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Abstract
The study of Satellite Commuication in this thesis
is emphasis on television receiving only from Satellite
( TVRO ). The TVRO earth terminal consists of small antenna,
low noise amplifier (LNA).‘dDwn‘converﬁer, asnd IF receiver.
Thea inpu£ frequency for lF receiver that construct ’
in this thesis is 70 MHz , Bandwidth of 36 MHz . This
receiver consists of amplifiers, filters, video detector,

audio detector. The output Signals from this receiver

are video &nd sudio signal to connect the TV. terminal.
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ca ' ¥
n§§§§1Uﬂ15

lﬁgae;ﬂ selellite Receiver
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lﬁ?ﬂé?ﬂ setellite Recelver nﬂiiﬁnTﬂEﬁ7Q1uﬂ17§u&ﬂlﬂ{ﬂ

Smnan warfoai s anaun uasn11331§aﬂie¢5ﬁ§jaﬁwnuéau
$

nyaeniRetvesnnd L fisy 1luyuLesIATENTY  Setellite Recelver

Tuisgiifannvinxaiemn uRQﬂ P A SO (X STTat T T M

gns1s5uond
g1l fin 200 ofp
LKA, (3o Tund
Down Convert
DC. 15-25 V.
ane 1 Sauont dmon IF.
LKA, Down Converter

217 10-20 ¥R
{

718 RG-59 1ugcieTosiy -

LNA.&
Down Cenvert | sratdudon 1 R

7ﬂn 1.4 7Qwu1n|1raata1ae,u Sstellite Receive
an‘ﬂn 1.4 U% nqﬁﬁx.unevﬂau1n1~ﬁa¢1ﬁﬁaevu Setellite

Ffecelver %élUZBLUﬂ“QﬂﬂJﬂWTl*GELHﬂQ(%Oéﬂﬂu%ﬁéﬁﬂﬂ( Down
Converter 1ﬂ 1.4 N ﬁafuuvﬂétﬂu ﬁe Down Convarter 1jgobqu
lﬁ?Déﬁ nf51801811 ﬂDQl%i?Slﬁlu xaaaanﬁ g1NINER aﬂas:uuan
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1§afrawasun7ué1 t§1u11ua1811 éan1525u131ata1 Down Converter
11 ndty 2e91emaims ﬁﬂ1 uwnwu refﬂn 1.4 «, u«u?ufﬂn 1.4 A,
sﬁu:zuvénﬂﬁg?;za1 2437Y81ETUNIXAWRY Down Converter 1~unutﬁu
Low Noise Converter mnen?’nurwanwu*smmﬁ L‘i“)F‘DHJOvﬂ‘JE
awsTauanxiﬁasvaqut:1uweanafaasun eluvonany

tanawr:§1§13n1 ﬂuaﬂt.ﬁu uazn17?uua1 &ﬂéaa¥u Setallite
Receiver scuﬁuﬂnat 1 5n 1 n:ununwfrguzuaexnﬁn1eraeanu
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un®d 2
nea =
tn¥ae¥uNuyrand Hen yrznauMudlnasdussnauninuatadudie fias
nanafisquunfl  Teseedusznoudne m zae infasXudnmnantd fenss 1fen
dafiutivufantaazunsun ...
2.1 294%%%ei18 (Amplifier)
2.1.1 IF Amplifier
wil"fuAneavq9eT IF Amplifier fasznmidfesedunna 1F
tJIuBBNN1RINI9YT Band-Pass Filter w8a SAW Filter #enioauisss
Band-Pass Filter § =z ffuliafinnd haniTgn idlavasNaginad9nan
81 s faufgnnn IF 1§ MUM999:T  Demodurator Hawim IF  anxwzfl
auares Fuunda iuiundafiiesT Demodulator azmnIwdd 1971%s8as
mnasegedunon 1F afusefu uaz iffunasifly  signal - to - Noise

(s/N) afifldngefu

oUTPUT

U8 2.1.1 29xfusuzae IF Amplifier

aevTooadyy e IF Amplifier =44 Common Emitter fi5l

Collector Resistive Feedback uaz gnq (Saudasondnsnadae
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Capacitor TeenTnds inadfazadauless IF amplifier azdacfinanf

Gain Bandwidth Cut-off gend1 70 MHz H¥umauauntvarmaudiefl

V = Vee *R 2/ ( Rg + Rpg + Rpo )
I = V-V /R

I = V [/ Rg

I 5t Ie

Ic = P* Ip

2.1.2 Video Ampliflier

Video Amplifier ifudrufinmrflosofuuimnwilll inandu
wmzaantuuda  flasrnn¥annan wlidae Band width fnfnswan 29w
seo¥uninnw®e ifuievTeaneuny  Wide Bandwidth Amplifier #9
azuandtsansasestatiiMuda  29aTegeN¥uanantwefuda s Hegnantifou
nrTnavduatainBvdnaand waa bt fanntsdeNuuianiw  dukbasqunsa
agns¥uyraidandaenanifintenan  aaTfesnendaevTes e Suyetdautag
ANt 19aan a8 1du n1Taa Gain ®as2evTRsN1 , nvadnag
flaunNuuvuay 1fudu

video Amlifier awfiffxzadMafuuy Differential video
Amplifier wwaf NE 532 Feawqrnva sfoungiaidaugas  BandWidth

90 MHz U¥uR1 Gain 2832937THHRINATATVANAIAINEUNUAEwant]



doogfue1 Gain Select ®asva® 1o fynwas NE 592 8 2 M9 Hsaos
n¥u iwafiv 180 a9A1 1anthm v1 8 lwNummnnw  waziafiym w0 7

lﬂu Inverse Video

2.2 oaf%a i inad (OSCILLATOR)
2.2.1 1$awten17207% 18 1nad
$aueaun1T0a7%a Langas19v7807%a 1a (et
1. &asfinasflounNy (Feedback) «1nianviymanie8uym
uazdiaeflrnguinu (Loop Gain) agrsdoe iiafuntle  uszfl iwaBwW (Phase
shift) i fugudasdn
2. #ind imaduuwe inad wpeaesTasdosdoandute
3. A8 imasHuuurleaesdsunis Node Voltge wda Mesh
Current #as triffugue
2.2.2 2e3722d%a 1a waduvuffauniy
a9ssfludasaugy  2.2.1 - 2.2.4 iffwaesTaaa ta inafunn
founfufladfunntlga  undiinszadniuda wnad udesTuuudu  uazqund
wuuSufistunTaadid aad nflaTnndifus1saduBnnaand (Quart Crystal)

unufuan uﬂﬂﬁx’l‘lﬁﬁ’lﬂdﬂ aAuUIIRT

[ i &

7Y 2.2.1 Colpitts Oscillators
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7Y 2.2.4 Tuned - Input Oscillators
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e SEHEAND
: : R__2 H
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3U 2.2.5 Colpitts Oscillators WIN@INATINNIU
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RINFU Cy gnﬂdtﬁwwuLﬁaﬂﬁnwsuﬁnﬂoﬂuﬂiﬂaﬁu Ry 228RaWAKIIN
a7 wlswueas Swymusafinuawieasntula wad  dausediu v #8uym
wadmaznad tfaussdiutafyn vy da vo/vy  szganmuateswiTaf imad
waenTIud tmad ua:ﬁw?uamﬁquuaﬂUTﬁnanﬂﬂdwutawﬂynua*n ZfTnan
Hewualldo drmruErunin [ndauzas Ivanrwiwludawmduniutiuas 14q
Muffsga 3 aavavasflouniy

WaafiniToaa%s aafl inflaTaiw  asstffaunfudasffow T s v,
n¥uMud s BumuasnTinda wad  Aewnneaandn azdaefifnyiniTeane vin
Nuwils (Unity Gain) umz Phase Shift = 0 avAn Taugy 1-2-3-4-1
29a73z00#8a tanfinautl  #eafidn Phase shift wewflndan  Teefidasa
waﬂasauguﬁautﬁanﬂfaaaﬁa1anﬁaquﬁnndﬂuﬂﬂ Taaunfudanasflaasnns
aaa%a tanazfuagiuntTnmuadn L, ¢ aweeT  dnnaatifrasnTiuda-
iwnad umRz Phase Angle adav¥aTr2esfarsfnaad 1wuandanaulleasnas
2089 1an

avaT0a#9a 8 Inafdaunntzafi997 Common Emitter , Common
Base , Common Gate , Common Drain @ w¥un7usinad Rauadrexs
Common Base a'm¥uaau®aininad fasson

1. finnaflaunfunipaulianguda ieadfas nfaanasonaugunasiau

nfurddeguntdaisvan

2. ¥aTnqTeananTsud (¥) H  Phase shift flasnn  uazflaune
fau idfin aufflsasnufuszinn £, /7 2 Fefn fuasaTuuy
Common Emitter fdaTIn 198880 TSUA (/B) [raaae iy
6 Decibel Octave ﬂﬁﬂ%ﬂﬂﬂ?ﬂudaﬁ upzfliin Phase Shift

90 8961 Fsn¥naTd taTzdeTRMEs navundu

19



2.3 MIXER

qunsdefintane el w189 Auaan ansnTead dwlin et isizdn
g Ranandiveindfia idmnme8ym &avaaaaual tffu 189 1dn
(Non Linear) gefiuinizad awadiaten, nTwBdmad, wn wda
ufiud Zuan inafiidaiin nTesnuuvaseTazfRnTaafle 1nu , waadfnunad,
wlaTnw, teundndimud uazsu inafuang talin uazATasnang 1alin

2.3.1 naedfustusasfinizad

v Ken] inasr
A =SS

‘xl.lﬁ 2.4.1 udav297fn l'lfﬂ‘{uﬂu""lﬂ )

quft  2.4.1 usmead (fuflefin irafuvudna  FeuTzneudlagunadil
arane sl 1w 189 1du  uezfiSuymtaadian Vi(t)  uez  Va(t) Al
rmfl  £7 uez £, awasdufinquasdiad  Hntanme i e iduuda
hmTaadias  wlansrusssuzznavdaeeaull £y waz £ iinfin
ulgunTdfintanoe el ifu By idu sz e wtidumasnan Toatiavy
A wutindeasfuyn  uaz @ hymAuTa Liuzae 1281 ( Time Domain )

dwrTaudnséEmaynsneas ind inad (Taylor Serie)

1o (t) = lo + avp (t) + biva(£)12 + clvi(e) 13 + ..
(2.4.1)
Vo (t) = [ Vicos(Wet) + Vacos(Wot) | (2.4.2]

1g (t) lg + s{Vicos(Wyt) + Vycos(Wgt)]
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+ blVjcos(W,t) + Vacos(Wpt)12
+ clVjcos(W,t) + Vacos(Wgt)1?
(VicosA + VycosB]2

= [ VicosA + 2VycosAcosB + [VycosB)?

[ V12 + Vy2cos(2W,et)1/2 + ViValcos(Wet+Wgt)

+ cos(Wpt-Wgt)] + [V2 + cos(2Wet)1/2

[2.4.3)

[A+B]§ = a3 + 3A2B + 3aB? + B3 [2.4.4]
lg(t) = 1g + [Vpccs(Wet) + Vycos(Wot)] + (V3272

+ V12/2 cos(2W t) + ViVocos(Wot+Wet) + Vp2/2

+ Vo2/cos(2Wgt) ). .+...+[V32/2cos(wet)+Vy3/4

(cos3W,t + cosWpt)1+[(3Vy2Vy)/2cosWpt +3V12v,
(cos (2W t+Wpt) +cos (2W, t-Wot) ) 1.. . +...+[3V3V,3
cosW t+(3VyV22)/4 (cos(W t+2Wgt) + cos
(Wet-2W,t)) ) + [Vp2/wcosWot + V2/4(cos3Wt
+ cosWgt)]
(2.4.5])

Teefl 19 #onvzud DC mistahm  waz  Vi(t) HAewasanwas
¥ranisSuymftewsn S ¥aunnani1eBuwmil ifasnaatl fae a2l iu e
Busznndonnled (Harmonics) wasmaanfifiu uszvmadnssusd® wiau
wiasMy  f8wymuTznavdiaawatsadntl e fmezusznaudae flamnTa-
fed urtwauan, wadrszasarntisannanfl ifuns®esas GurenT (2.4.1)
1fundn  wasn8uinaduang intuaad eadfssas  ( Secona order -

Intermodulation) uRZRANimannv¥es w18andn  wawvnaad wwafaw



qunwd%ﬂﬂnﬂsnﬂwqutﬁu Square - Law iffugqunad®e imunzan

Am¥us weaefin e fHige asrina: iRawaasaamiiiEaeniTsman

foutlgn Hquasdd

1g(t) = aVvi(t) + vIvi(t)1? (2.4.6]
urzguym
vi(t) = VicosWit + VacosWi (2.4.7)
aTzuanTs tanfynaz i
Ig(t) = aVycosWit + aVycosWat + bvyZcosZujt

+ bv22cos2w2t + 2vByVocosWitcosWat

[2.4.8])
imangafinees [2.4.81 i avimidaenqatiue
-
2vB3VocosWitcosWat = vBiVzlcos (Wi-Wp)t
+ cos(W3+W,0t) [2.4.9]

~z 1fludreunuas uenuBgaen swadag unzwRuINzasAwilfedneas
ganHuuaquﬁaﬂ vy uaz vy wasRugraduym

Toafusm¥ufn (rafiadan iedasdy  odmidasnBonadezas
fenpemautinieBuym , arutisntled urzwauInzasalifisdasazgn

n el taanTnTasAnl (Filter) w¥a988u«



2.5 fawmad (Filter)
2.5.1 799”7 Band-Pass Filter

wf"flu¥ne0929%7 Band-Pass Filter #aafinatafiiruuméidag
aamfutten daflu  AoezafirudBeud - wi-w,  Tesannadl - £1, f£2
w:ﬁﬂﬁqa -3 @%iua ( Half Power Point ) Tasfimaul Center
fi £0 s f£q yreede 13118804 aawllda els renefin  uasfidiaanan
aaqwuﬁnﬁmmﬁmﬁan Stop Frequency uUn@iszunnda 40 1% tuafury
WRZFUuuLEEY Response vavfxinafd 3 wwy Ha

1. Butterworth Response

2. Chebyshev Response

3. Bessel Response B

“ee  Response Auudazuuvustfl response ﬂﬂqaﬁnru:uﬂndﬁﬂﬁu
%u%qnq1w:uﬁ%ﬂﬂﬂw:ﬁaﬂn1ﬂudﬂn77ujuuuﬂﬂuﬁﬂﬁ ToaaninaBwudlazad
Band-Pass fil?er wyy Chebysﬂgv Filter %ﬁﬂ:ﬁ Response, ﬂ
ﬁnw7amnauﬂ§$%gzhuu5u udﬂﬂatﬁﬂﬁé #7989 Phase azMiT 1 ¥ay
(Flat Response) A% Band-Pass Filter f ~znmuaaditien Ripple

%29 Response thaffu 1.0 182 tuauazfiAaanauninndi 40 a2 ius ﬂsﬂ

Stop Band

2.5.2 niTaanuvufa inadirsadiBnTad8n tuvwTq8 mad

(Filter by the image parameter method)

nTaanuuuIeeTha wwadstn1il  [sawaTauuaduntTaanuuy
Band-Pass ua® Stop Band Tesanduguaniifivavn tedaliuuuy  cascade
%89 Two-Port Network %ﬂlﬂuﬂﬁ?ﬂa Cascade Hu®av1e’7 Low-Pass

iRz High-Pass
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2.5.3 BuinaBufiuaudunsnsiu ivafihfu 2as Two-Port Network
(Image Impedances and Transfer FDI for Two-Port N.W.)
auntTaanuuu29vTln wead  tvezadiq8u sRSautiuaud uastaad

inanTn i flunas Network Tneni7a¥588: tvawn779 1nad
w¥NnN1T9a9  Two-Port Network w:uﬁmq\quﬂ 2.5.1 ’3\: (S 20 K H

\San Network 847 ABCD Network nsfen1ewasnTzus Ip azfifinag

Anaaanain  Network #edn8ynaws 19 wadl (v raznomuaadiiu 25,

Uz Zjp9
zy; AerBuymBatiuauttl port 1 1fafl 2y, doagf pPort 2

z1 fadSuymBatiuaudd port 2 el z,, daaQﬁ Port 1

\'41 AVy + Blj (2.5.1)

I; = CVp + D1y [2.5.2]

SuynBufluauddl port 1 e port 2 dadam z;, wzud

Z1n1 = vy/Iy A.Vo +B.1l2 / C.Va+D.19

L

A.Z312 tB / C.Z39 +D [2.5.3])

el Vo = 212.12

[ndnntTf 2.5.1, 2.5.2 Tee V, usz 1, azadBuinada

ABCD Matrix az¥é AD-BC = 1 (wvazfiuszvd

Vs D.Vo - B.I, [2.5.4]

I, =-C.vy + A.Iz . (2.5.5]}



o

nIMA TR
Zin2 = -V2/I3 = -D.Vy +B.Ij / C.Vy -A.I,
= D.Z99 4B / C.Zgp +A [2.5.6]
ud vy = Z93.13
17992 Zyne = Z3  MRE Zing = Z32  *INANNATH

2.5.3 uxz 2.5.6 =z ifluaunqrTteaeSutiuaud

oD
(o4 ]

=g

] <D, l

7uf 2.5.1 Two-Port Network auguea98u tnaBsfiuaud

Z37(C.Z724D) = A.Z32 + B (2.5.7]
Aj;.D - B = Z39(A-C.2;33) {2.5.8]
MA@ 211 = (aB/CD) [2.5.9]
z12 =_ (BD/AC) [2.5.10])
Tosf Zy5 = D.Zyy 7 A &1 Network awwnatiu  effn
axMd T A =B umz 233 = Z3, whenanfMddn8n uawiTafl inafuda

F1RsHwAn Tt asnT ke fidin  Taovsdadasr 18 tesnfiuaud

%ﬂﬂ:uamwﬁqguﬁ 2.5.2
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thq:qﬁuﬁuwnﬁuﬁunu%ﬁ Port 2 Taefl Port 1 dadae 2y; awnng



{INANNIT 2.5.4

Vo = D.Vy - B.Ip = (D - B/Z231).V1 [2.5.11)

(uet71mzafl v; = I7.211) T esué¥aTidauTiadien (Voltage Ratio)

Va/Vy = D- B/Z); = D - B (CD / AB)

= D/A. (AD - BC) [2.5.12]
Io/I3 = -C.V1/I1+A = -C.Z33+A

= A/B. ( AD - BC) [2.5.13)

fauva 1ead D/A AuANNAT 2.5.12, 2.5.13 %4 (T8 m1Tan 60
Propagation Factor veda

e-¥ = ap - BC [2.5.14)

> [ s] <=, s

311’5"1 2.5.2 Two-Port Network Auguza<8u taBufiuaut uasfundedqs

Toefl © =3 ud e% = 1/( AD - BC)

(AD - BC) / ( AD - BC)

AD + BC {2.5.15])
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(e¥ + e~¥)/2 (2.5.16]

uss cosh ¥
AD [2.5.17)

A4 191921841 cosh ¥

| 4

Hrevsfladunan  Two - Port Network M82%%3uuy T uas &

Rz 1flurenTaunanT SugasaunTief 2.5.1  Zes=Hd8n inawas0 wead

U Propagation Factor

;2 Z,72 . Z
AAA d |
F Z b4 2
o, : b
- T Network . . ® Netwock
ABCD parumeters ABCD purameters
A=1+2,022, A=142,022:
D=2 +2i142; : B=2
=1/2s | C=14}2:4 Z./JZ::
D=142.022; D=142/22; '
Z paramriers Y parameters
CZnwZo= 3 sap ' Yo =VYe=1/2,4 1/2Z;
Z|=ZI=Z\ ) Y.~=Yv|‘|/2|
Image rm;-'-d:ncc . Image impedance -
,-\77xh+aﬂz (Zin= VTZT A 532 = 2202
. Propagalion constanl . Prupagaticn conatant .

4 = 3
C =T+ 222+ TV 4Z) & =N+ 202204 \J12,j2:0+42; 32D

a1598 2.5.1 8 inawns 8 maduae Network T ums &

2.5.4 Constant - K Filter Sections

n1sdmun  Low-Pass Ul High-Pass Filter aefiffugrunn
sinaeRTuvy T Heudeedeguit 2.5.3 Teefl High-Pass Filter
azusznaudie ASulinuaut uazdniunBiead  Besznonasfuliunnaasnad
g9 usz azsanad¥uuadutddawiud deanBouasnansied 2.5.1 Tes
azaf

Z7 = JWL usz Zp =1/3WC



Seflud Ima

L/2 L2

T

L

D I I

IC/‘Z IC/Z

qufl 2.5.3 Two-Pass Constant-K Aujueas T uaz &

ge Impedance

Zop = L/C . 1-W?LC/4

t71nzuna el cutoff #a

We = 2/ LC

UREZ Nominal Characteristic Impedance (Ro)

Tafidl K

tﬁa le

Ro

L/C =

f @uned 2.5.18 a=vd

237

=Ro e W=o0

K

i

Ro (1-W2/Wc?2)

f1 Propogation Factor xinm1T1efl 2.5.1 =zvd

el

= 1 2W2/Wc? + 2wW/Ve.

wZ/we?2 -1

Tﬂﬂ%ﬂﬂ") 'mﬁﬁ\: #OvAq wf{ﬁ:ﬁaﬂ tﬁu‘mmw lﬁau“s'ﬂﬂa‘lﬂ&

1.

[2.5.18])

[2.5.19]

(2.5.20])

(2.5.21]

[2.5.22])

Tﬂﬂﬁ W<We : ﬂ:tﬁu Pass Band Filter Nnnﬁfﬂ 2.5.21

28
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RTUAAIAT Real uas annTh 2.5.21 wsudesdq Imaginaly ud

w2/uc2-1 aziffudnuuas e, = 1
= (1-2W2/wc2)2 + 4w2/wc? (1-W2/wc2) = 1

2. tesfl  wewe : wziflu Stop Band Filter saunaTil
2.5.21 =ziffud Imaginay uatamnT® 2.5.22 asus@edn  Real
&aouaz -1<eT<0 (efifan1vha Limit R0 W -> We Ul W -> )
¥nTinTTamnau (Attenustor Rate) fl W >> Wc ﬂ:tﬂa 40 dB/Cascade

unfidn e unzAtaenauszusasdisauzull  2.5.4  azfs inafudn
nrvaenau ( ) ssiffu o wdafld i fnflen  Aandyemaall cut off wzfl
uffla -> uwfa w->

#'m¥y Low-Pass Filter augufl 2.5.3 (v1azaf
2y = JWL URz Zp = 1/3WC %4 Péfpagation Factor wzfidn iuflan
fuu Low-Pass Filter 74%7 T Network ua:ﬂ11ud Cutoff ( WcO
WAz Nominal Characteristic Impedance ( Ro ) az.iuwffoufiuauw T

Network Avd&esannqafl 2.5.19 uaz 2.5.20

8 w = 0 17wzl 230 = zZ3 = Ro
Tanfl Z, #la Image Impedance %a474%7 Low-Pass uuu Network udl
71 uaz Zjp un@ssfle vl infuflnoafdnen

High-pass Filter =zudasaugufl 2.5.5 1373z tfudatunils

$89 Inductor UREZ Capacitor azmTefiud ufiuan Low-Pass Beazvd

ﬂNﬂﬁTﬁﬁﬂ
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Ro = L/C {2.5.23]

We = 1/2. LC (2.5.24]

¢ . "

Iﬂﬂ 2.5.4 Quﬂuﬁﬁﬁa# Low-Pass Constant-g ﬂuzﬁﬂ 2.5.3

2.5.5 n-Derived Filter Sections

157192 1fudnva8299788 tnafuny  Constant K sHuszTaed
aunneduiasinisannan  azfidfeafiaanaufl cut off  uddn  Image
Impedance azvalnsft Sefintsdmuuasafl (fun19fa twafusy  m-Derived

‘ﬁa'n:iqzmum'suﬁﬁmmﬂ Lﬁnﬁu‘mn'\'rﬁa iwwafuyy. Co.nstant—K

|
— [ **?§—4FL~§—** '

jﬂﬁ 2.5.5 High-Pass Constant-k Qujy T uaz &

ﬂ:uamﬂnWTQalmafunn m-Derived %ﬂﬁunﬁTﬂﬂﬂuuu Constant-K
tsIRzunuanslding 2, uaz  Zp'

27! = m2g (2.5.25]



Q’Hﬁﬂ’Viﬁﬂ“ 2.5.1
Z3' = (Z1.Z7 + Z1)/4
= (21'.22' + 27'2 /4
= (m Z1Z' + m2 2,2 /4
w1 . 29! _zMA
Z2' = Zp/m + 23/4m -mZ; /4
= Zy/m + (1-m2)/4m.Z1

Zy' wzgnunudae 2 dandeaynTufiuliegufl 2.5.6

Zir/2 Zirsz Zir2 Zir2

R €z>
mZi/ 2 mZis2
. “ANAA AAA —a
z2/2
1
21
1-rm/4m Z4

3uﬂ 2.5.6 m-Derived Filtexr |1n Coﬁstant—k

#'m¥u Low-Pass Filter wszaff 2; = 3JWL uaz
RINFENNITH 2.5.25 uazr 2.5.27 sud

Z1' = JwLm

Zo' = 1/3WCm + (1-m2).3WL / 4m

mos2 m_/2 2C/m 2C/m

e Vg YV s———! "l—"
_L L/m

mC

22

m——axsiem €

(2.5.26]

(2.5.27])

= 1/3V¥c

[2.5.28])

(2.5.29]



ﬁﬁnjuﬁ 2.5.7 177RzvM1 Propagation Factor “Wé’neiT1e 2.5.1

0
~
]

[

+

(Z2'/2Z2') + (21'/Z2') (1421/4Z2')  [2.5.30]

Z1'/22' = 3JWLm / ((1/3WCm) + JWLm (1-m2)/4m)
= (2Wwm/Wc)2 / [1-(1-m2)(W/Wc)2] {2.5.31]
e We = 2/ LC

1 + 22'/42' = [1 - (W/We)2) / (1 - (1-m2) (W/wWc)2
‘ [2.5.32)
1 0<m <1 wativdfla ef xziffud1 Real uaz ! et ;> 1
aw¥u W > we #eflu stopband wz il w = we a'm¥uan Constant-K
sunTziie ufla w = wy azvd
Vo = We / (1-m2) [2.5.33)

o = ) 1

=~ Cunxtant-d
sticnustion

1]
i
1
- -

3uﬁ 2.5.8 #llazavn1TaAnauray Response #“m%¥y Constant-k

m-Derived URZ Composite Filter

2.5.6 N198nuYN8aTRR 10afine 3 Insertion Loss
(Filter Design by the Insertion Loss Method)

1ﬂﬂ1ﬁatma{ﬂﬁﬂ11ﬂ:ﬁnﬂ1amn3utﬂuﬁud fid7e Passband uazsy

nY
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fintsasman fuaiiudfitne Stopband uazn Tmouduaenie ivd 1 TuBnrust
Linear AwZ9% Pass-Band
S8n1Tunnss rawn Tl ieaflasegadianzlintTmousuas el gauau
wwy Insertion Loss fyafiasczfipiflgs deflsznmadaessin inaffi&nmns
and (Beefiuugaund
-  aoantifeaeaTinsgaiflantleeu
(Characterization by Power Loss Ratio)

au¥etmflusnundesae / nv¥ee il Teaa

Prw =
= Pinc / Pload
= 1/101- w27 (2.5.34]
IL = 10 log PLR ' [2.5.35]
Taafl \
PLw - Hasnisguidantiesau
IL - Insertion Loss wiqsfiu daB
{7 ‘
ir(W)i2 = N(W2) / IM(W2) + N(W2) ) (2.5.36]

a ) a
tda M uas N tﬂun"rma‘m Waar mausde au w2 uﬂ%ﬂﬂ‘\uﬂﬂﬂ"ﬁ'ﬁ

2.5.34 [=vé

PLy = 1 + M(W2) / N(w2) (2.5.371]

Maximally Flat lﬁuquﬂﬂﬁﬁﬁ&*aniﬂ Binomial w%a
Butterworth Response fzwmfiniTeausunsar sflzas  Pass-Band

ﬁﬂﬂ1ﬂl%ﬂﬂﬂﬂﬂﬁﬂﬂTﬂﬂﬂﬂTldﬂ Order %¥a%29378%a 1qad



34

Py = 1 + k2 (w/wc)2M [2.5.38])
fa N - <TWIu Order ®av19339a inad
Wec - ﬂ?ﬂuﬁ Cutoff

#*m¥uau Pass-Band w:téuﬁﬂud w=0 W= Wc flaavwas unuaing

azfifnsinaTgu dens¥eeu idafu 1+ k2 #&qflge -3 dB 1 k = 1

P ;

Marifnally

a
1«4

qufl 2.5.9 udmswR¥aY Maximally Flat uAZ Equal - Ripple
a v > we nﬁsaﬂnauwzﬁﬁﬂLduguﬁqﬂuzuﬂ 2.5.9 unzifle
W >> We, Py ~ k2. (W/Wc)ay wN7U 5n7nnw7§m;ﬁanﬁ5w<1ﬁh:55ﬁ1q
n7 o flu 20 aB/Decade

Low-Pass Filter ﬂﬂ Order ﬂ N a=vé
Py = 1+ k2.Ty2.(W/Wc) [2.5.39]

%ﬂﬂ:nﬁﬂﬁaa Cutoff #3u Curve fins uRznITRELAUDS 9
Pass-Band azflt=diuzasRiople iy 1+ k2 #Hean Iuﬁ 2.5.9
i1 Ty (x) azfidszwine +/-1 wafl Ix! < 1 ue ko wzgn

amuaTaosséiueas Ripple TagdAl x qqqaﬂ:ﬁdﬁﬂ



Ty (x) ~ 1/2(2x)M Tasfl w>d>we <2v8Aq Insertion Loss

PLr = (k2/4).(2w/wc)2M {2.5.401

¥asn 7 fhfusz w208 dB/Decade ueAn Tgn (Hauuny
Chebyshev asflinnnndnauuuy Polynomial Response

Elliptric Function sinffnasteaasuuufiuds  aznmfifinaT
asnauifnfudn  stop-Band ﬁa@ﬁaﬂﬂﬂﬂﬁﬂ:nﬁﬂﬁ Snsaanaud=fl
Stopband #%sau Elliptric Funtion flaudae  cutoff @ffu Aenzfen
Ripple 4u#74 Stop-Band &nd11u¥7e Pass-Band éeudasaugufl
2.5.10 #ewngusziniTaanawninft  Passband (Apay) uszazélnaTaa

naus+fl Stop-Band (Apip)

T ) A

sufl 2.5.10 Elliptic Function %89 Low-Pass Filter

2.5.7 Maximium Flat Low-Pass Filter Prototype

7977 Low-Pass Filter wzusznaudze 2  d7udlsusasaugufl
2.5.11 #sffa L uaz c 1veziffudn E-8afiuauduacsundeiefldn = 1
Taw] 'uﬁﬁﬁzﬂﬁﬂﬁﬂﬂﬁ Cutoff Wec = 1 =7naun1sfl 2.5.38 =zaf

HaTanvgu fanaiveaw N = 2 [svd



Py = 1+ wd ‘ [2.5.41)

zﬁﬂ 2.5.11 2989 Low-Pass Filter ﬁ N = 2
dﬁﬂuynﬁa%uau%aaquﬂ1ﬁaxmafﬁ:ﬂdw;ﬁwﬁu
Zin = 3JWL + R.(1-3WRC)/(1+W3R2C3) (2.5.42]
ud

r = (2in - 1)/(Zin + 1) [2.5.43)

gaznsgu tfonsle e usmasn awd i

PLM 1/(1-12:2)

= 1l

1-((2Zin-1)/(Zin+1)]1.((Zin¥-1)/(zin3+1))

= 12in+1!2 [2.5.44)

2(Zin+zint)

Taafl Zin + zin® = 2R / 1 + w2 RZ 2 (2.5.45]
URZ !Zin + 112 = R +1 2 + oWy - WCR2
1 + W2ZR2¢? 1 + WZR?¢2

|NFNNITH 2.4.44 «zwd



pLR

1+w2p2c2 R +1 + W, - WCR2 2

4R 1+W2R2¢c2 1+W2R2¢c2

(1/4R) (R242R+1+R2W2C2+W2L2+w4L,2R2C2-2W2LCR2)

it

14(1/4R) [(1-R2)4L2-2LCR2) W2 + L2c2R2w4}

(2.5.47)

¥4 tngau manwaeTHETH il w2 s ifsufiuesanannaTfl

2.5.41 af R =1, Py =1, W = 0 fowwisoulin inenvas w2
finzwuavy s=ud

c2 + L2 -2Lc = (C-L)2 = o© {2.5.48]
wla L =c fadqr wi =1 <=vé

1/4L2 ¢2 = 1/4L2 [2.5.49])
L = C = 2 {2.5.50]

audunaTnn Filter affinmdTaanas s wansasdoudTznay N
udaunteudtifvalamin tfmdr N M8nn #'m¥unnT  Normalized wasnnT
sanuuy Low - Pass Filter azafifufuaufaacundedte iy 1 Towd
uazAaul Cutoff We = 1 1T1RzvédNduyTEnauvasievTdauyy Ladder

Hegqufl 2.5.12
AT 2.5.2 |=udasdvasdwlTsnay Y m%y Low-Pass Filter

S N = 1 - 10 S7029%T Ladder #ndauuTznave: iSulsud g0



Ba  dABnfuaufflundedts e gy,q 8o Subluauffivan danusznauindn

ﬁﬂ:dauuuaanN.ua:uuUﬁu1ua§uﬁuwu

go = #wwmdunuflundennifia (qufl 2.5.12a)
A flunadens ifla (qufl 2.5.12b)
gy = @wnituaniidaruu
ane1 = Swwdmnufiean 1 gy ueiun?ieaddanuu
Arrmufi e #1 g, uSulin wnadednaynsu
Ro=¢onld LZ=92 '
el — —&
L
C&t'L]- CIepd—= - nel
4 N .
Ltingl LT=e3
n
I
®
el
ok

-pjﬁ 2.5.12 795 Ladder 98397997 Low-Pass Fllter

a) IMIINE téuﬁuﬁwn'ﬁda UUUBUIN

b) 2937wz 1FududanisdanuuaynTa

N oa o rs & o % rd s » g o
120000 3.0X0 .

214122 12142 100

310000 20000 1.0000 10000 .

4 0JEM LB LESTR 0J6SE 10O

S 06180 1610 20000 1.6I1R0 0.6180 1.0000

6 05196 1.41€2 1931 19318 14142 05176 10000

7 04450 12470 16019 20000 1LEOI9 10470 D450 1.0000

B 03X LI 16629 10618 19615 16629 LItIl 03D 1900 _
9 gn 10000 15321 15794 20000 1794 15330 LOOG0 OMF3 L.AO00
10 1.4142 17820 1.9754 19754 17RO 14142 09080 05!?9 1.0000

0.3129 0.9080

@178 2.5.2 @ uaasddInITEnouYae  Maximally Flat

Low Pass Filter (gg

=1,Wc =1, N = 1-10)
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aeaTugufl 2.5.12  @wnsofazusznauunwiiued uszwzafiniTeay
duas infoufin auntTaanuuy tfaszadeusde  sxdasfinnTn muasunte use
Order %8929v7fa 1nad dququzuﬂ 2.5.12 <szudasqaaniifzavsniTaa
noud iufeunyasannd N Huaaqutl Normalized #rdasnas N > 10 131

darTanMaTaanaTunesa Cadcase fin

»n
»

- \\Q‘
NN

3

Artenusiion 1)

r i;(‘l 1 L't',“s

§§§§:
W
AN

-]
o
-
o
-
2
w
[-)

.7 1.0 20 3o 0 10 10

|54 '
U8 2.5.13 nrmusnsamiintudeasniTaanau funaull Normalized

aa91v:Tfa twas

2.5.8 Equal-Ripple Low-Pass Filter Prototype
AnaENn1Th 2.5.39

Py = 1 +kZ2Ty 2 (W) [2.5.51]

Tae  1+k2 @a szfluzas Ripple Au Passband udf1TwRTu 1fEa
289 Chebyshev _=4&
Ty(0) = 0 ifla N 1fuiaeh

1 fla N fuireg
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anann1Tl 2.5.51  szusesad tfuda 29978 wnafluslitaTnag
guidonvdssndlu unity & w o= o, N iffuiash wszdeTnnTgn e
nv¥eeunsfledniflu 1 + x2dw=0, N 1w ineg Aenz iffudrfesaedn
Q:ﬁﬂ@Qﬁudﬂmaﬂ N

arm¥udugTznauauaseifia inafgudl 2.5.11 Sasnagu fenti¥esn
ﬂ:aQQulnauﬁawdﬁwaﬂdduHT:nauQuaun11ﬂ 2.5.47

37N T2(x) = 2 x2 - 1

Rnaxn1TH 2.5.47 uaz 2.5.51 a=ud

1 + k2(4w4-4w2+1) = 1 + 1/4R [(1-R2) + (R2C2+L2-2LCR2) W2

+ L2 ¢2 R2 y4) {2.5.52])

fenzvenf isdmaTanidn R , L uwaz ¢ #1iTmTuTsfiunas
Ripple (n'muatos k2) &efiufl w = 0 «azvd

k2 = (1-R)2 / 4R [2.5.53]

R 1 + 2k2 - 2k 1+k?2 [2.5.54}

a n iffwiseg s naunnTnTz8nBatwwas W2 uaz w4 wnTaniu
LR T

4k2 = L2Cc2R2 , 4R [2.5.55]

-4k2 = (R2¢2 + 12 - 2LCR2) / 4R (2.5.561
deffu iTrvzdmnTand L uas ¢ am¥uda R azdasetd i Unity

a1719f9%2anuuu29R5 Low-Pass Filter 131R= Normalized dﬂﬁuﬁuﬂu{

dovundsdng uara2nl Cutoff (Wo's= 1)ua:a1uﬂ7ﬂﬂﬁ:ﬂ7:gﬂdﬂ%ﬁu1wﬂ7

Ladder augufl 2.5.12 fayafiadaunisaanuvufiuagiusziiuaas Ripple
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a1g9f 2.5.3 iffuanTiefiasusasAtdinyTsnand1e 92092987  Low-Pass
Filter %fin7T Normalized WYuddu Taos=H7=fuwas Ripple f}

0.5 dB uRz 0.3 dB Tag N = 1-10 ¥ inaifluiBufiuauduaqtuaa
gn+1 Wity 1 8 N fluiazg &1 untTaenauzas Stop-Band FunTv

ﬂ:uaﬂﬂﬁﬂzuﬁ 2.5.14 Benz@oenmuavindn N w29 Riople

) NIV

L /V//// [
s LTI L=y A1/

5 /ﬁ//éﬂ; VANSEY)

| et

g.OI 0.02 0.03 0.85 007 0.10 0200 030 0 10 20 30 3070100
-

!-——l
-

1{RNIS i

: 4 ia gy
2, N V;/ ya
% ¢ , //;// //V/ LA L 1/ L

Y ///éggﬁ /: W s /\/',

= e

cor 002 00300‘00 ©.10 0.20 0.30 $.30 0.301.0 20 30 3070100

j51-r
3uﬂ 2.5.14 asvugasanTutudeas naTaanaufiuandufl
Normailzed wav3<3faiead Teavzduwae Ripple

a) T=fuwae Ripple f} 6.5 dB

b) v=fuzae Ripple § 0.3 dB



a7l 2.5.3  enTiNusasANdIuLTENaueas19sT  Equal-Ripple

low-pass filter (gg =1, Weo =1, N=1 - 10

0.5 dB uRz 0.3 4B %89 Ripple

TARLE 94 Element \pbass for Equal-Ripple Luw-Pass Filter Prototspesigoc booe = 3, N o
11u 10,05 6B and 3L B ripple) [ . .

. s Ripple
P T T R L . ~  gu g
10695 1000 Y g7 ) : - i
2109 00N 1584 .
115063 10957 15863 10000 - .
41673 LIS 23661 089 19841 ) i
S 1308 136 25438 1T%6 18 1000Q . ‘
6 172 120 2aiet 1311 24758 08696 19841
7 175720 1253 2631 1344 16351 12863 133R 100
£ 17651 12697 24550 13590 26964 13389 25093 28796 1984 '
0 178 1260 2657 1X7 2339 13673 26678 13690 17504 50000
10 1783 1271 2674 LIRS 2732 43806 2723 IARS 29 (K82 19K ;
30 &5 Ripple
N9 e 0 % [ *~ o L > g gn
119 L0 '
2 1013 08339 S.8095
AoaR%E 07 AXE L0 -
4 22389 03463 43471 0590 SR9S
S & - 26170 05M18 4531 O34E ALRIT 10000
6 3SGS 07585 4661 ORM 42645 05033 5895
5 38162 07713 A4S OSEW 46386 Q7723 15182 10000 i
§ 34377 0TS 46505 U9 46990 03018 14990 06073 SK0GL !
9 3830 0360 46892 OSHE 47272 QSHE 46692 07760 350 1.0000 \

10 35388 07711 45768 0813 K74 05164 47260 05051 45142 (6R1 SRS

Souc Rogroed from G. L Mrdael L. Yiung smd E M. T, Jonom., Micromave Filiers, Inipedov, e-Marching 1
Nereorls, end Conpling Srucnmr (Do, Mast: Ansch Houne, 1980; with permission,
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2.5.9 n1Tulaeha imad (Filters Transformation)

R1N29%7 Low-Pass Filter # Normalized Tmaazafien
Sufluanffumiedts Rs = 1 Tand, uazAawl  Cutoff We = 1
ﬁﬂn&utTﬂﬂﬂNﬂTnﬂuﬂRﬂﬂﬁlﬁuﬁﬂﬁT High-Pass Filter , Band-Pass
Filter w#a Band-Stop Filter YHTAsNITULANIRINIIRT Low-Pass
Filter
- auinravSutiuaud ua:ﬂﬂﬁuﬁ (Impedance and Frequency Scaling)

aurneasSutiurudauniTaanuuy zadrraduniuflundednours
Taaszddtifin Unity (14uudfidt N 9% Equal-Ripple Filter iffu
inaeg A @ unmeas maaescid il flw Uunity 48)  damandiunau

1aquudadwaﬂ:gn11utﬁﬂﬁuﬁﬂﬁuﬁuﬂu{ﬂ:wd

L' = Ro.L [2.5.57]
C' [PE=+C/ Ro (2.5.58)
Rg* = Ro (2.5.59]
R1' = Ro.Rp [2.5.60]

ﬂuﬁaﬁaﬂnﬁﬂuﬂﬂﬁu¥u7iﬂ7 Low-Pass Filter I197#H170%2
wizunaall Cutoff 9937437 Low-Pass Filter “&feud Unity Bs
Wc 1ﬂawuﬂﬂwaqn11uﬁw:§uaq5uuwnLmaf 1/Wc  TeE’zunu W 6ne  W/Wc
W <~ W/Wc [2.5.61]
%qLTﬁw:WﬁdﬂﬁnsﬁnﬂsqmLﬁanﬁKQQﬁqudﬁa
PLr' (W) = PpLr(W/Wc) [2.5.62]
tas we #apawfl cutoff awd efuidla w = we  Aewmasntiae

\#eugUmae Passband amiMdiegufl 2.5.15



Pie

7ufl 2.5.15 2unauasnImliuas19vT Low-Pass Filter Uaz

AR v High-Pass

ﬁﬁﬂaqqﬂnvdhuﬂﬁ w:ﬁua@ﬁun11unuﬁﬁﬁqaaunﬁf 2.5.61 %efn

SuanuaudfidanynTy  #p Wl uaz %1 saunudiidasuu B ey

jXx = 3W/We.Lgy = 3WLy'

jBK = JW/Wc.ckx' = IWCy'
e fludrqunsdamiaz (i

Lx' = Lg/Wc

Cx' = Cx/VWc

{2.5.63]

[2.5.64]

[2.5.65]

[2.5.66]}

HovdrnaeSutiuaufuazprnBudrsnuaanannitl  2.5.57 ,

2.5.58, 2.5.59, 2.5.60 uazs Tz TanNudanaTh  2.5.65,

2.5.66,, 2.5.67, 2.5.68 ¥zud

Ly Ro.Ly/Wc

Cx' = Cg/Ro.Vc

[2.5.67]

[2.5.68]

N1TUURYRIN Low-Pass i iffu High-Pass ﬁWﬂdﬂNdw:unuﬁdﬂ

W <- - W/VWc
auinsus (da2fueay Low-Pass [sMél

Ck'

1/Wo.Lg

Li' 1/Wo.Ck

HowmnrauNuannit® 2.5.57, 2.5.58, 2.5.59, 2.5.60

(2.5.69]

[2.5.70])

[2.5.71]
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ck' 1/Ro.VWc.Lk (2.5.72)

Lg!

Ro/Wc.Ck {2.5.73]

2.5.10 navuuas iffu Band-Pass umz Band-Stop

297 Low-Pass Filter sqmasoflazuvas ifu Band-Pass %4a
Bandstop “W&¥egu 2.5.16 Teefl Wy usz w, ifuwausas Pass-Band
#in1ImavAusseay Bandpass azgnunudan

W <= (W/Wp - W1).(W/Wo - Wo/W)

W < 1 / (W/Wo - Wo/W) [2.5.74])
Tag S = 1/ (W/Wo - Wo/W) {2.5.75}
ik Wo = W.wW [2.5.76]}

rin Pix

. 1
-1 0 ! - ~w, 0 = - — - 4] - -

S
7u8 2.5.16 niTuvasAdmtluas Band-Pass usz Band-Stop

R

<nana1fl 2.5.74 (funesuti@eas bandpass #egufl 2.5.16b

RN Low-Pass ﬂujuﬁ 2.5.16a

o w o= woi (1/2).(W/Wo - Wo/W) = O (2.5.77]
W o= Wil (1/2).(W/Wo - Wo/W)
= (1/2).(W12 - Wo2)/WoW; = -1 (2.5.791]



E A
n

Woi (1/2). (W/Wo - Wo/W)

(1/8). (W2 - Woj)/WoWp, = 1 (2.5.79)

ssdqunidteaadinnitfl 2.5.74  FeszvddrFfuonuaudildaaynsa
un =A%y Lrnuaudfidonuu Sefl

(3/8).(W/Wo - Wo/W).Ly

Jby

jWlg/ Wo - jWolk/ W

jwLk' — 3/wcy! [2.5.80]

fexzvd L unz c Hefl

Ly' = Lk / Wo [2.5.81]}

Cx' = &/ Woly (2.5.82]
tgu 1fleafin

Jby = (3/4).(W/Wo - Wo/W).Cy

JWECR/ Wo - JWoCy/ W

FWCK' - 3/WLy' [2.5.83)

fensv® L umz c Hefl

L' A / WoCy [2.5.84]

Cy ! Cx / Wo [2.5.85]
guniduae Low-Pass Filter tuflguiffurent8Truwnd unvaynss
(dnBufluanddnganstouund)  uszdwrTafies wlawdu 29978 TRUnwfuny
wun (Buflunudgegafidtouuns) fesasaeerezt a8 tsunudl we s
a1 Tof wlauty (fuaees Band-stop Wteaaf
W <~ A.(W/Wo - Wosw)~l (2.5.871]
wefl A uaz  Wo wzn'muminfaufiuau Pass-Band FnSudinmafi

AoaynTnau Low-Pass <zgnuuad iffuress Lo wuumun Benzud

46
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Li!

A.Ly / Wo (2.5.88]

Ck' 1/Wo. .Lg {2.5.89]

uazA U1 naflidasun szgnuuas iffwassT Lo uuvaynTa

L' 1/Wo. .Lg (2.5.90]

Cx'

.Cy/Wo [2.5.91]
A3n1TulassIn  Low-Pass Filter “uifiu High-Pass Filter,
Band-pass Filter uas Band-Stop Filter #wmaTnflazadddaan

a9l 2.5.4

WH'S"Nﬂ 2.5.4 IUUUUH’ITR!JQ’QQ& wad

TABLE v.6 Summary of Profofy pe Filter Trassh 3000

Lov. ass High-pess Fanlpee$

A3

L I 1 i‘ L '1'_;—
-L - i -
J—% Ef
%-._,(- |

L

C

Al
A
o TTTT
-

¢

-y
-

A=




2.6. 9N4%17 Limiter

#2897 Limiter wyatinesvufuunafygin  (Clipping) #v4n
UonuﬂsﬂnauLﬁaﬂﬁﬂﬁﬁmm?mﬁnuﬂmUQQﬁ@mﬂmﬂ@ﬁﬁ?sﬁvwdu WR¥NIIVAVLDR
Kugaaaytfiunngsnfin Noise fidnungunainutauneAuginiaz dennafiay
%7 Demodurator ﬂﬂqqui,ﬁuazﬁuuaeﬁmmﬂmﬁuuuau

7987 Limiter <ezabinfnnisuneavsy Clipping'ﬁﬁﬁuﬁqﬁu Cut
in ppvtRIpRiBusRnRuRLIiuflasufy  Haly kot T EKggIRg
vunaeefl tartelnsuRusnafggety 2 Frusrnoreiunanfee et ey
W snnaunna IR s nitvo siygand L iaun e

;ﬂaﬁmmﬂwﬁﬁvtﬁuU?ntﬁﬂuﬂwuiﬁvv%etﬁﬂULﬂnﬁa

48

-
N Hodgyruflicifunan VNS ERTNNIOHIUTAAD A 1Y
1ﬁﬁmnwsgnuﬂuﬁ?sﬁunaQuﬁﬂﬁu Cut-in UOY1ASDAUIENIN  0.25 Volt.

Aiasnpuuy L neafy (fuy doukaprufafa i iuaus e WEAUIAIDRTU TR 1WIT Y
ﬁun?ﬁﬁ1mﬁﬂmﬂsﬁﬁ7ﬂuM1uﬂﬁu§uuqn7§vtaﬁatﬁmawwﬁ (Open Circuit)

R T A RL i ITSTRE A TR E AT HRCT AL IR LY

=2 o2

= i

1
!
!
5
R R3 ‘
l



Lﬁaﬁmmém1ﬁuﬁu1ﬁ1mwnﬁanﬂnqu* Qét%ﬂﬂﬁﬁﬂ?ﬂﬂﬁﬂﬂvuulﬁbwum
ﬂsﬂﬁuﬁuﬂdﬁﬂﬁﬂﬁmmﬂwﬁﬁﬁﬁﬂuﬂsﬂﬂuﬁ?ﬂﬂﬁﬂiﬂﬁﬁﬁiﬁiﬁ‘ 1unmvﬁﬁméwmﬁﬂ
Houaneeanaunsouiutirins Dy WiH UREINAIIAIITANINRIHY 2 9989
1nin6fls Dysegniufans Uy

Wwa AT RNEunIutsu irn s uatuta tudtatentie 2 Ka
NI UAIUERATY LONIRIDRULL LEDIH 1S uusedA 1 LAY . 20 mA, (faRany
vappfuunfinion 9 senanuaifdngsusivdaunianie  Sma, WRzHenna

Noise AUIAiBAGATINNINIAUIY WAL UTOMURSIHAN Vo = 12V,

R forward bine = VCC /ID

12V./5mA. = 2.2 kohm.



2.7 vvrfinafogan

2.7.1 M9 inafyginnny wrsafunnnenevKyynn i fuy

1un17ﬁ1ﬂﬁﬁmmﬁwnﬂwaﬂniwnﬂﬁuw1ﬂu t9seatinaaf innfuuuy

FIDNRTT 1909 (Quadrature, Detector) 16UNIIRINAKYQRINAIKBANSIN
RAUNINE ﬁqnﬁﬁﬁtﬂﬁﬁuuuuﬁws\ﬂunﬂaﬁtnnﬁuuuu'tawlﬁu SALNTINTNY
LONATENRIN LRI inn a0 ﬂsﬂﬂﬂﬁuﬂﬂﬂﬂﬁ?ﬁﬂz%uﬁmmﬂmﬂﬂvﬁuﬂnuﬁ 2
110%ﬁﬁﬁvzﬂw§sﬁLWﬂmﬁuﬁu- 90 DYAN wﬁnﬁu;7ﬁwsuﬁ%mmwmﬁeaacuﬁqmﬁu
asanfiussdau 9vs7n909m9 el (Low-Pass Filter) 1880909101 18K7¢

Ky fl 191 KD en1900nun9 g fnwn s Hvsu
L3

B et T

P g A=k SE SN ¢ A '
nmultipler }
IF . Trnput orsP
P e A Q werd {
‘Y v ¢
t- ==c2
| |
4 Phose k
. Shife
; Netoork t
! i
( \ ;
+ I
A RV au YA N gm NS S

guﬁ 2.7.1 JUUARNINRIAIONRTINLSDIR InALeDd

1798938 iAud1879999  Phase Shift
N9 1804 LWR SINTUMNUNRILURIN L RY VAR INRAINSIALEYN 90 BNAn
= /2 = k(W-W) =

Lh YT

W

W

AR IHATININE
Avroiufingn
Arand e AuNs Al

W - W

(19tfpu)
(t9ifuu)

(19 g

50"

Network fvaznmntindqy

/2 - kW 12.7.1]



ANy gy tunnuaeaseT il v sinWt d2uq9e9f1u29s9 Phase
Shift sgi#ifiu

1

V sin(Wt+ /2-k W) = Vgcos(Wt— kW) (2.7.2]
tdounfgyrafivae v gufiy

[VgsinWt] . [Vgcos (Wt— kW) ]
‘= Vg2sinWt.cos (Wt-k W)

= 1/2.Vg2[sin(wWt-k W)+sin(k W) . [(2.7.3]

deiloiu Low Pass Filter fsgifiinoy

1/2.Vg2.sin(k W) \
\

\ 1

7 X W < 0.25 (9ifuusyiiidn

sin(k W) -~ k W [2.7.4]
] v )
avinpufsy tiud v ifuty W uﬂzﬂsﬁﬁﬁmmﬂmlﬂﬁﬁwﬂﬁﬁﬁﬂnﬂiﬂﬂﬂ
T989747U 99T Phase  Shift yeifuiess  famuuudiunnuny ARUSy

gnnsgntiuurddacint  Wp  WAsRA2LRBUIWA  T¥nI1Y Vi URe Vg Swifiu

= Arg (Vg/Vsip) = /2 - tan 72 (g ) [2.7.5)

~

180 0g - 18usn 0 deantd wg

= W/W0 [2.7.6]



amdinaTifouiwaes  avsafmaiaadin st fuliasd 5o aum
uidgssy 1fin 45 o¥an ngn 135 pemafiNH umzssikinafwifdaRapfuidy
tnflaaudnaty wg, R = 1/ W

Co flarutdanr w nnidoNing  YOVANNANT [2.7.5) v iy

= tan 1 Wo/W

1400 (Wo/W) [W/Wo-Wg/W) [(2.7.7)

2.7.2 e inakounnaw

AyyAnNIWIIN (Composite Video) fQNFinARUNINEINIATLINDDN
Wukatutsuenoutufiay Aguaanan LRy wWanedsuup Ay i AUy Sefoenn
AYTUBNRQEYIN L REN DONRINEYQINAIW IAUNTINININST  Low pass Filter
Lﬁﬁﬁuiu%ﬂﬁmmﬁmtﬁuqLﬁﬁnﬁaunqu ﬁ%uﬂﬁnﬁuﬁﬁétﬂﬁ 14%9 Video de-
emphasis 1ﬁBU5U73ﬁUU80ﬁmmﬂm ﬁuéﬂuuﬂtﬂﬂoﬂﬂiﬂﬂnﬂ? Pre—emphasis
NAINEIURN ﬂﬂﬂﬁﬂﬂﬁmﬂQmﬂuﬂﬁUBQﬁmmﬂﬁ?ﬂﬂ?uiu?uUUﬂﬁ?Kﬁﬁwmﬁmuuu LDW .
VB sswudn ueNuRSausvygansunauszgeiuanuadiut ninfacaudgeina

fggragunavuanndngasaniuden  agnradseuiiiuntouantinne vigytaiaiug

M ‘
v e }
e F rAactime oMo Hany eietBono a¥e. il cann i Er
l‘sﬁtbluﬁﬁ “ld{..!“dé}l'l';_}[‘.‘:;‘f‘;’:sh sﬁﬂuﬁ&éuﬂsl‘id‘:\ihiillin PR u».fn({]\? RSN R

Fygon uaekyyingunuunnd eiunn ke 14ef Noise SIuniutfivan 191
t9unnssyauntafidn Fre—emphasis uﬂznﬁaﬁmmﬁmtﬁﬁgmﬁu%u LAEN™

ATILEARINEDANIULKT 1918991 Aule<ta(0uNAT LAR9N Pre—emphasis

SykeeEnnsg De~emphasis avfifani1eaRsedivmruuTsuoByppnnautd oy
arndacas idesfyyratdinued dodudoudy  (fafynIniiucesT De—

b

emphasis WEMisenanrsupolygratd i fuiygia Video Output
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2.7.3 avsafinefogn LRy

WnIEH 19 i inaXuuIn LABNEYEN1T Modulation WU F.M.
ﬁmﬁ%ﬁﬁ@yﬁiﬁqwﬂaLWKﬁanﬁu (Phasé Lock Loop) £97999 PLL. &390
fnssayiuquuaving ﬁvﬂﬂuqﬁnuﬁuwiﬁﬁﬁu1ﬁaﬂﬁvasﬂqn AtuauqNsT PLL.
UTLNDUIUHI DAL NDUNENAREYRD (WARINALADY (Phase Detector)
RRinndua Low-Pass uﬂsaaﬂﬁﬂtﬂzmaéﬁwauqunQﬂnﬁﬁquuﬁqﬁu Voltage
Control Oscillator win vCo v veo fszoorgaiandaaiutaunn
IF. NRTIWARINALIADS wznﬂwﬁqﬁlu%uulﬁﬁUﬁaﬁuﬁuauzmmwmﬁuwﬂ flu
Hyausan  veo.  wafwddikicsfunseiufeaantuos  veo. mriaiafou
1RINAINAgURn (9ENdn W9 9HLART A Ladow (Error Voltege) Ww3vhufifidn
LﬁuﬁﬂﬁvuﬁuuﬂMWvuaquﬂuﬁﬂuwn fiu VCO. uﬁnﬁuﬁﬂ;uﬁiun?awﬁﬂu
A8 1n04nn  Low-Pass (fienn¥mfiggrnriintiayy  Auzuufiviy  Asinnd
fendtafisnidundn  Loop Filter szifiukenqnumauantfnevaess  PLL

LBy gavRaqufiszfnn ??uﬁﬂﬁ?ﬁl?ﬂ?ﬁ@ﬁﬁﬁﬁuﬂﬁ?ﬁﬂnﬂﬂﬂuﬁﬁuﬂuﬁﬂ

- ,..,‘ e -4 1P - |

IS ¢ Ky
INaninaInog N79:AU0AN

vCo

e 2 O
|
\

ZUHKEQ?QQiHWUQUUﬂQLWﬂﬁGﬂ%U

USSHUARTG L ABDUREYRINSDYAINT BN low-pass filter uk7%w
. | ' - ) 1 1
uruRTueNatutinee vee  fofefiaotutouwniuBuuiunisuan (gefu)

Y

co

LT SEURRTA LARDUSY LARIUALENAWNTE (WAR tnin LD SN ERIE
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WATUTIUEIOAL  VCO  aftenABalanfinanndgy 1ﬁumwun3ﬂuﬁﬂuwn 1fn
Kggonfuwnfiiounn (Bufiggae FM.  VCO  szwpiuawidduualindanunis
iduvivutuanneoutivoskgyre M afiuugviuaansafouf L Budpgind
HENGLANNAI (ﬂﬁﬁ?ﬂﬂﬁjﬂﬁﬂulﬁﬂUﬁBﬁdﬁﬂﬁmmﬁmﬂuqﬂﬁU VCO uf7)

Ky INNIWTIUNED  Base Band SeWIURALRDY  5-8 MH, %Y
ﬁmmwmﬂsﬁaqnﬂﬁﬁﬁqqud 6.2 MH, # Band width 550 kHz9sHu N
14%9 phase lock loop TYi37%s48iuBd NE 564 sapseniminfaoy
AUARNTWLLY ISR A LafusatwaunTduianeiiin idovsanafuninedan
trygaganaig  gosnrauienavadutifey 10% névnﬂﬁuaﬂgnﬂnﬁqﬂﬂu
bALONAIUANNITUNTY ﬁQﬁunﬁﬁﬁuws%a0ﬂququqmnwwnﬂ?§Uﬂﬁﬁ n19 lock
199 Phase Lock Loop S¥@1173an0 VCo deyg fusmwriungnvsunlaud
1#4A1 Varicap Diode #iuflu¥ufin 5-8 MH, ﬁ'_wﬁ‘wwnu‘iu Sub Carrier
Tuning fenrqudufiafisy tfiufarqsuduay 1 unk Phase Lock Loop (fiu
AFC (Automatic T o Contrdl) URe FaaRusunouiaNg fekgyia
LAUNIZQNUENINARUNINEIAY  RC Fj%ter uasﬂmmﬁmﬂzgnnuwanauﬁwsﬂq

gonifufugin “Audio Output' ;

t
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un®l 3
ATaanttu
3.1 AeaT1 1Rade (v ead (Quardrature Detector)
gmFuaesTd inm ety Befldaaaufingne 70 MHz | unzfldn

. pr————
wuudBad 24 MHz sawnToAmMaRANgUNTEP0979RT  Phase Shift el

N

Af = + 12 MHz
RIAINNT
28 x 12x106 = 2% x 70x106 - 28 x 70x106 /( 1 + 1/0, )
Qg = 2.19
isszad o, = 2.00

fianwuea R = 1/ w,Cp, = 50 Tadu
50 = 1/ (2% x 70x10% x Cj)
€; = 45.47 pF

aﬁu¥u7ﬂw7§iﬁuuu{uuumuﬂu

Q = RW,C3

2 = 50 x 2& x 70x106 C;
c; = 9.09 pF

L = 1/ W2y

L = 56.8 nH



2927A72N071 10 T8 1na nafezadMa%uuy Balanced Modulator /
pemodulator iuaf Mc1496 HeffwvaitlaniTn  af19¥umnaniynsan
ﬁmmwuﬁuunéawﬁmmﬂu 1aa7ﬂﬂ1n7ana1ﬁLwafﬁLnntmafﬁwz¥n§mm1utaﬂﬂun
¥afl 1 wavaeviffimimadun it @0 8 was MC 1496 umz Huwimiahm
Sn¥audeazumudiuatas ifonaaindae idiaan 180 a9A af inBanaudae
Wl 90 a9An udada 1fqfu 27 4 B9 MC 1496 AeaesTAranaTived
& inn nadllzznnaTuan o ¥uuna Base Band  aanainafuwmzadwll IF
70 MHz ’ﬁﬂﬁmmu Base Band =RzuUTznaudine Huuiaawsay (Composite
Video) uasNwun HusBetngd  subcarrier ﬁaﬂlﬁﬂ;TQNBQﬁQQ wiean
AvdNunn tanfiym wanuududs Arzunvude (b aTee e Ny \Woee s

A2 LTS e N uuaadaufiasuuntin T ua nNay s SueansnNuyianwelav

3.2 svxiasweiinmia (LIMITER) .

aaaeasl ina nadnn widanTeSuSuyatiutuan dewiinuyn
azidu 14129758 tna et axdpedinisavlinzuinzasunnn - afnsfl i¥adeu
TagadMatifa wadvad Mc 10116 B iwressentenawuandie  Be e
ud&FuuTeduiodaaenmitqf ofu 2997 Schmitt Trigger ifavmadNuwnaf
tanfiynnefl unledieraiuyinTunousae9sTTaswsla  Impulse Noise
aanquﬂﬂﬁmmﬁmtaﬁﬂgﬂﬁ%ﬁﬂ:ﬁaqaaﬁwﬂ fiwadefiu 180 2@ wMusda

1 Hudaurav993TA28AT 1 L1eae Lna tmaSeavy

o6



3.3 29v7uvudwnefia eof (Band-Pass Filter)
YIMNINNT Low-Pass Filter ﬁ N =3

naTefl 2.3.5 191981 Ripple $ 0.5 aB # N = 3 s=ud

- g3 = 1.5963 = Lj
gy = 1.0967 = Ljp
g3 = 1.5963 = L3
Al £, = 6.5 MHz § Band Width = 3 MHz
KNTW:Q:&%
A = 3/ 6.5=0.07
Wo = 2B x 6.5 MHz = 40.8 x 106
Zo = 75 Ta¥u ’

RIN2937 Low-Pass Filter uwuasMutfluress High-Pass Filter

waaadniTefl 2.5.4

Lir = AXx 25/ Wg x C3

(.07 x 75) / (40.8x106 x 1.5963)

= 86.6 nH



08

Ci' = C1 / Vg x & x Z,

= 1.5963 / (40.8x106 x 0.07)

L

7.45 pF

ﬁ2'= szwoxA
= (1.0967 x 75) / (40.8x10® x 0.17)

= 20.85 pF

Co' = A/ Wy x Loy x Z,

= 0.07 / (40.8x106 x 1.5963 x 75)

= 20.85 pF

L' = L3' = 86.6 nH
i

€y' = C3' = 7.45 pF

3.4 veTuan¥oqna e (Audio Detector)
aensusnduunn 8o faznmdad  wenfuune eaansnSuynawine
doznuos (HosTaaadulinnaseas iwafangy (Phase Lock Loop)ﬂuQTEﬁQ:ﬂﬁ
Ic PLL wwend NE 564 Sefltmreadreninan mwunﬁan%ma:uniumwuguﬂ
3.4.1 % i9ezfasamaanida ¢ flazda 14Ny veo (Voltage Control
Ooscillator) snsauliata® % C flaz futtnsun  dnantlannng

2ad%a taNYOY VCO (Voltage Control Oscillator)



a9

{10 Data Sheet %899 NE 564

fo

e £

tw11:n:€uﬁﬁ

=

c

"1 /1 25 x Re X (C3+Cg)]

A2l Free Running fi1 5 - 8 MHz
fnufuniwnisan

Stay Capacitance

5 MHz
(1 / 25 x Rc x £4)
(1 / 25 x 100 x 5 MHz)

‘80 PpF

8 MHz

(1 / 25 x Rc x £45) .

(1 / 25 x 100 x 8 MHz)
50 pF

azfldagTznwdne 50 - 80 pF
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MOTOROLA

SEMICONDUCTOR
TECHNICAL DATA

DIFFERENTIAL TWO STAéE VIDEQ AMPLIFIER

.

het )
The SE/NESI2 is 8 monolithic, two stage, differential output,

wideband video amplifier. 1t offers fixed gains of 100 and 400 with-
out external components and adjustable gains from 400 to O with
one externs! resistor. The input stage hat been designed 30 that with
the addition of a few externa! reactive elements between the ga'n
select terminals, the circuit can function as » high pass, low pass, or
band pass filter, This feature makes the circuit ideal for use as a video
or pulse amplifier in communications, magnetic memories, display
and video recorder sysitems. The 592 is a pin-for-pin reptacement for

the MC1733.
® 90 MHz Bandwidth
® Adjustable Gains From 0 to 400

® Adjustable Pass Band

@ No Frequency Compensation Required

-

NES592
SE592

VIDEO ANPUFIER ]

SILICON MONOLITHIC

CIRCUIT SCHEMATIC

=

b Vec
Tk Qi
< < < 1
X 1Y
‘P ‘P '

[

Input 2 O h__ 7 Output 1

VA ©
Ta Ouviput 2
input 1 —rAA- —o0
Gia0—2¢
G1g O~
250  $80
G624 Oy
G2g 00—l 4
¥ (] v v
€00 <600 AR '} 300 »}“’:} “00

VEE

INTEGRATED CIRCUIT
H SUFRAX
METAL FACYAGE
CASE 603
Wy

N SUFFIX
PLASTIC PACKAGE
CASE 646

Gy Gain Select

G1g Gain Setec
(Top View}

*Pin § connected 10 case

PIN CONNECTIONS

D SUFFIX
PLASTIC PACKAGE
CSE 7191A

{SO-14)

S

talinpur t

15017 E
we 3]
LG
seenf]
ve[H]
we €]

Ovrput],y
2

‘M

S

\/

Gag CIal'2}coiece

AN o

Gen

;E"cc
2 ]ne

s Oviput
1

{Top View)

ORDERING INFORMATION

Device. | Tempersture Range Package
NESS20D S0-14
NESI2N 010 70°C Plastic DIP
NESO2H Meta! Can
SESE2H -5510 +125°C Meia! Can

IMOTOROLA LINEAR/INTERFACE DEVICES
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MAXIMUM RATINGS (T, * +26°C unless otherwise noted)

NE592, SE592

Rating Symbol Value Unit
Powsr Supply Voltage Vee 8.0 Volts
Vee -3.0
Differentist input Voltages vio 250 Volts
Common-Mode Input Vollage Vie 260 Volts
Output Current 1o 0 mA
Operating Ambient Temperaiure Range Ta .
SES92 -55 10 * 125 °c
NESS2 Oto+70
Operating Junction Tempersture Range T, ec
Metal and Ceramic Pachapes s
Plastic Package 150
Storage Tampersture Range Tng °c
Meat and Ceramic Packages -6510 +150
Plastic Package -5510 <125

ELECTRICAL CHARACTER!ST!C.S Ta = 25°C unless otherwise noted.

fVee = 6.0V, Vgg * 6.0V, Ve = 0)

4

SE582 NESD2
Charecteristic Symbaot Min Typ Max Min Typ Max Units
Differentisl Volage Gain — Figure 3 AL viv
Ry = 280,05, * 3 Vpp)
(Gain 3_Note 1) 300 400 500 250 400 600
{Gsin 2, Note 2) 90 100 "o 80 100 120
Bandwidth - Figure 3 BwW Mrz
{Gain 1, Note 1) - 40 - - L -
{Gsin 1, Note 2) - 90 - - S0 -
Rise Time - Figure 3 ~
1Gsin 1,850 = 1 Vp o, Note 3) LK L 105 — 4 108 -
(Gain 2, 8553 = 1 Vpp, Notwe 2) THL - 45 10 - 45 12
Propagation Detey — Figure 3 : L]
(Goin 1 e5,q = 1 Vpg, Note 1) PLH - 15 - - 25 -
{Goin 2,001 = 1 Vpp, Note 2) PHL - 60 10 - 60 10
Input Resistence Rin < N
{Gain 1, Note 1) - 40 - - 40 -
{Gain 2, Note 2} 20 30 - 0 k4 -~
Input Capacitance
(Gain 2, Note 2) Cin - 20 - - 20 - | d
input Offset Current [Gain 3, Note 3) — Fig. 2 ho - 04 3.0 - 0.4 $.0 »A
Input Biss Current {Gain 3, Note 31~ Fig. 2 UT) - 90 20 - 8.0 30 »A
input Noise Voltage {Gain 1 and Gain 2) Vn - 12 - - 12 - BVirms)
(BW = 1 kHz 10 10 MHz) — Figure 3
Input Voltage Range (Gain 2, Note 2)- Fig. 3 Vin 21.0 - - 21.0 - - v
Common-Mode Rejection Ratio — Figure 3 CMRR ]
(Gein 2, Ve = 21V, 1 < 100 kH2) 60 L ] - 60 85 -
(Gain 2, Vegg = 21V, 1« § MHz) - 60 - - 60 -
Supply Voltage Rejection Ratio ~ Figure 2 PSRA 8
(Gain2, 4V, = 225V) 50 70 - 50 70 -
Output Offset Voltage — Figure 2 Voo v
{Goin 3, Ry = Note 3} - 035 0.25 - 03% 0.75
Output Common-Mode Voltsge — Figure 2 Vemo v
(Ry_ = =, Gsin 3, Note 3) 24 29 .4 24 2.5 34
Output Voltage Swing — Figure 3 Vo Voo
(R = 2%, Goin 2, Nowe 2} 3.0 4.0 - 3.0 4.0 -
Output Resittance fo - 20 - - 20 - n
Power Supply Cutrent — Figure 2 Ip mA
(R =~ =, Gain 2, Note 2) - 1] 24 - 18 24

Note 1. Gain stlectpins G14 and G 1g connected together.
Note 2, Gain select pins G2, and G2g connecied together,

Note J. Al gain select pins open.

0u7
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NE5S92, SE592

ELECTRICAL CHARACTERISTICS TA ® Thigh 10 Tiow unless otherwise noted.® (Vec » +6.0 Ve, Vgg = ~6.0 Vic, Vem = 0}

$ESS2 NESS2
Characterintic $Symbo! Min Typ Max Min Tvr Max Units
Differentis! Voliage Gain ~ Figure J ALy VIV
(R =200, 05,3 Vool
(Gain 1, Note 1) 200 - 600 250 - 600
{Gein 2, Note 2) 80 -~ 120 80 - 120
input Resistance (Gain 2} Rin 8.0 - - 8.0 - - &fl
Input Oftset Current {Gain 3) = Figure 2 ol - - 50 - - 6.0 LA
tnput Biss Current (Gain 3) ~ Figure 2 hp - - 40 - - 40 wA
Input Voluage Range (Gain 2} — Figure 3 Vin 310 - - 210 - - v
Common-Mode Rejection Ratio ~ Fegure d CMRR 50 - - 50 - - a8
(Goin 2, Veu = 81 V, 1 < 100 kHz)
Supply Volisge Rejection Retio— Figure 2 PSRR 50 - - $0 - - aB
(Goin 2,4 Vg = 205 V)
Output Otfset Voliage (Gain 3) — Figure 2 Voo - - 1.2 - - \E v
Output Voltage Swing {Gain 2} - Figure 3 Vo 25 . - 25 - - Voo
Power Supply Current {Gain 2) - Figure 2 In - - n - - 7 mA

*Tiow * 0°C for NESS2, -55°C for SES92
Thigh = *70°C for NESS2, +125°C for SE592

[ GENERAL TEST CIRCUITS

FIGURE 1
6.0 V Bantory
:_‘:f €o | we 3400A
_L or Equiv,
47 pF T
Goin V
e, (Ditlerential Noie At Input) = egn/T
%1 81 400
. Gain 2
= = €.0V Bottery on = ln\/Q
100
FIGURE 2 FIGUREJ
0.2 ¥F
74
y———oO RS
o N
Vin 597 SAL Vour 2>
[ - <
L—J 0.2 uF
51 S8 b——o0 513

V

{ AAA
—
m AAA,
T
'll».——M——q
"
-
\ ¢
o
4
~

1
"

i
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NE592, SE592
FIGURE & ~ GAIN 1 versus FREQUENCY FIGURE § - GAIN 2 verpun FREQGUENCY
b3 s H
50 » s
37 "
-3 N =
S x ENC] .
-
g ) \
= Se
g iN £ \
150 \ Y \
" 18
[ \ ) 1
A0 2830 50 10 20 30 $0 100 20300 300 1000 10 2030 S0 10 20 30 S0 100, 200 300 500 1000
FAEQUERCY (MHz) FALOUENCY (MMg)
FIGURE § — OUTPUT VOLTAGE SWING AS A FIGURE 7 — OUTPUT VOLTAGE SWING AS A FUNCTION
FUNCTION OF FREQUENCY OF LOAD RESISTANCE
) .
o R NTITT MR
VeV s 80V H Ill VoeVg » (B OV
s eevit
§0 Tae 8% 4 60 - ™ 1, e 2% 7]
X T 3 | i A
2 > 1 it L 114
e 56 e §0 + T171
i i i
E 8 - 5 " .’..;‘ v
g N e \@ it { HI
E 30 1 :_;, 10 1 : i
> N > N i ]
- . !
FREL) ) i . VA
£ N ] £ | ARN
S € wl— I s 4 |
. l oL LhieT |
[ ¢ 1 50 100 800 1000 W %0 10 W w0
FREQUENCY (MHZ) LOAD RESISTANCE (OHMS)
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NE592, SE592

FIGURE # -~ DISK/TAPE PHASE MODULAYED
READBACK SYSTEMS
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READ HEAD DIFFERENTIATOR/AMPLIFIER

FIGURE 10 — DIFFERENTIATION WITH HIGH COMMON
MODE NOISE REJECTION
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I SEMICONDUCTOR ex=sarrerrzermy

OTOROLA

TECHNICAL DATA

L

The RF Line ]

MWA110
MWA120
MWA130

WIDEBAND HYBRID AMPLIFIERS

.. single stage amplifiers designed for broadband linear spplications
up to 400 MHz.
® Low-Cost TO-39 Type Package
® Gain 14 dB Typ
® 50 22 Input and Output Impedance
® Fully Cascadable for Any Gain
@ Thin Film Construction
® Hermetic Package
® Guaranteed Performance from -25°C to +125°C

DC-400 MHz WIDEBAND
GENERAL-PURPOSE
HYBRID AMPLIFIERS

MAXIMUM RATINGS

Value
Rating Symbol | MWATI0 [MWA120 | MWA130 | Unit
RF Input Poner P," 100 mw
DC Supply Current Ip % | 55 [ wo mA
Maximum Case Temperature Te 125 c

Storage Tempe-ature Range Terg | —t————u6510 +200 —— o *c

OPERATING CONDITIONS

Device Voltage Vp 29 6.0 55 Vde
Device Current n 10 25 60 mAdc
Decoupting Impedance ZD 1000 1000 330 o

72 e
| |

sEe
PY LN

D SATRG
1GROUND_ P I

-.:G,-._

2

\/<,I>

ATE:
1 LEADS WITRIN 035 mon 10 016} Dk OF TRUE
POSTAON AT SEATING PLANE AT MAXIVUN
MATEAAL CONDION

MULUMETERS INCHES
SN | MAX MN [ MAX
$H & 1 0% | o

1% 5 8% | e 1 03
381 J a87 T evs0 7 o
ta | oas Teow | poy
06 35C et
on } ox | oox | oon
EETREEETT
unl - Tewn | -

:!-uxnen-]rg—

&£ 85¢ 4’ B¢
254 85C ©30¢ 850
CASE 31A.01

011
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MWA110, MWA120, MWA130L

ELECTRICAL CHARACTERISTICS {Te = -25 15 =125°C, 50 22 system and specified operating canz:nons)

Characteristic Symbot Min Ty Max Unit
Frequency Range BW 0.1 - 400 MH2
Power Gain Gp 12 14 - o8
Response Flatness F - . 0 +1.0 ¢B
tnput VSWR MXA110/120 - - | - 25:1 -
AMWAI30 - - - i -
Output VSWR MW A$30/120/130 - - i - 25:1 -
Output @ 1 0B Gain Compression ' dBm
MWATID - ! -25 -
MWA120 - | -B2 -
MWAI30 - I -18 -
Noise Figure NF i oB
MWATI0 - i 40 -
MWA120 - 1SS -
MWA130 - .0 -
Reverse Isolation L) ' 1]
MWWA110 - ; 188 -
MWA1T20 - 19.2 -
MWAI130 - 168 -
Harmonic Qutput [N ' -]}
MWA1T10 (P ¢ = -0 dBm) - ' -24 -
MWA120 (Poyq = O dBm) - i -38 -
MWA130 {Pg, * +10 dBm) - HIS. -
FIGURE 1 — DEVICE VOLTAGE vennus DEVICE CURRENT FIGURE 2 — DEVICE CURRENT versus CASE TEMPERATURE
10 - y ] -
¥Wa130
Y - o
z ! H —
w vaa13g ! & H
€ MWAT20 — - 2 gl d
5 g 7 1
® P B < -]
> P > 26
o o MWAI2D
S g —
- e MWATID > 3 "
5 aé T =
-1
u ) MAATIO
T
|
. sob— i !
0 0 0 ° 0 ® ” 106 120 140 -0 -0 -20 50 10 R 1]
Ip- DEVICE CURRENT {mAgc) Tt' CASE TEMPERATURE (°C)
. FIGURE 4 — POER GAIN versus DEVICE CURRENT
FIGURE 3 ~ POWER GAIN versus FREQUENCY f= 400 MHz
1%
"
"
_ A\ . Lovaag
= =
: . L umuu\ wa111) s /
< < -
e IRy e iy ¥ WAL
£ \\ B f
g w g /
* \\ milN
(5 \\ o 2
[
e
AY "
© SR\

00 e %0 80 1300 200 W00 [ « ] ) 100 120 [
1. FREQUENLCY (W) 1p. DEVICE CURRENT {mAsc)

Rt o o e
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Mv/A 110, MWA120, MWA130

« pr#URE S — POWER GAIN versus CASE TEMPERATURE FIGURE € — POWER GAIN venut CASE TEMPESATURE
{= 100 MHz f=4aD0 MHz
:
- 1% —
g g !
. w2133 5
3 . P—Ynatio c . Yl ‘
114 e i
i Wit A MWAITD E M P ‘
-
? / / u‘-
! N - MALI30 MWAII0 . ‘
i %wnm - Awlnm
o 20 0 <60 *100 100 ) -20 -2 60 -1X "
T, CASE TEMPERATURE (°C) T, CASE TEMPERATURE (*C)
FIGURE 7 - VSWR versus FREQUENCY FIGURE 8 — VSWR vensus FREQUENCY
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; / . Il
=4
Y / HS [N ”
; [ 3 i
E
i /] - £ :
g 7 S Input ff Output
. Inpvl/ (Duwul ; I //
© 4 I 91
¥ g i
] -
{' [ / g_ 21 l
s s L4 E nl )/
11
! ‘0 200 0 €00 800 000 1200 1400 (] 200 a 00 00 1000 1200 10
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FIGURE 9 — VSWR versus FREQUENCY
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MWA110, MWA120, MWA130

FIGURE 10 ~ INPUT AND QUTPUT IMPEDANCE FIGURE 11 ~ INPUT AND OUTPUT IMPEDANCE
wersus FREQUENCY versus FREQUENCY
MWA120

MWA110

Coordinates in Dhme

FIGURE 12 - INPUT AND OUTPUT IMPEDANCE

versus FREQUENCY
FIGURE 13 ~ 1.0 dB GAIN COMPRESSION versus FREQUENCY

MWA130
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MWA110, MWA120, MWA130

01

FIGUAE 14 — 1.0 ¢8 GAIN COMPRESSION FIGURE 15 — 1.0 ¢8 GAIN COMPRESSION
versus DEVICE CURRENT versus CASE TEMPERATURE
1= 400 MHz : 1= 400 MMz !
B B
£ waalx
o’ =
g 6 Wwa130 s T i
14 i z T ]
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a8 1 vwarn ‘;‘ -0
/4 H |
v ' = T
L3 MWAT10 5 v wWATID
€ y. < L — [
b / °
48 40
] 0 [ ® 0 100 7] " & 20 20 -« «100 <140
1g. BEVICE CURRENT {mAsc) Te. CASE TEMPERATUNE (°C)
FIGURE 16 ~ NOISE FIGURE versus FREQUENCY FIGURE 17 — REVERSE ISOLATION versus FREQUENCY
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FIGURE 18 — SECOND HARMONIC OUTPUT vensus FREQUENCY MWA110
]
.
g .
N »
2
[ Il'b
L:i Kl g == Fundamenial
e —-— 5 ¢ 7
L MRAIX § o8c » +10 et £ A
H ___-><-—“_' © // //
-
ﬁ - T J pd Tt Crowr e sb red
4 L Secome )
NN > o
“ MNA120 {0 Bc » 0 g8m} | / I l l
] m 400 0 0 100 -0 -0 -0 (] 20 40
1, FREDUE NCY (M) P INPUT POMER (0Bim)
.
A A T SN RS W TR 2 B ST L I e 5 Ty v T T e O R S

MOTOROLA RF DEVICE DATA
5-261




Ulb

MWA110, MWA120, MWA130

FIGURE 20 —~ SECOND AND THIRD ORDER INTERCEPT FIGURE 21 — SECOND AND THIRD ORDER INTERCEPT
MWA120 MWAI130
b
-
-0 ” «40 i
V4d fe )
3 3
= '/‘f S . = Fundsmenal
g -Funt:mmul g 7/ /
g, P4 l g . / A <
.i_' // / }— Secont Order (a2 ) .E. )7 Second Dicer faz b)|
> > {
= . P o Z 1 1 1111
‘i )7 ._i / L_-—- Thug Order {29 2t 22} '
" j{/ A_.—-—va: Order (=2 =b =c) < / J /
ANY A
-60 40 -20 L} 20 ] -60 40 -20 ] 20 40
?,,. INPUT POWER igBm) P, IKPLT PORER (6Bm)
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MWA110, MWA120, MWA130

MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION

The MWA series hybrid amplitiers are designed for
wideband general purpose applications in 50 Q systems,
Fully cascadable for any gain combination, operable at
voltages as low as 3 Vdc, and external control of the
low frequency corner mzke the MWA amplitiers extrernely
versatile gain blochs.

Basic Circuit Configuration .

Figure 26 shows the bas.c internal circuit. It is impor-
tant to note that the specified operating conditions of
voltage, current, and external decoupling impedance
must be applied 10 the units in order to achieve the
published electrical characteristics.

FIGURE 26 — INTERNAL CIRCUIT
DC Supoty

2 and
RF Output

AF 1nput

- 3
Grouna

1

Amplifier Application .
The citcuit schematic for a simple amplifier design
s shown in Figure 27. External 10 the MWA hybrid
amplitier the only components required are:
Decoupling elements — Bypass Capacitor
Decoupling Impedance
{resistor/inductor)
DC Blocking Capacitors at the RF input and output.

Externa! Decoupling Impedance

In alt cases the external bias {decoupling elements)
must present an impedance which is large compared to
the 50 §2 load impedance to minimize RF gain reduction.
The loss ir gain due to the decoupling impedance is given
by the equation:

Zp o
2p+ 25
where Zp = decoupling impedance in uhms. For example,
1 2Zp - 1 RS2, Loss = 0.214 ¢B.

Loss = 20 Log

FIGURE 27 — AMPLIFIER SCHEMATIC DIAGRAM

*Vee o

CBvoass

Decouning

g0 impecance (2p)

So.-ce S0 L2

= 3 o Losa
Cg.0cu Ceoce

Supply Voltage

The \alue of the external decoupling resistive imped-
ance {Rp) cetermines the supply voltage (+Vce) and is
detesmined by the following equation:

Vec=Rp: ip+Vp
where I 870 V[ are the device current and voltage stated
in the da:a sheet. For example, for MWA1 10,
Ip=10mA
Vp=29V
and. ¥ Rp = 330 (2, then
] vee: 62V

More commonly Ve is predetermined and Rp may be
calculated friom:
Rp = Vee- Vo
o
1f an RF choke is used for decoupling, then the supply
voltage (Vce) required is equal to the device voltage

{(Vp).

Low Frequency Response

The vaiue of the blocking capacitors determines the
low hequency response of the amplitier. The following
EAPIEssIOn 3 used 1o Cdetermine the blocking capactor
value 10 yeeld @ desired 3 0B low frequency corner
tfLFe).

Cgioch(Farads) = %
100 = fL;c(Hz)
Bypass Capacitor

The reactine \mpedance of the bypass capacitor should
be smatt compaed 1o the impedance of the decoupling
element a2 the lowest 'veckuency of operation,

017

MOTOROLA RF DEVICE DATA

5-263



018

MWA110, MWA120, MWA130

FIGURE 28 — TEST FIXTURE

Grounding Screws

Cwcuit Boara
Mountea ¢cn

Atuman,m Blochk
Block«ng Cacacitor

(Ceramc Chip)

=

I

50 !l Bulerean
Conrecor

\ B.0s Dezouching

Impenance

8vpaess Covacstor *Vee Supv'y
1Ceram-c Chup!
Nots The corcurtry in0a108 1 O e UNCernile OF the D A1E0 CuCwil DO with socbets 101 The
ampldior pins The case of the amphifier $h0ulG CONLACT The DroNteO Cirgurl BOITO TOE Su’lace 10
ensure effective BF grounaing
Text Fixture

The 50 0 input/output impedance levels of the MWA

DIELECTRIC LINE

hybrids are most easily preserved on a circuit board by MATERIAL | DIELECTRIC THICKNESS | wiDTH
using 50 §2 microstrip transmission lines. Figure 28 s TYPE CONSTANT INCHES INCHES
an example of a circuit board layout which utihzes Tetion 28 g o31as 0 090

Fiberglass D 0628 0.180

microstrip transmission lines in conjunction with other

sound RF construction techniques. ::’:_’:’"' N 2% 0100

The characteristic impedance and corresponding line .
width of the microstrip are a function of the circuit board
deelectric constant and thickness, The table lists appro- As in all good RF circunt designs, care should be
priate hine widths for 50 £ microstrip lines on commonly . taken t0 miimize parasilic lead «nductances and to
used circuit board materials. i provide adequate grounding,

FIGURE 29 ~ TYPICAL CASCADE

RF lnpu!}?—-‘l

Cci

—5-<RF Output
a X

MWA ¥ MWA 82 MWA 53
The dc 1solation components shown are critical in maintaining good stabihty in multi-s1age designs Keep Pin #3 {Ground) as short as
possible preferably soldering the case to the ground plane for best gain flatness 1o 1000 MHz,

Ct — For operation 10 400 MHz, 1000 pF, 50 mil Chip Capecitor ~
ATC 50 mit Case (5.0 MHz LF.) Corcads 3 Concade 2
CY — For operation 10 1000 MHz. 0 018 mF, Chip Capacitor for Frequency Range | 03510 400MHz | 8010 1000 Mz
0.25 MHz L F. Cut-Oft Gen 435¢c8 20508
€2 — ;ugmru Capacitor Centratadb SFT-102, 1000 pF or Metuchen Gan Flatnens $1008 :07508
4-79£002-681M, 680 pf It VSWR 20t 2¢ 1
€3 — 01 4F Sprague 3C25U104X0080CS - 50 Voht ot VEW °
LY — Ferroacube Shielting Bead 56-590-65/4A - Single Wire Outout VIWR 121 213
L2 — Ferroacube Shieiding Bead 56-£90-65/4A - 2 Turns #26 AWG Ve Suealy 12 vae 33 voe
. 1 Suoply 44 mAQC 150 maoc
Cascading WA o1 Mvia110 Mwa3zg
The inherent stability of the MWA hybrid modules MWA 22 Mwall0 Vw8330
makes possible the cascading of two or more umits with VWA =3 MWAT20 Mw £330
noosc.ilatory problems Figure 28shows a typrcal 3 hybrid L3 1000 1 1000
eascade with measured data fo. 400 MHz and 1000 MHz L o 500 0
hybrids. ) bk 208
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ANALOG DroION

PHASE-LOCKED LOOPS—SYMBOLS AND DEFINITIONS

Absolute Maximum Rating

O:zerating safe zones exceeding these imits could cause perma-
re-: camage 10 the Cevice and are not meant to imply that
cewiCes Can operate at these nm#s,

Capture Hange (2., 225"

Anrnougt tne loop will reman in lock throughout 1ts 10Ck range,
it ~ay not de abie to acquire 10Cx a1 the traching range extremes
tecause of the selectivity af‘o:ced by the low-pass hilter. The
caciure range also is centered at .’ with the equal deviations
ca edthe Lock-in or Pullin Ranges. The capture range can never
esseec N8 10Ch tanye.

Closad Loop Gain (CLG)

Tre cutput signal frequency anc phase can be determmned from
a procuctof the CLG and the input signal where tne CLG1s given
by

\EQuation 1.3)

v
CLG= 5K,
Bamping Factor ()
The stancard damping ccnstant of a second order feedback
sysiem, For the PLL. ¢ refers 1o the ability of the loop to respond
uizkly to an input frequency step without excessive overshoot.

Free-Running Frequency (f,’, -¢o°)

Alsz cal'ed the center frequency, this is the frequency at which
tre loop VCO operates when not locked to an input signat. The
“prime” superscripts are used to distinguish the free-running
frequency from .’ and «,* which are used for the general oscil-
tator frequency. (Many references use f,” and «," for both tihe
free-running and general oscillator frequency and leave the prep-
er choice for the reader to infer from the conter)) the ap-
precriate units for f,' and " are Hz &nd radians per second

teteiet

rescectively,

Lock Range (21, 24)°

Tre range of frequencies over which the loop will remain in lock.
Normally the lock range is centered at the free-running fre-
Guency uniess there is some nonlinearity in the system which
limits the frequency deviation on one side of f,’. The deviations
from 1" are referred 10 as the Tracking Range or Hold-in Range.
(See figure 1.6.) The tracking range is therelore one-hall of the
fock range.

Lock-Up Time (t.)°°°

The transient time required for a free-running loop to fock, This
time depends principally upon the bandwicth selectivity de-
signed into the Joop with the lcw-pass filter. The lock-up time 1s
nversely proportional to the seiectivity bandwidth. Also, lock-up
lime eahidits a statistical spreacing due to random initial chase
relationships between the input and oscillator phases.

Loop Gsin (K,)

Tre precuct of Ky, Ko, and the lew-pass filters gain 8t dc. K, 1s
evaluated at the appropriate input signal level ang K, a1 the ap-
pronriate w,’. K, has units of (sec)~ .

- Signetfics

Loop Noise Bandwidth (B )

A i00D property relating ., and r which describes the eftective
tanawiath of the received signal. No1se and signal components
cutsige this bandwidtn are greatly attenuated.

Natural Frequency (.,)

Tre characteristic frequency of the loop, cetermined mathe
matically by the final pole positions in the complex plane or
cetermined experimentally as the modulation trequency for
which an underdamped loop gives the maumum frequency
cewvialion from {,° and at which the phase error swing 1s the
c-eatest.

Package Type Designation

See tuit pachaye Jesignaticns in Appendux,

Phase Comparator Conversion Gain (Kq)

The conversion constant relating the phase comparators output
voitage to the phase gifference between input and VCO signals
when the loop is locked. At tow input signal levels, K, is also a
function of signal amplitude. K, has umits of voits per radian
(V.rad).

Power Dissipation

The power that the device can safely handle at 25°C. The dissi-
natinn must be derated as indicated for the indiv.dual package

tvoe.
Ta
Ambient temperature range. Range of the surrounding environ-
ment of the operating device.

T
Junction Temperature. The maximum temperature of the device.
150°C is standard for silicon devices.

Tsoto

Soldering Temperature. The temperature which can be applied
1o the lead frame of the device for short periods of time (nor-
mally spesified for a duration of 10 sec).

Tsta

Storage temperature-range. Temperature range that the device
can be stored in a non-operating condition.

Truth Tables

0 is logic level low

1 is logic level high
X — don't care condition — has no effect under circuit condi

tions listed.

*Alsp cailed Synchrongaton Range
**Ais> calied Acgquisition Ranpe.
. 'AliD-ﬂlHld Acgquisition Twne.

k) O

019




020

224,05 DIVISION
e

PHASE LOCKED LOOP NE/SES64
;—W

DESCRIPTION OUTLINE OF SETUP PROCEDURE PIN CONFIGURATION
Tne NES64 is a versatile, high guaranteed 4 pe- ; oo
. . Dete-mine ope-ating ‘rezcenc e
+-ecuency Phase Locked Loop des:gned Voo-. ¢ e 0.1, N PACKAGE ]
‘c- operation up 10 S0MHz. As shown in ¥ = N in fesdback icsz. the- i v- =] o |
;~e block diapram, the NES6L consists of i 100% Gam [
vCO, hmn t:=N xi,. { comnex [ [T evsmresa sy
2 oot Ef, phase comparator. 8NC 2 Ca zulate value of the VCO freciency 1 smsIceust o e oc ot
< 281 detection processor. €2 capazitor: | Cromvio =
| toosraves [T} 53] weec arvcar
APPLICATIONS & 32509' I ocr rume E 2] PG SEY Car
« High speed modems ° g
o FSK receivers and transmitiars T Se: I, (current sinking 10 P 2- for tu e et [T 1) oS OTSVT 42
* Freguency synthesizers & 200.A. Atter opetanion 18 Cota ned, uum-{z 5] v-
o Signal generators this value may be acusieC ST dest "‘”‘“‘3 [F]vecomenm
¢ Various sstcom/TV systems Cynamic behavior, .
4. Chezk VCO output frezuency wan digie TOP VIEW
FEATURES ta counter at Pin 9 of cevice 1522 open, ORDER NUMBERS
o Opetation with single 5V supply VCO to © del). Adjust Cq tn o° fre- NE'SESE4I NE/SESGIN t
¢ TTL compatible inputs and oulputs cuency a0j. Pin 4-5 for exast ce-le- fre- NE'SESH4D |
« Guerenieed operetion to SOMM2z cuency if needed.
* Externa! loop gain control 5. C'sse loop and inject inzyt sigre 15 Pin : s :
i faz
s Reduced carrier feedthrough 6. Monitor Pin 3 ang € with 1wt Channe! dfsngn r‘nay oY requv'ved n p: € of sim-
« No elaborate filtering needed in FSK  scove. Lock should ozcur wi o Pl single capacitor filter on Pin & anc 5.
- B ol = : 6 (See PLL application section in Analog
applications esual to 90° (phase erro’,. Manual)
e =K N b
Lo Z', "'"d gy dl“m"l', & "p; lfe'd. N reavensy IS 7. Tne input signal to Pin € ang the VCO
c‘::: |emt;;.»p gain (Externally used for input signal, eoelial 100s iter feecback signal to Pin 3 must have a
ontro \ duty cycle of 50% for proper operation
ABSOLUTE MAXIMUM RATINGS 1 of the phase detector. Due 10 the nzture
5 = i of a balanced mixer if signals are not
PARAMETER RATING UNIT | 80% in duty cycle, DC. offsets wil
\Ad Supply voltage . occurin the loop which lend to create an
Pin 1 14 anificial or biaseg VCO offset.
Pin 10 [ L. P! muyRicticgCiff Uit where phace jitter
' Pp Power dissipation 600 o i is a problem, loop filter capacnors may
' Ta Opé:ating temperature NE 01070 1Y } be increased 1o a value ot 10-50.F on
Operating temperature SE . =—£510+4125 t Pin 4, 5. Also careful supply desouphing
terg Storepe temperature t —65t0 150 92 Jl may be necessary. This inciuces the
KOTE counter chain Ve ines,
Operahon above & volts will regure hestsihhing ©F the Case
NE564
BLOCK DIAGRAM PHASE LOCKED FREQUENCY
! MULTIPLIER WITH VCXO
I -V
ey . sasazast -v
[ttt rimbe tobateibaiaiatiai i W T T T T = o cen
\ T ! T N { :1 ! }'—1_:_
H l : ; 5 i , 2 f
bé e m::::a'v " b—>" ! | I o | ‘ '
) B am [ ~ we
1 ¥ B V. oo
- P L[ mersenn Bt
H sp—ir—e
n < 1- i ﬂ__!O—H—v—»—l ol
Tt ! "w ¢ L Qe
! 3 38 e 1T
' | \ 1 ﬂ!-"— N | { vee * R
| » 0— ! = A | 1]
+ LR *
: w “ranciason 2 : < <
| +0 0—~—1 I ) ch" €
v ) | ———d TT
’ | PSS D S S ——— { Y,
— + FAY Y
< ! E“M
|
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ANALOG DIVISION

JohE 1983

PHASE LOCKED LOOP

NE/SES64

ELECTRICAL CHARACTERISTICS Vo =5V, T,=25°C t = 5MHz lp= £00.4 uniess othernise specitied

SESEL NESE4
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min ! Typ | Max
Maximum VCO frequency C.=0 TR | 45 | 60 [ wHz
Lock range Input 2 200mVrms T,= 25°C &0 76 40 70 % clt,
=125°C 20 ki)
= - 58°C 50 62
=0°'C o] !
=75°C &0 !
Capture range Input 2 200mVIms, R; = 270 [V | | 20 30 % ot1,
VCO trequency dnift with fo= 5SMHZ. T, = - 55°C10125°C 400 | 1000 PPM *C
temperature ., =0°Cto70°C 0 {1250 |
f.= S00KHI. Ta= - 55°C 10 125°C 250 | 500 l :
=0°C1070°C 1 400 | 850
VCO free running frequency 1
1. = .C,=80pF & 5 6 35 5 7 Mk
25RC, Re= 1002 "internat” :
VCO frequency change with Vee= 4.5V 1055V 3 8 3 8 ' S ol
supply voltage '
Demodulated output voltage Mzdulztion freguency: TKH2 |
f. = 5MH2. input deviation:
2°.T=25°C 16 28 1% 28 mv-ms
1% T=25°C 8 14 8 4 myvrms
=0°C 13 mvrms
= ~55°C 6 10 jmvrs
=70°C 15 jmvrms
=125°C 12 16 tmvems
Distortion Dev.ation: 1% 10 8% 1 1 | %
Signal to noise ratio Std cong:tion, 1% 1o 10% cev. 40 40 | 8
AM rejection Std congition, 30% AM 35 35 | es
Demodulated Output &t Modulation frequency. 1XHZ
operating voiiage 1, = SMH2. input deviation: 1%
Vee= 4.5V ? 12 7 12 | mvrms
Vee=55V 8 14 8 | 14 : 2
Supply current Vee =5V Iy bhe es | 60 | [ &5 | 60 |
Outpnt
“1" output leakage current Vour= 5¥. Pn 160 1 20 1 20 o8
"0 output voltage lour= 2mA, Pin 16,9 03 [*X] 02 06 v
Io.- = 6MA, Pin 16.9 04 | 08 « o | v
TYPICAL PERFORMANCE CHARACTERISTICS
LOCK RANGE vs SIGNAL INPUT VCO CAPACITOR vs FREQUENCY SE/NE 564 TEST CIRCUIT
1000 : T 7 - w -
T T L
L 1 v -sv 2
toy, 400.4 . \:
N 4 ] 1 H = % P, <
- " = w
% ! trin, B8 :v I ! . \ ['? " :: 3 PN
oo . a ey - AN | %n l )
HHIIERE : \ - ' I
E 100 p— H i j “.. (13 * . \ e I w6 ! arwcous®
g o — ' " ams
5 . : j /7 ow " - '_:_v4 . . __———Q—O‘ —
e y : i : ! = (%} [ =
: R ] =
LI \I\ | 'y "\ TR R [T ﬁhﬁ“m ‘ » '—'—_t.
! 1 Y. v ane : LN =
R ! \ Yee M e ;Q}——w—« s ' —
; \\ ‘]{ e tum = e b
AV o 1
) 1 )
w J N xl _J =
07 00 ©O% 10 Y 13 1)
NOMMAMI{D IO RanLE
116 Signetics
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LNALOG DVISION

PHASE LOCKED LOOP

NE/SES64

NORMALIZTD VOO FREGUFNC ¢

TYPICAL NORMALIZED VCO
FREOUENCY AS A FUNCTION OF

PIN 2 BIAS CURRENT

PIN 2 BIAS CURRENT

TYPICAL NORMALIZED VCO
FREQUENCY AS & FUNCTION OF

NORMALIZED VCO FREQUENCY
AS & FUNCTION OF TEMPERATURE

1
L INREEEE ! e
g e - | .:'u : I”' . | T 5
[ ¥ (IS E LN L et ' : .
L : IR S : i i ' i
IRIOA NIy Somy [ P ’ + v 5 .
o i ! z . LI : H LAL:..I#'—Ilel ! :
I o ’ ! . %'K i \ i ! ! i § Jos pratinsacs e __._____
DAY E : T T . : : : |
vV | ! ¢ H AL 13 { | S 5  —
(BAREIEEANE S B oy b K |
I 3 - coe T ~
o —— & Ll i3y : [
" (B 3 1 [ } E‘C—Tus;ﬁ—vr - 2000
1 I L 1 L | l l I l '
~e00.4 -~e00 200 °  =~300 ~e00.a ~40% -300 © =300 -0 - -3¢ € 2% B0 T X

B45 CAMRLNT (.8,

Bias CURRINT .8 Om 2

tertasc Rt T

VARIATION OF THE PHASE COMPARATOR'S
OUTPUT VOLTAGE VERSUS PHASE ERROR
AND BIAS CURRENT (Kp)

s Peatl Qlmeenstos
TRt cintalt - me

o

[ S

VCO OUTPUT FREQUENCY AS A FUNCTION OF

INPUT VOLTAGE AND BIAS CURRENT (Ko)
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ANALOG DIVISION JUNE 1083
PHASE LOCKED LOOP NE/SES64 .

FUNCTIONAL DESCRIPTION
{figure 1)

The NES564 13 & monolithic phase Iozhes
locp with 8 post detect:on processor Tre
use Of Schottky clampes transis1ors ang of -
tmized device geometnes eatends the fre.
Quency of operghion 12 greatar than SO0~z
in pddition to the ciassical PLL adphcaticrs
the NES64 can be use= as 8 moculator w.~
a controliable frequency geviation

The output voltage of the PLL can be writte
8s shown in the foliowing equation

Ui = 15)
vo = —2 Equanice 1
cho
KyvCO ® conversion gae.c’ tne \ CO
tn ® frequency of the inzut 5.3 a!
1o & free running freque=~2y of the VCO
The process of recovenng FSK signais -
volves the conversion of the PLL output in1o
logic compatible sagnals Fer high oare
rales. 8 considerable smount of cerner wi!
te present ot the outpot of the PLL oue to
the wideband natute o! the loop hler To

EQUIVALENT SCHEMATIC

BvOiC The use C!LO™.0ntated Lilters, a com:
Ca@‘alo” w1t T.steces § €0 Schmitt tngger 1s
regurred W.' the Co.e7510n Qamn of the
'CO fnes tne o.tcat volage &5 pven by
Ecuation ! venies 82201005 1S the frequen-
cy devigt:s® o', from fo Since ihis diflers
from sy8tem 1S systeT it 18 neCessary tha:

1€ Nysietes s € ire Stamar ingper be e

pebie Of berp Cranzed. 62 thal & Can be
crtim.zes fcr & garnculer system, This s
&Ccomp: shes i the S££ by varying the voit-
zye al L'.' 1€ whooh resulis in a change ¢!
the Fysie'es s Cf the SzsTut tnpger.

For FSK s:3=a's an imzortant factor 1o be
considered 18 the gri’t «n the free runming
frequency of the VCO nise!! If this changes
cue 1o te—Ceratute, eccorging 1o Equation ©
Wwilllegs 1t & chanpe v tne OC levels of the
PLL outful. anc corsecuently 10 efrors in
the digita: ouiput sigrat This 1 esgecially
true 1Or Na°rom CaNc 5.5 2ls where the devi-
stion an t. 1tself may be less than the
change it s Oue tc temperature This effect

Cenbe elminated if the dc of average vaiug
of the signal 1s relneved and used 3 the
reference to the comparator. In this manner,
venstions in ihe dc levels of the PLL outpy
©o not stfect the F SK output.

VCO Section
Due 10 ite inherent hiph frequency perform.
ance, anemitter coupled osciliator is usedn
the VCO In the circuit, shown in the egui
valent schemanc. transistors Qg snd Oy
with current sources Qz5~ Qo form the by
sic 0sCiltator The free running frequency of
the oscillator s shown in the 10llowing equs-
tion
e S
“ 25R¢(C, « Ce)

R = Rig= 920 ® 100 (INTERNAL)
Cy = estetnar tiequency seing capacape

Equation 2

ance

Ce = stray cac

Vaniation of Vg (phese detector output volt-
ape) changes the frequency of the pscills-
tor Asindiceted by Equation 2, the freguen-
Cy o the csciliator has » negative

————— e AS
-

1

B Al |

Ry S

[ e e e e e e

11-8
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PHASE LOCKED LOOP

NE/SES64

rempergiure coetheien due 10 the positine
remperature coelicient of the monohthic re
sistor To compersa‘e 101 this 8 current Ig
w iR negat ve teToerature coefhicient 1s -
1roduced 10 ach-eve a 10w frequency 0° 1!
with temserature

pPtase Comparalor Section

Trne phase coTL2 2i0” consists of @ doudle

talsnces MOSulg!dr w.ih 8 hmiter amplhter

15 1mpreve AN re,estion Scnctiny clarrped
verlicat FNPs ate vses 10 oftan TTL rece
nputs Tre Iocp ga =~ can be vanec by
crangng the current in Og ang Oyg whith

electively changes the Sam Of the Oilferen
hat amphtiers Ths can be accomphshed by
ntrogduCing & Cutrent at on 2

Post Detection Processor
Section

The post 8 s ot 2
unity gain trensconduftance ampiier and
comparatdr The amplitier Can De used as 2
cc reinever for gemooutation ol FSn sig
nals ang es 8 pos! getect.on filter tor hnear
FRt cemooulaton Tne comparatdr has ac-
wstae hysteresis so that phase |itter 1n the
oulpJ! Sipna can DE elim:nated.

seIuSr peoLeceor Coneie

As shown in the eQuivalent schemate the
ocC retriever (s formed by the transductance
amphtier Ogp— Q043 100€INEr wih 2° eater:
nal capacitor which s connected 8t the am-
phtier output (pin 14) This torms an miepra:
tor whose ouvtput voltage 1S shown in the
foliowing eguation”

Om.
vp = V.ot

¢z
Om ® transconTuctance oF the amCiher
Co = cacecior atthe curgut (o 14)
Vin = $:19700 20183 81 TDIher inDLt

With proper selection of Ca. the irtegrator
fime constant can be vaned $0 that the out-
put voltage 1s the 02 o7 eve'age value of the

input sipnal for use in FSK, or as & pos!
FM DER CDULEJORMTESY detection filter «n hinear demodulation
§ The comoasaior with hystees:s 1s made up
/gt 00 eanch aDsusTENT 1 of Ogo—0Qsn with postive feedback being
e tcu proviged ty Q;~-0,. The hysteesis s
‘ 2 vaned by changing the current in Qgz witha
T , ' T 1000 srin resuiting varetion in the loop gan of the
‘1' = ‘ v comparaicr Tris method of hys:e'esis con-
L] LI ] 1.7
) ,V.':_. "‘ ] o “]_ trol, which 1s & 02 Control, provices symmet-
st RAIDC O nc vanation around the nommnal value
[PYTINIT) _r]h : 7 b A i —g____‘.—o AN
T —= \0 POST DITECTION FUTER L
i n..":‘g Design Formuta
* b\ I The free reaning frecvency of the VCO is
LI shown by the following equanan
1 so0F
R \
L 1 teeavem f, 2 ——
—‘_—+ T 28 R 0. - Cel Eq.anon 4
tafQuEnCy ST Car : R allLE .t
L 3" Re = 100
- e Cy = externa' cap intarass
(XS (X3 Ce = sita, cazalaance
Figure 2 !
r r
! FM DEMODULATOR AT 12V MODULATOR
; -
|
¢ |
. o
'l I0Ce AanGl ADIVSIMERNY é‘| 7- ‘.';:;‘sv'.f’;\"\

ceowne
\I/' h 1007 runR
¢ MO AN,
T cows ey
b i
L tant
* - e r.._{
"
- r___e AnaLL W _:1‘ . b !
e : Yoms = !
[ —
[N =
13 =
Leaay DINIE BN 0
[N
1

T saet |

v Aves

Figure 3

FRED NIV MITCAr

.

[

T
SRLOUENCY SEY CaS

MIDNATED Ot
Bl

,—ve—

Figure 4
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PHASE LOCKED LOOP

NE/SES64

The loop tilter diagram shown 1S €apizi €S
by the following equat:on

Ecuator £

TERNAL)
By agding capacitors 1o pins £ ang £ tw:
poles are a0ce0 10 the 100f transfer funst.or
1
RC3

atu =

APPLICATIONS

FM DEMODULATOR

The NES64 cen be used as &n Frt
demodulator The connections for operatian
&t 5V and 12V ere shown in figures 2 enc 3
respectively. The wnput sigral 1s 8C coup.€0
with the output signal being extracted &t pin
14 Loop filtering 1s provided by the cagac:-
tors a8t pins 4 and § with edditional filtenng
being provides by the cepacitor 81 pin 14
Since the conversion gein of the VCO 1s not
very high, to obtain sutficien! cemodulated
output signal the frequency ceviation i the
INput signal shouiz be 1% o7 hicher

MODULATION TECHNIQUES

Toe NELEZ chase loched loop can be modu-
lztez &' e'ne’ the loop filter ponts (pins 4
&7c £) o’ t~e input port (pin 6) 8s shown in
tizu'e 4 Tre gpproximete modulation fre-
ouenty ce- be cetermined from the frequen-
Cy CCNve’'s on gain curve shown in figure 5.
Trs cutve will be appropriate for signals
;e otegine ns 4 and £ &s shown in
figure &

FSK Demodulation

Tre $6¢ PLL 1s parucularly stiractive for
FSK cemzzulation since it contains an inter-
nzlvoltzge comparator end VCO which heve
TTL comzatible inputs &nd outputs. end i
car ope'a'e from & single & volt power sup-
ply Demooulated dc voltepes associated
with the mark gnd spece frequencies are
recoverec with & single external capacitorin
a oc retn.ever without utilizing extensive fil-
1€nng networks An aunternal comparator,
acung &8s @ Schmitt trigger with &n adjust-
gtie hyste'es's, shapes the demodulated
voiizpes into> compatible TTL output levels.
The high tezuency design of the 564 en-
2tles 1 1o cemodulate FSK at high data
retes in €x2€ss of 1. OM beud

Figure 5 shzows a hich-frequency FSK de-
coder desipned for input frequency devi-
atons of = 1 OMHz centered around a free-
running freguency of 10.BMHz. The value of
the timing capacitance required was est-
mated from figure & to be apprcximately
40pF. A trnmmer capacitor wes adced to fine
tune 15" to 10 EMHz.

Thne lock range grach indicates that the
= 1.0MHz freauency ceviations will be within
the lock range for ingu? sugnnl leve!'s creater
than approximately 50V with zero pin 2 bias
current. Whie sinctly this figure 18 2ppro-
priate only tor SM=2 1t can be useC as a
guice for locw range estimates at other 1y’
frequencies.

The hysteresis was aciusted experimentally
vig the 10k potenticmeter and 2k0 biss ar-
rengement 10 give the waveshape shown in
figure 7 for 20K, S500K. 2M baud rates with
squere wave FSK mooulation Note the mag-
nitude Bnc prese relationships of the phase
comparators output voliages with respect to
€ach other anc 1o the F SK output. The high
frequency sum components of the input and
VCO frequency &lso are visible as no'se on
the phase comparators outputs

10.EMH: FSK DECODER USING THE 564

Figuie 5
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TECHNICAL DATA

BALANCED MODULATOR! DEMODULATOR

.. . designed for use where the output voltage is 2 product of an
input voltage (signa!) and a switching function (carrier). Typical
applications include suppressed carrier and amplitude modulation,
synchronous detection, FM detection, phase detection, and chopper
applications See Motorola Application Note AN 531 for additiona!

design information.

® Excellent Carrier Suppression — 65 dB typ € 0.5 MHz

— 50 dB typ € 10 MHz

e Adjustable Gain and Signa! Handling

e Balanced Inputs and Outputs

® High Common Mode Rejection — BS dB typ

MC1496
MC1596

BALANCED
MODULATOR'DEMODULATOR

FIGURE 1 -
SUPPRESSED CARRIER
OUTPUT WAVEFORM

FIGURE 2 -
SUPPRESSED CARRIER
SPECTRUM

FIGURE 3 -
AMPLITUDE MODULATION
OUTPUT WAVEFORM

G SUFFIX
METAL PACKAGE
CASE 603
4
/4
0, (Top View)
L SUFFIX
CERAMIC PACKAGE
CASE 632
e D SUFFIX
@, PLASTIC PACKAGE
WS CASE 751A
' (SO 14)
P SUFFIX
N PLASTIC PACKAGE
>4 l CASE 626

PIN ASSIGNMENTS

ORDERING INFORMATION

Doce Yomper stare Range Pashage
Ll 0
el Sets’ Con

Tm - XT
e Corormec DI
1o Praamc DO
153G Seca’ Can
~MT e - 18T
[ T Cor o DU

FIGURE & - AMPLITUDE MODULATION SPECTRUM

MOTOROLA LINEAR INTERFACE
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MC1496, MC1536

MAXIMUM RATINGS® (Tg = « 26°C wnless otherwise noted)

Rating Symbo! Value Unkt
Applied Vohage av Y vec
Vg -V Vg -Vi.Va -V Vp - Vg V) - Ve ¥y -V,
Vg - Vg Vg - Vg. V3 - Vg ¥y - Vg)
Differontial bnput Signal Vy - Vg «8.0 Ve
VeV | 2t5eigm
Maximum Biss Current L3 10 mA
Thermal Resistance, Junction 10 Alr Resa ow
Ceramic Dual in-Line Pachape 100
Plastic Dusl in.Line Package 100
Meta! Peclage 160
Operating Tompersture Range Ta <
MC1496 Oto « 70
MC1596 -5510 « 128
Storage Tempersture Rangs Y‘H -6510 «180] €

ELECTRICAL CHARACTERISTICS* (VCE = ~12Vac. VEg » ~BOVdc. bg - 10 mAdc, M. - IS ML M = 10810 T4 - -25C,
ol snpnst 3nd OUIDUT Characteristics are single-ended. vnless otherwise noted }

MCI1596 MCra9
Characteristic Fig. | Note | Symbol | Min | Typ [ Mea | Min | Typ | Mex Unit
Carrier Fostthrough $ 1 verr #Virms)
Ve = 60 mVirms) sine wove snd fc = \0kH2 — a0 - - 4 -
offvet adjusied to zer0 §¢ = 10 MKy - 140 - - 140 -
Vg = 300 mVp-p square wave: mVirms)
offset adjusted to rerp 1c = 1.00Hz —~ oot} 02 | — |oos | 04
offset not adjusted fc =~ 1.00Hs - 20 00 | — 20 [ 200
Carrier Suppression L 2 ves o8
f5 = 10 kHz 300 mV(rms)
e = 500 kHz, 60 mVirms) sine wove 0 [ ] - &0 &5 -—
1C = 10 MHz, 80 mV(ims] sine wove - {80 | -] —1s]|~ X
Transsdmittance Bandwicth (Magnitude) (R = 50 ohms) ’ s BWi4s M
Carrier Input Port, Ve = 60 mV(rms] sine wove - | 30 { - — | 0 -
fs = 1.0 kHz, 300 mV(rma) sine wove
Signal Input Por, Vg = 300 mVirms) sine wave - ] - - 0 -
Vel = 0.5 Ve
Signe) Gain 10 3 Ays 5 as - 8 as -— vy
Vg = 100 mVirms), f = 1.0 kHz; V¢ = 0.5 Vdc
Single-Ended input Impedance, Signsl Port, { = 5.0 MMz [ -
Paraliel Input Resistance e -— 200 - —_— 20 - [~¢]
Parstiel input Capacitanca Gp - 20 - - 20 - oF
Single-Ended Output Impedance;, { « 10 MH2 6 =
Paratiel Output Resistance fop -— 40 —_— —_ 40 _ kN
Paralial Output Capacitance oo -— 50 - et 5.0 - of
Input Bias Current 7 —_ »A
'bs-']‘u:'oc-!z.!' s —fJwla»sj—-|u]|x
2 2 [Vl - 12 k<] - 12 x
Input Offset Current 7 - A
Y%os = hi-la lioC = - hos! —~ Jor[so] — {07! 20
. (o ~—Jor]|so] - jer] 0
Average Temperature Coefficient of input Offset Cunrent ? — TCio! - 2.0 - - 20 — nASC
{Ta = -55°Cro +125C)
Output Otfset Cutrent 7 — foo! - 1" 50 - 4 | o] A
Hg-tg}
Average Temperature Coetficient of Output DMset Current ? - TCioo - 90 -~ - 0 - nA“C
(Ta = ~S5°C1o +125%C)
Common-Mode Input Swing. Signa! Port, f5 » 1.0 kHr 9 4 My —_ LX) - - 50 - Vp-p
Common-Mode Gain, Signa! Pon, fs = 1.0 kMr. 9 —_ ACM - -85 - —_ -85} — « dB
Vel = 0.5 Vde .
Common-Moce Quiescent Output Vohage {Pin 6 of Pin §) 10 - Vout - 80 = - a0 | — Ve-p
Ditlerential Output Vohage Swing Capability 10 - A - 80 — —_ & —_ Vpp
Power Supply Current ? t . mAdc
G+l e — lao{30) — |20} a0
o '{3 —- 30 a0 - 30 50
DC Power Dissipation 7 5 Po - 33 - - k<] —_ mw

* Pin nurgbet references perwain to this device when packaged in » metal can.
To sscenain the corresponding pin aumbers for plastic or ceramic pachaged

devites cefer 10 the hrst page ol.this specification sheet.

MOTOROLA LINEAR/INTERFACE DEVICES
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MC1496, MC1596

GENERAL OPERATING INFORMATION * .

Carrier Feedthrough

Carries feedihrough is defined as the output voltage
a1 carrier frequency with only the carrier applied (signal
voltage = 0).

Carrier null is achieved by balancing the currents in
the ditferential amplifier by means of » bias trim poten.
tiometer (Ry of Figure 5).

Carrier Suppression

Carrier suppression is defined as the ratio-of each
sideband output 10 carrier output for the carrier and
signal voltage levels specified.

Carrier suppression is very dependent on carrier input
level, s shown in Figure 22, A low value of the carrier
does not fully switch the upper switching devices, and
results in lower signal gain, hence lower carrier
suppression. A higher than optimum carrier level
results in unnecessary device and quCUil carrier feed-
through, which again degenerates the suppression fig-
ure. The MC1596 has been characterized with a 60
mV(rms) sinewave carrier input signal. This level pro-
vides optimum carrier suppression al carrier frequen-
cies in the vicinity of 500 kH2, and is generalty recom-
mended for balanced modulator applications.

Carrier feedthrough is independent of signal level, Vs.
Thus carrier suppression can be maximized by operating
with large signallevels. However, 3 linear operating mode
must be maintained in the signal-input transistor pair —
or harmonics of the modulating signal will be generated
and appear in the device output s spurious sidebands
of the suppressed carrier. This requirement places an
upper fimit on input-signal amplitude (see Figure 20} Note
also that an optimum carrier level is recommended in
Figure 22 for good carrier suppression and minitnum spu-
rious sideband generation.

At higher frequencies circuit layout is very important

in order to minimize carrier feedthrough. Shielding may-

be necessary in order 10 prevent capacitive coupling
between the carrier input leads and the output leads.

Signal Gain and Maximum Input Level

Signal gain (single-ended) at low frequencies is
delined as the voltage gain,

v R . 26mV
=20, Tl = BORW,
AVS = g ™ Rge 3, Where Te i5 (mA)

A constant dc potential is applied 10 the carrier input
terminals to fully switch two of the upper transistors
“on” and two transistors “off” (Ve = 0.5 Vde). This in
eflect forms a cascode differential amplifier.

Linear operation requires that the signa! input be
below a critical value determined by Rg and the bias
cutrent ig.

Vg < g Rg (Volis peak)

Note thatin the test circuit of Figure 10, Vg corresponds
to a maximum value of 1 volt peak.

Common Mode Swing

The common-mode swing is the voltage which may
be applied 10 both bases of the signal ditferen::al ampli-
tier. without saturating the current sources or without
saturating the differential amphiier itself by swinging it
into the upper switching devices. This swing is variable
depending on the particular circuit and biasing condi-
tiops chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit
package should be calculated as the summation of the
voltage-current products at each port, i.e. nsumin’g Vg
= Vg.lg = lg = Ig and ignoring base current, Pp~2
I5 (Vg — Vip) + I5 (Vg - Vi) where subscripts refer
1o pin numbers.

Design Equations
The following is a partial list of design equations
needed to operate the circuit with other supply voltages
#nd input conditions.
A. Operating Current
The internal bias cutrents are set by the conditions at
pin 5, Assume:
Is = lg = 1lg
lg<<Ic for ali transistors
then:

V--¢ where: Rg is the resistor between
Rg= TSN 500 12 pin 5 and ground
&= 075VarTa = +25C

The MC1596 has been characterized for the condition
!5 = 1.0 mA and is the generally recommended value.
B. Common-Mode Quiescent Output Voltage

Vg =Vg=V*+ - IgR
Biasing

The MC1596 requires three dc biss voltage levels
which must be set externally. Guidelines for setting up
these three levels include maintaining 2t least 2 volts
collector-base bias on all transistors while not exceed-
ing the voltages given in the absolute maximum rating
table;

30 Vdc = [{Vg. Vg) - (V3, Vgl = 2 Vde
30 Vdce = [(V7, Vg) - (V1. Vg)] = 2.7 Vdc
30 Vdc 2 [(Vy, Vg) - (Vs)] &= 2.7 Vde
The foregoing conditions are based on the following
approximations:
Vg = Vg. V7 = Vg, Vy = Vg

Bias currents flowing into pins 1, 4, 7, and 8 are tran-
sistor base currents and can normally be neglected if
external bias dividers are designed to carry 1.0 mA or
more.

Transadmittance Bandwidth

Carrier transadmittance bandwidth is the 3 ¢B
bandwidth of the device forward transadmittance as
defined by:

ig leach sideband)

v (signal) 0=0

e =

Signal transadmittance bandwidth is the 3 dB
bandwidth of thc device forward transadmittance as
defined by:

ig [signal) '

Ve = 0.5Vde, Vg =
S leinai | Ve = 05V, Vo = 0

1218 =

*Pin number references pertain to this device when
packaged in a metal can. To ascertain the correspond-
ing pin numbers for plastic or ceramic packaged
devices refer to the first page of this specification
sheet.

MOTOROLA LINEAR INTERFACE DEVICES
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MC1496, MC1596

Coupling snd Bypass Capacitors Cy and Cp

Capacitors Cy endt C3 (Fagure §1 should be selectad for o re-
actence of loss than 5 0 ehrmu o1 the corrier frequency.

Output Signal, Vg

The output signat s teken from pins 6§ andd §. either balanced
o1 singleended  Figure 12 shows the outout lewels of sach of the
twe Output sudebands resutting from verniatong in both the cer-
rier and modulating sqnsl input with @ singleended Output
connection, :

Negative Supply, Vgg

Vg should be o only The insertion of an RF choke in serses
with VE £ can enhance the stabihity of the internat current sources

Signat Port Stabllity

Undw cernn welues 8! driving source impedence, oscillation
may occur  In tha event, 8n RC suppress:on network should be
onnected directly 1o aach nput using short teads Thu will reduce
the O of the source-tuned CwCuits That covem the owcillehion.

T

SIGNAL INPUT
{PinS 1A Q)

An ahternae method for low-frequency mplicstions it 10 insart
81 L0hm res5107 on 307083 with the nputs, pns 1 and 4. In this
cme nput currgnt Grift May Couse senows degradaon of carrier
suppression.

TEST CIRCUITS®

°Pin numbe: references pertain 10 this device when packaged in a metal can To ascertain the corresponding pin
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet.

FIGURE S - CARRIER REJECTION AND SUPPRESSION
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NOTE: Shielding of snput and output leads may be needed
1o properly perform these tests
FIGURE 7 - BIAS AND OFFSET CURRENTS FIGURE § — TRANSCONDUCTANCE BANDWIDTH
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FIGURE 6 - INPUTOUTPUT IMPEDANCE
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MC1496, MC1586

TEST CIRCUITS (continued)

FIGURE 9 — COMMON MODE GAIN
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FIGURE 10 ~ SIGNAL GAIN AND OUTPUT SWING
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TYPICAL CHARACTERISTICS
TyDecal charsc1enistics wers OIS with Criust Bhown wa Fogura S, fc = $00 Lt M7 (sine wave),
Ve " 60 mVirm), 1g = 1 4H2, Vg = 300 mVirma), Ty » +25°C untes otherwies noted.
FIGURE 12 -~ SIGNALPORT PARALLEL-EQUIVALENT

FIGURE 11 - SIDEBAND DUTPUT versus CARRIER LEVELS
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FIGURE 13 - SIGNALPORT PARALLEL-EQUIVALENT
INPUT CAPACITANCE versus FRECUENCY
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MC1496, MC1596

TYPICAL CHARACTERISTICS lcuninyeg)

Trorcar choracterintecs wore obIs-ned with gircuit

shown in Fogare 3 e = SO0 %42 (sine wove),

Ve ® 80 mVirmal, fg = 1 4z, Vg » 300 mVirmg), Ta® 2%y ome-wite noted.

FIGURE 1S - SIDERAND AND SIGNAL PORY
TRANSADMITTANCES wran FREQUENCY
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FIGURE 17 ~ SIGNALPORTY FREQUENCY RESPONSE

Flaying 16 - CARRIER SUPPRESSION
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FIGURE 18 — CARRIER SUPPRESSION versus FREOQUENCY
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FIGURE 19 - CARRIER FEEDTHROUGH versus FREQUENCY versus INPUT SIGNAL LEVEL
-n 0 . —
é =N t+t . E 10 j’
m RS 531 =z
3 VT 12177 ) g ;
e i) <_n —
E 1o I3 v dfind { ! z8 . i i
= — 2oy v
3 - R /l
,E_ T " ’I ~ 52:0—-—‘ H . P N
- [T T = ) H B . N
2 i ‘ IR EN i T | 1 §gso { J' tl'J'S ' ’ !
S o = . S P, : £ ) } L | i
& == = S s g:w Iy | s :
< — 4 T e It a8°v T fes iy~
© H 7 v Iy 1 w l
< .- : ui i H ; 70 e i
L T ] [
oo T 1 2 0 !
0y o €S g $¢ 10 S0 [ ) 400 600 800

e CAZE FRFREIUENDY 1My

VS, IKPUT SIGKZL AMPLITUDE 1=\ Jpum] )

MOTOROLA LINEAR/INTERFACE DEVICES

8-18



MC1496, MC1596

TYPICAL CHARACTERISTICS (continued)

FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC
SIDEBANDS wersus CARRIER FREQUENCY
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FIGURE 22 ~ CARRIER SUPPRESSION
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OPERATIONS INFORMATION

The MC1596/MC 1496, 3 monolithic balanced modulstor cire
cuit, 15 shown in Frgure 23,

This cucuit consmis of an upper quad differentisl amplifier
Crrven by 8 wancerd differential amphfier with duat current
sources, The outpul cotlectors are crosscoupled 50 thet fullevave
batanced multiplication of the wo input voltages occurs, That is,
the oulput signal 5 8 constant times the product of the two input
signats,

Mathematical analyss of finear ac signal muttiplication indi-
cates That the output spectrum will consst of only the sum and
difference of the two input frequencies. Thus, the device may be
vied a3 3 balanced modulaor, doubly balenced mirer, product
Oelecior, frequency doubler, and other applications requiring
these particutar output signal charactetistics,

The lower differentsal emphfier has itz eminters connecied to
the pachkage pins 30 that sn externa! emitter resistance may be
used, Alo, externat ioad resistors are employed #t the device
oulput,

Signal Levely

The upper quad differentist amplifier may be operated either
in 3 linear or 3 saturated mode. The lower differential amplifer
is operated in 8 line2r mode for most applications.

For low-level 0peration at both input porty, the Sutput signa!
will contain sum and d.Herence frequency components and have
an amolitude which is 8 function of the product of the input sgnat
amplitudes. R

For highdevel operation 81 the carrier input port and linear
operation a1 the modulating signal port, the output signal will
contain sum and d.fference frequency components of the madu-
lating sgnal freguency and the fundamentat and odd harmonia of
the carrier frequency. The output amphtude will be a constant
times the modulating signal smplitude. Any smplitude variations
0 The carer 3190l will nOt apped in the outpul.

FIGURE 23 - CIRCUIT SCHEMATIC®
e
I 1 <y, ourst
(013
a
Canetn
oyt
1Y) ?
Pinal ?
et " w ) ——-d S ag st o
9 -
bas 3
h 4 (e s
4 - oo e € parboga)
vig 1
FIGURE 24 — TYPICAL MODULATOR CIRCUIT®
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“Pin number references pertain 10 this device when packagedin g
mets! can. To ascertain the corresponding pin numbers for ples
tic or ceramic paclaged devices refer 10 the first page of this
apecificanion sheet
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MC1496, MC1596

OPERATIONS INFORMATION (continved)

The knear swgne! handling capsbifitees u! o o.Herentis! smphtier
ore wortl Oefwnad. With no emitter Oeyewrsiion, the meximum
nput voltage for Binesr OpErBUION i BN vemately 25 MV peak.
Since the uoper differentisl amphifiee han ity emitwers internatly
connectad, tha voliage spphes 10 the te-rwr input port focr all
condinont

Since the lower cifferential smphin: bes prowvisions for an
enterna! emutter repssiance, its hnes sgne! hondhing range may be
adjusted by the uier. The mamimum ingwit voliage for linest op-
eration may be aporonimated from ihe tollowing eapreasion:

V() (e arm en

This aapresson may be used 10 COMpUte the minimum vilue of
R 101 3 gren input voltage smplitude. .

FIGURE 25 ~ TABLE ¥
VOLTAGE GAIN AND DUTPUT FREQUENCIES

Corrm Input Approximate Output Signal
Sygnat (Ve Volwge Gon Frequency(s}
Ry V,
Low leset dc ———Lc—n [
20RE ¢ 2vg) [~

E * 4'¢ (q )

=R==
Hgh-leyet de RE . ?r. ‘ﬂ

. Ry Vgirms) Wars
Low-level ac 2
ENEL S PR B
TR ¥ 5

Migh level ac 0£37A, fcafm. Mg dfa.

Rg ¢ 21y | Sicaty. . - .

modulating signs! 1nDuUt POTL 10 the Output 18
cameter which is most ofien of imtevest
has signifcance only when the lower
d in 3 linear made, but thes inghudes

The ga:n trom the
the MC 1596/MC 1496 ga1n po
10 the deigner, Thi gen
Gifferentist mphfrer & Operoie
he device.
oned, the upper quad Aifterental pmOhtuer
in 8 hinesr Or & saturated made Approns

have been deweloped for the MC1%96/
signal input and the fotlowing

most mpphications of U

AL previoutly menti
mey be operated etther
mate gan o apreusont .
MC 1496 for 8 tow level modulsting
carrier inpul cOndiLONS:

11 Low levetdc

21 High lewel dc

31 Low-evelac :

4) Hgh levet oc

These gaint re summarized in Table ‘.Pbloﬁg with the fre-
Quency COMPOnents contained in the output signal.

NOTES ;

1. Low-level Modulating Signat, Vs, essumed in all coes.
Ve n Carrier 1nput Votage.

2. When the output signal contans mutiple frequencees,
the gain eapresmion given it for the output smphiude of
anch of the two desited outputs, {c ¢ fiy and fc-™

3. All paen enpressiors e for a single-ended output. For

a oitkerential CUTUL conneclion, rmulttiply each expres-
sion by two.

. AL * Losd resistance. ;

Rg = Emitter resistance between piny 2and 3. o

te * Tranustor dynsmic emitter resistance, at *259C;

- XL

26 mV
fo g, (mAl

7. K « Bohzmann's Constant, T * tempersture in degrees
Kelvin, g = the charpge on an electron.

!(;T s 26 MV at room temperature

APPLICATIONS INFORMATION

Double sideband suppressed Corrier modulstion is the basic
aophicaton of the MCIBO6/MCI1496. The sugpested circuit for
this spphcation 13 shown on the front page of this chts sheet.

tn some spplicstions, it may be necessary 10 Operste the
MC 1596/ MC 1436 with 8 single de supply voltage instead of dual
suppies. Fagure 26 shows » balariced modulstor dessgned for
operstion with 3 single +12 Vdc supply. Performance of this cire
cuit is similar 10 that of the dus! supply modulstor.

AM Modulstor

The circuit shown in Figure 27 may he used a3 an amplitude
modulator with 8 minor modificstion.

Al that s required 1o shift from suppressed carner 10 AM
Operation 13 10 ad;ust the carrier nuil potentiometer for the proper
amount of carrier insertion in the output signal.

However, the suppressed carrier aull crcuitry as shown in
Figure 27 coes not have sufficient adjustmens range. Therefore,
the modulator may be modified for AM operslion by chengng
two resistor values in the null circuit at shown in Fgure 28.

Product Detactor

The MC1536/MC 1436 mabkes an excellent SSB product detec:
tor tsee Figure 29).

This product detector has 8 sensitivity of 3.0 microvoin and 3
dynamic range of 30 OB when operating 81 an intermedte fre-
quency of § MHZ,

The detector is broadband for the entire high frequency range.
For operation at very low intermediate frequencies down to 50
&Hz the 0 1 JF capacstors on pins 7 and B should be increased 10
1.0 pf. Ako. the outpul filter a1 pin § can be tailored 10 8
specific intermediate frequency and audio amplitier input im-
pedance,

Ag in gft soplications of the MC1596/MC 1436, the emitter
resistance between pins 2 8nd 3 may be increased o decieased 10
sdjust circuit gain, sensitivity, and dynamic range,

This cirdust may 2130 be used a3 #n AM detecior by intraducing
carrier segnal at the carrier input and an AM sgnal 1 the SSB
input,

The carriet signal may be derived from the intermed.ate fre.
Quency s.gnal o genersted focally. The carruer signal may be -
woduced with oOr without modutstion, provided s level 13
sutficienily high 10 satursie the upper quad dfecential amphifeel,
i the carrier signal is modulsted, » 300 mVirms) input level is
recornmended.

MOTOROLA LINEAR/INTERFACE DEVICES
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Ooubly Relanced Mizer

The MC1596/MC1496 ey b
mae with either trosdban! o 1y

oUIpul networks,

The local oscitlator signal 1 Inrodu
port with 3 recommended ampilitide of 1
Fgure 30 shows 3 mixet wilh

Cutput,

Frequency Doubler
The MC1596/MC 1496

introducing the same frequency of Lioth input
Figures 31 snd 32 show s brosdlisnd fieg

MC 1496, MC1596

APPLICATIONS INFORMATION (continued)

00 mV(rmg)

* broscdband input and 8 tuned

wd 23 & doubly belsnced
™ed narrow band input and

ced 31 the carser input

will apeiate o5 a frequency doubler by

ports.

vency doubler and 8

tuned output wery high frequency (VMF) doubler, respectively.

Phase De md FM D

The MC1596/MC 1496 will functeon as s phase detecior, High.
evel nput sigrals sre introduced o1 both inputs When both inputs
sre . the same frequency the MC1596/MC 1496 woll deliver on
output which it a function of the phase difference between the
two input signals, ~

An FM getector may be constructed by uiing the phase detec-
tor principle. A tuned circuit B sdded st one o the inputs to
cause the two INPut S:gnals 10 vety in phase as 8 tunction of fre-
quency. The MC1596/MC 1496 will then prowde 8n output which
is 8 function of the input signa! frequency.

TYPICAL APPLICATIONS

Pen mumber seterenceos pertain 10 this ovice whan packaped in » metal con  To ascertain The corrernonding pin
PUMBers 101 platin or caramic packaged devices refer 10 the firsl Page Of this snec.ficar:on sheet

FIGURE 26 - BALANCED MODULATOR
(+12 VEc SINGLE SuPPLY)

'
FIGURE 27 - BALANCED MODULATOR-DEMODULATOR
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FIGURE 29 - PRODUCT DETECTCRA
FIGURE 28 — AM MODULATOR CIRCUIT {+12 Vde SINGLE SUPPLY)
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MC1496, MC1596

TYPICAL APPLIC’AYIONS {continued)

Pin mumber releoncn pariain 10 ™ot Bovice swhen Pachaged in a metal can  TO axcerinin the COIIEIDONd«ng pon
berr-der plorc o Sachoged devices refer 10 the first page of thrs sDet 810N Shoet

FIGURE 30 — DOUBLY BALANCED MIXER

{BROADBAND INPUTS, 8 0 M TUNED OUTPUT) FIGURE 31 - LOW FREQUENCY DOUBLER
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MCi0116

TRIPLE LINE RECEIVER

The MC10116is triple differential amplifier designed for use
in sensing differential signals over long fines. The base biss sup-
Ply (Vgp) is made available at pin 11 to make the device useful
as & Schmin trigger, or in other applications where a stable ref-
erence voltage is necessary,

Active current sources provide the MC10116 with excellent
common mode noise rejection. If any amplifier in a package is
not used, one input of that amplifier must be connected to Vpg
{pin 11) to prevent upsetting the current source bias network.

Complementary outputs are provided to allow driving twisted
pair lines, to enable cascading of several amplifiers in a chain, or
simply to provide complement outputs of the input logic function,

Pp =85mw typ'pkg (No Load)
tbd =20nstyp
U tf = 2.0 ns typ (20%—80%)

MECL 10K senes

TRIPLE LINE RECEIVER

L SUFFIX
CERAMIC PACKAGE

m, CASE 620

P SUFFIX
PLASTIC PACKAGE Fn,
CASE 648 *
1

FN SUFFIX
PLCC
20, CASE 775

LOGIC DIAGRAM

Ly
Veg*

Veer = Pint
Veez = Pin 16
VEE = Pin8

*VBp 1o be used 1o $upDly bizy 10 the MC10116 only and bypassed (when used) with

€01 .F 10 01 .F capacitor.

When the input pin with the bubble goes positive, its respective output pin with
bubble goes positive,

Dip
PIN ASSIGNMENT

Veer [t 6 5 Veez
R[] 2 15 7Y Cour
Aout [ 3 1 [} Su
Bnl e 1377 Gin
Anl]s 2 &E,
Bow [ 6 1 7] vgg
Bow [ 7 0[] 8
vee []8 Y

Pin assignment is for Duatin-line Packsge.

For PLCC pin assignment, see tables on page 131,

3-31
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MC10116
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