}
(Vee =50V} - 3.7 5.0 - 3.7 5.0
(Ve =15V} - 6.0 10 - 6.0 10
Clock Rate SR - 16 k - - 32k - Samples/s
Gain Controt Current Range {Figure 2} IGCR 0.001 - 3.0 0.001 - 3.0 mA
4 Analog Comparator Input Range Vi 1.3 - Vee - 1.3 1.3 - Vee =13 Vde
{Pins 1 and 2)
1475V & Ve € 165 V)
Anatog Qutput Range {Pin 71 Vo 13 - veg - 1.3 1.3 - Ve - 1.3 Vde
(75 V & Ve € 165 V. Ig = : S0 mA)
Input Bias Currents {Fiqure 3} hg HA
{Comoarator in Active Regi0n!
Anatog inout (11) - 0.s 18 - 0.25 1.0
Analog Fescoack (12) - 0.5 1.5 - 0.25 10
Syllabe Filter Inout 131 - 0.06 05 - 0.06 0.3
Reference Input {I5) - ~0.06 -0.5 - -0.08 -0.3
tnout Oftset Current . 1o uA
{Comparator in Active Region)
Analog lnput/ Analog Feedback - Q.15 . 06 - 0.0S 0.4
i1 =121 — Fiqure 3
Integrator Ampiifier - 0.02 0.2 - 0.01 0.1
(IS5 -16 — Figure 4
Input Offset Voltage vio - 20 §.0 -’ 20 6.0 mV
V11 Convarter {Pins 3 and 4) —~ Figure §
Transconauctance gm P mATmV
Vi1 Converter, 0 to 3.0 mA 0.1 Q3 - 0.1 Q3 -
{ntegrator Ampnifier, 0 1o = 5.0 mA Load 10 10 - 1.0 10 -
Propagation Oelay Times (Note 1} us
Clack Trigger to Oigital Qutput tPLK - 10 25 - 1.0 25
{Cy_ = 25 pF 10 Gna) tPHL - o8 25 - [o3:] 25
Clock Trigger to Coinciaence Quiput tPLH - 1.0 30 - 1.0 30
{Cy_ =25 oF 10 Gna} tpHL - 08 2.0 - 08 20
(R =4 k) to Vet
Coincidence OQutput Voltage — VoL(Conl - c.12 0.25 - 0.12 02s Vde
Low Logic State
toLiCen) = 3.0 mA}
Cainciaencs Output Leakage Curreat — 10H(Con) - Q.01 05 - Q.01 05 BA
High Logic State
(VoH = 150 V. 0°C € T4 € 70°C)

NOTE 1. All propagauon Gelay times measured 50% to 50% from the negative going {from Ve to +0.4 V1 edge of the clock,
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ELECTRICAL CHARACTERISTICS (continued)

MC3417/MC3517 MC3418/MC3518
Characteristic Symbol Min ~Typ Max Min Typ Max Unit
Appiea Digital Threshoia Voltage Range VT 1.2 - Vee - 20 12 - Ve -20 Vde
{Pin 12)
Osgital Threshaid Input Current Ht(th) HA
1.2V & Vep € Voo ~ 20 V)
(Vy_ applied to Ping 13, 14 and 15) - - 5.0 - - 5.0
{Vy1q applied to Pins 13, 14 and 15} - =10 -50 - -10 -50
Maximum tntegrator Amplifier QutoutCurrent 0 :5.0 - - 5.0 - - mA
Vg2 Generator Maximum Outout Current IRet +10 - - ~10 - - mA
(Source oniv}
Ve 2 Generator Qutout imoedance ZRef - 3.0 6.0 - 3.0 6.0 Q
{0 to +10 mAl
Vet 2 Generator Tolerance €« - - :3.5 - - =38 %
14,75V & Veg < 16.5 V)
Logic input Voitage tPins 13, 14 ang 15) Vde
Low Logic State VTS Gnd - Vin - 0.4 Gnd - Ven - 0.4
High Logic State Vin Vip +0.4 - 18.0 Ven 0.4 - 18.0
DOynamic Total Loop Otfsar Voltage IVoitset mv
{Note 2) — Figures 3,4 2na 5
Ige=120uA, Voo =12V
Ta = 25°C - - - - 205 2185
09C < T4 & -70°C  mc341718 - - - - :0.75 223
~85%C < T4 < ~125°C mcasiis ~ - - - : 1.5 140
Ige #330uA, Ve =12V
Ta = 25°C L =25 : 5.0 - - -
09C < T4 < =76°C  mc3817/18 4 230 -15 = - -
-359C & T4 < +1259C MC3817118 - :4.5 : 10 - - -
IGC * 120 uA, Ve =50V ]
Ta = 25%C L = = = 110 20
09C € To = -70°C  mc341718 |3 p . C 13 228
-559C % T4 4 -125°C mc3s1718 A - = - £ 2.5 :50
e * 320 A, Yo =50V
Ta = 23°C 1 .40 - 6.0 = - -
09C 4 Ty« ~70°C C2417 13 = a8 =30 - - -
-557C 2 T4 « -125°C wCas17 181 - 155 .10 - - -
Digitat Qutout Yoltage Ve
oL = 3.6 mA} Vou - 0.1 0.4 - Q.1 04
toH = -0.35 mA) VoH Vee -10fvVee ~0.2 - Vee - 10(|Vep -0.2 -
Svilanic Filter Appliea Volitage (Pia 3) Viisyn =32 - vee =32 - vVee Vee
{Figure 2)
integrating Current 1Figure 2) TP
(Igg = 12.0 uA) . 3.0 10 12 3.0 10 12 HA
{ige = 1.5 mA) 1.45 1.50 1.85 145 1.0 1.55 mA
"ige * 3.0 ma) . 2.78 3.0 3.28 2.75 3.0 3.25 mA
Oynamuc tategrating Current Maten VO(Aver - : 100 : 280 - < 160 2 250 mv
lige = 1.5 mA] Figure §
Input Current — Hign Logic State U1} BA
Vi =18 V)
Cigital Data Inout - - +5.0 - - -50
Clack inout - - -5.0 - - -50
Encode/Decoae tnout - - «5.0 - - +5.0
tnout Currene — Low Logic State e HA
(Vi =0 V)
Digitat Data Input - - -10 - - -10
lock Inout . - - -360 - - ~360
EncoderDecoce tngut - - -6 - - -36
Clock Input, Vy_ 0.4 Vv - - -72 | - - -72

NOQTE 2. Dynamie total 1000 offsat {SVgjfeer) eCuals VIQ teomparators (Figure 31 minus Vigx (Figure S1. The inout offset voltages of the

anatog camparator and of the integrator amplifier inciuce tne effects of inout offset cucrent through the inout resistors, The sicoe
oolarity swueh current mismatch aoocears as an average voltage across the 10 k :ntegrator resistor. For the MC3417/MC3517, tne
cloex frequency 1 16.0 kHz, For the MC3418/MC3518, :he ctock freguency s 32.0 kHz. ldig channes performance 13 guaranteea 1f
this avnamc totat looo offset 1s tess than one-nail oi the cnange in integrator output voitage during one clock cycte (ramo sieo sizes.
Laser trimming is usea to 1nsure gooa tale channat performancs.
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FIGURE 14 — 16 kHz SIMPLEX VOICE CODOEC
{Using MC3417, Single Pote Companding and Single Integration)
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CIRCUIT DESCRIPTION

The continuousty variable slope deita modulator
{CVSD) is a simoie aiternative to more complex conven-
tional conversion tzcnniques in systems requiring digital
communication of analog signals. The human voice is
anaiog, but digital zransmission of any signal over great
distance is attractive. Signal/nosse ratios do not vary with
distance in digital transmission  and  muluplexing,
switching and repeating hardware is more economical and
easier 10 design. However, instrumentation A to D con-
verters do not meet the communications requirements.
The CVSD A w0 D is well suited to the requirsments of
digital communications and is an economically eificient
means of digitizing analog inputs for transmission.

The Delta Modulator

The innermost contro!l lcoo of-a CVSD converter is
a simple deita modulator. A block diagram CVSD Encoder
is shown in Figure 11. A deita modulator consists of a
comparator in the forward path and an integrator in
the feedback path of a simple control logo. The inputs
~ 0 the comparator are the input analcg signal and the
integrator outout. The comoparatar output reflects the

sign of the difference between the inout voltage and
the integrator output. That sign bit is the digital outout
and also controis the direction of ramo in the integrator.
The comparator s normally clocked so as to produce
a synchronous and pand limited digital bit stream.

1f (he clocked serial bit siream is transmitted,
receulved. and delivered. 0 a simiiar integrator at a remote
point, the remote integrator outout is a copy of the
transmuciing  control  looo integrator output. To the
extent that the integrator at the transmitting locations
tracks the input signal, the remote receiver reproduces
the input signal. Low pass filtering at the receiver output
will eliminata most of the quantizing noise, if the ciock
rate of the bit stream is an octave or more above the
bandwidth of the input signal. Voice bandwidth is 4 kH2
and clock rates from 8 k and up are possible. Thus the
deita modulator digitizes and transmits the analog input
w0 a remate receiver. The serial, unframed nature of the
data 1s ideal for communications networks. With no
input at the transmitter, a continuous ane zero alternation
is transmitted. 1f the two integrators are made leaky, then
during any loss of contact the receiver output decays to
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CIRCUIT DESCRIPTION (continued)

zero and receive restart begins without framing when the
receiver reacquires. Similarly a deita modulator is tolerant
of sporadic bit errors. Figure 12 shows the deita modu-
Iator waveforms while Figure 13 shows the corresponding
CVSD decoder block diagram.

The Companding Algorithm
The fundamental advantages of the delta modulator
are its simplicity and the serial format of its output.

‘Ies 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. d

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

The continuously variable siope circuitry provides
increased dynamic range by adjusting the gain of the
integrator. For 2 given ctock frequency and input
bandwidth the additionai circuitry increases the delta
modulator’s dynamic range. External to the basic
delta modulator is an aigornthm wrich moaitors the
past few outputs of the deita moauiator in & simple
shift register. The register is 3 or 4 bits long depending on
the application. The accepted CVSD aigorithm simply
monitors the contents of the shift register and indicates

level.

if it contains all 1s or Os. This condition is called coinci-
dence. When it occurs, it indicates that the gain of the
integrator is too small. The coincidence output charges
a single pole low pass filter. The voltage output of this
syllabic filter controis the integrator gain through 3 puise
amplitude modulator whose other input is the sign bit
or up/down controf.

The simplicity .of the all ones, all zeros algorithm
should not be taken lightly. Many other control algo-
rithms using the shift register have been tried. The key to
the accepted algorithm is that it provides a measure of
the average power or level of the nput signai. Other
techniques provide more instantaneous information
about the shape of the input curve. The purpose of
the algorifhm is to control the gain of the integrator
and to increase the dynamic range. Thus a measure of
the average input level is what is needed.

The algorithm is repeated in the recziver and thus
the level data is recovered in the receiver. Because the
algorithm only operates on the past serial data, it changes
the nature of the bit stream without changing the channel
bic rate.

The effect of the algorithm is to compand the input
signal, If @ CVSD encoder is played into a basic delta
modulator, the output of the delta moaulator will reflect
the shape of the input signal but ali of the output wiil
be at an equal level. Thus the algorithm at the outout s
needed 0 restore tne level variauons, The 2it stream
in tne channe! 1s as if it were from a stanaard delta modu-
lator with a constant levet inout.

The delta modulator encoager with the CVSD algorithm
provides an efficient method for aigitizing a voice input
in a manner which 1s especially convenient for digitat
communciations requirements,

APPLICATIONS INFORMATION
CVSD DESIGN CONSIDERATIONS 3

A simple CVSD encoder using the MC3417 or MC3418
is shown in Figure 14, These ICs are general purpose
CVSD buiiding blocks which aliow the system designer
to tailor the encoder’s transmission cnaracteristics to the
application. Thus, the achievable transmission capabilities .
are constrained by the fundamental limitations 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 coaec application.

These are listed below:
1. Selection of clock rate

2. Required number of shift register Bits

3. Selection of ioop.gain

4. Selection of minimum step size

5. Design of integration filter transfer function
8. Design of syilabic filter transfer function

7. Design of low pass filter at the receiver

The circuit in Figure 14 is the most basic CVSD circuit
possible. ‘For many applications in secure radio or other
intelligible voice- channel requirements. it is entirely
sufficient. In this circuit, items 5 and 6 are reduced to
their simplbst form. The syllabic and integration filters
are both single pole networks. The selection of items
1 through 4 govern the codec performance.
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CVSD DESIGN CONSIDERATIONS (continued)

Layout Considerations

Care should be exercised to isofate all digital signal
paths (pins 9, 11, 13, and 14) from analog signal paths
{pins 1-7 and 10} in order to achieve proper idle channel
performance.

Clock Rate .

With minor modifications the circuit in Figure 14
may be operated anywhere from 9.6 kHz to 64 kHz
dock rates. Obviously the higher the clock rate the higher
‘the S/N performance. The circuit in Figure 14 typically
produces the S/N performance shown in Figure 15.
The selection of clock rate is usually dictated by the
bandwidth of the transmission medium. Voice band-
width systems will require no higher than 9600 Hz.
Some radio systems will allow 12 kHz. Private 4-wire
elephone systems are often operated at 16 kHz and
commercial telephone performance can be achieved
at 32K bits and above. Other codecs may use bit rates
up to 200K bits/sec.

FIGURE 15 — SIGNAL-TO-NOISE PERFORMANCE
OF MC2417 WITH SINGLE INTEGRATION, SINGLE-POLE
ANO COMPANDING AT 16K BITS — TYPICAL
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Shift Register Length (Algorithm)

The MC3417 has a three-dit 2lgorithm and the MC3418
has a four-bit algorithm. For clock rates of 16 kHz and
below, the 3-bit algorithm is well suited. For 32 kHz
and higher clack rates, the 4-bit system is preferred.
Since the algorithm records a fixed past history of the
input signal, a longer shift register is required to obtain
the same internal hsitory. At 16 bits and below, the
4-bit algonithm will produce & slighty wider dynamic
range at the expense of level change response. Basically
the MC3417 is designed for low bit rate systems and the
MC3418 is intended for high performance, high bit rate
system. At bit rates above 64K bits either part will
work well,

-

Selection of Loop Gain

The gain af the circuit-in Figure 14 is set by resistor
Ry. Rx must be selected to provide the proper integrator
step size for high level signals such that the companding
ratio does not exceed about 25%. The companding ratio
is the active low.duty cycle of the coincidence ‘output on
pin 11 of the codec circuit. Thus the system gain is
dependent on-

1. The maximum level and frequancy of the input

signal.
2. The transfer function of the integration filter.

For voice codecs the typical input signal is taken to be
a sine wave at | kHz of 0 d8mo level. In practice, the
useful dynamic range extends about 6 dB above the design
level. In any system the companding ratio should not
exceed 30%. :

To calculate the required step size current, we must
describe the transfer characteristics of the integration
filter. In the basic circuit of Figure 14, a single pole of
160 Hz is used.

R=10kQ, C=0.1puF

Vo 1 K
S two

1, CIS + 1/RC)

we = 27t

103 = g = 2nt
f=159.2 Hz

Note that the integration filter produces 3 singie-pole
response from 300 to 3 kHz. The current required to
move the integrator output 2 specific voitage from zero
is simply:

v CqV
|i-_"".4.__d__°
R dt

Now a 0 dBmo sine wave has a peak value of 1.0954
volts. In 1/8 of a cycle of a sine wave centered around
the zero crossing, the sine wave changes by approximately
1ts peak value. The CVSO step should trace that change.
The required current for a 0 dBm 1 kHz sine wave s

etV QIMEULN L 636 ma

T Z(10kQ)  0.125ms

*The maximum voltage across Rl when maximum
slew is required is:

L1V
2

Now the voltage range of the syllabic filter is the
power supply voltage, thus:

1
Ry = 0.25!V —
x cc) GEEsmA
A similar procedure can be foilowed to establish the
proper gain for any input level and integration filter type.
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CVSD DESIGN CONSIDERATIONS {continued}

Minimum Step Size . -

The final parameter to be selected for the simple codec
in Figure 14 is idle channel step size. With no input signal,
the digital output becomes 2 one-zero alternating pattern
and the analog output becomes 2 small triangle wave.
Mismatches of internal currents” and. offsets limit the
mwimum step size which will produce @ perfect idle
channel pattern. The MC3417 is tested to ensure that
a 20 mVp-p minimum step size at 16 kHz will attain a
proger idle channel. The idle channel step size must be
twice the specified total loop offset if, a one-zero idle
pattern is desired. In some applications a much smaller
minimum step size {e.d., 9.1 mV) can produce quiet
performance without providing a 1-0 pattern.

To set the idle channel step size, the value of Rmin
must be selected. With no input signal, the slope control
algorithm is inactive. A long series of ones or 2eros never
occurs. Thus, the voltage across the syllabic filter capaci-
tor (Cg) would decay to zero. However, the voltage
divider of Rg and Rmin (see Figure 14) sets the mimmum
allowed voltage across the syllabic filter capacitor. That
voltage must proguce the desired ramps at the 2nalog
outout. Again we write the filter input current equation:

Vo dVg

lj = ==+

R dt

For values of Vg near VcC/2 the Vo/R term is negli-
gible; thus
AVq

i=Cs 3T

where AT is the clock period and AVg is the desired
peak-to-peak value of the idle output. For a 16K-bit
system using the circuit in Figure 14 . ”

0.1 ufF 20 mV
QD IHE TV . A
62.5 us B

The voltage on Cg which produces a 33 pA current is
determined by the value of Ry.

hi

1;Ry = Vgmin; for 33 uA, Vgmin = 41,6 mV
In Figure 14 Rg is 18 kQ. That selection is discussed
with the syliabic filter considerations. The voltage divider
of Rg and Rmin must produce an output of.41.6 mV.
Rs

Ve ————— = VSmi
cC Rs + Rmin Smin

Rmin > 2.4 MQ

Having established these four parameters — clock rate,
number of shift register buts, loop gain and minimum
step size — the encoder circuit in Figure 14 will function
at near opttmum performance for input leveis around
0d8m.

INCREASING CVSD PERFORMANCE

Integration Filter Design

The circuit 1n Figure 14 uses a single-pole integration
network formed with a 0.1 uF capacitor and 3 10 kQ
resistor. 1t 1s possible to improve the performance of the
cecuit in Figure 14 by 1 or 2 dB8 by using 2 two-pole
integration aetwork. The improved circuit is shown,

The first pole s still olaced below 300 Hz to provide
ine 1/S voice content curve and 3 second pole is placed
somewhere above the 1 kHz frequency. For telephony
circuits, the second pole can be placed above 1.8 kHz
to exceed the 1633 touchtone frequency. In other com-
munication systems, values as low as { kHz may be
selected. In general, the.lower in frequency the second
pole is placed. the greater the noise improvement. Then,
to ensure the encoder loop stability, a zero is added to
keep the phase shift less than 180°. This zero should
be placed slightly above the Jow-pass output filter break
frequency so as not to reduce the effectiveness of the
second pole. A network of 235 Hz. 2 kHz and 5.2 kHz
is typical for telephone apptications while 160 Hz,
1.2 kHz and 2.8 kHz might be used in voice only channeis.
{Voice only channels can use an output low-pass filter
which breaks at about 2.5 kHz.) The two-pole network
in Figure 16 has a transier function of:.

1
RaR1|S + ——
Vo 0 1( Rlcl)

A 1 o
RoColRg + R1I[S + = |8 =
262 ™ ( (RovFH)C‘) (52c2>

FIGURE 16 — IMPROVED FILTER CONFIGURATION

A2

Anatog Qutout
&

orsuf L

Thaess component values are for the teteonone channel cireud
20tes described in the text. The A2, CZ aroduct can 34 orovided
witn gifterent valuas of R and C. R2 ncuia Be cnosen (o o¢ ecual
10 tNe terMNatION resISIOC OA O 1.
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INCREASING CVSD PERFORMANCE (continued)

Thus the two poles and the- zero can be selected arbitrarily
as long as the zero is at a higher frequency than the first
pole. The values in Figure 16 represent one implementa-
tion of the telephony filter requirement.

The selection of the two-pole filter network effects
the selection of the loop gain value and the minimum step
size resistor. The required integrator current for a given
change in voltage now becomes:

\
e[ ) s

Ro \ Ro  Ro aT
R1C1R2CZ\AV42

(ﬂzczc1+ 1C1R2 4> o

\ Ro aT2

The calculation of desired gain resistor Ry then proceeds
exactly as previously described. !

Syllabic Filter Design

The syllabic filter in Figure 14 is a simple single-pole
network of 18 k2 and 0.33 uF. This produces a 6.0 ms
time constant for the averaging of the coincidence output
signal. The voltage across the capacitor determines the
integrator current which in turn establishes the step size.
The integrator current and the resulting step size deter-
mine the companding ratio and the S/N performance.
The companding ratto is defined as tha voltage across
Cs/Vce.

The S/N perfaormance may be imoroved by mogifyving
the vottage 0 current transformation oroduced by Ry.
If different oartions of the totai Ry are snunted by diodes,
the integrator current can be ather than (Vg - VgI/Ry.
These breakooint curves must be designed axperimentally
for the parucular system aoplicauon. in general, one
would wish that the current woutd douole with inout
level. To design the desired curve, suoply current to pin 4
of the codec from an external source. Inpuc a signal
level and adjust the current unul the S/N performance

is optimum, Then record the- syllabic filter voltage and
the current. Repeat this for all desired signal levels.
Then derive the resistor diode network which produces
that curve on a curve tracer,

Once the network is designed with the curve tracer,
it is then inserted in place of Ry in the circuit and the
forced optimum noise performance will be achieved
from the active syllabic algorithm.

Diode breakpoint networks may be very simple or
moderately complex and can improve the usable dynamic
range of any codec. In the past they have been used in
high performance teieghone codecs.

Typical resistor-diode networks are shown in Figure 17,

FIGURE 17 - RESISTOR-DIO0E NETWORKS
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it the performance of more complex diode networks
is desired, the circuit in Figure 18 should be used. It
simutates the comoanaing cnaracteristics of nonlinear
Ry etements 1n 2 different manner,

Qutput Low Pass Filter
A low pass filter s required at the receiving circuit
output to eliminaie quantizing noise. in generai, the lower
* the bit rate, the better the filter must be. The filter in
Figure 20 provices exceilent performance for 12 kHz
to 40 kHz systems.

.

TELEPHONE CARRIER QUALITY CODEC USING MC3418

Two specifications of the (ntegrated circuit are spect-
fically intended to meet the performance requirements
of commercial tetephone sysiems. First, slope poiarity
switch current matching is laser trimmed to guarantee
proper idle channel performance with 5 mV minimum
step size and a typical 1% current match from 15 pA
to 3 mA. Thus a 300 o 1 range of steo size variation is
possible. Second, the MC3418 provides the four-bit
algorithm currently used in subscriber loop telephone
systems. With these specifications and the circuit of Fig-
ure 18, a telephone quality codec. can be mass produced..

The circuit in Figure 18 provides a 30 @B S/Nc rauo
over 50 dB of aynamic.range for a 1 kH2z test tone at
a 37.7K bit rate. At 37.7K bits, 40 voice channels may
be multiplexed on a standard 1.544 megabit T1 facility.
This codec has also been tested far 10~7 error rates with
asynchronous and synchronous data up to 2400 baud
and for reliable performance with DTMF signaling. Thus,
the design is applicable in telephone quality subscriber
loop carrier systems, subscriber loop concentrators and
small PABX instailations.
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 {continued)

The Active Companding Network

The unique feature of the codec in Figure 18 is the
step size control circuit which uses a companding ratio
reference, the present step size, and the present syllabic
filter output to establish the optimum companding
ratios and step sizes for any given input level. The com-
panding ratio of a CVSD codec is defined as the duty
cycle of the coincidence output. it is the parameter
measured by the syllabic filter and is the voltage across
Cg divided by the voltage swing of the coincidence output.
In Figure 18, the voltage swing of pin 11 is 6 volts. The
operating companding ratio is analoged by the voitage
between pins 10 and 4 by means of the virtual short
scross pins 3 and 4 of the V to | op amp within the inte-
grated circuit. Thus, the instantanecus companding
ratio of the codec is always available at the negative
input of Al. Y

The diode D1 and the gain of Al and A2 provide
a companding ratio reference for any input level. If
the outout of A2 is more than 0.7 volts below VCC/2,
then the positive nput of Al is {Vccr2 - 0.7). The on
diode drop at the input of Al represents a 12% com-
panding ratio (12% = 0.7 V/6 V).

The present step size of the ooerating codec is directly

related to the voltage across Ry, which established the
integrator current. In Figure 18, the voltage across Ry is
amplified by the differential amplifier A2 whose output
is single ended with respect to pin 10 of the IC.

For large signal inputs, the step size is large and the
output of A2 is lower than 0.7 volts. Thus D1 is fully on,
The present step size is not a factor in the step size
control. However, the difference between 12% comp-
panding ratio and the instantaneous companding ratio at
pin 4 is amplified by Al. The output of A1 changes the
voitage across Ry in a direction which reduces the dif-
ference between the companding reference and the
operating ratio by changing the step size. The ratio of
R4 and R3 determines how closely the voltage at pin 4
will be forced to 12%. The selection of R3 and R4 is
initially experimeantal. However, the resulting companding
controt is dependent an Ry, R3, R4, and the full diode
drop D1. These values are easy to reproduce from codec
to codec.

For small input levels, the companding ratio reference
becomes the output of A2 rather than the diode drop.
The operating companding ratio on pin 4 is then compared
to a companding ratio smatler than 12% which is deter-
mined by the voltage droo across Ry and the gain of A2

FIGURE 18 — TELEPHONE QUALITY DELTAMOD CODER
{Both doublie integration and active companding control are used to obtan imeroved CVSD performance.

Laser timming of the integrated circuit p reliable idte ch ol and step size range characteristics.}
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MC3417, MC3517, MC3418, MC3518

FIGURE 3 — INPUT BIAS CURRENTS, ANALOG
COMPARATOR OFFSET VOLTAGE AND CURRENT

.

s )

FIGURE & — INTEGRATOR AMPLIFIER OFFSET
VOLTAGE AND CURRENT
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FIGURE 6 — DYNAMIC INTEGRATING CURRENT MATCH
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16 kHz MC3417/MC3817
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FIGURE 7 = TYPICAL Iy versus IGe (Masn = 2a)
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SIGNAL TO NOISE IN gl

QUTPUL L EVEL IN UM

TELEPHONE CARRIER QUALITY COOEC USING MC3418 (continued)

FIGURE 19 — SIGNAL-TO-NOISE PERFORMANCE
AND FREQUENCY RESPONSE
{Showing the improvement realized with
the circuit in Figure 18.)

SIGNAL-TO-NOISE PERFORMANCE OF TELEPHONY
QUALITY DELTAMODULATOR

35
o
20
- S0 a8
- 4 81T ALGORITHM
377K BITS
h 1%kNz TEST TONE |
b C MESSAGE WEIGHT
25
4
20 T LS T T T ¥ T T T T T
-48 -36 -24 -12 Q 12
INPUT LEVEL IN ¢BmQ
b, FREQUENCY RESPONSE versus INPUT LEVEL
(SLOPE OVERLOAD CHARACTERISTIC)
0 gBm INPUT
0
- 10 cBm i\PUT
-10
— 20 e8m «NAPUT
_204
-304
-0+ 2 3IT ALGORITHM
37.7 X BITS
-304
-601
——— T T
[¢] 2%Hz Jd%Mz BkHz BkHz 10krz

INPUT FREQUENCY IN Mz

and A1, The gain of A2 is also experimentally determined,
but once determined, the circuitry is easily repeated.

With no input signal, the companding ratio at pin 4
goes to zero and the voltage across Ry goes to zero. The
voltage at the output of A2 becomes zero since therd is
no droo across Ry. With no signal input, the actively
controlled step size vanished.

The minimum step size 1s established by the 500 k
residtor between Voo and Voe/2 and is therefore inde-
pendently selectable.

The signal to noise results of the active companding
network are shown in Figuré 19. A smooth 2 dB drop is
realized from +12 dBm w0 -24 under the control of Al.
At -24 dB8m, A2 begins to degenerate the compa?\ding
reference and the resulting step stze is reduced so- as o
extend the dynamic range of the codec by 20 d8m.

The slope overload characteristic is also shown, The
active companding network produces improved perfor-
mance with frequency. The 0 dBm siope overioad point is
raised to 4 B kHz because of the gain available in control-
ling the voltage across Ry. The curves demonstrate that
the tevet linearity nas been mantained or improved.”

The codec in Figure 18 is aesigned soecifically for
37.7K hit systams. However, the benefits of the active
comoanding network are not limited 0 nigh bie rate
systems. 3y modifying (ne crossover region (changing
the gain of A2}, the active techmque may be usea 0
wmorove tne dserformance of fower 01¢ rate systems.

The performance ana reoceataathty of the code¢ n
Figure 18 raoresents a sigruficant sten forward in ne art
ana cost ui CVSD cogec aesigns.

“A larger value for C2 s required in the decoder circuit
than 1n the encoder to adjust the level linearity with
frequency. In Figure 18, 0.050 uF wouid work well.

FIGURE 20 — HIGH PERFORMANCE ELLIPTIC FILTER FOR CVSD QUTPUT
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= 3 kM2
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Wy
AdB8 at w, 2nc above 29.5 a8

= 36 kHz
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Specifications and %&cations

MC3403
MC3503
MC3303

Informati
) 1
QUAD LOW POWER OPERATITAMPUHERS QUAD DIFFERENTIAL
The MC3503 is a low-cost, quad opeJ amplifier with tflue INPUT
differential inputs. The device has elec aracteristics similar )
to the popular MC1741. However, the I has several distinct OPERATIONAL AMPLIFIERS
advantages over standard operation ifier types in single .
supply applications. The quad ampl{" operate at 'SUPD‘Y SILICON MONOLITHIC.
voltages as low as 3.0 Volts or as higt Volts with quiescent INTEGRATED CIRCUIT

currents about one third of those assqWith the MC1741 (on
a per amplifier basis). The common|'“9‘-'t range includes
the negative supply, thereby eliminatjnecessity for external

biasing components in many appli}- The output voltage

*

range-also, includes the negative pof’ply voltage. CERAkAlséJIEil():(KAGE
e Short Circuit Protected Outputs . . CASE 632-08

e Class AB Output Stage for Minigssover Distortion

e True Differential Input Stage

¢ Single Supply Operation: 3.0 to ts D SUFFIX

PLASTIC PACKAGE

e Split Supply Operation: =1.5 tg/olts CASE 751A-02

e Low Input Bias Currents: 500 n SO-14
e Four Amplifiers Per Package ;
e Internally Compensated ¢ P SUEFIX
; J41 ’
o Similar Performance to Populs . PLASTIC PACKAGE
e: Industry Standard Pinouts . - CASE 646-06
(MC3403 and MC3303 Only)
SINGLE SUPPLY ‘ SPLIT SUPPLIES
3.0Vt 36V M Vee f Vccr—___]-
] s 0 =15V 0 18V
o — b3 Lo PIN CONNECTIONS
o
o— _ B —o = Out| , b 14 | O
1 1, F 15V to 18 V 1 a
o] .
= e___] [ |
Vege 2 13
Inputs 4 tnputs
1 a
MAXIMUM RATINGS i 3 12 !
Rating | Symbol Value Unit .
Power Supply Voltages i Vde Vee ‘ a4 1 lVEE!Gnd
Single Supply ! Vee 36
Split $uppliest Vee +18
VEE -18 5 10
Inputs * ) Inputs
Input Differential Voltage Range (1} H ViDR +36 Vde 2 - 3
Input Common Mode Voltage Range (1) 8 Vicr £18 Vde s s l
o
Storage Temperature Range. , . Tstg c out], 8 Out
Ceramic Package- ! -65 to +150 2 l 3
Plastic Package ! -551t0 +125 (Top View)
Operating Ambient Temperature Range Ta °c
MC3503 -55 to +125
MC3403 010 +70
o803 _40 to +85 ORDERING {INFORMATION
) Type Temperature Range Package
Junction Temperature B ¢ MC3303L 40°C to +85°C Ceramic DIP
n 175 -40°C to ° aramic
(PZlerar.nl(; Pa:kage 150 MC3303P —-40°C to +85°C Plastic DIP
astic Fackage MC34030 0°C to +70°C SO-147
(1} Split Power Supplies. MC3403L 0°C to +70°C Ceramic-OIP
{2) For Su;;ply Voltages less than 15 bsolute maximum input voltage is equal to the MC3403P 0°C to +70°C” Plastic OIP l
supply voltage. MC3503L -55°Cto +125°C Ceramic OIP |

DTOROLA LINEAR/INTERFACE DEVICES
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3403, MC3503, MC3303

=L ECTRICAL CHARACTERISTICS (Vce = +15 V, Vgg = =15 V for MC3503, MC3403; VCe = *14 V. veg = Gnd for MCC3303,
Ta = 25°C unless otherwise noted.}

MC3503 MCRA03 MC3303
Charsctoristic Symbot ™ Min Typ Max Min “vp Max Min Tye
Input Otffset Voitage vio - 20 5.0 - e 10 - 2.0
TA * Thigh t© Tiow (1) - - 6.0 - - 12 - -
Tnput Otfset Current ¥ o - 30 50 - 0 59 - 30
TA = Thigh 19 Tiow - - 200 - - 200 - -
Large Signai Open-Loop Voylugc Gain AvOL
Vg =210V, R =20k, 50 200 - 20 0 - 20 200
Ta = Thigh t@ Tiow + 25 - - 15 - - 15 -
Input Bias Current i hg - -200 -500 - -200 -500 - -200
Ta = Thigh 10 Tiow - -300 -1500 - - -800 - -
Output Impedance kN - % - - = - - 75
f=20H2
Input Impedance % 0.3 1.0 - 03 Y] - 0.3 1.0
f=20Hz
Qutput Voltage Range Vor v .
R =10k 212 £13.5 - n12 ©-138 - +12 #125 -
Ry = 2.0k +10 ®13 - 110 -1 - +10 +12 -
RL * 20 k02, Ta = Trigh © Tiow =10 - - 110 - - +10 - -
Input Common-Mode Voltage Range VicR |*13V -Vgg[*13.5V-Veg| - 13/ -Vgg| 1T =vaveggl - +12V-Vgg[*12 SV -VEgg - v
Common-Mode Rejection Ratio CMRR 70 90 - 0 @0 - 70 S0 - dB
Rg & 1O k2
Power Supply Current (Vg = 0} icclee - 2.8 40 - = 7.0 - 28 7.0 mA
R = o __.':;.
Tndieidual Output Short-Circuit Current (2] ‘oS 210 +30 £45 110 -20 =45 :10 230 - :45 mA -
Positive Power Supply Rejection Ratio PSRA+ - k[e 150 30 150 - 30 150 uviv '
Negative Power Supply Rejection Ratio PSRA- - 30 150 xi 30 150 - - - uviv
Average Temperature Coefficient of Input Mig/sT - 50 - i S0 - - S0 - pAIoC *
Ottset Current .
TA* Thigh 0 Tlow « : i
Average Temperature Coelticient of lnput AV o/aT - 10 ~ 3 0 = - 10 - nvioc
Otfset Voltage N
TA = Thigh to Tiow e
Power Bandwidih 8Wp - 9.0 = T 3.0 N = 9.0 - kHz e
Aya 1Ry = 2.0k2, Vo =20 Vippl,
THD = 5% .
Smait-Signal Bandwidth 8w - 1.0 - v *0 - - 1.0 - MHz
Ay =1, R =10k, Vg =50mV
Stew Rate SR - 0.6 - X 98 - - 0.6 - Vius
Ay =1 V= -10V to +10V
Rise Time tTLH - Q.35 - &~ S35 - - 035 - s
Ay = 1,Ry = 10kSl, Vg = 50mV
Fall Time : TR = 0.35 = - RED - - 035 = s
Ay =1, AL *10kQ, Yo =50mV \
Overshoot " 0s - 20 - = 20 ~ - 20 - %
Ay =1, A =10k, Vg* SOmv
Phase Margin om - 60 - - B0 - - 60 - Degrees
Ay=1,R_ *20 k2, C = 200pF
Crossover Distortion - - 1.0 - - 10 - - 1.0 - %
(Viq = 30mVp-p, Voyur = 2.0 Ve-p.
f=10 kHz) 8
(1) Thigh = 126°C for MC3503, 70°C for MCJI403, 85°C tor MC3303
Tiow =.-55°C for MC3503, 0°C for MC3403, -40°C tor MC3303
ELECTRICAL CHARACTERISTICS fvge = 5.0V, Veg = Gnd. Ta = 259C ynless otherwiss Aoted.) .
MC3503 MECT3403 MC3303
Charactacistic Symbol Min Typ Max Min Typ Max Min Tyve Max Unit
Input Offset Voltage Vio - 2.0 5.0 - 2.0 10 - - 10 mv
Tnput Offset Current o - 30 50 - 30 50 - - 75 nA
1nput Blas Current . 1g - -200 -500 - -200 -500 - - -500 nA
Large-Signal Open-Loop Voltage Gain AvoL 10 200 - 10 200 - 10 200 = VimV
Ry * 2.0k
Power Supply Rejection Ratio PSRA - - 150 = - 150 - - 150 uviv
Output Voltage Range (3} VOoR Vo
R =10kQ, Voo =50V 33 15 - 3 a5 - 3.3 35 -
AL * 10k, 50V <Vec<3I0V veec-20 | vee-1i7 - veL=-20 | ezl - Vee-20 | Vec-17 -
Power Supply Current lee - 2.5 4.0 - 25 7.0 - © 25 7.0 mA
Channe! Separation - - -120 - - -120 - - -120 - d8
= 1.0 kHz 10 20 kHz lInput Referanced)

(2) Not to exceed £ power dissipati
(3) Output will swing 1o ground

F Iy S
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3503, MC3303

CIRCUIT SCHEMATIC . Bias Circuitry

f

Common to four
Amphtiiers

Qutput -+

(:IdShown)
L) 019},] foR1:}
¢

' azo ﬁ_—}

" v
T cc

eed

[+3%} 4
Qié
R4
40k
31k
R6 L

T

R6

Inputs l 2k
Q9

o Q25

Q6

*
2
hY
o]
|
o]
B

Qi
N
Q22 Q24

Qs
Q7
60k
R1 [a]:]

Q13 A3
25

A2 Qi
37k Q12

Qo

INVERTER PULSE RESPONSE

6 V/div.

20 us/div,

, CIRcurT DESCRIPTION

The MC3503/3403/3303 is made using four internally
compensated, two-stage operational amplifiers. The first
stage of each onsists of differential input devices Q24 and
Q22 with input buffer transistors Q25 and Q21 and
the differential to single ended converter Q3 and Q4.
The first stage- performs not only the first stage gain
function but’also performs the level shifting and trans
conductance reduction functions. 8y reducing the trans-
conductance § smaller compensation capacitor {only 5 pF)
can be empldyed, thus saving chip area. The transcon-
ductance reduction is accomplished by splitting the col-
lectors of Q24 and Q22. Another feature of this input
stage is that the input common-mode range can include

the negative supply or ground, in single supply operation,
without saturating either the input devices or the dif-
ferential to single-ended converter. The second stage con-
sists of a standard current source load amplifier stage.

The output stage is unique because it allows the output
to swing to ground in single supply operation and yet does
not exhibit any crossover distortion in split supply oper-
ation. This is possible because class AB operation is utifized.

Each amplifier is biased from an internai-voltage regu-
lator which has a low temperature coefficient thus giving
each amplifier good temperature characteristics as well as
excellent power supply rejection.

MOTOROLA LINEAR/INTERFACE DEVICES
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3403, MC3503, MC3303
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TYPICAL PERFORMANCE CURVES

FIGURE 1 < SINE WAVE RESPONSE
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: “Note. Class AB output stage
1 ‘produces distortionless smew
S0 us/div.
FIGURE 3 — POWER BANDWIDTH
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FIGURE 2 - OPEN LOOP FREQUENCY RESPONSE
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T T
-3 TA = 259C
Pl 1]
2 )
Y
>
8 v
z /]
= /
a ]
<
o P
(=]
>
510
.
=
g 7
< / |
=] Y
> o1 l

g0 20 40 66 80 10 12 14 16 18 20
Ve AND Vg, POWER SUPPLY VOLTAGES (VOLTS)

FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE

T
; P,
N
> ~
(5]
[ %]
<
@
— 160
2
Q.
z
o
150

] 20 4.0 6.0 8 10 12 14 16 18 20
VCC AND [VEEg), FOWER SUPPLY VOLTAGES (VOLTS)

MOTOROLA LINEAR/INTERFACE DEVICES

2-202

b

&2

PR - PRI TEE Y ! .
3

[P SY



el

Vl
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FIGURE 7 — VOLTAGE REFERENCE

10k
Ri

APPLICATIONS INFORMATION

1
Veet = 2 Vee

e *C (1 +a+b)(e2-el)

FIGURE 11 — BI-QUAD FILTER

Vet @—9—AAA—

Vret 8—AAA—4—0

Vin O

FIGURE 8 — WIEN BRIDGE OSCILLATOR

50 k
~AV\

10k

H“Vo

1
f o
° 2w7RC

For

fo = 1 kHz
R=16k0
C=0.01puF

FIGURE 10 — COMPARATOR WITH HYSTERESIS

R2 Hysteresis
VoH

Vo

Vo

v
£ ViaL ! Vinn

Vief
R1
Vil = gi TRz (VOL T Vret) * Vret

R1
VinH =577 a3 (VOH ~ Vret) * Vet

R1
He—8—(V -V )
A1 Rz \VOoH oL

% 1
foom —
. R ° 2rRC
100 k
—_{H—‘ A NA————— R1 = QR
c R1 1
R2 = — Vret =3 Vce
Tae
W0 100 k
O——AANA——O R3I= T, R2
O O Ci=10C
,
© For fo=1kHz
Veef °
[} Q=10
¢ $——@ Bandpess as Veet
Veet L Output AA- Tgp =
%R‘l T =1
R2 ™~
T M 1/4 c1 .
MC3403 ———{(———eNowchOuut g -1g0kn
+ C = 0.001 uF
R1 = 1.6 M2
Vet Where Tge = Center Frequancy Gain R2=1.6 M2
TN = Passband Notch Gain A3~ 1.6 MY
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C3403, MC3503, MC3303

s
FIGURE 12 —- FUNCTION GENERATOR
Triangle Wave R2 s
1 Output ¢ AAA
Viet ™ 2 Vee 4 300k
Vret
b—@ Square Wave
Qutput
‘I
™
Vin
—evo
" co
82 Co=10C
= 3 -
= Veet Vet = '2‘ Vee *
Given fo = Canter Frequency y
Alf,) = Gain at Center Frequency
Choose Value f,, C
Then: &
R3 = 3
nt, C -
. - /3 .
¢ 2 Alty)
ok R1RS G
by o NEN T (TIT T} -1
402 R1 — RS . &
pt
For less than 10% error tfrom operational amplifier
Qg fo
T <0.1 Where f, and BW are expressed in Hz.
If source impedar;ce varies, fliter may be preceded with
- - voltage foltowar buffer to stabilize filter parameters,
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MC140608B

14-BIT BINARY COUNTER AND OSCILLATOR

The MC140608B is a 14-stage binary ripple counter with an on-chip os-
ciltator buffer. The oscillator configuration allows design of either RC or
crystal oscillator circuits. Also included on the chip is a reset function
which places all outputs into the zero state and disables the osciliator. A
negative transition on Clock will advance the counter to the next state.
Schmitt trigger action on the input line permits very slow input rise and fall
times. Applications include time delay circuits, counter controls, and fre-
quency dividing circuits.

L] Fuﬁ‘y static operation
Diode Protection on All Inputs

®
© Supply Voltaje Range = 3.0 Vo 18 V
°

- Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range

® Butfered Outputs Available from Stages 4 Through 10 and
12 Through 14

® Common Reset Line
® Pin-for-Pin ﬁeplacement for CD40608

CMOS MSI

(LOW POWER COMPLEMENTARY MOS)

14-BIT BINARY COUNTER
AND OSCILLATOR

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

A Series: ~55°Cto +125°C
MC14XXXBAL (Caramic Package Only)

C Serles: —40°C to +85°C
MC14XXXBCP (Plastic Package)
MC14XXXBCL (Caramic Package)

TRUTH TABLE

PIN ASSIGNMENT

Q12 g Voo
Clock RESET Output State Q13 g Q10
14 Q8
___/_T_ L No Change Q14 g
- Qs [ Q9
—_\_ L Advance 10 next state as q Reset
X H All Outputs are low Q7 g Clock
X = Don’t Care Q4 g Out 1
Vss Out 2
Out 2 LOGIC DIAGRAM i
o Q4 Qs Q12 Qi3 Q4
)Out 1 7 5 1 2 3
Clock T —_T
| >O—O C QF—-dc Q ¢ at+dc a C Q C Q
C RQ c_Q (o} R Q C RQ C RQ c RQ

I

D

—3
*——D

Reset [ ! [:
)

Qs
Q7

non

Pin 4 Q8 = Pin 14 Q10 = Pin 15 -Vpp
Pin6 Q9 = Pin 13 . Vss

Pin 16
Pin 8

6-136
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. MC14060B

MAXIMUM RATINGS" (voltages Referenced to Vgg) This device contains protection Gir-
Symbol Parameter Value Unit cuitry to guard against damage due
to high static voltages or electric
Vpp _|OC Supply Voltage —0.5t0 +18.0 v fields. However, precautions must
Vin. Vout | Input or Output Voltage (OC or Translent) ~0.5t0Vpp +0.5 | Vv be taken to avoid applications of any
voltage higher than maximum rated
lin. loyt |Input or Output Current (DC or Transient), per Pin =10 mA voltages to this high-impedance cir-
Pp  |Power Dissipation, per Packaget 500 mw cuit. For proper operation, Vi and
Vout should be constrained to the
Tstg Storage Temperature -65to +150 °C range Vgg = (Vi of Vout) < VppD-
TL Lead Te&\perature (8-Second Soldering) 260 °C Unused inputs must always be tied
“Maximum Ratings are those values beyond which damage to the device may occur. 22_3_" 2?t?1':rp:|/ast§ lgrglfl VOl)tagUenLZvei:
tTemperature Derating: Plastic “P” Package: —~ 12mW/°C from 65°C to 85°C outp('.;ts must be left opgr?. ’
Ceramic “L" Package: —12mW/°C from 100°C to 125°C
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)
Vv, Tiow" 25°C T .
Characteristic Symbol 30 " low - - high Unit
Min Max Min Typ # Max Min Max
Output Voltage “0" Level 5.0 — 0.05 —_ o] 0.05 —_ 0.05
Vin = Vpp or 0. Vo 10 - 0.05 —_ 0 0.05 —_ 0.05 v
15 — 0.05 — 0 0.05 — 0.05
\7\'\ “1" Level 5.0 4.95 — 4.95 5.0 — 4.95 —
in = 0 or Vpd VOH 10 9.95 — 9.95 10 — 9.95 - v
15 14.95 — 14.95 15 —_ 14.95 —
Input Voltage ' “0" Level
(VO = 450r0,5V) ViL 5.0 — 1.5 _ 2.25 1.5 — 1.5 v
(Vo = 9.00r 1,0 V) 10 — 3.0 — 4.50 3.0 - 3.0
(Vo = 1350r1.5V) 15 —_ 4.0 - 6.75 4.0 — 4.0
(Vo = 0.50r 45 V) “1" Level V) 5.0 3.5 —_ 3.5 2.75 — 3.5 — v
(Vo = 1.00r9.0V) H 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.50r135V) 15 11.0 — 11.0 8.25 -— 11.0 —
Input Voltage “0" Level
(Vo = 4.5 Vdc) (For Input 11 Vi 5.0 - 1.0 - 2.25 1.0 — 1.0 Vde
(Vo = 9.0 Vdc) and Output 10) 10 — 2.0 — 4.50 2.0 — 2.0
(Vo = 13.5 vde) 15 by 2.5 — 6.75 25 - 2.5
(Vo = 0.5 Vdc) *1" Level 5.0 4.0 — 4.0 275 — 4.0 —
(Vo = 1.0 Vde) ViH 10 | 80 e 80 | 550 | — 8o | — | Va°
(Vo = 1.5 Vdc) 15 12.5 — 12.5 8.25 — 125 | —
Qutput Drive Current (AL Device)
(VoH = 25 V) (Except Source 5.0 -30 — -24 ~4.2 — -1.7 -
(VoH = 4.6 V) Pins 9 and 10) loH 5.0 -0.64 — -0.51 [ -0.88 — -0.36 —_ mA
(VOH = 9.5V) 10 -16 — -13 -2.25 - ~0.9 —
(VoH = 135 V) 15 -4.2 — -34 -8.8 —_ ~2.4 —
(VoL = 04 V) Sink 5.0 0.64 —_ 0.51 0.88 —_ 0.36 —
(VoL =05V) loL 10 1.6 — 1.3 2.25 - 0.9 — mA
(VoL = 15V) 15 4.2 -— 34 8.8 — 24 —
Output Drive Current (CL/CP Device)
(VoOH = 25 V) (Except Source 5.0 -25 — -2.1 ~4.2 — -1.7 —_
(VOH = 4.6 V) Pins 9 and 10) loH 5.0 ~0.52 — -0.44 | ~0.88 -— —-0.36 - mA
(VOH = 9.5V) 10 -1.3 — -1.1 -2.25 — -0.9 —
(VoH = 13.5V) 15 -3.6 — -3.0 -8.8 - —-2.4 -
(VoL = 04YV) Sink 5.0 0.52 — 0.44 0.88 — 0.36 —
VoL = 05V) oL 10 1.3 — 1.1 2.25 — 0.9 —_ mA
(VoL = 1.5V) 15 3.6 -_ 3.0 8.8 — 2.4 —
Input Current (AL Device) lin 15 -— =0.1 — +0.0001| =0.1 —_ +1.0 pA
Input Current (CL/CP Device) lin 15 — +0.3 — "|=0.0001| =03 — =1.0 1A
Input Capacitance Cin — _ - — 5.0 7.5 — — pF
Min=0 ,
Quiescent Current (AL Device) oo 5.0 — 5.0 —_ 0.005 5.0 - 180 nA
(Per Package) 10 —_ 10 — 0.010 10 —_ 300
) 15 —_ 20 —_ 0.015 20 —_ 600
Quiescent Cugrent (CL/CP Device) Ibp 5.0 — 20 — 0.005 20 —_— 150 A
(Per Packaée) 10 —_ 40 — 0.010 40 — 300
15 —_ 80 —_ 0.015 80 —_ 600
Total Supply Current*” IT 5.0 It = (0.25 pAKHzZ) | + Ipp nA
(Dynamic pius Quiescent, 10 IT = (0.54 pAKH2Z) f + Ipp
Per Package) 15 It = (0.85 uAkHZ) f + Ipp
(CL = 50 pF'on all outputs,
alt buffers switching)

“Tiow = —55°C for AL Device, ~40°C far CL/CP Device.

#Data labellad “Typ” is not to be used for design purposes but is
Thlgh = +125°C for AL Device, +85°C for CL/CP Device,

intended as an indication of the IC's potential performance.
**The formulas given are tor the typical charactenstics only at 25°C.
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H
SWITCHING CHARACTERISTICS (CL =50 pF, TA=25°C}
" Characteristic Symbol Vv%% Min Typ # Max Unh
5.0 — 40 200
Output Rise Time (Counter Outputs) tTLH 10 — 25 100 ns
15 —_ 20 80
5.0 — 50 200
Qutput Fall Time {Counter Outputs) ITTHL 10 —_ 30 100 ns
15 — 20 80
Propagation Delay Time 5.0 — 415 740
Clock to Q4 tPLH 10 — 175 300 ns
tPHL 15 — 125 200
Clock to Q14 5.0 - 1.5 2.7
10 - 0.7 1.3 3
15 — 04 1.0
5.0 100 65 —
Clock Puise Width twH 10 40 30 — ns
15 30 20 -
i 5.0 — 5 3.5
Clock Rulse Frequency 7 10 — 14 8 MHz
15 — 17 12
i \ 5.0 i
Clock Rise and Fall Time TLH 10 No Limat ns
“ THL 15
5.0 120 40 o
Reset Puise Width tw 10 60 15 % ns
15 40 10 >
Propagation Detay Time 5.0 Q. 170 30
Reset to Qn tPHL 10 - 4] 160 ns
16 - 60 100

#Dsta labelied “Typ™ is not to be used for deslgn purposes but is

intended as an indication of the IC's potential performance.

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT

FIGURE 2 — SWITCHING TIME TEST CIRCUIT

AND WAVEFORM AND WAVEFORMS
. o Voo Voo
Clock
Pulse 5
Generator Q4
NC —ouT1 as|—
NG — OUTZQn .
Pulse- R | :l_
Generator
NC —ouT1Q5 —;—-o—j
1
NC — OUTZQn‘ 1 cL
i R
| CL
ey 7o)
—] ] 20 ns Qns
= e [ e
2 2%
Clock
o 10%- Vss

k 50% Duty Cycle
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FREQUENCY DEVIATION (%}

. ' MC14060B

FIGURE 3 — OSCILLATQOR CIRCUIT USING RC CONFIGURATION

Clock 11 ’ {>¢

Reset 10 Out1t

Rie

f=

2.3 RyeCic

9 Out2
i 1kHz 5 f < 100 kHz

and 2Ry < Rg < 10Re
{f n Hz, R in ohms, C in farads!}

{{.
LAY

Cic

Rs

The formual may vary for other frequencies. Recommende

maximum value for the resistors is 1 MQ.

TYPICAL RC OSCILLATOR CHARACTERISTICS

FIGURE 4 — RC OSCILLATOR STABILITY

8.0 T T
: =] Vgg-15 ¥
b ]
a0 7
o ] ﬁ\
o fo—== G -.4..______;1__‘\_*_ -----
' ik & -
10V %\\_
-4.0 pf—— —
R DU BN BN
-8.0 A
-12 !
Rrg=56 3 —— Rg=0, 1-10.15 kHz @ Vpg=- 10, T4=25°C |
g LETinost —=- Rg-120 102, 1-1.8 t 8 Vpg-10 V. T=25°C
-85 -25 0 25 50 15 100 125

Ta. AMBIENT TEMPERATURE {*Cl

¥

FIGURE 6 — TYPICAL CRYSTAL OSCILLATOR CIRCUIT
k

Clock

Tll

RESET 10 Out 1 9 Out2
18M
AAA
g
T Cs TCr

FIGURE 5 — RC OSCILLATOR FREQUENCY AS A
FUNCTION OF Ryc AND.C

100 3
S i Vggz ayv
- ~J Tfasa fi
g W » al o Rrg
7/ Aa L A THT 1c-1000 pp
% (Rg =~ 2Rtcl
g 5 :' a3 2 function: A\ N
g =  dc <~ =<
= 2 :(815-55 K
S 1 WRg-120W N
g 0s =
Q
- 02 <
0.1 <
1.0k W0k 160 k 10M
Ryg, RESISTANCE (OHMS)
0.0001 0.001 0.01 0.1

C. CAPACITANCE (F)

FIGURE 7 — TYPICAL DATA FOR CRYSTAL OSCILLATOR CIRCUIT

A 500 kHz[32 kMHz .
Charactaristic Circuit | Cireuit | U™
Crystal Charactenstcs .
Resonant Frequency 500 32 kH2
Equivalent Resistance, g 1.0 6.2 k@
External Resistor/Capacitor Values
Ro 47 %0 .| xQ
Ct 82 82 pF
Cs 20 20 pF
Frequency Stability
Frequency Changes as a Function
of Vpp (Ta=25°C)
Vpp Change from 5.0 V t0 10 V +6.0 | +2.0 [ ppm
Vpp Change from 10V 10 15V +20 | +20 | ppm
Frequency Change as a Function
of Temperature (Vpp =10 V) .
Ta Change from —55°C 10 +25°C
Compiete Oscillator® +100 | +120 | ppm
Ta Change from +25°C to + 126°C
Complete Oscillatoc* -160 | ~560 | ppm

*Complete oscillator includes crystal, capacitors, and resistors.
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FIGURE 7 — DRIVING LOGIC

Vece

Rg = Source Resistance

LM139,A, LM239,A, LM339,A, LM2901, MC3302 S PR

FIGURE 8 — SQUAREWAVE OSCILLATOR

Vee »av

100 %

R

i

I

N
i

R1=> Rg
vVece Ry
LOGIC DEVICE | Volts kSt
CMOS 1/4 MC 14001 +15 10C
TTL 1/4 MC7400 45 10

¢

c 2 —"0 Vo
a R
Vee © Q
3

W

1
3
330 & 30 & __IL,J.._l
R4 2330k . g T2 l=—

T1=T2=0.69 RC
¢ 7.2_
CluF)
R2 = R3 = R4
R1 = R2//R3//R4

APPLICATIONS INFORMATION

These quad comparators feature high gain, wide
bandwidth characteristics. This gives the device oscil-
lation tendencies if the outputs are capacitively coupled
to the inputs via stray capacitance. This oscillation man-
ifests itself during output transistions (Vg to Vou). To
alleviate this situation input resistors < 10 kQ should
be used. The addition of positive feedback (<10 mV) is

t

FIGURE 9 — ZERO CROSSING DETECTOR
{Single Supply)

+15 Vv

. ? ;

%10!(
<

—O Vo

——aAA—
15 % oM
R3

D1 prevents input from going negative by more than 0.6 V.,

A1+ R2=R3

A3 < % for smalt error in zero crossing

Vin

also recommended.

It is good design practice to ground all unused input
pins.

Differential input voltages may be larger than supply.
voltages without damaging the comparator’s inputs.
Voltages more negative than —300 mV'should not bé
used.

FIGURE 10 — ZERO CROSSING DETECTOR
{Split Supplies) .

ViNmin S04 V pesk for 1% phase distortion (at).

ViNmi
VIN ] mm‘.
Vee
-
©
10k
Vo
Vee T r
|
!
v Py
= [s] ¥
Vee !
i |[*—20
1
Vee . .

MOTOROLA LINEAR/INTERFACE DEVICES




i
y
i
v

D et A S R L e e S A N S - 22 Y

FIGURE 2 — INVERTING COMPARATOR WITH HYSTERESIS

*Vee
A3
10k
Vin O—AAA > 10k
Rref —O Vv
*Vec o y -
“R2
Vrel { M
10k SR
= Vee R1
vV, =
ref Rrof * A
R3 = R1// Rygf//R2
AY// R
Vi = ref (VOmax -V Omin!

R\I/7Rgt * A2
A2 >> Rret/ /A1

LM139,A, LM239,A, LM339,A, LM2901, MC3302

FIGURE 3 — NON-INVERTING COMPARATOR WITH
HYSTERESIS
* Vee

Rref
Vret ‘o
R1
= R2 —O Vo
Vi O VN
10k
“R3 Vee R1
AN anCC ™
Vret Rref * A1

™
R2 = R1//Ryef

Amount of Hysteresis Vi

R2

Ao Ry VOmes ~ VOminl

VH

TYPICAL CHARACTERISTICS
(Vee=+15Vde, Ta = +259C (each comparator) uniess otherwise noted.}

"FIGURE 4 - NORMALIZED INPUT OFFSET VOLTAGE

1.40

RRY

"1.20

o
=]

\

MALIZED OFFSET VOLTAGE

\

o
o
o
\

NOR
A\

0.60
-50 -25 Y 25 50

15 100 125

Ta. AMBIENT TEMPERATURE {°C)

FIGURE 5 — INPUT BIAS CURRENT

a8
42 —
/
Z 3 Ty = -85°C |
= | _——1""Tp = +25°C_|_—
g ///
= /
3 2 ] ﬁlzﬁ"t.
w /, =
E —]
= 18
2
=
> 1?2
6.0
0
0 40 80 12 16 20 24 28 32

Ve (Vde)

FIGURE 6 — OUTPUT SINK CURRENT versus
OUTPUT SATURATION VOLTAGE

8.0

10

Tp = +25°C

6.0

Ta= -55°C /

5.0

4 T = +125°C
A 1A

/1A

Ig. OUTPUT CURRENT (mA)
-
=]

/

LV

/
/N A
/

Lz //

100 200

300 4u0 500

Vyar. OUTPUT SATURATION VOLTAGE [mV)
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@ MOTOROLA

LM139, A
LM239,A LM2901
LM339,A MC3302

and Industrial electronic applications.

; @ Single or Split Supply Operation

® TTL and CMOS Compatible

i

@ Low Input Bias Current — 25 nA (Typ)

® Low Input Offset Current — 5.0 nA (Typ)
@ Low Input Offset Veltage — +1.0 mV (Typ LM139A Series)
® Input Common-Mode Voltage Range to Gnd
® Low Output Saturation Voltage — 130 mV (Typ) @ 4.0 mA

QUAD SINGLE SUPPLY COMPARATORS

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

QUAD COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

N, P SUFFIX
PLASTIC PACKAGE
CASE 646-06

3

VccT

oy

1

+ input - lnput
b | P o
N
14

l Gnd

FIGURE 1 — CIRCUIT SCHEMATIC (Diagram shown is for 1 comparator}

TOulput

waxiMuM AATINGS e
Rating Symbol Value Unit CASE 632-08
Power Supply Voltage LM139, A/LM239, A/ Vee +360r 18 Vde
LM339A/LM2901 . D SUFFIX*
MC3302 +300r £15 . PLASTIC Pi\CKAGE
input Differential Voltage Range VIDR Vdc 1 CASE-751A-02
LM139, A/LM239, A/LM333, A/LM2901 36 N *S0-14
. MC3302 30
Input Common Mode Voltage Range vica -0.3to Vce vde
Output Short-Circuit to Gnd {Note 1) Isc Continuous Co
PIN
Input Current (Vi < -0.3 Vdc) (Note 2) hin 50 mA CON\N/ECTIONS
Power Dissipation @ Ty = 25°C Pp Qutput Output
Ceramic Package 1.0 Watts 2 E E 3
Derate above 25°C 8.0 mwW/°C Qutput Outour
Plastic Package 1.0 Watts 1 E E a
Derate above 25°C 8.0 mw/eC
- - vee (3] A 12] Gou
Operating Ambient Temperature Range Ta
LM138, A -55to +125 &€ tnput laput
LM239, A -25to +85 1= E E a+
LM2901/MC3302 ~-40 to +85 Input Input
LM339, A 0to +70 1+ E k4 E a-
Storage Temperature Range Tst -65 10 +150 °C lnput 1nput
1 2- E E] 3+

Input E 8 nput
2+ 3~

(Top View)

ORDERING INFORMATION

Temperature

Device Range Package
LM139J, AJ -55'Cto +125°C | Ceramic DIP
LM2390, AD S0-14
L2394, AJ -25°Cto +85°C Ceramic DIP
LM233N, AN . Plastic DIP
LM3390, AD S$0-14
LM339J, AJ 0°C to +70°C Ceramic DIP
LM339N, AN Plastic O1P
LM29010 S0-14
LM2901N " Plastic DIP
MC3302L —40°Cto +85°C | Coramic DIP
MC3302P Plastic DIP

MOTOROLA LINEAR/INTERFACE DEVICES
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