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KE®AAAIO 1

XAPAKTHPIZTIKA OOPYBOY ZE HAEKTPONIKA
KYKAQMATA

1. EIZATrQrH

H tuyxala kivnon twv nAektpoviwv péoa ota KukAwpata dnpl-
oupyei BO6pUBO, 0 omnolog aroteAel KUplo MEPLOPLOTIKG TapayovTa
OTA TNAETUKOVWYVIAKA guoTrpaTa. AlapopeTikn Tinyry BoplBou &i-
val auTth Tou ogeidetal oe eEwyevelg MApAyovTeg, ONWG TL.X. N
'Kspauvmﬁ dpacTnpEldéTNTa oIV atpoéopalpa nou epgpavifel 8opu-
Bo OTO nAeKTpopayvnTikG pdacua otnv meptoxn 0~ 30 MHz. Mia
AaAAn Tyr GoplBou ogelAeTal oTnv ekmoum Tuxalwv onuatwy
ané oupavia copata. TéTolog 86puBog mapouasialetal oTny me-
ploxn uéxpt 1 GHz pdévo oe oploHEVEG KATeEUBUVOELG Tou oupa-
vou.

2, OEPMIKOXZ OOPYBOZ

H tuyala kivnon twv nAektpoviwv péoa oe pla avtiotaon dnpt-
oupvyel éva pelpa i(t), To omoio, BERala, £xel PndeVIKN PEON TN
((in (1))=0). 'Opwg, n WXUG TOU KATAVAAGVETAlL MAVW OV avTi-
otaon eival pn-undeviknig TIHAG (evepyou) ((iﬁ(’f))aé 0) kaiL and
Beppoduvaulkouq cuAloylopolq armodelkvieTtal eUKoAQ, OTL Hla
avtiotaon R(Q) prnopei va napactabel P’ €va 100dUVAUO KUKAWHA,
OTIWG TAPAKATW:



R
R = R% in

(U2)=4KTRB  kat  (i2)=4KkTGB

6rou R = 1/G, B eivat 1o elpog {wvng ouxvoTTWV CTO OTI0l0 HETPA-
Tal 0 B6pURog, k = 1,38 . 10723 J/K eival n otabepd Boltzmann kat T n
PUOIKY) Beppokpacia avtiotaong. v neplmrwon mou €xoule éva Ku-
KAwpa pe ToAAEG avTioTacelg, TOTE Ba mpémel va adpolgBolv ol eTl-
HEPOUG CUUBOAES OAWY TWV TINY®V BopURou 1j va epapuocTel To 0o~
duvapo Thevenin 11 Norton yla va umoAoyloTel 0 cuvolikég BdpuBog.
2mv TepinTwon mou éxoule €va diKkTuwua pe otoxeia R, L, C t6Te 0
HECOG TETPAYWVOG TWV HEYEBMV Up KAl U, UTTOAOYIZeTal amnd ™ oxeon

(u§)=4kTF2de(t)
fy

fo—f1=B

e

R, X = npayuatikol aptbuoi

H peylotn woyug nou pnopel va AngBei and pia avtiotaon andé v
mmyn BopuBou unopel va untoAoyioTel eUKoAa, uttoBéTovTag 6TL N
avtiotracon R mou mapdayel To 86pufo cuvdéetal-TepuatileTal pe
pla avtiotaon @optiou Ry = R. YnoAoyifovtag v évtaon pelpa-
T0G¢ OTov BpoXo, exoupe |=V,/(2R) kal emouévwg &Exoupe
P =10x0g KaTtavallokopevn Tavw oto @optio Ry =R(I%)=



R 4kTRB/(4R2) =KkTB, mou delxvel 6TL n 1oxUg P eival aveEaptntn
ané mv TN g aviiotaong R.

©6puBog oc evepyd oroiXeia. Ta evepyd otoixeia, onweg ta dSirno-
AlKa TpaviioTop Kal ta Tpaviiotop eykdpoilou nediou (FET), napa-
Youv TmpbéoBeTto B6puBo Tou ogeidetal otV Tuxaila kivnon Twv
popTiwv. EEeTAdoune XWPLOTA TIG dUO TEPIMTWUTELS.

O6puBog oe B1680ug. H evepydG TIPN TOU PEURATOG OTIC SLb-
Soug urohoyiZetal 6Tl eival (i2)=2qlpc B, 6mou g =1,62 x 10~ 19
Cb eival To oTolxelwdeg gopTtio, Ipg eival To povipo pelpa ot
6lodo, evd B eival To evpoq Tmvng oUXVOTATWY MOoU PeTPATAL.

AimoAika@ Tpavdiorop. H replypapn TwV XapakmnploTiKdy Bopu-
Bou SMOAK®V Tpaviiotop yivetal He 100dUVARA KUKAGUATA, OTIWG
auTo Tou diveTal 0TO MApPAKATw oxnpa. Ot TnNyEg pelduatog Bopupou
gival ol igp Kal ign, EVHO 0TO KUKAWHA BACONG £XOUNE TNV TNy} TAONS
BopUBou Upn. Ol TIHEG TwWV eVEPYDV TIHGV BlvovTal and TG oYXE0EIC:

(i2)=2q B
(U2,) =4kTr,B

(i2)=2aB(lgy+ g (1 —ay))
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orou g Kat lg elval Ta oTaBepd pelpaTa TOU EKTIOWUTIOU Kal Tou
OUAAEKTN Kal lgg TO avtioTpogo pelpa g enagrig be. To napa-



navw KUKAwpa prnopel va xpnooron8el otov unoAoylopd xapa-
KTNPLOTIKQV BopUROU EVIOXUTIKQV SlaTAewv.

TpavZiotop FET. O ouviiing TpOTOG XapdKTNEIopoU Tpaviiotop
EYKApOolou Tedlou yiveTal Je TV EQAPHOYT TOU LGOBUVAHOU KUKAD-
HATOG TOU ETOUEVOU OXNHATOG.

/n\J" s S oy
N

Y .
R, CD § A, Uen = AyU;
o R

O —

OewpoUpe TIG dUo TMyEg BopUPBou oV eicodo Tou evioxutn. O
EVIOXUTAG YapaktmpeileTtal and v avTtiotaon £10630u Rj Kal 10 KEP-
Sog Taong Ay. Ot dUo mnyég BopUBou ouvrnBwg BewpouvTal ave-
EapTnTeg, dnAadn v = (upin) = 0. YrnoBeTovtag Rg << Rj, urnopouue
va urtohoylooupe v evepyd T oty ££0d0 Tou evioxuth OTL elval

(u2)) =AZ((ud) + RZ(i2))

Enedn ol rnyég BopuBou U, Kat i eEapTt@vTal cuvnbwg amd Tn
ouxvomrta f, £€xoupe

<u§n>=J' AZ(f)(4KTRg +(u2)f+ RE(uU2)y)
B

omou gxel AngBel umoyny kat o 86pupog NG avtiotaong Rs. OL T

HEG Twv (U2)f kat (i2)f SlvovTal amnd Toug KATAOKEUAOTEG.
Opiopég Tou 1003Gvapou elpoug Zuvng. YoBETouE £va Ypauul-

KO 3{Bupo KUKAwWa pe ouvdaptnon HeTapopdag taong Ay (f). H ou-

VOAIKT) LoxUg €E68ou prmopel va uttoloyloTel and  oxeon

V2 (f) of

1 2 1
P,=| V2(f) — df={ AZ2(f) —
2 JB 2()R .[B ”()R



V1 AU(f) V2

Qe

Edv n minyn 8opuBou otnv el0odo €xel Aeukd XapakThpa, TOTE
V12(t) = Ng, ondéTe opifoupe wG Looduvapo eUpog fwvng

e
J A2(f) df
0

B=
lAﬁ(f),max

He amoTeAeaua n LoxUg eE6dou va eivat
1 2
Py= R NOB|Au‘max

Op1opog Bepuokpaciag BoplBou KukAwpartog. YTioBetoupe o&iBupo
rnou diveTtal oTo OXNua.

* G PcE=G(f)Pncw+Pncu=
—— G (f)KTAf + P,y
Phewo Phec émou G (f) elval To képdog loxuog

MrniopoUle va avaydayoupe Tig mnyeg BopuBou omv eicodo Tou O
KtUou, opifovTtag v Loodlvapn Beppokpacia T gos = Pheg/ (KTAF G(f)),
OTIOTE TIPOKUTITEL TO L0OSUVANUO KUKAWHA TIOU SivETAl TIAPAKATO:

KTAf KikAwpa
wpig

9><(')puBo —— Py =G (f)KTAf + G (f) KT go5 AF
G(f

KT 005 AF M
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OpiCoupe 10 cuvteAeoTn BopuPBou e v eEiocwon

AbdYog loxUwv ofjpaTtog npog B6puBo atv elgodo
A6Y0OG loXUwV apaTog Tpog 86puBo oy €E0do

F=

O ouvreleomiq F xapaktneilel v toldétnTa Tou S1BUpou amd
TTAEUPAq BoplBou kal Wavika etvat F — 1. ExovTtag umoéyn Ttoug
napandve oplopolq loodlvaung Bepuokpaaiag, exoule

S/KTAf

F = CHSI(G M KT+ Taag) AT

- T+ Tl006

= = Tos/T=F-1 1

Tos=(F-1T

2uvnowg elval T = 290°K. O apBuog F ocuviiBwg ekppaleTal gg |o-
vadeq dB, dnhadn F(dB) = 10iog1gF.

YmoAoyiopdg ouvteAeoTy BopuBou ev oeipd cuvdedepévwv Siatage-
wv. YroBeéTtoupe Tn SATAEN TOU TIAPAKATW OXNAMATOG, OTIOU EXOUV
ouvdeBel ev oelpa dUo diBupa e kKEPBog Gy kal Go. HdN yvwpi-
goupe 6Tl

Twos,1 =(F1—=1)To, Tios,2=(F2—-1)To

onou Tg = 290°K (cuvnbwg).

G, G,
KToAf ——> Tigos,1 Tigos.2 —> Py
Fy Fo

H ox0q €E€d6Bou umoAoyileTal pe ToV TIAPAKATW TPOTIO:
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PSE = G'I G2kToAf+ GQKT1005,1 AfG-I

gvioxuon tou evioxuon tou BopuBRou
Bopupou TIoU Ttapdayetal and
eloédou TOV TIPWTO EVIOYXUTH

+ leOOB,Q AfGQ

—_— =
BoépuBog arod To
OeUTEPO EVIOYXUTN

OpiQoupe T ouvolikn tooduvaun Beppokpacia twv 800 v Celpd
OUVBESEUEVWY SIBUPWY '

- _ Peg—GyGokTolr _ .\ T\605,2
1006,1+2 G1 szAf 1008,1 G-I

Kal avTiKabloTwvTag yla Toug CUVTEAECTEG BopUBou Exouue
(Fo—1)Ty
1

(F1+2"' 1)T0=(F1— 1)To+

onodTe

Fo-1
Fi,0=Fq1+

1

Enedn ouviibwg G > 1, BAEmoupe 6TL oTnV Nep{rTwWOn autrh o Ou-
VOAIKOG OUVTEAEOTG BopUBOU Tou KUKAMPATOG KaBopiletal kupiwg
andé v npwtn Baduida.

ZTnV TILo YEVIKA mepintwon, ya pia aiucida pe n dBupa woxlet
n oxéon

Fo—1 Fg—1 F -1
Fs=F{+ + +ert —————
Gy GGy GGy - Gy

EZéTaon ocuunepipopdg SEKTN. ECTW 0 umepeTepddUVOG SEKTNG TOU
oxXnHaTtog:
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Fp=7dB
Gy =~ 6dB

&

Mpoevioxum|q Fy=1dB
F;=2dB Gz = 30dB
Gy = 14dB @

O ouvoAlkdG ouvTtedeoTng BopuBou Ba elval
0,7 0,1
10 1 + 10 1

4

FZ= 100’2+

Fsy=158+0.16 +0.041 = 1.78

ETMOUEVWG, O KUplo Babud, o ouvreAeotnq BopUBou kaBopiletal
and Vv Mp®TN - MPoeVIoXUTIKA Babulda. H oodlvaun Bepuokpacia
Tou 3K elval Tigos, 3 = 226°K. Ze mepintwon mou omy eicodo
TOU BEKTN &XOUUE ypauurn HeTapopag rmou dnuioupyei e§acBevnon
TOU ONMATOG, EXOULE

S-L

= %TBarF 0w =rlh

Ao6yoq (S/N) otnv €£odo Tou deKTn

n Floos (dB) =F(dB) —101log L

ST0 napandavw mnapadelyda, av L =-10dB (dnAadn L =0.1),
EXoule Figos = 1.78 + 10 = 11.78. Emopévwg n napeufolr| e§aobe-
vnTh dnuloupyel coBapd MpoBAnpa otnv euvalodnoia tou dEKTN.

stnv neplnrwon kepalag Anyng, o 8épupog prnopel va nMpoeABel
anoé duo aitieq: (a) To BeppIkd BOpUBO TOU TIAPAYETAL OTOUG AYW-
youg g Kepaiag Kat (B) amoé e&wyevelg MApayovTeg TIOU avapep-
Bnkav mapandvw, OTwg emiong Kat T Beppokpacia TWV AVTIKEILE-
vov ard Ta orola dExeTAl oNua n Kepala., Av ol AQrWAELEG OTOUG
aywyoug g Kkepalag elval aoniuavteg, 16TE 0 86pUBOG (a) elval
oxedov undév. Opifoupe oav Beppokpacia kepaiag Ta TO HEYeBOQ
Ta =NpA/KTB.
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KE®AAAIO 2

ENIZXYTEZ YWHAQN ZYXNOTHTQN ME
ZHMATA MIKPHZ ENTAXZHZ

1. EIZAraQrH

Bewpouile OT! Ot EVIGXUTEG AslToupyoUV 0 Ypappikol evioyu-
TEG. 2TO TAPADELYHA TOU OXNHATOG £XOUNUE CUVTOVIOHO EVIOXUTH
TIOU £XEL XAPAKTNPIOTIKA {wvodlaBaTtou ¢iATtpou.

a ™ ouxvotnTa guvTovicuou f =
&ng eival

TO KEPBOCG Tng dlata-

6rou R44 =R ||RL.
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MNvwpiloupe 4TI To pelia TOU CUAAEKTN CUVOEETAL HE TNV TAOM
URe HE TN ox€om:

. Qqug
Ic =—Q|ES exp _kT

o6mTou |gg eival To pelia KOPOU Tou ekroprol. YMIoBeToupne 6Tl
Ugg = Ve (dc) + V; cos(wt), x = V;gq/kT = V;(mv)/26 (yia T = 203°K)
Kal avantuooovTdg ToV eK8ETN £XOUlE TN CELPA:

ic=—alESlrlo(x)+2 i I (x) cos(nwt)} (1)

n=1
les = lgs exp (qVpg(dc)/KT)
omou I, (x) gival o1 TpomomoiNUEveg ouvaptoelg Bessel. YroAoyi-
ZoUlE TOUG AGYOUS TWV QPHOVIKGV UYNAG@Y Ta&ng: T1 = (211 (x)/1g (X)),
T2 = (215(x)/1g (x)) KaL £xoupe To MApAKATw oxrpa. Ma éva cuvTo-
T

s T1

T

VIOUEVO evioXuT mapatnpolpe OTL aképa kKat yia V=13 mV
(x = 0.5) n deutépa appoviky eival mepinmou 12% g Bacikng. Bé-
Bala, pe TO KUKAWWUA CUVTOVIOHOU amopplntetal n SeUTEPEN APHOVL-
KN Kal pévo n Bactkr appovikr dnuoupyel taon eg6dou e anua-
VTIKO mAdToc. Mapatnpolue emiong o1l yia Vi=26mV (x=1) n
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ardoKALON and Tn YPARRIKOTNTA 0TV £8080 elval rneplrou 10%, dn-
Aadn €yxoupe peiwon Tou KEPDoug katda 1dB.
2V nepintwon Twv Tpaviiotop FET toxUel n oxéon

D

ip=Ipss(1-Yas/Vp)2 G—>

AvTIKaBoTOVTAG OTIWG TIPLY Ugs = Vgs (de) + Vj cos(wt), £éxoupe

V2 V2 Vv
iD=lesl:(1+ GS + ! -2 GS)

vg o 2v2 Ve
V. [V V2

+2 L [—8 _q]cos(wt)+ —— cos(2wt) (2)
Ve | Vp 2V3

Apa, o A6yog Tng delTepng Mpog Tnv TPpOTN appovikg Ba eival
(Vi/Vp)/(4-(Vgs/Vp —1)). Tla TN HEAETN TWV EVIOXUTOV WIKPAG
EVTAONG XPNOLLOTIOWOUUE TA HOVTEAAA ¥V —Z 1 akéua h. Zv Tepi-
MTWOoN TwV Y TApapéTpwy £X0UHE:

N <2
+
o SN -——'———'—0+V2
V1 -y-
L m— 0
=YiVi+y Vs

lo=yiVi+yoVa

ZuvdéovTag Ta oTolxeia pe aywywoétnta Yg kat Y omv eicodo
Kat Tnv €Eodo, unopolue va opiooupe ta Peyedn:
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. , Vo Vi
Képdog taong A= —= =— .
1 Yo+ YL
. , | y;Y
Képdog évtaong A= 2. Tt y DY =Y,Yo—YiY,-
|
AYOYILOTNTA £10650U Y= —- =y, - Yive
1 Yo+ YL
I ey
AYOYIpOTTA EEOBOU Yo = —2 =yg— —21
2TV, Y Y

2. EYZTAOEIA ENIZXYTQN

Opiloupe TNV euoTdBeld TWV EVIOXUTOV HE KPITAPLO va pnv na-
poucldZouv palvopeva auToTaAAvTwong. Ze mepinTtwon mou mna-
pougldZetatl onuavTiky avadpaan and v £€£odo oty eloodo Tou
EVIOXUTA pnopoi’!v va mapoudlagTouv Qawvopeva auTtotalavihoe-
wv. Kuplog otdxog otn oxediaon evioxutav elval n enlteugn péyl-
OTOU KE€PBoUG LoXUOG HE LKavorom Tk oTdfun euotdbelaq.

EuordBela Zroixeiou-Mapdyovrag C (Linvill)

To Kpltplo euotdBelag otolxeiou oplletal and Tov mapdyovta
Linvill (arntédetlgn oto Mapaptnpa)

Vil
C= | . gi=Re (y))
29;99—Re(ysy,) ’ )

go=Re(yg)

lNa C <1 éxoupe eucotdBela aveu Spwv ev®d avriBeta étav C >|
To otolxeio eival agtaBég «ev Suvapel» Kal yla oplopéva @opTtia
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aywyludmTag el06dou eEddou propel va odnynbei oe Taldvrtwan.
[ToAA& tpaviiotop RF kat FET elval «ev duvduel» aotabn oe rie-
ploxn ouxvomTwy, AdYw ™G avddpaon and xwenTikéTa.

EvoTdabela KukAwparog - Mapayovrag K (Stern)
MNa aywypdétnTeq e106dou Yg Kal opTiou Y| €XOUlE TO KPLT-
plo euotdbelag

2(q + G G
K= 28+ Gs)(90+ CL) Gg=Re(Ys)

[yeye|+ Re (yty,) (4)

G_=Re(Y.)

20upwva Je To Kplthplo autd, via K >1 éyxoupe euotdbela, evo
va K <1 €xoupe «gv duvdapel» actdbela.

Ta napamdavw duo Kplthipla e@appdfovTal TNy MEPITTWON
adpAVvELag Yl TO CUVOALKO KUKAwNA.

ElWdikd otnv neplntwon dUo napdAAnia cuvdedepévwy dBUpwy,
"OTIWG QUTA ToU OYNUATOG, XPnolorololue To dBpoloua Twv mna-
PAUETPWV Y.

Avdédpaon
v

Evepyod
Y, ZTo_lxsio Y,
1

Eniteu&n EuvoTadeiag

H taAdvtwon oe evIOXUTEG eppavifetal AdYwW ™G Y, TWV EVEP-
YV oTolxelwy, onwg eniong and mbavd nmadntikd croixeia tou di-
KTuopartog avadpaong. H eE€taon twv €E. (3) kat (4) deixvel 6T n
euoTABela uropel va emuteuyBel pe dlAPopoug TPOTOUG, OTTWG
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()

(@) EmAéyovtag yr, ==—Yr, EXOUNE Yry=VYr, +Yr, =0 Kal MpoOKU-
TITel euoTaBfég KUkKAwpa, H dadikaoia auth ovopdleTtal «Hovo-
Spdunon».

(B) ZTa dumoAkd Tpaviiotop kat FET n y, sival ouviBwg uyadky,
Yry=0ry + j5r1 He gr, << b, Kal n egoudetepwon MG by, apkel
yla ermiteuEn g aotdbelag. H ouvBikn aut) ovopaletal «e-
EoudeTEpwan».

(Y) Ze Bapog Tou KEPSOUG UTIOPOULV va ETIAEYOUV Ol aywyllotn-
1eq Gg, G apKeTa HEYAAEG WOTE va HeyaAwoel n T ™mg K
oy €&. (4).

3. KEPAOZ 1ZXYOZ ENIZXYTQN

OplZoupe oav «Aeltoupylkd KEpdog loyxuog» evog evioxut) TV
TN

loxUg rou Sivetal oe goptio G

P loxug el06dou on BUpa eWwddou
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Av ol tacelg el06dou/egddou eival V1/Vs avtiotoxa Gp = IVQIQGL/
(IV1]2Gs) = GL|y¢?/(lyo + YLI? Gs).

Opilouodg «Alafégipou Képdoug»: e TepinmTwon mnou omv elgo-
50/6E030 TOU £VIOYXUTH LOXUOUV Ol GUVBNKEG LEVIOTNG HETAPOPAG
loxUog (5nAady Yg = Y] kat Y| =Y3), opifoupe To «3ladéaipo Kép-
dog» gav

_ AwBeoin wxig ot Bupa egddou
AlaBéoiun loxug otn Bupa elcddou

Kal uttoAoyifoupe 1o Gp OTL eival

- |v¢]? Gs
Ga= . (5)
Re ((YiYo=YiYr+YoYs) (¥i+ Yg)')

Opiouog «KépSoug MeTarpormig»:

_ _loxug mou divetal aTo popTio
T ABEGIUN lOXUG and TV TN

To KEPDOG auTd eriTuyXaveTal 0tav £€XOUPE CUVBNKN UEYLOTNG UE-
Tapopdg woxvog otnv nAeupd elcddou:
) 4Gg G |vys|2 )
[(yi+Ys) (Yo+ YL)=Vy|?

Opioudg «Méyiorng Alaféoung foyoog» (MAG):
YroBétoupe 6Tl y, =0 Kat Yg =yi, YL =Yg, Onote

|v¢|?

MAG =
49,99

elval 1o péyioto duvatd KEPSOG LoYUOoG.

ZxediaoTtikég MéQodol

Amnatteital n peylotorolnon Tou AelToupylkoU kKEPSoug Gp 1| Kép-
douqg petatporng Gt KATW amnd TOUG TEPLOPLOTIKOUG OPOUG TIoU



20

agopouv TNV euoTdBela Kal T CUPTIEPIPOPA BopUBOU TOU EVIOXUTH.
H BEATIO™ oupnEePpopPd WG TPOG To kEPDSOG toxlog Sev TauTile-
TAlL HE OUuVONKeq BEATIOTOU ouvTeAeoT BopUBou N¢. ApKETEG (o-
PEG eival avaykn otnv elcodo kal €£0d0 va unv £XOUUE TIPooap-
noyn (Y =y*) v emniteugn aoctabelag. Apa n «BEATIOTN» oXediaon
efaprarat ge peydlo Babpd artd Ta XAPAKTINPELOTIKA TOU £VEPYOU
oTolXeiou aAAd kat amd TIG AEITOUPYIKEG ATIALTAOELG TOU EVIOXUTH.
Ol nepuntoelg nmou Ba avTigeTwIUoToUY elvat:

(@) To evepyd otolxelo eival euotaBéq aveu épwv Ol Tpeg Yg
Kal Y| kaBoplfovtal yia G, max-

(B) To evepyd ortoixeio eival «gv duvdpel» aoctabéc. H guotdbela
ETUTUYXAVETAL BE avAdpaoT «povodpdunong» 1 «eEoudeTépw-
on» ToU eVIOXUTH. H OuvoAwi UnTpa ¥ xpnowdorolsitat via
™MV ETIAOYN TWV aYWYWoTTOwV Yg kat Y[, GOTE va TPOKU-
nrel Gt max-

(Y) To evepyod otoixelo eival «ev duvdauel» actaléq. H euotdbela
ETUTUYXAVETAL UE TN CWOTA ETIAOYY] TOU TIPAYHATIKOU UEPOUG
TWV  aywyliHotiTwy el06dou-eE6dou, Gg =Re (Yg) kal
G =Re (Y_), doTe va npokUyiel KataAnAn Tiung K > 1.

4. ZXEAIAZH ME EYXTAGEX ZTOIXEIO ANEY OPQN

2e meplmtwon 1mou TO xpnotponotolpevo otolxelo C pacg divel
(€&. (3)) C <1, éxoupe T BSuvardmTa ertAoyng Towv Yg Kat Y, vid
BeATtioTotoinon eite Tou KEPSQUG (10XMOG) 1 TOU GUVTEAECTH Bo-
puBou. Alakpivoupe dUo TEEQUTTMOELG: (A) EVIOXUTEG pe avadpaon
yia pelwon g ouleugng g €E6dou mpog Tnv elcodo, dniadn
HoVOdpouNuEVOG eVIOXUTAG Kal (B) evioyuTég xwpig avadpaon.

A) EvioyuTtiig ue avadpaon

Me 1 xpnon evog napdiAAnAou 518Upou Mpoomnaboupe va emnttl-
XOUHE Yr ==y, (BAETIE OEA. 18).
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Av TO Ypnoworolougevo radnTikd atolxelo avadpaong sival
OTWG auToU Tou OXNHATOG TOTE n UATPA 22 Tou SIKTUOU elval

. yx '"'yx
Y2=
_yx yx

ortdTe, N CUVOALKY UfjTea 22 Ba eival

- yi"'yx yr_yx
1z= -

yf_yx y0+yx
EmuAéyoupe y, = yx, onoTe
y]+yr 0
Z=
yf—yr y0+ yr
4Gg G|yi=vy,|?
](y]+yr+ Yg)(Yo+VY,+ Y|_)|2

<1

Kal To képdog elvat G =

[la va €youpe ouvlnkeg oculuylag omv elocodo kal €Eo0do, TIpéTiEl
Ys=(yi+Y)" Y =(yp+V¥,)" ka Gg=gi+9g,, G =9gg+9,
kKat n Gt ,max uroAoyidetar 6T givat

GgGLlyi—V,|?

(8
4(9;+9,)2(gg+9,)? )

Gr max =
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B) EvioXuTig Xwpig avadpaon

ApouU 1o evepyd oTolxeio eival «ev duvduel» guotabég, eival
Aoyilkd va unv xpnoldomomnBel avadpaon yia tn otabepotoinon
Tou. Ot TIHéG Y5 Kal Y etiAéyovtal AapupdvovTag undynyv TG mpo-
dlaypapég képdoug kal BopuBou (N¢).

Av B€Aoupe peylotoroinan Tou Képdoug petatpormg G, TOTE

4Gg GLlyf|2
i+ YY) (Ve+ Y = vey|2

GT=

YrnoAoyifovtag TS TIHEG dGT/dGs, dGT/dBg, dGT/dGL Kkal
0GT/0G, Bplokoupe TIG TILES OTIOU OL TECCOEPELG TIAPAYWYOL elival
UNdeVIKESQ

Gg= ,\/( 9i90 e (v1Yr)) lyfyr] , Bg=—Db;+ m (Yt Yr) (9)
2g0 2go
G Im
GL= Sgo , BL="bo+ (yfyr) (10)
gi ‘ 29

Kal n péylom loyug elval

|ve[?
29;90— Re (vrY,) + V(29190 Re (v ¥,))2 =] vt v,|?

Gt max =

5. ZXEAIAZH ME XITOIXEIA I'A «<EN AYNAMEIl» AZTAQEIA

Efetaloupe otolxela mou C >1 (€. (3)). Me kaTadAAnAn ava-
dpacon umopoulue va éxoupe C > 1. Ze nepinmtwan Tou EXOUplE [o-
vodpobunon Tou evioxutr, dnAadr ys =0, mpokunTel n mepinTwon
™G apay. 4A. e nepinTwon 1ou €xoupe efoudeTeépwaon, dnAadn
Yz, =05, +]0, Ba mpenel va urtoAovlotel n T C ywa va duaniocTtw-
Bel Katd mdéoo éxoupe C <1 (euotdBela). MNa C <1 umopei va
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epappootei n dadikkacia twv €&, (9), (10). Xe mepintwon mou
C > 1, nmpénel va epappocTolV ol TAPAKATW TEXVIKES:

Euoraéeia Ywpiq avadpaaon

MoAAEG popég n Xprion (evOG CUVTOVIOUEVOU OE OUXVOTNTA AEL-
Toupyiag) avadpaong dev efval emBuunm) Adyw KivdUvou TaAld-
VTWONG og AAAEq ouXVOTNTEG Kal akopa AGYyw alfnong g mnoAu-
MAOKOTNTAG TOU KUKAWUATOG TOU eVIOXUTA. H ouvenrkn g e&. (4)
delxvel 0T, av emAeyolv ocwoTd ol TpEG Gg, GL (apKeTd peya-
Aeg), uropoupe va €xoule euoTdBela (K >1). e evioXutég uyn-
AV ouxvothTwy, n TN Gg ouvibwg kabopiletal and xapaktnel-
OTIKA Bopupou. Av n Tiur Gg elval dedopévn, TéTE e TNV emAoyn
™™g G, uropoUUe va TIETUXOUNE apKeTd peydAeg Tég g K, dn-
Aadn 4 <K < 10. Na TG Tweg Twv Bg kat B emiAéyoupe Bg =~ B
Kal B =—Bp. EMeldn OHwG o eVIOXUTAG dev eival Lovodpounuévog
n aTalun elo6dou ermpedletal and v aviioTolxn ™G ££6S0U Kal
ol ox€oelg JeTakl Bg kal B eival ouvbeTeq.

EvaAAakTikd, uropei Kaveig va npoxwpenoetl oe pia Bripa - Ue - -
pna dwadikaota mou divoupe TApaKAT®.

1) Ymo®étoupe apxikd By =B{ =—bg  (TOU evioxuth)
2) Me Y| =G| +jB{ unohoyiCoupe otnv elcodo Y){=Gj+jB{ pe
Vv e&iowon

yf yr

Y =V, —
! yl yc+YL

3) ©étoupe Bg=-Bj, uHe Y§=Gg+jBg umoAoyiloupe
Y5 =G5+ jBs ue mv e&lowon

yfyr
yi+YL

Y2=yo—-

AlopBdvoupe v T — B pe ™ véa TR ™g Bl .
4) Me T véa Tiun B{ maue oto BAda 2 kat uttoAoyiloupe TN véa
T Y4 Kat oUTw KaBeEnq.
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5) ZuveyiCoupe ™ Swadikaocia pExpL ol TIHEG Bg kat By va ouykAi-
vouv ge oTabepn TIN.

6) Ol Tég Tou TPOKUMTOUV XPNOIMOTIOWUVTAl Yid TOV UTIOAOYL-
oud Tou Képdoug petatporig Gr.

MeyioTtonoinon Képdoug MeTartporiig yia ripoxaBopiopévn euaTdBEIq

>Tnv nepintwon auty, éxoviag K dedopévo BéAloupe va uro-
Aoyiooupe TIg TIpég Twv Gg, Bg, G kat BL. ZUupwva pe to Ma-
papmua I, éxoupe

G = rK(lyfyrlﬁ“Re(yfyr))gi}ﬂg—gi (11)
2do
(K R 1/2
G, = ([yfyfl+2;(yfyf))g°J ~ g0 (12)
|

O1 Tipég twv Bg kat B divovtat oto Mapdptnua .

BeAtioTtomoinon ouvteAeoTny BopdBou Ny

Ma evioxutéq xapnAou BopUBou n BeATtioTomoinon emtuyxave-
Tal XPNOWonowwvTag TNV NUIEUTIEIPIKY) OXEON

Ni = No+ (RN/GS)'((GS“ GB)2+ (Bs‘BB)Q)

omnou Yg= Gg + jBg, Ry elval n wooduvaun avtiotaon 8opUpou kat
Yg = Gg +iBg n BEATIOTN T ™G aywyoéTnTag Yg mou Slvel myv
KaAUTepn oupneppopd Bopufou (Nf = N¢g). Emopévwg, 8éTtovtag
cav amnaimon Yg =Yg, UMOPOUNE VA EPAPUOCOUNE TIG HEBOBOUG
mou avagépbnkav napanavw.

Mpaxnika Béuara oxediaong

STIG TIPONYOUHEVEG TApAYPAPouq £EeTdoTnkav {nTHUATa OXe-
dlaong evioyxut®v de TV emAoyn TwV aywywomTtwy Yg, Y| Kal
e&€Ttaon tou képdoug kal euctabelag. Exovtag kaboplioel TIq TWES
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Ys, YL, 6a mpénet va undp&el o KATAAANAOG HETACXNUATIONOG OTIC
OWOTEG AVTIOTACELG TIOU XpNOLorololvTal Kal cuvrwe eival 50 Q,
2TO MapakdTw oYNHa deixvoupe T S1ATafn Tou KUKADOUATOG.

Ry (9opTio)
e o —
+ KikAopa Eveoyo KikAwpa
v Mpoaoappoyng STOIXELO Mpooappoyng R,
9 Eig630u E€650u
Ys Yi

2T0 EMOHEVO OXNHA BE(XVOUNE Ul CUVNBLOPEVN TIPOTEYYLON Yia
™ diatagn auth. To diktlwpa Cp -~ Cq — L¢ xpnoyloroleital ya
peTatpory) ™G TWNG Rg 08 Rg = 1/Gs. To dkkTlwpa Lo —C3 —Cy
HetaTtpénel v avtiotaon Rg oe Ry = 1/GL. Na anopoévwaon Ttwy
onuatwv dc amé Ta ugiouxva, xpnoldornololvratl ol TUKVWTES Cpg
"Kkat Ta rnvia nvnypoU. To anueio Asttoupyiag KaBopiletal and TIq
R1,Ro, RE.

” o Vee
Cs
., " i
| I
Al CI)'
B
R, = Ro
2 ¢, EL, . C,
| e

i

Evioxumqg RF

ArmoteAel KAA TIPAKTIKY N YeIWON Tou Tep!lBALATOG.
MnopouUpe va dlakpivoupe Ta TAPAKATW BripaTta oxediaong:
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1) EmAoyn tpaviiotop BJT (bipolar junction), JFET, MOSFET ava-
Aoya pe TN ouxvoeTtnta Aeltoupyiag pe eTOUUNTEG TIHEG KEP-
Soug Kal ouvTeAeoT BopuBou. (INa evioXUTEQ pe eupeia duva-
MK meploxn mapouctdZel evdlapépov n xprjon MOSFET pe
duo TUAEG - BUpeQ).

2) YmoAovIOHOG TWV TApapéTpwy y Tou Tpaviiotop (HeTpnon N
AN PoPopieq anod kataAdyoug).

3) YrnoAoyiopog twv TV Gs, Bg, G kat BL. ZuvnBwg n Tpn
™¢g Gg kaBoplletal and TNV eAAXIOTOTOINON TOU CUVTEAEDTH
Bopupou Ns.

4) KaBoplopds Twv SIKTUWHATWV €l06B0U-eE6B0U YIA HETATPOTM
TWV aywWyYILOTATWV.

6. HMITONIKOI TAAANTQTEZ

3& OUOTAUATA TAETIKOWVWVIAV N XPNOoT TAAavTwTwv eival eupeia
ot Blapopeq Babuideg, OTWG T.X. OE TOTIKOUG TAAQVTWTEG, YEVVA-
TPIEG K.ATL H mapaywyr) TAAAVTwonG eTUTUYXAveTAl HE EPapHoyn ava-
dpaong. MNa v emniTeugn euoTabelag g ouxvotnTag Aettoupylag
Xpnoottoolvtal KPUOTAAAKA OTOLXEIQ TIOU TIAPEXOUV XAPAKTNPLOTIKA
OUVTOVIOHEVWY KUKAWHATWY HE TIOAU UYnAS ouvtedeom) Toldmrag Q.

MV TPEAYHATIKOTNTA, €36 TipoonaboUle va Kavouue To avtife-
TO art’ 6,TL 0TOUG EVIOXUTEG, dnAadr va €xoupe aoTtdbela mnapd eu-
oTdBeld.

TakavTwTég apvnTIKAG avTiorachg

MoAAd& SlBupa otolxela omwg Y. dlodol Gunn, ofpayyag, napou-
olalouv apvnTIKA duVaikh avtiotaon, onwg PpaiveTtal oTo oxNUa. e
Mep(MTwon 1ou £€XOUHE XAPAKTNELOTIKY i—U Yla €va Pn-Ypaupiko otol-
¥elo 6nwe aumyv Tou oxAHaTog, YUpw ard To onueio Aettoupyiag Q
gxoupe Ai/Au =gp <0. 210 Blo oxua Seixvoule To LW0OBUVAUO KU-
KAwpa. Exovtag éva kKikAwpa L —C kal anwAeleg R, yia va exoupe
TAANAVTWON TIPETEL + I = R, OTOTE B8d £XOUNE PNBEVIKEG ATWAELEG. TO
MAATOG ™G TaAavtwong A kabopigetal aréd v ouverkn aut.
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dt L R
c d%u L du , df(u) _,
2 R dt = dt

orou i = f{u) eival n guvapTnon Tou Napandvw oxNHatog. [ pagpo-
vtag Eavda v eEiowan, €xoupe
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2
42y +wgu+ (1— + df(u)) du =0, wg= 1
dt? du YLC
Av uttoBéooupe OTL €Youde TAAQVTWON NULTOVIKA, TOTE

u=Vg+Acos(wt)+Bsin (wt)

UE W =~ wg TOTE £XOUlE
cos (wt) A (- w2+ w3) + B (- 02+ 03) sin (wt) + w3 Vg +

1/(RC) (= Awsin (t) + Bw cos (wt)) + d‘;(tu) =0,

fToAAamnAactdovTtag pe cos(wt)/sin(wt) kal oAokAnphvovtag ce
pla niepilodo, £xoupe :

.
(wg—-wz)A+ Be +[ at L f(Vq + A cos wt + Bsin wt) cos (wt) = 0
RC o = dt

‘T
(wg—w2)8—ﬁ‘i’.+ dt & £(Vg +Acoswt + Bsinwt) sin (wt) =0
RC ") © at

OpiZovTac ta peyéon

T

Fe (A, B):f dt _dqt_ £(Vq + A cos ot + B sin wt)

0

.
Fgo (A, B),=f dt E?t“ f(Vg + Acos wt + B sin wt)
0
gxouue

0 (1)

[

(wg—w2)A +Bw/(RC)+F¢ (A, B)

0 )

]

(wg—w2)8 —~Aw/(RC)+Fg(A,B)

AUvovTag TNV Taparndve dn-ypappikn eglowon yia 11 oT1abepéqg
Va, A Kat B, yurtopoupe va urtcAoyiooupe Tig TIHEG Toug. H dadika-



ola auty dev elval amAn Kat anattei aplBpnTIkolq UTIOAOYIOPOUG
ya Tig Tiweg Twv Fe kat Fg.

Takavrwrég Avadpaong

H xprion avadpaong pe evepyd oTolXela emiTpénel v Kata-
OKEUN TAAQVTWTWV. ZTO TAPAKATW oxnpa dlvoupe tnv apxrn oxe-
diaong Twv TAAavTOTWVY.

R§ c— L

TaAravtomg Colpitts Tahavtwthg Hartley

EEetdloupe tnv mepintwon Tou taAaviwt) Colpitts. To mpay-
HATIKO KUKAWUA TOU TAAQvTWTY SlveTal MapakaTw.

Li =Gy

TahavTwmg Colpitts
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Li mnvio ouvToVIOHEVOU KUKAGUATOG HE avTioTaon rg
Re oTaBepomomntig yla TNV avtiotacn el06dou Tou TpaviioTop
(~100 = 500) (pelwon ™G enidpaong TwWV TIAPAUETPWY TOU

TpaviioTop)
CB —> ©,
CC —> ®©,

R, Ra, Rg kaBopifouv To onpeio Aettoupyiag Q.

XpnoioroldvTtag To 100dUvano KUKAWHA yia To Tpaviiotop £xouue

Vi |C|1 Vo
l i}
- ;f' g
d 0]
LR G al, Co ¢t LR
e
Ly
R, R
Rg= —0=
RL+RP
Ri=Re+re

Rp mapdAAnAn avTticTtaon
Tou dikTUOU LC

MpdpovTtag To VOO KOUBWY Exouue

gi+S(C1+Cz)

—SC1—Qgi

1
S(Ci+Cp+Cs)+ —
gt+ ( 1+ L+ f) ol

~sCy Vi

t
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gi = 1/Rj, gt = 1/Rt. NNa va £€xoupe pn mpo@avn AlUon MPETEL 1
opifouca tou cugThuatog (3) va undeviZetal, dnAadn

(9;+s(Cy +CQ))(gt+s(C1 +Cp+Cs) +1/(sLy))
-sCy(sCy+ag;)=0, 1
9;91+52(C1+Cy)(Cy+Cq+Cy)
+80;(C{+Cq+Cy) +5g¢(C1+Cy)
+g;/(sLy) + (C;+Cy)/Ly—s2C2~-sCiag;=0=
s3((C1+Cp) (Cq+Cq+Cy)=CELy
+82(gi(C1+Cq+Cf)+9¢(Cy+Cy)=Cyag;)L,
+5(9;9tL+C1+Cy) +9g;=0.
[Nla va €xoupe cuvBAkeg TaAdvTwong Ba mpérel ol pifeg Tou ma-
panavew moAuwviuou va eival s = jw + 0 (dnAadr, mavw 610 Pavia-

oTIKO afova). EElcmvovTag Ta MPaypaTiké Kal 1a eavTacTIKA Jépn,
£XOUUE

"mQ(giCb+gtCa_C1Ggi)Lt+gi=O (4)
- w3(C,C-CE)Ly+w(gig L+ C,) =0 (5)
oriou
Ca=C1+CQY Cb=C1+CO+Cf'

H Adon g €&. (5) pag divel
m=w0=[(éigtLt+ Ca)/((CaCo—CF)Ly)]"

Kal avTikablotovTag 1§ TIHEG Twy C,, Cp €xoupe



2 1 1
WA = + (6)
0
CC R.R:((C;C C,C,)+C,C
Lo[cyr oy 1Cy iRt ((CsCg) (C1Cp)+CyCy)

(C1 + CQ)

6pog Tou kaBoplletat  6pog Tou KaBopileTal
amnd To KUKAwUa and 1o TpaviioTop Kat
OUVTOVIoNOU TO popTio

Mna va éxoupe eAdylom eTidpacn Twv XAPAKTNPLICTIKWY Tou Tpavdi-
oTop (apapeTpol Kal anpeio Aettoupylag) Ba TpETEL 0 IPWTOG 0pOQg
™™g . (6) va eival peyaAlTepoq Tou deutépou. INa va cupBel autd
Ba nipénet: Ly <<R; Rt (C1+ C»p), ontdte avTi NG €&. (6), £xoupe

wO=[1/(Lt(CO+Cf+C1 C)/(Cy+ CQ))J”Q

Eruotpégpovtag oty e&. (4) kat AdvovTtag wg mpog a, éTav o = Wy,
£XOULE '

Co R; Co
A=Apin=1— —— + — 1+ —=
C1+CQ Rt C1
R C
- 10 +ﬁ“l(1+"6?')
R
Cq

Ma va éxoupe évap&n ™G TaAdvtwong, Ba MpPenel a > Amin - H ouvon-
Kn aum eival elkoAn va kavotmomBei ard guvnbiopeva tpavdioTop.

Zxediaon TaAavrwTOV PE uPnAn avrioracn €10650u

H oxediaon TalavtwTtdv yivetal cuviBwg e duo kpimpela: (1)
ouxvotnTa Aeltoupylag wg Kat (2) emBupnm) oxl e5ddou P,. Ta
duo kpiThpla odnyolv oe erAoYh Tou evepyol oTolXElou (Tpavdi-
aTop) TIoU Uropel va mapéxel apkeT evioxuon otn {nToupevn ou-
XvoTnTa AslToupylag kal va Katavaiwvel xwpiq pdBAnua oxd. MNa-
patnpoUue amnd To NAEKTPOVIKSO dldypappa Tou TaAavtwTth Colpitts
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O6TL n duvauikn avtiotaon e£63ou Tou BAEnel To TpavlioTop mou
AelToupyel oav mnyn pedpartog eival

R, = Rp//(N2R;) // RL

6mou Rp eival n avtiotaon tou mnviou L¢ (mapdAAnAn) oto cuvTo-
VIOPEVo KUKAwpa €E6Dou, R n petagpepduevn avriotaon Rg oto
OUAAEKTN, R n avTtiotaon gopTiou kat N o mapdyovTag tou dlal-
p€tn Cq +Co.

i
/~ 2Tatikn eudela gpoptiou

\ » 3
\— Auvapikr) eubeia gopTiou

Vcao vV Ucs

e katdoTaon npepiag to tpaviiotop PBplokeTal oto onueio Q. H
KAlon Tng duvaukng eubelag popTiou eival //R,.

Vp =Veea + lcaRo
Ip=lca+Vesa/Ro

Av emuAgEoupe Voga/lca = Ro, elval Vp =2V pq Kal lp =2l¢cq.
MNa va éxoupe HEVIOTN HETAPOPAG LOXUOG OTO QOPTIO TIPETIEL
1/RL =1/Rp + 1/(N2Ri) N RL= Rp//(NQRi) Kat Rg = R/2, omoTe
N wxug mou petapepetdl oTto QopTtio elval P max =|%Q RL/8.
YrioBétovTag 6TI To onueio Aeitoupylag Q dev peTaBdiAetal kKata
TOUG KUKAOUG TaAAvtwong, n TAon dc mou KatavaA@veTdl mavw
oto TpaviicTtop elval Pyge = Veoealca = I%Q RL/2. Apa n péyiom
duvaTtr anddoon Tou TaAavTwTh eival 25%.
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H ermAoyn MG OUVOAIKAG XWPENTIKOTNTAG TOU CUVTOVIOUEVOU KU-
KAwpatog elvat Cy =Cy + Cg + Cf, e Cg =C1C2/(Cy + Cop). Z& mepi-
Ttwon ou Q ~ 50, TéTe Ct = 50/(2nfgRo), onote L = 1/((2nfg)? Cy).
["la ouvnBlopéva tpaviiotop elval re = 1/(401gq) He Rj=Re +1e. INa
péylom Buvatr petapopdg toylog,

N= 1/ _RLRe
R (Rp—R_)
ME Rp>RL. Zuvnbwg eivat Co ~1-3pF, Cg=C;~Cp—-C; > Cq =
NCg/(N—1), Co =NCg. '

Zxediaon TaAavTwTWVv He avadpaon OTOV EKITOMMTO

‘Otav n avtiotaon @opTiou eival wikpdtepn and 1KQ, o taAa-
VIWTAG Tou avaAubnke mapanavw dev pmnopel va Aeltoupyel le
euoTdBela kat eival MPoTHOTEPO va TomoBeTnBel oTOV EKMOUMO,
OTIWG paiveTal OTO MAPAKATW OXNuUa:

R;R
N2 it
§ RiRL

Ri=Re+re

To KUKAwpa €xel UikpoTeEPNn amnddoon, Adyw Tou OTL n KATava-
Awon oxUog oto minvio eival diMAdcla autrig Tou gopTiou R .
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lMa va gxoupe IKavotonNTiky odriynon oty Bacn npénel R; ~R
KAl yla va £XOUpE PEYLOTN HETAQOPA LoXUOG mpérel Rp ~ N2 Rp/2
kat N= ~/2Rp/R| . Katw amnd TG ouverkeg autég, poévo 1o 1/4
™G Woxvog e&ddou amnd 1o TPAVEioTOP HETAPEPETAL OTO PoETIO.
21 ouvdeopoAoyia aut) to TpaviioTop KatavaA®vel 8 popéc Ue-
YaAUTepn LoXU and auTr Tou gopTiou. AKoAouBwvTag v Bla da-
dlkaoia pe v mnponyoUpevn £xoule oa onuelo Aettoupylag

’CQ=4NPL/RP ) VCBQ=ICQRP/2
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KE®AAAIO 3

MH -FPAMMIKH ANAAYZH KYKAQMATQN

1. ANAAYZH IZOPPOMIAZ APMONIKQN

Z,(jw)
: ol I DO I 4
Vs KuxAwpa Fpappko KuxAwua Z,(jw)
\ KuxkAwpa \
Etcbdou EE6B0U

H mnapanavw diatafn eival n mAgov cuvndilopevn dlatagn ota
TNAETUKOLVWVIAKA CUCTANATA. MTopoUpe €UKOAQ va avTikataoTnh-
COUlE TO TIAPATIAVW KUKAWPA HE auTd TOU TIAPAKATW OXNHATOG.

Mn
Mpapukd Mpappikd
KukAwpa KUkAwpa
N
Inst |1 I
e S I S Bl Sl
2, (i) v, [] L
VN+1
D NL,
IN+2 ZL(Jw) IN AN
=t} ety S
Vi.2 Vi D NLn
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AOYW TNG YPQUHIKOTNTAG, £XOUHE MAPAYWYH TWv OUXVOTHTWV
W, 2w, 3w,...,A®,..., Ko (K apBudég appovikwv). MNa napddelypa,
oTn Bupa 1 Ba éxouue

uq(t) = Vyq,1cos(wt+¢q)
+ Vq ocos(2wt + ¢o)
+ e
+ V) k cos(Kwt + @k)

+Vi,0.
OplZoupe Toug gaotBeTeq Vyg(de), Vy =Vy el ...

AvTioTolxeg oxécelg Loxlouv Yid TIG eVvTACELQ Inl)\,’l\n,)\, 610U
n=1,2,...,N (apBuég Bupwv), A=0,1,...,K (aplBpdg appovikwv).
OpiZovTag ta dlaviopata

ln,O Vn,O
In,1 Vn,1

In= 4 vl= (n=1:2: sN)
|n,K vn,K

EXOUE YA TO YPAHUIKO KUKAwHA Try OXEON

Iy ASRIE Yins2 v,

P v,

. = (1)
In

IN+1

lN+1 lN+2,1 lN+2,N+2 VN +2

Oomou KdBe dlayhvia UTIOPRTPA «OUVOETNG aywyluotTnTag» eival
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Ot tdoelg Vy,q kat Vy,, elval

VN+1,0

VN+2,0

. , . (al
H oxéon (1) urtopei va ypagel cav

Iy

I3

Y4 YN
YN YNN
y
Yinet Yo N2
Yonst YoNi2
Ynnet Yone2

VN +1

VN+2

(Oswpolpe 6Tl
otV Bupa N + 2
EXOUUE Undevi-
KRG taong mn-
yn).
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dnAadn

J=y 0+Jdg. (2)

H oxéon autrd Quuiel To Wooduvapo Norton kal to KUKAwPa Talpvel
™ Hopen

v Mn
I"pauukd 2 1 Tpapukd

KukAwpa KUkAwpa

2To onpeio autd Ba mpemel va elcaxBouv ol 1Bl6TNTEG TOU
HN - YPAUHIKOU KUKAGPATOG. QewpoUle O6TL og KABe eicodo Tou
KN - YPAUHIKOU KUKAMPATOG OUVOEETAL MIA U - YPAUMIKY aYWYIHO-
™MTA Kal un-ypauplkog TUKVWTAG TTou eAéyyovTal ar’ OAeg TIQ
TAoelg Tou mapouaciagovtal oTig BUpeg. AnAadn, oy n-ot BU-
pa gxoupe

g n(t)=1fn (U (), e, un (1)
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AVTIKABLOTOVTAG TNV NULITOVIKY TEPLYPAPR) TwV TACEWV

Ui (t),...,un(t) xat unoAoyiGovtag Toug Fourier 0poug TG £vVTaong
ig,n (1), £xoupe
-
g _ 1 i ’y giAwt’
In,)\_ "-['-' fO dt |g,n(t )eJ w
N
ig 1 T ’ ’ ’ ’ jAwt”
ih = - [ dt fn(u1(t ), Us(t), .. uy(t ))eJ
0
A=0,1,...K
Kat
id ig
ln,0 l1
ig e
. ln,1 I2
id= kat J%=
g i9
Ik N

Ma 1o un-ypapuiKéd MUKVET €XOUNE TNV TIocdTTA QopTiou

an (t) =fqn(u1 (t),...un ()

KaL Tnv avticTolxn £vtacn

Kal aAl opiovtag Toug PpacIBETEG

iq 1 T ’s ’ jiAwt’
19, = ?f dt’ 9 (1) elhe
0

An(t) = Qp o+ Qp g 008 (@H+ Wy q) 4o+ Qp y cos/ (Kot + W )
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Qn,O
C.)n,1 .
. : i 1 , T
Q,= Qpga |+ Omou Qn,)\=Qn,)\ern,)\=?f dt’ g, (t") eidwt
C'Jn,K
gyouue
J9-i0-q
0 a, ig
) 0
Q= , 4= , Jq=
Aw
0]
Kw Qg in

AQOoU TO CUVOAIKO pEeUNA MOU ELCEPXETAL OTO Wn - YPAUUIKO KUKAWUA
elvat

\jz=\jg+\jq=‘jg+j§'q;
and tnv €&, (2) €xoupe

J +dy =0, dnAadn
yoo+dg+d?+j0-g=0 (3)

Mapatnpoupe 611 n €&. (3) Alvel To NMPoéBANUa LEow Tou Kabopl-
ouou Tou dlavlopatog U, €xovrag umdyn O6TL Kal Ta davlopata
d? kau gq kaBopifovTtal eppeca and TG TWHEG TWV CUVICTWOWOV ToU
dlaviopatog U. ZTnV mPaypaTikdéTnTa £YXOUNE UL Un - YPAUMIKA
aAyeBplkn e&lowon nou mpenel va Aubel. H €&, (3) unopel va ypa-
pel Eava g popoen
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F(o)=y-0+dg+d7(0)+iQ - q(0)

Kat {ntoupue TV Alon F (0)=0. Eivalt capéqg to mpdéBAnua autd
uropel va AuBel Le dlapopeg aplOunTikég Hebddoug, OTIWG T.X. 1
néBodog Newton -Raphson, n yébodog Regula -Falsi K.TA.

MNa mv neplypa@n g Hebddou avaAloule oTn ouvéxela v
MEPIMTWOoN evOG KAQOOIKOU KUKADUATOG.

A Vy
Vet
QKo
+ KUkAwpa
Wl
OpiCoupe 1o diavuoua
Vio
Vi
U=
1 1,K
Y411(0) 0
Kat Z=(Y1J)= Yiq,1(0) ) omoTe
0

ormou
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Vi Y1’2(0) 0 0
VS 0 Y1'2((.l)) 0
0 _
V2= y X_1,2= y
0
0 0 0 Yo (Kw)
l.0
|11ej¢1,1
(i1)= . '
]1Kej(P1,K
N T . 7, l T H ’ ’
in= 1?] dtelent’iy (t)= ?O‘I dt’elont’ (enui () - 1)
0 0

He i1(t)=l1,0+l1,1 COS((.l)t+(P1’1)+'1’2003(2(.0t+q)1'2)+"'
+1ygcos(Kot+¢qyg)
I (t)=—Tg (enu1 1= 1)

u1(t)=V1’o+ V1,1 COS((.Ot+llJ1’1)+---+ V1,K cos (Kot + lIJ1’K)

Kal TeEALKA sival

IO ‘T i ’ , . jwt’ . 2wt
T J dtelont (exp (n’(Vy g+ Vy yelut + V; pei20
0

+“'+V1,k ejK‘”t'+ V1'1 e‘j‘”t'+
Vipe 20ty V] cemiKot)) 1)

HE n’=n/2. (4)
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Enopévwg, éxouue tnv eglowon

Y, 1(0) 0o .. 0 Vio
O Y1’1((.0) V1,1
0 0 Y1’1(K(.0) V1,K
Y1'2(O) 0 0 Vi
0 Y2 Vs
+ 0
0 0 Yi,2(Kw) 0
l,0

I1’1 \I

o [T . o S
TI"J dt’(exp(n’(v1’o+v1v1el‘°t+V1’2e12“”‘

0
Ik
1
elot’
+oe+ Vo elkoty c.p))— 1) = | gi2ot’ (5)
elikot’

orou 0.4, eival o ouluyng HIYadikog. .
Zmv €. (5) ayvwoTa peyébn elval oL taoels Vo, Viy, Vi, Vi,

eVl yvopiZoupe OAeg TIG TIHEG TwV Y j(Aw) Kal TG TACELS Vy,, VS.
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AAyodpiBuog Newton - Raphson

Opilw ™ dlavuguaTiky ocuvaptnan

Y11(0) o .. 0 Vio
Yi1(w) Vi
F (V1,O’ V1'1, V1,2"“’V1,K) =

0 Yi1(Ka) ) \Vqk
Y1,2(0) 0 0 Vi
0 Yys(w) Vg
+ 0
0 Y1'2(K0.)) 0

®o(Vy,0)

&4 (Vi0, Vigs- Vig)
b (V0 Vg Vi)

oTou de(...) (i=0,1,...,K) opiCovtaL antd 1o d3eki6 Pépog g k.
(5). H etlowan mou mpoomnafoupe va AUgoupe elval n

F (V1lo, V1,1,V1’2,...V1,K)=0

Kai mmpotelvetal n xprion tou alkyopiduou
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. o (n
K
. oF (Vi g4,...,V
L3 (o) X Vo Vi) |
"0 IV
{n)
V1,}\=V1,;\

‘{"A =n elvalt n n-omg npocéyylong taon.
[[pagovtag ge avolxm Hoppnr v rapandve eEicwon npokuo-
TEL N OXEON

oroy V

' - 9F
aFO a.Fo . 0 \'/(n+1)__\-/(n)
aV1,O av1,1 aV1’K 1,0 1.1
IR

oF aF F

e . . 1 .

8V1'0 BVH aV1,K Vgr'];' )__ Vsr'lz)
oFk oFk s _ gt
V1,0 v, ] \Vik - Vik

FO (V‘I,O: \./1'1,.-.\./1 K)

Kat
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V(1n,51) V(1n,2) oFo . o Fo(Vio, - Vik)
Vi IV
1
V(1n,1+) Vﬁ”% Fi(Vi0:---Vik)
= +
(ns1) - oF « oF g
V1r:; V1r,|K aV1,O 8V1,K FK(V1‘0: yV‘IK)
noo V=i (8)

Zeklvavtag pe n =0 and pla extignon V1 = \'1(10) o aAydpiopog
MPETMeL va ouyKAlvel.
H popon Tou UnMoAoyloTIKOU Tipoypappatos fa sivat

oF 0P
A=V (Aw) By (9)
vy, V1,

20, o [T o o

. A =__.9[ gt’ eitet ‘3 (eXp(n'(V1,O+V1.1ert+"'+

Vy, T Jo vy,

Vg elkoty c.p.))—1)
=— !Trq fT dat’ e“““t'exp(n’(v1,o+ Vijeloty vy elkoty gy, ))
) 0

2n’ Re (elnot)

Mpogoyny: f(z)=z +z*=2Re(z) > of = 2Re (.@E):Q
0z oz

dnAadn



48

20,
V1,

210" T o o
=-_0 f dt'el"“’tcos(uwt’)exp(n(v1,0+ Vqqeiot +))
0

(10)
To OAOKANpWHA auTO Ba MPEMEL va UTTOAOYIOTEL aptBunTIKA.
Enopévwg, npokUnTel 0 MAPAKATW aAyopLlopog:
BAua 1°: Extiolpe cav apXiki mpocéyylon To dldvuopa Tdong:
-(0)

v, ViV (nx v =06V, V=02, Vi) =0 viaa=2,...k)

Brpa 2°: Xpnowortolotpe mv €&. (10) Kal untoAoyiloupe TIG TIHEQ

ach/a\'/‘ffL Kal oTn ouvéxela and my eg. (9) mv af':)\/a\'/ﬂ.

Brijpa 3°: XpnoworoloUe v €. (8) kaL umoAoylloupe TIq TA-
o€elg \'/21}\(}\: 0,1,2,...K).

Brpa 4°: Eruotpépoupe oto Bripa 1 kat ekteAoUpe Eavda Toug

{dloug umoAoyiopoug pBavovTag oTnv V(f;\ (A=0,1,2,...K). Hdwa-

dlkaoia ocuveyilel péxpl va emTuxoune cUYKALON.

2. MH rPAMMIKH ANAAYZH ME MEGOAOYzZ
AYNAMOZEIPON

W =f(u)

— H (i) - e
S(t) ut) \/l wi

YmoféToupe TO Tapandvw clcTnUa oTo oToio €xouv dlaxwpt-
otel 10 Ypaupikéd -eEapTnueEvo and Tn ocuxvotnTa Kat o Hn - ypap-
HIKO TuRUa, 6Twe galveTtal oTo Tapandvw axnpa. Oewpoupe 4TI N
un - ypauuikn eEdptnon divetal and Tn oxeon
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Mapadeiypa:

V(t)

W0 ——W\
|

]
@ T () 2, ()

MovTéAho FET. Av V (t) elval n augopelwon yipw and tnv TiHn npe-
plag, t6TE

f(V)=F(Vgo+V)=F(Vqo)

v V=Ygo 2 dv? V=Vgo

M£Bodog SuvagooeipmVy:

Q Q
S(t) = = 3 Vg qcos(0gt+oq)= = 1V eloat  (12)
q= 1 q:»..Q 2 '
(q#0)
otTiou

Vs,q = Vs,q el¥q, Vs,-—q = Vs,q e~l¥q, W_g=— g4

elval n eicodog o1o clomua. H €£0d0¢ ToU YPAUUIKOU KUKAMUATOG
Ba eival

Q
V(t) = 2 Vg qHliwg) eloat (13)

1
2 q
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omou H{jw_q) = H"(jwg). H éE0d0g Tou cuoTriuatog Ba eival

N
W(t)= 2 w,(t)=i(t) (m.X. pedpa eE650u FET)

n=1
1 +Q ) ‘ n
wn(t)=a, 5 D VS,qH(jwq)erqt (14)
q=-Q
1 2 8 Q
=ap—— 2 X ... X Voo Vg ...V
" 20 4,220 qy=-Q  qu=—q N S9277T A
H(iwgq) Hiwgz) ... Hjwg,)

H 1ad&n g un-ypaupikémTag eivat n. O aplBudg Twv tévwv ui-
&ng elval Q.

MeplnTwon 2 Tovwy
Wy Wy
Wy~ ‘ Wy+Wy
20, ) 3w,
204 —Wy 20,5—wy w

Aléyepon pe 2-T6HVoOUQ. ‘
YroAoylopol yia Toug 6poug n =2 Kat n = 3.
a) Opogn=2

2
2 vs,q1 vs,q2 H(jwq1) H(jqu)
2 qp=-2

l‘er\)

. a
2(t) =2, V2 ()= ==
q1

exp (j(wq1 + wq1)t) (16)

o1ou Wqy = W1, Wq, = W2, ONOTE TMPOKUTITOUV OL dpoL
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— W= Wy, —Wp— Wy, —Wg+ Wy, —Wy+ Wy
—Wy= Wy, —W{ =Wy, =0+ Wy, —Wy+ Wy
W= Wy, W= Wy, Wy+0y, B+
Wo— Wy, Wy—Wy, Wy+ Wy, W+ Wy
EmAoyn twv 6pwv (01 — ws):

i(2m2—m1) =83 (VS,Q Ve, 1 H* (jwg) Hjwy) el(@rmwy)t

+Vy 1 Vg g H* (104) H (j0p) e-i(i-uz)t) (17)

Kal dpa

i(2‘°2““’1)=a2VS’1 VSIQ[H(jw1)H(jw2)| cos ((w4 ~Wo)t+p(wy—wy))(18)
émou

Q(wp—0y)=%Vs =4V o+ X H(jwy)~ £ H(jwy)

8) Opognz=3
2

2 2
_ as : . :
ls(t):&s Vs(t)z —8 2 2 2 VS,q1 VS,QQVS.C{;;
gy=-2 gp=-2 qg=~2

H(jwq1) H(jqu) H(jqu) exp (i (wq, +Wq, + qu)t) (19)

Mapouactalovtal 64 6pol Ye 50% Twv Opwv va £xouv v (8la ou-
XvoTnTa. Znuavrikol 6pol eival autol mou £€xouv guxvoTnTEQ

0.)2+(.l)2""0.)1, (1)1+0.)1—0.)2, (D1+(1)1“(D1,

(.02+(1)2-‘0.)2, 0.)1+0.)1+0.)1, (.02+0.)2+0.)2
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dnAadn 2wy =Wy, 20— Wy, Wy, Wy, 3Wy, 30,

onuavTikoi 6pot

TIapPEUPOANC
1 i(2m2—m1)(t)_ 33.3 \Y; V2 H(iw ) H (j 2
X 3 = — Vs VsalH (o [[H (w2)|
cos ((2wp—wy)t+@3) (20)
. B 3a . ;
Igzm wg) () = _4_9:, vs'2V§,1|H(1w2)HH(Jw1)|2

Znpeio ouunTuEng (intercept): IP

Vs ‘ |
MnT pappikd f

2 Tolxeio —

MeTaBAnTég

EEaoBevnTiq Avaiutig

daouatog
i0102)(t) = ay V2| H (jw) |2 cos ((wy—wp)t+@,)
H katavaAlokopevn 1oxug oto ¢opTio eival

Pz 5 (1572 (0)? Re (Zy (1= 0,))

Ri(wi—w2)

H woxUq elg6dou yia kdbe tHVO eival



Ekppalovtag Eavd v Piyo €XOUUE
Pz =32a3|H(jw)|4R2R P2 _

EVW YO TNV cuviotomoa 2wo — w1 (Tpltng TdENg) éxouue

i(32m2—m1)(t) % azgV3IH (jw)|3 cos((2wp—~ wq)t+ @g)

Kal n avtiototxn Loxuq eivat

9 6 .
Pima= 35 VslH(Jw)IGRL

Me xpnion g €&. (22) €éxoupe

Pua=144a2|H (jw)|8R3R P3

El0

YrioAoyifovtag AoyaplBika HEYEBN TIPOKUTTEL
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(25)

Pz (dBm) = 1010910(32a§ |H(jw)[4R2 RL)+ 2P, (dBm)-30 (26)

Pms(dBm) =1O!og10(144 a5 |H(jw)|8R3 RL)-—60+3PEw(dBm) (27)

Xapalovtaq TIG YPAPIKES TwV UEYEBMV Pipme, Pimas €XOupe v

MapaKkaTw elkodVA:
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P(dBm)

Py 1Py Pgg(dBm)
H vevikn oxéon via 10 n-omg td€ng napaywyo Ba eival (28)
PIMn (dB m) =N PEl0+ CO

Enewdn Pgg = Pro,ee —G OMOU Prp ee N YPAUMIKY 0TABUN £EOB0U
Kat G 10 kEPdoG, omoTe Piyn =nPrp e + Pg. Sto onpelo oupmrtu-
Eng Ba éxoupe

Pimn = Pl'p,sE= P, (29)
Kal ' IPy=nIP,+P{=Pi{=(1=-n)IP, (30)
OFIOTE: Pan=nPrp,BE_(n"‘1)|Pn (31)

FvwpiZovtag 6Tt G = 10log1g (4a? |H(jw)|2 R RL) &xouue

23%
Pim2=10log = +2Prp,35—-30 (32)

81 L
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Pua=101 %% ), a0 60 (33)
= og + -

M3 10 48.? RE Fp,eg
KaL 6Tav Pm2=Prpeer Pima= Pro,eg (34)
, a;‘RL
eival [P2=30+1O|Og10

2a§

(35)

Za?RL
. lP3=30+10|Og1O 32
. 3

3. AIAZYNAEZH ZTOIXEIQN ME AZGENH
MH -TPAMMIKOTHTA

H oxéon rmou ouvdéel TO TAPAYwWYo TAENG n HE TIC OTABUEQ
YPAUULIKNG £§080U Prj ¢ Kal To onueio ouumtugng 1P, eival

P!Mn=nPrp,sE"‘(n"1)|Pn (36)
Kal apopd pia Baduida pe Un - YPAUUIK CUUTEPLPOPA.
‘OTav £xoupe dlaoguvdeon oe oelpd TIOANDV oTolXelwy TTou Sla-

BETOUV Un - YPpauuIkoTNTA, TiBeTal TO BEUa ™G CUVOAIKAG CUUTIEPL-
Ppopag

e

A, A, Aq Ay
P, P, 1P IPou
G Gy Ga G

omou G; elval 1o k&€pdog Kal 1Py eival To onpeio ocUPMTUENG.
Ocwpolpe avegaptncoia and ouxvotnta kal aveEaptnoia twv

HN - YPAUUIKOTATWY PETAEY Toug. EoTw 0Tl Vg ¢g,1 elval n 1aon

eg0dou oTn Baduida A4 Kat Vipmp,1 N Taon evdomapayhyou Tagng n
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otnv €Eodo g “1” Baduidag. H ypapHikn cuviotwoa eE6d0U 0TV

£5030 NG Babpidag Ap elvat ¥ Gy, Vg cp 1 Kal TO eVBOTIAPAYWYO

n-omg Tagng eivat ¥ Gy Vg 1+ Vipn,2- v TeAikn Badpida omy

oty £§odo Ba £xoupe

Vo eeM = Vg ee1 (G2 G- Gy ) /2 (37)
Vin = Vi m + Vimn,M=1V Gy + Vimn m-2V Gy Gy
+"'+V!Mn,1'VG2G3"'GM (38)

MeTapépovTag ta HeyEBn amd AoyoplBuika (dBm) oe ypapui-
KEG oTdBpeg (MW) n e&. (31) vivetal

(Ipn)(n—”:P?‘p’gE/Pan (39)

Yy@hvovtag oTo TETPAYWVO TOUG 6poug Virp g M Kal Viyn, Yid
va BpoUpe TIG WOXELS Prp g5, m KAl Pimn, €XOUPE

1-n)/2 _ (¢ -n/2p=n/2 e
IPI('] n) =(G2...GM) nlzprg'gﬁj (PIMH,M+

(Pin,m—1 Gum) 24+ (P g Goo oo Gy) 2) (40)
H €&. (39) &eixvel 6T n €E0d0g otn Babpida m Ba eival

Pimt,m= 'P“E\n)PFp,am (Go...Gp)" (41)
Tehlkd, avtikaBigtwvtag v €. (41) omv (40), maipvoupe

1-n}/2
Ip(i-n

]
0

511K/In)/2+ (GM IPn,M—-1 )(1—n)/2
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4. ANAAYZIH MH-IFPAMMIKQON KYKAQMATQN ME ZEIPEZ
VOLTERRA

S{t) AcBevég Mn W(t)
Mpappkd KukAwpa

INa ta ypappikd KUKA®PATa €X0UlE

W(t)=f+mh(T)S(t—T)dT.

—o0

ZUppwva pe tov Wiener - Volterra, mpoTteiveTal n yevikeuon

W<t>=j+°°h1<r1>8<t—r1>dr1

— o0

4o0 [ 4oo
+f [ h2(T1,T2)S(t-T1)S(t—'T2)dT1 dT2

0O

+o0 +o0 +oo
+f f J ha(Ty, Tp, T3)

S(t—14) S(t—1y) S(t—T3)dt dTydT,

— 00

e
oo - (42)

orou hp(T1, T2,...,Th) €lval 0 n-0TNg TaGENG NMUPARVAQ.
OpiCoupe TO petaocynuatiopd

+ oo +oo
Hn(w1,m2,...,wn)=f [ iy (Tgs Tosee s Ty)

exp(—j(w1r1+w2T2+---+wnTn))
dt4dT,...dT, (43)

Kal
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1 o0 o0
hn(T1,T2,...,Tn)= j '..J Hn((l)1,0.)2,...,0.)n)

exp (I(@y Ty + Wy Ty++-+ @, Tp))dwydwy ... dw, (44)

2TA TNAETUKOWVWVIAKA CUOTANATA evdlapepodUasTe yla tnv Te-
pintwon glo6dwv

Q

2 Vs qH(ing)elwqt,
q=-Q
(q#0)

S(t) =

=

["la To n-0T1O 6po Volterra gxoupe

1 [t Hee g jo, (t-T,)
Wn(t)=-—f j hy (T4, To,.n, Ty) 20 €9t

Q Q
_ 1 j(‘”q +Wg +---+u)q")t
Hp (0g,, Qg,r s Og,) (45)
[Ma tov umoAoylopd Twv guvapTRcewyv peTapopdqg Hy (w4, ..., wp)

uttoB€toupe TNV eigcodo S(t) =exp(jwqt) +--- + exp(jopt). Atdé ™
ox€an (45) exoupe

J(0y4+05 +-.+ 0, )t
Wn(t)‘w=m1+m2+-~-+wn=n!Hn(m1’w2v"'vmn)e "

I'a To okomd autd avrikaBloToupe Tnv eicodo S(t) oTIg ElOMOELG
TTOU TIEPLYPAPOUV TN UNn - YPApkdéTNTa Kal uttoAoyifoupe Tov 6po
Wh(t) pe ouxvoTNTa @ = W1 + W2 ++-+ + Wp,.
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KE®AAAIO 4
KPYZTAAAIKOI TAAANTQTEZ KAl MIKTEZ

1. EIZArQrH

O xaAagiag kau pepkoi iAol TUmol KpuoTdAAwv Tapouctalouv To
TIECONAEKTPIKO PAIVOUEVO TIOU OUVOEEL UNXavika gawvopeva e nAs-
KTPIKA. Me v epapuoyn fiieong ¢’ €va TETolo KpUOTAAAO TIapousld-
Cetal nAektplkd medlo peéoa ¢’ autd. To pawvdpevo eival aupidpopo,
dnAadn pe Vv epappoyY] NAEKTPlKoU Suvaplkol oTov KpUoTtaAlo ma-
POUCLAZETAL UNXAVIKY] TIAPAUOPPWOT KAL UNXAVIKY] TAAGVTWON 0TV TiE-
pirTwon epappoyng evalhacodpevng taong. Kovtd oTo Unxaviké ou-
"VTOVIOPO, 0 KPUOTAANOG TApouctalel IBIOTTESG KUKA@UATOS LC e
IOAU uPnAd cuvtedeom nowdmrtag Q. Me m xprion evog TETOlOU Ku-
KAQUATOG ETUTUYXAVOUUE EUCTABEld OTn ouxvoTa Aeltoupylac Twv
TahavtwTtav. Evag KpUoTaAog SeS0UEVOU OXNLATOS TIAPOUCLAZEL Un-
Xavikoug guvToviopoUg He TIoAAAmAoUG puBUoUs SIAPOPETIKWLY CUXVO-
™MTwV TaAdvtwong. O xaunAdTepog oe cuxvoTTa PUBUOS ovopaZeTal
«Backog pubBudg», ev ol puBpol avotepng TAENG ovopdalovTal «u-
MEPTOVOL». XTO OYNHA OEIXVOUPE TO LOOBUVAUO KUKAWUA EVOG KpPU-

Ls
_T;]_: CDZF R,
:}— Cs
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OTAANOU YIa TNV TEpPloXn] evOG GUVTOVIONOU. OL UTTOAOLTOL CUVTOVL-
opoi, 6VvTag apkeTd pakpld, dev ermpedlouv 1o loodUvauo KUKAwUa.
O ouvToviopdg olvdeong ge gelpd pag divel Tn ocuxvomTa

]
2m JiL ¢

S

EVQ) O GUVTOVIONOG TIapAANANG oUVBEONG Blvel fp = fs(1+ Cg/Cp)!/2

Kat n Slagopd cuxvomTtwy elval Af =fy—fg=fs(1—(1+Cs/Cp)1/2). H
avTioTtaon Rg KaBopilel To cuvteAeom nowdntag Q = 2nfg Lg/Rg. Zuvn)-
Bwg f, =~ 1.01 fg kAL oMV TEPLOXT) AUTH) €XOUHE ATOTOUN aAAayn ™G OUv-
Bemg avtlotaong wgddou, 6Twg delxvoupe OTO GYNUA TIOU aKOAOUBEL.
H anoToun peTaBoAl Tou |Zin| BeAnidvel my euotdbela g ouxvo-
mrag Aeitoupylag Twv TahavtwTv. KpuotaAlol pe Bacikd pubuod xen-
oiormolodvTal péxpl m ouyxvemta 15 MHz, evd yia ouxvomTeg nNavw
arnd 150 MHz xpnoorololUvtal ol pubuol avetepng TAEng. ApKeETEQ
(POPEG YIa eTTEUEN HIKPNG METABOANIG TNG ouxvomTtag Aeltoupyiag
TAAQVTWOTOV XPNOWMOTIOUVTAL WKPAG TIHAG TIUKVWTEG CUVOEDEUEVOL
apdAAnAa yia va emteuxBel pubulon mg ouxvoTnTag CUVTOVICHOU.

Zin

N )
iy .

100
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2 TO enopevo oxnua deixvoupe eva amnd Ta 1o cuvnllouéva Ku-
KAQOUATA KPUOTAAAIKOU TaAavTwTn, Omou emiong mapati@eTal To
loodUvVapo KUKA®KUA. Ipdpoule TIG OXECELQ

Cg Ro
HO Voo
G D
o
Rg ——Cq¢ s r
d
Cus Res Ro Cp
d
Zy
yfsvgs
Vgs=lzc+(|"yfs Vgs)ZO (2)

Vgs (1 — Yis ZO)
Zo+ ZC

OTOTE N PaAlvOUeVN aywylétnTa Yy eival

o 1+ Vg5 Zo
ZO+ZC
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lNa va éxoupe TaAQVTWON TIPETIEL

(Yi+YN)Vge=0 (5)

Kat emewdn) Vgg # 0, mpénet Yi+ YN =0.  (6)
YT00£TOVTAG Yis = Ofs + Jo, PPlOKOUpE atid TO Pndeviopd Ttou
TpayuaTtikou uépoug g napamnavw eglowong tm oxéon

G+ Re ((1+0¢ts Zg)/ (Zg+Z.))=0 (7)
H évapEn talavi®oewv otn Statagn rou etetaloups sival pa un -

YPaupiky dladikacia. Apxikd, 6tav epappooTel Tpopodoaia OTO KUKAW-
HQ, EXOUHE Ugs = 0 Kal N Saywyluod™Ta Yis = grsp Elval HEVIOTN, EVD

9ts = 9ts0 (1 = Vasa/ Vp) (8)
Ots
9tso
Vp VGSQ @ Ugs

Epooov elval gsgg >Ré1 + R51, gxouue &vaptn TaAavIwoewmv.
H Tt ™g Vgsq Kabopifetal and tnv mponyoluevn ocuvelnkn ta-
Avtwong (7) ye v avTikatdotaon ™g €E. (8). H Tdon ugs €£Xel
OTIYHLaia TN

Ugs =Vgsq + Vgsm Cos (0t).

Mla ugs >0 éxOUHE TIEPLOPLOUO TNG TAONG, Ugs = 0.8V (omoTe apxi-
el n enagpn GS va Ayel pelpa) Kal ETIOHEVRG

Vgsm + VGSQ =0.6 Kat Vgsm =0.6 — VGSQ =

KOpUQpT —0g —Kopupn dlapopd Taong: Vgspp =2 Vgsm
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e KataoTtaon Hoviung Aettoupylag éxoupe (BAéme 100dUvapo
KUKAWUA)

I=VngN=_ngYi=> V0=(|—'yfs Vgs)ZO

onoTte

VO='—Vgs (Yi+y]=s)20=> Vop_p=2VO=VgSp,plYi+ny, IZOI

Ol mapanavw oYECEL] EXOUV TIEPLOCOTEPO TIPOCEYYLIOTIKN onuaaia.
Ma To Abyo auToé Ba mpémel va epapudlovral péBodol SoKILmY Kal
dlopbwoewv ot oxedlaon Tahaviwoewy, eite oe TEPIBAAOV Tpo-
oopolwong eite og TPAYUATIKEG KATAOKEUEG. 2TA EMOUEVA OXNATA
dlvoupe evaAAaKTIKOUG TUTIOUG TAAQVTWTWOV LE KPUOTAAAIKA OTOL-
xela.

L
1 1 —_ ;i §
—=C; R— Cq
Ci_ g I ’_— -1 +
T L, Sh O T Ve
Tahaviwmg Colpitts Tahavtwmg Miller

2T oxedlaon kait uAotoinon TalavtwTwv Ba mpénel va Aaupa-

vovTtal uréynv Ta mapakatw npdobeta anpeia:

— Eival cwoté n €£0d50¢ Tou TAAAVTIWTY va arnopoveveTtal and To
popTio LE eVIOXUTH 0dnyou gKTOMTTOU.

—~ [ enitevgn euotdBelag otn ouxvoINTA TAAAVTWONG Hropei va
xpnollomoindel ocrabepormoinon ™G Bepokpaciag Tou KPUCTAA-
AoOU [e Xpron eIBIKOU «@oUpvou» e BEpLOCTATN.
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2. BPOXOI KAEIAQMATOZX ®AZHZ (BK®)

O Bpoxol KAEWBWPATOG paong xpnolpomnololvtal oe eupeia KA
ugka, TéCo yia TNV napaywyrn TaAAvTOOswY e oUXVOTNTA TIOAAQ-
NAGola evéG KPUOTaAAKoU TaAavtwTtrh, 600 Kal yla Tnv avanapa-
YOV Oonudtwv Tou  avixveuovtalr amd éva dekmn. H apxn
AclToupyiag Twv BKO divetal 010 mapakdtw oxnpua.

’ Vg+ Vg

|

|

VSY fS’ eS

N

©

Vg, for 8 TaAavtwmg

H ouxvomTta fg oy £€50d0 Tou TaAavtwTn KabopideTal and mv
TAon e106dou Vy + Vg oTov taAavtwT. 2V ei0od0 0 pwpaTng yi-
vopévou divel oav €E0do TO ylvépevo Twv dUo OnHATwy, Tou otoiou
N CUVICTMOA XAUNAWY GUXVOTATWY odnyeital otov éAeyxo Tng ou-
XVOTNTAG TOU TAAQVTWTH. XNV TEPIMTWON TMoU O BPOX0G £XEL KAEL-
dwoel, elval fg = fb, evd n dlagopd paong 65— By KabBopifeTal anéd Ta
XAPAKTNPLIOTIKA TOU pweaTh yivouévou. ElodyovTtag €va dlalpét ou-
XvOTNTAg (Ynoplakd) omy £E050 TOU TAAQVTWTY) N CUVENKN KAEBW-
Hatog eival fg=nfg, 610U n gival o Adyoq dlaipeong ocuyxvoetnTag.

Fpappikn Avaiuon twv BK®

F(s) Ky
fs dopartriq KatwdiaBatd .
IMvopévou A ®iATpo Evioxumg
fot 1y
VCO

2av Qwpatéqg YlVopEvou XpnolporololvTal dlaTtagelg e pn-
Ypappika otolxeia. Xtnv mpafn xpnowornolouvtal diagopol TUTOL
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PwPATOV YIvopéEvou. XwpiG va elcEABoUPe oTn ¢Acn autrh oTIC TII-
Bavéq PopPEG pwpaT®V Yvouevou, n €5oddg Toug aroTeAsital
anod 1 piEn Twv dvo onuatwy e106dou, TWV oTmoiwv To NMAdToC &i-
vetal and Tn oxeon Vg =f(8¢), HE B = B4~ B, OmoU B4 Kal B eival
Ol OUVAapTACELG PACELG TWV dUO MNUITOVIKOV ONUATWV.

Zav Katwdlapatad ¢idtpa prropolv va xpenaoldoroindolv eite na-
BnTIkES elte evepyEQ SATAEELS HE OUVAPTNOELG HETAPOPAC, ONMWCS

_ 1 , K1 +715s)
B P AT ©

TalavrwTég pe éleyyo ouyxvoTntag amé taon (VCO)

Mmopolv va avantuxBolv talavtwteg (VCO) pe yprion d16dwv
varactor. XTnv mepinTwon auth n cuxvotnta e£6dou ouvdéeTal e
v Taon elcddou V4 HE TN oXEON

orou fg elval n ouxvotnta egodou, f; n ouxvéTNTa €AEUBeEPNS Ta-
Advtwong kal Kg 0 ouVTEAECTAG HETATPOTIG TaAavTwTr. H ouvdp-
T™TNon ¢acng omv £€£0d0 Tou TAAavTwTA divetal amd Tn oXEon

e(t)=jt(wf+Am(t))dt=wft+Go(t) (11)
0
orou
t
eo(t)=J dt Aw (t) (12)
0

apopd Tnv oAiobnon amd tn ouyxvdTnTa eAelBepng TaAdvtwong.
Ao Tnv €&, (11) propoupe elkoia va ypdyoupe

dBy(t)
dt

| v
=Aa(t)=KoVy 1 eo(s)=Ko—-S—d- (13)
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OTtav éxoupe kAeidwpa tou Bpoxou (fs=fg), n V4 €xel oTtabepn) Ti-
U1, eV, étav o BK® mpoomnabei va kAeldwoel, Adyw g dlapopdg
fg~fo # 0, n Tdon petaBaiAeTal yia va erutuxel TV LlooppoTiia Tou

Bpodxou.

Zuvaptnon Metagpopag KAeioTou 8péyou

H ouvapmon petapopds 8o (s)/8s (s) Hag deixvel mv avtidpaon Tou
BK®. H tdon e106d0u tou VCO elval Vg =V F(s) K, =f(8g) F(s) Ka.
AvtikaBiotovTag f(Bg) =Ky 0g, He mv Tapadoxn F (0) = 1 éxoule yia
To KEpdog dc

Ve V
K,=KyK Ko= & —d Aw
8, V. B¢
omodte and v . (12) €xoupe
8o(s) =K, 08, (s) FL8) (14)

S

OpiCoupe oa cuvdptnon petapopdqg Tou avolxtol Bpdyxou

T(s)= 04(s)/0,(s)=K, F(s)/s

Kat amod Tn yvwoTth axeon tng Bewplag avddpaong rpokUrtel

His) = Bo(s) _ 1(s) __KyF(s) (15)
T B4(s) 1+1(s) s+K,F(s)

Opiopoi peyebwv BKO

Meploxn ouykparnong (Meploxr KAEWOOUATOG 1) TEPLOXY] CUYXPO-
viggou). Av n ocuyxvotnta fg Tou ONpatoq e€L068ou PeTABAAAETAL
apyd Eekvvtag amd tn ouxvomrta eAelBepng tahdviwong fr n
ouxvoTNnTa TOUu ONpatog £§ddou fg Tou VCO Ba «mapakoAouBei» To
onua fg pé€xpL To onueio mou n ywvia B¢ Anolalel oty T + /2
N £ avaloya ge tov TUMO QwpaTth ywvouévou. MNa pwpatn yivous-
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vou e cuvaptnon f(8g) = KgsinBg €xoupe sinBg = Vg /Kg= Aw/K,.
a va gxoupe TNV 1BLO6MTA f(—0¢) = f(B¢) KL df (B¢)/d6; >0, 1 Te-
ploxn Aettoupyiag eival —m/2 <8¢ <m/2. Opifoupe TNV TEPLOXNA
KAeldoparog £ Awy =+ K. Me Tov {S1o Tp6TIO pnopolue va uro-
Aoyicoupe Tnv TEPLOXN] CUYKPATNONG Yid AAAOUG TUTIOUG pwPATOV
YWWOUEVOU,

Avéaktnon kAeildwparog Av n ouxvoTnTa TOU CNUATOG EL06S0U fqg
dev elval {on pe ™ ouxvotmTa eAelBepng taldvtwong fs, o BK®
Ba avakmoel To onpa eloddou Kablotwvtag fg=fg, €9’ baov n dla-
popa fg—f; dev elval «moAU PeydAn». Mevika n meploxn aut) eivat
(wg —wf) <t Awy. H Sadikacia eival gn-ypaupikn kat cuvesTn.

Meploxn Avaktnong. Av n dlagopd ouxvédTnTag (Ws — W) EUTIMTEL
otn ¢wvn 3dB Tou KatwdaBatol PidTpou (dnAadh ™G ouvapTnong
HeTagopag H(s)), o BK® kAedwvel o dlApKela evog KUKAoU, Xwplc
va €xoupue dlEAeuon TTOAAATIAGV KUKAWV. H PEYLOT TEPLOXH avAkTn-
ong eival £ Aw ==K, T2/(T1 + T2). Opifovtag wp = (Ky/(Tq+ Tg))”2
Kal § = wp (To + 1/K)/2 €xoupe, Aw =+ 2Tw,.

Mepioxn 'EAENG. Ze meplntwon mou n apxlkn dagopd (fg—ff)
BpiokeTal €§w amd Tnv mMeploxn avakmong aAAd péca oy TePLo-
XN EAENG, N £5000G TOU PpwpPaTn YLVOUEVOU TIAPOUCIAZEL ouvIoT®MoA
dc Kat n €§odoqg fg mMAnowalel v fg. H meploxn £AEng sival
Bwp=+V2 (2w, Ky - 02) 2.

TakavTwtég 8pbdyou (VCO)

Av kal ouviiBwg xpnoldoroloupe tov 6po VCO (EAeyxoc auyvod-
™mtag anéd 1don) MOAAEG POPES XPNOWOTIOIOULE TANAVTWTEG EALY-
Xou guyvémTag and €vraon pelpatoq. NMoAAEG popég ol XPNOlUo-
noloupevol  TAAAVTwTEG  elval  TtUmou  «moAudovnhi»  Tapd
«NULTOVIKOU TAAQVTWTI» TIOU HEAETNBNKE OTO TIPONYOUUEVO KEPA-
Aato. O €Agyxog TG ouxvotnTag 0t TOAUdOVNTEG He évTaon 1
Taon (He ypappikd TpdTo) elval o eUKOAOG MApd g NUITOVIKOUGQ
TAAQVTWTEG. 2T0 oxNHa Selxvoupe &vav amd Toug IO CUVNBLOUE-
voug TtaAavTwTeg. Flpodkeltal yia actadn moAudovnTt) kal n SLdaTagn
TOU OYNUATOG TEPLYPAPEL TNV apxXn Aeltoupyiag.
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YTnioBétoupe OTL apylka Tto Tpaviiotop Q4 ayel eved 10 Q) &i-
vai oe Cll'[OKOl'[r'].‘ O nukvwq C QopTileTal pe TNV TIOAWON TIOU
QaiveTal oto oxnua. Kabwg @optifetal 0 MUKVWTAG, odnyel TO
Q4 oe amokomn kai To Qp odnyeital og aywyn. O éAeyxog g
ouyxvoTnTag eruTuyXdvetal pe v ailiayn g taong Vpg. TNV
TPA&n xpnoigormololvTal KUKAGPATA OTWwG autd Tou gaivovTal
OTO Tapamndvw oYAUA Kal KatagkeudfovTtal oav OACKAnpwpéva
KUKAQuaTa.

EvaAAakTikég pEBOSOL EAEYXOU GUXVOTNTAG TAAAVTWTOV efval
LE TN xpnon d316dwv varactor.

dwparég Mvopévou: H ulomoinon pwpatv YIVOUEVOU UTopEl
va yivel pe Slagpopoug TPOTIOUG. 2TO TIAPAKATW OXNHA JEeiXVOoUulEe

Ug j:- E{qt_

DFF ——/\/\/\T
<

Y d [ 1*
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«Pnplakd» TpoéTo vAotmoinong. H £Eodog evog dL-oTtabr rnmoAudo-
vnTh odnyeital e avaloylkd oAokAnpwTr. H KatagTtaon Tou moAu-
dovnT KaBopifeTal artd T™n gelpd EAeuong Twv TAANQV oTig dUo
elg0doug tou D-FF. To amotéleopa eival 6Tt omnv £€8odo FF n
avaAoyikn oAokArpwaon rapdyel tdon availoyn g dla@opdg ou-
XvoTnTag TWV £1060WV Ug Kal Ug.

EvaAAakTikr) péBodog elvalr auty tou rapakdrtw oynuaroc. To
onua el0030U Ug £XovTag apkeTh LoxU odnyei ta Tpaviiotop Qgs,
Qe 0 aywyn MANpwG (Kopeopo) 1) oe artokory (availoya pe tnv
noéAwon Ttou). ‘Otav ta tpaviiotop Qz, Qg dyouv, Té6Te TO pelpa
Tou CUAAEKTN Tou Qg Sl€pxeTal and tnv avtiotaon Rgo. AvrtiBeTta
4tav aAAGEel n MOAIKOTNTA TOU Ug,TOTE Ta TpaviioTop mou ayouv
eival Q4 xat Qs Kal 1o pevpa péoa artd TNV Rgo SEpXeTal HEOW

Ve
R
ct § Res
Ug + Vg
Uo
[
Raq
Us Q1 Q2 VBB
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Tou Q4. Me Tov TPOTO autd £XOUNE UE = UgUg Kai, Ttaipvovtag
ouviotwoa (paopaTtikn) fg —fs, MPOKUTITEL N emBuunT) £80d0g.

Epappoyég BKo

O dlatdEelg BKO Bpiokouv eupeia epappoyn oe TOAAEG epap-
HOVEG, OTIWG T.X. KATAOKEUT TAAQVTWTWOV HE KPUOTAAAIKN €UCTA-
fela, avantuEn @IATpwv PEYAANG ETMAEKTIKOTNTAG, KATAOKEUN
anodlauopPwTOV PAcng, avaknon onpaTwy gEPoUcag Kal poAo-
yiou.

TakavtwTég BK®

fo/ (NNo)
f00 bO
Metpnmg —
by
fo/ N
=N Prescaler
fo
oy VCO
s

AOYW ™G 1B16TNTAg BK®, £xoupe

foo =fo/(NNp)

fo =NNgfgo

Exovtag ™ ouxvoémTta fgg HE KPUOTAAAIKY EUCTABELA Kal £av N TL-
un Tou Ng aAAaZet and Ng = Ng1, €xoupe éva Pn@plakd eAeyxouevo
TAAQVTWTH.



L FFodoc

} Wneptakn AeEn

%N

0

Fo

"““+N1

X

25 KHz

for = 8N25 = 200 N (KHz)

Aéktng FM
Tahaviwmg
VCO, Varactor
+8
+ 494 + 593
‘onoTe
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Xpnowomnolwvtag ca pecaia ouxvotnta 10.7 MHz éxoupe Anyn
otnv mneployr) 88.1 —107.9 MHz.

OAicBnon guyvornrag

Etodog
VCO

%N

VCO

f0=fr+fx

0(dC)

of,
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3. MIKTEZ

Ol HikTEG £ival Un YpappIka oTolxeia mou £€xouv okord va napd-
Youv ofjpata pe ouxvomTa fq +fo 1) f1—fo yla dUo orjpata 630U
HE avTioToxeg ouxvoTtnTeg fq Kal fo. ZTO EMoUeEvo oxnua desixvou-
HE éva un-ypapuikéd otolxelo mou dieyeipetal and dUo mnyég Ta-
ong. Eotw 611 n oxéon elgd6dou-eEODoU £XEL TN HOPPN

lg(t)=lg+au+b(U)2+c(U)+--,

émou lg eival 0taBepd pelpa. ZuvhBwg ol dpot TaEng ( )3 kat avw
HTtopoUv va ayvonfoulv, ondTe, av

U=Uy+U, 1 U=V, cos(wyt)+ Vsycos(wyt),

E£XOULE

ig(t)=lg+aV,cos(wyt)+aV,cos(wyt) + bV?cos2(w1t)
+b V3 cos2 (wyt) + 2b V, V, cos (wqt) cos (wot)
=lg+aVqcos (wyt) +aV,cos (wat) +bV3 (1 +cos(2w,t))/2
+bV3(1+cos (2wyt))/2 + bV Vy(cos (wy = wy)t)

+bV Vycos((wqg+wy)t)

2uvnbwg emBupolpe otnv €E0d0 TOU MIKTN TN OuvIoTO oA
(w1 —wy), omoTE, amnopplrtovtag W éva QIATpo otV ££050 OAeQ
TIG AAAEG OUXVOTNTEG, €XOUHE ig(t)=bV Vo cos((wq—wa)t). Ze
MO YEVIKO TAaiolo UropoUpe va PEAETIOOUPE TN dpdon TOU WiKTN,
UTtoBETovVTag cuvexn QAacuata elcO6dWV yia Ta ONHATA Uy KAl Us.
YrmioBe€tovtag ta onfjpata fq (t) kai fo (t), €xoupe
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£ (t) =J+mGi(f) exp (121ft)df, G (f) =f+mdtfi(t) exp (~ j2mft)

—0 00

viai=1,2, onote

fo(t) =ty () fa ()= Go<f>=f+°°e1 (A) G (F= A)dA

——0C

HE £QAPUOYN TOU BewpPNUaTog avéAENG.
Av unobegooupe 6Tl
f1(t) = Aqcos(wit),
onoTE
G1(f) = A1(B(f —f1) + B(f —f1))/2,
EXOUNE

A
dh 1 (B(A=11)+ 5 (A+11)) Bp (=N

A
- _21 (Gp(f=F1)+ Go(f+f)).

I'vwplfovTtag 6Tt n pacpatikiy ouvapmon Go(f) €xet pn UNdevIKEG Ti-
uEC, TOogo via f >0 600 kat yia f <0, éxoupe TNV NAPAKATw £Kova:

G (f)
~fy fi

I

—f—f1 '—f+f1 f"‘f1 f+f1 f



Twv RF (padloouxvotntag) kat totukou talaviwtn (fLg), emAéyo-

VTAG TO KUKAWHA gUVTOVIOPOU va éxel ouxvotnTa TaAdvTwong

H anAfl auti ddtagn mapouctdZel PeloveKTANATA, OMwe To 6Tl

EXEL OXETIKA UPNAG cuvteAeotn BopuUBou, peydAn eEaocBivnon ue-
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OTO OYNHa.

N
L1
far

H rto amAn didtagn piktn priopei va kataokeuaoTtel onweg gaivetal

W

fir

+
L

fiF =
2n

{Lc

e}
H Wig&n emtuyxdveTal pe TNV TAUTOXPOVN TaApoucia Twv onud-
=far~fLo-

RF
RF

Tatpormg and onuata RF oe IF, un aropévwon petagl Twv onua-

Twv RF kat LO kal toxupn mapoucia g cuxvomTtag fi g oty ££0d0

nl}j]
;||i]|——|

JFET

TOU KUKAWUaTOg. O TUMOG Tou HikTn ovopdleTal [ovoTeEpuaTIOUE-

voG. Mikteg autou Tou TUTIOU WTITopoUVv va KATACKEUAOTOUV UE TN

XPNon evepymv oTolxeinv, 6Nwg paiveTal 0To MAPAKATW oXAUA.
®opTio IF

MOSFET
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Ma mv anopdvwon tTwv Mywyv RF kat LO xpnoworotolvTal pi-
KTEG HOVO -L00ppOoTINEVOL 1§ BLMAA - Looppornuévol, tou Ba eEeta-
OTOUV TIOPAKATW.

Opiogog HEYEBWV HIKTDV

IF
(dBm)
6 - ETubuunt
Etodog
20dB e , ) ,
MNapaywyo tpimg Ta&ng yia
dUo TOVoUg el00douU otnv RF
/ | ] )
1 ] i

0 3 6 RF(dBm)

1) KépSog Metatponng. EivalL o Adyoq oxvog IF (ecalwv cuyvo-
THTWV) IpoG TNV LoXY el06dou RF (apvnTikog aplpog ce dB).

2} ZuvteAeoTtg BoplBou N¢. loxlel o (Blog oplopdg e autov TWV
EVIOXUTWV.

3) Amnopévwon. Eival n petapopd loxvoq peTagl twv Tplwv Bu-
pwv evog plktn.

4} ZXuumicon Merarpomig. Eival n otdbun RF (dBm) oty oroia n
£€080¢ ToU UIKTN TapekAeivel and T YPAUUIKOTRTA KAl HEL®-
vetal Katd 3dB and Tt YPAUUIKY OTABUn.

5) Auvapikn Meproxn. Eival n neploxn otdbung RF oty ortoia o
uiktng Aeltoupyel Ypappika.
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6)

Napapoéppwon evdodiaudoppwong duo TOVWYV - TpiTng TaENGg. Zav
MapapoPPWOoN EVVOOUUE TNV ERPAVION Un ETIOUUNTOV TIapay®-
Ywv. 2Tnv nepintwon nou 1o gnpa RF amoteAeital and dvo
nUITovika onuata fq kat fo, 10 ONRpa pecaiwv CUXVOTNTWV
2fp —f1 —fg eppaviletal oav napdywyo TpitNG T4ENng duo ToO-
vwv. H dapopd otdbung tng emmbuunmg eE6dou mpog v ma-
paywyo tpitng TaENg xapaktpidel T YPAUUIKOTNTA TOU WiKTN.
Znueio olpmrwong. Acixvel m otddun RF kal IF, dnA. 1o onusio
0TO oTolo oL dUo eubeleg TEUVOVTAL (BAETIE TAPATAVW OXNUA).
AmevaioOnoiomoinon Tou pikTn. Eival n anwiela k€pdoug HeTa-
TpoTNG mMapouacia apeBdAAlovTog onuaTog.

Napapoéppwon Aoyw appovik@v evdo -3iapéppuong. Zuppaivel
Ab6Yw mapouciag nmapaywywv pe ocuxvotnteg mf g £nfre.
Napapoppwon Aéyw Sia-3Siapdéppuwong. Eival n enidpaon omyv
eloodo RF, étav éva dlapopPpwpévo onpa ennpealel éva adla-
HOPPWTO oMua.

loopponnuévor Mikteg A163wv

2TOo TMApakATw oxnpa deixvoupe TN dATagn evog Wikt woppo-
MnUeEvou pe 4 d1odoug. 2tnv TpdEn n datakn autn ovoudletal
TTOAAEG POPEG KAl Looppormnpévog dlapoppwtig. To ofjua Tou To-
kol TAAavTwTY Tou epappédeTal oTa onueia aa’ Bewpolpe o1l &l-

O

Ulo

T G’gﬁ Ug

.1][‘}__q
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val OPKETA LlOXUpO hote va odnyel TIg d6doug oe MAAPN aywylpd-
NTA KATa Tn BeTIKY mepiodo g TAONg OTa akpa Twv d16dwv.
Emopévwg, g mp®TN TIPOCEYYLoN, ol diodol cuunepipeEpovTal oa

/t
Sm\ / W

t

U

SlakomTeS. ANoTEAETRA eival va TIPOKUYEL N KupaTtopop®l Tou na-
partdvw oxiuartog otv avtiotaon R. To neplodikéd arpa S(t) pro-
_pel va avarntuxBet oe gelpa Fourier, 6nwg

+ sin{nmt/2)

1
sth=75
Nn=1 nﬂ/z

cos (nwyt),
oTIoU wq = 21fLg. MNa Urp(t) = Vrcos (wRrt), £xoupe

Ug (t) = Upg (1) S () = Ve cos (wpgt) %+ 21 E'I‘-ﬁ(?”[-/i‘z/i) cos (nwgt)
n= .

= Vppcos (wppt) / 2 + cos (wpet) cos (wot) (2/1) Ve
+ Vpecos (wgpt) (~2/3m) cos (Bwpt) +- -+,
OTOTE N OUVIOTOOA (Wo— WRF) Ba €xel MAATOG

cos ((wRg~ wg)t) Vge,

U (f) = 71_[—
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Tou mpérnel va arnopovwBel and Tig umdlolneg Apuovikég W' éva

QiATpo., MelovéEKTnUA TOU HOVO-LCOPPOTMUEVOU WIKTN eival

oTt

gxoupe oV €£o0do Loxupn cuviot®oa RF. BeAtiwon tou pikm au-
Tou aroteAel o SIMAA -1coppoTUévog UIKTNe Tou diveTal oTo ENO-

UEVO OXNua.
1 1P
™~
D,
> 8 & = E
Urr
Dy
L1
I\JDa
-Ug+

Uio

To woxupd onua ug odnyel katd ) pion nepiodo Tig S16doug
D{— Do evd otnv emduevn pion -nepiodo Tig d3165ouc D3—Dy. Me

TOV TPOTO auTd To onua RF moAAanAactdleTal ye 1o onua
To To
+1 ya nTgy- - <t<nTgy+ >
S{t) = {

To
-1 yua nTg+ - <t<nTg+T

vian=0, £1 2, £3,...

AvantiooovTtag v ouvdptnon S(t) oe cewpd Fourier, £éxoupse

S(t)y=2 Ei-rﬂwcosnm 1),
(t) n§=:1 g (nwiot)

onoTe 1o onua ug(t) BelokeTal 6T eival
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Ug(t) = 2V g cos (wget) .ﬁ. cos (0 ot)
+ 2VHF coSs ((J)RFt) coSs (swLot)+
2
= F VHFCOS((wLO—wRF)t)"'"'y

oTou napoualalovTat Povo ol appovikéG nf g £ fpp, HE N=1,3,....
H 31atagn Tou JINMAG LooppPOTNUEVOU HiKTN eival EUPEWS XPnOoLlo-
ToloUpevn oV TPdgn. Xa HETACKNUATIOTEG XPnoorolouvTal oTIq
padloouyvotnTeg mnvia oe Topoeldeg oxrpa. Ol ouviBelg TIHEG
Tou eppavifovtal otnv npdén eivat: kKEPdog petatpormg =—6dB,
ouvTeAEOTY] BoplBou 6 <+ 8dB, aropdvwon Lo — Ry ~50dB kat dla-
QopPa oTABUNng embupnToU—Tapaymywy duo Toévwy ~50 +60dB.

MNpoB8AipaTta avemeuuNTWV oNpATWV

TN cuvéxela meplypddovTal Tda Kipla averbuunta onuata oy
-Urtopolv va epPaviotolyv otnv £€£0d80 £vog pik.
1) Anyn oe ouyxvétnTa eldwAou: 2Tnv £i0od0 Tou WHIKTN £XOUUE le-
TATPOTI Og [eoaia cuxvomTa TwV onuaTwy Tautodxpova otav

f“:=|f|_0"‘f;“:' = lfLO—fﬁFl .

H anoppn ™mg ouxvotntag eidwAou propel va yivel He xprion
¢iATpou oty elcod0 TOU WIKTN.

flo
f%F fR—FT TfF:F

LO

2) 'Otav &xouple onpa elc6dou fip 010 piKM Ba €xoule €8odo omv
Bla ouyvomrta, Adyw Tou 6Tl 0 kNG Ba AetToupyel oav evioXumS.
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3) 'Eva onua ewgédou pe ouxvomta (frp/2) eppavidetal oy £Eo-
b0 pe dIMAaolacpd Kal oTn cuvéxeld yivetal piEn pye 1o onua
fLg. To idlo prtopel va ocupBei pe ocuxvomta fig/2 kal va gpepa-
viotei oty €Eodo guxvétnTa fiE.

4) Av o Tormkég TaAavTwTig €Xel ouviotwoa 2f g 1§ o Blog pikTNg
mapdyel pe evdodlaudppwon cuvictwoa 2f g, T6TE Uropouyv va
npokUyouv €Eodol otnv IF yia onpa ewoédou 2f g = fik.

Ta napandvw pn embupnta napdywya propouv va Kartarle-
oToUv HE Tn xpron Babuidwyv emMAOYNAG TIPLY To HIKTN Kal e v
eTTteuEn ypappIkdTNTAG OTO HIKTN.

MixTteq Tpavliotop (Evepyoi Mik1eg)

Av Kal ol pikTeg TOU TUTIOU auToU Tapoudldfouv uPnAd képdog
(BeTikG) peTATPOTAG Kal Pikpd ouvTeAeoTr] BopUBou, Tapoucidlouv
TITWYXN YPAUMIKOTNTA KAl KPR Suvapikh mieploxn.

Mapakatw avaAloupe TN U YPAUULKY] CUUMEPLPOPAE UIKTOV &iTe
TUTou pe 816douqg eite pe Tpaviiotop. YTMoBEToude TA ORuaATa
RF, LF uj(t) = Vjcos(w, t) (j=1,2). Exoviag tn un YPAaupiKn ou-
vapnon petapopdq

ig(t)=1g+a(Vycos(wqt)+Vycos(wst))
+b(V;cos(wqt) +Vjycos(wyt))?
+c(Vjcos(wyt) +Vycos(wyt))3
-
TIPOXWPWVTAG OTIG AAYERBPLIKEG TIPAEELG, EXOULE

ig(t) = g+ aV, cos (wqt) + aVy cos (wyt) + 121 (v3.v3)

" g_ VZcos (204t) + _g_ V2 cos (2w,t)
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+ bV1 V2 COS(((D1 + 0.)2)1:)

+bV, Vp00s((0 —<»2)t)+(34_C Vi 32 v, V%)cos(wﬁ)

#[32 Vg3 V%Vz)cos(wgt)+ S Vicos(3uy)

. V3 cos (wpt) + 32 V2V, (cos (201 + wp)t)
+ 08 ((2wq—wy)t))

* %C_ V{ V2 (cos((20, + @1)t)+ cos((20y— 01)1)) .
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ue

KE®AAAIO 5

AEITOYPT'IKH NEPITPA®H TOY
NMOMMNOAEKTH STANDARD C

To unoé eEétaon olotua emikolvwvel [le Tov eEWTEPIKO KOGHO
Ta MAPAKATW ondaTa:

Exknéunel omv meploxn ocuyxvotntwv 1626.5—1646.5 MHz éva
onua pe Slapdppwon paong (BPSK = Binary Phase Shift Keying).
AauBavel ofuata otnv neploxn cuxvotmtwv 1530—-1545 MHz
napdpola e auTd TIoU EKMEWTIEL.

H ouxvétnta ekmopurmq Kat Ajung (oTig {wveg Tou Tpoavagpep-

Bnkav) kaboplfovtal amod {a Ynelakny AeEn 12 bit, Ta ornola npé-
TEL VA TapgxovTal and Tov uroloylot), pe tov ornoio 8a ou-

vepyaletal o TOUTIOOEKTNG.

Me éva bit mAnpogopiag 6a mpémnel va opiletal Katad moéco o
nmountodekTng 6a Bpioketal oe kKataotaon EKT[OIJT'[T]Q n Ayng.
Apa €youple Aettoupyiag half - duplex.

H Aaupavopevn nAnpogpopia eE€pxetal and 1o oUOTNUA OE [OpP-
¢N celplaknig Wnoelakng nAnpogopliag 600 bps.

To onua mou Ba exkneppbel mpémnel va mapéxetal and Tov UTto-
Aoylom) |e porj 600 bps.

ETopévwg o moumnodEekg, eKTOC and Td MAPAKATW oNjUata, Ael-

ToupyYei og Heydlo Badud autovopa. EKTog amnd ta napandve onua-

Ta

£L0080U-eEGS0U eTlKolVWVIAG, TA KUKAD®UATA TIOU TEPLYRAPOVTAl

TAPAKATW TIPETEL va TpoPpodoTnBouv e KATAAANAEG TAoelg dc.

To Aeltoupylké BlIAypalpad Tou TOUrTodEKTN mapouctdletal oTo

oxnua 5.1. Enedn o moundg-3EKTNG Aettoupyel oe mode half
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duplex, oe pia dedopévn oTIyUn To cuoTtnua BpiokeTal site oe Ka-
TAOTAON €KMOUTIAG eite o0& KATAoTtaon ARYng.

Meptypdgoupe apxlkd Tn AelToupyia TOU CUOTAPATOG CUVOTTTL-
Ka:

a) AeiToupyia Tou moutoG

H Unouakn €lcodog mou TMPoépXeTal arnd Tov UTOAOYLOTH odn-
yeltat o' éva dlapopewTr, 0 omnoiog napdayel atnv £€£o0dd Tou £va
onua dlapoppwuévo Katd @don, avdloya pe v Ym@lakn TAnpo-
popia mou eloéxeTal 0To KUKAWHA. Za cuxvotnta £eE6dou Tou Sla-
HaoppwTn £xel erAeyel 126.5 MHz. O tpénog nmapaywyng meg da-
HOppwong TapoucldleTdl HE AETITOUEPEIA TAPAKATW Ot &ISIKNA
napdaypagpo. Eva Bacikd KpLTplo oTnv eTIAOYH TWV CUXVOTATWV
OTIG aAuoideqg moumoU kal dékTn, urmpée n 600 TO duvatov anod
KOlvoU Xprion TwV TOTUKWV TAAAVTIWTOV TOU OEKTN, ev® €XEL An-
POel p€puva yia TNV amoPuUYn NG cuxvoTnTag €l3WMAOU TIOU UTto-
pel va untapyxet amnd eZwtepkn napeuBoAr. Xuvexilovtag otnv aAu-
olda Tou mopmnou, To onua Tou efépxeTdl amd TO SLAPOPPWTY
odnyeital ge Hiktn, o omnoiog eriong dé€xeTal onpa amnd éva ToTiKO
TaAavtwTr synthesizer, Tou omnoiou n ocuxvoétnTa elval otnv meplo-
X1 90—110 MHz pe Bnua 5 KHz., O éAeyxog g ocuxvotntag yive-
Tat ge 12 bit. H £€E€0d0¢ Tou WK TIOU TpokKUMTEL and Tn dadkacia
HIENG €xet ouxvoTnta

f1=126.5 + 90 + k 0.005 (MHz),

omou k=0,1,2,...,4000 avtinpoownelel To diauho oTov ortoio Ba
yivel n eknoumm. Enopévwg, 10 onua e£6dou and 1o Wikt £€xet ou-
xvotnta and fiq, =216.5 MHz péxpt fim = 236.5 MHz. Eivalt npogpa-
VEQ OTL and To WK mapdyeTal Kat n cuxvomTa dlapopds Twy dUo
guxvotATtwyv. O evioxumg IF mou akoAouBe{ petd amd to WK,
eneldn eival guvtoviopévog oty meploxn 216.5-236.5 MHz, kata-
mégetal onuavTikd. O evioxutq IF €xel ké€pdog 10—-12 db. Itn ou-
véxela akohouBel delTtepn Babuida avaBifaonc ocuxyvomTtag. Me Tov



85

(Blo TPpoTO, TO Ofjua TOU TIEPLEXEL TNV TIANpopopia Kal To onua ard
éva Totuké tahaviwt) ouxvétnTtag 1410 MHz odnyolvtal ¢’ éva ui-
KTn, HE anoTéleoua va TpokUYel éva onfpa mmou £Xel ouxvoétnTa 1O
aBpolopa Twv dUo onuatwv eloodou. AtoteAeoua autoU elval 6TL o
EVIOYXUTAG Loxvog odnyeital Y4’ €va onua mou UMOopEl va €XEL oUXVO-
™mTta anod fop, = 1626.5 MHz péxpl fop, = 1646.5 MHz.

Mpwv odnynbel To onpa omnv Kepaia, evioyletal anod £va ypau-
HIKO evioxuti Tou n €Eodd6q Tou @Bavel omn OTABUN LloxUog
40 dbm. Xe mepintwon Asltoupylag Tou TIOUMOU 0 JLAKSTIING aué-
owg Tply and To KUKAWHA KUKAIKAG TOAwong, Bploketal ce B€on
TTou ouvdéel v €500 TOU TIOHTOU e TO mapanépa cuotua. To
KUKAWHA KUKAIKAG TOAwoNG Aappavel 1o onua uygnAnig woxlog Kal
TO UETATPENMEL O TEOOEPA onpata tou (dlou MAATOUG TOU £xouvV
OXETIKY pdaon 0°, 90°, 180° kat 270°, Ol eEodol Twv TECCAPWY dl-
aUAwvV odnyolvTal O KePAia n OToia EKTIEUTIEL TA CHPUATA OHOLOKA-
TEUBUVTIKY, dnuioupy®vTtag €va JeflooTpopa KUKALKA TIOAWUEVO
KUMa akTivoBoAiag.

8) AeiToupyia Tou BEKTH

H kepaia mou avagepbnke napandve xpnowlonoleital kal ya
AqUN. Me ™ BoriBela TOU KUKAGOHATOG TAPAYWYNSG KUKAIKNG TO-
Awong AauBdvovtal Ta oNUaATA TIOU £X0UV Oe&lOOTPOPN KUKALKN
néAwon. MNa ™ ARYn onpdtwy o dlakoTIng Tpénel va BpiokeTal
oe B€on AYng. MNa v andéppn yn embupNTOV oNUATWV EKTOG
ccbvné xpnowonoleftal (wvortepatd pidtpo 1530- 1545 MHz. >1n
guvéxela ya eniteugn kavoroinTikng eualcdnociag xpnolpomnolei-
TAl TIPOEVIOXUTAG XaunAou BopuUBou. Oa mpenel va avapepbei 6T
N AVAYKAOTLKY] XPNOLWMOTIoN SN TWV KUKAMUATOV KUKALKAG TIOA®-
ong, dwakom T/R kalt gidtpou unopel va pelmvel v eualcon-
ola, mpdyua nou mpénel va npooexbel Waitepa. Metd amnd evi-
oxuon 34 dB, 1o orfjua AYng umofiBaZetal oe pecaia ocuxvotnta
120-135 MHz pe T Bonbela torukoUu TtaAlaviwt) 1410 MHz.
'Onwg oToV TOUNO £TOL KAl 0TO OEKTN To onpa ARYng kupaivetat
arnd ™ ouyxvotnta 1530 MHz péxpt 1545 MHz kal dUo dadoxikol
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dlaulol €xouv andataon 5 KHz. Na 1o Adyo autd To elpog Io-
VNG twv pecaiwv cuxvotitwyv AnWng eivat and 120 MHz péyxpt
135 MHz. N va ¢Bdcel 1o onua peoaiwv CUXVOTATWY OE IKAVO-
TOINTIKN oTABUN toxUog, evioxUeTal amod €eVIOXUTH He KEPDSOQ
65 dB.

EmAoyn tou embuuntol dlavlou yivetal pe mapdpola diartatn,
OTwG oTOoV TOUTd, Ue Tn Borifela ToU OfjUATog Tou synthesizer kal
pikn.

Tautdxpova yia v auotnenl €AoYy Tou emmBuuntol StavAou
Xpnoworoleital KPUCTAAAIKO  QIATPO HE KEVTPWKY ouxvotnTa
30 MHz. Z1n ouvéxela, To ofua Anyng odnyeital oe Tpia KUKAGUA-
TA TIOU CUYKpoTouv TO urocUomnua anodiauéppwaong. H anodla-
HOppwon yvivetal Katd cUYXPOVO TPOTIO KAl ETMOHEVWS, ETITUYXA-
VETAL N KaAUTepn amnddoon amnd MAeUpdaq €AAxIoTou onuatoBopu-
BlkoU Abyou yia dedopévn TOavOTTA GPAAUATOG.

Onwg galvetal andé v napanavw meplypadr, ol dvo aiuoi-
8eG XpNoWornololyv dUo KOvoug TOTIKOUG TAAAVTWTEG. O MP®TOC
Aettoupyel om guxvomra 1410 MHz Kal €xel KPUGTAAAKY guCTA-
Bela, evtd o BelTEPOG TOTIKOG TAAQVTWTAG elval tumnou synthesizer
Kal €xel avantuxBel pe v apxn Phase Lock Loop. Ma mv mne-
PALITEPW TIEPLYPAYT, BlAKPIVOUUE TO OUCTNUA OTA TIAPAKATW UTTO-
ouoThuaTa:

. Attodlapoppwtg BPSK.

. Alapoppwtg BPSK.

. EvioxuTtég peoaiwv ouxvothTwy.

. Mikteg-Tahavtwtég 1410 MHz, 116.5 MHz.
. Tahavtwtig Synthesizer 90-110 MHz.

. Evioxumq woxlog.

. Mpoevioxumgq.

. ®iATpo el0ddou.

. KikAwpa KUKAKAG ToAwong.

O W N O 0~ WOWN =
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10. AlakonTng uPnArg ocuxvomtag T/R.
11. Kepala ekmopmmq - ARYng.

T
A

f, = 126,5 MHz
PAZMATIKH KATANOMH
4000 ZHMATQN
Kavéiia Znpa

MAnpogoplag  216,5 - 236,5 MHz 1626,5 - 1646,5 MHz

H L |

Y 126,5MHz :
EEoBoq f (ouxvomg)
Synthesizer

IX. 5.2. Kupldtepeqg KUPATOUOPPESG TOU TopTIOU.

[plv MpoXWENCOUKE TNV avaAuon Twv Tapandve urmoouotn-
pHatwv, Ba mapouclacTtolUV CUVOTITIKA Ol KUPHATOUOppEG ot Jld-
popeg Babuideg Tou cuoTpATOG. ZTO oxnua 5.2 delxvouue cet-
pA KUPATOUOP@ OV TIoU LoXUOoUuV Yld TOV MOUMO, evd, avtioTolya,
Ol KUUATOHOP(EG TIou LoxUouv gTov dEKTN divovtal oTto gyniua
5.3.
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180° 0° ZHMA AHWHEX

MALAAM L
R

T
R

1 0 0 1 SHMA ®QPASHS
SHMA AEITMATOAHWIAS
1 0 0 1 WH®OIAKO SHMA EZOAOY

Zx. 5.3. KupldTepeg KUPATOUORPES TOU BEKTN.
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5.1. AmodiapoppwTtig BPSK

To unocUotnua anodlapdppwong aroTteAe(tar andé Tpla nAe-
KTPOVIKA KUKA@UATa Tou sivat:

a) KukAwpa avakmong pEpouoaqg
B) KukAwpa avaktnong poAoytou Kat anodtapdppuong
v) KUkAwpa autduatou eAEYX0U KEPSOUG KAl pwpaAang

ApXIKQ, Ba gEnyrooule tn AstToupyla Tou anodtaloppwT oe eTli-
nedo Aeltoupylk®v dlaypappatwy, onwg dlvetal oto oynua 5.4.

ANAKTHSH
®EPOYIAS
AYTOMATOZ
EAEFXOS KEPAOYS
'IDIV
KPYSTAAAIKO
®IATPO
ANAKTHZH _
POAOTIOY EZ0AOZ
KA 0
ATIOAIAMOP®QSH

Ix. 5.4. Ynoouotnua anodtapoéppwong BPSK.

To onua pe evdidueon ouxvomrta 30 MHz odnyeital apxkd og Kpu-
OTAAAKO @IATpO TO oTmoio Kavomolel T ouvaptnon HETAPOPAS Tou
divetatl oto oyxnua 5.5.

To @iAtpo autd €xel kataokeuaotel and v etalpeia OPT. Zko-
oG tou pidtpou elval n emAoyr tou embupntol Kavaitou. H dia-
dikaola auth meplypdpetal oty napdypago 5.1.2. ZTn OUVEXELD,
To oA ARYNng dStépxetal and pia Satagn autopaTou EAEYXOU KEP-
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doug. To ofua mou eEEpxeTal arnod To KUKAWHA auTOMATOU eAEyYOU
KEpdoug pe oTtabepomonpévo TAGTog odnyel U0 KUKAGMATA TTOU
glvat a) To KUKAWpA avaktnong gépoucaqg Kat B) To KUKAwHA avd-
KTNong poioytou Kat anodauéppuwong.

To KUKAwPa avékmong gépoucag avadnuioupyel He akpifela to @é-
POV NUITOVIKO OMua, eV TO SeUTEPO KUKAWNA —AVAKTONG POAOYIOU KAl
aTTOdIAUOPPWTNG ~ AvATIapAYeL T YPNPLaKd onua pe olyxpovo Tporo.

2Tn ouvéyela MeplypdPoune T AelToupyia TWV TPLOV KUKAWUG-
Twv Xwplota.

5.1.1. KOkAwua autéparou eAéyyou KEpdoug

To NAEKTPOVIKO BAYPAUPA TOU KUKAGHATOG AUTOMATOU EAEYYOU
Kepdoug diveTal oto oxApa 5.6. Apxlik& to onua digpyxeTtal anod
gvav etaocbevnt) (PAS-3), Tou omnofou n amnooBeon eivat eAeyxo-
Hevn pe Téon. XTn OUVEXELWD TO ONua odnyeltal og évav evioxuTn
LCM 733, tou omnofou n €§odoq ocuvdéetal pe To Slapétn toxlog
(PSC-4-1) 1:4. O 3Uo £Eodol Tou dlapéTn 1:4 odnyouv To HiKT
TSM-1, o ormolog AstToupyel MAEov ca pwpatig. To onua phpa-
ang evioyuetal anod TPelg TEAEOTIKOUG evioxutég LM 741, To onua
efodou amd Tov TeAeutaio ocuvdéetal otov eEaocbevnty PAS-3.
EkTdg arnd Tto onua ¢wpaong, n Taon eAéyxou tou eEaobevntn pe-
TaBAaAAeTal e dU0 TIOTEVOIOUETPA Yia Tn puUBULION Tou onueiou Ast-
Toupyiag Tou efacBevnti. MeTpioelg Tou KUKAGUATOG deixvouv
OTL grutuydveTal pa duvaplki meploxn rmepinou 45 dB (ueTaBoAn
eEbdou <2 dB) kal To ouykekpyéva amdé —60dBm  pExpl
- 15 dBm. Ot £Eodoi unopel va AngBolv elte art’ subeiag and To
dlaipétn 1:4, eite petd and evioyxuon anéd évav evioxum LM 733.

5.1.2. KikAwpa avakTnong ¢p€pouoag
Avaykala rpoindbeon yia v anodlapdpPpwan ToU ONPaATog An-

yng elval n avdktnon g pepoucag Twv 30 MHz. MNa 10 okord
auTtd xpnowoTiole{tal To KUKAwUA Tou oxnuatog 5.7. H Asttoupyla
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TOU KUKAMMATOG EXEL WG €ENG: ApXIKA TO onua SlEpXeTal amnod évav
evioxuty LM7838 kal otn ouvexela e Tn Bonbela evoq pikn, Aay-
Bavoupe TO YIVOUEVO TOU OAUATOG HE TOV £auTO TOU.

Ankadn, edv 1o onua eival

a(t) cos(wt),
gxoupe

a2 (t) .;_ +a2(t) - cos(2wt).

ATIolov®VOVTAG TN CUXVOTNTA 2w Kal eneldn az(t) =1 (10 a2 eival
n+1n—1), éxoupe éva onpa otoug 60 MHz mou eival aveEapmTto
and T dlapdépewon. MeTtd amnd Vv mapaywyn TOU ONHATOG
60 MHz, akoAouBouUv dUo Babuideq evioxuong LM 733, peta&ld twv
omoiwy £xel ouvdebel ocuvToVIONEVO KUKAwPa oTtoug 60 MHz. To
onua autd odnyeital oe €va KUKAwRA «Z0yxpovou TaAaviwTi» TO
omolo avanapayel ™ PEpouca otoug 30 MHz. Zto Napdaptnua !l
divoupe meplypady TnG AelToupyiag Tou KUKA@paTtog autoul. H &Eo-
d0¢ AaupaveTal §lauéoou evoq eEaoBevnt kal {wvodlaBaTtol ¢lA-
Tpou.

5.1.3. KUkAwpa avakrnong poAoylol Kar anmodiauéppwong

To KUKAwHa autéd anotelei mv TeAeutala Badulda g aiuoidag
AqUYNG. To KUKAwpa de€xeTal dUo el0odoug: (a) v eloodo amd To
KUKAWUA auTopaTou eAéyyou képdoug kal (B) v eicodo amd 1o
KUKAWHA avaktnaong gepouaag.

Av Ta dUo autd cnuata elval

(@) af(t) cos (wt + )
Kalt
(B) Ao cos(wt),
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otV £€£0do amd 1o HiKTN Ba €xouue TO onHua

;_ a(t) Ag(cos (@) + cos (2wt + @)).

AnoppinTovtag To onpa NG ouxvomTag (2w), EXOUNE OTNnV €§080
To onpa Ag a(t) cos@/2. Na BeATIOTN £50d0 mpemel va €xoupe
¢ =0, dnAadn va £€xoupe TAUTION TNG pAONG Twv dUo onuatwyv. H
lOOTNTA QUTH eTuTUYXAveTal eUKOAa yia tn ouxvomrta 30 MHz, pe
i TEXVNTN YPauun dikTudpatog Ttunou 1 C-L-C 1) T, n onola
Mpémnel va €Xel TIHEG TwV TIAPAHETPWY £TOL MOTE TA MAPATAVW
dUo onuata va €xouv v {dla gaon, dniadn ¢ = 0. YrnobETovTag
OTL Ta dVo onpata (a) Kat (B) éxouv tnv Bla ¢daon, n £¢£odog ard
To piktn SBL-1 (oxnpa 5.8) €xel HEYLOTN TIWA. ApXIKA To ohipa
gvioxUeTtal anod pa dlatagn TeAeoTikoU evioxuTr 5539 kat, agpou
agalpefolyv ol CUVIOTMOOEG UPNAMY CUXVOTATWY, TO onua odnyei-
Tal OTOV OCUYKPLTH avaAoylkov onpatwv LM361. O ocuykplmg
LM361 dexetal onpa otpoBou 10U xpnolpomoleltal yia mm AfRym
arépaong oto KEVTPO Tou mediou KABe Yngiou (decision circuit).
Ma va yivel n napaywyn TOoU onupartog oTpofou (detypatoAnyia),
xpnowornoleltal pla mapdAAnAn aiuvoida avaktnong poAoylou.
ApXIKa TO onpa odnyeltal ce évav avaAoylké TAAL OUYKPLTA
LM710 kal n ynowkrn ££0d0g odnyeitat 010 OAOKANPWUEVO
LM 565 nou elval kUkAwpa PLL (Phase Lock Loop). Me 10 KUKAW-
pa LM 565 avanapdyeTal TeTpaywvikd orjua mou Bpioketal oe ¢a-
OlKN oUPQwvia Je TO onpa poAoyloU Tou ocrupatog ARWwng. INa va
yivel n SewypatoAnyia oTnv KATAAANAN OTLYUY], TPETEL VA TIAPEN-
BAnBel éva KUKAWUA KaBUOTE- pniong Ue eAeyyOuevn KabBuaoTepnon.
ZTo oynua 5.9 deixvoupe TIG SLAPOPES KUPATOHOPYPEG TIOU LOYU-
oUV vla To ev AO6Yw KUKAwpa. H peTaBAnth KabuoTtépnaon erLTuy-
¥aveTal e Tn Xpnon Twv dUo HovooTabuwy moAudovnTav 74123,
Me Tov mpwTo MoAudovnTr Tou 74123 mapdyetal n emBuunTh Ka-
BuoTépnon, evw o delTepog TToAUdovNTG XPnooroleital yia tnv
napaywyr oTevoU TaALoU, o oroiog Ba dleyeipel To CUYKPLTN
LM 361 oa onua otpdpou.
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IX. 5.9. InuaTta Tou KUKAMPATOG avdaktnong poAoylol kat SetypaToAn-
Wlag.

5.2. Aiapopopwtiig BPSK

ZKoTdG Tou SlauopPwTn elval n mapaywyn Tou avalovikol on-
HaTOG TOU TPOKEeLTAL va HETAPEPEL TNV Ynoelakh mAnpogopia. H
JlapoPpPWoN ETUTUYXAVETAL HE TN XPNon evog Qwpatn YIWVOHEVOU,
onAadn Wik, cUpewva pe Tnv apyn mou deixvoupe oTo oxnua
5.10. Ot npodlaypapeg ToU cuoTHUatoq opifouv O6,TL TPETEL va
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EQAPHOCTE(, TOCO OTOV TIOUTNO, 600 Kal To SEKTN dlapdppwong ¢a-
ong, Binary Phase Shift Keying (BPSK). H Taxutnta pong tng oel-
plakng nAnpogopiag eival 600 Ynoila ava deutepodienTo (bits per
second). 'Onwg ¢galveTal Kat oTo AeITOUPYIKO Sldypapua Tou oxn-
patog 5.10, to onpa dapdpewong MEokKUnTel YETA amnd pa dadt-
Kaola ywvopgvou kal avaBifacn oe ouxvomTa.

@ 116,5 MHz

TAAANTQTHS 1
MIKTHE
@ ® ] 126,5 MHz
e ¥4
[ 4
10 MHz ‘

WHOIAKH MAHPO®OPIA

‘ v
--- {- «~P 600 bps

-V

Zx. 5.10. Awaudépowon BPSK.

O TaAavtwg Twv 10 MHz anoteAeital anoé 2 nuieg 7404 mou
gxouv ouvdeBel ce 6l1ATagn avddpaong He KPUOTAAAO Twv
10 MHz. Metd ané evioyxuon Loxuog (0dnydg ekrnopumou) kal andp-
puWn TWV apHOVIK®V, TO OHHA ToU TAAAvVTWT) odnyeltal o’ éva pi-
KTn turou SRA-8 tng MINI-CIRCUITS. H ynolakn eloodog amd
™ BUpa A (oxnua 5.11), apol BEABeL amnd dUo TUAeg dpvnong
yla Adyoug amnopovwang, odnyeital oe pla nuAn XOR tng omnoiag
n AAAn eicodog mpoépxetal and tnv £fodo Q evog Flip-Flop
7474. H éEodog tng nUAng XOR elwgépyeTal otnv gicodo D Tou
Flip -Flop. Me Tov Tpdémo auTd napdyeTal €va onpa Ynelaké TTL
To omoio aAAdlel Ao 1 —-01n 0— 1, édtav €xoupe HeTaBOAN oV
Wnolakn etoodo.
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To onua TTL mou, and mAeupdq taong, eival LovomoAlkd, odnyel-
Tal oe £€va dlagoplkd evioxuTth, Tou omolou n avaoTpépouaa eigo-
d0¢ €xel oTtabepr] TAON MOU ETIAEYETAL e &va TIOTEVOLOUETPO. Me
TOV TPOTIO AUTO ETUTUYXAVOUHE TNV TApaywyr] evOog CUUUETPIKOU
Og TIOALKOTNTA ONUATOG, TO OTIol0 PETAPEPEL TNV YMPLAKY TIANPO-
¢opla. To onpa autd odnyeital oe €va anAd katwdaBato @idtpo
mou €xel moéAo otoug 800 Hz kalt oTn ouvéxela oto WikTn, 6TOU
Aaupavel pépog o MOAAAMAQCLAON6G TV U0 oNpATWV. ZTnV £Eo-
80 Tou piktn DRA-8 mpokunTel éva onpa pe pépouca cuxvotnTa
10 MHz kal To omolo moAAanAaocialeTal pe + 1V 11 —1V avtiotol-
Xa, avaloya pe tnv £€§50d0 Tou evioxuTh 5539. MNa v andppupn
TWV ApHOVIKOV TIAAL XpNnOtLorioloUUe éva oe Oelpd CUVTOVIOUEVO
KUKAwPa. ZTo deltepo Hiktn SBL-1 odnyolvtal Ta onpata: a) to
dlapoppwpévo Katd BPSK 10 MHz kat B) pa ¢épouca 116.5 MHz
mou rapdayetal arnd €va GAAO KUKAwpa pe tn HéEBodo moAAdTAQ-
olaopoU Kal meplypagetal otnyv mnapay. 5.4. H teAeutaia Baduida
artoteAeital ard ocuvtoviopévo evioxuty RF pe kevtpikn ocuxvotnta
126.5 MHz.

5.3. EVIOYUTEQ MECAIWY CUXVOTATWYV

Ol npodlaypagpeg mou Ba MpETel va pel n ev Adyw EVIOYUTIKN
dlatagn eival a) éva kEpdog meplinou 60 db kat B) erudoyn Mg Jo-
vng ouxvotitwv 120-135 MHz. Me dedopévo o1l n o1ddun e1god-
dou dev Ba unepPaivel Ta — 90 dbm, n PN anaitnon eival duva-
TOV va kavoroinBei e Tnv oe oelpd TOTIOBETNON HEPIKWY EVIOYU-
TIKOV Babuidwv TpaviicTtop (UkpoU onpatog). MNévre TéToleg Bab-
Hideq pag divouv kavomoinTikd kK€pdog. EE' altiag tou yeyovotog
OTL n {wvn cuxvoTNTWV elval apkeTd otevn, n delTepn anaiton &i-
vat duvaTtdyv va kavomoinBel e Xprion SUVTOVIOUEVOU KUKAGUATOC
BiEAeuang Twvng LC. Ou AemTopépeleg TOU apopouv TOGO OTO
oxedlaopod, 600 Kal 0TnV Katagkeun g ddtagng avagépovrtal na-
PaKATW. ZT0 oXAua 5.12 napartifetal 1o KUKAWPA ™G didTta&ng mou
TEAIKA uAoTioenkKe.
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fMapatmnpwvtag 1o oxfua 5.12 BAérnoupe 6TL n 6An dldtagn aro-

TeAeital and TN o oelpd TOMOBETNON MEVTE EVIOXUTIKOV BaBuidwy
TPAVEioTop (HIKPOKUMATIKOV, HIKpoU cnuatog, BFR91) tdEng A.

Aq eEetdooupe avaAuTikOtepad Hla Tétola Babulda. Xto oxniua
5.13.a, éxoule KUKAwUa autoTtoAwong tou Tpaviiotop Q, evid oTo
Thevenin.

oxfhua 5.13.B amAomnololpue To KUKAWHA NG Bdong He To Woodlvauo

T Vee

=n  nz NEN
C R C
B b Vee
i — i v T
I Iy
E E
§R2 '—..F'V
a B

Zx. 5.13.

YmoAoyiCoupe to onueio Aeltoupyiag tou tpaviiotop Q: Atd TO
KUKAWHA TOU CUAAEKTN €XOULE

—VCC+lCRC +Vce=0=>
Vce =VCC '—100 lcc

AVTIKABLOTOVTAG TOPA TO KUKAWHA TG BAONG HE TO LOOSUVaHOo Ka-
T4 Thevenin (oxiua 5.13.8), éxoupe
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Ro
V= — =V =091 V,
R1+R2
Ro Ry
Rp= —2— =R, =4710Q.
R2+R1

Ané To KUKAWPA NG Baong oto oxnua 5.13.8 €éxoupe
V= IB Rb+VBE=> 4710 |B+O.7 =091 =

Iy =44.6 yA.

Emlong, yia to Tpaviiotop Q oxUeL n oxéon |, = Blg Kal, Aaupavo-
VTag Hia TUTIKA T yia 10 B = h¢e = 100, €xoupe

l,=10015=1,=4.45mA.

Apa TeAIKA TpoKUT. ‘el

Vgg=11.554 V.

Ta nnvia RFC mou ¢aivovtal oto oxiua 5.12 mapouctalouv uPmAn
avtioTaon ot RF ouxvomTEG KAl XPNOWOTOLOUVTAL YId ArtOKOTH| TWV
RF onuatwv amnéd 10 Tpaviiotop omv Tpopodocia. duoikda, eriTpé-
rouv Tn di€Aeuon dc peupdTwV mapouclalovTag XaunAn avrtiotaon.

O nukvwTég Cq 1ou xpnolonololvTal yia mm Zelkn Petatl Twv
Baduidwv, elval kepapkoi xat, €& altiag ™Q TIUNG TNG XWPENTIKOTN-
TAG Toug, erTPEToOUV TN JlEAeuon RF onudtwv xwplg onpavtikh
etacBevnon.

To ohokAnpwpévo IC elval evag otabepomnontiq Taong 12 V kat
Xpnowornole{tal yia Tov auotnpd Kaboplopd ™G TAONG TPOPOdo-
olag Twv evioXUTIKOV Babuidwv.

H emAoyi ™g fwvng ouxvomitwy 120-135 MHz yiveTal ye
BonBela Twv dU0 CUVTOVIOUEVWVY KUKAwPAaTwy LC. Eival yvwotd
OTL, £va QUVTOVIOPEVO KUKAWHA LC oe napdAAnAn clvdecon mapou-
olalet udnAn avtiotaon oe cuxvdémTEG YUpw amd T ouxvotnTd
CUVTOVIOHOU TOU
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1

onfLCc

To vyeyovdg auTd €xeEL 0a CUVEMELQ Ol cuXvOTNTES Tou Bploko-
vTal EEw amd QUTAV TNV TEPLOXY va Yel@vovTal, EVE ol cuXvoTn-
Teg YUpw antd v f va gupavifovtal oty £€E£odo (Ue kamola BéBRala
eEaocBevnon).

Ot petapAnTol TUKVWTEG TIOU XPNOLHOTIoOOnKav £xouv XwpenTl-
k6TTa and 12 pF wg 40 pF. ‘EToL, yla va erutUxoule ) ouxvotnta
ouvToviouoU f oTo ECO NG Cwvng, dnAadn f = 127.5 MHz, 6a nmpé-
el To TNVio va £€xel autenaywyn L = 0.06 pH.

AUoTUX®G OUWG, OE AUTEG TIG OUXVOTNTEG OL dldQopol eUNEeLpL-
kol TuTol yla tov kaBoplopd Twv dlacTtdoewy Twv mnviwyv dev ma-
pEYOUV KavomoInTikA akpiBela. ETol, Aowmodyv, £yivav moAloi melpa-
patiopol ywa Tnv elpeon Tou KATAAANAou mnviou, To otmolo
anoteAeltal anoé 6 onelpeg dapétpou 4 mm Kal prikoug 1.2 cm. El-
valr 3 @pTlaypévo and olppa maxoug 1 mm ia TNV anoQuyn Twv
ETUMTOOEWY TOU ETUSEPUIKOU PaALVOUEVOU.

Me mapopola TpoéTo PTIAXTNKE Kal 1o Tnvio L4 rnou, pall pe tov
HETABANTO nukvwT™y C, pooapudlel v eicodo ToOU evIOXUTH Ot
50 Q. ‘

TéAog, JeyYGAn onpacia d366nke oTn Bwpdkion g dATAEng, T6-
oo and emdpdacelg Tou TEPIPBAAAOVTOG, 600 Kal and aAAnAemuidpd-
Oelg HETAEU Twv Babuidwv. H Bwpdkion auth éylve pe QUAAA XAA-
kKoU maxoug 1 mm.

f

5.4. TaAavrwtég 1410 MHz, 116.5 MHz

Ma mv katackeur) Tou tTahavTwT) 1410 MHz xpnolomoménke n
HEBODOG TOAAATIAQCLACHOU TOU ONATOG KPUOTAAAIKOU TAAQVTWTH.
To AsiToupyikd dldypapa Tou KUKAGHaTog divetal oto oynua 5.14.
To onua vevvntplag 47 MHz pe kpuoTaAAlkny eucTtddela apylka
noAamnAacialetal emni 5 kal, apou evioyxubBel Eava, moAlamiaold-
Cetal emi 6. To TeAkd onua pe ouxvotnta 1410 MHz digpyeTal ano
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CwvodlaBats ¢iATpo yia TV andppupn TV Un eTOUUNTOV onua-
TWV Kat odnyeital gg €VIOXUTH Yld TNV TTApaywyn CHUATOG WUE LKa-
VOTIoNTIKY) oTAdun oxvog. H meplypadn Tou TaAaviwTth uriopei va
vivel oe tpia Tunpara:

a) TpApa twv 235 MHz,
B) Mikpokupatikd ¢iAtpo 1410 MHz,
Y) MIKPOKUPATIKOG EVIOXUTNSG.

Meplypdpoupe ta TUARATa EeXwploTd. To OUVOAIKS block dla-
YPapua padi pe v egRynon tTwv dlapopwyv CUNBOAICUOV TIOU XPN-
olportololivtal gpaivetal oTo oxfiua 5.14.

a) Tuphipa Twv 240MHz

2’ autd TO MPWOTO TUAHA PTAVOUPE UEXPL TN OUXVOTNTA TWV
235 MHz, Eekivvtag mavra andé 7 MHz kal xpnoonolovtag v
1316 Ta TOU MOAAAGTAQoladpol ouxvoéTnTag.

Onwg ¢aivetal ané 1o oxnpa 5.14, 0To TUAUA AUTO Mepléxo-
vTalL:

a.1) évag KPUOTAAAIKOG TaAaVTWTNG oToug 7 MHz (BF 494),
a.2) £vag moAAamnAaclacTig ouxvoemnTtag (npwto BFY 90) kat
a.3) €vag evioxutig RF xapnAnig toxuog.

a.1) KpuotaAAikdg TaAavTwTig

Me Bdon to mpwTo Tpavliotop Tou eival To BF 494, 1o omoio
HTopel dveta va epyactel otoug 47 MHz, é€youue KaTaokeudoel
€vav KpuoTaAAKS TaAavtwTh. To NAEKTPIKO OXESLO TOU OXAUATOC
5.15 eival Baclouévo Mavw oTO ATAOTIOINKEVO SLAYPAUUA TOU OXN-
uHatog 5.16, to omolo eival anaAlaypevo amnd TI§ AVTIOTACELC TIO-
AWONG Kal Toug SLAPOoPOoUG TIUKVWTEG.

2Tn Beon TG avTloTacgewyv Zy £€xel TomoBeTnBel £éva mapaiinia
ouvTtoviopevo @iAtpo LC otoug 7 MHz, oTn 8€on ™g Z4 0 TUKVW-
TG 22 pF Kal otn 6€on ™G Z3 0 KPUOTAAAOG HE TOV TUKVWTH
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BF 494

i 12p
= TN
47p
] —rn L =0,233 pH
48MHz 1 ah
22p
TN

<

Z¥. 5.16. AmAonoinpévo dlaypappa Tou TUAMATOS Twv 240 MHz.

12 pF. Z0pgwva pe 60a €xouv avapepbei, BewpnTtikad propei va
gulmepdavel Kaveig O6TL oL avTloTagelg Z4 Kal Zs ntapouclaouy xw-
PNTIKY cupneppopd, evd To cuvtoviguévo LC Ba napouaialel ena-
Ywywkn. Ot avilotdoelg 68k, 15k, 470 Q xpnolgetouv yla va mno-
AwBel To TpaviioTop otV evepyd Meployr, EVR Tpopodoteital and
To oTtaBepornowntr Taong 78L08. O otabBegpomomtig autdg aTabe-
pottolel v Tdon Tpopodooiag tou BF495 ota 8 Volts kal xpnot-
pomoleital yla aképun pHeyaAlTepn 0T1abepdTnTd TWV XAPAKTNPIOTL-
KOV Tou TaAaviwTh. O nukvwTtég 10 nF, 100 nF ypsldZovtal vla
™ owoTr Aettoupyia Tou oAokAnpwpévou 78L08. To mnvio mou
UTtapXel oTov TaAavTwTr €ival KATAOKEUAOUEVO UE TETOLO TPOTO
®oTe va napouctalel autenaywyn 0.233 pH. Etol, pall pe tov Tmu-
KvwTr 47 pF anotelouv (eUyoq LC CUVTOVIOUEVO OTn ouXvVOTNnTA
48 MHz. AnAadn
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1
(2n48 -106)24710-12

L=

=0.233 pH

Ol dlactdaocelg tou mmviou uroAoyiovral Thpa cuppwva e Tov TUro

d2n?
L{iuH Y ——
(k) 18d + 40¢ (1)

omou n efvar o aplBuog TwV OTEPHV Kal Ta Ueyedn d,£ oplfovral
ato oxnpa 5.17 kal geTpwvTal oe cm.

IX. 5.17. TMepypaen cwAnvoedouqg nnviou.
Edav Algoule Tov mapandve TUMO WG MPog n, £XOUNE

N = YL (18d + 40¢) (2)
d

XpnoonoidvTag Toug napanavm Tumnoug, ot JlacTAceLg Tou mmvi-
OU TIPOKUTITOUV
d=0.2836in
£=0314in
n = 8.39 oneipeg.
Mpémnel va tovioTel 6TL dev elval duvatdv va meTUXOUpE apé-
owg TNV TN TNG QUTETAYWYNG Tou BEAoupe. Mriopoupe, OUwG,

HE UHIKPEG HETABOAEG TWV XAPAKTNPLOTIKOV TOU Tmviou Kal Kuplwg
TOU UnKoug Tou £ va meTuXoupe To cuvtoviopd Tou LC.
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a.2) [MoAAamAaciacTAg ouyXvoTnTag

O mpoTtog moAAaniactaopds ouxvéNTAg Mpaypatomnole{tal Ue
To pwTo Tpaviiotop BFY 90, to omoio tpogpodoteital and tov ta-
AavTwtn ge ) Bonrdela evoq NMukvwTy 68 pF. 'Onwg unopel va del
Kaveilg aT1o nAekTpovikd oxEdlo 5.15 de xpnowornoleital avaoctpopn
MOAWON Yla Tov MOoAAamAaclacpyd, aAAd nmolwvetal to Tpaviiotop
TTOAU XaunAd otnv meployn aywyng.

Me Tov TpdTO auTd TO TPAVIIoTOP ATIOKOTTETAL KATA TNV apvn-
TIKA npurepiodo Tou ONHATOG TOU TAAAVTWTH, eV Avel Katd 1 Oe-
TIKN. ETOL, AelToupyoupe TO TpaviioTop OGN KN -YPAWULIKN TIEploXn
Kat naTuXaivouus ToVv ToAAamnAaciacud. To KUKA®wPA TIOAWONG Tou
TpavlicTop eival TO KUKAWHA QUTOTIOAWONG Kal ¢paiveTal gTo oxnua
5.18.

uﬂq
.;]M

Ix- 5.18. KukAwpa néiwong.

2T0 KUKAwpa TOU TOAAAmAaclacTh €xoupe Rq=68 KQ Kal
Ro=15KQ evd V4 = 1.445V Kal Rgq = 12.289 KQ.

H avrtiotaon 100 Q prnaivel ya nmpootacia Tou KUKAGPRATOG, evd
To mnnvio RFC pe Tov mukvwth 10 nF xpnowormolouvTal ya va
prtAokdpouy 1o RF onfpa KAl va pnv TpoxXwpPnRoel pog To TPOoPo-
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doTIk6. To mnvio RFC cival tmou VK200. O nukve™g 1 nF xpn-
owotole(Tal yia va arnokomTel T d¢ CuvIoTOOA Kal va [NV emnpe-
aletal n MOAwoON TOoU TPAV{ioTOp.

TéNog, HE TO ouVTOVIONEVO KUKAwpa LC mou undpyel oTo GUA-
AEKTN Tou TpaviicTop YiveTalL n eTAoYr] NG APUOVIKNG TIou Bé-
Aoupe va SlaAEEoupe. ZTn CUYKEKPIEVN MeplnTwon eival n mépn
apuovikn Twv 48 MHz, dnAadn 5x48 =240 MHz.

270 guvToviopévo LC o TukvwTq eival HeTaBANTC XWPNTIKO-
™mtag 3-20 pF. To mnvio €xelL TéTola auTenaywyn wote, pall ue
TOV TWUKVWTH, va guvToviCouv o cuxvétnTa Twv 240 MHz. O Sla-
OTACELG TOU UTtoAoyifovTtal e tn Bonibela twv €. (1) kat (2).

EtoL, mpokuntel d = 0.2361in, € =0.275in kat n =3 gneipeg. To
oUpua ToU XPNOLHLOTIOWONKE YId TNV KATAOKEUY] Tou Tnviou €xel
dlapeTtpo 0.5 mm kai elval endpyupo. H eEwTepilkn emniotpwon and
apBpo pelwvel TNV WULKY avTioTtaon mnou napoucldlel to ™Mmvio ge
UPnAég ouxvotnTeg. Autd gupBaivel emeldn) meploplletal To ¢al-
véuevo emdepuidag, pe anotéAeopa va metuyaivoupe KaAUTepo
ouvTeEAEoT Moo Tag Q Kal, CUVETIWG, KAAUTEPN ETUAEKTIKOTNTA
Tou @iATpou.

a.3) Evioxutig RF

MeTA TOV TIPWTO TOAAATIAACLACGUG CUXVOTNTAG €XOULE ETUAEEEL
NV TEUTTN appoVviky Twv 48 MHz, dnAadn ) cuyxvomTa 240 MHz.
H appoviki auty sival oAU xaunAng oxloq kai, yla va Unopégou-
HE VA TN XPNOWWOTOWGOUNE, TIPETEL NMPMTA VA TNV EVIOXUCOUUE.
AuTd TO meTuxaivoupe pe TIG dUo Babuideg tou evioxut RF, xpn-
oorolwvTag to Tpaviiotop BFY 90 oe cuvdeopoAoyia Kolvou ek-
ropnou.

To nAeKTPOVIKO OXEDLO TOU EVIOYUTY paiveTal KI' autdé oTo oxXni-
pa 5.15 MNa mv noAweon Twv TpaviioTopg xpnolgormoleitat 1o Ko-
KAwpa Tou oxnuartog 5.18. OL avTioTACEL TTIOU ¥PnaoorolouvTal
efval Ry =4.7 KQ ka1t Ry =4.7 KQ. Etol, éxoupe Ry =4.272 KQ
Vg=1.09V.
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A6 TO KUKAWPa NG Bdong Twpa, HTopoUHE va ypAyoule tnv
e€iowon

Vd=|de+Vbe=>

o Vda~ Voe
= TR,

_ 1.09-07
4.272 x 103

=91.29 pA.

BAéroupe BnAadny 6TL TOo pelpa Baong Tou Tpaviictop elval
91.29 yA. Kowtdlovtag oto Mapaptnua lil T ceAida Twv xapakn-
PLOTIKOV Tou BFY 90, 6nwg autd divovTal arnd Tov KATACKEUOTH,
dlafdaloupe O6TL yla to heg diveTtal min = 25 kal max = 150. Xpnol-
HoTIOLWVTAG {la evdldueon TR, . v 100, exoupe OTL

le=Ngelp

It

100 -91.29 nA
=9.129 mA.

To onfua twv 240 MHz odnyeital otov evioxuTr dla péoou evog
MUKvVWTY 2.7 pF KAl evoG OUVTOVICNEVOU KukKA®patog LC mou Bpi-
OKETAL 0g EMAYWYLKY oUleUEn pe TO cuvToviopeévo LC Tou moAAa-
nAaclacTr. Me Tov (Blo TpoTOo yiveTdl Kalt n cUfeuEn HeTafU Twv
Babuidwyv Tou evioxuTr, KaBhg emiong Kat atnv £Eodo.

'‘OAa auTtd Ta cuvToviouéva KukAopata LC eival opola. Aettoup-
yvouv 8g oga ¢IATpa, HE ATIOTEAECUA vd £XOUUE APLOTN ETIAOYY Kal
evioxuon povo tng ouxvotntag 240 MHz. INa akéun KaAutepa arto-
TeAéopaTta éxouv BwPAKloTEl, WOTE va HNV £XOUHE AAAnAemidpd-
ogelg.

Ta nnvia RFC, ot avtiotacelg 100 Q kat ot mukvwTteg 1nF
gxouv Tnyv idla xpnodmTa, O6NMWG KAl 0ToV MoAAArnAaclact). EEo-
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b0 yla to onua twv 240 MHz naipvoupe ané v npdTn oneipa,
nPog TNV MAeupd TnG yng, Tou rmviou oto ouvtovicuévo LC mou
BpiokeTal cTnv £Eodo.

68) Mikpokupartiké @ikTpo otoug 1440 MHz

MeTd tov evioxut) RF avaykdloupe TO eVIOXUPEVO, TIAEOV, OTY)-
Ha Twv 240 MHz va mepdaocel anéd pla diodo turou IN914. Tkomdg
Tng &16dou auThg eival va TpayHaTomowgel 10 SeUTEPO TIOAAG-
nAactacpd ouxvémrag. Metd and autdv, naipvoupus Ta MOAAATIAG-
owa Twv 240 MHz, dnAadn Tig ocuxvoétnTeg 240, 480, 720, 1200,
1440, 1880 MHz. Mpemnetl TOpa pe KATIOO TPOTIO va SlaAEEoupe TNV
APHOVIKY TIoU XpelaldépaoTe, dnAadr oTnV TMPOKEINEVN TEpinTWON
™ ouxvomta Twv 240 x 6 = 1440 MHz. Autd yiveral pe ™ xpnot-
potoinon evdg pIKpokupaTikoUu fwvorepaTtol ¢iATpou, To ormoio
paivetal oto oxnpa 5.19. AnoteAeital and Tpelg culeuypévoug
avtnxnteq (resonators). To TUARHA Tou KevIplkoU aywyou Tou Bpi-
.OKETAl EVTOG TWV OHOALOVIKWV aroTeAel éva HETARBANTO KUALVSPIKO
TTUKVWTT.

Na va mpaypatonoinBel 10 QIATPO apKoOUV HEPIKA KOUUATIA
OKANPNG OHOAEOVIKNG YPAUUNAG KAl Eva pmnpoutiivo gUAAo. Ot dla-
OTACELG TNG KATAOKEUNG ¢paivovTal avaAuTika oTo oynua 5.19 kal
Ba mpenel va akoAouBnBolv 600 Mo ToTd yiveTal yla va éxouue
KaAd& amnoteAéopaTa.

Eva aAAo onpeio mou eival onpavTiké Kat Tipérel va mpoageX0e(
efvar 6TL To pnpouvTilvo TAaiclo mpénel va efval kaAd yelwpévo
oTnVv TAGKETA. O KEVTPLIKOG aywydq KABe opoafoviKiG YPauung,
otV apyn, potol Yivel n TEAIKA pUBUIoN Tou QiATpou, dev TIPETIEL
va KoAnBel oto mAaiolo, aAAG va ypacoaploTel e KATAAANAO aym-
YILO ypdcoo, wote va eival eUKOAN n puBuLoY Tou.

O guvdeoelg elgddou, eE0douU Tou PlATpou yivovTal ota onueia
nou ¢aivovrtal oto oxfiua 5.19 kat xpnoldoroleital yi' autég opoa-
EovIkn ypaupn 50 Q turnou RG 58. H TeAkn puBulon ya To GUVTO-
VIOUG Tou QIATpoU YiveTal QUEOUEIDVOVTAS TO HAKOG TOU KEVTPIKOU
aywyoU nou BpiokeTal péca oe kaBe KUALVOpoO.



114

1,6 1,6

34cm 29cm
in_| ] out
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R ¥ y T
—+ 3mm
® ® 4

Zx. 5.19. MikpokuuaTtiké ¢lAtpo.

Y) MiKpoKulaTIKGG EVIOXUTHG

MeTd TO HIKPOKUUATIKO QIATPO Exoupe MAEOV €TIAEEEL TN CUXVO-
™mTa Twv 1440 MHz kal mpérnel TOpa va Tnv evioXUooupe. AUTo TO
KATOPBWVOULE HE TN XPNOLHoTIoinon dU0 UBPISIKGV EVIOYXUTOY TUTIOU
MAR -7 ¢ Mini-Circuits. O evioxutig autdg eival eupeiag Tavng
Kal urope! va dwoel kEpdog PEXpL 12 db otn cuyxvémTa 1500 MHz.
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O Tpémog oclvdeong tou MAR-7 ealveral agto oxnua 5.20.
‘Onwg propel va dartotwoel kavelg kottadfovtag oto MNapdpmua i

Ry

o) WV

Ix. 5.20. Tpoémog cuvdeang evioXuTn.

TI§ KaumUAeg mou divel 0 KATAOKeEUaoTqg, n evioyxuon efaptaTtal
-andé to pevpa ly. To yeyovog autd pnopoUpe va 1o eKHETAAEU-
ToUpe TomoBeTtwvTtag ot Béon ™ng Ry pa petaBAnth avtiotaon.
ETol, petaBaAAlovtag v TN g avTiotaong, petaBdAAsTal kai
TO pelpa, cUPPWva e TN OXEON

ZTn ouykekplévn nepintwon B6€Aoupe

Vy=4V V=12V, I4j=22mA, Gpa Ry=363.630Q

Emedny n evioyuon mou uropolue va mdapoupe amd Tov évav
gvigxut dev eilval apketr, xpnolornoloupe dU0 TETOLOUG EVIOXU-
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T€q. H oUvdeon Toug vivetal oe oelpd, olppwva Ue TO OXEDIO TOU
oxniuparog 5.21. Zto KUKAWUA QUuTO XPEnoldomololvTal TUKVWTEG
C = 470 pF (chip capacitors) evido R =47 Q kat PR =470 Q ueta-
BAn™) avtioTaon.

VCC
e,

i 1 PR PR

¥x. 5.21. MIKPOKUPATIKOG EVIOXUTAG.

Eva dAho onjelo mou mpénel va npocexBei elval n kataokeun
TOV YPAUUOV JETAPOPAG (HIKpoTalvieq), TTou TIPETMEL VA KAaTaoKeua-
OTOUV MOTE VA MApouclaZouyv XapakTnploTikh avtictaon Zg = 50 Q.

5.5. Talavtwrtig synthesizer 90-110 MHz

Onwg €xoupe RN meplypdyel, T6CO CTOV MOUTd 600 KAl OTO
SEKTN, n emAoyr Twv KavaAlwyv vivetal e t Bondela evog Ynela-
KOU gAgyxouevou TaAavTwTn tUnou synthesizer. Zto oynua 5.22
delyvoupe v apxn Asttoupyiag Tou kKukAwpatog PLL evog Bpoy-
XOU TIOU XPNOLLOTIOWONKE yia TNV avantuén tou urt’ oYmyv KUkAw-
patog. H cuyxvémta f dalpeital apyika pe 20 Kal 0T CUVETELR UE
Tov apBpd N mou kabopiletal ard Ynoplaky eicodo. Zuupwva e
™ Bewpia PLL (Phase Lock Loop), éxouue
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TASH EAEFXOY
VCO
+ 20
KATQAIABATO
®IATPO
D %
[ES— X
WHOIAKH i
EIZ0AO: +N
o |74191 x4
R
KPYZTAAAIKOZ |
© TAAANTQTHZ
H © |
250 HZ

VCO = Voltage Controlled Oscillator

Ix. 5.22. Asitoupyikd diaypapua talavtwT Synthesizer.

_f_ _250Hz
20N
Kal
~fy=(5000 Hz) N
6ormou N=1,2,...,218, EriAgyovtag v meploxn twv Unelwv si-

00d0ouU UMopoUNE va TIETUXOUUE TNV TEPLOXY] CUXVOTATWY 90-
100 MHz pe Brjpa 5 KHz. To nAeKTpoVIKO KUKAWUA TOU TAAGVTW®TY
synthesizer divetal oto oxAua 5.23.
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Ta Baokd xapakptoTika g YevvnTplag eival ta eEnc:

MpdKettal yia YnmPlakn YEVVATPLIA OTNV TEPLoXn ouxvoTthTwy 90 -
110 MHz pe Brpa 5 KHz. H oxediaon Bacifetal o diatagn Phase
Lock Loop (PLL) kal xpnolwortiolel évav taAaviwTthi eleyXouevo
arnté taon (VCO).

AVaAUTIKA Kal e Baon 1o nAeKTpovikd ox€dlo Tou PLL éxoupe
Ta e&ng:

Xpnowormoloupe cav talavtwTh tTo VCO MC 1648 tnc Motorola,
0 orrolog pe Ta TalnTiKA oTolxela Tou Tov «TepIBAAAoOUY» TaAa-
VTQVEL TNV embupnt) reploxr) cuxvotitwy 90-110 MHz. Apxika
0 VCO tahavtvel eAelbBepa péca oTnv avwTepn embupnt) Tme-
ploxr cuxvoTiTwy Kal n ££0d6¢ Tou odnyeital otov Prescaler CA
3232 meg RCA, o omoiog dwatpei ™ ouxvémTta Tou VCO dla 20.
2T ouvéyela, n €Eodog Tou Prescaler odnyeital oe pla cuotolxia
artd 4DM 74LS191 mou dlalpolv eriong mn ouxvotnTta €T0L WOTE
va yivel g tagng twv 250 Hz. Ta DM 74LS191 eival cuyypovol
anaplBpnTég Kal eival ouvdedepgvol pe TETOlo TPOTO, WOTE Sldl-
_pOVTAG HE TOV KATAAANAO aplBud, nou gpeic BéAoupe TomoBeTh-
vTag Ta kataAAnAia bits (13 tov apibud) otig e16édoug Tou Data
Input, va mAnocldooupe TN ouxvoTa Twv 250 Hz. AuTh eival kat n
guxvomTta avagopdqg-colykplong vyia Phase Comparator MM
74C932 mou ypnoldoToloue.

AKoun, pe éva DM 7404 kal éva kplotailo ota 1 MHz &nuoup-
yoUue Tn cuyxvotnta avagopdq 1 MHz, tnv omola kat dlaipole e
Ta emndpeva Tpia DM 74L5191 (dlalpeon dia 4000, ouola pe mpon-
YOUUEVWS), VIO vVd €XOUHE Tn ouxvornTa twyv 250 Hz raAl otov
Phase Comparator. Av, Twpa, ol duo cuxvotmTeg eival loeg, 16TE O
Phase Comparator divel undév tdon €Ed6dou mou odnyeital péow
evog LM 741 miow oto VCO kal €tol dev aAldlel i ouxvotnTd
Tou. Av, 6upwg, Ta duo ofjpata elcddou Tou Phase Comparator dev
eival g idlag ouxvomnTag, dnAadn dev €xouv (Bla @daon, TOTE O
Phase Comparator divel pla taon eEddou mnou, odryoupevn fiow
o010 VCO, Tou aAAdel Ty ouxvoTNTA TOU, £TCL WOTE, YETA Amd opl-
opéva loops, TeAlkd va e€xoupe (Bleq ocuyvotnTeg otov Phase
Compasator kal va é€xoupe «kAeidwua» tou loop kal Tou VCO otn
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ouxvotnTa nou ettAéEape peow Twv 13 bits. To LM 741 eival évag
TEAEOTIKOG EVIOYUTNG TIOU 0d oKomé €Xel va pubuloel Tnv taon
eToTpoPng o1o VCO yia Tn owoTt PETABOAY TG ouxvoTTASg TOU.
Axépa, otnv Bla mMAakéTa Tou PLL unmdpyouv Kal Ta KATAAANAQ
Regulators via otafeporoinon Twv Tacwv TpoPodooiag Twv oAo-
KAnpowpévwyv. Ta Regulators rou ypnoylomoloUpe eival ta yvwoTd
LM 317 kat LM 3837.

5.6. Evioyutng loydog

Xpnowyonombnke €Toluog evIioXUTng NG etawpiag Microwave
Semiconductor, Tou omolou Ta XAPAKTNELOTIKA eival

Electrical Specifications:

Frequency :1626-1648 MHz
Output Power :20 Watts, min, Over the Full Environmental
Range

Input Power :80-125mW
Input VSWR | :2:1, mx

Power Supply : VI (Fixed Driver Stage) —28 DVC, 1.5 A, (max)
V2 (Output Stage) -20-28VDC,
3.0 A, (max)

Adjustable to set output power level. A fixed
setting will maintain output power nominally
+0.5db (maximum +1 dB) over the full tempe-
rature range.

Power Monitor : The amplifier will provide a positive polarity
voltage propoitional to output power. Measured
into a 20 K Ohm load, the voitage will be in
the range of 4-6 Volts for an output power of
17.5 Watts. If V2 is adjusted for constant
power output over the full temperature range,
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the measured voltage will have a variation of
less than 2 dB.

Harmonic
Levels :— 20 dB max for second and third harmonic
— 60 dB max for higher harmonic

Load VSWR :The amplifier is provided with an internal
circulator and suitable load in order to
protect against all phases of an infinite load
VSWR.

Environmental Specifications

Operating

Temperature :—25 to + 80 degress Celcius

Humidity :95% at 40 degress Celcius

Shock

Vibration : The amplifier is designed to operate in the

mechanical environment of the maritime sa-
tellite transceiver/antenna per Inmarsat
specifications.

5.7. Mpoevioxutig

Xpnotlgormomlnke Kataokeuy g etaipiag MITEQ. Ta yapa-
KTNPLOTIKA TOU TIPOEVIOXUTH eivat:
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SPECIFICATIONS AT 23°C:

OUTPUT POWER & 1dB
FREQUENCY: 1.5 to 1.6 GHz | GAIN COMPRESSION: |+ 10 dBm
MIN. GAIN: 33 dB | VOLTAGE: +28 VOLTS
MEASURED
MAX. GAIN FLATNESS:| +/— .5 dB | CURRENT: 117 mA
MAX. VSWR INPUT: 1.5 MAX. NOISE FIGURE: 9 dB
MAX. VSWR OUTPUT: 1.5 HOUSING NO: 107940

NOTE: TEST DATA TAKEN WITH CASE TEMP. OF 23°C

FREQUENCY | GAIN VSWR OUTPUT POWER
NOISE FIGURE | (dBm) (& 1 dB GAIN
(GHz) (dB) IN ouT (dB) COMPRESSION)
1.50 371 | 1.38 | 1.38 .86 +14
1.55 371 | 138 | 1.38 85 +14
1.60 371 | 1.38 | 1.38 87 +14
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Stability and Power Gain of Tuned Transistor
Amplifiers”

ARTHUR P. STERNY, SENIOR MEMBER, IRE

Summary—The transistor Is 2 nonunilateral device which, if ap-
propriately terminated, can become unstable at frequencies where
its ‘internal feedback” is sufficiently large. At such frequencies, the
marximum power gain is infinite and the transistor may oscillate.
This paper discusses the maximum power gain realizable as a funce
tion of a required degree of stability.

A “stability factor is defined in terms of the transistor parame-
ters and terminations (the admittance matrix ls used as an example,
but the approach is analogous using other representations), The
mazimum stable power gain of an isolated amplifier stage and the
terminating admittances required for the reallzation of this maximum
power gain are then computed as functions of the stabllity factor,
The computations are extended to include bandwidth requirements
and limitations. (It Is found that, although pandwidth requirements
may impose limitations on the power galn, there s no simple rela-
tionship tying together bandwidth and power gain.) The treatment of
multistage amplifiers is outlined with the conclusion that the gain
realizable in an n-stage amplifier is smaller than n times the galn of
a one-stage amplifier baving the same stability factor as the stages
of the n-stage amplifier, The respectlve advantages of different repre-
sentations for different circuit configurations are discussed.

In an appendir, the theoretical considerations are applied to
tuned transistor amplifiers in common-emitter and common-base
configurations. The stability factor is related to the tolerances in
transistor parameters and terminating impedances. Examples are
given for the mazimum realizable stable gain as functlon of parame-
tus tolerances, :

INTRODUCTION

RANSISTORS are nonunilateral devices; a signal
Tapplied to the output port of a transistor amplifier

results in a response at the input port, The exist-
ence of internal feedback is expressed by the fact that, if
the transistor is described by the “z,” “y,* “A,” or g
matrices, the matrix element having the subscript 12
(.., £12, Y3, Mz, OF gp) is different from zero.

If properly terminated at its ports, a device having
sufficient infernal feedback may become unstable (i.e.,
may oscillate) even in the absence of external feedback.
For example, in the “tuned plate-tuned grid” vacuum
tube oscillator, feedback is provided entirely by the
grid-to-plate capacitance of the tube.

It has been shown!# that transistors exhibit polential

* Original manuscript received by the IRE, August 15, 1956; re-
vised manuscript received, November 13, 1956, ;

Presented at WESCON Convention, Los Angeles, Calif., August
21-24, 1936,
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instability within certain {requency ranges. The fre-
quency range of potential instability is different {or the
three transistor configurations (common-emitter, -base
and -collector).} '

At frequencies where the transistor configuration is
unconditionally stable (i.e., where the transistor cannot
become unstable, no matter what passive terminations
are used), the maximum available power gain can be
calculated.! However, at frequencies, where potential
instability exists, the transistor may oscillate and the
maximum power gain is infinite, Consequently, at such
frequencies, the unqualified “maximum available power
gain” is not a very useful concept. On the other hand,
engineers engaged in the development of transistor
circuitry do know very well that a practical measure for
the maximum power gain realizable in a stable amplifier
is indeed useful and very much needed. Furthermore,
experience shows that such a maximum stable gain does
actually exist,

Various attempts have been made to define a practical
measure indicative of the maximum realizable pawer
gain. For example, it has been shown that the transistor
has a finite maximum gain if conjugately matched at its
output, the termination at the input being either a pure
resistance’ or a resistance in combination with a re-
actance tuning out the reactive component of .t It
also has been thought that the “neutralized gain” may
be a useful measure of stable amplifying capability and,
besides other expressions, Mason's U function® has been
suggested as a practical indication of attainable stable
power gain.

These and other approximations for the maximum
realizable stable power gain have the common advan-
tage of presenting the practicing engineer with a meas-
ure useful as a reference, Their common disadvantage
lies in the fact that the physical conditions under which
these gain expressions can actually be realized are
chosen essentially arbitrarily and are quite different
{rom the situation most frequently occurring (and most
desirable) in practice: the case of an unneutralized
amplifier using impedaiice transforming (“matching”)
tuned circuits at both input and output ports.
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In order to obtain an expression for the maximum
realizable stable power gain which is clean and accepta-
ble from both practical and conceptual points of view,
it seems desirable to tie in the maximum realizable
power gain with a measure indicating the stability of
the amplifier. If this is done, the maximum power gain
is finite for stable amplifiers and can appear as a function
of the degree of stability of the amplifier,

The purpose of this paper is to discuss the maximum
power gain of transistor amplifiers using a measure of
stability which appears to be both simple and practical.
The following considerations can be applied directly to
other active nonunilateral two-port elements.”

THE StaBiLiTY FacTor “k”

The following calculations malke use of the “y” matrix
elements (the admittance parameters) of the transistor
and external circuit elements are represented as ad-
mittances. This procedure is arbitrary; analogous calcu-
lations can be carried out using the “2” matrix elements
and external impedances or the “B” (or “g”) matrix ele-
ments and suitable combinations of admittances and
impedances, It will be shown that these various repre-
sentations have their respective advantages depending
on the types of resonant circuits used in the tuned
amplifier.

If y;; are the admittance parameters of the transistor,
one can write, separating real and imaginary compo-
nents:

N =gn + by n
(2)

Yoo = ga3 + jbz:
Yyn = M + Ing &)

The absolute value of the “internal loop gain” (y12ya)
is

L= lyuy“l = '\/ﬂ/fz-'- Aﬁ. (4)
It has been shown!? that il
L+ M2 218 (5)

the transistor may oscillate without external feedback,
if properly terminated.

If the transistor is terminated by a generator admit-
tance Yg and a load admittance ¥, (Fig. 1), both Vg

J6

Fig. 1—Transistor with terminating admittances,

A !y
L.

£ T Y £;

and ¥, may be complex:

7 An approach similar to the one presented in this paper has been
used independently by G. Bahrs in his doctorai thesis at Stanford
University, Stanford, Calif.
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Yo =Gg¢+ jBg (6)
Y. =G+ jB;. N

The transistor and the conductive components of the
terminating admittances can be considered as constitut-
ing a new two terminal pair element (Fig. 2). Applying

-
JB,L : (" T o
L

Fig. 2—Transistor and conductive term\macing components
forming composite network C,

inequality (5) to C, one finds the condition of potential
instability:

L+ M 2 2(gu + Ga)(ga + Gu). ‘ (3)

Note that (8) does not imply actual instability: in
order that the arrarigement be actually unstable, C must
be terminated by suitable susceptances Bq and B,
However, in most tuned amplifiers, the terminating (or
coupling) susceptances are variable and are actually
varied when *tuning up” the amplifier. In arrangements
having reasonably narrow band, the terminating sus-
ceptances will assume a wide range of values. Conse-
quently, it can be assumed that, in most cases, during
the tuneup procedure, Bg and By, will assume values
resulting in oscillation, provided that (8) is satisfied.
Therefore, for many practical purposes, it can be stated
that, if (8) is satisfied, the amplifier is not only pofen-
tially unstable, but is very likely to become actually un-
stable,

Unconditional stability can be achieved if

(g2 + Ga)(gae + G1) > (L + 31)/2, (9)
In other words, for stability, one requires
(81 + Galgar + Go) = k(L + M)/2 (10)

where 2> 1. The larger k, the more remote is the likeli-
hood of instability. Consequently, % can be considered
as a measure of stability and will be called stability
factor.

For any individual transistor, whose parameters are
known, stability can be achieved by chosing Gg and
Gy such as to make % slightly larger than 1, However,
considering that transistor parameters (i.e., the )
vary with transistor age, dc bias, temperature, etc., that
transistors belonging to the same type have slightly dif-
ferent parameters and, finally, that certain variations
in Gg and G must also be tolerated (especially if the
terminations are other transistor amplifier stages), it is
usually desirable to design the amplifier with & well in
excess of unity in order to insure interchangeability of
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components and stability under all reasonable condi-
tions of operation. (Values of  up to 10 may be desira-
ble, depending on the various tolerances involved.)

An infinite number of combinations of Gg and Gy, cor-
respond to the same value of %. Although the degree of
stability of all these arrangements is the same, they
may lead to different values of power gain. In the fol-
lowing section, the power gain will be maximized for a
given value of &,

ANALYSIS OF A ONE-STAGE AMPLIFIER
The Power Gain

The transducer gain Gy is defined as the ratio of the
power delivered to the load admittance Yy, to the avail-
able power of the generator having an admittance ¥g.
The trausducer gain is:

Gr = 2 oS -
| (i + Ya) (v + Y1) — yuayn|?
Defining:
gu+Go =Gy, (12)
g1+ G =Gy, (13)
biy+ Bg = B, (14)
b4 By = By, (15)
one finds for a given stability factor k:
Gy = KL + M)/2G.. (16)
Then, the transducer gain is:
cr ¥ _ 4] g0 [2[R(L + 3)/2G, — gu)(G2 — g22) (1

D [B.B:— KL+ M)/2+ M]*
+ [BiG: + Bok(L + M)/2G, — N~

It is desired to find the value of Gy which leads to
maximum Gr for a given k. In order to find Gr as a
function of Gi alone, it is convenient to eliminate the
two other variables B, and B,. Since B; and B, occur
only in the denominator D of (17), this can be done by
determining the values of By and B, which minimize the
denominator. It should be remembered that, B; and B,
representing susceptances, must be positive or negative
real numbers,

The process of minimizing D in (17) can be simplified
by a change of variables, One defines

y1 = B\Gr + B:k(L + M)/2G, (18)
v = B\ B,, 19)
D can then be wilcten:
D=(ym—d)+ (n—N)? (20)
where
4= kL +M)/2 - M. (21)
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Note that for £>1, 4 is always positive. B; and B can
be expressed in terms of the new variables yrand y;:

By = (n + v2)/2G: (22)
By = (31 — vA)Gy/ L + M) (23)

where
A== 2L+ M)y D))

Since G; and k(L4-M) are always real numbers, B; and
B, will be real, whenever

Az0. (25)

In the y;—y. plane, the curve A=0 separates the re-
gion of real values of By and B, from the region in which
these quantities are complex. The equation

A= 92— 2ML 4+ M)ys = 0 (26)
is that of a parabola in the y,—y; plane (Fig. 3), the
Y2
-
.Y

Fig, 3-—~Paraboln separating region of complex By and B, (shaded)
from region in which B; and By are real.,

shaded area “inside” the parabola representing the re-
gion of complex values of B, and B; and the area "ex-
ternal” to the parabola being the region of real values of
Bl and .B1-

In a three-dimensional coordinate system with axes
D, yyand y,, (20) represents a paraboloid of revolution,
whose axis is perpendicular to the y—y; plane and
intersects this plane at the point Q(¥, 4). In the sume
space, (26) is that of a parabolic cylinder. [Fig. 4 shows
the parabola (26) and the projection of *constant D
circles” on the y,—~y, plane] The “interior” of this
cylinder is the space within which D cannot lie if B; and
By are real and one is interested to determine the mini-
mum value of D “outside” the parabolic “wall.” [The
vertex Q of the paraboloid having coordinates (N, 4),
where 4 is always positive for £> 1, will be “inside® the
parabolic cylinder, since it corresponds to infinite gain,
which of course, is excluded, in view of the assumptians
regarding stability.]

An analysis of the geometrical situation shows that
the minimum of D (i.., the maximum of the gain) will
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Cd

Fig. 4—Parabola (26) and projections of constant D
circles on the 3 —y; plane.

occur along the intersection of the paraboloid with the
parabolic cylinder, In Fig, 4, circles with increasing
diameter correspond to increasing values of the de-
nominator D (and, consequently, to decreasing values
of the gain). The minimum realizable value of D with
real By and B, occurs where a circle is tangent to the
parabola, 7.e., at a point common to both paraboloid and
parabolic cylinder. Geometrical considerations also
show that two cases are possible:

1) If the location of the point Q(&, 4) is such as
shown in Fig. 5(a) (with only one point Pq at which a
circle corresponding to constant D is tangent to the
parabola), the intersection of the paraboloid and the
parabolic cylinder has one minimum at point P, corre-
sponding to D=D,.

(4)

Fig, 5—Situations leading to one mgnimum (a) and
three extrema (b) respectively.

2) If there are three points at which “constant D
circles” are tangent to the parabola, there is a minimum
at Pq corresponding to a low value Dg of D, There is a
second minimum at P, corresponding to the higher level
Dy of D and there is a maximum at P, corresponding to

jn even higher level Dy of D. In this case the maximum
gain is given by the smaller minimum occurring at P,
These qualitative considerations can be put into
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quantitative form. Since Dy occurs along the intersec-

tion of the paraboloid with the parabolic cylinder, one

must determine the minimum of (20) with condition

(26). -
Defining the variable z as

2= y/vVHLF H)
D can be written:
D= g/d + [R(L+ M) + 2M]2%/2
— INVRI F Mz + A+ N2
The minimum of D can be found by setting
0=dD/dz =2+ [ML+ M) + 2M)z
- WVETF ). (29)

As expected from the foregoing qualitative analysis,
(29) leads to two possibilities:

1) (29) has one real root 2z, the other two being con-
jugate complex. In this case zq corresponds to D,,

2) (29) has three real roots. Two roots (zo and z,)
represent minima of D, z, corresponding to the smaller
minimum, while the third root (z) is a maximum.

In either case, z, leads to the maximum realizable
gain. Substituting g, into (28), the minimum value D,
of D is found. Note that, since both 2y and D are func-
tions of & and (yuyn) only, D, depends only on % and
(yyn) and is independent of other transistor parame-
ters and of conductive terminations.

Assuming now that Dy is known, the gain (maximized
with regard to By and B,) can be written:

Gr = (4] yu1 |/ Do) [K(L + M)/2G2 ~ guu](Gs — g2a). (30)

@n

(28)

Generator and load conductances are assumed to be
positive and one must have G,> g1 and Gy > g In other
words:

ML + M)/2g11 > G > g (31)

Setting dGr/dG2=0, one finds that for maximuni realiz- -

able power gain:

G: = KL F M)/2/ga/ens (32)
and, using (16):
G = VIL F /2 g gz (33)

Substituting these expressions into (30), the maximum
realizable gain, corresponding to the stability factor &,
ie found:

Gaex s = (4] 921 |Y/ Do) [VET ¥ H)/2 — Vengnl (34)

Eg. (34) expresses the maximum power gain realizable
with a given stability factor k& As k increases, Guaza
decreases. Consequently, one can say that increased
stability can be achieved by sacrificing gain. It is, how-

-‘.'.c:,-,;u..-‘;,.,m_ IS o T T VN
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ever, important to know, that moderate gain does not
necessarily imply improved stability: & is determined by
the product (G:Gy) and this product can be chosen such
that while £ is small (close to instability), the gain is
also small due to a disadvantageous ratio (Gi/G). In
this case gain is sacrificed without improvement in
stability,

From (32) and (33) the required values of the termi-
nating conductances are found:

Go=G— gy

= gu[VHLF M)/Z/vVagn — 11 (35)
GL=G; — 822

= enlVHL F )]/ Vegn — 110 (36)

The required values of the susceptances can be deter-
mined, using (22), (23), and (27):

Bi = Bg+ by = Gioo//R(L + M) (37
By= Bo+ by =G/ VHEF T (38)

where Gy and G; are given by (32) and (33). Egs. (37)
and (38) show that B, and B, have identical sign (that
of 20). This, of course, is not necessarily true for B4 and
Bi.

BANDWIDTH LIMITATIONS

The preceding computations were carried out without
regard to possible selectivity requirements. In reality,
however, when designing a tuned amplifier, the band-
width requirements are very important and, usually,
the following problem must be solved: “design a stable
amplifier with given ceriter frequency and bandwidth
and obtain as high gain as possible.”

Simple considerations show that realizing the maxi-
mum gain imposes certain limitations on the bandwidth
and, on the other hand, requiring a certain bandwidth
imposes certain restrictions on the gain. These limita-
tions belong to two categories:

1) Limitations due to the transistor (device limita-
tions) and
2) Limitations due to external circuit elements.

Some aspects of the gain vs bandwidth relationship
can be explained by considering the transistor termi-
nated by synchronous single tuned circuits. Since the
¥ parameters were used in the preceding calculations,
it is convenient to use parallel tuned circuits, as shown
in Fig. 6. It is assumed that the transistor parameters

* Eqs, (35) and (36) show that Gg and Gy, will be positive if the
bracketed expressions on the right hand side of these equations are
positive, {.¢., if the stability factor % of the terrqma.ted ammplifier ex-
ceeds the stability factor £, of the unloaded amplifier. If the unloaded
Zm%ﬁﬁer is stable in itself, for positive terminations, one must have

>R
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1
Ga3 T T 6y
— —
1Y B -

Fig, 6—Transistor with parallel tuned terminations

are frequency independent throughout the frequency
band of interest,

The device limitations can be understood gqualitatively
in the {ollowing manner. The values of G4 and Gy lead-
ing to maximum gain are given by (35) and (36). Maxi-
mum gain will be realized only if the values of B, and
B, are those given by (37) and (38). Considering now,
say, the output selectivity one may assume, for example,
that the required value of By(=By~bn) is positive,
This implies that the load susceptance must be ca-
pacitive and since the load consists of Z; and Cy in
parallel, the required value of By can be realized only
if woCr> (By—b1), wo being the center frequency of the
amplifier, Consequently, for maximum gain the tuned

“circuit must contain a capacitance C; -exceeding the

value of (By—bu)/we. However, this and the possible
capacitive component of the transistor driving point
admittance impose an upper limit on L. This results
in an upper limit of bandwidth realizable with the
maximum gain given by (34). If larger bandwidth is
required, a smaller capacitance Cy, will be used, implying
that the denominator of the gain expression in (17) will
not be Dy but larger and, therefore, the gain will be
reduced. Similarly, if By, is required to be negative,
meaning an inductive load susceptance, there is a maxi-
mum admissible value of Ly, This again imposes an
upper limit on the bandwidth realizable with the calcu-
lated maximum gain. Analogous considerations do ap-
ply, of course, to the input selectivity,

The bandwidth limitations resulting from device
properties are not important in the case of most ampli-
fiers having reasonably narrow bandwidth, Their ana-
Iytical treatment is complicated and will not be dealt
with here,

The limitations imposed by the required bandwidth
upon the realizable gain due to external circuit elements
are caused by the finite “Q” of practical inductances and
can be calculated.

In the circuit of Fig. 7, g and g., represent the

. L! -[ i j E@ GL
X1 S —— 9x2
Bg B, !

Fig. 7—Transistor with tuned ciccuits having finite *Q.”

equivalent paralle! loss conductances of inductances L,
and L. Qg being the “unloaded Q" of the inductances
and assuming that Qu = Qu=Qs, one has:
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Qo = 1/weligz1 = 1/wolag 2 (39)

The transistor is still treated in terms of its y parame-
ters but the loss conductances g.; and gz are considered
to be parts of gy and g respectively. One has:

(40)
(41)

gn =g+ ga
g1z = gzzl -+ g1
where gy and gi.’ are the short circuit input and output
conductances of the transistor itself. The transducer
gain is:
Gr = (41 ¥21 |2/Da) (AL + M)/2G:
- gn' - gzx](Gl — g’ — ga1). (42)
Assuming that the tuned circuits at the input and the
_output are synchronously tuned but may have different
fractional bandwidths B¢’ and B® (B =Aw/w,, where Aw
is the 3-db bandwidth):
B = (Ga + Gln)/QDgzl
B = (GL + Gout)/Qogﬂ-
Gin and Goy, are the conductive components of the tran-

sistor driving point admittances when the transistor is
terminated.

(43)
(44)

Gowt = gy — (MGy + NB))/(G* + Bi?).  (45)
Using (37) and defining:
oMt 2N/ ELF M) (46)
1+ 2/ [KL + M)]
one finds: .
Gout = g — 12W/KL + M)]G.. (47)
Similarly:
Gin = gu — (MGy+ NB)/(Ga* + Bi?). (48"
Using (38), one finds:
G = gn — W/Ga. (49)

Eqs. (48) and (49) can be substituted into (43) and (44),
yielding:

B = KL + M)/2G:Qoga ]|l — 2W/R(EL + M)]  (50)
B® = [Gi/0og )|l — 2W/K(L + M)).

Substituting g., and g., from -(50) and (51) in the gain
expression (42), Gris obtained as a function of G: alone.
Equating (dGp/dG,) to zero, the value of G, leading to
maximum gain is found:

I

il

Gi= VEL T+ M)]2/TT =B/ B /(1 — PJQsB)
"\/L'zz'; gu'.

(52)
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The corresponding value of G, is:
G = VHL F /2T = PGB /(1 = B/0:B)
“VEu' g - (53)

where:

P=1=2W/kL + M) (34)

Substituting G; in expression (42), the maximum realiz-
able gain is: .
Grmuzi= (4] v21 /Do) [V R 2)(TF )
v (1=P/GBD) (1~ P/QeB®) /g1 g2’ |2 (55)
If B®W=PB(*) =B, (55) becomes:
ot = (4| yu |¥/Do) [(1 — P/QuB)vHTL + 3)/2
~ VEgu'ga' I (56)

Egs. (55) and (56) show that the finite Q of external
circuit elements reduces the maximum realizable gain
at small bandwidths, whereas the device limitations
have been shown to reduce the maximum realizable gain
at large bandwidths.

MULTISTAGE AMPLIFIERS

The method used in the previous sections to deter-
mine the maximurm realizable transducer gain maintain-
ing a given degree of stability can also be applied to
multistage amplifiers, In such amplifiers, interstage
coupling is usually performed by “impedance matching”®
tuned transformers. The problem is to determine the
turns ratio 7 of the transformers and the conductances
terminating the amplifier at its input (Gg of the first
stage) and its output (G of the last stage) terminal
pairs. When carrying out such calculations for multi-
stage amplifiers, the following points should be ob-
served:

1) The expression to be maximized is the transducer
gain of the amplifier. The transducer gain of the
multistage amplifier is, however, 7o/ the product
of the transducer gains of the individual stages,
but is the transducer gain of the first stage multi-
plied by the product of the actual power gains of
the remaining stages. .

2) The interstage transformer having turns ratio m
transforms impedances in both directions. There-
fore, since individual stages are terminated by the
transformed driving point admittances of adjoin-
ing stages, load and source admittances of indi-
vidual stages cannot be chosen independently, The
condition for maximum aver-all gain of the ampli-
fier, all atages being operated with a certain de-

* The word “matching” is inappropriately used in an amplifier

with preseribed stability {actor %, since, in order to insure stability,
the stages are deliberately mismatched.

[ TR TSRS 5 NI
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sired stability factor &, does not imply that the
individual stages are operated for maximum indi-
vidual gain. Consequently, the maximum over-all
gain of an n-stage amplifier, all of whose stages
have the stability factor %, is less than # times the
maximum gain realizable with a single stage hav-
ing the same degree of stability.

It should be mentioned that, already in the case of
two-stuge amplifiers (the analysis of which is outlined in
Appendix II) the algebraic and numerical evaluation of
the equations becomes exceedingly involved. The com-
plete evaluation of such or more complicated cases (for
example, that of iterative stages) should be handled
with the aid of appropriate computing machinery.

TrE UsE oF DIFFERENT MATRIX
REPRESENTATIONS
In the preceding sections, the discussion was based
on the use of the admittance parameters. Since condi-
tion (3) can be stated in analogous form in terms of the
“z," “k," and “g” parameters, all calculations could be
carried out in terms of these other matrix representa-
tions. In fact, the calculations could have been carried
out in terms of generalized “k" parameters, provided
that the generator imumittance is given the dimension of
ki and load immittance the dimension of %,
However, -the different matrix representations have
their respective advantages, depending on the nature of
the terminating (or interstage coupling) tuned circuits,
The following sets of parameters should be used with
different types of tuned circuits:

1) y parameters with parallel tuned circuits at input
and output (or parallel-parallel interstage net-
works)—see Fig. 8(a).

2) z parameters with series tuned circuits at input
and output (or series-series tuned interstage net-
works)—see Fig. 8(b).

3) h parameters with series tuned circuit at the input
and parallel tuned circuit at the output (or
parallel-series tuned interstage networks)~—see
Fig. &(c).

4) g parameters with parallel tuned circuit at the
input and series tuned circuit at the output (or
series-parallel tuned interstage networks)—see
Fig. 8(d).

With transistors, cases 1) and 3) have practical im-
portance, Cases 2) and 4) are almost never used because
the transistor driving point immittances would lead to
inconvenient values of inductances and capacitances.

Some numerical calculations are carried out’in Ap-
pendix I, using the & parameters.

CONCLUSION

It has been shown that using an appropriately defined
“stability factor” &, the *maximum gain” of a transistor

IO

e T ® -

“‘% i I WW?-;}X{E- T —%_%_%GL
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Fig. 8—Various tuned amplifier configurations,

amplifier is a meaningful concept even at frequencies
where the transistor exhibits potential instability. The
maximum gain corresponding to a given stability factor
k has been computed for a one-stage amplifier having
tuned generator and load admittances. The gain limita-
tions due to bandwidth requirements have also been
discussed for this case.

AppPExnDIX |
SoME NuMERICAL EXAMPLES

We consider a transistor having the following nominal
device parameters:

Low-frequency common-base short circuit current
amplification: a,=10.99.

Cutoff frequency of the common-base short circuit
current amplification: wa/27 =10 mc.

Collector capacitance: Co=10 uuf.

Base spreading resistance: r,’ =100 ohms,

Emitter diffusion resistance (at l-ma emitter cur-
rent): r,=25 ohms.

We are interested in the maximum power gain
realizable with this transistor in common ‘emitler con-
figuration with various given values of the stability fac-
tor k. The operating frequency is assumed to Dbe
w/27=0.5 mc and, consequently: p=w/w,=0.05.

The circuit used is shown in Figl. 9 and calls for the

Re Ls Cg

SN Tage

c. L

Fig. 9—Common emitter circuit with series tuned input
and parallel tuned output,

use of the h parameters, Using the approximate
equivalent circuit of Fig. 10 the parameters of interest
can be calculated,

The real component of &y is:

ru sy’ 4 r,(1 — a0)/p* £ 200 ohms, (57)
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Fig. 10—Approximate equivalent circuit of a junction transistor.

The real component of kg is:

g21 =% walo =2 6 X 10~* mhos. (58)
The “internal loop amplification” (hihy) is:

hiahey 22 .[wnCJ- + Jw Cor (1 ~ aﬂ)/P](l/jP) (59)
220,06 — 7 0.3.

The device is potentially unstable, since
[ ! hiahay ’ +Re (hizhan)]/2220.19 > 711022 22012 (60)

The choice of & depends on the admissible tolerances
in device parameters and in the load. For the #ominal
parameters and corresponding terminations we want to
have

{Ro+70)(Gr+ ga) = k| kizhar| + Re (hishn) ]/2. (61)

Since Im (Bihu)>>Re (Buha), the right-hand side of
(61) will vary like [see (59)]

Im (hiahar) &2 wa®Corof o (62)

We may, for example, assume that w,, C,, r, will each
have a tolerance (in the upper direction) of 3 per cent.
Furthermore, we niay assume that the two factors in
the left-hand side of (61) will vary by no more than 3
per cent each in the lower direction (these tolerances
are too small to be realistic and they are also inexact,
since both #y; and g are functions of the device parame-
ters). We would then require 222(1.03)*=21.2. Com-
puting the corresponding maximum gain, we find

Gm-x.l.! = 36 db.

By increasing the tolerances to, say, +10 per cent in
each factor on the right-hand side of (62) and to —10
per cent on the left-hand side of (61), we require
k221.7, leading to

Grnnx.ld =33 db.

By incrrasing the tolerances even further, to 30 per
cent in w, and r,, +50 per cent in C., —10 per cent in
(Ge+eu) and (Gr+gu), we require k=24, This leads to

Gmax,« =2 30 b,

A further increase in tolerances may require £ =8 and
leads to

Grmax,s =2 28 dh,

Mare,

The example shows that the tolerances in device pa
rameters (w,, C.), emitter current (r, is principally ;
function of the emitter current) and termination
(Go and G.) have considerable influence on the maxi
mum realizable stable gain.

Similar calculations can be carried out for the commor
base stage. Here we have:

ru = r, 2225 ohms (63
g2 = &°Co%ry’ 22 10~ mhos (64
il &2 = juCers'ao 22 31072, (65,

The device is potentially unstable, since:
” Ml + Re (hahn)]/2 22 15 X 10~
ruge 22 25 X 10-7,

Calculating the maximum gain for the same values o!
k as in the common emitter case, we find:

B=12 Gowis=244ddb
B=17  Gawmi15236db
=40  Gaows 228db

B=28.0  Gmas 2225db.

Note that in the common base case, these values of %
correspond to different lolerances in the device parame-
ters than in the common emitter case. With the particu-
lar set of device parameters chosen, the common base
gain is higher for low (impractical) values of %, whereas
at higher values of , the common emitter gain is
superior,

Note furthermore, that for a different circuit (for
example, if parallel tuned circuits are used at both input
and output, where the y parameters should be employed
instead of the % parameters used in the above exam-
ple), different values of & will correspond to the same
permissible tolerances in the device parameters and dif-
ferent values of maximum gain may be realized.

.

AppENDIX ]I

OUTLINE OF THE ANALYSIS OF A Two-
STAGE AMPLIFIER

The schematic circuit of an amplifier consisting of two
stages Tyand Tis shownin F ig. 11,
We designate by:
Pg=the power available from source ¥,.
.PL= the power delivered to load V..
Py =the power delivered by T to T5.
Graeuwi=the transducer gain of the two-stage
amplifier.
Gry=the transducer gain of T.
Gpy=the actual power gain of T) (=power de-
livered to Yy, divided by input power of
7).
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Fig. 11—Two stage amplifier with interstage impedance transforma-
tion (in practice the ideal transformer would, of course, be part of
the coupling susceptance).

Then:
P Py Py
Gr.iotal = ?:“' = —1;-5'—;; = Gpy-Gpa (66)

Defining G; and G, in the sense used throughout the
body of this paper and indicating by a second subscript
whether the quantity considered belongs to T1or Ty, one
has according to (10) and (30):

4!y ?
Gry = y“i (G = gu)
1
ML+ M
[—i*—‘—i——) - gzz:l . (67)
2Gy,
The power gain of T is:
101 13(Gay —
Gre = |G = ) (68)

 gulCi* + But] — MGu — NBay

For any given value of Gy, Gps Will be maximum if
Bu'= N/2g1. (69)

Substituting (69) into (68), Gps can thén be written:

- 4811' yu |2(Gzz - g12) .

G
o (280G — M) — L?

(70)

The transducer gain of the complete amplifier is;

Gz:—gu

Stern: Stability and Power Gain of Tuned Transistor Amplifiers 343

16 ‘ AL+ M
g | yu Gu— gu)[ ( ) gu:]
2Gy

(261G — M)* — Lt ()
The load admittance of T1is (1/m?) times the input ad-
mittance of Ty and the generator admittance of T is m2
times the output admittance of T3, Furthermore, the
same stability factor is required for both stages and (10)
applies to both stages. In view of (69) and (46) one can
write:

B(L + M) 1 MG + NY/2g,
B LY i 2

21 = gn

2Gn r—n-; G+ N%/4p,2
and
KL+ M) < W)
G = ————n =gy 4+ m*{ go — — . 13)

These two equations establish relationships between
GL(=Gyu—gun), Ga(=Gu—gu) and m. m can be elimi-
nated by multiplying (72) by (73). One finds:

Sl

2Gh
< W‘> < wagz + 1V2/2gu> (»4)
=gy — — o e | (]
\f= Gy gn Gu? + N/ dg),?

Eq. (74) relates Gy, to G (or G to Gg). One of these
quantities can be expressed as a function of the other
and substituted into the gain expression (71). Then, in
principle, the maximum over-all transducer gain can be
determined. It is, however, obvious that this procedure
involves computational difficulties due to the compli-
cated nature of the resulting gain expression,
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' WHY IS THE SO UNIQUE

VASIL UZUNOGLU

The Synchronous Oscillator(soO),shown in Figure i,is a unique
synchronization and tracking network, a superior amplifier and filter for
RF,FM,FSK signals,as well as a divider(if necessary), without any
limitation in frequency and/or input waveform. The SO performs the above
functions directly by .the signal itself,in a single process and with a
minimum amount of energy{usually less than 1 mW). The gain-frequency
characteristics of a typical SO with various input signal levels, is shown
in Figure 2. Note that the gain is inversely proportional to the input

signal level.
The SO is considered superiorr to any other network because of the

following reasons: , ,
1. The tracking range of the SO 1s very little dependent on its noise

bandwidth, a property which does not gxist in any other network. A SO can
have few KHz noise bandwidth while enjoying over 1 MHz tracking range.

2. A SO can recover signals imbedded in high noise(S/N=-40 dB) and track
them.

3. The inherent regeneration gain of the SO is inversely proportional to
the input signal level. That is, when the input signal level tends to zero
the regeneration gain goes to infinity, as shown in Figure 2.

4. The SO has a very high input signal sensitivity, better than -100 dBm,
for the circuit shown in Figure 1.0bviously, this level can be further

reduced.

5. The SO can be synchronized by an input signal which can be 1 million
times less than its own energy. Likewise, a SO with lower energy imposes

its frequency to one with higher energy, when loosely coupled.

6. Although the SO has a very narrow noise bandwidth it can acquire within
few cycles. The acggquisition time is a function of the tracking range.

Unlike linear networks the gain and phase characteristics are independent
of each other. The gain curves are flat with abrupt and steep transition
corners, while the phase remains linear and a function of the tank circuit
properties.

Two main functional requirements provide the unigueness, namely the high
inherent regeneration gain and the low level input signal. Unlike the
Injection-Locked Oscillator, the SO perfoms its functions under
regeneration. The oscillations never cease. The noise bandwidth of the SO
can be compared to the resolution bandwidth of a spectrum analyzer and the
tracking range to the input data bandwidth spectrum.

The Coherent Phase-Locked Synchronous Oscillator(CPsS0), shown in Figure 3,
retains all the features of the SO, while providing coherency(zero phase
error) throughout the tracking range. The gain and phase synchronization
curves of a CPSO are shown in Figure 4 and they are compared to those of
the SO. The CPSO eliminates also, the minor dependency of the tracking

range to the noise bandwidth in a SO.

In.the.SO circuit shown in Figure 1, the oscillator operates class C
whlch_lmplies that the oscillator transistor conducts only for a smali
fraction of the oscillator cycle, as a result of the periodic positive
feedback signal, in the form of a time domain window, appearing at the
base of the oscillator transistor, through the feedback capacitor Cl, The



The periodic positive feedback acts as a sampling network, at which time
the oscillator transistor is forward biased and the input signal enters
.the oscillator. The periodic sampling, as & time domain window, and the
input signal within the window, are shown in Figure 1. In this case the
input frequency is lower than the natural frequency of the SO and within
three cycles the input signal captures the oscillator freguency and
synchronizes it, in which case the input frequency lies in the center cof
the window.

The highest noilse rejection occurs during the passage of the input signal
through the sampling network. Synchronization occurs during this time,
while for the rest of the cycle, the oscillator transistor is not,
conducting and the noise is prevented from entering the oscillator. The
SO acts in the same way when it is used also as filter or amplifier.

One of the means to realize a sampling filter is by use of tapped delay
lines or a transversal filter. This form of a filter is based upon the
sampling theory of bandlimited signals. Correlation gain is realized for a
signal imbedded in high Caussian white noise, since the signals at the
individual taps add directly, whereas the noise adds rms-wise. The ratio

R of the peak output signal to rms noilse level can be expressed in terms
of taps as

R = 10 log N in dB

According to expression (1) by mere sampling of the periodic input signal,
the S/N ratio of the input signal can be improved by as much as 30 dB

after 1000 samples.

After the passage of the input signal through the sampler the input signal
filters out most of its noise and becomes part of the regeneration
process. The input signal and the oscillator feedback waveform are
multiplied at the base-emitter junction of the oscillator transistor to
generate harmonics, as shown in Figure 5. In this case the input fregquency
is less than the natural frequency of the SO. The spectrum to the left is
the input signal while those to the right are harmonics generated. The
synchronization is accomplished by the input signal, as depicted in Figure
5c.

The noise equivalent block diagram of the SO is shown in Figure 6. It is
first of its kind which exist in a single network structure and operating
regeneratively. It consists of a sampling network(a time domain filter,
an oscillating amplifier and a high-Q active tank circuit(a frequency
domain filter), in the feedforward path and a capacitor C,, in the
feedback path. The sampling network in connection with khe input
capacitance of the regenerative amplifier, form a convolver, which is an
optimum filter on its own. .

In classical techniques, for amplification and/or
filtering, the output waveform and phase are fixed and have no effect on
the output waveform and the phase. But, they determine the amount of noise
rejection, the tracking range and the amount of amplification. Although
the tracking range and the noise rejection performances are results of
non-linear performances the phase follows a linear trend, which 1is
connected with the tank circuit characteristics. It is obvious that
the tracking range with respect to the phase does not follow the rules of

the linear network theory.

Tbe noise associated with the input signal is filtered, for the second
time, by the tank circuit. The high Q tank circuit is also resgpnsible for



the 1independency of the tracking range to its noise beandwidth. 7Tre
oscillator through its high Q network sess only the intanteneous irncus
frequency anéd its immediate surrounding iregquencies and not the d=:a
bandwidth, while the sampler is open to the entire data bandwidth. This :s
one of the most important properties of a SO. It does not exists in znv

other network.

The operation of the SO as an optimum tracking network, a superior fiil
and amplifier is attributed to the limiting and stabilizing forces wizhin
the oscillator.

The oscillator would destroy itself by the continuously increasing
amplitude of oscillations due to the positive feedback. There are tmo
inherent forces which prevent the destruction. The first one 1is the
sampling process, which allows the positive feedback to act on the input
for a small fraction of the cycle. For the rest of the cycle <zhe
oscillator transistor is not conducting and no feedback signal can erter
the oscillator. The second force is the inherent stabilization force. For
any reason, when the output amplitude of the oscillator increases the

transconductance decreases in the same amount to make

g, ¥ V, = Constant

The superior properties of an oscillator were overlooked for many years.
One possible explanation lies in the fact that all analyses performed
since 1930 and experiments completed were based on Injection-Locked
Oscillators, which used exclusively, vacuum tubes. Vacuum tubes had very
low transconductances, usually 30-35 mmhos and required high injection
signals to generate synchronization. High input signals disturbed =h
stability of oscillators and the oscillations ceased. This is whv h
gain~frequency curves of the Injection-Locked Oscillators resemble thos

of tuned amplifiers.

The SO and the CPSO are being used in the following areas:

1. Clock and Carrier Recovery Networks at all bit rates and frequencies.
2. In Optical Transmission and .Regeneration Networks.

3. In Spread Spectrum Communication Networks.

4. For signals with high noise and w1deband data spectrum.

5. As dividers at Gbit rate.

6
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As Optimum Receivers.
CPSO used for Coherent Carrier Recovery Network is shown in Figure 7.
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MOTOROLA
= SEMICONDUCTOR === oor——— =
TECHNICAL DATA : BFX89
BFYS0 :

| The RF Line

fr=2.0GHz@ 10mA

HIGH FREQUENCY

NPN SILICON HIGH-FREQUENCY TRANSISTORS TRANSISTORS

. . . NPN SILICON
... designed for VHF and UHF applications where high-gain, low-

noise and good intermodulation characteristics ara required,
Particularly suited for wideband MATV amplifiers.

® High Current-Gain — Bandwidth Product — fr
1.2 GHz (Min) @ I¢ = 26 mAdc -— BFX89
1.3 GHz (Min) @ I¢ = 256 mAdc — BFYS0
® Low Noisa Figure — NF
6.5 dB (Max) @ f = 500 MHz -~ BFX89
5.0 dB (Max) @ f = 500 MHz — BFYS0
® High Power Gain - Gpg
19 dB (Min) @ f = 200 MHz — BFX89
21 dB (Typ) @ { = 200 MHz ~ BFY30

® JEDEC Equivalents — 2N6304, 2N6305

MAXIMUM RATINGS . . N
TYLE 10; 3
] Rating . ) Symbal Valua Unit , %‘ & S b
Collactor-Emitter Voltage VCEO 18 Vde M N LR 1045t
: \/4%\/ 3. COULECTOR
Collactor-Base Voltage ‘VeBo 30 Vde d.Case
Emitter-Basa Voltaga . . Veso 2.5 Vdc NOTE: ALL RULES AND NOTES ASSOCIATED WITH T0-72
NE SHALL APPLY.
Collector-Currant— Continuous ic 50 mAdc ouTLé
Total Continuous Device Dissipation Po DM "‘W“"“'—m& __Mmmcne;‘x
@ Ta =25°C . N ) . . 200 mw A EXY] TEEYCREN
Derate above 25°C 1.14 mw/ec B 1 482 L 43 | 058 10188 ]
a3 | 50§ 6 1 02w
Storage Tamperature Range Tstg -65 to +200 °C 041 §3 1 001§ | 003 ]
— Lon | - T
oA | 048 1 0016 | 0019 |
B - ' 254 35¢ 0.100 85¢
631 | 117 ] 003 ] om6 |
. on | i ] oo | oo
290 | - (08 | ~
L | 6351 = Jome] -
M 45 85C 454 85¢
N 1.2785C 0.050 85C
] I N1 I Y
CASE 20-03
TO-206AF
{TO-72)

MOTOROLA RF DEVICE DATA
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BFX89, BFY90

ELECTRICAL CHARACTERISTICS {TA = 25°C uniess otharwise notad)
L Charactaristic * Symbol ] Min Typ Max [ Unit j
OFF CHARACTERISTICS

!
f
i
|

Collector-Emitter Braakdown Voltage VigricEQ 15 — — Vde .
{lc = 10 mAde, Ig =0} ‘
Coltector Cutof Cusrant - lcso - - 10 nAde '
{(VcB = 15 Vde, 15 = 0) !
ON CHARACTERISTICS i
OC Current Gain hrg . - ‘:
{ic = 2.0 mAde, Veg = 1.0 Vde) 25 - 150
{Ic = 25 mAde, Vog = 1.0 Vdc) 20 - 125
DYNAMIC CHARACTERISTICS
Coltector-Base Capacitance {1) BFX89 Cebo — 0.85 pF
Veg = 10Vde, lg 2 0, { = 1.0 MHz) B8FYS0 - 0.85 .
Emitter-Base Capacitanca BFYS0 . Cibo —_— — 2,0 pF 7
(VEB =0.5Vde, Ic =0, f = 1,0 MHz) - L
Currant-Gain-Bandwidth Product {2} fr GHz -
{lc=2.0 mA, VGE = 5.0 Vde, f = 500 MHz) BFXB9 -— 1.0 —
BFYS0 1.0 — —
(ic = 25 mA, Vgg = 5.0 Vde, £ = 500 MHz} BFX89 12 17 -
BFYS0 1.3 had -
FUNCTIONAL TEST !
Cammon-Emitter Amplifiar Pawer Gain (2) 8FX89 Gpe 19 - - a8 :
(VCE = 10 Vde, Ig = 8.0 mA, f = 200 MHz) BFYS0 - 21 - i
Spot Noise Figure (Rg = Optimum) (2) BFX89 NF - 2.5 6.5 d8 !
(Vee = 5.0 Vde, g =2.0 mA, f =500 MHz) 8FYso — 2.5 5.0 !
Notas 1. Pin 4 is not groundad,
2, Pin 4 is groundad, ,52“2

3. Gylmax}is catculated from the S-Parameters using the equation Gu(!naxl 2
1481112114529 2

FIGURE 2 — POWER GAIN versus

FIGURE 1 — POWER GAIN versus FREQUENCY COLLECTOR CURRENT
[T 1] .
10 t T 18
Vog=50V 15 -
fg=2.0mA " Gyjmaxj Veg=10Y _ 3 .
g - = 1=500MHt S
5 \‘ Gylmax) i-_ 1 - .
= N 2 152
5 \\ T \\ g 10 w—
= = 182112 . S 80
E [~ \\ a
2 —~] o 60
< -y 40
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BFX89, BFY90

FIGURE 4 — NOISE FIGURE versus

FIGURE 3 — NOISE FIGURE varaus FREQUENCY COLLECTOR CURRENT
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