246

A15NAA9N 19 N1sHRENsEdeLATaEe - SU FM

130984 FM
19.1. InqUszasAluNINARY

1. LﬁaL‘%WiLLﬁzLﬁé’Iﬂwé’ﬂmsﬁNmmaq Frequency Modulation (FM) tag N33
Htyey1ed Transmitter

2. iiteFeusuaziilannaiiAives Varactor Diode

3. ieiSoudiazidilandnnisienuwes Voltage Controlled Oscillator (VCO)

4. \elseuiuazidnlaisn1sin uasn1sUTuaasMAdawes Frequency Modulation (FM)

19.2. vdnmsuaznguiiiiendas

Tussuunisdeansidans nssuuarnisandudefiintuludinveas awise
mruagUiuumsddlaensdlvidniauuaglidnnu Megratu minuausseglng vie mssu
n3ds Bamnuaslaglaidesldnumunu vislinufuminduniesvns uenainnssu ms
deing %fmqﬂigmﬁmmﬂﬁiﬂﬂiﬁaﬁmmﬂmLLuui%’awLﬂ‘lAﬂ'ﬁLLUﬁﬁ@@ﬂﬂﬂWﬁﬁLLazﬁmmw
aueuedyadueNERIwEIeINA AesUTETUTinszatemuaueed Uiy
omakazulasinduludyaranfufiasn (Original Signal) 3nliiumunis Modulation Tu
nsdeansldats AM war FM S992lii5550a7 AMLLANA9IENIIT AM waz FM n1sTd
Uselowid FM é’mwmmawmm?ﬂﬁdqLﬂﬁauLﬂuﬂ?{uIWﬂﬂmidwaqé’zgigmmm?hzqwﬁa
Aazdsuulataznaunduiu Tuuesd AM-6011 uay AM-6022 131 YWANINANNTT
AenfuUsnsIN13ve18ves Modulation kay Demodulation TuuniisnavSewieaiu FM
Block Diagram %8438 UUds FM Iugﬂﬁ 1 gﬂﬁ 1 151984iUn15d9 FM Usznoudae Audio
Amplifier, Voltage Controlled Crystal Oscillator, Frequency Multiplier, Power amplifier
ey Antenna

i ns1fesnisdedyaa Audio Sunauusninnisilasy Voltage Ty
Waveform tagl#f Microphone wazilawsdsdayaia audio amplifier lUn1penedayayios
w&ea1ntuLita modulation frequency duay1adazH1UNTIA Voltage Controlled Crystal
Oscillator ogalsfmuanuafiindulng Voltage Controlled Crystal Oscillator Miuuay
AuAugIu Baseband v89n1Ads detiuisldauififindudsluninveslng Power

Amplifier wag nszedaralvlusiniaruaiainia
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31]17; 1 System block diagram of FM transmitter

The theory of frequency modulation

15198 YATN Frequency Modulation (FM) t51lduselenivesdnsinisvenedayey o
elu modulate AuAvBINITAd QI NsdedyyIaudgwazitaziduluniy
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X )= A cosq(t)= A cosgpfct+ 2pr(‘)X(| )d| H (1)

Srdyanandeatu x(1)= 4 cos(epr ) Feifuaels

¢ A U
X, ()= A cos@pft+ D sin(prmt)U
& t (2)
(¢ m U
= A cos gpfct + bsin(2pfmt)g
q@) L‘ﬁummﬁ'%%mzﬁua@mw (Instantaneous modulated frequency)
fe Hupudeduniii (Carrier frequency)
fm LﬂuﬂawmﬁﬂWSma@Law (modulating frequency)
MNaunsH (1) 15753
q)= 2pse+ 2pf 0 x(1 Yl (3)

= P ! [ a = LY )
LWIBLIANVBIAUNTTN (3) HNNU LIIFIUITNDFUNYANUNUDY QJ}QJﬂﬂJL‘Uu
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1 Da® _ iiq(t)= ii[zpfct+ bsin2py t]
op Dt opat 2P at

= ft fmbcos(prmt)z Lt A cos(2pfmt)

(4)

NAUNITN (4) 151378 IN15ve18ves audio signal WauLUas ANAves FM Aay
Waguwlasmeuiu wazaaaudnalswes Carrer Frequency dgaanladauly 3NN a9

Carson ANNNI9UBIdQI8 modulation ALARTUTIASINN

&Am fD 0

sw» 2(b+ 2)f, =2 +oxf, = 2(4.fo T+ 21.) (5)
o

m

Y @ U a Qll . d‘ 14
018ATINTIVYIYHALY QY1INYUATAINUNYTINN (i.,e. Am=1 ae f, = W) LlBAINUNINUDY

[
=

FM vinlvsiudnedu
sw» 2(fy + w)

Varactor Diode

Varactor Diode w3a138n116USU diode, Varactor Diode 1w Diode wiinnilads
USuLfisie Reverse Bias Voltage 15ffuan PN junction wiieifisen Reverse Bias Voltage ¥
Tveulwnaunieanauainlfauaudinisuszaantesas agslsinuiilioannis
Reverse Bias Voltage 9aulumATuNitana s aauTRnsUsEaLfiniu 9ufu Varactor
Diode @131150U5U N SR 1veM8u83 AC Signal §1uU5uLiia Varactor Diode finszanem
ANNEINIUDRTINITVE8UDINTT Modulating Signal

gﬂﬁ 2 Analog Diagram 284 Varactor Diode iglifin1g bias Anuduvesdoyayios
anasrnsfudniiosii PN Junction sefunisdaibenisunsnszansvesnauazanas vl P
15EeBLENRTEUNIIUINGTanAY AT INTUNSABIANATEUNIa LTl N avanausa@Lse

THunumanUszgununisanasuiiannisatenaalssglninnul PN junction

c= — (6)
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el
e dAyinfiu 11.8 e, (dielectric constant of Silicon)
e, Aty 8.85 x 107
A Jusewsia PN junction

d 1Juszegmenisuns (depletion width)

PN Junction

I - + N Lo
o
o +
NS 7
Depletion Region
O O
Parallel Board
Substract

g‘ll‘ﬁ 2 Analog diagram of capacitance of varactor diode

\9LANAT Reverse Bias Voltage A2114N1199849 Depletion Region d 9gLWNTULA
dy r-:ll . . o = a 1 13 { 1 d‘ { a ‘g
WU PN junction Saamilowis agelsnnuAInNgIzanas dmduAInNgIsiiudy
Varactor Diode @unsau5uen Rs waz Ls lasieillosmuiinanslugui 3 99n3uil 3 G il
ANYTRETiAUAANEITLaNIzY100ntY PN junction Wity Rs udIuIusmesan
AUYANNFIUNIURATAIINANUNIUYDINTNTUR AV WU TENBUVD UL ABUAALAD ST

a ¥ [ . = | 1 a ) I 1
bNYIVBINUAUNTNUBN Varactor Diode @4 Ls \JuUAIMUeUIaIn1TRaakasdIulsesnau

YDUTLADUAPLADST

o—Dil—o —AFWW—o

C!.r Cj R 5

(a) Circuit symbol. (b) Equivalent circuit.

gﬂﬁ 3 The circuit symbol and equivalent circuit of varactor diode
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FM Transmitter

U 4 2993909 FM Transmitter 8 uiluguvesgudil 1 dvdaulu Fm
Transmitter 1A n Audio Amplifier, Voltage Controlled Crystal Oscillator, Frequency
Multiplier, Power Amplifier and Antenna é’@mﬁmiw&mm%”]mmq Microphone dled
Foyeyraudun Audio Amplifier 9zsimtinfiuene gain Tng C6 A1A Voltage Controlled
Crystal Oscillator Usznoudae QL R4, R5, R6, C5, C8, C9, D1 and X’tal F3azans
Fueyudi 20 MHz Tnauuandi VR1 Liwmmmﬂ%‘uLmﬁwmmmﬁmaq Voltage Controlled
Crystal Oscillator latantiey ué’amﬂﬁ?ué’agzgm%m%mu R3, C3, C4 1U D1 dygyau
frequency modulation 3¢80a93 Lﬁlaﬁiym’lm frequency modulation a519vulng Voltage
Controlled Crystal Oscillator 9zH1un1A Frequency Multiplier wiiawiiunsdsdayeye
frequency modulation A1A Frequency Multiplier Usznau A28 R7, R8, R11, C13, Cl4,
C15, L4 and Q3 ield Power Amplifier §3Uszneou e R13, R14, C20, C21, C22, L5 and
Q4 ilerfiutovinniwe fuesdnygn modulated gavhedynmaznszatslusiniesiiu
@101n7#1 TuasUes Frequency Multiplier Ls1azladyaiaueanu five time laen15usu

g7

VC 1 C15 antduevimamiiesues Power Amplifier a1ansauiu VC 7l €22

+12V
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+12V

Ry
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6Aﬂb3—l—>
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gﬂﬁ 4 The circuit diagram of frequency modulation transmitter
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19.3. gUnsain1snaaes

1. UosANAaB ETEK FM-6021 1 usin
2. UBSANAADY ETEK FM-6022 1 veda
3. dlauIndygu 1 iA3ed
4. unassnal 1 A%eq

19.4. YunauUN1sNAaaY (Experiment ltems)
Experiment 1: Measurement of Transmitter Carrier Signal
1. Saw3eugunsal FM Transmitter augufl 4 vesn FM-6021

[

2. §uaing swi and SW2 lUi ON 14 Oscilloscope Tnadyey10uves Voltage
Controlled Crystal Oscillator TP3 wloususnii VR1 ﬁ'ﬂﬁmmﬁwmm’ma%uﬂu 20 MHz 1%
{hufinguaduuazanuiadumsned 1

o/ ¢

3. 1% Oscilloscope ’meazgzgm%umwwmmmﬁ Frequency Multiplier TP5 U5u

Y
a

A9 C15 AIUL 1Y WAA218D U89 Frequency Multiplier 1w five time v84 Input
Frequency lviduinguaauuazaudasiumsi 1

[ (% 13

4. 19 Oscilloscope INAAYYI10ULBINNAYDY Power Amplifier (TP7) wazileusu
A7l C24 azlé Max Output Power 484 Power Amplifier lsitfufinguaduuazaiiuiadly
A5 1

5. 19 Spectrum Analyzer Ingdayay1nuediamnnves Voltage Controlled Crystal
Oscillator TP3 wagFrequency Multiplier TP5 wag Power Amplifier (TP7) Iﬁﬁuﬁﬂgﬂﬂﬁlu

::1' a Yo & a = ™ a Y]
LLazmmaaﬂumin 1 IWW']GUUWQUV] 2 09 4 LaglUSeunegunNansIn

Experiment 2: Measurement of FM Signal Waveform
1. daw3eugunsal FM Transmitter AugUl 4 vesn FM-6021
2. §uaind SW1 and SW2 Ui ON 19 Oscilloscope Tty uYee Audio Signal

TP2 uaviiieusudd VR3 O/P anuidu 1 kHz Sine Wave 197 J1 184 Short Circuit uag J2

I oA

\Uu Open Circuit 14 Oscilloscope Tndgysyauia1vinmves Audio Amplifier (TP1) UsSum
VR2 flatiuienving Amplitude w83 Audio Signal L¥u 1 Vp-p

3. 19 Oscilloscope wag Spectrum Analyzer a @&y ey 10418 1MW M Y83 FM
Transmitter TP7 Tufingumdunazanudadlumsnei 2

4. USupfl VR2 BNIINNTVLBVRIA Y Y1048 NA Audio Signal (TP2) Aa 2 Vp-p

Wag 3 Vp-p MUunoun 3 uag iduinuan1sinaslunsiei 2
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5. U3UAnfl VR3 &qyay1aute1ving Audio Signal (TP2) LluA21uA 500 Hz, 800 Hz,
1.2 kHz Sine Wave 1% J2 1u Short Circuit war J1 18u Open Circuit U3upndi VR2 8ns
MsYenEveIdy R viNA Audio Amplifier (TP1) i 2 Vp-p vhiuneudl 3 wag Tidudin

Nan15Inaslunns19n 3

Experiment 3: Measurement of FM Transmitter

1. Saw3ugunsal FM Transmitter augufl 4 vesn FM-6021

2. &uaindg SWi and SW2 1U#l ON 14 Oscilloscope Sngdayqyraieving vos
Audio Signal TP2 uaziileu¥ud1il VR3 Lo1vinnanudidu 1 kHz Sine Wave Tof J2 11
Short Circuit wag J1 1Ju Open Circuit

3. 14 Oscilloscope Fagdayny1a01¥innves Audio Amplifier (TP1) U§ud1#l VR2
Seduaving Amplitude 83 Audio Signal i 4 Vp-p

4. 19 Oscilloscope Taadayeyrautorvinmues TP1, TP2, TP3, TP4, TP6 and TP7 it
hufinguaduuazanuiadumsnei 4

5. T¥isia Microphone 11 MIC I/P uagld Oscilloscope Wag Spectrum Analyzer 36

AsUAAUd e WINAYEY FM Transmitter (TP7). Tiduiinnanisinadlumisned 4
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15197 1 Observe on the variation of the amplitude modulation signal by changing

the frequency of the audio signal

Audio
Signal

amplitude

Output Signal Waveform

Output Signal Frequency Spectrum

1V

2V

3V

ANUMYIAINITUINTANUIAL

WNIngaeTvAguUATUSY




the frequency of the audio signal
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#5197 2 Observe on the variation of the frequency modulation signal by changing

Audio
Signal

frequency

Output Signal Waveform

Output Signal Frequency Spectrum

0.5 kHz

800 Hz

1.2 kHz

ANUMYIAINITUINTANUIAL

WNIngaeTvAguUATUSY




15197 3 Measured result of AM broadcasting received signal
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Test Test
Output Signal Waveform Output Signal Waveform
Points Points

TP1 TP2

TP3 TP4

TP5 TP5
TP7

TP7 MIC
l/P
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19.5. a@sUnamInnasy

av3vimnssulnsauuag WNIngaeTvAguUATUSY
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139U FM
19.6. InQUszaIAlUNTNARDY

1. L‘ﬁm%uiuazLﬁi’fﬂwé’ﬂmsﬁwmma@ Frequency Modulation (FM) N33
Atyey1ed Receiver

2. 1iieiFsuiuazidilandnnisine1uves Phase Locked Loop (PLL) FM
Demodulation

3. it ousuaziinlandnnissinaruyes Conversion 199 FM to AM Voltage
Controlled Oscillator (VCO)

4. \elsusuaziinlandnnisvinauues Orthogonal Detector

o ad d v

19.7. wann1suazngufinedes
o ) ¢ = A o aa 1 A nll

aasuilugunsal Gaanusafendyginanudnuandiwesadulnifiainie
Wisuiun1asy a@mnsaveeias demodulate dyaranuanlalasn lassassvesniasu FM
wilounulAsaas1weIn1Asy AM devisassseuulduszlevillansiaiu Taseaseves Super
Heterodyne ¥UsENaUNIY RF Amplifier Mixer, Intermediate (IF), FM Demodulator n1a
RF Amplifier agveedeyey1aanta1ania. Mixer lonaudyerad RF Signal Tu IF Signal

Na91NUU IF Signal azwenedygalae IF Amplifier

Y] '

Wodeye a1l FM Demodulator atAn Signal Source AU pg19lsAnN MASU
FM § 9 9n154f 8 Limiter wa o de-emphasis circuit Modulated Signal @ 3lae FM
Transmitter wUsiuRY Frequency wazdnsin1g veneiinuniesy ee1alsAniuszning
PUIUNTTAIT U YIUILAANITUNINULTI09 Noise 138 Multi-Path FeazvinlfiAnnis
WasuuUasesdnsnisvens Wegunsaidudyanaingld egslsiniuniau FM Foanis
Limiter iiedosfun1sildsuulamedniinisvensuas de-emphasis circuit waznslésu
Pre—EmphasisImEJ Transmitter

1u31117i 1 Block Diagram 28452UUNIASU FM FeUsznaudiag RF amplifier, Local
Oscillator way Mixer §ayey1od RF 895U91n1d10101AA1ASURY tuner and Convert,
Intermediate Frequency (IF) fiintunasniiamdsaintudymia IF azverslae IF
amnplifier. 18 0 & gy &y 10 gndefia FM demodulator W@ g Stereo demodulator 94
demodulated nihfindnnisvesusazieasidussil

1. Antenna: IEUNSOEeNATINETITENAIDINA TUTUELUATNE uay ATMETIAY

2. Switch: Tgaandayey1ad FM Broadcasting (88 MHz - 108 MHz) %38 A1AsU FM

Signal @dasae FM Transmitter luund 1 vosueasa FM-6021

awiyImnssulvsANuAL WNIngaeTvAguUATUSY
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3. Radio Frequency Amplifier: RF amplifier LﬁU?ﬂﬁﬁﬁ@IMﬂﬂﬂ%U FM LW 31871
Yoy FM unnwagning egnslsiniu RF amplifier Tvgadypyianinsu Weak Signal
wazifia Signal to Noise Ratio (S/N) Gemunedesnnuhilunisfuaziiuiu nsnevaues
Audlaen1sarouruaesATY wag RF Amplifier @1u1saldidu Input Impedance
3¥%319 Antenna and Receiver

4. Mixer: ninfindnvensasinoulaniud svldnaudayaraniadu RF Signal fu
Sine wave signal 910 LO Oscillator fuanunsasuiadqyqiausiuniornudfunnsieiy
TaevialU IF Frequency 9261 RF Frequency Tumasuayiiu IF Frequency 3EHANANNAY
5¥1I RF Frequency AU LO Frequency

5. Local Oscillator: LO 1Juldnanuavdsdayqaiie Mixer. MENN151092995
FosnnsemaNnavesdyaal Oscillation Wonanudvesnmaiuanmsuiuanuives LO
Faldnnuead Fixed IF

6. IF Bandpass Filter: TngUssa@sAves IF Bandpass Filter Aovimiinfianneou

o

Y1ANTgann uaviali frequency band signal sululd Fitter 7 IF THiadoudne
Hryey1ad Noise 970 Mixer hazan IF Signal

7. Intermediate Frequency (IF) Amplifier: 2995 TuA gain Y9INIATULUL
ausaReUALeINSIEEdYIa Unflsnasidia Automatic Gain Control (AGC) T19as IF
amplifier Wiatlostunsvenedayaianiusaznisinfiouvesdeyao

a

8. FM Demodulator: 109 U52@3Av83 FM Demodulator Aa3uUdeyfy1a3ngues
AAds ndnn3Anvesiadu Low Distortion 199uil FM Demodulator uag IF amplifier
9¥52u0glu IF Integrated Circuit (IC)

9. Received Signal Strength Indicator (RSSI): RSS! TuanAuLTi983n1ATU L5711

Usglewt] FM Demodulator IC Fa5amaglu RSS|

awiyImnssulvsANuAL WNIngaeTvAguUATUSY
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Antenna

_»

Switch

Local
Oscillator

Left Voice 1

i pPesssssanasnessnnnacsnne N H
: H H :: X “hanne :
H ' B . L

N " ' FM 1,1 Stereo Audio :
 Bed i : W Demodulao ! ,':' Demod Amplifier H
: ‘ . i “ :
H ' il !
' ' H

Right Voice
Channel 1!

F Processing Circuit RSSI

Audio Signal Processing Circuit

31]17; 1 The system block diagram of FM receiver

10. Stereo Demodulator: i’mqﬂisaﬂﬁ%\‘l Stereo Demodulator Aig Demodulate
feyayading %ﬂﬁ@@ﬁm‘iwq%ﬁ’l modulate 1ng Stereo Demodulator UpIN1AEL Stereo
Demodulator 1% Low-pass filter g1edayg 0 T indeanudd 23-53 kHz wagld Narrow
Band Filter Ifmdenwad 19 kHz annduisild Balance Detector tilawfindayanas LR ud
15 kHz Lvhﬁ?uﬁigﬁgﬁm L+R Tutaatfeaiu Stereo Demodulator 14 Band- pass filter T4
L-R doyqysagsininans Matrix Network Gslduenides R uag Llugui 2

11. Audio Frequency Amplifier: fmqﬂiza\‘iﬁmad Audio Frequency Amplifier 1%
GszEJé'figangu‘i‘mqaumzﬁ"amawaﬁas%’uéﬂwal@f NannN15AAYDY Audio Frequency
Amplifier \Ju Low Distortion miﬁhLiﬂ%’ﬂszbﬂuﬂ%aaé’ﬁgmwm‘iwQLﬁa Modulate wagds
Fyaas egnslsfinunisisuslasesnnudldaduan

Frequency Demodulator 1un1si3enn15wenaud feanunsanduanisusuen
Y09A LA Linear voltage ﬂﬂﬁﬁugﬂmwi Phase Locked Loop (PLL) Demodulator 3999
nau FM 1T u AM, Quadrature Demodulator, Balanced Discriminator, Phase-Shift
Discriminator T UN #1519 ¢ WANINANN15t891Uv8 9 PLL demodulator, FM to AM

Conversion Circuit ka Quadrature Demodulator

awiyImnssulvsANuAL WNIngaeTvAguUATUSY
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Stereo Demodulator Left
Fhi Signal :'I......................................: C\}:‘Olcel
' L+R : L anne
Input ' LPF and »| Matrix : !
E Delay Network - : Righ
1 ] t
! | Stereo Channel (e Voice
| ; Channel
Frequency i BPF | L- R; Balanced E
Discriminator) ¥ 23~53 kHz Detector |
i X 1
! 38kHz !
1 1
E gpp | 1%z Amp. and E
i TYe Y e I
: multiplier i
L.....-................................:

;5‘1]17; 2 The circuit diagram of stereo demodulator

The Operation Theory of Phase Locked Loop

Phase Locked Loop (PLL) fi® feedback circuit 11 feedback loop &ty &y 1ed
feedback azdondayuiauAuiuay Phase Wwillounuiuas Phase 989 Input signal fatiu
° ) = Y Y = ) 4' ! ) =y Y]
dsun1sdeansliansdinuduein1TaInaInAaauTENINN1Tae 1We PLL Tuniasuay
Lock way Operate n15dsdeyey1as Tun1smnaesld PLL egaosuuy wuuiinilady

demodulator alddusu demodulation Inen15U5U Phase way Frequency wuuiiaaadu

v a

A3aeAILd Frequency Tracking Feazduiinnudfiuasuluuay Synchronize lngun# PLL
anunsawuadu 3 wuu
1. Phase detector (PD)
2. Low-Pass fiklter (LPF)
3. Voltage Controlled Oscillator (VCO)
1u3111'7i 3 w7 Phase detector (PD) tdun1asu Input Signal wag VCO Signal 4ile
FygauaesdyaiauIauiisuiulag Phase detector wuasni1sassdyranovinalu
Pulse Signal wﬁaawnﬁuﬁmmﬂmﬁazgﬂdq Low-Pass Filter DC Voltage a1u13aldaiuny
Output Signal Frequency ¥83% VCO g‘U‘ﬁ' 3 Block Diagram 983 PLL
K, is Gain of phase detector (Volts/Radian)
K, is Gain of amplifier (Volt/Volt)
K, is Gain of VCO (kHz/Volt)
K, is Ky K, K, equal gain of closed loop (kHz/Radian)

awiyImnssulvsANuAL WNIngaeTvAguUATUSY
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imal. i| Phas Vi :
Signal = ase > Low-pass .
Input Detector Kd Filter Signal

Amplifier Output

Vo

VCO K, =

gﬂﬁ 3 Block diagram of phase locked loop

(%
=

13719299 5F981905 U9 NUF1UVDY Phase detector Eﬂﬁ 4 (a) LAPIANULANFY

<9

213198098 UNY AUNT Vasdyayas Pulse LU Narrowest JUT 4 (b) WaRIAIUUANG

g U

U84 Phase $¥1319@898UNMe1INIFUT 4 (a) fafudyayras O/P Pulse width n31InT1gU~N

U

4 (a) JUT 4 (C) wamIPULANAIVDY Phase S¥ninaaesduny dygiaenindi egrslsiany

daygyrau O/P Pulse width nMTndaudeyaiaiiinu Low Pass Filter liagne AC Signal

v
v

dlevunnves DC Voltage Iugﬂﬁ 4 \Juesil

1. 3U71 4 () fvunm DC Voltage genn

2. 5Uf 4 (b) lun DC Voltage gadudusiuans

3. gﬂﬁ 4 (a) §vu1n DC Voltage G‘f']qm AUFUNUSUD 9 DC Voltage, Phase
Difference U84 A, B I/P Signal LLamé’quﬁ 4 (d) N@1709NISBBUNYLTIATI995 Phase
detector laltingaeefiafAn vunseuANBU MENNTURITEUY PLL @n1saudanisiiegng
Iugﬂ‘ﬁ 5 1 Juiidla free-running frequency ¥8s VCO Faen 1 kHz (Bias Voltage 2 V) €11

[

doyayrad I/P et 1 kHz uae dyay1ad B gendn 1 kHz 151anunsamiaaingud 5 deanud

A

[ [y

Yosdyans A #1n31 free-running frequency vad VCOU O/P w84 Low-Pass Filter 955U

A}

(%

wsauluszduan (1 V) wsaiuluseduiiagusu Oscllation Frequency w83 VCO fawu
Oscillation Frequency zanasaunseiisanuivesdayyia O/P 189 VCO warAuives
Ayravnnu Lﬁaauwwmmﬁmmé’mm B qﬂﬂdwﬁ’ugmmm Frequency 984 VCO, O/P
94 Low-Pass Filter n1afugand (3 V) iy Oscillation Frequency 484 VCO 2ganin
Junsesruavesdyias O/P vee VCO wazanuivesdayaia B windu lneunfdesld

Latedan VCO wuduuin

awiyImnssulvsANuAL WNIngaeTvAguUATUSY
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Input A —
Input B —

s LML L e
e ML mr _TLLT Lrurur
oupue JLILILILN UL U r

XOR | —— Qutput

(2) (b) )
DC
Cutput [\
Signal
(V)
Input Signal
! ! - = Phase Difference
0 on 180 270 360

(d)

gﬂﬁ 4 The theory of phase detector

Signal A Small DC

980Hz ~ il '| AN Voltage
il T Output

VCO - L

1 kHz = Large DC

o xoR—  [| [] SVVV'E2 voliage
1gna —

1.2 kHz 1_' Output

ImS Im$S Low-pass Filter

gﬂﬁ 5 The theory of locked frequency

E‘Uﬁ 6 1Uu2995u99 LM565 PLL 1518101907995 Frequency Demodulator Liladey gy
BunniiuIudayy1a Output Voltage %ammaEJ'NliﬁmmLﬁaﬁuwwﬂ’;mﬁmaaé’@mmamaﬂ

9

feutyneu Output Voltage finduagnalsfiniusianunsaliuselestrosnudunus sening

<

Voltage ¥83 PLL Wag frequency \fiepanuuy Frequency Demodulator

awiyImnssulvsANuAL WNIngaeTvAguUATUSY
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(o] A +5V
10
G §
Signal | V; 2 =G
Input | > Phase Va |Amp. Rs Signal
R, 3 Detector <1 [ '\/W ) Output
Ky
3l B )
- = Y w——Ca
EW' <« Vco :
il K, LM565
R: I
1 9 8
— e O
- VR
-5V = +5V

g‘d‘ﬁ 6 LM 565 phase locked loop

LM565 Phase Detector wag VCO 1lunisaanwuuliegnielu IC §anintu VCo
299 LM565 agimiloudu VCO U89 LM566 Free-running frequency (f,) 189 VCO 2giun
aanmeusnlag C2 and VR1, Low-Pass Filter Usznausie R3 91 Pin 7 uaz C3 99nAngusn

TagUszasAuad C4 Y3sa3813N3 Pins 7 uaz Pin 8 Aivan Parasitic Oscillation Titlosas

The Operation Theory of Quadrature Demodulator

E‘U‘ﬁ 7 \Juvdenalnezunsuves Quadrature Demodulator 438 Product Detector
MuFUT 7 1530u3MENN15¥9uYes Quadrature Demodulator MstiiuAAy FM V1 Tag
#&3997n Phase shift FM 91 V2 1519¢185udtyeyras audio 990015 Low-Pass Filter 19 FM

wave %&331n Phase shift FM 1 V2
V, = A, cos %pfct + bsin(prmt)‘l‘ % + kD Wcos 2pfmtE

Wio k 10U Constant Ratio \Uu Phase shift vesdayay1aunanud FM nasandugin V1 wag

V2 s Multiplier O.P signal aztfunuil

V.V, = AA,cos gpfct + bsin (2pfmt)]:1-}cos gpfct + bsin (2pfmt)+ % + kD Wcos 2pfmt%

% AA, {cos é% + kD Wcos 2pfmt%
cos % (2pfct)+ 2D sin (2pfmt)+ % + kD Wcos prmtg

(2.1)
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Multiplier

FM Wave WV,
(f)

V, Demodulated
LPF ° Output

/2
Phase Shifter

gﬂﬁ 7 The block diagram of quadrature demodulator

fus1lUseloviiuag Low-Pass Filter LiNaée wilowksisuuad demodulator 1T

v= Y an Gos(P + kD Wecos 2pf t
o A 1 Zg (A m X (22)
=- %AlA2 sin(kDWcosZDfmt)
f1AU84 Hounn aunis (2.2) eaulnaledy
v @- %AIAZKDWCOSZDfmf (2.3)

91NAUNITL519838M31N15V818U99 audio signal udadru kDw luniseanuuu
Quadrature Demodulator 11§ 7 7 15114 Us2le w1l Balance Modulator Tu AM
Transmitter ( ETEK AM-6011 ) @anluy Multiplier e phase shifter t51@ 115014 Tank
Circuit , Delat-line , digital delay circuit Lﬁ@miaamwu phase shifter a819l5AnNUNS
WasuuUaslagmssues Phase shift m3azfuayauanifivesnrmdiusouiisudusnsinig

21892694 Flatness Fadululsnanudsaisuazanas

The Operation Theory of FM Receiver

5Uf 8 1fun99slaezunsuves Tuner 189 FM Receiver Tuner %94 FM Receiver 14
n&udayauas (88 MHz — 108 MH2) s3uannianennie IF Output dugy1aiasd1esonisvens
ey demodulate mmg‘d‘ﬁ 1 Tuner azUsznaune RF Amplifier, Mixer, Local Oscillator
1u§111'7i 8 RF Amplifier Usznaunie Low Noise Amplifier ag Amplifier %QLLﬁmiugﬂﬁ 8
(a) 131@W3AMUA gain V8 RF Amplifier lnaldanuaves Amplifier ag13lsAinuamnIn

lddnBunane ) Yrsveenisvensdygransidesn1siiansan Impedance sEnitaaan I/P
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[ I 1% o

waz O/P Tunisndum RF signal 1u IF signal Sududesusuamuasnaudygiudansly
'g*dﬁ?i 8 (b) Q4 1Jun1smevaueiionts Mix dryunad Q5, Q6, Q7 whay Three bandpass
filtter \Ju IF Amplifier agnslsfinunisaslivesovinnanuives IF L31feIN1S00NLUY
Voltage Controlled Oscillator (VCO) \ieLUGeu Local Oscillator Signal Source U84 Mixer
wanalugy 2.8 (o) dayayrad IF ﬁﬂiaqé’@mmmmﬁmaq RF signal

gﬂﬁ 9 \Juraslnezunsuvestuney IF uaz Audio circuit v8a FM receiver RFGAT
79 dunsunisvineruaes IF Usenaudae IF Bandpass filter, IF Amplifier, FM
Demodulator LLaz%umumiﬁ’Nm%ﬂ Audio Usznaunie Stereo Demodulator, Audio
Amplifier TngUn @51l FM Demodulate IC viieoonuuy IF 983 FM Receiver 3 FM
demodulated IC Usgnousie IF Amplifier ag FM demodulator FaunseenuuUeE
4189 Unf FM Demodulation 984 Demodulate IC 11 Quadrature Demodulator oy
phase shifter FaUsznaudie L1 and C26 A5z dudunsavuninuwansneves phase
shifter vaisiTumeuNs¥IUTes Audio Tuguil 1 i ldusglond IC Feuszneuse Stereo
Demodulator, Audio Amplifier E‘U‘ﬁ' 9 (b) 1Wu193slnogLAsUUDY Stereo Demodulator
Demodulated Audio Signal 9 ¢ @ 9 Stereo Demodulator IC Ll @ demodulated 14
Low - Pass Filter Lﬁaﬁwé’ﬁgmm%ﬁmmﬁu L+R Signal A1ud anelu 76 kHz azuUsenn
19 kHz wazisnansadsu VR itelildduana 19 kHz. wdwantu 19 kHz 9 Multiplied
1U 76 kHz uagds PLL wag wWisulilsudu phase 71 I/P port. gnvine 15114 Balance
Modulator Wielé L+R Signal fiu Audio Signal wasdeyaainsinu Matrix Network Liiouen
¥93 R wazdos L. 307 9 (o) 1ursaslaozunsuves Audio Amplifier flasyanisldaru
Operational amplifier (OPA) @sanunsavens I 200 ASiwes gain \eduglnavesdnyaal

918 hay IN

Low Noise Amplifier Amplifier
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a) the circuit diagram of RF amplifier

TF Amplifiers

) the circuit diagram of local oscillator

g‘U‘ﬁ 8 the circuit diagram of the tuner

IF I/'P
I +3V —

BPF
I
TP2 I

P9
C8

] ~—~—1—
3

a) the circuit diagram of IF processing circuit
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IN
Stereo
Lamp

TP6
C W C 14

10 +

i

4 10 971 11 15]
Stereo Demodulated IC 16
56 12 2313 148

1

14

+ Amplifier
Cq 8§10 11129 13 | Cn=R,,
RI3 I_f
+ R Cu
C, 16 NDV
TP12

c) Circuit diagram of audio amplifier

267

31]17; 9 Circuit diagram of IF and audio processing circuit of FM receiver

19.8. gUnsalnmaaes

1. vosANAaBs ETEK FM-6021 1 uesa
2. UDSANAADY ETEK FM-6022 1 vesa
3. dlaUindgau 1 P50y
4. uasdnglu 1 P50y
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19.9. TunaUN1ISNAABY (Experiment Items)
Experiment 1: Measurement of FM Received signal Waveforms
1. \wi3ga FM Transmitter augUfl 4 w3e ETEK FM-6021 &uaind SW1 and SW2

17l ON 19 Oscilloscope $agdayaauves Audio Signal TP2 waziiloyuuddl VR3 lowing

'
oA

audidu 1 kHz Sine Wave T J1 1y Short Circuit wag J2 1Ju Open Circuit Usuendi

VR2 fiatuonving Amplitude va Audio Signal 1Uu 2 Vp-p

2. dawpTougunsal FM Transmitter A3URl 8 waz 2.9 n3e ETEK FM-6022 v
a3nd SW1 and SW2 1 ON USuandl VR1 fetiudesfudyginazuansii 100 MHz

Tumauil FM Receiver laandgye1ausuann FM Signal ETEK FM-6021 module

3. USuA VRa Tunfenans Weausu VR3 uag VRS lauaudssdny wag ¥31909
FM Receiver fatiuusussauanudslvnamuig 14 Oscilloscope nadayeyinives Output

port (TP10) and (TP11) L, R w84 Audio Amplifier lidufinuanisinaslunsnad 2.1

4. USuA1? VR2 98¢ FM Transmitter fatugnsINIsuenete1vinnved Audio Signal

TP1 f® 3 Vp-p and 4 Vp-p mud1duvinduneu 2 uaz3 Tduiinnanisinaslumisnei 2.1

5. 1% Oscilloscope Ingdayay104v99 Audio Signal TP2 ¥84 Transmitter Usuendi
VR3 ﬁqﬁmmﬁwmmmﬁﬂu 500 Hz, 1 kHz wag 1.2 kHz Sine Wave anuaisiuler J1 1Ju
Short Circuit wag J2 1¥u Open Circuit U3uenil VR2 feiudnsinisueieiewinnves Audio

Amplifier (TP1) +Ju 2 Vp-p vidusew 2 uaz3 Widufinuan1sinadlumsei 2.2

6. 1% Oscilloscope Tngdayay1uvas Audio Signal TP2 483 Transmitter USuend
VR3 datiuiovinmauiidu 1 kHz Sine Wave T J1 18w Short Circuit waz J2 1u Open
Circuit USUAnl VR2 ﬁqﬁué”mwms&ummmﬁwmm Audio Amplifier (TP1) 101 3Vp-p 91
Fumeu 2 waz3 14 Oscilloscope T dtyeyeuved Audio Signal TP2 s TP11 Tdudinua

n153naslunngan 2.3 1evineves FM Transmitter (TP7) Widuiinnanisinaslumisnei 4

Experiment 2: Measurement of Tunable Broadcast Signal
1. 138 FM Transmitter mugufl 8 JU#l 9 wiemuuosn ETEK FM-6022 duaing

SW1 and SW2 U7l ON mafu FM 9s3udeyey1as Broadcasting Aud FM i 88 MHz-108
MHz

2. U5uRil VR6 tovinmguniiuvesgnin TP6 udayaias Squarewave 19 kHz
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3. USuAn? VRE luAenane USu VR3 uag VR5 AIUANIEAUANUAITRITY

Fouoyaudesdne wag 131989 FM Receiver liovinnseRuanufaneivseianzay

'
Y]

4. USuAn?l VR1 unseviadiyey1ado13ing Broadcasting Adf

5. 19 Oscilloscope ngdtyayiauanin TP1 fis TP11 Y84 FM Receiver Julnnans

JPaslun15199 2.4

Experiment 3: Measurement of FM Wireless Transceiver

1. \38u FM Transmitter mmgﬂﬁ 4 n30MUUDTA ETEK FM-6021 duaind SW1
and SW2 1U#i ON 19 Oscilloscope Tandayey1aueving Audio Signal 3ada TP2 USu VR3
La’lﬁwmm’mﬁlﬂu 1 kHz Sine Wave T3 J2 18u Short Circuit uay J1 10u Open Circuit U5u
A1 VR2 8ns1n1svenedyeyadeving Audio 1Uu 3 Vp-p

] I A s

2. 1383 FM Receiver mmgﬂ‘vi 8 sUN 9 nSenuUBsA ETEK FM-6022 duaing

Y

(%
[

SW1 and SW2 TU7i ON U¥uan#t VR1 setiutessudainnn Receiver avuaniunad 100 MHz

AR

Tumoull FM Receiver l@ondtyaausuann FM Signal ETEK FM-6021 module

3. 1isia Microphone 7 I/P Audio Signal %1&39n1uUsu VR3 wag VR5 AURNsEaU

[ | U U = ¥/ . ¥ 6 % [
ANURaYeITUdya1andss (Speaker) 418 ey ¥NUBY FM Receiver Tilevinnseiuauas
waRnsowmIganaIng SW2 Ui Off lutiaiedfuisnaiusnniuaAussAuANAIue g

Speaker laa1nneuen

awiyImnssulvsANuAL WNIngaeTvAguUATUSY



dyUunan1innasg

270

15197 2.1 Observe on the variation of the frequency modulation signal by changing

the frequency of the audio signal

Audio
Signal

amplitude

Output Signal Waveform

Output Signal Frequency Spectrum

500 Hz

1 kHz

1.2 kHz
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61'1‘5’1\117; 2.2 Measured result of FM receiver
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Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP2 TP3
TP4 TP5
TP6 TP7
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61'1‘5’1\117; 2.2 Measured result of FM receiver (continue)
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Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP8 TP9
TP10 TP11
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A5197 2.3 Measured result of FM broadcasting received signal

Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP1 TP2
TP3 TP4
TP5 TP6
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A5197 2.2 Measured result of FM broadcasting received signal (continue)

Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP7 TP8
TP9 TP10
TP11

ANUMYIAINITUINTANUIAL

WNIngaeTvAguUATUSY




275

19.10. dUNANIINARDY

19.11. ANANYINNISNARDY

1. WeSurednuagnisuenanuuu FM ag19aziden
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3. IWesunedesuazaldeuainisuenianiuy FM
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