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Abstract

This project presents the design and fabrication of the transmitter/receiver for wireless audio
broadcasting system by frequency modulation scheme at the ultra high frequency band. The frequency
control is carried out by using phase lock loop. On the transmitting side, there are frequency synthesizer,
driver and power amplifier and audio amplifier. The receiving side is composed of frequency

synthesizer, band pass filter, mixer, low noise amplifier, demodulator and audio amplifier.



AnAnssulszna

WRagniinutiimnsamhduielddeisnuuazuuzih ldanugismiovesynnadieg

»
darp 11t
o 4 = a o fa
1. WAAS.HIA WIS yWIdivd oI nu Taseau
o a d e (R
2. JALAT.AUNA IAARIAS 819150MUTnu Ins99u

3. wwfnia ufialem

y ¥
b4 T

A Aawgy 1+ a4 A4 A oA
uasynnadunil Idnat il luititwovounszgauynvindluedists



M3y

uni 1 uvmi

UNA 2 nguUesHANNS

o

2.1 eptlueniluazmsiszyndldam
2.2 793ATBIANND

o o & ¥ g
2.3 nesdansiziaNudsomatengy
2.4 N9sooadamans nisumnnuda s Iy

o

2.5 myeonuuu19sqUiames
2.6 MIUOYPAANKANUD
2.7 Wesvviedauaisienvuia@n
2.8 ATDAAT IS ANATU
2.9 2958y

= o
2.10 5 1unames

o =) c‘ Y
2.11 WesHudannud laoldnsanoa

Uni 3 MIAIIAASMITI N

3.1 MILBAMUUNIIVNET Y IUIT

1.2 NMSDIAUUVINNI ATDIANVDA W ULV LD ANN

o = g
33 ﬂ'liE)Elﬂu‘U1]’Niliﬁdlﬂi1$ﬁﬂ?1ﬂﬂjﬂ01%!ﬂﬁﬁﬂﬂ@‘ﬂ

MR 420.20 wnzi@sas
3.4 2993 uegraan Lt NidY
3.5 MSOALDUNNSTUMaIdayeu

3.6 293VNUMAIT Y I

3.7 25vnedyanu NI zAUT g U UNIUAT (Low Noise Amplifier)

3.8 MyspnuUINIFuns 1w NNE Tauldimadonglfinnud 409.50 wnz@ses

39 ﬂ'liElElﬂll.‘U‘U'J\‘l‘i]iﬁﬂl‘li‘ﬂ;( Mixer)

3,10 2995N59IANWOHIU 10.7 IUNZIBTAT

3.1 NIFVIWANUDNANNNIND 10.7 Nz1@5AF (IF Amplifier 10.7 MHz)
g A o

3.12 mii]Bﬂll,']J‘lJ’NﬂiLElﬂlElijﬂllﬂQmMEl‘i (FM Demodulator)

3.13 MIVDAUVUATDIANUDATUMLVUDANN ( Active Low Pass Filter)

3.14 MIVOANVUNIIVUAYYIUTO (Audio Amplifier)

3.15 MIYOAUVUDNITVIAAITYY U (Power Audio Amplifier)

15
24
36
41
46
50
56
57
59
60

65
67

72
72
72
74

79
79
80
80

83
84



a15Uey (Ae)

4
Wi
UNT 4 MINABBINATHANINANDY
4.1 HAMINARBIVBINVTVOUT Y UAYAudio Amplifier) 87
4.2 HAMINAADIVDINNINTBIANUDRNINNNTAMBT LS BailiAuonTin 87
SuUADA 2 A1DAMoaNH 20 i Tai@IA (Active low Pass Filter)
a o o = = o
4.3 HAMINABDIEINIITUATIZHATDAM B AongL 420.20 mnziBiad 89
4.4 HAMTNAADINTUDAIAT YL TAULLVIBAIDY (FM Modulator) 91
4.5 HANSNAADIYDINITTUMNAINNUDING (RF Driver Amplifier) 91
4.6 HAMINAADIVENINTVLUAIA 92
4.7 MINABBIVDINNTVNINUTAUTYYUITVNMIUAT (Low Noise Amplifier) 94
4.8 2993301905 (Mixer) 95
4.9 2993030UOUANND 10.7 1WN183AF (Band Pass Filter 10.7 MHz) 97
4.10 WITVWAYYUANLDNA1N 10.7 WnN@IAY ( IF Amplifier 10.7 MHz) 99
4.11 HANINAADIVBI 19 FURT IR NUDAWIHTABNGY 409.50 1IN2I@3AE102
= o =]
4.12 vamInaavINesANemes laslled SA 636 104

4.13 19INTDINNUDAH UL AINDT13T 5¥iiaueniH (Active Low Pass Filter) 108

4.14 Nﬂwmuﬁmumumnﬁm (Audio Amplifier) 109
4.15 29039010M AT YY1 UT 69 ( Power Audio Amplifier) 110
= =) d
unh 5 umiasaiazunayy 111
MNHKIN
fadnssutszma

& Y
HHUdgoo el



s

unit 1 umia
51 1.1 vdonlrezunsundeeda
51t 1.2 vdenlaezunsuniesdy
unit 2 nqufuazndnms
1 2.1 Faydnuaiveseniluoud
31 2.2 2vmifvufosveseelieni
gﬂﬁ 2.3 finvazauTevuvssesiluewuil
;1]17'; 2.4 Amuduiutsznesanvnefuanud
31]1“; 2.5 nvsvnudyanasuunduma
31]17'; 2.6 WITAUYAVDINTVNIFYY ULV UATUINE 180 BN
31 2.7 2evsouyauglit 2.6 dounudraumasiuiianszuaaumauivesueiiy
jﬂﬁ 238 ’Nil'i“!ltﬂtlﬁ'fgﬂlﬂﬂlll‘U‘Uhiﬂﬁ"Ulﬂﬂ (Non-Inverting-Amplifier)
1l 2.9 2993 5T unz a3 ey AV aTivie T
31/ 2.10 nareuEUBIVETARDS 5T
# 2.11 quandamsaamendmivassnsesndnuniamesiifs
31]‘?; 2.12 msndaaoumuivinandduiuaudsienn
gﬂ'?'l 2.13 mamlasosilsznouninuesanuimimliluanutisasim
g‘di“; 2.14 1INTBIN AR HULULUEATN
g‘lh“; 2.15 29330 NUDRIHIUNSE K=1 uay R = R, =1
gﬂf‘; 2.16 MIAANOUVOININTBIN TR TN
31l# 2.7 Suauasitadsuns aanon
71 218 denlaezuns uvpnsFuAT IR Winadengy
11lii 2.19 uienaezunsuvesasesadengy
31# 2.20 madhantendlen i
1 221 madratmidenudsunalunhdu
1l 2.22 vienlnozunsuvemsudmeiaiduveanadong
91 2.23 20vsRamedeaie
41l 2.24 raRBLAUBIANLRVeITT UL RNy
1l 225 nmeuauovilodyanuunaiiuieisunudsuia (Step Function)

Ui 2.26 2 dannzvinnuiiadengiliuuw mnamefaes Tugda

10
12
12

14
14
15
16
18
19
20
21
22
23
24
26
26
27
31
32
33
33
35



a5UYNIN (AD)

vivh
317 2.27 vienlaezunsuvesszuuilounduiuuiin 36
117 2.28 229515 Touduueynsu 37
517 2.20 299315 Tmnuduuuvu 37
gilir’; 230 2vveadammei i 1 dAner uFsauelanawees 38
U7 2.31 2sseoadammesilsunnud WRanis iy 39
gilir’; 2.32 2eseeadammosuuma 39
51 2.33 293000 FamBsADARNT 40
11l 234 1ves000Fa@Re SuLuRBARNILS UM 18R LT ad Y 41
317 235 2evsquisudud | 41
gilf'; 236 29939USuRLT 2 42
3‘1]‘?; 237 139U UHLH 3 45
51/ 2.38 Fyuevidu 47
J1# 239 newifagavesndummzuaz laduunsusamsueguaatLEEY 49
31]‘?; 2.40 aulnesuvosndunegaauuieWdy dle m ;=05,1.0,2.5 10z 4.0 49
31]17'1 2.41 1061920997 ludems udmans 51
51 2.42 nsunpFaduiuauT 55
g1 2.43 2evsunmFduRuaudnndaeths 56
11/ 2.44 vienTaezunsuvBsTTVLAIBARI ATBTAMATY 57
qU# 2.45 uenlaozunsimanmshavensesinaed 57
g‘l]‘ﬁ 2.46 2951 UUY single-diode 58
5Uft 247 2evsnamdlaleniinies 59
1 2.48 wllouslaas Tsuunduazas indRame s 59
31 2.49 2095auyaveIRARAARER 60
317 2.50 wnneTamaz T AAREN 61
91t 2,51 293 AuilananidiuuiResy ( Pierce Oscillator ) 63
un#t 3 asAnnamazmiadi
3 NIsUedgaIUUUUNa U 64
gih‘f‘i 3.2 NV wTYIUUUHNAUNANLSAT 1Y 100 11 65
31t 33 2095 AuWVYD 92295 0509AI AR LY Sallen and Key 66

JUN 3.4 29snseend R LDDLEATINTIALTANe D 20 ATaEsAe 67



3NN (AD)

wih
31 3.5 n3deasesvedled MaX2608 67
31t 3.6 n3deasesvedled Mc12054 68
gﬂi‘; 3.7 iulszneusdisgnielu MC145152DW2 68
31 3.8 TnsaadregAamesd 69
31]‘7; 3.9 nesgilRamesildaai 71
51t 3.10 2es Fans iR @ emadenguniud 42020 wnzidsed 71
gﬂﬁ 311 29vsuidedyanuanuding 72
gilf'; 3.12 2svneidadygun i ing 72
gﬂﬁ 3.13 23955 WMAN 73
31]17; 3.14 M3AB03ve4 ToF MAX2611 74
317 3.15 msdernnsvesled MAX2608 74
71/ 3.16 mrdevsvesled MC12054 75
gﬂﬁ 3.17 aruszaoua1egniuly MC145152DW?2 75
11t 3.18 Tnrsardugufames 76
11t 3.19 20051 Aawmes A1 Fnussy 78
117 3.20 nesdanrTeinuidoadenglnand 400.50 wnzidrad 78
gﬂﬁ 3.21 2993muluuey ELCM-5 79
31 3.22 2esfineesilanudnarsi 107 mnzdsad 79
gﬂ*‘r"l 3.23 299INTDIOVANUARY 10.7 nIFsas 80
U4 3.24 msAp1993v09 1% MAX2611 80
71l 325 209mniSuAvegames 81
gﬂﬁ 3.26 awiﬁ'uuuu‘umawsniaammﬁ@’;whumm Sallen and Key 82
glh‘r’; 3.27 2esnsesnnuiimAmuuueninfinuddnesH 20 Aladsad 83
71t 3.28 209 svdyeanduma 83
gﬂi"i 3.29 Nesvnudygnuuuundumaiiidas ey 100 84
gﬂﬁ 330 295vtnumasdy e 84
31]17‘; 3.31 29955 WMASY 85
UN#t 4 MINARBINBZHANNARES
1t 4.1 nFeufisnudygudunauazoryavrsaNesvnodyg uidos 87

U 42 nsmluamamaneumueaninuliverssnssennuddwIILUEnAW 88



asUYNIN (WD)

51 43 alnasuvesdyapannaesdunzianuiin 420,20 mwnzisas
] o a a H Py o

11 4.4 dygrunnnSarsasoadammeinui 10.24 wnzi@sad

71 4.5 alnasudggnaewyait ldnimasdansizd anudduaden

{ { = o
qunAR 420.20 wnz@IAY

[
=

71l 4.6 minasuvesdaanaiignuegiandaiunud 1 Aladsad

31]1"; 4.7 anlnafuvesdygafid s tudmd i nuding

31]17; 4.8 minaduvesdygnaifiniunesvnohidinnuda i ing

i 49 sl oufoussn hassiudygudunaiudya aednm

V83297V INA

31]’1’; 4.10 mﬂﬂn%"mjanwwuwﬁngiymﬁﬁizﬁuﬁigtg1msunnuﬁ;1

311‘?; 4.11 ns WnfSvuifivuszninssdudygnudunadudygnuedya
finud 42020 nzidsad

31]1“; 4.12 anlnasuvesdya aingnawd 42020 wnzidsad
Fuldudygaing

311‘?; 4.13 anlnaeanees dunsieHn WA 409.50 wnzdsad
F11%iuTanoaooadaames

31 4.14 cnlnasuvesdygauedyai ldvinmesiinges

31 4.15 nslasp UALBIN1IANLDVDII95ATOINNDN 10.7 IWnziETAL 98

3'1]1“; 4.16 anlnasudygaie wnadiohdyewnmsinses
HIM03NTOIOUAIIA

gilﬁ 4.17 nraABUAUBINIIA B YBY 1T VOO F g
anudnaiafl 10.7 wnz@sndg

;;1]*7; 4.18 ns S oudsuszn hessdudyanudunaiudyeaueidya
finawid 107 wnzi@sad

g1 4.19 mulnasudygnaeinaii ldnmassvnedyyu
ANUGNA1aH 10.7 wnzidsad

31]1"'; 420 anlnaduvosdy e 1IN FaRTIEHAET 409.50 wnziFsad

31]1“; 421 anlnasuveadyyadyg v nni aronsoagamines
ANE 1024 nzidsad

717 4.22 anlnasuvesdyg e dnaildanesfunsisinwd

11 409.50 wnNIFTAS

90

91

91

92

93

94

95

95

96

96

98

100

101

101

102
103

104



M3t IN (AB)

UM 4.23 anlnasuvesdagudyguninnianeassadannes
AR 10.245 INZIBSAT (V1 4 ) YD1 SA636
U7 4.24 FganuednanInIeslingos (117) ¥oa SA636

31U 4.25 Fygrudunanaziodyavevsvnudyg

v o7
Sy

UM 4.26 nRAADLAUDINIIANLAYBIIINTOWALANLDN 455 A TaiBsAd
UM 427 dygiudunANazID WHAYBI19TNTOILOUAIILDN 455 N Taidsad
51 428 dyanuneuhinisupqranuaz dgygeue1dRAYes

2TAUDAIAADS (U18) YDA SA636
5Uf 4.29 nslARIRARDLAUBINIINTINAYDIINT B

o v a

ANURdIHULILLBN AN

1 430 nlSvuiisudyanudunyauazimdnavensvnodggnados

U 431 nsmuamaranBuTUBINIAIIRVE YN VIIMAd YR I

104

105
105
106
107

107

109

109

110



mUYMIN

vV
1
4 - o
Uni 2 ngufuazndnnms
H t 1 { u' [] Qs o o d
A51M 2.1 A19371)32NVAIYDI299INTDINNUARHTUUL VT ALAD SIS D 17
o o v
UNN 3 NIERIHIBRENTAIIN
A15197 3.1 A1199 Q HULDATTNTBINNVDAHIULULITAMBS 13T FNBUAIA 1) 65
H [] { ; H a o ad 1o o [J
A519N 3.2 A1989 Q HYVIDTNTDINIUDA NIV ANDTIT TNOUALAI 81
UNT 4 NINABBINASHANINARDY
AT 4.1 ATTHHARDUAUBINTININDVDIIDTNTDINMUDA I 88
MINN 4.2 msnnfioudisuszniaszRudyadunaiy 93

Ay o IANAYDII9T VUM
M3 43 aanffoudioussninszdudygudunadvizaudya ueiana 94
M 4.4 MITHAABLTUBINIANUTVB12905NTOUMOUAIING 97
i 10.7 wiz@sad
M9 4.5 A1 HEADLAUBINIANSB TV Y WA AN 99
M51aR 4.6 msnanfoudonseniie rAUdy s unANUTYL U IANA 100
MR 4.7 A1 HEABUAUBINTIATIUBUBINITNTODUANNER 455 AlaiEsad 106
M7 4.8 AT IRARDYAUBINIAIILAYEIINTINTOIN LAY 108

AT 4.9 A1 RHAABUAUBINTIINNLAYEIINS Yo MAITY T 110

o



4
uni 1
umn
msaarodemaiiufnssuniiuFialszirfuvesyanananuiudinn nidadedoms
Aa asooa U 9/ ° & = v g n’l 3 ¥ <1
ftiszanimwdon @S vuuaztinnyweanmsaasedemsiug ninanuiamiiveunalulad
Tuilegiiuse Widag iy lumsassedemstumnmne msfems lunsazilszomiljamunazyn
) o 4 T ar o \ = i X A ar =y ¥ y
Fovuandaiueen luegiuiaglszaannldlumsaadedems daluilegiulunsandodoas
[ [y A a . a E1 A A ) A a > Ay aa y ™
Foyadaondwingiudumumgaiu liieannmsdedawatuingiviidedfioaunsedomsiu

v » v ) ]
TAudHanavnadunanszninddiasuesdiums vennmivduiannuazainlumsnioud

A o & 4 ¥ o o ' o o A A A
wesnnlswnnenmhdyea msdfems 1imeolinnuodieniausy szuninsfmmiinaounnse
szupTasaviofestulimae dludu

Tulassouiidlumsinauemsesnuuy  naznisadiuniesdaaziniosiuImguuuiew

o A P = o A VT a = 1 o o

Py Taoldwnanu 42020 wezidEsad el lumsdsdyanaudsmaszninadunaziu Tao

a : ¥ o ar 3 o
usaneneIvIamadazMasuine duvlime iiuTassadauazveuvavesInssanu
»

TAAail

MAEA ( Transmitter)

o

madiveunTosfudyanudnguuuiewidudiuanud 42020 wazidsed nasaldain

oo

vaenlaszunsulugziii 1.1

Antenna | J /
!
420.20 MHz Phase Lock Loop-Frequency Synthesizer
[ e = e =
|
XTAL 10.24 MIZ Il Rf Power Amplifier
|
1
ﬁﬂh {
3
t
i
Crytal 1
Osciator H RF Driver Amplifier
i
1
i
1

1024 MHz

D o Y

Microphone Audio Amplifier Audio Low Paas Filter

3 =] ] 1
U7 1.1 vdenlaozunsuveunsoada



' ’ of o ¥ 4 ° @ Yo o
dwdsznouangauden laosunsuansoefominmsninuneduv 1ddaiine

1. NuTasivu ( Microphone ) ¥iamihnilaouwasnwdos Idundeandwdh

2. 93VNBTYYIMNEEI ( Audio Amplifier ) ¥inthhvoodyeandosiaiiviadoyn o

s ¥ o 4*
alrinnadygyiugu

]
Qs

3. 29950509ANUDAIHIM ( Audio Low pass Filter ) fimifisidaunuanuivos

ar p= )

dugradosdyyradoansuldrnlulas Tdu e I mbeifioaouniutves

dyudoaiid

IMTIHNIU
4. 239509MPUVUMIATYN M ( Variable Attenuator ) RIHINAANDUVLIATDITY YWD
) o o o et o a A 3o '
daldhimiswegasunuueriduidlivinadygiuiimnzauy o lddmuaninis
disavuanudresmsuegiasulfiiinlawhdesnts 2esaanouvinadyanaldniy
Y as ' 3/ ar o
aumumulsva Iddludaaneunnadyaiu
[y < 3 a ¢
5. 9sdunsizvANEMemadongy 420.20 unziSsa T ( 420.20 MHz Phase Lock Loop ~
o H Qs 3 ] = 4 ° .
Frequency Synthesizer ) MIMINHT 1A 1212108 11929 420.20 unzi@sad uaziimsie
o 1 3 w ¥
qasuvsiewidy Taodsznoudlodmaegdsae hliine
5.1 :993A3afinooaTaINARI AN 10.24 INAI35AW ( 10.24 MHz Crystal Oscillator } 1
whinaSedygudeduie 19 lumsnlSvufvuatudygisd 1dviniessesadammesuvy
Wi Idmumssauniugu (veo) Tavldasadadludus Tnuuudanuiiissnniiinfosnings
wazinsasualasnnuti
5.2 7995M13A4D ( Frequency Divider ) iMhnsanutienn3 adaooddaamos aud
o o 3! o L - | d a a = P J aa LY
10.24 nzi@sad gan1sAe 1024 sz liimdennudifios 10 fTadsad Fullusinnudies 141y
msafSouivuviaae Ty

b

5.3 ssesfiunaduanamuulSumanudldanms :dulnih ( Voltage Control Oscillator )
v

L

smnsuiiadyaruingidinsliuninid idmunsadudihaugy  (veo) e lflums

o ¢ = v ] y o o ' a 7
dansiznanudaemadengl Tavdsamsaonanut 1ug3 420.20 inzi@sas

]
°

5.4 2903N3 ANAIADS ( Prescaler ) hmThimsanudaanie lildifug9n i a led#m
wihfmsanuiusumimimams 18 ausamandd wimnames 1fuuugdaneqda  (Dual
Modulus Prescaler) 33011150115 64 150 65 14 Taunsfimuad1aeinfinIBuna MC(Modulus
Contro})

5.5 ’Nﬁﬁﬁ15ﬂ’J1u€;3u7jﬂu‘mﬂﬂ$llﬂi'ﬂﬂlmﬁﬂﬁ\lﬁ’( Programmable Frequency Divider )
iodyaudunaainisesosadamnesyiuannud 1 mus s IMihasugu gomsaad

¥ a ' {4y o Y 1 . 4 { o Y
Aaowsanamesudnnudi 14d luansoih WalSsudiouaAiliesninanuddigeey dams

»
a1

anudunvAImIMsms lgminnlfiensuqumismsanudussdyaudunauazniuguimum

b.

» L4
a5alumInIs 64 w30 65 vnagdavegdansainaaes AniunIndoanisnunszyIumslums



[] » ¥
misanuddesivsamisaosnaugiull mmswisanudmansa Tsunsuriuy N9-NO taz AS-
A0

5.6 2513 pumsumvanaznud ( Phase Frequency Detector ) ¥inthnfSsuiisuanay
] or L L A Q = 1 i “ ar
anudveadyguaesdyen laodyanunilfedygudndeh laninmsmsanudeinniada
poaFaiaines ardndygruvinnisminnudnmaseesdamaeidivdinnud ldaw
usauiiihnaugueveo)
o d " ae 1 & o PR
5.7 299591lames ( Loop Filter ) Wudravsnsannuddrudsdygyiuildonaees
aSvuioudavdsznoudlsesndszneuves I inszuanss uas Tihinszuaadulaodah
¢ 4 o ] = a 'Ry
faamsnsoantsznevves IMiinszuaass werh I ldnauquaniubveaissenagammesalsu
b lamus e Iddhaauauvco)
58 29955 d RN ( Adder ) Himthaiswdygw Idasaii ldningdiawmesiddy
Fyaaduaiinissidauauanuduazaaneusnavesdygiuud ndrdwiu Tnvvuaves
13 ) ’ »
Ty nasliradesasimsioauunnuiivesmsuegasunuuieidy dniusedealinslivvng
@ i o ar b4 ar '
wosdyandssid i@ wdy o limnzaudionesaanounnavesdyyaudonou
4 ~ < ° H
6. 199303DINTNDUOUHIN 420.20 1INRIFIAY ( 420.20 MHz Band pass Filter ) 1mti1n 1%
44 a4 o 4 P A | 24 <
IRWIZUDUANUDN 42020 1wnziFiag mimiudioon 1o 1dna Fanwdiiduriud
A g 1
AU AT IONDINIA
7. 239357uMAINN0INgG (RF Driver Amplifier) 299330M1dsnnudInggminnldme
o an v o s gy o ' . ¥
ywvuiadywini ldnneesdunszinnuidiadadsngdnowir llidassvee
MaanudIng
8. 29usvenedyaanuding ( RF Amplifier ) ifulsssvoiofideniagaiedeuds

dymesnoima et linisdadssoznan Inadu



MA3Y ( Receiver)
Y A o = o ' A = s b3
MIATUUDIATDITY ﬂJQJﬂﬂl'JTIQIIU‘].IIE)T‘I,E)UUWUFI’HUQ 42020 1UNTIAINY !lﬁﬂﬁ'lvlﬂﬂu.l

vaontaszunsulugalii 12

Antenna
636
10.7 MHz [ —— s _A ____________ .
B‘:?nP:" Low Noise - Band Pass Filter IF ! !
i1 W i =
! z Amplifier Frequancy (Ceramie IF Filter) mplifier : ™ :
ffq‘zbn-m‘:r AN Mixey % k | Frequency Mixer \
t Crystal t
% I/ % | ; C g Oscillator :
t i
' b
R bbb bbby p el € /A Al 1 i | '
' TO)SA'}W . ! [:I oL
. 1 )
{ (r\)”‘_“‘ Control f j % s M
' Oscillator {VC ! 1 “™XC7| Band Pass Filter !
! ' | {Geramic IF Fitter) !
1 ' ' [ |
| Prescaler Crystal : i |r
'F B4/65 Loop Filter Oscillator h : \
! ! ! 455 kHE
) ] | IF Amplifter
] 10.24 MH2 i i
\ i 1 4
l I | l
1 ] | ]
1 Programmable Programmable | ! | :
! Fregquency Frequency : : 1
J Detector Detector 1 } 1
I ! ! h !
| l ) ]
I ! i FM '
' 10 kHz 10 %Hz ] | pemodutetor ‘
| | \ |
i
. o _PraserrgumcyDameter | Lo | S
409.50 MHz Phase Lock Loop-Frequency Synthesizer
Speaki Audio Power
peaker Amplifiar Audio Low Pass

Filter

71 1.2 vdentaozunsunSoasy

) J o = E ° o (Y] dy
dmtszneuaenauaen laozunsuansoeivenininsiinunedav 1daaito

1. 2903N5DWAVANDNINY 3T 420.20 1NNz1FIAF (420.20 MHz Band pass Filter) ¥

o_ @

Wanouawives  duawduyandimvemsmiedonmmizsiniuaidesmsuazieatu

o o

oy Anydduivnaivinadyaias i e i liassenesdyauiisedudyain

sunuim lumadaldinanisouda

o

2. NesvNFUaINNNsEAUTUYINTUNIUAT ( Low Neise Amplifier) Mninvonodaans

]

Be ¢

T

A

aNudINgId NN weIMAAzAIUNSIHeNNT 0T IA WL IR Tvuady s dum
denIifuresimesnnud
o d c.; o P st . o v A & P [] -
3. 29953MBaiAWAAIA 1 (1"Frequency Mixer) Y ideuuauaudnngannudga
o { ¥ = a o { = 1
voadgg ufideans (420.20 wnzidsng) Tashnsnauiuna1ui 409.50 wnzidsas wuilugoa

Au0A) 1aolin1uana13 (IF Frequency) 91 10.7 1INZ1859%



4. nesFunswraNuadovadengy 409.50 mnuiBsad (409.50 MHz Phase Lock Loop

- ar

Frequency Synthesizer) ﬁ1ﬁﬁ1ﬁﬁ1luﬂﬂiyiy1mﬂ’ﬂn?ﬂﬁﬂﬂa {Local Frequency) Taundan1uD

o oo o o

409.50 wnzidsadiied lnauaudinesinaesanusaan 1 ssmlszaounitolumieusu
fusesFunsiianuddomafenglduninds onfulsnInaans sandygrmminu fa
Usznoudaravsan i

93RS anenooRTAIAMBS ADNG 10.245 nzEsas

WIHIIANLIRS ARea

29I

evsiiiiadyausuudfusnd Tams s i

Huslsuioumauazaud

avsgiiained

]
o

P M Ao
5. 2999NIDINAUANNDHINY I 10.7 1unzIFs Al ( 10.7 MHz Band pass Filter) MnThns1ia
ﬂr:i iy = o aw r.': A 3 dld- r= | ]
nauUnAoN 19910393 iniresanudaaf 1 ielinnuddugnaanouasll Tasdenowadia
nmanutinlFause 1difuanudnasesnuuily 10.7 wnzidsaa

6. 205V YANMANNANAIIN 10.7 nziF5AD ( 10.7 MHz IF Amplifier) innihfivoiy

S

fyui 199102995035 03U UANAFIUTI 10.7 unziB5ad (239505030UATLENATY)
a Ly : < o
7. 29vsA3anoavdadaInNeINIIND 10.245 uNZIS5AT (Crystal Oscillator 10.245 MHz)
3 d6 a = = ¢ A EY =i = 4 o
winAANIANME10.245 wazidsad e 19 Tumaan1udna199n 10.7 wazidsad wuduanud
A oA a a s ) P = % a ° Y&
na19A1H 2 Ae 455 Dladsad Tavasvssziludiunilalulediues sa63s Roskimsdensana
i i 4
nnnwueafie ldeesansehaulamni
= ¢ " o e; o a & a ] -

8. 39933iNtBIANDAIN 2 (2" 'Frequency Mixer ) ¥inthii@ounounnudnnguanuig

a/ %Y = o o o = = d
ypadaufiaeans (10.7 wnzidsat) Tnonauiuanudn 1AviniaesasanoneodSaianos

o = o ] oo = E = = o
A0 10.245 wazidsad uuilusannuda Tavlinnudnes 455 fladsad

9. 2993NIDIDUAIMANINY 3 455 Rlaid A (455 kKHz Band pass Filter ) v s 1danoy

Ao ¥ a s Ao A A 3 &4 A ] a a
AN lAnImeesinaeiANNDAIM 2 e T utdugnasmauas ) maeudnnudnaiais

= = o
Aoamsfie 455 Aladsad
o 4 i o o 4 3 ]

10. 2903 Veu FYQNMA1INANAIIN 455 DB sAa (455 kHz IF Amplifier ) Wininuew
dygan 1d9n19ssnsoannn DAL 455 A laiEsad

11. 2os1oWiIBudAnagianes (FM Demodulator) invhiinendaysyiandnonnainniid
paa (455 iTadsad) TavldsveganesununiennInees (Quadrature) taln lAdyyim

1170150901

12. 23950509A MDA ( Audio Low pass Filter) Mvvhfiminesntlsenevuvosdymyin
A dw g 1o a A gy &4 a = o a A ¥
ouqn lilydwyrondusoen lie mdafsnuduesdyoaudosiisdoans



o o i o ] @ °
13. MeTviNadygandaa ( Audio Amplifier ) M AvewdyaaTvIFTvINATYYIUN
[ ¥ vy @
Arumssiiaunuauinnesnsewmuid L d WMivna dygiugdu
14. 2995 9eNoMdsdyedod ( Power Audio Amplifier ) YihiRvgsua0z 5 1dw09

T lannmsaveqoalilhdufvainefivzmuns e iiaiined 18



unn 2

NYURUATNADMS

2.1 eatluenthuazmsilszganldar ( Op-Amp and Application )
p0vioutl ( Op-Amp and Application: Op-Amp ) 1ihugnsuid@nnselindhidensins
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1 1 1 1 V.
Node I: Vl —_—t _V(_ — " (24)

R, r, R "\ R, R,
- AV
Node 2: —V,(L]+V{,(~l—+l =1 (2.5)
s RF To F
A
-V .L_.__V_ 4 _-1-—+—1— =0 (2.6)
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‘Nﬂ‘sumuﬁ’mvmuwuwu‘lﬁnﬁ’mﬂa ( Non-Inverting-Amplifier )
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20stithwles (Utility Follower or Buffer )
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V=V, (2.13)

2.2 1930TRINNUD (Filter)
d' n,: = Y & 8 & q’ ] d' o
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4 0.765 1.848 1.848 0.765

5 0.618 1618 2,000 1.618 0618

G 0518 1.4%4 1.932 1.932 1.414 0518

i 0.445 1.247 1.802 2.000 1 .BO2 1247 0.445
n ¢ L, ¢ L ¢, L, G,

L L,
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-30dB BW2
(A) Low-pass protype response
0dB
-3dB BW1

-30dB / BW2

(B) Bandpass response
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2nRB

- 2.19)
22fyC,R

Amuduidgg Tauuudvuu

-5 (2.20)

24, C,R
L= RL" (2.21)

2B

T R = manduiluausadeams
B = anuniuouanvi 3 — dB Hdeants
§A =mm’?iﬁqnmwmamsnsaamm’?ﬁhavhu
L, =mganiienineivenladuesnvsnissnnuiizawing

C, = mdadtulszquoiuealaduenravinseannudgiar
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1
1
LB
Y+
R R2
YbL A +
L] V2
b oo
for -
Vi
V-
. AN
- RB

719 2.14 229350503 NUDA WD LIEATIA

[
- s

° d’ - 3! 1 =t L% dad
Tumsi Inssnuiiszidenldrsesnsosnnudiiuneniduuyiniaesi35s (Butterworth
Low Pass Filter) FuiluzfinvoansvsnsosnmunhiiguaniawuiGesdasvoionah lusaiu Tay
uaaz Tna (Pole) vzTinuFuveuduns W (Roll-off) InFua/MAing (dB/decade)

117239373317 2.14 9z l@nnmdniutsenin ¥, uaz ¥, Fahde

Vg B g (2.22)
Va RA
91NnQUeunB3 1Y ( Kirchhoff’s Current Law ) flnua a nszuaieonaninuazdosd
HBSIUTND 0 AiD
i(f’—z - Vb) +(5 - OJCZS 0 (223
R\K K
IS UIRBIRUHAS INVDINTEUET THURA b D
1 V. 1
E(Iﬁ—f}qu(ﬂ"%ﬁim*mzo (2.24)
iagraunisim
1
—1——+L+Cls V,,———~—Vi=—i+C,sV2 (2.25)
R R, R K R
iay
—LV,,+ -l-—+Czs ﬁ:o (2.26)
R, R, K

i51vziiannuaedng ¥, Ruaznisasiday Kz—=T 218
1
T(s):—Vl =— K/RRGG RR,CC, 2.27)
V, ST+(U/RC +1/RC,-KI/RC,)S+1
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o w ' o @ Y
#anFuao Teu(Transfer function) vxgnlivuTugauuuia T deil

2
Koy (2.28)

Tau O =
* JRRCC,

R
AV":K=1+R_A

B

Tunsdifsufsnm K=1uaz R, = R, =1 uaz @, =1 131z'1d5

T(s)=—~—1S— (2.29)
ST+ 41
)
2001 o 2 1
WN —=—uar CC, =1 C =20 naz C,=—
¢ ¢ 20

1
LA

H2Q) 7]
v1

3U 2.15 2eesnsesn LA NI K=1uaz R = R, =1

] o 3 w = A ¥ o '
Faus19zh 11¥lumseanunureesdez i 2.15 e 18rnsesnuis s diuaumin

kY o d ' o a N ¥
ANMAUN MR A ANV 9197 9IIMERMS @NaRa ( Scaling ) vz 1dHh
Rnew = KmRoid
1
Cnew = Cold
KK,
1

(2.30)

dio K, dludweiifidmun uay K, =
24,

Tagresnssepnuddduurvteand sz 1eenuuuaziduieesnsesanuda iU

duavaoalaoiion Q=071



22

l!’ 1 =
2.2.3 2999 N509ANHOA LIS UIEH

» ¥
=S =3 s

wad o o o ¢ o o = '
AuauTANd Yo esnIouulames s snaeiins gaidois i suuindwaga

» 1) v ] ) »
AufiadaiulursiuesianunuS smnniiyadutiauasszdnaiedilnd o, v3luninium
[] P I T i = - - .& ~ & P=1 n:; P J
syaanoulusrmgasziantosndi ina Tulloayiiedu unuwiied Feslinisaanpuiitiuiuy

[ ) ] L [ * [
TugaTaonisnldowdon lulugredm ndnnshlfdwamsnldsunlasideviqaeinauauia

e

¥ ’ ¥ 1
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l’w‘ o o tu'
HansusiisHoOuAUN n

C, () =cos(ncos™ Q) o<1 (2.31a)
= cosh(ncosh" Q) loj<1 (2.310)
4 - = o o
F3n1 Q@ Avauduesuealos
Q= _0)_ {232}
@

P
AanFmsiisdidunuuInd Tudivalumeys Q vinaums (2.31a)

C,..Q)+C, ()= cos((n +1)cos™ Q)+ cos((n —1)cos™ Q) (2.33)
Wnuauiamsithuendnusi cos(4+ B)+ cos(4 - B)=2cos Acos B Tavnmavnile

anz)f1diiiu

2cos(cos™ Q)eos(neos™ Q)=20C,(Q) (2.34)
nNANAURUS
C,.{2)=20c,@Q)-C,.,(@) (2.35)
VINAUMS (2.31a) 93181
C(Q)=1

C (©)=2
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ﬁmé’vanmsTwﬁiunﬁuaﬂuauﬂuﬁqaﬁu sz nuduiuigaunts .36 fall
C,(©Q)=20% -1 (2.36)
C,(Q)=4Q* =30
C,(Q)=8Q" —80* +1
C{Q)=16Q° - 20Q° +5Q  etc. (237)

ar ~ & = a o T Al > (] v
nafanfuriirdduaaigduvvvedind ludvaszmunisdlasglus —1<Q <1

fadsunsdszinannsnsesnnudduueriio 1en I Tuoave uriiaesil
v (i
|H(Q) = —Q‘i) = J1+£C2(Q) (2.38)
Vo(Jw)

d o ¥ o = ¥ 1 * ' e
HanFunisannoured n=3, n=4 naailddagy 2.17a, 2.170 Millaszegseninmaiganay
Argaqaues Vi+ &’ dwiy O <1 uazinnuvestidmigavos [H(jw) tugn -1<Q <1 oz
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) » . -:; L 1 u‘ ::' v ,:; o
Ansanmmsaaneuves H(Q) fivevvosrnruiinnud o, Tavldnnuduoiuea
o v 1w ] v e 1 L
Tadbawidu uazar C (1) =1 dufumimsaaneuszminy
2
A, =10log,(1+2?) (2.39)

»
IWTIZRZIY £ DAuUMINY

£ =+10"M 1 (2.40)

(v} ¢ =; 9 o
2.3 nosdunnzianudnmmadengy
o P =
195 FUATILHANLDA M aADNgY ( Phase Lock Loop Frequency Synthesizer ) 111112495
a I's A a 9 Y a4 a o a ] o =
dunszvrnutyiallsunsn1d fmdhAndadyginanudvinawerng nazIiinnuta i
[ é r=] as d. q‘ 1
i muaTasmsdszynd 1Fnuvearadengl Fallszvudleunduniinisnldounaud wazia
a p o a o ¥ 4 4 v ” ¢
YpannvsesaTaames muduauduyantlewdun vaen laezunsuilsduveriansduns iz
4 o i 3} [] o o [] o ay
anudduadonguanadazli 2.18 Usznevdrodudidn 4 dau Aail
1.aufSoufoua ( Phase Detector: PD )
o
2.qUaA03 ( Loop Filter )
3A’Ni]iﬂﬂﬁ%mmﬂ'ﬁ);ﬂ’mf]3Jﬂ’J11J?W’]”JU!l‘Nﬁu ( Veltage Control Oscillator :VCO )

4299515 n e Tusiunsu A ( Programmable Divider )

Vit Phase detector |~ Ve(t) Loop Filter Velt) > vCO Vot
1
Divide by N -
|

i o o il 4
31l 2.18 vAenlapzunsuvensesdansizdnmuanliadongy

msiauas 1 @nsoosiu g v g lifidaanandt i sz usafuniugy
(Control voltage) V() ztinfugud veo ssiamlasdanwdl3s 7, fuswdves veo i
Lﬁﬂﬂ?]ﬂllﬂﬂﬁ]ﬂﬂ]ﬂdﬁ”ﬂgmﬂm'ﬁdﬁﬂx‘l fo fuiieaninaud liasefuszidaussdunaianiou
pem1 V(1) ussfunmandeniiszgnnsesiniguilames vioudaileuldsy veo Tumisil
usadununu V(1) 2 Tlfssuarmdves veo Mudout ludianefiszaannuifiuand s

g3 £, fuanwud £, Sanwd £, IediRvasuaind £, sinmstleunduveuraden

4 o ' A ' d .
¥ dygyrwhtfoundvlddiguamessnifuninubiordayaves veo fignmisTas N azihild
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= L o @ e = a g o §
veo Falas luduie den ( lock ) Audyanuduyaniowdin vausivinisdomiunnuives
VCO Eimfunutvesduy I dunaned

o a ]
Tuznnzdennnuasz 1o

Je=1a (2.41)
HazAIER 1IN

Ji=f,IN (2.42)
Fnfunndneinane i

fo =N, (2.43)

S o

J o = as : w & s " 4 ¥ =
ualugnIIzaenn1ud wlmamtyq,nmmﬂmn:uamanuaﬂ ’D’Qilﬂ')'lll‘iﬂl‘ﬂﬂﬂﬂﬂﬁﬂﬂﬂ

<«
v

usasuamandaou V(1) fiszaeslhliunnud veo 1nmnnuaWifutia ¢ free-running ) W
R F o 9 ¥ 4 a o o & S v o A
i ldeai Ididadenallansofaniunisdenfussuudssiuegiuns dunatamasy

» ’ ¥
(capture range) VEVUAVYDWIVUAYDINIINSBIANWINAZEAS 1MV wgUTRYDIszUITINUA

wadengUifimsmisanudsis T sunsudmetuglduitimunzandmiunmsdunsizd

L

ANVANTAVININANNDH19DIANUDIRDY

o

AuauAnApINsva1Isduns IR sxdvandndygIunnudvinanomuziny

o J

=y - a o ] A o e = o o T L] &
1ﬁllﬂ’31llﬂﬂ1llﬂL51ﬂ'l1fluﬂ mammai%’qmmanws MUATICHAINUD ilzﬂ'lﬁﬂﬂg1u‘h”)~1ﬂﬁl'lhﬂﬂ
< o

' ) ' 9/ = A4 14 FY A - o
I.lu‘uEl‘uL!ﬂ:lllﬂﬂ”l'iﬁl‘]N'Iuuﬂzﬂ’l‘luﬂ::lﬂllﬂ‘llﬂw‘lﬂ"l'IIJDTIL'lJﬂU'Llu‘IJanlﬂ‘VIﬁz“UH FATONI 51"]5@"])’1! (

resolution )

2.3.1 ’J\ﬁli!ﬂn’ﬁﬂgﬂ ( PLL:Phase Locked Loop )
2vsdadengiiffundnnismamstlounduitihaulaasinszgnaluasasaiag
WINUIY 17U msffamswﬁmw?; ( Frequency synthesizer ) , msqmmmﬁ ( Frequenicy multiplier )
woz widuiodudveqiadu (FM/AM demodulation ) tiosniniluilegtiunssiadengilezoy
Tugdvenasswiannsam idlunmarig 1y
2nvsmladengy sziliznoudludiudiAy 3 dou dun
r.awunfSoufvumla (PD: Phase Detector )
Z.Q‘ﬂﬁﬂm oH ( Loop Filter )
390500 F AR MILANANLERIOLS WUNS 299535 To ( Voltage Controt

Oscillator )
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5U7 2.21 wamadamienudduna limidu

a o ag Yo =) = a
Madmaees 914U 2 LU Ao LN 1 uazuVA 2
a s a § . w 4 3
1.1 iaRmAamesuuui 1 33gnesniiuuunDNINIMNI19TURAUTIMALY ( Square wave )
' o A aa 4 o ¢ = o v o o ¥ o a
ANIINaLeINasnIen1Adnea FuradmamesuuuH 1 sxlinnuduiusdhusududiniy
a ' A
iagunaluy 1M iINaua 0- 77
-~ o« o ° ar E -~ a
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nesafmames vilatlaznaaiaduinnIeavdusyiumstimii (lead ) n50A1UME ( lag ) B4
o P! A = ) o o kY - ¥ o 1 1:’ LY t 13
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a 14 4 P ¢ ] P ] =
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= ¢ . o ¥ o P = a o
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s = o o a W LV |
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o A

AOWs SutlavelT 1o
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V(1) = E cos(wt +6,) (2.44)
V.(t)=E, cos(mt +6,) (2.45)

a o e o =y o <1
Suradmames guauiaiiuewaonioanaiensis 1nz lduanaennavsarad

[T 3] L

maapsiiu
V()= K, cosl(@ ~ @, ¥ +6, - 4,]+ K, cosl(w, + 0, + 6, + ¢,] 246)
Wehdgaruneinsesnnuta i iy
V(t)=K,cosl(w -, +6 -9,] (2.47)
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V. =E cos(wt—v,) (2.48)
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|.Lumped Element
2. Distributed Transmission Line
3 .Cavity
4. Dielectric Resonator
5. YIG(yttrium iron Garnet)
6. Varactor
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L S(Sr+1)+ K,
K, /T

S*+S/iv+K, /It

o Y 4 &
menfumIures Hasuuasgu
2

a
T — n
(5 S+ 20,8+ o]

221797
K
o} =L
T
Zé:wn =
T
1
&=
21K,
A
118
@, = Natural Angular Frequency
& = Damping Factor
guldusiun 2
R2 ;C
R1
o—MNV—

71 2.36 29939UBuA VN 2
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(2.99)

(2.100)

(2.101)

(2.102)
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Fs)=—-5C (2.103)

1N
7(s)= K, F(s)
S+K,F(s)
_ K, (87, +1)/87,
S+K,(St, +1)/ S,
K(Sz +1)/1, (2.104)
T, K

S?+K, 2+ +-~
(2T

4 [y L4 @
wounun e s A Nas g

2w,S + o}
T(s)= 2 : 3
S +2w,S +w,

(2.105)

gl 2y (2.106)

aztiuanninlium o, uey & dudaszaniuldimsasiaeuadsnmiaelf Bode

Plot 910 open-loop Transfer Function

T(s)= Kvg(s)

K, (ST, +1)

2.107)
8%, (

S = jo wld

S
25—
| §w +1
T'(s)=—2— (2.108)

=]
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n@
o) . - (2.109)
lr' VOl (—] 1+ 452(—@]
o, @ o,
v wdass 1dh
¢(ﬂ’-) = tan“‘(zg ﬂ] ~180° 2.110)
wn a)ﬂ
fmuald X = (—({J
wn
|T'(jX]=}17,/(1+4§2X2i @.111)
#(jX )= tan"(2£X)~180° (2.112)

Auranat X Tuvmzh =1

T ﬂ
a)n

1
1=F\/il+4§2X""_} (2.113)

onfdsaewdragifinn I
X, -4EX7-1=0 (2.114)

wisimnouiitluiin

x =9 2 2t 4 Jlagt 1) 2.115)
wn

4 Phase margin

8, (iX)=0(jx)+180°

= tan"(2§\/2§2 +,/i4§“ +1i) (2.116)

-4
HUUAIAN -3dB

. 20,8 + o
T = n n
(o) ST+ 20 S + @

\/(2560,, Y o® + o
\/(a): - w2)2 + (2w, ) o’

(z.117)

T(jw)=




(o= =

e, 0+
J? -0 )+ (2tw,) 0
(0 - 01 ) + (0, ) o} = 2020,) o} + 20!

0! ~ (202 ) + 0! + (4820} o} = 24620} o} + 20!

of ~(0 N2 +48 )} —a! =0

2

Oy =@, \/(1 +287 22+ 427 + 48

gﬂé’ué’uﬁ 3
c1
R2 ;
Ri
o—ANW
r——O
510t 2.37 evsqusudui 3
S 1 1
F(s) _ T,y +
St Sty ++1
iilo
7, = RC,
7, = R,C,
7, = R,C,

wld Close-loop Transfer Function

T(s)= K, F(s)

- S+K,F(s)

45

(2.118)

(2.119)
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K, (St, +1)

St,(S7, +1)

K, (St, +1)

Sz,(S7, +1)

_ K, (S7, +1)

- S(st,(Sz; +1)+ K, (St, +1)
B K, (Srz +1)

S, +S,SK, T, +K,

S+

S+ L (2.120)
T(s) = K, -2 7, :
o) gL K g Ky
Ty 0T, (AL
Open-loop Transfer Function
\ K F(s)
Tls)=_""F ¥/
()= Kot
= KVF(ST2+1) (2121)
§-St,(57,+1)
#(jo)= tan™ (r,w)— tan ™ (r,0)-180° (2.122)
sMaRusnMTAo33 BODE ve 8dauileila ( Phase margin )
by (j) = ¢ljw)+180° '
=tan"'(z,0)~ tan " (r,w) (2.123)

2.6 m‘magmﬂmdmmﬁ ( Frequency Modulation : FM )
Tumsvegraaniinnyd nenldgavesnduminzey hifinaniolifinsldownlas us

< & a = 4 - 4 & a -
anuiveInaumvzezinansulaouilaslasanudazinan s uiuns ﬂﬁﬂﬂ%‘lﬂ'lmlim‘ﬂﬁjl,ﬂ‘ﬂﬂﬂ

o

@ el . . = 4 = ' = ] a

ﬂﬂgiy1mﬂ31uﬂﬂu1u'lwﬁu (modulatmg s:gnal) ﬂ’ﬂllfl‘lJENﬂﬂu‘w1H$WU~1"l'lJnm‘5Wﬁm'iUﬂ’nﬂ’nnﬂ
'

=2 &

& 4 = o = ¥ o

NINAN (center frequency) lﬁﬂ!mlﬁjﬂﬂﬂﬁ]ﬂﬂﬁﬂluﬂlu17.1!Hﬂﬂlﬁﬂfl‘llu'lﬂl'wu"lluﬂ1Q'}J’Jﬂilxﬂ'lﬁlﬁﬂfﬂllﬂ
] 4 & y 2 o <

umﬂﬁuwm:mﬁu l.lﬂ:iig{'ﬁ.lu'lﬂ‘llf)ﬁf'(il]uﬂ]o'lmllﬂﬂlﬁﬂﬂﬂﬁ\‘l ATUDVDIAYY TUNIHENITANAN

v o = 4 = = o
winsyisdygiuvegananauiiugud anwdvesduningitzifuanuanieas lukues

o

1
= o = 1

o v 44 p 4 a
@oafuanudidenissaudusy anudvesndunimeivzannl uazaudvownaumnzaziin
fngailofygunegaalmvuiaanaifgaiiga anudnauwmzaziluanudninandaaid

o

o

] 1 £ < (=] 4
aolledyuvegaanuns lmfaay ltagud

o o
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VAL ALARAA AN

A NINADUDN DD

wiiuhvuiavesnaumnzszaaigue hindganaudvisznldounlaedinls diud
alaswnlasfonnudvewndunivzmniug. msaldounlasvonnudaiunaus wedug v
QraminiEond M3ivaUUAIINN (Frequency deviation ) Mmsi/asunasveannudmimzun
] = a A o ' ' a PG o Y &
smsasuuannudeziimgailudasidiulavasdedu vennniidainassziinnudrleds
3 Py @ -1 { '
mslavualasvesonlaga sy 1 sou dyapuerduivzaouaiylilrsy 1 seudre dim
o { =1 ] { o v o w { ¥ [
gasimsiunuge dugashinnudvesdygiuvegeagy saiudasimsilonuuiivuogi
] o o o a = 4 aq ¥
AnMIdveIdyyIuNegnn Tyyinvegian ¢, 92 lldoundannuivesniumme: cuudld
= - ° ¥ 2 ' A a v o - a
anvdwmzilaould ke, smuald &k AomnsiGondn mulvununudnei ( frequency

¥ (IR ‘ "
Deviation Constant ) #0114A139%37317 ( Instantaneous Deviation Constant ) nifasuli/fo

fi=1 tke, (2.124)
£, fio anufivoandummgiida biimsuegion &1 ¢, dundugalland o218

e, = E, sin(w,t) (2.125)
wumaums 2.14 luaums 2125 o2'd

£, = f. +kE  sin(wt) (2.126)

] 1
b= =

anvagaganaeu e mdyanandosde
Af = kE, @.127)
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Fafuaums 2,126 sznaoiihy

£ = f, + A sin{w, 1) (2.128)
Wernmsfidalilduoamaie aaugyland

e, =sin(w,t + ¢) (2.129)
AMURITAUALT ( Constant Angular velocity ) = @ = 27 TmbwiihasiRonSnd vaz ¢ Aoy
i ( Constant Phase Angle ) Timiboiius@ou aumsiltves 2.129 do

e. =sindt) (2.130)

wiennwaiduuldiu Tunsdivesmsnegieanud anudiFagud v (Intantaneous  Angular

Frequency )
w, =2af = dét)/ dt (2.131)
gufitnsaaums 2.131 munaez 18
o) = [w,dt (2.132)
Aves f, fwmzﬁyﬂ:ﬁmmﬁ"uﬁuﬁﬁum‘maﬂgaﬂmuﬁnms 2128 AnuiFayuasi Qunsdi
fehifimsueqian)
o) = [w,dt
=@ t+¢ (2.133)

' - -oa o v = T
¢ fomnafveamsdufitnsa szmuldaumsh 2.130 Tduoinmsunuiivesauns 2.133

Tuaums 2.128 dmSumsuegaandulant unumaums 2.128 Tuaums e2'ld

o(r)= I27r(fc +Af sinw, t Ht

=awt—{Af/f, }coswm,t + ¢ (2.134)
war o, =27, aauvegenlnirunsomignnmsimumaums 2.134 fuaums 2.130 w'ld
e= sin(a)ct - {Af/fm}cos a)mt) (2.135)
Avfimsuogian(Modulation Index) MSuMsuORIAANIAILTAD
m, =], (2.136)
MINAuMs 2.135 ozl
= sin(a)ct —m, cos a)mt) (2.137)

mﬂﬂﬂ%"mzﬂs:nﬂu"lﬂﬁwﬂﬁiuwm:ua:mﬁnﬁni’:’mﬁuwmﬂﬂuﬁuaqmﬂ AU
vl nasua1an @i ofun ldeniasuro uumea ( Bessel’s Function) 910 m , foswil
AMIUDRPEAMANMS  UDE 12 ABdIUIUANNBTRDIAS Jokm ) ApAnugavesnAuNInE
wituldith ¢ munasuseqezdiznendie
aaunne (f.) J,(0.5)=0.94
auidefsiil (L1 f) J,(0.5)=0.24

anuitafesiofiz (£t /) J,(0.5)=0.24
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.0 =3

Pug
0.9}~ » <]
0.8 G
R

' 0.7 :

0.6 P ==t
2 os o~ L LIPTT 1
= \‘?"Q‘“ o ] 41T T
-— 0.4 £
a2 4@} 3 9 »g -
€ o3 N £
£ o2 N % Q . et g i

e
£ on S Gt Lt
a . BEEs e KT 1““”“
o 'S

2 1gduuen 6
&7 -0
E 02 : - ~ .
3 o 1 ] B
p=—e -0.3 o

-0.4 2 [ |

o c. 1.0 1.5 . 2.0 2.5 3.0 35
‘ ATUMIUIUEA

a a & F ¢ o
gl‘"ﬂ 2.39 Hf]ﬂilﬁgﬂ‘UﬂQﬂﬁuW’]H&‘HﬂZ\l”ﬁﬂuﬂuﬂ‘UﬂQﬂ'l5Nﬂﬂ!ﬁﬂl!i}ﬂlﬂﬂmﬂ

4 ' v L d' dd’ 1 ¥ o/ ¥
anlpasumumdngves m, dagdi 240 Tunsdill yealrveawazanlnaiuezvie

mdurutvesdygnueqan (£, ) waztandaniu (Bandwidth) viisumiy

B, =2nf, (2.138)
7 o SwnuanuddhauRoefidoms
By =2lm, +1)f, (2.139)
uNUA m, Dngums w1d
B, =2(AF + £,) (2.140)
m, =0.5 My =20 Carto
4 —  Carrier

11 AL

Carrier

1 0 |—  Carrier mf - 40
mf -

. }
NI

31 2.40 aulnasuven AunegaauULIEWIDY 1o m;=0.5,1.0,2.5 Uaz 4.0
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Tunsmulesidumsuegian azldarwaulomadiuaind Tensdanasgud 6

€

e LY = 2 1 =1 <A ] ¢ o ¢ @ @
anuivesdy g mn/founlasl)oudemgegavesmsivauunisonds asy 100 Wedisua Aniu
aan P - o o L4 ] o 3 ¥ ret
avuahmmsdvauunwdgegaiiu 75 fladiad wazifetoudyanuvogandiuda hifing

a d a = = d o r s o 3
ioasunuiifios 375 Ala@sad dmnulesizumsuogon 1A = (37.5/75)*100 = 50%
2.7 195venpd Mo IOWYINAEN (Small Signat RF Amplifier )

& = 4
2.7.1 ns s wdmees
o @ = # et i o
gudnsuzaoiudimsiudmaesierulaouldmugungife AV, uaz AS
fel g T @ oA add v a P
wszasdndmylunis lusahfAentsandnsnavesguugiininanemisimesnnar 1y
=] = d!’ a s ¥ = .4 @
iganinmanuYuvesguuiiild V,, veansmdmaeianasludaidszuin
» . »

2.5mV /° C ninguugivenlndfe 0.7V uaziteannV,, ansaild 7. mudunazesiing
v v A ¥, 1 A o - aM & oA ar g 9
AeA1 s 190Uy (@ is i muaasusenuuude 1. uaz V,, ) unedafisitleadulauld
o ; o a a & ; s n:ly = ] q' a ©
inadu TadmanldsunlasgduduguugiitisuSenn AV, Fanisininnaananssnuvea

=3
AV, Diio V,

A a =y o 9 PoY=Y o’ A .—; & A 5 9

Myanawed ¥y, suneninguugisei inszuadliamesmuiiu ¥, Sanududions
Py o q ¥ a a e Q¥Wa aad o 4 t aa 4w o
winves ¥, seildidamstleunduuuvawh e dialudansevdevoaud-alinines aaiu

] v ¥

NITUTADAIANIADS 99aAAY UazIileInIMIannved ¥y, azgniayineTaomsmuves ¥, dniu

NszuanvaEnnD’ axmuIU TN ASBNNNTUMS
AVl
Ve

Al ~ (2.141)

: , ,

Taodi AL, Ao msnfdvulasesnszuanealanmnos
I, flo nszuaneamnaes 1 lulinsalaeualas
AV, fe mnfasualasvesharimsa-siimmed

v, Ao Daaddaaesn lilimsulasuua

¥ t o a =1 J
dwmseenuuyi ¥, iihu 20 vhwes AV, nszuaneaaminedszildoumlasfivans
1 ’ :l’d a ] @ o A 1A A o
5% Vi, annnnhiinezanndimmaseenuny lideadrilsiegaludaiimeee uadeiisfinsan
3 =3 1 = ©° A o a @ 8 o ar
Tadifie A1V, funseigy@eddaanun sazdsiliunuvesdyanunszuaady
A 19 3/ H Yo o 3 e S e W < o =1
anae o Lildunumasmmnselddudulszqmomansey R, uaimsgadeiidanuddmnaed
oy Taoia lauudldnesvermhnuluiquugiin/aoumtashiiu £50°C 1519218 7,

Y o é i =
oy 2.5V & 1. wideundaudios 5%
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d‘ o ] a = o
U 2.41 dredenes ludamaugames

o P=Y d
2.7.2 MIATIN N vENDIau I ean1513ines ( S Parameter )
P

' oY 23 3 ° ¥ ¥ o s ¥
ﬂ'I‘U'ENLE)ffW"Ii"llllﬂi‘)‘i“ﬂi‘]fiﬂﬂ?'iﬂTLl'J'il!ﬂ11lﬁﬂHWvlﬂil'IﬂﬂWl'l‘HTl‘UﬂQ?ﬁ'lu"'b'fﬂﬂﬂiﬂal‘]f [}

wlusadiswonuuy s

2.7.2.1 1@0u5mmn (Stability)
Tumsfnomaes Mo ms LS Ass dueams 1n it U et LIS
D :

Dg =S,,S,, - 5,5, (2.142)

ANTDOINNEK) M 1A N

P Lo i Y 2.143)
2'|521I'|SIZ'

§1:1 K 11nn71 [ s udmmesszegluantizdunsatuuuadaniiia ( Unconditionally stable )

mnoaNuIms wlmeessziliadusnimynqAduiinaudvesyesauaz Tnan

frei K oo 1 nsudameszeyuanii Tnmu@uad sumaiia  Potentiatly unstable )
wnea sz vessedauas TnanduRuaug v hisssvnodansooasama ud e
winanuez lmiudames 1l wvawdesldanusziaszSalumseonuuy Tvaeisiu

F- [y = L g ¥ = Fo L
@enya ludansudmaes lmi 1dnsudmmesdduiiudu
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2.7.2.2 895100gIganozwili ( Maximum Available Gain : MAG )
dhapugegaitannsosnsld auniom1dlae

MAG = 1010g—§2l (dB) (2.144)

12

»
Tumsm MAG a1 K dealidnnna 1 dastiue: lumansomala

2723 %ﬁnmsﬁﬁﬁﬂaugmmmﬂf ( Simultaneous Conjugate Match )
FunmsmardmlszanimsasiouInan-5o7av0929959610 ( load-source  reflection
coefficient ) r’w’ia’i%’“lum'sunﬂ%ﬁuﬁuﬂu%ﬁmam3uq’3aﬁ1mmmm‘fumuﬁqﬁ’
1) wii C,: C, =8,, ~(DsS,, *) (2.145)
2) mm B, : B, =1+|S,|" ~|S.| —|Ds[ (2.146)
1) 15192 19MVA (Magnitude) voaduysz AntnsazfouvesInanain
B, + B —4C,
(2.147)
2C,|

¥ 4 A - b L w A
- wlmnseaning + nie - AnsanlalrmasaduiiuiuaTesmuisves B,

\FLI =

4 1 4 o
- ypesduilszdnimsazfouvesInansy I wosyuves C, TaslfiaTeamuoasafiusn

[v o A’ &
2.7.2.4 dulszansmsazieuvoveia ( Source Reflection Coefficient )

Fs ={S“ + Sl?.SZIFL
1_(FLS22)

(2.148)
o 1 P a a o o a ) a
i T Aldldmdunaduiveuduaz T, luwierdnedviivaudiion liafasasuuais
sufiuaud

= a o o
TﬂU’OHT!GIfJIJWL!ﬂW]fﬂW]ﬂ

Z, =Z.x50 (2.149)
Tay
1+T
Z =[ S] (2.150)
1-T,

Az ANADUALAUTN VTN
Z,w =2Z,x50 {2.151)
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Tay

1+T
Z, = i’ (2.152)
1-T,

2.72.5 msmiuaslaoaussauaulaq ( Design for a Specified Gain )
o ' 4, 4 a P
WumsesnuuuTaentsiivuasunulag s laomsmsenaudaliununaisnai

a - ] s ¥
( a constant gain circle ) Tﬂuwﬁaﬁmuuaumﬁﬂmmmmmmm“lﬂmn

1) mm Dy :
2) wa D,
D, =|S,|" -|1Ds[" (2.154)
3) wim C, ¢
' C,=S,-DyS,* (2.155)
4) mm G:
G Gain - des:reazi (absolute) (2.156)
S|
5) wFUINAINVBINNANFITNNUAI Ao
G *
Fy = BES N (2.157)
1+D,G
6) Sadvoranauiiiunundh fo
1-2K]S,,5,|G +18,,8,]" G
pO:\/ l 12 le ) 12 21, (2]58)

1+ D,G
o ! a =Y S A L4 a a o o Y 3/
i 1R I e nnasasuuaiays adan nednaduiiuausnez i v lduaumiuanams
gy ) 9 J 1] : d' ¥ o o 9 é Iy ] ] A lhdy
wavseguudUseu B NNaNtim i eladives I, ndanez1dm I Fuiiaeailal

Tadhaessuuasaduiuausae 11

2.7.2.6 1NAMAOUININ ( Stability Circles)

Tumsdnamiudmasidegluaniz nmudvasuamdan (MK Heonii1)
Fuudvanenauafius nImueIBUNA (input stability circle ) LAZIINAVIATOTNINYDADTANA (
output stability circle ) 1ol lumanidonst Ty uaz T, Rmnzaudeld duaounismen

»
1NAMAOTTNINIAII

1) mm Dy
Dy =S,,S, - S,,5,, (2.159)



2) mn C,:

Cr =8, =DgSy *
3) ma C,

C, =8y — DSy *

4) MIPARUINAITBINNAVITDUTATHYOIDUNA

Fop = a6

) ‘SIIIZ“IDSII
5) MITANVINNANATYS NNVOIDUNA
S]ZSZI

Pa~""5% T 2

) ‘Snlz ‘IDS'2

o
6) MIARUINA1IVBINNAMATIININYDUO AR

Foq = —-———-Cz )
7 |522|2 ‘[DSIZ
7.) m%"ﬂﬁmmunamﬁﬁﬂsmmwmﬁvgﬂ
S12S21
Ps2 =70 T 3
v |S2212 "|DS|2

2.7.3 duRUAMYUUNT I ( Impedance Matching )
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(2.160)

(2.161)

(2.162)

(2.163)

(2.164)

(2.165)

diosidnu ldmduneduiitauduaziodyadufinautuda 1510 IUINSULATY

a o 7 A S ¥ 1 o o = P . ° ¥
’r)lmuﬂllm‘ﬂﬂiﬂ"lﬂn'l‘iﬁdﬂﬁdﬂﬂ'ﬂlﬂﬂﬂﬂﬂ ( Maximum power transfer ) L'ﬂmmmmmm"lﬂmn

auMms

Taun

Qs =Qp=
_Xs

QS—RS

QP=—R£‘

[ J ]

Q; oA QO v93TIUDYNTY
=) 1 ¥

O, aom QO VoIdIUIUIU

R, @o mvasmnudumuminnvuiy
P v 2 o

X, Ao alsuenuaugminnuuiu

R, fp Mmysannumumuiminneynsy

X, flo asuenuaugminneynsy

o

f& r : -y b )
Fai1 X, uar X, owdluldnennhiniduazdudni

(2.166)

(2.167)

(2.168)
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O :‘XS/RS
PN

R

2 'A"A X

‘R
QS=QP: —L -1 QP=R,,/XP
RS

d' A a - o
11’1’1 2.42 MIILUATIDUNUAUY

wr ' 1 [y A a A o ¥ [V s ™
Mg 1Yy 1MeenuUURITUYAFDUNUANTISHINANUMUMUVDIYDSa 100Q nuAw

Amunmvedivaa 10009 ﬁmmﬁ 100MH=

as . 1000
£ 0, =0, = /T()_E“I:ng3

XS
AINTUMNT =—
Qs R
X =0 R =300Q
RP
VINFUNT =—_—
0 =3
R

X, =—£=3330

P
sudentt X, dududniiviiar X, dusanhdididlessindnnui 100 wnzidsed ald

[ Xs _ 300
o 2z(100x10°)
= 4TTnH
=48pF

thawg i 1a ladesdeguin 2.43
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477 nH

100 ohm

48 pF T g 1000 ohm

3 s a A o o v
3UN 243 20951UATIBLRLAUTIINADIDH1

i o
2.8 A70ASNDDIAMNYY ( Quardrature Detection )

= o =1 =) Y 3
ﬂ?iﬂﬂﬂ@.!ﬁﬂﬁiy‘qﬁm!'E)ﬂlenJlJﬂ’Ji’)ﬂﬂﬁ]Biﬂmf‘l‘]‘llll‘ﬂl.lﬂﬁi’b’ﬂﬁllUﬂ!.LU:ﬁMﬁ (Phase

¥
LYY

discriminator ) Tumspuedyaanuanudunandygisiedidy  Fniudsdananimdnns

o [ @ 1 d’ s o =1 o 4
vonvsuenuosadenoudsae Uit 2esuemwzlaszodondnmsiugiuveansadiesisu

F10M (Differentiate) Na1Ife taasmsanime s Fion oy lugdvesmsuszarunidil
d 1
;;¢(f)=;[¢(t)-¢(t—f)] (2.169)

!
a o n’: 4 [ : o o
Tunsdivoadygmoridniu Weww ¢()=4 Im(t)dt AniuezannsognRuTINMs My

-

Foawanuud m(t) 18luglde T
[80)- 4= =7 60)= k() 21

Tufemunsoad gr —7) uezafrosfiszwasesenin ¢l) waz 4(t - 1) Fygruwn
{ < LY o« Y o
pontt Idfvzilsassiudygiauvauvud mr) myadudyga ¢ —7) vindygyrauewidun
o b 4 3/ ] ) A = 9 . . o o o
v 1A TaoldasesminaamionsesidouannuiFadu ( Linear Phase Shifter) 1o dmsy
Y o o o W ¥ 0w g a o g A
nsadndyain gi)- gt —7) Tuildlanihdyyronediudududygiuediduiign
M u2903 AN 0IR01993n50INMDMAI 3UN 244 uamndenlaozunsuy
» } ]
yoInszyIUNtsiina1nil 299salmnes uaz19sns eI uBRwIzi T 13Sants fusedy

dygraienzalanuasmunat uaz Winuemznauanydfsdesmudniy
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Vl (’—)————u - ] ———— y(t)

Limiter BFP LPF

Ad

Phase
Shifter

1 d =) Ly
51 2.44 vBenlaezunsuvBIsTUDAIBART NIBTAMNTY

v ¥
o

moasweesamniuhuiudedensruimadudiduiidainsminnavenasnimm
Widr 7 3 w.r=7/2 fafud i¥dygreewiduiidinnfouldifu

v (1) = cos(w.1 + 4(r)) Fwansfrmsesminnmidonldiiu
v,(t) = coslw.(t - 7)+ ¢t - 7)) = sinfw 7 + ¢t - )] (2.171)
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fo =420.20MHz (Oscillator Frequency)
f, =10kHz (Channel Spacing)
f, =0.01f, (Loop Bandwidth)
f,.=20f,Hz (Filter cut off frequency)
E=0.8 {Loop Damping Factor)
Vo =5V (PLL Power Supply)
C, =0.1uF (Active Integrator Component)
Ky = Vop {Phase detector gain)
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2
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N, = % (Total Division ratio in feedback loop)
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AR5V ( Receiver )
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Jfo =409.50MHz (Oscillator Frequency)
f, =10kHz (Channel Spacing)
f, =0.017, (Loop Bandwidth)
f. =201, Hz (Filter cut off frequency)
=038 (Loop Damping Factor)
Vop =5V (PLL Power Supply)
C, =0.1pF (Active Integrator Component)
v,
Ky = —DD. (Phase detector gain)
27
2
Ko = —%Q— (VCO gain, measured on VCO)
AVyeo
2
o, = s {Natural Frequency)
\/2(:2 +1+/(2x0.87 + )? +1
N, = —;—”— {Total Division ratio in feedback loop)
K Ko
' CN,0
R, = 2o
a)ncl
4
¢ 2Rf.
nnaumstadu dufiezmmaslunaesiie R, R, wez C. mymzaiuunudiadluaums fe
K, = Vo = S =0.7597
2 2x
6
Ky = o 27(420-320)x10° _ 23 105 10 rad 17
AV o 2.30
o, = 27 %100 _ 02831 287.69rad / sec
J208) +1+J2x087 +1)F +1 2184
N o Jo 409.50x10° oo
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K,K 6
R =t Vco2 _ 0.7957x273.1822x10 612330
CN,w}  0.1x107° x (287.69) x 40950
%‘— = 306.16k02
R =25 - 2x0.8 = 55.61k0

®,C,  287.69%0.1x107°
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Cetamic Filter
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4. W30 UNATYYIUAINDY ( Signal Generator ) JU 8648G 183 Agilent
o = o Sf: J a = o = a = o
mnsofuidannud dwe o flaidsed fe3.2 Inzi@sed
5. m?mﬁuﬁm’fﬂgﬂpm (Function Generator } iu AFG310 9949 Tektronix
iaannanlnaiueu laes 1A ldAananau ( Atenuator ) 20 dBm ANTUHANIINAABIAIN

o 9 a 4 ¥ v a ¥ qy
anasuAeawInMY 20 dBm F1 ldwan1snaasnegdade i



nnad { RF Transmitter )

4.1 HAMSNARDIVDINDF VB IWA Y INTBI ( Audio Amplifier )

87

v0edygedsnimhivnsdygrandoai 185uumannTulns Thu e ldvinaiedya

3
woId IV TVNAUTIAUGITY NesVewTTaUTuda insvnons sy ld laoilisasinmsves

USIRUTITA 100 111 wan1InAnenan 1AR 3N 4.1

Tek TR 100kS/s

1kHz

64my

1kHz

Ch2 Pk-P
6.16 vV

MB500s CRi1 F

1 ) o = o o
U 4.1 nfSsudisudygudunauesieIrnaveaesvondyyondos

Ch1: duynnudunanuDi 1 fladsad
o o o )

Ch2: TUANUIDIAWAVDIIVT VDAY 1ML

o v

! ‘: [ d o o e 1 3
4.2 HAMNANBIVDINDINTBVIANUAMH MDY TAMDS NS s¥HinuenAHOUIUN 2 0 1ud
< 4
N 20 Hatd5A9 ( Active Low Pass Filter )

{ ic 1 o ad =
HARDUAUDINIINIINDUDINIDT ﬂiﬂ\'lﬂ’ﬂllﬁﬁ1WTHHU’U'IJﬂ!ﬂﬂ‘fl’)‘iﬁ‘b’ﬂﬂ!tﬂﬂﬁﬂiﬂ

Ch1 Freq

Ch2 Freq

Low signal
amplitude

Ch1 Pk-Pk

k

Anoon

g191393

Sallen and Key susiuh 2 lnofinatundaneowh 20 Hlaidsnd nanoumuoI10333930509A 1IN

neane1Adans 197 4.1 nazgii 4.2



Amid | dasimsaaneu i | Sasinsaana
(kHz) (dB) (kHz) (dB)
! 0 25 -6.83
5 0 26 -7.82
10 0 27 -8.31
14 -0.16 28 -9.62
15 -0.32 29 -10.61
16 -1.33 30 -11.73
17 -1.8 35 -14.96
18 -2.09 40 -16.9
19 -2.81 45 -18.71
20 -3.25 60 -20.98
21 -3.95 70 -26.54
22 -4.59 80 -28.25
23 -5.13 90 -29.62
24 -6.02 100 -33.02

(dB)

anIINITaanau

a

A15197 4.1 915 1IRBABUAUDIN TN INDVEI1TTATOINIIVRATHIY

1 10 100
AN (kHz)

]
=]

317 4.2 namuaaInane AL INIIATINAVE 1995 NTBIANUDA N TULLLLON AN
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43 HAMINARDIYBNNISFURT IR AT I adong) 420.20 tunziB3A4 ( 420.20 MHz Phase
lock Loop-Frequency Synthesizer )
o o =4 { - [}
25fuAsIzinNubAadongYlTanudi 42020 wazidsad Uszneudluiivstey

muluszuu wamsnaanalursesaglszneudae

4.3.1 WaMsNAaIv 393 fuladyamuuudiumanud Taa s wu i (Voltage
Controlled Oscillator: VCQ)
o I3 ay < a o
4.3.2 HANINAADINNIITUAT IRANNBA M aADNgY 42020 nnzIdsas
- ATaAdARBATAIAINGS ( Crystal Oscillator ) ANYG 10.24 nzdsnd

433 HANITNATDI NI nwmmsﬁamﬂ:ﬁmmﬁﬁ 420.20 mnzn'ﬁ‘jﬂ%

43.1 wan1ananeavesoIfutadyanauulsuanmud ianunssdulvi ( Voltage

Controlled Qscillator: VCO)

o 7 ey o 4 a s &
Nﬁﬂ'liWﬂﬂﬂ@?ﬂﬁiﬂﬂﬂ‘i1:Hﬂ?1ﬂﬂﬂ?ﬂ!ﬂﬁﬁ8ﬂ@ﬂ‘ﬂ 420.20 1UNZIFINY FINANTTNAADI

ugaaldmy 59 43

Mkrl 420.21 MHz
Ref 8 dBm Atten 10 dB ~37.8 dBm
Peak
lLog
19
dB/

S

Marker
1720.F

—
T B

Hl S2 J
S3 FC
AR

i

Start 417.7 MHz Stop 422.2 MHz
Res BH 39 kHz VBH 38 kHz Sweep 12.5 ms (401 pts)

51 4.3 elnaduvosdygnuninsesdunsiziaudn 42020 wnzdsag

W 1 a ¢
432 WamsnAnRasINeLIFURTIzHA T omadengy 42020 wnedsad
Tudruusresdunsizinudarudadongdiinaiud 42020 wozidsad 1y lod

1 i d
MC145152-21l3zneudaonanisnassauoniludiua g iimsdonanududiinannaaon i
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- = d 3
A3 anoneDaTaIING3NIND 10.24 1pLBsRT
AsaAoaveaFalameiAD 1024 wnziEsed 1 HuduygndidalumsifSoufonvs

ar o 4 ar =1 o ar P
ﬂUﬁHﬂﬂﬂﬂ1ﬂﬂ1ﬂW?ﬁﬁﬁ“ﬂﬂiNﬁﬂ]iﬂﬂﬁBMﬂuﬂﬂzﬂﬂ 4.4

Mkrl 10.2406 MHz
Ref @ dBm Atten 10 dB -31.55 dBm
Peak
Log
16
dB/

Marker

. MHZ /
3165 dEJIF
ML S2 /

‘\
=
\
P L
A\
\)

bt i WA

S

Center 10.24 MHz Span 250 kHz
Res BH 3 kHz VBH 3 kHz Sveep 81.67 ms (401 pts)

3 o o o = o s
5Uh 4.4 anlnasuvesdynadynunnaiaasassadamnns

AUD 10.24 wNz1E50%
4.3.3 HAMINAADINITIINVDINIITANTIZHATINON 420.20 inziBIna
a o a a P o S 9 pw A o W @
alnafuvesdyatunun 420.20 wAzEIaY naandonanutudlIdnaiin iadvanlnasy

o« w P
o lawedifudagilii 4.5
Mkrt 428,21 MMz

Ref @ dBm Atten 10 dB -41 .62 dBm
Peak
Log
19
dB/

Marker

42B.21 z f

_41 0 :BTU
Wl S2 {
$3 FC [ l

AR
A v Aok 1’} V.L‘_L 51 b als A N '
T i A W

Start 417.7 MHz Stop 422.2 MHz
Res BH 39 kHz YBH 30 kHz Sweep 12.5 ms (401 pts)

31 4.5 cudnasuvesdygauoidnai ldvinsesfunsizianuddie

< P a a o
aaengyitnud 420.20 minziEsas
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4.4 HANINARDIVDINSNOYEATYANUNVLIONIDN ( FM Modulator )

o o

A o ar P = a = 4 W =1
diethmsflondygalyifianud 1 ATadsed Wl veguaneidufudyana

A 4 a < 4 [Y o ~
ATUWIMNADING 420.20 (URSIFTAY Nﬂﬂa@ﬂ!ﬂﬂﬂiﬂlﬂuﬂdzﬂ'ﬂ 4.6

Ref B dBm Atten 19 dB

Peak
W i
)

log
10

I LA
WL S2 LY Whasly
$3 FC Y
PO

dB/

Center 420.2 MHz Span 50 kHz
"Res BH 1 kHz syBW 300 Hz wSveep 1.67 5 (401 pts)

' o o H o 1 - = o
si4.6 anlnnsuvesduaungnuegasudiunud 1 aladsad

4.5 HANISNADIVDINTIVUAIAINIINGING ( RF Driver Amplifier )

o

+ . ’ b d
iipevIndyuvegasudtaliszandygnad dAniuiahduanu ldunsdudd

] [ o s 1 d
anudIngsvowdygiuldtnnaueshdfgagiy
Mirl 420.20 MHz

Ref 8 dBm Atten 10 dB -27.55 dBm
Peak
Log
10
dB/
1
rd
Marker , \
R
2455
r i
H1 §2
$3 FC } \
AR ¥1
T wm
Start 417.7 MHz Stop 422.2 MHz
Res BH 30 kHz UBH 30 kHz Sweep 12.5 ms (401 pts)

U1 4.7 mlnaSuvesdyaruniuesfumhasnnuianunIng
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4.6 HANINADDIVDITIDFVLNYUNAL (Power Amplifer)
Hlesnndyanuiriiuestudygiuingliids 2755 dBm udiilpannmsdadyan
Y Ao w S A A Ya ow e o 2 ¥ v o & g
srgznainandealimanednanigs Ao hdsdygruiimdunatsdalil1dszoemalnadniuini
Fd

dygalldmuissvnemduie i dyyraiimduanaiuneudesiumsenigesn 11 HANS

naapuledyYINAIIIISYNIMA AN 931 4.8

Mkrl 420.21 MHz
Ref @ dBm Atten 10 dB ~17.69 dBm
Peak
Log
19 .
dB/ R

|
Marker {[
]

4720 710088 MHz
~17.69 dB
IR | n
ﬂﬂ‘ M f/wlvm y w 'va V’ }lfv

Start 417.7 MHz Stop 422.2 MHz
Res BH 30 kHz VBH 38 kHz Sweep 12.5 ms (481 pts)

4 . N dy o o A4 da
317 4.8 andnasuvesdygrufiniuiaesvoeddinnudanuning

Hoanndygrafidasvneiasdyguingliings —17.69 dBm  Nanlnasuldan
¥

aanou'ld 20 dB Auiue lAdwa uidesneimarumoenadimndada 2.31dBm niotlsznm

1.70 mW

@ o =

o = 1 ar I3 ] ] - o
‘VHﬂ'l‘il.'lri!U‘lJI,TIU‘UitH’JNS:ﬁﬂUﬁﬂlm"liuﬂuﬂﬂﬂULfJ"IWW.WTIﬂ’]'Ilm 420.20 wnz1asas Y04

v e

2sveehda ldnamsnaaasdimaan 4.2 uazgilh 4.9



5137 4.2 m3nfTeufiouseniszaudygudunadydyaiumeaave 119310 1MaT

d

140181 (dBm)

Udyey

[
@

31 4.9 nsuSvuifousen sz

FEAUTYINBUNR LAY TN
(dBm) 107N (dBm)
14 -4.03
12 -5.98
10 -7.96
8 -9.72
6 -10.86
4 -13.92
2 -15.84
0 -17.86
-5 -22.87
-10 -27.06
-20 -36.96
-30 -47.03
-40 -57.13

o

o

WY HEHOUNANUY

v o

o

a

o o g
WM WMHAYIIIITY M
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MASV(RF Receiver)

o

94

4.7 PIINATVIVDINVIVNUANSZAVT Y Y 145UNIUAL (Low Noise Amplifier)

Agygruniuldndiunniviszrudygus

as s

1IN0 93 1NNANISAANDUIINAITLAU

v =5 o o ar Vet ar s = - ] ar " 9/
maueIMassdesiimsvnsdyana s sdudygruguivaneazaal)inesdel 1d Tae

140% MAX2611 @0 2 maiimsesnuuniuuni 3 vanismaasuiludagilh 4.10

Ref B dBm

Atten 10 dB

Mkrl 428.2 MHz
-10.5 dBm

Peak
Log

10
dB/

Hl §2

$3 FC

. LY 1"1‘,

anwmﬂwﬁm‘.ﬁr Aot

NIRRT
iyl

Center 429 MHz

Res BH 309 kHz

YBH 300 kHz

Span 58 MHz

Sweep 4 ms (461 pts)

310 4.10 alnnsuvareswudyaminl

o

AN

I TUNIUA

e ] LY LY =y ar i = a o 9
mmsffouionsenhessaudganuduyanueanaiinud 42020 wnzi@sed 1dwa

MInAanIRImIT 4.3 uazgdil 4.1

M50 4.3 S ooy seneg

o

sEAUTyg MU seAUdR I seAUdYINDIUYA JEAVALY M
(dBm) 191 ¥R (dBm) (dBm) 191AHA (dBm)

0 13.36 -60 -22.69

-10 13.05 -70 -35.67

-20 10.7 -80 -44.62

=30 4.73 -90 -48.35

-40 -3.28 -100 -52.32

-50 -11.87

o @

o L4

AU Ty IUIUNANUTEAUTYY B0 1R
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~ 30

&

= 15

2.

@

3z 15

g 10

"

;é 45

23

o
-60

v o

d‘ = 3 o o a o
sun 411 s mfSouiouizniessAudygudunAnU Ty I 1AYA

192100 42020 wnz1Fsny

4.8 29950PIWDS (Mixer)
o~ 4o v A A o & A a o
193 HNTOTMMTIMaARINR9IN 420.20 lnztdsed MAIUANEN 10.7 wnziFsad

= Y . o Y o 'y a s A
{(ANVDNAN) llﬂ"WnﬂTi'JﬂNaﬂ'lﬂﬁlﬂﬂﬂiuau1vlﬁl°]fﬂ'i "lﬂN'ﬂﬂ‘l'iﬂﬂﬂﬂﬂ'ﬂ'ﬂx]')ﬂﬂiilﬂl‘ﬁﬂiUJE]

o a

v o i ‘™ o @ o {
alSvuiivusgnindyauduns (Fyanuanudingnivldues dygmnniesdunsizianud

L. <

Auladengll) fudgapaieyeveaisesiineinansladegii 4.12-4.14

Mkrl 428.2 MHz

Ref @ dBm Atten 10 dB -10.5 dBm
Peak
Log L

dB/

H_--——-ﬂ"""T'__'-‘___1

Wl $2 }

S3FC
HHMWWY LY: YN, LT SO IR PN
1 Yy LA I b s SR SN L WY Y v

Center 429 MHz Span 5@ MHz
Res BH 300 kHz VBH 309 kHz Sweep 4 ms (401 pts)

a o o 4 a oA gy o a
31 412 andnesuverdanunnud 42020 wnzEsedalniudyauing
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Mkri  409.55 MHz

Ref @ dBm Atten 18 dB -17.48 dBm
Peak
Log
10
dB/ >
Marker
IELEES z M
17.18

Hl $2
$3 FC
AR

Center 489.5 MHz

MWW iy

Av ol daal oM
WA W

Res BH 30 kHz

VBN 38 kHz

S

Span 5 MHz
weep 13.89 ms (481 pts)

A v ¥ ¢ 4 a 44 aw = s
91l 4.13 anlansuvearsesdunsieinaiud 409.50 wozdsesalfidulanencoadamnes

Mkrl 10.72 MHz

Ref @ dBm Atten 10 dB -63.47 dBm
Peak
Log
10
dB/
Marker
10.770080| MHz
—=GIs dlLd'B‘l#l
Hl S2
$3 FC
AA
Py T L

Center 18.24 MHz

Res

BH 30 kHz

YBH 38 kHz

Span 6 MHz

Sveep 16.67 ms (401 pts)

37 4.14 anlnaduvesdygioneanailasinnesinyes



H ¢
4.9 239505DMUOVANND 10.7 INNZIFSAF (Band Pass Filter 10.7 MHz)
HaMIIANTISAB LT UDIAITNEVEINIRI R UA LD Jae 1Fas 1 nHamas 10.7 nziasnd

uaadlAnTans e 4.4 300 4.15-4.16

4 dRIINIDANDU 4 A3 INIAANDU
A171U0 (MHz) A0 (MHz)
(dB) (dB}
10.00 -70.10 10.60 -8.75
10.05 -69.70 10.65 -17.11
10.10 -68.90 10.70 -30.38
10.15 -67.30 10.75 -38.36
10.20 -64.20 10.80 -47.71
10.25 -59.10 10.85 -53.26
10.30 -53.50 10.90 -62.84
10.35 -46.70 10.95 -63.80
10.40 -36.60 11.00 -68.59
10.45 -30.30 11.05 -68.70
10.50 -18.59 11.10 -69.85
10.55 -9.05 11.20 -70.00

]
=

5 i o a o
ﬂﬁNﬁ 4.4 ﬂ'li7\'1Nﬁﬁﬂi}ﬂ'uBG‘V]Nﬂ’NlJ?T‘UOG']\'IT)Sﬂi?)\'ll!ﬂ'ﬂﬂ')'lliﬂﬂ 10.7 1un21Fi0%Y



AT IMIaanau (dB)

[v)

Ref @
Peak
Log
18
dB/

H1 52
S3 FC
AR

98

-
(=]

9.5

ANNG (MHZ)

10.5

11 11.5

517 415 N3 HARBLAUEINIINIINTUBIININIBIANDT 10.7 WnzIEsAT

dBm Atten 10 dB

Mkrl 10.68 MHz
-71.07 dBm

Mark L.>r

19.680088| MHz

7187 By

D> 1+

ihda i

Pk

A

akd

Center 10.24 MHz
Res BH 38 kHz

o ar

VBH 38 kHz

o

Span 6 MHz
Sweep 16.67 ms (401 pts)

5U 4.16 anasuFganuoiagaiiothda N9 TNTesHINI9INIBINLANLE



4.10 299598 F AN NNEANINN 10.7 mAxidsad (IF Amplifier 10.7 MHz )

4.17

99

pam3 IanIrevaueInNLdVeNIsVNLFYymaTbnae Tanan e 4.5 50

4 gA3IN15aAN0U r 9RIINTAANDN
AD (MHz) 721119 (MHz)
(dB) (dB)

1 27.5 14 27.2
2 28 15 27
3 28.8 16 26.8
4 28.8 17 26.5
5 28.7 18 25.9
6 285 19 259
7 28.5 20 25.5
8 28.6 25 23.1
9 28.5 30 22
10 2845 35 20

10.7 27.8 40 19.3
1 282 45 18.7
12 27.8 50 17.9
i3 21.5

A131971 4.5 A IIHAABLAUDINIIANUDVDINTVNITYYIVANWINAN
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2 e
zZ : B : :
= i
[~} . . T :
= ; ! ; L
& , . : .
< : e
A : : b ;
- . ' ' N
e : : ; :
0 — é ;
0 5 10 15 20 25 30 35 40 45

ANNY (MHz)

51 4.17 pswlraneuTUBIMIANNAYEIRIVETYYIMANNBNAINN 10.7 WnzIEs A%

a

mmsilSouifousznhaszrudygudunatuoanaiinnud 10.7 woudsed lakans

NAADIAINITIN 4.6 Lazgai 4.18

sefudyanuduns | seiudygiueianm seAuduenuouna | ssdudyanaeiana
{dBm) (dBm) (dBm) (dBm)
10 52 -50 -29.2
5 6.1 -60 -39.45
0 6.5 70 -49.45
-10 5.87 -80 -58.21
20 1 90 674
-30 8.6 -100 -714
-40 -18.8 -110 -86.2
M3 4.6 MTuSsuioussnheseRuFyenadunaiudynueiye
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20
E 10
g 0
s -10
& 20
g -30
g 40
2 50
2 60
2 -70
2 -80

-90

-100 -80 60 40 -20 0

sxAF YN IBUNA (dBm)

@ ar

- a 3 o @ W o P! o o o
31U 418 nsdulSouiouszuinsedudygiuduneiudya ueayanaug 10.7 wnzidses

IBRTUINTINUANUDLAId Y IRz gnaanou ledranauaintiidua e

- o o o o L it
Nﬂiwwmmaﬂmd‘nﬂﬁmawmﬂmiymmmu mgﬂw 4.19

Mkr1 10.68 MHz
Ref @ dBm Atten 1@ dB -36.23 dBm
Peak
Log - *
16
dB/

Marker o
10.6800089| MHz /

35- -3 uu’hﬁ
WL 2

$3 FC r
HR 1 — 1 PN

ST

L

wviv'vw“v v

Center 16.68 MHz Span 8 MHz
Res BH 100 kHz UBW 100 kHz Sweep 5 ms (401 pts)

sifi 419 aulnaudyaronerdyai ldnmassvsedygin

AMNBNANT 10.7 INZIFTAE
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4.11 Nnmsnﬂnawmawsﬁamﬂzﬁmméﬁamﬂnﬁanqﬂ 409.50 1uAZIF5AT (409.50 MHz Phase
Lock Loop-Frequency Synthesizer)

sduaTIsaIidoadonguldnnda 409.50 wnzidsad Uszneudannsestey
Muluszuy HaNsNAaRIINsANg s ENOUA Y

4.11.1 HamsnAnDeIeI Aiadag oy Sumanud WWamus sfu i (Voltage

Controlled Oscillator: VCQ)
4.11.2 wanvARRIINsFunsIiANIEduradongy 409.50 wnziEsad
- ATaneA0pAFAMMYS ( Crystal Oscillator) ATINE 10.245 insIFsad

4.11.3 WANITNAAIIILTIINLOIMTFUATISHRIUIN 409.50 unzIFs Ay

4.11.1 Han1snaaeIveIvIANTadyananuuYiuA D Ian s s ( Voltage

Controlled Oscillator: VCO)

g o« o w o a o ¢ &
Nﬁﬂ]‘mﬂﬁmNWﬁqmﬂzHﬂ’Jmﬂﬂ’JUM’dﬂaﬂQﬂ'ﬂ 409.50 [UNZIFTAY FINANITNATDY

waaldmu UM 4.20

Mkrl 499,46 Mz

Ref @ dBm Atten 1@ dB -34.24 dBm
Peak
Log
10
dB/

Marker

. Z
3424
Wi $2 T
$3 FC }
g

Center 409.5 MHz Span 5 MHz
Res BH 3@ kHz VBH 30 kHz Sweep 13.89 ms (401 pts)

v
=]

517 4.20 i na Fuved g Im9INRTFUATITAANUDT 409.50 wnzIFsAd
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4.11.2 HAMSMNARRININIIYSTARs HANudtaadongl 409.50 winzdsad
] ar - o i i =
Tudiuvesssdunsizianuddioadongdiinaiud 409.50 wnzidsas 19 led
MC145152DW21l3z noudienanisnaasaoniiudiuaaniimsdenanuidudainanisnaaes

AU

a P ¢ = a é
AITADNDDATAUADINITINGD 10.24 IUDIITAY

nSanonpoadalamesnnud 1024 wnz@sad FiludyeaudredlumsnSoufunla

o s Ay y a ¢ o A
ﬂ'lJlﬂ"Iﬂ‘V!ﬂﬂvlﬂil'IﬂW'iﬁlﬂﬂlﬂﬂ'i Nanﬁﬂﬂﬂml’f]um‘;ﬂﬂ 4.21

Mkrl 10.240 MHz
Ref ® dBm Atten 10 dB -26.86 dBm
Peak
Log

dB/

Marker
. MHz

26.86 B It
K1 S2 ﬂ
$3 FC !
AR } V
Center 18.24 MHz Span 588 kHz
Res BH 3 kHz YBR 3 kHz Sweep 138.9 ms (401 pts)

3 [ @ @ a o a ~ o
1 421 alnasuvesdyanadygyiuninaianoasoadaamesnnud 10.24 mnzidsad

o ¢ i d

4113 HANSNABDINEITINVDIMTTIATIZHANNGN 409.50 1un13 A
w w = - s w o EER Y A o oy o
anlnafuvesdyaunad 400.50 wzisnd Mawndenanudndl lanadio Iadiemlna sy

w'lawesiiudszilfi 4.22
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Mkrl 409.5¢ MHz
Ref ® dBm Rtten 18 dB -20.83 dBm
Peak
Log
10
dB/

Marker

20

L=~

C

H1 S2
$3 FC
AA

L
S Lt B ar e

Center 489.5 MHz Span 5 MHz
Res BH 3@ kHz VBH 30 kHz Sweep 13.89 ms (401 pts)

A o o o dau ¥ a L4 A L) o
sUfi 422 ednasuvesdye aetana i 1Aeindeesduns1zinIuDR 409.50 1wAZIEs A%

4.12 wansnaaesnesAnagaesiasltled sa 636
4.12.1 epaTalAAGSANND 10.245 INAZISsATY

daranaimuasesveedy g sinuina 197 92R1N15aANUDAIANIN 10.7 11

a d

= = a o = a o = = o
ﬂﬁ!ﬁﬁ“ﬂﬂ“ﬁuﬂ'ﬂﬂﬂ 455 plaginy Tﬂﬂﬁﬂ?ﬁﬂﬂﬁﬂﬂﬂ‘lﬁﬁ!ﬁlﬂﬂiﬂ'ﬂllﬂ 10.245 !.Uﬂzl.ﬁ‘iﬂ?ﬁ{ rﬂum

a oo

fuiladyn e Tanoapoadaaaes

Mkrl 18.246 MHz
Ref @ dBm Arten 10 dB -26.9 dBm
Peak

$3 FC
AA

W1 s2 l
!
/

\

\

1
A

Center 10.24 MHz Span 2.5 MHz
Res BH 308 kHz UBMW 38 kHz Sweep 9.167 ms (401 pts)

5N 4.23 aulnasuvesdyyudygiunnaidaonsoasamiaes

A0 10.245 IWNETAY (71 4 ) U0 SA636
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4.12.2 105NN

ifieaninled sA 636 Tnasiimihidiuimresegnolu efloudyniuninud 10.7

= od 5 i a = o ] ra = Y P
LUNZIaF A%y l‘iﬂﬁﬁlﬂ \ Llﬁ:ﬂiﬂﬂﬂﬁﬂ@ﬁ‘ﬁalﬁlﬂﬂiﬁ;ﬂﬂﬂﬂg'ﬂ'il'l 4 Nﬁﬂ'liﬂﬂﬁi]x‘ﬁlﬂx‘lllﬂl“ﬁﬂ{ ﬂ\‘lgﬂﬂ
424

Tek EXTH 50MS/s 178 Acqs
i T

[

H  Chi Freg

. : : : ] 454.5kHz

- chi Pk-PK
__________ 432mv

T
51 4.24 dyuerananesiinses (11 7) vea SA63

4.12.3 1V5VIVTWYIN ( Amplifier )

o o ] o & a ¥ o q o P ;
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1A 20ns
|@: —8.56us

Ch1 Freq
454.5kHz
Low sighal
amplitude

Ch1 Pk-PK
1.6V

Ch2 Freq
454.2kHz

Ch2 PKk-PK
3.44V

SR )

M ips CRT 7~ —40mv
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4.12.4 190IATOWPUANINDHIH 455 RIS 5AY ( Band Pass Filter 455 kHz )
ar PRy P 1Y = o 3
HAN13INNSADVAUDIANUDVDINIINTDADUAN YD TnolfasHinHawmesuaaalAny

M1319% 4.7 pazns ez 4.26

y 93 INTAANDU y A5 IN1TDANDU
AN (kHz) Aun (kHz)
(dB) (dB)
440 -47.2903 456 -5.8486
445 -44.7916 457 -8.13458
450 -18.533 458 -9.9588
451 -11.7005 459 -13.5556
452 -7.9588 460 -23.2989
453 -7.13095 465 -49.4732
454 -6.52116 470 -49.2371
455 -2.85335 475 -49.4275

r
=4 o

4 - 4 a ¢
Gl‘l‘iNﬁ 4,7 AMTNHAADUTUDINIIANIUDUDINIINTDIULDUANIUON 455 ﬂTalaiﬂﬁf

0 1 ! f ! ! T
& 101 [ A FUTN U A
T : :‘ ;' : : /
= 20 4 b b LT ST
@ ' : : \ : :
& 5 : s 5 : ;
| R S o T e R HRTE,
b ; : : : : :
E 40 i e B .
" ; : ! 1 ; ;
o f i | ' H ’
50 f SN S RO S S

60

440 445 450 455 460 465 470 475

ANND (kHz)

»
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51U 426 nIMkAROUAUDIMINIINDYDIINDINTOIDUAIILATN 455 R laIBsA%
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ar Y] o - (-] : o : < o J
vaanlaniuvesdyaaueidnaazmiuiverua 3 815 Iuip imiwinmuluna
P o dv o A A = . . . 4 A o ° ¥ uy
AUAANOLETS 1u1IN53uMT0 Niewd ( Total Harmonic Distortion : THD) Failovindvinudi 14
T A A
mieralszum
3 1: (%) ad =
4.13 29930309 NUDAFIHILUTAMBI 51 TiAuanTiv (Active Low Pass Filter)
HONBLAUBINIANLRVDIIINTNTOIANUDMHIMHYUTAMes 33 sriauaniin Tau1H a0y
@ ar 1 ) a o A = = o = ] =) @
Sallen and Key &usuii 2 lasdnnudaneeni 20 dlagsad Inanrsnaasusuifoafunisdiu
mnde hdguintunsauegeand 1IN ns89A00 HARDDAUDIVBINITINTDINNNT

e ladens1an 4.8 uazqali 4.29

aia | Sasimsaanen ATNR | Saamsannou
(kHz) (dB) (kHz) (dB)
1 0 25 -6.83
5 0 26 -7.82
10 0 27 -8.31
14 -0.16 28 -9.62
15 -0.32 29 -10.61
16 -1.33 30 -11.73
17 -1.8 35 ~14.96
18 -2.09 40 -16.9
19 -2.81 45 -18.71
20 -3.25 60 -20.98
21 -3.95 70 -26.54
22 -4.59 80 -28.25
23 -5.13 90 -29.62
24 -6.02 100 -33.02

15199 4.8 M5 1IHARDVAUDINIAAIINNUDIIDINTDIANUNA Y
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(dB)
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ANun (kHz)

100
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4.14 2995VNBFUY TS (Audio Amplifier)
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[v)

4.15 2995 veNaMNAIT YOI MTBI ( Power Audio Amplifier)

fygrueanavinassvnisdyyrandvadalisideldvinfivanefezdueangdr Tng
ar : = o _ = = Y
aniuisaenihdynrandvaldveoTasiidasimsvoodszanm 20 dBm wan1snaaouidal 1Ay

A19% 4.9 uazgUii 4.31

A (KH2) A5 1MUY (dB)
0.5 22.344
0.6 22.402
0.7 22,575
0.8 22.575
0.9 22.575

1 22575
2 22518
3 22518
4 22.461
5 22.461

o

M99 4.9 MTINAADLAUDINNANVBYDNIITVNENAIT Y INT
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Parallel-Input PLL Frequency

Synthesizer
Interfaces with Dual-Modulus Prescalers

The MC145152-2 is programmed by sixteen parallel inputs for the N and A
counters and three input lines for the R counter. The device features consist of
a reference oscillator, selectable-reference divider, two--output phase detector,
10-bit programmable divide-by-N counter, and 6-bit programmable + A
counter,

The MC145152-2 is an improved—-performance drop—in replacement for the
MC145152—1. Power consumption has decreased and ESD and latch-up
performance have improved.

Operating Temperature Range: — 40 to 85°C

Low Power Consumption Through Use of CMOS Technology

3.0 t0 9.0 V Supply Range

On- or Offi-Chip Reference Oscillator Operation

Lock Detect Signal

Dual Modulus/Parallel Programming

8 User-Selectable + R Vaiues: 8, 64, 128, 256, 512, 1024, 1160, 2048
+ N Range = 3 to 1023, + A Range = 0 to 63

Chip Comptexity: 8000 FETs or 2000 Equivalent Gates

See Application Note AN980

e &« & & ¢ & O & ° o

REV 1
BI95

MC145152-2

P SUFFIX
m PLASTIC DIP

28 CASE 710

1

N DW SUFFIX
SOG PACKAGE
20 CASE 751F

1

ORDERING INFORMATION

MC145152P2 Plastic DIP
MC145152DW?2 SOG Package

PIN ASSIGNMENT

finl 19 28 [
vss [ 2 27 1 oscyy,
vpp O 3 26 {J 05Cou
RAOL] 4 25 0 ad
RA1E 5 24 [} A3
razl] 6 23 [ A0
orl 7 2 A
oyl s 21 A
mcl o 20 [ Ng
a5l 10 19 {1 N8
nolf 1 18 U N7
N1l 12 17 [INe
N2l 13 16 P N5
N30 14 15 [J N4

® Motorola, Inc. 1995

@ MOTOROLA




MC145152-2 BLOCK DIAGRAM

RA2
RA1 12 18 ROM REFERENCE DECODER
05Cout RAQ —
1
LocK | o
05Cin - 12-BIT + R COUNTER — DETECT
]
, MC
CONTROL PHASE |[— %V
LOGIC DETECTOR [— op
fin T DC _
6-BIT + A COUNTER | 10-BIT < N COUNTER
Py Ty e in
A5 A3 A2 AD NDO N2 NANS N7 N9

NOTE: NO — NS, AQ ~ A5, and RAD — RA2 have pull-up resistors that are not shown.

PiIN DESCRIPTIONS
INPUT PINS

fin
Frequency Input (Pin 1)

Input to the positive edge triggered + N and + A counters.
fin is typically derived from a dual-modulus prescaler and is
ac coupled into the device. For larger amplitude signals
(standard CMOS logic levels) dc coupling may be used.

RAO, RA1, RA2
Reference Address Inputs (Pins 4, 5, 6)

These three inputs establish a code defining one of eight
possible divide values for the total reference divider. The
total reference divide values are as follows:

Reference Address Code Total
Divide
RA2 RA1 RAO Value
0 0 0 8
0 0 1 64
0 1 0 128
0 1 1 256
1 0 0 512
1 0 1 1024
1 1 0 1160
1 1 1 2048
NO - N9

N Counter Programming Inputs (Pins 11 - 20}

The N inputs provide the data that is preset into the + N
counter when it reaches the count of 0. NO is the least signifi-
cant digit and N9 is the most significant. Pull-up resistors en-
sure that inputs left open remain at a logic 1 and require only
a SPST switch to alter data to the zero state.

AQ - A5
A Counter Programming Inputs
(Pins 23, 21, 22, 24, 25, 10)
The A inputs define the number of clock cycles of fi, that
require a logic 0 on the MC output {(see Dual-Modulus

Prescaling section). The A inputs all have internal pull-up
resistors that ensure that inputs left open will remain at a
logic 1.

08Cjn, OSCout
Reference Oscillator Input/Output (Pins 27, 26}

These pins form an on—chip reference oscillator when con-
nected to terminals of an external parallel resonant crystal.
Frequency setting capacitors of appropriate value must be
connected from QSCip to ground and OSCgqyt to ground.
0OSCjp may also serve as the input for an externally—gener-
ated reference signal. This signal is typically ac coupled to
QSCipn, but for larger amplitude signals (standard CMOS
logic levels) dc coupiing may also be used. In the external
reference mode, no connection is required to OSCoyt.

OUTPUT PINS

9R, OV
Phase Detector B Outputs (Pins 7, 8}

These phase detector outputs can be combined externally
for a loop—error signal.

If the frequency fy is greater than fg or if the phase of fy is
leading, then error information is provided by ¢y pulsing low.
dR remains essentially high.

if the frequency fy is less than fr or if the phase of fy is
lagging, then error information is provided by ¢R pulsing low.
py remains essentially high.

If the frequency of fyy = fr and both are in phase, then both
dy and o remain high except for a small minimum time
period when both pulse low in phase.

MC
Dual-Modulus Prescale Control Qutput {Pin 9)

Signal generated by the on--chip control logic circuitry for
controlling an external dual-modulus prescaler. The MC
level will be low at the beginning of a count cycle and wilt
remain low untii the + A counter has counted down from its
programmed value. At this time, MC goes high and remains
high until the + N counter has counted the rest of the way
down from its programmed value (N — A additional counts
since both + N and + A are counting down during the first

MC145151-2 through MC145158-2
6
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portion of the cycle). MC is then set back low, the counters
preset to their respective programmed values, and the above
sequence repeated. This provides for a total programmable
divide value (NT) =N« P + Awhere P and P + 1 represent the
dual-modulus prescaler divide values respectively for high
and low MC levels, N the number programmed into the + N
counter, and A the number programmed into the + A counter.

LD
Lock Detector Output (Pin 28)

Essentially a high level when loop is locked (fR, fiy of same

POWER SUPPLY

Vob
Positive Power Supply (Pin 3)

The positive power supply potential. This pin may range

from + 3 to + 9 V with respect to Vgs.

vVss
Negative Power Supply [Pin 2)

The most negative supply potential. This pin is usuaily

phase and frequency). Pulses low when loop is out of lock. ground.
TYPICAL APPLICATIONS
NO CONNECTS
o e
L L —— LOCK DETECT SIGNAL 150 - 175 MHz
[ 10.2amhz T 5 kHz STEPS
= R2 C
NOTE 1 | T
0SCout RA2 RA1 RA0 D R1 | I
0S¢, R \
o R1 / VCco
v +
17
= MC145152-2 R2 Tq%szE 2‘
+V VoD MC
] C
.__l__- VSS fll'l I::
- NG NQ A5 -——— AQ
illllllilljllli)T ) '
CHANNEL PROGRAMMING MC12017
+ 64/65 PRESCALER
NOTES:

1. Off—hip oscillator optional.

2. The pRr and ¢y outputs are fed to an external combiner/loop filter. See the Phase—Locked Loop — Low-Pass Fitter
Design page for additional information. The ¢R and ¢y outputs swing rail-to—rail. Therefore, the user should be careful
not to exceed the common mode input range of the op amp used in the combiner/ioop filter.

Figure 1. Synthesizer for Land Mobile Radio VHF Bands

MOTOROLA

MC145151-2 through MC145158-2
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RECEIVER 2ND L.O
REF. 0SC :
- NO CONNECTS
15.360 MHz 30.720 MHz
(on-cHiPOSC. | | x, RECEIVER FIRSTL.O
G e . 0.
OPTIONAL) LOCK DETECT SIGNAL 825030 > 844 980 MHz
RZ € (30 kHz STEPS)
0SCout RAZ RAT RAO LD R1 |
bR -
- osc;, \ X4
R1 veo ¢
oy / NOTE 6
V— vop MC145152-2 L notes
NOTE 5 NE
LVss
= fin T¢ TRANSMITTER X
Noe NO A= A0 1 = * MODULATION [~ NOTE 6
RERRRR L l
T L 7
+64/65 PRESCALER | TRANSMITTER SIGNAL
CHANNEL PROGRAMMING NOTE 6 §25.030 —» 844.980 MHz
NOTES: (30 kHz STEPS)

1. Receiver 1st |.F. = 45 MHz, low side injection; Receiver 2nd |.F. = 11.7 MHz, low side injection.

. Duplex operation with 45 MHz receiver/transmit separation.

.fr = 7.5 kHz; + R = 2048.

. Niotal = N 64 + A = 27501 to 28166; N = 429 to 440; A= 0 to 63.

. MC145158-2 may be used where serial data entry is desired.

. High frequency prescaters (e.g., MC12018 [520 MHz] and MC12022 [1 GHz]) may be used for higher frequency VCO and frgf
implementations.

. The pR and ¢y outputs are fed to an external combinerfioop filter. See the Phase—Locked Loop — Low-Pass Filter Design page for
additional information. The ¢R and ¢y outputs swing rail-to—rail. Therefore, the user shouid be careful not to exceed the common mode
input range of the op amp used in the combiner/loop filter.

DN N

-

Figure 2. 666—Channel, Computer—Controlled, Mobile Radiotelephone Synthesizer
for 800 MHz Cellular Radio Systems

MC145151-2 through MC145158--2 MOTOROLA
8



Order this document by MC12054A/D

@ MOTOROLA

MC12054A
2.0 GHz Super Low Power

Dual Modulus Prescaler

The MC12054A is a super low power dual modulus prescaler used in
phase-locked loop applications. Motorola’s advanced Bipolar MOSAIC™ V
technology is utilized to achieve low power dissipation of 54 mW at a
minimum supply voltage of 2.7 V.

The MC12054A can be used with CMOS synthesizers requiring positive
edges to trigger internal counters such as Motorola’s MC145XXX series in a
PLL to provide tuning signals up to 2.0 GHz in programmable frequency
steps.

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 divide
ratio as desired.

The Modulus Control {MC) selects the proper divide number after SW has
been biased to select the desired divide ratio.

MECL PLL COMPONENTS
+64/65, +128/129 LOW POWER
DUAL MODULUS PRESCALER

SEMICONDUCTOR
TECHNICAL DATA

2

® 2.0 GHz Toggle Frequency

¢ The MC12054 is Pin and Functionally Compatible with the MC12031 !

* Low Power 2.0 mA Typical

® 2 6mA Maximum, —40 to 85°C, Vo = 2.7 to 5.5 Vdc D SUFFIX

® Short Setup Time (tget) 10ns Maximum @ 2.0 GHz PLASTIC PACKAGE

® Modulus Control Input Level is Compatible with Standard C&sg_g?
CMOS and TTL

® Maximum input Voltage Should Be Limited to 6.5 Vdc

MOSAIC V is a trademark of Motorola PIN CONNECTIONS

FUNCTIONAL TABLE

Sw MC Divide Ratio
H H 64
H L 65
L H 128 (Top View)
L L 129
NOTES: 1.SW: H = V¢, L = Open. Alogic L can also be applied by grounding this pin,
but this is not recommended due to increased power consumption.
2MC:H=20VtoVee. L=GNDto 0.8 V.
MAXIMUM RATINGS
Characteristic Symbol Range Unit
Power Supply Voltage, Pin 2 vVee -0.5t7.0 Vde ORDERING INFORMATION
Operating Temperature Range Ta —40 1o 85 °C Operating
Storage Temperature Range Tstg -65 to 150 °C Device Temp Range Package
Modulus Control Input, Pin & MC 051065 | Vde MC12054AD | Ta=—40to85°C | SO-8

NOTE: ESD data available upon request.

® Motorola, inc. 1998

Rev4



MC12054A
ELECTRICAL CHARACTERISTICS (Vo = 2.7 to 5.5 Vdc, Ta = —40 to 85°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Toggle Frequency (Sine Wave Input) K 0.1 25 2.0 GHz
Supply Current (Pin 2) lee - 20 26 mA
Modulus Control Input High (MC) VIH1 2.0 - Voo +05V \4
Modulus Centrol Input Low (MC) ViL1 Gnd - 0.8 v
Divide Ratio Control Input High (SW) ViH2 Vee-05V Vee Vecg+05V | VDC
Divide Ratio Control Input Low (SW) VL2 Open Open Open -
Output Voltage Swing (Note 2) {C|_ = 8.0 pF, R|_ = 1.65 kQ) Vout 0.8 1.1 - Vop
Modulus Setup Time MC to Out @ 2000 MHz tset - 8.0 10 ns
Input Voltage Sensitivity 250-2000 MHz Vin 100 - 1000 mVpp
100-250 MHz 400 — 1000
Output Current (Note 1) o mA
Vee =27V, CL =8.0pF, R = 1.65kQ - 1.0 4.0
Vec=50V,C =80pF, R =36kQ - 1.0 4.0

NOTES: 1. Divide ratio of +64/65 @ 2.0 GHz
2. Valid over voltage range 2.7 10 5.5 V; R = 165kQ @ Vgc =27 VIR =36Xk0 @ Vcc =50V

Figure 1. Logic Diagram (MC12054A} Figure 2. Modulus Setup Time
LI c a ooQ J Prop. Delay —» -
U L
\- ° .\‘ OU(
—» t—— MC Setup MC
|4-— MC Release
Modulus setup time MC to out is the MC

setup or MC release plus the prop delay.

Figure 3. AC Test Circuit
i _L O Vpg=271085V
C3

-
Sine Wave Generator

EXTERNAL COMPONENTS
C1=C2=1000 pF

C3= 0.1 pF

C = 8.0 pF (Including Scope
[ BN and jig capacitance)
RL=165KkQ @Vcc=27V
R =36kQ@Vce=50V

MC Input

MOTOROLA RF/IF DEVICE DATA



MC12054A

OUTLINE DIMENSIONS

D SUFFIX
PLASTIC PACKAGE
CASE 751-06
(S0-8) NOTES:

D—» ISSUET 1. DIMENSIONING AND TOLERANCING PER ASME
(A} 1 < Y14.5M, 1994,
4 2. DIMENSIONS ARE IN MILLIMETER,
3. DIMENSION D AND E DO NOT INCLUDE MOLD

'T . 5 " PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.
. DIMENSION B DOES NOT INCLUDE DAMBAR
E H Ea 025 |8 @ PROTRUSION. ALLOWABLE DAMBAR
3 PROTRUSION SHALL BE 0.127 TOTAL IN EXCESS
O 4 OF THE B DIMENSION AT MAXIMUM MATERIAL
Hﬂ CONDITION.
\ h x45 ='

[

. MILLIMETERS
B] I | Lo W | MAX
A 1.35 1.75
At 0.19 0.25
_ A B[ 0351 04
SEATING C 0.19 0.25
1] 4.80 5.00
ﬁ [ PLANE E 580 | ap
L ¢ +.27 BSC
T——“ oloio W | 580 | 620
h 0.25 0.50
Al L 040 1.25
-] 0° 12

[®]o2s ®]c]B ®]AQ)]

ﬁdocorola reserves the fight to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purposae, nor does Molorola assume any liability arising out of the applicalion or use of any product or circuit, and
specifically disclaims any and alt liability, including without limitation consequential orincidental damages. "Typicai® parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary overtime. Aft operating parameters, including “Typicals™
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Philips Semiconductors

Product specification

Low voltage high performance mixer FM

IF system with high-speed RSSI

SA636

DESCRIPTION

The SA636 is a low-voltage high performance monofithic FM IF
system with high-speed RS S| incorporating a mixer/oscillator, two
limiting intermediate frequency ampiifiers, quadrature detector,
logarithmic received signal strength indicator (RSS1), voltage
regulator, wideband data output and fast RSS1 op amps. The SA636
is available in 20-lead $SOP (shrink small outline package).

The SA636 was designed for high bandwidth portable
communication applications and will function down to 2.7 V. The RF
section is simiar to the famous SA605. The data output has a
minimum bandwidth of 600 kHz. This is designed to demodulate
wideband data. The RSS| output is amplified. The RSSI output has
access to the feedback pin. This enables the designer to adjust the
level of the outputs or add filtering.

SAB36 incorporates a power-down mode which powers down the
device when Pin 8 is LOW. Power down logic levels are CMOS and
TTL compatible with high input impedance.

FEATURES
® Wideband data output (600 kHz min.)

® Fast RSS! rise and fall times

® | ow power consumption: 6.5 mAtyp. at3V

® Mixer input to »500 MHz

® Mixer conversion power gain of 11 dB at 240 MHz
® Mixer noise figure of 12 dB at 240 MHz

® XTAL oscillator effective to 150 MHz (L.C. oscillator to 1 GHz local
oscillator can be injected)

® 92 dB of IF Amp/Limiter gain
® 25 MHz limiter small signa! bandwidth

® Temperature compensated logarithmic Received Signal Strength
Indicator (RSSI) with a dynamic range in excess of 90 dB

® RSS| output internal op amp
® |ntemal op amps with rail-to-rail outputs

® | ow extemai componant count; suitable for crystal/ceramic/LC
filters

® Excelient sensitivity: 0.54 pV into 50 Q matching network for
12 dB SINAD (Signat to Noise and Distortion ratio) for 1 kHz tone
with RF at 240 MHz and IF at 10.7 MHz

® £SD hardened
® 10.7 MHz filter matching (330 Q2)

® Power-down mode (lcc = 200 pA)

ORDERING INFORMATION

PIN CONFIGURATION

DK Package

E MIXER OUT

19| IF AMP DECOUPLING
18] 1F amP N

[17] 17 amp DECOUPLING
16 iF amp ouT

15] ono

14} LmiER N

E LIMITER DECQUPLING

RFiN E

RF BYPASS E

XTAL OSC (EMITTER) E
XTAL OSC  (BASE) E
vee E

RSSi FEEDBACK E

RSSlgyT E

POWER DOWN CONTROL E

DATA QUT E

OUADRATURE IN [E

.EI LIMITER DECOUPLING
E LIMITER QUT

SROG491

Figure 1. Pin configuration

APPLICATIONS
® DECT {Digital European Cordless Telephone)

® Digital cordless telephones

® Digital cellular telephones

® Portable high performance communications receivers
® Single conversion VHF/UHF receivers

® FSK and ASK data receivers

® Wireless LANs

DESCRIPTION

TEMPERATURE RANGE ORDER CODE DWG #

20-Pin Plastic Shrink Small Qutline Package (Surface-mount)

-40°Cto +85°C SAB36DK SOT266-1
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Philips Semiconductors Product specification

Low voltage high performance mixer FM SAB36
IF system with high-speed RSS!

BLOCK DIAGRAM

T2(} 019 T1B T17 T16 T15 014 13 » 12 T11
] l !
| ) |
GND ‘
LIMITER ;
MIXER 1
QUAD,
FAST
o | OSCILLA‘I‘ORl Rssl r®
1
v -+ PWR r]- * L
<vec DWN
E e RSS! ; AUDIO
s S b s I
1 2 3 a °s ¢ °71 °g 9 10 sroorez
Figure 2. Block diagram
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATiNG UNITS
Vee Single supply voltage 03to7 \
Vin Voltage applied to any other pin -0.3t0 (Vgct0.3) \
Tstg Storage temperature range —~65 to +150 °C
Tamb Operating ambient temperature range SAG36 -40 to +85 °C
9A Thermal impedance {DC package) 117 °C/W
DC ELECTRICAL CHARACTERISTICS
Vee = 43V, Tamp = 25 °C; unless otherwise stated.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNITS
MIN TYP MAX
Vee Power supply voltage range 2.7 3.0 55 v
lce DC cumrent drain Pin 8 = HIGH 55 6.5 75 mA
Pin 8 LOW -10 10 PA
Input current
Pin 8 HIGH -10 10 nA
Pin 8 LOW 0 0.3Vge Vv
input level
Pin 8 HIGH 0.7Vge Vee v
lcc Standby Pin8=LOW 0.2 0.5 mA
ton Power-up time RSSI valid (10% to 90%) 10 us
tore Power-down time RSSI invalid (90% to 10%) 5 us
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Low voltage high performance mixer FM

IF system with high-speed RSSI SAG36

AC ELECTRICAL CHARACTERISTICS

Tamb = 25 °C: Vg = +3V, unless otherwise stated. RF frequency = 240.056 MHz + 14.5 dBV RF input step-up; IF frequency = 10.7 MHz,

RF level = —45 dBm: FM modulation = 1 kHz with +125 kHz peak deviation. Audio output with C-message weighted filter and de-emphasis
capacitor. Test circuit Figure 1. The parameters listed below are tested using automatic test equipment to assure consistent electrical
characteristics. The limits do not represent the ultimate performance limits of the device. Use of an optimized RF layout will improve many of the

listed parameters.

SYMBOL PARAMETER TEST CONDITIONS LIMITS UNITS
MIN TYP | MAX
Mixer/Osc section {ext LO = 160mVgys)
fin Input signal frequency 500 MHz
fosc External oscillator (buffer) 500 MHz
Noise figure at 240 MHz 12 dB
Third-order input intercept point Matched f1=240.05 MHz; f2=240.35 MHz -16 dBm
Conversion power gain Matched 14.5 dBV step-up 8 11 14 dB
RF input resistance Single-ended input 700 Q
RF input capacitance 3.5 pF
Mixer output resistance (Pin 20) 330 Q
IF section
IF amp gain 330 12 load 38 dB
Limiter gain 330 Q load 54 dB
Input limiting —3dB Test at Pin 18 -105 dBm
AM rejection 80% AM 1 kHz 50 dB
Data level RLoAD = 100 kO 120 130 MVems
3 dB data bandwidth 600 700 kHz
SINAD sensitivity RF level = -111 dBm 16 dB
THD Total harmonic distortion —43 -38 dB
SIN Signal-to-noise ratio No modulation for noise 60 dB
iF level = —118 dBm 02 05 \Y
IF RSSI output with buffer IF level = -68 dBm 03 0.6 1.0 \'
IF level = -10d Bm 09 13 18 A
IF RSS! output rise time IF frequency = 10.7 MHz
(10kHz pulse, no 10.7MHz filter) RF level = -56 dBm 1.2 ns
(no RSSI bypass capacitor) RF level = -28 dBm 11 us
IF RSSI output fall time IF frequency = 10.7 MHz
{10 kHz pulse, no 10.7 MHz filter} RF leve! = -56 dBm 2.0 HS
{no RSSI bypass capacitor) RF level = —28 dBm 7.3 is
RSSI| range 80 dB
RSSI accuracy 15 dB
IF input impedance 330 Q
IF output impedance 330 Q
Limiter input impedance 330 0
Limiter output impedance 300 Q
Limiter output level with no load 130 MVRMS
RFIIF section (int LO)
System RSSI output RF level = -10 dBm 14 \Y
System SINAD RF level = -106 dBm 12 dB
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SAG636

PERFORMANCE CHARACTERISTICS
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Figure 3. Performance Characteristics
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PERFORMANCE CHARACTERISTICS (continued)
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PERFORMANCE CHARACTERISTICS (continued)
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PERFORMANCE CHARACTERISTICS (continued)
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Figure 6. Performance Characteristics
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PIN FUNCTIONS

PIN PIN PIN PIN
No. | mnemonic| PV EQUIVALENT CIRCUIT No. | MNEMONIC| PCV EQUIVALENT CIRCUIT
VCC
RSSI
1 RFIN [ +1.07 6 | reepBack| 020
RF RSS!
2 | gypass | 107 7 out | *020
XTAL POWER
s osc | *157 8 | pown |*275
3
XTAL [PRET DATA
a4 osc | *232 9 ouT +1.09
é VRE —9°
(5] QUAD.
5 Ve +3.00 —° 10 N +3.00
8aNDGAP [ ©
= SRO0497

Figure 7. Pin Functions
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PIN FUNCTIONS (continued)

PIN PIN PIN PIN
No. | MNEMONICI PEV EQUIVALENT CIRCUIT No. | MNEMONIC| PE VY EQUIVALENT CIRCUIT
|
1 LIMITER '3 I 122 |/
1 +1.35 16 +1. -
ouT AMP OUT 14002
L
LIMITER IF AMP
12 | Secoup | 123 17 | becoup | *122
LIMITER IF
31 coupLing| *1-23 B avpiN | *122
LIMITER IF AMP
14 IN +1.23 19 DECOUP +1.22
' 1
| MIXER noa |
15 GND 0 20 ouT | *103 < f;l Zﬁ
@ 4ODPA-J—
= SRO0498

Figure 8. Pin Functions (cont.}
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MIXER
IFILIM OUT @_‘L @—:L‘F"-"“ IN
») ;J -
L R11
s T i
2 =
1131
=5 0] fre
o cat
OSCILLATOR
” T e
Automatic Test Circuit Component List

R1 8.2k} select C1 0.1pF C12 160pF select L1  150nH select for input match

R2 6.42kQ2 C2 1-5pF select for input match C13 1000pF L2 22nH setect for input match

R3 347.8Q C3 0.1pF C14  0.1uF L3  47nH selact for input match

R4 49.9Q C4 0.1uF C15 1000pF L4  5.6uH select for input match

R5 1kQ2 C5 1-5pF select for input match c16 0.1pF L5 1.27-2.25uH select for mixer

RE 49.90 C6 100pF C17 0.4pF output match

2; 3:72:;3 g; ‘15-3';": 10v C18  1000pF FLT1  10.7MHz (Murata SFE10.7TMAS-A)

RS 49.90 Co a00F €19 1000pF FLT2  10.7MHz (Murata SFE10.7MAS-A)

. pF select C20 0.1uF ugn
R10 1k C10 0.AuF 21 1- ‘1:1 FLT3 C"” message weighted
- FLT4 Act hasi

R11 49.90 C11 0.AuF P ctive de-emphasis
*NOTE: This value can be reduced when a battery is the power source. SRO0501
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Figure 9. SA636 240.05MHz (RF) / 10.7TMHz (IF) Test Circuit
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Figure 10. SAB36 110.592 MHz (RF) / 9.8 MHz {IF) DECT Application Circuit
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Table 1. DECT Apptication Circuit Electrical Characteristics
RF frequency = 110.592 MHz; IF frequency = 9.8 MHz; RF level = —45 dBm; FM modulation = 100 kHz with 288 kHz peak deviation.

symeoL | PARAMETER | TEST CONDITIONS TYPICAL | UNITS
Mixer/Osc section (ext LO = 160 mVgms)
PG Conversion power gain 13 dB
NF Noise Figure at 110 MHz 12 dB
nP3 Third order input intercept Matched f1 = 110.592 MHz; f2 = 110.892 MHz -15 dBm
Ry RF input resistance 690 Q
CiN RF input capacitance 36 pF
IF section
IF amp gain 330 2 load 38 dB
Limiter amp gain 330 Q2 load 54 dB
Data level RiLoap = 3 k2 130 mVius
3 dB data bandwidth 700 kHz
RF/IF section (intemal LO)
System RSSt output RF level = -10 dBm 1.4 v
System S/N? RF level = —83 dBm 10 dB
NOTE:
1. 10 dB S/N corresponds to BER = 10-3.
RF GENERATOR SA636 DEMO BOARD
110.592MHz RSS! DATA
Vee =3V
LO / GENERATOR
120.392MHz
DC VOLTMETER
!
score | |[ ]| shecTau
SR00502

Figure 11. SAG636 Application Circuit Test Set Up

NOTES:

1. RF generator: Set your RF generator at 110.592 MHz, use a 100 kHz modulation frequency and a +288 kHz deviation.

2. Layout: The layout is very critical in the performance of the receiver. We highly recommend our demo board layout.

3. RSSI: The smallest RSS| voltage {i.e., when no RF input is present and the input is terminated} is a measure of the quality of the layout and
design. If the lowest RSSI voltage is 500 mV or higher, it means the receiver is in regenerative mode, In that case, the receiver sensitivity
will be worse than expected.

4. Supply bypass and shielding: All of the inductors, the quad tank, and their shield must be grounded. A 0.1 iF bypass capacitor on the supply
pin improves sensitivity.
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Figure 12. S$A636 Demoboard Layout (Not Actual Size)
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CIRCUIT DESCRIPTION

The SA636 is an IF signal processing system suitable for second IF

or single conversion systems with input frequency as high as 1 GHz.

The bandwidth of the IF amplifier is about 40 MHz, with 38 dB of
gain from a 50 Q source. The bandwidth of the limiter is about

28 MHz with about 54 dB of gain from a 50 ) source. However, the
gain/bandwidth distribution is optimized for 10.7 MHz, 330 2 source
applications. The cverall system is well-suited to battery operation
as well as high performance and high quality products of al! types,
such as cordless and cellular hand-held phones.

The input stage is a Gilbert cell mixer with osciltator. Typical mixer
characteristics include a noise figure of 14 dB, conversion gain of
11 dB. and input third-order intercept of —16 dBm. The oscillator will
operate in excess of 1 GHz in L/C tank configurations. Hartley or
Colpitts circuits can be used up to 100 MHz for xtal configurations.
Butler oscillators are recommended for xtal configurations up to
150 MHz.

The output of the mixer is internally loaded with a 330 £} resistor
permitting direct connection to a 10.7 MHz ceramic filter for
narrowband applications. The input rasistance of the limiting IF
amplifiers is also 330 Q. With most 10.7 MHz ceramic filters and
many crystal filters, no impedance matching network is necessary.
For applicaticns requiring wideband IF filtering, such as DECT,
external LC filters are used (see Figure 10). To achieve optimum
linearity of the log signal strength indicator, there must be a 6 dB{v)
insertion loss betwean the first and second IF stages. If the IF filter
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or interstage network does not cause 6 dB(v) insertion loss, a fixed
or variable resistor can be added between the first IF output (Pin 16)
and the interstage network.

The signal from the second limiting amplifier goes to a Gilbert cell
quadrature detector. One port of the Gilbert cell is internaily driven
by the IF. The other cutput of the IF is AC-coupled to a tuned
quadrature network. This signal, which now has a 90° phase
relationship to the internal signal, drives the other port of the
multiplier cell.

Overall, the |F section has a gain of 90 dB. For operation at
intermediate frequency at 10.7 MHz, Special care must be given to
layout, terminhation, and interstage loss to avoid instability.

The demodulated output (DATA) of the quadrature is a voltage
output. This output is designed to handle a minimum bandwidth of
600 kHz. This is designed to demodulate wideband data, such as in
DECT applications.

A Receive Signal Strength Indicator (RSS1) completes the circuitry,
The output range is greater than 90 dB and is temperature
compensated. This log signal strength indicator exceeds the criteria
for AMPS or TACS cellular telephone, DECT and RCR-28 cordless
telephone. This signal drives an internal op amp. The op amp is
capable of rail-to-rail output. it can be used for gain, filtering, or
2nd-order temperature compensation of the RSS|, if needed.

NOTE: dB{v) = 20log Vour/Viy



Philips Semiconductors

Product specification

Low voltage high performance mixer FM

- SA636
IF system with high-speed RSSI
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