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F.M. STEREO TRANSMITTER

Kompol Unhakanjnkij

Somchaei wangviboonchai
Mr.Pradit Vacharpibul Advisor
1989

Abstract

This thesis is simple cgncept for making the F.M.stereo
multiplex transmitter which this stereo multiplex signal. It
is consist of (L+R) signal, (L-R) subcarrier signal end pilot
signal. All signal we are called composite multiplex signal.
When transmitted signal the F.M. receiver can separated compo
site multiplex signal to left signal, right signal and pilot
signal. In the F.M., stereo multiplex transmitter consist of
other circuit such as oscillator circuit, é£ereo matrix smpli
fy circuit, balance modulator circuit, VCO circuit, frequency
multiple circuit, etc. We can describe above principlees of
F.M. stereo multiplex transmitter with other circuit such as
when we fed input left signel and right signal to stereo
matrix amplify circuit. They will making difference signal to
(L-R) signal and (L+R) signal. The (L-R) signal modulated
with 38 KHz subcarrier, whose sideband product are transmit
ted along with the main sudio oscillator circuit is generated
frequency 38 KHz. The 38 KHz subcarrier is necessary for
reception of the (L-R) signal, so it must be supplied in some
way at the stereo F.M. receiver. It is recohstructed in the
receiver by using s 19 KHz pilot signal represents 10 % of
the full modulation amplitude. The (L+R) signal, (L-R) sub-
carrier signal, and the 19 KHz pilot signal are fed to a
summing amplifier whose output is a composite multiplex
signal that is fed to a voltage controlled oscillator
genersated particular frequency and send to frequency multiple

circuit so that it can transmitted in F.M. broadcast band.
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F.M. SIDE BAND ANALYSYS

Frequency Modulation (FM) ﬂﬂﬂﬂﬁdﬂﬁ?lﬂ%ﬂﬂﬂ?Wﬂﬁﬂaﬂ
ﬂ%uuwﬁnﬁuﬁﬂdaumaeuuwamaoﬁmmﬁmﬁﬁwuw Mod wardnIgernun .
TﬂﬂﬂawuﬁﬂaounﬁcLﬁﬂﬁmmwmﬁﬁwuﬁ Mod ‘Tﬂﬂﬁuuwﬂﬂaoﬂﬁuwﬂﬁﬁoﬁdﬂﬂeﬁ
ﬁﬁnumuﬁogﬂﬁﬁoﬁ

fm t+ modulating signal
fg $ carrier wave
FM ¢+ modulated wave
. ¢
& ¥ aRuwifauny o u
=E= sin ¢(t) lQ...O..l.(I)
in8 ¢(t) = phase angle wosnRuTatvBeundasiuniniian () uae

phase angle §imuutiudfy anguler velocity(w) uSomannf (£) Kol

2xf = do(t)/dy coevsesese(2)

£
1
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T4n1T Mod uuy FM ARuLB89 (modulating signal) BefawniTiiu

em =Em coS Z'K fmt cooooooooo(s)
Tae f£_ = uannaBuosafunnd smed o lifdggratdnn Mod
»
£, = Freq. deviat,ion.(uqnﬁaﬂud‘luuﬁuazjﬁu Amplitude YDJAF)

unudn (3 Tu 2> qld

dp(t)/dt = 2x(f_ + £, cos 2xf_t)...(4)

$(t) = f2x(f_ + f_ cos 2xf_t) dt

2xf_ + (£ /f ) sin 2xf_t + o

wet"’m‘_ sin th‘“‘b"'éo eseeens (B)

M N9 m, = fd/fm = modulation index.

b, = mamatilh (So ¢ =0 JuARefiannniT integral ifie

o

v
audraanavdafaly

unuan o) asly (1 aeld

[u]
I

Ee sin (w_t + m, sin wwt)

e B9 Mod ud
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Frequency Spectrum 199RAU FM.

(99 1A1  Spectrum  1T19BNTLINUANNITIOIARY  FM

OOﬂlﬁu

e = Ec sin wct cos(m, sin wmt) + cos wct sin(m’ sin wnt)
ANNANNTIT Bessel function ceeees(T7)

cos(m_ s}n wit) =dJd (m)) +2 3 J, (m)cos 2nw_t..,.(8)

way
sin(m_ sin w t) = 2 3 J (m_Jsin (2n+1)wmt..(9)

2n+ 8

v
UNUANANNIT (8) UaE (9) avlu (7 uasﬁﬂqﬁqdﬁﬂﬁutﬁu

e = E_sinw_t { J_ (m) + 2J_(m_) cos 2w_%t
+ 2J_,(m_) cos 4w b
+ seseesesteenes ¥

+ E_ cos w_t € 2J (m) sin w_t

+2Ja(m') Sinwmt"'uoooooooo 3 seesase(10)

4N sin A cos B 1/2 { sin(A+B) + sin(A-B) 1}

1/2 { sin(A+B) - sin(A-B) 1}

]

cos A sin B

unuanly (100 aeld

e =J_ (m. ) E_ sin w_t
+ J, tm) E_ € sin(w_ + wob - osin(w_ - w it 3
+J, (m ) E_ { sin(w_ + 2w )t + sin(w_ - 2w )t 3}
+J, (m ) E_ € sin(w_ + 3w )t - sin(w_ - 3w_lt 3
+ J, escecseresserverene sessees(ll)

e
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Tne function J_(m)) flo Bessel function uwpuusnfitnen n

uatugnvlddadun1sioifios sl

J_(m) =m. /20t € 1 - m_*/2(2n+2) .+ m_*/204) (2n+2) (2n+4)
- m_%/2(4) (6)(2n+2) (2n+4) (2n+6)

-

S ST & -3
ANTHIAY ¢+ J_(m)  @efawum m, adll  udunuAn n Fonunohe
sideband Qﬁ n fiavA1  ferld amplitude w99 sideband VO IUARLR
2onN1  97N(12)  avifiudn  sideband Su1nwnefe  infinity A Taafl
amplitude L1fgunaslim iy Bessel function J_(m_) Heuanslugraph

41,0
—\ W gl
\/ A §
\ ,ﬂ’].’llltdz'gqquﬁt_s\:ﬁ' 1 i
¥ P?f‘}fﬁ]gugw P Yoy :
3 % /YXX'\ ﬂ”’mi‘t‘l”\\ Ayed 3 t
z / V \ \ \\/' |
é JAVA x(~x N2V
x / ; ; \ y /\ ;
,,/J/ VIV VN YT\
AV VANG
IWAVAW SN
/™
as b

Eﬂﬁ 1 uadAy Bessel function
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#3 afly AfiuTe (Fay
n1Iuan' | WML Ist 2nd drd 4th Sth 6th  7di &h 9th 10th Hith 121th
me Jo Ji /s s Jo s dg  J Jg Js e By Ng
0.25 0.98 0.12 001
0.5 0.94 024 003
1.0 0.77 044 011 Q02 )
1.5 .51 056 023 006 00l
2.0 + .22 0.58 0.35 0.113 0.0 001
2.4 0 052 0431 020 006
30 -0.26 0.34 0.49 0.31 0.13 0404 001
4.0 -0.40 | —0.07 0.36 0.43 028 0.13 005 002
5.0 ~-0.18 1 =033 0.05 0.36 039 026 013 005 002 0.01
5.5 0 ~034 -042 026 D40 032 019 009 003 0.01
6.0 015 | ~028  -024 0.1l 036 036 025 013 006 002 001
7.0 0.30 0 _030 047 016 D35S 034 023 013 006 002 0.1
8.0 6.17 023 -011 =029 =010 019 034 032 022 0.13 006 0.03 0.0{
.65 0 027 006 -028 =023 003 026 034 0.2% 0.18 0.10 005 002
1
n1319% 1

1 a: -4 ' " !
ANt (12> usegun 1 srifind1lu FM dauvoe carrier avlsinof
tWsuwtaslunay  Moduletion index (m)) fairiafy  frequency
deviation %196288 modulsting frequency 1un1ﬁﬁ

m, = 2.4 3%
6
L¥U2Y J

(% 2.4) @owunves carrier quaﬂaotﬁuﬂué L RHET R
vo8uffl4: funretoefld  TunrTdamiudfidauulas ﬁuﬁDQWﬂﬂwf1ﬁqiﬁ
carrier 5 Amplitude amﬂﬂlﬁﬂ@ﬂéﬂ?ﬁﬂ?ﬂlﬁﬂ11 ﬁuaﬂeiﬂumuﬁ
frequency deviate G ufeuwlyy ofu 2.4 thqves frequency fLdnly
Mod.

a17194 481 efisruan Ao Bessel function %38
Amplitude 989 carrier %50 sideband éﬁ N = 0,142,330c0000s 37
QuﬁnuwmaﬂaonﬁuQuéﬁ n, Sanedrelading
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n =20 n =1 n = 2 n =3 n = 4 n =25
2.048 3.882 5.136 6.879 7.586 8.780
5.526‘ 7.016 8.417 9,760 11.064 12,339
8.654 10.173 11.620 13.017 14.373 15.700

11.794 13,3283 14,796 16.224 17.616 18,892

14.931 16.470 17.9860 19.410 20.82%7 22,220

18.071 19.616 21.117 22.583 24.018 25.431

21.212 22.760 24,270 25.748 27.200 28;628

mnzﬁ?"\ 1 uifiuing m, %*osnin 0.5 9l sideband
g9 1 @ unlloufiusruy AM tuseddalull Amplitude grsnaudaf o ltd
wiodn o lsfnalaaldmnd £ anBifies Mod  drlussifnduaud
499 sideband aH1ININNNY uauazﬁiﬁwﬁutﬁuwﬂwae £ ﬁogﬂﬁ' 2
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» frequency

;ﬂﬂ 2 W&RY Spectrum MN9 LSB uar USB  u4aIAdu FM.
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L77874170  FM. Sideband Analyze a19ag spectrum w%Foun1909
sideband ﬁqWﬁTﬂﬂavﬂ11nguuqaﬂao scope

awn;ﬂﬁ 1 uas;ﬂﬁ 2 9v1#uI1A1189 carrier uar sideband
A1 fuavffuuaneBe  phase voeffunfufy 180° uidglu spectrum
Analyzer %euﬂmetawwvnvwagoxﬁw&u spectrum  NNIUTIDLAIUUULAND
WaraIn (1) d1gLauIsINIAYeY sideband (Tpgld carrier
frequency tﬁuquénaﬂo) Y Symmetry ﬁuﬁo Lower sideband (LSB)
wWat Upper sideband (USB)

RATELL UG g11%  Meximum frequency deviation = af
143} A Actual frequency deviation = f
9tlf modulation degree = K_ = £, / af ceieieeaa(12)

tdulun1de FM nreaaiBasld af = 75 KHz

811711% Audio Amplitude M1l% £, = 75 KHz iqfi Limit

ﬁﬂu‘ﬁ modulation degree = 1 n?aﬁﬁa 100 % modulation )
tAaufiy AM 970 (12)

modulation index = m_ = C af/f_ ) % K,
= ( af/f_ ) % ( £ /af )
wFofide = £ ,/f,
S fevuneanld  m, = af/f) wnsewdnwnld k, = 1 fefl

100 % mod (@O
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Necessary Bandwidth §1ﬂ¥ﬂﬂéu FM. .

(flo modulation index $Adr 9 Bw lu FM auifu 2
LﬁﬂﬂaoﬂawuﬁQoQﬂﬁtﬁﬂuﬁ mod (2f ) iufoufiulu AM

uinuUnAuds sideband auflASe infinity dodrelsfima
Tunmsyfjiiffeuasseq udrdrwnguosudeures Sidebandqsﬁaéﬂuéquuﬁo
tﬁwﬁuaaoﬁawsmﬂq Tnnld single Sinusoidal wave mod (411Y w1+
1fin sideband & N A waseufia N @ﬁﬁuuﬁaowuﬁauuﬂtﬁﬂuﬁuqu1ﬁ

n (W
A =
27 e \(WT)
WAIINNTITNARD 1T Bessel function awiddn = J_*(m ) = 1
o, Uigeam = 1 uwarudvenutonuafildaan ¥ wfe carrier)
oty
A = $ J_* Cinf)

franafin N Sdndasy m, umudnadld € B 2¢d,* + 9.7

2 1 14 a = o0.95 wuFefifelu Bandwidth
E 4 » [ 4

wos 2f, % 95% wveuiununsegnasoontiuToudesrutionnnasldogi

+0000000l000+ J"

sideband fi9 95% ﬁﬂﬁﬁﬁuﬁiﬁuﬂﬂﬁo single sinuscidal wave WAdD
14 rectangular wave ianld BW (&8 w¥eenusvanasiufoifins so%
trindu  uAd1Bn  sideband ﬁe@ﬁ (m_+1) wXoenuifin fu 93% avdulu
N1T%1 BW quﬁeﬁﬂﬁoﬁﬁ (m_+1) uay BW f1%un31 Necessary bandwidth
910 curve 499 Bessel function #§997n frequency
spectrum 4avifuin relative amplitude 199 sideband éﬁ (m,_+1)
vfounin  0.15 uav@ﬁ (m_+2) 9riEni1 0.05 Fodfu Taen7g
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spectrum (719¢@f BW §iy sideband éﬁﬁ Amplitude ﬁﬂlﬁu 1% 994
carrier vmuﬁe1ﬂ1ﬁgﬂ mod.
ﬂjgﬁjj Lﬁuﬁﬁ max. freguency deviation

75 KHz

max. modulating frequency = 15 KHz

75 KHz / 15 KHz

me

= 5 -
A9y Bandwidth [ufnfly Sideband Qﬁ 5+ 1 =6

Tas BW =  2(m +1)f,
v
aviy BW = 2%(5+1) % 15 KHz
= 180 KHz
atadaitdeenu

-] & ‘ ] [}
a1n Bessel Herfdurin1#4Esanaduiudrendn enatugeve sudazaina
4 918z esfumnagsrosnfuwifid o laifiongian - et

3]

it
[
=

o ] . ( o . ) 1
Awunld B war E_ fod rms vesnfutnaduaedfeerufiodluud
. ¢
avAduzaufieo

P = (ED* /R

| 4
ﬁﬁﬁeewuﬁanumﬁwn%uﬁmmwmﬁaﬂgLan A9
P, = P, 4+ 2P + 2P_ + ...
=  (EJ)®/R + (2E /R + (2E_D%/R + ...
=  (J_E)*/R + (20 E))*/R + (2J,E)*/R + ...

- 2 2 2
= P_L(ID* + 20307 + I+ .03



32

n73nfag nsfionqian

dtuﬂﬂfuﬂaoﬂﬁuﬁaﬂgtaﬂﬁwﬂﬁ aanrodnidlaonTesniafos
SiaTasda L tandaunarainy i Bee L vuro s alefuurdinldaniined sanana
(ot uuaanud ttu L1wa1uﬂﬁnﬂ?Uﬂ§uwﬁﬁuaqﬁqmﬁmﬁaﬂqtan%quﬁqnﬂ
va¥o 95 LAt edaL vanduaunaaly ﬂiwuqoﬂaaﬂﬁfﬁaﬂqtanqunsﬁﬁasﬁﬁn7ﬂ
dutflu 2.4:5.5:8.65 qwnmj7ﬁcﬁ 1 awifiuitifudruos m, \fonfu
wwﬁtﬁuqué n73nAn L g s uuin 18 waaw m, 1§ %oﬂﬁ1u§nﬂ7wﬂdn £_

Tun19denTevanet3aauuy FM  fu FCC (Federal Communication
Commission) l&fnunisdin

1. Meximum Frequency deviation = + 75 KHz
2. Bandwidth = 200 KHz (593 guard band f19ay 25
KHz a3e)

3. Frequency stability carrier + 2 KHz
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Oscillstor

serun18eanTinediag 1ﬂﬁﬂ1ﬁu51tﬁuﬁavﬁaeqﬁnéugﬂ1ﬁﬁﬂunﬁ7
#191us fiuadsnan M?aawaqsgﬂﬁnﬁﬂwﬁe1ﬁiﬁ sEUUn1TRA TUN ALY
owu1ﬂ1ﬁﬁWﬂﬁﬂuvéew%mﬂﬁugﬂiﬁﬁ ﬁdcafprﬂﬁﬁﬂﬁTﬂuﬁmﬂ§u§ﬂ1ﬁ{Lwéwﬁ
L3u 293700831 atnosuuuloundy (Feedback Oscillator) 2997 RC WAv
79979u LC A afifuaniiFad sudaoai L fn Bt var  Tufilavnann
Lawren Tl inTrudaimesuuyluiwdnd (Bipolar Transistor) uay Field
~effect Trensistor u§a FET f1n¥ui9e7eoatiainotildnianoa
(Crystal) ﬂququ&uauﬁﬂaQTuﬁssLnndoafgu LC

2937008 atnadloundunuunan

ArTaunduuyuuiIn (Positive Feedback) tﬁuﬁugﬂuuaoaoafaaa%
tatnaéTﬂﬂﬁaq Wﬂﬁﬂﬂﬁuaﬂ 71 1 wansfivreasunauuudoundy (Feed
back Amplifier) nnsldaniueduniis  a1u13ar %1997 7foundunuy
wnuarnane L fur99wanA2188 (Oscillator Circuit) Funn

fousiue 9 9arfiarir 1%L Aan1soeatianldiuaedo (1 SaTanns
ﬂﬂﬂﬂﬂuqﬂﬂaunﬁuﬂsﬁaquﬁnniﬁ 1 war (2) (dafiuBonly (Phase Shift)
Tugﬁﬁauﬁaotﬁutwa 1IN A e 2% LTI wio 360 aeAn  do 1 uaw
fo 2 srdosifntulutraBarfuFesriri¥i AinnTooadianld

dn71v818lugy (Loop Geind /GH/ [e. (1)

fual¥ n = 0, 1, 2, 3, vcocr.s @ = n360 DIAN UAE /GH/ >= 1



1

IS
Ly////r*

'™ ')
311 2193970083 L atnadfil dnaTilounduuvuuan

veasuaWﬂTﬂﬂﬁaq 1ﬂauﬁLwaﬂacﬁmq1mt5wﬁqnﬂ7qﬁ1uﬁuﬁmmwmﬁugn
180 29A1 umslidavanisrenaninnit 1 anadld 6 a3l 1 de ny
18181992937Ua H Fanrvdounduue egul defiudnsinTunnsve i 19Tane
1u§ﬂ€ﬁawagmﬂao G WAy H WAENITUEIENeWaIN1D97997 (Overall Gain)
fifin1ydoundy fo

A, = (G/1-GH) (2)
Srwunlsf
A, = ANTUE R IMNAT9 97997
G = AUNTUENBUDIIRT
H = drunivunrsvosnisoundu
GH = 7181819931

Afisnuatanunsti fudrnoniwdn (Complex) BunuraBe vurAuaLiIdd (Mag
netude and phase angle) ‘5")3.18?;!:9'{’)&
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aufivesooatiatnofl QnﬁﬁuuﬂTﬂﬂdauﬂsvnaunao H Bariq 1+
ilatvReuly 180 sed1  nTiRonAnveesdtTEneY Ao .t Sondanatna
sedinTe Yot fol¥iAniiatu 180 avanfimanfiBiaauindy  uasmandffe
Ao seoatiainoffidrluld

29379 LC poadLainod :

79879u LC aaaﬁtatnafLﬁuaoqsﬂaunﬁuﬁnﬁﬁﬂwﬁonﬁu1u 2 (a)
%oﬁaoasaugaé (Equivalent Circuit) fugy 2 (b) 29978
CHunuudfininoddin (Common Emitter Amplifier) @9n17v¥1997997
T RLGD) 1ea7guuﬁ06 LC ﬁanuﬁuﬁuﬂkuﬁwunﬂut5ﬁﬁgﬂﬂ0010ﬂ1ﬂﬂﬂﬂuau
ﬂ1ﬁuﬁﬁunwuﬁuqnﬁauﬁaunﬁudwuuﬁauﬂaa uﬁauﬂaeﬁauﬁwnﬁﬂﬁﬁ1Laﬁﬁmmﬁm
téﬁﬁwnthﬁﬁﬁuunﬂﬁﬁtwa 180 29a7 & m¥u funrafounduuvvvan C_ uav
ﬂawuﬁﬁunﬁutuaLﬁuﬁ11uuaan71u%aLmas?ﬁwﬂﬂﬁwqﬁuxﬁasvﬁuvaoﬁmmwmao
fiu %QlﬁuﬂWl%ﬂqﬁﬂﬁ7ﬂﬂﬁﬂaﬂaGQuﬂTBﬁOQﬁﬁaoﬂﬂTﬂﬂﬁﬂquaﬂlﬂﬁﬁﬂﬁuo
Lﬁafnvwfsﬂunw1aoa%tanqﬁtﬁaowa

Turned AnaanudsTounuduo sreaTutedsenine L way c_ fudin
Fuioupud (Susceptence) uaqaaasuﬁeéitﬁﬂﬁuquﬁ ﬁn?ﬁqtuﬂautnﬁa
Wigedn R iriadu Tuantwtdufl 2esTrenesefiiaiiiewly 180 oA uae
adoutneoofiii ¥ iwatufeuwludn 180 aepn M lF s uBauly = 0 s
(w¥o 360 v9a) dwmfulug

aeasuﬂeﬁﬁﬁﬂuuwﬁLnﬁauﬂdﬁuﬁwunwuﬁ avtrl¥auds Touuuds
wanlgluroariudenltidntos  fl¥iafiaTaw (stabled TumTwinlsd
Koffug 9mr 7o L Bond 19 7unadfs @ anq Tﬂﬂtuwnuaﬁweéeﬁﬂawuﬁqo A2
8% Truuuduosoontianottife

f = 1/2%x JLC ’ /A /7 >= L_/M 3)
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auuﬁiwﬂaﬂuﬁﬁunﬁut5qunaoaeawﬁﬁaﬂuwniﬂﬁaoiﬂuﬁﬁﬂuau v /v,
vinfiy M/L

ﬂdﬁuﬁﬁunﬁuxuatﬁuﬁa1u5aﬂ¥ou1nqﬁ1oasaaa%naxnaftéuﬁuaaa%
Lan nfﬁu%atnaéqvqn1u5aﬁqﬂﬁonaﬁovaaﬁqcuaﬂﬁwéeauﬂﬁﬁn11ﬂ17ﬂﬂwﬂ
GRED w93 nL Fuooat L anuda dﬂQoQﬂﬁjpuannaenaﬂuﬁaaa%LaLnaéav1ﬂ
n7vﬁuudtua1ﬁtéuﬁwowuﬂuﬁ e~ qugnﬂfzéﬂﬁﬁdﬁauuﬁnﬁu M 1¥nT1uda
tnafnqnﬁﬁeﬂu n7tr9rutL funnTusnsuyy Class c

]
]

fhedry gl 2 gmyudainods B = 100, r, = 5 kOhm, G_
50 ms, r_ = 50 kOhm uaznNoulasfi M = 25 uH uay Q = 100 finaw
ﬁtsTﬁuuuéguﬁe AUW3Lned = 100 pF famseneinunfanfidosyin
FIATUURA

a) A ufivosnisoeatian

b) 2437Haveoadianufols
387 @ AuB 10 In1To0a% L anflo

£ = 17zx JLIC = 1/ (6,28 200 uH ¥ 100 pF)
= 1,59 MHz

b) frdmunlinsdounry @, o @ = R_ 7/ X, , uas R_ = R,
v ")
geduaadiun U1 TEre9199T sl Ao

R, = r_ // R, = r_ // Q_X,
= 50 kOhm // (100 % 2x ¥ 1.59 MHz % 100 uH)
= 33.33 kOhm

[
NNTU8181997 997180
A, = -G_R,
= - 20 % 33.3

- 676
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L / M = 100/25

4 < /A7

i 3
Al RuwodnFun1yooadian
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-
(b)
r < V, ’
b 1
UelRg) L. -t -t
a.% 7, prl. (%z =C }LP i 1
bmn—— ! i
: N !
I L
-~ V, M
(_V:—L
(c)

71 2 29979% RC o0aBialnod (a) 2997
{ '
(b) 10@1augaé AC (o) 29a7Auyad AC uuudnen



38
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War
Z, a = x(infinity)

4
ANNTUAINNT nafiasld
A = v, 7V

vi(loop) 1 1

4)

a
(2,0% = (2Z2, + 2, + 2,0 (R_ + 2,03
LloeannTuoned Tauundin (2 +2,+2,) aefidrgTauundidouny
v
PUNTH @ FouIN ﬂwﬂkuﬁﬁunﬁugﬂﬁaﬂNWﬂﬁﬂﬁo1ﬂ1ﬁ wRTINYO IS uoAuANT
v »
ﬁcuuﬂtnﬁﬁuqué oty

Z,+ 7, + 2 = X + X_ + X 3 (¢ %)

A = - A,_ X /X, >=1 (6)

soadiainafuny Colpitts

FET Colpitts aaa%tatﬂaéuaﬂomwuzﬂ 4 (a) Z_ uay I, A®
a8 inaduar z, (Hududninod RF Tﬂﬂauﬁdﬁﬂdﬂuﬁﬂunwuéwﬁﬂwfu dc
Lo funTrusnentaninefssfudgyruwlaiinwtoge v,, d1 o uae R,
avluSanTudainodldinenuly Class ¢ w¥991nfLSunTooatian



40

C, =0.001 uF !
R, = 100kQ j* Yoo

C, =50pF <

C, =500pF ¢ RFC

Ly =s75uH

C -

A4
17
o

~

o ¢ .
R 4 21995909831 alNOTULY Colpitts

ANANNT 5 A2 uRS Trunudiiafdy

NI NN sl (7
dwunlf c__ =c, ¢, 7 cC, +C, ), C,_ uay C, wosynTufin

5ﬂ711ﬂﬁﬂ£1§ﬂﬁﬁﬂ“uﬂqﬁtﬁaqﬁﬁGﬂilﬁﬂﬂWTOQEQLan INANNT 6 Ao
CREEA | A e |
/A, >= X, /X = ¢, /C (8)
fre81e 97y 4 (a) Tauld N-channel FET uwasfiludadwiu =,

= 2 ms War r_, = 10 kOhm  IfAwmnIANfiroIn1 700831 aNUaL 9997
v
fevifinnnyooatianuFolsl
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881 enawnt 7 awiiluniTeoadianfe

c., = C,C,/C,+C, = 500% 50/ 500 +,50
= 45.5 pF
£, = t1/2xf L, C__
= 1t /72cJ 75 % 10°° % 45.5 % 10 '
=  2.72 MHz

NITU818U2492935 L0 (Open-circuit amplifier) fl0
A = - g p = - 2 ms % 10 kOhm = - 20

AINANNTT (6) N1TrENEIDIRIAe

A

viloopm)

- A,_ (C, 7 C
+ 20 % (50/500)

+ 2 (>1)

fafur 99581 Aan1v00d% 1 an
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(aflaTnwrosoaadiained

(ARETAIW (Stability) toseaddiaimofiu  o193tueslidannaln
arrTalunnsednartaiinldnnfidesnidelsl  nveestianinadivesiiu
tosuardTinEIntTooad L anldnaananiiendolsl wfafnuvedurenng
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uanaﬂﬂﬁuﬁeﬁﬂwﬂwﬂﬁ%umuﬁﬁLﬁﬂ%uxae (Parasitic capacitance) 1u1u
fu z, uay Z, Arfiariida on3r9lunT L U8 aundsann ﬁuadﬁuTaatnaﬁ?ﬁ
ﬁuaenivﬂﬁﬂamunﬁuauﬂﬂﬁanﬁsvaﬂwo11ﬁn1uwaﬂaoamunuﬁﬁnﬂeﬂaoﬂuﬂwuaﬂ
1ﬁTﬂﬂaﬂssﬁuﬁﬁﬁoewuﬁ?ﬂﬁuaqasuav1u1ﬁamnnﬁLﬂﬁauuﬂao1ﬂnﬁuamnnuiau
d1e n?aﬁﬂtﬁanfaﬂﬂiﬁuﬂﬂﬁqﬁﬁﬂmauuﬁauﬁﬁoﬁu1u10a7tﬁaamunﬁxﬂ%ﬂu
1ﬂu?aLawaoa71ﬂ1ﬁﬁuaoﬂ1unuamwnﬁ %aﬂﬁﬂﬂquaoa1uﬁeﬂﬁﬂvﬁaeuﬁou7o
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dgnm L+R, ﬁmqqmﬂﬁuwﬂﬁﬁaa L-R (L-R subcarrier), WavdQ
gwlulon 19 KHz qsgnﬂauayiuﬁnﬁmmﬂmﬁaﬂﬂaﬁuﬁﬁunﬂuﬂ%ud11ﬁ Kol
1ﬁsuﬁuﬁmmﬁmﬁqﬂﬁaqﬁaude1ﬂtﬁﬁacq7nﬂwﬂﬁmmwm71u Lﬁﬁﬁqnﬁ1ﬁastﬁuﬁm
gwnoxnTuda dafitulind (composite multiplex) (MPX) ﬁmmwmﬁasqnda
LintufentuaduunfildluniTdsoonoinia Tasdatdrltfiasarlaadine aou
1nTa ood%alalned (Voltage-Controlled Oscillator) (VCO) 8 9%
ufianwd 27 MHz  (vCo  wanade 7oaswﬁmaawuﬁﬁﬂwuw:nﬂauquﬂaﬁuﬁ
1adaauy sdfuarugan ‘

ﬁqﬂﬁauuﬁadWﬂﬁwvaodaq1 VCo ﬁn11t4mqtanu701ﬂﬁ1&%tua%TﬂTan
uavtﬂﬂﬁqnﬂaq vco aedatdrfunsasveiaiilived (buffer amplifier)
doutflunrTfureas veo 99N3ININABRUDINTA Sladoanisl¥ veo e
wAna i dosn of i aBiaTaw  anaBeridla fSoulianTaadne

TIHAL L 3oNYBIIIRT awndoq7ﬁuaﬂoaqqugﬂﬁ 3 avifiuindygn
g efindrouasrineridinamne J, war J, Tesfarirdined ¢, uar C,
avtwfafidremondgyei Ruecdlude R, way R, 2o fudiadr e i
(input resistance) UDIAQYIU L+R uauqummuxﬁﬂaﬁuﬁmmwmtﬁﬂaﬁdﬁﬂ
neatinu C,, C_ avtdunde R, 4 R, Fa1 fustadruninen frue vto ey
Qe L-R et dufiu '
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R, (fudadrunuidudndfroTening R, war R, 1ddwmfurduude
T¥snsrdauinuuoedygn L uay R xﬁnﬁuTuﬁnvwdﬁunaeﬁmmﬁmﬁeaaoLﬁﬂﬁu
1t 1

Tunnemadada R, uar R, SArinifuefen R, sedesgnudu’iy
aqquﬁﬁuuﬁeﬁonawewaﬁ 878 R, L fudia3al¥ saTangeot-uondfii nuvens
iMfunls (unity gain) .

IC. 1-b Lﬁuﬁunﬂwﬂﬁmmwmﬂawuumnﬁqo L-R § R_, R,, Wat R,

10

ﬂaaﬂqu1ﬂﬁ00lﬂﬂl?ﬂiﬂﬁﬂfﬂﬂﬁ1ﬁ %oﬁwuu1ﬁn§1ﬂﬁuﬁu R,» R, Uav R,
5mmﬂm%nu11qunndeuﬂutuwuﬂTmﬂwwunﬂo R,, uav R" Luntaafﬂﬁa§ﬁo
fuwa1n R,,, R,, wazAin@imed c, Vg sl udafidnas omfovosus odfu
uvﬁodﬂﬂuﬁaau-uauﬁﬁaé

Lnunwvﬂﬂﬂﬂﬁmmwmﬁnﬁwuwnﬂoﬂwuauﬁut%nﬁq'(uw 3) ¥a29 IC 1-b
avinnfiy 2 §1 R,, infiu R, Tnaf R, \ ﬁoaﬂﬂuﬁﬁuuuoﬁcnanq, R,,
uay R, QuLﬁumauuoﬂ?oﬁmmnmﬁuwnﬁLﬂwuq ﬁvu nS Vg 1 und o fio
qﬁﬁmmwmﬁuwn%nﬂwﬂuauvaﬁtnwﬁua%oq(tﬁaiﬁawﬂwﬂuganﬁmmwm L uat R
tddaefy dggomesntas IC-b(Tnasex R, )auﬁaennwﬁuﬂué F9lun e
uudﬂawuﬁﬂuﬁaLﬁuﬁqﬁﬂtﬁuﬁaaﬁao1ﬁ§mmwm (L-R) Lnﬂﬁnquéﬂwﬁmmﬂmﬁuqn
uao%oaaeﬁmmﬁmtﬁﬁﬁu

&efildosunondouudain n1eﬁwutﬂéaodeauﬁaoﬁﬁtﬁﬂﬁmm1m1w§am
19 KHz waveBminddon 38 knz luif o, ifuio0afianedflddgqn
Lﬁﬂﬁqn 76 KHz  @manalueersarunidainiuntredafiusenontiuann c,
- c,, wavAnBudmined L, 291 fudautuan g ol danaratiooatiatnod
76 KHz of19ufa%9

ﬁmmﬂmaaa%tanmafaannduwﬁu c,, lufla q, 891 fudrvenaiivived
usr R_, - R, Cuga il lusaun o, Tuwmef c . was R, 1 fudinTes
ﬁmmﬁmnﬁaﬂﬁﬂﬂawuﬁ 76 KHz 99n31Nang B+ wiadaufivneeat aaLnod
109 @, swgnaviude 1c, éoﬁﬁ%u—ﬂaaﬂaénwaﬂuaaeﬁa FmdaarnnTany
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e nd 76 KHz Supanf 38 KHz  druddu-wasudndissnTasefininul
38 KHz Snafeifuminud 19 kuz ﬁmmﬂmﬂaﬁuﬁﬁW#xnawﬁqvLﬁuﬁmmﬁmiﬂ
A L nlgy LﬂaeqwnvwL7ﬁﬁ00n171ﬂﬂ§uﬁ1ﬂu %aﬁaoﬁooa7ﬂ7aoﬂ11uﬁ
{

OWTTNﬁﬂlﬁﬂﬂaukﬁaqﬁﬂﬁﬁuﬁﬁuﬂﬁlﬁﬂﬁﬂlﬂﬂﬁ“ﬁﬁﬂ“?0ﬂ7ﬂ7001ﬂ1ﬂ Toafiae
FTNTOIDLADIEA WAL, C,.» C, ) & m¥unvssmull 38 KHz uazyn

L'} A1 9 L3
(L, C

17°?

C,a) g wmduaanad 19 KHz, Ry, qutﬁuﬁadodwuﬂﬁugﬂﬁﬂﬂﬁ
38 KHz (@ndseanm 1V __ o udintugie 1, %etﬁuﬁaﬂﬂtatmaf R,, tfu
ﬁaﬁwunwuﬂfuawWﬁqﬁﬁﬂu7ﬂﬂaUﬂusvﬁuﬁmmmewﬁam 19 KHz ftnu ¢,
#4972 9977288 nwiﬂsuumeL%auLﬂauacﬁmmwm1w§amuaxﬁmmﬁmﬂauwﬁu
dosirldTaannusufl L, waw L, .

i1c, ﬁﬂuﬁﬁﬁtﬁuuﬂawuiﬁaﬂqtaxﬂaé ﬁﬁﬁ1ﬁnﬁﬂﬁmmwm (L-R) Hwum
(Bad %otﬁudqunﬁomaqﬁmmwm MPX ﬁ;éﬁﬁwnnao ic, avifusygnuanae
uauwa11uﬂaoﬂ71unaaoﬁﬂﬂLﬂwuﬂLﬁu%uunﬂﬁﬁ 1 (St de9 L-R) uavun
8 (38 KHz) War IC, aanﬁoﬁuTﬂﬂn1uquﬁmmﬂmﬁuwnﬁanuaﬁv?aﬁsqngaan
1ﬂn10u1tﬁwﬁanﬂﬂﬁwwoLﬁauﬁmmﬁmtﬁﬂd G tﬁuﬁaﬂauqu1uﬂnﬁmm1mtﬁﬂe
(L-R) fieny R,, virludenn 1 woe ic, dhdhuniw R, - R, foilu
L uniaefafldlunrsufudrluda  c,, fdofuinnanvues r,, tHuds
V¥ dgam AC dauasnsafly R, LnsadrannufidaslunnsdnTedudqynn
gatseann 10 Tody %edw%aﬂatﬁu1ﬁ§05u1ﬁﬁc 2, 2N ﬁﬁivﬁuﬁmmwmﬁ
w1 12 199 IC, ﬁdwge%u Finaldindr rR,, ssfdnandonlylaiiAundy
10 tﬂaft%uéﬂaodﬁidusvuiﬁq R,, Wa¥ R,

tﬁuaua?t5ﬁﬁwnﬁﬁLnuﬂwsnﬂwﬂﬁmmwmsauLﬁwﬁuaaoﬁ Roav Cay

uwar R_, tﬁuﬂ11ﬁ1uaaunaaﬂ wonifd A ensvosusediudnely  Sqgow
(389 L+R 91027NAN 9109 R, Awdveu C,, N9 R ﬁmmwmﬂﬁuwwﬁsaﬂ
L-R {uadWu C . 3189 Ry, wardgqalufonsnn R, svdiunnds R,
ﬁmmwuﬁqaﬁuqvqﬂﬂﬂWﬂLﬁuﬁmmﬁmiauaannwoﬂﬂ 1 993 IC, # ic,_, Lﬁuaﬂ
¥yumoon AUX Lﬁaﬂﬁnﬁuaﬂﬂnaauﬁmmwm MPXx lunrTnaaos
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&y MPX quonadnu C,, uae R, wfgrTainedlalen o,
(ﬂwﬂw%tnasﬁLﬂﬁﬂuﬂﬁWHmﬁuTaaﬁtma) nyudaned a, uauaﬂn7m5uq b}
77uﬁutﬁu10Q1Tﬂaﬁnéaaaﬁnatﬂafﬁwoﬁuafﬂanaﬁuﬁﬁ 27 MHz

FygrnnonTuda MPX 970 R, aunndexuw1ﬂﬁaﬂﬁ D, ﬁelﬁuﬁanu
ﬁaﬂqtanﬂaoaaaﬁnalmaf R Lﬁum1ﬂ1unnssﬁuﬁmqwmnLﬁﬁWﬂuaﬂtﬁ@?ﬁ
ﬂaﬁuﬁaaaﬁtatnaftﬁﬂoLuu1ﬁgoqﬂ + 75 ¥kHz =anandggradndrsuarein
fi 1 ufondeSidnlTsanm 0.5 v,

D Aot Soufun 9970083 L aLnad Tnaniadadn C,, (Sorh 1#arann
%umuﬁuao D, LS euuasly auLﬁunW7ﬁaﬂﬂtan§mmwmaonuﬂaﬁuﬁﬁ1ﬂaﬁn
299700adtainod a, Bk c<l Lﬁuﬂaﬂfuun01ﬂ1ﬁﬂqwu§una q 27 MHz

nsudained q LﬁuﬁﬂLwafﬁﬁqﬂﬂvuaaéﬂun17ﬁuaaa%Latnaé Q)
aﬁnwaﬁtﬁﬂawnnwstﬂ%auuﬂaouaunaﬂﬁaﬁqauﬁawxuquwaﬂnaﬁﬂawnwﬁ R,
av 1 Suga doofulaldi AantToodt anmanafl UrF Alidoonns L
c., Lfun saTusmBedmyuivan 50 Taﬁunwetﬁwﬁﬂn

C Way

s 40
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1T 974199299738 uar 293T8m18/189 RF

Input 10929371 ududarl dusnnianiaanad  1feeainaesT veo
{§un 995 modulated wuy VOF 1nald1937 coillator Bal¥in&ewos RF
Franifigoud 0.25 Sad¥nd ﬁﬁqﬁﬁaeﬁﬂaopfﬂawﬂuaﬁﬂ stage BIBINUAL
juawﬂquﬂﬂ1a¥ﬂuveq1n31ﬂ avfiuuda171590onunyl#1997 colpitts
oscillator =aé\wllc:udulaat,e /U composite signal Y& fu Frequency
Modulated A nfdn  lunsfiflvdarafusesna 27 Ma,  udadelfaeaT
rAauf 2937evnianaficiu 2 1in wioudeAmp1ify RF signal }ﬁadqu
stage uyn aviiu 54 MH_ ud?r  deulK997 stage f 2 faenFarnud
tflu 108 MH_ wfoufeve1e RF signal 1ﬁﬁﬁwﬁa§a§u 1foldA2138 Final
it an1Tudrovd sd1ul#r 99t adnde RE BeRouvy class ¢ 391% power
GE awnumﬁ1ﬂ70a7 VFO JunnT modulste (§i8991n312997 VFO qv?ﬁ
Bandwidth 1un17tuﬂotuuaan1ﬁ 2997 VX0 31nuA2937 VFO Hannaifine
asamaitonninaeas vxo  (Sotufou feuduudaneas vEo  ael¥ B.w
finqn dauﬂvﬁutﬁﬂemsavaoﬂaﬂuﬁﬁu LTI INITOLRONI99T oscillator
ﬁﬁﬂ?ﬁut%ﬂomiuquﬁ

ﬂ?ﬂﬁﬁt?ﬁquaeﬂ7ﬁuQWﬂaeq71udduu7n c, war c, ifludau
N9 couple U89 RF signal 911734937 oscillator grut fru13997n%
FI')"IN?% Tﬂﬂﬁ R, ua¥ R, tfu Resistor ?;I Set BIAS %y trensistor
o, Tasdl R, uar C, Ludtadaal¥ a, flafaTanufdune  uae L, iy C
ot tuned 191 Harmonic fi77@89nN797n stage N14Tne stege § 13
set |43 Hermonic aaflsrann 54 MH, 1fo9a1n2997lu  stege %
(duq 997 Amplify uuu class A ¥11% RF Signal anawaﬂﬁﬁ power
Qo%uﬁvﬂ #1u1412997 matching Taafl ¢,y L, flu C, soflunuuwne
(§flol¥ matching flusEMing stage WTn Ay stage f 2 150 stege
§ 2 R, uar R, iflufs set Bras ¥ty @, 1ea® R, uwae C,

a
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L Hudarin Ik aflgTarueee transistor Q@ $1afe70ufd uarfineaT tuned
?1n L, Sy C, Tau19397 tuned dvtuned ¥ Harmonic ﬁaqwuﬁ 108 MH,
gru Setfiunny tuned  TnSannafifiv 2 iinvesasniifidsiiuansean
stege wyn 1aed c, . L, fu c,, -tiu matching T¥uing stage A8
108 MH_ §ifu Finai A ifidoanT qs&uuﬁq stage 729378aluLfune
aTumnefdsras RF Taof Q, argn Set BIAS ‘lfuuy class C (SRl
power d9 47U L, ffu C, (2997 tuend Swfafiflosdu Harmonic flsl
VTdaruBfidoeniTeruoonty  power fiinusan Stage ﬁﬁﬁ1§o1ﬂwaﬂﬂuﬁﬁao
n178ef0 9w 93T B S Bnutle stage %eqsgnuﬂwﬂﬁwﬁeTéﬂ Q, Fasio
wpy cless € 1Aidufy Taef L, ¢, Swr.c,, 1fu299% tuned \foflo s
&u Harmonic Hldfesniserueenannialy  whewfen9a7 tuned #Hoifu
matching Impedance |#fiu output ﬂaqqqq1ﬂaqﬂﬁwﬁq€ 848 Impedance
50 Tow
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nwﬁafﬂan1nnﬁqaﬁdwuﬁ uar ARIENEATAS RF

n7af191997luduiide o4 afoefionanerlin  tdu  Frequency
counter, Frequency generator, Watt meter Lﬁuﬁu Lﬂmh'unamw':
(a¥anun 9978 9N svdiaaiinTifuqui Rareun Tagtravdoston
27 MHz 91n generator (412937108l power faa 9 ud14 Frequency
counter 'Suﬁ Ce uﬁ"lﬁ']ﬂ’\‘iﬂi"ugu coil uaucapacitor“lﬁﬁﬂ’i'\ﬂ?’} 54 MHz
ﬂga‘lﬂﬁtﬁ:ﬂﬂﬁ Cc. uar3J9fdn Frequency counter m'ﬁuﬁ C,. 5ﬂﬂ‘?'0¢fﬂﬂ’fw
¥uqu Coil L, fiu Capacitor C, VHsaruiffinducdu 2 e
ANl 54 Mz (fuadnafl 108 MHz w3olndifine stage 199a1A output
%ovawaﬁwﬁo&uavqnﬁaﬁqa watt meter My Dummy load 50 Towu ﬂﬁwdﬁ
LT19vf0 989 nAfl Watt meter dfinaTnTe@niu Saduselnd NI ofiten

9¢#03U¥Y coil Uay Capacitor C,_ iy L, uas C,, uag C Taaay

16
fosudullis power aanuwgoﬁgm Ftnaldan watt meter Tuntvadas
&uﬁmﬂﬁﬁﬁwﬁm wardovTeiinTeyefio 130N TiuYRARIN (coil) L$9991n
Eriiuifunotnluudeson  Favrir 1% sasr o ubawannfionan fiufulols
TunrAueneinge transistor  avfoshn Heat sink itfHesrunsainndould
transistor Wavn17ifende Capacitor auﬁaetﬁanﬁﬁnﬁﬁqmnﬁwtﬁu wuy
silver MICA Z9f71A7UWY uazdauﬁﬁwﬁm?unwsﬁaaﬁw?ﬁLﬂéaaéeﬁﬂfsﬁnﬁ
AMWge @  power supply 89 power supply srdoeiFeul#s ripple
fougn Loto sfuN1TTUNIURINATR power supply tf0931naNA power
supply 1utSaviwsne Filtter ldifimowarr ¥ Reeduasnonnialy uae
014t 1% 1Rn self oscilation 1§ vl#Sn1r7umufuifafn 2937 RF
&uﬁﬂqwuazLﬁﬂﬂﬂunwsa%wuuﬂﬂiauﬁe qﬂnfﬁﬁﬁﬁuwﬂfunauquﬁaoﬁqmnww
ﬂmuwﬁﬁwﬁm o niwu L nTiul¥ coil fidamny Henry ¢ an17ius
ANEINIVUINWORNAIT au&uaﬁaquﬁaeﬁuﬂnﬁagﬂaﬂ 9 (o 9annnriiudilal
avBaawe TaNfiaFoefiofildlun1adn eifodrdn Tarudlunnria (Hudu
SouduudeiSaudon T¥nnaosdeoonoinid  1asde  output fuanBeINAeA
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w4 wdalou signel drsusruin  wasi¥uarnudifiadestuldfanui
nvefumInnBfide svdoet fusruy stereo uarld pilot awdoefin Beuane
foifusruy stereo  uardnfiBzedusuninluiafocdulvaosiifen Supply
310 requlated ¥t Battery udimmaoslmidriRgsBamnafivansiinig
supply § ripple geavdoy filter whondanldg & ldwnsuanednnesy
n%3A2N8UAL1 997 moduleted BreduSiiiguaifiaafy noise 1¥ndulunTae
aaug?uﬁﬁna?q a7 scope lun1Tnrraifiossldifinin noise 1finsan
antwuffuid udrFodnrsudly
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mnh 4
ANINARDILABHANITNARD Y

1. fodgqniRAse 1 KHz guladgeim 0.5 Taad p-p 1§06 J,
U¥u R, R,» R, Uar R, T{ﬁqﬂﬁoﬂano uavify R, 1ﬁa§1uﬁ1uuﬁaﬁw
an daaTﬂﬂfﬂsvﬁuﬁmmwmt%ﬂoLﬁﬂﬁ@ﬂdaﬂao c, uav R_ 1f¥sinminTedy
ﬁmmﬂmtﬁﬂqﬁ¥ﬂ15 qvﬁaoWnﬁtﬁﬂoﬁusvﬁuﬁmmﬁmnﬁoﬁuqn

‘ awn&u?ﬁﬁﬂﬂxawﬁmmwmtﬁﬂo 1 KkHz {1y 48 J, 7uﬁn5mmwmﬁﬁﬂ

1gavdosiindusu Foloutdnne I, & lduidulfudy R, sunsedeinnfy
Tunn7idrunitaniTidy R, ﬂ??qvaqqﬂﬁtﬁﬂqqﬂﬁanaﬁa

2. daaTﬂﬁu%aﬁtmaéﬁﬂivﬁuﬁmmwmtﬂﬂﬁgﬂﬁaﬂaa C. uar R, uav
AoRQy ML Aty 1 KHz L $n J, (Bnde) 1uﬁuﬁmmwmﬁ¥ﬂnwotéﬁﬁqnauﬁae
1nﬁtﬁﬂoﬁuﬁxﬁwnwoﬁuqn noul ¥ odqun 1 KHz Tilcdnd J,  Tediudy
mwmﬁfﬂiﬁnwaLﬁwﬁqnﬂafauxﬁwﬁunweﬁuqn ﬁaawn&uﬂﬁ%&ﬁawaﬁuqnﬁﬂﬂ—
1L ieaiiu %atﬁﬂﬁuinﬁﬁmmﬁm 1 KHz tﬁﬁuﬂﬂﬂﬁﬁuQﬂﬁﬂﬂaﬂ nouliTrdy
ﬁmmﬁmnﬁoLﬁwﬁqnaamnaouwLﬁuquén%aqnﬁtﬁﬂoqué THu¥ime R, Vol
dﬁnwot51ﬁqnﬁwQﬂtﬁuQué1ﬁauﬁu1n 1 2ilgun T¥ns1enonf 1c, 8ot fun
a7 a3 ad Sgn o

3. doiafeeinminadidrfiuinoatantnefuas Q, ualidy L, *u
gufnANEld 76.000 KHz

4, ¥y R, 1ﬂﬂéenﬁouasdaaTﬂﬂﬁﬂ7uﬁu§mmﬁm1ﬂﬁeqﬂdanao R,,
war C,, Ufuadnquuas L, 1%15L51ﬁqn 19 KHz aaﬂuﬁnﬁqﬂ

5. doalaliassdudyywludieqadones C, way R,, 1¥u R,
1ﬂau§ﬂﬁﬁ01ﬂﬁwuuﬁo§1ﬂ7w1 5uqnﬁmmwmn§ﬂeqvtﬁuqué ¥y R aeﬁﬂqﬂ
wavtdy L, Fid 8 funoengegn  deludenq v¥u R, odredng (Sl
f¥yqgvesn (nulld nnoxéﬂﬁqn Qﬂﬁaﬁ@asaéﬂnﬁgﬂﬁqnaﬂow?a%nav1ﬂﬂuﬁ
wlofilnuos R, & fenefidqunmoanidaTisacy Ic, uwargunIdiay
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6. 1U¥u R, nﬁu1ﬂﬁaﬂﬁanaﬁa todgwt e 1 KHz (dnnedu
wnﬂwauaunawTﬂﬂmaaTﬂﬂuaﬂqﬁmmwmﬁaﬂnauao Rgo War C.. @8uyniqe
uavvawnnmaﬁmmwmtﬁ1w¥ouﬁuuautﬁuﬁmmﬂmLﬁﬂoﬂutﬁﬂaﬁuau1uﬁﬁmmwmaanﬁ
Ldﬂﬁwnquﬂfu Ry Snafedndrifu  wavdoandulfusy R, nauuﬂﬁﬁua

7. 1%y R, Tdusena 1/3 vosdugegn, ¥y R, 1ﬂﬂ73uﬁm 174
vovfugegn, Uy R, 1ﬂﬂ1su1mﬂ%eﬂﬁo. wavidy R, 1ﬂﬂvuuﬁm 1/3
1O IRIUGIRA anﬁuwuunwanﬂﬁnﬁoLﬂ%aefhﬁnﬂtau 8a ainesTolufiannt
TP prneReee woﬂutﬂiaasu1ﬁﬁTuTu uﬁaﬂaﬁmmwmtﬁﬂoatﬂa%Tatﬁﬁ
nﬂcﬁuqnﬂWﬂuasﬂQﬁﬂaoLﬂsaede ¥y C, . qunfvﬁefuﬁoﬁmmwmﬁaaﬂaﬁnwﬂ
niafoedeld

8. 1Ufu R, QuWﬁﬂaﬁuﬁouulﬂéaa¥u3nﬂ FM wa" ﬁuanwﬁ%nﬂéuq
w¥nadndiasosdy i lufidrwnioninosTe ufudy Ry %atﬁuﬁdnosuﬂu
X lwon, QunTvﬁc1wuaﬂe§mmﬁmaLna%Tauutﬂ?aofuavwo%u A
v¥u R,, ludnvsesnm 50 tedifud  dvludqgreained Tedoliadn oIk
aTrafifuneun1TUS A A 8 76 KHz w09 Q, arnful#ao ety R,, 9n
Tunout i y1avanrTodule o eatnosTasniafos¥ulduda

9. ufufl R, uardolufiuyuf L, e l¥SimTuendyunaat nod Toldd
Aan
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zﬂnﬁuﬁunﬁfﬂfuudeanﬁwoq 1992937

— | 1345 uSEC. :
®

INPUT 70 1C2. _ PIN3 (1€2) -

gﬂﬂ%uﬁvw 3 w98 IC, Lﬁuﬁmmﬁmﬁuqnﬁtﬁwuwﬁq 1C_

—] F——263 pSEC. @

IC2 OUTPUT 38 KHZ. PIN1 (1C2)..

suadufian 1 wes 1c, ifludyyw 38 KHz fleenann 1c,
A ]
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10V.P-P.

|

—_—

— |——526uSEC

IC2 OUTPUT 19KHZ PIN14 1C2

7infufinn 14 ey IC, Liusygim 19 KHz fisenann IC,

i
0.570 1.0V.P-P

|

BAHZTP. . JCTR30&REZ
OUTPUT OF 38 KHZ FILTER. @

;ﬂﬂﬁuﬁqﬂmafxuqia R,o WAt R,
Hudqgne 38 KHz firinun e37fla L nofuda
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f =19 KHZ

0T01VOLT
(VARY R31)

1

19KHZ TP. JCT.R31 & C19 @
PILOT CARRIER FROM R31

7ﬂﬂ§uﬁaﬂnasuw7wq Ry, war C,, nﬁuﬁmmwmiwﬁam 19 KHz f9onain
R,, (3amadoudggim 19 KHz) (FofinTufu Rny Taaﬁtnaﬂaoﬁmmwmasaﬂ

1

Tutqre 0-1 Tradcr-p)

JCT.C6& RS0 A=B=03T01.0V.

INPUT: L=1KHZOS5V.P-PR=0V.
BALANCED MODULATOR OUTPUT

] ' . . ¢
sUnfufandosening C,, wav R, floudggragisinieduwn L = 1 KHz
°v b b ]
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RCA Transistor

B
2N3553 . RF POWER TRANSISTOR :
Si n-p-n “overlay” epitaxial planar type used in class
A, B, and C amplifiers, frequency multipliers, or oscilla-
tors in vhf-uhf applications. JEDEC T10-39, Outiine ¢ 3
No.15.
MAXIMUM RATINGS
Collector-to-Base Voltage Veno 65
Collector-to~-Emitter Voltage:
Ve == —-15 V Veey 65
Base open Veeo 40
Emitter-to-Base Voltage Vero 4
Collector Current Ic 0.33
Peak Collector Current ic 1
Transistor Dissipation:
Tc up to 25°C Pr 7
Tc above 25°C Pr Derate linearly
to 0 watts at 200 °C
Temperature Range:
Operating (Junction) 4 Ts (opr) —65 to 200 °C
Stor TsTa -85 to 200 °C
Lead- Soldering Temperature (10 8 MaX) iccercsrennanes Tu 230 °C
CHARACTERISTICS (At case temperature — 25°C)
Collector-to-Base Breakdown Voltage (Ic = 0.3 mA,
I = 0) Virwrenn 65 min v
Collector-to- Emmer Breakdown Voltage:
Ie=0¢to 0 . Is = 0, pulsed through an- dinduetor
L = "5 ml-I df = 50% Venmero 404 min v
Ic = 0 to 0.2 A, Vo = - 1.5 V., pulsed through an
inductor L. = 25 mH, df = 50% .  Vwmeey 65 min v
Emilter-to-Base Breakdown Voltage (Ir =
Ic 0) VsmEeBO 4 min v
Col]ector-to-Emitter Saturation Voltage
(Ic == 250 mA, Is = 50 mA) Vee(sat) 1 max v
TYPICAL OPERATION CHARACTERISTICS TYPICAL SMALL-SIGNAL.C
- TYPE 2N3553 - OPERATION C,HARACTERIST
£ |COLLECTOR-TO-EMITTER VOLTS (Vce)~ 28 z TYPE 2N3553
« | CASE TEMPERATURE (T¢)=25°C " COLLECTOR - TO-EMITTER VOLTS (Veg)» 28
=10 | 1 - CASE TEMPERATURE {T¢)}r25°C
] \ ¥ 600
- Ao ol ]
’8‘ S ﬂo‘% =500
< \% e § 400
E s = \ I3
H \ \N < ;300
3 ‘\\\\::i h\ E
s Z 200
w \ S
« z
-
%O 7% 100 150 200 300 400 © 10
FREQUENCY ~ MH1 .9%3 40 60 80100 200 400
RCIINTT COLLECTOR CURRENT (Ic) ~ MILLIAMPERES

92CS-12TUT

€ Ppddd <

-y



RF Power Transistors

CHARACTERISTICS (cont'd)-

Ic = 100 mA, £ = 100 MHz)

94

f = 1 MHz)
RF Power Output:

Collector-Cutoff Current (Vce = 30 V, Is = 0) ...c.... IcEO
Intrinsic Base-Spreading Resistance (Vcx = 28 V,
oy
Gain-Bandwidth Product (Vce = 28 V, Ic = 100 mA) 1r
Output Capacitance (Vcs = 30 V, Ie = 0,
Cobe
Unneutralized Amplifier—Vcec = 28 V,
¢and RL = 50 2, f = 175 MHz Pos

Piz = 0.25 W,

0.1 max

12
500

10 max

2.5* min

A Measured at a current where the breakdown voltage is a2 minimum.
* For conditions given, minimum efficiency = 50 per cend

MAXIMUM RATINGS

Collector-to-Base Voltage

RF POWER TRANSISTOR

Si n-p-n “overlay” epitaxial planar type used in class
A, B, and C amplifiers, frequency multipliers, or oscilla-
tors in vhf applications..JEDEC TO0-60, Outline No.23.
See Mounting Hardware for desired mounting arrange-

ment.

Vcao

Collector-to-Emi‘titer Voltage:

g = —1.5

VcEv

Base open

Vczo

Emitter-to-Base Voltage

Collector Current

Veso'

Ic

Peak Collector Current

ic

Transistor Dissipation:
Tc up to 25°C

Tc above 25°C

Pr
Pr

Temperature Range:

2
Derate linearl:

2N3632

3

to 0 watts at 200

Operating (Junction) Ts(opr)
Storage STG
Lead-Soldering Temperature (10 8 IMAX) wecoemnmmsncsmnses Tu
CHARACTERISTICS (At case temperature — 25°C)
Collector-to-Base Breakdown Voltage (Ic = 0.5 mA,
g = 0) Vismrrno
Collector-to-Emitter Breakdown Voltage:
c = 0 to 0.2 A, Is = 0, pulsed through an inductor
L = 25 mH, df = 50% Vinicro
Ic = 0 to 0.2 A, Vs = —1.5 V, pulsed
through an inductor L. = 25 mH, df = 50% ... VisricEY
Emitter-to-Base Breakdown Voltage
(Ir = 0.25 mA, Ic = 0) VriERO
Collector-to-Emitter Saturation Voltage
(Ic =05 A, In = 01 A) Vee (sat)
Collector-Cutoff Current (Vee = 30 V, I = 0) .ceeueeee Iceo
Gain-Bandwidth Product (Vce = 28 V, Ic = 150 mA) fr

TYPICAL OPERATION CHARACTERISTICS

TYPE 2N3632

COLLECTOR ~TO~EMITTER VOLTS (Vcg 128
o CASE TEMPERATURE (Tg)»25°C

"
[
<
x
s 4 1
=
320
R WD)
[ g R S
2 10 PPOWE —~c —
&8 R Tng 255
3 € ~r s s
S
§ ' 0 Ts.l(}o_
'3
g 2 \
'S
3
"o 60 0 100 200 300
FREQUENCY - MHz
9203-120297

—65 to 200
—65 to 200
230

65 min

404 min
65 min
4 min

1 max
0.25 max
400

TYPICAL SMALL~SIGNAL
OPERATION CHARACTERISTIC

A € brpdde <

e o &
[¢1e]e]

TYPE 2N3632
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RF Power Transistors

CHARACTERISTICS (cont'd)
Collector-to-Emitter Saturation Voltage

(Ic ='0.5 A, Is = 100 mA) Vce(sat) 1 max v
Collector-Cutoff Current (Ve = 30 V, In = 0) .coceveenee Iceo 0.25 max mA
Intrinsic Base-Spreading Resistance (Vce = 28 v.

Ic = 250 mA, f = 200 MHz) Tod’ 6.5 Q
Gain-Bandwidth Product (Vee = 28 V, Ic = 150 mA) fr 400 MHz
Collector-to-Case Capacitance . Ce 6 max pF
Output Capacitance (Vecs = 30 V, Ie = 0, .

{ = 1 MHz) Cove 20 max pF
RF Power Output Amplifier, Unneutralized:

Vee = 28 V, Pie = 4 W, Re and Ru = 50 Q.

f — 260 MHz) Poe 14.5¢ w

Veg = 28 V, Pic = 4 W, R¢ and Rr = 50 Q, -

f = Poe 101 min w

* For conditions given, minimum efficiency = 60 per cent.

t For conditions given, minimum efficiency

RF POWER TRANSISTOR

Si n-p-n “overlay” epitaxial planar type for vhf-uhf
applications in class A, B, and C amplifiers, frequency
multipliers, and oscillators in military and industrial
communications equipment.

No.15.
MAXIMUM RATINGS

45 per cent.

2N3866

JEDEC TO-39, Outline

Collector-to-Base Voltage Veso 55 v
Collector-to-Emitter Voltage:
g = 10 Vcer 55 v
Base open VcEo 30 v
Emitter-to-Base Voltage VEBO 3.5 v
Collector Current Ic 0.4 A
Transistor Dissipation:
Tc¢ ug to 25° Pr . 5 w
Tc above 25°C 25 See curve page 300
«Temperature Range: ?
Operating (Junction) T (opr) —65 to 200 Cc
Storage 2 TsTo ~—65 to 200 °C
Lead-Soldering Temperature (10 S MAaX) .ccocricemcons . Tu + 230 2C
TYPICAL SMALL-SIGNAL
mT:fP!CAL OPERATION CHARACTERISTICS A OPERATION CHARACTERISTICS
2 TYPE 2N3866 z T T
L [COLLECTOR SUPPLY VOLTS (Vccl=28V £ TYPE 2N3866 -
£ 3.0|cASE TEMPERATURE {T¢)=25° Qyp FIRASEIIERPER URE (1) 205
+ = L
32.0 S 3
[ 2 800 - =
: e ND
5 T S Troyd—%
© e ’Gfk |
€10
g § 4 cu’a
80.8 @ 1
&os 5200 20 40 60 80 :
100 n Ezggmcy__ M:SO €00 800 COLLECTOR MILLIAMPERES (I}
9209 ~13146T 92CS-INSET
CHARACTERISTICS (At case temperaturer = 25°C)
Collector-to-Base Breakdown Voltage (Ic = 0.1 maA, .
Ie = 0) Vsricso 55 min v
Emitter-to-Base Breakdown Voltage (Iz = 0.1 maA,
Ic = 0) oees Vrigso 3.5 min v
Collector-to-Emitter Sustaining Voltage:
Ic = 5 mA, Rse = 10 Q Vcen(sus) 55 min v
Ic=5mA, Is =0 Vceo (sus) 30 min v
Collector-to-Emitter Saturation Voltage
(Ic = 100 mA, Is = 20 mA) Vce(sat) 1 max v
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ECA Transistor

CHARACTERISTICS (cont'd)

Collector-Cutoft Current (Ver = 28 V, In = 0) ..... Icxo
Gain-Bandwidth Product (Vcz = 15 V, Ic = 25 inA) i
Output Capacitance (Vcs = 30 V, Iz = 0,
f = 1 MHz ) Cobe
RF Power-Output Class C Amp uﬁer. Unneutrallzed:
Vee = 28 V, Pie = 0.05 W, £ = 100 MHz I Por
Vee = 28 V, Pm=01W.£=25 MHz . - Pox
Veo = 28V, Pig = 0.1 W, £ = 400 MHz . Pox
* For conditions given, minimum efficiency 60 pex' cent.

® For conditions given, minimum efficiency = 50 per cent’
t For conditions given, minimum efficiency = 45 per cent.

2N4012 RF POWER TRANSISTOR

Si n-p-n “overlay” epitaxial planar type designed to
provide high power as a frequency multiplier into the
uhf or L:band frequency region in military and indus-
trial communications equipment. JEDEC TOQ-60, Out-
line No.23. See Mounting Hardware for desired mount-

ing arrangement.

MAXIMUM RATINGS
Collector-to-Base Voltage

Collector-to-Emitter Voltage:
Vs = —15 V

Base open

Emitter-to-Base Voltage

Collector Current
Transistor Dissipation:

Tc up to 25°C

Tc above 25°C
Temperature Range:

Operating (Junction)
Storage

Lead- Soldering Temperature (10 8 MaX) .cooemeerecens .
CHARACTERISTICS

.Collector(;)to-Base Breakdown Voltage (Ic = 0.1 mA,

Collector-to-Emitter Breakdown Voltage
Ic == 0 to 200 mA, pulsed through an inductor
L = 25 mH, df = 50%
Ve = —1.5 Vo,Ie=0 “to 200 mA., pulsed through
an inductor L = 25 mH, Gf = 50% .cecccrmmermcmnss
Emitter-to-Base Breakdown Voltage (Ix = 0.1 mA,

Q)
Collector-to-Emltter Saturation Voltage
(Ic = 500 MA, Iz = 100 MA) ceecesmscsmiomiimiie
Collector-Cutoff Current (Vce = 30 V, Is = 0) ...
Gain-Bandwidth Product (Vcg = 28 V, Ic = = 150 mA)

Veso
Vcxv
Vcexo
Veso
Ic

Pr
Pr

Ti(opr)
T,

sTO
Tu

Vamcso

Variceo
Vncey
Vamnzno
Vex (sat)
Iceo

fr

20 max
800

i 3max
1.8*

€4 % EE

1t min

1.5

v
v
v
v
A
w

11.6
See curve page 300
—65 to 200 *C
*Cc

—65 to 200
230 °c

65 min

40 min
65 min
4 min
1 max

0.1 max
500

Ea
Pd <4 < 4 <

TYPICAL SMALL-SIGNAL OPERATION
CHARACT! ERIST!C

TYPICAL OPERATION CHARACTERISTICS

2 38 2
£ TYPE 2N40I2 E
3 CASE TEMPERATURE (T¢)s 25°C L TYPE 2N40R2
I3 CURVE A: DOUBLER T |COLLECTOR-TO-EMITTER VOLTS (Veg)®28
§ w CURVE 8: TRIPLER £ 600 CASE TEMPERATURE (Tc)® 25°C
=, I\ ___| CURVE C: QUADRUPLER 3
5 \ S 500 o= —
"4

E 5 \ N : \f\
3 \ £ 400 <
& 15 \, N x
z= b ~ Z 300
2 A ta < =
w 1 ! >
& 0§ 03 10 . 12 13 14 18 B

OUTPUT FREQUENCY lfy)r}- GH2 S 200

92CS 134657 ) 50 100 159 200 2% 300

COLLECTOR MILLIAMPERES (I¢)

9208125697



Symbols

97

lthough semiconductor-device symbols have not yet been standardized

throughout the industry,
tablished by common usage.

and defined in this section.

GENERAL SEMICONDUCTOR

t. + te
T (tau)

Ts

SYMBOLS

duty factor

efficiency

noise figure
temperature

ambient temperature
case temperature
junction temperature
mounting-flange temper-
ature

soldering temperature
storage temperature
thermal. resistance
thermal resistance, junc-
tion-to-ambient

thermal resistance, junc-
tion-to-case

thermal resistance, junc-
tion-to-heat sink
thermal resistance, junc-
tion-to-mounting-flange
time

delay time

turn-on time

fall time

pulse time

rise time

storage time

turn-off time

time constant
saturation stored-charge
time constant

TRANSISTOR SYMBOLS

Cv'e

collector-to-base feed-
back capacitance

Ce

Clho
Cieo

CM
Cobo

Coeo

Es/»
f.
fh(b

fhtc

fx

gme

Gl'l

(e

many symbols have become fairly well es-
The symbols used in this Manual are listed

collector-to-case capaci-
tance

collector-to-base feed-
back capacitance

input capacitance, open
circuit (common base)
input capacitance, open
circuit (common emitter)
cross modulation

output capacitance, open
circuit (common base)
output capacitance, open
circnit (common emitter)
second-breakdownenergy
cutoff frequency
small-signal forward-
current transfer-ratio
cutoff frequency, short-
circuit (common base)
small-signal forward-
current transfer-ra tio
cutoff frequency, short-
circuit (common emitter)
gain-bandwidth product
(frequency at whic¢
small-signal forwarT
current transfer ratio
common emitter, extrd-
polates to unity)
small-signal transcon-
ductance (common emit-
ter)

large-signal average
power gain. (common
base)
small-signa
power gain
base)

1 averag®
(common



Symbols

Grs

(;p.

hre

hfu

ICBO
IC‘O

IC!R

large-signal average

power gain (common
emitter)
small-signal average
power gain (common
emitter)

static forward-current
transfer ratio (common
base)

small-signal forward-
current transfer ratio,
short circuit (common
base)

static forward-current
transfer ratio (common
emitter)

small-signal forward-
current transfer ratio,
short cireuit (common

emitter)
small-signal input im-
pedance, short circuit

(common base)

static input resistance
(common emitter)
small-signal input im-
pedance, short circuit
(common emitter) .
small-signal output im-
pedance, open circuit
(common base)
small-signal output im-
pedance, open circuit
(common emitter)
small-signal reverse-
voltage transfer ratio,
open circuit (common
base)

small-signal reverse-
voltage transfer ratio,
open circuit (common
emitter)

base current

turn-on current

turn-off current
collector current
collector current, instan-
taneous value
collector-cutoff current

collector-cutoff current,
emitter open
collector-cutoff current,
base open
collector-cutoff current,

specified resistance Dbe-
tween base and emitter

?8

Tezs
Ler
Lerx
Les

IEBO

Is/s
MAG
MAG.
MUG

Psr

Psr

Pes

Pea

PrB

. specified

collector-cutoff current,
base short-circuited to
emitter

collector-cutoff current,
voltage be-
tween base and emitter
collector-cutoff current,
specified circuit between
base and emitter
switching current (at

" minimum hye per spe-

cification)
emitter current
emitter-cutoff
collector open
second-breakdown collec-
tor current

maximum available am-
plifier gain

maximum available con-
version gain

maximum usable ampli-
fier gain

total dec or average power
input to base (common
emitter)
totalinstantaneous power
input to base (common
emitter)

total dc or average power
input to collector (com-
mon base)

total instantaneous power
input to collector (com-
mon base)

total de or average power
input to collector (com-
mon emitter)

total instantaneous power
input to collector (com-
mon emitter)

total dc or average power
input to emitter (com-
mon base)
totalinsfantaneous power
input to emitter (com-
mon base)

large-signal input power
(common base)
small-signal input power
(common base)
large-signal input power
(common emitter)
small-signal input power
(common emitter)

current,



Pos

Poe
P..
Pr
Q.

o’
r/'Ce
ree(sat)
Re(hi.)
Ro

R..

R
Ro.

Rs

99

'RCA Transistor

large-signaloutput power
(common base)
small-signaloutput power
(common base)
large-signaloutput power
(common emitter)
small-signaloutput power
(common emitter)

total nonreactive power
input to all terminals
stored base charge
intrinsic base spreading
resistance

collector - to - base time
constant
collector-to-emitter satu-
ration resistance

real part of small-signal
input impedance, short
circuit (common emitter)
generator resistance
input resistance (com-
mon emitter)

load resistance

output resistance (com-
mon emitter)

source resistance

7 (thermal) thermal time constant

Vae
vnc
Vee
Ve (sat)

V(BR)CBO

Vismceo

V(BR)CBR

V(BK)CES

V(BR)CKV

V(BIK)EBU

VCB

base-supply voltage
base-to-collector voltage
base-to-emitter voltage

base-to-emitter satura-
tion voltage

collector-to-base break-
down voltage, emitter

open
collector - to - emitter
breakdown voltage, base
open

collector - to - emitter
breakdown voltage, spe-
cified resistance between
base and emitter
collector - to - emitter
breakdown voltage, base
short-circuited to emit-
ter

collector - to - emitter
breakdown voltage, spe-
cified voltage between
base and emitter
emitter-to-base
down voltage,
open
collector-to-base voltage

break-
collector

Ven(fl)

Ver(fl)

vCBO
Venr
Vee
Ves
Vezo

Veen

Vees
vc EV

Vee (Sat)

Ve
Ves(fl)

VBBO

Ve
Vn'r
VG
1 /Y".:(renl)

ch
Y.

Yo
Yre

dc open-circuit voltage
between collector and
base (floating potential),
emitter biased with re-
spect to base

de open-circuit voltage
between collector and
emitter (floating poten-
tial), base biased with
respect to emitter
collector-to-base voltage
(emitter open)
collector-to-base voltage,
specified voltage between
emitter and base
collector-supply voltage
collector-to-emitter volt-
age

collector-to-emitter volt-
age, base open
collector-to-emitter volt-

-age, specified resistance

between base and emit-
ter

collector-to-emitter volt-
age, base short-circuited
to emitter
collector-to-emitter volt-
age, specified voltage be-
tween base and emitter
collector-to-emitter satu-
ration voltage
emitter-to-base voltage
dc open-cirenit voltage
between emitter and base
(floating potential), col-
lector biased with respect
to base

emitter-to-base voltage,
collector open
emitter-supply voltage
reach-through voltage
voltage gain

real part of short-circuit
output impedance
forward transconduct-
ance

input admittance

output admittance
reverse transconductance

MOS FIELD-EFFECT
TRANSISTOR SYMBOLS

A
B..

voltage amplification
(= Ye/Yoo + Yu)

= Cas



Symbols

Ce

Cae

Cead

Clu
C.II
Cfll

€

8

gt
ge(c)
gu(off)
g

gnu
G,.

G’l(t)
v
Ios(OFF)

ID!S
IGXSS

IGZS!
Iﬂ!!
NF
Te

Ta

Ta
.Tus(ON)
Roa(off)

Tza

intrinsic channel capaci-
tance

drain-to-source capaci-
tance (includes approxi-
mately 1-pF drain-to-
case and interlead ca-
pacitance) :

gate-to-drain capacitance-

(includes 0.1-pF inter-
lead capacitance)
gate-to-source interlead
and case capacitance
small-signal input ca-
pacitance, short circuit
small-signal output ca-
pacitance, short circuit
‘small-signal reverse
transfer capacitance,
short circuit

equivalent input noise
voltage

forward conversion con-
ductance
forward
ance
forward conversion
transductance

cutoff forward transcon-
ductance

input conductance
output conductance
power gain

conversion power gain
de drain current
drain-to-source OFF cur-
rent

zero-bias drain current
gate No. 1 leakage cur-
rent

gate No. 2 leakage cur-
rent

gate leakage current
spot noise figure (gen-
erator resistance Ro =
1 megohm)

transconduct-

_effective gate series re-

sistance
active channel resistance
unmodulated channel re-
sistance

_drain-to-source  ON re-

sistance
drain-to-source cutoff re-
sistance

_ gate-to-drain leakage re-

sistance

{oo

Tes

Tiss
Yous
Vos

Voa
Voa

VDO!

Vos
Veis

Vas(off)
Vs

Veas (0fF)
Ves

Ver

Vs

Vas

Ves (OFF)

v,
Y

Y.,
Ys
Va:)

gate-to-source  leakage
resistance

input resistance
output resistance ..
drain-to-substrate
age

drain-to-gate voltage -
drain-to-gate No. 1 volt-
age

drain-to-gate No. 2 volt-
age

drain-to-source voltage
gate No. 1-to-source volt-
age

volt-

gate N.o 1-to-source cut-

off voltage

gate No. 2-to-source volt-
age

gate No. 2-to-source cut-
off voltage

dc gate-to-substrate volt-
age
peak
voltage
dc gate-to-source volt-
age

gate-to-substrate

" peak gate-to-source volt-

age
gate-to-source
voltage

offset voltage
forward transadmit-
tance =~ gn

output admittance =
oo 4+ jB-:., Boe = weas
load admittance = gi -+
jBe

phase angle of forward
transadmittance

cutoff

——— e e
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v National Audio, Radio and TV Circuits
Semiconductor

LM1596/LM1496 Balanced Modulétor—Demodulator

General Description Features

The LM1596/LM 1496 are doubte balanced modu- = Excellent carrier suppression

Iator-demodulax?rs which produce an oultpul . 65 d8 'typical at 0.5 MHz
voltage proportional to the product of an input 50 dB typical at 10 MH
{signal) voltage and a switching {carrier) signal. ypical a z
Typical applications include suppressed carrier
modulation, amplitude modulation, synchronous
detection, FM or PM detection, broadband fre-

s Adjustable gain and signal handling

quency doubling and chopping. ® Fully balanced inputs and outpuis

The LM1596. is specified for operation over the 5

-55°C to +125°C military temperature range. The ® Low offset and drift

LM1496 is specified for operation over the 0°C

to +70°C temperature range. s Wide frequency response up to 100 MHz

Metsl Can Package

Schematic and Connection Diagrams
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Numbers in paronthems shon DIP connactions.

Order Number LM14B8N
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Typical Application and Test Circuit
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Suppressad Carrier Modulator
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Absolute Maximum Ratings

Internal Power Dissipation (Note 1) 500 mW
Applied Voltage (Note 2) 3ov .
Ditferentis! Input Signal (V7 — Vg) 250V s
Ditfecential tnput Signat (V4 — Vy) $(5+13R, )V
Input Signal (V3 - Vy, V3 — Vgl 5.0V .
Bias Current {1g) * 12 mA
Operating Tempaerature Rangs LM 1596 -§5°C t0 +125°C
LM14R6 0°C 10 +70°C
Storage Temperature Range -65°C 10 +180°C
Lead Temperature (Soldering, 10 sec) 300°C \

L)

Electrical Characteristics {Ta = 25°C, unless otherwise s;;ecified, see test circuit)

3  LMiB06 LM140¢
PARAMETER CONDITIONS UNITS
MIN | TYP | MAX [MIN | TYP | MAX
Carrier Feedthrough Ve = 60 mVrms sine wave 40 40 HVems
< e = 1.0 kHz, offset adjusted
V¢ = 60 mVrms sine wave 140 140 BVems
fc = 10 MHz, offset adjusted
Ve = 300 mVy, square wave 004| 02 004| 02 | mvrms
tc = 1.0 kHz, offset adjusted
Ve = 300 MV, square wave 0 100 20 150 m¥rms
fc = 1.0 kHz, offset not adjusted
Carrier Syppression tg= 10 kHz, 300 mVrms 50 85 50 65 d8
1c * 500 kHz, 60 mVrms sine wave
oftset sdjustad
fg= 10 kHz, 300 mVrms 50 50 d8
fc = 10 MHz, 60 mVrms sine wave
offset sdjusied
Traradmittance Bandwidth Ry = 500 300 300 MH2
Carrer Input Port, Ve = 60 mVems sins wave
s = 1.0 kHz, 300 mVrms sine wave
Signat Input Port, Vg = 300 mVems sine wave 80 80 MHz
V7 - Vg=0.5Vde
Voltage Gain, Signal Channel Vg = 100 mVims, { = 1.0 kHz 25 35 26 35 ViV
V3 - Vg 0.5Vde
tnput Resistance, Signsl Port 1=50MHz 200 200 [%¢]
Vy-Vg=05Vde
tnput Capacitance, Signat Port f=50MH2 2.0 2.0 pF
V3 - Vg~ 06 Vdc
Single Ended Output Resistanca | t = 10 MH1 40 40 (31
Singte Ended Qutput t= 10 MH: 50 5.0 oF
Capecitance
tnput Buas Current {ty + 141/2 12 25 12 30 HA
input Bias Curremt {1y + 19112 12 26 12 30 A
tnput Oifser Current thy =~ g} o7 5.0 [+ %] $.0 HA
Input Oftset Current {iy ~ 1g) 07 5.0 5.0 8.0 uA
Average Temperature [-B5°C < T4 < +125°C) 2.0 nASC
Coefficient of input 10°C < T, <470°C 2.0 nAS"C
Ottsat Current N
Output Otfset Curremt (g - g} 14 50 14 60 nA
Averags Temperature (-55°C < To < +125°C) 90 nASC
Coefficient of Qutput 10°C < Ta < +70°C) 90 nASC
Otfset Cursent
Signat Port Common Mode fs= 1.OKHz 6.0 5.0 Voe
Input Voitage Range
Signal Port Common Mode V- Vg = 0.5 Vdc -85 -85 de
Rejection Rptio
Common Mode Quiescent B0 8.0 Vde
Output Voltage
Ditferentis) Output Swing 8.0 8.0 Voo
Capabitity .
Posltive Supply Current lig + Ig) . 20 3.0 2.0 30| mA
Negative Supply Current thol 3.0 4.0 30 40 mA
Powsr Dissipation 33 33 mW

Note 1: LM1596 rating applies to case temparstures to +125°C; derate linearly at 6.5 mW/°C for
smbisnt tempersture sbove 75°C. LM1496 rating applies to case tomperatures to +70°C,

Nots 2: Volisge apphied betwesn pins 6-7, 8-1, 9-7, 9-8, 7.4, 7-1, 84, 68, 2.5, 3-5.
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Typical Performance Characteristics

Corrier Suppression vs Carrier Suppression vs Carrier Feodthrough vs
Carrier Input Lavel Frequency . Frequency
® 2 L] 7 1
=4 -
1 Z w» 3
g H A &
s - B /’ - 3+l -4 4 4
= =20 L1 P A FRT Y S <
@ ‘g N - o] 7
k] zZ 10 {! o
3 |1 oZ —_— >
tw Tc - 10 MH S8 . d £ b
C= - ¢ 3 4 &
g Wl IN AT 1] 2E . AW Ew =
3 4 ©F 4 [3
= \/V/ﬁu‘m zE t v'/ L~ =
- (7] I o &0 3, =
3 AN z° gn> e e 1 1
5 ] 4 Lt 1T L1 =]
” ; 70 o0
o 100 00 300 400 $60 3 605 0.1 05 1.8 50 10 L1 0.05 8.1 0% 10 50 10 L]
CARRIER INPUT LEVEL (mVim) CARAIER FREQUINCY (MU} CARRIEA FREOQUENCY (MB2)
Sideband and Signsl Port
Sideband Output vs Transadmittances vs Sipnal-Port Frequency
Carsior Lovels Frequency Response
i 20 18 n
2 R animm g JL I
SIGNAL PORT e R
gl.l g“ - KN i 5 L
2 EXNNNT e AR A
o SIGNAL INPUT » 800 mV =) SIDEBAND [ @ Imatm R0
x 12 e e tt Pos 44
-3 A o SIGRAL PORT 4 o) ][
w / 400 mV I A% Y e mEotEmmuili
; ot 306 mv | a L] m-?;' Voun + 8 ¥ - Ve s 03 v AT §'" "t'ﬁ’l”l'“l"li“-’ -
2 A 200 mV s S1DE9AND ] T N
R 1) Vg - ’l- 0.2 TRANZADWTTANCE - ] 20 v, v va
3 108.m = lour {EACH SI0LEAND) || Cl P
I < ¥ T VTIENALY T Veur 00 -3 L1
E o JET] T
5 ] $0 100 150 200 o 1.0 10 i 1000 0.t L R 1.0 " L]
e CARRIER LEVEL (mVems} CARRIER FREQGUENCY {MH1} FAEOUENCY (MHZ)
. . .
Typical Applications continved) '
. o Vi
13
CARRILR INPUT U a
mvime O- L ¢ 1
11
1eb == T ]
e ONA O—I 4 m DEMODULATED
weut \ st AF QUTPUT
$i%)
\ [

Numbeis 1a paraihewss show DIP connectrony

SS8 Product Detsctor

This figure shows the LM1596 used as a single sideband (SSB) suppressed carrier demodulator {product detector). The
carrior signal is spplied to the carrier input port with sufficient amplitude for switching operation. A carrier input level
of 300 mVrms it optimum. The composite SSB signal is applied 10 the signal input port with sn amphtude of 5.0 to
600 mVrms. All output signal components except the desired demodulated sudio are filtered out, so that an offser
sdjustment is not required. This circuit may also be used as sn AM detector by applying composite and carrier signals
in tha same manner as described for product detector operation,
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N
Typical Applications (continued)

12 Ve
13
. W
v .
113
1K
p <
st 242) 34 > R, R
p—AAA—————] 1) . > b \
51
= é_.. 81101 (1] O Ave, em 2t
= [__.| LM1506
. 3
e, ot O—dgP- £ un [ ¥} O -Ays, cot2et
4(8)
20014 5(5)
>
5% §1
Numbers in parsniheses show DIP connvcioons.
(XT3

Broadband Frequency Doubler

The frequency doubter circuit shown will double low-tevel signals with low distortion. The value of C should be chosen

for low reactance at the operating frequency.

Signal level at the carrier input quust be fess than 25 mV peak 16 maintain operation in the linear region of the switching
ditferenua!l amphifier, Levels to 50 mV pesk may be Used with some distortion of the output wavelosm. {f & larger input
signal is available 8 resistive divider may be used at the carvper input, with full signa! applied to the signal input.




105
AnfinTTalsend

ﬂ%mmwﬁwuéauuﬁtﬁudauuﬂeﬁao%ﬁw PROJECT 11 §in17@nen 2532
ﬁﬁt?qaadoWﬂﬁdﬂﬁ %o1ﬁ1uﬂ11uﬁ7ﬂtwﬁaa1nn1uaﬁqw7ﬂ ﬂiaﬁaé qﬁfﬁuaa
%equﬂﬂﬂ%nuﬂuavuuvuuanwonﬁiuﬁﬁmnﬂwwoq #8aTu uavifionq nnnuﬁ1ﬁ
T¥arnataginfolunng ﬁﬁu%eﬁﬂﬂﬁwaeﬁu%uuﬁwLéaaaaeiﬂ1ﬁﬁaﬂﬁ

didn Fovouauin n dd

o ¢

ATUR qmﬂﬂwmauﬁq
4

auds  w¥odyadds



wieRod1989

drednd  drefuaemanis o aT. 4 " uoetﬁaTthaﬁu ", ®ANNNT
sevuSosnT . %tﬁﬂqlﬂﬂu , 2533 , win 93 - 140

Yreda  defauuwd o wa. ¢ poatiatnad " ﬁﬁ1n11un11§aaﬁ1 ,
89.@. » 2527 , win 151 - 164

ui513n  fubftasansd . v nassiueosdlildd L aadesnng v,
La%0e¥ude taN 2, 2531 , wiy 70 - 77

chaly 92155908 » T.M. 0. 4 " Lﬂéaafuéo%nqﬁaﬂﬁs v, w3NAT
ﬁwowutﬂéae%udo%nquausuuuﬁnqﬁaaﬁs ' %tﬁﬂgtﬂ%u ,
2530 , %1 180 - 166

NHK Centrel Training Institute , " Fundamentals of FM
Stereophonic Broadcasts " 4 FM Stereophonic Trans
mission Technique , Japan International Coopera-
tion Agency (JICA) , 1872 , pp. 1 - 82

Linear Dastabook , National Semiconductor , 1980 , pp. 10-

84 to 10-87
Radio Amature Handbook , 1889 , pDp. 122 -148





