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ABSTRACT

This project present of digital transmission system at data speed
256 kbps in coaxial line wmeduim. This work use Sixteen Quadrature
Amplitude Modulation (16QAM)is a form of digital modulation where the
digital information is contained in both the amplitude and phase of
the transmitted carrier.

In this project to use oscillate carrier signal 1.024 MHz and
pilot tone signal 8968 kHz circuits with control by real time clock
256 kbps . And use digital data.separate circuit to convert digital
signal into the PAM signal before presented to either balance modulator.
Also, at balance modulator,there is one change in the output signal
for every 4 bits input data bits.The results indicate that 16QAM is use

bandwidth efficiency more than BPSK for the same bit rate.
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a a I v output
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transmission rate (bps)

BW efficiency

minimum. bandwidth (Hz)
= bits/second

hertz

= bits/second

cycles/second

= bits N

cycle
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Modulation Technique Minimum Bandwidth (MHz)
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BPSK ; BW efficiency = 10 Mbps = 1 bps = 1 bit

10 MHz Hz cycle



QPSK ; BW efficiemcy = 10 Mbps = 2 bps = 2 bit
5 MHz Hz cycle

8PSK ; BW efficiency = 10 Mbps = 3 bps = 3 bit
3.33 MHz Hz cycle

16QAM 3 BW efficiency = 10 Mbps = 4 bps = 4 bit
2.5 MHz Hz cycle
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7937 Balance Modulation

1931  Balance Modulation wiai1iiimngain BN aasﬁﬂu§1ﬁuduﬁqq1u
sumineitguia baseband fudgta  carrier TRAWARWANIAINATHHUAEHL WIS
1ﬁ5uuuéﬁqaaq51¢Lﬁ1&u1aa%§qqnmn3uuwﬁasgnﬁ15aaan1u

19T s mAui ey du 10 Lung MtaTansaiduae n3atd tad
dﬁt?qzuﬁ11uﬁ1ﬁnﬁuﬁu ‘

19437 balance nodulator N1¥uTaTeerut s IC 51t§11Unaq Motorola
\ua?  MC1496,HC1598 fﬁlﬂu IC ndwuwfnﬂ1uann1§e1u1auaﬂaaa1¢ Aadru1Ta1d
tﬁunqnWR Modulator nquuu377ua1 UaL suppress carrier n1au1aqv1§tﬂuduu
Wivluna Detector M1aantduiu

IC MC1496,MC1598 ﬁ1ﬁﬂsﬁﬂuﬁﬁﬂxﬁu Balance Modulator/Demodulator ?ﬂ
gnaanuuuiwn?u1§ﬁu Output ﬁtﬁaawnnﬂ1§1naq Input signal fu Carrier 34
uanananiuIeas Balance Mod/Demod uh Eqdﬂu11ndw1uu1sqn513§nna1aad1q
Loy Amplitude Modultion,Synchronous Detection FM Detection a4 uazlu
n1Tun IC nauuw1§haeuaﬁim1aauaw 1u1q11nt111§huun1Tnﬁuuaawnnnaqaﬁu IC
nt1ﬁuaau1a1u WT1E  IC  fiaud 2 Tuuy nauuuntﬂuavanauuu 10 11 URzHUY
RafewandRnn 14 m Taslinunatianivuanas  Carrier signal=60 aV uas
Modulating signal=300 av 1q21ﬁ1§ﬁa°1ﬁt§uq1utguqﬁataa1ﬁa +12 V uanatan
IC MC1496,MC15986 avudﬁu17n1ﬁnu1ﬂtaaq 2 fn(+12V uas -8v) WaEhImINAa-
nTin IC a1&1UU10anaT?nuqﬁuauﬂnacunanﬂuuanunnnﬂqnu1u Taan71d1u11nn11a

azi38A1A370 Data sheet Tun1anuan
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Active Filter
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Active Filter nmuImaTavAIwadg A (duI93TNUTENBURIAANAEE LBY
. Q . a <4 .
Transistor w#7a IC uaz Network Laana37un (Frequency Seleetive Network)
. . -~ . ¥ v ’ 4d
37WIn Resistor nu Capacitor 2193TIMHWIRLAWISERINTUE19RINANIIMUR Tas
o w - a - do ag v 4
LREIABILTIIIAU(Block)  nMTaaanaudgmauan LMuatI9RIINARYARD WImiTmmgn

~
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zﬂn 2.4 7437 Balance Modulator

TanfT14ud Filter uﬁqaanmﬁunawugﬂuuu Bt
1. Filter ¥us Analog wia Digital
2. Filter uszian Active uis Passive
3. Filter #mAatwdidse(Audio Frequency) nia
éﬁua11uaang(nadio Frequency)

Analog Filter aanuuunﬁtaa1§ﬁu§mqﬂu Analog 7 Digital Filter 1?
swiiudgne Digital TasaaRainAtAn1g Analog u1E28 Had1ReRetudIu(Element)
Mirwwtenaviuiduaesr Filter usivasniiu Passive usy Active Tudaurearind
14 Passive Filter Yaun Resistor,Capacitor uaz Inductor &m Active-
Filter dUTenaurisianaaig ainwin Transistor wia  IC 71l OP-AHP uas
Resistor uaz Capacitor 197Uy Resistor,Capacitor uas Inductor 8
tii dutudmurzian Passive element n1713rtdentiiudiutiintatu §uaéﬁudwu
AIWDFANANAEIN1TIRINAT Filter 1191w Ank2ag1e RC Filter 13Rusuadini

. 4 4 - _ . 4 . 4
(damTatusman uiin  Tuamsd LC Filter a=1§1u31un11un3nqn?aawua11pn§q
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<4 ' . .
7aanae Active Filter NNiuuani1 Passive Filter
- a W - *m. t e - ' e
1. mTdTuaRTIn1TIaNauaslTuAIINN L UuadTERan L TIEINITRIAAERTINT-
1818889 Op-Amp TALYBAUAATIAANauTHGIANAYI93T RC WIRLWNERTINTTINIATEY
4 v u!.vl £ - <4
1va1n4uuaa1un111aﬁﬂRudvuqunvauﬁvunaq1caTnaﬁa Op-Amp uaen1vUTutdasy
42 d Vo
ATIURNAENAT RC inuu
. 4.
2. ‘tililgmn Loading 310n11N Op-Amp ﬁguduﬁﬁnaq Input Impedance #9
uaz Output Impedance A1 1937 Active Filter anfa Op-Amp I9tdinathmanat
- 4- - - “ LI ]
Loading fu Output uag Input 3847437 & IRTUY Active Filter (a11UaaTy
J ‘ . ' . .
3. 1ﬁ91gnn11 1ua¥3n Active Filter ﬁfﬂﬁﬁgnn11 Passive Filter tut1e
v 4 3 - -
MECERERL Inductor  NNTIAIUWSLALHITE Op-Amp iq1uﬂ13uu11ﬂwgnu1n
LTy Active Filter miudnwasn1TriieIuaantiy 5 ¥ia
f. Low Pass Filter (LPF)
1. High Pass Filter (HPF)
A. Band Pass Filter (BPF)
4. Band Reject #n7a Band Stop Filter (BSF)
3. All Pass Filter
| | ; 2 . .
Filter majua1#8 Resistor uae Capacitor \iu Passive Element fi147u
L) «~ > . 4 ~a . 4
7uny  Active Element 37W7In Op-Aap aifa IC nﬁeuduun High Speed nM Slew
Rate d4 Uas Unity Gain Bandwidth gcqfﬂu LM 318 niR ICL8O17 wd18TWI9AT,
- wvav 4 > ou ) <3
uqudauaa1ua11unua§aﬁuaa1ﬁn11naﬂanaq Filter amu
- A
. A < :
Frequency Response 1a4 Filter ne 5§ Eﬁauda¢1u3yn* LUl TEu AR
Jﬁu - - -arn » TS
Response ni qauna1unnennna d7u Response Courve Tun1eUguRLAAIR 28 L AUNL.
d- . .
zﬁn 2.5 (a) udad Frequency Response UB47437T Low Pass Filter Nmu1a:
. 4 4 - 4 . : L -
184 Gain AYN 3MMATMA 0 Hz Q9A71U0 High Cutoff (f ) A1may Bandwidth 34
Ve 4 . . 4 . 4 . 4 4
imnu £,on £ WTaRUNEIRTIND High Cutoff uu Gain 3camay 3 dB 4asnAlIun
' - 4 -~ . [ v v 4
uinn £ fiuRan f>fH BRT12878MTR  Gain naq1qﬁfnaaaqgnnusaanqaatuaq A%
4 4 4% 4 . .
ATNNdgga Input Niunmu  £291BYR2INATENTNY 0-f, Hz {771 78071 Pass Band
4 4 ' ¥ ! o '
d1udaqna11un§¢n1ﬂ £, ictnanﬁfannaunaqimqwmaqqnnms (11178097 Stop
< -~ Y] v & d -
Band 310 Response ntﬁuqauna1utﬁuuis udaeninul Filter ntﬁugaunuasﬁ

I's w £ 1
Loss tﬂuﬁusnaaaﬁ1e Pass Band uail Loss Lﬂuauua1uiqq Stop Band umdanw
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zdn 2.5 Frequency Response 2849 2437 Filter

» 1]
a2 uaTetunteudianty s dut dudiu I9TISTRTINNAINRTENRLBLAN  (Linear-
1 ') 4 4 ' 2
Network) 1udﬁu17nd¥1qqaﬁuﬁanaqﬂ11u1uaatuaeiu13 a1 TR ML TRV T
o 4
Response Curve TunivugiianiutFuiulitnaifasiiy Response ntﬁuqauﬂinnut?u
" ]
drstaiduiy  TavandsinaliantteanuuuaeaTedulidet aras  UrenauteaTeratudiy
{ . -, dat 1 v . q o4 - » o
qﬂnTNtﬂu Resistor uav Capacitor PilA70nAavusiug nTalifHauRALBATHAUAL

v o ) ]
17 Op-Amp f#ua High Speed (TuTaTev1uuld Op-ARp \uat LF351)
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Tlunumay Filter ﬁﬁaadwuwtﬁﬁuu1n1un1qﬂﬁﬁi?«?ﬁ Response Curve iTsyia
i Rgen1onged AuniTUuuy Butterworth,Chebyshev uae Caur unas LUl Aady-
fmansaziTeinfounnAneiuty  Butterworth Filter 1ﬁﬁu§nu«snaa§e Pass Band
une Stop Band TudnvacAaumI9TINLTAY ¥14Tan dINLTE091 Flat Filter dm¥u
Chebyshev Filter ﬁqminumz Pass Qand tﬁu Ripple uar Stop Band Lﬁu Flat
f1u Caur Filter 1Mf¢ Pass Band uaz‘stop Band iu Ripple ﬁqé Fen17280-
uuuuasaawuéqannnao14a1ﬁuandﬁqﬁu1ﬂawu%nvmsnw11§¢ﬂu

zﬂ;‘l 2.5 (b) Lﬁu Response Curve u84 High Pass Filter l.-ﬂa‘lﬁ f u‘h&
ﬁ11u31aq uay f_ tﬁu Lovw Cutoff Frequency a2 §79 Stop Band 1zaéﬂ akuﬁ
0<f<f, uarfi9m8y Pass Band aé# 0D,

zﬂa 2.5 (c) uda¢ Frequency Response 3297437 Band Pass Filter #74
Pass Band aé1suiﬁqaa¢a11uaﬁnaaﬂ15uﬁ High Cutoff Frequency (f,) uar Low
Cutoff Frequency (f.) F9eiflusiumuien Gain anas 3 dB uazd1s Stop Band A
a‘awﬂw?‘l 119 3¢ fly 0DE, Tau?’l REN A1 Bandwidth 384 Band Pass Filter
inafiy £ -f_ uaz Center Frequency aé#a1wu3 e ﬂ1ﬂna#d1unﬁg#¢naﬂqi1q
Pass Band Gain wam

;nJ?’: 2.5 (d) uday Response 13a¥ Band Reject Filter N Curve Qaﬁnw:
ATeEwiy  Band Pass Filter ndﬂuﬁadqi Band Stop aéisuiwwnuwuﬁﬁnaauﬁadia
Aa £, fiu £ uasdd1y Pass Band da¢i1@a§jzniﬂ¢n11uﬁ £3f, uas OCECE 813
(380 Band Reject Filter71 Band. Stop Filter u;a, Band Elimination Filter
1% A1 Bandwidth a4 Stop. Band Lfify £,-F, uaekWmistanat9m84829 Stop
Band Lﬁum'wﬁ& Center Frequency wia £ =

zﬂ# 2.5 (e) uday Phase Shift 7¥min9 Input Voltage v _ fiu Output
Voltage v_ 184 All Pass Filter ﬁquiuﬁi1un111ﬁiqw1aqnﬁ11u3dwu15fﬁwqﬁh..
AAIRET v, Lmfiy v 1uqnn11uﬁTnau11na Phase Shift uTemine v_ fu v,
UTERTERIT udﬁ1911u3gqqﬁfq v, fu v, i¢nvﬁnuﬁaxﬁwﬁu§uaéﬁuquduﬁﬁ Unity
Gain Bandwidth mwa¢ Op-Amp fa21uih Phase Shift MifasuTzRing v, fin v,

SURIRIER
L | ]
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Phase Lock Loop
Phase Lock Loop (PLL) iiudt&nnvafndigaits iqiwu11na1uquaai§a-

loy - <8 e ¥ (e < 4 v 4 <4
Latna11uuaan1ﬁunaahn1aieﬂnun11unnaqihqwuntn1uﬂ taaLHAIR 4RI UAIN
{ & ' 4 <4 4 £ '3
aadtatatAatilany uda¢11iqwﬁmnt§5u1ﬂ11untUaau1ﬂ tawnqna1ntﬂiﬁtnﬂtna1
- - X 4 v { ) [ - 4 v
JLUALWNAUNTAARAY nvuqu1uaadiaLataa1uaaa11un1ua11uasaannuimq1mntnwuw
us 44 'y ~ s (‘ 4
aquuT1aLnaLnaan13ﬂwntwdatnnLnai1ﬂaauquaai§aLatn81 54tﬂuﬂqnﬁunaqaq1un
d 4 R .
pasingantawn  annity mandggrant3anA e FM (Frequency Modulation) uis
[ 4 £ Y <4 -
tawngnnYﬁaﬂntuiaxnataasuwu LPF (Low Pass Filter) asxﬂuiﬁqﬁangpnﬂnﬁ1
Demodulated fiutay
o [ Y] & 4 4
uilaaiiy RIENTHEUINIIR UL TNRAURALART 111R143T PLL n¥u¥augutTanas
] 3 a4 - - 4 FY) é 1 { ™ . YN
u113351u 1a.i.tanqtuucw1taan Lua1#c1uﬂLuaqwaqunwun1uuan1unn1 nnee

qraIn uasutensr natadTenas

WANN1T8ay PLL
N % » 4 = : v ’ P .
nann1TiuAYRUEaY  PLL nu111n1suun11ﬂaunau iqufsnauaquﬁ1uiwnmi1udvu

v & 4 :
acuaaaTaazun1u1u3ﬂn Aa Phase Detector,Low Pass Filter uaz voltage

control Oscillator

Ve(t)
Vs(t) ——»| Phase Detector »l Low Pass Filter vd(t)
fs y
Vo(t)
fo
VCO |« )

o4 . &
zﬂn 2.6 uaaRleRasuNTUNANINIT PLL
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Tusasitiingnallani . va aztﬁnﬁuﬁué wax VCO IvuARATMILLLIL TR
Free-running (n1fiu fo Lﬁaﬁﬁugn Vs flaut Twadaudiniafiy £5 19971988 nA-
taa%asﬁﬁnﬁﬂﬁtu?autﬁuuLﬁﬂuasn1wu3naeihu1uﬂt§1uﬁﬁuihu1u# VCO a1 fs uas
fo umMNR19AUILIR Ve (Error Voltage) 11“l81nﬂnnﬂﬂlﬂiatﬂﬂ(ﬂ81ﬂ1u LPF Lﬁu
vd i1 veo u1Uﬂ11un fo Minfy fs uavLua fo imiiy fs nﬂadanzaaan1a
iqa tawnunanntﬁdntnntaaT Ve avtﬁudua uazvd ntnﬁnuﬁuaa1a

1utfaqnaq PLL ua1nuntnn1a§udanuﬁaaq f86197 Lock Range NUA11"
Capture Range i«ua1ﬁuuu1auana1qnuaea

Lock Range Wy 8fe8 uAIWANTINSLABSHY Fo 39 PLL a1 TnaanRudon
ﬁtﬁwuq A MBY Lock Range asaaaqtﬁa§a11nﬂ1nu1aﬁqnuanaq PLL amav

Capture Range uu1uﬁqu?t1munua1wu3#1n51§aqﬁu fo ﬁ PLL Léugaanu
quqmntnwu1 41989 Capture Range nuaunuuuuaaaunaq LPF R83ZRARININLILA—
1aﬁunu uasTasuni Capture Range 3¢ 4R MaANT1 Lock Range

tua1utnw1aﬁ111 Lock Range uar Capture Range 41unu aaquanrmvaﬂwnwﬂ
i 2.7 iquaaqnqnuanuu~1~n11«a1nunnu Error Voltage may PLL a41ﬂ

11nd1uuun311ﬂn — iuua11§muwuntnﬂuwunnwunn951LUaau1ﬂ a1nnﬁ1uﬁq
ABULTR 358 q1nuav111na§u uaz vd annuﬁua aun1~n4a11unna«iﬁqwu#tnﬂuw fs
?ctﬁunuﬂu3é1qanaq Capture Range 1114 PLL 11naannu fs uay vd Naiiuau
(dsUfu Voot fo inaiy £5 uRUMMLTIAURI £s LAt Taay Feazintiis
189 vd (duauiizeas

aunws#q fs = fo n1tm vd tnﬁnuﬁua*a1nuu Vd a"tiutﬂuuvn uasuwniﬁ.
t?ésq aunTe#v fs = f2 i«tﬂua11unﬁedana¢ Lock Range asn11unaa11nn1waaﬁ
uaz Vd.tﬁﬁﬁhﬁui

Tun1enduiunn fs LUauua1nd¢acu1a1 1uu111311un z dMA19 PLL a~t1uaaa
tﬂa fs = f3 inﬁuﬂﬁﬁQdQUBG Capture Range n11n Vd uﬂ1tﬁuu1nnuntua fs
ARavIU fs = fo wMp vd tnwﬂuﬁuauanuaﬂLﬁuauuwnnutfaaq 1un1vnq fs = f4
i¢tﬁunnaﬁdﬂnaq Lock Range 3:1i11# fs uaaawnnwiaaanlq PLL uat vd ndusilu
ﬁuaana7q 171aqd1u1a11
f2 - f4
f3 - f1

Lock Range

Capture Range
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f£1
Ud @ Frequency ;
L///fa £2
Lock Range
W N
N A
Capture Range
et ////1
Ud @ Frequency

fa f£3

4 o~ t 40 g
zﬂn 2.7 quaﬂvu=7su1wqa11unnu Error Voltage 1849 PLL

193704 18R1THLRNATY
' - A n ) L Y a dov o« -
MWITIATBRIMUAAATY  (Differential Amplifier)u AaI9ITHINLUTEULNAY
- 4 < Y ¢ T - o X
iwnnmauqn uasa1u11ntaanﬁuq1m1ﬁta1nqn1a NagaIanu 4 fUR RV
1. Dual-input,balance-output differential amplifier
2. Dual-input,unbalance-output differential amplifier
3. Single-input,balance-output differential amplifier
4. Single-input,unbalanc-output differential amplifier
i 7
nw1uuq§nnazn11l?an?aﬁﬁnuqa1ﬁuq PERECSERT 4wu1u§manm§uqn Uazanws
- ¢ v e v P b 3 . 1Y e . | 3
N1TIALa 7NN aaHakunL 11 2 1du 1780171 dual-input uanﬂuauqntﬁutaav nae
] . . L’d. s v 4 [ { 1
LFan11 single-input uanawnuunuu&awuanumznw11iqwutaﬁnqn Hﬁ?ﬂlﬂﬂﬂ?n1=u11¢
s Ve P X - |
IMRAALAALABT  BAVNTIUTALAATHIAANRT  ( WRIMWUINITIAYINITRAIBRATINUANATISUIE
Vv ( [V N Y] 1 & L]
1n71uBdiRaT NPN 2 @9 aqas15udaQIU1qa1aa1ﬂ )% 78077 balance-output ug
v o { ~ fo v - YV od e ( & o '
NMINTATIABALARIAAT  TRINTIUTALAATAVTARINGY  UA7 L NAUTUNTIINA N3z 78071

unbalance-output
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MTIHATIEANATHY 4 trsian 3eli1eaTiRauiAsan e liinTzugTe ¢ DC
equivalent circuit) BazI9TINAULARININ NN T AR ( AC equivalent
circuit)'tﬁa1§ﬁ1nﬂvata11sﬁuwgu§nvasnw45ﬂu1ﬁ§wnssudn1q quinuusn1¢31u1d§ﬂ
NTEUAARY ARTINENEUTIAY Sugnﬁuﬁuauf Lawﬁqnﬁuﬁuauf 5«131553U1u3ﬂﬁ 2.8

tdava1n1u1n14q1u§ as1§1¢a:nuwaﬁ11uuand}q fun Dual-input,balance-
output differential amplifier I43eIARINITILATIENINAITERAN TWHANITILATIEN

1513ﬂ1¥u511uzﬂ# 2.8

) - Input Output
Configuration Circuit Voltage gain resistance resistance
A
!, Dual input, N Re Ry = 23 Rgy = Re
balaneced output QN Ry = 28,.re  Ry= Re

Re Ry = 2f,.r,

2, Duat input, " Au R =
unbalanced output d 2, Ry = 28,1, o = Re
3. Single input, Re Ry = Re
A, = S
balanced output ¢ Ry = 28,1, Ry; = Re
~
f
4, Single nput, Re
Ad =37 R =M R, = Re

unbaianced outpui

Rn
+
Yo
v

~

< - L ‘ b4 -
zlm 2.8 MITHUATISNIIITIAERIINURNAIING 4 HUR



e
s Signal
———e o SCUTCE

zﬂ# 2.9 1937 Dual-input,balance-output differential amplifier

DC Aralysis

=V =0

¢ % .
wnTit AT R IR Tsuda T U asnwn11§aa§qu1a§uqn Vies = Vine

. [ o {
ugenmuatw R .. =R, .. =R ua=n11n1¢1u580n11u3atnBTm§1udnw1sd¢u (Q
. . ¢ ") . v
point) ITIWREAMITUATIEMAWIE  Q,  1NMM  LWTIE LTI IMRATH Q, tnﬁaunuqn

Uren1Ti Q,

4
zﬂn 2.10 DC equivalent circuit 789 dual-input,balance-output
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<4 v V g £ - ]
a1nzun 2.10 1ﬁnau1«aunaixaasﬁa§ﬂ 1un11u117uwgﬂ1zu1w¢nwtuauas
ABALAALAATEAY Q, URIETRIN
BRI, - V. -R2I)) +V =0 (2.1)

un I, =1_/8 uaz I, = 1I

4 }
AL LTIRMITORARN IE M (2.1) 1A

I

} 4

Ve - Vo, (2.2)
2R, + R, /8,

4 . ¢
s v 0.8 V IMTunTuTALABTHNATANAY

- { o -~
Yy = 0.2V ﬁﬁﬂfﬂﬂ71uiﬂlaﬂ1ﬁuﬁlﬂﬁTuulaBu

BE

TABNTTURT R, /8., << 2R, 171391R¢Hausun1(2. 2) i

26~ \¥um’s VB% {(8.3)
2R

A

& W [T ' { [
IM2.3) LT13EiMuRIT . R, 3z iluian muadn I, uwazanaql R, nuilu

& .

[ ] 3 3 (Y] 4 é
AINTINUANTEURRAY Q1 uae Qg ﬁ?ﬂlfﬂﬂu INUY L11na=aw€anau74auna¢xaa1ﬁa v

- ] { aa. £ Ve i
uﬂﬁiﬂﬂeﬂ18“17¢ﬂﬂala91381 UasauALRaT laavnaily

M Vo = Voo - RI, (2.4)
Vo= V. \WT1E R = 0
uay Vop =V, =V,

Voo = BRI, = (=V, ) _
Voo + Voo - BRI, (2.5)

cc

1]

- ¢ . o -
LTIREEANNTT(2.2)  uav(2.4) n1191a771¥1 DC  Analysis ny 4 zﬂuuu
v & X
Lu1w=d1u11n1ﬁtﬂuuu§1una¢1q11 Differential Amplifier qn1411
AC Analysis
- " v .,3 . Uﬁ [}
WATILATIEAN A U TW N Tru AR R LA MURTH FaRunddng (Vee =0

42210293 TINAULABSLLY T UNURINTILNDH L Ra T AeTUR 2.11

036988.



20

, - v -
. ¢
iy Vet —o
?:“"-.':5.'- ER .g'
* v."' EX R -
i chfg,
+] ’
< : . . >
zﬂn 2.11 AC equivalent circuit mav Dual-input,balance-output
- < <
uanvuwneu I uazgﬂ 11 nawzun 2.11
Vins “Radp, = Tpip =R, +i,) = 0 (2.5)
vnle - R'nn.inr. 1 rz;zc ] Rz(iz:\ + iza) =0 (2.8)
UNMRY 1, 0= i, /8,  usr i =i, /s
vll! 3 Rlll/ﬁAOXiBI 3 t!i!i. N, R!(ili + iza) 5 0
vnce - Rxnz/BAcXiz: = rziza < Rz(iru + iza) =0
[] v -4 1 < o 01 (N}
um R, ../8,. Uaz Rixe/B. e HATUBENIN JENITOLEBUZNATITIRTNUIY
(ry, + R1,, +Ri,, = v . (2.7)
Reley + (rp# R, =V, (2.8)
31NUB uﬁ#un11w1d1 il!1 uae i‘g_ Ta81f Cramer’s rule
gy = My +RDV, = ROV (2.92)
2 m—T
(ry, +R) - (R
I, = (P + ROV, - ROV . . (2.9b)
2 2
(rg + R)™ = (R)
UATLWTIET 1L 1Y balance-output I IMUATN .
vo = vcz = vcx
= -Rgi,, -(-R,i, )
= R i, - Reic,” .
=R (i . - i_.) ay i, =1 (2.10)

c Ea -4 - c 4

ay
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unuAT i, uav i, 30 (2.98) war (2.9b) 3T

Vo = Ro/rpx(v . -V ) (2.11)

vo = Rc/rzxvxb uaz vlb = Vuu = vnle.
Input Impedance
. -« 4 L - o
IS MEES BHNE ERE S aﬁnzﬂn 2.11 Tau1§nnvﬁnﬂ111@iau(Superp051t10n)

4 a ) » ) * XD
LUAUITTATIATIATTIHATUNIUTIL 1108493 T (A1

R!I1 = vll:
iBl vll! =0
= vllll
iBI/BAC vll! =0

AR i, M (2.92) UMUATRITUANAITAINATL TaadmuA ThAtTamUTEN0EaY

™ Ve
R > r_ uR13Elan

EE E
Rius = 28,0 (2.12)
Tunue LAY
Rl"! 7 vl.s
152 v‘nl > 0
= vlnﬂ y
i!llakc vlll =0

-

AR i, 39 (2.9b) unUATANTUANNITRINGTT TREA LA TR TALTEuAEEY

v “\tun °
R, 2> rp ualieitain
R = 28, .I" (2.13)
Output Impedance *
» v ' o e - ca v
ATTHATUNTIUNINRTUNIBBNTBIIIATINAULAAY (R IWWINTEUAARY NABAIRIIUR U~
] 4 a 4 4 o o I'd d o < v '
n1u1zn1ﬁq?ant BLATINUNLUB L NANRUNTIIUR uazzuau111uwa1n3ﬂn 2.11, ga713zwuI1
R,, = R,, = R, (2.14)
4 3 Y e o 4 v -~ o P W d .,
énu1u1qa1auq NLTIMANURLITNITNRATARANINY ﬂzuanaquua1q1anu13mm1u
" 4. : 4 a
S RNSINOLELY | uazjnnu13mqwmaan1qun1411 iqwaQﬂnnwﬁtUaauuuaciaauqnuas

& o . ., 0 P 4 o o o
ERLEERERY n11ﬁn113Ln7w=n1auad3daanu11uLnuaunu aanEﬁ?U13u511u3ﬂn 2.8
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19 TUANTGYIARINER
ﬁ d. w4 1w an - ﬂ - v ¥
(Iurva T MU RaYARIARRANNAEN I L 2 fAMar 2 Tin wTauReliaeaT
[} - 4 FT Y » > .~ " VY a9
MuI9LIRT 4 Un LWBAIUANTHEWUNL TNTATY 4 finidanau uaa3ein1Tusndoga
P ¥ o t e 4 P
TN 3.1 fiuaey D wawdasu uav JK wAuWasy  nrewtanin uash dudou
- 3 “ ] - < Ill .
F1AG189I4TAIUY  NAA 293THUINLIAT 4 1IN MTRINITMNT 4 fiutad iqagﬁvaa1uqu
[ - YV i 74 o s 3 '] [
Yeomazans¥usana uaséqnaga THLRUIEENAL  URINIINBIINITHAINENANN 1T TIUD A

9437 Serial to Parallel fiuitay

74L.8724
® . 5 .
" >
A I
reLS88
TeLS7e
® 0
X
Data 4 ; LJ
74L8Pe 74L8Pe 24L85Pe — TLEPS
I > ® ] » . » . » O
K LK - oty eLx
h 3 -SS S LS. T h—
Clock reLs74
» 0 ; 1' >
- >
vy L g — a
240822 240523
2 3 s < 741508
gl [ o, 5 3 TeL8TS
L3 The [3 Th— i LK
T e

< as
N 3.1 avaTuendgganInga

~

4 y :
Eaganaanu111n1¢q1d1uu ﬁag 2 7 Ae Inphase War Quadrature phase

L] 1 v

L - -~ ot - ot 4, v 4 - - <

NTal 7aN414877171 UNUY UNRIY UNiad naganYaaanuwasu 2 Un uazIsanTLUREuLLAY
3 - g [ ~ . - J 2 v
AT9ar 2 inuTanqiu IvA1TRanuUasdy e Binary avnana 1f iy Gray Code L7EA7E
3 3 4 Iv] -~ v £ t - W 4 5 J
n\:utuathaaaan'rm':'munua'mnaqnaga‘ln LUTIEUNNNLAANNAY Gray Code IR

- - [ 3 - 4
aidEY 1 Intnatu A9A1779N 3.1
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"Binary Code Gray Code
0 0 0 0
0 1 0 1
1 0 ) 11
1 1 1 0O

d &
RITI4N 3.1 ar1Tudasmd’In Binary Code 1Utﬂu Gray Code

2eaTilae Z o tiluihe 4 Tedu
» 0 Hﬁ ~ -y - - 4 [
AIEX1I AN TATI UL un 1 THeR L AndnanaRInaaiuigaw e fuieaTuatul-
['4 an o . » ﬂ - oy <4
nBaLaLNaT uacinmiaAineaniziitiuaaian sxaaeuludonaliuiizs ukipgnant Tuan
aanu1 iudgnm 2 fu (2 G SeRasilnaTedaiagmann 2 g i tudgnna
1 [ [} 43 4 (] -~
L#uiAE  udiivanaTeiuidenan Uiy ArmilRauutasEu AR e 2 Tn ATand
- . A 40
wtdte 2% = 4 7TEdu uasaIndanMuRZEe Data sheet 184 IC MC1598 Briamus
- 4 . :a’ t - . - Y]
1ﬁ1=aunaqiqnwuiugnnasu11ﬂuag}anuuﬁnu1a1uLnu 300 Vp-p ItANIN TR MuA TERY
n 4.
nwwuﬂaeiquﬂuﬂﬁtﬂu1daqu11ﬂ1n 3.2
i ¥ . » 4
1ui1una¢gun1un1§1u1qa131uuazanﬁu NOT Gate uar AND Gate THHIMKAN
{ » <4 - ¢
utlaeFga 2 in Vi 4 ta1mm 227 Op-Amp 3IznmiInullaviv 4 ta1nun Wt iy
o - WV 3 4 Ilz g v, - ~ -
4 TEAU ANBAAMUATURAITINN 3.2 AYUU IVTANINITRANUUUISITUURIAGHINRIABR 2 UN

a ‘ L ar -« J
1utﬂu 4 1Ay tuaqzu11Uua§tannuiquau1nz a«zﬂn 3.2

.
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Gray Code Level
(Inpuf 2 bit) (Output 4 level)
0 0 +150 aV A
0 1 +50 mV
1 1 b -50 mV
1 0 -150 av

4 - -
A1TNN 3.2 naTuday 2 un 1ﬂtﬁu 4 T¥au

74L 894

-

-~

4 (Y3
N 3.2 eaTudasdana 2 in fuidu 4 T8y

4
MATATAYRTITINAAT
4! = -] . v do a 4! e
WITATANANINARI(Low Pass Filter)uw IsnImuiImAALRANLIANILAIINARITIN
. L] . 44 L] [V} L] ‘4
d1u11nu1u1ﬂ1aa1ugnaanau ua911unngen113aanaauasgnaanaanXUaquu1n wannay

43 ar 1 - 4 -
7437 LPF Tuny 13&15ﬂ1u3ﬂ1ﬁcﬁwq1m 4 TEalU NERNNTIIN IITUURY 2 Un 1utﬂu 4

b4
-

TERY dauasc511q11uwa1u§uag1alaa§ nqﬁtﬁaaanu1anaquuuéﬁaénaqimwwmﬁaz1u
ELIEY \#a431nTuTATI90E ﬁnt7nnmq§mq1mﬁgnuanaanu1a1n1qawuuniquuﬁ%aaa i
A7inTiy 64 kbps e ﬂ11u3gQQRﬁaﬂu11ndﬂu14q1nTa¢n11uﬁéﬁ1aa1dgnaanauﬁ HA"
Uty 64 kHz (f, = 64 kHz)

- oL ¥
T18a% L AEATAINTTARNULY ndaetaavAatun
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380 pF

R? R2
8.20 k 8.28 k

[ >——AAA AN

INPUT =

o4 g
2Un 3.3 Second~Order Low Pass Butterworth Filter

371 L1891

Vosvin| = A,/ 1#(£/£)°

Gain BANI93T

P
t4a Vo/Vin

An = 1+R,/R, = Pass Band Gain 3847437
= Frequency 28y Input Signal
i€ = 1/2fR,C, = High Cutoff Frequency
o
TURAUNITAAAUUUINIT

' 48 1
1.188nA"  High  Cutoff = Frequemcy (£,  mavI93TlumuazidanAn

infy 1 T 4 na¢5n11a1wux§1na«§a§a 256 kbps A@ 64 kbps
2.188081 C, = 10/f, =10/64 k =156.25 uF
ustuiazidantd c, = 300 pF
3.AMMmAY R, = 1/27F,C, = 1/2xfx64x10°x300x10™ " = 8.28 k
4.AM7WMIAT R, uar R, RWA1 Pass Band Gain uATuRITNAAAY
Lawﬁqnnaq1qa1 LPF az1Uifaut 7117937 Balance Modulation JeiRantf

R, =5k

1

R, =V 10 k

2 R
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WITi L Uedggraeine 1,024 HAz
e T i 4 4
9 Ttud sl adgee  sine wave A2MA 1.024 MHz (WalBiiu
. - - <4 { I's 4
dannawmenazin saiudoganaia Tehy MI9ITUIRNANAALALAGT LU MTEULATT
aa -] - - 4 ; . . <4, w
gefgaaineal  GR21IRAGARN1TRNTATIUT 78U (synchronization) mn11RIInIE
. la & - 2 - < w {0 e w2 e
117119 uavaUnTad L annTainad uiivaAdwuazataTulad wdniugiuad 1 vuiugn Feudy
<4 d . ) -1 f [
a1Ruﬁqn1uu1§n1n1ﬁa1n§agannwnﬂwaq 1uTﬁ7quuuﬂa¢n11dQEagan11ut11 256 kbps
“« -« w ~ 4 4
Ivndgmnauadng 256 kbps w1tEavARudgnaw eI MR 1.024 MHz Tes1d7947
[ ") 2 v 4 ]
Phase Lock Loop ﬂvaaanamqﬂmuwan1uas§mn1wnnﬁﬁ§qnu GALRAYRIN  LT1INEINTTR
4 .
AWAI1UA 256 kbps tidu 1.024 Mbps 18TagRTe Teandeduyrau BN 1242930
4 : 4
nqquniqa§1u1qqfuanﬁqqﬂmaiaaa Fe3elia1nun 256 kbps , 256/2 = 128 kbps uas
<4 - i 2
256/4 = 64 kbps uazlataanlirl1uniggraui¥ng 128 kbps tupaiiy 8 29n3zta
<
A0 128x8 = 1024 kbps waa
) 1 ¢ ¢
7937 ud Utz IC Phase Lock Loop uaT 4046 tu1ﬂsiqﬂn1uu1=naunwauan
vt s e “ " [ 1 < ] . (e { o
1uq431n 4An21979A1TRAANAIINNILA 1NN uaﬁqauw«11n58111u1ﬂ1aqutsdqauan1u
. N B i i
M1THNTATINUATR LHBIURRA NN T T 93 TAMAT WL Rl
d uzd
WA IUIBIINITAITAIMARARY 8 LN HunLaantyd IC 74LS90 LwT1EREAINTUNNT
: : y
82937 UAZHAIINLTRAETAUBANADT Bily Augnanea 101937 ud A7 dudngrauadn
<4 (4 « . T W . <
MRy T Y IR IC 4050 UTEnAUTINALE LwTIzazd AN AL Dudny AN 89 muan
RgY 4
A4NU
4 ' véwﬂ éd ' ’
(adagmulin1d1u1937 Phase Lock Loop ufiandst udnaaIUR nasuag ot
dwuwsnu11Utﬂuimq1muwu"1a tu11~§qum1u§tuaauuuasﬂ1~nau1ua15&71Tuunuﬁnu15
4
1utuu1~du1un17u11UHaatan a«uuﬂq1ﬂ1qavnvaoiqan113n(Band Pass Filter) iua
i i e ~IH
nwn17niaqta1911un£ﬁ71uunn 1 Feuiudgyia sine wave fta21ui L iyl ay
#788193=0a11418991 (1uA1TnTa4181 sine wave aanaan square wave imiad
. ¥ 4 . 4
Aeiinl T1ztRRddgauaing 1,024 Mbps InamidggnauIdniAt1un 128
v
kbps W147437 Phase Lock Loop uazn181u1437 Phase Lock Loop fiw 42937117 8

' - v & 3 <
Ufsnauagﬁaa A9 1RUARITMLALINA THINUA uin 3.4
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L4
:" 1.924 nnus
-2 31 .
S oo

4 .
1N 3.4 v3tiuiadagrauine 1,024 NHz

WAt dadngalvasn Tny 696 liz

fwatuaan Tnu uin s da sine wave 3591wu31n5;ﬁaqﬁuﬁuihq1uuwn~
uasﬁa11u§uﬁuéﬁuﬁu§mw1muﬂﬁnﬁ Lu11~a1ﬁui¢q1uu1an1aan11u3§uu1 nann1Tuay
1un17tuaaununu1da1n1tuaiqqﬁmuﬁusuutaq Tau1u1a1vc1u&1"taannwtunn911un 898
kHz ivavaanﬂqawu Lower Side Band nacatﬂsa1un11uaaLan1u1n1¢qnuu dﬁluﬂﬂ
Laana7ui 896 kHz ntu11vvwauu1¢ﬂ1nn1wun 1.024 MHz tn7fiy 128 kHz wasazaan
1unwfaanuuu1qa7ﬂmn11u3 Aa3LtATE 93T 7 189937 Phase Lock Loop Tudqu
u1ataa uas nﬂvﬂun 896 kHz uLﬂuﬁ1¢nﬁtﬂna1uaaﬂun1unuq second—null waa
dwuw7nuantaueiﬂq1m7unvuauawaavLnaannnv1uaatanuuu 16QANM u1a 1u1~auuu4

n1n1nuﬂ11uwanuquuvaswu11Lﬂunﬁ11ui1ea11nnn1unaauﬂ7 zantawin1taiin
Lu11~ununa~11¢ anwu1uaan Tnu 17874 first-null tuatﬁun711ﬁﬂ7¢a1wunnuauae
u1an uaaad1qun1u1a1cqﬂuﬁnLuanasﬁnv1uannw1 ﬂ?ﬁﬂlau1ﬂ1ﬂ uavﬂ11uﬁwﬂotﬂu
T89ATINWAYA 1A TANNITUBRLANULY 16QAN uuuuﬁ Luatnaunun11uaatanuuu BPSK 3%
13tﬁuuu1n1q1un113nunuauw1~uun11#¢5ﬂqﬂmaaaaaaa1ﬂ

d1n1u1q21n1ﬂnastuuaununu1¢a1ﬁ1Lﬁaiqmnmuﬁnu 1.024 MHz Lnaunnanﬂc
uﬂnawenunuaqaqqaqa1u11a11unnwuu Aa Lﬂauu?ﬁn1QQ1u?1 8 NLIMINITINT 7 (na
uutaq 71010092937 Band Pass Filter n1ﬁ ntuaauﬂawunﬁuana1q11ntaun 1.024
MHz nnawauwtﬂu 896 kHz unu -

- [ . 4
11&&:taaanaqaqﬂtnﬁtﬁaﬁww1m1uaan Tny uﬁaq15aq3dn 3.5
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4218
g
l‘.= rc2

Aice co

g
§
iF

B . - [
zﬂn 3.5 WITNIuadgyluaan Tnu 896 kHz

4
NITATAVE RN
o % 3 59404 4
19970789899A 0 (Band  Pass Filter)u sgnamiandasendogiatuga9aliui
4 . . M & . 4
RN TMA N T0R w93 Taan T Taentignasnay Wiangay BEF 14ty Isfmin
N78912¥YIM sine wave aBN3TN square wave A1atudura 4193707 e fggawins
. o o -~ . 4‘ oW -
uazIvI T LUAdgETWAAN oy wasEvdaan13edegiaTunay AtARININITEINLARY
naulzRvaantudnirTudnaas
4 43 4 v ¢ .
M3TATAE19A°60 Tunl 3s L aanTfuuy UuuauAY (Narrow Band Pass Filter)
o J B v g g ! o .
nﬁ?a11 Multiple-feedback filter T4 Ob-Amp Liuca1taa1uasag1u inverting

[ 7] 4
node aQZUn 3.8

RE Cc4
18.85 k 10 pf

o
1)
c3 Ré 02

* 125
INPUT i

1 +
R? -

1 k !
QUTPUT

o
zdn 3.8 74937 Band Pass Filter
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TuR1TAANUNY LABNAT C = 10 PF , @ = 10 ,A_ = 10

a1n§a1
R, = Q = 10 = 15.542 k
2 fcCA, 2x fx1.024x10°x10x10™ **x10
R, = Q - 10 = 0.818 k
29£cC(2Q°-4,)  2xM1x1.024x10°%x10x10™ **x(2x10%-10)
R, = Q = ~ 10 = 310.85 k

12

qfcC 97 x1.024%10°x10x10”

LTIENTaLAauAY fo 1§awn§a1
R, =R, (fc/fe™)”

wazt#asanTuTATae I 3 fo 88 2 A7A8 1.024 MHz ua 896 kilz FatiuL 1
929311 AU TUR RauR | 38UAI10ARIN 1,024 MHz Tiiu 696 Lz unu Tamaas
\ilinusn R, Tmidei
R, = 0.818 k x (1024/896)>

= 1.068 k
RATUAITIH AT RIS U LA Ta %@&tu11si1q=€131ﬁ5d1a11uﬁﬁu

e . . v - ¥
HIUATIRUNNEGNA U ua3ﬁ1u77“”7":“1““qfﬁﬂﬂﬁuaﬂﬂ141ﬂﬁ7ﬁﬂﬂﬂu

4
IITL AU IawINE 90 39K
. aa ﬁ P .
I TuEndggananeasantdy 2 #u As Inphase Uar Quadrature
< ¢ I's - 4 4 ﬁ ~
phase L713¢u0411u131uﬂu9§tata31 2 93T uazudaqnawane 2 qa iuanazLduna
. o H J* 4 [
u1uzu1iww1m33aaaaan1ﬂ§1atiunu 1u1ﬁ1q4ﬂuuqsLaan1§§mq1mwwusnun11una74nu
14 ' o . [y . bl .
UANATURINWANY 90 avA(sine wave hU cosine wave) Taatddggrawane sine
) . - o v 4 v
wave n1a370 R TALuAdggIauIne TRERTY TUuagtannuimqﬁm 4 TEAU NNI4ATY
. d v 4
Inphase ua=135mqﬁuu1us cosine wave N1A3INI9ITIABUIWA 1w Ine 90 avdn v
- v d i w
uagtannuimmwm 4 TUAUNAANINAIY Quadrature phase

aquuaenwn11aaﬂuuu 1q11Laau1wa Taaaqﬁauann11naq1qa1 All-Pass Fllter

7R Vo AR Vin aqu1waavxaaaaqaa1Uu
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R? R
18 k 18 k
———AAN—— AAA—.
R2 a3
[::::>‘“j' 28 Kk
Uin
cs Uo
o 7_10 nfF
= -

<4 . Y oo .
ZUn 3.7 37 All Pass Filter n7a Vo amas Vin

N7y LPACER

Vo/Vin

1+29fR.C, / 1+2fR,C, |

b

-1
-2tan <2ﬂrngcg>

4
tua vVo/vin
e

AUAAURITRANUUUINGT S

Gain n847937

Phase Shift 7119 Vo uar vip

1.138087 & = 90 avdq
] 4 Pos r's s

2.1ﬂﬂﬂa1wunLnﬁnuihm1uuﬁ11?af A8 1.024 MH_

3.3MmMdAT C, = 10/f
|

10/1.024 MH_ = 9.76 uF

uAtun1Tnaaas 1 c,

4 .
10 pF LWT1A1WATIAITI C AN

4.310R7 R, = tan(-T/2)/(29¢C,) )

tan(-(-90)/2)/(2x Mx10. 24x10°x10x10™ *%)

15.54 k.

Tun 1 TnRaaly v 20 k
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(4 I's
WITWIRTUENBRLALART
1qw1uuu1ﬁ1ﬁud1udwaqaqnaquqq1 tu11"1~n1uu1nﬂm§mwﬂmu1n~ fludaga 4
Teky Feasn 2 dam (it dggna 4 TriutLanasnaniu Tagvvtuandganinas
U
NA1IAE LAY Inphase Ay Quadrature phase
It ‘ v e ., v d 4
WATUAUTNAALALAATNINAM  Inphase nqsnwuuwngmimmﬂm 4 15Ru nuv3an
aa » o d, v .
WITUANAYYINAIRAANINATY  Inphase Nudgy A ImET1aN1310 793 707 L Dadgraume
TRAATY dau1qa1u1awuﬁuaaLataasananu Quadrature phase na nﬁuu1nnmﬁmm1m 4
TERY n1au111n1«11uan3mm1mnﬂaaanﬂqnwu Quadrature phase nuimmﬂmuwu~#1auw
awnuqa1n1Luaﬁmmﬁmuwu"ua7u1u10211aautwa 90 a4d"
Y
Hal 115a~taaana41¢a1u1aﬁuﬁuaatataaanaaqqqai avtuuaununnU1vn11 Av

uﬁaq111u1ﬂn 3.8

e
i" ft
i er % ur [—M‘j
HH ) :1 ne
7 . o 168
— . \ £ o lt?
Carrier R0 ce ir v ot DSB
ll‘k 'i'lt nr nc
> 2 1 r e A _—D
ri9 1.
10 % fguw 1896 =mcr e n FT28
R o) 1 19enr 8- suein? 1K
13 “ A
Sigual _ 4
5

H

.

4 oy ¢
zﬂn 3.8 1qa1u1a1uﬂuagtaxaa1
2 e ¥
78A1TAMNTUINITRIMLAR  Tanamua 370 Data sheet 1849 IC MC1596 n%awz
4
17d1zu1anaq3mq1mn1~u1u1uaaLann17ua1U1su1m 400 mVp-p uay nu1ana¢3mwwmuﬁn,
AITNATENR 100 mVrms aquuﬁwﬁnmneﬁaqnaunavtnw1ﬂamnu RAYNIUR IR UNINY Ty

A8 danau twaa Taadunu1vau§mm1mn:ﬁaq?usﬁu1uaﬂunan1uuaaqna11



] dg 3o 4 .

IC MC1596 u tﬁuaqaiuagtann1?nu5mmnunu1aLan(small signal) IvinanT

" u ' v ) v v 4 . o 4 d o
TUNIUABUNIINNE JURANTT L RaTiutUTuq93TR78 Lwanwaaﬁwqwm1un1uq11ungq niae
4 ¢ ¢ o
nunna1u1qw1u1aﬂuﬁuagtatna1tav aq1uzu

d. v I'd 134 -3 @ &M @
quﬂmn1aawn1qq1u1a1uﬂuagtaxaavuuunuwa;anuwn IRAIHINIIITHAIAATY
: . . . 4

umnm19(Differential Amplifier) Thaa dAsdggranaaniinin 6 uazyn 12 (Agyu
4 - L 1 4 s A
171 6 uas31 12 wnfuidaivas) fauiaangn 2 uazsn 3 pav Op-Amp RINATRU uas
AT MUABATIIA1EINARTIZIMAIRUNIL  ~ HuBYLABITUAY 9937 Inverting

epe - v o 4 1
Amplifier (115astaaag‘la’nﬂ unn 2 1L T899 TIA18AIULANRTY)

1«1111uihn1uuagtan
4 v, v . v 2a . » v o ") -
Lua1an1nﬂ1uaeLanamq1mnqﬁaqﬁ1uup1 NABININITINAY  uRIdvaanTUwTanny
. < i > ¢ ¢
TedggrannanaTd Oty 3ztTenaunte 3uq1u11n1qa1uﬂa1uﬂuagtaxaaw N9
d 't (Y}

Inphase , imﬂ1m1wn1qa1Uﬂaﬂuﬁuaaxataa7 n14au Quadrature phase uay Fexyn
-3 v [ o~ .
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@ mMoToRrRoLA
MCS4F/74F04

HEX INVERTER

vee

14 (i3 [i2] [i7] Fol (5] [e]

HEX INVERTER

FAST™ sCHOTTKY TTL

O [2f BB Ta] Ts] eI T2

GND

J Suffix — Case 632-08 (Ceramic)
N Suffix — Case 646-06 (Plastic)
D Suffix — Case 751A-02 (SOIC}

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYp MAX UNIT
Vee Supply Voltags 54, 74 45 5.0 5.5 v
! v 54 -55 25 125
TA Operating Ambient Temperature Range 74 o 25 70 °C
oM Qutput Current — High 54, 74 -1.0 |, mA
oL Output Current — Low 54, 74 20 mA
OC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS
SYMBOL, PARAMETER MIN TYP | MAX UNITS TEST CCNDITIONS
ViH Input HIGH Voltage 2.0 v Guaranteed !nput HIGH Vbltage
ViL Input LOW Voltage 0.8 Y Guaranteed Input LOW Voltage
ViK input Clamp Diode Voitage 1 1.2 \' Vees MIN IIN=-18 mA
v o HIGH Voit 54,74] 25 " IoH=-1.0mA | Vce=4.50V
SO N N < 78 | 27 V| loR=-10mA | Veo=475V
VoL Output LOW Voltage © 05 V. [ioL=20mA Vee = MIN
20 uA Vee= MAX, ViNz 2.7V
I Input HIGH Current
H pu = 01 | mA | Vo= MAX, Vin= 7.0V
TR Input LOW Current -0.6 mA Vee= MAX, ViN= 0.5V
Output Short Circuit
10s Current ‘Ngm 2')' u -60 -150 | mA | Voc= MAX. Voutr=0V
Power Supply Current
| Total, Output HIGH 4.2 mA Vee = MAX, vin = GND
cc Total, Output LOW 163 | mA | Vo= MAX, Viy = Open
NOTES:
1 For conditions shown as MIN or MAX, use the appropiate value specified under recommended operating conditions for the appficable
device type.

2. Not more than one cutput should be shorted at a time, nor for more than 1 second.

FAST AND LS TTL DATA

4-6



@ MOTOROLA

QUAD 2-INPUT AND GATE

Vee

[ [ [ [ 4 61 [4

D)

JURERDATRDAD NG

J Suffix -~ Case 632-08 (Ceramic}
N Suffix — Case 646-06 {Plastic)
D Suffix — Case 751A-02 (SQIC)

GUARANTEED OPERATING RANGES

MCS54F/74F08

QUAD 2-INPUT AND GATE

FAST™ sCHOTTKY TTL

SYMBOL PARAMETER MIN TYP MAX UNIT
vee Supply Voltage 54, 74 4.5 5.0 5.5 v
4 -5 25 1
Ta Operating Ambient Temperature Range 3‘ 05 25 7? °C
IoH Output Current — High 54,74 -1.0 mA
oL Output Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise spacified)

SYMBOL PARAMETER N L’:’;’;s Max] UNITS TEST CONDITIONS
ViH Input HIGH Voltage 2.0 \ Guaranteed Input HIGH Voltage
ViL \Input LOW Voltage 0.8 \" Guaranteed Input LOW Voltage
VIK iInput Clamp Diode Voltage -1.2 V | Vec=MIN, iy=-18 mA
Vow . joupu e varage [ 1B | eV
VoL Output LOW Voltage 0.5 v loL= 20 mA Vee = MIN
H Input HIGH Current 20 pA” | Vee: MAX Vin=27V

k 0.1 mA | Voo= MAX VIN=7.0V
Iy Input LOW Current -0.6 mA. | Voc=MAX, V|N=0.5V
108 | S ore Gyt -60 -150 | mA | Veg= MAX. Voyr=0V
Power Supply Current
lee Totat, Output HIGH 8.3 mA Ve = MAX, ViN = Open
Total, Output LOW 12.9 mA | Vcc = MAX. Vin = GND
NOTES:

1. For conditions shown as MIN or MA)i. use the appropiate value spacified under recommended operating conditi

device type.

2. Not more than one output should be shored at a time, nor for more than 1 second.

for the

FAST AND LS TTL DATA
4-8



@ MOTOROLA
MC54F/74F86

QUAD 2-INPUT EXCLUSIVE-OR GATE

vee CONNECTION DIAGRAM.

4 §3 f34 [4 fid [9] [g] QUAD 2-INPUT
EXCLUSIVE-OR GATE

FAST™ sCHOTTKY TTL

~

i J Suffix — Case 632-08 {Ceramic)
) N Suffix — Case 646-06 {Plastic}

i Z)% Flr)':' D Suffix — Case 751A-02 (SOIC)

JORERERORERERE)]

GND

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54, 74 4.50 5.0 5.50 v
R . 54 -55 25 125
Ta Operating Ambient Temperature Range 73 ° 25 70 C
IoH Output Cusrent — High 54, 74 -1.0 mA
oL Output Current — Low 54, 74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS
MIN TYP MAX

ViH Input HIGH Voltage 2.0 \4 Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 v Guaranteed Input LOW Volitage
VIK Input Clamp Diode Voltage -1.2 v IiIN = ~18 mA Vee = MIN

54,74 25 3.4 \'/ IoH= -1.0mA |Vee =45V
VoH Output HIGH Voltage oH cc

74 2.7 34 v o = ~1.0mA |Vee =475V
VoL Output LOW Voltage 0.35 0.5 v oL = 20 mA Vee = MIN
20 |° VIN=27V
IiH Input HIGH Current = N Ve = MAX
100 pA |[VIN=T0V R
i, Input LOW Current -0.6 mA V=05V Vee = MAX®
Output Short Circuit
los Current (Note 2) -0 #5 mA |Vour =0V Vee = MAX
15 23 1-input HIGH
lec Power Supply Current mA | 1-lnput LOW Vee = MAX
’ 18 28 Inputs LOW )

NOTES:

1. For conditions such as MIN or MAX, use the appropriste value speclfod under guaranteed cperating ranges.
2, Not more than one output should be shorted at a time, nor for more than 1 second.

FAST AND LS TTL DATA

4.35



@ MOTOROLA
MC54F/74F175

QUAD D FLIP-FLOP .
QUAD D FLIP-FLOP

DESCRIPTION — The MC54F/74F175 is a high-speed quad O flip- FAST™ SCHOTTKY TTL

fiop. The device is useful for general flip-flop requirements where
clock and clear inputs are common. The information onthe Dinputsis
stored during the LOW-to-HIGH clock transition. Both true and com-
plemented outputs of each flip-flop are provided. A Master Reset input
resets all flip-flops, independent of the Clock or D inputs when LOW.

® EDGE-TRIGGERED D-TYPE INPUTS LOGIC SYMBOL

® BUFFERED POSITIVE EDGE-TRIGGERED CLOCK
® ASYNCHRONOUS COMMON RESET

® TRUE AND COMPLEMENT OUTPUT i 9
MR CP
3 —0O10g
. 2—a  Por—*
FUNCTIONAL DESCRIPTION — The F175 consists of four edge- 6 —of a3
triggered D flip-flops with individual D inputs and Q and Q outputs. O14—5
The Clock and Master Reset are common. The four flip-flops will store 77—
the state of their individual D inputs on the LOW-to-HIGH clock {CP) 11 '—d Q2 Da b—12
transition, causing individual Q and Q outputs to follow. A LOW input 110 —{ Q2 2
on the Master Reset (MR) will force aii Q outputs LOW and Qoutputs 14 —O Q3
HIGH independent of Clock or Data inputs. The F175 1s uselul for 15 — 3 03 [—13
general logic applications where a common Master Reset and Ciock
are acceptable.
TRUTH TABLE > Ve = Pin 16
GND=Pin8

INPUTS | OUTPUT
@t MA=H| @t

Dn Qn On 4
CONNECTION DIAGRAM
L L H
H H L — i
tn = Bit time before clock positive-going transition MR 1 E Vee
th + 1 = Bit ime after clock positive-gaing transition 2
H'= HIGH Voltage Level % 5] 03 :
L= LOW Voltage Level 8o (3 [7¢] O3
Do (4 73] D3 _
01 [F] 12] D2 |
G [¥] 7] Q2
o 9] a2
- ono (3] . 3] cr
J Sutfix — Case 620-09
(Ceramic)
N Suffix — Case 648-08
(Plastic)
D Suffix — Case 7518-03
{SOIC)

FAST AND LS TTL DATA

4-91
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-2

LOGIC DIAGRAM
MR cP D3 D2 Dy 0o
’ ~
,— D a L 0 a l— 0 a 0 af
L——ojcr a cP_Q cP Q
co cD co

Please note that this diagram is provided only for the understandin,

MCS54F/74F175
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propagation delays.

GUARANTEED OPERATING RANGES

|

62 Q2

cP Q
co
Qs

g of logic operations and should not be used to estimate
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SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54, 74 4.50 5.0 5.50 v
4 A
TA Operating Ambient Temperature Range 34 gs gg ,7205 °Cc
10H Qutput Current — High 54,74 -1.0 mA
oL Output Current ~— Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS .
SYMBQL PARAMETER MIN TP | Max | UNITS TEST CONDITIONS
ViH Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage
viL Input LOW Voltage 0.8 v Guaranteed Input LOW Voltage
ViK Input Clamp Diode Voltage -1.2 V. llin=-18mA Vee = MIN
v 3 HIGI;( 7 54,74 25 3.4 v IOH=-1.0mA |Vec=450V
utput I
oH & . 74 2.7 34 v loH=-1.0mA [Vee=475V
VoL Output LOW Voltage 0.35 05 v 0L =20 mA Vee = MIN
20 uA VIN=2.7V Vee = MAX
I ! HIGH
\H nput HIGH Current 100 uA VIN=7.0V Vee = MAX
h Input LOW Current -0.6 mA ViIN=0.5V Vee = MAX |
Qutput Short Circuit
los Current (Note 2} -60 -150 mA [ Voyr=0V Vee = MAX
Dn=MR=4.
fee Power Supply Current 225 34 mA C!g = 5v Vee = Max
NOTES: -

1 For conditons such as MIN or MAX, use the 8|
2. Not more than one output should be shorted a

ppropriate value specified under guaranteed operating ranges.
t 8 ime, nor for more than 1 second.
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SCL40468
SCL44468

CMOS PHASE-LOCKED LOGPS

FEATURES

4 Very low power consumption — 70 uW (typ)
@ fo = 10kHz, SVdc

#+ Operating frequency range {no offset) —
Up to 3MHz (typ) @ 10Vdc (SCL40468)
Up to 4MHz (typ) @ 10Vdc (SCL44468)

4 Low frequency drift — 0.04%/°C (typ) @ 10Vdc
4 Choice of two phass comparators:
1. Exclusive-OR network
2. Edge-controiied memory network with
phase-pulse output for lock indication
¢ VCO Inhibit control for ON-OFF keying and
uitra-iow standby power consumption
4 High VCO linearity 1% (typ)
& Source-follower output of VCO control input
{Demodulator Output}
¥ Zener Diode to assist Supply Reguiation
4 Balanced Output Drive Current Specifications

APPLICATIONS

FM demodulator and moduiator
Frequency synthesis and multipliestion
Frequency discriminator

Data synchronization
Voltage-to-frequency conversion

Tone decoding

FSK-Modems

Signal conditioning

COPPOPOe

DESCRIPTION

The SCL4046B and SCL44468 phase-locked
loops contain two phase comparators, a voltage-
controiled oscillator (VCO), source follower, and
zener diode. The comparators have two common
inputs. The Signal input can be used directty
coupled to large voltage signals,  or indirectly
coupled (witlr a3 series capacitor) to small voltage
signals. The seif-bias circuit adjusts small voltage
signals in the linear region of the amplifier. Phase
comparator [ {an exclusive-OR gate) provides a
digital error signal PCIgye, and maintains 90° phase
shift at the center frequency between Signal and
Comparator inputs (both at 50% duty cycie). Phase

comparator IT (with leading edge sensing logic) pro- -

vides digital error signais PCIIq¢ and Phasa Pulses,
and maintains a 0° phase shift between input
signals {duty cycle is immaterial). The linear VCO
produces an outout signal VCOqy¢ whose frequency
is determined by the vottage of input VCO;,4 and
the capacitor and resistors connected to pinsClp,
Cig. A1, and R2. The source follower output,
Demod Out, with an external resistor is used where
the VCOjp signai is needed but no loading can be
tolerated. The inhibit input inh, when high, disables
the VCO and source follower to minimize standby
power consumption. The zener dicde can be used
to assist in power supply regulation.

CONNECTION DIAGRAM
{all packages)
ZENER DEMODO OUT
SIG P ’ (Volo]
Voo IN QUT go gy IN
1 ) ] i | | {
16 15 14 13 12 11 10 §
$CL40468 SCL44468 —
1 2 3 4 3 6 7 8
i 1 I I | 1
PCL VCO INH C1 C1 Vvgg
QuUT ouT {A) (8)
PHASE come
PULSES iN
Add suffix for package:
C 186-pin Cerdip
D  16-pin Ceramic
£ 16-pin Epoxy
£ 16-pin Flat
H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
VoD - Vss
Operating Temperature Ty

C, D, F, H Device
E Device

OC Supply Voitage 3to 15 Vde

55 to #125 OC
4010 +85 OC -

BLOCK DIAGRAM

@ Gwo

PUASE

Comenaton| |COUMANTR PHASE COMP T OUT
--0 )
- PHASE COMP T OUT
veo = '@
T Lewr pwasg Pses 3
° \
o O veo m ow
o & o

z g LENTER
:2: 8_ :l o€ c2s
ves SOURCE v
~ coutowen (1@ 2 )

‘ss ® 'ss
o .
g T H__
;
@ Qe
Fig. 1



SCL40468, SCL44468

VCO SECTION

The VCO requires one external capacitor {C1)
and one to two external resistors (R1 or R1 and
R2). Resistor R1 and capacitor C1 determine the
frequency range of the VCO and resistor R2 en-
abies the VCO to have a frequency offset if re-
quired. The high input impedance (10' Q) of the
VCO simplifies the design of low-pass filters by
permitting the designer a wide choice of resistcr-to-
capacitor ratios. in order not to 1oad the {ow-pass
filter, a source-ioliower output of the YCO input
voliage is provided at terminai 10 (DEMODULA-

TOR OQUTPUT). If this terminal is used, a load
cesistor (Rg) of 50k{2 or more should be connected
from this terminal to Vgg. |f unused, this terminal
should be left open. The VCO can be connected
directly or through frequency dividers to the com-
parator input of the phase comparators. A full
CMOS logic swing is available at the output of the
VCO. A logic 0 on the INHIBIT input “enables”
the VCO and the source follower, while a togic 1
“wrns off” both to minimize stand-by power
consumption,

PHASE COMPARATORS

The phase-comparator signal input (termmal 14)
can be direct-coupled provided the signal swing is
within CMOS logic levets [ logic "0"< 30% (Vpp -
Vggl, logie "1" = 70% (Vgp-Vgsl]. For smatler
swings the signal must be capacitively coupled to
the seif-biasing amplifier at the signal input.

Phase comparator I is an exclusive-OR network;
it operates analogousty to an over-driven balanced
mixer. To maximize the lock range, the signal and
comparator-input frequencies must have a 50%

duty cycte. With no signal or noise on the signal™

input, this phrase comparator has an average output
voltage equal t0 Vpp/2. The low-pass filter con-
nected to the output of phask comparator Lsupplies
the averaged voitage to the VCO input, and causes
the VCO to osciilate at the center frequency (fg).

The frequency range of input signals on which
the PLL will lock, if it was initially out of lock,
is defined as the frequency capture range (2f.).

The frequency range of input signals on which
the loop will stay locked if it was initially in lock is
defined as the frequency lock range (2fg). The
capture range can not exceed the iock range.

With phase comparator I, the range of frequen-
cies over which the PLL can acquire lock {capture
range) is dependent on the low-pass-filter character-
istics, and can be made as large as the jock range..
Phase-comparator I enables a PLL system to remain
in lock in spite of high amounts of noise in thein-

One characteristic of this type of phase com-
parator is that it may lock onto input frequencies
that are close to harmonics of the VCO center-
frequency. A second characteristic is that the phase
angle between the signal and the comparator input
varies between 0° and 180°, and is 90° at the center
frequency. Figure 2 shows the (typicall triangular
phase-to-cutput response characteristic of phase-
comparator L Typicai waveforms for a CMOS
phase-locked-loop employing phase- comparator I
in locked condition is shown in Figure 3. -

o
&
g AVERAGE™ OUTPUT
2 VOLTAGE
§ Voot
N
>
2
Vi L
3 Voos2
Wl
o
<<
5 L ] 1 )
E 0 30 80

SIGNAL-TO~ COMPARATOR
INPUTS PHASE DIFFERENCE

Fig. 2 — Phass-comparator I charscteristics at

put signal. : = r low-pass filter output.
PHASE:COMPARATORL
\ i SIGNAL. INPUT (TERM. |4} I ‘ ! |
nout State
vCO OUTPUY (TERM 43¢
COMPARATOR INPUT I [ __J
% x {TERM 3}
X PHASE COMPARATOR I I ] [“ [ 'l I"

\ OUTPUT (TERM. 2} .
sig’ Comp : Yoo
in n VCO INPUT (TERM.9)e oSN

LOW=-PASS FILTER
PCIOut 2 ' OUTPUT —Vss

Fig. 3 — Typical waveforms empioying phase comparator Lin locked condition



SCL40468, SCL44468

PHASE COMPARATOR I
Inout State 1 : Il
|
‘ » O,
,, O ORBO D2 N ©
w o O 0 >
| ;
PCIZOut o Outout Jc::o‘:noeuo !
Phase Pulses 0 \ °

SIGNAL INPUT {TERM. 14}

YCO OUTPUT (TERM 4 )+
COMPARATOR INPUT
{TERM 3]

PHASE COMPARATOR II
OUTPUT (TERM. 13}

—J L—Q-fr-_] 23

WMl ==\ \ Vo0

-

-Vss
V)
VCO INPUT (TERM. 9)s B P00
- LOW~PASS FILTER 3 -Vss
oUTPUT ) R
% < Vi
- PHASE PULSE  (TERM. 1) | U -VSD:

NOTE: DASHED LINE !S AN QPEN-CIRCUIT CONODITION

Fig. 4 — Typical waveforms employing phase comparator ILin locked condition.

Phasecomparator 1L is an edge~controlied digital
memory network. !t consists of severat flip-flop
stages, control gating,- and a three state output
circuit comprising: p- and n-type. drivers having a
common output node. When the p-MOS or n-MOS
drivers are ON, they puli the output up to Vpp or
down to Vgg, respectively. This type of phase com-
parator acts oniy on the positive edges of the signal
and comparator inputs. The duty cycles of the
signat and- comparator inputs are not important
sincs positive- transitions control the PLL system
utilizing this type-of comparator.. If the.signal lags
the comparator input in phase, the n-type output
driver is maintained ON for a time corresponding
to the phase difference: if the comparator input
lags the signal in phase, the p-type ocutput driver is
maintained ON for a time corresponding to the
phase difference. Subsequently, the capacitor voit-
age of the low-pass filter connected to this phase
comoarator is adjusted until the signal and com-
parator inputs are equal in both phase and frequen-
cy. At this stable point, both p- and n-type output

drivers remain OFF. Thus, the phase comparstor
output becomes an open circuit and holds the voit-
age on the capacitor of the iow-pass filter constant.
Moreover, the signal at the “phase pulses”™ output'is
a high level which can be used for indicating a
locked condition. Thus, for phase comparator IT,
no pghase difference éxists between signal and com-
parator input over the full VCO frequency range.
Moreover, the power dissipation due to the _low-
pass filter is reduced when this type of phass com-
parator is used because both the p- and n-type
output drivers. are. OFF for. most: of the signal
input cycle.. .

it should be-noted that the PLL lock range for
this type of phase’ comparator is equal @ ‘tbe cap-
ture range, independent of the fow-pass filter. With
no signal present &t the signal input, the VCO is
adjusted” to its lowest frequency for phase com-
parator IL. Figure 4 shows typical waveforms for
a CMOS PLL employing phase comparator L in a
locked condition.
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values of external
SCL40468 and SCLA44468 in a Phase-Locked Loop
system. The selected external components must be

DESIGN INFORMATION

guide for approximating
components for the

SCL40468, SCL44468

A1, R2 22, Rg = 10k§2

C1 2 15pF
In addition to the given design information refer
to Figure 5 for R1, R2, and C1 component selec-

within the following ranges: tions.
USING PHASE COMPARATOR I USING PHASE COMPARATOR IT
w T OFF VCO WITH OFF
CHARACTERISTICS vcomr:our OFFSET VCO WITH OFFSET VCO WITHOUT OFFSET CO WITH OFFSET
e = Age =
to
'wz/- -——-
fozr” I
IH _.T -
1
VCO Freguency |

Y30
YCQ INPUT VOLTAGE

¥2072 Y% vaor2

vCO INPUT vOLTAGE

VCO INPUT VOLTAGE

wo/2 Voo
£€3 INPUT VOLTAGE

For No Signal Ingut

VCO in PLL w.ncm vaill a0just to center frequency, [y

VCO in PLL svstem will adjust
t0 Iovewst operating frequency, fann

Freguency Lock Range. 2t

2ty = full VCO

traquancy range
21 * fmex—{min

REF. 3. 5. Moscnvez, “Miniaturizea RC Filters Using Phase-Lockea
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SCL40468, SCL44468

ELECTRICAL CHARACTERISTICS '*

§ i : 3 B
PARAMETER Voo | conoitions _Teow *BC THiGH_| ynies
{Vde) | | Min. | Max.| Min.| Typ.! Max.| Min. | Max.
! QUIESCENT DEVICE Heol ; i :
{ CURRENT i 5 lnhibit = Vg - 5 - 1005 5 — | 150 'pAde
} 10 iSignal input= | - 10 - 10.01 10 - | 300
{ 15 | Voo -1 201 -lo2 20! -~ |s00
TOTAL POWERDISSIPATION Py T D | o
. | VCO,= Voo, ; f
i i fo = 10kHZS |
I 51 Cu=15pF = _ = —-1007 ] -1 - - | mw
b g0 0 R1=1MQ, o . - - 106 « - - -
| 1 oas| R2=Rs== ' _ | _ ¢ _log | | _j C
NOTES: ' Remaining Static Electrical Characteristics are listed under “SCLA000S Series Family Soecifications”.
* TLow =:55°C for C. D, F, H device.
= -407C for E device.
Taign = +125°C for C, D, F, H device.
’ =+ 85°C for E device. .
3 VCO output {pin 4) and Phase Comparator Outputs {pins 2 and 13) have been cesigned for
balanced output drive current specifications. Consult Family Specifications.
25°C i
PARAMETER CONDITIONS Voo - UNIT
Min. l Typ. ] Max.
VCO SECTION
MAXIMUM OPERATING fpne.
FREQUENCY
3CL40468 R1 C1
R2 = c» 10k 50pF 5 0.5 08 - MH2z
VCOw = Voo 3 10 1.0 1.5 -
15 1.3 1.9 —
Sk SOpF S 0.6 1.0 - MH2
10 1.4 2,1 -
15 1.8 27 =
2 S0pF 5 = 1.3 - MHz
10 . - 29 -
15 - 38 - -
SCL44468 R2=co R1 C1
VCOw =Vop | 10k SO0pF 5 0.7 1.0 - MH2z
10 13 2.0 -
15 1.9 2.8 -
Sk 50oF 5 09 1.3 - Mz
10 19 29 -
15 2.6 39 -
2k SOpF 5 - . 1.8 - MHz
10 - 3.9 -
15 - 54 —
' LINEARITY A2 = o ' ‘ i
| VCOin = 2.520.3V, 5 - i - % ]
! | 'rRi>10kQ ; |
i VCOy = 5.0£2.5V, 10 - 1 - :
, | ! R13400kQ f ;
VCOw = 7.5:5.0V, , 15 - 1 - !

R1=1MQ

o



ELECTRICAL CHARACTERISTICS (Continued)

SCL40468, SCL44468

) +25°C
PARAMETER CONDITIONS Voo Wi T Tyo | Wam. UNIT
VCO SECTION (Continued)
TEMPERATURE- i
FREQUENCY
STABLLITY
No Offset R2=os 5 - 0.12-0.24 - %/°C
10 - 0.04-0.08 -
- 15 - 0.015-0.03 | -
With Offset R2< 10X R1 5 - | 0.060.2 - |%Pfc
; 10 - 0.05-0.1 -
X 15 3 0.03-0.06 -
' INPUT RESISTANCE e
H(VCO, ) 5.10, 15 - 10 - MQ
QUTPUT DUTY Ali vatid input combin-
CYCLE ations and voltages - 50 — %
OUTPUT TRANSITION k..., ¢
TIME TN e = doln 5 ™ 100 200 |ns
10 < 50 100
. 15 - 40 80
PHASE COMPARATORS
INPUT RESISTANCE
Signal input Rin 5 1 3 — MQ
10 0.2 0.7 -
15 0.1 0.3 -
Comparator Rin 5. 10, 15 - 108 - MQ
Inout
AC-COUPLED INPUT  |v5
SENSITIVITY
Signal input 5 - 200 400 mV
S 10 - 400 800
15 - 700 1400
OUTPUT TRANSITION
TIME
PCIL, PCIT trim. trHe 5 - 100 200 | ns
Outputs C = 506F 10 - 50 100
15 g 40 80
Phase Pulses ke ITHL 5 - 130 - 260 {ns
Qutput 10 - 65 130
15 ~ 50 100
DEMODULATOR OUTPUT
OFFSET VOLTAGE  [VCOy-
Voem | Rs> 50k 5 - 14 22 | vue
- 10° - 1.6 2.2
15 - 1.8 2.2
LINEARITY Rs>50k
{VCOuy = 2.540.3V 5 - 0.1 - %
VCO,y = 5.0:2.5V 10 - 0.6 -
VCO,y = 7.545.0V 15 - 0.8 -
ZENER DIODE
ZENER VOLTAGE |V, Iz = 50uA - 6.3 10 | 17 |v
DYNAMIC Rz iz = 1mA - - 100 -~ Q
RESISTANCE !




SCL40468, SCL44468
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NOTE: To obtain approximate total
power dissipation of PLL system

for no-signat input

Pp (Toral) =

Pgp (Total) =

Pp {fo) + Pp faging? +-Pp (Rs‘)
— Phase Comparator [

—~ Phase Comparator []
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SCL4049UB Inverting
SCL40508 Non-inverting

CMOS

HEX BUFFERS /CONVERTERS

FEATURES

4 Direct Orive of 2 TTL/DTL Loads

4 Operation from Single Supply

¢ Pin-for Pin Replacements for SCL4009B,
SCL40108

DESCRIPTION

The SCL4049UB and SCL40S0B are Inverting
and Non-inverting Hex Buffers, respectively, and
feature logic-level conversion using only one supply
voltage (Vo). The Input-signal high level {V ) can
exceed the Ve supply voltage when these devices
are used for logic-level conversions. These devices
are intended for use as CMOS-to-DTL/TTL con-
verters and can drive directly two DTL/TTL Loads.

The SCL4049UB and SCL40508 are. inter-
changeable with SCL4009UB and SCL40108 de-
vices, respectively. In these applications the
SCL4049UB and SCL40508 are pin-compatible
with the SCL4009U8 and SCL40108B, respectively,
and can be substituted for these devices in existing
as well as in new designs. Terminal No. 16 is not
connected internaily on the SCL4049UB or
SCL40508; therefore, connection to this terminal
is of no consequence to circuit operation.

SCHEMATIC DIAGRAMS

vee
.

E

1

ﬂ :A [‘I 5\:1'
A& X ‘_}j" u
L"S

SCL4049UB

SCL40508

167

CONNECTION DIAGRAM

{all packages)
NC ~6Y 6A NC 5Y 5A 4aY 4A
1 1 i | ! 1 |
16 15 14 13 12 11 10 9
SCL4049UB  SCL40508
1 2 3 4 5 6 7 8
R 1 i 13 1 1 |
Vee 1Y 1A 2Y 2A 3Y 3A Vgs

Add suffix for packagae:

C 16-pin Cerdip
D  16-pin Ceramic
E  16-pin Epoxy
F  16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
OC Supply Voltage Ve - Vss

Operating Temperature Ta
C. D, F, H Device
E Device

310158 Vdc

55 10 +1256 OC
40to +85 ©°C

Note: These devices contain input protection net-
works to Vgg only. Therefore, V4 (max}
may exceed Vg without damage (subject
to absolute maximum ratings).

LOGIC DIAGRAMS

>y
3_'>—‘ 2v
'_.>—‘ 3y

1A ’—'>o—‘- 1Y 1A
28 >t 2v 2A
38 >t 3y 3A

3 b * Q9
an L2 av aA 2> av
5A -->,_‘ sY 54 -2 s5Y
5A L>.,_’ 6Y 6A L2 gy

VL ——— '5:,—

ey T vy T

e Y=A S ov=aA
ScL4049UB SCL40508




ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '-*

SCL40498, SCL40508

T . ?
PARAMETER Vee : *5¢ T .
- {Vde) | Min. | Max. Typ. | Max. | Min. | Max. i
QUIESCENT DEVICE \
CURRENT ce 5 [Vin=VgsorVegp: - 0.005 - 30| zAdc
10 | Al valid input | - 0.01 - o0
15 |combinations | - 0.02 - 1 120
MINIMUM INPUT HIGH M ! .
VOLTAGE I ) i
SCL4049U8B i 5 VgL =0.5V - 2751 4, - | 40{ vae
10 {VoL=lov | -1 5.5 ' -1 8o
15 |VgL =1.5v [ 8.25 | 12.0 - ! 120
MAXIMUM INPUT LOW Vie : l i
VOLTAGE ! i |
SCL4049U8 5 Vou=36V | 101 2.25 1.0 - | vde
10 [Vou=7.2V 201 a5 2.0 -
15 1V =10.8V l 30! 6.75 3.0 ¢
QUTPUT LOW (SINK) foc ' ! !
CURRENT !
C, D, F, H devices i 5 Vg =0.4v 101 6.4 2.4 - | mAdd
! 10}V =0.5V , 10 V16 5.6 - i
! 15 VoL =1.5V {30 r:o 168 - |
;’ Vin=Vss 0r Vo | .
E device 5 |vo=0.4v 381 6.4 26 - | maad
10 1V =0.5V 8.6 " 16 - 6.4 - !
15 Vg =1.5v 28 40 [ T
'Vin=Vss of Vop | ¢
NOTES: : Remaining Static Electrical Characxer;stics are listed under “SCL30008 Series Famuly Specifications”,
' Tiow = -55°C for C, D, F, H device.
= -40°C for € device.
Trigw = *125°C for C, D, F, H device.
=+ 85°C for £ device.
' These devices have been designed to meet the balanced output drive current specifications for
Qutout High (Source) Current. Consult Family Specifications.
DYNAMIC CHARACTERISTICS (C, =50pF, T, = 25°C)
FVy [V L
P IN f cc Typ. |
ARAMETER ‘(Vdc)ltvdc) yp Max T Units
PROPAGATION DELAY TIME ; i,
SCL4049UB | s 60 120 ns
10 32 65
15 15 25 50
105 15 @ I s
115 5 a5 20 ,
SCL40508 [ /s~ 57, 70 140 as
110 10 40 50
Y15 15 ;20 50
10,5 ! NS AF 0 |, m
15 1 5 40 80
SCL4049UB 545 2 0 s om
. 10 {10 20 40
15 |15 15 30 |
10 05 15 30 ns
> 15 ¢ 5 10 20 !
SCL40508 5 5 5 4 10 ' ns
10 10 27 ! 55 |
15 1§ 15 i 30
10 5 S0 } 100 ns .
115 5 S0 1 100
QUTPUT TRANSITION TIME s s - | @& | 60 s
’ 10 10 - ro0 S0
15 15 - 0 50
! 5 s 30 8 , ns
| ° 10 10 , 2 k!
1 15 15 15 30 |
H ot
i INPUT CAPACITANCE '
| “scrsoasus - 15 225 of |




ORDERING INFORMATION

Ovetan Tompeisswss Ronge Pochuge
L0 -] 5054
= = MC1496
wCilaan Caromes OF Y
e Paons 0P . MCISQG
L+ ] Mot Con
T w + 11T
w1 Carorme O
Specifications and Applications BALANCED
Information ) MODULATOR/DEMODULATOR
BALANCED MODULATORI DEMODU R SILICON MONOUITHIC
LANCED o OR LATO INTEGRATED CIRCUIT
. . . designed for use where the output voltage is a product of an
input voltage (signai) and a switching function (carrier). Typical T
applications include suppressed carrier and amplitude modulation, G SUFFAX
synchronous detection, FM detection, phase detection, and chopper METAL PACKAGE
applications. See Motorola Application Note AN-531 for additionat CASE 603-04
design information.
4y Vee
o Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz n’, + Signal - Output
-~ 50 dB typ @ 10 MHz Input -~ Carrier
e Adjustable Gain and Signal Handling ., X input
e B8alanced Inputs and Outputs . Gain Adjust 0 + Cacsier
& High Common Mode Rejection — 85 dB typ Gain Adjust Input
- Signal Input + Output

Bias (Top View)

L SUFAX
CERAMIC PACKAGE
CASE 632-08
FIGURE 1 ~
SUPPRESSED-CARRIER
OUTPUT WAVEFORM D SUFAX
PLASTIC PACKAGE
L CASE 751A-02 |
T WO b, 0N SO-14
P SUFFIX
PLASTIC PACKAGE
CASE 646-06

“
i [}
i + Signal
" < tnput CJ ) VEE
{ o . . Gain Adjust tm NC

4 1 in Adj —Output
i SUPPRESSED CARRIER G‘"_' Adjust 1 ~Outpu
i Signal i3 NG
> | SPECTRUM Input
b Bias ~ Carrier Input .
: + Output NC
.NC H 1:. Carrier (Top View)
put
FIGURE 4 - AMPLITUDE -MODULATION SPECTRUM
N
FIGURE 3~

AMPLITUDE MODULATION
OUTPUT WAVEFORM

MOTOROLA LINEAR/INTERFACE DEVICES
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MC1496, MC1596

MAXIMUM RATINGS® (Ty = + 25°C unless otherwise noted}

Rating Symbol Velue Unit
Applied Voltage av 0 Vdc
{Vg -~ V9.Vg - Vi. Vg - V2. Vg - Vg. V7 - V4. Vy - V1.
Vg - V4. Vg ~ Vg Vg - Vi, Vy - Vgl
Ditferentiat input Signal Vy-Vg +50 Vde
Vg -Vy {5+ 1R}
Meximum 8iss Curcent 5., 4§ . .10 | mA
Thermat Resistance, Junction to Air S Raga W
Ceramuc Dual In-Line Package 100 .
Plastic Dual in-Line Package 100
Metsl Package 160
Opersting Tempersture Range Ta ‘<
MC1496 Oto + 70
MC1596 -55t0 +125
Storage Temperature Range Tatg -6510 +150|( C
ELECTRICAL CHARAGTERISTICS® (Vee » ¢ 32 Vde. Vgg = - 8.0 Vdc, I5 = 1.0 mAde, Ry « 3.9 kL Rq = 1.0&11,
Ta = +25°C uniess otherwisa noted! {All input and output characteristics ere single-ended uniess otherwise noted.)
MC1598 MC1a9e
i
’ Charscterivtic Fig. | Nete | Symbel | Min | Typ | Max | Min | Typ | Max Unit
Carrier Feedthrough ] 1 VerT nVirms)
Vg = 60 mVirmsl sine wave and fc = V.0 kHr —_ 40 - - 40 -—
offset sdjusted to rero fc = 10 MHz - 140 | — - 140 § —
V¢ = 300 mVp-p square wave: mVirms)
ofiset adjusted to zero fc « 10kH — | 004 | 02 — 004 04
offset not adjusted fc = 1.0kHz - 20 100 - 20 | 200
! Catrier Suppression 5 2 ves$ a
fg = 10 &Mz, 300 mVirms)
fc = 500 kHz, 60 mVirms) sine wave 0 65 - 40 [ Lo
¢ = 10 MHz, 60 mVirma) sine wave - 50 - - 50 —_ %
Te i 8. dih (Magni {Ry = 50 ohms) 8 L} BWqug Mie
Carrier input Port, Vo = 60 mVirms) sine wave - 00 — L. 300 —_
fg = 1.0 tHz, 300 mV{rms] sine wave
Signal Input Port, Vg = 300 mV{rms) sine wove — 80 — - 80 -
Vel = 0.5 Vde
Signal Gain 10 3 Avs 2% | 35 = 25 | as -— YN
Vg = 100 mViems), f « 1.0 4Mz; Vel - 0.5 Vde
Singte-Ended Input impedance. Signat Port. 1 50 Mz L =
Paratiet Input Rezistance fip -— 200 — - 200 — [Y4]
Parailel Input Capacitance Sip - 20 — - 20 - oF
Single-Ended Output Impedance, { » 10 MHz 6 -
Parailel Output Resistance fop — 0 -— -— L] - 4]
Paraflel Output Capacitance o0 — 60 o= - 50 — oF
tnout Biss Current 7 o aA
'bS'l! ‘l4:,bc_lz‘1g : Ibs 2}l ]~ 12|
2 2. e —_ 12 25 —_ 12 0
Input Offzet Current ? - A .
ligg « I1-1g: liaC = 17-lg Fosl — 07| 50 -~ 107 4{10
tioc — { 07 | SO —_ 0.7 1.0
Average Temperature Coefficient of Input Offset Current ? - TChol — L | — - 2w} - AT
(Tp = =55TC 1o « 175C}
Output OHset Curremt 7 - Rool - " S0 - 4 20 oA
(ig~ls)
A ge Temp Ci of Outout Offset Current ? o ITCool - 2 - - £ - AT
(T = -55°Clo +125°C
Common-Mode input Swing, Signal Port, fg = 1.0 kHz 9 4 My - 5.0 —_ —_ 50 —_ Voo
Commaon-Mode Gain, Signat Port, fg = 1.0 kHz, 9 - ACM — | -85 — - -285] — a
Vol = 05 vae N
Common-Mode Quiescont Output Voltage (Pin 6 or Pin 9) 10 —_ Yout -~ 8.0 - - [ X:] — Voo
Differentis! Output VoRtage Swing Capebility 10 - Vout - | 80} ~ - {80} — vo-p
Power Supply Current 7 [ mAde
[ ice - 20 10 - 0 | a0
ho L3 ~— 30 | <o - 30 5.0
OC Power Dissipation - ? s PD - k| - - N — mw
* Pin number references pertain to this device when pactaged in a metat can. To asc in the pondwng prn bers (or plastic or N
ceramic psckaged devices rafer to the first page of this specification sheet.

MOTOROLA LINEAR/INTERFACE DEVICES
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MC1496,-MC1596

GENERAL OPERATING INFORMATION *

Note 1 — Carrier Feodthrough

Cartier feedthiough 1s defined 83 the Output voltage at carmrer
fretquency with only the carrier applied (signal voltuge = 0),

Carrier null is achieved by batancing the currents in the differ-
ential amplifier by means of » bus trim potentiomeser (Rq of
Figure 5}.

Note 2 — Carrier Suppression

Carries suppression is delined as the ratio of each sufeband oul-
put 10 carrier output for the carrier and signal voltage levels specs-
ted.

Carrier 15 very on carrmt wnput wevel, as
shown in F-qwe 22. A fow value of the carrier does nol fully
swich the upper switching devices, and results in lower signal
gan, hence luwwer carnier suppression. A tugher than optimun care
roee level fesulls m unnecessary device and CitCuil Carreer feed-

theough, which agem deg the 't figure. The
MC1596 has been cheractenized with 3 60 iInVirml smewsve
carrer input signal. This level caner wp

$0n at carner frequencies in the vwm"v u! 500 kHz, and s
generally for bal nos.

Carrler feedihrough is independent of signal fevel, Vg. Thus
curer suppression can be maxumzed by operating weih large sig-
nal levels, However, 3 hinear operating mode must be maint sned
in the signal paw ~ of h of the modul.
synal will be muled and appear in the device output as u)uuous
sutehiands of the suyiessed catrer.  This requiement places an
upper limit on mputsignal amplitude (see Note 3 wt Figure 200,
Note ulso that an uptimum carrier level 18 recommended in Frg

wie 22 for goasl cattwr sappresson and muitan Sna s sule -

Diasved guoset atswn,

At higlw heyuences et youl 13 very snportant i wrder
o mmamize carrar toedibrouyh St finvg smray be ymn
ondur to g taTIIvE ¢ hing | the caent ngnit
teads and the vutput leads.

Note 3 — Signal Gain and Maximum tnput L evel

Signsl gain (smgle-ended) at low frequencies is delined as the
voltage gawn,

my

Vo 2
Ayg * VS 'm_“"“"'e m

A constant dc potennial is apphed 1o the cacrer input termenals 10
fully switch two of the upper 1ransiSI0fs “on™ and wo transistors
“off” Ve + 0.5 Vdc). This in eflect forms » cascode dvlferential
amphifier,

Linear operation requires that the signal nput be below a erite
cal value determined by Rg and the biss curtent g

Vs £ Ig Rg {Volts peak)

Note that in the test ciscuit of Figure 10, Vg corresponds to 8
maxamum value of 1 voit pesk,

Note 4 — Common-Mods Swing

The comnmon-mode swing s the volnga wmch mav beappma
to bath bases of the signal diff i ]
the current or with g IM dc" i
itselt by swinging it .10 the upper switching devices. This swing
18 variable depending on the paruicular circuit and biming condi-
tons chosen (see Note 6).

Note § — Power Dissipation

Power disspation, Pry, within the integrated circut pachage
should be caiculated as the summaton of the vollage current proa-
uCts 31 each port, ve ussuimng Vg - Vs, y, g l-, ald gnonng

base cutrent, Pp » 215 (Vg = Vi) * 15 (Vg ~ V5! where sub-
wripts refer 10 pia numbers
Note§ ~ Design Equations - -

The followng is a partial list of design squations needad to
operats the crcuit with other suppiy voitages and input condi-
tions See Note 3 for R, equation.

A. Oparating Current
The internat bias cutrenis are set by the conditions a1 pan 5.
Assume
I5-tg=lg
Ig<<ig for ali transistons

then.

‘ g +50011  where. Rg s the sesistor between pin
5 S snd ground
©2075VatTy =425

The MC1596 has been charsctenzed tor the condition I » 1.0
MA and is the gener ally reconmended value.

B. Curmmon-Mode Quiescent Outpul Voltage
Vg = Vg=V* - igRy

Nots 7 - Biasing

Tiw MCILUG6 renquues three de bias voltage levels which must be
sut externuily, Guidehnes for setting up these three levelt inchude
mantainng 3t leat 2 volts collector-base bias on ail trensstors
while not excesding the voltages given in the absolute maximum
rating tdole,

30 Vde = Vg, Vgl - IV, Vgl = 2 Vae
30 Vde 2 1Vy, Vgl - (V1. Vel = 2.7 Vdc
30 Vac 2 [(Vy, Vgl ~ Vgl 2 2.7 Vde

The foregoing conditions are based on the {ollowing spproxima-
nong:

~ Vg ~ Vg, V7 - vg, Vy=Vg4
Bias currents flowing into pins 1, 4, 7. and 8 are transistor base
curtents and can normaily be neglected f externat bias dividers
are designed to carry 1 0 mA or more.,

Note 8 - Traandmittance Bahdwidth

Cacrwr £ s the 398 bandwwath of
the device forward lnnudmn ance s defined by:

ip leach sideband)
yac* vs (5gnal
Signal teansadmittance bandwdth s the 3 98 bandwedth of the
device forward tiansadmuttance as defined by:

(segnal}
Y2158 * v Tsrgnatl I Ve=05Vvde, vy 0

Vo0

*Pin number references pettan 10 this device when pachaged in a
nwtal can. To ascertin the corresponding pra numbers for plas
UC Of ceramic pachaged devices refer 10 the first page of the
spectiication sheet
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Note 3 — Coupting and Bypass Capacitors Cq andC3

Note 12 ~ Signail Port Stability

Capacitors Cy and Cg (Figure S1 shoulkt be selected for & ce- Under certain vatues of driving source impedance, oscitletion
actance af less than 5 0 ohms at the carrier frequency. may occur, in this event, an RC suppremion network should be
connected directly t0 each input using short lesds. This witl reduce
wee « vme = the Q of Ihe source-tuned circuits that cause the oscillat .
Note 10 =~ Output Signsl, Vo <
M SIGNAL INFPUT
The oulput signal is taken from s € and 9, either balanced (PINS 1 & &)

or single-ended. Figure 12 shows the output fevels of each of the
two output sidebands resulting from vanations in both the cag
rier and modulating signal inputs .with 3 single-ended output
connection.

Note 11 — Negative Supply, Vgg

o 1

An aiternate method for low-Irequency mplications is 10 insert
8 | k-ohm resistor in series with the inputs, pins | and 4. [nthis

Vgg should be dc only. The insertion of sn RF choke wn serres case input current drift mey cause seriout degradstion of carrier
with VEg can enhance the stabitity ot the internal current sources suppression.
L]
TEST CIRCUITS

FIGURE 5 — CARRIER REJECTION AND SUPPRESSION

FIGURE & — INPUT-OUTPUT IMPEDANCE
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NOTE Pin number relerences pestain 10 thi device when packaged in a metal con. To sice tain the corresponding pin
~urnbers for Dlastic Or ceremec Dach aged devices refer 10 the first pege of this specification sheet.
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V. OUTPUT AMPLITUDE OF EACH SIDEBAND (Virms})

TEST CIRCUITS (continued)

FIGURE 9 - COMMON MODE GAIN
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Reetn
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vee

FIGURE 10 - SIGNAL GAIN AND OUTPUT SWING
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NOTE ki yuiiner relerances purtain 10 the device when pack aged in a retal can To ASCAT I The corrvsponding pin
Puinbers 107 DISIHC OF Ceramc Dack sQest Ueveces refes 10 Wiw fus1 page of thes specita ation sheet

TYPICAL CHARACTERISTICS (continued)
YDt el Charactermiics weve LLLaS with Ciruust Whowe s | wperw B0 500 s (sene wovel,
Ve 60mVinm), ig - 1 AHZ Vg - 300 mViran), T - ¢25°C uniess otherwhe noted,
FIGURE 12 SIGNAL PORT PARALLEL-EUUIVALENT
INPUT RESISTANCE verun FREQUENCY

!GUAE 11 - SIDEBAND OUTPUT versus CARRIER LEVELS
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FIGURE 13 - SIGNAL-PORT PARALLEL-EQUIVALENT
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INPUT CAPACITANCE versus FREQUENCY
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Y21. TRANSADMITTANCE (mmho)

Ayg, SINGLE-ENDED VOLTAGE GAIN td8}

FIGURE 19 - CARRIER FEE'DYHROUGH versus FREQUENCY

VCFT. CARRIER QUTPUT VOL TAGE [mVirmsl}

FIGURE 15 - SIDEBAND AND SIGNAL PORT
TRANSADMITTANCES versus FREQUENCY

TYPICAL CHARACTERISTICS (continued)
Tvoicsl characieristics wese obtsined with circuit shown in Figure 5. {c » SO0 kHe {sine wavel,
Ve * 60 mVirms), Ig= 1 k¥, Vg ® J00 mVirems), Ta® +25%C unlens otherwhe noted,

FIGURE 16 - CARRIER SUPPRESSION
Yermus TEMPERATURE _

(T I T TTI1 ‘[ .
09— sicnaL poRT -1 -f 1 4t Tt 1 10 :
a8 g4 444 AN 44 ] =
> ~MeY
7 —} {4 verd !\N A! \ g 20
I Nl g L1
i
06— sipesano —1- Sbteanp \\ E‘ jroman—s MC 149§ ~—ond
os | TRANSAQWITTANCE g [+709C}
"
Tous {EACH SIOEDAND) . = 48

04 we Vi GiERALY ' [y ) EJ-J.. E

Paanem 1 « N
03 SIGHAL PORT H 3 AN :

TRANSADMITTANGE I l] 7 ]
02 e 1 o \ //

tour 0
[ B m-;;lvm"l vE P OS var
° LI g g 10

[R] 1.0 10 100 1000 W15 -850 .28 [] 425 58 415 +100 125 +158 1Ny

FIGURE 17 ~ SIGNALPORT FREQUENCY RESPONSE
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FIGURE 18 - CARRIER SUPPRESSION versus FREQUENCY
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FIGURE 20 ~ SIDEBAND HARMONIC SUPPRESSION
versus INPUT SIGNAL LEVEL
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TYPICAL CHARACTERISTICS (continued)

FIGURE 21 - SUPPRESSION OF CARRIER HARMONIC FIGURE 22 ~ CARRIER SUPPAESSION
SIDEBANDS wversus CARRIER FREQUENCY versus CARRIER INPUT LEVEL
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OPERATIONS INFORMATION ~
The MC1596/MC1496, » lithic balanced modul. cir-

<cuit, is shown in Figure 23. FIGURE 23 ~ CIRCUIT SCHEMATIC

This circuit consists of an upper quad difterentisl smolifier
driven by a standard dilferential amplifier with dual current
sources. The output coll s we cr mied 50 that fult
batanced maltiplication of the two inout volteges occurs. That is,
the output signat is.a constant times the product of the two input canonn .
signats, vt

Mathematicat anatvsis of finesr ac signal multiplication indi-
cates 1hat the output spectrum will consist of only the sum and "
difference of the two input frequencies. Thus, the device may be Tont vso-
used a8 3 balanced modulator, doubly bslanced mixer. product —
detector, frequency doubler, and other applications  requiring 3
these particular outinit signsl char sctenstirs, MAS A Omenm geenn e & B e e

The lower dufferential amolifier has its emitters connected to [ . .
the package pins 50 that an external emitter resistance may be % e o € o b agmd
used.  Also, external load resittors are employed at the device
output,

e
T T Vo Wty

I

Catn anmty

Signal Lovely " FIGURE 24 ~ TYPICAL MOOULATOR CIRCUIT

The uoper quad differentiat amplifier may be operated either i " v
in @ linesr or » satursted mode. The lower differential amplifie b4
is opersted in 2 linesr mode for most applications,

For low-level operation at both input ports, the outout signal J_ e 19 MIt o3 M E;: 3
will contain sum and ditference frequency componenis snd have = - 1% . Ly
80 amolitude which i 8 function of the product of the input signsl ve 11oF o P o @ ovy -
smptitudes. ; caamien o)} w1966

For high-level operstion st the carrier input port and linesr wn e
ot the lating signa! port, the output signat will “"l:_ —O0— 40 v,
contsin sum snd dilference frequency compaonents of the modu- SIGN.
lating signaf & and the fund, tal and odd b, ics of
the carrier frequency. The output smplitude wiil be 8 constant W
times the modulsting signal amplitude, Any amplitude varistions
in the carrier signat will not aopesr in the cutput.

=t

-1

e T

CARRIER BULL 53
vee N

NOTE  Pin number relerences petain 1o this device when Pachaged in ¢ inetal can  To swcertain the correnanding pin
numbers for plsstic 0r ceramic packaged devices reter to the first pege of thit specification sheet.
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' OPERATIONS INFORMATION (continued)

The finear signal handling capabilitees of a d:lferentist amolifier
are well defined. With no emitter deg: ation, the ma
input voltage for finear operation it appronimately 25 mV peak.
Since the upper differentinl amplifier has its emitters ingernaily
connected, this voltage applies 10 the carrier input nort for all
conditions,

Since the lower differential amplifier has provisions for an
external emittes resistance, its ines signat handiing range may bes
adjusted by the user. The maxuimum input vollage for hinesr op-
eration may he amiroximated {rom the {ollowing exprespon:

v+ (1) {Rg)votts peok.

This expression may be used 10 compute the minimum value of
Rg for 5 given input voltage amplitude.

FIGURE 25 — TABLE 1
VOLTAGE GAIN AND OUTPUT FREQUENCIES

Carrier Input Approximate Output Signsl
Signal (V) Voltage Gain Frequency(s)
Ry V
Low-level ac L &G T faa
2(Re + 2r) (T
igh- i 11 W
High-level dc Cray o g
Ay Veirms)
Low-leve! ac TRk fctim
2J2(5)img o 2eg)
High-level ac 0637R, (c i, 31 tiy,
Rg ¢ 2 Stc thy. .

The gain from the modutsting signal input port 1o the output o
the MC 1596/MC 1496 gain persmeter which is most often of intevest
to the designer, This gain has significance only when the lower

‘Bifferentist aimplifier is operated in a linesr mode, hut ihrt inchates

most soplications of, the device.

As previously mentioned, the upper quad dif ferentist ampifier
may be operated either in a tincar or 3 saturated mode Approxi-
mate gsin expressions have been developed for the MC1%596/
MC 1496 for & low-level modulating signat inout and the following
carrier input conditions:

1) Low-leveidc
2] High-level de
3! Low-level ac
4) High-level ac

These gains are summarized in Table 1, along with the (re-
quéncy comnonents contained in the output signatl.

NOTES:
1. Low-level Modulating Signal, Vyy, assumed in ail cases.
Vg is Carrier Input Voliage.

When the output signsl contains multiple frequencies,
the gain expression given is for the output smnlitude of
each of the two desired outputs, Ic ¢ tyg.and fc - Iy
All gain exqwessions awe (or 3 single-ercled output. For
a differentiat output connection, multiply each expres-
sion by mwa,

R = Load resistance.

Rg = Emitter resistance between pins 2 and 3.

re = Transi dy emitter

st +25°C;

26 mv
o™ 15 TmA)

K+ Bolzmann’s Constant, T ° tempersture in degrees
Keivin, q - the charge 0n an electron,

’:T 22 26 mV et 10om tenmwrature

APPLICATIONS INFORMATION

Oouble sideband sunpressed carrier modulation the hasic
soplication of the MC159G/MC1496. The siggested crcuit for
this application is shown on the front nage of this data sheet.

In some applications, it may be necessaty (o operate the
MC 1596/MC 1496 with » single dc supnly voliage instead of dual
supplies. Figure 26 shows a balanced modutator designed for
operation with a single 12 Vde supply. Periormance of this cir-
cuit is similar 10 that of the dual supply modutator.

AM Moduistor

This pwortuct detector has & ity of 3.0 mi itz et &
dynamic range of 90 dB8 when operating at an intecmediate fre-
quency of 9 MHz. 7

The detecior is broadband for the entire high frequency range.
For operstion st very low intermediste fequencies down to 50
LHz the 0.1 UF capacitors on pins 7 and B should be increated to
1.0 uF. Aho, the output filter 8t pn 9 con be taitored 10 »
specific intermediste frequency and sudio sophfier input im.
pedance. .

As in sl applications of the MC1596/MC 1496, the ermrter
i between pins 2 and 3 may be incressed or decreosed 1o

The circuit shown in Figure 27 may be eed 83 an i
modulator with g minor moxdilcation,

All thet is requited 10 shift from suppressed carner 1o AM
operation is to sdiust the carrier null potentiometer for the proner
amount of carrier inser tion in the output signal.

However, the suppremed carrier null circuitry as shown in
Figure 27 does not have suflicient adfustment 1ange  Therefore,
ihe modulator may be modified for AM operation by chenging
two resistor values in the null circuit 88 shown in Foure 28.

Product Oetector
The MC1596:MC 1496 makes an excellent SSB rvoduct detec:
tor (see Figure 29)

adtjust circuit gain, sensitivity, snd dynamic rangn:

This circuit may #150 be uted 33 an AM desector by intrextucing
catrier signat at the carcier input and an AM sgnat st the SSB
input,

The carrier signal may be derived from the intermediate lre
quency signal or generated focally The carrier ugnat may be in.
roduced with or without modulstion, provided its level
sulficientty high 10 saturate the unper quad dif terential amphifie!
11 the carrier sgnal is modulsted. a 300 mVirms) input level
frrommended.
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APPLICATIONS INFORMATION (continued)

Doubly Balanced Mixer

Phase Detection and FM Detaction

Tiee MC1596MCI496 may be used as 3 doubly balanced - =--z=r—1 he MG 596/MC 1496 vwiilfunchon as a-phase datectos. -Migh—

et waih either Wrocadband o tuned narfow band snput and
output networks.

The local oscillutor signal & introduced at the carner mpud
purt with « recommended anwhtude of 100 mv{ims}

Figure 30 shows 3 nuaer with 3 brudband input and 3 tuned
gt

Frequency Doubler

The MC1596/MC1496 will operate as 3 frequency doubler by
ntroducsing the same freqguency 3t both input ports.

Figures 31 and 32 show 3 broadband frequency doubler and 3
tuned oulput very high trequency (VHF] daubler, respectively

kevel input sgnals are intruduced 3t both inputls When both inputs
are . the same frequency the MCI1596/MCT496 wiil defiver an
output which is 3 functiun of the phase difference between the
two Ml signats,

An FM detecior nay Le constructed Ly usig the phase detec-
tor panciple. A tuned circurt s added 3t one of the inputs 10
cause the Iwo 1nput 11gnats 10 vary in phase as 8 function of fre-
quency. The MC159G/MC 1496 will then prowde an output winch
% 3 function of the 1aput signal frequency.

NOTE  #in number references Dertain 10 the tevict when pach aged «
manbiars 100 PIAtTIL OF Caramin Pack agedl devices tetur 10 The 1uil page Of i speCHKAT10N sheet

2 me1at can  To ascertan the correpanding pin

TYPICAL APPLICATIONS

FIGUHE 26 - BALANCED MODULATOR
(112 Vde SINGLE SUPPLYI

I—

FIGURE 27 BALANCED MODULATOR DEMODULATOR
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FIGURE 28 — AM MODULATOR CIRCUIT
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