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Per-lhyh

H paro sa ergas-a exet zei ton sgediasm en c enisqut gamhlo jor bou, o0 opo-oc apo-
tele- basik stoige-o tou RF front-end se dtktec uyhl ,n sugnot twn. Parousi zontai oi
basiktc argtc leitourg-ac twn RF dekt,n kai o r loc tou LNA sthn en-sqush asjen,n
shm twn me thn el gisth dunat prosj kh jor bou. Par llhla, anal ontai jemeli,deic
tnnoiec mikrokumatik ,n kuklwm twn, pwc ta d-ktua d o jur,n, oi par metroi sktdashc,
h eust jeia, to ktrdoc, h prosarmog emptdhshc kai o suntelest c jor bou.

Sth suntqeia parousi zetai h diadikas-a sqed-ashc en ¢ tLtoiou enisqut , h opo-a perilam-
b nei ton kagorism twn apait sewn tou kukl ,matoc, thn epilog kat llhlhc topolog-ac
kai energo stoige-ou, kaj,c kai thn p Iwsh kai diastasiol ghsh tou tranz-stor. A-
kolouje- o sqediasm c¢ twn dikt wn prosarmog c eis dou kai ex dou, h ulopo-hsh tou
kukl ,matoc me pragmatik stoige-a, en, exet zetai kai h ep-drash tou packaging sth su-
nolik ap dosh tou kukl ,matoc. Ttloc, parousi zontai apoteltsmata prosomoi, Sewn
prin kai met to packaging, ,Ste na axiologhje- h ep-dras tou sta basik garakthristik
tou enisqut .

Lixeic Kleidi : Enisqut ¢ Qamhlo Jor bou, Dtktec Radiosugnot twn, Mikroku-
matik Kukl ,mata, D-ktua D o Jur,n, Par metroi Sktdashc, Prosarmog Emptdhshc,
Eik na Jor bou, Eust jeia, Ktrdoc, P lwsh Tranz-stor, D-ktua Prosarmog c, Su-
skeuas-a Kuklwm twn, Prosomoi, seic Kuklwm twn.






Abstract

This thesis examines the design of a Low Noise Amplifier (LNA), which is a fundamental
component of the RF front-end in high-frequency receivers. The basic operating princi-
ples of RF receivers are presented, along with the role of the LNA in amplifying weak
signals while introducing the minimum possible amount of noise. In addition, fundame-
ntal concepts of microwave circuits are analyzed, such as two-port networks, scattering
parameters, stability, gain, impedance matching, and noise figure.

Subsequently, the design process of such an amplifier is presented. This process includes
defining the circuit specifications, selecting an appropriate topology and active device,
as well as biasing and dimensioning the transistor. The design of the input and output
matching networks follows, together with the implementation of the circuit using realistic
components. The e [edt of packaging on the overall circuit performance is also examined.
Finally, simulation results before and after packaging are presented in order to evaluate
its impact on the key characteristics of the amplifier.

Keywords: Low Noise Amplifier, RF Receivers, Microwave Circuits, Two-Port Networks,
Scattering Parameters, Impedance Matching, Noise Figure, Stability, Gain, Transistor
Biasing, Matching Networks, Circuit Packaging, Circuit Simulations.






Euqgarist-ec

Ja jela argik na ekfr sw tic jermtc mou eugarist-ec ston epibltponta kajhght mou,
Iw nnh Papan no, gia to endiaftron jtma pou mou empiste thke, kaj ,c kai gia th diar-
k kajod ghsh kai sumbol tou kaj Ih th di rkeia ekp nhshc thc paro sac ergas-ac.
H suneq c diajesim tht tou kai h projum-a tou na apant se k je apor-a apottlesan
kajoristik par gonta gia thn olokl rwsh thc meltthc aut c.

Eugarist, pol ep-shc ton upoy fio did ktora Bas-lh Manour , o opo-oc me bo jhse
na antimetwp-sw k je tegnik duskol-a pou protkuye kat th di rkeia thc ergas-ac. H
bo jei tou, toulik meltthc pou mou pare-ge pote to qreiaz moun, kaj ,c kai h sumbol
tou sthn an ptuxh miac ousiastik c dia-syjhshc g rw ap ta kukl,mata RF suntbalan
ousiastik sth baj terh katan hsh tou antikeimtnou.

Ja jela ak mh na eugarist sw thn oikogtnei mou gia thn diark upost rix touc se

Ih th di rkeia twn spoud,n mou kai thc ekp nhshc thc paro sac ergas-ac. ldia-terh
eugnwmos nh ofe-lw sth mhttra mou gia thn amtristh sumpar stas thc kai thn p-sth thc
se emtna se k je st dio thc prosp jei ¢ mou. Euqarist, ak mh ta adtlfia mou gia thn
upomon Kkai thn enj rruns touc, kaj,c kai th giagi mou gia thn ag ph kai th suneq
thc front-da.

Ttloc, idia-terh anafor ax-zei sth Gewrg-a A. gia thn katan hsh, thn enj rrunsh kai thn
suneq parous-a thc kaj 1h th di rkeia ekp nhshc thc paro sac ergas-ac.
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Kef'laio 1

Eisagwg

1.1  SOggronec arqgitektonikéc dekt,n kai h shma-
sba tou RF front-end

H | yh shm™wn se z nec uyhl n sugnot twn ebnai genik™ mia apaithtik diadikasba, ku-

rbwc epeid, sto shmebo eisidou tou dékth, to s ma ebnai sugn” idiabtera asjenéc. H
exasjénhsh kat™ th di"dosh ston eleOjero g,ro aux’netai me thn apistash kai, gia de-
domeénec sunj kec zeOxhc, epibarOnetai peraitérw iso anebabnei h sugnithta. Péran thc
basik ¢ exasjénhshc di"doshc, prisjetec ap,leiec prokOptoun api atmosfairik apor-

rifhsh, skédash kai empidia, kaj,c kai api ap,leiec ulopobhshc sto emprisjio tm ma thc

| yhc (p.q. grammeéc metafor"c, sundeseic). Sunep,c, to s ma pou odhgebtai sta pr.ta
st'dia thc alusBdac RF mporeb na ePnai sugkrbsimo me to epPpedo jorObou tou sust matoc,
gegonic pou kajist™ krbsimh thn argik enbsqush me el qisth prisjeth upob~jmish.

Sto plabsio auti, égei idiabterh axba na exetastoOn endeiktikéc argitektonikéc dekt,n pou
grhsimopoioOntai euréwc sth mikrokumatik | yh, diiti epitrépoun ton saf prosdiorismi

tou stadPou tou dékth sto opoPo kajorDzetai h ikanithta anBgneushc polO asjen.n sh-
m’twn, kaj,c kai tou tripou me ton opobo o jiruboc twn argik,n bajmbdwn ephre”zei
thn telik apidosh thc | yhc. Sthn klasik arqgitektonik upereteridunou dékth (bl.

Sgma 1.1.), to s ma api thn keraba diérgetai argik™ api éna band-select fbltro kai sth
sunégeia enisqOetai api ton enisqut gamhloO jorObou, prin akolouj soun ta epimena
st'dia. H sugkekriménh alusbda kajist™ emfanéc iti h pr,th energ bajmbda prin api
th sugnometatrop ebnai o enisqut ¢ gamhloO jorObou kai iti ta metagenéstera st'dia
exuphretoOn kurbwec epilektikithta kai metatrop sugnithtac, ste to s ma na katasteb
kat'llhlo gia apodiamirfwsh.

Antbstoiga, stic sOggronec argitektonikéc dekt.n 1/Q, ipwc oi Hartley kai Weaver (bl.

Sqg ma 1.2.), to s ma met” thn proepilog odhgebtai epPshc se enisqut gamhloO jorObou
kai sth sunégeia se dOo klI"douc mPxhc (I kai Q). Pariti oi argitektonikéc autéc eis"goun
prohgmeénh epexergasba I/Q kai prisjetouc mhganismoOc apirriyhc anepijOmhtwn sunistw-
s,n, h krBsimh parat rhsh paraménei Bdia: o enisqut ¢ gamhloO jorObou topojetebtai sthn
arq thc alusbdac kai leitourgeb wc to pr,to energi st'dio pou ephre”zei kajoristik

thn poiithta tou lambanimenou s matoc.

Me ton iro RF front-end noebtai to emprisjio tm ma tou dékth api thn keraba ewc to shme-
Po ipou xekin™ h met'bash se st'dia pou exuphretoOn kurbwec epilektikithta kai an“kthsh
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Sqg ma 1.1: Tupik arqitektonik upereteridunou dékth. To s ma api thn keraba diérgetai
api fbltro proepilog ¢ kai enisqOetai api ton enisqut gamhloO jorObou prin api th mPxh
me ton topiki talantwt kai th metafor” se endi"mesh sugnithta.

plhroforbac. Sto RF front-end an koun ta pajhtik™ stoigeba eisidou (p.qg. fBltro pro-
epilog ¢ kai dbktua prosarmog c) kai, wc pr,to energi stoigeDo, o enisqut ¢ gamhloQ
jorObou. H jésh aut den ebnai tugabPa: se sunj kec polO gamhl.n epipédwn isqOoc, h
prisjeth upob~jmish sta pr,ta st"dia egei dusan“logh epbdrash sth sunolik apidosh.

Eidikitera, o shmatojorubikic ligoc pou upobajmbzetai sta arqik™ st'dia tou dekth den

mporeb na beltiwjeb api ta epimena st'dia epexergasbac. Metagenésterh enbsqush mporeb
na aux sei to apiluto epPpedo tou s matoc, all” enisqOei tautigrona kai ton jirubo

pou égei dh prostejeb sta arqgik™ st'dia, en, h plhroforba pou éqei jafteb Ktw api

ton jirubo den mporeb na apokatastajeb api thn metépeita alusbda fbltrwn api thn
apodiamirfwsh. Gia ton ligo auti, ta epimena st'dia ebnai krbsima gia zht mata ipwc h
epilektikithta, h apirriyh parembol n kai eid,lwn, to dunamiki eOroc kai h ulopobhsh

thc apodiamirfwshc, all® den mporoOn na antistajmbsoun anepark argik enbsqush
uperbolik eisagwg jorObou sto RF front-end.

Me b"sh ta parap™nw, prokOptei iti h sgedPash tou enisqut gamhloO jorObou sth z nh

twn 10 GHz apoteleb kajoristiki par"gonta gia thn epbteuxh uyhl ¢ apidoshc kai axi-
ipisthc leitourgbac tou dékth kai, epoménwc, apoteleD kentriki antikeDmeno thc paroOsac
ergasbac.

1.2 Riloc kai shmasPa tou enisqut gamhloO jo-
rObou se déktec uyhl n sugnot twn

O enisqut ¢ gamhloO jorObou (Low Noise Amplier - LNA) apoteleD to pr to energi
st'dio enic dékth sth z,nh RF kai, wc ek toOtou, diadramatDzei kajoristiki rilo sthn
telik axiopistba thc | yhc. H basik tou apostol ePnai na enisqOsei éna idiabtera asjenéc
lambanimeno s ma prin auti odhghjeb se st'dia sugnometatrop c, epilektikithtac kai
an"kthshc plhroforbac, eis"gontac par”llhla thn el"gisth dunat prisjeth upob”jmish.

Sthn prixh, h apidosh tou LNA kajorbzei se meg“lo bajmi thn poiithta tou s matoc pou
paradbdetai sta epimena st™dia, ta opoba, pariti krbsima gia th leitourgikithta tou dékth,
den mporoOn na apokatast soun upob’jmish pou égei dh epéljei sthn ePsodo.
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Sq ma 1.2: Argitektonik dékth tOpou Weaver me dipl mbxh 1/Q. Met™ thn proenbsqush
api ton enisqut gamhloO jorObou, to s ma diagwrbzetai se kI"douc | kai Q kai odhgebtai
api topiki talantwt se tetragwnik f'sh, en, mesw thc dipl c mbxhc kai tou kat’llhlou
sunduasmoO twn kanali,n epitugg netai apirriyh tou eid,lou kai metafor™ tou s matoc

sto baseband.

Se sugnithtec thc t"xhc twn 10 GHz, o riloc tou LNA kajbstatai akimh pio krbsimoc, ka-

j,c oi ap,leiec prin kai gOrw api thn pr.th energ bajmbda (p.g. se fbltra proepilog c,
grammeéc metaforc kai diasundeseic) tebnoun na aux’nontai, en, ta parasitik™ fainimena
twn stoigePwn kai thc ulopoPhshc ephre”zoun shmantik™ thn epBteuxh tautigrona uyhloO
kérdouc kai gamhloO prisjetou jorObou. Epipléon, h leitourgba se mikrokumatikéc su-
gnithtec sunep”getai auxhmenec apait seic wc proc thn eust’jeia tou kukl, matoc kai thn

orj prosarmog sthn ebsodo kai thn exodo, ste na epitugq netai apodotik metafor”
isgOoc kai na apofeOgontai anepijOmhtec talant,;seic upob’jmish thc apikrishc sto
epijumhti eOroc.

Oi basikéc sgediastikéc apait seic enic LNA sunoybzontai sta ex c:

" Qamhlic prisjetoc jiruboc: O LNA ofeblei na eis"gei iso to dunatin
mikriterh jorubik suneisfor”,  ste na diathrebtai h poiithta tou s matoc dh api
to pr,to energi st"dio. Se efarmogéc gamhl n epipedwn s matoc, h apabthsh aut
kajbstatai prwteOousa.

A

Eparkeéc kérdoc: O enisqut ¢ gamhloO jorObou prépei na paréqei eparkéc ker-
doc, ,ste o jiruboc pou eis"getai api ta metagenestera st"dia tou dekth na ka-
jPstatai amelhteoc se sgesh me ton jirubo pou kajorbzetai sthn ebsodo, diasfalbzo-
ntac iti h sunolik upob”jmish tou ligou s matoc proc jirubo kuriargebtai api to

arqiki st’dio thc alusbdac | yhc.

A

Prosarmog eisidou kai exidou: H orj prosarmog sthn ebsodo sumb’llei
sthn apodotik sOzeuxh me thn keraba /kai to fBltro proepilog c, en, h prosarmog
sthn éxodo dieukolOnei th sunergasba me ta epimena st'dia.

A

Eust’jeia leitourgbac: O enisqut ¢ gamhloO jorObou ofePlei na parousi“zei

“neu irwn eust’jeia se ilo to eOroc sugnot twn endiaférontoc, ,ste na apotrépetai

h emf nish autotalant,sewn anepijOmhthc enBsqushc ektic z,nhc. Tugin ast’jeia
sta argik™ st"dia tou dekth mporeb na odhg sei se sobar upob”jmish thc leitourgbac
tou sust matoc, kaj.c par'gei eswterik® s mata sugkrbsima kai megalOtera api
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to epijumhti s ma eisidou.

A

Grammikithta: O enisqut ¢ gamhloO jorObou prépei na diathreb grammik sumpe-
rifor” gia éna eparkéc eOroc epipédwn eisidou, ste na apofeOgetai h dhmiourgba
mh grammik,n paramorf,sewn kai endodiamirfwshc parousba isqur,n shm™twn pa-
rembol,.n. H mh grammik leitourgba sta arqik™ st"dia thc | yhc odhgeb sth genesh
anepijOmhtwn fasmatik n sunistws_n, oi opoPec epikalOptontai me to wfélimo s ma
kai den mporoOn na apomakrunjoOn api ta metagenéstera st'dia epexergasbac.

A~

Katan“lwsh isqOoc: O enisqut ¢ gamhloO jorObou prépei na parousi“zei iso

to dunatin gambhliterh katan’lwsh isqQoc, idiabtera se forhtéc energeiak™ pe-
riorisménec efarmogéc. Wstiso, h mePwsh thc isqOoc pilwshc ephre”zei “mesa thn
apidosh ston jirubo, kaj.c sun jwc odhgeb se aOxhsh tou debkth jorObou kai u-
pob~jmish thc sunolik ¢ euaisjhsbac tou dekth. Epomeénwc, o sgediasmic tou LNA
apaiteD prosektiki sumbibasmi metaxO energeiak ¢ apodotikithtac kai jorubik c e-
pbdoshc.

Ta parap™nw megejh den ebnai anexrthta; antbjeta, h sgedbash enic LNA apoteleb klasiki
par“deigma sumbibasm,n metaxO jorObou, kérdouc, prosarmog c, eust’jeiac, grammikith-
tac kai katanlwshc isqOoc.

Sunep.c, h meléth kai h sgedbash enic LNA den periorbzetai sthn epbteuxh enic memonw-
meénou debkth apidoshc, all” apaiteb olistik proséggish pou lambnei upiyh th jésh tou
kukl.matoc sthn alusbda | yhc kai tic apait seic tou sunolikoQ dékth.

1.3 Stigoi kai dom thc paroOsac diplwmatik c
ergasbac

Skopic thc paroOsac diplwmatik ¢ ergasPac ePnai h meléth kai h sqgedPash enic enisqut
gamhloO jorObou me keéntro leitourgbac sta 10 GHz, me émfash sthn epBteuxh isorropPac
metaxO jorObou, kérdouc, prosarmog c, eustjeiac kai grammikithtac, sOmfwna me tic
apait seic pou tbjentai api th jesh tou LNA sto RF front-end.

Eidikitera, h ergasPa epikentr,netai sth diereOnhsh twn apait sewn | yhc sth z,nh twn

10 GHz, kaj,c kai twn basik,n sqediastik,n periorism,n pou ephre“zoun thn ulopobhsh
enic LNA. Sto plabsio auti, exet’zetai h epilog kat'llhihc topologbac kai strathgi-

k ¢ prosarmog ¢, lamb”nontac upiyh touc epijumhtoOc dePktec apidoshc, se sunduasmi me
touc praktikoOc periorismoOc ulopobhshc. AkoloujeD h ulopoBhsh tou kukl,matoc se peri-
b llon prosomoi,sewn, me stigo thn epal jeush thc epBdos ¢ tou sto eOroc sugnot twn
endiaférontoc kai upi realistikéc sunj kec firtishc kai leitourgbac. Teloc, pragmato-
poiebtai axiolighsh twn apotelesm™wn kai suz thsh twn sqgediastik,n sumbibasm_n pou

od ghsan sthn telik ulopobhsh.

H dom thc ergasbac éqei wc ex c:

" Kef'laio 1: Parousi“zetai to plabsio tou probl matoc, oi endeiktikec argite-
ktonikéc dekt.n pou anadeiknOoun th shmasPa tou RF front-end kai tekmhri_netai o
kentrikic riloc tou LNA sth sunolik apidosh enic thlepikoinwnakoO dékth.

~ Kef'laio 2: AnaptOssetai to aparabthto jewrhtiki upibajro gia LNA kai pa-
rousi“zontai ta basik™ megéjh axiolighshc thc sgedbashc.
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" Kef'laio 3: Perigrifetai h mejodologba sgedbashc pou akolouj jhke kai pa-
rousi"zontai ta endi"'mesa kai telik” sghmatik”.

" Kef'laio 4: Parousi“zontai ta telik™ apotelesmata twn prosomoi,sewn, me sqo-
liasmi twn epidisewn kai twn sgediastik,n sumbibasm,n.

"~ Keflaio 5: Sunoybzontai ta sumper’smata kai proteBnontai kateujOnseic gia
mellontik ergasba.
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Kef'laio 2

Jewrhtiki Upibajro

2.1 Mikrokumatik perigraf kuklwm™twn kai pa-
r'metroi skedashc

2.1.1 Dbktua dOo jur.n kai kumatik anapar’stash

Sth mikrokumatik perioq sugnot twn, h klasik perigraf kuklwm“™twn me irouc t"se-

wn kai reum“twn se kimbouc, ipwc efarmizetai sth jewrba sugkentrwmenwn stoigeBwn,
kajbstatai periorismenhc praktik c axbac. H aitba egkeitai sto gegonic iti ta fusik™ m kh

twn diasundésewn kai twn stoigeBwn den ePnai pléon amelhtéa se sgésh me to m koc kOma-
toc, me apotelesma h hlektromagnhtik di"dosh kat™ m koc twn gramm_n metafor"c kai oi
anakl’seic stic asunégeiec empédhshc na kuriarqoOn sth sumperifor™ tou kukl matoc.

Upi autéc tic sunj kec, h upijesh stigmiaPac katanom c t'shc kai reOmatoc -jemeli,dhc

sth montelopobhsh sugkentrwménwn stoigePwn- den isqOei. Antijetwe, ta kukl mata
prepei na antimetwpbzontai wc sust mata katanemhmenwn parameétrwn, sta opoba oi hle-
ktrikéc posithtec metab llontai qwrik™ kai gronik”, upakoOontac se kumatik”™ fainimena.

Wc ek toOtou, h an’lush basPzetai sth jewrDa gramm_n metafor’c kai sthn perigraf thc
di"doshc mésw kum™twn.

Gia ton ligo auti, éna kOklwma RF proseggbzetai tupik™ we grammiki (mikroO s matoc)
dbktuo dOo jur.n, sto opobo oi metablhtéc kat'stashc den ePnai oi t"seic kai ta reOmata
se kimbouc, all” ta prospBptonta kai anakl mena kOmata stic jOrec. H perigraf aut e-
pitrépei th sunep enswm’twsh twn fainomeénwn di"doshc, prosarmog c kai an“klashc, kai
parégei éna kat'llhlo jewrhtiki plabsio gia thn an”lush kai ton sgediasmi mikrokumati-

k.n kuklwm’twn, ipou h dikrish metaxO sugkentrwménwn kai katanemhménwn stoigeBwn
ebnai kajoristik .

Orismic jur.n kai metablht.n. Jewrebtai dBktuo dOo jur,n me jOrec i 2 f1;2g

kai garakthristik antBstash anafor’c Z o (sunjwc 50 ). Gia k’je jOra orbzontai o
fasijethc t'shc V ; kai o fasijethc reOmatoc I; (me for™ tou |; proc to dbktuo). Oi
kanonikopoihménec kumatikéc metablhtéc (@rospPpton kOma) kai tanakl meno kOma)
orbzontai wc

Vi +Z ol
—p—;

h Vi Zoli,
ZZ_O’ b

i (2.1)
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kai apeikonbzontai sghmatik™ sto Sq. 2.1.

Sqg ma 2.1: 'Ena tupiki dbjuro.

Oi sgeéseic (2.1) mporoOn na antistrafoOn ste na ekfrastoOn Mai |; we sun’rthsh twn
a; kaih: 0
Vi= " Zo(a +by); li=p=—( bi) (2.2)

Termatismic kai suntelest ¢ an“klashc. 'Estw iti mia jOra termatDzetai me
sOnjeth antbstash Z. O suntelest ¢ an"klashc wc proc thn anafor” Z o orbzetai wc

Zt Z o
— 2.
T 737, (2.3)
Gia th jOra pou termatbzetai mer 4sqOei sqésh an“klashc metaxO twn kum’twn:
b= ta: (2.4)

H perbptwsh prosarmosménou termatismoO antistoigeP se=ZZ , kai sunep,c 1 =

0, dhlad mhdenik an’klash (b = 0). H énnoia tou prosarmosmeénou termatismoO ePnai
kentrik sth jewrba twn paramétrwn skédashc, kaj,c oi teleutaboi orbzontai upi sunj kec
mhdenik ¢ an"klashc stic mh diegeirimenec jOrec. Kat” sOmbash, stic eisidouc kai exidouc
tou dijOrou oi sundedeménoi termatismoD lamb nontai Bsoi me th garakthristik antbstash
anaforc, dhlad Z 1 = Z,, ektic an anaféeretai rht” diaforetik”.

Dianusmatik morf kai proetoimasba gia pbnaka skedashc. Orbzontac ta
dianOsmata prospPptontwn kai anakl menwn kum“twn
a

a, , b,

iy (2.5)

by ;
h grammik sumperifor” tou diktOou dOnatai na ekfrasteD me mia grammik apeikinish api
a se b. Sthn epimenh enithta eis"getai o pPnakac skedashc S, o opoboc sundeéei ta a kai
b kai apoteleb th basik perigraf gia thn an’lush kai ton sgediasmi mikrokumatik,n
enisqut,n.

2.1.2 Par"metroi skedashc: orismic kai basikec idiithtec

H mikrokumatik perigraf enic grammikoO diktOou dOo jur,n oloklhr netai me thn ei-
sagwg twn parameétrwn skedashc (scattering parameters S-parameters), oi opobec sun-
déoun ta prospPptonta kOmata a me ta anakl. mena kOmata b. Oi par'metroi skédashc
apoteloOn th {fusik gl ssa} tou sqediasmoO RF/mikrokum’twn, kaj.c orDzontai apeu-
jeBac me irouc kumatik,n megej,n kai prosarmosménwn termatism_n.
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Grammik apeikinish kai pPnakac skédashc. Gia éna grammiki dbktuo dOo ju-
r.n, h sgésh metaxO twn dianusm™twn (2.5) gr-fetai wc

b=Sa; (2.6)
ipou S 2 C2? ePnai o pPnakac skédashc:

Sll S12

S, 2.7
S Sy (2.7)
AnaptOssontac thn (2.6) prokOptoun oi exis seic:
=Spa +Spay;
bl 1141 122 (28)

» = So1a1 + Soay;

oi opoPec perigr'foun th suneisfor” k'je prospPptontoc kOmatoc sto anakl,meno kOma
kK'je jOrac.
Oi par'metroi skedashc ebnai genik™ migadikec sunart seic thc gwniak ¢ sugnithtac !:

S; =Sy (), ij2fl;2g; (2.9)

H sugnoex’rthsh tiso tou métrou iso kai thc f'shc ebnai kajoristik , kaj,c h sqedbash
diktOwn prosarmog c kai h axiolighsh eust’jeiac/kérdouc pragmatopoioOntai se steni
all” krbsimo eOroc gOrw api th sugnithta stigo.

Analutikic orismic mésw merik,n diegersewn. Oiepimerouc par metroi skeda-
shc orbzontai wc ligoi kumatik,n megej,n upi sunj kec prosarmosménou termatismoO
sthn mh diegeirimenh jOra. Eidikitera:

S, b ; So1, ] ; (2.10)
& a>=0 a a>=0
b, o]

822 y ; 812 y (211)
az a1=0 a2 a1=0

H sunj kh a , = 0 sthn (2.10) isodunameP me prosarmosmeéno termatismi sth jOra 2 (dhl.

L = 0 wc proc Zgp), en, antbstoiga h sunj kh a; = 0 sthn (2.11) isodunameb me prosar-
mosmeéno termatismi sth jOra 1 (dhl. s = 0). 'Etsi, oi orismob twn paramétrwn skédashc
ebnai eggen,c sundedemenoi me th metrhsh/prosomobwsh upi anagfor” Z

SOndesh me suntelest an“klashc kai prosarmog. 'Otan h jOra 2 ePnai
prosarmosmeénh (= 0), h S;; isoOtai me ton suntelest an“klashc eisidou tou diktOou
WC proc Zy:

in=Su  (giaa=0): (2.12)

AntBstoiga, itan h jOra 1 ePnai prosarmosménh &0), isqOei:
ot =S22  (giaa =0): (2.13)

Oi sgeseic (2.12) (2.13) epitrepoun thn "mesh ermhneba twn & S;, wc megej.n pro-
sarmog C.
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2.1.3 Poiotik ermhneba twn parametrwn skedashc ston
sgediasmi LNA

Oi par"metroi skédashc paréqoun mia pl rh grammik perigraf enic LNA wc diktOou
dOo jur.n. Sto plabsio thc sqedPashc, oi par"metroi autéc den antimetwpbzontai mino wc
metr sima megejh, all” wc krit ria pou apotup,noun: (i) thn ikanithta enbBsqushc, (ii)

thn poiithta prosarmog c stic jOrec kai (iii) th sOzeuxh metaxO eisidou exidou, h opoba
sundéetai "mesa me thn eust’jeia kai thn apominwsh. H epijumht sumperifor™ enic LNA
sth sugnithta stiqo (ed, 10 GHz) perilamb™nei uyhli jS i), gamhli |S 1,j kai gamhIl®

1S11), S22, me thn epis mansh iti ta parap”nw megejh allhlexart,ntai kai epitugg™nontai
mésw sumbibasm,n.

Krit rio enbsqushc: uyhli |S 21). H parmetroc S,; ekfr’zei th met"dosh api

thn ePsodo proc thn éxodo upi prosarmosmeéno termatismi sth jOra 2 kai sundéetai “mesa
me to kérdoc mikroO s matoc tou enisqut. Poiotik™, h apabthsh gia uyhli j&j sth
sugnithta stigo antanakl” thn an"gkh to pr.to energi st'dio na anuy,sei to epbpedo

tou epijumhtoO s matoc ste:

" na meiwjeb h sgetik epBdrash tou jorObou twn epimenwn stadbhwn
" na exasfalisteb eparkéc perij,rio s matoc gia ta epimena st'dia.

Wstiso, h aOxhsh tou jS,j den ePnai anexrthth api “llouc stiqouc: uyhli kérdoc mpo-
reD na epibarOnei thn eust’jeia /kai na apait sei isquriterh pilwsh me sunépeiec sthn
katan“lwsh isqOoc kai sth grammikithta. Sunep,c, to jS»j tBjetai we stigoc me b'sh
tic apait seic tou sust matoc, igi wc monodi“stath megistopobhsh.

Krit rio apominwshc kai eust’jeiac: gamhli |S 12). H parmetroc S;, pe-
rigr'fei thn an"strofh met"dosh api thn exodo proc thn ebsodo. Ideat”, se énan mono-
kateujuntiki enisqut ja Bsque S, 0. Sthn prxh, mh mhdeniki S, prokOptei ligw
eswterik ¢ qwrhtik ¢ epagwgik ¢ sOzeuxhc tou energoO stoigeDPou (p.g. an“drash mésw
Cgya Se FET/MOS), kaj,c kai mh idanik,n termatism,n sta “kra tou diktOou.

Qamhli |S;,j] ePnai epijumhti diiti:

1. Belti,nei thn apominwsh eisidou exidou, mei ,nontac thn pijanithta
diarro ¢ tou s matoc exidou proc thn ePsodo kai thn allhlepPdrash me prohgoOmena
st'dia (p. g. fBltro proepilog c).

2. Mei nei ton kbnduno anepijOmhtwn talant.sewn. Akimh kai mikr a-
n"strofh sOzeuxh, itan sunduasteD me anakl’seic sta “kra (mh mhdeniks, ),
mporeD na dhmiourg sei sunj kec jetik ¢ an"drashc se orisménec sugnithtec. H
parat rhsh aut ebnai idiabtera krbsimh se mikrokumatikéc sugnithtec, ipou mikréc
parasitikéc zeOxeic mporeD na ePnai sugkrDsimec me to epijumhti s ma.

Krit ria prosarmog c: gamhl” jS 11) kai jS 25j. Oi par'metroi Sy, kai Sy, sun-
deontai "mesa me touc suntelestéc an“klashc eisidou kai exidou upi prosarmosmeno
termatismi sthn apénanti jOra (bl. (2.12) (2.13)). H apabthsh gia gamhl” j§j kai jS,»j

H majhmatik tekmhrbwsh thc parat rhshc aut ¢ dbnetai sthn an”lush sunolikoO jorObou (exBswsh
Friis) se epimenh enithta.
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sth sugnithta stiqo shmabnei iti to kOklwma proseggbzei prosarmosménh sumperifor™ wc
proc Zy, dhlad :

jS11j 1 ) mikr an"klash sthn ebsodo; S 220 1 ) mikr an’klash sthn exodo:

Poiotik™, h kal prosarmog ebnai epijumht diiti:

" ElagistopoieD ap,leiec diajésimhc isqOoc ligw anakl’sewn, “ra belti-
.nei thn apotelesmatik sOzeuxh me thn keraba/proepilog sthn ebsodo kai me to
epimeno st"dio sthn éxodo.

" Periorbzei st'sima kOmata kai diakum™nseic thc apikrishc ligw allhlepPdra-
shc me ta exwterik™ fortba/phgéc.

" Suneisferei émmesa sthn eust’jeia, kaj,c entonec anakl"seic mporeb na
enisqOsoun brigouc an“drashc (se sunduasmi me mh mhdeni S

Sugn” wc praktikic debkthc prosarmog ¢ grhsimopoiebtai to return loss:
RLi, = 20log 15]S11j; RLout = 2010g 10)S22): (2.14)

MegalOterec timéc (2.14) antistoiqoOn se kalOterh prosarmog (mikriterh an’klash).

Sumbibasmob kai stiqoi sqedPashc. Pariti {idanik’} ja epijumoOse kanebc u-
yhii jS »j kai tautigrona polO gamhl™ jS 11, jS22j, jS12j, sthn prxh ta megejh aut®
allhlepidroOn. Endeiktik™:

" H beltbwsh tou jS;;j meésw isqur ¢ prosarmog ¢ eisidou mporeb na odhg sei se
aOxhsh apwlei,n sto dbktuo prosarmog ¢ /kai se apiklish api th beéltisth sunj kh
jorObou (analOetai se epimenh enithta).

" H epidbwxh polO uyhloO jg§ mporeb na apait sei leitourgba se shmebo pilwshc/to-
pologba pou epibarOnei thn eustjeia, kajist,ntac anagkaba métra stajeropobhshc
pou endégetai na mei ,soun to kerdoc.

" H mebwsh tou 3] mésw teqgnik,n apominwshc/an"drashc mporeb na ephre’sei to
sunoliki kérdoc.

Sunep,c, oi par'metroi skédashc leitourgoOn wc polukrithriak perigraf thc apidoshc,

h opoba prépei na axiologebtai se sunduasmi me touc debktec jorObou, eustijeiac kai
grammikithtac. H poiotik ermhneba pou parousi'sthke ed, apoteleb to plabsio mésa sto
opobo ja axiologhjoOn oi sgediastikéc epilogéc kai ta apotelésmata tou LNA sta epimena
keflaia.

2.2 Jiruboc se mikrokumatik™ energ” stoigeba

2.2.1 Jemeli deic énnoiec jorObou kai metrikéc apidoshc

Sto parin tm ma eis"gontai oi basikéc énnoiec jorObou pou grhsimopoioOntai sthn anlush
kai axiolighsh kuklwm™twn RF, kaj.c kai oi kOriec metrikéc apidoshc pou ja grhsimo-
poihjoOn sta epimena tm mata. H an’lush jewreD leitourgPa mikroO s matoc gOrw api
ena shmebo pilwshc kai jirubo pou proseggbzetai wc st'simoc (stationary) kai leukic
(white), ipou auti ebnai égkuro.
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Stogastik perigraf kai fasmatik puknithta isqOoc. 'Estw n(t) énac

mhdenikoO mésou (Efn(t)g = 0) tugabPoc jorubikic iroc. H mésh isqOc tou jorObou se
eOroc z,nhc B gOrw api th sugnithta endiaférontoc perigr-fetai mésw thc (monipleurhc)
fasmatik ¢ puknithtac isqOoc (power spectral density, PSD) S(f):

Z fo+B
A(B) = Sn(f) o (2.15)

fo

Gia leuki jirubo sto exetazimeno eOroc (S,(f) S o), h (2.15) aplopoiebtai se
2(B) S (B: (2.16)

H upijesh leukoO jorObou ebnai sun jwc kat'llhlh sth mikrokumatik perioq gia touc
kurbargouc mhganismoOc (jermikic/bol ¢), en, o icker jiruboc anaféretai sunoptik®
parak“tw wc fainimeno gamhl n sugnot twn.

Jermikic jiruboc. Gia mba antbstash R se jermodunamik isorropba se jermokrasba
T, h monipleurh PSD t"shc jorObou ebnai

S/(f) =4kTR [V 2?=Hz]; (2.17)
ipou k ePnai h stajer” Boltzmann. H antBstoigh PSD reOmatoc jorObou ePnai

Si(f) = % [A2=Hz]: (2.18)

Se eOroc z,nhc B, h mésh tetragwnik tim (mean-square) thc t'shc jorObou prokOptei
api o
V2 = 4KTRB; (2.19)

kai antbstoiqaiZ = *kTB.

Jiruboc bol c. Se stoigeba ipou h agwg ofebletai se diakrit” fortba (p.g. diidouc
reOmata se energéc diat"xeic), o jiruboc bol ¢ proseggbzetai wc leukic, me monipleurh
PSD reOmatoc
Si(f)=2ql [A 2=Hz]; (2.20)

ipou g ePnai to stoigei,dec fortbo kai | to meéso sunegéc reOma. Se eOroc B isqOei
iZ = 2qIB.

Jiruboc 1=f (icker). O icker jiruboc emfanbzei PSD pou metab’lletai proseggi-
stik™ wc
Sn(f)/ fi; 1; (2.21)
kai kuriargeb se gqamhlec sugnithtec. Se efarmogec mikrokum™wn (p.q. 10 GHz) h "mesh

epbdras tou sth z,nh RF ebnai sun jwc periorismenh.
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Orismic SNR kai Noise Factor. Jewrebtai sOsthma pou dégetai sthn eDsodo s ma
isqOoc $, kai jirubo N i, (entic tou Bdiou eOrouc z,nhc). O ligoc s matoc proc jirubo
sthn ebsodo orbzetai wc

SNRyn , ——; (2.22)
I\lin
en, sthn éxodo
SNRyy , 22 (2.23)
NOUt

O par“gontac jorObou (noise factor - F) orDzetai wc o ligoc upob’jmishc tou SNR:

SNRi, _ Sin=Nin .

F, = :
SNRyut Sout =Nout

(2.24)
Gia idaniki, ajirubo stoigebo isqOei F = 1, en, sthn pr'xh isqOei F > 1.

Eikina jorObou. H eikina jorObou (noise gure - NF) ePnai h logarijmik (se dB)
ekfrash tou F:
NF , 10log ,o(F) [dB]: (2.25)

IsodOnamh jermokrasba jorObou. EPnai sugn” gr simh h anapar”stash enic jo-

rubikoO stoigePou wc isodOnamhc jermokrasPac jorOkpwrizimenhc we h prisjeth
jermokrasba sthn ebsodo pou ja par gage thn bdia upob’jmish SNR. Me jermokrasba
anafor’c T (tupik™ T o = 290 K), isqOei h jemeli,dhc sgésh

F:1+% 0 T o=CF JT o (2.26)

2.2.2 Parmetroi jorObou kai béltisth sunjkh termati-
smoO phg c

Sth mikrokumatik an’lush, h jorubik sumperifor™ enic energoO dijOrou (p.q. tranzBstor

se sugkekriménh pilwsh) perigr-fetai sunoptik® mésw twn parameétrwn jorObou (noise
parameters). Gia dedomenh sugnithta kai shmebo pilwshc, oi par'metroi autec epitréepoun
thn ékfrash tou noise factor F wc sun’rthsh tou termatismoO phg ¢ sthn eBsodo, qwrbc
na apaitebtai pl rhc eswterik stogastik montelopobhsh tou stoigebou.

'Estw iti h eDsodoc tou energoQ dijOrou {blépei} agwgimithta phg c
Ys =Gs+]B s;

ipou
Gg = <fY sg kai Bg = =fY s0.

Tite o noise factor ekfr"zetai wc
_ Rn . .2
F=Fumin+ =CiYs Y opi (2.27)
S
ipou F,in ePnai o el’gistoc jiruboc pou mporeb na epiteugjeb sth sugkekrimenh sugnithta
kai pilwsh,

Yopt =G opt +]B opt (2.28)
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ebnai h béltisth agwgimithta phg ¢ pou elagistopoieb ton jirubo, kai R h isodOnamh
antDstash jorObou (equivalent noise resistance), h opoPa ekfr'zei thn euaisjhsPa tou F
se apoklbseic tou ¥ api to béltisto shmebo.

Api thn (2.27) prokOptei iti h béltisth jorubik epPdosh epitugg netai itan

gegonic pou apoteleb th jewrhtik b"sh tou noise matching. Shmei netai iti, genik™, h
Yopt den antistoigeb se prosarmog 50 , epomenwc to shmebo el gistou jorObou diaférei
api to shmebo meégisthc metafor™c isqOoc.

Oi par"metroi jorObou éqoun saf fusik kai sgediastik ermhnebPa: to Ry, kajorbzei to

kat tero irio jorObou pou mporeb na epitOgei to stoigePo sto dedoméno shmebo leitourgbac,
h Yopt orbzei th béltisth sunj kh termatismoQ thc phg ¢ kai sunep,c ton stigo tou noise
matching, en, to R, apoteleD meétro thc euaisjhsPac tou jorObou se apoklPseic api to
beéltisto shmebo « me megalOterec timéc na sunep’gontai entoniterh aOxhsh tou F Kai
periorisménh eleujerba sgedbashc.

Oi posithtec F min, Yopr kai R, exart,ntai api th sugnithta kai to shmebo pilwshc kai
prokOptoun sthn pr'xh ebte api prosomoi seic ebte api montéla dedoména kataskeuast .
H exrthsh aut ebnai idiabtera krbsimh ston sgediasmi LNA, kaj,c h epilog pilwshc
metablleitisoto F n 1s0 kai to béltisto shmebo ¢, ephre”zontac "mesa ton sqediasmi
tou diktOou eisidou.

2.2.3 Sunolikic jiruboc dekth: exbswsh Friis kai riloc
tou pr,tou stadbou

H posotik axiolighsh thc jorubik ¢ epPdoshc enic dékth pou apotelebtai api diadogikec
bajmbdec gbnetai me thn exbswsh Friis. H sgesh aut apotup,nei me saf tripo iti h
jorubik suneisfor” twn metagenésterwn stadbwn {apodunam netai} api to kérdoc twn
prohgoOmenwn, gegonic pou exhgeDb giatb to pr,to energi st'dio (o LNA) kuriargeD sth
sunolik jorubik epbdosh.

Jewrebtai allhlougba N bajmbdwn, ipwc fabnetai sto Sqg. 2.2. Gia thn i-ost bajmbda
orbzontai:
" Fi : noise factor thc bajmbdac (se grammik klBbmaka),

G; : keérdoc isqgOoc thc bajmbdac (se grammik klPmaka).

O sunolikic noise factor tou sust matoc orbzetai, ipwc kai gia mba bajmbda, wc

SNRi,
F — 2.30
tot » SNRout ( )
Gia diadogikéc bajmbdec, o sunolikic noise factor dbnetai api:
F, 1 F3 1 Fn 1
Fot =F1+ o+ =2 N (2.31)

+ 4+ ;
Gy G:G2 GG  Gni:

H (2.31) prokOptei api thn anagwg twn jorubik.n suneisfor.n k’je bajmbdac sthn
ebsodo (input-referred noise) kai th diadogik enbsqush twn shm“twn/jorObwn kat™ m koc
thc alusbdac.
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Sqg ma 2.2: Allhlougba N bajmbdwn.

Eidik perbptwsh dOo bajmbdwn. Gia N =2 h (2.31) aplopoiebtai se

(2.32)

H perbptwsh aut prokOptei an jewrhjoOn ila ta st"dia pou akoloujoOn to pr to wc éna
isodOnamo deOtero st'dio, me sunoliki suntelest jorObou F kai sunoliki kérdoc Pso
me to ginimeno twn epimerouc kerd,n touc. H (2.32) debqnei iti, efison to pr,to st"dio
égei ikani kérdoc (G 1), o deOteroc iroc mei_netai shmantik™ kai o sunolikic jiruboc
proseggbzei ton jirubo tou pr,tou stadbou:

Gl 1 :) F tot F 1- (233)

‘Ara, o LNA (wc pr.to energi st'dio) kajorbzei se meg-lo bajmi th sunolik jorubik
epbdosh, en, ta metagenéstera st'dia ephre”zoun tg.fF kurbwc mesw tou dikoO toug F
kai tou kerdouc pou prohgebtai aut,n.

H (2.31) odhgeb se dOo krbsima sumper“smata gia th sqgedDash LNA:

1. PrwteOousa shmasba gamhloO F ; ( NF ;). H mebPwsh tou jorObou sto
pr.to st"dio beltinei "mesa to F , anex'rthta api thn poiithta twn epimenwn
stadbwn, akrib,c epeid o iroc R prostbjetai qwrbc apomebwsh.

2. An"gkh eparkoOc G ;. To kérdoc tou LNA prépei na ePnai arketi  ste na
katasteD amelhtéa ( apodekt™ mikr) h suneisfor” twn metagenésterwn bajmbdwn,
ipwc ekfr'zetai api touc irouc oSt

l .
k=1 Gk

Sunep,c, h epbteuxh gamhloO noise factor ( gure) den mporeb na exet’zetai anex’rthta api
thn epPteuxh eparkoOc kérdouc, kaj.c kai ta dOo megéjh summetéqoun Kkajoristik™ sthn
telik euaisjhsba tou dékth.

Gia ligouc plhrithtac, h (2.31) mporeb na metaferjeb kai se NF (se dB) mésw:
NFiot = 1010g;0(Fiot);

me thn prodpijesh iti oi prixeic thc (2.31) pragmatopoioOntai se grammikéc mon’dec.

2.2.4 NF min wc sun'rthsh puknithtac reOmatoc: Oparxh
beltisthc pilwshc

H el"qgisth jorubik epPdosh enic energoO stoigePou sth mikrokumatik perioq , ipwc apo-
tup,netai api to NF ,i,, den ebnai genik™ monotonik wc proc to reOma pilwshc. Antbjeta,
se pollec tegnologbec parathrebtai iti, gia dedomenh sugnithta, to Nf, parousi“zei
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elgisto gia mPa sugkekriménh periog pilwshc, h opoba mporeb na ekfrasteb isodOnama wc
beltisth puknithta reOmatoc. To eOrhma auti ePnai idiabtera qr simo praktik”, diiti ka-
jodhgeD thn epilog tou shmebou pilwshc prin akimh sgediastoOn ta dbktua prosarmog c.

Gia suskeuec me gewmetrik klim"kwsh, ebnai sugn” protimitero na grhsimopoiebtai pu-
knithta reOmatoc, ,ste oi kampOlec na sugkrbnontai anex’rthta api to meégejoc thc su-
skeu c. Endeiktik”, mporeb na oristeb wc

Ip
I, W 2.34
W (2:34)
ipou | ePnai to reOma pilwshc kai W to pl'toc tou tranzBstor. H epilog tou W exar-
t"tai api to ebdoc tou tranzbstor kai th sOmbash pou uiojeteb o kataskeuast c/montelo.

H tupik sumperifor” tou NF i» wc proc thn puknithta reOmatoc ePnai kurt : gia mikréc
timéc J to NFn, ePnai auxhméno, mei netai kaj,c h pilwsh aux’nei, kai telik™ aux"nei ek
néou gia megalOterec timéc J. H sumperifor™ aut apotup,netai endeiktik™ sto Sq. 2.3,
ipou diakrbnetai h beltisth puknithta reOmatoc dot pou elagistopoieb to NF,,. Sthn
prxh, to NF nin(J) lambnetai api dedomena kataskeuast /kai prosomoi seic (p.q.
noise analysis) kai to J,; entopbzetai ebte arijmhtik™ ebte apeujebac api thn kampOlh.

Sq ma 2.3: Endeiktik ex’rthsh tou NF i, api thn puknithta reOmatoc J sth sugnithta
endiaférontoc (diakekoménh kampOlh). Parathrebtai Oparxh beltisthc pilwshg,Jipou
to NF ,in elagistopoiebtai.

Dedomeénou iti stic sOggronec CMOS tegnologPec isqOei tupik,d 150 A= m, ebnai
eOlogo na exetasteb mia endeiktik ektbmhsh katan“lwshc isqOoc gia realistikec diast seic
tranzbstor, ste na gbnei saféc to energeiaki kistoc leitourgbac kont™ sto Jgp:.

'Estw el"gisto pl'toc an™ d“ktulo W in = 0:3 m, el'gistoc arijmic ngers N ; = 8
(ipwc epib’llontai api thn tegnologba) kai multiplier m = 100.

To sunoliki pl"toc tou tranzbstor dbnetai api
W=m N;i Wy, =100 8 0:3 m =240 m: (2.35)
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Gia pilwsh sto J o, to reOma pilwshc proseggbzetai api

Io J ot W =(150 A=m) (240 m) = 36 mA: (2.36)

An jewrhjeb kaskodiki st"dio enbsqushc, opite kai greiazimaste sqetik™ meg’lh tim
trofodosbac gia na polwjoOn swst” ta tranzbstor, kai t"sh trofodosbac Vpp = 1:8V,
tite h sunolik DC isqOc ektim™tai wc

Poc Vop Ip =18V 36mA=64:83mW: (2.37)

H parap™nw endeiktik ektbmhsh debgnei iti akimh kai gia apolOtwc tupikéc epilogéc ge-
wmetrbac tranzbstor, h leitourgba kont™ sto); odhgeb se idiabtera uyhl katanlwsh
isgOoc. Sunep.c, o sgediasmic analogik,n bajmPdwn apaiteD prosektiki sumbibasmi me-
taxO leitourgbac sto béltisto shmebo puknithtac reOmatoc kai epitrept ¢ energeiak ¢ ka-
tan"lwshc, eidik™ itan to sunoliki pl"toc aux"netai (p.q. ligw active device matching,

bl. Kef'laio 3.1.2)

2.3 Prosarmog empeédhshc se LNA: isgOc énanti
jorObou

2.3.1 Q’rthc Smith kai metasghmatismob empedhshc

O q'rthc Smith (bl. Sqg. 2.4) apoteleb to basiki ergalebo gewmetrik ¢ apeikinishc kai
sOnjeshc diktOwn prosarmog ¢ sth mikrokumatik perioq. Sthn prixh, epitrépei thn

optik kai tautigrona posotik parakoloOjhsh tou p,c mia empédhsh ( agwgimithta)
metasghmatbzetai mesw stoigeBbwn/gramm_n metafor’c, meqri na epiteugjeb o epijumhtic
termatismic sthn ebsodo /kai sthn eéxodo enic LNA. Sto parin tm ma sunoybzontai oi
basikob metasghmatismob pou grhsimopoioOntai sth sqedbash.

Sq ma 2.4: Plrhc g'rthc Smith.
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Kanonikopobhsh kai antistobqgish se epbpedo Smith. Jewrebtai pragmatik
antbstash anafor’c Z, (tupik”™ 50 ) kai orbzetai h kanonikopoihménh empédhsh

Z .
- = " 2
zZ, Z. r+jx; (2.38)

kaj,c kai h kanonikopoihménh agwgimithta

Y . 1
— =g +jb; — :
y,YO g +jb; Yo, Z (2.39)
H apeikinish Smith basbzetai sthn antistobqish z $ :
z 1 1+
= S z-1 ; (2.40)

h opoba metasghmatbzei to migadiki epPpedo empedhshc sto monadiabo dbsko jj 1 (gia
pajhtikoOc termatismoOc). Me thn (2.40), oi kOkloi stajer ¢ antbstashc r = <fzg kai
stajer ¢ antBdrashc x = =fzg apeikonbzontai wc kOkloi/tixa entic tou g’rth Smith.

Apeikinish agwgimithtac kai antistrof . Dedomeénou iti y = 1=z, h met'bash
api empedhsh se agwgimithta antistoigeb se

y=z (2.41)

N |

h opoPa ston qrth Smith ermhneOetai wc gewmetrik antistrof . H dunatithta aut
ebnai gr simh itan o sqediasmic gbnetai me par’lihla stoigePa (p.q. shunt stubc), ipou h
agwgimithta ebnai pio {fusik } metablht .

Seiriak kai par’llhlh prosj kh amig,c “ergou stoigePou. H sOnjesh

diktOwn prosarmog ¢ se mikrokOmata basPzetai sugn” se amig,.c “erga stoigePa/tm mata
gramm_n metafor™c (,ste na apofeOgontai ap_leiec). H prosj kh “erghc antbdrashc se

seir” me éna fortbo isodunameb me:

°=z+jx g (2.42)
ipou Xs h kanonikopoihménh seiriak antbdrash. Ston g°rth Smith, auti antistoigeb se
kBnhsh kat™ m koc kOklou stajer ¢ r (stajer pragmatik sunist sa).

AntBstoiga, h prosj kh “erghc agwgimithtac se par’llhinh sOndesh antistoigeD se:
yo=y+jb p; (2.43)

ipou b, h kanonikopoihmenh par’llhlh epidektikithta.

L-section prosarmog me katanemhmena stoigePa. Sth z.nh twn 10 GHz, h

prosarmog empedhshc mporeb na ulopoihjeb me L-section dom, h opoba apotelebtai api
enan seiriaki kai énan par’llhlo “ergo kl"do, ipwc fabnetai sto Sqg. 2.5. H ulopobhsh

gPnetai me kat'llhla tm mata gramm ¢ microstrip isodOnama stubs. Ston q’rth Smith, h
prosarmog antistoigeD se dOo diadogikéc metakin seic: mPa ligw tou seiriakoO stoigeDou
kai mPa ligw tou par’llhlou stoigePou, oi opoPec odhgoOn to shmeDo leitourgbac sto kéntro
tou diagrmmatoc.
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Sq ma 2.5: IsodOnamo kOklwma L-section.

2.3.2 Power matching (stigoc S 11)

Sto plabsio enic LNA, o iroc power matching anaféeretai sth sgedbash thc eisidou eétsi

,ste, sth sugnithta stiqo, h phg (tupik”™ perib’llon 50 ) na {blépei} sthn ebsodo

tou enisqut éna isodOnamo fortbo iso to dunatin pio kont™ sto Z,. O basikic stigoc

ebnai h elagistopobhsh thc an“klashc isqOoc sthn ePsodo kai, sunep.c, h megistopobhsh
thc isqOoc pou suzeOgnutai proc to pr.to energi st'dio. Sthn orologba paramétrwn
skedashc, to krit rio auti apotup,netai "mesa mesw thc paramétrou S;.

Stigoc prosarmog ¢ se peribillon 50 . Se éna tupiki RF sOsthma ipou h

phg kai ta irgana/diepafec ebnai anaferimena se Z= 50 , epidi ,ketai h eBsodoc tou
LNA na emfanDzei suntelest an’klashc mikroO métrou sth sugnithta leitourgbac. Upi
ton orismi twn parameétrwn skédashc (prosarmosmeénh h apénanti jOra), isqOei:

n =Sl (2.44)
Sunep,c, power matching sthn ebsodo isodunameb me stiqo
jS11(! 0)j i1s0 to dunatin mikritero; (2.45)
ipou ! o h gwniak sugnithta stigou (p.q. 2 10 GHz).

Upi tic parap™nw sunj kec, to power matching antistoigeb se termatismi phg ¢ me su-
ntelest an“klashc
s =0; (2.46)

dhlad se phg prosarmosménh sto 4 = 50 . Sthn perbptwsh aut, h elaqgistopobhsh
tou jS11j exasfalbzei meégisth sOzeuxh isqOoc api thn phg proc thn eDsodo tou enisqut
sth sugnithta stigo.

Sgesh tou S ;; me thn empedhsh eisidou. H parmetroc S ;; sundéetai "'mesa me
thn empedhsh eisidou tou LNA, £, mesw thc sgéshc

Su= =0 (2.47)

h opoba isqOei upi anafor” se gkai me prosarmosmeénh thn éxodo. Sunep._c, h elagisto-
pobhsh tou j§j isodunameb me apabthsh

Zin(!o) Z o (2.48)
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dhlad h ebsodoc tou enisqut na emfanbzei pragmatik empédhsh kont™ sta 50 sth
sugnithta stiqo.

Sthn prxh, h fusik empédhsh eisidou tou energoO stoigePou ebnai genik™ sOnjeth kai
éntona exart,menh api th sugnithta. H epBteuxh power matching apaiteb th gr sh diktOou
prosarmog ¢ sthn ePsodo, to opobPo metasqhmatbzei thiod tranzbstor se isodOnamh
empeédhsh kont” sto 2 sth sugnithta leitourgbac. H prosarmog aut afor” apokleistik™

th sugkekrimenh sugnithta kai, kat™ kanina, odhgeb se sten ¢ z,nhc sumperifor”.

2.3.3 Noise matching (stigoc opt= Yopt)

Se énan LNA, o prwteOwn stigoc sth sqedbash tou diktOou eisidou den ebnai kat an"gkh
h prosarmog meégisthc metafor’c isqOoc se 50 W all” h elagistopoPhsh tou prisjetou
jorObou.

'Opwc proékuye api th jewrDa paramétrwn jorObou (bl. §2.2.2), gia dedomeénh sugnithta
kai shmebo pilwshc o noise factor elagistopoiebtai itan o termatismic phg ¢ ikanopoieb:

Ys=You  (isodOnama:s = opn);

opite F = F in.

H diadikasPa sqgediasmoO tou diktOou eisidou ,ste h energic bajmbda na {blépei} aut th
béltisth agwgimithta ( suntelest an”klashc) onom”zetai noise matching.

Shmei, netai iti, genik”, o 6= 0 kai ¥ 6= ¥, “ra h sunj kh el'qistou jorObou den
tautbzetai me prosarmog 50 W.

To gegonic auti eis"gei jemeli,dh sumbibasmi metaxO el’gistou NF kai kal ¢ prosar-
mog c eisidou (S1), 0 opoboc analOetai sthn epimenh enithta.

2.3.4 Sumbibasmic NF S 4

H sgedPash thc eisidou enic LNA apoteleb klasiki par"deigma polukrithriakoO sumbi-
basmoO. Api th mba pleur”, h elagistopoPhsh tou jorObou epib’llei termatismi phg ¢
kont” sto Y o5 /kai  op. Api thn “llh pleur”, h kal prosarmog se perib’llon 50

apotup_ netai wc gamhli jSq;j kai ePnai aparabthth gia leitourgik sumbatithta. Oi dOo
stigoi den tautBzontai genik™, sunep,c h telik 10sh prokOptei api eleggimeno sumbiba-
smi metaxO NF kai §.

Praktikic tripoc diatOpwshc tou stiqou. Sthn prxh, o stiqoc tbjetai wc:

" elagistopobhsh tou NF (iso to dunatin kont™ sto NF min) UPI €énan periorismi
prosarmog c eisidou, p.g. RLy RL qin (isodOnama iy S 11:max),

" elagistopobhsh tou |S 11j upi énan periorismi jorObou, p.q. NF NF max,

an’loga me tic apait seic sust matoc. H pr th diatOpwsh ebnai sugniterh se LNA, kaj.c
o jiruboc apoteleb prwteOon debkth apidoshc, en, to;$tbjetai sun jwc wc leitourgikic
periorismic.

Me gn,mona ton parap™nw sumbibasmi, uiojetoOntai sun jwc oi akiloujec praktikéc:
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Stigoc jorObou we prwteOwn: to dbktuo eisidou sqedi“zetai ,ste s ha

brbsketai kont” sto o sth sugnithta stiqo, me apodekt (igi aparabthta megisth)
tim return loss.

Periorismic sto S 11. tbjetai el"gisth apabthsh return loss (p.q. > 10 dB wc

tupik tim -anafor” se poll” sust mata), prosarmosmenh stic apait seic tou e-
k“stote dekth.

Apofug uperbolik ¢ poluplokithtac sto input network: sta 10 GHz,
epipleon stoigeba/st"dia prosarmog ¢ aux"noun parasitik™ kai ap,leiec, “ra endeqe-
tai na epibarOnoun thn eikina jorObou.

Sgedbash gOrw api steni eOroc: h beltistopobhsh gbnetai katexoq n sth
sugnithta stigo kai se steni eOroc gOrw api aut n, kaj,c h sugnoexrthsh twn
paramétrwn jorObou kai twn katanemhmeénwn diktOwn ePnai isqur .

2.4 Eust’jeia mikrokumatik,n enisqut,n

2.4.1 'Ennoia eust’jeiac se mikrokumatikoOc enisqutéc

H eust’jeia apoteleb jemeli,dh prodpijesh gia thn axiipisth leitourgba enic mikrokuma-
tikoO enisqut kai idBwc enic LNA, o opoBoc topojetebtai wc pr,to energi st'dio sto RF
front-end. Sto plabsio mikroO s matoc, énac enisqut ¢ garakthrbzetai wc eustaj ¢ itan,
gia dedomenec sunj kec pilwshc, den emfanbzei aujirmhth paragwg s matoc (dhl. ta-
I"ntwsh) kai h apikris tou se peperasmenec diegérseic paramenei fragménh. Sthn prxh,
h ast’jeia ekdhl netai wc anepijOmhtec talant seic /kai {aigméc} apikrishc se sugke-
kriménec sugnithtec, pou mporoOn na odhg soun se mh leitourgPa tou dékth se sobar
upob’jmish twn metrik,n apidoshc.

'Enac mikrokumatikic enisqut ¢ ePnai eggen.c éna dbktuo dOo jur,n me mh mhdenik a-
n"strofh met"dosh S 1,. Akimh kai itan jS 1,j ePnai mikri, h Oparx tou shmabnei iti méroc
tou kOmatoc/s matoc sthn éxodo mporeD na {epistréyei} proc thn eDsodo. An tautigrona
up'rgoun anakl’seic sta “kra tou enisqut (mh idanikob termatismob), dhlad s 6= 0 sthn

pleur” thc phgc /kai | 6= 0 sthn pleur” tou fortbou, tite dhmiourgoOntai diadroméc
kleistoO brigou mésw twn opoPwn to s ma mporeb na anakukl_netai.

Poiotik”, 0 mhganismic mporeb na perigrafeb wc ex c:
" éna kOma sthn ePsodo enisqOetai proc thn éxodo (sgetizimene.ne S
~ ligw asumfwnPac sthn éxodo, méroc tou kOmatoc anakl'tai (meésw),

mésw thc an’strofhc sOzeuxhc ($,) €na méroc tou anakl menou/exidou epistréfei
sthn ebsodo,

" ligw asumfwnbac sthn ebsodo, méroc anakl“tai ek neou (mesy kai odhgeb p’li
proc thn exodo.

An o sunolikic brigoc parousi’sei sunj kec jetik ¢ an"drashc se kpoia sugnithta
(eparkéc metro kai kat'llhlh f'sh), tite ePnai dunati na emfanistoOn talant,seic akimh

kai gwrbc exwterik diegersh. Sth mikrokumatik periog, h pijanithta aut aux'nei
diiti mikréc parasitikéc zeOxeic, kaj,c kai mikréc diakum™nseic se m kh gramm, n/gei seic,
mporoOn na metab’lloun shmantik™ th f'sh tou brigou.
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Giatb o LNA ebnai idiabtera euabsjhtoc sthn eust’jeia. 'Enac LN ebnai idia-

Ptera epirrep ¢ se fainimena ast’jeiac, kurbwc ligw tou uyhloO kérdouc pou parousi“zei

dh api to pr,to energi st"dio kai thc leitourgbac tou se uyhléc sugnithtec. Upi autec

tic sunj kec, akimh kai asjeneBc anepijOmhtec zeOxeic mporoOn na odhg soun se merik
an“drash api thn éxodo proc thn ebPsodo tou enisqut .

Sthn pr'xh, h an"drash aut den prokOptei api skipima stoigePa an“drashc, all” a-

pi mh idanikéc sumperiforéc tou energoO stoigePou kai thc ulopoPhshc. Qarakthristik”
paradebDgmata apoteloOn oi parasitikeéc qwrhtikithtec tou tranzBstor, h sOzeuxh metaxO
geitonik,n agwg.n, kaj,c kai oi koinéc gei,seic. Oi mh idanikob termatismob sthn ebsodo
sthn éxodo mporoOn epBshc na prokalésoun anakl“seic, oi opoPec enisqOoun ta fainimena
an“strofhc sOzeuxhc.

Efison to sunoliki kérdoc tou brigou an"drashc gbnei eparkec kai h fasik sunj kh ika-
nopoihjeb se k™poia sugnithta, o enisqut ¢ mporeb na emfanbsei autotalant,seic éntonh
paramirfwsh. Gia ton ligo auti, ston sgediasmi enic LNA h exasf’lish eust’jeiac apo-

teleb basik apabthsh kai exet"zetai par’llhla me thn prosarmog eisidou kai th jorubik
epbdosh, sugn™ mésw kat'llhiwn diktOwn apisbeshc.

Eust’jeia entic kai ektic z,nhc. Ston sgediasmi LNA, den arkeb na exasfa-
listeb eust’jeia mino sth sugnithta stiqo (p.g. 10 GHz). Astajebc sunj kec mporeb na
emfanistoOn:

" se gamhliterec sugnithtec (ipou oi antist”seic/qwrhtikithtec pilwshc kai ta DC
dbktua allhlepidroOn),

" se uyhliterec sugnithtec (ipou kuriarqoOn parasitik”, suzeOxeic kai mh idanikith-
tec upostr,matoc),

" se periogéc ipou to energi stoigePo emfanbzei auxhménh an"stroth sOzeuxh /kai
fasikéc sunj kec eunodkéc gia jetik an“drash.

Sunep,c, h eust’jeia antimetwpbzetai wc apabthsh eureoc f'smatoc, akimh kai an h sqge-
dbash stogeOei se sten z ,nh gOrw api ta 10 GHz.

2.4.2 Kiritria eust’jeiac

Sto plabsio mikroO s matoc, h eustijeia enic mikrokumatikoO enisqut mporeD na axio-
loghjeD apeujePac api tic paramétrouc skédas ¢ tou wc diktOou dOo jur.n. Ta pléon
diadedomeéna krit ria basbzontai sthn orbzousa tou pPbnaka skédashc kai ston suntelest
Rollett, paregontac sunj kec gia "neu irwn eust’jeia, dhlad eust’jeia gia opoiousd po-

te pajhtikoOc termatismoOc phg ¢ kai fortBou.

Orbzousa . Gia pbnaka skedashc

Suu Sz
S =
S Sy
orbzetai h posithta
S 11822 S 125! (2.49)

H ebnai genik™ migadik kai exart’tai api th sugnithta. To métro jj qrhsimopoiebtai
wc meroc twn krithrBwn “neu irwn eust’jeiac.
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Suntelest ¢ Rollett K. O suntelest ¢ Rollett orbzetai wc

1 jS nj? jS 2% +jj 2.

K, . .
2]S12S21]

(2.50)

H posithta K sumpukn, nei, se @na mégejoc, thn epBdrash thc an“strofhc sOzeuxhc {5
tou kérdouc (S;) kai thc prosarmog c stic jOrec (S11; Sy) we proc thn pijanithta em-
f'nishc ast’jeiac.

Aneu irwn eust’jeia. 'Enac grammikic enisqut ¢ qarakthrbzetai wc "neu irwn eu-
staj c se mba suqgnithta, efison ebnai eustaj c gia opoiond pote pajhtiki termatismi
phg c kai fortbou, dhlad gia k’je s; | me

j si<i jou<i (2.51)
'Ena eparkéc kai euréwc grhsimopoioOmeno krit rio gia “neu irwn eust’jeia ePnai:
K>1 kai jj<1: (2.52)

Efison ikanopoioOntai oi sunj kec (2.52) se ilo to exetazimeno f'sma, o enisqut ¢ den
mporeD na odhghjeb se ast’jeia api kamba pajhtik firtish/phg . Na tonisteb ed, iti,

se pragmatik™ kukl, mata, h deOterh apabthsh thc (2.52) ikanopoiebtai, kai epoménwc den
eleggetai kat™ th di"rkeia prosomoi,sewn.

2.5 Debktec grammikithtac LNA
2.5.1 Shmebo sumpbeshc 1 dB (P 148)

H grammik leitourgba enic LNA qarakthrbzetai api thn periog epipédwn eisidou sthn
opoPa to kérdoc parameénei praktik™ stajeri. Se aut thn periog, h sgqésh metaxO twn
epipédwn isqOoc exidou kai eisidou,.R kai P;,, ekfrasménwn se logarijmik klPmaka
(dBm), ebnai grammik , me klbsh Bsh me th mon“da kai stajeri kerdoc ekfrasméno se dB.
Kaj,c to epPpedo diégershc aux’netai, oi eggenebc mh-grammikithtec tou energoO stoigePou
odhgoOn se sumpbesh kérdouc (gain compression), dhlad se apiklish api thn idanik aut
eujOgrammh sgésh (bl. Sqg. 2.6). 'Enac kajierwménoc deBkthc gia thn posotik perigraf

tou fainoménou ebnai to shmebo sumpbeshc 1 dB.

'‘Estw iti o LNA leitourgeb sth suqgnithta stiqo kai upi sugkekrimeno shmebo pilwshc.
Orbzetai to kérdoc isqOoc mikroO s matoc (se dB) wc:

Go, (P out P in)ip, imikr (2.53)
Gia geniki epbpedo eisidou, to stigmiabo kérdoc orbzetai wc

G(Pin) , P ou(Pin) P in: (2.54)
H sumpPesh kérdouc (se dB) orDzetai wec h apiklish api to kérdoc mikroO s matoc:

C(Pin), G o G(P in): (2.55)
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Sg ma 2.6: Qarakthristik metafor'c P o Pin se logarijmik klPmaka kai orismic tou
shmebou sumpbeshc 1dB. H eujOgrammh (jewrhtik ) apikrish antistoigeD sth grammik
perioq , en, h pragmatik apikrish parousi“zei sumpbesh kerdouc gia uyhlitera epbpeda
diégershc.

To shmebo sumpbeshc 1 dB orbzetai wc to epPpedo eisidou sto opobo h sumpbesh kerdouc
ft'nei to 1 dB, dhlad

C(Piin)=1dB () G(P  1d8in) =Go 1dB: (2.56)
To antbstoiqo epbpedo exidou orbzetai wc
P1d:out » P out (P1dB;in) : (2.57)
Sugn”, wc praktik proseggish se dB, grhsimopoiebtai h sqésh:
Piggiott P 1d8in +Go 1 dB; (2.58)

h opoba apotup,nei iti sto shmebo 1 dB h pragmatik eujeba metafor'c brbsketai 1 dB
k™tw api thn idanik grammik proektash.

To P1qg apoteleb debkth tou megistou epipedou s matoc pou mporeb na enisqujeb qwrbc
shmantik upob”jmish tou keérdouc kai qwrbc éntonh mh-grammik paramirfwsh. Se pe-
rib"llon dékth, gamhli P 145 sunep’getai iti isqur” eisergimena s mata ( paremboléc)
mporoOn na odhg soun ton LNA ektic thc grammik ¢ periog ¢, me apotélesma ap leia
kerdouc kai epiplokec sth sunolik sumperifor™ thc alusbdac | yhc.

2.5.2 Endodiamirfwsh trbthc t"xhc

H grammikithta enic LNA den apotim™tai mino api th sumpbesh kérdouc, all” kai api
thn paragwg anepijOmhtwn sugnotik,n sunistws n ligw mh-grammikot twn. IdiaBterh
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shmasba sth mikrokumatik |yh éqei h endodiamirfwsh trbthc t"xhc (third-order inter-
modulation, IM3), diiti ta prodinta trbthc t"xhc emfanbzontai sugn” kont” stic jemeli,deic
sugnithtec kai epoménwc mporoOn na katal xoun entic  kont™ sto gr simo kan’li met
api sugnometatrop .

Gia mikrec éwc métriec diegérseic, h statik mh-grammik sqgésh eisidou exidou enic eni-
squt mporeD na proseggisteD me an“ptugma poluwnOmou:
Vour(f) @ 1Vin () + @ ov2 (1) + a 3V (1); (2.59)

ipou a; antistoigeb ston grammiki iro (kérdoc), en, a, az ekfr'zoun mh-grammikéc suni-
st,sec. Sth dokim dOo tinwn, orbzetai eDsodoc

Vin (t) =V cos(! 1t) +V cos(! ,t); (2.60)

me 4 6= 1, kai Dsa pl'th. H sunist;sa trbthc t"xhc, mésw tou irou a V3 (t), par'gei
(metaxO “llwn) sunist,sec stic sugnithtec:

Pimzr =201 !

2, Pimzz =215 !

1 (2.61)

oi opobec brbskontai summetrik® gOrw api tig;! , kai ePnai oi pléon krbsimec gia RF
sust mata.

Se perioq ipou h proseggish (2.59) ebnai égkurh:

" hisqOc twn jemeliwd, n sunistws,n sthn éxodo aux'nei kat" 1 dB gia k’je 1 dB
aOxhshc the isqOoc eisidou (kiPsh 1),

" hisgOc twn IM3 prodintwn aux™nei kat” 3 dB gia k'je 1 dB aOxhshc thc isqOoc
eisidou (kibsh 3), epeid prokOptei api iro trbthc t'xhc.

An oi dOo autéc eujePec (jemeli,dhc kai IM3) proektajoOn grammik”, témnontai se éna
upojetiki shmebo, to shmebo tom c trbthc t"xhc (third-order intercept point, IP 3), ipwc
fabnetai sto Sq. 2.7. Shmei netai iti to IP3 prokOptei mésw proéktashc twn gara-
kthristik,n mikroO s matoc kai den antistoigeP se pragmatiki shmebo leitourgbac, kaj,c
sun jwc brbsketai se epPpeda isqOoc péran thc perioq ¢ sumpbeshc tou enisqut .

An’loga me to an to shmebo anaféretai sthn eBDsodo sthn éxodo, orbzontai:

[IP3 (input-referred IP3); OIP3 (output-referred IP3):

Sth sunéqeia dbnetai o praktikic tOpoc exagwg ¢ pou grhsimopoiebtai se metr seic/pei-
r’mata.

Praktikic upologismic api metr seic dOo tinwn. Se mba dokim dOo tinwn,
me Bsec isgebc eisidou (an” tino), metr ntai sthn éxodo:

" Poutfund : i8qOc the jemeli douc sunist,sac (an” tino) sthn éxodo,
" Poums : isqOc enic prodintoc IM3 sthn éxodo (p.g. sth 2f f ).

Orbzetai h diafor”™:
P outfund P outimz  [dB]: (2.62)
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Sg ma 2.7: Orismic tou shmebou trbthc t'™xhc §RIIP 3, OIP3) mesw proektashc twn
gramm,_n jemeli,douc (kibsh 1) kai trbthc armonik c (klPsh 3) sth qarakthristik Py P in,
kaj,c kai h endeixh tou 1 dB compression.

Tite, api th diafor” kiIbsewn (1 énanti 3), to output intercept dbnetai api:

OIP3 = Poutfund + E: (2.63)

An G, ebnai to kérdoc isqOoc mikroO s matoc sth sugnithta leitourgbBac, tite to input
intercept prokOptei wc:
IP3=0IP3 G o (2.64)

Enallaktik™, an ePnai gnwst h isqOc eisidou an” tino P;,, mporeD na grafteD "mesa:

HP3 =P+ (2.65)

E;

ipou orbzetai xan™ api thn (2.62) (me tic antbstoigec metr seic exidou).
MegalOterh tim 11P 3 upodhl_ nei iti, gia dedoméno epPpedo eisidou, ta IM3 prodinta ePnai
gamhlitera (megalOterh apistash jemeli,douc IM3), “ra o enisqut ¢ emfanbzei kalOterh
grammikithta wc proc mh-grammikéc paramorf,seic trbthc t'xhc. Gia LNAs, o debkthc

autic ePnai idiabtera gr simoc epeid posotikopoieD thn euaisjhsba se anepijOmhta ginimena
endodiamirfwshc upi parousba isqur,n geitonik,n sunistws,n.
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Kef'laio 3

Diadikasba Sgedbashc LNA

3.1 Genik proseggish kai sgediastik filosofba

Sto parin kef'laio exet’zetai h sqedPash enic enisqut gamhloO jorObou sten ¢ z,nhc
(narrowband LNA) me kentrik sugnithta 10 GHz. O iroc narrowband grhsimopoiebtai
gia na dhl sei iti to eOroc z,nhc 3 dB tou enisqut ePnai mikritero api to 20% thc
kentrik ¢ sugnitht™c tou.

H axiolighsh thc epbdoshc tou enisqut gbnetai polukrithriak™, lamb“nontac upiyh shma-
ntik” krit ria ipwc to kérdoc, ton jirubo, th grammikithta kai thn katanlwsh isgOoc.

Gia th sunoptik apotOpwsh twn sumbibasm,n metaxO aut,n twn megej,n grhsimopoiebtai
sugn” sth bibliografba éna Figure of Merit (FOM) gia LNAs, to opoBPo mporeb na grafeb
wWC:

G IIP3 f

FoMuna = = 3y p

(3.1)

ipou G ebnai to kérdoc isqOoc, 1P 3 o debkthc grammikithtac trbthc t'xhc, f h sugnithta
leitourgbac, F o noise factor, P h katanaliskimenh isqOc kai (F 1) = T=T, h kano-
nikopoihménh isodOnamh jermokrasPa jorObou. Shmei netai iti ta megéjh thc exDswshc
ekfr'zontai se grammik klbmaka kai igi se dB.

3.1.1 Stiqoi kai apait seic sgedbashc

Me b"sh th jewrhtik an’lush pou prohg jhke sto Kef'laio 2 kai ta krit ria beltisto-

poPhshc pou prokOptoun api thn exDswsh (3.1), kajorE)zontal oi stiqoi kai oi prodlagra-
féc tou upi sgedbash LNA. Oi prodiagraféc autéc apoteloOn touc basikoOc periorismoOc
(design constraints) thc diadikasPac sgedPashc kai grhsimopoioOntai gia thn axiolighsh
thc telik ¢ ulopobhshc.

O basikic stigoc ebnai h sqedbash enic enisqut gamhloO jorObou pou na epitugg nei
el"gisto dunati noise gure, eparkec kérdoc ,ste na katastélletai o jiruboc twn e-
pimenwn bajmbdwn, ikanopoihtik prosarmog eisidou kai exidou, kaj,c kai eust’jeia
se éna eOlogo eOroc sugnot twn. Parllhla epidi ketai h epBteuxh twn parap™nw me
periorisméno arijmi pajhtik_n stoigePwn kai logik katan“lwsh isqOoc.
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Oi arijmhtikéc prodiagraféc thc sgedPashc sunoybzontai ston PPnaka 3.1 kai apoteloOn
ta basik™ krit ria axiolighshc thc telik ¢ ulopobhshc.

PPnakac 3.1: Prodiagraféc LNA

Kentrik sugnithta leitourgbac fo =10 GHz
3 dB bandwidth BW3gg =0:2 fo=2 GHz

Kérdoc S,1 > 25 dB
Prosarmog eisidou S;1< 20 dB
Prosarmog exidou S, < 20 dB
Apominwsh an’strofhc met"doshc S, < 30 dB
Noise gure NF <1dB

Eust’jeia ‘Aneu irwn sto eOroc 7 12 GHz
Trofodosba Vig = 1:8 V

Oi parap™nw prodiagraféc ja grhsimopoihjoOn wc krit ria sgedPashc kai epal jeushc
sta epimena st’dia. Shmei, netai iti h katan"lwsh kai h grammikithta tou enisqut jew-
r jnkan deutereOonta krit ria kai gia ton ligo auti paralePpontai api ton pPnaka.

3.1.2 Mejodologba sgedbashc

Sthn paradosiak sgedPash enisqut,n gamhloO jorObou se mikrokumatikéc sugnithtec,

h prosarmog ginitan me pajhtik” dbktua pou metétrepan thn antbstash thc phg ¢ sth
beltisth antbstash jorObou tou tranzBPstor, kai “ra to tranzBstor éprepe na pwiwjeb sto
shmebo ipou parousbaze ton mikritero dunati jirubo. Epeid imwc h antbstash eisidou

tou tranzDstor en génei den sumpbptei me th béltisth antbstash jorObou, h sgedbash a-
paitoOse sumbibasmoOc metaxO jorObou, kérdouc kai prosarmog ¢ eisidou. H diadikasPa
basizitan sun jwc se metrhmena qarakthristik™ tou tranzbstor pou parégontan api ton
kataskeuast proékuptan api ergasthriakéc metr seic.

Me thn emf nish twn monolijik,n oloklhrvmenwn kuklwm™twn mikrokum™twn (monolithic
microwave integrated circuits), h proseggish aut “rgise na all"zei. H gewmetrba tou
tranzBstor kai to reOma pilwshc éginan basikéc metablhtéc thc sqedPashc, en, ta pajhtik”
dbktua prosarmog c, ta opoba katalamb”noun meg“lo embadin kai parousi“zoun ap,leiec,
idiabtera se teqnologPec puritbou, éprepe na perioristoOn. 'Etsi proékuye h an"gkh gia
mia diaforetik mejodologba, mésw thc opobac h prosarmog epitugg netai se megalOtero
bajmi mesw tou Bdiou tou tranzbstor. H proséggish aut mporeb na efarmosteb anex'rthta
api ton tOpo tranzBstor to uliki ulopoPhshc tou oloklhrwménou kukl matoc.

Basikec argéec thc mejodologbac
Ta jemeli,dh shmeba pou sthrbzoun th mejodologba ebnai ta ex c:

~ AntD na metasghmatbzetai h sOnjeth antbstash phgscsfo béltisto noise impe-
dance tou tranzbstor, to tranzbstor sqedi“zetai ,ste to optimum noise impedance
tou na isoOtai me th Z.

" To optimum noise impedance ebnai antistrifwc an"logo thc sugnithtac kai mporeb
na rujmisteB meésw thc diastasiolighshc tou tranzbstor.
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" H pragmatik sunist,sa tou optimum noise impedance den tautbzetai genik™ me thn
pragmatik sunist,sa thc eisidou Z s, par” mino se eidikec peript,seic se mba
sugkekriménh sugnithta.

Gia stajer puknithta reOmatoc, o el gistoc noise factor paraménei anex’rthtoc api
to mégejoc tou tranzbstor, efison h klim“kwsh gbnetai mino mésw tou multiplicity

(m).

H fantastik sunist,sa thc Z s ebPnai sun jwc kont™ ( 15%) sth fantastik su-
nist,sa tou optimum noise impedance, epoménwc mporoOn na allhloakurwjoOn me
th gr sh phnbwn se seir”.

H katan“lwsh isgOoc enic minimum-noise, noise-matched LNA kajorDzetai api to
reOma pilwshc pou apaitebtai gia thn epbteuxh tou epijumhtoO noise impedance. H
mebwsh thc katan“lwshc sunepgetai upob”jmish jorObou.

DiadikasPa sgedbashc dOo bhm’twn

H sgedbash mporeb na organwjeb se dOo basik”™ st'dia.

(I) Active device matching.  Sto pr,to st'dio thc sqedbashc kajorbzontai to shmebo
pilwshc kai oi diast"seic tou tranzbstor eisidou me gn,mona thn epbteuxh thc el gisthc
dunat ¢ epPdoshc jorObou. Me b"sh ta apotelésmata pou parousi“sthkan sto Kef'laio 2
sgetik™ me to NF, , tic parameétrouc jorObou kai th béltisth agwgimithta phg c, to
tranzDstor pol netai sthn puknithta reOmatoc pou antistoigeD sto optimum noise bias.

Sth sunégeia epilégetai h gewmetrba tou tranzbstor etsi  ste to pragmatiki méroc tou
optimum noise impedance na proseggbzei thn antbstash thc phg c, h opoba sto parin
sOsthma jewrebtai 50 . Me autin ton tripo epitugq netai noise-oriented prosarmog
mésw tou Pdiou tou energoO stoigePou, periorDzontac thn an"gkh gia ektetaména pajhtik”
dbktua prosarmog c.

To st'dio auti kajorbzei ousiastik™ to epPpedo jorObou, thn apaitoOmenh katan’lwsh
reOmatoc kai to mégejoc thc energ ¢ suskeu ¢, p'nw sta opoPa ja basisteD h epimenh
f’sh thc prosarmog c eisidou.

(Il) Passive matching. Pariti sto prohngoOmeno st'dio to tranzBstor diastasiolo-

gebtai ,ste to optimum noise impedance na proseggbzei thn empédhsh thc phg c, sthn
prxh h sunj kh aut den ikanopoiebtai pl rwc, kaj,c h akrib ¢ epbBteux thc sugn” a-
paiteD meg’lo mégejoc tranzbstor kai auxhméno reOma pilwshc, gegonic pou érgetai se
antbjesh me touc periorismoOc katan“lwshc isqOoc kai embadoO. Epoménwec, to pajhtiki
dbktuo eisidou analamb”nei na metasghmatbsei thn antbstash thc phg ¢ proc mia kat'llhlh
tim sthn eBsodo tou energoO stoigePou.

O stiqoc tou input matching network den ebnai apokleistik™ h epbteuxh noise matching,

all” o tautigronoc sunduasmic tou me ikanopoihtiki power matching. Kaj,c to shmebo
el"gistou jorObou den sumpPptei genik™ me to shmebo mégisthc metafor’c isqOoc, h sqe-
dbash tou diktOou prosarmog ¢ basbzetai se énan sumbibasmi metaxO gamhloO noise gure
kai auxhménou diajéesimou kerdouc. Me kat'llhlh epilog twn reactive stoigePwn epitug-

g netai metakbnhsh tou shmebou leitourgbac se perioq pou prosferei apodekt epbdosh wc
proc kai ta dOo krit ria.
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H gr sh pajhtik.n stoigePwn periorbzetai sto apolOtwc aparabthto, kaj,c oi oloklh-

rwmeénec autepagwgéc emfanbzoun sqetik™ gamhli Q-factor kai mporoOn na upobajmBsoun

th sunolik eikina jorObou, en, parillhla katalamb™noun shmantiki embadi se oloklh-
rwmena kukl,mata. Gia ton ligo auti, to pajhtiki dbktuo leitourgeb sumplhrwmatik

proc th noise-oriented diastasiolighsh tou energoO stoigePou, ulopoi ntac thn telik
prosarmog meésw tou beltistou dunatoO sumbibasmoO metaxO noise kai power matching.

3.2 Epilog topologbac

Sg ma 3.1: Kaskodikic NMOS LNA me inductive degeneration.

Gia thn ulopobhsh tou LNA epilégetai kaskodik topologba NMOS me inductive degenera-
tion, ipwc fabnetai sto Sq ma 3.1. H sugkekriménh argitektonik grhsimopoiebtai eurewc
se RF déktec, epeid epitugq nei ikanopoihtiki sumbibasmi metaxO kérdouc, jorObou, eu-
st’jeiac kai poluplokithtac sgedbashc.

Basiki krit rio epilog ¢ apoteleD to kérdoc thc pr thc bajmbdac. SOmfwna me thn exDswsh
Friis gia ton sunoliki jirubo enic dekth, to kérdoc tou LNA mei nei th suneisfor
jorObou twn epimenwn bajmbdwn. H kaskodik di‘taxh prosférei megalOterh antbstash
exidou se sqesh me énan apli common-source enisqut kai sunep,c uyhlitero kerdoc, en,
tautigrona belti,nei thn apominwsh eisidou-exidou kai thn eust’jeia tou kukl, matoc.

H gr sh deOterou tranzbstor sthn kaskodik bajmPda eis’gei epipléon suneisfor™ jo-
rObou, odhg ntac se elafr.c megalOtero noise gure se sqésh me mia apl common-source
topologba. Parila aut”, h epidebnwsh aut ebnai mikr kai jewrebtai apodekt , kaj,c to
auxhmeno keérdoc thc pr,thc bajmPdac antistajmPzei th sunolik epBdrash jorObou sto
sOsthma. Prikeitai gia énan anamenimeno sgediastiki sumbibasmi metaxO keérdouc kai
jorObou.
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H prosarmog eisidou epitugq netai mésw thc epagwg c phg c & kai thc epagwg ¢ pOlhc
Lg, ipwc fabnetai sto Sqma 3.1. H tegnik aut epitrépei thn tautigronh rQOjmish thc
antbstashc eisidou kai tou noise matching me periorismeno arijmi pajhtik,n stoigebwn.
H epagwg phg c kajorbzei to pragmatiki méroc thc antbstashc eisidou, en, h epagwg
pOlhc akur,nei to fantastiki méroc thc.

Sth sugkekriménh topologba, h tim thc epagwg ¢ phg ¢ mporeb na proseggisteb api:

L
s 2f 1

(3.2)
ipou f + ebnai h sugnithta dieleushc tou tranzbstor kai R Rs oi parasitikec antist’seic
pOlhc kai phg c.

H sgedbash thc exidou paramenei epbshc apl , kaj,c grhsimopoiebtai suntonismeno fortbo
RLC pou leitourgeb wc fortbo uyhl ¢ antbstashc sth sugnithta leitourgbac kai epitrépei
anex’rthth sqedbash tou output matching network. H kaskodik di‘taxh mei nei thn
an"drash api thn éxodo proc thn ePsodo, dieukolOnontac th rOjmish tou kukl matoc
exidou.

Sunolik™, h kaskodik NMOS topologba me inductive degeneration prosferei uyhli ker-
doc pr,thc bajmbdac, apodekti noise gure, kal apominwsh kai sqetik™ apl ulopobhsh
twn diktOwn prosarmog c, apotel ntac kat'llhih epilog gia LNA se RF front-end.

3.3 Basikec sgediastikec par’metroi

Met" thn epilog thc topologbac tou LNA, to epimeno st"dio thc sqedbashc afor” ton ka-
jorismi twn basik,n parameétrwn thc energ ¢ suskeu ¢ me kOrio stigo thn elagistopobhsh
tou jorObou. H epilog tou tranzBstor, h puknithta reOmatoc pilwshc kai h diastasio-

lighs tou ephre”zoun "mesa to noise gure tou enisqut kai sunep,c thn euaisjhsba tou
deékth.

3.3.1 Epilog energoO stoigebou

Gia thn ulopoPhsh tou LNA exet’sthkan dOo diajésimec epilogéc NMOS tranzBstor thc
tegnologPac, ta SLVTN kai EGSLVTN, ta opoPa sOmfwna me to documentation parégoun
montéla jorObou kat'lihla gia low noise RF efarmogéc. H epilog tou energoO stoigeDou
basBsthke kurbwc sth sOgkrish thc el gisthc tim ¢ noise gure (NF;, ) gia diaforetikéc

sunj kec pilwshc.

Gia ton skopi auti grhsimopoi jhke testbench prosomobwshc jorObou, sto opoPo h pilw-

sh tou tranzPstor pragmatopoiebtai mésw kajréfth reOmatoc, ipwc apeikonbzetai sto
Sgma 3.2. H idanik phg reOmatoc orbsthke Bsh me J w, ipou J ePnai h epijumht
puknithta reOmatoc kai w to sunoliki pl'toc tou ek’stote tranzBstor. Me autin ton

tripo, to tranzBstor pol netai p“ntote me reOma an™ mon“da pl'touc Bso me J, kaj,c:

I J w

_:J
w W

exasfalbzontac etsi stajerec sunj kec pilwshc, anex’rthta api to megejoc thc suskeu-
c. H di"taxh ulopoiebtai wc RF testbench dOo jur,n, me stoigePa sOzeuxhc kai apominw-
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shc, ,ste na epitrépetai tautigrona h DC pilwsh kai h mikrokumatik an”lush, en, h
axiolighsh tou jorObou pragmatopoiebtai mésw an’lushc SP-noise.

Kat" th diadikasPa sOgkrishc grhsimopoi jhke to el’gisto epitrepti pl'toc daktOlou, o
el"gistoc arijmic ngers kai multiplicity Bsh me 1, ste h sOgkrish na basDzetai apoklei-
stik™ sta eggen garakthristik™ thc suskeu c kai igi sth sunolik diastasiolighsh. Ta
apotelésmata thc prosomobwshc parousi“zontai sto Sq ma 3.3.

Sq ma 3.2: Testbench prosomoPwshc jorObou gia th sOgkrish twn tranzBstor SLVTN kai
EGSLVTN.

Parathrebtai iti kai ta dOo tranzDstor parousi"zoun éna saf,c orisméno shmebo leitour-
gbac sto opobo to N, lamb™nei thn el"gisth tim tou, imwc h sunolik touc sumperifor”
diaforopoiebtai aisjht™. To SLVTN epitugqg nei emfan,c gamhlitero el"qisto jirubo se
uyhliterh puknithta reOmatoc (J 130 A=m), en, h kampOlh tou metab’lletai pio
omal” gOrw api to shmebo elagPstou, stoigePo pou upodhl nei pio stajer kai anektik
apidosh wc proc metabolec tou bias. Antbjeta, to EGSLVTN ft'nei to el"gisto se ai-
sjht” gamhliterh tim puknithtac reOmatoc, all” me arket” uyhlitero NF i, kai me pio
apitomh epidebBnwsh thc sumperifor™c kaj,c metab’lletai to J. Sunolik™, to SLVTN upe-
régei se irouc jorObou kai parousi“zei pio omal perioq leituurgbac, en, to EGSLVTN
eunoeb gambhlitero bias me antbtimo thn upodeésterh jorubik epbdosh.

H epilog tou tranzBstor SLVTN wc kOria energ suskeu gia ton LNA ePnai teqnik
pio sumférousa itan o basikic stiqoc ePnai h elagistopobhsh tou jorObou eisidou. Pa-
riti apaiteD uyhliterh puknithta reOmatoc -kai sunep,c auxhménh katan’lwsh isqOoc-
prosférei shmantik® gamhlitero NF i, kai pio omal sumperifor~ gOrw api to shmebo
pilwshc, k'ti pou metafr'zetai se megalOtero perij.rio sgediasmoO kai pio probléyimh

apidosh.

Sumperasmatik”, to basiki trade-o katan’lwshc jorObou ePnai iti to SLVTN jusi“zei
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meéroc thc energeiak ¢ apodotikithtac ste na epitOgei aisjht” kalOtero noise performa-
nce. Gia énan LNA, ipou o jiruboc tou pr,tou stadbou ephre”zei kajoristik™ oliklhrh

thn alusbda | yhe, aut h aOxhsh katan’lwshc ePnai sugn” apodekt kai dikaiologhménh.
Wstiso, ipwc ja faneb sth sunéqeia thc ergasbac, to tranzbstor epilégetai na polw-
jeb se mikriterh puknithta reOmatoc, ste na epiteugjeD énac kalOteroc sumbibasmic,
diathr,ntac ta pleonekt mata gamhloO jorObou, en, periorbzetai h epib’runsh sthn ka-
tan"lwsh isqOoc. Epomeénwc, efison o prodpologismic isqOoc to epitrépei, h epilog tou
SLVTN paraménei mia asfal ¢ kai apodotik 1Osh, prosférontac gamhlitero jirubo kai
megalOterh stajerithta leitourgbac.

Sq ma 3.3: Metabol tou NF i, wc sun’rthsh thc puknithtac reOmatoc J gia ta tran-
zbstor SLVTN kai EGSLVTN.

3.3.2 Puknithta reOmatoc pilwshc kai diastasiolighsh
tranzbstor

Api th prohgoOmenh enithta égei dh prosdioristeD h beéltisth puknithta reOmatocg,
wc to shmebo ipou to Nf, lambnei thn el’qisth tim tou. Sto parin upokef’laio
stigoc ebnai na epibebaiwjeb iti togd: paramenei ousiastik™ stajeri itan metablletai to
meégejoc tou tranzBbstor, kaj,c epPshc na prosdioristoOn oi diast’seic tou gia th sunéqeia
thc sgedbashc. Gia thn epal jeush grhsimopoi jhke pli to testbench tou Sq. 3.2.

Epbdrash tou megéjouc tranzbstor kai epibebabwsh anexarthsbac tou

Jopt

Sto Sq ma 3.4 parousizetai h metabol tou NF,i, wc sun’rthsh thc puknithtac reOma-
toc J gia diaforetikéc timec tou nger width W;. Parathrebtai iti, pariti to apiluto

el"gisto tou NF ,;, metab’lletai elafr” me to W ¢, h jésh tou elagbstou wc proc thn
puknithta reOmatoc paraménei praktik™ Ddia. Dhlad , to. den ephre”zetai ousiastik™
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api thn aOxhsh tou megéjouc tou tranzbstor kai mporeb na jewrhjeb qarakthristiki shme-
DPo pilwshc thc suskeu c. Parimoiec kampOlec prokOptoun kai me thn aOxhsh tou arijmoO
twn ngers tou tranzbstor.

Gia ligouc plhrithtac, sto Sq ma 3.5 parousi“zetai h metabol tou NF |, wc sun’r-
thsh tou nger width W ;, me thn puknithta reOmatoc na diathrebtai stajer kai Bsh me
th beltisth tim J = J o, pou proékuye api thn prohgoOmenh an’lush. Me ton tripo
auti apomon, netai h epBdrash tou megeéjouc tou tranzbstor sthn el gisth tim jorObou.
Parathrebtai iti to NF |, aux'netai kaj,c aux"netai to W ¢, epibebai nontac iti, pariti

to shmebo béltisthc pilwshc paraménei ousiastik™ amet blhto, h aOxhsh twn diast’sewn
thc suskeu ¢ odhgeD se elafr” upob’jmish thc epPdoshc jorObou.

Sq ma 3.4: Metabol tou NF ., wc sun’rthsh thc puknithtac reOmatoc J gia diaforeti-
kéc timec tou W.

Epbdrash tou multiplicity sth jorubik apidosh kai sthn katan“lwsh

isqgOoc

Sto epimeno b ma thc sgedbashc eis"getai to multiplicity m wc epipleon sgediastik
par'metroc. H par'metroc aut antistoigeP sthn par’llhih sOndesh imoiwn tranzBPstor
kai epitrépei thn klim“kwsh tou sunolikoO megeéjouc thc suskeu ¢ qwrBc metabol thc
eswterik ¢ gewmetrbac k'je stoigei,douc tranzbstor, dhlad gwrbc allag tou W; kai
tou arijmoO ngers.

Gia thn axiolighsh thc epbdrashc tou multiplicity pragmatopoi jhkan prosomoi,seic me
stajer” ta gewmetrik” qarakthristik™ kai me puknithta reOmatoc Dsh me J = J,, meta-
bllontac mino to m. Parathrebtai iti h el"gisth tim jorObou NF i, paraménei praktik®
ametblhth (Sq. 3.6), gegonic pou epibebai nei iti h par'metroc aut den ephre”zei ton
eggen mhganismi jorObou thc suskeu c itan to shmebo pilwshc diathrebtai stajeri.
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Sq ma 3.5: NFRyin we sun’rthsh tou W¢ gia W; = 300 2000 nm kai J = J gp.

AntBjeta, to multiplicity ephre”zei shmantik™ th beltisth agwgimithta jorObou thc su-
skeu c. Pio sugkekriména, to tranzbstor garakthrbzetai api mia béltisth agwgimithta
phg ¢, gia thn opoPa epituggnetai o el*gistoc suntelest ¢ jorObou, ipwc prokOptei api
thn (2.28). Kaj,c aux"netai to multiplicity, h sunolik energic diagwgimithta thc su-
skeu c klimak, netai, me apotelesma thn antbstoigh metatipish tou £ (Sq. 3.7), en, to
NFmin paramenei ousiastik™ stajeri.

H idiithta aut axiopoiebtai sgediastik™  ste na epiteugjeD sumbatithta me thn antbstash
phg c Zs =50 , h opoba antistoigeb se agwgimithta
1

=_—=2 :
Gs 0 0 mS

Sunep,c, to multiplicity grhsimopoiebtai wc par"metroc prosarmog ¢ jorObou, epitrépo-
ntac th rOjmish tou Gopt kont™ sthn tim 20 mS qwrbc upob’jmish tou N Fy,. Wstiso, h
aOxhsh tou m sunepgetai tautigronh aOxhsh tou sunolikoO pl“touc thc suskeu ¢ sOm-
fwna me th sgésh (2.35), kai epoménwc grammik aOxhsh tou reOmatoc pilwshc kai thc
DC katan’lwshc, ipwc prokOptei api tic sgéseic (2.36) kai (2.37). Endeiktik”, an to m
auxhjeb api 100 se 400 (dhlad kat™ par"gonta 4), tite tiso to sunoliki pl“toc iso

kai to reOma pilwshc klimak nontai antbstoiga kat™ ton Bdio par"gonta, odhg ntac se
reOma t'xhc § 144 mA kai isqO perbpou Bc 259 mW gia Vpp = 1:8 V, timéc idia-
Ptera uyhléc gia praktikéc RF ulopoi seic. Epoménwec, h telik epilog tou m prokOptei
wc sumbibasmic metax® epbteuxhc thc epijumht ¢ timg& Kai apodekt ¢ katan“lwshc
isqOoc, diathr,ntac tautigrona thn pilwsh kont™ sth béltisth puknithta reOmatoc J = p.
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Sq ma 3.6: Elgistoc suntelest ¢ jorObou NF i, wc sun’rthsh tou multiplicity m gia
stajer gewmetrbDa kai J = Jopt.

Sq ma 3.7: Pragmatiki méroc thc beltisthc agwgimithtac jorObou G, wc sun’rthsh
tou multiplicity m gia stajer gewmetrba kai J =J op.

Telikéc epilegebc diast’seic kai puknithta reOmatoc pilwshc

Me b’sh ta parap™nw apotelesmata, gia th sgedbash tou LNA ja epilegeb h el’gisth
epitrept tim W ¢ thc tegnologbac (300 nm), h el’gisth epitrept tim arijmoO ngers
(8) kai puknithta reOmatoc pilwshc kont™ sth béltisth tim J ,y, efison h katan“lwsh
isgOoc tou enisqut paraménei se eOloga epPpeda.

Wstiso, prokeiménou na perioristeP to apaitoOmeno reOma pilwshc (kai “ra h katan“lwsh
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isqOoc) gia pilwsh akrib,c sto J opt, ja epilegeb suntelest ¢ pollaplithtac m = 240.

H epilog aut eis’gei éna saféc trade-o : api th mPa pleur”, mei netai to reOma pou
ja apaitoOntan gia na epiteugjeb leitourgba kont” sto gy, all” api thn “llh apomakru-
nimaste api thn perioq ipou to G o proseggbzei thn idanik tim twn 20mS, h opoba
prokOptei gia m = 400. Eplpleon akimh kai to m = 240 parameénei sgetik™ meg~lo, ge-
gonic pou kajist™ praktik™ asOmforh thn austhr pilwsh sto J 4 api pleur™c isgOoc.
Gia ton ligo auti, anameénetai iti telik” o enisqut ¢ ja polwjeP se puknithta reOmatoc
mikriterh tou J oy, apodeqimenoi mia mikr upob’jmish se sunolik jorubik epbdosh, me
antallagma shmantik™ gamhliterh katan”lwsh.

3.4 Sqgedbash monostadiakoO LNA me idanik™ pa-
jhtik” stoigeba

Sto st"dio auti ulopoiebtai éenac monostadiakic LNA me idanik™ pajhtik™ stoigeba, me
stigo thn epal jeush: (i) thc diadikasBac pilwshc kont™ sth béltisth puknithta reOmatoc
Jopt, (ii) thc prosarmog c eisidou mésw inductive degeneration, kai (iii) thc leitourgbac
tou suntonisménou fortbou sthn éxodo. To sghmatiki kOklwma tou enisqut parousi“zetai
sto Sq ma 3.8. Ta tranzPstor diastasiolog jhkan me b“sh th prongoOmenh an”lush.

Sq ma 3.8: Sghmatiki kOklwma monostadiakoO LNA me inductive degeneration kai sunto-
nisméno fortbo exidou.
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Diadikasba sgedbashc

H pilwsh tou tranzBstor epilégetai kont™ sth beéltisth puknithta reOmatoc J o, pou
prosdiorDsthke sto prohgoOmeno upokefilaio. H puknithta reOmatoc upologbzetai api
to DC reOma, to opobo kajorDzetai api th t'sh 3%, diairoOmeno me to sunoliki pl'toc
tou tranzBstor. To reOma, met™ api prosomoPwsh, lamb netai Bse 184 mA, opite me
sunoliki pl“toc

Wit =300nm 8 240 =576 m;

prokOptei:

| 84 mA
J= -2 =

= W~ 576 m 0:146 mA=m 146 A=m: (3.3)

H parap™nw tim epibebai,nei iti to shmebo leitourgbac brbsketai sthn perioq el gistou
jorObou (leitourgba kont™ sto J opt)-

Sth suneqgeia sgedi“zetai to dbktuo eisidou me thn epilog kat’llhlwn tim_ n gia ta ph-

nba pOlhc ¢ kai phg ¢ Ls, étsi ste h beéltisth agwgimithta jorObou tou tranzBstor

na proseggdzei thn agwgimithta eisidou. Api thn an’lush prokOptei iti sth sugnith-

ta leitourgPac fo = 10 GHz isqOei proseggistik™ Gy  20mS kai B or 0, gegonic

pou upodeiknOei orj prosarmog jorObou kai leitourgba thc eisidou kont™ sto béltisto
shmebo. Ta parap™nw apeikonbzontai kai sto Sq ma 3.9. Téloc, to suntonisméno fortbo
exidou epilégetai ste na megistopoiebtai h metafor™ isgOoc sth sugnithta §.

Sq ma 3.9: Gy kai Bop: We sun’rthsh the sugnithtac.

Ta apotelesmata prosomobwshc parousi“zontai sta Sq mata 3.10 kai 3.11.
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Sq ma 3.10: Noise Figure tou monostadiakoO LNA.

Sqg ma 3.11: S-parameters tou monostadiakoO LNA.

Sth sugnithta twn 10 GHz, oi basikec par'metroi tou kukl matoc diamorf nontai wc
ex C:

" S, 17dB, tim pou upodhl nei métrio kérdoc isqOoc.
" Sy, 27dB, endeixh isqur ¢ apominwshc an”strofhc met doshc.
~'S,, 32dB, pou katadeiknOei polO kal prosarmog sthn éxodo.

" S11 14dB, apodekt all” igi idiabtera gamhl tim , gegonic pou upodhl nei mh
béltisth prosarmog sthn ebsodo.

NF 0:3dB, tim pou antistoigeD se polO kal epPdosh jorObou.
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Api thn an’lush twn paramétrwn jorObou kai eidikitera twn Gopt 20mS kai B opt

0mS sta 10 GHz, anadeiknOetai me saf neia to klasiki trade-o metaxO prosarmog ¢
isgOoc kai prosarmog c jorObou. H epilog tou shmebou leitourgbac kai tou diktOou
eisidou égei pragmatopoihjeD me gn_mona th béltisth prosarmog jorObou (noise match-
ing), epilog pou odhgeDb se idiabtera gamhl tim NF, all” tautigrona epibarOnei thn
prosarmog eisidou, ipwc apotup,netai sth sqetik™ métria tim tou S ;;. Me “lla ligia,

h ePsodoc den éqei sgediasteD gia elagistopobhsh thc an’klashc isqOoc, all” gia elaqi-
stopobhsh tou prostijémenou jorObou.

H sunolik epbdosh wc proc ton jirubo krbnetai idiabtera ikanopoihtik , kaj,c to NF

0:3dB brbsketai milic elafr,c p'nw api to jewrhtiki irio NF ., 0:18dB tou tran-
zbstor. To gegonic auti upodeiknQOei iti h sgedbash axiopoieDb apotelesmatik™ tic eggenebc
dunatithtec thc ditaxhc. Wstiso, h epPdosh aut sunodeOetai api antbstoiqo sumbiba-
smi sthn katan’lwsh isqOoc, kaj,c to kOklwma leitourgeD se shmebo pilwshc perbBpou
1:8V 84 mA, pou antistoigeb se katan“lwsh perbpou 151 mW. H auxhmenh pilwsh sum-
bllei sth beltbwsh tou jorObou kai sthn epbteuxh uyhloO kérdouc, all® sunepgetai
auxhmeno energeiaki kistoc ulopobhshc.

Prépei na shmeiwjeD iti ta parap nw apotelésmata prokOptoun me qr sh idanik n pajh-
tik,n stoigebwn sta dbktua prosarmog c. Kat™ sunepeia, oi timéc kerdouc, prosarmog c
kai jorObou ePbnai anamenimena aisiidoxec kai apoteloOn éna arqiki shmebo anafor’c. Sthn
epimenh f'sh, me thn eisagwg realistik,n montélwn pajhtik ,n stoigebwn (ap,leiec, pe-
perasméno Q, parasitik®), anaménetai upob”jmish twn epidisewn, gwrbc imwc na anairebtai
h grhsimithta twn parintwn apotelesm™twn wc starting point thc sqedbashc.

H an"gkh gia deOtero st'dio enPsqushc

Par” th jetik sumperifor” tou up“rgqontoc kukl. matoc wc proc thn epBdosh jorObou, h

sunolik apidosh tou sust matoc exakoloujeb na periorbzetai api th monostadiak tou
ulopobhsh. To diajesimo kerdoc, an kai eparkec gia basik enbsqush, den parégei to apaito-
Omeno perij.rio isqOoc gia thn od ghsh epimenwn bajmbdwn epexergasbac gia efarmogéc
stic opobec apaitebtai uyhliterh st'jmh s matoc sthn exodo. Wc apotelesma, kajbstatai
anagkaPa h prosj kh deOterou stadbou enPsqushc, me stigo thn aOxhsh tou sunolikoO
kérdouc tou sust matoc, qwrBc imwc na epibarunjeD shmantik™ h epBdosh jorObou, upi
thn prodpijesh iti o sqediasmic ja gbnei me kat'llhlh katanom kérdouc kai diat rhsh
gamhloO NF.

H an“gkh aut den prokOptei mino api praktikéc apait seic isqOoc, all” jemeli netai kai
jewrhtik™ mésw thc exPBswshc jorObou tou Friis, sOmfwna me thn opoPa h sunolik epBdosh
jorObou enic polustadiakoO sust matoc exart'tai kajoristik™ api to kérdoc tou pr,tou

stadbou. H sqgésh (2.31) debgnei iti iso megalOtero ebnai to kérdoc tou arqgikoO stadbou,
tiso mikriterh kajbstatai h suneisfor” jorObou twn epimenwn bajmbdwn. Epoménwc, h
epbteuxh eparkoOc kérdouc dh api ta pr ta st'dia ePnai krbsimh, kaj,c exasfalbzei iti

0 jiruboc twn metagenesterwn kuklwm~twn paraménei praktik® amelhteoc. H eisagwg
deOterou stadbou epitrépei thn aOxhsh tou sunolikoO kérdouc kai enisqOei thn apominwsh
tou sust matoc api jorub,deic epimenec bajmbdec, odhg ntac se kalOterh sunolik RF
epbdosh.

Wstiso, h prosj kh néou stadPou sunodeOetai api shmantikéc prokl seic, kurbwc se e-
pPpedo katan“lwshc isqOoc. To uprgon st'dio leitourgeD me katan“lwsh perbpou 151
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mW, tim pou jewrebtai sqetik™ uyhl gia efarmogec uyhl ¢ olokl rwshc forht™ su-

st mata, ipou h energeiak apodotikithta apoteleb krbsimo sgediastiki krit rio. E'n h
sunolik katan“lwsh isqOoc prépei na paramebnei sta Ddia epPpeda (akima kai na meiwje-
D) met” thn prosj kh deOterou stadbou, kajbstatai anapifeukth h mePwsh tou reOmatoc
pilwshc tou pr tou stadbou. H epilog aut, imwc, odhgeb se mebPwsh thc puknithtac
reOmatoc kai, kat™ sunépeia, se epideBnwsh tou noise gure. Emfanbzetai étsi énac jemeli-
.dhc sumbibasmic metaxO energeiak ¢ apodotikithtac kai béltisthc epPdoshc jorObou, o
opoboc prépei na antimetwpisteD mésw prosektikoO epanasgediasmoO.

Par’lihla, idiabterh shmasba apokt™ h prosarmog isqOoc sthn ePsodo. H tim tou.S
pariti mporeD na jewrhjeb apodekt , upodeiknOei iti h prosarmog den ePnai akimh beltisth,
me apotélesma méroc thc diajésimhc isqOoc na anakltai antb na metaféretai sto energi
stoigeDo. H beltbwsh thc eisidou mesw re-tuning twn pajhtik,n stoigebwn mporeb na
mei_sei tic anakl’seic, na aux sei th metaferimenh isqO kai na enisqOsei to energi kérdoc
tou pr.tou stadbou. Shmei netai p’li iti se mia tetoia perbptwsh ja epideinwjeb to noise
matching kai ja auxhjeb to noise gure.

Sunolik”, o epimenoc sgediastikic kOkloc epikentr,netai se mia olistik proséggish
beltistopoPhshc tou enisqut . Oi basikoP “xonec perilamb™noun: thn eisagwg deOterou
stadbou gia aOxhsh tou sunolikoO keérdouc kai kalOterh katastol tou jorObou twn epime-
nwn bajmbdwn, th mePwsh thc katan’lwshc isqOoc, kaj,c kai th beltbwsh thc prosarmog ¢
isqOoc sthn ePsodo ste na elagistopoihjoOn oi anakl’seic. H epitug ¢ sunduastik a-
ntimet, pish aut,n twn paramétrwn anaménetai na odhg sei se éna kOklwma me uyhliterh
sunolik enPsqush, kalOterh energeiak apodotikithta kai beltiwménh sunolik RF su-
mperifor”, ikani na antapokrijeb stic apait seic pio apaithtik,n efarmog,n.

3.5 Metbash api idanik™ se pragmatik™ pajhti-
k™ stoigeba thc teqnologbac

Met" th sgedPash tou monostadiakoO LNA me idanik™ pajhtik™ stoigePa, to epimeno b ma
ebnai h antikat'stas touc me montéla thc tegnologPac, ste na IhfjoOn upiyh oi pragma-
tikec ap,leiec kai ta parasitik™ fainimena. Sth sgedbash aut grhsimopoi jhkan stoigeba

api th biblioj kh CMOS22FDX-RF, ipou ta phnba ulopoi jhkan me th dom indp (spiral
inductors) kai oi puknwtec me th dom apmomlv8 rf, h opoba antistoigeb se puknwtéc
tOpou MOM (metal-oxide-metal). Ta grhsimopoioOmena pajhtik™ stoigePa parousi”zontai
sto Sq ma 3.12.
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(ap) Spiral inductor (indp) with shielding. (bp) MOM capacitor (apmom1v8_rf).

Sqg ma 3.12: Ta pajhtik” stoigeba pou grhsimopoi jhkan sth sgedbash

Se antbjesh me ta idanik™ stoigeba, ta oloklhrvména phnba parousi“zoun wmikec ap.leiec
pou perigr-fontai mesw tou quality factor (Q), o opoboc orbzetai wc

Q= = (3.4)

Rs
O suntelest ¢ poiithtac ekfr"zei ton ligo apojhkeumenhc proc apolesjebsa energeia
kai apoteleb basiki debkth thc apidoshc twn RF pajhtik.n stoigebwn. Gia th met"bash
api idanik™ se pragmatik™ stoigebPa, égine prosp’jeia sgedbashc phnbwn me sgetik™ uyhli
Q (perbpou 20 25) sth sugnithta leitourgbac, ,ste na elagistopoihjoOn oi ap leiec twn
diktOwn prosarmog c kai tou suntonisménou fortbou. Epipléon, energopoi jhke h leitour-
gPa shielding sta phnPa gia th mePwsh thc sOzeuxhc me to upistrwma kai th beltbwsh thc
apominwshc.

H eisagwg pragmatik n pajhtik .n stoigePwn ephre“zei "mesa thn apidosh jorObou tou
LNA. Oi ap,leiec twn phnBwn kai twn metallik,n diadrom,n mporoOn na montelopoihjoOn
wc isodOnamec antist’seic pou par"goun jermiki jirubo kai leitourgoOn wc ap leiec sto
dbktuo prosarmog c eisidou. Wc apotelesma, to sunoliki noise gure aux'netai se sgesh
me thn perPptwsh idanik,n pajhtik.n. Gia ton ligo auti apaitebtai epanarOjmish twn
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tim,n twn epagwg,n kai twn gwrhtikot twn  ste na diathrhjeb h prosarmog eisidou kai
0 suntonismic sth sugnithta leitourgbac.

H met'bash aut api idanik™ se pragmatik™ pajhtik™ stoigePa epitrépei pio realistik
ektbmhsh thc apidoshc tou LNA kai apoteleb aparabthto st’dio prin thn telik axiolighsh
tou kukl, matoc.

3.6 Epeéktash se argitektontik dOo stadbwn

To teliki kOklwma tou LNA parousi“zetai sto Sq ma 3.13 kai apotelebtai api dOo kasko-

dikéc bajmbdec enbsqushc me dbktua prosarmog ¢ eisidou, exidou kai metaxO twn bajmbdwn.
H sqedPash basbzetai sth dom pou anaptOgjhke sta prohgoOmena kef'laia, me th diafor”

iti grhsimopoioOntai pléon pragmatik” pajhtik™ stoigePa thc tegnologPac.

Sg ma 3.13: Teliki sqghmatiki LNA me dOo kaskodik™ st'dia.

Sto sq ma, ta kikkina plabsia antistoiqoOn stic dOo bajmPdec enbsqushc. K'je bajmbda
ulopoiebtai me kaskodik di‘taxh NMOS,  ste na epitugg netai uyhli kerdoc kai kal
apominwsh metaxO eisidou kai exidou. H pr th bajmbda ePnai upeQjunh kurbwc gia thn
epbteuxh gamhloO noise gure, en, h deOterh bajmPbda aux’nei to sunoliki kérdoc tou
enisqut .

Ta kbtrina plabsia antistoiqoOn sta dbktua pilwshc twn tranzBbstor. Sto st’dio auti

thc sgedPashc h pilwsh ulopoiePtai me idanikéc phgéc t"shc pou sundéontai stic pOlec
twn tranzBstor mésw antist"sewn polO meg’lhc tim ¢, ,ste na kajorDzetai to DC shmebo
leitourgbac qwrbc na ephre“zetai h RF sumperifor” tou kukl, matoc.

Ta prisina plabsia antistoiqoOn sta dbktua prosarmog ¢ eisidou kai exidou. To dbktuo
eisidou ulopoieb thn prosarmog sthn antbstash phg c, epitrépontac leitourgba kont
sto shmebo béltistou jorObou, en, tautigrona epitugg nei kai “risto power matching,
exasfalDzontac ikanopoihtik metafor” isqgOoc kai auxhmeéno diajésimo kérdoc. AntDstoiga,
to dbktuo exidou grhsimopoieb suntonisméno fortbo  ste na epiteuqgjeb beltisth metafor”
isgOoc proc to fortbo sth sugnithta leitourgbac.
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To mwb plabsio antistoigeD sto interstage matching network, to opobo sundéei tic dOo
bajmbdec enbsqushc. To dbktuo auti epilégetai ,ste na epitugq netai apotelesmatik me-
tafor” s matoc api thn éxodo thc pr, thc bajmPdac sthn ePsodo thc deOterhc, lamb™nontac
upiyh thn antbstash exidou thc pr thc bajmPdac kai thn antbstash eisidou thc deOterhc.

H swst prosarmog metaxO bajmbdwn ebnai aparabthth gia th diat rhsh tou sunolikoO
kerdouc kai thc eust’jeiac tou enisqut .

Gia ligouc plhrithtac, sta Sq mata 3.14 3.16 paratbjentai epimérouc megejumenec apei-
konPseic tou kukl,matoc, oi opobec anadeiknOoun ta basik™ domik™ uposust mata tou LNA.

Sq ma 3.14: Idanikec phgec trofodosbac.

3.7 Paketrisma tou LNA me tegnologba ip-chip

Gia na axiologhjeb h leitourgba tou LNA se sunj kec pou proseggbzoun thn pragmatik
ulopobhsh, h prosomobwsh den periorbsthke sto epPpedo bare die, all” sumperielabe kai
to montélo paketarbBsmatoc (packaging model). Sthn prxh, to oloklhrwméno kOklwma
apaiteD paketrisma ,ste na exasfalistoOn mhganik steréwsh, prostasPa, kaj.c kai
axiipisth hlektrik diasOndesh me upistrwma PCB. H diepaf die-to-package eis"gei
anapifeukta parasitik™ stoigeba -epagwgec, antist’seic kai qwrhtikithtec- ta opoba se
mikrokumatikéc sugnithtec den ePnai dunatin na agnohjoOn, kaj,c metab’lloun ousiastik

ta RF garakthristik™ tou enisqut. Ephre“zontai h prosarmog eisidou kai exidou,

to kerdoc, h eust’jeia, en, endegetai na ephreasteb kai to noise gure, kurbwc mesw
metabol,n sth sunj kh prosarmog c.

Sthn paroOsa ergasPa epilégjhke tegnologba ip-chip interconnection, me copper pillar
interconnect kai SnAg solder cap. H epilog aut diaforopoiebtai shmantik™ api thn klasi-

k tegnik wire bonding: sto ip-chip h diadrom reOmatoc/s matoc ePnai saf,c mikriterh,
gegonic pou tupik™ mei nei thn parasitik epagwg se sOgkrish me bondwires. Par ila

aut”, h gewmetrba thc diasOndeshc kai h sOzeuxh proc to upistrwma exakoloujoOn na
suneisféroun mh amelhtéec parasitikéc sunist,sec, oi opoPec mporoOn na metatopDsoun
suntonismoOc kai na metab’loun tic sunj kec firtwshc twn stadbwn.
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Sq ma 3.15: Pr to kaskodiki st"dio, mazb me ta dbktua prosarmog c eisidou kai exidou
tou (interstage).
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Sg ma 3.16: DeOtero kaskodiki st"dio, mazP me to dbktuo prosarmog ¢ exidou tou.
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Sq ma 3.17: IsodOnamo montelo sugkentrwmeénwn stoigePwn (lumped-element model) gia
to paket'risma ip-chip me copper pillar kai SnAg solder cap, pou grhsimopoi jhke gia
sunexomoPwsh me to kOklwma.

Gia ton ligo auti, to paketrisma apotup jhke mésw isodOnamou kukl matoc sugkentrw-
ménwn stoigePbwn (lumped-element model), ,ste na enswmatwjeb apeujebac sto sqghmatiki
kai na epitréyei sunexomobwsh me to upiloipo kOklwma (bl. Sq ma 3.17). To isodOnamo mo-
ntélo perilamb™nei dOo parasitikéc epagwgéc, mPa seiriak antDstash kai mPa qwrhtikithta
proc to upistrwma/gebwsh, me timéc:

“L,=35pH
"~ L,=81pH
~C,=60fF
"R, =04

Oi epagwgeéc L, L, perigrfoun th magnhtik enérgeia pou apojhkeQetai kat™ th ro reO-
matoc mésw thc diasOndeshc kai apotup,noun thn epagwgik sumperifor” thc metallik ¢
diadrom c kai twn epistrof.n reOmatoc. H antDstash R anaparist™ tic wmikéc ap, leiec
agwgimithtac, kaj,c kai ap,leiec api epafec/metab’seic ulik,n, en, h gwrhtikithta C
montelopoieP thn hlektrik sOzeuxh proc gePwsh proc to upistrwma, h opoPa gbnetai
shmantik se uyhléc sugnithtec. Sto sugkekriméno block, h jOra p3 antistoigeD sthn
pleur” tou die (proc ton LNA), en, h p4 sthn exwterik RF jOra (pleur” package/PCB),

_ste to montélo na paremblletai apeujePac metaxO chip kai exwterikoO peribllontoc.

Gia na dieukolunjeb h ierargik enswm’twsh tou LNA se testbench uyhliterou epipédou,
to kOklwma antimetwpBbsthke wc anex’rthto block kai dhmiourg jhke sumbolik anapa-
r"'stash (symbol), ipwc fabnetai sto Sq ma 3.18. To symbol sugkentr nei tic basikéc
jOrec tou upokukl matoc -RF input, RF output, kaj,c kai touc akrodéktec trofodosPac

kai gebwshc- epitrépontac kajar org"nwsh, epanagrhsimopobhsh tou LNA se diafore-
tikec diat"xeic prosomobwshc kai saf oriojethsh metaxO {eswterikoO} kukl matoc kai
{exwterik n} diasundésewn

Met” th dhmiourgba tou sumbilou kai thn topojethsh tou LNA sto testbench, to packa-

ging model eis gjh se ilec tic exwterikéc sundéseic tou oloklhrwmenou, igi mino stic

RF jOrec all” kai sto dPktuo trofodosPac-gePwshc. To testbench sunexomobwshc fabnetai
sta Sg mata 3.19 kai 3.20.

H epilog aut ePnai shmantik , epeid se polO uyhléc sugnithtec oi parasitikéc epagwgéc
kai antist’seic stic grammeéc trofodosPac-gePwshc den prokaloOn apl.c pt seic t'shc,
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Sq ma 3.18: Sumbolik anaparstash tou LNA gia enswm’twsh se testbenches, me jOrec
RF input, RF output kai akrodektec Vyq, Vhias, Vac kai gePBwshc.

all” mporoOn na dhmiourg soun anepijOmhth an“drash mésw koin ¢ empédhshc (common-
impedance coupling). Me “lla ligia, reOmata pou diakinoOntai sto dbktuo trofodosbac kai

sthn epistrof geBwshc mporoOn na metafrastoOn se anepijOmhtec metaboléc dunamikoO, na
suzeudjoOn me to RF s ma kai na epibarOnoun tiso th stajerithta iso kai thn apikrish

tou enisqut . 'Etsi, h sunexomoPwsh twn parasitik n tiso stic RF jOrec iso kai sta

dbktua trofodosbac apodbdei ena saf,c pio realistiki sen’rio leitourgbac, antbstoiqo me
auti pou ja parathrhjeb met” to paketrisma kai tic metr seic.
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