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NMpoAoyog

H HAektpovikni orjuepa éxel aAAG&el TeAgiwg Qualoyvwpia o oxéon Pe To Ti ATAV TIPIV
pepikég dekaeTieg. Méxpl To 1950 opiape TNV HAEKTPOVIKA WG TN OTTOUDI TWV QAIVOPEVWV
TNG AywyIuOTNTOG OTO KEVO, OTA QEPIA, I OTOUG NuIaywyoug, KaBwg Kal Tn XpRon Twv
diara&ewv TTou BaoifovTal oTa PaIvVOPEVA auTd.

2Auepa TrepIypa@eTal N HAEKTPOVIKA wG TO OUVOAO TWV TEXVIKWY TTOU XPNOIUOTTOIOUV TIG
METABOAEG NAEKTPIKWVY HEYEBWV (nAekTpopayvnTIKWY TTEdiwy, TTANBUCUWY QWTOoViwV Kal
NAEKTPIKWY @QOPEWV) yia va OUAAGBouv, va OiafiBdocouv Kal va ekueTaAAeuBoulv pia
TAnpogopia. H TTAnpogopia dnA. yiveral emIKpaToUoa HOPPr-0TOXOG TNG vEag HAEKTPOVIKNAG.
E&etalovrag Tn @uUon Tng TANpo@opiag dIaTPEXOUNE OUCIOOTIKA Kal TIG SIAQOPES OWEIG TNG
HAekTpOVIKAG W¢ EToTAUNG TTou £peuvd 1 wg Blopnxaviag mou eQapuodel.

To pAvupa, dnA. n TTAnpogopia, UTTopei va eival atmeuBeiag TTPoaITé OTIG AIOBACEIS ag,
A.X. @wVA A €IkOva (padloPwVIKr EKTTOUTTA - AN - TNAEQwvia - amoBrikeuorn, JETAdoaon, Kal
avamapaywyl Nxou A ekovag - peradoon Oedopévwy  KATT.) 1 pTTopei va  eival
EKUETOAAEUOINO POVOV aTTO KATAAANAEG BIATAEEIG, XOPOKTNPIOTIKEG TWV ETTIOIWKOUEVWV
epappoywv (Padioevtotriopdg, PadiomrAdoriynon, TnAexeipiopdg, Autopatog 'EAeyxog N
TnAepétpnon MeyeBwyv, Emegepyacia Aedopévwy yia TNV avadeign XapakTneIoTIKWY €181IKoU
EVOIAPEPOVTOG, KATT.)

>€ TOUTO TO OUYYPOUUO ETTIXEIPEITAI MIA EUXEPAG DIATTPAYUATEUC TWV CTTOUSAIOTEPWV
BepdTwy TNG HAekTpovIKAG atmd Tnv armoyn Tou N. AoKiyou 0 OTToiog eviIagépeTal, apevog va
Katavonoel TIG BaoIKEG apxég, a@eTépou Ot va €£pbel ot €Ta®n Kal €COIKEIWON ME TIG
€QApPHOYEG 01 0TToiEG TOOO anuavTikd poAo Ba Traifouv oTn PeAAovVTIKN Tou aTadiodpopia.

H Aiota BIBAIOYPA@IKWY  avo@Opwy  TTEPIEXEl OAeG  €Keiveg TIG  TINYyEG  TTOU
XPNOIJOTTOINBNKAV Kal EPTTEPIEXOVTAI OTO TTAPOV OUYYPAPPa UTTO Tn HOP®R TTEPIKOTTWVY,
QUTOUGIWV N ETTECEPYACUEVWV TUNHATWY KEINEVWVY KAl OXNUATWV.
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1. Avaokotrnon HAektpovikiig Puoikng

210 KEQAAQIO autd Ba yivel pia olvroun avaokotnon Tng HAektpovikAg PuoIKAG pe
Baoikég poévov évvoieg, Opoug, Kal apxEG ol otroieg eival AdN yvwaoTég amd 1 duaikn. H
avaokotnon auti Ba  @avei 101aiTepa XpAOINN OTNV  KATAvonaon Tou  WNXaviouou
AYWYIUOTNTOG TWV NUIOYWYWV Ol OTToiol atroTeAoUv TO BepéANio AiBO TwV NAEKTPOVIKWV
dlaté&ewv TTOU XPNOIUOTIOIOUVTOI CHUEPA O€ EUPEIa KAipaKa.

H Aegitoupyia Twv TTEPICOOTEPWY  NAEKTPOVIKWY dlaTtaéewv Paciletal otnv  Kivnon
NAEKTPIKWV QOpEwV pECa O€ nuIoywylkd UAikd. O1 @opeig TTou evdla@épouv gival Ta
NAEKTPOVIa Kal Ol OTTEG, TTOU TTAPAYOVTAl KOl KIVOUVTal PECO OTO KPUOTAAAIKG TAEyua Tou
UAIKOU uTté Tnv emmidpaon mediwv, Ta oTtroia €ite emBaAlovTal eEwTEPIKA (TTOAWOEIG), €iTE
onuioupyouvTtal péoa oTov B0 Tov KPUOTAAAO, A.X. aTTO OIOQPOPETIKEG OUYKEVTPWOEIG
@opéwv. H oTiypigia Ty Tou pedpartog ota didgopa onueia Tng dlardfewg Ba eival
ouvapTnon TWV TAXUTATWY Kal Tou TTAABOUG TwV GOPEWV auTwy. Oa eTTnpeddeTal ETTOPEVWG
atré 6,1 eival duvaTod va eTnpedoel Ta Peyédn autd. Mia og BaBog PEAETN TWV NUIaYwYwVY Ba
arrairoloe yvwoelg amd v KBavrounxavik (yia Tnv Karavonon Tou OXNUATIOPOU Twv
EVEPYEIOKWY {WVWV, TOU QAIVOUEVOU “ORpayyos”, KATT.), ammd Tn ZTaTioTik Puaoikn (yia Tnv
KaTavonon TnG YETARaoNG aTT0 Ta PIKPOOKOTTIKA QaIVOUEVO OTA YOKPOOKOTTIKG PEYEDN), Kal
TéAOG, Ba ammaitoloe yvwoelg atmd Tnv KpuoTaAAikr dopr Tng UANG (yiaTi atmd 1o éva YéPog ol
atéAeleg TNG OOPNG AUTAG TPOTTOTTOIOUV TIG EVEPYEIOKEG CUVES Kal aTTd To GAAo oI duvarToi
TUTTOl UNXAVIKWY TOAAVTWOEWY TOU TTAEYUATOG €ival KaBopIoTIKoi yia Tnv aAAnAemidpaon
MeTatu UAIKOU Kal NAEKTPIKWY QopEéwv). TEAOG, yia TNV TTapakoAouBnaon Twv eEeAiewy TnNG
HAEKTPOVIKAG O€ PEPIKOUG VEOUG TOMEIG, OTTWG N OTITIKONAEKTPOVIKHA, Ba ETTPETTE va £XOUUE
MEAETAOEI KOAG TIG OTITIKEG IBIOTNTEG OPICHEVWV UAIKWV.

Eival eukoAa kartavontd o1 pia TETola PEAETN Oev PTTOpEl va yivel oTa TTAdiola evog
ouyypaupatog Baoikng HAekTpoviKAG. Oa TTepIopIoTOUNE AOITTOV OTN CUVOTITIKI TTapouCiaon
TWV BOCIKWY YVWOEWV TIOU XpPeldfovTal yia TNV TTapakoAouBnon Tng Aeimoupyiag Twv
NAEKTPOVIKWV diatdéewv. ZTOX0G pag Ba gival n KaTavonon Twv QaIVOUEVWY TTOU OXETICovTal
ME TNV €TTa@ p-n, T0 KAAOOIKO TpavdioTop, TIG TTApAAAayEG TOU, KABWG Kal PEPIKEG AAAEG
dlatééelg BaoioPEVeG OTIG IBIOTNTEG TWV NUIOYWYWV. Oa dWOoOoUNE ETTIONG TTANPOPOPIEG TTOU
agopouv Tnv Texvoloyia Twv nAeKTpoviKwy dlatagewyv (dnA. peBOdOUG  KATAOKEUNG,
TEXVOAOYIKG TTPORARMATA TTOU TTPOKUTITOUV Kal JEAAOVTIKEG DUVATOTNTEG).

Oa &ekiviiooupe TNV TTAPOUCIaoH Pag UTTEVBUNICOVTOG OTO TTPWTO QUTO KEPAAAIO, TIG
KuploTepeg €évvoleg TNG HAekTpovikAg Duoikrg oI oTroieg artroTeAoUv Tnv UTTOdOMR TNg
HAEKTPOVIKAG.

1.1. Evepyelakég Kataotdoeig

Eival yvwoTtd amd tnv KBavTounxavikr, O11 KABe nAekTpoOvIO £vOg aTOPOU BpioKeTal O€
KATToIO €VEPYEIOKN KATAOTAON n OToia AvTIOTOIXEI O MPIa OUVOAIKA evépyeia E. Aut
mepIAauBaver pia duvapikn evépyeia U, Tou eival evépyeia BEoewg Kal opifeTal ammo Tnv
a1ré0oTO0N TOU NAEKTPOVIOU ATTO TOV TTUPAVA Kal pia KIVNTIKA evépyeia W, TTou e€apTdral atmd
TN BEPUOKPOCTIAKI KATACOTACN TOU NAEKTPOVIOU.

O N. Bohr diatimmwoe 10 1913 10 OUO OEIWMUATA TOU OXETIKA HE TIG EVEPYEIOKES
KOATAOTAOCEIG TWV NAEKTPOVIWY, WG €ENG:

— KdaBe nAekTpovio pmropei va Ppebei oe opiopéveg POVO KavovikEG KataoTdoelg. Ol
KOTOOTAOEIG QUTEG AVTIOTOIXOUV O€ OPIOHEVEG TIMEG OUVOANIKNG €vEPyEIag TTou Ogv
atroTeEAOUV OUVEXEG AT AAAG gival CUYKEKPIUEVEG BIAKPITEG TIMEG. INa va gival duvaTtég
0l KOTOOTACEIG QUTEG, TIPETTEI VO attoTeEAoUVTal atrd aképalo apiBud KBAVTOUN EVEPYEIQG,
aAAG Kal Ta NAEKTPOVIA TTOU TIG KATEXOUV VA £XOUV TTOOOTNTA YWVIAKAS OTPOPOPUNRS ion
pe aképaio TToAaTTAdoI0 TNG oTaBepdg Tou Planck dia 211, dnAadn
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m~o-r:n-L, n=1,2,3,... 11
2n

O1ToU M ¢ival n pdaga Tou nAeKTpoviou, U n TaxUTNTa TOU NAEKTPOVIOU OTNV KUKAIKH TOu
TPOXIA YUpw aTrd TOV TTUPAVA, I N aTTOCTACT TOU NAEKTPOVIOU OTTO TOV TTUPAVA, N €vag
aképalog apiBuadg, kal h n atabepd Tou Planck.

— 'Eva nAekTpdVIO GTNV KAVOVIKK TOu, TN Aeyouevn Kal oTaBepr) KOTAOTAON, OV AKTIVOBOAEI.
Edav éva 1€T0I0 nAekTpdvio OieyepOei petafaivel o€ aoTabr] kardoTtaon Kal Teivel va
€TTAVEANBEI GTNV KAVOVIKI TOU KATACTACT, ATTEAEUBEPWVOVTAG TO TTOOOV TNG EVEPYEIQG TTOU
atroppoéenae Otav dieyEPONKe. H evépyeia auTr) EKTTEPTTETAI OE TETOIO OUXVOTNTA WOTE VA
gival ion pe éva oAdkAnpo kBdavTouu evepyeiag, OnA. yia evépyela dieyéposwg AE kal
ouyvotnta fioxuel AE=hf.

w , . w
V) A KBovtkog apBuog A(eV)

o0
U 0 'y 13.5

-0.5 13
® 0.8 4 N 12.7
\/ K 15 3 M 12
\/ L
EA

2
0 s -32 I L 10.3

L ’

X Evépyeln E)‘iig ysolg
TPATNG K
Siéyepong Axtwvo-
U BoAia
. 13.5 ! Ky Ty
° Kavovikn otafun
N
(0) ®)

Zx.1.1. Mopen Tou SuvapikoU TOU TTUPAVA, KOl KOTOVOUN TWV EVEPYEIOKWV OTAOUWV OTO ATOMO TOU
udpoyovou, [16].

210 Zx. 1.1 @aivetal n dUVAMIKA EVEPYEIQ TOU NAEKTPOVIOU Tou aTTAOUCTEPOU ATOHUOU, TOU
udpoydvou, ouvapTioel TNG aTTdéoTAoNG r aTTd Tov TTUprva. H duvapiki auTr evépyeia o€
atréoTaon r améd Tov TTupfva diveral atmod Tn oxEon

2
P 1.2
4mggr
OTToU q €ival To PopTio Tou NAekTpoviou igo pe 1.6-107'° Cb, kai gival dTTwg QaiveTal Kal GTo
oxnua pia KautruAn utrepBoAig. To apvntikd TTpoonuo ogeileTal oTto OTI deXOrikape OTI N
duvapIkn evépyela auTh Teivel 0TO PNdév OTav TO NAEKTPOVIO OTTOPOKPUVOET TEAEIWG atrd Tov
Truprva, dnAadr étav To r Teivel GTO ATTEIPO.

AuTA n KouTTUAN uttepBoAnG TnG SUVANIKAG €VEPYEIOG aTTOTEAEI TO @PAYHa Suvapikou
TéPa atd TO OTToIo Oev PTTOPEL va EePUYE KavEVA NAEKTPOVIO KAl QvTITTPOOWTTEUEI TNV €AEN
TTOU 0 BETIKA QPOPTIOPEVOG TTUPAVAG OOKEI OTO ApVNTIKA QOPTICUEVO NAEKTPOVIO. 2TO OXAUA
TTapIoTAvovTal €TTiIONG OI OIAPOPEG ETTITPETITEG EVEPYEIOKEG OTABUEG €vOG nNAeKTpoOviou ME
opIfOVTIEG YpauuéG, n Ot atmmooTacn METaEU Toug eival ion pe Tn OlIAQOPA TNG EVEPYEIOG
avaueod Toug. O1 TIPEG TWV ETTITPETTOPEVWY EVEPYEIOKWY OTaBUWYV divovTal atrd Tn ox£on

4
g -_ma 1 n=1,23,... 1.
" gh%2n? s ’

2TNV TIEPITITWON TOu aTTAOUCTEPOU ATOPOU, TOu Udpoydvou, n oTaBepr KaTAoTaon N

Baoikry otdBun €ivar aut TTou PpiokeTal TTANCIECTEPO OTOV TTUPHVO KOl QVTIOTOIXEI O€
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evépyela -13.6 eV. Edv dieyepbei 10 nAeKTPOVIO QUTO TTAPEXOVTAG TOU HE KATTOIO TPOTTO
evépyela KATAAANANG TToadTnNTaG OTTWG uTTayopelel n €. 1.3, Ba avéBel apxIkd aTnv TTPWTN
oTaBuN Tavw atrd TNV KAVoVIKA Kal €AV oUVEXICOUNE PTTOPEI va @BAcEl Kal HEXPI TN MNOEVIKN
oTaoun oOtou Kal Ba eAeuBepwBei TEAEiwWG aTTé TOV TTUPAVA Kal TO ATopo Ba 1ovIoTEl. €
OTTOIOdATTOTE OTABUN TTAVW OTTO TNV KAVOVIKHA TO NAEKTPOVIO BpioKeTal 0€ aoTaOr KATdoTOoN
Kal Teivel va eTTavEABEl 0T BaCIKA KATAOTACH GKTIVOBOAWVTAG TNV £VEPYEIQ TTOU TO DIEYEIPE.

1.2. Evepyelakég Zwveg

Eidape otnv Tponyoluevn TTapdypago, 0TI Ta NAEKTPOVIO EVOG JENOVWHEVOU OTOUOU Eival
OuVOTO va KATEXOUV POVOV OPICHEVEG DIAKPITEG (ETTITPETTOUEVEG) evePYEIaKEG aTABUEG. O1 TTIo
XOUNAEG atmd auUTEG TIG OTABUEG KOTEXOVTAl ATTO NAEKTPOVIA 1I0XUPA OUuvOEDEPEVA PE TOV
TTUPAVA, EVW TO €CWTEPIKA NAEKTPOVIO KATEXOUV TIG QVWTEPEG OTABUEG Kal gival xaAapoTepa
ouvdedepéva e Tov TTupfva. OTav Ta dropa Bpebolv TTOAU KovTd 1o £va 010 GAAO, WOTE va
AAANAETIOPOUY - TTPAYUQ TTOU CUMBaivel OTNV KPUOTOAAIKF QoMM TNG UANG - O EVEPYEIOKES
OTABUEG TWV EEWTEPIKWV NAEKTPOViWY (0B€voUG), TTou ival Ta TTIO uaioBnNTa O EEWTEPIKES
€MOPACTEIG, TPOTTOTTOIOUVTAI KAI SIOTTAATUVOVTAI OBNYWVTAG OTOV EKQUAIOCUO TWV BIAKPITWY
EVEPYEIOKWY OTABUWV O€ EVEPYEIOKES CWVEG.

E=0 E=0

Ecotepd
petdArov

E&mtepkod
petdiiov
N 1 . . N2 * N2
2ta0un pndevikng
Evépyew evépyelag 1 1oVIGHoY Zown
T / Ayoypomrag Zdvn Z0évoug Amnoryopevpévn Zéovn
/ /
—
N / / / Kapmbkn
\ ¥ 4/ Avvopikig
\ / Evépyewng

\ / .
TTupniveg

Zx. 1.2. XOvBeon SUVAUIKWY EVEPYEIWV AOYW ETTISPAONG YEITOVIKWY ATOUWYV, KAl OXNUOTIKA TTapdoTaon
NG dnuioupyiag {wvwyv O6TaV Ta ATOPA CUVSEOVTAl YIA TO OXNHUATIONO6 KPUoTAAAou. Ta nAekTpoVvIa
aVAKOUV o0& 6A0 ToV KpUOTOAAO Kail SEV ETTITPETTETAI VA £XOUV TNV iSla evépyela, [16].

Eidape mmponyoupévwg Tnv KaUTTUAN SUVANIKAG EVEPYEIAG EVOG JEPMOVWHUEVOU OTOUOU. Z€
€vav KpUOTaAAO, UTTAPXEl PeYAAO TTANBOG aTOPwWY O€ YIKPN oTTéoTacn PETAEU TOUG, WOTE O€
KABe nAekTpOVIO va emMIOPOUV TTEPICTOTEPOI TTUPAVEG aTro £vav (n atmréoTacn OnA. gival Toon
TTOU N KUPATOOUVAPTNGON TOU NAEKTPOVIOU va TTNEEACETAI ATTO TNV TTAPOUCIA TWV YEITOVIKWYV
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Tou). ToTe, N KAPTTUAN DUVAUIKAG EVEPYEIOG TOU NAeKTpoviou Ba TTpokUTITEl ue olvBeon ammo
TIG OUVANIKEG EVEPYEIEG TTOU TTPOEPYOVTAI OTTO OAOUG TOUG TTUPKVEG TTOU €TTIOPOUV o’auTd. H
ouvBeon yiveTal OTTWG @aivetal 010 ZX. 1.2, 6TTOU £X€l OXeOIAOTEI N CUVIOTAUEVN KAWTTUAN
TTOU £X€lI MIO KOPU®R apKETA XaunAdtepa ammé tn undevik o1dBun E=0. Autéd BéBaia dev
oupBaivel oTnv €m@AveId Tou UAIKOU OTTou €EaKOAOUBEl va UTTAPXEl N APXIKA KAPTTUAN
OUVANIKAG EVEPYEIAG, TTOU GOAVEI ACUPTITWTIKA PéXPI TN oTABuN E=0, Kai eutrodicel 6TTwg Kal
OTO JEPOVWHEVO ATOUO TNV €6000 TWV NAEKTPOVIWY aTTO TO UAIKO.

>¢ évav KpUOTAAAO dNAadI, 01 EEWTEPIKEG EVEPYEIOKEG OTABUEG TOU JENOVWHEVOU ATOPOU
Ba uttooToUv évav eKQUAICPO attd TNV aAANAETTIOpaan TwV YEITOVIKWY OTOMWY Kol KABe
ETMTPETTOUEVN EVEPYEIQKN KATAOTAON Ba dIaoTTacTel 0€ évav apIBUO YEITOVIKWY EVEPYEIAKWV
oTaBuwv TToU €ival TOOO TTUKVEG WOTE va oxnuaTiCouv pio oAOKANPn evepyelakn fwvn.
Mukvwvouv OnAadry kai TTANBaivouv Ol ETITPETTOUEVEG EVEPYEIAKEG KATAOTACEIG TWV
NAEKTPOVIWV yIa va IKAVOTTOIEITAl N aTrayopeuTiky apyxr Tou Pauli*. Tia Ta nAekTpdvia Twv
E0WTEPIKWVY GAOIWY, n dlatapaxn atmd TNV TTAPOUCia ToU YEITOVIKOU aTOUoU gival TTOAU HIKPN
Kal €TO1 Ol EVEPYEIOKEG OTABPEG TPOTTOTTOIOUVTAlI TTOAU Aiyo Kal Ol avTioTOIXEG CWVEG €ival
TTOAU OTEVEG.

E
N atropovwHEvd (evipyeia
> aropa-Si o E NAEKTPOYIWY)
g 3 ; —_ Ecopupig
8_ % 4N EMITPETISHEYEC TxeBoY
e 2 KUTAOTACEIC (Ewvn kevn
E % AYWYIHSTHTAE) — = Ep
cCleeooe _eoeP n=3 = M smiITpETTépEVES »
2 s oe e 5 KUTa oTAGEIg Ee
> w R [ — -
§- § I 4N smTPsTrop;é\fsg Ixebov
E KoTa oTdeEIg (fwvn KATEIA iv

= , 5 i clivouq) e .

6N p-KUTUGTAGEIS CUVOAIKD k

2N s-KUTACTAC £1§ CUVOAIKA KpuoTahAiké Si —_—

(4N nAzkTpévin Guvolkd) N-droua

Evipyeia .
NAEKTpOViWY !
B . 4N kevég :
Tr- . KATAGTAGEIG [
s ~ :
L — 2N+2N ¥
KATEIANMMEVES |
KATAOTACEIS)
|
1 w MEIOUHEYN | o
I 7 amoocTacn atopgwy 1 =
ATOHOVWHEVT TAEYMATIKA
dropa Si oTabepd Si

Zx.1.3. H emkdAuyn TwV gvePYEIAKWY JWVWV TTOU TTPOKUTITOUV OaTrd TIG £WTEPIKEG OTABHEG 3s kal 3p
KATd TO OXNMOATIONO KPUOTAAAOu TrupiTiou, TpoTmrotroiei To TARBOG Twv “Slabécipwv” Kai
“KATEIANUPEVWV” aTTO NAEKTPOVIO KATAOTACEWYV OTIG WVES S, p, [5].

Ag Bewpnooupe yia TTapddeiyua, Ti oupBaivel ota dropa Tou Trupitiou (Si), TO OTTOIO
avikel otnv opdda IV Tou TePIOdIKOU CUCTAPOTOG Kal €ival £vag aTTO TOUG GNUAVTIKOTEPOUG
nUIaywyikoUg KpuoTdAAoug. To dtopo Tou TrupITiou €ival TETPacBevég, n &€ KatdAnwn Twv

* TOuQwva Ye TNV aTTayOpeuTIKA apxr Tou Pauli, KABe evepyeloKr KATdoTOOn O&v PTTOPEl VO QVTIOTOIXE OF
TEPICOOTEPA ATTO £va NAEKTPOVIO OTTWG Kal avTioTpo@a éva NAEKTPOVIO dev UTTOPEi va BPIOKETAI O€ TTEPICOOTEPES
aTré pia EVEPYEIAKEG KATAOTACEIG.
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EVEPYEIOKWY TOU OTABUWY o€ éva pepovwuévo drtodo eival Si'4: 1s22s22p83s23p2. 10
KPUOTAANIKG TTUPITIO N OUCTIEIPWON TWV OTOPWY 0T OTABEPA KATAOTAON €ival TETOIA, WOTE
Ol EVEPYEIOKEG CUIVEG TTOU TTPOKUTITOUV atrd TIG 0TABuEG 3p kai 3s emKaAUTITOVTAl. ATTO TO
onuegio autd kal TTEpa cupBaivouv Ta €§AG ONUAVTIKA yeyovota: To TTARBog Twv duvatwy
KOTooTaoEWV (B€0cwv) o€ KABE pia atrd TIg BU0 dIEUPUNEVEG JUIVEG YiveTal KOIVO Kal {00 PE TO

nuidbpoicua %(2N+6N)=4N, omou N eival o apiBudég Twv atouwv Si péoa oTov

KPUOTAAAO.

Autoé éxel ocav amoTéAecpa va katefouv Ta 2N nAektpdvia Tng Cwvng 3p OTIG
€UOTOBEOTEPEG (MIKPOTEPNG EVEPYEIQG) duvaTég BETEIg TTou dnuUIouPyABNKaV OTNV KATWTEPN
Cwvn. Zxnuarti¢ouv €101 padi pe 1o 2N nAekTpovia TnNG 3s pia TTANPWG KaTelAnuuévn Jwvn
06€évoug pe 4N nAekTpovia. Zuyxpoévwg, ol 4N B¢oeig TNG Cwvng TTOU TTPOEPXETAI ATTO TNV 3p
Mévouv Kevég attoTeAwvTag Tn Agyduevn Cwvn aywyiuotntag. TéAog, kabwg n amocTaon
METagU Twv aTOPWV YIKPAIVEI aKOUA TTI0 TTOAU, YéXPI va yivel ion pe Tn SIATOUIKN aTTéaTaon o
TOU KPUOTAAAIKOU TTAEYHATOG, avapeoa OTIG OU0 CWwVveG OXNUATICETAI IO ATTAYOPEUPEVN JWavn
TTOU QVTIOTOIXEl OTO KOIVO PEPOG TwV ETMIKOAUPMEVWY (WVWV CAavV VA aTTayopeudTav oTd
NAEKTPOVIA va avAKOUV OuyXpovwg oTiG {wveg 3p kal 3s. To €UpOg TNG ATTOYOPEUMEVNG
{wvng €€apTaTal ammod TNV amooTaon a TOU KPUCTAAAIKOU TTAEYUOTOG KOl ETTOREVWG OTTO TN
@uon Tou UAIKoU. 2Tn Bgpuokpacia Tou atmmoAuTou pndevog T=0 K, n dwvn oBévoug eival
TIANPWG KATEIANUUEVN OTTO NAEKTPOVIA EVW N VN AywyINOTNTAG €ival KEVI NAEKTPOVIWV.

21OV NUIaYWwYIKO KPUOTOAAO, avTiBeta pe 6,11 cupBaivel oTa NAEKTPOVIO OBEVOUG TwV
MEMOVWHEVWV ATOPWY, TA NAEKTPOVIO TWV EVEPYEIAKWY (wvwyv Oev gival deopeupéva ouTe
OouVvOEedEUEVA HE VO OUYKEKPIPEVO ATOMO. KaTtd p€éoo 6po, uttTdpXouv TEGOoEPA NAEKTPOVIA TA
oTToia poIpAdeTal aTTd Kovou KGBe atopo Si pe Ta TEooepa yeITovikd Tou. Opwg, n TautéTnTa
QUTWV TWV KOIVWV NAEKTPOVIWV PETARBAAAETOI XPOVIKA, KOI TA NAEKTPOVIA PETAKIVOUVTOI OTTO
onueio ag onueio péoa atov KPUOTAAAO, gival OnA. eAeUBepa nAekTpovia. Me GAAa Adyia, ol
ETMTPETTOUEVEG NAEKTPOVIKEG KATAOTAOEIG Oev gival TTAEOV OTOUIKEG KATAOTAOEIG QAAG
agopouv Tov KpUoTaAAo cav olvolo. AveEdptnTa amod To OnueEio TTapaTAPNong, o€ £vav
TENEIO KPUOTOANO avTIAauBaveral kaveig Tnv idla doun EMITPETTOUEVWV  EVEPYEIOKWV
KaTaoTacewyv. Apa, yia évav TEAEIO KPUOTAAAO, UTTO OUVBNKEG 1I00ppOTTiag, To dIAypaUua
ETMTPETTOUEVWV  EVEPYEIOKWYV KATOOTACEWV NAEKTPOVIWV KATA MAKOG  OTTOI0CONATTOTE
O1elBuvong péoa otov kKpUoTaAho, Ba eivalr 6TTwg aTo de€Id uépog Tou 2X. 1.3. To oxAua
auTO, TWV ETTITPETTOPEVWY dNAAdH EVEPYEIOKWY KATAOTACEWV CUVAPTACEl TNG Béang X, ival
TO BACIKO POVTEAO evEPYEIOKWY (WVWV Twv NuIaywywyv. H otdBun Ec gival n xaunAdétepn
duvart evepyelokr) OTABUN aywyiyotnTag Kal n otdéun Ev eivar n uywnAdtepn duvarn
evepyelakn o1adun aBévoug, kai Ec= Ec-Ev gival T0 gvepyelakd xdoua.

1.3. Movwrég, Hulaywyoi, MétaAAa

Agdopévou 0611, OTTWG €idape, N uvn aywyiuoTNTAG €ival Kevr atrd NAEKTPOVIA, N EQAPUOYN
Tdong oTa dkpa Tou UAIKOU dev Ba odnynoel otn pon pelpatog dlapécou auTol, Aoyw
ENEIYNG Qopiéwv aywyiuotnTag. Eivar duvatév Opwg, €dv 10 €UpOg TNG ATTAYOPEUUEVNG
wvng €ival OXETIKA MIKPO, va TIPOOOWOOUUE QAPKETA evépyela oTa nAekTpovia Tng Jwvng
0Bévoug, OnA. va Ta dlEyEIPOUPE, WOTE va UTTEPTINOACOUV TNV aTTayopeupévn Cwvn Kal va
@Bdaoouv oTn CWvn aywyiuotnTag. Oa éxoupe €101 pia {wvn oBévoug ev PEPEl AdEIa, Kal pia
dwvn aywyluéTnNTaG €V PEPEI KATEIANUUévn, PE aTmoTéAeopa, OTTwG Ba douue o€ Aiyo, va
oupBdaMouv kai o1 dU00 aTnV €UPAvIOn aywyiyotnTag oTov KPUOTOAANO. TéTola UAIKG
ETMOPEVWG, T OTToia Ayouv TO pelpa KATW atrd OpPICPEVEG OUVONKeS (TT.X. augnuévn
Beppokpaacia, TTPOOTITWON PWTHOG KATT.), ovoudadovTal yia To AGyo auTo nNUIaYwyoi.

JupTrepaivoupe €TTOPEVWG OTI, OTTO T OOMN TWV EVEPYEIOKWY CWVWV Kal a1rd Tn
Bepuokpacia, egapTwvTal OF NAEKTPIKEG 1810TNTEG Twv O1a@OpwY UAIKWYV. Mtropolpe va
Taglvounooupe Ta UNIKG pe BAon Tn OxeTIKA B€0n Kal ouykpdTNOon TwV {WVWV aywyiuoTnTog
Kal 0B€voug kail Tnv TIPN Tou eupoug Ec Tng amayopeupévng {wvng. ‘ETol, 0TTwg @aiveTal oTo
2x. 1.4 diakpivoupe TPEIG KATNYOPIEG UNIKWV:

— Kaloi Aywyoi | MéraAAa, ota oTtroia To €UPOG TNG ATTAYOPEUUEVNG CWvNG €ival TTOAU
MIKPO | PNOEVIKG. ZTa YETOAAD, APECWG PETA TIG KATEIANUUEVEG EVEPYEIOKEG KATAOTAOEIG
NG {wvng 0BEVOoUG, UTTAPYXOUV KEVEG EVEPYEIAKEG KATAOTAOEIG TNG JWvnG aywyliuoTnTag,
ouxva 0t o1 {wveg 0Bévoug Kal aywyluoétnTag EmMKOAUTITOVTAI WPEPIKWG Kal n Ec
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pndevicetal. ToTE €ival €UKOAO KATW OTTO TNV €TMiOPaACN €VOG NAEKTPIKOU TTediou, TT.X. ME
€@apuoyr PIag Tdong aTov aywyo, va TTPokANBEi aviwwan TngG evEPYEIAG NAEKTPOVIWY O€
KEVEG TTEPIOXEG TNG CUWvNG aywylhoTnTag. AuTO YiveTal Je TTPOCANWN KIVNTIKAG EVEPYEING
o116 Ta NAEKTPOVIO OUTA, Ta OTToia £TOI aPXiCOUV va KIvOUvVTal TTPOG KaTeUBuvon avTiBeTn
TPOG TNV €viacn Tou nAekTpikoU Trediou TTou €xel €mMPBANBei Kol TEAIKG €xoupe pon
pelpaTog. Xta PETAAAa €ival €UkoAo va KivnBolUv Ta nAEKTPOvIa €TTEIdf UTTOPOUV va
TIPOCAGBOUV KIVNTIKH €vEPyElD, OCO HIKPR KAl av gival autr, a@ou UTTAPYXOUV KEVEG
EVEPYEIOKEG KATAOTAOEIG TTOAU KOVTA OTIG CUUTTANPWHEVEG. [a To Adyo autd Ta HETAANAQ
AéyovTal KaAoi aywyoi. ZToug KaAoug aywyoug n aviywaon Tng Bepuokpaciog duoxepaivel
TNV Kivnon Twv nAEKTpOviwv Kal HIKpaivel TNV aywylgotnTa. Auté cupBaivel 81611 600
peyaAUTEPN €ival n Beppokpacia TOO0 TTEPICOOTEPO TTUKVWVOUV Ta NAEKTpOvIa oTn {wvn
aywyIiuoTnTag Kal TAnBaivouv €101 Ta EUTTODIA.

Movwrtég, oToug oTToioug To €Upog ¢wvng Ec eival TTOAU peydAo, TG TaENG Twv 6 eV, kal
UTTAPXEl EAAXIOTN OuvaTOTNTA UETAROAAG TNG EVEPYEIOKNG KATAOTOONG TWV NAEKTPOVIWY
NG dWvng 0Bévoug KaTa MIKPA TTOOA €VEPYEIQG, YIOTI yia va PeTaBouv autd otn {wvn
AYWYIUOTNTOG TIPETTEl VO UTTEPTTNONOOUV €va  PEYAAO OXETIKA €EVEPYEIOKO XAOUQ.
Emopévwg, n d1aBéaiun Bepuikr evépyeia aTn Bepuokpacia dwpatiou YTTopei va dieyeipel
TOAU Aiya nAekTpévia atd Tn Jwvn oBévoug atn {wvn aywyludTnTag PE atroTEAECUA O
apIOUOG Twv SI0BECIHWY POPEWV AYWYINOTNTOG va gival TTOAU PIKPOG KAl TO UAIKO va gival
KOKOG aywyog Tou peUPATOG.

| Zdwn
ay®YUOTNTOG EXevbepa 74
G

Eg

NAekTpOVIOL

Amayopgopévn \ (%
1 Zoém T VEG %M
% Zivn

% Zévm o9évoug / Onéc oBévoug
o .

Movwtég Huoywyoi Métaila

Zx. 1.4. Tagivopnon Twv NAEKTPIKWYV ISIOTATWY TWV KPUOTAAAWV HE BAON TO EVEPYEIOKO TOUG Sidypaupa,

1

[14].

Hpiaywyoi, otoug otoioug n atmayopeupévn wvn Ec €xel e0pog Tng Tégng Tou 1 eV. Ol
KUPIOTEPOI NUIAYWYOi TTOU ¥pnoiyoTrolouvTal onpepa cival 7o Si, To Ge, KabBwg Kail ol
NUIOYWYOoi aTTé KpAua TPIoBevwv Kal TTeviaoBevwyv oToixeiwv Ommwg 1o GaAs, kai 10 InP.
2TOUG NUIaYywyoug, Ta nAekTpdvia Tng fwvng 08évoug uetaBaivouv atn Cwvn aywyiuotnTag
pE BeppIkr povo digyepan atré Tn Bepuokpaaia Tou TEPIBAAAOVTOG, PAVOVTAG AVTIOTOIXO
Keva otn ¢wvn oBévoug. Ta nAekTpdvia autd utropoulv, Péoa aTn Jwvn aywylhotnTtag,
otrou gival apaid, va TTPOooAdRouv PIKp& TTOGA KIVNTIKAG EVEPYEIOG Kal VO apyioouv va
KivouvTal UTtd Tnv €TTidpacn NAEKTpIKOU TTediou OTTWG AVOPEPAUE KAl TTIO TTAVW. ZTOUG
nUIoywyoug, n emidpacn TnG Beppokpaciag oTnv NAEKTPIKN avtioTaon £€xel avTiBeTo
atroTéAecpa ammd 6T 0Toug KaAoug aywyoug. Auté oupBaivel 810TI 0Toug nuIaywyoug Kupia
€MOpPaAON OTNV AYWYIUOTNTA £XEI N HETAPOPA NAEKTPOVIWY atrd Tn {wvn oBévoug oTn {wvn
aywyiuotntag omou  egaitiag autoU TANBaivouv Ta nAekTpOvVIa KAl UTTAPXOUV £T0I
TTEPIOCOTEPOI  POPEIG yIA va CUVEICPEPOUV  OTn  Onuioupyia nNAEKTPIKOU PEUPATOG
€UKOAOTEPQ. Befaiwg, 0TTwg kal ota PETaAAa €101 Kal €dw, OTaV AUEAvVETAl N TTUKVOTNTA
TWV NAEKTpOoviwv auédvovtal Kal Ta euTmodia oTnv Kivnon Toug, aAAd emmeidfi OTOUg
NUIoywyoug n TTUKVOTNTA AUTHA €ival PIKPH, UTTEPEXEI TO PAIVOUEVO TTOU QvVaPEPONKE TTPWTO
Kal TEAIKG au&dveTal N aywyiuétnTa.

4. EAe0Bepa nAekTpOVIA KOl OTTEG

Avagépbnke oTnv Trponyouuevn TTAPAypa@o OTI O NUIAYWYOS E€P@AVICEl NAEKTPIKN

aywyiuotnta. Eidaue 611 n fuovn o6€voug eival yepdTtn kal n {wvn aywyludtnTag Kevr) 0Tn

AYOYILOTNTOG
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Beppokpaaia atroAuTou pundevog. ‘Eva nAektpdvio Tng {wvng 0Bévoug eival éva “deoueupévo”
NAEKTPOVIO aPOU CUMPMETEXEI OE €vav OMOIOTTOAIKO 8eoud 0Bévoug petafl U0 YEITOVIKWY
aTéUWV Tou KPUOTAAAIKOU TTAEypaTOG, OTTWG QaiveTal oTo ZX. 1.5. 210 idIo oxAPa @aiveTal Kal
€va “eAelBep0” nAekTpdVIO, £va NAEKTPOVIO dnAadr) To OTToi0 €xel amoouvoeBei atmmd Tov
TTUPrVa TOU Kal €xEl AUCEI TOV OPOIOTTOAIKO Tou OeOpO XdApn o€ BePUIKA, KIVNTIKA A OTITIKNA
(ewTbVIO) evépyela TNV oTToia TTPooéAafe, agrivovtag Tn Béon Tou Kevr). Tnv KevA auTh B€on
(EMeIwn nAekTpoviou) ovoudloupe orrr. H ot aviimrpoowTrelel pia BeTik avwpaAia otnv
oudéTepn dour Tou TTAEYUOTOG, Kal CUPTIEPIPEPETAI oav BeTIKO @opTio. KaBwg 1o eAelBepo
NAEKTPOVIO KIVEITOI OOEOPEUTO MECA OTO TTAEYHA, OUPPBAAAEl OTnv  aywyiudtnTa TOU
KpuoTAAAou. ANAG Kail n OTI PTTOPEI va CUPTTANPWOEI eUKOAa aTTd €va YEITOVIKO NAEKTPOVIO
ylati Ta nAekTpOvia TaAaviwvovtal yupw atmd Tn 8€on 100ppOoTTiag TOUG GTOV OMOIOTTOAIKO
0eop0, Kal éva aTmo autd PTTopei va eykaraoTabei otn B€on TG OTTAG CUNTTANPWYOVTAG TOV
ateAj deopo. Tote BERaia, pia GAAN o1t Ba eupavioBei otn SIkr Tou TTponyouuevn B€on Kal
QuTO 1I000UVOEl PHE PETOKIVNON TNG OPXIKNAG OTTAG. Av Twpa epapuoadei NAekTpikd Tedio £ Ba
€XOUPE pETOKiVNON @opTiou yia 800 AdGyoug: ammd Tnv TIPOCAVATOAIGHEVN Kivnon Twv
€AEUBEPWY NAEKTPOVIWV Kal ATTO TNV TTPOCAVOATOAIGUEVN UETATOTTION TwWV OTTWV (To TTEdiO
€UVOEl TN OUPTTARPwWON OTAG Katd Tn @opd Tou). EUkoAa yivetar avTIAnTTTé 611 o1 dUo
METOKIVATEIG QOPTIWV yivovTal Kar' avTiBeTn @opd Kal TMOPEVWS TOOO Ol OTTEG GO0 Kal Ta
eAeUBepa NAekTpOVIa CUPBAAAOUY OTNV aywyIhOTNTA TOU KPUGTAAAOU KaTd TRV idia @opd.

Sio4 o b b
‘-\. P ‘\\.," _________ ‘eof Evépyewn
.‘:, .: :? ?":. Zovn
_____ ) T e T oy \-'", Z6y .
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: P o [ - 0000000000
Om — L " NAektpbvio 000000000
VT \pie Vo e e o o 0000000000
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Zx. 1.5. o) KpuotaAAiki Soun Tou TrupiTiou o€ duUo diaoTdoelg, B) Evepyelakd didypappa. H yéveon Jeuywv
oTTWV-NAEKTpOViwv odnyei o€ 500 NUITTARPEIG JWVEG TTOU Kal 01 U0 GUMBAAAOUV OTNV ayWYINOTHTA
TOU KpUGTAAAou, y) TapaAAayn Tou (B), [14].

>€ eTMTTEDO EVEPYEIOKWY (WVWV O INXAVIOHOG QUTOG JETAPPAZETaI WG €EAG: AKOUA Kal OTn
ouvnBiopévn Bepuokpaacia, éva TTARBOG nAekTpoviwv TNG CUUTTANPWEVNG Cwvng oBEvoug
atTeAeuBepWVOVTal Kal JETATTNOOUV OTNV Kevh {wvn aywyiuotntag, cupewva Pe 1o Zx. 1.5.
‘Exoupe €101 dU0 NUITTANAPEIS {wveg TTou cuPBaAAouv Kal ol U0 OThv aywyiuétnTta. H dwvn
AYWYINOTNTOG PE TNV EAEUBEPN PETAKIVNON NAEKTPOVIWY Kal N {Wvn 0BEVOUG PE TN METATOTTION
ottwyv. Tovifoupe, 0TI n BeUTEPN QUTH CUVIOTWOO QYWYINOTNTAG, TTPOYUATOTTOIEITAI HEOQ OTN
Cwvn 0Bévoug a@ou Ta NAEKTPOVIA TTOU PETATTNOOUV aTTO de0ud o€ Seoud TTAPAPEVOUV PECA
oTn ¢wvn 0Bévoug.

Agdopévou 0TI N €IKOVA TTOU BWOAME TTIO TTAVW QPAiveTal OTATIKN, €V TOUTOIG N YETOKIVNON
TwWV TTANBUCUWYV @opéwv eival KaBapd SuVaUIKr Kal TO GUVOAIKO TNG OTTOTEAECUO TTOU POAIG
TTEPIYPAPNKE Eival ATTAWG N ATTEIKOVION HIAg OTOTIOTIKAG 100ppoTTiag. MNa 1o Adyo autd Kai
TIPIV TTPOXWPACOUUE OTOV TTOOOTIKO UTTOAOYIOHO TWV TTAPANETPWY TNG aywylpnotntag, 6a
€EETAOOUPE TN OTOTIOTIKI] CUMTTEPIPOPA TWV NAEKTPOVIWV OTA UETAAAQ KOl OTn OUVEXEID TN
OTOTIOTIKA CUPTTEPIPOPA TWV NAEKTPOVIWV KAl TWV OTTWV OTOUG NUIaywyouUg.

1.5. Evepyelaki Katavopun NAEKTpoviwy evog HETAAAOU

21a pEToANa pog evdlagEépel va yvwpifoupe TNV OavOTNTa TTOU €XEl Eva NAEKTPOVIO va
KaTEXEl evépyela yUpw atmd pia Tiyn E. H mBavotnta auth mrepiypdeetal atrd pia cuvdptnon
KATAVOUAG TWV EVEPYEIWV TwV NAEKTPOViwv Tou METAANOU. MTTOpOUPE TIPOCEYYIOTIKA Va
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Bewpriooupe, OTI yia Ta eAeUBepa NAEKTPOVIA, TO ECWTEPIKO TOU PETAAAOU eival €vag XWPOog
oTaBepou duvapikoU (BA. Zx. 1.2). Auehoupe €101 TN AETTTH UPT) TOU BUVOMIKOU TTOU OQEIAETaI
oTnv TEPIOBIKOTNTA BOMNG TOou TTAEYHATOG Kal Bewpoupe OTI TO NAEKTPOVIO UECQ OTOV
KpUOTaAAO (Kai OxI KOVTE OTnV €TTIQAVEIQ TOU KPUOTAAAOU OTTOU TO Ppdyua duvauikoU @Bavel
MEXP! TN 0T@OuN E=0) ptropei va kivnBei aveumodioTta, k10 BERaia atd TIG GUYKPOUCTEIG PE
Ta GTopa Tou KPUGTAAAOU.

OTav éva T€T0I0 NAEKTPOVIO TTPOKEITAI VO ATTOOTTIAOTE A1Td TNV €TTIPAVEIQ TOU HETAAAOU Ba
TIPETTEL, OTTWG QaiveTal Kal 0T 2. 1.6, va Tou TTPocPePBEi pia opiopévn evépyeia Es avaykaia
ylo va UTTOPECEl TO NAEKTPOVIO va UTTEPVIKACEI TO @pAyua duvapikoU Tng €MQAvEIOG Tou
MeTaGANOU Kal va Eepuyel TeEAEiwg aTmo To UAIKG. EAv yvwpilaue TNV KATAVOUR TWV EVEPYEIWV
TwV nAekTpoviwv, A.X. atmd Bepuikn Kivnon, 8a uytropolcaue va UTToAoyicoupe To TTARBOG Twv
NAEKTPOViIWV TTOU PTTOPOUV va Ee@UYouVv Kal ETTOPEVWG va TTPORAEWYOUUE TNV TTUKVOTNTA
PEUUATOG “OEPUIOVIKNG EKTTOUTTAG”.

Emoavew

Evépyewa MetdArov

Tékewo andoTOON

Es

=Y

MétaAro

Zx.1.6. To @pdyua duvapikou TTou Ba Tpétrel va utreprndnoel éva eAelBepo nAekTpovio 6Tav, @BAvovTag
oTNV EMIPAVEIQ, TIPOKEITAI VO EyKaTAAEiPel TO pETaAAo, [14].

H trukvoTtnTa p(E) nAekTpoviwv ava povada dykou Ba e€aptdtal atmd Tnv mukveTnTa N(E)
TWV SUVATWY EVEPYEIOKWY KATAOTACEWV OTNV TTEPIOXT YUPW aTTd TNV evepyelakn Tiun E, kai
amé Tnv mMOavotnta f(E) yia KatdAnwn Twv KaTooTAoEwv auTwv atrd nAekTpovia, dnA. Ba
givai

| p(E)= NE) f(E) | 14

ATtrodeikvUeTal 0TI IOYUEI

m*v2m*E

N(E) =
(E) 23

1.5

otToU M” gival n 1I00dUvapn Pala Tou NAekTpoviou (TTou Ba e€nynBsi TTapakaTw) kai 7 =h/21r.

H ouvdptnon f(E) Tng mBavoTnTag KatdAnwng Twv evepyeiwv péoa o€ pia {wvn divetal
atdé Tn ouvaptnon katavopng Fermi-Dirac, oUu@wva pe Tnv otmoia, Ta nAekTpdvia dev gival
TUXQia KoTaveunuéva oOTIG OIAPOPEG EVEPYEIOKEG KATAOTAOEIG, N Katavoury Ot auth
TTEPIYPAPETAI ATTO TN OXE0N

f(E)= — 1.6

1+e KT

otou k n otaBepd Tou Boltzmann (1.381-1023 J/K rj 8.617-105 eV/K) kai T n Bepuokpaacia ot
°K. EF €ival n o1d8un Fermi n otroia avTITpoCwWTTEUEl TNV QVWTEPN KOTEIANUMEVN EVEPYEIQKN
oTalun otn Beppokpacia Tou atroAuTou pndevog. AnAadr otn Beppokpacia auti OAeg ol
EVEPYEIOKEG KATOOTACEIG KATW aTTO OTABUN Fermi ival KaTeIAnuUEVES KAl OAEG OI EVEPYEIKEG
oTaBueg TMAvw aTmd auTthv Kevég. H ypagik tapdotacn tng f(E) yia OIa@opeTIKEG
Bepuokpaacieg @aivetal oo Zx. 1.7.

H o1d06un Fermi avTioToixei oTnv gvepyeiakn katdoTtaon Tmou éxel mhavotnta 50% va eival
KATEIANUUEVN, av QUOIKA Oev UTTAPXE! eKeEi atTayopeupévn {wvn. Autd oupBaivel ave¢dptnTa
aTTé TNV TR TNG Bepuokpaciag, agou yia E=Er, n €&. 1.6 divelr mavta Ty f(EF)=1/2. Na T=0
UTTAPXOUV POVO BUO BUVATEG TTEPITITWCTEIG:
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f(Er)=1 orav E-EF<0
f(EF)=0 éTav E-EF>0
f(E) A
1 .
L—~T=0K
- T=300 K
T=2500 K
05 e e e e
0
1.0 0.0 1.0 E-Er(eV)
Zx. 1.7. H cuvdapTtnon karavopng Fermi-Dirac yia Sia@opeTikég Beppokpaacieg, [14].
A
N(E)
1 =~
f(E)
l
0.5 !
|
I
0 Er E
PE A
_-a—T=0K
22
l
| T=2500 K
I
1 o
0 Er E

Zx. 1.8. H evepyeiakn katavoun p(E) Twv nAektpoviwv avd povdda 6ykou gvog peTdAAou, TTPOKUTITEI gav
yivopevo Twv N(E) kai f(E) koi peTtaBdaAAerar Aiyo, akopa Kal yld OnUAVTIKEG UETABOAEG Tng
Bepuokpaciag, [14].

AuTé onuaivel, 0TI 010 OTTOAUTO PNdEv oI evepyelakég oTABUEG KATW atd Tnv Er Ba eivai
OTTWOBNATTOTE KOTEIANUUEVEG, €V Ol OTAOPEG TTAvw atmd ErF uTTOXpewTIKA KevEG, SnA. n
avwTtepn duvarr) TiuA Tou E yia T=0 €ivai n Er.

H evepyeiakn katavopr p(E) Twv nAekTpoviwy avd povada dykou Ba diveTal TEAIKG atrd Tov
ToAAaTTAQCIaoPO TNG KAPTIUANG N(E) pe Tnv KauTruAn f(E), 6Trwg @aivetal kal oto x. 1.8.

AtrodelkvUeTal 0TI N evépyela Fermi Er ota pétalAa Sivetal atréd Tn aoxéon
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2 2/3
E, - h_(wj 17
2m \ 8n
otrou N gival To TTAB0G Twv €ALUBEPWV NAEKTPOVIWY ava povada GyKou.
©a kAciooupe divovtag pia eEAynon, OTTWG UTTOOXEDNRKAUE TTIO TTAVW, YIa TNV 10080vaun
pada Tou nAekTpoviou. Otav o€ éva TeAeiwg eAeUBEPO NAEKTPOVIO AOKEITAI EEWTEPIKO TTEDIO E

eyavietal duvapn F=-e£. Ze €va OPwg nAekTpdVIO, TTOU BPIOKETAI OTO E€0WTEPIKO TOU
METAAAOU, Bpa eTTITTAEOV Kal TO TTEPIOBIKO TTEDIO TOU idIoU TOU KPUGTAAAOU, JE ATTOTEAECUA VO
MNV oUpTTEPIPEPETAI OKPIBWG OTTWG Ba Trepiyévape. ‘Evag euxpnoTog TpOTTOG yia va AdBoupe
uTToWn TNV €MMidpacn auTh gival o €€1g: OewpoUpe TTAVTOTE TO NAEKTPOVIO oav EAeUBEPO, OANG
avTi yia Tn péga Tou m XpnoipotroloUpe otn BepeAindn egicwaon TNG SUVAMIKAG, Hia GAAN uada
TT0U TNV ovopddoupe I00d0vapn pada m’ Kal TnG oTroiag n Tiyn gival ion pe

h2
m' = 1.8
(d“E/dk*)
OTT0U K €ival TO HETPO TOU KUPATAVUOUATOG TOU NAEKTPOViOU
k2T _P 1.9
A h

ATtrodeIkvUETal OTI aTTOdIdOVTAG OTA NAEKTPOVIA, TTOU BpicKovTal OTO TTEPIOBIKG TTEDIO TOU
KPUOTAAAoU, TNV 10080vapn pada m™ utropoUpe va Ta Bewpolpe oav TeAeiwg eAeUBepa Kal va
TTEPIYPAPOUYE TNV Kivnor) TOUG KATW aTTd TNV £midpacn eEWTEPIKWVY TTESIWV OTTWG KAl YIO TO
KAVOVIKG €AeUBepa nAekTpOvIa. AvTioToixa BeBaiwg TTPAyUaTa 1I0XU0OUV KAl YIA TIG OTTEG, OTIG
OTTOiEG €TTIONG AVTIOTOIXOUME Mia 1I00dUvaun pala. Ztov emopevo [Mivaka 1.1 Sivovtal ol
1I000UVaNEG PHAZEG NAEKTPOVIOU KAl OTTAG VIO TPEIG XAPAKTNPIOTIKEG TTEPITITWOEIG NUIAYWYWV.

Mivakag 1.1
YAiké m./m, m,/my
Si 1.18 0.81
Ge 0.55 0.36
GaAs 0.066 0.52

1.6. Ogppiovikn EKTTOpTTA

O1wg avagépaue TTapatmavw, gival duvato Bepuaivovtag éva HETAAAO, va dWOOUPE TOON
EVEPYEID OTO NAEKTPOVIG TOU WOTE OPICUEVA ATTO QUTA VO avéBOUV O TOOO UWNAN EVEPYEIQKN)
oTalun wote va @eBdoouv kal va utrepBolv TO PPAyua SUVAMIKOU TNng ETIQAVEING Kal va
eAeuBepwBOUV TTEPVWVTOG OTOV EAEUBEPO XWPO. AUTO TO QAIVOUEVO OVOPAGLETAI BEPUIOVIK
EKTTOMTTA, Kal €ival peydAng omroudaidTnTag yia OIOTAEEIG EKTTOUTTAG BECUNG NAEKTPOVIWY,
OTTwG A.X. o€ pia kaBodikh Auxvia TTaApoypdgou, pavtdp, KATT. H katdotaon 1Tou TTpOKUTITEl
o€ €va Beppaivopevo PETAAAO, yiveTal EUKOAO QvTIANTITA av ouvOUAGTEl TO PAyUa duVauIKoU
Tou ZX. 1.6 pe TNV evepyelakn katavoun nAekTpoviwv Tou Zx. 1.8. daivetal apéowg 6T O€
auénuévn Bepuokpacia n “oupd” TNG KATOVOUNG EKTEIVETAI OPKETA TTEPA ATTO Tn OTABUN TNG
evépyelog diaguyng Es, mpdypa tou deixvel TR duvaTtdTnTa YIa €va ONUOVTIKO apiBud
NAekTpoviwv va ge@uyouv ammod To PETOAANO. ZTO iBI0 oxrua @aivetalr OTI yia TTOAU HIKPEG
Beppokpaaieg (T=0 K) pia téToia ektrouTtA Oa ritav aduvarn, agou Er<Es. Oa apkouoe dpwg
N TTPOCPOPA EVEPYEIOG TOUAAXIOTOV iong YE TO Aeyouevo £pyo €¢odou (work function) Ew

Ew =Es - EF 1.10
YO VO OTTOCTTAOTEl £va NAEKTPOVIO TOU PETAAAOU, TTOU BpioKeTal AN OE KATAoTAON PEYIOTNG
KIVNTIKAG evépyelag Er. Tnv avaykaia yia tn didotracn diapopd evépyeiag (TNg Ta&ng Aiywv
eV) utropoUv va TNV ATTOKTHO0UV PEPIKA NAEKTPOVIQ, WE Evav aTrd Toug EEAG TPOTTOUG:
— Oegpuikn dIEyepan: OePUIOVIKA EKTTOUTTA
— Qwrteivh diEyepan: PWTONAEKTPIKI EKTTOUTTH
— HAekTpovikn di€yepon: AEUTEPOYEVNG EKTTOUTI
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To TeAeuTaio QaIVOPEVO QVOQEPETAl OTNV TTEPITITWON OTToU Taxéa nAekTpoévia (A 16vTa)
BouBapdiCouv TNV TMEAVEIO TOU JETAAAOU KAl KABE TTPWTOYEVEG NAEKTPOVIO UTTOPEI VO BWOEI
TNV avayKaia evEPYEIQ yIa TNV amooTTaon €vog N TTEPICCOTEPWY DEUTEPOYEVWIV NAEKTPOVIWV
atro 10 YETAAAO.

E £ 4
(eV)‘ (eV) I
e i i R s s
T=0K
13.47 eV
Gtz -
IR AtréoTaon PE

Zx. 1.9. ®pdypa £mIPAVEIAKOU SUVAMIKOU Kal EVEPYEIOKK KATAVOMN Yia TOV yeuddpyupo, [14].

Etravepxduevol oTn OepUIOVIKA EKTTOUTIA, TIPETTEl va emionudvoupe Ot TENKG dev
gepelyouv ammod Tnv em@aveia Tou PeETAGAAOU OAa Ta nAekTpdvia TTou @aivovTal ato 2. 1.9,
aAAG povov gkeiva TTOU €XOUV CUVIOTWOO TaXUTNTAG KABETN OTnv €mMQAvEIQ, Ta UTTOAOITTA
KateuBuvovTal TTPpog Ta péoa. O UTTOAOYIOUOG TNG TTUKVOTNTAG TOU PEUPATOG NAEKTPOVIWY TTOU
EKTTEUTTETAI OTTO TNV €TMPAvela evog Bepuol peTGAAoU €xel yivel amd Toug Richardson-
Dushman kai divetal atré tn oxéon

_4nm'k*Q

J = e.T2. g Fw/kT 1.11

S

otrou k n otaBepd Tou Boltzmann kai Qe TO @OPTiIO TOU NAEKTPOVIOU.
1.7. PwWTONAEKTPIKA QaIVOHEVA

Tpeig €ival 01 KATNYOpPIiEG TWV PWTONAEKTPIKWY QAIVOUEVWV:
— To @aIvOPEVO TNG PWTOEKTTOUTIAG
— To @aivéuevo TNG YWToaYWYIKNOTNTAG
— To @WTOROATAIKO QaIVOPEVO

1.7.1. ®wroeKkTTOUTIA

OT11wg yiveTal BEPUIOVIKA EKTTOUTIT hE TTPOCO00N BEPUIKNG EVEPYEIOG OTA NAEKTPOVIO EVOG
METAANOU, €101 UTTOPEI va YiVEl KOI QWTOEKTTOUTTA HE TTPOCDOCN QWTEIVAG EVEPYEIQG OTA
NAEKTPOVIA VOGS UANIKOU, apKEi TO UAIKO auTd va PTTOPED va TV a1Toppo@rocl. To gaivouevo
egnynonke Tpwta amd Tov Einstein 1o 1905 pe mn BonBeia Tng Bewpiag Tou Planck.

Otav poodideTal oTa NAEKTPOVIO evEPYEIa PE akTIVOBOAIa, K&Be éva atrd autd PTTopEi va
aTroppoProel €va wTovio. Av TO UAIKO TTOU XPNOIKOTIOIEITAI VIO TN QWTOEKTTOUTTA, £XEl £pYO
€€O00U MIKPOTEPO QTIO TNV EVEPYEID TOU QWTOVIOU TIOU QTToppo®d, Vivetral PETABeon
OAOKANPNG TNG EVEPYEIOKAG KATAVOUNG TWV NAEKTPOVIWV TTPOG Ta TTAVW, KATA TT000 i00 PE TNV
evépyela Tou gwtoviou hf. Ommwg @aivetal kal amd 1o ZX. 1.9, n perdOeon auth divel éva
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TTANBUCPO NAeKTpOViwY TTAvwW atrod Tn oTdbun E=0, ordTe opiopéva atrd autd {e@elyouv atTd
TNV ETMPAVEIA TOU UAIKOU Kal SiVOuV TO QAIVOPEVO TNG PWTOEKTTOUTTIAG. YTTAPXElI CUVETTWIG HIO
oplokr) ouxvoétnta fop TAvw amd Tnv oTroia TO avTiOTOIXO QWTOVIO Ba TTPOKAAECEI
OTTWOONTTOTE PWTOEKTTOUTTA av aTToppo®nOei, gival B

hfop =Ew 1.12
1.7.2. PwToaywyigoTnTa

Me Tn QwToaYWYIUOTNTA QUEAVOUME TNV ayWYIMOTNTA €vOG nuiaywyol SlgygipovTag Ye
QWTIOPO Ta nAekTpovia Tng Cwvng oBévoug. Ta nAekTpovia autd aveBaivouv oTtn {wvn
aywyluoéTNTaG KAl augdvouv TNV TTUKVOTNTA TWV QOPEWV TOU NAEKTPIKOU pelpartog. TouTto
onuaivel, 0TI TO PIKPOTEPO TTOOOV EVEPYEIAG TTOU MTTOPEI va TTPOKAAECEl TO QAIVOUEVO TNG
PWTOAYWYIPOTNTOG, Eival i00 PE TO TTAATOG TNG aTTayoPEeUPEVNG Cwvng Ec, dnAadn

hfmin = Ec 1.13

To @aivopevo gival eTTIAEKTIKO, €TTEION TN PeyaAUTepn TTOavoTNTa SIEYEPOEWS TNV EXEl MIO
OuUXVOTNTO TTOU QVTIOTOIXEI OTO QWTOVIO TTOU gival i00 PE TNV amdéoTaon JETAgU Tou JEOOU TNG
{wvng oB£voug Kal Tou PJéoou TG {wvng aywyluoTnTag.

1.7.3. PwTOROATAIKO PUAIVOUEVO

To @aivopevo autod diapépel atré Ta dUO TTPoNyoUUEVa. 2TA QAIVOPEVA TTOU £EETAATNKAY,
XPEIGZeTanl EEWTEPIKN TTNYA yia va SIaToTwOEl To @aivopevo. H TNy auth cuvdéeTal og oeipd
ME TO OTOIXEIO KAI TIPOKAAEI TO NAEKTPIKO PEUUA TTOU EAEYXETOI ATTO TN QWTEIVA POH.

210 QWTOROATAIKO QAIVOPEVO, aUTO TO iBI0 TO QWTOEUTTOBEG OTOIXEIO ATTOTEAEI TNV TTNyN
TOU KUKAWMOTOG Kal N Ton TTou autd TTapdyel gival ouvapTnon TG QWTEIVAG PONG. ZAPEPT
xpnoigotrolouvTal dIdQopa UAIKA yia TNV KATOOKEUN QWTOPROATAIKWY oToIxEiwv. AuTtd
ouvappoAoyouvTal 0€ CUCTOIXIEG Kal TPOPOOOTOUV PE NAEKTPIKA EVEPYEIQ TIG CUOKEUEG TWV
dopuPopwyv. EkTdg ammd 10 OTOIXEIO OEAivIo, XpnolgoTrolouvTal €TTiONG KAl TO TTUPITIO, TO
apOEVIKOUXO YAAAIO K.4.

1.8. Evepyelakég KATAVOMEG NAEKTPOVIWY KOl OTTWV OTOUG NMIOYWYOUS

2TOUG NUIOYyWYOUG N KAtdoTaon E€ival avTioTolxn ME autr Twv PETAAAwvV, PJOvo TTou N
o1dbun Fermi Bpioketal o’ autolg avdapeoa OTIG U0 EMTPETTOPEVEG CWvEG OBEVOUG Kal
AYWYINOTNTOG. ZTOUG 16avIKOUG PAAIOTA NUIOYWwYoUug TTou dev €XOUV OTO KPUOTAAAIKG TOUG
TAéypa TTapd povo daropa Si f Ge, kal TTou ovopddZovTal ‘apiyeic” ) “kaBapoi” nuiaywyoi, n
o1aBun Fermi Bpioketal 01O PEOOV TIEPITTOU TNG aTTayopeUpEvnNG wvng. XTn Ouvéxela, Ba
€CETAOOUPE TIG EVEPYEIOKEG KOTOVOUEG TWV NAEKTPOVIWV OTn JWvn aywyiuotntog Kal Twv
otV oTn ¢wvn 08évoug yia évav KaBapd nuIaywyo.

1.8.1. Ta nAekTpovia TG {Wvng aywyiuoTnTag

O1 €€. 1.4 ka1 1.5 10x00UV ekTOG Ao T PETOAAQ Kal yia Ta €AeUBepa NAEKTPOVIO TWV
nuIaywywy, 1oxuel dnAadn

p(E)= N(E)- f(E) 1.14

ME TN POvN dlo@opd OTI KATA TOV UTTOAOYIONO TNG TTUKVOTNTOG TWV BUVOTWY EVEPYEIAKWY
KOTOOTAOEWY, evw OTa METOAG o1 evépyeieg E petpnbnkav amé 1n Bdon g {wvng
aAywyIiuoéTnNTag, TNV OTToia Kal BewpoUpe wg oTABUN UNBEVIKAG EVEPYEIAG, OTOUG NUIAYwYoUg N
Baon 1ng lwvng aywyiuotntag PBpiokerar Ndn oe evépyela Ec. ETTopévwg, Ba TTpémmel va
ypawoupe TNV €€. 1.5, yia Ta eAeUBepa NAEKTPOVIA TOU NUIOYWYOU, GTNV TTIO YEVIKA TNG HOP®N

NE) - TV E-Ee) 1.15

nh
H ékppaon opwgs TnG f(E) dev aAAdlel. Movo TTou, 0TTwg Ba avagEéPouPE Kal TTAPAKATwW, OTOV
KaBapd nuiaywyd O1ToU TTAVTa n=p , n oTdOun Fermi BpiokeTal oTo PECOV TTEPITTIOU TNG
artrayopeupévng Cwvng. Ta 1o TTavw @aivovTal TTapacTaTikd o1o 2X. 1.10 kar odnyouv otnv
evepyelakn katavour p(E) Twv nAekTpoviwv TnG Cwvng aywyiuotntag. H ouykévipwaon T0TE
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TWV nAeKTpoviwv avd povada oykou oTn Jwvn
oAokAfpwua

aywyiuoétnTag utroAloyietal amd TO
n= JN(E)f(E)dE 1.16
EC
Kal TEAIKG TTaipvoupe
n=N,e EEe)/kT 1.17
ME
2 *) 1312
N, = h—3(2nmnkT) 1.18
Kal M, n eVEPYOS PAZa Tou NAeKTpoviou.
E
A A A
Zov 3 h
AY(DYIH(')?IHTOLG \\ TMukvotta niektpoviov
E g E. ot {dvn ayoypnomrag
’ \<;?mK EaE

Er s e Ec Ep

T—&\ l
E, .:,:' Zéow ‘\\ E, HUKVf')m‘ra ?n(bv ot

5 m N y Cdvn obévoug
20évoug \ /
H p
0 fE) 1 NE)
(o)

P(E) = E)-N(E)
(B

)
Zx. 1.10. ZuvdpTnon KaTavoung Kal EVEPYEIAKS Sidypappa yia kafapoé nuiaywyo, [14].
1.8.2. O1 o1rég TG {wvng oBévoug

H katavopr Twv oTTwv TTPOKUTITEl TEAEIWG avTioToixa pe Tn BorBeia dUo TTapatnpATEwWV:

— O o1ég oav BeTIKoi Popeig Ba BAETTOUV avTioTpoPa TIG EVEPYEIAKEG OTABUEG apyifovTag
a6 Tnv Ev. AnAadni n N(E) Ba divetal amd tnv

m*,/2m*(E, —E)
N, (E) = 213

1.19
— E@o6oov ot onuaivel €AAEIYn nAekTpoviou, n ouvapTnon KOTavoung mmoavoeTnTag Twv
oTTWV Ba €ival GUPTTANPWHATIKA EKEIVNG TwV NAEKTPOViIWY, dNA.

1
f,(E)=1-f(E)= EE 1.20
1+e KT
Katd evieAwg avTioToixo AOITTOV TPOTTO JE TO NAEKTPOVIQ, TTPOKUTITEI OTI N OUYKEVTPWON
OTTWV OTn Yovada oykou Ba eivai
EV
p= INp(E)fp(E)dE
n

1.21
p =N, e (ErE /KT
ME

1.22

N, = h%(an;kT)S’Z

1.23



-22-

Kal my N evepyog péga g oTmg.
1.8.3. H 08éon Tng o1d0Oung Fermi oTov kKaBapod nuiaywyo

Apou cg évav kabapo (intrinsic) nuiaywyo, yia kGBe ot oTn Jwvn 0B€voug, Ba UTTAPXE!
€va eAeUBePO NAEKTPOVIO OTN CWvn aywylgoTnTag, Ba £€XOUPE OTNV I00PPOTTIA N=p=ni, OTTOTE
e€lowvovTtag TG €€. 1.17 kai 1.22 Ba €xoupe PETA TN Aoyapibunon

N, E+E,-2E

In—=< = 1.24
v 2
Kl ETTOPEVWG
E.+E N
E —SetEe KT Ne 1.25
' 2 2 N,
BA&Toupe 0TI av o1 evepyEg Padeg ATav ioeg, Oa gixape
Nc = Nv , In& =0
NV
Kl ETTOPEVWG
E.+E
Ep = o~ 1.26

2
avegaptnTa ammd T Bepuokpacia. Emeidn dpwg m; #m;, 1 oTaun EE Ocv BpiokeTal akpIBWg

oTo0 péoov Tou xAopatog, Trapd povo yia T=0°K, kai kaBwg aufdvetalr n Beppokpaacia
MeTaToTTICETaI TTPOODEUTIKA TTPOG TN {wvn TTOU £XEI POPEIG MIKPOTEPNG IG0BUVAUNG PHAlag.

1.8.4. O vOOG TWV CUYKEVTPWOEWV N “VvOHOG padwv”

MoAAatTAaaidlovTtag TiG €. 1.17 kai 1.22 £XOUUE yIA TO YIVOUEVO TWV OUYKEVTPWOEWY

np = NN, e B BT N N g Fe /KT 1.27
Kal €1T€10N yIa TOUG KaBapoug nuiIaywyoug np = ni2
3 E
. 27k . ==
n? =N N, e 5/ = 4[h—2] (mym: ¥/ T e KT 1.28

Ao Tnv €€. 1.28 @aivetal n 1oxup €EAPTNON TNG CUYKEVTPWONG QOpPEwV OTOV KaBapo
nuiaywyo ato 1n Bepuokpaacia. H oxéon

np = ni2 = oT10a0epA yia dOCUEVN BEpUOKPOTia 1.29

gival TTOAU TTIO0 YEVIKA OTATIOTIKA OX£on, 10XUEl KAl yIO nNUIaywyoUg WE TTPOCUEILEIS Kal
YEVIKOTEPO T OUVAVTAPE OTN  QUOIKA Kal  QUOIKOXNMEID O€ OAEG TIG KOTOOTAOEIG
BeppoduUVAUIKAG ICOPPOTTIAg avTIOPACEWY Kal gival YvwoTh oav “vopog palwv”. 'ETol A.x. av
o€ évav NuUIaywyo auéfiooupe NE KOTAAANAEG TTPOCEIEEIG TN CUYKEVTPWON NAEKTPOViwY n, Ba
peiwBei avdhoya n ouykévipwon p, yiari Adyw TnG agboviag Twv nAekTpoviwv Ba
OUPTTANPWVOVTaI OUVTOMO oI OTTEG. TEAIKA, OTnV IcoppoTTia Ba 1oxVel Kal TTAAI n €. 1.29.
AivovTal o aKOAOUBEG TUTTIKEG TINEG TNG TTUKVOTNTAG POPEWV KABAPWY NUIAYWYWV.

Mivakag 1.2
YAIkO ni
Si 1.101° /cm3
Ge 2-10"3 /cm3
GaAs 2.10% /cm3
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2. Aywyipotng MetaAAwv kal Hulaywywv

O 6pog NuUIaywyog XPNoIUOTTIOINBNKE OTO TTPONYOUPEVO KEQAAQIO YIa VA XAPAKTNPIoEl éva
OWUa TOU OTToioU N avTioTaon €ival TTOAU HEyaAUTEPN aTTd eKeivn VoG NETAAAOU (A.X. XOAKOU)
OAG TTONU pIKPOTEPN OTTO eKEivn €vOG POVWTIKOU (A.X. TTAQOTIKOU, TTopoeAdvng, KATT.). H
avTioTaon Tou nuiaywyou ptropei va peTaBAnBei TToAU atrd didgopoug TrapdyovTteg. OtTwg
AVOQEPOAUE OTO TTPWTO KEPAAAIO, N Bepuokpagia OPA GTNV AYWYIKNOTNTA TWV NUIAYWYWY,
TO 010 cupBaivel Kal PE TNV OKTIVOBOAIQ UTTO OpIOPEVEG CUVONKEG. YTTAPXEl EKTOG ATTO auTOUG
Kal £vag TPOTTOG POVIUNG WETABOANG TNG aywyINOTNTOG AUTAG, ME TTPOCONKN atdpwy EEvwv
oToIXEiwv, TPIoBeVWY 1] TTEVTaoBevwy, oTn B€on PEPIKWY aTOPwY Tou nuiaywyou. Ta droua
autd Ta Aéue TTpoapeitelg (impurities) kal ye autd PTTOPoUpE va PETABAAANOUE TIG NAEKTPIKEG
1I016TNTEG TWV NUIAYWYWY attd TN OTIYPA TS KATAOKEUNG TOUG.

Mpiv va OlgpeuvOoUPE TO QAIVOPEVA TNG QYWYNG NAEKTPIKOU PEUPATOG OTIO TOUG
nUIaywyoug, Ba e¢eTdooupe TO aTTAOUCTEPO BEuA TNG AywynS NAEKTPIKOU PeUPATOG ATTO TA
METAAAQ.

2.1. Aywyipotng MetdAAwv

O1wg avagépaue oTa TTponyoupeva, Ta eEAeUBepa NAEKTPOVIA TwV PETAAAWY UTTOpOUV va
METOKIVNBOUV péoa OTO KPUOTOAAIKO TTAEYPO TOU UAIKOU aTrd TO €va ATOoho oTo GAAo. Ta
NAEKTPOVIA auTd KAVOUV TUXQAiEG KIVAOEIG TTOU JOIAJOUV HE EKEIVEG TWV HOPIWV TWV AEPiWV Kal
TENIKG N ouvioTapévn Twv KIVACEWV autwv gival undevikr). OTrwg @aivetalr ato ZX. 2.1, ol
TPOXIEG TWV NAEKTPOVIWV auTwy gival “TeEBAacuéveg” ypappEég, eTTEION auTEG SIAKOTITOVTAI OTTO
TIG OUYKPOUOEIG TV NAEKTPOVIWY PE Ta BIAPopa EUTTOdIA (1I6VTA) TTOU CUVAVTOUV.

Edv 6pwg ota dkpa Tou aywyou emdAAoupe pia Tdon V, Ba avatrTuyxBei Eva nAeKTPIKO

. i dav i . . . )
edio evidoewg £ = Tax Kal a1ré autd Ba TTPoadoBEi KIVNTIKN EVEPYEIQ OTA NAEKTPOVIA TA
X

otoia Ba kivnBouv Tpog To BeTIkG TOAO TnG TNYAG. Edv um eival n péon taxlutng Twv
NAEKTPOViIWV QUTWYV, UTTAPXEl HIa YPOUUIKA avaAoyia uetagy Tng pEONG auThG TaxUTNTAG Kal
TNG EVTAOEWG TOU TTEdiOU _

Oy =—uE 2.1

OTTou [ eival 0 OuvTeAeoT )G avaloyiag TTou ovopddetal KivnmikoTNTa  (mMobility) Twv
nAekTpoviwy, e£apTaTal atd To UAIKS, Kal ek@paleTal o Jovadeg cm?/(V-sec).
Edv Twpa évag aywyog pe dIaTour] S Kal GUVOAIKA XWPEIKA TTUKVOTATA NAEKTPOVIWV N,
dlappéeTal aTTo pelpa eVIAoew( |, ue Péon TaxuTNTa NAEKTPOVIWV Um, Ba ioxUel n oxéon
I=nQ,Sv, 22
o61mou Qe TO QOPTIO TOU NAEKTPOViOU. Av BIaIPECOUPE BIG TOU S Kal OVTIKATAOTAGOUME TO Um
a1ré TNV TTapatdvw oxéon 2.1, Ba €xoupe
J=nQ.uE 23
To yivopevo nQ.u  €éxel, OTwG TTPOKUTITEl atrd TN oX£on, dIA0TACEIS aywyIudTNTag

1 ) . . .
o Kal EK@PAdel TNV €1I0IKN aywyiudTnTa Tou JETAAAOU O.
-cm

J=0E , 0 =nQ.nu 2.4

H mrapatmmdvw oxéon dev eival GAAn atmd 1o vépo tou Ohm avnyupévo otn povada Tng
ETMIPAVEING.

Omwg Ndn avaeépbnke, n avtiotaon evog HeTAAAou augdvetal pe Tn Beppokpaaia, dnAadr)
n €10IKA aywyIuoTNTa 0 PEIWVETAl TTAP’ OAoV OTI AugAveTal N TTUKVOTNTA N TWV NAEKTPOViWV.
TouTto oupBaivel dIOTI augavovTal OKOUN TTEPICOOTEPO Ol KPOUOCEIG KOI OUVETTWG MEIWVETAI N
KIVNTIKOTNTA TTEPICCOTEPO ATTO OTI AUEAVETAI N TTUKVOTNTA TWV NAEKTPOVIWV TOU aywyou.
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.

(o) Xowpic nhextpikd medio (B) Me niextpikod medio
Zx. 2.1. Kivnon nAekTpoviwv og péTaAlo a) xwpig ToAwon, B) pe TéAwon, [16].

H avTioTtaon evog aywyou o€ ouvapTnon We T Bepuokpaacia gival ion Pe
R =(at+ 1R, 25

ommou Ro n avriotaon Ttou aywyou otoug 0°C kal o O OuvTeAeaTrg Beppokpaciag Tou
MeTGANOU. ZTa TTEPICOOTEPA PETAAA O a €ival BETIKOG, TT.X. Yia TO XOAKO gival acu=0.004.

2.2. Aywyipotng Hulaywywv

210 2x. 1.10 €idape TIG EVEPYEIOKEG KOTAOTAOEIG TWV POPEWV £vOg “KaBapou” nuiaywyou.
O1 kaBapoi nuiaywyoi &ev ummdpyxouv oTnv TIPA&n, aAAd uTTdpXOouv nNUIaYwyoi TTou
OUNTTEPIPEPOVTAI OOV KABAPOi. ZTOUG NUIaYWYOUG aUTOUG OI EEVEG TTPOCUEIEEIG UTTAPXOUVY,
agou oTtnv Tpaén Oev eivalr duvaTov va aaipebouv Teheiwg, Bpiokovral duwg péoa oTov
nNUIaYwyo o€ idleg TTooOTNTEG Kal TPIoBeveiG Kal TTevTaoBeveig TTpoopeitels. ‘ETol, o nuiaywyog
auTOG €xEl TIG 1810TNTEG TOU KaBapoU.

H ot1dbun Fermi, otoug kaBapolug nuiaywyous, PpiokeTal OTo PECOV TIEPITTIOU TNG
aTrayopeupévng Cwvng Kal n TTUKVOTNTO TwV NAEKTPOViIWV n gival ion PE TNV TTUKVOTNTA TWV
OoTTWV p.

H aywyigétnta otoug Kabapolg nuiaywyous o@eileTal Kal aToug dU0 QOopEig, nAekTpovIa
Kal o1réG. ETropévwg o vépog Tou Ohm ypdgetal

J=0E = (ny, +pp,)QE 26

OTTOU n Kal p €ival N TTUKVOTATA NAEKTPOVIWV Kal OTTWV avTIoToixwg. H 18Ik aywyigétnTa
Aoirév 0 £vOg nuiaywyou Ba divetal atd

0 = Qn, +QpH, =0, +0, 2.7

H ocuveiopopd Twv dU0 Qopiéwv oTnv aywylnotnta Ba e€aptnBei katd kupio Adyo aTrd Tig
OUYKEVTPWOEIG N Kal p. 2TO XX. 2.2 @aivovTal TTapacTaTIKG n €§apTnon atmod Tn Beppokpaaia,
TNG KIVNTIKOTNTAG Mn NAEKTPOVIWV Kal Mp OTIWV OTO TrupiTio Si, yia didgopa eTTiTTeda
TIPOCUEIEEWV.

210V KOBapO nuUIaywyo, N aywylgotTnTa augdvetal ye Tn Beppokpaacia, €1reidn n auénon Tng
TTUKVOTNTAG TWV POPEWV TTaieEl oNUAVTIKOTEPO POAO aTTd TNV aUgnon Twv KpoUloewv. AnAadr)
N KIVATIKOTNTA MPEIWVETAI AIYOTEPO aTTO OTI QUEAVETAI N TTUKVOTNTO TWV QOPEWV KAl Ol
NUIGYWYoi €xouv apvnTikO GUVTEAEDTH Bepuokpaaiag.
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Zx.2.2. OgppoKpACIOKN £§APTNON TNG KIVNTIKOTNTOG a) NAEKTPoviwv Kal B) omwv oTo Si yia TpoouEifelg
atrd <10 Jem?® péxpir 10" /cm?. O1 SI0KEKOUPEVES YPAMPESG SEIXVOUV TNV TIPOEKTACT TWV BEWPNTIKWYV
KAUTTUAWYV oTnv repioxn Beppokpaciwy 200 K< T < 500 K, [5].

2.3. Hpiaywyoi pe Npoopeigeig

Omwg mpoava@épbnke, 600 kal av emdlwéoupe Tnv Kabapdtnta Tou nuiaywyou,
AvVayKOOoTIKG auTég Ba TrepIEEl Kal ATOPA TTPOCUEIEEWY, Ta oTToia Ba dnuIoupyouv TIG BIKEG
TOUG evepyelakEg oTa0peg. O1 TpooBeTeg auTéG OTABUEG AéyovTal OTABUEG TTPOOUEIEEWY Kal
MTTOpei va PBpiokovTal €ite péca o€ E€MTPETTOMEVN evepyelakr {wvn €T péoa oTnv
atrayopeupévn wvn Tou UAIKOU Kal o€ DIdgopeg atrooTdoelg amd Tig Baoeig Ec kai Ev. Mo
OuxVa OPWG, TTPOCOETOUNE €EIG 01 id101 TTPOCHEICEIS KATAAANAOU UAIKOU yIa va TTPOCOOWOOUUE
OTOV APXIKO NUIAYWYOS OPIoUEVES ETTIBUUNTEG IBIOTNTEG.

2.3.1. Ao61eg - Hulaywyoi T0mTO0U N

Ag uttoBéooupg, 611 oToV KPUOTOAAO TTUPITIOU, PEPIKA dTOpa Si €Xouv avTikaTaoTadei armd
TreviacBevr) dtoua, A.X. apoevikou (As). Eival @avepd OT1, evw Ta 4 nAekTpovia o6évoug KGOe
atopou As Ba petéxouv o€ éva OeOpO, TO TTEUTITO NAEKTPOVIO, auéToXo Ot Oeouo, Ba
ouyKpaTeiTal TTOAU XoAapd Kal apKei ETTOPEVWG N TTPOC@OPA TTOAU HIKPNG evépyelag AE yia va
QTTOCTTOOTEN KAl VA YivEl NAEKTPOVIO QywyINOTNTAG.
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Zx.2.3. H mpoobnkn mevracBevwyv mrpooueifewv dnuioupyei “oTddun doTtwv” Kovrd otnv E. kai Jivel
NAEKTPOVIA OYWYINOTNTAG KAl O€ XAMNAEG akOpa Beppokpaaieg, [14].

H o@uoikl aut kardoTtacon, Tou @aivetal oTo ZYX. 2.3d, QVTIOTOIXEI OTO EVEPYEIQKO
diaypaupa Tou Xx. 2.3B. ®aiveralr dnAadr, 6T agoul pe Aiyn evépyeia AE atrokTdpe nAekTpovIa
aywyiuotntag, n TrevracBevrg Tpoéopeiln dnuioupyei véeg OuvaTéG oOTABUEG pECa OTN
atrayopeupévn Cuvn Kal TTOAU Kovta oTnv Ec. H mpoopeign aut Aéyetar d0Tng, yiati divel
nAekTpovia. H véa ataBun dev gival TiTtota GAAO atrd TNV EVEPYEIAKI] KATACTACN TWV TTEUTITWV
nAekTpoviwv. Tnv Aéue o1a0un dotwv Kal TNV cupBoAioupe pe Ep (ammd 1o Donor). ETreidn n
evépyeia AE> Eq - Ep €ival TToAU pikpr] (yia As ~ 0.05 eV), TToAAEG BekAdeS POopEG MIKPOTEPN
Tou Eg, apkei n ouvnBiopévn Bepuikr) dlatapayr yia TNV omTOOTIOC0N TTPAKTIKA OAWV Twv
TTEUTITWY NAEKTpOviwy Twv doTwv. AuTO onuaivel aBpda TTapoxn nAekTpoviwv atn {wvn
aywyIhuoTNTaG, aAAG OuyXpOvwg peiwan Tou TARBoUG p Twv OTTWY, Adyw TOUu VOUOU TwV
Madwv pn= ni2 .

‘ET01 TEANIKG Ba €TTIKPATAGOUV OI apvnTIKOi PopEig, OnA. Ta NAekTpOvVIa TTou Ba gival popeig
TAElovOTNTAG i TTAclown®iag, kal yI' autd MIAGPE A yia nuiaywydé TUTTOU N Kal yid
TTPOCEigEIg TUTTOU N.

Siobo
o) Evépyewan
(e e
______ "' . “‘ S Zdvn
i Ayoypotrog
el -
T ey T Ea -----v-=¢
i AE
- E,J]OOOO OO 00 T
______ \e/ L Zévn
?: :_ - . Z0évoug
_____ h
(o) . (5)

ZxX. 2.4. H mwpooBAkn T1pioBevwv Trpoopcifewv dnuioupyei “oTdBun ommodekTWV’ KOvrd oTnv E, Kal
Tpo@odoTei TN {Wwvn 00évoug PE OTTEG KAl O€ XauNAég akoua Bepuokpaacieg, [14].
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2.3.2. AmrodékTeg - Hulaywyoi TomTou p

‘E0Tw TWpEA, 0TI HEPIKA ATOMA TTUPITIOU £XOUV QVTIKOTOOTABE 0TO KPUGTAAAIKO TTAEYUa OTTO
aropa 1pI00evoUg, A.X. Ahoupiviou (Al). K&Be atopo Al dnuioupyei Evav acupTrApwTo deCud
0Bévoug, TTpAyua TTou gival pIa avwuaAia oTnv OPoIoJOP@ia TOU TTAEYNATOG, OTTWG QaiveTal
oT10 XX. 2.4a, Kal yiveTtal €dpa yéveong piag oTrmg. Mpaypatikd, n avwyoAia auTr KaTapyeital
€UKOAQ aTmo €va yeIrovikd nAekTpovio oBévoug. Apkei yrautd, n Tmpoo@opd TTOAU HIKPNAG
evépyelog AE o€ éva nAekTpdvio TTou €xel ABN apkeTr) evépyeia ~ Ev. MNa 1o Al AE~ 0.06 eV.

>¢ gvepyelokO Tedio autd onuaivel TN duvatodTNTa PETOKIVNONG EVOG NAeKTpoviou atrd Tn
{wvn oBévoug Kal TNV €yKatdoTaor] Tou PEOQ OTNV aTTayopeupévn Cwvn Pe Tautdxpovn
dnuioupyia piag oTng.

Emeidr) ka1 oe ouvnBiopévn akdéua Beppokpacia, oxedov OAa Ta ATOUA TTPOCMEIEEWY
0éxovTal atmd €va nAekTPOvIo, AéyovTal QrmOOEKTES, N VEQ ETMITPETTOPEVN OTABUN oTdlun
ammodeKTWV Kal oupBoAiCeTal ue Ea (atmé 1o Acceptor). H aBpdéa auénon tou TTARBouG oTTwY,
TTOU 0dnyei CUYXPOVWG Kal O€ PEiwan Twy NAEKTpoviwy, KAvel waoTe TENKA o1 BETIKOI QOPEiG,
OnA. o1 oTég, va gival oI opeic mAsiovoTnTag 1 mAslown@iag Kal WAGUE TTIa yIa NUIAYwYo
TUTTOU p KOl YIQ TTIPOCUEIEEIG TUTTOU p.

2.4. H aywyIgoétnTa TWV NUIGYWYWYV TUTTOU p KAl N

Mpétrel va TovioTei 0TI N TTPOCONKN EAGXIOTOU TTOOOOTOU TTPOCUEIGEWY TUTTOU P 1 N, A.X.
ToooaTou 108 apkei yia va au€nioel Katd oAU, T1.X. Katd 10 Qopég, TNV aywyiuéTnTa Tou
UAIKOU oTn ouvnBiopévn Bepuokpacia. O1 TTpoopeitelg €xouv ouvrBwg TTUkvoTNTa N TTOAU
MEYOAUTEPN QTTO TNV TTUKVOTNTA TWV QOPEWV ToU KaBapoU nuiaywyoU Kal oxedov Kabe éva
atrd Ta AToud Toug, €iTe divel €iTe TTaipvel Eva NAEKTPOVIO TTPOG 1) aTTO TIG ETTITPETTOUEVES {WVEG
TOU Nnuiaywyou.

MNa TTapddeiypa, Sivoupe TTAPAKATW OPICHEVEG XOPOKTNPIOTIKEG TTUKVOTNTEG ICOPPOTTIOG
TWV EUPUTATA XPNOIUOTTOIOUKEVWV NUIAYWYWY, 0Tn Bepuokpacia TePIBAANOVTOG:

Si: ni~1x10'° /cm?3
Ge: ni~2x 103 /cm?3
GaAs: ni~2x10°/cm?3

H trukvéTnTa Tou UAIKOU Si gival n ~ 5 x 1022 dropga/cms, TTpAyda TToU onuaivel 0TI oTn
Bepuokpacia TrepIBAAovTOC, Hévo éva dtopo Trupitiou ota 1012 éxel 1ovioTel Kal €Xel OWOEI
NAEKTPOVIO TNG {wvng aywyigoTnTag!!

TNV TEPITITWAON Tou nuiaywyol TUTTou N, N TTUKVOTNTA Twv doTWV Np €ival Np >> ni. EE
AGAAou, eTTeIdr KGBe aTopo TTPoouEiews divel Eva nAekTpdvio oTn {wvn aywylhoéTnTag TOU
nuiaywyou, Ba eivai

n = Np 2.8
21NV TEPITITWON NUIaywyoUu TUTTOU p, N TTUKVOTNTG Twv atmodekTwy Na givalr Na >> ni kai
€TTeIdn Kal €dwW KABE GTOPO TTPOCUEIEEWS TTaipvel Eva NAEKTPOVIO aTrd Tn Juvn aBévoug Tou
nUIaywyou dnuIoupywvTag pia otr, Ba givai
p= Na 29

BePaiwg, o1 TTUKVOTNTEG QUTEG €ival TTAVTOTE €KBETIKA ouvaptnon Tng Oepuokpaciog. H
AYWYILOTNTA TWV NUIAYWYWV PE TTPOCEICEIS Ba gival TEAIKG

On = QeNbpn yIO TOV NUIaywYyS TOTTOU N 2.10

Op = QeNapp yIa TOV NUIAYWYO TUTTOU P 2.1

Av Np €ival n guykévipwan Twv doTwv Kal av uttoBéocoupe OTI gival 6ol 1oviouévol, Ba
€xoupe atrd autoug kal povo Np nAeKTpOVIO aywylnoTnTag OTn povada Tou Oykou. TOTe, n
Bepuik TTapaywyn JeUywv NAEKTPOViWV-OTTWV améd Tov UTTOAoITTo KaBapd nuiaywyo-
uTTod0XNS Ba TIEPIOPIOTEI OE N = p;, £T01 WOTE CUPPWVA PE TO VOUO TWV HAdwV va EXOUME

(Np +n)p; =n? 2.12
| TapaAeiToviag 10 N (<<Nbp) TTQiIPVOUPE TN CUYKEVIPWON P, =P; TWV OTTWV (UEIVOTNTAG)
MEoQ OTOV NUIaYWYO TUTTOU N:
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n
Pn Ng 2.13
EvTeAWdg avTioToIXO TTOIPVOUUE TN OUYKEVTPWON TWV NAEKTPOVIWV (UEIVOTNTAG) PéOO OTOV
nuiaywyo TUTrou p
n2
o= N—' 2.14
A
O0110U Na, N OUYKEVTPWON ATOPWY ATTOOEKTWYV ATTO TA OTTOIO ATTOTEAEITAI TWPA N TTPOCUEIEN.
Ag OUYKPIVOUHE TWPO TNV QywyIiuodTnTa PETA KOl TIPIV TNV TTIPOCHONKN TTPOCUEIiEEwy o€
nUIaywyo TUTTou N, yia doopévn Bepuokpaaoia. MNa Tov kaBapd nuiaywyo (pi = ni), EXOUPE ATTO
v €. 2.7

n

Gj :Qe(niun +piup):Qeni(un +Hp) 2.15
[Na Tov nuIaywyo TUTTOU N IoYUEI
2
n:
nn = Nb , P, = —
n ND
Kal £XOUPE
2
n:
On =Qe(ND“n+N_|“p) 2.16
D
AlaipwvTag TIG €€. 2.15 Kau 2.16 TTaipvoupe
2
n; N n, K
ND“n +*'Hp 7D+7|7P
&: ND — n; ND Hn 2.17
oi Mk, +1p) 14 Mo
Hn

O1 KIivNTIKOTNTEG Mn KOI Pp NAEKTPOVIWV Kal OTTWV E€ival YVWOTEG OTIG OIAPOPES
Bepuokpaaieg. A.X. yia 1o Si atoug T=300°K gival pn = 2.6 Yp. Mapatnpolpe 6T Kai yia PIKPEG

akoua TTpoopeieig No >> ni OnA. ’\T—i<< 1 €xoupe, A.X. yia TO TTUpITIO,
D

07280

n;

I

On
O
2.4.1. Z1d0un Fermi Kal EVEPYEIOKH KATAVOUR OTOUG NUIYywYoUg TUTToU p A n

H mmapoucia dotwv A aTmodeKTWY TPOTTOTTOIEl, OTTWG €idape, Toug TTANBUCUOUG TwV {WVWV
aywyiuoTnTag kair aBévoug. O1 TANBucpoi dpwg auToi divovTal kKal TTaAI a1Té Ta OAoKAnpwpara
1.16 ka1 1.21 kai TeAika@ ammd TG oxéoeig 1.17 kai 1.22. H pdvn diagopd cival 611 TWPa n=p.
AuT6 dev eTTnpedder TIg TTUKVOTNTEG KaTaoTaoewyv N(E), pyetakivei opwg tnv f(E) yiati n o1d0un
Fermi dev €xel ma TNV TIuA EFi TOoUu KaBapoU nuiaywyou. Ag utrtoAoyicoupe Tn véa Tng Béon,

TTaipvovTag 1o AoydpiBuo Tou TnAikou % amé g 1.17, 1.22

|nﬂz|n&_M 2.18

p N, kT
até 61Tou

E.+E N

= :g—ﬁln—°+glnE Kal TEAIKG
2 2 N, 2 p
E, —E, +<Ljp0 2.19

i 2 p

AnA. n o1GBun Fermi eival peratommopévn améd tn 8€on E. TTPOG TO PEPOG TNG JWvNg TTou

£XEI TOUG TTOAUTTANBETTEPOUG POPEIG, 1, OTTWG AEUE, TOUG QOPEIG TTAEIOVOTNTAG. Ta TTIo TTAVW
@aivovTtal yia nuiaywyod TUTTou n aT1o XX. 2.5. AmrotéAeopa Tng petatémong tng f(E) eival n
TPOTTOINON TNG EVEPYEIOKAG KaTavoung p(E) Twv NAEKTPOVIWY Kal Twv OTTWV.
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Edv o nuiaywyog eivar T0tmou n pe Npo Oouykévipwon atopwv S0TWv, PTTopoUpE va

Bewpriooupe 6T Nn = Np 01TOTE 11O TNV 1.17 €XOUpE
NC
Er =E, —KkTIn—= 2.20
n ND
EvreAwg avdAoya atmo Tnv 1.22 £xoupe yia NUIaywyo TUTTOU p, BewpwvTag pp = Na:
Eq =E\,+kTInN—v 2.21
P NA

O1 €. 2.20 kai 2.21 divouv Tn Béon Tng otdBung Fermi Er yia nuiaywyd T0TTOU N KAl p

QaVvTIOTOIXO WG TTPOG TIG 0TABUES Ec kail Ev.

n
\ TTvukvotta niektpoviov
N ot {OVN oyoylpnoTTog

Ec ’ﬁ:
EF \ """""" T E
o F
E i o
T I
Ev ? TTukvomTa omdv ot

{dvn obévoug

0
! p(E) = fiE)-N(E)
(o) ®)
H perarémion Tng otddung Fermi ouvodeleTal atd TNV TPOTTOTTOINON TNG EVEPYEIOKNG KATAVOHUNG

Zx. 2.5.
TWV NAEKTPOVIWV Kol TWV oTTWV. ESW @aiveTal n TepiTTwon nuiaywyou TUtTou n, [14].

2.5. ®aivépevo Hall
Ymdpxel pia meipapaTikyy péBodog Tmou Pacietal oto Agyouevo ¢aivoupevo Hall yia Ttov
TTPOCBIOPICUSG TOU TUTTOU €VOG NUIGYWYOU N f p KABWG Kal yia Tn hETPNON TNG TTUKVOTNTOG

TWV QOPEWV A TNG KIVNTIKOTNTAG TOUG dn A Hp.

a

Z‘:}v:
/B i c
fez
vy k
Bi . A 4
0 Ex ¥
i
v It

Zx.2.6. To ¢aivopevo Hall. O1 @opeig (01éG) ugioTavral payvnTikg dUvaun KAatd Tnv Karelbuvon Twv

BeTIKWYV Z, [16].
210 ZX. 2.6 @aivetar €va dokiyio (TTpiopa) ammd nuiaywyd TUTTOU p, OTO OTIOIO £XEI
emPBANBei pia Téon Vx katd pfkog Tou agova X. ATTO Tnv TACN QUTH TTPOKUTITEI €va NAEKTPIKO

TTedi0 Ex KATA TOV X Kal pia dUvaun ion pe



-30-

£, =Q, & 2.22

H duUvapn autr evepyei Tavw oToug BeTIKOUG QopEiG “OTTES” Tou nuiaywyou. KaBeta otn
PON TWV QPOPEWV Kal KAT& Tov Gfova Twv y emBAANETal éva payvnTikd TTedio evidoews B .
AuUTO €xe1l oav atmoTéAeopa, Adyw TnG TaxUTNTAg TwV BETIKWVY POPEWYV KATA TOV X, va €IRANBEI
TTAVW OTOUG POPEIG auToug pia dUvaun, TTou CUPPWVA PE TO VOUO ToU EEWTEPIKOU YIVOUEVOU
Ba cival ion pe

£ =Q,(vxB) 2.23
H duvaun authA gival oTnv TTEPITITWON Pag KABeTn TTAvw OTnNV fEX Kal €xel KateuBuvon Kartd
Tov z. AuTr] Ba TTPpoKaAoUCE PIa CUVIOTWOA Kivnong Katd Tov z, aAAG TEAIKA TTPOKOAEI povo
Mia TTUKVWON TG POAG TWV QOPEWY TTPOG Ta TTAVW KAl YIa avTioToIXN apaiwaon atmod KaTtw. Me
TOV TPOTTO QUTO TTPOKUTITEI pia diagopd SUVAUIKOU VH KATG WAKOG TOU Z KAl OTTO QUTHV £va
1edio £z Kal pia duvapn f, katd TV avTiBetn Tpog Tov z opd. H duvaun auth eival ion katd
METPO pE TNV ?B Kal Tnv avtioTaBpifel. H eiowaon Twv U0 autwv duvApEwv pag Bivel ue
OpPICEVEG TTAPABOXES

%, =Q, E=-Q, % 2.24

§ =Q,(0xB) 2.25
Kal eTeIdn 10 pevpa | 1IcouTal Pe

| = pQebcux 2.26

aTTaAgipoupe To Ux METAEU TNG 2.25 kai 2.26, kal e§iowvovTag Tnv 2.24 pe v 2.25 traipvoupe

1O péyebog R; = C1) TTOU ovopddeTal aTaBepd Tou Hall kai IcoUTal BewpnTIKG PE
p

e
Ry =D _ 1 2.27
Bl pQ,

H o1aBepd autr TTPOKUTITEl OTTO PETPOUUEVA PEYEBN, BnNAadA Tnv TAan VH TTOU E€TTIKPATE]
avaueoa oTIG OpPICOVTIEG ETTIPAVEIEG TOU NUIAYWYOU, TOo TTAX0G b, TOo pelpa |, kal Tnv €viaon
TOU payvnTikoUu Trediou B. H mrapatmavw oxéon Bynke pe tnv mopadoxr Ot1i 6Aol o1 QopEig
(o1Té€Q) KIvOUvTal PE TN pECN TaXUTNTa OAIOBAOEWG Ux. TNV TIPAYUOATIKOTNTA Ol QPOPEIG £XOUV
TaxuTNTEG, TUXAiaG BEPUIKAG KaTavoung. Eav AneBei utrdoywn n katavoun auth, Bpiokeral 611 N
2.27 efokohouBei va 1oxUel aANd OlopBwpévn katd €va TToAAaTTAACIacTIKG TTapdyovTa,
onAadn

o Vb _3m (m3/Cb) yia oTTég 2.28
PT Bl 8 pQ,
R, = b _ 3 1 (M3/Cb) yiat NAEKTPOVIQ 2.29

"Bl 8nQ,

ATTO TOUG OUVTEAEOTEG AuTOUG UTTOAOYIZETAI KAl N KIVATIKOTNTA OTAV YVWPICOUPE TNV €IBIKA
aywyiuoTnTa o kai a1ré TG oxéoelg 2.8, 2.9, 2.10, kai 2.11

U, = —%Gan 2.30
Hp = %GpRp 2.31

E@appoyég: E@ooov n Vh givalr avaAoyn NG yayvntikng évraong B (yia dedopévo pevpa l), To
@aivopevo Hall xpnoiyoTtroigital og 6pyava Pérpnong Tou payvnTikoU Tediou. YTTapyel €TTiong
Kal GAAo Opyavo, TTou ovouddetal TToAAaTTAaCIaoTAG @aivopévou Hall, To otroio divel £€£0d0
avdaAoyn TTPog To yIvopevo duo onudTtwy. Edv 1o | yivel avdAoyo 1Tpog Tn pia gicodo kail edv 1o
B eival ypappik ouvdptnon tou deUTePOU Oruarog, T0Te amd Tig €. 2.24, 2.25 kai 2.26
TTPOKUTITEI OTI N VH €ival avaAoyn Tou yIVOUEVOU TwV U0 e106dwV.
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3. Aiodog Auyvia — KpuotaAAodiodog — Aiodog Zener

3.1. loTopikA avadpopn

H xprion Tou NAeKTPIKOU PEUPOTOG OAV PHECOU PETAPOPAG EVEPYEIAG aTTO Ta TEAN Tou 190U
aiwva BacioTnke og KAAoUg aywyoug, o€ PETAAAO OTTWG O XOAKOG Kal TO GAOUUIVIO Kal O€
MOVWTEG OTTWG TO YUaAi Kai n TTopoeAdvn. H nAekTpIKA aywyiudtnTa oTa oTEPEG aUTA BV EiXe
KatavonBei KaAd aAAG To yeyovog auTd dev eUTTOdIOE TNV XPAON TOUG O€ APKETA TTOAUTTAOKEG
NAEKTPIKEG OIaTAEEIG. ZxeOOV ANECOWG ME TNV XPAON TOu NAEKTPICHOU yia TNV HETAPOPd
EVEPYEIOG, O TNAEYPOAPOG AVOIYEl TNV ETTOXN TNG METAPOPAG TTANPOPOPIaG PEYAANG TaxUTNTAg
o€ 6ho Tov TAavATn. Tov AegkéuBpio Tou 1902 o G. Marconi, ye Xpon HOVO NAEKTPIKWY, OXI
NAEKTPOVIKWYV, dIaTASEWV €AEUBEPWIVEI TNV TNAETTIKOIVWVIO PEYGAWY ATTOOTACEWY OTTO TOV
0eopo Tou oUPUATOG, YEQUPWVOVTAG Tov ATAAVTIKO e padlokUpaTa. H nAEKTPOVIKN €TTOXN
avoiyel Aiyo apyétepa 10 1906 amd Ttov Lee DeForest kai Tnv 1piodo Auyvia tou. MNa TpwTn
@opa eival duvaTdg 0 KaBopIoPOG Tou PeUPATOG OE €va KUKAWMPA oTTo éva GANO KUKAwaA
TTOAU MIKPOTEPNG 10XU0G. 2Ta eTTOpeva 40 xpdvia, TTou onuadedovTal ammd dU0 TTayKOOUIoUG
TTOAEPOUG, T NAEKTPOVIKA KUKAwpATa pe BAon TIg Auxvieg Kevou @épvouv avaueoa og dAAaQ,
TO padidogwvo, Tnv TnAedpacn Kal 1o Pavidp oAAG Kol TOUG TTPWTOUG UTTOAOYIOTEG XWPIg
ypavadia.

MapdAAnAa €xel apxioel n TTpooTrdBela va agioroinBolv o1 TTEPIEPYES Kal EVOIAPEPOUTES
I016TNTEG AYWYINOTNTAG MIOG GAANG KOTNYOPIag OTEPEWV CWHATWY: TWV NUIAYWYWV, PE TNV
eATTIdO OTI B AVTIKATOOTACOUV, OTA NAEKTPOVIKA KUKAWUOTA, TIG OYKWOEIG KAl EVEPYOROPES
Auyvieg TTOoU KaiyovTal TTOAU ouxvd. E&w n TexvoAoyia xpelddeTal va TTEPIYEVEL TNV KAAUTEPN
Katavonon Twv QAIVOUEVWY PETAPOPAS QOPTIOU OTOUG nuIaywyoUug yia TOug OTToIouG n
TEAEIOTNTA TNG KPUOTOAAIKNG SOUNG PaiveTal va €XEl APECO AVTIKPIOUA OTIG EQAPUOYEG.

‘ETo1, oTadiakd, n NAEKTPIK CUUTTEPIPOPE (XAPAKTNPIOTIKEG) KOl ETTIOOTEIG AVWTEPES TWV
0160wV AUXVIWV, apxiCouv va ETTITUYXAVOVTAI JE TN XPAON TWV NUIAYWYWYV. TO KEQAAQIO TTOU
akohouBei TTeplypd@EeTal N KATAOKEUR Kal Aeimoupyia Tng amAng di6dou Auxviag kai otn
OUVEXEID aVOAUETOI N KATAOKEUNA Kal AeIToupyia Twv nuiaywyikwy d16dwv. H petaBaon atrd Tig
€VEPYOPBOPES, uwnAoU KOOTOUG Kal TTEPIOPICPEVOU XpoOvou Cwng Auxvieg yiveral amAd pe
QVTIKOTAOTOOR TOUG OTA KUKAWMOTO WE XOMNAAG KaTtavaAwong, xaunAol kéoToug Kal
aTTEPIOPIOTOU XPOVOU (WG NUIOYWYIKEG BI0S0UG.

Aev TTpéTmel va Eexvoupe OTI TTOAAEG atTo TIG "oUyXPOVEG" NAEKTPOVIKEG SIATAEEIG OTTWG N
TnAedpaaon kal To Radar Aeitoupynoav pe Auxvieg o€ dia €TTOXA TTOU oI NUIAYWYIKESG BIATALEIS
Oev utipxav kaboAhou A ATav akOUa QvTIKEIMEVO €PEUVOG OTA £PYAOTHPIA, YI' AuTd KPiveTal
aTTapaiTNTO Va LEKIVAOOUUE TNV €I00YWYH OTO KEQPAAQIO WE pia PIKpr avadpoun oTig 81600ug
Auyvieg.

3.2. Aiodog | diIroAIkn Auyvia

H &immoAiky Auyvia 1 amAd diodog oTtroTeAsital amd SU0 nAekTpoddia, pia kaBodo
Bepuaivouevn Kai yia dvodo, TotroBeTnuéva péoa ae Eva yudAivo TrepiBAnua Kevo atrd agpa.
2xedIa0TIKG n 8iodog TTapIoTaveTal OTTwG oTo oxnpa 3.13. To apioTepd OXAUA TTAPOUTIAdEl
Auyvia pe atr' guBeiog Beppaivopevn kGBodo, dnAadn 1o idlo To vAua TTou Bepuaivetal ammod 1o
peuua xpnoipelel oav KaBodog.

To &¢gi oxAua Tapouciddel pio éPpeca Bepuaivopevn kaBodo o6mou TO VAuA Eeivai
TOTTOPETNUEVO OTO €0WTEPIKO TNG KABOdOU Kal gival NAEKTPIKA PJOVWUEVO ATTO QUTAV. ZTnV
TPAgN n diodog atroTteAeital atrd dUo opoafovik@ NAeKTPOdIA, OTTO TA OTTOIO TO KEVTPIKOG €ivai N
KGBodog K 1mou £xel péoa 10 VApa Bepudvocwg F kal 1o e§wTePIKG gival n Gvodog P 61Twg
gaivetal oTo oxnua 3.1a.

210 oxfua 3.1y, @aivovtal didgpopa €idn KaBOdwv eupéoou Beppdvoewg. O kaBodol auTég
€Xouv éva egwTepikd emixplopa o&eidiou Tou Bapiou 1O oTroio peEIwWvVEl TO €pyo €6OBOU TWV
NAeKTPOVIWY Kal aufavel Tn Bepuiovikr ekTTouTA. OTav peTd ammd TTapaTeTauévn Xpron
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“CeAoudioel” To 0eidIo aUTO TOTE WEIWVETAI N BEPUIOVIKN EKTTOUTTH, TTPAYUA TTOU QaiveTal
otnv TPAgn amd TN peEiwon Tou PeUPATOG TO OTT0I0 Traipvoupe oOTnv AGvodo. AuTo
XopokTnpifeTal wg yApavaon Tng Auxviag A Aéue Ot n Auyvia gival “rregpévn”.

MovwTikég
ZwARvag

ZwARvag
NikeAiou

O¢eidlo
Bapiou

NApa
Oepudavoewg

%)

Zx. 3.1. Aiodog Auxvia: a) KATOOKEUOOTIKA Sour, B) KUKAWHOATIKA OTTEIKOVION, KOl Y) KATOOKEVAOTIKA doun
Beppaivopevng kaboédou, [16].

3.3. MeipapaTtiki XapakTNEIOTIKA TNG 51650V
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Zx. 3.2. «a) Mepaparikn didragn Kai, B) XapAKTNPIOTIKA peUPATOG-TdoNG 81650V Au)viag, [16].

Av ouvdéooupe Tn diodo ot éva KUKAwpa OTTwg autd Tou oOxNAPatog 3.2a, Oa
TTAPATNPACOUNE ATTé Ta OPYAVA TOU KUKAWMATOG avedou OTI aufdvovTtag Thv Tdan avedou Ve,
gekivwvtag atrd 1o undév, augdvetal TTapdAAnAa Kal To peUPa avodou ia Kal av Xapagoupe pia
KOUTTOAN TTavw o€ 800 AEoVES ia Kal Va Ba TpokUwel N KAuTTUAN Tou oxrfpaTtog 3.2 n otroia
£XEI EKOETIKN pop@r). MeTd Opwg atrd pia opiopévn TP Tou peluatog avodou, autd TTavel va
au&avetal €0TW Kal av oguvexioel va augaverai n Taon avédou. Auté anuaivel 611 TdcapE OTO
peUpa KOpou Is Tou KukAwpaTog avédou. To pelpa kOpou eival ekeivo TToU UTTOAOYIoE 0 Rich-
ardson kai gival ouvdpTtnon Tng Bepuokpaciog. AnAadn av aufnooupe To peUa BEPUAVOEWS
TWV VNUATWY, TOTE augdveral n Bepuokpacia Kal padi Y' autrv Kail To peUpa KOPOou.

Av oTo id10 KUkKAwpua empBdAoupe avaoTpo®n Tdon otnv avodo, dnAadr) ouvdéoouue Tov
apvNTIKO TTOAO TNG TTNYNG OTNV Gvodo, To peUpa PNdEVICeTal.

H ouutrepipopd auth g 81680u 0TO KUKAWMPA oPeileTal 0TO OTI AOyw TnG BEPMIOVIKNAG
EKTTOUTTAG OXNUATICETal YUPW aTTO TNV KABODO £va VEPOG NAEKTPOVIWY TO OTTOIO avaxaITiCel T
Oeppiovikr) ekTTOUTTA. 'Eva pépog ammd Ta nAeKTpOvia auTd €AKovTal TTPOG TNV Gvodo pévov
Otav auTth €xel OUVOUIKO OeTIKOTEPO TNG KABAdoU Kal auTd gival TOOO TTEPITOOTEPA OO0
pEYaAUTEPN eival n BeTikA Tdon TNG avodou. To QaIvOPeEVO auTd ouvexiel va TrapaTnpeital
MEXPIG OTOU £EAVTANBEI TO VEQOG TwV NAEKTPOViWY OTTOTE OAa Ta NAgkTpSVIa TToU Byaivouv oTn
ouvéxela atré Tnv kaBodo Trnyaivouv Kat' euBeiav atnv dvodo kal dpa €xoupe @BAcEl aTov
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KOpo. Av 1 Aavodog €éxel apvnTikA TAon TOTE Ta nAekTpoOvia amwbouvral Kal To pedua
pndeviceTal.

3.4. OewpnTIKOG TTPOCSIOPICHOG XAPOAKTNPIOTIKAG 81650V

Otwpolpe TN didragn Tou oxnuarog 3.3a Otmou AGvodog kal kaBodog BewpoulvTal yia
atrAotroinon oav duo emiTreda NAekTpddIa. H ammdéoTacn Petagu Twv dUo nAekTpodiwv éoTw d
Kal n Tadon PeTagu avodou kal kaBédou Va. XT0 OoXAMA Bewpolpe eTTiong éva KATAKOPUGO
Gfova SUVOUIKWY @ PE apXA OTNV €MQAVEIA TG KaBddou, 6TTou apyilel Kal évag opiovTIog
afovag atTooTAoEWVY TWV X.

Av T0 nAekTpOdIO TNG KABGSOU €ival Yuxpod n Katavour Tou duvapikoU PETagu kaBodou Kal
avédou akohouBei Tnv euBeia 1, eival dnAadn 0 aTnv KGB0BO KAl Ua TNV Avodo, yiaTi dev Ba
UTTAPXOUV NAEKTPIKG @opTia avaueod Toug. Av BepuavBei n kdBodog epgavifovral auéowg
avaueoa ota NAeKTPOdIa apvnTIKA NAEKTPIKG @opTia  (NAekTpOvia) Ta otroia kaTeRdlouv 1O
duvapIkd Tou onueiou TToU BpiokovTal Kal TTAipVOUNE €TO1 TNV KAPTTUAN KaTavoung duvauikou
2.

igh

A
U %
30 /

O) " !

o~ —— 1 8ic —

\vln/ z 10 A
Ug o AN I

0,0 10 20 30

la Vo W
(@ ®

=N
=
'><

Zx. 3.3. ) OswpnTikA didTagn Auxviag, B) Xapagn XapakTNPIOTIKNAG HE BEwPNTIKO UTTOAOYIOHO, [16].

H porj Twv nNAeKTPOVIWY TTPOG TNV AvodO gival cuvdapTnon TOU QOPTiou autoU OTO XWPO
MeTagu kaBodou Kal avodou Kal CUVETTWG TNG TAONG Ua TTOU TO EAEYXEI.
To @aivopevo Treplypdagetal ye Tn Borbeia Tng e€icwaong Tou Poisson

V2o =-2 3.1
€

TTOU €KPPAdel 0TO XWPOo Tn oxéon avaueoa ato duvapiké @(X,Y,Z), To oTroio ival cuvapTnon
g Béong (X,Y,Z) oto Xwpo, kal Tnv TTukvoetnTa p(X,Y,Z) n otroia ival kar auth ouvAaptnon
NG B€ong oTO XWpPO.

Av yia atrAoTroinon Kavoupe TNV TTapadoxr], 0TI TO SUVANIKO Kal TO QopTio PeTaBAaANAovTal
MOvo KaTta Tov déova Twv X aTo XWpo, TOTE N e€icwaon 3.1 yivetal

d2
de _ P 3.2

Ta nAekTpovia Tmou &ekivouv aTtd Tnv KGBodo, dnAadr atrd tTn 6éon x=0, ¢=0 ptmopouue
emiong va TapadexBoupe 0TI £€xouv PNdeVIKA apyIkf TaxuTnTa, oTréTE OTNV TuXouoa Béon X,

Ba £xouv TaxuTnTa
vV =,2Q.p/m, 3.3
Kal oTn B€on x=d, =uq Ba €xouv TaxuTNTA

Vg = 4/2Qeuy /Mg 3.4
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€TTiONG €ival yvwaoTo 0TI N TTUKVOTNTA PEUPATOG NAEKTPOVIWY 1000TAl JE

J=—-pv 3.5
161E avTikaBioTwvTag Tnv 3.3 otnv 3.5 Kal auTég otnv 3.1 Byaivel pia dlapopikr egiowaon
d? J
(Pz = 172 3.6
dx so\/ZQe /mg @
n oTroia oAoKANpwveETal aTa OpIa
x=0, ¢=0
x=d, ¢=Uq
Kal &ivel TNV TTUKVOTNTA pEUPATOG TNG BIGOOU CUVOPTHOEl TNG TAoNG avodou
J=Kud'? 3.7

Av TTOAAQTTAQCIAOOUNE TNV TTUKVOTNTA PEUPATOG J PE TNV €TTIPAveIa TNG KaBodou A, TOTE

TIPOKUTITEI TO PEUPA AVODOU i TTOU EKPPACETAI ATTO TN OXEON
i = AKu3'2 3.8

2710 oxAua 3.3B éxel xapaxOei n KAUTTUAN AQUTH N OTTOIQ CUMTTITITEI JE TNV TTEIPAUATIKA TOU
oxnuatog 3.2B. H diodog AoIttdv oav OTOIXEIO KUKAWMATOG €ival un ypauuIKO OToIXEio, yi' autod
Kal TTapatnpoupe OTI TTopoucidlel OIA@OPETIKA avTiOTAOON OTO OUVEXEG ammd OTI OTO
evoAAaooopevo pelpa. EkTdg autou n avriotaon Tou &ev gival oTabepr] Kal avegdpTntn amo
TO pelpa f TNV Téon 6TTwG cupPBaivel JE Ta YPAPMIKA GTOIXEIQ.

Av Bewprooupe éva onueio Q TTAvVW OTNV XOPOKTNPIOTIKA KAUTTUAN piag d16dou Kal To
onueio autd 1o TTPoRAAoupe oToUuG GEoveg peUPATOG Kal TAoNG, autd Ba avTioTolxei o' éva
peupa lo kai o€ pia Tédon Vo. To TTNAiKo auTtwv Twv 800 peyeBwv eival n avtiotaon ouvexoug
peupaTog aTo onueio Q, dnAadn

V
Psp = f =K,00a (Q) 3.9
H avrtiotoon ouvexoug ekgpadetal amd T0 avTioTpo@o Tng KAiong Tng eubtiog 0Q, TTOU
gival n 0@ a TNG ywviag a kai n otoia oxnuatifetar amd tnv eubeia 0Q kai Tov dfova TwV Uq .
O ouvreheomg Kp xpnoigever yia tnv petatpoty Tng adidoTtatng 0@ a ot OlaoTAoElg
avtiotaong (Q) kai iIcouTal ge To Adyo TnNG KAiJakKag TaoNg TTPog TNV KAipaka peuuaTog.

Av oTn ouvéxela utrepBéooupe TTvw oTnv Tdon Vo €va evaAAacoduevo cripa ye Tdon amé
Kopu®n oe Kopun Aug, TOTE TO pelpa oTnv Gvodo Ba apxioel va KUMAiveTal Kal autd péoa
otnv Tepioxn Aig. To TTNAiKO autwy Twyv dU0 PETABOAWYV gival N avTiotaon evoAAaoCcopévou
peupatog TG O160ou oTo onueio Q. H avrtiotaon evaAAACOOPEVOU EKPPACETAI PE TO
QVTIOTPOYO TNG KAIONG TNG EQATITOPEVNG TNG KAUTTUANG OTO onueio autd, dnAadn

AV,
p=pep =5 " =K,00B (@) 3.10
a

To péyeBog autd cupBoAieTal Je TO p ATTAWG, KAl AEYETAI ECWTEPIKA AVTIOTACHN TNG AuxVviag
oTo anpeio Q.

Me Tnv avrtiotaon ouvexoUg pelpaTog uttoAoyioupe Tn Ox€On avAPesa OTIG OUVEXEIG
OUVIOTWOEG TAONG Kal PEUPATOG TTAVW OTn Auxvia, evwy MPE TNV ECWTEPIKN avTioTaON
utroAoyifoupe Tn oxéon avaueoa oTig EVAAAACOONEVEG OUVIOTWOEG TAONG KOl PEUPATOG TTAVW
o’ autn.

3.5. Auvapiki Asitoupyia Tng d1660u

Ortav éva pn ypaupikd atoixeio 61Twg n 6iodog trepidapBdaveral yéoa o€ KUKAwA, Oev
pTTOpoUpE va €TMAUCOUNE TO KUKAwUA AUTO PE TIG YVWOTEG PEBODOUG TNG NAEKTPOTEXVIOG.
21NV TTEPITITWON AUTA N €TTIAUCN YiVETAI EITE YPAPIKA EITE TTPOOEYYIOTIKA avaAuTikd. [pa@ikd
yivetal pge Tn BoABeia TNG XAPAKTNPIOTIKAG KOUTTUANG TOU OTOIXEIOU KAI TTPOCEYYIOTIKA HE TN
BorBeia evdg 1000UVAPOU KUKAWMPOTOG TO OTTOi0 avTiIKaBIoTd KaTd TTPpootyyion Tn Auyvia pe
£Va YPAPMIKO KUKAwPa. H Tpwtn AUon xpnoigoTrolgital 0Tav 1o TTedio HETABOAWY Twv TACEWV
KOl PEUMATWY €ival TOOO PEYAAO WOTE va pnv Ptropoulv va TTpooeyyloBolv pe eubBegieg Ta
KOQUTTUAQ TUAMAOTO TNG XOPOKTNPIOTIKAG TNG Auxviag ota media autd. H &eltepn Adon
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xpnoigotroigital 6tav Ta media PeTABOAAG gival TO00 PIKPG woTe Yéoa G' autd va PTToPOoUUE
va Bewpolpe Ta TUAPATA TNG XAPAKTNPIOTIKAG TNG Auxviag eubeieg.
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Zx.3.4. Tpagikn emiluon kKukAwparog di168ou: al) Fpappikd 100d0vapo KUKAwpa TréOAwong S165ou
Auxviag, 02) xapakTnpIioTIK PEUUATOG-TAONG, €UBEia @opTiou Kal onueio AsiIToupyiag ypapMIKoU
1008UvapoU KUKAWHATOG, B1) TpaypaTiké KUKAwpa ToAwong d16dou Auxviag, B2) XapOoKTNPICTIKA
peUUATOG-TAONG, EUBEiIO POPTIOU KAl ONUEIO AEITOUPYiOG TTPAYHMATIKOU KUKAWMATOG, [16].

a) Mpagikn MéBodog

MNa v €ukoAdTEPN KaTtavonon Tng peBddou Ba epapuocTei apXIkKd C' éva ypApuIKO
KUKAwpa. ‘EoTtw Aoimrév 10 KUKAwpa Tou oxnuatog 3.4B1, 1o omoio mepiAaufavel n diodo
Auxvia D. X1n 6éon Tou emAUoupE, yia €igaywyr] oTn péBodo, TO AVTIGTOIXO YPANMIKO
KUKAwpa Tou oxAuarog 3.4a1 1mou atroteAeital ammd pia TTNyA Vaa Kal 800 avTioTdoeig R kai p.
H avriotaon p €xel mépel Tn Béon Tou pn ypapuikou oToixeiou kal N R eivalr o1o €§wTePIKO
KUKAWMA Kal avagEépeTal oav  avtiotaon Qoptiou f avTtiotaon TpooTaciag. To pelpa Tou
KukAwpatog | repvd kai atmo Tig dU0 avTiIoTACEIG.

Znteital va uttohoyioBei ypa@ikd n Ty Tou peupatog I. MNa tov uttoAoyiopd autd Ba
Bpebouv Tavw ¢' Eva didypappa, ye afoveg To pedpa | kai Tnv Tdon oTta dkpa NG p, Vas = Vp,
OU0 yeweTpIKOi TOTTOI TTOU divouv Ceuyn TiMwV | kai Vp yia dU0 OToIXEid TOU KUKAWPATOG, Ta p
kal R. Auto ptropei va yivel av eEKpPACOUUE OTO CUYKEKPIYEVO OIdypaupa To vouo tou Ohm
yla Tnv p Hia @opd kai yia Tnv R mn d€Utepn. MPokUTITouV e Tov TPOTTO autd dUOo OXECEIG TTOU
MeETagEpovTal 0TO dIAYPAPUa Tou oxruartog 3.402.
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|=V—p"=c(vp,p) 3.11
V. -V,
| = ““R ®=¢(V,R) 3.12

O1 dUo oxéoelg gival ypaupIkEG Kal TTavw oTo didypappa divouv dUo €ubtgieg. H TTpwtn
euBeia apxicel atré 1o onueio | = 0, Vp = 0 Tou diaypaupaTog, OTTwG TTPOKUTITEI OTTO TN OXEGN
3.11 yia 1=0. H &eUtepn apxicel ammo 10 | = Vaa /R Kai TEAEIWVEI OTO V = Vaq ETTEIBN QUTEG Eival
ol Tipég Trou TTaipvel n 3.12 yia Vp = 0 kai yia | = 0 avtioToIxa.

H toun Twv duo guBeiwv eival To {nTouuevo onueio Q TToU divel Pe TIGC CUVTETAYUEVES TOU TO
pevua | kai Tnv Tdon Vo Tng avtiotaong p. Mmopouue €triong va diaBdooupe Tnv Téon Vs
TTavw oTnv avtiotaon R agou cival yvwaTo ot pémel Vp + VR = Vaa .

Av 0Tn ouvéxela BewpriooupE TO TTPAYMATIKO KUKAwWa pe Tn diodo D Tou oxrjuatog 3.431,
Ba ptropécoupe va 1o eMAUCOUUE PE ToV i010 akpIBWS TPOTTo av oTn Béon TG ouvapTNong la
= @(Vp, p) TNG TTpONnyoUpeEVNG TTEPITITWONG YIa TNV QvTIOTOON P XPNOIUOTTOINCOUUE ThV
avrtioToixn ouvéptnon la = @(Va, p) yia 1n &iodo D . H ouvdptnon éuwg autr dev eival GAAN
atrd TN XOPOKTNPIOTIKA KAUTTUAN TnNG &16d0u, o1réTe N TounA TnG €ubeiag la = @(Va , R) pe Tnv
KOUTTOAN la = @(Va, p) divel Tn AUon. H uBegia TTavw aTto didypappa AéyeTal euBegia gpopTiou Kal
TO0 onueio Q onueio npepiag 1 onueio Asitoupyiog Tou KuKAWpaTtog. Kai edw atméd 10 onueio
npeyiog Bpiokoupe 10 pelpa la kar TNv 1don Va TnG d16d0u ) Tnv 1don VR TNG avtiotaong
OTTWG paiveTal kal 1o didypapua 3.4p32.
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Zx. 3.5. a) XapakTnpIioTIKA 18avikAg 81630u, B) XaPAKTNPICTIKA o PeaAIOTIKAG 81680V, Y) XaPAKTNPIOTIKA
TPayHaTIKAG 81630u, [16].

B) AvaAutiki MéBodog pe looduvapo KukAwua

H XapakTnpioTiKA KauTTUAN piag TTpaypaTikig 810d0u o€ Kapia TTepITTTwaon dev TTAPICTAVEI
TN Aeimoupyia piag 16avikig 816dou. MNa va ATav 1IdavikA pia 6iodog Ba £TTPETTE va TTaPOUCIAlel
pNdevIKN avTioTacn oTnv opBn TTéAwon, étav dnAadn To pelpa gival Katd Tn opda Tou BEAOUG
NG d16d0u, Kal ATTEIpn avTioTAon OTnV avaoTpo®n TOAwon, 6tav dnAadh 1o pevpa eival
avTiBeto TMPog TN @opd Tou PBéAoug. Mia Tétola diodog TTou Oev TTAPOUCIAfEl ECWTEPIKN
avriotaon Katd Tnv opBrp TOAwon Ba eixe XAPAKTNPIOTIKA KAWTIOAN OTTWG €KEivn Tou
oxnuatog 3.5a. To 100duvauo KUKAwPAG Tng Ba Arav pia 18avik diodog pévo. H kaptriAn
OpwG auTh €ival apkeTA dIAPOPETIKA ATTd EKEIVN TNG TTPAYUATIKAG d10dou. Na va TTAncIdooupE
ME YPAUMIKA OTOIXEIQ, TTOU €XOUV XOPOKTNPIOTIKEG ATTOTEAOUNEVEG ATTO €UBEIiES, TNV KAUTTUAN
MIag TTpayuaTikAg O1600u TTPETTEl va KAvoupe OU0 aAAayEg oTnv IBAVIKH KAWTIUAN Tou
oxnuatog 3.5a. Mpwrta va Tng dwooupe pia KAion 6TTwg oTo oxrua 3.5B kal deUTEPO va TNV
peTatotriooupye TPog Ta Oefid O0TTwg oTo oxnua 3.5y. H kAion tou &66nke otnv eubtia
onuaivel 0TI 0To0 KUKAWUG UTTAPXE! Pia wuikA avTtiotaon p = Kp 0@ B, é1Tou B n ywvia kKAiong
Kal Kp 0 OUVTEAEOTNG KAIMAKAG. ZTNV TTEPITITWAON Tou axruaTtog 3.5a étmou n ywvia B eival 90°
16TE €ival ka1l p = 0. Ooo peyaAlTepn eival n avtioTaon p 1600 PIKPOTEPN €ival n ywvia B,
TPpdyua TTou TalpIddel eEGANOU Kal hE TNV €K@Pacn Tou vopou Tou Ohm. H petatommion Tng
€uBciag TTapaGAANAa TTPOG TOV £QUTO TNG, OTTWG OTO OXMAKa 3.5y, onuaivel 6T yia va apxioel va
ayel n diodog TPETTEl va @apuooBei pia Taon Eo n oTroia avTioToixEl OTN PETOTOTIION TNG
euBeiag. Autd Opwg onuaivel TTAAI 6T 0To KUKAwPa €xel TTpooTelei pia TNy 1dong Eo e
avtioTpo®n TTOAwaon yia Tn diodo, dnAadn 10 “+” oTnv KGBodo. Autd TEAOG anuaivel 6Tl yia va
apxioel va dyel oTo KUKAwpa n 6iodog, TTPETTEl N EWTEPIKA TAoN u va uttepPei TNV Eo.

H XapoKTnPIoTIKA TOU KUKAWPATOG auToU TToU OTTOTEAEITOI aTTd €uBEgieg, OTTWG yiveTal OTO
oxnua 3.5y, eival ekeivn Tou WTTOpEl va TTANCIACEl TTEPIOCOTEPO OTNV KAWTIUAN HIAG
TTpayuaTikhg d16dou. Av n eubtia pe Tnv KAion €@ATITETAlI O' £va onuEio TNG KAPTIUANG Kal
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Bewpriooupe 10 TTEDIO PETABOANG TWV PEUUATWY Kal TAOEWV TOU KUKAWMOTOG OE dia MIKPN
TTEPIOYT] YUPW OTTO TO ONUEIO ETTAPNG, HTTOPOUUE GVETA VA UTTOKATOOTACOUUE TNV KAPTTUAN PE
Tnv €ubeia oTnv Treploxn ekeivn. Me BAon To 1O TTAVW OKETITIKOG, Wia otroiadrtrore 8iodog
MTTOpE va avTIKaTaoTaBEi oXedIaaTIKA PE TO 1I000UVANO KUKAWWA Tou oxAuaTog 3.5y, €@’ 6oov
autd Ba xpnoiyotroinBei avti TG d1680U O0TO KUKAWWPA TNG yIA TOV UTTOAOYIOCUO UETARANTWYV
PEUPATWY Kal TAoEwV PE TTEdio YETABOANG O€ pia PIKPRA TTEPIOXH YUPwW aTTd TO ONUEIO ETTAPNG.

3.6. dwrodiodog

H @wrtodiodog civalr pia d10dIkA Auxvia Tng oTmroiag n kaBodog dev BepuaiveTal yia va
TTPOKANBEI EKTTOUTIT) NAEKTPOVIWY, OANG QwrTileTal. Me Tov TPOTTO AUTO TTPOCBIdETAI N EVEPYEIQ
TWV QWTOViWV 0Ta NAeKTPOVIa Ta oTToia Byaivouv atrd Tnv em@aveia Tng kaBddou Kal EAkovTal
TTPOG TNV Gvodo, €@’ GO0V G” auThv £xel ouvdeBei BeTIKA TAoN, 6TTWG oTo oXAMUa 3.6[.

Avodog
012Im _—

i
e |
kB m / 0,08Im |
b R (5MQ) GD k \ 0,041m )
L KdBobog
1 J/ o \
AKPOBEKTES /l Iu=50V 10 20 40 50 60 u(V)
(a) B) (v)

2x.3.6. a) KoataokeuaoTik doun Kal oXedIaoTIKOG CUUBOAICUOG @wTOBI680uU, B) KUKAwUO TOAwONG
PWTO31650U, Y) XOPAKTNPIOTIKEG KAUTTUAEG PWTOS1650U, [16].

210 oxAua 3.60 @aiveTal n KATAOKEUAOTIKN) SOPA Kal O OXEDIOOTIKOG GUMPBOAICUOS TG
PWTOBIGB0U. 270 OxNHa 3.6y @aivovTal Ol XOPOKTNPIOTIKEG KAWTTUAEG TG GwTOdIGB0U N oTToId
AeiIToupyei OTTWG TTAPATNPOUNE OTOV KOPO. Ze KABE QWTEIVI) PO} QVTIOTOIXKE Kal éva pelua
KOPOU OTTOTE OXNMOTICETAI MIA OIKOYEVEID KAUTTUAWY TTOU £XOUV TTOPAUETPO TN QWTEIVI) PO O€
Im. To kUkAwpa Tou oxAuaTog 3.4B civalr n dIGTAEN TTOU XPNGCIKOTIOIEITAI YIO TN UETATPOTIN
OIOKUPAVOEWY TNG QWTEIVIG PONG Of€ QVTIOTOIXEG OIOKUUAVOEIG TAONG OTa AKpa Tng
avriotaong @opTiou. lNa va TTEPIYPAWOUPE TN AEITOUPYIA TOU KUKAWMATOG XAPAOOOUUE TNV
€ubeia goprtiou TTOU apXiCel oTnv TACN TNG TNYNG Twv 50V kai €xel kKAion 10V/2puA = 5MQ.
AuTH n €uBgia TEPVEI TIG XAPAKTNPIOTIKEG O€ Tpia onueia. Otav n ewrteivi por givai 0,12 Im n
£€vTaon Tou KukAwpaTtog Ba eival repittou 2,7pA. Otav peiwBei n ewteiviy pony ota 0,04 Im, n
£€vTaon Tou KukAwpartog Ba peiwbei kai auth kai Ba @Bdoel ta 0,9uA TrepiTTou Kal pia
evdidueon Tipn TNG ewTelvAag porg 0,08 Im n évraon Ba yivel 1,8uA Trepitrou.

AnAadn TTaparnpoupe o1 yia ioeg HETABOAEG QwTEIVAG por|g, dnAadn 0,04 Im, TTpokUTITOUV
ioeg peTaBoAég pelpaTog 010 KUKAwUA, dnAadr 0,9uA. Auto pag divel TTdvw oTnv avtioTaon
@opTiou pia avtioTolxn YeTaBoAr Tdong 0,9.106.5.10%=4,5V.

3.7. Paivépeva oToug nUIaywyoug - Poptia emipaveiag

H diepetivnon Twv NAEKTPIKWY ISI0TATWY TWV ETTAQWYV PETAAAOU-NUIaywYOoU gival avaykaia
otnv HAekTpOVIKN €TTEIONA, O ETTOPEG AUTEG XPNOIMOTTOIOUVTaIl YIa va ouvdéovTal PETAAAIKOI
AYWYOi TOU KUKAWPATOG OTOUG NUIAYWYOUG TWV NAEKTPOVIKWYV OTOIXEIWV. Na Tnv karavonon
TWV OXETIKWV QAIVOUEVWY TTPETTEI va TTEPIYPAWOUPE TIPWTA TNV €Tidpaon TTou EXEl n
TTOPOUCIa NAEKTPIKWY QOPTiWV OTnNV £T@Aveid evdg nuiaywyou, TAavw oTa diaypdupata
EVEPYEIOKAG KATAVOUAG TWV QOPEWV TOUG.

H em@dveia evog nuiaywyou xapakTnpietal TTAvVTOTE Ao TO YEYOVOG OTI TO TTEPIODIKO
KPUOTaAANIKO TTAEypa TeAeivel ammétopa oTto emimedo Tng em@dveiag. Katd ouvérela,
uTTapXouv OId@opol TUTTOI METOTOTTICEWV OTO KPUOTAAAIKO TTAEypa TOU OTPWHOTOG TNG
EMPAVEIAG, Ol OTToiol EI0GyovTal OTAV TO UAIKO TEPVETAI OTIG SIAOTACEIG TTOU TO XPEIO(OUAOTE.
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MeTd Tnv Topr dnuioupyolvTal TTAVW OTNV EMEAVEIQ aTToBETEIS DIaPOPWV XNUIKWY EVWOEWV,
o&e1diwv, KATT.

H eikéva Twv evepyeiakwy {wvwy avamtoxdnke pe Baon tnv UTTapén Miag TrePIodIKAG
OUPUETPIKAG BUVAMIKAG EVEPYEIOG TwV NAEKTPOVIWY Tou TTAEypaTog. ETreidr) n ouvenrikn tng
OUPETPIAg BeV IKAVOTTOIEITAI KOVTA OTNV EMQAVEIQ, EKEl AAAOILVETAI N CUVNBICUEVN KOTAVOUN
TWV EVEPYEIAKWY KATAOTACEWY TWV NAEKTPOViwY. AUTO Onuaivel 0TI € Eva OTPWHA TTOU EXEI
TAaxog TG Ta¢ng Tou 107 cm, PTTOPEi VO UTTAPXOUV HEPIKEG ETTITPETTOPEVEG EVEPYEIAKEG
KOATAOTAOEIG NAEKTPOVIWV TTOU VA PNV UTTAPXOUV OTO KAVOVIKO KPUOTAAAIKG TTAéypa Tou
UAIKOU. AuTr) N avwpoAia geugavifetal o€ TO00 PIKPO TTAX0G OTPWHATOG TNG ETTIPAVEING, TTOU
VO UTTOPEI va XAPAKTNPIOTE oav aTTelpooTo, yIaTi gival HIKPOTEPO Kal a1rd Tn YEon €AeUBepn
dladpour) Tou nAekTpoviou. H KupidTEPN 181I60TNTA TOU OTPWHATOG auToU, €ival OTI Ol
EVEPYEIOKEG KATAOTAOEIG NECA 0’ auTo, attoTeAOUV TTayideg (traps) yia Ta nAekTpdvia, €101 WOTE
va JTTOPEi VO CUCOWPEUETAI ONPAVTIKOG apIBUOG NAEKTPIKWY QOPTIWV OTNV ETTIQAVEIX QUTH).

Mmropoupe va diakpivoupe OIAQOPEG KATOOTACEIG OTNV ETMIQPAVEIQ €VOG KPUOTOAAIKOU
UAIKOU TTou €€apTwvTal atrd 1o TTPOCNKO KAl TNV TTUKVOTNTA TWV QOPTIWV OTNV ETTIPAVEIQ KAl
a1ré TO TPOCNUO Kal TNV TTUKVOTNTA TwV QOpEwV Tou UAIKOU. O1 nAEKTPIKEG 1016TNTEG €VOG
nuIaywyou etnpeddovTal o€ onuavTiko BdBog ammd Tnv €mi@dveia, amd Ta NAEKTPOVIO TTOU
TUXOV KOTEXOUV ETTITPETTOMEVEG KATOOTACEIG O’ AUTAV. AUTA T QOPTIA TNG ETTIQAVEIAG, TTPETTEI
va avTioTaBuifovtal atrd avTioToiXeg aAaYEG TNG TTUKVOTNTAG TwV EAEUBEPWY QOPEWY OTOV
KpUoTaAAO WwaoTe va dlaTnpeiTal N OUdETEPOTNTA TOU UANIKOU. ZUYKPITIKG, TA QaIVOUEVO TNG
EMPAvEIAg gival JIKPOTEPNG onpaciag ota PETAANAQ, ETTEIBN N MEYAAN TTUKVOTNTA NAEKTPOVIWV
TWV PETAANwWY avTiIoTaBpilel eUKOAQ Ta QOPTIA TNG ETTIPAVEING XWPIG va yiveTal ahAoiwon Tng
KATavopng Toug oe aioBntd BdaBog. ZTov nuiaywyo, n avriotaduion auth yivetal pe pia
aAlAoiwon TNG TTUKVOTNTAG TWV €AEUBEpWY QOPEWV KATW aTTO TNV ETIQAVEIR TTOU EXEl TA
QopTia, 0TTWG Paivetal oTo 2. 3.7a Kai o€ BaBog aiobnTo yia £vav nuiaywyo TUTTOU N. 2ZT0 ZX.
3.7 aivetal 1o id10 yIa £vav nuiaywyo TUTToU p.
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Zx. 3.7. AkivnTa @opTia TUTTOU o) aTOodeKTWYV (-) Kol B) SoTwv (+) OTNV EMIPAVEIO TOU NHIdywyoU OTO
aApPICTEPO PEPOG TWV SIAYPAPMATWY, KAl TPOTTOTIOINOTN TWV EVEPYEIAKWY {WVWV UTTO TNV £midpaon
TWV ETMIPAVEIAKWY AUTWV QopTiwy, [16].

Ta akivnra apvnTikéd (-) @opTia TnNG em@dveiag, amwbouv eAedBepa nAekTpdvia atd Tnv
EM@PAVEIQ, PE ATTOTEAECHA va TTUKVWVOUV Ta BOeTikG 16vTa Twv doTwv @ Tou dev Ba
avTiotaBuifovral amd autd kal Ba avTioTaBuifouv €101 Ta NAeKTPOVIO TNG em@dveiag. To
aTroTEAECHA, €ival va KAUTITOVTAl TTPOG Ta TTAvw Ol WVEG Kal Ta OpIG TOug OTAV £XOUUE
apvnTIKa QopTia, €1TeIdr] N OUVAMIKN EVEPYEIQ TWV NAEKTPOVIWV TOU nuiaywyoU TUTTOU N €ival
MeEYaAUTEPN KOVTA OTnv E€TM@AvEId, OO OTI OTO €0WTEPIKO TOU nuiaywyou, Adyw Tng
TTaPOUCIag TwV QOPTiwV TTAvw C'auTr). AVTIOTOIXO, MIO OUYKEVTPWON BETIKWY QopTiwy (+)
oTnv em@aveia 6a TTPoKaAoUoe KAUWN Twy (wvVWV TTPOG Ta KATW Kal TTUKVWON TWV I0VTWV
TWV amodekTyv O Omwg oTo Zx. 3.7B. InUeiwvoups £8W, OTI To UNKG Trapapével €101
NAEKTPIKWG OUBETEPO O€ KABE onueio Tou Kal ge oTaBepd duvapikd atd Tn piav akpn oTnv
GAAN. To oTaBepd autd BUVANIKG EKPPALE! N 0pICOVTIa Yypauur TNG oTaBuNng Fermi.
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3.8. Emagpn MeTtdAAou-Hulaywyou

Mia 1davikr] eTTa@n HETGAAOU-NUIaywyoU €xel TIG akOAOUBEG 1810TNTEG:

— To péTaAAO Kal O nuIaYwyOg eival o€ TTOAU OTevr) €TTa@A UYETOEU TOUG O€ QATOMIKA
KAipgaka, Xwpig TNV UTTapén oTToIoudhTToTE EVOIAUECOU OTPWHATOG HETALU Toug (A.X. o&eidiou).

— Aev vgioTatal diaxuon f avaueign Tou JETAAAOU PE TOV NUIaywyo.

— Aev uTTGpXOUV VOBEUOEIG A ETTIPAVEIAKA QopTia oTn dIETTOQPr JETAAAOU-NUIaYWYOU.

Ta evepyelakd diaypdupara {wWvwy Tou JETAAAOU Kal TOU NuIaywyou, oav {EXwPIOTEG Kal
QTTOUOVWHEVEG PETAEU TOUG TTEPIOXEG, @aivovTal oTo ZX. 3.8. Kai ota duo diaypduuata (dnA
TOU PETAAAOU KaI TOU NUIaywyouU), n KABETN ypauur OTTOU Ol EVEPYEIOKEG CWVEG TEAEIWVOUV
atméToya TrapioTavel Tn SIETTAPN avdueca oTo PETAANO Kal aTov nuiaywyd. Or diaypaupiosig
OnNUaivouv KOTEINNUUEVEG KOTAOTAOEIG ATTO NAEKTPOVIA.

H opifévria evepyelakr oTAOUN OTNV KOpu@ry TnG KABETNG ypaupng, OupfoAilel Tnv
€ENAXIOTN EVEPYEIO TTOU TTPETTEI VO €XEI €va NAEKTPOVIO yia va atreAeuBepwBei TTARpwg atTd 10
UAIKG Kal ovopadeTal evepyelokry oTd0Bun kevou, Eo. H diagopd evepyeiag petalu tng otddung
KEVOU KaI TNG EVEPYEIOKAG aTABUNG Fermi, ovoudadetanl ouvdptnon épyou ) €€60ou & (work-
function) Tou UAIkoU. H cuvdpTtnon €£6dou Tou peTdAAou Pum gival éva XapakTnpIoTIKO PéyeBog
TOoUu KABe peT@AAou. H TiuA NG Kupaivetal atrd 3.66 eV yia 1o payvrolo yéxpl 5.15 eV yia 1o
vikéAlo. H ouvaptnon €£6dou Tou nuiaywyou ®s atroTteAeital ammod duo pépn:
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Zx. 3.8. Evepyelakd Siaypdappata {wvwy yia HETAAAA (apioTepd) Kal npIaywyo TUTTou-n (5&81d), [5]-
®s =X +(Ec-Ef)rs 3.13

H nAektpovikiy ouyyévela (electron affinity) xz(EO—EC)|Surface, gival g XapaKTNpIoTIKA

10160TNTa TOu NuIaywyou. x= 4.0 eV, 4.03 eV, kai 4.07 eV yia 10 Ge, 10 Si, ka1 T0 GaAs
avtioToixa. AvTiIBETwG, n evepyelakn dlagopd petatu Ec kai EF (Ec - EF), Xwpig TNV epapuoyn
e€wTepikoU nAekTpikoU Tediou (FB: Flat Band conditions), €ivar pia cuvdptnon T1rou
uttoAoyileTail @v gival yvwaoTA n voBeuon Tou nuiaywyou.

‘EoTw Twpa 611, Pv>Ps kal To PETOANO PE TOV nuIaywyd €PXOVTAlI OE £TTAQPH YIA VA
oxnuaTtioouv pia 1davikr eraeri MS (metal-semiconductor). ‘EoTtw ettiong 611, n €magn autn
oxnUaTiCeTal akaplaia £€T01 WOTE VA UTTAPXEI AUEANTEQ JETAPOPA NAEKTPOVIWY PETAEU Twyv dUOo
UAIKWV KaTtd Tn S1adIkacia Tou oXNPOTIOPoU TNG €TTang. TOTE, auéowg PETA TOV OXNUATICHO
TNG £TTAQPNG TO JIAYPANMA EVEPYEIOKWY {WVWV yia TNV £Ta@n Ba gival OTTwG QaiveTal OTo ZX.
3.9a. Edw, Ta aTTOJOVWHEVA EVEPYEIOKA dlaypdppaTa {wvwv gival EUBUYPAUUIOUEVA WG TTPOG
TNV KGBeTO OTN GTABUN KeVOU Eo kai atrAwg epdrrovTal otn diemagn. Mpétel va Toviooupe OTI
Ta Om Kal X €ival oTaBePEG TOU UAIKOU TWV OTTOIWV O1 TINEG PEVOUV QAVETTNPEQCTEG ATTO TO
OXNUOTIOUO ETTAPAG.

E@boov ErszErm, n emagn tou 2x. 3.9a dev BpiokeTal o€ 100pPOTTIA. £€ OUVONKEG
I00ppoTriag, n o1dBun Fermi o€ éva UANIKO A éva oUVOAO UAIKWYV O€ OTEVA €TTAPN TTPETTEI VA
€XEl TNV idIa TIPN O€ OTTOI00NTIOTE BE0N PMECA OTO OUVOAO TWV UAIKWY. Zav ATTOTEAECHA, UETA
atmd éva TTOAU HIKPO Xpovike OidoTnua amd To OXNUOTIONO TnG e€magng, Ba apxioel n
METOQOPA NAEKTpOViwv aTTd TOV NuUIaYywyo oTo péTaAlo. H amwAeia nAekTpoviwv atmd Tov
nUIOYywyo dnuIoupyei i TTEPIOXA aTTOyUUVWONG Kevhp atrd eAelBepa @optia (BA. kal Tn
OXETIKA TTOPAYPAPO TTOU QVAPEPETAl OTNV €vVWOn p-n) Kal éva oAoéva aufavouevo @pdyua
OuvapIKoU TTou guTTOdICEl TNV TTEPAITEPW PON NAEKTPOVIWV atrd Tov nuiaywyd oTo PETAAAO.
AuUTO Ba ouvexioTel PEXPIG OTOU O PUBUOG PETAPOPAG NAEKTPOVIWY Yivel iBIog Kal TTpog TIG U0
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KaTeuBUvoelg Kal n oTdBun Er yivel idia oe 6Ao Tov dyko TnG BopAg. To TeAkd atroTéAeoua, To
EVEPYEIOKO BNAadN didypapua {wvwy yia pia 1I8avIKr eTTo@r JETAANOU-NUIaywyouU TUTTOU N JE
Ow>Ds, eaivetal oTo ZX. 3.9B. A onueIwdEi 6T

s = Dy - 3.14

otmou Ps cival TO PPAyUa dUVOMIKOU ETTIPAVEIAG TTOU CUVAVTOUV Ta NAEKTPOVIA TTOU £XOUV
evépyela ion pe TN o1aBun Fermi E=EF o1o pétalo. Edv emmavaAaBoupe To OKETITIKO yia TV
ema@n €vog PETAAAOU e nuIoywyd TUTTOU n OTToU OpwG 1oxuel Ou<Ps, AauBdavoupe 10
evepyelako didypappa (wvwy Tou Zx. 3.90.

= - -
Métairo T%f;{?_ LOQ Métairo H;fgﬁ 1{1%
'y ¥ T Ey [ I I Ey
X @
L E.
@M | EFS ¢M Ve ¢S
E;
E.
Erm E, Erm Ers
Ei
) Ev
(o) ()
E.
Er
E;
. E,
®) (®)

Zx. 3.9. Evepyelakd Siaypdppata {wvwv yia 1I3avikég eTa@ég MeETAAAOU-NuIaywyoU TUTTOU-n. MepimTwon
Oy>Ps a) apéowg POAIG oXNUATIOTE N ETa@n, B) o0& ouvlnkeg I0oppoTriag. MepimTwon Pu<Ps y)
apéowg PHOAIG OXNUATIOTEI N ETTAQR, §) 0€ OUVORKEG I00ppoOTTiag, [5].

Ag doupe Twpa TTOIOTIKA, Ti CUMPaivEl OTAV TTOAWCOUNE QUTWY TwV dUO TUTTWV TIG ETTAPES
TTou @aivovtal o1o ZX. 3.9. Ommwg @aivetal oto ZX. 3.10a, 0 nUIAywyog gival YEIWPEVOS Kal
oTo PETAANAO epappdleTal Taon Va. To pelpa | Ba Bewpeital BeTikG éTav péel ammd 1o PETAAAO
TTPOG TOV NUIaywyo.

‘Eotw mpwTta n emapr; Ow>ds. Egappdloviag 1don Va>0, omwg oto Xx. 3.108,
XaunAwvoupe Tn oTdBun Erm KGTw ammd Tnv Ers, PEIWVETAI TO @PAYUA BUVAUIKOU TTOU
BAETTOUV Ta nNAEKTPOVIA TOU nUIAYwWYoU, KOl ETTOPEVWG ETITPETTETAI MIA KoBapr) por
NAEKTpOViwv atd Tov nuIoywyd oto pETaAAo. Algnon tng Va odnyei oe €va ypriyopa
auéavopevo pelpa TTOAWONG, aYou vag eKOETIKA augavopevog aplBuodg nAekTpoviwy atd Tov
nNUIOYwyo uTTopei va utrepPei Ta @pdypa duvapikou. ATrd Tnv dAAn, epapudlovtag taon Va<0
UYWVvoupe Tn oT1adun Erm TTadvw atmd Tnv Ers, 6TTwg @aivetal oto Zx. 3.10y. ‘ETo1 epmmodiceTal
n porn NAekTpoviwv atrd Tov Nuiaywyod oTo PETOAAO. MepIKG nAekTpovia aTo pETaAAo Ba
MTTOPOUV va uTtepRoUV To @pdyua s, aAAd To OXETIKO pelua avaaTpo@ng TTOAwaONG Ba eival
TTOAU pIKpS. ETmimTAéov, agoUu 1o @pdyua s eival 1Idavikd 10 i010 yia OAeG TIG avAOTPOPES
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TTOAWOEIG, TO AVAOTPOPO PEUUA OVOUEVETAI VO TTAPApEVEl OTABEPO HWOAIG N avaoTpogn
moAwon Eemepdoel pepikd kT/Qe Volts. AnAadn, éxoupe pe GAAa Adyia Trepiypdyel Ta
XOPOKTNPIOTIKA MIoG avopBwrTIKrg 816dou, Kal UTTopoUuE va TToUE OTI N I1I0aVIK €TTagn
nUIaywyou TUTTou-n pe PéTaAro 61Tou Ov>Ps gival pia avopBwTIKA ETTA@N.
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Zx. 3.10. ATokpion TnG emaPNAg HETAAAOU-NUIaywyoU TUTToU-n pe Py>Ps uTTé oUVBNRKEG 0pBNG TTOAWONG. O)
OpIopo6g TNG TOAIKOTNTAG PEUUATOG Kal TAoNG, B) evepyeloko Sidypaupa JWVWV Kol JETATOTTION
@opiwv O6Tav Vo> 0, y) ) evepyelakd Sidypappa JwVwV Kal METOTOTTION QOopEwV OTav Va< 0, 8) yevikin
HOP®N TNG XOPAKTNPIOTIKAG peUpaTog-Tdong I-V, [5].

Ta TTpdyyoTa gival evieEAWS dIAQPOPETIKA yia pia eTTa@r PeTGAAoU-nuiaywyol pe Pu<Ps.
21NV TTEPITTTWON auTr] &gV UTTAPYEl KavEva @payua duvapikou (BA. Zx. 3.98) Tou va eutrodidel
TN Por| NAEKTPOViIWV aTTO TOV NUIaYwyo oTo PETAAAO. ETTopévwg, akoua Kal Jia pikpR Tdon
Va>0 Bivel éva peyaho opBd pedpa méAwong. Yo ouvlrkeg avdoTpopng TTOAWONG UTTAPXEI
€va PIKPO poévo @pdyua oTn por] nAekTpoviwv atrd To PETAAAO aTov nuiaywyo, aAAd 1o
@PAyHa auTd OUCIaoTIKA eagavifeTal €dv n avaoTpo®n TTOAwON LeTTepdoel PePIKA dEKaTa
Tou Volt. Avapévovtal Aoimév peydAa avaoTpo@a peUPATa OE OXETIKA MIKPEG QVAOTPOYES
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TdoEeIg TTOAWONG Kal TO avacTpo@o pelpa dev Ba gu@avifel KOpo. H ocuuTTepIPopd auTh gival
TTPOPAVWG PN-avOPBWTIKA A TTI0 CWAOTA €ival WHIKA OTTWG TN AEYE.

To TeENIKO ocupTTépaca gival 0TI pia 1Idaviki emagn JETAAAOU-NUIaywyou TUTTou N Ba gival
avopBwTIkh 6tav Pu>Ps kal WK otav Pu<dPs. E@apudlovrag 10 idI0 OKETTTIKO yia pid
€TTa@R JETAAAOU-NUIaywYyoU TUTTOU p, Bpickoupe OTI N eTTagr auTr Ba gival avopBwTiKA oTav
Pu<Ps kal wyikA 6tav Pu>Ps. Ta cuptrepdopara autd cuvoyidovtal atov lNMivaka 3.1.

MNivakag 3.1
HAekTpik ®Uon 16avikig ETragng MerdAAou-Hulaywyou
Hpioywyoég Tutrou-n Hpiaywyog To1Tou-p
Om>Ps AvopBwTIKN Quikni
Pu<Ps Quikn AvopBwTIKA

3.9. 'TEvwon Hulaywywv

Oa efeTGOOUPE OTN OUVEXEID TN OCUUTTEPIPOPA Twv “evidocwv” OSU0 NUIaYyWYWvV
O1apopeTIKOU TUTTOU, TIG OTTOIEG OVOUAJOUME EVWOEIG DIAQOPOTIOIVTAG TIG OTTO TIG ETTAPEG
TTOU HOG atmracyOAnoav PEXPI Twpa. TNV TTapdypa@o auTr, Ba efeTGooUPE PEPIKA aTTO TO
onuavTikOTEPO  QaIVOPEVO TTOU eP@avifovtal o€ MiIo TETola €vwaon, woTe afiacta Kal
(PUOIOAOYIKG VO KOTOVOINOOUWE, OTIG ETTOPEVESG TTAPAYPAPOUG, TNV TTOAU ONPAVTIKN AgIToupyia
MIOG TETOIOG €éVWONG WG avopBwTIKAG dIATAgNG.

Me Tov 6po eTTa@r] €vvooUPE TNV KATAOTAON OTNV OTIOi Ol ETTIPAVEIEG BUO OTEPEWV
épxovtal o€ TTAAPN ETTOQ JETAEU TOUG KON Kal OTAV N ETTOQI AUTA £XEI TTPAYUOTOTTOINOEI eV
Bepuw (Me kaTtToIa OTTO TIG HEBGBOUG KATAOKEUNG TToU Treplypd@ovTal aTto MNapdptnua A). Mia
TéTOIA €TTAPN, OTTWG avapEépape Ndn, Ba €xel éva oTpwpa PETARAoEWS, TTOAU AeTTTO BEBaia,
pMéoa OTO OTroio eu@avifovTal dIAPoPES evwoelg OTTWG o&eidia, Ta oTroia yivovtal TTayideg
NAEKTPIKWV POPTIWV.

Me Tov 6po “évwan nuiaywywv”’, f €vwaon p-n, EVVOOUUE TNV KATACTACT KATA TNV OTToia
avaueoa o€ OUO TUAUOTO €vOG Kal Tou auToU KPUOTAAAIKOU nuiaywyou Trapoucidfovial
OopIKEG BlapopEg péoa oTo TTAEyPa. AuTo cupfaivel ouvRBwg 6Tav To éva THAUA gival TUTTOU
p Kai To GAAO TUTTOU N.

Mia évwon p-n Aoimmév, eival n TapdBeon dU0 TTEPIOXWV QVTIBETWY TUTTWY, EVOG KAl TOU
auTtoU PovoAIBIKoU nuiaywyou. e pia TéTola évwan, N ouykEvipwaon Na atTodekTwy Kai Np
O0oTwv PETABAAAETAI KATA PAKOG TNG. ZTNV TTeEpIoxn TUTToU p Ba emikpaTei N Na (Na- Np > 0),
evw otnv Treploxr) Tutou n Ba emkpatei N No (Na- Nb < 0). Av kai To TTépacua aTré Tov éva
T0TTO OTOov  GAAO  yivetal TTpoodeuTikG  (“dlaBaBuiopévn  emaen”. graded junction),
OIEUKOAUVOUAOTE TTOAU OTOUG UTTOAOYIGHOUG av Bewpriooupe OTI TO TTEPOCUA OTTO TOV éva
TUTTO OTOV GAAO gival atrdTopo (“atrdétoun ema@n”: step junction).

21N ouvéxela Ba Bewprijooupe OTI TO TUAMA p TTEPIEXEI MOVOV ATTOOEKTEG OMOIOUOPPA
katavepnuévoug (Na), evw 1o TUANA n povov d6teg (Np). ToTe, n €évwon ptropei va BewpnOei
OTI TTPOKUTITEl ATTO TNV ATTA €TTAPN €VOG TUAMATOG P HE €va TUAMA N, av KAl auTd eV apKEei
ylaTi XpeIadeTal N OUYKPUOTAAAWGN (METAAAOUPYIKN €TTA@A 1 évwaon OTTWG BIEUKPIVICAUE TTIO
Tavw). 2710 €€NG, OTT0TE Ba AvaPEPETAI O OPOG ETTAPH p-n Ba gvvoeiTal TTAVTOTE OTI MIAGUE IO
€vwon p-n, 6TTWG POAIG TNV opicape, Kal yivetal auTté yia Adyoug opolopop@iag o€ 6,T1 apopd
TNV opoAoyia pe dAAa BiBAia TTou diatrpaypatedovTal Tn OXETIKN Bswpia.

3.9.1. Auvapiké eTa@ng

Mpiv TTPOXWPATOUNE GTOV OPIGHO Tou SUVANIKOU £TTAPAG piag 816dou, Ba TTouuE opiouéva
Tpdypata  yia TG olovei-oTd0ueg Fermi  (quasi-Fermi levels). O1 oT166ueg autég
XPNOIYOTTOIOUVTAIl VIO VA XAPAKTNPIOOUV TIG OUYKEVTPWOEIG POPEWV OE €vav nuIaywyo, O
0TT0i0G OUWG dev BPioKETAI O OUVONKEG BEPUOBUVANIKNG ICOPPOTTIAG. Zav TETOIEG EVVOOUVTAI
Ol OUVOAKEG TTOU ETTIKPATOUV OE €vav nuiaywyo Katd Tn diEAeucn peupaTog dIAUECOU TOU
(e@apuodlovrag opbry moAwon omwg Ba douue TTapakdTw), f oI OuvOAKeg OTav €vag
NUIOYWYOG @wTiCeTal Ea@vika atrd eEWTEPIKN OKTIVOBOAIQ pe aTToTéAecpa va Trapdyovtal
ouveXWGS Celyn QOPEWV NAEKTPOVIWV-OTTWV HPE KATTOIO puBud O OTTOI0G CUVEXWG augaveTal
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MéXpI va @Bacel KaTTola KatdoTaon 1I0oppoTriag. TIG TTEPITITWOEIG QUTEG, KAl YEVIKOTEPA TNV
KatdoTtoon €vOG OUOTAPOTOG EKTOG I00PPOTTIOG, OOUVOTEI va TIEPIYPAWEI TO EVEPYEIAKO
didypappa {wvwv o€ IcoppoTria TTou £xel d0B¢ei o1o ZX. 1.10. MNa Tnv akpipeia, n otddun Fer-
mi opifeTal povo yia €va oloTnua o€ BepuOBUVAMIKY 1I00PPOTTia Kal eV UTTOPEi va
xpnoigotroinBei yia va uttohoyiooupe, A.x. amd Tig axéoelg 1.17 kal 1.22, TIG OUYKEVTPWOEIG
POPEWV eVOG OUOTAPOTOG EKTOG ICOPPOTTIAG.

Eivar opwg duvard, va pnv xabei n ammAdTNTa TOU va PTTOPOUPE VA UTTOAOYICOUME TIG
OUYKEVTPWOEIG TwV QOpEwv atrd TO evepyelakd Oldypapua {wWVwv O OUVONKEG €KTOG
I00pPOTTIag, KAVOVTAG XPAoN Twv olovei-oTabuwy Fermi. Autd emiTuyxAveral ye TNV €1I00ywyn
OUo evepyelokwy oTaBuwv Ern (n olovei-otdBun Fermi yia ta nAektpdvia) kai Erp (N olovei-
otaBun Fermi yia TIG OTEG), OI oOTroieG € OpIoPoU OuvdEovTal ME TIG QVTIOTOIXEG
OUYKEVTPWOEIG POPEWV EKTOG ICOPPOTTIAG, YE TOV iDIO TPOTTO TTou N oTdBun Fermi cuvdéeTal
ME TIG OUYKEVTPWOEIG @Opéwv OTnv Icoppotria. Me d&AAa Adyia dnAadn, KAvOupe Tnv
TTapadoxr OTi E0TW Kal av To oUoTNUA Eival EKTOG ICOPPOTTIAG, 0 TTANBUCUOG TwV NAEKTPOVIWY
Bewpolpevog wG OUVOAO Kal aveEdpTnTog aTmd TIG OTIEG, PpiokeTal o€ BepPodUVANIKN
IcoppoTria (dnA. o avd povada Oykou TTANBUGHOG nAekTpoviwv Ba €xel PIA CUYKEKPIYEVN
TENIKN TIUR OTav e€lcoppoTinBolv o1 JIadIKACIEG YEVECEWG KAl €TTavacUvdeONnGg), n OTroia
QVTIOTOIXEI O€ pIa TENIKF KOTAOTOON OUVAMIKAG 100pPOTTiaG PETA ATTd TNV €PAPUOYR TOU
apxikou epeBiopaTog (6TTwg A.X. TNG PONG PEUNATOG ) TNG OKTIVOBOANONG Tou nuiaywyou). Ta
idla 10xU0OUV QUOIKA Kal IO TIG OTTEG, PE OTTOTEAEOUA VA MUTTOPOUME VO €QAPPOCOUUE TIG
oxéoeig 1.17 ka1 1.22 ka1 oTnV TTEPITITWON TTOU 0 NUIAYWYOS €ival EKTOG 1I00PPOTTIAG, AV OTN
0¢éon Tng o1d0uNG Er avTikataoTAoouUE TIG Olovei-oTaBuES Fermi, Ern kKal Erp yia TIG TTEPIOXEG
TUTTOU N KaI p, QVTIOTOIXO.

Mo cuykekpipéva, n AoyIKr TNG BepUOdUVAUIKNG I00PPOTTIAG TWV NAEKTPOVIWVY KAl TwV
OTTWV KaI N CUVETTAYOPEVN Xprion Twv olovei-otabuwyv Fermi, Bacifetalr oTig akdAoubeg duo
TTapadoyEg:

— Ta nAekTpovia gival o Beppoduvapikr) IcoppoTTia oTn {Wvn aywyludTNTAG Kal Ol OTTEG ival
o¢ Oepuoduvapikn 10oppotria otn {wvn oBévoug. AuTd onuaivel OTI oI Qopeig dev
AauBdvouv atrd, ouTe Kal atrodidouv evépyeia oTa ATOUO TOU KPUOTAAAOU.

— O xpovog eTavacuvdeons NAEKTPOViou-0TTAG, gival TTOAU peyaAUTEPOG aTTO TOV XPOVO TTOU
aTTaIToUV Ta NAEKTPOVIO KAl Ol OTTEG WOTE va @BAcOoUV C€ 100pPOTTia PEGA aTn Qwvn
AywyIuoTNTOG KAl 08€Voug, avTioToIXa.
2TIG TTEPICOOTEPEG EPAPUOYEG, O XPOVOG TTou XpeIdovTal Ol QOpPEig yia va @Bdacouv o€

I00ppoTria péoa o€ pia ¢wvn €ival TNG TAENG MEPIKWY pSec, eV 0 XPOVog ETTavaoUVOEONG

NAEKTPOVIOU-OTTAG €ival PeTagU PEPIKWY nsec £wg Aiya usec.

Ag emmavéNBoupe Opwg atnv évwaon p-n. Otwg €idaue otnv § 2.4.1, Ol CUYKEVTPWOEIG
1coppoTriag, (dnA. xwpig eEwTepIkn BIEyepon), NAEKTPOVIWV N Kal OTTWV p KABWG Kal n
ékppaon Tng otadBung Fermi, Er kal Erp, OTIG TTEPIOXEG TUTTOU N Kal p, avTioTolxa, divovTal
amod

n=n,-expl(Eg —Eg)/KT] A Er =E¢ +kTIn{£J 3.15

p=n;-exp[(Eg —EFp)/kT] n EFp =E¢ —kTIn[nRJ 3.16
I

210 Zx. 3.11a @aiveTal N KATAOTAON TWV EVEPYEIAKWY CWVWYV TWV TUNUATWY p Kal n, TPIV
va OXNUOTIOTEN N ETTOQN p-n, PE TIG DIOPOPETIKEG PETAEU TOUG evepyElakEG OoTABUESG Fermi, Ern
Kal Erp TOU KOBeVOG TuRpaTog. OTav ol dUo TTEPIOXES P KAl N oXnUaTioouv évwaon p-n, TOTE
TIPETTEl UTTOXPEWTIKA VO QTTOKTACoOUV Tnv idla otdBun Fermi Er. Autd Ba cupBei d16TI
Ola@opeTIKA, oTa didgopa onueia Tou idlou UAIKOU n ouva@ptnon Fermi f(E) Ba eixe
BIaQOPETIKA TIPA, BNA. N MOAvVATNTA KATAANWNG TwV SIAPOPWY EVEPYEIOKWY KATAOTATEWY Ba
ATav SIAQOPETIKA Kal 01 Popeig Ba Tryaivav va avakaTaTaxBolv OTIG EUVOIKOTEPEG OTABEG.
AUTO GAAWOTE YiveTal TIG TTPWTEG OTIYMEG TNG évwong (BA. Zx. 3.11B). Tnv aAAayr| TTou €xoupe
OTIG EVEPYEIOKEG OTABUEG Ec kan Ev, ytTOpOUUE Va TN dOUPE QUOIKOTEPA, AV OKEPTOUUE OTI PETA
TNV QTTOKOTACTOON ETTAPNG Ol CUYKEVTPWOEIG OTTWV Kal NAEKTPOViWY yUpw atTd TNV £Ta®n 6a
TTapouciadouv amdToun acuvéxela. H diagopd autr) cuykévipwong odnyei o€ didxuon mou Ba
TeiVEl va KaTapyroel TNV avicokatavour] auth. ‘ETol, ommég 8’ apyioouv va ptraivouv abpoa
ammd TO TUAMO p OTO N, QOPTICOVTAG TO OETIKG, evw NAEKTPOVIG OTTO TO TUAWA n OTO P,
@opTICOVTAG TO apvnTIKA. Ta TTPOoBeTa NAEKTPOVIA OTNV TTEPIOXA P TTPOKAAOUV Tnv aviywaon
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OAwv Twv oTaBuwy (cuutrepiAapBavopévng Kal Tng oTdbung Fermi) evw Ta TpooBeTa OeTIKG
@oprTia (0TT€G) pECa TNV TTEPIOXA N TTPOKAAOUV TNV TITWON GAWV TwV GTABUWV.

Evépyewa p (o) "
Zovm Zoan
Ayoypomrog Ayoypomrog
Ec 000000 |

¥ \ EFn
Efrp \

¥ I 9]
0000 00O P n
Zovm Zfi)vn
20évoug 20£voug Eer
®
Er Er
Pon niektpoviov P
E G 00 00 0000 "loooo oo
¢ Ern 00 .
EFp
Ev DO OO OO0 OO =ep
Pon oncdv

Zx. 3.11. MeTd TNV AITOKATACTACH ICOPPOTTIAG OTN PON OTTWV Kal NAEKTPoViwyv, n oTdéun Fermi ota 0o
THAMOTA EUBUYPOPMIJETAI EVW OTA AKPA TNG ETTAPNG ENPaVifeTal Siapopd duvauikou V, [14].

H porj auTr) Twv NAEKTPOViwY TTPOG T apICTEPA Kal OTTWYV TTPOG Ta Oe€IG Ba CUVEXIOTE £Wg
Ootou ol oTdBueg Fermi @tdoouv oTo idlo etrimedo. Otav cuuBei autd Ba atTokaTAOTOOE]
ICOPPOTTIa AVAUECT OTO TUAMA p KAl TO TUAMA n, Kal Ba éxoupe Ern — ErF kal Erp — EF, OnA.
Ern = Erp. Mg dAAa AOyia, n pony Ba oTapaTtAcel govov otav n diagopd duvauikou Vo, TTou Ba
avamTuxBei peTagl Twv dUO0 TUNUATWY, YIiVEI OPKET WOTE O QVTIOTOIXOG @PAYUOS va
“eumodicer” Tnv o Tépa diaxuon. Tnv 1don autr] Vo, TTOU PTTOPOUNE VO DIATTIOTWOOUNE OE
avoIXT0 KUKAwpa p-n, TNV ovoudfoupe TGon €TMAQAG KAl QVTIOTOIXEI OTN WETATOTION TWV
EVEPYEIOKWY OTABUWY KaTa Eo 6TaV Ta dU0 TUAMATA atToKTACOUV Thv idIa EF.

211G véeg Béoeig éxoupe (BA. Zx. 3.11y)

E, -E, =E, -E, =E 3.17
oTToU Eo = — Qe-Vo 3.18

MNa va utroAoyiooupe Tnv Eo kal TNV TG0N €TAQAG, £Qapuoloupe dUo gopég Tn oxéon 1.17
yla Tn OouykEVTpwon nAekTpoviwv. Mia yia 1o TPAYa n Kal pia yia 1o TuApa p. Aiaipwvtog
€XOUNE, M€ XpAon kai Tng 3.17

N —-eg KT gk 3.19

Avaloyn oxéon Byaloupe Kal yia TO TTNAIKO TwV CUYKEVTPWOEWY OTTWV Pp/pn. AUVOVTAG WG
TTpog Eo £xoupe TENIKG

E, =kTIn™ —kTIn "2
n, Pn
O1wg 6pwg €xoupe AON O¢l, yIa TIG CUYKEVTPWOEIG NAEKTPOVIWY OTa TUAPOTA TUTTOU N KAl
2
p, IoXUel avTioToIXa: Nn = Np Kal Ny = S—' . AvtikaBioTtwvtag otnv 3.20 Traipvoupe yia 1o Eo
A

3.20
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E, = lenw 3.21
n;
Vo =<in ND':A 3.22
Q. n;

ATO Tnv 3.22 utropei €UKOAa va dlIamoTwOEl OTI N TAon €TTAPAG €ival ouvapTnon Tng
Bepuokpaciag T, Twv CUYKEVTPWOEWV TTpoopeifewv Nb, Na kal TnG @UONg Tou nuiaywyou,
EKTTPOOWTINMEVNG ATTO TO EVEPYEIOKO XAOoPa duvapikoU Ec. TUTTIKEG TIMEG TNG TAONG ETTOQPNG
Vo givai yia To Ge 0.1-0.2 V ka1 yia 10 Si 0.4-0.7 V.

3.10. Aaitoupyia piag évwong p-n

Oa TTPOXWPHAOOUNE OE WIa TTOIOTIKA KAT apXAVv KAl TN CUVEXEIQ O€ TTOOOTIKA TTEPIYPA®N
NG AeiImoupyiag piag évwong p-n. Oa avalntrooupe dnAadn TToid Ba gival n XapakTnpPIoTIKN
KQUTTUAN pevpatog-taong I-V piag d16dou p-n, Kal Ba @avei €701 TTWG TTPOKUTITEI N YVWOTH
avopBwrTikr) dpdon piag Evwaong p-n.

3.10.1. Popria, wEdio Kal TAON YUPW ATrO TRV AVOIXTOKUKAWMEVN Evwon p-n

210 ZX. 3.120 @aivovTal Ta gvepyelakd dlaypaupaTa {wvwyv yia TIG TTEPIOXEG P KAl N YIAG
£vwong p-n, Xwpig TTOAwaon, o€ ouvdpTnon PE TRV ammdoTaon X atd Tov agova Tng £Vwong.
210 apIOTEPO PEPOG TNG £VWONG BPICKETAI O NUIAYWYOG TUTTOU p JE TTUKVOTNTA OTTOSEKTWV Na
Kal 010 B€e€I0 NEPOG O NUIAYWYOG TUTTOU N PE TTUKVOTNTA doTwV Np. XTNV TTPAyUaTIKOTATA N
peT@pBaon amod tnv TukvotnTa Na oTnv TTUKvOTNTa Np aKOAOUBE pia KOUTTUAN TTou €€apTaTal
atrd 1 péEBodo KATAOKEUAG TNG £vwong. ESW Opwg, yia va atrAOTToINCOUNE TNV GVOAUTIKN
avamTuén Tou Bfépatog Xwpig onuavtiké OQAAUG YEVIKAG ETTOTITEIOG TWV TIPAYUATWYV
Bewpoulpe TN YeTdBacn atmod Tov NUIaywyo p, dnAadr atmd Tnv TTUKvOTNTa Na, GTOV NUIAYwYyo
n, dnAadn otnv TTukvoTnTa Np, aTTéTOUN KAl 0AV VA CUVTEAEITAI TTAVW OTOV GEova TNG Evwong
(To 18eaTd dnA. eTTiTedo p€oa oTo UAIKO o€ OAQ TA ONUEIa TOU OTTOIOU N TTUKVOTNTA TWV OOTWV
gival ion pe TNV TTUKVOTNTA Twv ammodekTWwyV). MNavw oTov dfova autov akpIBWG To UAIKO
OUUTTEPIPEPETAI OOV KABapOG nuIaywyog. MpakTikd autd dev cupfaivel atmoAUTwg aAAd n
METABOTIKA TTEPIOXN €ival TOOO PIKPH WATE VA TNV APEAOUE.

E
Iepoyn npoywyon X TIeproyn nuaywyod
TOmoL p 0F— TOmoL 1
" 0 tn
E Kotavoun erevbepov
cp _ _ _ & nlextpoviov
Qe Vo " Zovn
n AYOYLHOTNTOG
-y — — = — — Ecn
CHCICICIOI®)
QOO sadym Fermi! ¥
Ey, + + 5 4+ + + + F + Amayopevpévn
Zdvn
Po 0"
Y. \\ @ v Eun
+ +
Katavopn elevfepav Pn Zf:bvn
onGv oBévoug

Zx. 3.12. Evepyelakd diaypdupara {wvwv ETTAQNAG p-n € Ic0ppoTTia, SnA. Xwpig TéAwon, [16].
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MvwpiCoupe ma, Twg 6Tav £pBel o€ €TAQPN €va TUAKG NUIaywyou TUTTOU p ME éva TUAMA
nuIaywyou T0TToU N Ba cuPBEl KAPWN Twv evepyelokwy {wvwyv, OTTWG @aivetal oTta Xx. 3.11
Kal 3.12. Ag peAetriooupe Eava TTWG TTPOEKUWYE auTO TO atroTéAeopa. MNa pia 1Idavikh atToTopn
Bnuartikn emagn (step junction), avauével Kaveig o1 TTEPIOXEG TTOU BpiokovTal pakpId atrd Thv
évwon va dlaTnpolv ToV XOPOKTAPA TwV HEMOVWHEVWY QAVTIOTOIXWV TUNPATWY TOU
nuiaywyou. ‘ETol, Ta evepyeiakd diaypappaTa (uwvwv yia TIG TIEPIOXEG aUTEG Ba gival OTTwG OTO
2x. 3.11a. Mg 10 610 OKETITIKO PTTOPOUME VO TTOUPE OTI oI &EveEG TTPOOUEIEEIS (BOTWV N
ATTOdEKTWV) dlatnpouv oTaBepn TTUKVOTNTA PEXPI TOV dEova TnG évwong. AvTiOETa pe auto Kal
emmeIdn e€lowvetal n otddun Fermi (61mwg avamtugape otnv § 3.9.1) Twv dU0 NuIaywywyv, dev
diarnpeital otaBep N TTUKVOTNTA TWV QOPEWV OTNV TTEPIOXN TNG évwong yUpw aTmo Tov
afova. ZTnv TrEPIOXN QUTH, KAl a1td TIG OUO HEPIEG TOu Afova Tng évwong €XOUuE HIa
METARATIKA KATAOTACT YIA TIG OTAOUEG TWV EVEPYEIAKWY CWVWV. £’ QUTAV TNV TTEPIOXN YiVETal
N TTPOCAPUOYRA TWV OpiwV TWV {WVWV aywyiuéTnTag Kal 6B€voug Tou nuiaywyou TUTTOU p OTIG
QVTIOTOIXEG OTABUEG TWV OPiWV TwV {WVWV TOU NUIaywyou TUTTOU N.

H Teploxn auTn TNG TTPOCAPUOYNG EXEl TIAGTOG (=(p+/n OTTO TO OTTOIO TO /p €ival €O GTOV
nUIOywyo TUTTIOU p Kal TO /n péoa OTOV nuiaywyo Ttomou n. H xdpagn tng KaptruAng
MeTaBdoewg Twv opiwv Twv {wvwv akoAouBei KATTOI0 VOUO O OTT0IoG OPWG Oev HOg
evOIaQEPEl OTN PHEAETN PJOG AUTH) TTOU ATTOOKOTIEI JOVO OTO va PAG OWOEI PIA YEVIKI EVTUTTWON
até auTd TTou cupBaivouv péoa o€ Jia évworn p-n. I’ autd, N KaPTTUAN HETARBACEWG TTOU £XEI
xapaxOei ato Zx. 3.12, dev €xel AAAN onuacia Tapd va d€ifel 6Tl KATA KATTOIO TPOTTO Ta OPIa
TwV {WVWV Tou nuiaywyou TUTToU N, Ecn kail Evn, peTapaivouv ota avriotoixa Eep Kal Evwp TOU
nuIaywyou TUTTOU p.

H mepioxn yUpw amd tov dfova Tng évwong Aéyetal oTpwpa n {wvn petapdoewg, O16TI
Méoa o’auTryv yivetal n ueTARaon atrd 1o €va €idog opiéwv 010 AAA0. AnAadr, evw TT.X. OeCId
atrd Tov dova EXOoupE PECO OTOV NUIaYywyO TUTTOU N NAEKTPOVIA oav QOpPEiG TTAEIOVOTNTAG UE
MeYAAn TTuKvOTNTA, ApPIoTEPA atmd Tov Afova, HECa OToV NuIaYywyod TUTTOU p Ol POPEIG auToi
QPAIWVOUV KOI WETATPETTOVTAI O QOPEIG MEIOVOTNTAG WE MIKPA TTUKvoTnTa. Opoiwg, evw
aploTePd aTTd Tov Agova EXOUNE HECA OTOV NUIaywyo TUTTOU p OTTEG OaV QPOPEIG TTAEIoVOTNTAG
M€ MEYAANn TTukvoTNTa, O€fId amd autdv pEca OTOV N Ol POPEIG QUTOi aPAIWVOUV Kal
METOTPETTOVTAI O€ QYOPEIG PEIOVOTNTAG PE MIKPNA TTUKVOTNTA.

AnAadn péoa otn Cuvn PETARAOEWG, TTOU €xEl OTTWG EiTTaPE TTAGTOG ¢, yiveTal Yia apaiwaon
1l aTToyUPvVWaoN Kal Twv dU0 Qopéwv, OnAadn Kal TwV NAEKTPOVIWV Kal TwV OTTWV Kail yI' auTtd n
Cwvn auth) Aéyetal Kal Treploxn atmoyUpvwong 1 apaiwong. BéBaia n amoyluvwon autn
aKoAouBei KATToI0 VOUO, €uEiG OUwG yia Tnv oTTAoTroinon Tng avaAuong Kal Xwpig va
Buoidooupe TRV 0pBATNTA TNG YEVIKAG ETTOTITEIOG TWV PAIVOUEVWY, JTTOPOUUE Va BEWPATOUUE
OTI yéoa o’ autr) TNV TTEPIOXN N atmmoyUuvwon Kal Twv 800 @opéwv eival TTAAPNG, dnAadn 6T
Méoa @’ auTh Oev uTTApPXOUV NAEKTPOVIA Kal OTTEG. Katd auvéTTeia, deXxOuaaTe OTI TO UAIKO TwV
NUIOYWYWY G’ OAGKANPN TNV TTEPIOXA OTTOYUUVWONG CUUTTEPIPEPETAI OAV POVWTIKO UAIKO,
TTPAyHa TToU ETTAANBEUETAI KOl OTTO TTEIPAUATIKEG TTAPATNPCEIG.

2ZUPQWVa PE TA TTOPATTAVW, WTTOPOUME VA CUUTTEPAVOUNE Ta akOAouBa. A@ou E€xoupue
0exBei OTI N TTUKVOTNTA TWV QOPEWV TTAEIOVATNTAG EVOG NUIOYWYOU Nn 1 pp Eival ion TTePITTOU
e Tnv TTUKvOTNTO TIpoopEiiewv Nb i Na avTioToixwg, Ba éxoupe o€ KABe onueio Tou
nuiaywyou €va UANKO nAekTpIKG oudétepo. AUTO vyiaTi KABe apvnTIKO NAEKTPOVIO
avTIoTaBPICeTal NAEKTPIKA aTTO €va BETIKO 16V OOTOU Kal KABE BETIKA OTTA aT1Td £va apvnTikO 16V
atrodékTou. Ta 16vTa auTd eival eviaypéva PEOa OTO KPUOTOAANIKO TTAEYUQ Kal ETTOPEVWG Eival
apetakivnTa. Otav Aoirév o€ pia TTEPIOXT TOU TTAEYUATOG apPAIWOOUY Ol POPEIG, TTAPAPEVOUV
TA I6VTA XWPIG NAEKTPIK avTIOTABUION Kal €TO1 N TTEPIOXA QUTA €P@AvICETal JE TO AVTIOTOIXO
NAEKTPIKO POpTIO.

210 ZX. 3.13, ouvoyiletal TTAPACTATIKA N KATAOTAON TWV NAEKTPIKWY HEYEBWV pIag
Evwong p-n xwpig eCwTepIkO duvapikd (avoixtr ema@r], dnA. Xwpig €@apuoyr €EWTEPIKNAG
Tdong). 210 Xx. 3.130 £xouv TTapacTaBEl TA QOPTIa TWV AKivNTWYV 1IOVTWY PECA OTNV TTEPIOXT
atroyupvwong tTng évwong. O agovag Twv X gival opIfOVTIOS Kal €XEI TNV Apxr] TOU TTAVW OTOV

agova NG évwong. ApioTepd aTtd Tov dova auTtév Kal atto Tn B€an -4 €wg 10 0 éxoupe péoa
OTOV NUIaywyo TUTTOU p apaiwaon OTTWYV KAl CUVETTWGS apvNTIKA QOopTia atrd Ta apvnTIKA 16vTa
QaTTOOEKTWV. H XWpPIKA TTUKVOTNTA QUTWYV TWV QOPTIWYV €ival CUVETTWG 00N Kal TWV ATTOOEKTWY,
onAadn Na. Ae€id o116 Tov déova Tng évwaong Kai atré 10 0 £éwg Tn B€on +/n £XOUPE PEOT OTOV
NUIAYWYoO TUTTOU N apaiwaon NAEKTPOVIWV Kal CUVETTWG BETIKG QopTia atrd Ta BETIKA 16vTa Twv
doTWV. H XWPIKN TTUKVOTNTA QUTWV TWV QOPEWV Eival CUVETTWG ion PE TNV Twv oTwV Nb.
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Zx. 3.13. HAekTpooTaTikd MeEYEBN yUpw amoéd TNV €mMAQR p-n 0t OUVOAKEG I00ppoOTTiag. a) Aldypappa
EVEPYEIOKWYV JwVWwV, B) NAEKTPOOTATIKO SUVAUIKO, Y) NAEKTPIKS edio, &) TrukvoeTnTa QopTiou, [5].

‘ETO1 OTnV TTEPIOYXT ATTOYUUVWONG O NUIaywyog TUTTOU p EP@AVICETAI UE apvNTIKO QOPTIO
KAl 0 nuIaywyog TUTTOU N PE BETIKO QOPTIO. 2TO OXAMA QaiveTal N KAPTIUAN PETABOAAG TNG
XWPIKAG TTUKVOTNTAG QOPTIOU TTOU €ival OTTwWG TTPOKUTITEI atmd Ta TapaTrdvw -QeNa oTnv
Treploxrn amoé -fp £wg 0 kal + QeNb oTnv TepIox atmod 0 €wg +/n. Zav CUVETTEIQ TWV QOPTIWV

aQuTWV yUpw atrod Tov agova Tng £vwong, TTPOKUTITEI OTI eKEl Ba eTTIKpATEN Kal éva avTiOTOIXO
. , , , . . . dv p .
NAekTpIKG TTEdiO (TO OTTOIO PTTOPEl va UTTOAOYIOTEl ammd Tn oxéon E = ™ = |=dx, omou p
X g

gival n TTUKVOTNTA QOPTiOU), Kail n oXEeTIKA d1a@opd duvauIKou (n OTToia YTTOPEi va UTTOAOYIOTEI
amé 1 oxéon V, = —j Edx ) avapeoa otoug 800 nuiaywyoug, GTTwe autd gaivovTal oTa .

3.13B kai 3.13y.

ATTO 110U OUWG TTPOEPXETAI TO NAEKTPIKO POPTio yUpw atmd Tov dgova Tng évwong; Na pia
akéua TToIoTIKN €€nynon. ‘Eotw AoImmov OT1 apXIKA O TTEPIOKEG P KAl N €ival ATTOUOVWHEVEG N
Mia a1rdé TNV GAAn, OTTwg @aivetal 1o ZX. 3.14. e KAOe pia a1 TIg U0 QUTEG TTEPIOXES I0XUEI
OTI TO OUVOAIKO TnG @opTtio eival Pndév. 210 UAIKO TUTTOU p oI BeTIkEG OTTEG (ONA. Ta @)
avTioTaBuifouv Ta akivnta apvnTiKa @opTia amodekTwv (dnA. Ta [] ). Opoiwg, oT1o UAIKO
T0TIOU N Ta apvNTIKE NAeKTPOVIa (SnA. Ta O ) avtioTaBpidouv TravTol To akivnTo BETIKG POPTIO
TWV Io0VIOPEVWY doTWV (ONA. Ta ).

duaioloyikd, epdaov UTTAPXOUV TTOAU TTEPICOOTEPEG OTTEG OTO TUAUA TUTTOU P atrd OTI OTO
TUAMA TUTTOU N, o1 OTTéG apXifouv va dlaxEovTal ammd To THAPA TUTTOU P OTO TUAPO TUTTOU N
apéowg POAIG Ta dUo TURuaTa oxnuatioouv évworn. Opoiwg, NAeKTPOVIa aTrd TO TUAPA TUTTOU
n dlaxéovTal TTPOG TO TUMMA TUTTOU p. Av Kal, Ta nAekTpdvia Kal o1 oTrég dlaxéovTal TTPOG
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avTiBeTeg dieubuvoelig diapéoou TNG évwaong, ol BOTEG Kal Ol aTTOdEKTEG TTapapévouv oTabepd
OTIG B£0EIG TOUG.
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Zx. 3.14. ZXNUATIONOG £€VvwONg p-n KOl OVAKATAVOUR TOU opTiou. A) ATTOHOVWUEVEG TTEPIOXESG P Kal n, B)
d1dXuon nAEKTpoviwv Kal oMWV Blapéoou Tng &vwong, Y) OITOKATAOTACN I00PPOTTiag Kal
AVOKATOVOUN TOU OpPTiou, §) TTUKVOTNTA POPTiOU OCUVAPTACEI TNG BE0NG YUpw a1rd TNV évwon, [5].

Katd ouvémeia, n diaxuon Twv €AeUBepwyv QOPEWY POKPIA atrd TNV £Evwan a@AvEl HIa
TTUKVOTNTA POPTIOU 16VTWY JOTWV Kal OTTOSEKTWY N oTToia dev avTIoTABUICETAl, OTTWG @aiveTal
oT1o Zx. 3.14y. H 1repioxn autr, GTnVv OTToia aTTOPEVOUV TA NAEKTPIKA QOPTICUEVA 10VTA SOTWV
Kal ammodeKTwy, €ival autr) TNV oTroia ovopdoape TrepIoX atroyUpvwong. ©a TpETTEl va
EMONMAVOUNE, OTI N dIaxuon €AeUBepwv QOpEwv CuvexiCeTal PEXPI TO CNUEIO TTOU aQUTH
avTioTaBpideTal evieAwg atmd Tnv oAioBnon @opéwv, Adyw Tou avATITUGOOPEVOU NAEKTPIKOU
mediou TTOU avTiITiBeTal oTnv Kivnon Twv @opéwv. O1 €MUEPOUG OUVIOTWOEG PEUPATOG
oAigBbnang kai dlayxuoewg TPETel Befaiwg va aAAnAoavaipolvtal WATE TA AVTIOTOIXA peUuATA
Jn Kai Jp va gival To KaBEva EeXwPIoTa PNdEV UTTO OUVBRKEG ICOPPOTTIAG.

>uvouyi¢ovtag AoITTOV YTTOPOUNE va ETICNPAVOUNE T aKOAOUBA yIa PIa AVOIXTOKUKAWUEVN
évwan p-n:
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" Adyw dioxuoewg ommwv Tpog Ta eI (p—n), eCoudeTepwovovTal (eTavacuvdiovTal) Ta
NAEKTPOVIO PEXPIG EVOG BABOUG ~fn TOU nuiaywyou n. H Trepioxn gopTifeTal €101 OETIKA.

AvaAoya oupBaivouv atmd Tn didXuon NAEKTPOVIWY TTPOG TO TURANA p (aPVNTIKH @OPTION).
‘ET01, pia TTEPIOX YUpW aTTd TNV €VWOT ATTOYUPVWVETOI TTPOKTIKG aTTO (POPEIG, TTEPIOXN
QATTOYUUVWONG, EVW OUYXPOVWG euPavideTal va SITTOAIKO gopTio xwpou, ZX. 3.14p.

= Y70 XWpPo autd yUpw améd Tnv emaQn ep@avifetal NAeKTpIkO Tedio £ pe péyioto évraong
QKPIBWG oTnNV €TTaPN, ZX. 3.14y.

= MeTagU Twv U0 TUNUATWY p Kal N gu@avi¢etal diagopd duvapikou ion YE TO YVWOTO Yag
duvapikd emaeng Vo. To @pdyua autd duvauikoU oTauatd Tnv TTopaTTépa didxuon oTTwv
atrd TO p—n Kal NAEKTPOViIWV aTTd TO N—p. TNV KATAOTACN QuUTH, TO TTA1B0G OTTWV TTOU
aveBaivouv avd OeuTepOAeTITO TO @pdyua Ouvapikou, eival ico pe 10 TTARBOG OTTWV
pelovoTNTaG TTOU KaTeBaivouv amd 1o TUAMA n OTou Onuioupyouvtal atmd BePUIKEG
dlaotaoelg. Avaloya cupfaivouv yia Ta nAEKTPOVIQ, Ta OTTOI0 OPWG AVTIMETWTTICOUV
avTioTpo@a 70 PPAYUa duvapikou.

3.10.2. Mayog wepPIOXNAS ATTOYUUVWONG

‘EcTw n 10avik “amétoun” 8iodog Tou Xx. 3.14 xwpic €wrtepikh mTOAwon. Ta Tov
QAVAAUTIKO UTTOAOYIGHO TOU TTAXOUG TNG TTEPIOXAS OTTOYUUVWONG KAVOUE TIG £EAG TTAPADOXEG:
1) H TTukvOoTNTa TWV QOPEWV TTAEIOVOTNTAG €ival ion PE TNV TTUKVOTNTA TWV TTPOCHEICEWVY,

onAadn

nn ~ Np

pp = Na

OTTOU Nn €ival N CUVOAIKI XWPIKN TTUKVOTNTA OAwV TwV NAeKTpoviwv aveédptnta amo tnv

EVEPYEIOKN TOUG KATAOTAON, Kal 0 OtikTNG XapakTnpilel Tov nuioywyd PEoa OTOV OTToIo

UTTAPXEI QUTA N TTUKVOTNTA. AVTIOTOIXQ, Pp €iVOI N OUVOAIKA XWPIKA TTUKVOTNTA OAWV Twv

OTTWV PECA OTOV NUIAYWYO p TTOU TOV XapakTnpi¢el TTAAI 0 BeikTng.

2) AexOpaaTe OTI JETABOAEG TTUKVOTNTAG PopTiou Kal duvapikoU Ba uttdpyxouv HOvVO KaTd Tov
afova Twv X VW KaTd Toug y Kal z autd Ba gival oTabepd.

Edv (p kai ¢n Ta fEON atTOyUuvVWONG oTa dU0 TUAPOTA, TO OAIKO TTAX0G atmoyuuvwaong Ba
givai
(=lp + ln 3.23
Ta gopTia xwpou yupw atrd Tnv €vwon JTTopEl va gival acUppeTpa aAAd yia Adyoug
oudeTEPOTNTAG TOU OANIKOU @opTiou Ba eival ioca kair avtiBeta. AnAadr, €mmeidr] dexopaoTte
Pp =Na, N, =Np, 0l TTUKVOTNTEG POpPTiOU XWPOoU oTa dUO TUAMATA Ba Eival

Pp=QcNa . pr=QNp 3.24

Kal Ta OAIKG QopTia
QNAA Zp = QNpA /n 3.25
n pNa = ¢nND 3.26

61rou A n diatopr| (euBaddv) Tng Evwang. MTmopolpe va epapudooupe Ty e§icwon Poisson

VZV(x,y,z) :_M

yla va AUcoupe T0 nAekTpooTaTiké TTPOBANUa ata dUo TUAYATA p KAl N. Oa €XOupE, PE
Baon TG TTapadoxég pag, TIG OXEOEIG

2
ﬂ — _p_n — _% yia X>O
dx? € €

3.27
d’V Py QN

a x<0
dx? € € Y

OTTOU € N BINAEKTPIK 0TOBEPA TOU NUIaYWYOU, KAl O CUVBNKEG OTa OpIa Eival
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yla X={n V(¢n)=0 av_ 0
dx
3.28
yia X=-lp V(-tp)=-Vo v
dx
Novovtag Tig €€. 3.27 pe TIg oplakég ouvOnkeg 3.28, Bpiokoupe
V(x) = Vo - % Na-(fp + X)? yia -lp<x<0
&
3.29
Kal V(x) = % Nb-(/n - X)? yia 0<Xx</tn
€
E&iowvovTag Tig 3.29 yia x=0 éxoupe, XpNOIYOTTOILVTOG Kal TNV 3.26
Vo= & (Nat? + Note?) = 28 Nap (£ + ) = 2 Nalp ¢ 3.30
2¢ 2¢ 2¢
) ) ) . Np
AANAG o116 TNV 3.26 éxoupe: o/ h=Nb/Na 1 lh=1(
Np + Ny
Kal avTikaBioTwvTag 1o p oTnv 3.30 Bpiokoupe
v Qe NoNau
%7 26 Ny +N,
2V, 1 1 "
A TEAIKG p= 200t L, 1 3.31
Qe ND NA

AnAadfy TO TAXOG TNG TEPIOXNG aTToyUPvVWwonGg HEIWVETAl KaBwg au&dvovtal ol
OUYKEVTPWOEIG TWV TTPOCHEIEEWV.

Av n véBeuon pe TTPOCHUEICEIS TOU VOGS TUAMATOG TNG ETTAPAG €ival TTOAU peyaAuTepn ammd
ToU dAAou, A.X. av Na>>Nb Ba €xoupe TTPAKTIKG

1/2
(2 pp= | 2ot 3.32

QeND
‘ETol T1.X. yia €ra@r] p-n Ge pe No = 102" /m3 kai Na = 1023 /m3 éxoupe /n = 7.7-107 m kai /p

=8.10°m.
Av Twpa e@apudéooups €EwTepikd Suvapikoe V, Ba TTPETTEl va QVTIKOTOOTHOOUME OTIG
oxéoeig 3.31, 3.32 10 Vo pe VotV avaloya pe 1o av n moAwon gival avaoTtpoen (+) r} opdn (-).

AnA. Ba £xoupe:
1/2
2(VytV
(= M i+i 3.33
Q, Np Na

210 ZX. 3.15 @aivovTtal dU0 eVWOEIG p-n, N pia OTa EMAVW OxruaTa Pe ion véBeuon Twv
OUO nuIoywywv Kai n deUTepn oTa KATW OXNPATA YE Avion vobeuon Twv dUO0 NUIOYWYWV. 2TO
>x. 3.15a n évwon iong véBeuong, dnAadn Na=Nb, @aivetal xwpig TéAwaon. To TAATOG TNG
{wvng atroyUpvwaong gival €€ioou Yoipaguévo oToug dU0 NUIaYwyouq. TNV TTPWTN KAWTIUAN
KATW ammd TNV é&vwaon Qaivetal To SUVOUIKO Twv dIa@opwy Onueiwv TNG €vwong Pe onueio
ava@opdg Tov Gfova NG £vwong. Xtn delTePn KANTTUAN KATW a1 TNV évwon Qaivetal To
QopTiO 0TO XWpPOo BeCIG Kal apioTepd aTTd Tov dgova TnG évwaong. Ta idia deixvouv Kal Ta ZX.
3.15B kai 3.15y, 10 pev 3.158 yia avdotpoen TéAwan, 1o &€ 3.15y yia opbr TTéAwanN.

210 2. 3.150 @aiveral n évwon pe avion voBeuan, dnAadni Na>Nb xwpig ToéAwon. Ztnv
TTEPITITWON QUTH ETTEIBN OTTWG AVAPEPANE Kal TTI0 TTAvw €ival 4o / /n = Np / Na Ba eival 10
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TIAGTOG TwV (WVWYV aTToyUPvVWong avTiIoTPOPWS avaAoyo PE TNV TTUKVOTATA TWV TTPOCHEICEWV.
21a Zx. 3.15¢ kai 3.15C paiveral n Katavour Tou duvapikoU Kal TOU (popPTiou JE avaoTpo®n Kal
0pBr TTOAWGN avTIOTOIXWG.

Xopig
e&mTEPIKN AvaoTpo ;o
Téom né}wfm;p n OpO1 moAmon

Alovog

Aéovag
Mepoyn| - p EVOONG  TTepupyn -0 TIeproyh 5
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Zx. 3.15. 'Evwon p-n iong voBeuong. Katavopég SuvapikoU Kol QopTiwv XWPou: o) Xwpig ToOAwaon, B) e
avdoTpo@n mwOAwon, y) pe opBA mTOAwon. 'Evwon p-n dviong vébguong. Katavopég duvauikol
KOl QOPTiwV XWwpou: §) xwpig TéAwon, €) ue avdoTpo@n TTOAwan, ) ye opbN ToOAwaon, [16].

3.10.3. Epappoyn opBng mOAwong oTnv Evwaon p-n

Edav og pia évwaon p-n epappooTei opbr) TOAwaon e 1aon V, é1ou dnAadn o BeTikdG TTOAOG
MIag TTNyNG ouvexoug pelpaTtog Ba cuvdeBei aTov NUIaYwWYO p KAl 0 apvnTIKOG OTOV NuIaywyo
n, Ba apxioel n por) Twv EOopPEWV TTAEIOVOTNTAG TOU £VOG NUIAYWYOU OTNV TTEPIOXA MEIOVOTNTAG
TOU GAAOU. MakpOOKOTTIKG €EETACOUEVO TO QAIVOUEVO OUVIGTATAI TNV aAAQyr) TWV QOPEWV N
oTroia guvTeAgiTal aTnv TreEPIOXA TNG évwaong. OTrwg @aiveTal oT1o Zx. 3.16, Ta NAekTPOVIa TTOU
£€pyovTal até Tov apvnTikG TTOA0 OegId, ETavacUVOEOVTal PE TIG OTTEG TTOU €PXOVTAl ATTd TO
BeTikG TTONO apIoTeEPA Kal €701 KAgivel TO KUKAwpa. H aAAayr auTth) @opéwyv TTpayUaTOTTOIEITA
ME TO uNXavioud NG dIaXUOEWG OTTWG TTPOAVOPEPALE.

Otav gpappdooupe opbr) TTOAWON O€ Pia évwon p-n, EKTOG atrd Tn diagopd duvapikou (N
Ouvapikd emmagng) Vo mpémel va ouvuttoAoyifoupe kai Tnv T1édon Tng Tnyns. H tdon autn
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peTatotidel Ta Opia Twv (wvwyv. OTTwg gival yvwaoTo, yia apvnTIKA SUVAMIKA N METATOTTION
gival TTPOG Ta £TTAVW EVW YIA BETIKA duvapIKG TTpog Ta KaTw. ET01, n diapopd a1d0ung Twv
{wvwv TTou Xwpig TéAwon ftav QeVo, 6TTWG @aivetal 1o XX. 3.13, pe opbr TOAwOnN yiveTal
Qe (Vo-V) 610U TO V €ival n Tdan opBng moAwong. Otrwg @aiveral atmd 1o 2. 3.16, n diagopd
auTh IKpaivel yia 0pB TTOAWON vy YEYAAWVEL yia avaaTpo®n TTOAwaon. Autd anuaivel 6TI
otn oxéon Qe (Vo-V) 10 V TINyaivel ye 1o mpéonuoé Tou, dnAadn + yia Tnv opbr) TOAwaon Kai -
yia Tnv avaoTpoen TTOAwOn.

ITeproyn npaywyod Teproyn noywyod
Tomov n
N > Kartavopr ehedBepmv
t-— .
NAEKTPOVIDV
T, (0) /
Hin
Zéwn Qu(Vo-V) _ _& Ecn
. A 4
ayOYHOTHTOG y -
Enovacovoeoy pe Oeppukn _‘___G_) @ ©) @ @ Ern
Ery petdntoon nkextpoviov e L~ on% ' ,
Lt Enavacovoeon pg Oeppukn .
slelelelele A S A
— UETATTOGN DDV .
Zmvn
Ey ( ] TN
Vo-
{ o0 Q |
E
P —= A\ 7o) N E "
Koravopn ereddepav J 4p, (0) pa( ) ------------- I
ondv
Zovn
: L, —> cfévoug
p
J=dpp, (0)+dpn (0)
(o)
Teproyn nuaywyod X Ieproyn nparywyod
TOmov p 00— OOV N
————————— fp“ g"“
A 4
\
\
\‘\ Zavn
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3 /' ,
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Ey FH+++++++ TSl 0.V M
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Zx. 3.16. Evepyelokn KOTAVOu QOpEWY ETTAPNAG p-n UE o) opdN, Kai B) avdoTpo@n TTOAwaon, [16].



E.
Er
OOO ........... El
O O_—>
Ev
O ——

h ‘

° LI )

\rooo
E;
................ EFn
--------- E;
OOO—‘>\ .
O O © V

ﬁ
O

I
|
VA>0

(B) Opb1 ToOAwon (Va>0)

-53-



-54-

(v) Avaotpogn torwon (Va<0)

A

1

Exbeticn
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y
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Zx.3.17. Evepyeiako didypappa Jwvwyv, KATAOVOMEG POPEWY, KAl SIAXUoN QOopEéwv OTNV TTEPIOXH YUPW aTTd
HIo évwon p-n, UTré: a) ouvlnkeg 10oppoTTiag (avoiXxTokUKAwua, V=0), B) opbng TéAwong, y)
avdaoTpo@ng TéAwong. &) Mopen TNG XapakTnPIoTIKAG peUpaTog-tdong I-V, [5].

210 ZX. 3.17, QaiveTal Je atrAd €TTOTITIKA dlaypdppaTa TO EVEPYEIOKO didypappa {wvwy, ol
KATAVOMEG TWV QOPEWV, Kal N dIAXuon QopEéwy oTnv TrepIoxn yUpw ammd pia Evwaon p-n, utrod
ouvOnkeg 1I0oppoTriag (avoixTokUkAwua, V=0), opBbrg moAwaong, kal avdoTpopng TTOAWONG.
TéAog, Sivetal N HopYPr] TNG XAPAKTNPIOTIKAG peUpaTog-Tdong I-V.

H opBr méAwaon agevog aveBadel oAOKANPN TV KOTOVOUA TwV NAEKTPOVIWV TTAEIOVOTNTAG
TOU nuIaywyoU TUTToU n g€ uwnASTEPN OTABUN aTTO EKEIVN TWV NAEKTPOVIWV PEIOVOTNTAG TOU
nUIaywyou TUTTOU p, aeTEPOU KaTeRACEI OAOKANPN TNV KATAVOUN TWV OTTWV TTAEIOVOTNTAG TOU
NUIOYwyou TUTTOU p O€ XaPNAOTEPN OTABUN aTTO EKEIVN TWV OTTWV PEIOVOTNTOG TOU NUIAYWYoU
TUTTOU N. AUTO €X€l 0aV CUVETTEIO va TTPOKUWEI PId augnon Tng TTUKVOTNTAG TWV QOPEWV
MEIoVOTNTAG TTAVW aTTO TNV TTPORAETTOMEVN OTTO TNV KaTavour] Fermi. AnAadr apéowg PETA TN
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Cwvn atroyUuvwaong n TTUKVOTATA TwV QOPEWV PEIOVOTNTAG avaykKAZeTal UuTo Tnv TTieon Twv
POPEWV TTAEIOVOTNTOG TTOU EI0PEOUV O'QUTHV VO DIQUOPPWOEI YIA KOTOVOWN TTOU va TaIPIALE!
ME eKeivn TwV Qopéwv TTAEIoVOTNTAG. AnAadr) av TTAPOUNE Ta NAEKTPOVIO PEIOVOTNTAG, avTi va
€xoupe TNV TTUKVOTNTA Np TTOU OpiCel n katavopr) Fermi, €xoupe apéowg PETA Tn dwvn
atroyUpvwong augnuévn TukvotnTa np(0) TTou emRAAAETal aTTd TA NAEKTPOVIQ TTAEIOVOTNTAG
TTou €10BaGAAouv o’ autrv. KaTi avtioTolxo cupBaivel kal yia TIG OTTEG aTn {wvn PEIOVOTNTAG
OTT0U apEowG PeTd TN wvn atroyUuvwong EXoupe TTUKvOTATA pn(0) TTOU emBAAAETAI ATTO TIG
OTTEG TTAEIOVOTNTAG.

MapatnpAoTe TIg olovei-oTdBPeg Fermi ota . 3.16a kai 3.16, TIg 0TT0iEG Opicape oTnv §
3.9.1. yia Tnv KaTdoTOooN €KTOG I00PPOTTIAG. ATTEXOUV UETAEU TOUG EVEPYEIOKA aTTOOTACN ion
e QeV (1600 otnv 0pbn 600 kai oTnv avdoTpo®n TTOAwoN), otmou V eival n eEwTepIKa
epappogopevn 1aon. H €yxuon Tepicoelog nAeKTpoviwy Kal oTmwv Adyw opBng TToAwong,
dlayxwpiCel TIg dUo olovei-oTABUEG Fermi, o1 omoieg pe pndevikr) TOAwon, TautiCovtal. H
EVEPYEIOKN TOUg auTh dlapopd cival BETIKN ;A apvnTIKr avdAoya Pe Tnv TTOAIKOTNTA TNG TAONG
(opBn N avacTpon) Kai UTTOSNAWVEI aKPIBWG OTI O NUIAYWYOG 0TO GUVOAS Tou Oev eival O€
KOTAoTOON BEPUOBUVANIKAG I00PPOTTIAG, AOYw TNG EEWTEPIKAG diEyepang. MTopouue duwg va
Bewpriooupe TTPOOEYYIOTIKE, OTI KABe TrepIoX p A N exwploTd, cival oe Beppoduvapikn
I00ppoTTia, e Afova CUPMETPIag TNG ouvapTnong mMOavoTNTAg KATAANWNG MIAG EVEPYEIOKAG
o1aBung (dnA. Tng ouvaptnong Fermi), Tnv olovei-otdOun Fermi Ern kai Erp, yia TRV TTEPIOXN
TUTTOU N KaI P, QVTIOTOIXO.

ATO Ta Opla NG dwvng ammoyUuvwaong Kal TTEpa, TTPOG Ta APIOTEPA YIa Ta NAEKTPOVIA Kal
TTPog Ta O€Id yIa TIG OTIEG, OpXifel TO PAIVOUEVO TNG dIaXUOEWG TTOU CUVTEAEITAl O€ MIa
armméoTaon TOAU peyaAUTepn atmd 1o TTAGTOG ¢ TNG dwvng atroyUpvwong. Emeidr 1o TAdTog

QauTO gival TTOAU PIKPO eUTTPOG OTNV EKTACT TOU QaIVOUEVOU TNG dlaxUoewg, Traipvoupe 1o (=0
Kal TIG BE0EIG X= -p KOI X= /n va oupTriTrTouv pe TNV Xx=0. Ta pedpata diaxUoEwWS OTTWV TTPOG

Ta Oe€Id Kal NAEKTPOVIWYV TTPOG T APICTEPA Eival OUOPPOTIA KAl TO OAIKO HOKPOOKOTTIKG pelja
oTa akpa TnG 816dou augdveral 1I0XUpd 600 To duvapiké V Tng TNyng Teivel ato Vo, Xwpig
OJWG va JTTOpPEl va TO @TAOCEl, yIaTi 0 id10g 0 KPUOTAAAOG KOBWG Kal n PETOAANIKN €TTOQN
TTaPOUCIAfouV KATTOIQ avTioTaon TTou odnyei o€ TITWOoN Taong 1600 PeyaAlTepn 600 TO peUUa
0pBng eopdg peyaAwvel. ‘ETol, yia peydAeg Tipég Tou Vo n diodog Ba cuputtEPIPEPETAl AV
avTioTaon akoAouBwvTtag 10 vouo Tou Ohm.

O1 @opeig TAeiovoTNTAG TTOU €I0BAAAOUV OTNV TTEPIOXN MEIOVOTNTAG dnUIOUPYOUV aPEVOG
TNV auénuévn TTukvoTnTa €10060u Np(0) A pn(0), a@eTEPOU OPWG OuveXiCouv va KIVOUVTal JEOT
oTtn {wvn PEIOVOTNTAG O€ KATAoTAoT JIEYEPTEWS €wg OTOU aTTodIeyepBoUv KatToTe. O1 Qopeig
auToi £X0OUV éva PECO XPOVO CWNAG OTNV KaTAoTaon dIEyEPOEWG, HECA OTOV OTTOI0 TTPETTEI VA
atrodieyepBei 10 1-1/e = 63% a1md autoug. AuTo cuuBaivel TTPAYUATIKG KaTd Tn d1IadpOour] Toug
péoa aoTtn wvn peiovoeTnTag atréd 61ToUu Babuiaia petarndolv oTtn {wvn TTAglovoTNTAG TOu idlIou
nUIaywyou Kal ETTavacuvoéovTal e TOUG avTiBeToug gopeig TTou BpiokovTal ekei. H diadikaoia
QUTH CUVTEAEITAI PE pIa EKBETIKA PEIWON TNG TTUKVOTNTOG TWV QOPEWY QUTWYV KATE PAKOG TNG
{wvng peiovoTnTag, 6tav 8¢ Ba £xel TTAPEABEI 0 PEGOG XPOVOG (WG TWV JIEYEPUEVWIV QOPEWY
Ba éxel ammodieyepBei 10 63% Twv Popéwv auTtwv. H améoTaon tmou diaviouv oI QOpPEiG OTO
XPOVO auTO €ival TO yVwOoTO hAG UNKOG SIaXUoEWS KAl CUMBOAIZETalI OTOV hEV NuIaywyo TUTTOU
p Me 10 Ln oTOV &€ TUTTOU N WE TO Lp.

O1wg €xoupe AdBN ava@épel, To CUVOAIKO pelpa TTou TEAIKG Ba TTepva aTTo TNV évwaon Ba
gival og kGBe onueio id10 Kal i00 Pe To ABpoioua Twv dUO CUVICTWOWV PEUPATOG, dnA. Tou
peupaTog dIaxUoEWS Kal Tou PeUPOTOG ONICONoEwg TTou o@eileTal 0TO NAEKTPIKO Tedio. Ta
000 OuwG auTd pelpaTa £xouv JIAPOPETIKA avaloyia PeTaEu Toug oTa diId@opa onueia. e
MeydAn atréoTacn ammo Tnv évwaon To pelua dlaxUoewg PndevideTal oTToTE TO CUVOAIKO pelua
gival pévo peupa ohioBrioewg. AvTiBeTa, TTOAU KOVTA OTnV €vwaon To peupa dlaxUoewg yiveTal
MEYIOTO Kal TO pelpa oAIoBAgewg eAdxioTo. To TTAGTOG TNG JUWivng atroyUuvwong Katé tnv
opbn TTOAwoON, uttoloyileTal OTTWG AKPIBWS Kal OTNV £vwan Xwpig ToOAwaon, he Tn poévn
dlapopad ot avti TNG dlagopdg duvapikol Vo éxoupe Twpa TTPocBéael kal Tnv TTOAwan V Ye 10
Kat@dAAnAo (apvnTiko) TTpOoNO.

3.10.4. Epappoyn avdoTpopng TTOAwoNg oTnv évwon p-n

Av n g€wtepikn TOAwon V epapuooTei avdoTpoga, dnAadn o BETIKOG TTOAOG pIag TTNYAS
ouvexoug pelpaTog ouvdeBei OToV NUIaYywyO N Kal O apvnNTIKOG OTOV nuiaywyo p, TOTE TO
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@pdypa duvapikou Vo Ba augnBei katd V. Or1 Aiyeg oTTéG peIovOTNTAG TTOU YevviouvTal avd
OeuTePOAETITO aTTd BepuikéG BlaoTTAOEIG OTO TUAPA n Ba Katefaivouv TTAVTO TOV OKOUO
BaBuTePO “KpNUVO” duvapikoU, o0 OTToiog OPwWG Ba euTTodilel aKOUO TTEPIOCTOTEPO TIG OTTEG
TA€IoVOTNTAG TOU THAUOTOG p va diaxuBouv TTpog TO TUAUG N, PEIWvOVTAG To TTARBOG TOuG.
Anuioupyeital €101 JIO AQOUPPETPIA AVAPECT OTIG OUVIOTWOEG PEUPATOG OTTWV KaTd TIG dUO
dleubuvoelg. EvieAwg avtioToixa mpdypara 6a cupBolv yia Ta nAektpdvia kal autd Ba
EMITEIVEI TNV AOUPPETPIO OTO OAIKO peUA KATA TIG dUO S1euBUVOEIG, IE ATTOTEAEOUA VO €XOUUE
MOKPOOKOTTIKO pelpa, 1 “avaoTpo@o” pelpa OTTwG Aéyetal, aoBevoug Ouwg éviaong yiati o
apiBuég  Twv  BepuIKWYV  BIACTTACEWYV  OTTWV-NAEKTPOViwWV — avd  OeuTepOAETTITO  €ival
TTepIopIoPévog. To pevpa autd eUKoAa @TdAvel o€ KOPO, yI' autd ovopdleTal €TTiong Kai
avaoTpopo pelpa képou lo, TTou pévo n auénon Tng Bepuokpaciag PTTopEi va To auénoel.
Etmopévwg, To avaoTpo®o pelpa KOpou gival oxedov avegdptnTo atrd Tnv Téon Kal augaveral
Me Tn Oepuokpacia. AnAadn, n avacTpo@n avrioTacn Tng di10dou £xel apvnTikG BepuIKO
OUVTEAEDTN).

To mAGTOG TNG CWvng OTTOYUUVWONG KaTd TNV avacTpo@n TTOAwoN, uttoAoyileTal OTTwg
aKpIBWG KAl TNV £vwaon Xwpig TTOAWGCN, YE TN uovn diagopd OT1 avTi TNG diagopds duvapiKoU
Vo éxoupe TWpa TTPocBEael Kal TNV TTOAwaon V e To KaTdAAnAo (BeTIkd) TTpdonuo.

3.10.5. KaptruAn I=f(V) Tng 81630u p-n

210 2X. 3.178 @aivetal n KauTTUAN pelpaTog Taong NG d16dou p-n OTTWG TIPOKUTITEI ATTO
TTEIPAPATIKEG UETPNOEIG TIUWV PEUPOTOG Kal TAong. ATO TNV KAuTTUAN auTh @aivetal n
OIaQOPETIKA cuuTTEPIPOPA TNG O16d0U KaTA TIG dUO POPEG TOou pelpaTog. AnAadr n diodog
ayel, 6TTwG Aépe, kKard tnv opBry TTOAwon kai dev Ayel Kata Tnv avaoTpopn. H idia KaptruAn
QUOIKG Ba TTpokUWel av Tnv uttoAoyiooupe BewpnTikG pe Bdaon TIg e§iowoelg TTou Ba
TTOPOUCIOCTOUV OTNV ETTOUEVN TTAPAYPAPO.

3.11. OeswpnTikNA MNMepiypaen Tng Ai6dou p-n
3.11.1. Ad&non TANBUOHOU POopPEWV pEIOVOTNTAG AOYWw 0pBARG TTOAWGCNG

Me Bdon tnv avdAuon 1ng § 3.9.1, éxoupe amd tnv €€. 3.19 yia 10 AGyo TnG TTUKVOTNTAG
NAEKTPOVIWV OTIG TTEPIOXEG P KAl N AVTIOTOIXA, Yia PIa 8iodo p-n xwpig TTOAwON,

(EcnfEcp) 75 7QeV0
P _e KT —e kT =g KT 3.34

Otav empBdaAoupe opb TTOAWGCN, N TTUKVOTNTA TWV QOPEWV PEIOVOTNTAG OTO onueio x=0,
Ba auénBei atmd epapuoyr TG TOAwong V kai Ba divetal atrd Tnv Tapamavw oxéon 3.34, edv
O€ QUTAV QVTIKOTAOTHOOUNE TO duvapiko eTa@rg Vo pe 1o Vo-V, dnAadn

(0)_, “e(¥-V)

3.35
N kT
Alaipwvtag Tnv 3.35 pe Tnv 3.34 TTaipvoupe
Q.V
n, (0) =n, exp keil' 3.36

Kai n diagopd Twv 800 gival n TTUKVOTATA NAEKTPOVIWY TToU £xouv dieyepBei, Adyw opBng
TOAWONG, TTAvW atod Tnv Katavour Fermi

an, (0) =n, (0)—n, =n, {expvlJ _1} 3.37

T

. , KT | . . . . ]
o1Tou TO péyeBog Vi = o £xel 8l00TAoEIG TAONG Kal ovouadeTal Taon BepPOKPATiag. ZToug
e
300 °K €xel iy VT = 26 mV. H oxéon 3.37 ypdgetal ettiong
An,(0)=nD(V)  yia nAekTpdvia 3.38a

Ap,(0)=p,D(V)  viaomég 3.38B
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6TT0U D(V) :[exleA 3.39
Vy

3.11.2. MAKog d1aXU0EWg TWV POPEWV KAl KATAVOUK TOU PEUUATOG BlaXUoEwWg

Eidape TTwg €ubUg petd TNV atTrokatdoTacn Tng évwaong p-n, e€aitiag TNG dla@opdg Twv
OUYKEVTPWOEWY OTa OUO TUNAMOTA, TTPOKAAEITAI HIa OTIyHIaia Kivnon @opéwv TTou TEAIKG
odnyei o€ véa kataoTaon I0oppoTriag. To oTiydiaio autd pelpa o@eileTal oTn diGXuan OTTWV
Kal nAekTpoviwv. [evikdTepa, ovopdloupe didyuon (diffusion) Tn por TTou TTapaTnpeiTal o€
TUXaia KivoUheva OWMATIO atmd TTEPIOX MEYAANG OUYKEVTPWONG TOUG TIPOG TTEPIOXN
MIKPOTEPNG OUYKEVTPWONAG TOUG. TO QaIVOUEVO auTd €ival YEVIKO OTATIOTIKO PAIVOUEVO, TTOU
ep@avifeTal KGBE @OpPA TTOU UTTAPXEI AVOUOIOUOP®N KATAVOuR CWHOTIWV, apKei autd va
KivouvTal ATaKTa Kal EAeUBepa. 210 ZX. 3.18, @aivetal TTapacTtaTiké n dpdon Tng diaxloewg. H
avopolopopen Katavour Teivel auBdpunta va diaAubei (va okoptriael). MTopoUupe va Troupe
OTI TO QaIVOPEVO TG SlaxUOEws eKPPAdel To 20 Bepuoduvapiké agiwpa, dnA. TNv augnon Tng
evipotriag. H tayxUtnta ye Tnv otroia Teivel va katapynBei n avouolopopgia, Ba gival 1600
peyaAUTepn 600 n eukivnoia Twv cwpaTiwv gival yeydAn, kai 6co o {wnpn €ival n Tuxaia
Toug kivnon (&nA. peyadAn n Bepuokpacia Toug).

Zx.3.18. Aildxuon cwpaTtiwv amrd £va apXIKO ONUEI0O CUUTTUKVWONG OE TPIO SINQOPETIKA OTIYMIOTUTTA: to<
ti< t2. Ta BEAN TTapioTdvouv Tnv TaxuTnTa diaxioewg, [14].
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Zx. 3.19. H avopoidpop@n cuykévipwon Tou TTPoKaAei n SiEyepon Adyw opBrig TOAwaong odnyei o€ pedpa
dlayxuoewg, [14].
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2TV TTPONYOUUEVN TTOPAYPOAPO UTTOAOYIOTNKE N MEYIOTN TIUKVOTNTO TWV  (QOPEWV
pelovoTNTag 010 onueio x = 0, Adyw TnG opbr¢ éAwaong V. OTrwg @aiveTal kai ota XX. 3.19
kal 3.20, 600 aTTopaKPUVOUOOTE aTTd ToV Afova Tng £vwong, TOOO HEIWVETAI N TTUKVOTNTA
auTh, €TTEIdN) OTO JPOMO YIVETAI JETATITWON TWV QOPEWV AUTWV PEIOVOTNTAG, TTOU BpiokovTal
o€ diéyepaorn, aTn {wvn TTAEIOVOTNTAG OTTOU ETTAVOCUVOEOVTAI JE AVTIBETOUG POPEIG. ZUVETTWIG
n TTUKVOTNTA QUTH €ival cuvdpTnon TOU X Kol aKOAOUBEl évav ekBETIKO vOPOo OTTWG QaiveTal
oT1o ZX. 3.20 yia TIg OTTEG OTNV TTEPIOXN TOU NuIaywyou TUTTou n. To idio cupfaivel kal yia Ta
NAEKTPOVIA OTNV TTEPIOYXT TOU nuiaywyou p. To éva GKpo Tou nuiaywyou Bewpeital eEAeUBepo
WOoTE va Pnv TreplopigeTal n didxuon TTou BewpnTIKA TEAEIWVEI OTO ATTEIPO.

O1wg Tpoava@Epdnke, n TTUKVOTNTA TOu PEUPATOG KATd TNV opBbr) TOAwon Kovid oTnv
£€vwaon p-n atroTeAgital ammd dU0 CUVICTWOEG, TNV TTUKVOTNTA PEUPATOG OAIOBoEWS Ja (pelpa
AywyIiuéTnNTag) Kai TNV TTUKVOTATA PeUpaTog dlaxUuoews Ja. H TTukvotnTa QuTh Pimopei va
eKQpacoTei pe TN Pondeia evdg CUVTEAEDTH] TTOU OVOMPACeTal OUVTEAEOTNG OlaXUCEWS Kal
oupBoAiCetal pe 10 ypduua D. O ouvteAeOTAG QUTOG CUOXETICEl TNV TTUKVOTNTA PEUPATOG
SlaxUoewg Pe TN PMETAROAR TNG TTUKVOTNTAG TWV QOPEWV UEIOVOTNTAG TTOU EKPPACETAl YE TNV
Tapdywyo. MNa 1 omég o€ KATT0I0 gnuegio X amd Tov Ggova TnG €vwaong, N TTUKVOTNTA TOU
peupaTog diayxuoewg divetal atrd Tn oxéon:

A p
p,(0)=p,+Ap,(0)

81 (0) ()= p, +Ap,(x
pOred
Apn (9 L) ™ P
A \ P()
)
v Py >
x=0 x > Ambotacn X
- Ly >

Zx.3.20. H TOIKA KATAVOMA CUYKEVTPWONG TTPOCOETWV OTTWV PBivel EKBETIKA KABWG ATTONAKPUVOUAOTE
a1roé TNV mTEPIOXN TNG éyXuong, [16].

dp, (x)
.JApn (x)=-Q.D, ™ 3.40
AvTioToIxn ox£on IoxUEl Kal yia Ta NAEKTPOVIa JETa OTNV TTEPIOXT TUTTOU p.
dn, (x
Jy (xX)=+Q.D, p( ) 3.41
" dx

O1 diaoTdoeig Tou ouvTeAeoT SlaxUoews eival cm?/sec. ATTodeikvUETal OTI PETALU TwV
ouvTeAEOTWV BlayxUoEwg, I0XUEI N oXEon

D
D Dy _KT 3.42
Ho  Hn Qe

H oxéon 3.42 ekoppddel akpiBwg tnv €&dptnon Tou ouvteAeoTn dlaxloswg D amd tnv
KIvNTIKOTNTO Kal Tn BOgpuokpacia Twv cwuatiwv (opféwv). H TIYA Twv OuvTeAEOTWV
dlaxUoewg (o€ cm?/sec) yia TIG OTTEG Kal T NAEKTPAOVIA gival yIa TO YEPUAVIO Kal TO TTUPITIO,
TTEPITTOU 01 EEAG:

Ge: Dp =44, Dn =99
Si: Dp=13, Dn=35

H peTafoAr Tng TTUKVOTNTAG TWV QOPEWV MEIOVOTNTAG OPEIAETOI OTN HETATITWON TWV
OIEYEPUEVWV QOPEWY OTNV KAVOVIKN Toug KatdoTaon (emavaouvdeon). O yéoog xpovog {wng
Twv Qopéwv oTn Oleyeppévn KaTAoTaon OUPBOAIZeTal PE Tp KAl Ta YIA TIG OTTEG KOl TO
nAekTPOVIA, avTioTOIXA.
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H oxéon 3.40 divel Tnv TTUKVOTNTA peUPATOG dlaxUoEwg o€ KABE onueio X atmd Tov agova
NG évwong. Auté To pelpa OPWG, METABAGAAETal pE TNV ammdoTacn Kal n YETABOAR auTth
€€apTAaTal OO TO XPOVO (WAG T TWV QOPEwV. Zg PeyAAn amoéoTaon, dnA. o€ TTOAU peydAo
XPOvo, To pelpa dlaxUoewg pndevigetal yiaTi OAOI O QOPEIG PEIOVOTNTAG £XOUV ATTOdIEYEPOEI.
Anhadn, pakpid atod TNV Evwon dev UTTAPXEl PEUPA BIOXUOEWG.

Me Bdon Ta TopaTrdvw, KOTAOOTPWYOUNE pia deuTepn e&iowan trou Bivel Tn YeTABOAR Tou
peupaTog dlaxUoEwS Kal €ival yia TIG OTTEG

Ap,, (X
dJ, (X)=-Q, A0 (x) 4 3.43
n T
P
A6 TIG 3.40 kai 3.43 pe atmmaloipr] Tou J, TTPOKUTITEI N OXEON

o Eoa(x)_ 40, (x)
P 2
dx T

OT1TOU TO Lp = /Dprp 3.45

€xel O100TACEIG PAKOUG Kal ovouadeTal PAKOG dlaxUoEwg Twv OTTwV yia Adyoug TTou Ba douue
o¢ Aiyo.

AUvovtag TNV €€. 3.44 pe oplakég ouvlnkeg Tig Ap,,(0) = an(V) yia x = 0 kal Ap,(x) =0 yia
X —> 00 EXOUME

3.44

X

Ap, (x) = Ap, (0)e 3.46
Pn XF P, +Ap, (X, 3.47

atéd otrou aivertal 611 o€ BAB0G x=Lp n TPOCOETN CUyKEVTPWON oTTWV £xel NON utToIBacTei
KaTd e=2.72 @optg, OTTwG @aivetal kai 1o XX. 3.20. Mtopei akopa va atmmodeixTei 611 70 Lp
gival n yéon améoTaon TNV oTToia PTTopoUuv va d1IavUoouyV Ol OTTEG TTPIV ETTavaouvOeBoUV.

AvTigToixn oxéon Je Tnv 3.46 €XOUME KAl YIO T NAEKTPOVIA,
X

An,(x) = An,(0)e = 3.48
MOVO TTOU TO PNKOG BlIaXUoEwWS TwV QopEwv diveTal atro TNV

L, =D, 3.49

AvtikaBioTwvtag Tnv €€. 3.47 otnv 3.40, €xoupe yia TNV TTUKVOTNTA PEUPATOG
O1aXUOEWG OTTWV PECT OTOV NUIaYWYO

d D -
Jy (x)=-Q.D, P (X) -Q,®p,D(V)e - 3.50

Pn dX

OnA. 10 pelpa BIOXUOEWS PEIWVETAI KOl auTd eKBeTIKG pe Tnv atrdéoTacn x pe Tnv idia
oTaBepa Lp.
EvreAwdg avdaloyn oyxéon tpog Tnv 3.50 1oxUel Kal yia TNV TTUKVOTNTO PEUPATOG
dlayxuoewg nAekTpoviwy. Oa €xoupe dnAadn

dn; (x)
da, (X)=+Q.Dy ™ 3.51

ATtrodeikvieTal n akdAouBn TTpdTacn n otroia €ival TTOAU ONUAVTIKA yIa TNV KATtavonon Tng
Aeimoupyiog TG évwaong p-n: Av eyxuBouv @opeig peiovotnTag (A.X. OTTEG) O€ éva TUNUO
NUIOYwyou OTToU ETTIKPATOUV oI avTiBeTol @opeig (dnA. TUTTOU n) TOTE, OTO PEUUA TWV POPEWV
MeIoVOTNTAG TTOU ONUIOUPYEITAI, ETTIKPATEI N CUVIOTWOO TTOU OPEIAETal OTNn dIGXUCN, EVW N
OuVIOTWOa TTou o@eileTal 0TV oAioBnaon eival apeAnTéa.

3.11.3. O vépog TNG évwong

>Z1nv opBbA TOAwaoN AoITTdv, TO PEUPA OTTWYV PEIOVOTNTAG TTOU EYXEETAI OTTO TO p—N Eival
éva pelpa dlayxuoswg Kal eTopévwg Ba diveral atd tnv 3.50
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X

D L
I, (X) = AQ, L—"an(v)e P 3.52

P

o1Tou A 10 £uBadov (diatoun) TNG £vwong.

Avdaloyn oxéon Ba £xoupe yia TO pelpa diaxUoEwG NAEKTPOVIWY TTou diayxéovTal aTTd To N—p.
Etropévwg ol evtaoelg Twy U0 CUVIOTWOWY PEUUATOG OTIG BIGPOPEG TOUEG X YUpw aTTd

TNV €ma@n Ba gival 6TTwg 010 XX. 3.21, o€ TPOTTO WOTE N OAIKA TIUR TOU PEUPATOG ltot=Ip(X)+

In(x) va eival oTaBepr] Kat@ PAKOG TOu KPUOTAAAOU. APKE( ETTOUEVWG O UTTOAOYIOUOG TOU

PEUPATOG O€ Wia TOWA.

[epoyn
Amoyduveong
p —» n
/' . .- -
Pevpa 0YOYHOTTOG /,’.\Pg{)pa AYOYLOTNTOG
oV Iap NAEKTPOVIOV Ian Tiot
/
Pebdpa déyvong  Pebpa didyvong
NAekTpovioy Ia, N oV Iap

0

Zx. 3.21. Xe kdBe Topn X, To peUpa SlAXUOEWG TWV POPEWV UEIOVOTNTOG CUUTTANPWVETAI aTTé £va peUpa
QOPEWYV TTAEIOVOTNTAG OE TPOTTO WOTE TO OAIKO pEUNA VA gival OTABEPA iCO ME hot, [16].

21n 6éon x=0 n 3.52 divel

Dp
Ipn (0)=AQ, L—an(V) 3.53
p
AvdaAoya TTaipvoupe yia Ta NAEKTPOVIO
D
Inp (0)=AQ, L—:npD(V) 3.54
OTTOTE TO OAIKO PEUUA lot TNV 0PO TTOAWGN Ba diveTal atrd TNV
D D Qv
L, =AQ, | —p, +—2n_ |-[e kT —1 3.55
tot e n p .
Ly L,
n
Q,V
Lot =lo [e kT —’I] = IOD(V) 3.56
omou Iy = AQ & +&n 3.57
(Ol e Lp Pn Ln p .

H oxéon 3.56 atroteAei 10 VAo Tn¢ évwaong p-n. ATTodeIkvUETal OTI N idlIa oxEon TTEPIYPAPEI
Kal To pelpa o€ avaoTpo@n TTOAwaon, he poévn 1 diagopd Ot Twpa n tacn V Ba Taipvel
apvnTikég TIYEG. Emmopévwg n 3.56 Treplypd@el OAn TN XapaktnpioTikn -V kol yI' auto
ovopadetal vouog NS Emagng.

Mapatnpoupe OTI yia PEYAAEG TIYEG TNG avAOTPOPNG TAONG (OPVNTIKEG), TETOIEG WOTE

Qv
\Y% >>2)_T ,T0 e KT -0 kai 10 kot — -lo. M.X., yia [V|>3Vr — D(V) = -1. BAémoupe SnAadn 6T
e
10 lo TTou Bivetal atd Tnv 3.57 dev gival AAAo atrd To avdoTpoPo pelua KGPOouU.
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3.11.4. Emwidpaon Tng Beppokpaciag oTnv XapaktnpioTikA I-V

Ao Tig 3.56, 3.57 @aivetan 0TI n €midpaon TG Bepuokpaciag opeileTal ge dUO KUPiwg

aima:
" Tnv TTapoucia TNG T aTov ekBeTIKO 6po NG 3.56.
" v Ioxupn eTidpacn Tng Beppokpaciag oTa p,, N, ToU opifouv To lo. MpdypaT atmo Tig

2.13, 2.14 éxoupe OTI

2 2
Py = , N = 3.58
Np Na
AMN\G TO ni2 eCaptaral iIoxupotata atré v T, ocupgwva pe Tnv 1.28
3 _Es
n? :4(%} A(mym; ¥ T2 e KT 3.59
H oxetikr peTafoAn Tou lo Ba cival
dig _ dinf) 3.60
lo ni2
+/
i2
> Tif 1
byl .
L ’ +V
102}
Zx. 3.22. Emidpaon Tng Bepuokpaciag oTn xapakrnpioTikA -V, [14].
AANAG aTtré Tnv 3.59
2
dn) 3.2, Eo 3.61
dT T ' kT2
dn? Eg \dT
n —2' =13+=5 |— 3.62
n; KT ) T
SnAadn do _(3,Eg|dT 3.63
lo kT ) T

O¢tovrag T.X. yia 1o Ge Ec=0.72 eV €xoupe o€ ouvnBiopévn Bepuokpacia kT=0.025 eV

Kal TEAIKG
I _
o 39T 1 (T,)=lo(T))-2T T 3.64
lo T
Tpdyua TTou odnyei o€ petaBoAr Tou lo Trepimou 10% avd °C. H iy auth givar BewpnTikn.
21NV TPA&N 10 TooooTo dev EeTTEPVA TO 7% ava °C 1600 yia To Ge 600 Kal yia To Si Kal auTtd
opeileTal oTnv UTTapén diappowv TTou au&dvouv To lo Kai gival ave¢dpTnTEG TNG BEpUOKPATIiag.
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3.12. ECWwTEPIKA avTioTaAON KAl XWPNTIKOTNTA 81650V p-n
3.12.1. EowTtepikA avrioTaon KpuoTaAAoS165ou

21N MEXP! Twpa avaAluoh pag Bewprijoaue TTaviou OTI N KpuoTaAAodiodog eival 1Idavikn,
OnA. €xel pndevikn avTioTaon KoTtd TNV 0pbR TOAwoN Kai Arreipn avrioTaon Kot Tnv
avdoTpopn TTOAwon. H tpaypaTtiki Opwg KPUuoTAANOBIOBOG £XEI XAPAKTNPIOTIKI) KAMTIUAN
PEUPATOG-TAONG OTTWG AUTA TTOU @aiveTal oTo ZX. 3.23.

1 (mA) A

%
I _/'j r
g
/".' a B I Ey
()

To ¢ E, . V (Volt)

=
7

ST

Zx. 3.23. Neipapariki KAPTTUAN KpuoTaAAodiddou, [16].

ATO TN Yop®r TNG KAPTTUANG QUTAG PTTOPOUUE VA GUVAYOUUE TO 1I000UVONO KUKAWUA TNG
01600u TO OTT0i0 Ba €ival OTTWG auTo Tou ZX. 3.23B. OTTwg RON avaeépbnke, n Tédon Eo cival
yia 10 Ge 0.1-0.2 V ka1 yia 10 Si 0.4-0.7 V. H avtiotaon cuvexoug pelpaTog yia Eva anueio Q1
TTAvw OTN XOPOKTNPIOTIKA KAPTTOAN €ival ion pe

le = % =od a 3.65
1

H avtiotaon auth diagépel ammd onueio o€ anueio TAVW OTNV KAPTTUAN Kal avag@épETal
MOVO OTn ouvexr CUVIOTWOO TOU PEUPATOG Kal ThG TAONG.

Av 010 KUKAWMO pIag BI000U €XOUNE MPEIKTO pelpa, OnA. ouvexég Kal EVOAAOOOOUEVO,
OTTwG OTav ummdpxouv dUo TTNYEG OTn O€lpd, Pia ouvexoUg Kal pio evoAAaoOOpEvou, TOTE
uttoAoyioupe 1o pelpa otn 8iodo XwpIoTd yia TIG BU0 TTNYEG KAl HETA Ta UTTEPBETOUNE. Ta va
Yivel auTtd XpNOIUOTTOIOUKE TN Hia QOPA YIa TO CUVEXEG PEUMA TNV QVTIOTACN rde Kal Tn SeUTEPN
@opd yia TO EVAAAQCOONEVO PEUPA TNV QVTIOTAON Fac N OTTOI0 OVOUALETAI EOWTEPIKN) AVTIOTAON
NG KpuoTaAAodI6dou. H avtioTaon autr uttoAoyieTal amd 10 AOyo Twv PETABOAWY TNG TAONG
KOl TOU PEUUATOG OTO onuEio Q1 TTOU PAG EVOIOQPEPEL, Kal €XEl MIKPEG MOVO HETOBOAEG yia Jia
OAOKANPN TTEPIOXA TTAVW OTNV KAPTTUAN YUpw atrd To onueio autd. Eival dnAadn

Y

= = 3.66
L

ra c

H eowTtepikn) auTh avtiotaon utroAoyideTal kal BewpnTikG a1d TO VOPO TnG £évwong, €E.
3.56. Y1roAoyiCetal yI' autoé oTnv apyn n €101k aywyiudtnta, n otroia TroAAatmTAacioopévn eTTi
Tnv dlatopr| A divel TO avTioTPOPo TNG NTOUPEVNG ECWTEPIKNG avTioTaong, dnAadn

A1

= 3.67
Jac dvV  Arg,
Kal ato Tnv €€. 3.56 Bpiokoupe
1 Qv
gac = ‘JO —€ kT 368

Vr
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omou Vp = a

_J+do

n Gac v, 3.69
Eteidr) pwg otnv opbr TéAwaon 1oxuel J>>Jo
V.

O = v Kal Moo = TT 3.70

Me avTikatdoTaon Tng TINAG Tou Jo 110 TNV 3.57 TTaipvoupe Tnv

D QeV
1 e Y B ew 3.71
Vil L L,

Gac =9 + G 3.72

2¢ pia 6iodo TTou To éva TUNUA eival eviovoTepa voBeupévo atrd To GAAo, dnAadn 1oxUEl
Pn >>N, 1 TO QVTIOTPOQO, N €IBIKA aywyYINOTNTA Ba EKPPATETAI UE OPKETN TTPOCEYYION UE TOV

£€va YOvo a1ro Toug dUo 6poug TG €§. 3.72.
3.12.2. lo00d0vapo KUKAwWMA Kol TUNMOTIKH YPOUMIKOTIOINoN XOpaKTNPIOTIKAG 51680u

21NV TPAEN, TTOAU Cuxva n XapaktnpioTiKA |-V piag 816dou TTpooeyyifeTal Ye TUNUATIKN
YPOUUIKOTTOINGOT, OTTWG QaiveTal 1o ZX. 3.24a. X10 XX. 3.24a Bewpolpe 6T n diodog ue
avaoTpopn TTOAwON €xel ATelpn avtioTaon, evw Pe opBn TOAwon peyaAltepn ammo Vy n
0iodog €xel otaBepny avriotaon Rr. H Rr Aéyetar avtiotaon opBrig moAwong. H diodog
CUNTTEPIPEPETAI OOV AVOIKTOKUKAwMGQ €av gival V<Vy, éxel 8 pmia otabepn avriotaon R=dV/dl
eav gival V>Vy. ETropévwg ytmopolpue va Bswprigoupe oav 10000vapo KUKAwa Tng 816d0u To
KUKAwpa tou 2. 3.243 omou D pia 1davikn &iodog (Gmeipn avrtiotaon otnv avaoTpogn
TTOAwON Kal undevIkr oTnv opon).

I(mA)

v, v (Volt)

[ J
2
Ry
[ Kion, VR j
vy
|
®)

(o)
Zx. 3.24. MpooeyyIOTIKA XOPAKTNPIOTIKA Kal I003Uvauo KUKAwpa 5165ou, [14].

O1mwg €idaye TopaTdvw, N avTioTaon ouveXoUug peUUATOG Fde €ival ion TTPog TO
avTioTpo@o Tng KAiong Tng euBeiag TTou cuvdEéel TO ONUEIO AeIToupyiag We TV apxn Twv
ouvTeTayuévwy. H avrtiotaon ouvexolg pelpatog PETaBAAAeTal ge peydAo €0pog pE TN
peETaBoOAn Twv V kai | kai dev gival pia xpAoIUN TTapAPeTpog. AvTiBeta, n avriotaon opOnig
moAwoNG Rr Tou TTpooeyyIoTIKOU POVTENOU, €XEIl IBIITEPN TTPAKTIKI ONUAcia Kal GuvABwg
XPNOIYOTTOIEITAI OTNV avAAUCH KUKAWPATWY pE 816doug 1000 yia dc 600 Kal yia ac oruara.
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3.12.3. XwpnTIKOTNTA HETARBATEWG

Omwg ava@épape 1o Tavw, yipw atrd Tov dgova Tng évwong p-n axnuarti¢eral pia {wvn
atmoyupvwaong TAAToug (=/p+/n. Méoa oTn {wvn auTth, TO UAIKO OCUMTTEPIQEPETAI Oav

OINAEKTPIKO Adyw aKPIBWG TNG apaiwong Twv QopEéwv TnNG TrepIoxNg autng. Egaitiag autou,
ep@aviCetal €va NAEKTPIKO QopTio y€oa oTn {wvn amoyUuvwaong To OTToio gival apvnTikd péoa
OTOV nNuIaywyo TUTTOU p Kal BeTIKO péoa oTov nuiaywyd T0TTou n. To TAGTOG Tng {wvng
atmoyuuvwaong eival, 6Twg €idaue, ocuvdptnon Tng Tdong TOAwong. Ao Tn oxéon 3.33
@aivetal 0TI N avaoTpo@n TTOAwGoN 0dnyei o€ algnaon Tou TTAXOUG TNG TTEPIOXNG ATTOYUUVWONG
evw n opbn TéAwan o€ peiwon Tou. PuoikdTEPA, AUTS OPEIAETAI GTO OTI N AvaaTpoPn TEaNn
TIPOKAAEI TNV ATTOUAKPUVOT TWV QOPEWV TTAEIOVOTNTAG ATTO TNV £VWOT, VW n opBr TToAwaon
TIPOKaAEI TNV TTpocéyyion Toug o€ autr. Otav n moAwaon eival avaaTpo®n, To PEUUA TTOU
TTeEPVA ammo TNV €vwon gival TTOAU pIKPO Kal N KpuoTaAAodiodog CUNTTEPIPEPETAI TOTE OAV
TIUKVWTAG ME XwpnmkéTNTa Tou egapTtdrar amd Tnv Tdon avdotpogng moAwong. H
XwpPNTIKOTATA AuTA ovouadeTal XwpnTiKOTNTa peTapdoewg Cr.

- ! > - r >
<> «—> - > >
I, I I I
i i 1
+ QeND + QeND
kv . 1
I x 11 x
-QcNa _ -OcNa —
[ + I

Zx. 3.25. H perafoAn Tou @opTtiou pe TNV adgnon Tng avaoTpo®ng ToAwaong Tng didédou, [16].

Ortav au&dvoupe Tnv avaotpoen TTOAwaonN o€ pia 8iodo, aufdveral To TTAGTOG TNG TTEPIOXNS
aTToyUPVWONG ME ATTOTEAECHUA VA AQUEAVETAI TO OKAAUTITO QOPTIO I6VTWY YUpw atrd Tov dfova
™G évwong. To gopTio dnAadn eival ocuvdpTnon TNG avaoTpopng TAONG KOl ETTOPEVWGS N
€MIOPAON AUTA QVTIOTOIXEI O€ PIA XWPNTIKOTNTA TTOU EKPPACLETAI UE TNV TTAPAYWYO

da

= 3.73
Tav
E@boov 1o ouvoAIkO gopTio diveTtal atrd Tn oxéon
Qr =QNp4¢, =QN, AL 3.74

AvtikaBioTwvTtag otnv €. 3.74 Tnv Tyl Tou TAaxoug amoyupvwong ¢ amd Tnv 3.33
MTTOpOUHE EUKOAQ VO UTTOAOYIGOUHE TN XWPNTIKOTNTA

1/2

dal A [ 26Q, [ NN eA

=S A : al 3.75
dvV| 2 |(Vo=V) (Ny+Np i

étou A 10 euBaddv TNG TouAg oty évwon kal £ =/ + Ep . H mopamdvw oxéon dev diapépel
atmd ekeivn TTOU Bivel TN XwPNTIKOTATA TTUKVWTOU ETTIPAVEIAG TTAOKWY A pE BINAEKTPIKO
o1aBepdg € Kal amdoTacn TAaKWY £ .

H xwpntikéTNTa pETaBdoEwS gival ouvnBwg HIKPA O€ pIa KPUGTAAAOGIOSO Kal O TUTTIKEG
NG TINEG €ival TNG TAENG MEPIKWV dekadwv pF (20 — 50 pF).

H oxéon 3.75 deixvel 6T N XwpNTIKOTNTA YIAG ETTAPAG £EAPTATAI (KATA U YPAPMIKG TPOTTO)
amdé v Tdon V Tou €@ApPOlOUpE KOl ETTOMEVWG HOG ETTPETTEI T XPAon Tng oav
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eAeyxouevng xwpnTmikéTnTag. O1 diodol TTou KATAOKEUAZOVTal YIG TO OKOTTO aUTO €ival YVWOTEG
oav varicaps (f ka1 varactors). Eav rapaywyiooupe Tnv 1o Tavw oX£on TTaipvoupE

AC; _av
Cr 2V

AnAadn, n OXeTIKA PETABOA TNG XwPENTIKOTNTAG E€ival ion PE TO MIOO TNG OXETIKAG
pETaBOARG TG Taong. Ma Tn xpnoiyorroinon Miog TETOI0G O1600U €PAPUOLETAl GTOUG
QKPOOEKTEG TNG NI TAon avdoTpopng TTOAwong V n otroia eival otabepr] kal kabopilel 1o
onueio npgyiag Kal yia Taon CAPATOG U TNG oTToiag n oTiypiaia TiuA SlIoMop@WVEl TRV TIA TNG
XxwpnTikOTNTAg. Mia TéTola pETARAAAOPEVN XwPENTIKOTNTO AEITOUPYEI O OUXVOTNTEG €WG Kal
100 MHz.

3.76

3.12.4. XwpnTIKOTNTA Sl0XUOEWG

Otav n méAwon piog évwaong p-n gival opOr, Tapouaidderal OTTwG ava@EPOnKe TTI0 TTAVW
TO QAIVOPEVO TNG BlaXUoewg. £’ auTtd, Adyw NG opdrg TTOAwONG, EupavifeTal oTnv €i00d0 TNG
{wvng TWV QOPEWYV PEIOVOTNTAG MIa augnuévn TTUKVOTNTA QOPEWY TTAVW ATTO TNV KATOVOWN
Fermi. O1 dieyepuévol auToi @opeic atmodigyeipovTtal ue To XpOvo Kai dnuioupyolv To pedua
dlayxuoewg. H didyuon ouvteAcital o€ pia epioxn mépa ato Tn {wvn amoyUuvwong.

E&etdloviag 10 @aivoyevo autd OTnV TEPIOXA TWV OTTWV MEIOVOTNTAG TOU nUIaywyou
TUTTOU N, Ba €xoupe amod Tn oxéon 3.46 epooov auth oAoKANPwOEi wg TTpog x ammd 0 pExpl
atreIpo Kal TTOAAaTTAQCIaoTEl e TO POoPTio Qe

-x/L

Q= [ AQ,4p,(0)e """ dx = AQ,L, 49, (0) 3.77
0

otou 4p,(0) = pneQeV/kT. BAétToupe OTI KOTA TNV 0pB TTOAWGN, £XOUME HIO XWPENTIKOTNTA

TTou ovopadoupe XwpnTikoTNTa dloxuoewg Cp Tou eival TTOAU  peyaAltepn oTmd T
XwpnTIKOTATA pETaBdoewg, Co>> Cr, Kal 1I00UTaI PE

\

_dQ_ , QePuly v
dv V¢

H xwpnTikdTATA dlaxuoewg eival TTOAU hEYAAUTEPN TNG XWPENTIKOTATAG PETARAOEWGS, BIOTI

TO Qaivopevo TnG dlaxUoewg, aTO OTToio oeiAel TNV UTTAPEA TNG, €ival apyd o€ axéan e TO

@aIVOUEVO aTTOYUUVWONG QOopEéwy yUpw ottd Tov dfova Tng €vwong, Adyw avaoTpoeng

TTOAwONG. TUTTIKEG TIUEG TNG XWPNTIKOTNTAG dlaxUoewg gival YePIKEG OekAdeg YF, dnAadn éva

EKATOUMUPIO POPEG HEYOAUTEPN ATTO TN XWPENTIKOTNTA YETOBACEWG.

Co 3.78

Ap

ph(0) —

pn(0)

x=0 |« x > Amndotoon x

Zx. 3.26. Karavoun TTukvoTnTag d1axUoEwg OTTWYV Yia SU0 S1apopeTIKEG TINEG OpONG TTOAWONG, [16].
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Avarpéxovtag atn oxéon 3.71 maparnpolye o1 n moadtnTa Q.p,, / Vi TG 3.78 ptropei va
eKQPacBei cuvapTAoel TNG €IBIKAG AyWYINOTNTAG Jac GUEAWVTAG TOV éva atmd Toug SUo 6poug
™G 3.71, Tpdyua TTou cupPaivel oTnv TTPAEN OTTWG AN ava@EéPONKE.

Vv
Q.p,D, -
Gao =0 o Vs 3.79
Lo Vr
AvTikaBioToupe otnv 3.78 TNV

v

L -
ern ~ gac_pe VT 380

Vq D,
Kal auTh yivetal
L2

Cp = Ag,. D—p 3.81

p
aAAG aTTo TN YVWaTH oxéan L% /D, =15, OTIOU Tp 0 PECOG XPOVOG CWNG TWV OTTWV, OTIOTE Eival

Cp = Ay Tp 3.82
Av 0 XpOvog auTog eK@paabei ae pop@r) auxvoTnTag, TeBei dnAadr agav TauTdTNTA N OX£ON
1
T, = w—a 3.83
Byaivel gia TTPAKTIKA onuagia TG ouxvoeTnTag auTtAg, atrd Tn axéon 3.82 kai Tig 3.67 ka1 3.70
CD = Agac i = ! 3.84
('O(x racma

I, 1
Kai Cp = , Cpo, =— 3.85

VT(Dm ac

H oxéon 3.85 deixvel 611 n xwpnmikéTNTA dlaxUoewg ival avaAoyn e To pelua TG opdng
TTOAWONG TNG KPUOTaAA0DIOdOU, Kal ETTIONG OTI N CUXVOTNTA Wa Eival EKEIVN N oUXVOTNTA OTNV
otroia n avtiotaon Tou TUKVWTH 1/Cpowa YiveTal ion PE TNV €0WTEPIKA avTioTaon TNG
KPUGTAAAOSIOOOU rac.

210 2. 3.27 @aiveTal TO 1I000UVANO KUKAWMA TNG KPUGTAAAOBIOBOU OTToU £xEl OXEDIQOTOE]
€va nuITovoeldég pelpa | 1o otroio poipadetal oToug dUo KAGSOUG Tou KUKAWUOTOG, dnAadn
oToVv TTUKVWTNA lc Kal oTnv o0wTepIKA avTtiotaon Ir. Maparnpoulpe 6Tl yia GUXVOTNTO W=Wa TO
pevua polpddetal e€icou aToug dUO KAABOUG, Yia auxvoTnTa JeyaAlTePN TG Wa TO PEUUA OTOV
TIUKVWTA €ival peyaAuTepo Kal autd onuaivel 0TI n diodog apxilel va PBPaxUKUKAWVETAI aTTd
TTUKVWTHA. " auTo N ouxvoTnTa auTr AéyETal OUXVOTNTA ATTOKOTING Wa.

Lo Al 3.86
I  Ag, +iCphm
L = 1 3.87
I 1+jCho/Ag,,

Kal atré Tnv 3.84
L L 3.88

T 1+jole,

Vac
|
= +va» P
I/ r

Cpb

—Ic

|l
1]
Zx. 3.27. loodUvapo KUKAwpa kpuoTaAAodid6dou, [16].

H oxéon auTn yiveTal yio w=wa
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1

) =— 3.89
Lo 1+
1 1

Kal - =— 3.90
Voo, V2

. 1
rl o€ decibel Nags = 20log— =-3dB 3.91
]

3.13. Aiodog Zener

O1wg avagépape Adn, 0Tav o€ pia diodo p-n EQAPPOCTEI avaoTpo@n TTOAWON £XOUNE éva
TTOAU JIKPO peUa TTOU N TIUA Tou £€apTAaTal JOVO ATTO TN BEpPoKpaacia, To avaaTpo@o dnAadr)
peUua kbpou”.

AuTO OpWG 1oYUEl HOVO PEXPI HIa OpICPEVN TIMA TNG avdaTpo®ng TTOAwong. Av auénBei
TTAvw aTTd TNV OPIGKN AUTA TIPA, TTAPATNEEITAlI aTTOTOPN augnan TOU avaoTPoPoU PEUPATOG.
Tote Aépe OTI N Evwon BpioKETAI OTNV TTEPIOXN KaTappeuong, ZX. 3.28. H amdétoun augnon Tou
pPeUUATOG OTNV TTEPIOXN KOTApPeUONnG UTTopei va e€§nynbei pe Bdon dUo @aivopeva. Me 1o
paivouevo Zener \ U TO @aivouevo Kararyiouou (avalanche multiplication) @opéwv.

" QPaiviusvo Zener. XTnv €Vwon p-n KOI CUYKEKPIPMEVA OTNV TTEPIOXN EAAEIWNG POpPEwy,
uttdpyel éva nAekTpikd Tedio. H évraon tou Trediou autou au&dveral, yia dedopévn Tiun
e€wTepPIKOU duvauikou, 600 au&dvovTal Ol CUYKEVTPWOEIG TwV TTPooEigewy. OTav n
évraon Tou TTediou auTtou eival PeyAAn pTTopel va SlaoTrdoel OPOIOTTOANIKOUG deopoUg
ONMIoUPYWVTAG POPEIG Kal audvovTag €101 TO avAoTPOPo peupa. To ¢gaivouyevo Zener
TTapaTtnpEEital yia evidoelg mediou 2-107 V/m. Auto 1o Tedio ITUYXAVETAI PE EEWTEPIKES
Tdoeig pIKpOTEPEG aTmo 6 Volt yia di0doug pe auénuéveg TTpoopeitels. MNa eAa@poTEPES
TTPOCEIEEIG TO BUVOUIKO AUTO gival HEYAAUTEPO.

= QPaivouevo karaiyiouou @gopéwv. OI POPEiG PEIOVOTNTAG TTOU TTAPAYoVvTal BEPUIKE, 6TV N
évraon Tou Trediou eival PEYAAn, ATTOKTOUV OAPKETH EVEPYEIQ, WOTE TTPOOKPOUOVTAG OE
0éopia nAekTpdvia va diacTrouv Toug OeauoUg Toug dnUIoUpywvTag £T01 véa (euydpia TTOU
emTayxUuvovTal Kal autd amo 1o Tedio, dnuIoupywvtag Kaivoupia feuydpia, K.O.K.
(paivopevo xiovooTolfdadag, avalanche).

Kai oT1ig 800 TTepIMTWOEIG N alénon Tou peUPATOG AvAOTPOPNG TTOAWGONG ETTITUYXAVETAI JE
TTOAU pIKpRA augénon Tng Tong oTa Akpa TNG £vwaong p-n TTAvw aTto pia opiakA Tiun Vz. To Vz
ovopadeTal duvauiko KaTappeuangs 1 duvauiko Zener.

Zx. 3.28. ZXnuUaTIKN TrapdoTacn Kai I003Uvapo KUKAwpa 3166ou Zener, [16].

" To pedpa autd gival BewpnTiKA TS TAENGS Tou 102 A, TTnv TTPAEEN N TIWA Tou gival yia To Si TG TAENS TWV NA Kal yia
10 Ge NG Ta§NG Twv PA. AuTo o@eileTal o€ GAAD @aIvOpEva OTTWG N UTTaPEN PEUPATWY dIAPPORG OTNV ETTIPAVEIA TOU
KPUGTAAAOU Kai n YEVEDH Kal ETTAVOOUVOEDT QOPEWYV TTAVW OTNV ETTIQAVEIQ.
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H amétoun auth auénon Tou peUPaTOG OTNV TTEPIOXN KATAPPEUCNG £XEI OOV ATTOTEAETUA
va diatnpeital N Téon oTa dkpa TnG 616d0u oxedOv oTabepr. Na 1o Si ka1 yIa TTOADTEIG HEXPI
5 Volt emkpaTei 0 pnxaviopog Zener, evw yia TTOAWOEIG HeyaAUTepeg atd 8 Volt emkpaTtei o
pnxaviopog avalanche. MNa moAwaeig petagl 5 kai 8 Volt emkpaToldv Kai of U0 PNXavIoUoi.
210 Y. 3.28 @aiveTal N oXNUATIKA TTopAdoTacn TG Zener Pe 10 1I000UVANS TNG KUKAWMPA OTav
ayel katd Tnv avaoTtpon TTOAwon. ZT0 idl0 OXNUA @aiveTal Kal N XAPAKTNPIOTIKI KAPTIUAN
I=f(V), n omoia Opwg OTmwg O&ivetal atmmd TOUG KATOOKEUOOTEG €Xel O0TO OefI6 TTAvWw
TETAPTNUOPIO TNV AVACTPOPN TTOAWGCN, YIOTI G’ QUTAV XPENOIYOTIOIEITAl. TNV TTPAEN, YETA TNV
Tdon Zener n KAPTTUAN Oev gival TeEAEiwg KABETN, aAAd €xel pIKP KAion n oTToia xapakTnpidel
TNV E0WTEPIKA avTioOTaoN P TNG Zener TTouU OTO 1000UVONO KUKAWUA TNG uTTaivel o€ oEIpd PE
v 1don Vz.

H 1don katdppeuong e€apTtdral amd Tn CUYKEVTPWOTN TTPOCUEIEEWY GTOV NUIOYWwyd TNV
TepIoxXn NG £vwong p-n. O1 TIuéG TNG Vz ptTopei va gival atmd pepikd Volt péxpr 1000 Volt yia
IoXU péxpr 50 Watt. O1 diodol Tou kataokeualdovtal yia va €pyalovral OTnv TTEPIOXN
Katdppeuong Aéyovtal diodol Zener Kal XPNOIKMOTTOIoUVTaAl O€ KUKAWUATA 0av OTaBEPOTTOINTEG
Tdong | oav YahidioTég S16TI Slatnpouv pia aTabepr) Tdon €£6dou akGun Kal éTav To pevua
Méow autwv petaBdAAetal. Ma kavovik Aeiroupyia, n diodog Zener TpéTTel va eival
avaoTpoga TToAwpEvn. Zuvnbwg XpnaolpoTroigital kal avtiotaon Ry o€ oeipd (Zx. 3.29), yia va
TTePIoPiCel To pelpa Zener O€ TINEG PIKPOTEPEG TNG PEYIOTNG OVOUOOTIKAG TIUAG PEUPOTOG TWV
TTPodIaypaPwY. Ala@opeTikd, n diodog Zener Ba kaei, OTTwg kK&Be didTagn pe peyAAn
KatavadAwon 10XU0G.

| 4
Ri
Va o—| + W —o"
: > — ~220V VN /2%/ RL%
e v ] | .
-------------- Iz
(o) )] )

Zx. 3.29. a) H xapakTnpioTikR, B) o cupBoAiousg, Kal y) oTabegpotroinon pe Siodo Zener, [14].

Av 0 PNXavIopog Katappeuang oeileTal o€ Qaivopevo Zener, augnon Tng Beppokpaaiag
odnyei og eAATTWON TNG Vz, yIaTi EAATTWVETAI N EVEPYEIQ TTOU XPEIAZETaI yia Tn SIACTTAoN TwV
OMOIOTTOAIKWY OeTUWY. Av 0 UNXAVIOUOG KATdppeuong oQeileTal o€ @aivouevo avalanche,
augnon Tng Bepuokpaaiag em@épel a UENon NG Vz. Autd o@eiletal OTO yeyovog OTl,
auédvovtag Tn Bepupokpacia augdvovtal oI TAAQVTWOEIG TwV OTOUwY OTo TTAéya, dpa
augaveral n mMOaAvOTNTA GUYKPOUONG TV POopEwV PE dTopa Tou TTAEydaTtog. O ouykpoUaelg
QUTEG €XOUV OOV ATTOTEAECUA va XAVOUV OI POPEIG KIVNTIKN EVEPYEIQ.

To aupBohio yia Tn diodo Zener divetal o1o XX. 3.29B. 210 XX. 3.29y Oivetal éva ammAd
KUKAwpa yia tn otaBepotroinon Tng téong €€6dou piag avopbwrikig didraéng. H avriotaon
R1 xpnoiupevel yia Tnv TTpooTacia Tng &16dou Zener atrd peydAa peupata. ‘Eotw Pz n péyiotn
EMTPETTOMEVN 10XUG yia Tn diodo Zener kai Vz n 1don kardppeuong. Av dextoupe OTI N
avtiotaon Tng 01600u Zener oTnV TTEPIOX KATAPPEUONG €ival undév, TOTE TO PEYIOTO peUpaA

TTOU ETITPETTETAI VO TIEPAOE! a6 TN 8iodo OTNV Treploxn KaTdppeuong eival I, = —=, OTIOTE
z

R1 _ Vmax _VZ

Imax
OTTOU Vmax N MEYIOTN TIMA TTOU €XEl N TAON €10000U Vin. ZTOV UTTOAOYIOPO QUTO €XOUUE
uttoBéoel 0TI RL = oo, Ze TTEPITITWON TTOU XPEIOOTEI KUKAwPa oTaBepoTroinong yia TAOEIG
MIKpOTEPEG amd 2 Volt, emeidry dev umdpyouv diodol Zener pe Vz<2 Volt, avti Zener
XpnoldoTroloUhe pia Kavovikh 8iodo toAwpévn oTnv opbri @opd, omdre n diodog Ba
OTaBePOTIOIEi OTNV TAON KATW®AIOU (aAyWYAG).

3.92
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3.13.1. XapakTnpIioTIKd peyédn 8165ou Zener

Tdaon Zener Vz : n 1don otnv otroia otaBepoTrolei n diodog Zener.
Peopa Asitoupyiag Zener Iz : n TiuA Tou peUPOTOG TTOU AVTIOTOIXEl OTNV Tdon Vz.

Méyioro pevua Zener Izmax : To PéyiOTO pelpa TTOU Iz A
pTTOpEl va TTEPACEl ammo Tnv Zener Xwpig auTr va
KOATAOTPOQEI.

Méyiotn 10xuc Zener Pp : H ovopaoTikry 1ox0g v AVz
otroia katavaAwvel n &iodog Zener. loxuel n oxéon:
Py = x V. ZT0 eutrépIo uTTdp)ouv diodol Zener pe [ e I Vz

IZmax 1
IoX0 amé 0,25 W éwg 50 W. i
EAdxioro peupa Zener Izmin : TOo EAAXI0TO pelpa yia TN !
Aeiroupyia Tng di6dou Zener. !
Avdorpogo psuua Zener Ir : To avdoTpo@o pelpa |
TTOU QVTIOTOIXEI O€ TAOEIG VR PIKPOTEPEG TNG Vz. AV

Z

Eowrepikn i duvauikn avrioraon Zenerp : p = Al
Z

3.13.2. XraBeporroinon Tdong e diodo Zener

O1 oT1aBepotroiNTég TAONG €ival KUKAWPATA TTOU XPNOIKOTToIoUvTal TTOAU GUXVA OTIG
avopBwrTikég diaTdgelg, ol otmoieg Ba efetacTolv oTo Ke. 5. ZTa KUKAWMATO QUTA,
xpnoigotroloUvtal TTavroTe diodol Zener yia va dWoouV Wia oTabeph TAon avagopds, wg
TPOG TNV OTroia A€iIToupyei 0 OTABEPOTIOINTAG. XTn OUVEXEIM, Ba TTEPIYPAWOUUE TETOIEG
EPAPHOYEG TNG Zener OTIG OTT0IEG TTaipvoUNE oTa dkpa TnNG Zener pia oTabepr) Tdon ion Pe TNV
OVOUOOTIKA TdoN TNG 81680V AUTAG.

3.13.2.1. ZraBspomoinon raong os ueraBAnTo oprio

Mia atAr TrepimTwon epapuoyng Tng di6dou Zener gival n otabepoTroinon Tng TAoNg piag
TTNYNG ME HEYAAN ECWTEPIKA avTioTaon.

Vziz B

B

Zx. 3.30. ZraBepoTrroinon Tdong o€ HETABANTO @opTio. a) KikAwpa oTabepoTroinong, B) 10080vapo KUKAwA,
[16].



-70 -

Mia TéTola TTNYR €x€l TTOAIKA TAon TTou PeTABAAAETaI avaAoya pPe TO peUUA TTOU ATTOPPOPA
TO QopTio TNG, dnAadn avaloya pe TNV TIPA TNG avtiotaong @opTiou R1, Rz, KATT. To KUKAwPQ
MI0G TETOlAg TTNYAG NAEKTPEYEPTIKAG BUVANNG Va Kal ECWTEPIKAG AvTioTaong p, £XEl oxedIAOTEl
oTo Zx. 3.30a.

H Tty Tpo@odotei 1O @opTio TToU Traipvel O1d@opeg TINEG Ri, Rz, kAm. Ta va
otaBepotroinBei N TGon OTa GKPa TOU QopTiou autoU cuvdéeTal TTAPAAANAa Pe autd, pia
0iodog Zener kal 0€ OEIPA YE AUTA pia avTioToon r.

H &iodog Zener 61TwG yVWPICOUNE, £XEI MIA XAPOAKTNPIOTIKA TTOU, TRV avAaoTpo®n TToAwon,
otav n 1aon utrepPei pia tdon Vzo apxifel amétopa va ayel kai divel eyAAeg TINEG pEUPATOG
ME MIKPEG POVO PETABOAEG TAONG. H XapakTnpIoTIKA auTr OTTwG QaiveTal 0To dIdypaupa Tou
>x. 3.30 divel HETA TNV TAON Vzo PIO OPKETA YIKPH ECWTEPIKN AVTIOTAON Pz.

MNa va utroAoyiooupe TNV T1aon Vz1 Kal Vzz TTAvw GTO QOPTIO OTAV TO QOPTIO TTaipvel TINEG R4
Kal Rz avTioToixa Kai va Kpivoule yia 1o péyebog TNG HeTaBoAnG AVz = Vzz — Vz1, oxedidoupe
TO 1I000UVaPo KUKAwua Tou Tou Zx. 3.30a 1mou ival 1o 2. 3.30B, 61Tou £xouue katd Thevenin:

R
V=V, —— .
B (p+r+R) 393
R
ka R, = R(P*T) 3.94
p+r+R

KdaBe miui 1ng R, dnA. R1, Rz, KATT., divel kal pia avtioTtoixn TiuA Twv Vit kai Visz 1 Riz1 kai
Riz2. A6 autd pe Tn BonBeia TnG XapakTnpPIoTIKAG TNG Zener Kal YE Tnv eubegia @opTiou TTOU
XOpAooeTal yia KAOE avTioTaan QopTiou, TTAipVOUUE aTTd TNV TOWPN TOUG WE TN XAPAKTNPICTIKNA,
Ta avTioToIXa onueia npeyiag mou divouv Tig Tdoelg Zener Vz1 Kal Vza.

H euBgia @opriou, 6TTWG gival yvwaoTo, apyifel ammd Tov dfova Twv TACEWV OTO OhUEio TNG
Td0NG TNG TNYNG, dnAadn €dw oTIg TAoelg Vis1 Kal Visz Kol KAataAfyel Tévw oTov déova
peupdtwy oto onueio lo=Viz/Riz, TTou TTaparnpoudue o1 €ival idl0 yia OTTOIOSATTIOTE TIUA TOU
popTiou R, dnAadn

R
Vi _y R (p+r+R) 3.95
Rx (p+r+R) R(p+r)

Vo 3.96

p+r

Ma k&Be Tiur TG Ris £xoupe Kai pia TiMA TNG Vis Kal pia euBeia gopTtiou TTou apxicel TTavw
OTOV KATOKOPU®O Ggova Twv PEUPATWY Kal TTavta oTo idlo onpeio lo. O1 TOUEG QUTWV TwvV
€UBEIV PE TN XAPAKTNPIOTIKA TNG Zener divouv TIG avTioTOIXEG TAOEIS OTA AKPA TOU QPOPTioU
TToU €ival ol Vz1 Kail Vzz.

Mapatnpolue 611 av dev UTTAPXE OTO KUKAwPA n Zener, n Tdon ota dkpa Tou @opTiou Ba
ATav ion pe TNV Vis Kal N petaBoAn Tng yia didgopeg TIHEG TG R Ba Atav AVis = Visa — Vis1.
Otav ouvdebei n Zener, n petaBoAn Tng Tdong oTa Akpa Tou @opTiou Ba gival AVz = Vzz — Vz
Kal emTeidn atrd 10 oxfAua @aiveral 6T AVz <<AViz cupTtrepaivoupe 6T n Zener oTaBepOTTOIE]
TNV Tédon oTta dkpa TnG avriotaong @opTiou R otav peTaBAAAETaI N TIPF TNG TEAEUTAIAG.

AuTo yivetal €TeIdn n Zener evepyei 0’ autd TO KUKAWWPO avTiBeTa atmd 10 gopTio, dnAadn)
otav n avrtiotaon @optiou pikpaivel amd Rz oe R1 kai n avtioToixn icodUvaun avtiotacn amo
Riz2 o€ Riz1, TO pelpa TOU QOPTIOU QUEAVETAI EVW) TO PEUNA TNG Zener YEIWVETal aTTd |z2 o€ |z1.
AnAadni n Zener evepyei KaTa £va TPOTTO oAV aTTOBNAKN PEUUATOG TTOU TO Bivel OTO POPTIO avTi
NG TTNYNg 6t1av autd 1o {NTACEI.

H avtiotaon r o€ oeipd uttoAoyileTal £T01 WOTE OTn OUCUEVETTEPN TTEPITITWON, dNAAdH yia
TN MEYAAUTEPN TIUA TOU peUATOG TNG Zener, auTr) va Pnv UTTEPRaivel TO PEYIOTO ETTITPETTOUEVO
pedua NG Zener, lzmax.

H duopevéoTepn TrepitTwaon eival av agaipebei TeAeiwg n avriotaon @opTiou R, ommdte av
070 KUKAwpa oxedidooupe avti TNG di6dou Zener, T0 1I000UVANO TNG KUKAWWA, TTOU €ival pia
1I0000vaun Tédon Vzo Kal Jia ECWTEPIKN QvTiIOTOON pz O€ OEIpd, TOTE Ba €XoUpE To peupa Zener

lo =

_ Vo~ Voo 3.97
(p+r+pz) '

IZ max
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A6 autd utroloyileTai n r

Yo=V20 (51 py) 3.98

IZmax

r=

3.13.2.2. Z1a@epomroinon raong o€ peraBAntn Tnyn

2710 Zx. 3.31 @aivetal To KUKAWMPa OTO OTT0i0 N TTNYN €ival aoTabolg Tdong Va1, Vaz VWD N
avTioTaon gopTiou gival oTabepr|. Kal atnv TEPITITWON auTrh ouvdéeTal Yia Zener TTapaAAnAa
ME TO @opTio R Kal pia avTiotaon r o€ OeIpd PE auTd, oTTdTeE N TAON OTA AKPA TOU POPTIOU
oTaBepoTrolgital Kal Traipvel TINEG Vzi, Vzz. To 1I0080vapo KUKAwPa €xel Kal €dW pia 1000Uvaun
Tdon TTou givai

Vi =V, R 3.99
(p+r+R)
Kal Jia Ico0dUvaun avTioTaon
= p+r+R

Kal otnv mepimmmwon auTr) Tapatneoupe OTI oTn PEYAAn PETABOAR TG TAong Tng Tnyng,
TToU avaloyei aTnv AVis, avTioToIxXel pia TTOAU pIkpdTEPN PETABOANG TNG TAONG TOU (QOPTIOU
AVz. ETnv TEPITTTWON QuTr OPWG €XOUPE OTABEPH avTiIOTAON QOPTIOU Kal E€TTOUEVWG KAl
oTaBepny 1I0000vaun avtioTacn, oToTe yia TIG OIAPOPES TINEG TNG TAONG TNG TNYNG n €ubeia
PopTiou heTATOTTIETAI TTAPAAANAA TTPOG TOV £QUTO TNG.

Zx. 3.31. ZraBepoTroinon Tdong o€ peTraBAnTn TTnyn, [16].
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>uvoyi¢ovTag, diakpivoupe duo €idn atabepotroinTh pe diodo Zener (BA. Zx. 3.32):

Rs
—
I
ST
1
Vi Izl 7% RL Vou

Zx. 3.32. ZTraBepotroinTig Zener, [18].

A) Zrabeporrointris dikTuou (oTabepo I, peraBdaAAsrai n V).

loxOe: Iy =1, +1., V; =Rg+V; =V, =(I; +I )Rg + V.

Ortav petaBaMietal n Vi, emeidn 1a IL kal Rs gival otaBepd, Ba petafAnBouv 1a Iz kai Vz.
E@ooov o1 petaBoAég Tou Iz TreplopioToUv avApesa O€ lzmin Kal Izmax, N Vz ©ev aAAGel Kai
eTEIdN Vout = Vz guptrepaivoupe 6T Tapd TIG YETABOAEG TN TAONG €1I0600U, N Tdon aTa dkpa
Tou @oprTiou TTapauével oTabepr). H amdédoon evog otaBepotrointh SIKTUOU eK@PAdeTal Ye ToV
opo:

VOUt (V19 Vin, max ) B VOUt (19 Vig min)

V,

out (v1a Vip min)

x100% 3.101

otaBepoTroinon SIKTUouU = [

B) ZraBepotrointris gopriou (orabepn Vi, yerafdAAerar ro pedua lp).
Vi-Vz
Rs
oT1aBepd, Ba peTaBAnBoulv Ta Iz kai Vz. E@oécov o1 peTaoAég Tou Iz TTeplopioTolv avaueca o
Izmin Kall Izmax, N Vz 8€v aAAGCel Kail €TTEIOA Vout = Vz oupTTEpaivoupe 6T TTapd TiG HETABOAEG TOU

PEUUATOG POPTIOU, N TAON OTA AKPA Tou TTapapével 0TaBepn. H amddoon evdg oTabepoTroinT
PopTiou ekPPAleTal Ye ToV OPO:

loyoer: I =1 -1y :( J—IZ. Ortav petaBdAAetal To pelpa I, €meidf Ta V1 kai Rs gival

V,

V . . - i . .
out xwpig gopTio(l, =0 out pe TTARPEg gopTio(l =max n R =min
Xwpig goprio(l_=0) He TANPES popTio(l. nR ) %x100% 3.102

V

out pe TARPeg @oprio(l =max n R =min)

oTaBepoTToinon @opTiou = [
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3.14. Aoknoeig — MNMapadeiypara

AZK 1.) H xapaktnpioTiki Tng 61600U, 0T0 KUKAwWa Tou oxrpatog 3.33, dideTal 0TO OXAUO
3.34. Na Bpebei 10 onueio Aeiroupyiag Tng B16doU, PE TNV avTigTolXn TAON Kai pelpa
Aeitoupyiag (Ioa, Vba), Kal N GUVOAIKA oTiyuiaia Tiuf Twv ip & vp. OTToU ib Kal vo To GBpoicua
TWV CUVEXWV KOl EVOANACOTOUEVWY CUVIOTWOWYV TOU PEUPATOG Kal TNG TAong TnG 816dou D.

FL=1KQ ma |
o
+
+ 10 ||r
ve =1 sinmt w iax
e
D 3— D ncmax 1[1[
-l— \"'"fDC = 8 valt imin \ |’
£x.3.33 B ‘DMA; |
a) To onueio Aeitoupyiog BpiokeTal pe TN Ino <
Bonbeia Tng eubeiag goptiou. Opifoupe oTOUG ipnIH \
a&oveg Tdong-pevuatog 1o onueia (Voc=8 V,
Iocmax=Voc/RLi=8 mA). H TtopAl Tng eubciag

QPOPTIOU PE TN XAPAKTNPIOTIKA TNG di6dou divel

]

Vprm ==
v
o |VYomax

N

TO0 onueio Aeimoupyiag Q pE OUVTETAYUEVEG

Vbca= 3,5V kail Ioca= 4,5 mA. 0 J/’ \\

B) H péyiotn TR TG TAONG TNG YEVVATPIAG 0 v £ Ve 5 10 von
gival auty yia TNV omoia sinwt=1 dpa Do £ E
Vpmax=8+1=9 V kai n eAdxioTn TIiun g gival < Vp —»¢—Vr—=>> =

auTh yia  Tnv otoia sinwt = - 1 &pa Vpmin=8- Zx.3.34

1=7 V. Me apxn Ta onueia 7 kai 9 V mavw oTov

agova Twv Tdoewv xapdooovTal duo eubeieg TTapdAAnAeg oTnv eubeia gopTiou. MNMpoBaAlovTag
oToug Afoveg TO OnNUEid TOUAG TWV €UBEIWV QUTWV HE Tn XOAPAKTNPIOTIKA Tng &16dou,
BpiokovTal Ta : Vbmax=3,8 V, vbmin=3,2 V Kal ibmax=5,3 MA, ipmin=3,7 mA.

Apa :

Vd = 1/2(Vbmax- Vbmin) sinwt = 1/2(3,8-3,2) sinwt = 0,3 sinwtV  kar vp= (3,5+0,3 sinwt) V

id = 1/2(ipmax- ipmin) sinwt = 1/2(5,3-3,7) sinwt = 0,8 sinwt mA kai io= (4,5+0,8 sinwt) mA.

v

| .
+ —Pp +
N4
D J_ EMmax Yermin
\ +

1
T vi=vsinwt 0

10ms=

£x. 3.35 —

SLUG =09
m'ez—u

£x. 3.36

AZK 2.) Na 1o KUKAwpa tou oxrjuarog 3.35 didovrar C=100uF ka1 Ri=1KQ. H &iodog D
Bewpeital 1daviki Kal n 1TNynR €ival nuitovoeidig TAdtoug 311volts, ouyxvorntag 50 Hz. Na
oxedIO0TOUV Ol KUPATOUOP®EG TAONG TNG TNYNG Kai Tou TTukvwTr] C. Na uttoAoyioTouv n
€AAXIOTN KAl PEYIOTN TAON TOU TTUKVWTH, KABWG Kal Ol XPOVIKEG OTIYMEG KATA TIG OTTOIEG AUTEG
epgavi¢ovral. Na uttoAoyioTel N KUPATWON TRG TAoNg €€6d0U, N PEON TIPA TNG OTTWG Kal n
Méon TIPA Tou peupaTog €€600u. TENOG va ouykpiBei 0 xpdvog Katd Tov oTroio ayel n diodog,
ME TNV TTEPIOdO TNG yeVVATPIAG TAONG.

Katd Tn Xpovikf OTIyPA TNG EVEPYOTTOINONG TOU KUKAWMOTOG O TTUKVWTAG €ival TEAEiwWG
apopTIaTog, n diodog D apyiCel va ayel kal n Tnyn va @opTi¢el Tov TTukvwTh C. ‘ETol yia wt=
/2 i to =T/2W=5mS éxoupe Vc=V=Vo (BA. oxnua 3.36). £1n ocuvéxela n 1a0N TNG TTNYAS
apxifel va MeEIWVETOl PE ypryopo pubud akoAouBwvTag TO NMITOVO, €VW O TTUKVWTHG
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EKQOPTICETAI EKBETIKA HECW TNG avTioTaong R pe apydtepo pubuod, o€ oxéon We Tn Yeiwon TG
Tdong €106d0u (TAaN TTNYAG).
~(t-to)

Anhadr yia wt>Tr/2 éxoupe Vi (t)=ve RC

H tdon Vc peiwveral v n 1don TG TTNYAS META TO TEAOG TNG TTEPIOdOU apyilel va augavel

TraipvovTag BeTIkEG TINEG. Ze KATTOIO XPOVIKA OTiyur t1 o1 duo autég Tdoelg Ba €§iowbouly,

otrote Kal n 6iodog D Ba TmoAwBei 0pBa (kaBwg n Vi Teivel va yivel peyaAutepn Tng V) kai

OuveETTWG 0 TTUKVWTAG C @opTileTal TTAAI NUITOVIKA PEXPI TO WPEYIOTO TNG TGoNG €1I06d0U.

Emropévwg :

(4-51073)

Vc(t1): Ve RC = V.sinwt1, 6mou C=100uF ka1 Ri=1KQ, avtikaBioTtwvTag ta C kail R:
-0.01lt,-5
e (1 )= sin0.11t1 610U t1 o mSec.

ZntoUpevo Aoirov eival 1o t1 yia To o1Toio Ba 1oXUel n o TTévw 106TNTA. 'ETO! :
yia t1=23 mS e~00123-5) - ( g3507 sin(0,11.23) = 0,80902
yia t=23,1 mS e 0-01231-5)- 9 8344 sin(0,111.23,1) = 0,8271
yia t1=23,15 mS e 0.012315-5) = g34 sin(0,117.23,15) = 0,836
yia t1=23,14 mS e=0.012314-5) =  g341 sin(0,111.23,14) = 0,8341

Apa Vemin= 311.0,8341= 259,41 Volts , Vemax= 311 Volts kal N KUPGTWON TTPOKUTITEI ATTO TN
oxéon :
KUPATWON = Vemax — Vemin = 311 - 259,41 = 51,59 Volts.

H péon TiyA Tng Tdong oTnv £€odo Ba eivai :

-3 -3
- T 23.14.10 -3 25.10
VO:VC:%jVC(t)dt:SO [ 31110510 g T 344sint00mtdt | =
0 5107 23,14.10°3
3
23,14.10 -3
311 __10(t-5.10" 2510
=50 |2 10(t-5.107) - cos 100t =
-10 5.103 100m 23,14.10710

= 1555(1—e_0‘1814j—49,5.003(100w.23,14‘10_3j = 1555 . 0,165 + 49,5 - 0,5516 = 285,27 Volts

H péon TiuA Tou pevpatog otnv €€0do Ba eivai : E = % =285,27 mA

O xpoévog oTov otroio dyel n diodog eival (t2 - t1) 6TTou t2 = T+T/4 = 20 mS + (20/4)mS = 25
mS, dpa (t2 - t1) = (25 - 23,14) mS = 1,86 mS ka1 cuvemwg n &iodog dayel oo (1,86/20).100
= 9,3% TNng TTEPIOdOU TNG YEVVATPIOG TAONG .

AZK 3.) 210 KUKAwpa Tou oxAuartog 3.37 didovtal n tédon Tng TNyng Vi = 311.sin(1007t) kai n
avriotaon @optiou Ri=1KQ. H 8iodog Bewpeital 611 TTapouciadel katd Tnv opbri TTéAwaon
avtiotaon Rr =10Q kai kard v avaoTtpoen Rr =100KQ. EmmAéov Bewpeital 611 n 1don
aywyng g d16dou Vy =0. Na oxediaotei n 1a0n €§660u Vo TOU KUKAWMPOTOG Kal va
UTTOAOYIOTOUV 01 JEOEG TINEG TNG TAONG Kal Tou peupaTog e€6dou (Vo,lo).

MNa O0<wt<m n diodog D cival opBad TToAwpévn. 10 oxnpa 3.38 gaivetar 10 100dUvVauO
KUKAwpQ.

R
L vosinwt = 1990 344 sinwt = 307,92.sin1007t
RL +Rf 1010

Vo(t) =



O

W= W osint T by
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R=100 R.=100k10
+ +
Ru=1Ki ] 1y, RL=1KQ| | Yo
Vi =% sint W= sint
0< wt=<rTr o T<wt<2m
Ix. 3.38 £x. 3.39
MNa w<wt<21r n diodog D eival avdoTpoga Vot
mohwpévn. -
, , , , SN o= "=Vl
2710 oxnua 3.39 @aivetal To 1I60OUVANO KUKAwUA 3079 —;-L A il
1}
1000 .
Vo(t) = Vmsinwt =——— 311.sinwt =
o= R+ R 101000 I 2N
3,0792.sin100t -308 E\"‘————""‘;’l wt
A i
* Fi
LY F
Al S

H péon TiyA TnG TdoNng €€6dovu €ival :

2 1 2m
( )-d(wt) =— j 307,92.sinwt.d(wt)+ [ 3,079.sinwt.d(wt) | =
2m| g -

21T

1
— [V
T
1
=5 |37 92(-coswt) |0 +3,079(-coswt)[~

} = 2l(z .307,92 - 2 . 3,079) = 97,03 Volts

H péon TiuA Tou pevpatog €600V givai : B = % 97,03 (mA)
L

AZK 4.) 10 KUKAwpa woAidiguou, oxnua 3.40, didovtal n otdbun avagopds V=10V kai
Vi=20sinwt. H avtiotaon opbnig moAwong tng &i16dou eivar Rf = 100Q kai n avriotaon
avaoTpopng TOAwoNg Rr = . Na oxediacTolv ol kKupatopop@ég e100dou Vi(t) kar e§6dou Vo(t)
Kal va uttoAoyIoToUV ol PEYIOTEG TIHEG TNG TAaNG £§6d0u Vo(t) yia:

(i) R = 10KQ, (ii) R = 1KQ, (iii) R = 100Q.

R
+ Vi=Vsinut
] - '/ Vi
Y /T \

Wio= W sint -|- 104

=1

+ " * o
Zx. 3.40 Ix. 3.41 Y Ix. 3.42

H diodog D apyicel va ayel 6tav Vi = 20sinwt = 10V dnA. 6tav wt=30°. To i1coduvapo KUKAwua
Tou oxnuatog 3.40 6Tav n D dyel, paivetal o1o oxrpa 3.41 KAl CUVETTWG :

R
Vo= (-10) 5L

+10 ka1 10 Vo yiveral géyioto otav Vi = 20V &nA. otav sinwt =1 :

R¢ 20R¢ +10R  R+2R;
(20-10) +10 = =10
R+R¢ R+R¢ R+R;

VOmax

otav n diodog dev ayel Vo= Vi .
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(i) R=10KQ Vomax= 10,1V Vomin=-20V

(ii) R = 1KQ Vomax= 10,9V Vomin= -20V TO OXAMO ava@épeTal oTnv 10aviKr diodo
o6mou Ri=0 , Ri=00 .

(i)  R=100Q Vomax=15V  Vomin= -20V

AZK 5.) 210 KUKAWMO WaAidiopou Tou oxnupatog 3.43 didovtal R =10KQ, n o1d0un avagopdg
V1=-5V ka1 n 1adon tng TTNyAs Vi =20sinwt. H avrtiotaon opBrig TéAwong tng di6dou eival Rr =
500Q kai n avriotacn avdotpopng TTOAwong Rr = 100KQ. Na oxediaoTolv Ol KUNATOPOPPEG
€10660u Vi(t) kar e€6dou Vo(t) yia pia 1Tepiodo.

Otav n diodog eival 0pBa TToAwpévn : Vsinwt < -5V kail 10 1I006Uvapo KUKAWWA gival auTo Tou

oxnuatog 3.44. Otav n 6iodog eival avdoTpopa TToAwpévn : Vsinwt > -5V kai 10 1Ic0dUvauo
KUKAwpa gival autd Tou oxnuatog 3.45.

W |

R 10K i F=10K

—L 1 © 4 +
= _—
n, D R=5002 = -mnm
+ %
W=y sinwt R Wi = 20 sinot W= 20 sinoat
=" -~ J' ~
20s5inwt = -5 20s5inwt = -5
zx. 3.43 x. 3.44 zx. 3.45

H diodog ToAwveTal avaoTpoa otav 20sinwt > -5 = wt < 194,59 kai wt > 345,50,
210 oxnua 3.45 n eCiowon Tou Bpdxou eivai :

5+20sinwt =110000i = i = (5+ 20sinwt)/110000 A kai Vo = 100000i - 5 = -0,454 +
18,18sinwt Volts.
H diodog TToAwveTal opBa kai dyel étav 20sinwt < -5 = 345,5%>wt > 194,50
210 OoXNHa 3.44 n eCiowon Tou Bpoxou eivai :

5+20sinwt = 10500i = i = (5+ 20sinwt)/10500 A kai Vo = 500i - 5 = 4,76 +
0,952sinwt Volts.

W =Vsinot ATTé TIG TTI0 TTAVW EEICWOEIG XOUME
200
/ Vomax OTaV sinwt = 1, dnA. Vomax= -0,454 + 18,18 = 17,726
177778
; ; Volts.
17857 0495 o
- / Vomin 6TaV sinwt = -1, dnA. Vomin= -4,76 - 0,952 = -5,712
] T Volts.
-G e it rads
-7 ; TéNog n Taon £€680u undevileTan oTav :
20— -0,454 + 18,18 sinwt = 0 = sinwt = 0,454 / 18,18 ka1 wt =
Zx. 3.46 1,43° dpa wt = 180-1,430 = 178,570 .

AZK 6.) 10 KUKAWpQ WaAidiopou Tou oxruarog 3.47 didovtal : R=10KQ, a160ueg avagopdg
V1=8V kai V2=6V (ug TIg TTOANIKOTNTEG OTTWG QaivovTal aTo oxnua). ZTnv £€0do Vo cuvdéeTal
avtiotaon 100KQ. Na oxediaoTei n téon e€6dou oav ouvaptnon Tng Tdong eicédou, didovtag
TNV OUVOAIKA XOPAKTNPIOTIKA TOU KUKAWPATOG TTou TeppaTiCel otnv avtiotaon Twv 100KQ .



Kai o1 duo diodol gival avaoTpo@a TTOAWMEVES
otav - 6 <Vo < 8 . Mg Tnv TrpoUTm60eon o1 oI
diodol gival IBavIkEG, To pelpa Yéoa atrd Toug
KAGdoug Twv d16dwv eival undeviko. H e€icwon
Tou Bpoxou Ba eivai: Vi= 10000 i + 100000 i A
i =Vi/110000.

H 1don €€6dou yI' auth TNV TTEPIOXN
AeiToupyiag eivai :

Vo=100000Vi/110000=10Vi/11(d1a1p€TNng

TAong) dpa n XaPaKTNPEIOTIKA TOU KUKAWUATOG
€xel kKAion 10 / 11 yia Tnv Trepioxr) atmod -6 <Vo
<8.

‘Etol 6tav Vo=-6V T161¢ Vi=-6,6V, 01OV V0=8V
161 Vi=8,8V.

Ortav Vo=8V n diodog D1 gival opB& TToAwpévn
kal n D2 avdotpoga. H péyiotn Tiph Tng 140NG
€€000U oploBeTeital atmo Ta +8V yia Vi>8,8V.
Otav Vo=-6V n &iodog D2 cival opB& TToAwpévn
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R=10KG

Y e i '|'-V1

2 =

y. 3.47

i
g

khion| 10/
-66
0.8 i
........................... _6 ZX 348

kal n D1 avaoTpo@a. H eAdxiotn Tipn Tng Téong £¢6dou opioBeteital aTtd Ta -6V yia Vi<6,6V.
Me Bdaon Ta TapaTmdvw, N XapakTNPIoTIKr TOU KUKAWUOTOG dideTal aTtd 10 oxrua 3.48.

AZK 7.) £10 KUKAWMQ TOou oxAPaTog 3.47 didovTal :

R=10KQ, o1d6ueg avagpopdg V1=3V kai
V2=4V. O1 0&iodol dev eival 18avikég Kkal €xouv avrtiotaon opdrig moAwong R=200Q,
avdaoTpopng MOAwong R=500KQ kai tédon aywyng Vy=0. H tdon eic6dou eival Vi=10sinwt kai
N ECWTEPIKN avTioTaoN TNG YEVVATPIAG €10600uU , TTou dev @aiveTal oTo oxnua, eivar 600Q. Na
Bpebei kal va oxediaoTei n Taon €600V cav CuVAPTNOT TOU XPOVOU.

ZHMEIQZH : ©a diakpivoupe 3 TrepImTwoelg, avdhoya pe 10 av ol diodol dyouv R Oxl. MNa kdaBe
TEPITITWON XPNOIMOTIOIoUUE 1000UVaUa KUKAWMATA AapuBdavovtag utroyn Tov kavova “Millmann” (oxnua

3.49) :

T Peefe—

|—|:|7 5X. 3.49

G=G+G; G=1/R

V=(V,Gy +V,G;) /(G + Gy

G
vy 10KQ 10KQ |
O
a) kar ol duo diodol eival + +
avaoTPOQa TTOAWMEVES OTA E000 BO00
OB TIOAWIIEVES OTav 5IIIIIII<Q S00KE 250KQ |,

-4 < 10sinwt < 3 1 orav Wi
162,5° < wt < 203,5° Kkai 3\-"' LA @ ] J— 084
336,5° < wt < 17,5°. A6 1'3'5Iﬂwt T T+ 5 10sinwt T~ o
OTIyMRl TTOU N avriotaon zx. 3.50 Zx. 3.51
avdoTpopng TTOAwoNG Oev
gival dmreipn, 10 1008UVOUO 10K 10K
KUKAwpa yia Tnv TTEPIOXN O
auTth) AsItoupyiag TTapouaida- + +
Cetal aTo oxAua 3.50. 600G 000 | | annKo GO0 2000 Vi
XpNoIUOTTOIWVTAG s Ay Vo ﬁ
“Millmann” : 10sinuwt T 3% =T 5 10sinwt T 3
G=G1+G2=> sx. 3.52 Ix. 3.53

1/R=1/R1+1/R2=(R1+R2)/(R1.

R2) = R=(R1.R2)/(R1+Rz2) kai ye avTikatdotaon R=250KQ.
V=(V1G1+V2G2)/(G1+G2) = (3/R1-4/R2)/(1/R1+1/R2) kai pe avTikatdotaon V=-0,5V.
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Apa 10 KUKAWWa Tou oxAuaTog 3.50 yeTaoynuaTifeTal o€ autd Tou oxAuaTog 3.51.

H oTiyyigia iy Tou pelpaTog XPNOIPOTTOIWVTAG TNV €€icwon Tou BPoxou yia To KUKAwua
eival : i=(0,5+10sinwt)/260,6 mA

Kal n Taon €€6dou Vo Ba givai :

V0=250i-0,5=(-0,02+9,6sinwt) Volts, Vo= 9,6sinwt Volts, 61rou R[KQ], i[mA], V[Volts].

H tdon €£6d0ou undeviletal yia wt = 1800 kan wt = 360°.

B) n diodog D1 eivalr opBd& moAwpévn étav 10sinwt > 3 i otav 17,5° < wt < 162,5%. To
1I0000vauo KUKAWPA yia TNV TTEPIOXA auTtr Asimoupyiag trapouciadetal oto oxAiua 3.52. O
KAGdog 1Tou TTEpPIEXEl TNV D2 ptropei va ayvonBei kail To KUKAwPa yETaoXNPaTICETaI O€ AUTO TOU
oxnuatog 3.53.

H oTiypigia TiuA TOU pEUPATOG XPNOIUOTTOIWVTAG TNV £¢icwaon Tou BPOXO0U yIa TO KUKAwUA
givai :

i=(-3+10sinwt)/10,8 mA
n Téon €€6dou Ba gival : Vo=0,2.i+3=0,2(-3+10sinwt)/10,8+3 =2,94+0,185sinwt Volt
OnA. Vo (17,59 = Vo (162,59 = 3Volts kal Vomax= 2,94 + 0,185 = 3,125 yia wt = 90°.

Y) n diodog D2 eivalr opBa mroAwpévn o6tav 10sinwt < -4 1 étav 203,50 < wt < 336,5°. To

1I000UVaUO KUKAWUA YIO TNV TTEPIOXT auTA AEIToupyiag gival 6polo Ye autd oTo oxnua 3.52 kai
Kot eméktaon 3.53, ye povn diagopd OTi N Tdan TNG TTNYAG Ba gival Twpa -4V.

H oTiypicia Tiyr) Tou pelpaTog XpnolIPoTToIVTAG £§iowan Tou BPOXOoU yia To KUKAwA gival :
i=(4+10sinwt)/10,8 mA,

n Téon €€édou Ba gival : Vo=0,2.i-4=0,2(4+10sinwt)/10,8-4=-3,93+0,185sinwt Volt

OnA. Vo (203,5°) = Vo (336,5°) = -4Volts kal Vomin= -3,93 - 0,185 = -4,115 yia wt = 270°.

H ouvoAIKA €IkOva TNG KupaTopop@rg oTnv £€0d0 Tou WalIdIoTA atTeikovileTal oTo oxnua 3.54
Kal eVOAAQKTIKG oTO Z2X. 3.55.

o W= 10sinot
Woma=3,128W

ViB)A
NIZ; /N

V) | S

/ I .\335,5':'

203,52
Wommm=-4,115%
Ex. 3.54 zx. 3.55

AZK 8.) lNa 10 KUkKAwpa Tou Y. 3.56 o
didovTal: R=10KQ, o1d0ueg avagopadg
Vi=5.5V kai V>=8.3V. Oi 5iodoI dev R

gival 18avikéG Kal €xouv avTioTaon Ui D+ D2
opbric TOAwonc R=100Q, dmeipn ' Uo
avTtiotaon avdoTpo®ng TOAwong Re \V2 Vs
kai Taon aywyng Vo=0.5V. H 180N T T
€10000u givalr ui=10sinwt pe TTEPiIodO O
T=10msec. AwoTte TNV  oKPIBA Ix. 3.56
QAVAAUTIKA EKQPAOT) TNG KUMATOUOP®PNG =

€€O00U Kal uttohoyioTe Toug xpoévoug T1 Kal T2 TTOU N KUPATOPOP® €EOB0U TTAPAMEVEI
oTaBepn OTN PEYIOTN KAl TV EAAXIOTN TIUA TNG AVTiOTOIXA.

A6 Tov vopo Tou Kirchhoff atoug Bpoxoug 1mou trepiExouv Tig di6doug D1 kai D2, éxoupe:

H D1 ayel 6tav: y;+V, -V, 20=uy; 2-5 Volts.
H D2 ayel 6tav: y;+V, +V, <0=uy; <-8.8 Volts.



Egetdloupe KABe TTEPITITWON XWPIOTA:

(o) U, £ —8.8 Volts, n D1 dev dyel, n D2 ayer

otav wt > T+1/3 kal wt < 2T-m/3 A 4T/3 S wt <
511/3.

To 1008Uvapo KUKAWPA yI' aQUTr) TNV TTEPITITWON
paivetal o1o Y. 3.57.

H oTiypiaia Tigr Tou peUPOTOG XPNOIMOTTOIWVTAG
eCiowan Tou BpoXoU yIa TO KUKAwA gival :
i=(10sinwt + 8.3 + 0.5)/10,1 (MA),

n téon €€6dou Ba eival : U=0.1*i — 8.3 — 0.5=
(10sinwt + 8.3 + 0.5)*0.1/10,1 — 8.3 - 0.5 =-8.8
+ 0,088 + 0,1sinwt (Volt) = -8.712 + 0.1sinwt.

(B) U, = =5 Volts, n D2 dev ayel, n D1 dyel étav

wt < T+11/6 ka1 wt > 21-11/6 A 1111/6 < wt < 7711/6.
To 10080Uvapo KUKAwPA yI' auTr) TNV TTEPITITWON
@aivetal oTo Y. 3.58.

10 F-mmmoa o

7T1/6 411/3

-4.95 + 0.1sinwt
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R
AYAYAYAY, 0
Vo —::—
T v
. )
| £x. 3.57
R

5m/3

x. 3.59

1111/6

“8.8 |o ol

A0 Fommmm o e ool

wt

-8.712 + 0.1sinwt

H oTiypicia TiuA Tou peUPATOG XPNOIMOTTOIVTAG £€icwan Tou Bpdxou yia To KUKAwUa givai :

i=(10sinwt+5.5-0.5)/10,1 (MA),

n 1don €¢6dou Ba eival : Uo=0.1%-5.5+0.5=(10sinwt+5)*0.1/10,1 — 5.5 + 0.5 = -5 + 0,0495 +

0.1sinwt (Volt) = —4.95 + 0.1sinwt.

(y) Otav -5 >u, > —8.8 dev ayel kapia iodog Kai n ££050g akoAoUBEi TMOTG TNV €ic0do,

OnA.: Uo = ui. H ouvoAIKr) Kupatopop®r gaivetal oto Zx. 3.59.

(©) H didpkeia ToU n KupaTopop®n €6600u TrTapapével aTabepn aTn YEYIOTN TIKA TG €ival o€
Movadeg opiopatog wt: /6 + /6 + 1 = 81/6. Apa 0g HOVADEG XpOvou pe dedopévn Trepiodo
onuarog T=10msec dnA. f = 100 Hz, Ba €xoupe: wT1 = 8m/6 — T1 = 6.66 msec.

Opoiwg yia Tn diIdpKela TTOU N KupaTouop®n €€68ou TTapapével oTabepry 0TV EAGXIOTN TIKNA
NG €ival e povadeg opiopatog wt: /3. Apa o€ povadeg xpovou pe dedopévn TrePiodo
onuarog T=10msec dnA. f = 100 Hz, Ba éxoupe: wT2= 11/3 — T2 = 1.66 msec.
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AZK 9.) 210 KUKAwpa Tou Zxnuatog 3.60 didovrar Rs=200Q, Vz=12V, Rz=0Q, R.=1KQ. Na
uTTOAOYIOTOUV Ta PeYEBN: Ig , IL Kal Iz yia Vin=15V.

R.=2000
AN N
DC mnynR +
pogpodoFiag g Wi
FTabepomoInpivn B We=12% R =1k,
R==00
- Zx. 3.60 - -

AGyw TnG TTOAIKOTNTAG Kal TNG TIMAG TN Taong Vin, n diodog Zener Ba utrooTEl TO QAIVOUEVO
NG didoTTacng, dpa 1o 1008UVapo KUKAwMA Tou oxnuaTtog 3.61 tTeplypdgel Tn Asitoupyia Tou
apXIKOU KUKAWPATOG.

E@appodfoupe N.T.K. ato kUkAwpa (Vin -Rs - Vz) : Vin - Vz = Is Rs

F:=2000

AA'A"
DC wnyn +
Tpopodo Fiog Hn Vi

FToBepomoInpivn

Ix. 3.61
Vin - V. -
To oAik6 pedpa (pevpa eil06doU) divetal atd TRV oxéon : | = z _1oV-12v =15mA
S RS 200Q
, oueivar | =Yz 12V _
To pedpa gopriou gival || = R kO =12mA
To pevpa TToU diappéel T diodo Zener ival : Iz =Is - I = 15 mA -12 mA = 3 mA.
AN
DC i + F.=2000
TpopodoFiag pn “in
FTafEpom oI iV - Rz=10 §RL=1}{Q
-+
l__vz=1 2\"“
IX. 3.62

AZK 10.) Z10 KUKAwpa Tou oxApatog 3.60 didovtal Rs=200Q, Vz=12V, Rz=10Q, R.=1KQ. Na
utToAoyIoTOUV Ta peyEBN lg, I, Iz kan Vout, 6tav n 1don €106dou Traipvel TIg TIWES : 15V, 20V,
25V, 30V kai 35V.

AGyw Tng TTOAIKOTNTOG KAl TNG TIMAG TNG Tadong Vin n diodog Zener Ba uttooTeEl TO PAIVOUEVO
NG didoTracng, dpa 1o 1008UvVapo KUKAwA Tou oxAuaTog 3.62 treplypdgel Tn AsiToupyia Tou
apXIKOU KUKAWPATOG.

Egappodfovrag N.T.K. o1o kUkAwpa (Vin -Rs -Vz ) : Vin-Vz = IsRs + IzRz 3.103

To oAIKG pelpa (1} pedpa el06dou) divetal atrd Tnv oxéon @ Ig =1, +Ip

_Vz+IzRz

To pedpa gopriou eivar I R
L

3.104
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To peupa 1ToU dlappéel Tn diodo Zener gival : 1z =1s - IL 3.105
>uvdualovtag Tig oxéoelg 3.103, 3.104 ka1 3.105 10 pedpa Iz TTPOKUTTTE! :
_(Vin-VZ)R| - VzRg

= 3.106
R Rs *RzRs +RZR|

KavovTtag apiBunTikr avTtikatdotaon oTtn oxéon 3.106 kai pe d1adoxIKf avTiIkatdoTaon oTIg
oxéoeig 3.104 kai 3.103 TTPOKUTITOUV TO ATTOTEAECUATA TOU TTAPOKATW TTIVOKA.

Vin (V) Iz(mA) IL (mA) Vout (V) Is (mA)
15 2.83 12.03 12.03 14.86
20 26.42 12.26 12.26 38.68
25 50.00 12.50 12.50 62.50
30 73.59 12.74 12.74 86.33
35 97.17 12.97 12.97 110.14

AZK 11.) O otaBepotroinTig TAoNG TOU KUKAWUATOG TOU OXNMATOG €ival OUVOEDENEVOG OTNV
£€€000 evog pn otabepotroinuévou D.C. Tpo@odoTikou, yia va diatnpei otabepn Tnv T1G0N oTA
dkpa TOU @opTiou RL ummd ouvbnAkeg peTafoAwv Tng Tdong €i06dou Vi. To KUKAwua
otaBepotroinong téong xpnoipotroiei pia diodo Zener pe Vz = 9,1V kai Rz = 10Q, €xel
avTiotaon oeipdg Rs = 500Q kai avtiotaon goptiou RL= 1KQ.

a) Na amodeixBei 611 n Tdon €¢6dou
VL givai ion pe:

Mn EtaBsporroinpévo

TpogodoTikd

B) Eav n 1don eic6dou Vi petaBdAAetal ammé 13 €wg 18 Volt, va mpoadiopioTei n petafoAn AVe
NG Téong £¢6dou.

A) Egappdgovtag N.T.K. o1o kUkAwpa (Vin -Rs - RL) 1V, =IgRg +V 610U I =1, +1,, Kai
Vo=VL
loxUel emiong 61: V, =V, +1,R, =1, = % kai | =N
z L
Apa PE aVTIKATAOTACT TWV PEUPATWY OTNV apXIKr oxéon :

Vi -V v, v v,
V. =(| +] )R +V, =| L2+ L |Rq+V =L Rg-—LRa+LRa+V =
z L z z L

Re R R Re R R
Vin =[j+j+1]VL'in :[i”i”jvl_ =V + SV,
R R,

Rz R_ Z Rz RL
R
Vin +§VZ
am’ omou V| = Kal B) pe avtikataoTtaon
Rs ,Rg — - -
+ 2+ MNa Vin = 14V mpokuTTel VL = 9,10 V
Ry, R

MNa Vin =18V TpokUTITeEl VL = 9,18 V

Kar apa AV = 0,08V

AZK 12.) O oraBepotrointig Zener padi ge 10 KUKAwE Tou (doknaon 11), ekTOG OTmo TN
oTaBePOTTOINGN TTOU TTAPEXEl OTNV €6000 TOU Wn OTABEPOTTOINUEVOU TPOPOSOTIKOU, UEIWVEI
TTapdAANAa Kal Tnv o110l KUPATWOoN pTTopeil va utrdpyel otnv €086 Tou. Me Bdon Ta
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dedopéva TnNG TTponyouuevng Aoknong va UTTOAOYIOTEI N PEiWON auTh oTa AKpa ToU QopTiou,
BewpwvTag 6Tl N KUPATWON 0TV €i0000 TOU KUKAWPATOG aTabepoTtroinong eivail Vipp=0,3 V.
Oetwpwvtag Aoirtov T otnv DC 1d0on €€6dou (Vi) Tou TpOoPOdOTIKOU — OTTOI KAl AV Eival

auTh — uTTapxel Kupatwon g 1aéng Twv 0,3 Vipp, dnAadry AC cuvioTwoa, PTmopoUpE va
avaAUOOUPE TO KUKAWA TOu 0TABEPOTTOINTA WG TTPOG TO ac wg €EAG:

Rz +

T
(a)

-
(2] - (v)

OT1r0U KUKAWPO (a) TO apXIKO, KUKAwua (B) autd 1Tou BAETTEI N Vipp KOl KUKAwPA (Y) TO TEAIKO
KUKAwpa. H Téon ota dkpa TG avtioTaong TToU TTPOKUTITEN aTTO ToV TTAPAAANAo cuvduaoud
Twv Rz ka1 RL ,6nAadn n Vout(rpp) Ba ival Aoyw Tou dIaIpETn;:

RS /IR
Vout(rpp) = ﬁvin(rpp)

ATIO Tn oxéon autn Kai e dedopéveg TIg TINEG Twv Rz, RL ,Rs kai Vi TIPOKUTITEI N TIMN

n(rpp)’
NG KUPATWOoNnG otnv £€€060 ToUu oTABEPOTTOINTH:

(R R ) 10x1000

_ Z'"L ___10+1000 _ _

v =_ V¢ L] y =—WFI  +0,3=0,0194%0,3 =5,82mV

out(rpp) in(rpp)  10x1000 ’ ’ ’ ’
(Rz/’RL)+Rs o +500

10+1000
AnAadn n KupdTwaon Tou Ba eppaviaTei oTnv oTabepotroinuévn ££odo Ba eival 1o 1,94% Tng

APXIKAG KUUATWONG.

AZK 13.) 'Evag otabepoTrointig 1adong 5.0V kai 1W TotroBeteital otnv €080 TPOPODOOTIKOU HE
Vs = 12V d.c. 6Twg OTO TapakdTtw KUKAwpa. Me tn Bonbeia Tou KUKAWWOTOG va
uTTOAOYIOTOUV :

a) To péyioTo pelpa TTou Ba diappéel Tn diodo Zener. (Mo6Te cupBaivel auTs;).

B) H iy NG avtioTaong o€ipdg (avtiotaon TpooTaciag), Rs.

y) To pedua @opriou I €dv n avriotaon @opTtiou R, TTou cuvdéeTal TapdAAnAa pe 1n Zener,
givai 0,5kQ.

0) To TTapexOPEVO aTTd TO TPOPODOTIKO peUA Is.

A) To péyioTo peupa TTou Ba diappéel Tn Zener Is
TTapouaiadeTal 6Tav dev UTTAPXEl POPTIO
ouvOedeEVO aTNnV £€€000 TOU GTABEPOTTOINTH, AP
Watts _1W S
P=V,I = | =———=—=200mA
Zizmax = ZMAX T \/oltage 5V E
B) H avtiotaon ogipdg mmou TrpoaTaTtelel Tn iodo pul
=]
RS=VS-VZ= 12-5 _35 3
lzmax ~ 200mA 2
IN) T0 pedpa oTo YopTio || = Vz_ 5V _ 10mA
R, 500Q o
A) TO peUPA TTOU TTOPEXETAI ATTO TO W ,J7

OTABEPOTTOINUEVO TPOPODOTIKO:
Is =l +I. =200+10=210mA
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AZK 14.) O1 avmiotdoelg Tou TTOPAKATW KUKAWPoTog R1 Kal Rz éxouv Tipég 5KQ kai 10KQ
avrioToixa. O diodol zener D1 kai D2 givan 6poieg pe téon Vz=15V, n de 160N aywyng Toug
Katd Tnv opbn moAwon civar Vy=0,7V, katd 1a Aoitrd
BewpolvTal 1davikég. Av n Tdon €106dou u1 gival TNG
+ O+
OJ\'M Mop®ng ur=30nuwt, va oxedlaoTei o oUoTNUA agovwy
D4 T

o6mou 0 opIfévTiog Ba avrirpoowTrelel TO wt Kal O
= KATAKOPUPOG TO U, N U1 PE OIOKEKOMMPEVN YPAUMN Kal
H1 2 U2 oToug iBloug GEOVEC N Uz PE GUVEXT YPauN.

D

2 l O kAadog AB TrepiAapBavel dUo 81600ug TOTTOBETNUEVEG

-0 O— QvTIOTPO@O TN HId WG TIPOG TNV GAAN Kai yiveTal

B aywyigog oTav n taon €l00dou Yyivel ion pe 1o dBpoioua
TWV TACEWYV TWV BIOGdWV.

‘Eto1 61av n D1 gival aywyiun wg atrAr diodog n D2 Aeitoupyei wg zener.
AvrigToixa 6tav n D2 gival aywyiun wg atAn diodog n D1 Asitoupyei wg zener.

AvegdpTnTa 1o TNV TIUN

TNG TAONG €10000U Kal TN

@opa NG, o KAGdog Ba 30

givar  aywyiyog  6tav

I0XU€l N oxéon: 200
20

Vag|= Vo +V
Vas|=Vo +Vz| 157 |

onAadrl o kAGdog dyel
ortav

lup| =|Vag|=15+0,7=15,7v

0
oTTOTE KOl WaNIdiCel.
‘ETO1 AoITTév
luz| =[Ra/ (Ry+Ry) JJus = |uy 157
= -20

lus| = (15/10)+15,7=23,55V .23 55

-30

AZK 15.) Na tpocdiopioTei n eAdxioTn TAon €10600U TTOU QATTAITEITAI YIO TO KUKAWUO
oTaBepotroinang Tou divetal aTo axnua. YToBéate 15avikr diodo Zener pe eAdyioTo pelpa
Aermoupyiog Izx = 1.5 mA ka1 Vz =15 V.

R
o i O
W
560 )
o o

Vinemim = Vz + xR = 14V + (1.5 mA)560 Q)= 148V
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AZK 16.) Moia pétrel va gival n TiwA 1N R, woTe Iz = 40 mA? YmoBéoTe Vz = 12 V kai Rz =
10 Q.

v
——AN\—e —0
R
-
Vin sk 18V =12V —40mA-10Q2
L == R= =140Q
- = 40mA
A
R
AZK 17.) Mpoodiopiote TNV €AAXIOTN Kal WEYIOTN i AWV * O
Tdon €06dou yia va Aeitoupyei TO  KUKAwaA 560 0)
oTaBepoTToinong Tou oxAPaTog. OewpnoTte diodo ‘
Zenerpye Rz=00Q, Izx=1mA, Izu=120mAand V., v
=8.7V.
o _L o

Vineiny = V7 + L R =8.TV +1mA-560€0 = 9.26V

Viveay =Vz + 1R =87V +120mA-560Q = 75.9V

R
AZK 18.) lMNMpoaodiopiote TNV €AAXIOTN KOl M\ ®
MéyioTn TIuA @opTtiou RL n oTToia ptTopei va T"'
xpnoigotroinBei oTto  oTaBEpPOTTOINTH  TOU :
oxnuatog, Bewpwvrag Vin= 12V, Vz= 6V, Vin
Izx= 2mA, and Izv = 45mA. YmoBéoTte -
R=50Q.

I
|||—F_ )
o]
=

L =220 120ma
50

Ly ey = Iy = L =120mA—2mA =118mA

R4
H L ey 118mA
L imy = 1; =1,y =120mA—45mA = 75mA
v, 6V

KO o 15mA

=50.8502

=80Q2
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4. E101kég Aiodol kal E@appoyég

Méxpi To onueio autd €xel peAeTnBei povov n diodog p-n n oTroia gival 0 ouvnBECTEPOG
TUTTOG BI6B0U KOl XPNOIYOTIOIEITAI YIa Tn WETATPOTTA TG evaAAacoduevng Tdong (a.c.) o€
ouveyn (d.c.). Opwg, n avopBwon Oev eival n povadik Asiroupyia piag d16dou p-n. TNV
TTapdypa@o auTh, Ba gfeTacoupe oplopéveg €10IKEG BIGOOUG TTOU XPNOIPOTTOIOUVTal OE GAAEG
EPAPHOYEG KAl TTAPOUCIAZOUV CNUAVTIKO TTPAKTIKO EVOIAQEPOV.

4.1. Aiodog Schottky

116 XaUNAEG ouxvoTNTEG, HIa ouvABng KpuoTaAAodiodog utropei eUKoAa va petafei atmod
TNV KOTAOTAON QyWYIUOTNTOG OTNV KATAOTAON ATTOKOTING, OTav n TTOAwaon amd opbn yivel
avaoTpogn. Ouwg, Kabwg n ouxvotnta aufdaveral, eBAvoupue o€ éva onueio OTTOU N KoIvi
KpuoTaAlodiodog dev ptropei va peTafei TO00 ypriyopa, atmd TV KATACTAON aywyludtnTag
OoTnv KATAOTOON OTTOKOTIAG, WOTE va €UTTOdioEl TNV €U@AvIOnN MEYAAWV avACTPOPWV
peupdTwy. AuTO onuaivel 0TI pia Koivl) KpuoTaAAodiodog dev gival IKaVOTTOINTIKOG avopBwThg
OTIS UWNAEG ouxvotnTeg, €meldn e§akoAouBei va dyel oTnv apxf Tou KUKAOU avaoTpoeng
Aeimoupyiog. To @aivopevo autd O@eEiAeTal 0TV  QTTOBNKEUCN @OPTIWV OTNV  TTEPIOXA
atmroyuuvwong. Eidape otnv § 3.10.3, 611 katd TNV 0opbR TTOAWGCN O QOPEig PeIovOTNTAG
OUOOWPEUOVTAI CUVEXWG YUpw atrd Tnv agova Tng évwaong. Ooo peyaAuTepog gival 0 XpOvog
{wnNg Toug, T6OO PEYOAUTEPN €ival Kal N SIAPKEID TNG UTTAPENG TWV CUGCWPEUNEVWY POPTIWV
TpIv eTTavacuvdeboly.

@ é%/\/\; L\f\,f\,i

() ® $2)

Zx.4.1. o) KOkAwpa nupiavopBwong, B) €§0d0¢ Xwpig TV €midpaon TNG CUCCWPEUCNG POPTIWYV, Kal Y)
EMidPaON TNG CUCTWPEUCNG POPTiWV oTNnV £§odo, [1].

H ouoowpeuon auti @opTiwv Taifel onuavtiké poAo, Otav  TpooTrabolue  va
QVTIOTPEWOUUE TN @opd TNG TTOAwonNG, SIOTI e TNV aAAayr TNG TTOAWONG TO CUCOWPEUPEVA
@opTia Ba aAAafouv dieuBuvon kal Ba TTPoKaAéGouv éva OTIyuIaio pelpa KaTd Tnv avtiBeTn
01ebBuvon. Ooo peyaAlTepog gival 0 XpOVog (WG TwV QOPEWY PEIOVOTNTAG, TOOO YeYaAUTEPN
Ba €ival N CUPUETOXN TWV CUCCWPEUPEVWVY QOPTIWV OTO avAoTPOPOo peUpa. To Qaivouevo
yiveTal eppavég o€ pia ouvnon 6iodo p-n g€ ouxvoTnTeG TTAvw atéd Ta 10 MHz.

To mapatmdvw TPEORANUA avTiyeTwTTiCeTan he pia €181k didtagén Tou ovopddetal 6iodog
Schottky. Eidape otnv § 3.8, 61 umdpxouv OU0 €1dwv emaQEG METOEU PETAANOU Kal
nuIaywyou. O1 wyuIKEG ETTAPEG KAl O avopBwTIKEG. O WHIKEG ETTAPES XPNOIYOTTOIOUVTAI OQV
akpodékTeG. O avopBwTIKEG eTTagEg atroTeAouv 81600ug peTAAAoU-NUIaywyou. Mia Tétola
8iodog peT@AAou-nuiaywyou gival n diodog Schottky. H diodog Schottky xpnoipotrolei otn pia
TTAEUPd TNG ETTAPAG £va PETAANO, OTTWG TO AAOUWIVIO, O XPUOOG, O APYUPOG I O AEUKOXPUTOG.
21NV GAAN TTAEUpG TNG eTa@ng £xel Si TUTTou-n. OTav n diodog Schottky dev eival TToAwévn,
Ta €AeUBepa NAEKTPOVIO TNG TTEPIOXAG TUTTOU-n PBpioKovTal O€ XAMNAOTEPES EVEPYEIOKEG
OoTaBuES atro Ta eAeUBepa NAeKTPOVIa TNG WETAAAIKAG TTEPIOXAS. H evepyelakr auTr diagopd
ouvIoTd TO @pAayua duvapikou Schottky. Otav n diodog Schottky ToAwOEei 0pBda, Ta eAelBepa
NAEKTPOVIA TNG TTEPIOXNG TUTTOU-N OTTOKTOUV OPKETH EVEPYEID WOTE VA UTTEPTTNONOOUV TO
@pdypa Schottky kai va €i0éABouv 01O PETAAAO, TTPOKAAWVTAG éva peydAo opBo pelpua.
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Emeidn 1o pétallo Oev €xel popeig peEIoVOTNTAG, OEV TTPOKAAEITOI CUCCWPEUCN POPTIWV KAl N
METATITWON aTmd TNV KATAOTOON aywyludétnTag otV KATAOTOON QTTOKOTING €ival OTIYMIaia.
‘ET01, 01N diodo Schottky n aywyn yiveral ye @opeig TAeIovoTNTaG, £V 0T OoUVrONn diodo p-n
n aywyn yivetal pe @opeig pelovotnTag. 21n diodo p-n yia va TTaue aotmoé Tov KOpo oTnv
QTTOKOTTH, TIPETTEI TTPWTA VA ATTOPAKPUVOOUV 01 POPEIG YEIOVOTNTAG TTOU Eival CUGOWPEUPEVOI
oTnv évwon, Tpdyua TTou atraitei xpdvo. H diodog Schottky dev éxel Trepioxr) atroyUuvwong,
KATI TToU €x€l aav amoTéAeopa TNV eEAAEIPN TWV CUCCWPEUPEVWY POPTIWV TNV VWO Kal
ETTOPEVWG TNV TAXUTEPN PETATITWON O€ KATACTOON PN QYWYINOTNTAG O€ OXE0N WE PIa ouvnon
diodo. ZTnv mpdaén, pia 6iodog Schottky pTTopei eUKOAQ va avopBwaoEl ONPATO OE CUYXVOTNTEG
avw Twv 300 MHz.

Avodog :| KébBodog Métadho Si-n

(o) ®

Zx. 4.2. a) ZupBolo d16dou Schottky, B) Sopun d165ou Schottky, [1].

‘Eva onuavTikG TTAcovEKTNUA Twv 8100wy Schottky eivar 611 n 1d0N Katw@Aiou TOUG
(ppaypa duvapikou) gival 0.25 V avri 0.6 V Twv d10dwv p-n. H otroudaidtepn e@apuoyn Twv
0160wV Schottky cival g wn@iakoug uttoAoyioTéG. H TaxUTnTa Twv UTTOAOYIOTWYV €apTaTal
até 10 TTOOO ypriyopa ol diodol Kal Ta TPavioTop TOUG UTTOPOUV VO PETATTECOUV PETAEU TWV
KataoTaoewyv on - off (aywyAg — un aywyng) Kai €dw akpIBwg eival TTou utrepTePEi n diodog
Schottky o€ ocuvduaouo pe 1o yeyovog Ot epgaviCel xapnAn katavaAwon. Or diodor Schottky
XPNOolJoTTolouvTal €TTIONG O€ TPOPODOTIKA XaUNAARG Tdong akpifwg BIOTI gu@avifouv UIKPN
TTwon Taong.

4.2. Aiodog Varactor

H 0iodog varactor 1 varicap (variable capacitor) eivar pia diodog peTaBANTAG
XWPNTIKOTNTAG TTOU XPNOIKOTIOIEITAI EUPEWG O€ TNAEOTITIKOUG &EKTEG, FM &EKTEG KOl € GAAEG
TNAETTIKOIVWVIOKEG Blataels. Ommwg €idape otnv § 3.12.3, 6tav n kpuoTaAAodiodog eival
avaoTpo@a TTOAWMEVN EUPAVICEl JIO XWwPNTIKOTATA, TN XweNTIKOTNTA PETARACEWS, TNG OTToiag
n TIA €€apTtdTal ammd TNV TIMA TNG €papuolouevng avaoTpoens Taong (BA. €. 3.75). AuTo,
OIOTI oI TTEPIOXEG TUTTOU-p Kal N €ival oav TOUG OTTAIOJOUG €vOG TTUKVWTH, EVW N TTEPIOXN
atroyUpvwong ival oav 1o dINAekTpikd. Otav pia 6iodog eival avaoTpo®a TToAwUEVN, TO
€0pPOG TNG TTEPIOXNG amoyUuvwong augdvetal pye Tnv avaatpoen Tdon. Egdoov n tepioxn
aTroyUuvwong Yiveral eupUtepn PE TTEPICOOTEPN AvVAOTPOPN TAON, N XwENTIKOTNTA YiveTal
MIKPOTEPN. ‘EXOUpE £TO1 éva unyaviouo puBuiong Tng xwpenTikoTNTAg ammo Tnv Tdor.

Cr
A I\Ié\rl\‘,- - Cmax
Cr i Cr i R,
o—— o oo—lET 4 ANMN—>0 c
| >
V
CY) () )

Zx. 4.3. a) ZupBolo d16dou Varactor, ) 1I005Uvapo KUKAWUGA, Y) EAGTTWON TNG XWPNTIKOTNTAG 51680V Varac-
tor avTioTpOPWG avaAoya HE TNV TETPAYWVIKA Pia TNG avAcTpo@ng TTOAWONG CUNPWVA UE TV €S,
3.75, [3].

>1nv TPAEN, ouvdéoupe pia varactor TapdAANAQ PE Pia auTeETTAYWYR WOTE VO €XOUME €va
KUKAWPQ OUVTOVIGHOU PE oUXvOTNTa
1

f= 4.1
2nJLC
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Katomiv petaBaAloupe Tnv avaaTtpo®n Tdon Tng varactor yia va aAAdgoupe Tn aouxvotnTa
ouvToviopou. AuTh gival N apxf TNG dlapodpewong evog TTouTrou FM TTou XpnoiyoTToIgiTal O€
€va padiopwvike oTaBuo, éva TNAEoTITIKO KavdaAl, KATT. O1 diodol varactor xpnoiyotroiouvTal
€UPEWG OTOUG TNAEOTITIKOUG O€KTEG, OEKTEG FM Kol GAAEG TNAETTIKOIVWVIAKES OIATAEEIG.
Mapouaidfouv pEyiaTn xwpnTikOTNTA TNG TaENG Twv 100 pF.

210 XZX. 4.3y QaiveTal n TUTTIKA MPETABOAAR XwpPNTIKOTNTAG TNG varactor ouvapTAcEl Tng
avdoTpogpng TTOAwong. Etriong, ¢aiveral To 1006Uvapo KUKAwpa TnG varactor pe avaotpoen
moAwon. H avrtiotaon oeipdg Rs TopioTtavel Tnv avriotaon o€ipdg TOU CWHOTOG TOU
nuIaywyou tng d16dou. Tumikég TiéG TNG Cr kal TG Rs givan 20 pF kai 8 Q, avrioToixa, pe
avaoTpogpn MOAwon 4 V. H avdotpopn avriotaon Rr gival TOAU peydAn (>1 MQ) kal otnv
TPAEN aueAcital. H mepioxn puBuiong piag varactor opidetal ammd TN ox€on TR=Cmax/Cmin Kal
diveTal atréd Tov KataokeuaoTh. MNa mapdderypa, n diodog varactor 1IN5142 £xel xwpnTiIKOTNTA
15 pF o1a -4V ka1 epioxr pubuiong 3:1, yia pia eploxr Tdoewv atro -4V péxpl -60V. Autd
onuaiver 6T N XwpnTikeTNTa eAaTttwvetal ammd 1a 15 pF ota 5 pF étav n 1don petaBaAAeral
atré -4V péxpr -60V.

4.3. Aiodog Varistor

Aid@opa QUOIKA @aivopeva OTTwg A.X. aoTPaTTEG 1 BAABEG OTIG YPAPMES 1I0XUOG UTTOPOUV
va €TNPEACOUV TNV TAoN TNG YPAUUng, TTpokaAwvtag Bubioeig (dips), i uttepTaoelg (spikes)
Kal GANa peTapatikd @aivopeva otnv Kavovikr Taon tTwv 230 V. O1 BuBioeig gival ammoTopeg
TITWOEIG TAoNG YE OIAPKEIa PEPIKA us 1 AiyoTepo. O1 uTTEPTAOEIG €ival ATTOTOPES QAUENOEIG
Tdong PBpaxeiag didpkeiag amdé 500 V wg kar mavw ammo 2000 V. e pepikd ouoTAPaTa,
XpnoigotrolouvTtal @iATpa pETagy TNG YPAUUNAG 10XU0OG KOl TOU TTPWTEUOVTOG TINVIOU TOu
MeTaoxnuaTioTh yia eEaAeiyn Twv TTPORANUATWY TToUu TIPOoKaAoUvTal aTrd Ta PETABATIKG
QaIVOUEVA OTN YPAPMN.

2,01
1(A) o fsic

151

10

0.51

~800 -600-400~200 s
‘ 200 400 600 800

Los V (volts)
10
-15
20

Zx. 4.4. XapakTnPIOTIKN PEUPATOG-TAONG varistor.

Mia a1mé TIg dIatdelg TToU XPNOIKMOTIoIoUVTal VIO QIATPAPICUA OTn YPAuUR €ival n varistor
(variable resistor). H varistor eivalr yetaBAnTA avrtiotaon, Tng otroiag n TiUr eEapTaTal aTmmod Tnv
Tdon Tou £@apuéleTal oTa AKpa TNG. ATTOTEAEITaI ATTO KEPAMIKA PAJa KOKKWV o&eidiou Tou
weudapyupou (ZnO) i avBpakotrupitiou (SiC) o1 OTToi0I CUCOWMATWVOVTAlI OF UWNAR
Bepuokpacia (avomTnon) kai Trieon pe AGAAa ofgidia peTdAAwv  (BiopouBio, KoBAATIO,
payydvio), avapeca o€ dU0 PYETOAAIKEG TTAAKEG TTOU OTTOTEAOUV Ta NAEKTPOdIA GUVOEDTIG TOUG.
To Oplo avApeoa o€ KABe KOKKO Kal ToV YEITOVIKO Tou dnuioupyei pia diodo, n otroia eTITPETTE
oTo pelpa va péel TTPog pia poévo kartelBuvon. H pdada Twv Tuxaio TTPOCAVATOMOHEVWV
KOKKWV €ival NAeKTPIKA 1000Uvapun pe éva BikTuo feuywv S10dwv TOTTOBETNUEVWY OTN O€Ipd
Kal avTibeTa peTagu Toug, Kal K&Be feuyog TTaPAAANAa pe TTOAAG GAAa. Otav e@appoletal
XOuNAN n Pétpia taon oTtnv varistor, péel HOvo €va PIKPO peUa, TTOU gival TO AvAOTPOYOo
pevua diappong Twv d10dwyv. OTtav epapuocTei uwnAi Taon, ol diodol KaTappEOUV Kal PEEl
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TTOAU peydAo pedpa. Autd atreikovideTal oTnv ISICITEPA U YPAUMIKI) XAPAKTNPIOTIKA TNG varis-
tor n otroia £xe1 uPNAN avTioTaon o€ XauNAEG TAOEIG Kal PIKPH avTioTaon o€ UWNAEG TAOEIG.
H xapakTnpIoTIKA TNG varistor £XeI TN Hop@n
I=K-V" 4.2

otrou K gival pia otaBepd 1ou e§apTdral atmd Tn gop®n Tng varistor kai Tig diIacTACEIG TNG, KAl
n gival 0 eKBETNG e TINA PETOEU 2 Kal 7 avaloya pe Tov TUTTO TG varistor. H varistor Aeitoupyei
oav dUo o€ oglpd Kal avTiBeta (back-to-back) 816doug Zener, pe pia uwnAf Tdon KaTdppeUOng
Kal TTPOG TIG dUO KaTeuBUVOEeIG. ZuvOEOVTAG pia aTrd auTéG OTA AKPA TOU TTPWTEUOVTOG TTNViou,
eCaheipeTal To TTPORANPA Twy eEdpoewyv atnv Taon. H varistor waAidiCel 6Aeg TiIg €€Apaelg
TAONG O€ MO OVOUOCTIKA TIMA A&IToupyiag (Kkatdppeuang) Kal €TO1 TTPOOTATEUEl TO NAEKTPIKG
Kal NAEKTPOVIKA CUOTAUATA.

4.4. OepuiocTop

O1 BepuoavtioTdoeig ) BepuioTop (thernistors) ival avTioTdoeig TTou Kataokeualovtal aTro
KOKKOUG NUIAYWYIKOU UAIKOU, CUCCWHATWHEVOUG PE OEEidIa HETAAAWY OTTWG o1dnpopayyavio,
Bapio, p6AuBdo, oeidlo atpovrtiou Kal TiITaviou (SrTiOs), ye avéTTnon KATW OTTO TTiEON KAl O€
Beppokpaaia Aiyo peyaAlTtepn Tou onueiou TAENG. ‘Exouv KUAIVOPIKA pop@r pE 1I816TNTEG TTOU
€€APTWVTAI aTTO TOV NUIaywyo TToU XpnolyoTroiEiTal, €meldr) Ta ofgidia emodpolv pévo otTnv
TIMA TNG aywyIuéTNTAG.

Baoiki 1816TnTa Twv BeppioTop eival n 1O16TUTIN POP® TNG KAUTTUANG METABOAAG TNg
avriotaong pe TN Bepuokpacia. Xto XX. 4.5 @aivovrar ol kautmUAeg R=f(T) o6mou T n
Beppokpaaia, yia dU0 dIaPopETIKOUG TUTTOUG BEPUIOTOP TOU EUTTOPIOU.
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Zx.4.5. XapakTnpioTikn YeETABOANG TNG avTioTaong OeppioTop CUVAPTACEI TG BEpHOKpPATiag, yia 2 TUTTOUG
BOeppioTOp PE XAPAKTNPIOTIKEG BEpUOKpATieg avaTpoTrig 80°C kai 120° C, [2].

AT TIG KAUTTUAEG TOUG QUTEG TTapaTnpouue Ot Ta BeppioTop Oe PIKPEG BepuoKpaaieg
CUUTTEPIPEPOVTAl AV KOIVOI NUIaywyoi, ®nAadnA n avTioTaon Toug PEIwvETal OTav augdveTal n
Bepuokpacia. YTdpyel OpwG PO XApaKTNPIOTIKI) Beppokpacia yia KaBe TUTTO BeppioTop, N
otroia Aéyetal ouvBwg Bepuokpacia Curie, 1 Bepuokpacia avaTpoTig, oOTnv  oTToia
ep@aviletal yia atrotoun METAROAA TNG avTioTaAONG, €iTE TTPOG TA TTAVW, OTTWG OTO ZX. 4.5, €iTe
TTPOG Ta KATW. Alakpivoupe €101 dUo €1dwv BeppioTop, Ta BETIKOU OUVTEAEDTH BEpUOKpPaTiag
PTC (Positive Temperature Coefficient) kai Ta apvnmikol ouvteAeoTi Bepuokpaciag NTC
(Negative Temperature Coefficient).

Ta BeppioTop cupPoAifovTal, 6TTWG QaiveTal oTo ZX. 4.6, pe €va dITTAG BEAog TTAvw OTO
oupBoAo Tng avTioTaong kai éva cuuBolo Bepuokpaaiag 6° e 1o TTpdonuo + yia Ta PTC kai
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10 — yia Ta NTC. Av ouvdeBei éva BepuioTop o€ TAON Kal dev EQOPPOOTEI 1I01AITEPOG TPOTTOG YIA
TNV YUgn Tou, TOTE YIa PIKPEG TAOEIG Ba CUMTTEPIPEPBET oav KOIVr) WHIKA avTioTaon nuiaywyou
akohouBwvtag 1o vopo Tou Ohm, O6TTwg @aivetal Kal até 10 didypauua Tou ZX. 4.6a. MNa
MEYOAUTEPEG OUWG TAOEIG, €TTEIBN TOTE avamTUooeTal PeyAAn Bepupokpaacia, 1o BepuioTop
@Bdavel katmote 010 onueio Curie kal audveral amdTOUA N AVTIOTAON TOU, OTTIOTE TTEPTEI TO
PEUMA TOU KUKAWMATOG.

2710 Zx. 4.6B @aivetal éva PTC 1Tou éxel ouvdeBei oe oeipd pe pia avriotaon R o€ pia Tnyn
Tdong 20 V. MNa va utroAoyicoupe To peUpa Kal TNV TAON OTa AKPa Tou BepuioTop, evepyoUuuE
OTTWG KAl OTa un  ypauuikd oToixeia, xapdlovrag Ttnv eubeia @optiou TTAvw OTN
XOPOKTNPIOTIKA TOU oToIxEiou. AuTO €yive 0TO Y. 4.6a Kal £€dwoe TO onueio npepiag A pe
évraon pevpatog |1 kar Taon V1. Mapatnpolue 6T av n TR TNG avtioTaong oeipdg ATav
MeyaAUTepn, TO onueio Toung Ba BpiokdTav aTo EUBUYPAUUO THAKMA TNG KAUTTUANG (onueio B),
OTTOTE MEIWVOVTAG TNV avtioTacon Ba eixauye augnon Tou pelpatog, 6TTWG cuuPaivel og pia
KOIVI] avTioTaan. TNV TIEPITITWAT TTOU £X€l oxedIOOTEI aTO ZX. 4.60, N AvTiOTOON QOPTIOU Eival
QPKETA PIKPNG TIUAG WOTE TO onpeio TouAg A va Bpioketal petd 1o onueio Curie TTou gival otnv
KOPUPNA TNG, OTTOTE PEIWVOVTAG TNV AVTIOTAOT €XOUME PEIWON TOU PEUPATOG.

Irrc
R 10 o
— = —
B pkpry
l’lg"{{x;\‘n QVTIOTOOM I I
(@) avtiotaon 20V
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4 VV

Zx.4.6. o) XapaktnpioTikA |-V 8eppioTop PTC kai eubeieg popTiou e pIKPR Kal JEYGAN avrioTaon og o€Ipd,
B) oUpBoAo BeppioTop, [16].

AUo gival ol Baoikég epapuoyEg Tou BeppuioTop:

a) Métpnaon kai pubuion Bepuokpagiag (BepuoaTdTng).

To pelua TToU TrEPVA aTTO TO BepuioTop dlaTnpeiTal PIKPG, auTd TO ETTUYXAVOUUE OTAV N
Tdon oTa AKPA TOU gival Kol auTh pIkpR <<1,5 V. To pikpd auté pelpa dev @BAvel yia va
auénBei n Beppokpacia Tou BepuioTop, OTTOTE QUTO PTTOPEI va XpNOoIYOTToINBE yia Tn péTpnon
N ™ puBuion Tng Bepuokpaciog. ‘ETol, T.X. YE TO BgpuioTop TOUu ZX. 4.5 ptmopoupe va
pubuicoupe Tn Bepuokpaaia aTov TTEPIBAAAOVTa XWpPo, TNV TrEPIOXA TNG Bepuokpaaiag Curie
mepi Toug 80°C o61TOU N avTtioTaon aufaveTal ammOToPa Kal pndeviCeTalr TO0TE TO peUPa Tou
KUKAWMATOG.

B) MpooTagia KUKAWPATOS aTTd UTTEPEVTAAON.

To pevpa TToU TTEPVA aTTO TO BeppioTop diatnpeital pey@Ao, oTroTE PIa auénaor] Tou PTTOPEi
va TTPoKaAéoel augnon Tng Bepuokpaaciag n otroia Ptropei va mepdoel 1o anueio Curie kai va
dwaoel pio atréToun auénon Tng avTiotTaong Tou BepuioTop OTTO TV OTToia TTPOKUTITEI N
TTPOOTACIO TOU KUKAWUATOG.
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4.5. Aiodog Znipayyog

Mia ouvABng évwan p-n, OTTWG QUTH TTOU PEXPI TWPO €EETATANE, £XEI MIA TTUKVOTNTA
TTpoopEiewy TrepiTTou 1 pépog avd 108 (To oTToio AVTIGTOIXEI O€ TTUKVOTNTA TTPOCHEIEEWV TNG
16¢ng 10" cm-3). Me 10 TOoOGTO AUTS VOBEUGEWY, TO €UPOG TOU OTPWHATOG ATTOYUUVWONG, TO
0TT0i0 OUVIOTA £va duvauiké epdyua yipw aTTd TNV £vwaon, gival TG TAENG Tou £vOg PIKpoU (~
1 um). To duvapikd auTd PPAYUa avaxaiTiCel TN Por Twv POopPEwV aTTd TNV TTAEUPA eKEivn TNG
£€vwong OTToU auToi gival Qopeig TTAEIOVOTATAG TTPOG TNV TTAEUPA OTTOU OTTOTEAOUV QOPEIG
pelovotnTag. Edv Opwg augnBei TToAU n TTUKVOTNTA TwV aTOUWY TIPOCUEIEEWG, £0TW éva PEPOG
ava 10% (To otmoio avTioToIxei O€ TIUKVOTNTA TIpooeiiewv TG Tagng 10" cm®) ol
XOPOKTNPIOTIKEG pIag TETolOG O1000u aAAAlouv TeAgiwg O€ OXEON WE TNV TTEPITITWON MIOG
KoIvig 81600u p-n, TTPAYUQ TTOU TTAPATAPNOE Kal EPUIVEUCE TTPWTOG 0 Esaki 1o 1958.

To €0pog Tou PpAypaTog TNG £vwong PETaBAAAETal avTiIoTpoPws (BA. oxéon 3.31) TTpog
TNV TETPAYWVIKA pida TNG TTUKVOTNTOG TWV TTPOCMEIEEWY, KAl ETTOMEVWG HEIWVETAI O€ PAKOG
HIkpSTEPO amd 100 A (10 cm). To £0pog auTo cival HOVO TTEPITIOU TO €va TIEVTNKOGTO TOU
MAKOUG KUpaTOoG Tou opartol @wTég. Me Bdon tTnv KAaooikh Bewpnan, €dv éva ocwuaTidio
TIPOKEITOI VO PETOKIVNOET atrd TN pIa TTAEUPA TOU @PPAYUOTOG GTNV GAAN, TTPETTEl va EXEl
EVEPYEID TOUAGXIOTOV ion TTPOG TO UWOG TOU PPAYHATOG TNG BUVOUIKAG evépyeiag. Opwg, yia
@payparta 1600 AeTITG 000 autd Tng di10dou Esaki, n eiowon Tou Schrodinger deixvel OTI
UTTAPXEl MIO HEYAAN TBavOTNTA va eIoXwpPnRoel éva nAekTpovio diapéoou Tou @pdyuatog. H
KBavTounxavikh auTrh CUUTTEPIPOPA AVOQEPETAI Kal WG QPAIVOUEVO ORPAYYoG, Kal €701 Ta
oToIXEia QuTd PE €vwon p-n PE PEYAAN TTukvoTtnTa TTpoopeifewv, ovopalovral Siodol
onNPayyog.

21N ouvéxela, 6a SWOOUNE HIa TTOIOTIKN €EAYNON TWV CNUAVTIKOTEPWY QAIVOUEVWY TTOU
eyavifovtal oe pia diodo orpayyog. Otav o cuykevipwoelg Na kai Np avrioToixa ota
TUAMATA p KAl N YivOuv TTOAU JEYAAEG, €XOUUE BACIKA BUO CUVETTEIEG:

— To €Upog TNG TTEPIOXNG ATTOYUUVWONG PIKpaivel TTOAU. To TTaX0og Tou @PAyUaTog SUVANIKOU

TTEPIOPICETOI OE PEPIKES DEKGDEG A
— O1 o1dBueg Fermi Twv Tunudtwy p kai n &ev Ba Bpiokovtal ma oTnv amayopeupévn {wvn,

oAAG Ba petatommioToUv avTioTolxa aTn {wvn 0B€voug Kal aTn {wvn aywyluétntag. Autd

TTPOKUTITEI EUKOAQ aTTd TN diepelvnon Twv €&. 2.20, 2.21 kai @aiveTal oTo ZX. 4.70.

H peiwon tou maxoug ToUu @PAyUaTOG OUVAUIKOU aTtroTeAEl €UVOIKN Ouvlnkn yia Tnv
€U@Avion Tou KBavTounyavikoU @aivouévou OApayyog: n mlavotnta va diatepdoel éva
NAEKTPOVIO TO Ppdyua duvapikoU PE GAIVOPEVO OAPAYYOG Kal va PETOKIVNOED A.X. a1t pia
oTadun TG {Wwvng aywyluoTNTAg TOU THAUATOG N, 0€ pia dIaBéoiun emMTPETOPEVN OTABUN TNG
idlag evépyelag oTo TUAA p, dev gival TTia KaBoAou aueAnTéa. Me avaloyo TpOTTO NAEKTPOVIa
NG {wvng 06£voug Tou TUAUOTOG p PTTOPOUV va PETakivnBoUuv pe GaIvOPEVO GAPAYYog OTnv
TTEPIOYXN N, av uTTdpyouv dIaBEaIUEG evepyEIakEG BEoeIg oTnyv idia TAON.

Xwpig e@appoyn eEwTEPIKNG TAoNG, ol aTéBueg Fermi gival o1 idieg oTa dUo TUARUOTA.

H oxetky Béon Twv evepyelakwy (wvwv gival 10Te 0TTWG oT0 2YX. 4.70. ETeidn n
mOavoeTnNTa dIEAEUONG NAEKTPOVIWY PE QaivOuEVO ofpayyog gival n idia yia Tig U0 avTiBeTeg
d1eubuvoelg 1 kal 2, To ouvoAIKO pelpa Ba £xel HEGO Opo PNOEV.

Me Tnv gpapuoyn avaoTpopng TTOAwoNG To UYPOGS ToUu PPpAyuaTog duvauikou augdvetal. H
eMKAAUYN Twv {wvwyv augavetal (BA. Zx. 4.7B). BAEmoupe TWpa 6T TO TTARBOG NAEKTPOViWwY
TTOU MTTOPOUV va JIoTTEPACOUV TNV €vwon amd apioTepd TTPog Ta Oefid, Bpiokovtag
EMTPETTOUEVEG KEVEG OTABUEG OTO TUAUA N, €ival HEYAAO (TTUKVI) YPAUUOOKIOoN) Kal augaveTal
KaBwg peyahwvel n avdotpo®n TTOAwaon. ETTopévwg €va onuavTiké avaoTpo®o pelua Ba péel
péoa ammd TNV €vwon Kal Ba augdveral pe TNV apvnTik TTOAwoOnN, OTTWG @aiveTal OTO
oiadypaupa I-V Tou Zx. 4.7p.

MNa opbA TéAwaON, To UPOG TOu PPAYUATOG KAl N ETTIKAAUWN TwV (WVWV UEIWVOVTAI, EVW
apxiouv va diatrepvouv TNV évwon nAekTpovia atrd Oe€IG TTPOg Ta apIoTePd yiaTi Bpiokouv
eAeUBepPEG €MITPETTONEVEG OTABUES OTN Cwvn 0Bévoug Tou TuRuaTog p (BA. Zx. 4.7y). Apxicel
ETTOPEVWG N EPPAVION €VOG “KBavTounxavikoUu” peluatog afnpayyos opbnig @opdg, To OTToio
au&dveral pe TNV opBn TOAwoOnN.

To pelpa autd @OAvel oe éva peyioTo OTav n TTOAwaon Tapel T€Tola TIMA woTe N Bdon Ec
NG CWVNG aywyIluéTNTAG TOU TUAPATOG n va @Tdcel aTo idlo UWog pe Tn oTtdbun Fermi EF Tou
TuAdoTOoG p (BA. Zx. 4.70). Na akopa peyahutepn TOAwON TTOAAG nAekTpdvia Tng {wvng
QyWyINOTNTAG TOU N AVTIMETWTTICOUV TNV atrayopeupévn wvn Tou p (BA. ZX. 4.7€) Kal yovov
Aiya nAekTpOVIa YTTOPOUV VA PETATOTTIOTOUV JE QAIVOPEVO ONPayyog (TTUKVI ypaupookiaon).
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Zy. 4.7. Fpa@iki €§Rynon TG apxng A&IToupyiag Kal TG XapakTnPIoTIKAG 51650u onpayyog, [14].
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Zx. 4.8. XapakrnpioTikn |-V 31650u orpayyog (CUVOETIKEG KAMTTUAEG), [14].

1(mA)

1,5 —

1—
0,5—
0,25
Vp Vv 43 V (mV)
55mV 350 mV 550 mV

Zx. 4.9. XapakrtnpioTikA |-V 51650u onpayyog, [16].

‘ET01 TO KBAVTOUNXAVIKO PEUUO PEIWVETAI CUVEXWGS Kal TEAIKG undevifeTal 6tav n otédun Ec
TOU THAPOTOG h @TACEl 0TO UWog Ey Tou TurAparog p (BA. Zx. 4.70T).
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EKT6G Opwg a1mé TNV KBAVTOUNXAVIKA CUVICTWOO PEUPATOG £XOUE yIa 0pBr TTOAwaGnN Kal
TO0 pelpa diaxUoewg KoIvAG O1680u TO OTToio augdaveral pe Tnv opBr) TTOAwon (€0Tiypévn
ypapun oto didypauua I-V Tou Zx. 4.90T).

‘ET01 n 6An xapaktnpiaTikn 1-V piag 816dou orjpayyog Ba €xel TN pop®n Tou xx. 4.8. ¥
autrv diakpivoupe TNV Tdon Vp O1TOU TO pelpa Traipvel pia péyioTtn Tiun lp (TIMA KOPUQNAG:

.. . . . i . dv .
peak). AkoAouBei éva KOTEPXOUEVO TUNKA UE apVNTIKH OUVAUIKN avTioTaon ol MEXPI TNV TIUA

Tdong Vv 610U avTIOTOIXEl pIa EAAXIOTN TIMA peluaTog Iv (TIuA KoIAGdag: valley), atmd 61rou Kai
TTEPA TTPAKTIKA €XOUUE TN HOPPK) TNG KOIVAG BIGBO0U.

H o&iodog onpayyog eival Xprioiun oTa NAEKTPOVIKA KUKAWPOTA AOYyw TnG apvnTiKAg
avtiotaong Tou epgavifel yetagu Twv onueiwv B kai C NG XapaktnploTikng Tng (£x. 4.8). H
XOPOKTNPIOTIKA QUTA UTTOPEI 0€ OUVOUAOUO PE TA OTOIXEIO EVOG OUVTOVIOUEVOU KUKAWUOTOG,
va xpnoigotroinBei yia Tnv Tmapaywyr] ToAaviwoewv TTOAU peydAng ouxvértnrag. ‘ETol,
XPNOIYOTTOIEITOI WG TOAAVTWTAG Kal EVIOXUTAG onudatwyv otnv Trepiox) Twv GHz n oeg
MIKPOTEPEG oUXVOTNTEG (TNG TAENG Twv MHZ) oTOUG UTTOAOYIOTEG, OTa pavTdp, ota UHF otnv
TNAE6paON Kal OTa SOPUPOPIKA Kal €TTiyEld OUCTAMATA ETKOIVWviag. MeydAo evdiagEpov
€TTiONG, TTapouacidlel To yeyovog OTI oTn 6iodo orpayyog TO KBavIounxavikd pelua TTou Tn
dlappéel, €ival TTPOKTIKA atmoAAaypévo ammd Tnv adpdveia TTOU  XOpakTnpifel 10 pelpa
dlaxloewg (XpoOvog £yxuong, XpOvog eTmavacuvdeong, Xpovog Cwng, KAT). lMpdyuat, n
d1aTagn auTr n oTroia yia TAoEIG PIKPOTEPES TNG Vv ePYAETal KUPIWG PE QPOPEIG TTAEIOVOTNTAG,
€XEl TTOAU peyaAn TaxuTtnTa oTrokpiong (avtiAnwn) mpdyua Tmou Tnv KAavel KatdAAnAn yia
XpPNon o€ oAU uwnAég auxvoTnTeS (MEXPI Oekadeg GHz) kaBwg kal yia TaxUTaToug SIGKOTITEG,
o¢ avtiBeon pe TG gupBaTikéG SlaTdagelg, TTou epyddovTal Ye PEUUOTA PEIOVOTNTAG KAl Eival
TTOAU Bpadeic.

H 1T0AU evdio@épouca e@apuoyn TnG d8i6dou oRpayyog wg SIAKOTITN PEYAANg TaxuTnTag,
avaAUeTal TTEPICOOTEPO HPE TN BorBeia Tou KUKAWPATOG Tou ZX. 4.9. £T0 KUKAWMPA autd N
diodog onpayyog eival oe oelpd pe avriotaon Rz kal tdon V. O1 TIPEG TwV OTOIXEIWV
emAgéyovTal KatdAAnAa woTe n guBegia PopTiou va KOPBEI TN XAPAKTNPIOTIKI) TOU OXAUATOG O€
dUo euoTabn onueia A kai B. 10 onueio A n 1adon ota akpa Tng d10doU gival PIKPH Kal €KEi
Aépe o1 n diodog dyel. 210 onueio B, n Tdon ota dkpa Tng di6dou gival peydAn Kal TOTE Aéue
0TI n diodog dev ayel ) ammokoTTeTal. H petdfaon amd 1o anueio A ato B eival duvarr] pe atrin
€Qappoyn evog TTaAPOU pelpaTog apkeToU yia va peTatebei To onueio Aeimoupyiag Kai va
Eemepdoel autd Tnv TAOn peyioTou TOou onuegiou Kopugng 1 peak. O TOAP6G auTOG
epappoCeTal otnv avriotaon R1 omdte TO0 onueio Asitoupyiag Trnyaivel oto onueio B' kal otn
OUVEXEIa IC0PPOTTEI OTO B, HOAIG TTAWel va uTTApxEl O TTAAPOG TTou TTPOKAAETE TNV aAAay).

H avaoTtpo@ry Tng Katdotaong oTnv apyxikf eival duvary pe e@apupoyn €vog TTaApou
pedparog AN amd Tnv R1, aAAd apvnmikou Tn @opd auTr, oTréTe To Onueio Asiroupyiag
peTaBaivel amé 1o onuegio B oto A' Kai 0Tn cuvéxela JOANIG TTAWEl va UTTAPXEI O TTOAUOG
1I00ppOTTEI OTO A.

O1 ouvnBeig d1okOTITEG pE Biodog GAPAYYOg £XOUV XPOVOUG BIAKOTTAG TNG TAENG TwVv Nsec,
EVW €xouv eTTITEUXOET xpovol £wg Kal 50 psec. Ta TrpoTeprpara NG d1I6doU oripayyog gival To
XOUNAG KOGTOG, 0 XaunA6g 86pufog, N uwnAr TaxuTnTa, Kal N XapnAn 1ox0g.

4.6. Aiodog Gunn

H diaragn auth diagépel TeAEiwg aTo pnxavioud atd TG oupBaTikéG SIAaTALEIS NUIaYywWYWY
TTOU €XOUpE £EeTATEI HEXPI TwpA. H peTarpoTr) Tng d.c. 10006 O€ TAAAVTWOEIG EUPavileTal O€
OAGKANPO TOV BYKO TNG KPUGTAAAIKAG BIATAENG Kal OxI o€ pia aTevr) évwan p-n. '’ autd Aépe
OTI avrKel oTNV Katnyopia Twv diatdgewv Pe “kar’ dykov” gaivouevo - bulk effect devices.

Paivéuevo Gunn: O Gunn avakdAuywe 10 1963, 6T 61OV £QAPPOOOUNE HIa ouvexh TAon
oTa aKkpa evog HIKpoU deiypatog GaAs i InP 1UTTOU N, TO pelpa TTou To dlappéel augaveTal
YPOUUIKGA PE TNV TAON, £TTEITA OUWG, OTAV TO NAEKTPIKO TTEdI0 augnBei TTEpa atrd £va KATW®AI
pEPIKWY KV/cm, ekONAWVETOI TTAPAYWYR HIKPOKUMATIKWY TOAQVTWOEWY. H tepiodog Twv
TaAQVTWOEWY, TTOU €ival “oUhewves” (coherent), gival Trepitrou ion pe 10 Xpovo diadpoung
TWV QOoPEWV aTTd TO £va AKPO Tou deiypaTog 0To GANO.

ATtrodeikvUeTal OTI TO QAIVOUEVO aTTOTEAEI EKBNAWON apvNTIKAG SIOQOPIKAG aywyIudTNTag
TOU UAIKOU Kail OTI ETTAYETAI ATTO 1I0XUPO NAEKTPIKO TTEdI0 Hdvov o€ UAIKG TUTTOU N Ta OTToia
OlaBétouv, OTn QWvn aywyluotnTag, OU0 €EVEPYEIAKEG KOIAGDEG (TOTTIKA E€AGXIOTA) O€
OIaQOPETIKA Uyn.



-94 -

Endveo kothdda
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2x.4.10. Evepyeiakoé didypaupa cuvapTAoel Tou k yia To GaAs, 6mTou @aiveral n Utrapén 0o KoIAGdwv oTn
Jwvn aywyiportnrag, [14].

Oa Tpétmel ydAIoTa o1 dUO KOIANGSEG va avTIoToIXOUV O€ dIAPOPETIKOUG TTPOCAVATOAIOUOUG

Tou dlavUouaATOg k (TTOPOCTATIKOU TNG OPMAG) Kal Of 1I008Uvaueg HAZeg m* Twv NAEKTPOVIWY
TWV KOIAGBWYV, Kal ETTOPEVWG Kal Ol KIVATIKOTATEG TWV NAEKTPOVIWV QUTWV, va €ival TEAEIWG
O1apOopEeTIKEG. TOTE, KBaAVTIKA, N €Maywyr Tou €§wTepIkoU TTediou ouvioTatal oTn PETOPOPA
nAekTpoviwv TNG Jwvng aywylgotnTtag amd KoIAAda YounAng evépyeiag Kal PEYAAng
KIVNTIKOTNTOG, O€ KOIAGda uwnAng evépyelag Kal MIKPAG KivnTiIkOTATag (BA. ZX. 4.10).
Huiaywyikd uAikd 1Tou diaBétouv duo TEToIEG KOIAADEG, uTTApYouv didpopa, 6TTwg To GaAs,
InP, CdTe, ZnSe.

O1wg Ba deiCoupe oTn ouvéxela, KATW atrod TIG OUVONKEG AUTEG, N METAPOPA NAEKTPOViwV
atréd 10 TTEdio 0TV ETTAVW KOIAGda, odnyei TTPAyUOTI O apvnTIKr SIOQOPIKN aywyInoTnTa.

AuTA PE TN OEIPG TNG AVTIOTOIXEI O€ Mo aoToBr KOTAOTOON TToU TEIVEl va eVIOXUCEl KABE
diarapayr oTn OUYKEVIPWON NAEKTpOviwv TTou TuxOv ep@aviCetar oe pia Béon. ToTte,
TTPOKaAEiTal ekel pia “Trepioxn” (domain) 1I0XUpAG aTToKAIONG Tou TTEdiou TTou OUVTOMPO TTAipVEI
MeydAeg Tipéc. H o “meploxn)”  auth 1oxupou Trediou a@ou kovToaTabei atn Béon otTou
YEVVNONKE, TTou Oev ival AAAn atrd 1o apvnTikd NAEKTPOdI0, apxiel, KATw atrd TNV €TTidpaAcn
Tou e€wTEPIKOU TTEdiOU, VA PETAKIVEITAI oav “@UOaAAIda” duvauikou TTpog TNV avodo, GTTou Kal
OlaAleTal evw oTnv kABodo apyifel va avamTuooeTal pia véa “@uoallida” k.o.k. 'ETOol,
dnuioupyouvTal TTaAPOi PelpATOG N ouxvoTnTa Twv oTroiwv Ba egaptnBei Bacikd atd 1O
XPovo diadpoung TnG “mrepioxng” amd tnv kdBodo otnv Gvodo Kal OXl aTTd Ta OTOIXEIQ TOU
€EWTEPIKOU KUKAWUOTOG.

H apvnTikA dia@opikA aywyigotnra: 1o 2X. 4.10 @aivetal n {wvn aywyiuétnTag Tou
GaAs. lMapatnpouue OTI UTTAPXE! Eva TTPWTO EVEPYEIAKO eAAxIoTo yia k=0, oe 1.43 eV mavw
atrd TN Cuvn 08€voug, Kal éva BeUTEPO EAGXIOTO, Yia TNV KpuoTaAoypagikh dietBuvon [1 0 0]

Tou k, 0g AE=0.36 €V Mo TTévw atrd To TPWwTo. MIAGUE TOTE Via SUo KOINGSEG, pId “KATW” Kal
MIG “eTTAvw”. ATTO TO OXAMA QAIVETOI OKOPA OTI 01 1I008UVAPEG HAZEG M™ TWV NAEKTPOVIWV OTIG
2
BU0 KoIAGBEG cival avioeg. Mpdyuar, emedy m” = (2h—2) n m* Ba gival T660 PIKPOTEPN
0“E/ ok

600 n KAion Z—Emg KauTTUANG E(K) €ival peydAn, Tpdyua Tou cuppaivel oTnv KATW KOIAGda.

Mo To GaAs ol TIuEG Twv padwv Bpiokovtal ioeg e my = 0.068mg kal m5 =1.2m, .

Jav OUVETTEIO €XOUME OTI Ol KIVNTIKOTNTEG M1, M2 Twv nAeKTpoviwv Ba eival TTOAU
Ol0QopETIKEG. H KivnTIKOTNTA p1, TNG KATW KOIAGdag, Ba eival TTOAU peyaAlTepn Tng
KIVNTIKOTNTOG P2, TG EMAVW. AV N1 KAl N2 Ol TTUKVOTNTEG TWV NAEKTPOVIWV OTNV KATW Kal
ETTAVW KOIANGDQ, Ba £xoupe PIa HETN KIVATIKOTNTA GTO UAIKO ion WE
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= N1k + Moy 43
Ny +ny
OTTOTE YPAPOUE YIa TNV EIBIKI aywyIuoTnTa
6 = Qg (N + Ny, ) = QN ME n=n + nz = oT08. 4.4

H e@appoyr evog 10XUpoU nAekTpIkoU Trediou, “Oeppaivel” 1o aéplo Twv eAeUBepwv
nAekTpoviwv auédvovtag Tov TTANBUGUO N2 TNG eTTAVW KoIAGdag o€ BApog Tou TTANBuGHoU N1
™G KATW, (MNXOVIOUOG HETAPOPAG NAEKTpoviwy HETAEU KOIAGOwWV). AuTd peTa@pdleTal o€
Meiwaon TG péong KIvNTIKOTNTAG [, KAl ETTOPEVWG Kal TG aywylnéTnTag O, KaBwg To TTedio
au&avertal. Maipvovtag 1o pevpa J=cE, diamoTwvoupe TeAIKG OTI n petaBoAn Tou J pe 10 E
aKOAOUBEI TNV KAUTTUAN TOU ZX. 4.11.

Mapartnpouue dnAadn 6T apxikd 1o J aufaveral ye 10 E péxpl pia iy kopueng Jp (peak)
yia E=Ep Té1010 WOTE aJ =0, onA. yia du = —E.

dE M E

Katémv, petagl Ep kai piog TiuAg Eu (valley), To pedpa eAaTTWVETAI, YAt €TTIKPATE N

Meiwon Tou [, EVW YIo HEYOAUTEPEG TIUEG TOU E TO pevpa augdavetal kal TTaAI: Epgavidetal €101

. . i . , dJ , L . .
ueTagu Ep kal Ey apvnrikn dia@opik aywyiudtnta agol oy = E<O' Eival pavepd 611 pévov

Ta THAPaTa OP kal UW TnG XOPaKTNPIOTIKAG QVTIOTOIXOUV Of OTOBEPEG KATAOTATEIG, EVW TO
TuAPa Pu ouvetrayetal aotdBeia yiati KABe atmmokAion Teivel va eTTaugnOei.

) Av 6o T NAEKTPOVIQL

Hl{KVéTnTa A ; IOV STV KAT® KOIAGS0
pevpotog J J P
4 Ortav Ao to nAexTpOVIa
Jo / oE 06 iy
@BGoovy ™V endve
—> PO — w
v
[ E |
0 E, E, E

Zx. 4.11. XapakrnpioTiki J(E) 6mou @aiveral n €kdAAwon apvnTikAg d1a@opikAg aywyipétntag dJ/dE<0
HeTagl Twv onueiwv P, u, [14].

O oxnuatiopog piog “reploxng Ioxupol mediou”: Ag efeT@OOUNE AKPIBESTEPO TTWG N
apvnTIKn S1aQOPIK aywyludTNTa TTPOKAAEI TN dnuIoupyia “TTEPIOXWV I0XUPOU TTEdiou” o€ éva
onueio Tou KPUOTAAAOU.

‘EoTw 0 KPUOTAAAOG KUAIVOPIKOG, pAkoug L, pe déova Ox katd Tov OTToi0 £QapuogeTal
opoYyeVvEG NAEKTPIKO TTedio Eo, TéTol0 woTe Ep<Eo<Ey, BNA. Aiyo 10XUpOTEPO OTTO TNV KPIioIUN
TIuA Ep. ‘EoTw 611, yia KaTmoio Adyo, To Tedio aufdvetal TTpog oTiyuAv Katd OE péoa oTo
TeEPIOPIoOPEVO  BIAOTNUA X1, X2 TOU KPuoTGAAou. Omwg @aivetal amd Tn poper TNng
xapoktnpioTikAg J(E) Ttou Xx. 4.11, n €éviaon Tou pPelpaTOg OTO BIACTAHA X1<X<X2 Ba
uTTORIBOOTEl WG TTPOG TNV TIY TOU PEUPATOG £6W aTTo TO SiIdoTNUa auTd, OTTOU TTAPANEVEL ion
ME Jo.

AuTO Suwg onuaivel 0TI NAEKTPOVIO Ba CUYKEVTPWVOVTAI KOVTA GTO X1, ONUIOUPYWVTOG EKEI
£€va apvnTikG QOopTio XWwpou, evw Ba atropakpUvovTal atmmd TNV TTEPIOXT X2 APrVOVTaG TTow
TOUG BETIKA 16VTa TOU KPUOTAAAIKOU TTAEYUOTOG. ©a £Xoupe £TOl TNV avaATITUEN piag OITTOAIKAG
TTEPIOXNG, ME TTOAO “CuuTTUKVWONG” Kal TTOAO “ammoyUpvwaong”, YHETAEU X1 KAl X2, TNV OTTOIQ
AEUE KAl NAEKTPOOTATIKN TTEPIOXT), KOI O~ QUTHV ETTIKPATEI £va 1I0XUPO e0WTEPIKO TTEDIO Eco., EVWD
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TO UTTOAOITTO PECO TTEDIO Tou KpuaTAAAou uttoBiBadetar (BA. Zx. 4.12). H nAekTpoOoTATIKA QUTA
TTEPIOXN avaTITUCOETAl JE IO EKBETIKA TaxUTNTa, € XPOvo TnG Tagng Tou At~10-° sec.

Ea
Tn ypovikn
oTlyun ¢
! oE
(o) Eo /_T
Jo Jo Jo
«— «— —
X1 X2 x=
Ea
TN Mera ypévo
B) = 1 At~107 sec
= ¥
= 1
Ey = -
A Aae—
«— «— «—
Jo Jo-4J Jo R
0 X1 X2 x

Zx.4.12. ZIXNMATIONOG NAEKTPOOTATIKNAG TrEPIOXNG I0XUPOU Trediou: a) gppdvion Tng amokAiong AE Tn
XPOVIKA oTiypn t, B) TaXUTATn avAaTITUEN TNG NAEKTPOCTATIKAG TTEPIOXNAS ME OUYXpPOVOo uTToBIBAoHO
Tou péoou ediou Tou KPUaTAAAou, [14].

H UeTaQopd Twv TTEPIOXWV Kal Ol TAAAVTWOEIG peupaTtog: Katd tn diIdpKela TG avaTTTugng
TNG, N NAEKTPOOTATIKN TTEPIOXN TTAPAUEVEI OTN BE0N TNG, AKIVNTOTTOINKEVN ATTO TIG EAKTIKEG
duvapelg Coulomb PeTAEU TWV NAEKTPOVIWV TTOU CUYKEVTPWVOVTaI OTN B€0N X1, Kal Twv OETIKA
QOPTIOPEVWY aTOUWY doTwv. EuBUg Opwg poAIg TTapel TEAOG N TaxXUppubun autr avaTtuén
NG “trepIoxng”, ol duvapelg Tou e§wTePIKOU TTEdiOU UTTEPTEPOUV, TTOOTTOUV TNV “TTEPIoXN”, Kal
TNV JETAPEPOUV oav oUVoAo atrod Tnv kKdBodo oTnv dvodo Je TaxuTnTa

Umep. = |J1Ep 4.5

MNa 10 GaAs eival Umep~10° m/sec. H apxikfi ammokAion tediou TTou Oivel yéveon oTnv
“reploxn”, eMPavifeTal oToug KPUOTAANOUG o€ onueia 6TTou n €I8IKN avTioTaon eival PeydAn
a1d KOTAOKEURG. TNV TTPAagn Ta onueia autd Bpiokovral TTAvia oTa nAEKTPOdIA, yiaTi Ol
ETTAPEG TTOU ENIWOAV OTIG ETTIQPAVEIEG TWV NAEKTPOBIWV QUTWV KaBIOTOUV €KEi TO UAIKO Tou
nuIaywyou TTOAU avopoloyeveg. KaBwg, emimAéov, pia “mepioxfy” ptropei va kivnBei pyévo
avTiBeTa TPOg TN Popd Tou TTediou, TEAIKA @aiveTal OTI n £dpa YEVEONG TWV “TTEPIOXWV” dEV
pTTOpEl TTapd va gival TTavra n KaBodog.

Imin

h 14} B t

Zx.4.13. Kupdvoeig oto TeAIKO pedpa Katd 1o oxnuatiopo (1), Tn diadpopn (Il), kar Tnv £€§odo (lll) piag
NAEKTPOOTATIKAG TrEPIOXNAG, [14].
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dBavovtag n “meploxn)” otnv avodo, dlaAveTal, yioTi Bpiokel oTo PETAAAO TTESiO TTOAU
KOTWTEPO Tou Ep, omrdTe apéowg apyidel n dnuioupyia piag GAANG otnv kdbodo. MpayuaTikd,
AOyw TNG TITWoNG Tou OAIKoU TTediou péaa aTov KPUOTAAAO, QTTOKAEIETOI O OXNUATIOUOG Kal
GAANG “eploxng” TTpiv e§agavioTei n Trponyoduevn. H trepiodog eTTopévwg Tou QAaIVOUEVOU
gival TTePITTou ion pe L/ Unep., ONA. N cuxveTNTa ETTAVAANWNG TOU gival

L
f= Tlr_ap. 4.6

a6 OTToU @aiveTtal 6T To PAKOG L Tou kpuoT@AAou TraiCel KaBopIaTIKG POAO yia TN
ouxvoTnTa.

AkpIBEaTEPa, o1 BIOKUPAVOEIG TOU pelpaTog TTou Ba dlappéel Tov KPUOTAAAO €xouv Tn
Hop®n Twv TTAAPWY Tou ZX. 4.13. Alokpivouue TpeIg QACEIG:
— Tnv |, TTou avTIOTOIXEi OTO XPOVIKO SIAGTNUA ATTO TNV €UPAvIon TG “TrepIoXNS” (to) MEXP!

TNV TéAEIa avaTTTUEA TNG (t1), oTTOTE TO peUpa UTTORIBAZETAN TNV TIUA imin,

— Tnv Il, Tou diapkei t, —t, , KOTA TNV oTToia éXoupe PETOKIVNON TNG “TTepIoxng” ammd tnv
TEP.

KGBodo oTnv Gvodo, xwpig HETABOAN oTO pelua, Kal
— Tnv lll, amé 1 omiypn t2 a@igng g “meploxng” otnv davodo, OTroTe apxidel Kal n

KOTOOTPO®RA TNG, MEXP! TNV TTANPN dIGAucT Tng (t3), omdTe TO pelpa {avaeBavel Tnv TIUA

péyioTou io. H diadoxn 1, 11, I, eravaAaufdveral actapdrnTa.

Av 0 KkpUoToANog TOTTOBeTNOEi KATAAANAQ péoa O€ pIa KOIAOTNTO GUVTOVIOUEVN OTN
ouxvotnTa Tou @aivopévou Gunn, 1o oloTnua Ba atoTeAéoel IO YEVVATPIA uwnAwv
OUXVOTATWV. 270 ZX. 4.14 @aiveTtal n Topr pIog TUTTIKAG didtagng diodou Gunn.

Av kal To @aivopevo Gunn avakaAupenke 1o 1963, éueive wg 10 1966 avadiotrointo, oTTéTE
EMPAVIOTNKE €va EPTTOPIKOG TTPWTOTUTTO TaAAVTWTPIaG Gunn katd TTaApoug, yia ouxvotnta 2
wg 3 GHz pe 1ox0 kopugprig 100 W Trepittou. ZAPEPA KOTAOKEUAZOVTAIl MIKPOKUUOTIKEG
yevvntpieg Gunn atmd 1 wg 200 GHz. MNa ouvexn Aeiroupyia ol TUTTIKEG TIPEG Io0XUOG gival 0.1
wg 7 Watt pe Babuod amédoong 4-10%, evw yia TTOAUIKR AgiToupyia (Ue TTaAPOUG BIGPKEIAG ~
107 sec) 50-100 Watt pe ammdédoon 10-20%.

<«—Kdarioppa

ZOppa xpucod

Hapéppoopo —
ApceEVIKOVYO
T'ario

Kepopiko

TToapéppoopa

4

— Xoahkog

Zx. 4.14. Topn diaragng d16dou Gunn, [16].

Ta Baoikd TAgovekTAPaTa Twv 8160wy Gunn gival OTI:

— ammd amown BopuPou uttepEXOUV aTTO OAEG TIG GAAEG BIOTALEIG OTEPEAG KOTAOTACNG

— amd amoywn Xpovou {wng UTTEPEXOUV aouykpiTa atrd T Auyvieg klystron Tpdypa mou éxel
MEYAAO 0IKOVOUIKOG evdlagépov dedopévou HAAIoTa OTI gival KATd TTOAU @BNVOTEPEG ATTO TIG
klystron.

4.7. Pwrodiodog

O1 pwTtodiodol eival NAEKTPOVIKEG OIOTALEIG TTOU METATPETTOUV €va QWTEIVO ONua o€
NAEKTPIKG. To QWTEIVO onua @Bdvel cuvrBwg PECW MIAG OTITIKAG iVag Kal PETATPETTETAI O€
NAEKTPIKA  POpP®r}, TIpOKeEIuEVOU va odnynbei oTig emTOpeveg BaBuideg NAEKTPOVIKAG
eme€epyaoiag.
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H 18avikfy pwT0diodog Ba TTPETTEl va £xel UYNAR aTTOd00N PETATPOTING TOU PWTOG O€ pela
(dnA. uwnAn euaigBnaoia) oTo PAKOG KUUOTOG TOU GWTOG TTOU TTPOKEITAl va aviXVeUoel (TT.X.
0,85, 1,3 4 1,55 ym), va pnv mmpooBétel B6pUBO OTO OMAUA, VO QVTATTOKPIVETOI OTO PUBPO
0edopévwy, va gival agIdTaTn Kal eONVA Kal va £Xel dIOOTATEIG CUYKPIOIUEG PE TN OIAPETPO
Tou Trupfva Tng ivag. TIg amaiTioelg auTéG IKavoTrololv ol @wTodiodol nuiaywyou, TTou
XPNOIYOTTOIoUVTAl CHMEPO OTOUG OEKTEG OAWV TWV OTTIKWYV OuoTNUATWwy. H @wTodiodog
TTOAWvVETAI avdoTpo@a (dnA. o BeTIKOG aKPOJEKTNG TPOPODOTIag CUVOEETAI OTNV TTEPIOXN
TUTTOU-N KOl O AapvnTIKOG OTNV TTEPIOXN TUTTOU-P) ME TUTTIKA TIPA Taong SV. Otav méoel pwg
Tavw oTn QwTodiodo, TOTE KABE @QWTOVIO ATTOPPOPATAl KAl dnuioupyeital éva {euyog
NAeKTPOVioU-0TTAG. KATw o110 TNV €TTidpacn Tng avaoTpoeng TTOAWONG, Ta avTiBeTa NAEKTPIKA
@opTia nAekTpoviou Kal OTTAG KivouvTal o€ avTiBeteg OleuBUvoelg Kal dnuioupyouv éva
NAEKTPIKO PEUPA OTO EEWTEPIKO KUKAWHQ.

Av uia avdoTpo@a TTOAWMEVN QWTOBI0d0G p-n QWTIOTEI, TO AvACTPOPO PeUPA KOPOU
METABAAAETOI OXEDOV YPAUMIKG HE T QwrTelvh) por. To peupa avaoTpoeng TTOAwaoNg eival
OTTWG Kal oTnV Koivlp kpuoTaAAodiodo oTaBepd kal avefdpTnTo TnG TIMAG Tou duvapikou. H
TINA Tou gival BERaia pikpr), TNG TAENG Twv PA. O YeTafBoAéG OUWG TNG TIUAG TOU UE TN
METABOAN TNG QWTEIVAG PONAG €ival TETOIEG TTOU ETITPETTOUV TN AAWN KAl QwWpPaAcT OnNUATWV.
‘ET01, av Agitrel TEAEIWG 0 QWTIOPOG TO peUa TOU KUKAWMATOG gival eAdxIoTo. Av @wTIOBEi N
évwon onuioupyouvTtal véa Ceuyn QopEéwv Pe aTTOTEAEOUA va auénBei To pelpa KOPoU TG
avaoTpoeng moAwaong. ‘ETal, yia kdBe Ty NG QWTEIVAG Pong i TNG éviaong QwTiopoU
TTPOKUTITEI MIO BIGQOPETIKI) OTATIKI XOPAKTNPIOTIKY TNG S16d0U.

Enravacuvdéeton mpv
pBaoel otV éveoon

Ev [¢) o ()
& & *_ &
L7
0 e} o} B
\Enavucsw&éarm mpw
|<— In —>|<—W —+7Lp 4>| eBaoel oty évaon
J U=
% P J\J\W//E e Mo = W
- J
o

Zx.4.15. Amoppopnon ewrog, dnuioupyia JEUyWV NAEKTPOVIWV-OTTWY, KAl TO ETTAYOUEVO PEUMA OTTO TO
TPOCTITITOV QWG OE HIa pWTOSiodo, [5].

Katd péoo 6po, ol Qopeig HEIOVOTNTAG OI OTToi0lI dSNUIOUPYOUVTAl OTIG OUBETEPEG TTEPIOXEG
o€ améoTacn PEXPI Eva Prkog dlaxUioewg ouv apKeTd waoTe va dlayxuBouv TTpog TNV TTEPIOXA
atmroyupvwong. O1 @opeig auToi, KaBwg Kal 01 POPEIG TTOU YeEVVIOUVTal PECA OTNV TTEPIOXN
aTTOyUPVWONG, COPWVOVTAl OTn OUVEXEID OTTO TO AVACTPOPO NAEKTPIKO TTedi0 TTPOG TO
avTiBeto dkpo TNG d16dou, OTTOU KAl CUVEICQPEPOUV OTO AvACTPOPOo peUua TTOAwoNG (SnA.
€KTOG a1Td TO BepIKA TTapayouevo) TTou diatrepvdel Tn 8iodo. To pelpa autd Ba divetal TEANIKA
atéd v

I=ly+1 4.7
o1Tou lo €ival To avaoTpoPo pelpa KOpou (pelpa okoToug) TNG S16dou p-n (BA. €€. 3.45) kan IL
gival To pelpa BPaXUKUKAWOEWG TToU gival avaAoyo TTpog Tnv £viacn ewTiouou. X710 2X. 4.16
@aivovTal Ol TUTTIKEG XOPAKTNPIOTIKEG TAONG-PEUUATOS MIOG GwTOdIOGd0U. O1 KOUTTUAEG QUTEG
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(Me €€aipeon TNV KAUTTUAN TOU pPeUPATOG OKOTOuG) dev dlEpyovral amd TV apxn Twv
ouvTeTaypévwy. AnAadrl, o1 XAPAKTNPIOTIKEG TAONG-pEUPATOG TNG  GWTOdIOGdOU  Eival
OUCIAOTIKG iBIEG WE TIG XAPAKTNPIOTIKEG avaoTpoPng TOAwONG Hiag atmmAng di6dou p-n
METATOTTIOPEVEG OPWG TTPOG TA KATW, TTPOG Tn O1ElBuvon Twv apvnTikwy |. EmmAéov, emmeidn
10 pelpa lLcGL, Tou puBpol dnA. dnuioupyiag Ceuywy NAEKTPOVIWV-OTTWYV, N PETATOTTION TWV
XOPAKTNPIOTIKWY TOU PeUPATOG TTPOG T KATW, aufdvetal ae eubgia avaloyia pe Tnv évraon
TNG TTPOCTTITITOUCAG AKTIVOBOAIAG.

Opb1 taom (V)

Avdotpoon taon (V)
-5 -4 -3 -2 -1 0 +0,51
T T T T T
Pevpo oxdToug
—
1.000 lux
1001~
400 1.500 lux =
Avdorrpoq)o L . 200 Avdotpopo
pevpo. 200 pevpo (LA)
; f: 2.000 Iux
Psrvi’_'pa - ¥ 3001
GKOTOLG (poyn(;uég !
(lux) 2.500 lux -
! 4001~

Zx. 4.16. XapakTnpIioTikéG |-V @wTod1650U yia Sidgopa eTiTreda wTiopou, [5].

‘Eva TTOAU onuavTikd XapakTNPIOTIKO YIAG GwTOdIOdoU €ival N @ACHATIKN TNG OTTOKPION,
OnA. 1O TWG MeETABAAAETAl TO QWTOPEUPA I OuvapTACEl TOU WPAKOUG KUPATOG TNg
TTPOCTITITOUCAG OKTIVOBOAIaG. Mia TETola XAPOKTNPIOTIKY) KAPTIUAN yia pia wTtodiodo Si
@aivetal o1o £x. 4.17. H amokpion TNG @wTOdIOdOU QUTAG EKTEIVETOI OE €va TTEPIOPIOUEVO
OXETIKA €UPOG PNKWV KUPATOG. TO Avw OpIo TOUu €UPOUg auToU OUVOEETOI PE TO €EUPOG TOU
EVEPYEIOKOU YXAOMATOG TOU nuiaywyou. ATroppoenon @wToviwv Kkal yéveon {euywv
nNAekTpoviwv-oTTwv Ba oupBei povov o6tav Epn>Ec. Otav Epn<Ec 0 nuiaywydg Ba eival, 011wg
Aépg, “dlagavng” otnv akTivoBoAia. H @acpaTikf atmékpion TTepiopieTal oucIacTIKG PEXPI TO
MAKOG KUpaTtog Ac(um) = 1.24/ Ec(eV) otoug 300 K kai yia 10 evepyeiakd xdoua Tou Si autd
QVTIOTOIXEI O€ PAKOG KUPOTOG Ac=1.1 um.

)\

y / \
0.2 // \
/ \

04 05 06 07 08 09 10 1.1 1.2
Mijkog KbpoTog (um)

Zx.4.17. ®@aouaTiki aTOKpIon PWTOS1650U p-n amwd Si. H mpoomimrouca ewreiviy 1I0X0G ATAV N idiIa o€
O6Aa Ta pKn KUpaATOG, [5].
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2x.4.18. KaumrUAeg aTmOKpPIoINOTNTAS QWTOSIOdWY CUVAPTACEl TOU MAKOUG KUUOTOG TOU TTPOCTIITITOVTOG
@wTOG Yia UAIKA Si, Ge, InGaAs, [15].

2nNUAvTIKO POAO OTN PHOPPN TNG MEIWPEVNG QACHATIKAG ATTOKPIONG OTA JIKPA MAKN KUPATOG
(A<0,8 um) TTaiel n avouoiduopen ammoppdPnaon TnNG akTivoBoAiag atrd tn diodo. H évraon Tng
TIPOCTITITOUCOG OKTIVOBOAIOG pEIVETAlI PE €KOETIKO puBud Pe TNV amoéoTaAcn amod Tnv
EM@AvEIQ TOU NUIaywyou. H oTabepd auTthg TNG pEiwang, TTou gival avaAoyn HE TO avTioTPOYo
TOU OUVTEAEDTH aTTOpPOPNONG aTTd TO UAIKO (1/a), TrTapioTavel To péco BaBog eioxwpnong NG
aKkTIvoBoAiag oTto UAIKS. KaBwg 1o PAKOG KUPATOG A PEIWVETAI KATW aTrd TNV TIMA Ag, O
OUVTEAEOTNG atroppd@nong augaveral TTOAU ypryopd, Kal TO Qwg atroppo@dtal 6A0 Kal
TIANCIECTEPA TTPOG TNV ETTIPAVEIA TOU NUIAYwYoU. TeANIKA TO pEYAAUTEPO PEPOG TNG YEVEONG
QOopEwV AauBAavel XWwpa OTo HEPOG TNG ETTAPAG TTOU EQATITETAI PE TNV ECWTEPIKA ETTIGAVEIQ TOU
nuiaywyou. H emavacuvdeon Aoirév Ba civalr geyaAUuTepn O€ QUTRAV TNV TTEPIOXN Kal Ol £€T01
TTapayopevol Qopeic Ba emavacuvdiovTal TIpIv TTPOAGRouV va diaxuBouv TTpOg TNV TTEPIOXN
aTTOYUPVWONG.
Metolhkn QOTOVIO AVTIOVOKAAGTIKN
ETOLPT| % eMioTPOOT

Si0, —

<9 0>
<@ 0>
<0 0>
<@ 0>
<0 0>
<@ 0>
<9 0>
F

o om) |_

® NAekTpoVIo

Zx. 4.19. Aopun kal cuvdeopoloyia pia d16dou PIN, [15].

TéAog, upia onuavTtikh 1I91I6TTA TNG GWTOdIGdOU €ival Kal n amoKpIoH TNG WG TTPOG Tn
ouxvotnTa, dnA. T0 OO0 YypPrRyopa n QwTodiodog WTTOpEi va atrokpiBei ot €va XPoviKd
MeTaBaAAOpevo omTIKO ofua. H  @wtodiodog Tmou HOAIG eEeTdoape €xel OUOTUXWG
TTEPIOPIOUEVN ATTOKPION CUXVOTNTAG, O CAUATA UEXP!I HEPIKEG OekdAdeg MHz pdvov, dIoTI n
apxn Asitoupyiag TnG BacideTal 010 aIvOUEVo TNG dlIaXUOEWG N OTToIx €ival YIa OXETIKA apyh
diadikacia. Ta TTpdyyata BeATiwvovTal onuavTika pe pia €181k oxediaon d16dou, TN Aeydpevn
0iodo p-i-n (61TOU TO | TTPOEPYXETAI OTTO TN AEEN intrinsic-avdBeuTog). ZTn diodo auTth avaueca
oc OUO AETITEG TTEPIOXEG P KAl N TTAPEUPAANETAI €va QWTOEUAICONTO OTPWHA XOPNANG
voBeuong (intrinsic) ye peydAo TTaX0G, OTO OTTOIO TTPAYUATOTTOIEITAI N METATPOTIA TNG OTITIKAG
EVEPYEIOG OE NAEKTPIKNA.
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‘ETOI1, TO HEYOAUTEPO PEPOG TOU QWTOPEUPATOG TTPOEPXETAI ATTO QPOPEIG TTOU TTAPAyovTal
Méoa oOTnv TEPIOXy aQuTh n oToia Tailel TO POAO MIOG PeEYAAOU €UPOUG  TTEPIOXNG
atroyupvwaong. Adyw akpiBwg TNG UWNAAG TNG atToKpIong o€ auxvoTtnTa, n ewrtodiodog p-i-n
£XEl XpnolgoTroiNBei kKatd KOPOV OTIG ETTIKOIVWVIEG OTITIKWV VWV, OTTOU OPWG N PETAd0oaN
yivetalr ge utépuBpa pnkn kopartog (1.3 kar 1.55 pm). ETropévwg, 10 Si pe PAKOG KUUATOG
atrokotAg o1o 1.1 um, dev eival TTAéov KATAAANAO Kal XpnoigoTrolouvTal AN nuIaywyIka
UAIKG, 611G 10 InGaAs kai 1o InP.

Mpokeipévou va auéfooupe 1o AOyo orjuaTtog TTpog BOpufo, o€ TETOIA CUCTHNATA OTITIKWV
ETTIKOIVWVIWY, Kal va €TMTUXOUUE EVIOXUON TOU QWTOPEUPATOG XWPIG avTioToIXn evioxuon Tou
BopURou TToU €1I0AYOUV Ol NAEKTPOVIKOI EVIOXUTEG, €XOUV ETTIONG KATOOKEUAOTEI wTodiodol p-
i-n o1 oTroieg AgiIToupyoUv OTNnV TTEPIOXN KATAPPEUCNG EKUETAAAEUOUEVEG TO QPAIVOUEVO
xlovooTolfadag. Tétolieg pwTodiodol avalanche katackeudalovtal amod InGaAs mavw og InP
Kal ammé Ge.

4.8. dwTtoBoATaiké Kutrapo

To @wToBoATaikd kuTTapo (P.K.) (solar cell) pyeratpémmel Tnv nAiakn evépyela atreubeiag o€
NAEKTPIKA evépyela. Eival pia évwon p-n Tou SlIa@EPEl OUCIAOTIKA aTTO T OTOIXEID TTOU PEXPI
TWPA PEAETAOAUE, YIOTi AeIToupyei Xwpig BondnTikA TNyr Tdong oTo KUKAWNG Tou. H @wrTevh
akTivoBoAia TrpokaAei péoa oto @.K. pia nAekTpeYEPTIKA dUVANN TTOU UTTOPEI va TTPOKAAEDEI
NAekTPIKO pelua o€ pia avtiotaon ouvdedeuévn TTapdAAnAa ¢’ autd. Ta mAéov koiva O.K.
gival kar’ ouciav ewTodiodol p-n Pe PEYAAN eTIQAVEID TTPOCTITWONG TNG AKTIVOBOAiag. H poévn
ouciaoTikf dlagopd cival 61T Ta @.K. eival €101 oxedlaguéva WOTE va eAAXIGTOTIOIOUV TIG
ATTWAEIEG EvEPYEIDG, eV O wTodiodOI gival €101 OXeSIAOUEVEG WOTE VA ETTITUYXAvVOUV pia
OUYKEKPIUEVN QACUATIKA ATTOKPION ] IO YPRYOPN XPOVIKN atrokpion.

Eidape oTIg @wT0d16d0UG p-n OTI yIa PHEYAAEG AVACTPOPEG TACEIG, EPPAVICETAl Eva oxXedOV
oTaBepd avAoTPOPO PeUPO TTOU O@EIAETAI OTOUG EYXEOUEVOUG QOpPEIG pelovoTnTag. Edv n
€QappoCopevn TAON PEIWOEI KATA PETPO, TOTE PEIWVETAI TO @PAyHa duvauikou Tng évwong. H
Meiwan auTr) Tou SUVAUIKOU @PAYUATOG eV €TTNPEACEl TO pelpa pelovoTnTag (SIOTI oI QopEig
TTEQPTOUV aTTO TO QPAYHA), OTaV OPWG PEIWBE apKETA TO QPAYHA, UTTOPOUV va dIaTTEPATOUV
TNV évwaon Kal PEPIKOi popeig TTAeiovoTnTag. O1 popeig auToi avTioToixouv o€ £va pelpa opOnig
POPAG Kal ETTOUEVWG MIa TETOIO por| peUPOTOG Ba peiwoel To kKaBapd (avaoTpo®o) pevua. H
auénon auth oTn Pon TwV QOoPEwV TTAEIOVOTNTAG €ival EKEIVN OTNV OTTOIO OQPEIAETAI N TTITWON
TOU avAOTPOPOU PEUPATOG KOVTA OTOV G§ova UNdEVIKNG Taong Tou ZX. 4.16.

Edv e@apuootei pia opbrp mOAwan, 10 OUVAUIKO @PAYHa XOUNAWVEl Kal TO pPeUPa
mAelovoTnNTag auédvetalr Taxutara. Otav 10 pedpa TTA€lovoTNTAG Yivel i00 e TO pelua
MEIOVOTNTAG, TO OUVOAIKO pelpa peiwvetal oto undév. H tdon yia tnv otmoia AauBaveral
MNOEVIKO CUVIOTAUEVO PEUUO OVOUAZETal @WTOROATAIKG duvapikd. ETTeidn BéBaia o ouvonikeg
QVOIXTOKUKAWMATOG Ogv  péel Kavéva pelpa, N QWTOROATAIKA nNAEKTPeyEPTIKA dUvaun
AapBavetal oTa AKpa TNG avoiXTOKUKAwPEVNG Evwong p-n. H 1don auth €ivail ion ye 1o 1006
KOTA TO OTTOI0 YEIWONKE TO PPAyua Tou duvapikoU. To @wToBoATaikd autd duvapikd givai gival
NG Ta¢ng Twv 0.5 V yia 1o KUTTapo Tupitiou Kai 0.1 V yia 1o KUTTAPO yepUaviou.

Edv ouvdeBei pia avriotaon Ro kateuBeiav TTapdAAnAa oTtoug akpodékTeg Tng B16d0u,
pTTOopoUuE va Bpoulpe To pelpa TTOU TTPOKUTITEI ATTO TNV TOWA TNG XOPOKTNPIOTIKAG TOU ZX.
4.20 ka1 TnG euBtiag @opTiou Trou opiCeTal atd Tn oxéon V= — IRL. Edv cival R.=0, 161€ N TdON
€€6dou V eival undév, edv 8¢ Ri=w, T6TE TO pedpa €§6dou | givar undév. ‘ETol, yia Tig dUo
aKpaieg TINEG TOU @OopPTiou, N 10XUG €GBV eival undév. EAv yia KGBe XpnoiyoTroioupevn TIUN
™G RL avayvwaoBouv ol Tiyég Twv V kai | atmoé 1o Zx. 4.20 kail xapaxBei n kaptuAn tng P=VI
ouvapTnoel TG Ri, ytropoupe va répoupe Tnv BEATIOTN avTioTaon @opTiou n otroia Ba dwaoel
TNV PEYIOTN 10XV E6D0U.

2TO ONUEIO TTOU N XOPAKTNPIOTIKA KAUTTUAN TEPVEl ToV GEova Twv TAoewv, opieTal n Taon
QAVOIXTOKUKAWMATOG Voc, EVW GTO GNUEIO TTOU N XAPAKTNPIOTIKA KAUTTUAN TEUVEI TOV dEova Twv
peupdaTwy opileTal To peUpa BPAXUKUKAWOEWS Isc. H Voc €ival TTpo@avwg n péyiotn tédon tnv
oTroia ptropei va dwoel 1o O.K. yia pia doouévn TTPOCTITITOUCA PWTEIVA OKTIVOBOAIQ, Kal s
gival To péyioTo pelpa TTou ptropei va dwael 1o @.K. MTropei e1Tiong va opioTolv Ta onueia Vm
Kal Im TTOU €ival Ta onueia Aeitoupyiag Taong Kal peUPaTog TTou divouv Tn PEYAAUTEPN 10XU
€€600U, Kal aTNV TTEPITITWOT] hag gival To onueio Tou n euBeia 3.4 kQ TEPVEl TN XAPOKTNPICTIKK
KOUTTUAN Tou @ .K.

OpiCoupe gav PETpo Twv emMdOoewy evog O .K., 1o Adyo
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Zx. 4.20. XapoKTnNpIoTIKEG TAONG-peUpaTOG yia D.K. évwong p-n, [3].

Mia onuavtikétatn TrapdpeTpog Twv P.K. eival n amdédoon TnG METATPOTIAG TNG
TTPOCTIITITOUGAG NAIOKAG OKTIVOBOAIOG O€ NAEKTPIKN evépyela. To atmméAuTo AoITrdv PETPO TG
emidoong evog ®.K. gival n amrédoan PeTaTpoTIiG IoXU0G TTou divetal atrd 1o Adyo

P

max

= _ Ime _ I:F'lscvoc
R TR P

4.9

o1Tou Pin gival n TTpooTTiTITOUCO QWTEIVA 10XUG.

H péyiotn 10x0g TTou TrapdyeTal atré 1o O.K. avTITTpocwTTeUeTal a1rd T0 PEYIOTO 0PBOYWVIO
TTapaAAnAdypappo (oKiaouévn €TTIQAveEI) TTOU WTTOPE va eyypagei péca oTnv TrePIoXn
Aerroupyiag (dnA. TTapaywyng NAEKTPIKAG 10XUOG).

Hlextpoodro “Aveotpappéveg mopapidec”

Zx. 4.21. ZXNMATIKO Si1dypappa vog puTOoROATAIKOU KUTTAPOU a1ré povokpuoTaAlo Si, [5].
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H amédoon evog @.K. egapTtdTal ammd TapdyovTeg OTTWG TO UIAKOG KUPATOG OTTOKOTIG TOU
XPNOIYOTTOIoUPEVOU NUIaywyou (OTTéTE TO NAIOKG @ACUA TTAVW OTTO AUTO TO WAKOG KUPATOG
Oev atmmoppo@AaTal atmmd T0 UAIKO), oI aTTWAEIEG O€ BEpUOTNTA PECO OTO NUIAYWYIKO UAIKO (TTOu
gival A.x. 40% yia 1o Si ka1 30% yia 1o GaAs), ol avakAAOEIG TOU QWTOG TTAVW OTNV ETTIPAVEIQ
TTPOCROANG TOU NUIaywYIKOU UAIKOU, KATT. ZKOTTOG Jag eival va oxedidooupe £1al 1o @.K. woTe
va ehayiogTorroinBouv ol amwAelieg Adyw avakAaong. Xto x. 4.21 @aiveTal T0 GXNMATIKO
diaypaupa evog K. Alakpivovtal ol JETAAAIKEG €TTAQEG O UopPPr] opBoywviwv paRdwy,
KaBwg Kal ol TTUpapISOEIBEIG KUWEAAIDEG TTOU OKOTTO £€XOUV VA TTEPIOPICOUV TIG AVOKAAOEIG TOU
TIPOCTITITOVTOG QWTOG. TETOIEG BOUEG EXOUV ETTITUXEI AVAKAAGOEIG MIKPOTEPES aTTO 1%. ETTionNg,
n METAANIKA ema@r Tng Bdong Tailel To pOAO KATOTITPOU YIa TNV £TTAVEICODO TOU PWTOG OTO
UAIKO.

Ta ®.K. KaTaoKeUAZovTal KUPIWG PE TEXVOAOYia AETITWV QIAY, KOl JOVOKPUOTAAAWY. ZThv
TEXVOAOYIQ AETITWV @IAY, TO NUIAYWYIKO UAIKO TTOU aTToppo@d TO QWG ival Eva AeTTTO APOpPPOo
1 TTOAUKPUGTAAAIKO @IAY TTou €xel oxnuaTioTei Pe ammdBeon (deposition). Tétoia .K.
Kataokeudfoviar amd  auop@o-Si, CdTe, kai CulnSe2. AvriBeta, oI povokpUoTaAAol
KaTaokeudgovTal Kupiwg atré Si ) GaAs. H amédoon Twv .K. Aetrtol @IAY gival oApepa TNG
Té¢NG Tou 13% Yyia 10 duoppo-Si kal 16% yia 1o CdTe.

4.9. Aiodoil LED ka1 Laser

O1 Tnyég @wTdg (opatou Kal un opartou) BpiokovTal oruepa otnv Kapdid Twv dUo TTAéov
QAVOTITUOGONEVWY BIOPNXAVIWYV: TWV UTTOAOYIOTWYV Kal TwV TNAETIKOIVWVIWV. H oTTIKA iva
METAPEPEI TO PG KATAAANAWY TTNYWV TO OTTOI0 TTEPIEXEI TTANPOPOpia dedouEvwy, EIKOVAG Kal
PWVAG, a€ TTOAU uwnAoUg pubuoug. TETolEG QWTEIVEG (OTTTIKEG) TTNYEG XPNOIKOTIoIoUVTal, YIa
va diapafouv Ta dedopéva TTou £xouv atmobnkeuBei oe CD ) og oTrTIkG wneiakd dioko (Digital
Video Disk, DVD) f} xpnOIMOTTOIOUVTAl O€ EKTUTTWTEG UTTOAOYICTIKWV CUOTNHATWV.

H avaykaidtnTa XpnoIKoTroinong OTITIKWY HECWYV OTIG TNAETTIKOIVWVIEG TTPOEKUYE ATTO TNV
avAaykn PETAPOPAG OAoéva Kal PEYOAUTEPWY TTOOWV TTANpogopiag. Eival yvwoTh apxr Twv
TNAETTIKOIVWVIWY OTI N IKAVOTNTA PETAPOPAS TTANPOQOPIaG HIOG TNYAG €EapTaTal atmd Tn
ouxvoTnTa TNG, n otoia ovouddetal @épouca auxvotnta. Oco peyoAUTepn eival autn n
ouxvoTnTa, T600 TTEPICTOTEPN £ival KAl N TTANPOQPOPIa TTOU PTTOPEI va JETAdWOEI N TTNY.

O1 oTITIKEG TINYEG PE PEPOUTEG OUXVOTNTEG TNG TAENG 10" Hz utreptepolv KaTd 4-5 TAEIg
MEYEBOUG O€ OXEON PE TIG PIKPOKUMATIKEG TTNYEG, Ol OTTOIEG EKTTEUTTIOUV O€ GUXVOTNTEG MEPIKWV
GHz (10° Hz). Apa, Ta oTITIKG ouoThuaTa gival o Béon va petafiBdoouv 10 €éwg 100 xIANIGdES
POPEG TTEPIOCOTEPN TTANPOPOPIa ATTO TA AVTIOTOIXO MIKPOKUMATIKA Kal BERaiwg eKOTOVIAdEG
EKOTOUMUPIO POPEG OE OXEON PE OTToIOdNTTOTE AANO péoo peTddoong (A.X. XAAKIVa KaAwdIa).
H avakdAuyn Tou laser 10 1960, o ocuvduaouo pe TNV EAIPETIKN 1IB1IGTNTA TNG OTITIKAG ivag va
“odnyei” T0 Pwg o€ TTOAU POKPIVEG ATTOOTACEIG, ETTETPEWAV Tn paydaia €CEAIEN Twv OTITIKWV
ETMKOIVWVIWV PECA O€ DIAOTNHA Aiywv SEKAETIWV.

Ex (a) Ammoppdéenon: Eva @wTovio evEPYEING
N> E>-E1 amoppo@dral amd éva nAekTpovio
AnOppé(pnGn otn PBaoiki katdoTtaon E4 kai petapaivel

E[, —e&— OTNV AVWTEPN EVEPYEIOKT KaTdoTaon Ea.
(B) AuBopuntn ekmout): To dleyepuévo

E — nAekTpdvio  amodieyeipeTal  “aubBdépunTa’
2 AvBo6punt EKTIEUTIOVTAG QWTOVIO eVEPYEIDG (E2-Ex).
N> SKncpm'] To QWG TTOU TTPOKUTITEI EKTTEUTIETAI KATA
E, TeAeiwg Tuxaio TPATTO, OnA. OE TUXOiEG
XPOVIKEG ~ OTIYYEG KAl O Tuxaieg

dieubuvoseig.
E, ——@— EEovaykaopév (v) E€avaykaopévn ekmroutm: ‘Eva @uTovio
N> N> Y ” n evépyelag  (Ex-Eq)  e€avaykaler  tnv
N> EKTOUTT QTTOBIEYEPTI TOU BIEYEPPEVOU NAEKTPOVIOU
E; KQI TTPOKAAEI TNV EKTTOUTTA OEUTEPOYEVOUG

@wToviou.
Zx. 4.22. Baoikég aAAnAemidpdoeig UANG — evépyelag, [15].

O1 dUo TePIoodTEPO ouVNBIouEVEG OTITIKEG TTNYEG gival ol LED (Light Emitting Diode) kai ol
Laser. ZKOTTOG TOUG €ival va IETATPETTOUV TO NAEKTPIKO PEUMA YE TO OTTOIO TPOPOSOTOUVTAl OE
0éoun ewToG. Me auTd Tov TPOTTO N TTANPOPOpPIa YETaPEPETal aTTO TO peUUA TPOYPOdOCiag OTn
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QwrTeivy déoun. H mmAnpo@opia, n otroia eutTepPIEXETAl OTIG WETABOAEG ) SIOKUUAVOEIG TOU
PEUPATOG, YETATPETTETAI O€ METABOAEG TWV XAPAKTNPIOTIKWY (A.X. TNG £VTOONG) TG PWTEIVAG
0éoung.

H &iodog LED (Light Emitting Diode) €ival pia évwaon nuIaywywy p-n n OTroia EKTTEUTTE
Qwg otav gival opBa TmoAwpévn. Or diodol LED xpnoipotroiotvtal TTédpa TTOAU 0€ POVADEG
QTTEIKOVIONG R aToIxEia EvOEIENG O UTTOAOYIOTEG, NAEKTPOVIKG Opyava PETPNONG, WG TTNYEG O€
OUCTAMATO OTITIKWYV ETTIKOIVWVIWY, Ot TNAEPUBUIOTEG, 0€ KUKAWUOTA €Aéyxou oav €vOeign
TTaPOXNG I0XU0G (eVOEIKTEG AEITOUPYIaG).

E A
\/ Zmvn
AYOYLLOTNTOG
(@) H)extpovio
W Dwotovio
Oom
Zdvn o8évoug
E A k
\/ Zovm
aAyOYOTNTOG
B) HAektpovio
W Ddotovio
=0 Omn
Zdvn 68évoug
k

Zx.4.23. ZIXnpaTiKd SiaypdppaTO EVEPYEING-OPUNAG YIA NUIOYWYOUG: a) éupecou xAaouartog, B) dueocou
XGOoHATOG.

H Baoikn Asitoupyia piag 816dou LED eival oxeTikd eukoAo va €Enyndei av avaTpégoupe
OTIG MEXPI TWPA YVWOEIG Jag atrd Tn Bewpia nuiaywywv Kai Tn AeiToupyia piag atrAng d16dou
p-n TTOU TTAPOUCIACTNKE O€ TTPONYOUUEVEG TTapaypa@ous. Mvwpifoupe 6T N opbr TTOAwoN
piag 81680U p-n TTPOKAAEI PETAKIVNGN onUavTIKOU TTANBUCHOU NAEKTPOVIWY PEIOVOTNTAG ATTO
TNV TTAEUPd TUTTOU N TTPOG TNV TTAEUPd TUTTOU P TTAVW ATTO TO EVEPYEIAKO PPAYHA dUVAUIKOU
TTOU TWPa €xel PElwBel Adyw TnG opBbng moAwong. Opoiwg, oTég aTnv TTAeupd TUTTOU P
gyxéovialr TIPOog Tnv TIAEupd TUTTOU nN. ZTn OUVEXEID, Ol €EYXEOUEVOI QUTOI QOPEIG
ETTAVAOUVOEOVTAl PE POPEIG aVTIBETOU TUTTOU OTIG TTEPIOXEG TTOU Eival QOPEIG PEIOVOTNTAG.
O1mwg éxoupe AdN e€nynoel, oe oxéon pe Tn &iodo Gunn, n opun TwWv nAeKTpoviwv eival
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OIAQOPETIKA aTTd TNV OPMN TwV OTTWV PECA OTOV KPUOTAAAO OTOUG nuiaywyoug £UPECOU
xdopartog (indirect bandgap), 6TTwg 10 Si. AuTO KAvel SUOKOAN TNV IKAVOTTOINGN TNG ApXNS
dlatApnong TG opung o€ ameuBeiog ammd fwvn oe fwvn PETATTTWOEIS (dNA. atmd Tn dwvn
aywyluotnTag oTn ¢wvn oBévoug). H emavacuvdean AoITTOV GTOUG NuIaywyous E€UPECOU
Xadopotog AauBAvel Xwpa Kupiwg pEOw KEVTPWV €TTAVOOUVOEONG, KAl N €vEPYEIA TTOU
aTreEAEUBEPWVETAI KATA TNV ETTAVOCUVOEDT KATAVOAWVETAI 0OV BEPUOTNTA. TNV OUCia, av Kal
n evépyela diatnpeital katd tn diadikacia eTavacuvdeong, Ba Tpérel va diatnpeital Kal n
opun. Opwg, emmeIdn Ta eAGXIOTA TwWV {WVWV aywyludTNTag Kal 00€voug dev CUNTTITITOUV O€
évav nuIoywyo éupecou xaopatog (BA. £x. 4.23), yia va diatnpnBei n opun Ba TpETel 0TN
diadikaaia eTavaclvdeong TNV eAAeiTTouca opuA va TTPOC@EPEl éva TpiTo owpartidio. To
owpaTidlo autd ovouddeTal Gwvovio, Kai atroTeAEl To KBAvToup Tng BeppikAg dodvnong Tou
KpuoTaAAikoU TTAéypaTog. AnAadn, KaTtd Tnv €Tavacivdeon Kal yia va dlatnpeital N GUVOAIKN
OpMN, EKTTEUTTIETAI TTPOG A ATTOPPOPATAI ATTO TO KPUOTAAAIKG TTAéyHa BepudTnTa UTTO POPYN
OToIXEIWOWV cwuaTdiwv Ta otroia atmmoTeAoUv Tn OTOoIXEIWdN OOvNOn TOU TTAEYUATOG Kal
ovopadovtal @wvovia. Mia TéTola aAAnAemidpaon Tpiwv cwuaTidiwyv TTapdyel KATad TNV
emavaouvdeon Poévo BepudTnTa.

2TOUG NUIaywyoug Auecou Xaouatog, 0TTwg 7o GaAs, n opuf HEoa OTov KPUGTAAAO Twv
NAEKTPOVIWV Kal Twv OTWV Egival TTEPITTOU N idla, Kal €TTOPEVWG €va ONPAVTIKG 110006
EYXEOUEVWYV QOPEWV ETTOVOCOUVOEETAI PE OTTEUBEiag ammd Jwvn Ot JWvn ETTAVACUVOEODEIG,
XWPIG TNV avaykn JECOAGBNONG PWVOViwv.

O1mwg @aivetal oto ZX. 4.24, n evépyela TTou atreAeuBepwvetal otn dladikaoia auTh
€mavaouvdeong gival UTTd PHOPP PWTOViIWY, Kal KaBWG Ta @wTovIa autd Ee@elyouv ato Tn
diodo atroTeAolv 10 Qwg TTou Trapdyetal atmd Tnv LED. Ag onueiwBei 611 oToug nuiaywyoug
€UPEOOU XAOUATOG TO GWTOVIO dev Ba pTTopoUlcE va Traigel To POAO TOU ATTAITOUPEVOU TPITOU
owpaTidiou OI6TI @Epel EAAXIOTN OpuRl O€ OXEON ME TNV OTTAITOUUEVN OPUR TTOU Opilel TO
didypappa E-k (dnA. Tn dia@opd opung METALU TOu peyioTou TnG {wvng OBEvoug Kal Tou
eAaxioTou TnNG {wvng aywyIigoTnTag).

Omwg €idape, ol KaTavouég @opéwv OTIG {wveg GBEvoug Kal aywyigotnTag gixav éva
MEyloTO O€ KATTOI0 onueio Kovtd ota dkpa Twv {wvwv. MNa éva kabBapd nuiaywyo Xwpig
TIPOCEIEEIG, Ta MEyiIoTa autd eival oe améotaon kT/2 amd 10 dkpa Twv Jwvwyv. H
ETTAVAOUVOEDN ETTOPEVWG TWV NAEKTPOVIWY TNG WVNG QyWYIUOTNTAG PE TIG OTTEG TNG {wvng
00¢évoug avapéveral va dWaoEl JIo KATAVOUR EKTTENTTOUEVWV QWTOViwV PE €0pog TNG Tagng kT
Kal pia evépyeia Kopu@ng Aiyo pyeyaAutepn ammd Ea.

< ...
-\ \ /' E.
Ern
Erp
\ VAV
o \
o O > O By

Zx.4.24. Anpioupyia @wTog o€ pia LED 1rou TpokUTITEl a1rd £yXuon @opéwv o€ opBd TToAwpévn diodo p-n
Kal ETavaouvdeon @opéwv amo Jwvn o€ {wvn, [5].

H péyiotn emopévwg evépyela TToU Ba €XOuv TO EKTTEUTTOMEVA QWTOVIA HUTTOPOUME va
Bewpriooupe 6T gival TrepiTTou ion pe Eg, dnA. o€ pAkog KUpaTtog Ac=1.24/Ec. MNa va éxoupe
EKTTOUTTA opaTtol @wTOG To Ac Ba TTpéTTel va gival ioo pe 0.4 pm< A <0.7 ym, TTOU ONUAivel
1.77 eV<Ec<3.10 eV.

ZUUTTEPOCHATIKG, UTTOPOUME va TTOUHE OTI yia va OWOEl JIa NUIaywyIk €vwaon p-n diodo
LED, Ba mpémel va ioxUouv Tpelg TTpoutroBéoclg. O nuiaywyog Ba TTpémrel va gival Guegou
XAOUOTOG, Va €XEl EVEPYEIOKO XGoua PeTagu 1.77 eV kai 3.10 eV, kal va utropoUdpe eUKOAA UE
autév va KaTtookeudooupe BI6doug p-n. AvtiBeta pe O,TI Ba Trepipeve Kaveig, TTOAU Aiyol
nuIaywyoi TTAnpoUv OAeg TIg TTapatravw TTpouTroBéoelg. To Si kal To Ge atrokAgiovral Adyw
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TOU OTI £xouv £upeco Xdoua. To GaAs Ba ATav 18avikd aAAG €xel TTOAU UIKPO EVEPYEIOKO
xaopa. MpokUTrTel 6Tl pévo PePIKOi oUVOETOI NUIaYywYOi atrd aToixeia Twv opddwyv -V Tou
TEPIOOIKOU QUOTAUATOG TTANPOUV OAEG TIG TTapaTTavw TTpoUTToBéaelg. TETolol A.X. €ival TO
GaAso0.6Po.4, GaAso.3sPoes, AlGaAs, AlinGaP, SiC, GaN. Ztov ak6AouBo Trivaka divetal évag
KATAAOYOG PE TO XPNOIUOTTOIOUPEVA OHUEPA NUIAYWYIKA UAIKA yia TNV KaTaokeun d16dwv LED.

Hulaywyog Xpwpa ekmoumng Mrjkog kUuarog Edwrepikn
A (um) amédoan n (%)
YAika karaokeung 8166wv LED

GaAso.6Po.4 K&6kKIvo 0.650 0.2
GaAso.35P0.65:N’ MopToKaAAi-KOKKIVO 0.630 0.7
GaAso.14Po.s6:N Kitpivo 0.585 0.2
GaP:N Mpaaoivo 0.565 0.4
GaP:Zn-0O KOKKIVO 0.700 2
AlGaAs K6kKIvo 0.650 4-16
AlinGaP IMopTOKaAA 0.620 6
AlinGaP Kitpivo 0.585 5
AllnGaP Mpdacivo 0.570 1

SiC MTTAE 0.470 0.02
GaN MTrAe 0.450 2

*

O oupBohiopdg “:N” A “:Zn-O” onuaivel voBeuon Tou nuiaywyouU Je Ta avTioTolxa oToixeia, [5].

H @wrteivr 1oxU¢ TG LED ¢@Bdvel Ta pepikd mW. H atrédoon tng LED eival To kKAdopa Tng
NAEKTPIKAG 10XUOG €10000U TTOU WETATPETTETAI O QWTEIVA 10XU €€0dou. H amddoon autn
oAuepa egival NG 18¢NG Tou 10%.01 LED pmopolv va xpnoipotroinBolv yia PETAdoon
TTANpo@opiag o€ wn@Iak A avaloyik popery péoa ammd pio OTITIKA iva. ZTNV Wnelokn
METAdOON O puBubg uTTopel va @Tacel PEPIKEG ekaTovTadeg Mbit/s. Autd emiTuyXAvetal pe
KATtdAANAN diapdépewon Tou pedparog odnynong tng LED amd 10 onua mAnpogopiag. H
dlapépewon eivalr n PETABOAN TNG QWTEIVAG 10XU0G ekTTOUTAG TNG LED oupgpwva pe TIg
METABOAEG TOU pedpaTog 0drynong Tou T diappéel. H duvatdtnta auth gaivetal o1o o). 4.25,
OTTOU TTAPIOTAVETAI N OTITIKN 10XUG €€600ou TG LED ocuvaptroel Tou pevpatog odriynong. H
oxéon auth eival pia euBgia ypapur, Kol ETTOPEVWG O OIOKUUPAVOEIG TOU PEUNATOG
METATPETTOVTAI JE YPAPMIKO TPOTTO O€ SIOKUPAVOEIG TNG OTITIKAG 10XU0G ££0d0U.

P(mW) 4

.

//
. N.[)
UV
Po \Xapamn PLOTIKT

d16d0v LED

v .

o I (mA)

)

C 5\Zl’wa £16630v
Zx.4.25. XapaKTnpIOTIKN OTTIKAS 10XUOS EKTTOUTTAS — pEUMATOS MOAwong 8165ou LED. H diapéppwon Tou

pevuparog 0dAynong tng LED amd 1o ofpa TAnpo@opiag, HETATPETTOVTAI OTTO TO YPAMMIKG TUAKA
TNG KAMTTUANG O€ avTioToIXEG SIOKUUAVOEIG TNG OTITIKAG 10XU0G £§680u, [15].

V' N
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/ Eno&wd kéhvpog

\ /4—— Avakiaotikn Baon

<+—— AKpodEKTNG

Zx. 4.26. Topn piog Tumikig LED, [5].

TeAeiwvovtag yia 1ig LED, 6a mpémrel va tToupe 6T peydAn onuacia €xel To oxAua Tou
TTAAOTIKOU TTEPIBAAPATOG PECA OTO OTTOIO TTEPIEXETAI N €VWON P-N WOTE VA PEYICTOTIOIEITAI TO
TTOC00TO TOU PWTOG TToU Ba eKTTEPPOET Kal va pnv emaTpéPel AGyw OAIKAG avakAaong aTnv
EMPAvEIa aEpa-NuUIaywyou. 210 ZX. 4.26 @aiveTal pia Topr piag TutnikAg LED Tou epTtropiou.

270 OUOTAPOTO ETTIKOIVWVIWY HE OTITIKEG iVEG Ol TINYEG TTOU XPNOIPoTTolouvTal oXedOV
ATTOKAEIOTIKA €ival Ta B10dIKA laser nuiaywyou. Ta TTpwTa laser nuiaywyou KATaoKEUAOTNKAV
10 1962, 6uwg TeAgiotroiBnkav 1o 1970, omrdTte KAl Gpxioav va xpnolyotroiouvtal. O 6pog
“laser” TrpoépyeTal atrd Ta apyikd Twv Aéewv Light Amplification by Stimulated Emission of
Radiation (Evioxuon ®wtég amd Efavaykaouévn Ektmouptry AkTivoBoAiag) Tmou deixvouv
akpIBwg Tn duvatotnTa Twv laser va Tapdyouv OCUPQWVO QWG EKPETAAAEUOUEVO TNV
eCavaykaopévn akTivoBoAia péoa o€ éva UAIKO.

P (mW) 4 o eE6300 H  auBdpuntn  eKTopTr  Trapdyel
XapaKTnploTiKn aodpqow\{o pws, wg ToU 6§v EXEI Hia

d1630v Laser ' ....................... / .......... avayvwpiciun - nuitovoeidr  @uon,  agou

aToTeAEiTal ATIO MIA POy QWTOViWV HE

avegapTnTn @Aon PeTagl Toug. To pwg TTou
TIPoEpXETal  amd  aubopunTn  EKTTOUTIN

A ] €P@aViCel TTOAU peydAo @ATUA CUXVOTATWV.
\ V V To €idog autd WTOG Eival XAPAKTNPIOTIKO

Hi1ag BeppIKAG TTNYAG, OTTWG £vag QWTEIVOG
AauTTpag A pIag TINyRg  auBopunTtou
PWTOG O61TWG N LED.

H efavaykaouévn exmTouTr| Tou laser
TTapdyel CUPNPWVO QWG O€ Wi TTOAU OTevn
TEPIOX)  OUXVOTATWY  (MOVOXPWHOTIKO

Py

v ¢ > Qwe). H 1316TNTa aKkpIBWS auTh eival Trou
Pevpa / I(mA) Kavel Ta laser Tig TTAéov KATAAANAEG TTNYEG
KOTOOAIOL D ylo  ETTIKOIVWVIEG ME OTITIKEG iVEG, OTIG

C OTIOIEG N QVTIPETWTTION TOU QAIVOUEVOU TNG

CD O1a0TTopdg aTaiTei TINYEG YE OTEVO QACHA

A0 £156500 EKTTOUTIAG yia TNV aufnon Tng MEyIoTNg

améoTacng d1adoong.

Zx.4.27. XapaKTNPIOTIKA OMTIKAS IOXUOS EKTTOUTHS — peUparog méAwong 5165ou Laser. H diapoppwon
Tou pelpaTog oSAynong Tng Laser améd 10 ofpa TTANPOPOPIAg, HETATPETTETAI ATTO TO YPOAUMIKO
THAMA TNG KAUTTUANG O€ aVTIOTOIXEG SIOKUPAVOEIG TNG OTITIKAG 10XU0Gg £§650u, [15].

O1 diodol laser eival TTapduoleg KaTaokeuaoTIKA e TIg LED (8nA. eival kal auTég evwoelg p-
n), aAA@ dio@épouv oTO OTI TO QWG Trapdyetal ammo eEavaykaouévn (Ox1 auBoépuntn)
emavaouvdeon nAekTpoviwv-oTTwyv. Ol KATAOKEUAOTIKEG TOuG dlagopég o€ oxéon ue Tig LED
gival ol €€NG:

» H v6Beuan pe TTPOCUEIEEIG TOU NUIAYWYIKOU UAIKOU €ival evTOvOTEPN, TETOIO WOTE N GTABUN

Fermi va éxel eioxwpnaoel y€oa aTIg {WvEG aywyINOTNTAG Kal 0Bévoug yia To TuAPa TUTToU N

Kal p avTioToixa.
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= Y70 GKpa TNG 816d0uU SIaPOPPWVOVTalI AVAKAQOTIKA KATOTITPA yia TV avaTpopoddTnon
€VOG PEPOUG TNG OTITIKAG 10XU0G €E0B0OU TTiOW OTNV NUIAYWYIKN KOIAGTNTA TTOU EXEl
SlapopewoOEi Pe Ta KATOTITPA.

O1 U0 auTéG OUCIWDEIG BIAPOPEG EXOUV TEPAOTIA ETTITITWON OTIG £TMOOCEIG TNG dIATAENG O€
oxéon pe ™ LED. Otav 10 laser 1po@odoTtnBei pe pelpa, 10 @wg avakAdTalr TTOAAATTAG
E0WTEPIKWG PETAEU TwV avaKAAOTIKWY eTIPAVEIWY. O1 TTOAATTAEG aVAKAACOEIG TWV QWTEIVWV
KUMGTWY  (OTITIKA  avaTtpo@odoTnon) £xouv wg OTToTEAecpa  Tnv  e€avaykaopévn
atTodIEyepan OAO KOl TTEPICAOTEPWV NAEKTPOVIWY KOI TNV €vioxuon Tng akTivoBoAiag Adyw
e€avaykaopévng ekTouTnG. MOAIG To pelpa augnbei apkeTd, TOTE :

a) n evioxuan (atroAaBn)) Eemepva TIG ECWTEPIKEG ATTWAEIEG TOU UAIKOU

B) n ewrtevi déopun diaTTePVA T NUIBIAPAVE AVAKAQOTIKA GKPa (KATOTITPA) Kal

Y) EKTTEUTIETAI MIa OXEOOV HOVOXPWHATIKA QWTEIVI) OE0uN, ECAIPETIKA  HEYAANG
AauTTPOTNTAG KAl HEYAANG KATEUBUVTIKOTNTAG.

H Tepioxy yupw amd Tnv €vwaon p-n 0TV OTIoia TTPAYUATOTIOIEITAl N TTapaywyn
OUUQWVOU GWTOG OVOUACETaI EVEPYOG TTEPIOXN I EVEPYO OTpWHA. To pelua Tavw amd 1o
oT1T0i0 TTapPdyETAl CUPPWVO QWG OVOopdleTal peUpa KaTw@Aiou.

H akTivoBoAia tmou TTpokUTITEl €ival OTTWG Aéue oUPGWVN, Kal JGAIOTO €XEI XPOVIKNA Kal
XWPIKNA cup@wvia. AnAadr, To Acua TNG EKTTEUTTOPEVNG 10XUOG €ival TTOAU OTEVO (XPOVIKN
OUPQWVIa), OXEDOV OVOXPWHATIKO, HE ATTOTEAETUA VA UTTOPET EUKOAQ va xpnoiuoTroinBei cav
@EPOV Yo HETAOOON OIOUOPPWHEVWY CNUATWY O€ PuBUOUG MEXPI Kal MHEPIKEG OEKADEG
Gbit/sec. Emiong, n exmeumopevn Oéoun cival 1I01aitepa AT (XWPIKA OCUP@WviIa), ME
atroTéAeopa akéua kal laser XaunAng ekTTouTmg 10X00G (TG TAENG pepikwv mW) va
EMTUYXAVOUV £€VTOON EKTTEUTTOPEVOU QWTOG TNG TAENG apkeTwyv kW/cm2. OAa autd
TTPOKUTITOUV OTTO TIG SUO OUCIACTIKEG DIAPOPEG TTOU Ol DOPEG QUTEG EXOUV OE OXEON ME TIG
LED kai BéBaia kai atrd TN XpAon KATGAANAWY NUIGYWYIKWY UAIKWV.

Eival Aoimtov ol TTAéov evREDEIYUEVEG TTNYEG VIO ETTIKOIVWVIEG ME OTITIKEG iVEG, AOyw ETTIONG
TOU OTI N eKTTEUTTOMEVN SE€CUN TAIPIALEl O€ BIAOTACEIG PE TN SIGUETPO TOU TTUPAVA TWV OTITIKWV
vV (~ 10 ym). Ta pnRkn KUparog ekmopTng gival Ta 0.85, 1.3, kai 1.55 ym 10U AVTIOTOIXOUV
ota eNdyioTa €£acBévnong Twv OTTIKWY IVWYV, Kal TO NUIAYWYIKG UAIKG atmd Ta oTroia
KataokeudgovTal ol diodol laser yia Ta prkn kopatog autd eivar Ta GaAs, GaAlAs, kai
GalnAsP. Oi &iodol laser xpnoipgotroloUvTal KUPiWwg O CUCTHAMATA ETTIKOIVWVIWY OTTTIKWV
VWV, Ot Movadeg CD, o€ QWTIOTIKA €QE, OE OUOKEUEG avAYVWONG YPAUHOKWOIKWY
(barcodes), KATT.

Hplaywyikd YAIkd
. H eSavaykaopévn ekmroptrp  Oivel  éva
Mnywv Laser BEUTEPOYEVEG QWTOVIO TTOU TTPOKUTITEI ATTO TO
YAIKO apxIKé Kal €xel TNV idla ouxvernta, @don,
. . MHKH KYMATOZXZ Si1e0Buvon kai TOAwoN pe autd. Emeidn S,
/
(£VEPY° GTPWI-)IG aQrVEl TO OPXIKO PWTOVIO AUETARANTO, EXOUHE
UTTOOTPWHA Tapaywyn @wToviwv Katd aAucidwTh évvola
GaN/AlGaN MmrAe-rpdoivo KOl ETTOUEVWG EVIOYXUON TOU QpPXIKOU OTITIKOU
ZnSSe 447-480 nm OAPATog TO OTroi0 TTPONRABE amd aubdpunTtn
ekTTouT. O P0G CUNPWVO QWS AVOPEPETAI
ZnCdSe 490-525 nm aKpIBLIC OTO YeEYOVOS OTI OAA To QWTEIVG
AlGalnP/GaAs 620-680 nm KUPOTA TTOU eKTTIEUTTOVTAI TEAIKG aTTd éva laser
Gag 5lng 5P/GaAs 670-686 nm givai ot @aon !.IET(]EL’;\ Toug. '(gpwg, yia va
utepioxVel oe éva UNKS n e€avaykaopévn
ga:l;/@«éliaAs 753(')370 nm EKTTOUTI) O€ OXéon Me Tnv auBodpuntn 6Ba
AAS/Gans nm TIPETTEI O APIOUAG TWV POPEWY OTNV EVEPYEIOKRA
Ing2Gag sAs/GaAs 980-1050 nm katdotaon E; va eival pyeyaAutepog améd Tov
InGaAsP/InP 1100-1650 nm apiBudé  @opéwv otnv kardotaon Es To
@aivopevo  autd  ovopadeTal  avaoTpo@n
AlGaAsSb/InGaAsSb 2,0-3,0 ym A 0 5
V79, nluouwv Kol ETMTUYXAVETAl PE  TO
PbCdS 2,7-4,2 uym ouvduaoué opBrg TéAwaoNg Tng Si6dou laser
PbSSe 4.2-8 ym KAl QVOKAQOTIKWYV GKPWV.
ﬁggn;e 5é5é%0 Hm Ta laser €xouv 10X0 EKTTOUTTAG MEXP!
noe -oU UM pepika Watts. Eival TToAU 1o0xupdTEpQ OTTO

1Ig LED ka1, ouvemtwg, €xouv duvarétnTa
peTddoong o€ TOAU TTI0 PAKPIVEG OATTOOTACEIG JEoa oTnv iva. H atmédoon Twv laser eivai
oAuepa NG Tagng Tou 30%. ‘Eva GAAo TTAgovékTnua Twv laser wg mpog TiIg LED eival n
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IKQvOTNTA TOUuG va dlayop@wvovTtal pe TaxUTepoug pubuolg TTou orfjuepa @Bdavouv Ta 10
Gbit/s.

Me tnv mapodo Twv €TWYV, avaTTuxdnkav ToAudpiBueg oxedidoelg douwyv laser. H 1m0
atTAf} dopn nuiaywyikouU laser, TTou AdN egeTdoTnke, TTEPIAaUBAvel U0 KATOTITPA OTA GKPaA
™G. Mia Tétola dour} SPWG EKTTEPTTEI TTOAAA PAKN KUPOTOG TOUTOXPOVA O€ I OTEVI TTEPIOXN
TOU @ACHATOG.

Zrpodpa p-GaAs

LED '#/ )

Ztpopa n-GaAs

Kérontpa

/-\

Zrpopa p-GaAs
5 Evepyé Zrpopa
A0 laser PYO LTpON “ N
Xrpopa n-GaAs >
PO I3 A M

As
fPe{) po
Tpopodoaiog

diktpo

Laser DFB Aé\'SAp’YAO%‘l%(;)‘lIGAAA‘ I ):
Laser DBR [pppyu —-—) 1IN
A IV Wit

Diktpo Kérontpo

Zx. 4.28. MAKn KOpATOG EKTTOMTIAG 8163wV laser kai LED, [15].

Ymépxouv OuwG Kal OWEG laser yia eQapuoyEG TTOU ATTAITOUV EKTTOMTTH O€ £va HOVO URKOG
KUPoTOG (nA. TTOAU OTEVO PAOMA EKTTOUTING 1 “NOVOXPWUOTIKN” EKTTOUTTA). AUO ONUAVTIKEG
TéT01EG Oopég eival Ta laser DFB (Distributed FeedBack) kai DBR (Distributed Bragg
Reflector) 1Tou xpnoiyotmoiolv €va @IATPO pECa OTOV NUIAYywWYO, TO OTIOI0 ETITPETTEI TNV
avatpo@odoTnon Tou QWwTOG Ot éva UNKog Kupatog. To laser DFB ekmépmer oe éva
TTpokaBopiopévo PAKOG KUpaTog, evw To laser DBR éxel tn duvatdtnta va PeTARAAAEI
(puBuiCel) TO PAKOG KUUOTOG €EKTTOUTIAG MECA O€ pIa TTEPIOXH. AUTO TTPAYUATOTTOIETAl
METABGAAOVTOG Ta XAPAKTNPIOTIKA TOU @IATpou pe Tn PorBeia kKAatG@AAnAou pedpaTOg TTOU
OIOXETEVUETAI OTNV TTEPIOXH TOU OTITIKOU QIATPOU (PpAyuaTog TrEPIBAaTNG).

4.10. OTITIKOI EVIOXUTEG

21a PéXPI TTPOTIVOG ETTIVEIA Kal UTTOBAAACCIO TNAETTIKOIVWVIOKA CUCTAUOTA OTITIKWY IVWV
MeydAwv oTToOTAOEWY, yia Tnv TEPIOBIKNA €vioxuon Tou OAUOTOG XPNOIMOTTOIoUVTal
ETMAVAAATITEG-AVOYEVVNTEG Ol OTIOIOI METOTPETTOUV TO OTITIKO OAPA O NAEKTPIKO, TO
€VIOXUOUV NAEKTPOVIKA KOl OTrn CUVEXEIQ TO avapeTadidouv o€ OTITIKA Jop®n. H xprion opwg
TWV ETTAVOANTITWYV - AVAYEVVNTWY £XEI TOUG €EMG TTEPIOPICHOUG:
* 10 BOpUPO TNG NAEKTPOVIKNG gvioxuong,
" TO KOOTOG Kal TO PEYEBOG TWV AVAYEVVNTWY,
= TNV avAykn OUXVAG CUVTAPNONAG TOUG Kal,
= TNV aduvapia TaUTOXPOVNG EVIOXUONG TTOAMWY UNKWVY KUPATOG Héoa aTny idia iva.

O povog TpOTToG Yia va EETTEPACTOUV OAEG OI TTOPATTAVW aduvauieg eival va diatnpnBei 1o
ofjua o€ OTITIKA Pop®ry o€ OAo To pAKog TNG dladpoung. Autd cuvettdyeral OTI Ba TTPETTEl va
yiveTal atreuBeiag evioxuan Tou OTITIKOU ORPATOG, aTTd KABapd OTTIKOUS EVIOXUTEC.
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YTdpxouv TPEIG KUPIWG TPOTTOI PE TOUG OTTOIOUG UTTOPOUNE va XPNOIUOTTOINCOUUE évav
OTITIKO EVIOXUTH:

Q) WG EVIOXUTH 1I0X0U0G, av TotroBeTnBei auéowg petd amd To laser ekTTOUTIAG yia va
uywaoel To ofpa €§6dou ae pia uwnAn oTadun,

B) wg evioxurn ypauung, yia va evioxUel To ofipa TePIOdIKA KATd PAKOG TNG S1adpoung
o110V TTaIiCEl TO POAO avayevvnTh,

Y) WG mpoevIoYUTH, YIa va BEATILOEI TNV euaicBnaia Tou SEKTN.

O1 omrTikoi evIOXUTEG €ival amAég diatdelg evioXxuong Tou OTTIKOU OAMOTOG Kal
poiadouv pe laser Xwpig Ta avakAaoTiKd dkpa. MtropouUv emopévwg pe Tn Bonbeia
avaoTpoPng TANBUOUWY va emITUXOUV evioxuon €vog OTITIKOU OfuaTog TTou Ba SIEABEI
dlapéoou Tou UAIKOU TouG. ZTnV TTPAEN, UTTApXouV dUO TUTTOI OTTTIKWY EVIOXUTWYV: Ol EVIOXUTES
nuiaywyou (semiconductor optical amplifiers - SOA) kal o1 evioxuTéS ue iva mpooueiéswyv
epPiou (erbium doped fiber amplifiers - EDFA).

YYZEYKTHX INAX

2000 / — —«N\/\/\/\/\ M
EIZOAOY,
M \
/\/\/\/\M~ e
LASER ENIZXYTHZ INAZ

ANTAHZIHE, NMPOZMEIZEQN
¥

2x.4.29. EvioxuTig ivag Tpooueifewv. O oulelKTNG ivag gl0dyel Ta SU0 MAKN KUMATOG GTOV TTUPAVA TNG
ivag mpoopeifewv. ZTnV iva rpoopifewyv, n evépyeia amo 1o laser avrAnong (A; ) HETA@EPETAI OTO
QwTEIVO onpa TAnpogopiag (A ), evioxUovTdg 10, [15].

4.10.1. OTTIKOI EVIOXUTEG NUIAYWwYOU

O1 evioyuTEG NUIaywyoU TTOU KOTOOKEUQOTIKA Poldgouv TTOAU ue Ta laser nuiaywyou, éxouv
MIKPR KoTavadAwon Kal PTTopoUv va OAOKANPWvovTal HOVOAIBIKG pe GAAO NAEKTPOVIKA
KukAwpata. To eupog fuwvng Toug (dnA. n TTEPIOX CUXVOTATWYV TNV OTT0ia £VIOXUOUV) gival TNG
TAENG Twv 35 nm, aAAG pe €IBIKEG nNUIaYWYIKEG OoPEG €xel @Bdoel onuepa pEXpPl 240 nm.
Ouwg, eilcayouv BOpuPBo GTO OAUA, £XOUV OXETIKA PEYAAO KOOTOG, atraitolv TV TTPOCAPTNON
ivag otnv €icodo kai Tnv €006 Toug, €ival euaiodnTol OTNV TTOAWGN Kal gu@avifouv diapwvia
METOEU TwWV OTTIKWVY OnudTwv Tou evioxUovtal. EmmAéov, o evioxutng nuiaywyou
TTAPOUCIACEl KATAOKEUOOTIKEG DUOKOAIEG. H KATAOKEUN PNOEVIKWY AVAKAAOTIKOTATWY (OTNV
TPAEN PIkpSOTEPWY a1rd 10-3) gival SUOKOAN Kal N ammédoon TNG KOTAOKEUNG TOUG gival TTOAU
XOUNAR, TTPAYUA TTOU CUVIOTA OKOUA £V OTTO TO JEIOVEKTAPOTA TOUG.

4.10.2. OTITIKOi EVIOXUTEG ivag TTPOoHEi§ewV

O1 evioxutég auToi Bacifovtal oTnv apxn TNG €vioxuong Tou @wTog péca oTnv iva Adyw
vOBeuong TnG pe KaTAAANAa UAIKG (oToixeia TTpoopeifewy). Ta dTopa Twv TTPOCUEIEEWV
BpiokovTal aTov TTUpAva TnG ivag, amé Tov oTroio OIEPXETAI Kal TO TTPOG Evioxuon CAua
€10000U (pE PAKOG KUpaTtog Aq). ZTov id10 TTUpAva SIoXETEUETAI KOl QWG UWNANG I0XU0G atrd
Mia TTNyR laser, n otmoia ovoudadeTal laser AvtAnong (e PNKOG KUPOTOG Az2).

H avrAnon eival n diadikacia pge Tnv otroia diveTal n avaykaia evépyela o évav
OTITIKO €EVIOXUTA N Mia TrNyN laser, yia va Aeitoupyfnoel. H dvtAnon eival amapaitnTn yia
va dieyepBouv Ta AToda Tou UAIKOU, WOTE va €Xoupe eCavaykaouévn ekTTouTrr. H evépyeia
AavtAnong pTropei va divetal a) PE TN POPQN NAEKTPIKOU pPeUpaTog (Evioxutng n laser
nuIaywyou) kai B) ge TN HOPPR GWTEIVAG akTIVOBOAIag (EvioXUTAG ivag).

H v6Beuon Tng ivag Tou OTITIKOU €VIOXUTH YiveTal e KATAAANAQ UAIKG (TTPOOUEIEEIG) Twv
OTTOIWV Ol EVEPYEIOKEG OTABUEG ATTEXOUV ATTOOTACEIG TTOU AVTIOTOIXOUV OTa PAKN KUpaTog 1,3
Kal 1,55 ym Twv OTITIKWYV ETTIKOIVWVIWV. TETola UAIKA gival o1 oTT@vieg yaieg, A.X. T0 €pBio (Er),
10 veoduuio (Nd), i To Tpaceodupio (Pr). ‘Evag evioxuTAg ivag atroTeAeital attd HEPIKA PETPO
ivag pe TrpooyeiEeig epPiou padi pe tnv TTNyn AvrAnong — éva laser nuioywyou, TO OTToi0
ekTéUTTEl 0T 0,98 ) 1,48 um. To @wg AvTAnongG, TTOAUTTAEKETAI UE TO OARUA TTANPO®Opiag Kai
atrooTEAAETAI TTPOG YETABOON OTNV iva.
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2x.4.30. H g§aoBévnon oTnv omTIKN iva éXel Eéva EAAXIOTO O€ PAKOG KUpaTog 1550 nm, TrepIoXn oTnV oTroia
Ol EVIOXUTEG ivag TTpoougi§ewv epBiou epgavifouv Tn péyioTn amroAafn Toug, [15].
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Avtinon

Zx. 4.31. Apxn As1IToupyiag OTITIKWY EVIOXUTWY ivag, [15].

Ta nAEKTPOVIO TWV EEWTEPIKWV TPOXIWV TWV IOVIWV TwWV TIPOCHEICEWV UTTOPOUV VO
avuPwBoUV O€ aVWTEPEG EVEPYEIOKEG KATAOTATEIG PHE ATTOPPOPNON TNG OKTIVOBOAIOG (OTTTIKN
AavtAnon). £1n ouvéxela, Ta 10vTa TTPoCoEiEewy epBiou atmodieyeipovTal TTPOG TN PETAOTAON
KatdoTtaon Tou UAIKOU OTnv OTIoia PTTOpoUvV va CUCoWPEeUoVTal WOTE Va ETTITUYXAVETQI
avaoTpo®r TTANBUCUWY Kal ETTOUEVWG £EAVAYKOOUEVN EKTTOUTTH KAl €£viOXUOn TOU OTITIKOU
onuaTog TTANPOYOopPIag.

210 ZYX. 4.31 @aivovTal o1 EVEPYEIOKEG OTABUEG TOU 16vTOG £pBiou. O1 apiBuoi aTa apioTepd
Ocixvouv Ta pnkn KUPATOG TTOU QVTIOTOIXOUV OTn O1a@opd evépyelag PETALU Twv dlapopwv
EVEPYEIOKWY OTABPWYV Kal TNG BaCIKNAG KatdoTaong npepiag. MNMpdotTwaon ewTtég o€ auTtd Ta
MAKN KOpatog (980 1 1480 nm) trpokaAei dvtAnon amdé Ta 16vTa, dnA. T AVUWWVEI OE
evepyelakn KatdoTaon avwTepn atrd T Bacikn. H weéNiun yetamtwon yupw ota 1530 nm
oupBaivel atrd TN peTaoTadr katdoTtaon otn Paoiki. Otav xpnoipyotoinBei dviAnon ota 980
nm, n avaoTpo@r) TTANBUCHWYV ETTITUYXAVETAl g€ dUO BriyaTa: TTpwTa dlEYEIpOVTaIl TA 1IOVTA TN
dleyepuévn oTABUN Kal PeTd atmd XPOvo Te=1 s arrodieyeipovral OTn PETAOTABN KATAOTACH
otrou cival dloBéoiya eite yia auBdpunTn eKTTOUTTA €iTe yia e€avaykaouévn oTo €mMOuuNnTO
MAKOG KUpatog 1530 nm. H petaoTabrng kardotaon €xel MOAU peydAo xpovo Cwng Twv
POPEWYV OE OXEDN WE TO XPOVOo {WNG TWV POPEWV OTNV KATAOTAON OTTO TNV OTToia TTPponABav.
O xpévog CwnAg TnG ival TTEPITToU Te=11 ps. ZTnv TePITTTWON TNG dvtAnong ota 1480 nm n
avaoTpo®n TTANBUCUWYV ETTITUYXAVETAl OE €va YOVO BApa. TUTTIKEG TIMEG TNG OTTOAAPBAG €VOg
evioxuTh ivag @Bavouv 1a 30 dB og eipog Cwvng 40 nm (5000 GHz).

O1 evIOXUTEG ivag eu@aviCOuV TTAEOVEKTAMATA OTTWG: OTTAGTNTA OTNV KOTOOKEUR, £UKOAIX
{eugng oTtnyv iva pe xaunAég atrwAeleg, aveéaptnaia Tng atToAaBRg Toug atmod TNV TTOAwGCN Tou
PWTOG Kal aveEapTnoia aTrd @aIvopeva dIa@WVIiag Twy OTITIKWY ONUATWY TTOU gvioxUovTal.
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BéBaia, epgavifouv éva anUavTIKO UEIOVEKTNHA, OTI HEXPI OAMEPA AgiIToupyoUV POvVOo OTn Jwvn
Tou 1,5 um evw Ta TTEPICOOTEPA EYKATECTNUEVO OUCTAPATA AEITOUpyoUv oTo 1,3 um prKog
KUPoTOG XaunAng diactropds. H kaAuTtepn AUon pEXpl onuepa éxel 600¢i pe iva TTpooueifewy
Tpageodupiou (Pr) To o1roio €xel OTITIKr) JETATTTWON oTo 1,33 um, aAAd n amédoan autou Tou
EVIOXUTN €ival TTOAU PIKPR PE aTTOTEAECHA va aTTalTeital uwnAn 1ox0 dvtAnong yupw ota 300
mW og pikog kupatog 1,015 um kai miong amaitei €181kG yuahi uttodoxng (dnA. iva TTou dev
gival a1Té TTUPITIO) TToU €ival TTOAU SUOKOAO va OUYKOAANBET OTIG AON EyKATECTNUEVEG iVEG aTTO
TTUPITIO.

OTTiKOi evIoOYXUTEG ivag TTpoopeigewy epPiou €xouv ndn eykaTaoTabei 0TO UTTEPATAQVTIKO
uttoPpuxio kaAwdio (TAT 12/13) To omoio cuvdéel TN MeydAn Bpetavvia, Tn FoAAia kai Tig
H.IM.A. ka1 £xel ouvoAikA xwpnTikéTNTa 10 Gbit/s.
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5. Tpo@odoTiKd

5.1. Eicaywyn

2xe00V OAEG OI NAEKTPOVIKEG CUOKEUEG YIa va AEITOUPYAOOUY, XpeIddovTal TTNYEG OUVEXOUG
Tdong. Mo @opnTéEG OUOKEUEG N ylId OUOKEUEG TIOU OTTQITOUV MIKPHR 10XU, CuvhBwg
XPNOIYOTTOIOUVTAl Ol PTTOTOPIEG WG TINYEG OUVEXOUG TAONG. XTIG OUOKEUEG OPWG TTOU
atraitolv heydAn 1ox0, A Bev gival @opnTEG, XPNOIUOTTOIOUVTAl SIATAEEIG TTOU JETATPETTOUV TV
evaAaoodpevn Tdon oe ouveyr). OI CUOKEUEG TTOU PETATPETTOUV TNV evAAAOOOOEVN TAON O€
ouvexn AéyovTal TPOQOSOTIKA.

Me tnv évvoia TOAwonN i Tpo@odoacia evvooUUe Tn GUVEXH TAGN TTOU €QAPUOLETal O€
onueio evog oToixeiou TTPoKeEIEVOU auTo va Asitoupyroel ammodoTIkd. MNoAwan emBaAAeTal o€
EVEPYA oTOIXEIa OTTWG YyIa TTapddelyua To transistor Tou otroiou n amdédoon egapTaTal atd
TNV TIPA TNG TAONG TTOU £QApPUOLETal OTOUG AKPOJEKTEG TOU KOI KATA CUVETTEIA ATTO TO PEUPO
10 oTroio diappéeTal. O1 TIHEG TwV TABNTIKWV CTOIXEIWV OTTWG YIa TTAPAdEIYUA N avTioTAoN
gival TTpodlayeypaupéveg, aveEdptnteg atmo Tnv TTOAwaon (Tnv Taon Tou Ba €QapuUOCTEi OTA
akpa Toug). O1 guvexeig TAOEIG AOITTOV, €ival aTTAPAITNTEG OTNV TTOAWON TWV EVWOEWY TWV
NUIAYWYIKWY BIOTAEEWY - OTTWG Ba doupe Kal oTn MEAETN Twv transistors - pe povadikr iowg
e€aipean Tnv e@apuoyr] Twv OI6dwv OTIG avopBwTikEG OlaTagelg o1 oToieg yia va
Agitoupyrioouv dev armraiteital TOAwaon. YTevBupioupe 6T Ta diKTua TTAPOXAGS €ival KaTd
Kavova SikTua evOAAQOOOPEVOU PEUNATOG, VIO TTOPABEIYUA N OIKIOKA TTAPOXN N oTroia givai
230 Volt ota 50 Hz.

M\
VAAVA

() B )

—~y
Y

ZxAua 5.1. (a) EvaAAacoopevo onua AC (B) Zuvexég onpa DC pe peydAn kupdrwon kai (y) Zuvexég otabepo
onua DC.

5.2. To Aopiké Aidypappa Tou Tpo@odoTiKou

H mo ouvnBiopévn e@apuoyr Twv BI0dwV €ival n PETATPOTI TOU €VAAAAOCOOPEVOU
peuparog (EP) oe ouvexég (ZP). Auth) n PETATPOTIN €ival aTTapaitnTn 0€ OAEG TIGC OUOKEUEG
TTOU aVAKOUV OTAV NAEKTPOVIKI OIKOYEVEIQ YIATI QUTEG AEITOUPYOUV PE GUVEXEG PEUUA, EVW N
petatporttr) Tou EP o€ 2P yivetal pye 1N péBodo tng avopBwong KaTd Tnv oTroia TTapeuBAAAETal
0i0dog ev oeIpG 0TO KUKAWA, TTOU evwy Tpo@odoTeital atro Tnyr EP mapéxel pedua piag pévo
@opdag. Autd yivetail dI0TI n diodog Aeitoupyei 010 KUKAwHa oav BaABida piag katelbuvong.

ATO Tnv avopbwon TPoKUTITEl €va Kupatopeupa To otroio Oev eival BERBaia TeAgiwg
ouvexés. Mia avopBbwrtiki didtagn, yI' autd 10 Adyo, TTePIAaUBAvEl EKTOG aTTO Ta KUKAWUATA
avopBwong Kal KUKAWPaTa eEouGAUVONG f QIATPA, TO OTTOIQ HETATPETTOUV TO KUPOTOPEUUA OF
OUVEXEG UE MIKPO POVO TTO000TO KUMATWONG, OTTWG AEyETal N YIKPR TTEPIOBIKN dlakuuavon
TTOU OTTOMEVEI OTO OUVEXEG UETA TNV eEOUAAUVON.

Ek16¢ amd 1o Trapamavw ava@epBEvTa KUKAWUOTA, TTOAAEG QOPEG Ol avopPBWTIKEG
dlatdéelg TEPIEXOUV Kal KUKAWPOTO 0TaBepOTTOinONG TNG TTOAIKAG TOUG TAONG. Ta KUKAWwpaTa
auTd XPnoIPoTTIoIoUV oav OToIXEia Tdong avagopdg Tn diodo Zener. TENOG, pe TNV TTPOCOAKN
€VOG YETOOXNMOTIOTH, O OTT0i0G Ba PETAPEPEl PEPOG TNG TAONG Tou OIKTUOU OTA KUKAWUATA
TTOU QVAPEPANE, £XOUUE TNV TUVOAIKK) EIKOVA €VOG TPOPODOTIKOU.

O1 Baoikég Babuideg evog Tpo@odoTikoU, gival ol TTapakaTw (ZxAua 5.2):
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1. O MeTtaoynuaTIOTAG.

2. H AvopBwrTikn) Aidtagn.

3. Ta ®iAtpa.

4. To KikAwpa ZtaBepotroinong.

V., —{ Mty HOTIOTRG }—é—{ AvopBuwTER AidTagn |—§—| DidTp |—%— ETuﬂfggntﬂlnTﬁg V.,

WAWAWAWAWA S
\/\/\/\/\/
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Ixnua 5.2. To block didypappa Tou TpoPodoTIKOU
5.2.1. O MetaoxnuarioTig Tdong

O MeTaoxnuOTIOTAG PETATPETEI TNV ac Tdon avdloya pe TIg aTTaitrioelg Tng dc 1dong
€€O00OU KAl TAUTOXPOVA OTTOMOVWVEI TO KUKAWMA Tng avopBbwTtikAg Oidtagng, Tnv oTroia
TPOWOBOTE(, ATTO TN GACN Tou BIKTUOU YIa aTToQUYT NAEKTPOTTANEIaG.

N, 2:1 N,
4+
T e o
L
o o @V1 Vv, 2
Mpwredov Aeutepevov l - $ LO °
(Eigodog) (Eod0g) \
o Slie = C=Z
<+

ZxAua 5.3. (a) Amreikévion MetaoxnupatioTh, (B) O MeTaoxnpaTIOTAG

H BaoikA atreikdvion evog JETAOXNMATIOTH @aiveTal oTo ZXAua 5.3(a). ‘Exel 000 TuAiypara,
éva TTpwTeUov Kal éva deutepelov. H T1don €100d0u e@apudleTal OTOUG OKPODEKTEG TOU
TTPWTEVOVTOG Kal N £€6000G AauBAveTal aTTd TOUG AKPODEKTEG TOU SEUTEPEUOVTOG.

210 ZyNua 5.3(B) trapoucialetal €vag amAdg peTacxnuaTioTig. lMaparnpolpe o1 dev
UTTAPXEl NAEKTPIKA €TTOQr HETOEU Twv U0 TUAyPATwyv. To evaAAacoopevo pelua TTou
EPAPPOCETAI OTO TTPWTEUOV BNUIOUPYEI YIa JOYVNTIKI PO OTOV TTUPAVA TOU JETAOXNMUATIOTH.
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H ouvexwg peTaBaAAopevn pon Trepva Kal oTo deuTepelov, SNUIOUPYWVTAG Mia TITWan Tdong
OTOUG OKPOOEKTEG Tou. H Tdan autr e§apTtdral Gueaa atd 1o AGyo Tou apiBuol Twv CTTEIPWY
TOU TTPWTEUOVTOG TTPOG TOV QVTIOTOIXO APIBUO TWV CTTEIPWYV TOU BEUTEPEUOVTOG.

Avagepduevol oTo oxfAua 5.3, 61Tou 0 apIBUOG TWV OTIEIPWY TOU TTPWTEUOVTOG gival N1=12
Kal Tou deutepelovTog N2=6, TOTE av n Taon oTo TTPpwTEUOV gival V1 n Ta0N 01O deuTepeUoV V2
didetal atrd TN oxéon:

=N

N1

Apa, €dav V1 gival yia Tapaderypa 12Vac, 101€ V2 e BACN TNV TTAPATTAVW OXECTN TTPETTEI VO
gival 6 Vac.

\Z Vi

Totmol MeTaoXnuaTIoTWV

M/T Aviygwong Tdong

1:2
AnuioupyoUv Taon o1o deuTepelov PeyaAlTePN AQUTAG
230V %‘ |§ 480V 10y TTPWTEUOVTOG.

5:1
M/T YmroBifacuou Tdong
230 Vac || 46 Vac Anuioupyouv Téon oTo SeuTePEUOV PIKPOTEPN QUTHG TOU
TTPWTEUOVTOG.

M/T amropévwong

1:1
Anuioupyouv Tdon oTo OeuTepeUoV iOn PE QUTAV TOU
230 Vae H 230 Vae | TpwTeliovTog. Autég o TUTToG M/T XpnoidoTroleital yia va
QTTOUOVWVEI TO TPOPODSOTIKO aTTd TNV YPOUUN TTapoxng ac
10xU0G.

O 18avikég petaoxnuomioThg petagépel 1o 100% Tng 1o0x0og Tou oTo deutepelov (Ol
TIPAYMATIKEG ATTWAEIEG €ival PIKPEG KAl TIG ayvooUpue). EGv uttoBéaoupe Aoirdv OTI n CUVOAIKN
100G TTOU UTTAIVEl GTOV PETOOXNUOTIOTH YETAPEPETAI OTNV £6000, TOTE IoXUEl: P2 =P1.

Eival yvwoTd emmiong 611 n 10XUG €ival To YIVOPEVO TNG TAONG €TTi TO peupa Kai dpa: Valz =
Vil kai 1/l2 = Va/Va.

Mia ypriyopn poTid otnv Trapamavw oxéon pag Agel 6Tl 0 AOYOG TwV PEUPATWY Eival
avTiIoTPOPWG avaAoyog Tou Adyou Twv Tdoewv. Autd onuaivel oTi:

MNa évav petaoynuatiotr uttoBiBacuol tadong Iz > |4

MNa évav petaoyxnuaTioTr) aviywong Tdong l2 < 14

Apa, €dv n Tdon oTo deuTepeUov auénBei TOTE TO peUPA Tou deuTEPEUOVTOG OO PEIWOEI.
XpNOIUOTTOIWVTAG WG TTAPAdEIYUA TO JETAOXNUATIOTA Tou OXAUaTOG 5.3, TTaparnpioape o1 n
Tdon TOU TIPOKUTITEl OTO OeuTeEpEUOV, yia TAon TpwTeloviog 12 Vac, eivar 6 Vac. Ag
utroBéooupe OTI TO pelPa Tou TTPWTEUOVTOG HETPNONKE Kol Bpédnke ico pe 1 Ampere.
M'vwpifovtag 0TI 0 AOYOG TwWV TACEWV OTO YETAOYNMATIOTH €ival avTIOTPOPWG avaAoyog auTou
TWV TAOEWV, Kal €pOoov n Taon OTo SeuTEPEUOV MEILVETAI KOTG Y2, TTPOKUTITEI ATTO TRV
avaloyia 6T To peUpa aT1o deuTepeliov Ba augnBei katd 2, dnAadr) Ba gival 2 Amperes.

>uvoyidovtag, pe dedopéva TNV TAON Kal TO peUpa TOU TTPWTEUOVTOG KAl TV TACN TOU
deuTepeliovTog, To peUpa oTo deuTtepelov eival ico pe 2 = (V4/ V2 11. Me dedopévo To Adyog
TWV OTIEIPWY Kal TO PEUA OTO TIPWTEUOV, To peUPa oTo deuTtepelov eival Iz = (N2/ Ni) 1.

YTApXouv HETOOXNMATIOTEG TWV OTTOIWV N KUupaTOHop®r €¢0dou tival oe @aon pe Tnv
KupoTopop®n €10680u. ANWY OPWG Ol KUPATOPOPPEG Sev gival. Av Kal yia EQAPUOYEG OTTWG
Ta TPO®OOOTIKA auTtd dev eival TOOO onUAVTIKOG TTapdyovtag, o KaBévag Ba Tpétel va 1O
yvwpicel.

MapatnpAoTe TIg évioveg KnAideg oTOo KoBéva ammd Ta OXNUATIKG SloypauuaTa Tou
oxnuaTog 5.4. O1 800 KNAIdeG OTO €TTAVW PEPOG TwV TUAIYUATWY Ogixvouv OTI TTPWTEUOV Kal
Oeutepelov Bpiokovtal ae @don. Mia knAida oTnv Kopu@r Kal Pia oTo KATw WEPOG Twv
TUANIlyPdTWY  deixvouv o1l uttdpxel dlagopd  @daong 1800 petagy  TpwTeloviog  Kal
deuTepeUOVTOG.

TéNog va emonuavoupe OTl, YEPIKOI KOTOOKEUOOTEG KOTOXWPEOUV TOUG METACXNUATIOTEG
TOoug Pe BAcon 1o AGyo Twv OTrelpwy, GAAol pe BAon Tnv TAon Tou BeuTepelovTog. Av yia
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TTapddelyPa €vag YETAOXNMATIOTAG KaTaxwpeital wg 24 V, autd onuaivel ot n £€€000G ToU
deutepeviovtog eival 24 Vac yia 230 Vac eicodo oT1o mrpwredov. ETtmiong TToAANoi pikpoi
MeETaoXNUATIoTEG €ival oxediaouévol va amodidouv oTnv €000 CUYKEKPIPEVN TAON Yid
OUYKEKPIYEVO pelpa. AV O  PETOOXNMATIOTAG AEITOUPYEl ME  pPeUPA  MIKPOTEPO TOU
mpoBAeTréuevou, eival olvnBeg n TAon Tou OeuTepElOVTOG va gival uwnAdTEPN TNG
OVOUOOTIKAG TNG TINAG. AUTO o@eileTal oTO OTI PEPOG TNG TAONG TOU BEUTEPEUOVTOG EUPAVICETAI
WG TITWonN TAoNG OTNV avTioTAoN Tou TUAyMaTOG.

S v S

Mpwrelwy Asutepeiwy MpwTetwv Azutzpeiwy
(Eigodag) (EZodoag) (Eigodog) (Ego80g)
Mpwrtevov ka1 Agutepeuov MpwrTevov ka1 Acutepelov
o€ paon 180° ekT1OG PAong
ZXnHa 54

5.2.2. To KUKAwpa AvopOwaong

Tnv evaAAacaduevn TACN TTOU TTAPAYAYE TO OEUTEPEUOV TOU PJETAOXNUATIOTH TTPETTEI VA TNV
KAvoupue ouveyn (Taon piag TOAIKOTNTAG, OXI atrapaitnTa oTabepng TIMAG). AuTd yiveTal pe Tn
xprion 816dou (atAn avopbwon) f 016dwv (SITAR avopBwoaon), o katdAAnAn diaraén. H
0iodog AeiToupyei oav avoikTog A KAEIOTOG SIAKOTITNG avAAoya Pe Tn @opd Tou PeUPATOG TTOU
mepvdel amd péoa TnG. KdbBe nAektpikh O1dTtagn Tmou TTapoucidlel PIKPR avTioTaon oTo
NAEKTPIKG pelpa KATA TNV TTOAWORA TNG KATA pia @gopd Kal PeydAn katd Tnv TTOAWON TG
avTifeta, AéyeTal avopBwTNG.

AT TNV avopbwon TTPoKUTITEl pia TAON N oTroia €ival Pev piag TTOAIKOTNTAG OAAG OxI
otaBepn. Mepiéxel TARBOG amd evOANAOOCOUEVEG OUVIOTWOES (APUOVIKEG) Ol OTTOIEG €XOUV
ouxvotnTa ion kai ToAaTTAdoIa TNG ouxvOeTNTAG TNG TAong Tou dikTUOoU (50 Hz), aAAG pE TIPEG
TTAGTOUG TTOU  JIKPAiVOUV 600 OI OPHOVIKEG JEYAAWVOUV OE OUXVOTNTA, OTTWG Ba aTTodEIXOE.
H mapayopevn evaAAaocouevn Taon TTEPIEXEI Mia GUVEXN] OUVIOTWOA TTOU TTPOCTIaBoUuE va
TNV EKUETAAAEUTOUE.

YTmdapyouv Tpia Badikd KUKAWPATA avopBwTwv:

1) AvopBwTrg ATTANG AvopBwaong.

2) AvopBwTtAg AImTAng Avopbwoaong.

3) AvopBwTnAg MNépupag.

O TmAéov XpnaiuoTToloUPEVOG avopBwTAG TTOU XPNOIPOTTOIEITaI OAPEPa gival 0 AvopBwTng
Mpupag. O avopBwTtAg ATTARG AvopBwong €xel TNV TTIO TTEPIOPICUEVN XPAON OTA onuEPIVA
KUKAWpara.

5.2.3. To KUKAwpa e§opdAuovng

H 0mmopén Twv evaAAOCOONEVWY CUVIOTWOWYV (QPUOVIKWY) TTOU aVOQEPAE, ETTIBAAEI TN
XPron €1I8IKWV KUKAWUATWY Ta OTToia €ival ywwoTa oav KUKAWPaTa e§opdAuvong f @iATpa.
Ta QIATpa PEILVOUY TNV ETTIOPACT QUTWY TWV OPUOVIKWY KAl JETATPETTOUV TO KUPATOPEUNA O€
OUVEXEG PE MIKPO POVO TTOOOOTO KUMATWONG, OTTWG AEyETal N WIKPH TTEPIOBIKA BIaKUPAvOn
TTOU OTTOUEVEI OTO OUVEXEG PETA TNV eEOopdAuvOon.

Ta 1o cuvnBiopéva @iATpa KataokeuddovTal ue oUVOUOOHOUG TTUKVWTWY, QVTIOTACEWV
kal Trnviwy. Me autd 6a aogxoAnBouue atnv TTapdaypago 5.5.

5.2.4. To KikAwpa Z1a0gpoTtroinong

Eival kUkAwpa 10 oTroio diatnpei oTabepr) TNV €000 KaI PEIWVEI OKOPA TTEPITOOTEPO TNV
KupaTwon otnv dc 1aon €€680u Tou TPoPodOTIKOU.

210 KE@AAalo autd Ba xpnoigotroinBouv pévo diodol Zener yia Tn 0TABEPOTTOINON TNG
TAONG. ZTIG PEPEG MAG XPnolgoTTolouvTal TTOAU o eEeAiyuéva KUKAwpara, pe mn Zener va
amroTeAEl TTAVTA TO KEVTPIKO OTOIXEIO, OE HOPPN OAOKANPWUEVWY KUKAWHATWY. ZTa
KUKAWPATa autd gival duvaTog O €AeyXOG TOou WEYIOTOU PEUNATOG KAl N TTPOCTACia Tou
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OAOKANPWHEVOU, OTTWG ETTIONG KAI O€ KATTOIEG TTEPITITWOEIG N PUBUICN TNG €MBUPNTAG TIMAG
NG aTaBepoTroinuévng Taong £E6d0uU.

MapdAa autd, oTo ke@aAaio auTd, Ba e¢eTaaTei TO KUKAwPa e atrAn diodo Zener d10TI gival
TO IO aTMAG Kal KaTovontd O€ TIPWTN TIPOCEYYION Kal TEAIKA TTPOATTAITOUMEVO YIa TNV
KOTavoNnaon TTIo GUVOETWY KUKAWUATWY GTABEPOTTOINTWY.

5.3. Baoikég Mapadoxég kal XapakTnpIoTIKA
5.3.1. XapakTnpioTikd Tpo@odoTikoU

Ta onUaVTIKOTEPA XOPAKTNPIOTIKA VOGS TPOPODSOTIKOU gival:

H tdon €§6dou: ZuvnBwg n otaBepny Tdon €€6O0ou peTaBAAAeTal aTTO 0 €wg IO PEYIOTN
TIUM TAGONG , TO OTTOIO ATTOTEAEI KATOOKEUAOTIKO OTOIXEIO TOU TpopodoTikou. M.x. 0 £éwg 30 Volt.

To pevpa €£6dou: Me Tov 6po aUTO €VVOOUHE TO PEYIOTO PEUPA TTOU UTTOPEI va dwael oTnv
€€000 TOU TO TPOQPOJOTIKO. Z€ TTEPITITWON OUWG €CWTEPIKOU PPAXUKUKAWMATOG, TO peUpa
MTTopEi va &etrepaoel TNV Trpodiayeypappévn auth TipA. T autd, o€ TTOAAG TPOPOdOTIKA
uttdpyel oUoTnua TTPooTaciag oTny £€£000 Tou TPOPOBOTIKOU WATE TO PEUMA va PNV ETTEPATEI
TTOTE TNV TIUA auTh. H TTpooTacia autr) ptropei va d00¢i, TToAU atmrAd pe pia ao@dAcia. MNMoAAG
NAEKTPOVIKA TPOPODBOTIKA £XOUV TTOAU TTOAUTTAOKA CUCTAUOTA AOQPAAEiag T OTTOIa SIAKOTITOUV
TNV TTApoxr pelpatog OTav n TR TOUu UTTEPPEl TN PEYIOTN ETITPETTOUEVN TIUN Kal Tnv
aTToKOBI0TOUV 6TV OI CUVBAKEG OTO POPTIO ETTITPEWOUV KAVOVIKH TIUA PEUNATOG.

H avriotaon €§6dou: H avrtiotaon €£6dou evdg TPOPOBOTIKOU TTPETTEl VA gival 600 TO
duvaTov MIKPOTEPN. Av n avriotacn €{odou eival peydAn, TOTE n Tdon €E6O0U TOU
TPOPOBOTIKOU QUEOUEIVETAI PE TNV auopeiwon Tou @optiou (load), TOo otoio cuvdieTal
TapdAAnAa pe Tnv avtiotaon €EO6O0U Tou TPOQPOSOTIKOU Kal WTTOPEi va dnuIoOUpYNOoEl
TpoBAfuata o€ TOAAG nAekTpovikd KukAwpata. Otav cuvdéoupe vEQ OUOKEUR OTO
TPOPOOOTIKG, TOTE YyiveTal auopeiwon @opTiou. Emiong pmopei va yivel 6tav ouvdEoupe
WNPIOKA NAEKTPOVIKA KUKAWMATA TwV OTIOIWV Ta UTTOKUKAWMaTa dev  Asitoupyolv OAa
Tautdypova.

H kupdTtwon: H kupdtwaon mpéTel va gival 600 To duvaTov PIKPOTEPN. ZNUEIWVOUUE OTI TO
KOOTOG TOU TPO®OBOTIKOU avePaivel 6Tav armmaitouue TTOAU PIKPr) KUpdTwaon. ' autd n €mAoyA
TOoUu Tpo@odoTikoU eEapTdTal atmmod TNV e@apuoyr. H KupdTtwon eival ouvRBwg Tng Taéng Twv
MEPIKWY MV a1rdé KOPU®Pr} € KOPUPH.

H otaBegpéTnTa: Me TOV 6p0o OTABEPOTNTA £VVOOUUE TNV IKAVOTNTA TOU TPOPOBOTIKOU Va
dlarnpei Tnv Tdon €£0dou oTaBePr, 00O YiveETOl O AUEONEIWOEIG TNG EVOAAAOOOUEVNG TAONG
€10660u. Kail TTéAI To KOOTOG gival avdAoyo pe Tn oTaBepdTNTA TOU TPOPOBOTIKOU, YI' QUTO KAl
TPETTEl va TTEPIOPICouPE TIG ATTQAITACEIG POG avAAoya ME TRV €QapUoyr. ZuvhABwg n
oTaBepdTnTa ekPpaletal o peTafoAnl Tng Taong €€6dou oe mV yia 10% peTafoAr Tng
evoAaooodpevng Taong €10000u. MOANEG QopéG N oTABEPOTNTA AvaQEPETAl OTN BEPUIKN
oTaBepdTnNTa. AnAadn atraiteital oTaBepdTNTA OTA XAPAKTNPIOTIKA TOU TPOPOBOTIKOU WE TNV
auénon Tng Bepuokpaciag. Ag pnv gexvaue OTI N Bepuokpacia KAOe NAEKTPOVIKAG CUTKEUNG
auédvel ammd TIG OTTWAEIEG TTOU €xouv Ta SIAQOPa UTTOOTOIXEI TNG OUOKEUNG. ‘Eva KaAd
OXEQIOOUEVO TPOYODOTIKG, TTPETTEI TIAVTA va SIABETEI ECWTEPIKO oUOTNUA WUENG (AVERIOTAPEG,
WAKTPEG YIa TIG BIGBOUG, KATT)

H tdong mapoxng: Eivai n i 1ng evaAAacoduevng Ta0NG TToU EQapUOleTal aTnv €i0050
TOU TPOYOSOTIKOU, n oTroia ouvABWG gival idia Pe TNG TAoN TTAPOXNG TOU BIKTUOU NAEKTPIKAG
EVEPYEIOG TNG XWPAG.

ATO Ta TTOPOTTAVW, UTTOPOUME VO KATATAEOUUE Ta TPOPOBOTIKA Ot OUO MEYAAESG
KATNYOPIEG:

A) TpogpodoTikad TTou TTapéxouv oTabepr) o€ TR Tdon, aveEdptnta atmo Tn YETABOAR TnNG
TAoNng €10600U TOU TPOPOBOTIKOU (TAon OIKTUOU) Kal atrd Tn WETABOAN Tou peluaTog (peUPa
(POPTIOU) TTOU KOTAVAAWVEI N TPOPOBOTOUNEVN GUCKEUN.

B) Tpo@odoTikd TTou n Tdon €£6dou Toug PETaRAAAETal avaAoya Pe TNV TAon €I0600U TOUg,
1 avaAoya TnG METABOANG Tou PEUPATOG TTOU KATAVOAWVEI N CUCKEUR TTOU TPOQOBOTEITA.

5.3.2. Napadoyég yia Tn diodo

Omwg yvwpidoupe, ol 8iodol TTapouaIdgouv JIKPR avTioTacn atnv opdr) TTOAwoN Kal TTOAU
MeyaAn otnv avdotpo®n. H 1810TnTa auth Twyv d10dwv ETITPETTEI VO XPNOIMOTTOIOUVTal OTIG
avOPBWTIKEG DIOTAEEIG.

MNa tnv otTAoucTepn PEAETN TNG aAvopBwong, OTIG TTEPICCOTEPEG TTEPITITWOEIG, YivovTal Ol
aKOAOUBEG TTOPABOYKES :
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H 1don aywyAg Tng KpuoTaArodiédou (V1 =0.7 yia Tn diodo Si, gival n Tdon oTnv oTToia n
0iodog apxicel va dyel — emTpéTrel Tn OIEAEUGN PEUPOTOG — KAEIOTOG BIOKOTITNG), OTAV OEV
avagépetal Bewpeital undevikr).

To pelpa avaoTpo®ng TTOAwoNG (To pelpa otav n diodog ival avaoTpo@a TTOAWMEVN, VIO
TINEG V<VT) gival apeAnTéo, TNG TAfewg Twv PA. ETropévwg Bewpoupe 611 6Tav n 1don ota
akpa TnG d16dou ival apvnTikr TOTE N diodog dev Ayel (AVOIKTOG SIAKOTITNG).

H wpikA avtiotaon R Tou gopTiou Tou KUKAWPATOG gival TTOAU peyaAuTepn atmo Tnv p. Apa
n avtiotoon TngG d16dou p, CUVABWG apeAeiTal.

5.3.3. NoootikA MNepiypaen EvaAAaocooduevng Tdong

O1 Tdoeig kal Ta pevpara Ta otoia Ba avopBwBouv eival kaBapd nuiTova TNG HOPPNG
U=y, -r]p(w - t) omou U gival n omiypiaia Tipr kai Uo To TTAGTOG TNG KUPATOUOP®NG (MEYIOTN
Tiun). Ta avrioToixa Ba iIoxUouv Kai yia To peUua TTou Ba gival TN Hop@ng | = Ionp(w-t)c’mou I

gival n oTiypiaia Tipn kai lo To TTAGTOG (UEYIOTN TIUA).
MNa va €xoupe PIa TTOOOTIKN TTEPIYPAQPN] TNG EVAAAOCOONEVNG TAONG, OPICOUME Ta MEYEDN
TTou Ba Pag XPEIaoToUV OTh CUVEXEID

Evepyog Tipn
T
Urms = | = [U?(t)at 5.1
0

otou U(t) n omiypiaia iy kai T n mepiodog

TiyA a1ré kKopun oe Kopuen (pick-to-pick)
Up_p = [Uniax (t)- UMIN(t] 5.2

Méon avopOwpévn iR | Méon Tiyn

1 T
Upe = [|U(t)t 5.3
0

H oxéon (5.1) TTou divel TNV evepyo TIUA EVOG CAUATOG, yia TAON NUITOVOEIBOUG
KUUOTOMOP®AG YiveTal
Yo

V2

Ums = 5.4

EVW YIO TAON TTPIOVWTHG KUPMATOPOP®NG ME TIM aTTd Kopu®r) o€ Kopudry Upp, N EVEPYOS TIUN
atré T oxéon (5.1) givai:

u =—* 5.5

LA AL
S

IxAMa 5.5. MoooTIkA TrepIypa@n EVOAAAOOONEVNG TAONG.
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5.3.4. XapakTnpIioTIKa A16dwv

MéyioTo Zuvexég Peopa

Eival éva a1mmd 1a xapakTnpIoTiKA TTou TTpodiaypd@ouv pia 6iod0 Kal ava@EéPETal aTTd TOUG
KOTOOKEUAOTEG OOV PEYIOTN ETTITPETTOMEVN HECN TIMA PEUPATOG.

Méyiotn AvdaoTtpogn Tdon

Qg péyiotn avaotpoen Ttdon (PIV=Peak Inverse Voltage) opiCetai n péyiotn Ttdon TTou
€QappOCeTal oTa AKPa TNG d16dou OTaV aUTr dev Ayel.

H péyiotn avaoTtpogn Tdon TTOU UTTOPEI va €QAapUOCTEl O€ pia diodo Xwpig va utTapxel
Kivduvog KataoTpo@Ag TNG €ival éva atrd 1a KUpIa AEITOUPYIKG XapaKTNPIOTIKA TNG S10d0u Kal
diveTal ammd Tov KataokeuaoTr. pétrel miong va divetal Kal n PEYIOTN TIUAR TOU OouveXoUg
PEUPATOG lpc,max, TO OTTOIO EMITPETTETAN VA TTEPAOEl aTTO TN &iodo.

21NV TTEPITITWON TOU KUKAWPOTOG TOU OXNMATOG N PEYIOTN avaoTpo@n Taon Tng d16dou, Ba
eivair Uo.

5.3.5. Metaoxnuartiopog Fourier

O1wg Ba amodeifoupe oTn ouvéxela, oTravia «BAETTOUPE» €va auIyEG NUITOVOEIBEG Crjua.
2uvAbwg, n amokpion evog onpaTog oTo TTEdI0 Tou XPpOvou dev gival NUITOVOEIBNG, €ival OTTWG
n amokpIion ToU OAUOTOG Tou oxnuaTog 5.6(a). O S1akpITOg peTaoXNMATIONOG Fourier £xel
atrodeiéel 0TI OTTOI0BATTOTE OAMA, TTEPIOSIKO 1 PN, OTTWG AUTO TOu OXAUOTOG 5.6(a), yTTOpEi
va avarrapaoTadei TEAEId ammd éva AOPOICHA TTETTEPUACHUEVWYV NUITOVIKWY ONHATWYV.
AexopaoTte Aommév 6T €va orfjua atroTeAeiTal atrd €va ) TTEPICOOTEPA NUITOVA OUYKEKPIPEVOU
TIAGTOUG Kal ouxvoTnTag, Ta OTToia (ETTINEPOUG NUITOVA) OG Ta KOAOUPE OUVIOTWOEG OTTWG
@aivovTtal oTo oXAua 5.6(B).

‘V:2*siﬂ(2*pi’1DDD*;{+p\/8)+5’5m(2’p\’2000*x)+3m(Z*p\*SDUU*x)M ‘

o [valt)
v (valt)

o 0.1 0z 03 04 D.‘S DIB D.‘? DIS D.‘B 1 'EEI EI‘1 EI‘Z EI‘S El‘d EI‘E EI‘E EI‘? EI‘E EI‘B 1
U () x10° i (e w10

ZxApa 5.6. (a) Eva tuxaio onua. (B)Téooegpa SINQPOPETIKA CAMATA CUVAPTACEI TOUu XpOvou, (amrokpion
Xpovou) oTo 510 didypappa. Ta onpara autd givar: V, =2xsin (21000t ), V, =5sin (24000t ,

V; =sin (m5000t), v, =4 . H olvBeon aut@v Twv oNPdTWY SNUIOUPYEI TO CAHA TOU CXIHATOG

5.6(at).

% I R T

‘Eva deuTtepo TTapddelyua TTou Ba @avei XPrioINo OTn GUVEXEIQ €ival TO NUIaVOpBwUEVO
ofjua. Auto 1o onpa eival ouvexEg (a@ou €xel uévo pia TTOAIKOTNTA — &gV UTTAPXE! KATW OTTO
Tov Gfova Twv XPOvwv), OuwG €xel TTOAU HeEYAAn KupdTtworn, &nAadn mepiéxel kai AC
OUVIOTWOEG OTTWG OTTOBEIKVUETAI OTTO TO PeTaoxnuatiopd Fourier:

V=V l+1r]uwt—icruvat—icruv%ut-icxuvfiwt—...
o\ 2 35m

3 15m
o1T0U Vo TO TTAATOG TOU apPXIKOU NUITOVOU. [NapatnpoUpe 0TI TO CUVEXEG OHUA £XEI TIWN:
V. = ﬁ
DC -

Evw 10 evoOANaOoO6uEVO £xEl TTOANEG TINEG — aTToTeAEITaI ATTO TTOAAEG OUXVOTNTEG (ATTEIPES YIa
TNV akpipeia:
Vac =V, [L]pwt-iouvat-iouth-ioquwt- j
AC Tl 2 3m 151 3sm )"
MNa v kupgdtwaon, dnAadn yia 1o AC 1 aANIWG yia TIG OPUOVIKESG, TTAPATNPOUNE OTI O TIPWTOG
OpOG €ival O ETTIKPATEGTEPOG PE OUXVOTNTA W KaI TTAGTOG Vo/2.
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‘Eva TpiTo TTOpadelyya €ival 1o ofua Tng mARpoug avopbwong TTou Ba KATOVOOOUME TTWG
TTapdyeTal ammé TNV Tapdypa@o 5.4. O pyetaoxnuaTiopog Fourier deixvel 0TI autd atroTeAeiTal
amd éva DC onua kai dmeipa AC onuara. Ouwg, civar DC, agou dev aAAdlel TTOAIKOTNTA,
aAAG £x€1 évTOVn TTAPOUCTa APUOVIKWY (UE ETTIKPATEGTEPN TNV TTPWTHN, CUXVOTNTAG 2W).
V= VO(E - i0uv2(Jut - i0uv4oot - it:ruvfa‘wt - en)
m 3m 151 35t

X V0
m

4
Kail VAC—eprcTécszo - 3_TTOUV2wt

VDC -

5.4. AvopOwTikég AlaTdgelg

5.4.1. ArAn AvopOwon

O amAoloTepog TPOTTOG YIa va avopBwaooupe £va eVAAAACOONEVO PEUUA, OTTOKOTITOVTAG
€iTe TNV ApvNTIKr — €iTe TNV BETIKA NUITTEPIOdO Tou, eival va TTapeuBalAoupe pia diodo oTo
KUKAwWa TTou Tpo@odoTeital atro Trnyr) evaAAaooouevng TAong OTTWG QaiveTal oTo oxrpa 5.5.

Baoikn Aeitoupyia AvopBwTr OeTikAg HUIrepi163ou

H tdon apéxetal ot 10 SeuTEPEUOV EVOG PHETAOXNMATIOTH) WOTE VA UTTOPEI, e KATAAANAN
€mAoyr} Tou Adyou Twv OTEipwy, va TTAapel otToladnTToTe TIPR €mOBupolue. H &iodog €Exel
EOWTEPIKN avTioTaon p Kal TO QOPTio, TO OTTOI0 TPOMPOJOTEITAI E TO AvOopPBwUEVO pelua, £XEI
avrtiotaon Ru. H tdon tng mnyng éxer omiypiaia mipn U = U, quot .

‘gwm Bzon A M a'_‘

Y R o

..... Ve (N Vor= Vom
‘QU ” {vmv-tu.n Q' ” R,
ST

il L»Vi,a

ZxAMA 5.7. KikAwpa arARg avépbwaong, (a) kard Tn B€TIKA nuiITrepiodo Kai (B) KAaTd TNV apvNTIKA NUITTEPiodo.

Kata 1n B¢tk nuitrepiodo TG TAong €10000U TOU KUKAWPATOG, n diodog D1 eival opba
TToAwWEVN Kal emMTPETTEI TN OIEAEUCT TOU peUATOG Bia HECOU TOU QopTiou. To pelua i TTaipvel
MOvo OeTikEG TIYEG, OnAadr uTtdpyxel OTn Mia POvo nuITTEPiodo OTTWG @aiveTal OTo OXAMA
5.7(a), ou d¢ixvel TV Téon oTa Akpa TNG avTioTaong gopTtiou Kai gival ion pe VL = i.RL A VL =
V2pk-0.7 V, €dv n diodog eival Trupitiou (Si).

Katrd 1n apvntik nuimmepiodo tng tAong €106d0u Tou KUKAwpatog, n diodog D1 eival
avaoTpoPa TTOAWMEVN Kal BEV ETTITPETTEI PO PEUPATOG BIa PEGOU TOU QOopTiou, ZxAua 5.7(B).
H 1don oTta dkpa Tou opTiou gival oxedov undév Kal n Tdon ota dkpa g divdou gival Vo1 = -

Vopk.
o +\f 20k
w [N N[
Deutepeliovrog b . y . ov
:‘ i i

; ! s +\ 20k - 0.7 V
‘E€oboc | ' ' I n

TxApa 5.8. Kupartopopgéc Eilcédou - E{65ou

O1 KupaTopopéGg €10000U — €€000U OTTWG Treplypd@ovTal OTIG OUO TTPONYOUMEVEG
TTapaypapoug arreikovifovral oto oxfiua 5.8.

i
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Baoikn Aeitoupyia AvopBwTr) ApvnTikAg HuImrepi6dou

210 oxAMa 5.9 n diodog Exel TOTTOBETNOEI Pe BlaYOPETIKN popd atr’ OT1 oTo OXNPa 5.7. ‘ET0l
Kata Tnv BETIKA nUITTEPIOdO €ival avaoTpo@a TToOAwMEVN Kal gival opBd& TToAwpEvn KaTa TNV
apvnTik nuiTepiodo. ‘Etol otnv €€000 TOu KUKAWMATOG ep@avieTar povo n apvnTikn
nuITePiodog. H apxn Asitoupyiag ivai n idia 6TTwg O0To TTPONYOUUEVO KUKAWA, HOVO TToU £0W
£xel avaoTpa@ei n £€€000¢.

H kateuBuvan Tng d16dou kaBopilel To av n £€£0d0g Tou KUKAWWATOG Tou avopBwTr Ba eival
BeTikn | apvnTIKA. [Na €0KOAN avayvwpion Twv KUKAWUATWY ol akdAouBeg duo TTpoTdaelg
TTAVTOTE:

1) Otav n diodog gival oTpappévn TTPOG TO POPTIO, N £€000G TOU avopOwTr| gival BETIKA.

2) Otav n diodog eival oTPAUMEVN TIPOG TOV HETAOXNHATIOTH, N £€£050G TOU avopbwTr
gival apvnTIKA.

JANVA ”
v

VARV

ZxApa 5.9. AvopBwTAg apvnTIKAG NUITTEPIGSOU.

Edv 1wpa avaAloouue Tnv Kupatopop@n tng €godou (ZxAua 5.10), n péon Ty TOU
peupatog A TG Tdong €ival n cuvexNg TAon TTou TrEPIEXEl N Kupatopop®n auth (Upc) kai
Bpioketal av TpaprRgoupe TNV opIdOVTIO YPAUUNA TTOU XWPEICEl TNV KUUOTOMOP®A Katd TETOIO
TPOTTO, WOTE N TTAVW ETTIPAVEIQ TTOU CGNUEIVETAI PE TNV dlaypduMIon va gival ion Ye TNV KAatw
dlaypappiopévn emedveld. H kaptmUAn Tng oOTiydioiag TIWAG TG TAONG OTa AKPA Tng
avriotaong R gival 6poia o€ pop@A Pe TNV KAPTTUAN Tou peUPOTOG | Kal, OV APEARCOUNE ThV
E0WTEPIKN avTioTaon Tng O1600u, £xEl PEYIOTN TIUA ioN PE TN MEYIOTN TIMA TNG EVAAAACOOUEVNG
Tdong TNG TNYNGS. AvaAUovTag TNV KUPATOPOP®R auTh Tng TAong oTo gopTio, o€ aeipd Fourier
TTQIPVOUE YIO TN OTIyHIaia TIUA:

OT1rou a16 10 oXAUA 5.7 Um = +Vapk
Maparnpoupe AT 0 6POG TNG CUVEXOUG CUVIOTWOAG Eival:

1
Upc =U,, % - 5.6

Kal 6Tl N BePeAILdNG €xel oUXVOTNTA TN CUXVOTNTA W TOU SIKTUOU Kal eVOEIKVUPEVN TIKN:

1
U, = —
! 2

X 5.7

S

01 O€ UTTOAOITTEG APHOVIKEG €ival APTIEG Kal €Xxouv @Bivouaa Tiun.

leoduvapun DC Tdon Vave

Taien /7N N\ 0 X +V2pk
AgutepelovTiog
ov

a2

. 3 Yy Vaye = 0.318 V, K
% 7 T 7 ave P
% / Zif iy ri \\ OV

IxApa 5.10.
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YtroAoyiopog Taong kai Pebparog Popriou

Ortrou VE gival n 1dan opBig moAwong Tng d16dou TrupiTiou (Si).

. . ) . C o N,
H péyiotn mipn Tng 1dong Tou SeuTEPEUOVTOG TOU PETAOXNUATIOTN Eival: Vo = N_1V1pk
Otou N2/N1 €ival o Adyog Twv otreipwyv Tou M/T kail Vipk n PEYIOTN TIUA TNG TAONG OTO
TpwTteUoV Tou M/T.
ZNUEILVETE OTI OTNV TTI0 TTAVW OxEon Bewpoupe 0TI N €i00d0g GTO TTPWTEUOV dideTal WG
MEYIOTN TIUA. ZUXVA Ol TINEG TWV TACEWV Twv TTywv didovTal wg rms TiyéG. OTav uttdpyel
QuTn N TTEPITITWON, TOTE XPNOIUOTIOIEITE N TTIO KATW OXEON YIA VO TIG YETOTPEWEI OE PEYIOTEG
TIMEG:  V(pk) = Vims 10.707
ATTO TN OTIYUA TTOU OPICETE N PEYIOTN TACN QOPTIOU, N PEYIOTN TIUA TOU PEUUATOG QopTiou Ba
givai:

(k) = Viger) /RL

Méon Tipn Tadong kai Peoparog ®opTriou

H péon miuA g tdong goptiou V. €ival autr Tou Ba Trdpoupe €dv ouvdéooupe éva dc
BoAToueTpo oTnV €€0d0 Tou avopBwTr (BAETTE KupaTouop®n Tou oxnuaTtog 5.9). To 6pyavo
Kataypd@el Kol TTapouciddel TN péon TP Twv BeTIKWV NUITTEPIOdwY Tng €£0dou. O1 oxéoeig
TT0U UTroAoyidel 1o V. €ivai:

Vave = VT 1 Vaye =0.318V, 5y

H péon autA mipn, €ival n 1Icod0vaun dc 1dan otnv £€£0d0 Tou NuIavopBwTr]. ZuyKpivovTag TNV
ME TNV avTioToiXn TIMA TTOU TTPOKUTITEl amd Tn oelpd Fourier éxoupe akpIiBwg TO idIO

amoréAeapa Upe =U,, % 1 .
™

ZHMEIQZX H:

(1) H oxéan autr 1ox0el povo yia KUKAwUa atrAng avépbwaong.

(2) Ze TTOANEG TTEPITITWOEIG YIa TNV DIEUKOAUVON TWV TTPAgEWV ayvooupe Tnv Tdon opbng éAwang Tng
d16d0u, 6nA. Ta 0.7V

Me Tov idl10 oKpIBWG TPOTTO, TTOU WETOTPEWAUE TNV MPEYIOTN TIUR TNG TAONG Ot Péon TIPN,
MTTOPOUUE VO PETOTPEWOUE KAl TO QvTioTOIXO peUpa. 'ETol n yéon Tipr Tou peUpaTtog gopTiou
1] T0 1I000Uvapo dc pevpa UTTopPEi va uTToAoyIOoTEN e SUO TPOTTOUG:

1. XpnoiyotroiwvTag 1o vépo Tou Ohm: |,,¢ = Vae /R

2. Meratpemoviag 10 |y 0 |y, XPNOIMOTIOIWVTAG TIG EGIOWOEIG: ave = o/ Kall
lave =0.318 %1,

Méyiotn AvdaoTtpogn Tdaon (PIV)

H péyiotn iy TG avaoTtpoeng 1aong mOAwong 1Tou Ba dexBei pia diodog cuuBoAileTal pe
PIV, amé 1a apxikad Twv Aé¢ewv Peak Inverse Voltage ) PIV. lNa v nuiavépBwon, n Tipn
NG ivar: PIV = Vo

H e€iowon auTtr oxeTideTal Gueca Pe TO YEYOVOGS OTI, KATd TNV avaaTpo®n TToAwaon Tng diddou,
Oev uTTapxel TAon ota Aakpa Tou @optiou. 'ETol 6An n Ttdon Tou Oegutepelovtog (Vazpk)
TTapouaiadeTal oTa akpa Tng d16dou.

5.4.2. AimrAnR AvopOwan

Eivar duvartév xpnoipotroiwvtag duo mnyég tdong EP kai duo &16doug va Trdpoupe, HE
KAT@AANAO KUKAwA, Kal Ta dUo nuIKUpata avopBwpéva éTav ol TNyEg £xouv dIagopd Gaacng
1800, ommwg @aivetal oto oxAua 5.11(a). Téte n avépbwaon Aéyetal SITTAR Kal amd Tn véa
KUUOTOUOP®A TTOU TTPOKUTITEl TTaipvouue Tn OITAdoia ouvexr TAon ammod ekeivn NG aTTAng
avopbwong.
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ZxAua 5.11 (a) KOkAwpa TARpoug avopbwong (B) HE HETOOXNMATIOTH HECAiag AQYNG.

18]

O petaoxnuamioTG TTou xpnolyotroigital (ZxAua 5.11(B)), eivar yeocaiag AfRywng oe O
agopd 10 deutepelov. Ta dUo Guola TUAiypaTd Tou cuvdiovTal JeTAgU TOUG Kal PIa EEXWPIOT
Ayn ouvdéeTal Kal auTh 0To Koivo onueio. H tédon amd tTnv yecaia Aqyn 1Tpog oTToIodATTOTE
AdKpO TOU TUAiypaTog Tou deuTepelovTog Ba gival ion pe 1o pIod TnG TAONG TTOU PETPAUE aTTO TO
€va AKPOo PEXPI TO GANO. Ze OTI a@opd TNV TTOAIKOTNTA TWV TACEWYV, HE avapopd TNV KEVTPIKN
AqWN, Ba éxouv YeTagl Toug diagopd @daang 180°. 'ETol oTo deuTepeUov TTPOKUTITOUV OUO i0EGg

V. V.
TAOEIG TTOU gival: uy = %npwt =U nuwt kai u, = —%npwt =-U nuwt.

Katrd 1n Bemikf) nuirepiodo n diodog D1 Ba cival opB& moAwpévn kal n diodog Do
avaoTpoga.
To pevpa Ba Trepvd Yéoa atmd 1o QopTio Kal N Tdon oTo anueio A Ba eival ion Ye Tnv PICH Tou
OeuTepelovTog, OTAV QUTH WETPIETAI PE ava@opd Tn peoaia Afwn. Edv AdBoupe utr’ oyn Kai
TNV TITWON TAoNG oTa dkpa Tng di16dou (0.7 V) n Tdon ata dkpa Tou gopTiou Ba gival us-0.7V.
Katd tnv apvntikr) nuitrepiodo n diodog D1 Ba givar avaaTpopa mmoAwpévn Kai n &iodog D2
0pbd. To pelpa Ba Tepvd péca atmd 1o YOPTIO YE TNV idIa @Oopd OTTWG TTPONYOUUEVWG £0TW
Kal av n TTONIKOTNTA TNG Téong £xel aAAGgel. Autd onpaivel 0TI GAAN pia BeTikA nuitTepiodog Ba
eppavioTei oTa dkpa Tou gopTiou (Kupatopoper EEG6O0U) pe Tadon uz-0.7V.

To @optio RL Tpogodoreital Aoirév amd duo pepiég, atrd 1n diodo D1 katd Tnv TTpwTn
nuITTEPiIodo kal ammd tn 6iodo D2 katd Tn deuTepn nuITTEPiodo Kal divel pia Taon u dITTANG
avopBbwong TTou avaAueTal o€ oglpd KaTa Fourier.

u= Um(3 - i0uv2(Jut - icruv4oot - icruv6wt S|
m 3m 151 35t

‘Otrou a116 10 oXAMA 5.7 Um = Vopk/2
Maparnpoupe 6T 0 6POG TNG CUVEXOUG CUVIOTWOAG Eival:
2
= X — 5.8
UDC Um T
H ouvioTwoa pe T ouxvoTnTa Tou SIKTUOU AEITTEl TEAEIWG Kal O UTTOAOITTEG APTIEG OPUOVIKES
UTTGPXOUV peE SITTAACIO TTAATOG Kal QUTEG aTTO EKEIVEG TNG ATTARG avopBwaong. H anuavTikoTEPn
apuoVIKn gival n OeUTEPN PE TUXVOTNTA 2w Kal EVOEIKVUMEVN TIUN:

U, 4

U:_mx_ 59
V2 3m

0l UTTOAOITTEG OPUOVIKEG Eival APTIEG KOl £XOUV @Bivouoa TIN.

ApvnTtik6g AvopBwTig NMARpoug AvopBwaong.

Edv aAA&foupe Tn @opd Twv d16dwv Tou avopBwTh Tou oxrpartog 5.11(a), Taipvoupe pia
apvnTikA €000 oTa AKpa Tou GOpPTiou OTTWG @aiveTal aTo oXAua 5.12. O1 diodol KaTG TNV
BeTIKA NuITTEPIOdO gival avdoTpopa TTOAWUEVEG Kal N KUPMATOPOP®N TNG £60B0U gival apvnTIKA.
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ZxAua 5.12. ApvnTik6g AvopBwTiig MARpoug Avopbwaong.

Méyiotn AvdaoTtpogn Tdaon (PIV)

>g €vav TTAApn avopBbwTh, étav pia atmo TIg dI6doug gival avaoTpo®a TToOAwUEVN (BAETTE
oxnua 5.13) 161e n 10N GTA AKPa TNG Ba gival TTepiTTou ion Pe To ABpoIocHa TWV TACEWV TWV
OU0 deuTePEUOVTWY TUAIYUATWY. 'ETOI 0TO KUKAWMA TOU OXAUATOG, N TAoN TOU TTPWTEUOVTOG
TTou €ival ion pe 24Vpk, dnuioupyei Tacelg +12Vpk and —12Vpk 0T GKpa TOU OEUTEPEUOVTOG -
otav PeTPnOEi atTd TO €va AKPO PEXPI TO GAAO - KAl PE avagopd Tn peoaia Afwn. AnAadn n
OUVOAIKA TAon Tou OeuTeEPEUOVTOG Vapk) , ival n dlagopd PETaEU Twv 800 auTwyv TACEWV,
onAadn ion pe Vapk).

Me TIg TTONKOTNTEG OTTWG OTO OXNPa, N D1 dyel kai n D2 givar avdoTpopa mToAwpévn. Edv
utroBéooupe 611 n D1 givan 1davikn, n T@on oTa dkpa Tng Ba eival pe OV kal n kdBoddg TG Ba
Bpiokeral kar auTr o€ duvapikd +12 V. ATTo Tn OTIyUr] TTOU TO GNuEio auTtod eival uvOESEPEVO
kateuBeiav otnv KABodo NG D2, TéT1E KO N KABOdOG aUTG TNG diddou Ba BpiokeTal TTioNg OTA
+12V. Mg 1d0n —12V oTtnv avodo tng, n D2 Ba Tmapouciadel yia cuvolikn diagopd Tdong oTa
dkpa Tng ion pe 24V.

Di=on
a + 12A'vr|p'\| ':: 1‘2 Vn;r:i:]
PIV LERY
VI @ H RL
15avikn Aiodo =
n 12V = puspff
o 1: - |
— 12 Vi — h' +
— —
24y

TxAua 5.13. Méyiotn AvdoTpo@n Tdon otn AirAn Avopbwon.

Juvoyidovtag, n MPEYIOTN TGon @opTiou ot €vav TTANPN avopBwTn cival ion pe TO0 PICO TNG
Téong Tou deuTepeliovTog, Va. Apa, n avdoTpodn Tdon oTa Akpa olacdrTToTeE d1680U OTO TTIO
Tavw KUKAwpa, Ba eivar dirAdoia g péyioTng Taong @optiou. Edv AdBoupe umdwn tnv
TpayuaTikr 6iodo ye Twon Tdong 0.7V, étav auTr dyel, TOTE:

PIV = Vzpp - 0.7 V

AvopBwTig AITAg AvopBwong oe KikAwpa MEpupag

ArTAf avopBwon PTTopoUpE va KAVOUNE Kal PE Pia pévo TTnyn 1 pia povo TrepI€AIEn oTo
OeuTtepelOV TOU UETOOXNMATIOTH, OGPKEI va XPNOIMOTTOINOOUNE TEGOEPIG avTi dUo d16doug,
ouvOedENEVES OE YEQUPO OTTWG OTO axNHa 5.14(a). Ag onueiwBei OTI GTO EPTTOPIO UTTAPXEI N
YEQUPQ aUTH WE TIG TEOOEPIG BIGBOUG OAOKANPWHEVN O€ Eva CUUTTAYEG OTOIXEIO.

To KUKAwWa Tou oXAUATOG gival To TTAoV S1adedopévo KUKAwPa avopBwTh yia dUo Adyoug:

e Agv aTraITEITAI ETAOXNUATIOTAG PECAIOG ARWNG.
e T[lapdyel mepirou Tn dITAGCIa TAon €E60ouU Ot OXEon ME TO TTIPONYOUEVO
KUKAWWMA, XPNOIYOTTOIWVTOG TNV idla Tdorn deuTEPEUOVTOG.
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ZxAua 5.14. AvopBwTig Mé@upag (a) OeTikA nuITTEPiodog, (B) ApvNTIKA NUITTEPiIOSOG.

Baoikn Agitoupyia

Katd tn BeTikA nuitrepiodo (oxnua 5.14(a)), oi diodol D3 kai D1 gival opBd& ToAwpéveg. Tnv
idla xpovikr Tepiodo o1 D2 kai D4 gival ToAwpéveg avaoTpoga. MNapatnpAoTte TNV @opd Tou
peUpaTog pEoa atod TO PopPTio.

21nv apvnTIKA NuITTepiodo (oxnua 5.14(B)), o1 diodor D2 kai D4 gival opBd ToAwpéveg. Tnv
idla xpovikn Trepiodo ol D1 kai D3 gival TToAwpéveg avaoTpoPa.

MapartnpwvTag TN @opd Tou PeUPATOg Eavd, DIATTICTWVETE OTI auTr Oev £XEl aAAAel TTapd Tnv
aAAayn TToAIKéTNTAG TNG TAONG.
TéNog Ba Trpétrel va AneBei uttdyn 6T o€ KABE nuITTEPiodo, To pelpa TePvA péoa atmmd dUo
01600uGg. AuTd TTPAKTIKA onuaivel, OTI yia TOv UTTOAOYIOWO TNG PEYIOTNG TAoNnG @opTiou Ba
TPETTEI va ouvUTTIOAOYICOE Kal N TITWOonN TAoNG 0Ta AKpa Twv d16dwv. Apa :

Vipk) = V2pk-1.4V

ZHMEIQZH
Eivai eUkoAo va Buudrar kaveic we ol 1é00€pels Oiodol ToTToBeToUvVTal OTO KUKAwuA TOU avopbwrn
yépupag.

1. OAgg o1 diodor deixvouv mpog To poprio.

2. H ywvia amévavri amro 1o @oprTio gival yeiwpévr.

3. To ac spapudéleral oTic 500 AAAEC ywViES — KOPUPES — TNG YEQUPAG.

Méyiotn AvaoTtpogn Tdaon (PIV)

MNa va yivel KaAUTEPa avTIANTITA N hEYIOTN avaoTpo®n TAon oTa Akpa TnG KaBe di6dou aTo
KUKAwMa yépupag, AapBdavovtal utr éyn Ta KUKAwPaTa Tou oxAuatog 5.15 (a) kai (B). O1
diodol BewpouvTal IBAVIKEG.

210 atmmAoTroinuévo KUKAwpa 5.15(a) mapouciddetal N KATAOTaoN Tou KUKAWMATOG 5.14(a)
KOTA TNV BeTIKA NuITTEPiodo. To @opTio Kal N yeiwan TapaAeiovial SI6TI EVOIOPEPOV EXOUV,
OTNV TTPOKEIPEVN TTEPITITWON, o1 diodol Kal n KatdoTaon oTnv oTroia BpiokovTal. OewpwvTag
TIG 51600UG 1IBAVIKEG TO KUKAWUA SIaNOpPWVETAl WG EEAG:

O1 diodol D1 kai Ds givar opB& TToAwpéveG, AsIToupyoUv wg KAEIOTOI SIOKOTITEG - APA WG
BpaxukukAwpata - Kal avrikaBioTavtal ammd atrAd KaAwdia.

O1 diodo1 D2 kai D4 gival avaoTpopa TTOAWMEVEG Kal AEITOUPYOUV WG AVOIKTOi SIAKOTITEG.

+

+ - -
+ +
” Vaipk) || Vapk) (B A_ A

TxApa 5.15. (a) AmAomoinpévo KUkAwpa. D3 kai D1 opBd mroAwpéveg. (B) looduvapo KiukAwpa Tou
atrAoTroinpévou.
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To kUkAwpa 5.15(B) €ival To 1Ic0dUvapo Tou 5.15(a) avaoxediaopévo.
@aiveral 611 ol diodol givai :

1. Avdorpoga MOAwWUEVES.

2. lNapdAAnAa ouvdedeuéveg.
3. KareuBeiav ouvOedeuéves OTO OEUTEPEUOV TOU UETACKNUATIOTH.

JUVETTWG :
1. PIV = Vzpk OTav o1 diodol Bewpouvtal 1I8avVIKEG.
2. PIV = Vzpk - 0.7V kavovikég diodol.

5.4.3. AvakepaAaiwon AvopBwTtwv
MARpng AvopBwTig AvopBwTiig MNEpupag

HpiavopBwTthg

P
KukAwpartiké Aldypappa || || —

Kupatopopen E§6dou
Méyiotn Tdon ®opTiou Vi Vapk = 0.7V [(V2pw) 12] - 0.7V Vi) = 1.4V
DC Tdaon ®opTiou, Vaye Vip/m A 0.318 Vi 2V o/ R 0.636 Vi 2V i/ R 0.636 Vi
DC Peupa ®opTiou, lLye Vave/RL Vave/RL Vave/RL
PIV Vao Vi - 0.7V Vi - 0.7V
TuxvoeTnta fout = fin = 50 Hz fout = 2fi, = 100 Hz fout = 2fi, = 100 Hz

Mapdaderypa YmroAoyiopoU AvopBwTtwy
MARpnNg AvopBwTAg AvopBwTtig MNEpupag

T 8:1 8:1 W—»
< plila
K = Huuk)% ¢ L
N ) 230VA | == c
c |7y

HpiavopBwTrrg

\.l\lz(um

IMNa 6Aa Ta KUKAWHATO

V= 230V/0.707 = 325,32 Vp
Vo= (N2 / N1) Vipy= 325,32 /8 = 40,66 Vi
Vi : Vo = 0.7V = 40V Vit (Vapi) 12 - 0.7V = 19,62 Vi Vi : Vapi - 1.4V = 39,26 Vi
Vave i} Voc! Viw-(0-318)=12,72V Vave fl Voc: View-(0.636)=12,48V Vave Nl Vioc: Vipw-(0.636) =25V
lave 1 Ioc: Vave/RL= 12,72mA lave ] Inc: Vave/RL= 12,48mA lave i Inc: Vave/RL= 25mA
PIV = V0 = 40,66 V PIV = Vyp— 0.7V = 39,96 = 40 V PIV = Vyp— 0.7V = 39,96 = 40 V
fou = fin = 50 Hz fou = 2f = 100 Hz fou = 2f. = 100 Hz

5.4.4. ZuvteAeoTrig ATTOdoong
Avagepduevol oTnv nuiavépbwaon, n 1oxUg Tou guvexoUg oAuaTog Poc aTo @opTio, givai:

Ube _ U

P =
bc =R, 2 R,
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H 1ox0g Tou evoAaooduevou OAPaTog Pac TTou TTOopéxeTal ommd 1o Oeutepelov ToOu

METAOXNMUATIOTH OTO KUKAWUA TOU GXAMATOG TNG NUIavopBwang giva:
o U U
AT R, 8R,

Q¢ BaBudég avopbwong n otnv avopbwaon opietal To TNAIKO TnG 1I0XU0G OuveXoUg
ofuarog Ppoc OTO @opTio, TTPOG TNV 1I0XU TOUu €VOAAQCOOPEVOU Pac TTOU TTAPEXETAI OTO
KUKAwpQ.

MNa v mepimtwon g nuiavopbwong o Babudg ammdédoong n, cUPGWVA PE TIG
TTPONYoUlEVEG, Ba gival

Ug
Poc T2-R 8
_PAC_ U(Z) _'IT2
8-R,

onAadni n=0.8=80%
21NV TTPAYHATIKOTNTA, av An@Bouv utr’ éyn ol aTTWAEIEG OTO PETOOXNMATIOTH, oTh diodo
KaBwg Kal To JIKPO avaoTpoPo peupa Tig 81680u, N amdédoaon TToU TTPOKUTITEN €ival HIKPOTEPN.

5.5. KukAwpara E§opdAuvong — QiAtpa

ATIO 6,11 ypagnKe TTOPaTTAVW Qaivetal Tl TO peUPA Kal N TACN TTOU TTPOKUTITOUV atrd Thv
atmAn i ™ OIMMAR avopBbwon &ev TTEPIEXEI YOVO T OUVEX OUVIOTWOO OAAG Kal OAEG TIG
QPUOVIKEG TNG avTioToixng oeipdg Fourier. '’ auTd TTPOKEINEVOU VA XPNOIKOTTOINOOUME HIa
Té€TOIO BIGTAEN TTPETTEl va TTpocBécoupe oTnv £€6000 TNG éva KUKAwPa TToU Aéyetal "®iATpo” Kai
aTrayopevel va TTEPACOUV TTPOG TO QOPTIO Ol EVAAAAOOOUEVEG OUVIOTWOEG EVW OQMVEI
€AeUBePN TN ouveEXN.

5.5.1. MooooT6 KupdTwong

Me Tov 6po KUPATWON €vvoouue TO TTOOO €vTovn Eival N TTAPOUCia TwV APPOVIKWY OTNV
Tdon €§6dou. MNooo dnAadr kabapry ammd apuovikég gival n Tdon. Q¢ PETPO TNG KUPATWONG
XPNOIYOTTOIEITAI TO TTOC0OTO KUNATWONG r (ripple factor) kai opicetai:

5.10

MNa mapddeiypa, otnv nuiavopbwan, Ums N evepyog Tiur Tng Tdong €€6dou Trou diveTal 0N
oxéon (5.7) ka1 Upc n Tigr NG ouveXoug OUVIOTWOOG TNG TAong ££0dou TTou diveTal atod Tn
oxéon (5.6).

0.354

=111=111% 5.1
0.318

r=

Autd onuaivel OTI n TTOPOUCIA TWV COPMOVIKWYV €ival €viovn OTNV TIEPITITWON TG
nuiavépwaong.
AvTtikaBioTwvTtag otn oxéon (5.10) 1ig oxéoeig (5.8) kai (5.9), TTPOKUTITEl yia TNV TTANPN
avopbwaon
0.3

r=——=047=47% 5.12
0.637

5.5.2. ®iAtpo RC

To amAoloTepo QIATPO TTOU UTTOPE va Xpnoigotroindei eival €évag Hovo TTUKVWTAG TTou
ouvdéeTal TTAPAAANAa Pe TNV avTioTaon Tou QopTiou, OTTwWG @aivetal oto oxnua 5.16. To
YIVOUEVO TNG WHIKAG avTIOTAONG ETTI TNV TIKA TNG XWPENTIKOTNTAG TOU TTUKVWTH, £X€l SI00TACEIG
XpoOvou kai Aéyetal aTaBepd xpdvou. 2Tnv TTPAgn, ekppadetal wg €€AG: Av ouvdiéooupe Evav
TIUKVWTN O€ O€Ipd PE Pia avTioTaon Kal CUVOECOUME OTN CUVEXEID TNV €i0000 TOU KUKAWUOTOG
ME TTNYN TGoewg U, n Tdon oTa dkpa Tou TTUKVWTA Ba yivel ion pe 63,2% (1-e-1) o€ xpoévo RC
atro TN OTIYHN TTou Ba ouvdéooupue TNV TINYA. Av TWPA £XOUUE QOPTIOEl £vav TTUKVWTA PE Jia
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Tdon U kal cuvdéoouue oTa akpa Tou pia avriotaon R, o TTUKVWTAG Ba eKQoPTIOTEI HECW TNG
avriotaong R. Katd tnv ek@oépTion, n Tdon ota dkpa Tou Ba 1Téoel ata 36,7% (e-1) Tng Tdong
U o€ xpovo RC armrd tn oTiyn mmou 6a cuvdEéooupe TNV avtioTacn. @swpnTiké o TTUKVWTAG Oa
ekQopTioTel KaTd 99% o€ Xpovo iogo pe 5RC

fiESE
| C [

ZxAMA 5.16.KUkAwpa arAng avopBwaong pe @iAtpo C.

Un

Uour

Uour

Uour

ZxAMA 5.17. Aldypappa XPOVIKWY METABOAWY TACEWYV KAl PEVHATWY 0€ KUKAWHA atrARg avopbwang
evaAAaooopévou pelpaTog.

5.5.2.1. To ®iAtpo RC otnv ATrAR} avopBwon

H Aeimoupyia Tou @iATpou RC oTnpietal otn @OpTION KAl EKPOPTION TOU TTUKVWTH. H
€TMidpacn Tou @iATpou aTtnv Taon ££6dou Uout 0Ta GKpa Tou QopTtiou RL aAAdlel avdAoya pe
TNV Ty TG avtiotaong Ri. X10 oxAua 5.17 ¢@aivetrar (a) n 180n ot0 deuTepEUov TOU
peTaoxnuatioTh, (B) n avopBwuévn Tdon petd Tn diodo, o1 avTioToixeg HopPES TNG Tdong Uout
(y) o€ mrepiTITwon TToU TO QOPTIO €ival TTOAU peyadAo kal (§) o€ TTEPITITWON TTOU N avTioTaon
@opTtiou RL eival pikpdTepn. O1 BIOKEKOPPEVESG YPAUUES TTAPIOTAVOUV TNV nuiavopBwpuévn Tdon
oTa Gkpa Tou gopTiou RL 6tav dev uTTdpyEl TTUKVWTAG Kal TO KUKAWA gival 1I8aviKO (apeAnTEeg
QVTIOTAOEIG TWV TUNIYUATWY TOU PJETAOXNUATIOTH KAI TNG avTioTaong Tng 816d0u Katd Tnv opon
@opq).
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Ty avrioTaong optiou

21NV TTEPITTITWON TTou Bswprooupe TNV TIPA TNG avtioTaong R aTTeipn, TOTE, yia TO XPOVIKO
didotnua to éwg t1 n Téon ota dkpa NG RL Ba akoAouBnoel TN pop@r| TNG TAONG TOU OXNMATOG
5.17(a). O TTukvwTAG Ba @opTIoTEl Kal N Tdon oTa dkpa Tou Ba @T1doel TNG Tiur Uo, dnAadn Tn
MEYIoTN TIUA TNG EVOAAOCOOUEVNG. ZTO XPOVIKO didoTnua t1 £wg t3, 0 TTUKVWTHG eV PTTOPEi va
ekpoptioTei (1I6avikh TrepiTTTwaon) yiati n &iodog oTnv avaoTpopn TOAWON TTAPOUCIALEl
TTPAKTIKA aTrelpn avTiotaon kai n Re gival drreipn. 'ETol, BewpnTikd, O TTUKVWTAG TTAPAPEVEI
OI0PKWG QopTIoPEVOG aTnv Taon Uo TTOU €ival Kal n ouveXng Taon £§6dou Tou avopBbwTh YE
arreipn avtiotaon @opTiou. (AsiToupyia oTo KevO, OTTwg auvnBieTal va Aéue). H Taon autn dev
TTAPOUCIAdEl KUPATWON Kal gival N GUVEXAG ypauun aTo oxAua 5.17(B).

Av n avtiotaon @opTiou RL gival peyaAn aAAd oxi arreipn, 101€ n oTaBepd Xpovou RL-C eivai
TTOAU PeydaAn (oxnua 5.17(y)). Z1o xpoviko didoTnua to €wg t1, N TGON OTa GKPA TOU TTUKVWTA
KQI CUVETTWG Kal Tou gopTiou RL Ba akoAouBrioel TN yop®nA TNG TaoNg Tou OeUTEPEUOVTOG. 2TO
XPoVIKO didoTnua t1 €wg tz2, N Tdon oTo deuTEPEUOV TOU PETAOXNUATIOTH TTEQPTEI TIPOG TO PNOEV.
Kai n 1don ota dkpa Tou TTUKVWTH apxicel emiong va Té@Tel oAAG €1Te1dr] n otaBepd xpovou
RLC €ival TTOAU peydAn, n TGon OTa GKPA TOU TTUKVWTH TTEQPTEN JE TTOAU apyo pubud. ‘ETol kai
oTo didoTnua t2 éwg ts TTou gival n apvnTikr NUITTEPiIOdOG, O TTUKVWTHG Ba eEakoAoubnoel va
ekpopriCeTal. Tn xpovik oTiyun t3, apxifel AN va aufdavel pe BeTiKEG TIUEG n TAON OTO
OeuTepelov aAAG PEXPI TN XPOVIKA OTIYUNA ta n Ton auTr) pével hIkpoTepn amd Tnv Taon oTa
AKpPa TOU TTUKVWTA. ATTO Tn XPOVIK oTIyuRA ta apxiler va @opTifetal TTAAI O TTUKVWTAG WG TN
XPOVIKN OTIyur ts TToU n Tdon Taipvel TN PEYIOTN TIPA Kal erravaAhauBavovTal Ta idia atré Tnv
apxn-

Ooco n avriotacn @opTiou HIKpaivel TOOO n oTaBepd XpoOvou uikpaivel, O TTUKVWTAG
EKQOPTICETAI YPNYOPOTEPA KaI N TAON OTA AKPA TOU PTAVEI O€ XAPNAOTEPEG TINEG. H KupdTwon
aufavel evw n PECN TIUA TOU CAPATOG MIKpaivel (oxApa 5.17(8)). Puoikd, n péon Tiun NG
Tdong otnv £€£0d0 €fakoAouBei va gival peyaAuTepn atmé auTh TTou Ba ATav XWPEIG TTUKVWTH.
‘Ooo Aoimmév pikpaivel n o1abepd xpdvou, T000 peyaAwvel n Kupdrtwan. H otaBepd xpodvou Ba
MTTOpOUCE yia pia dedouévn avtioTaon QopTiou va auénBbei Ye Tn XpNOIMOTTOINCN TTUKVWTWV
MEYAAUTEPNG XWPNTIKOTATAG. Oa PTTOpoUCaANE €T01I VO EAATTWOOUNE TNV KUPATWON KAl va
QUENOOUPE TN OUVEXA CUVIOTWOO TNG TAoNg oTo QopTio. H xpnoipoTroinon OpwG TTUKVWTWYV
ME peydAn xwpnTmikOTNTa TTEPIOPICeETal Kal oTravia Eetepvad Tnv TIpA Twv 40 pF yiati ol
TTUKVWTEG auToi ival oykwdEIg, Bapioi Kal akpifoi.

ETidpaon Tou TTUKVWTH OTIG XPOVIKEG HETARBOAEG TATEWYV KAl PEUMATWYV

To yivéuevo NG wyIKAG avTioTaong RL €11 TRV TP TG XwpNnTIKOTATAG Tou TTUKVWTH C, €XEl
d1a0TA0EIG XpOvou Kal AéyeTal o1aBepd xpovou t=R.C. Ztnv 1Tpdgn, ekppddletal wg €ENg: Av
£xoupe popTioel Evav TTUKVWTA o€ Tdon Um Kal ouvdéooupe oTa akpa Tou pia avriotaon Ri, o
TTUKVWTAG Ba ekopTIoTEl péow TnNG avTioTaong RL cuypwva pe n oxéon

t

U — m'e RLC 513

C

Katd tnv ek@dpTion, n Téon ota dkpa Tou Ba Téoel ota 36,7% (e ') Tng Tdong Um o€ xpdvo
R.C amd tn omypi 1ou Ba cuvdéooupe Tnv avTioTaon. OswpnTikd O TTUKVWTAG Ba
ekpopTioTel Katd 99% oe xpodvo ioo pe 5 RLC, dnA. 6tav t=5R.C 161 n oxéon 5.13 yiveral
Uc=0,01Um.

210 oxAua 5.16 utrdpyel pia 1davikr) TnNyr AC, tdoewg U=Um nuwt, pia 1davikh &iodog Kal
€vag TTUKVWTAG TTApAAANAa pe 1o gopTio. 210 didypappa Tou oxnuarog 5.18, ¢aivovral ol
XPOVIKEG METAROAEG TwV TACEWV KAl PEUPATWY OTOUG BIAPOPOUG KAAOOUG TOU KUKAWUOTOG,
onAadr Tou peupatog TNG d16d0U ip, TOU PEUUATOG TOU TTUKVWTH i2, TOU PEUPATOG TOU POPTiou
i1 Kal TNG T@dang Tou popTiou Uo.

Av dev uttApxe n 6iodog, To pedpa i TNG TNyNG Ba poipaldTav oTov KOPPBO TTavw atmd Tov
TTUKVWTA Kal Ba gixaue éva pelpa iR HEOQ OTO QopPTio TTou Ba ATav oe eacon pe Tnv taon Ui
(oTo oxnNua Bewpoupe 6T oI Kupatopop@és Twv U Kal i TauTiovTal) Kal €va pevua ic péoa
OTOV TTUKVWTA TTou Ba ATav oe @aoiki diagopd 90° amd tnv Tdon Ui Ta pedyata autd
@aivovTtal oTo dIdypappa Pe TIG SIOKEKOPUEVES YPAMMEG.

Opwg, o1o KUKAwpa uttdpxel n diodog (10avikn) kal 6Tav auTr] dyel TOTE Ta PEUPATA i1 KA i2
TauTifovTal e Ta irL KAl ic, avTioToixa. OTtav auTr 8ev Ayel TOTE To KUKAWMA PETA aTTd T 8iodo
QaTTOPOVWVETAl aTTé TNV TTNYA Kal o TTUkvwTAg C ekgopTideTal péow Tng avriotaong Re. H
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TPWTN KOTAOTACN ETMIKPATEI OTAvV N OTiydiaia Ty Tng Tdong g Tnyng eival katd T
MEYQAUTEPN OTTO TNV TACN TOU TTUKVWTKR OTIOTE N 8iod0g TTOAWvETAl 0pBA Kal O TTUKVWTAG
@opriCeTal.  Autd cupfaivel oTo didypauua Tou oxAuatog 5.18 otnv apxfA TNG XPOVIKNG
TEPIGdOU OTTO t1 PEXPI t2 KOTG TN BIGPKEIA TNG OTToiAg TO PeUA TOU TTUKVWTH i2 akoAouBei Tnv
nuiTovoeidr). Kard 1o idlo xpovikd didaTnua 1o pedua TNG avtiotaong i1 akoAouBei Tnv GAAn
nuITovoeIdr pe diagopd @aong 90°. To dBpoigua Twv dUo PEUPATWY €ival TO CUVOAIKO pelpa
NG 61600U ip, dSnAadn ekPPAZOVTAG TA TTOPATTAVW PE OXECEIG EXOUME
MNati<t <t XPOVIKO didoTnua KaTtd To o1roio n &iodog dyel

i _& _ Uynuwt

"R R

i = Cﬂ =CwU,ouvwt
dt

Mapatnpolpe 611 TOo pedpa i2 TOU TTUKVWTA apyidel atmd BeTIKEG TIMEG, pndevideTal OTO
onueio T/4 kai atré ekei wg 10 t2 €ival apvnTIKG. XT0 onueio t2 yivetal akpIBwg ico kal avTiBeTo
ME TO pedpa i1 TG avtioTaong oToTe To peUpa ip TNG O16dou undevieTal Kal auTr TTavel va
ayel. 1o didoTnua t1 £wg t2 n Téon oTa akpa NG avriotaong eival Uo=RL- i1 ka1 akoAouBei Tnv
nuitovoeidr atrd 1o A ato B avrioToixa.

Alagopd daong 90°

lc U=Unnpwt
Xwpig Tn diodo Me 1davikr diodo

U = Un'nuwt n Téon tng Tnyng - ip To pedpa NG 1680V —
i TO peUpa TNG TTNYAS o _ i2 To pedpa TOU TTUKVWTH —
ic To pedpa TOU TTUKVWTH i1 T0 pedpa Tou popTtiou
irL TO pelja TOU optiou T Uo = Re-i1 n 160N E¢6d0U

—_ - Te EmTpeTouEVOG XPOVOG —

EKPOPTIONG

ZxApa 5.18. Aldypappa XPOVIKWYV PETABOAWY TACEWV Kol PEUNATWY 0€ KUKAwpa aTTARg avopbwong
evaAAaooopévou pelpaToG.

A6 1O onueio t2 kal TTEpa apyidel N ©eUTEPN KATAOTOCN OTTOU N TTNYI OTTOMOVWVETAI, BIOTI
Oev dyel n diodog. H katdoTaon auTr) cuvexidetalr yéxpl 1o onpeio I R 1o xpovo tz. Ad 10
Xpovo t2 apxicel n EKPOPTION TOU TTUKVWTI] PE TNV EKBETIKA KOUTTUAN TNG MOPPAG TNG OXEONG
5.13 6mou n oTaBepd xpdvou eival RLC. To pelpa ekpoOPTIONG TOU TTUKVWTH iz (OTO OXAua
5.18 @aivetar apvnTiKO Adyw aAAaYAG TNG QOpPAg Tou), Ba eival T0Te 0 KABE OTIyUr ico Kal
avTiBeTo pe TO pedpa TNG avriotaong @opTtiou ir. AvtioTolxa n T@don Tou TTUKVWTA Uo=RL-i1
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MEIWVETaI aKOAOUBWVTAG Kal auTh eKBETIKA KApTTUAN ato 1o onueio B péxpi 1o I'. Otav n 1éon
TOU TTUKVWTA Yivel ion pe Tn oTiyyiaia TIuAR Tng T@ONG TG TTNYAG, Kai auté Ba cuufei oTo
onueio I, apxiCel va ayel ava n diodog kal Ta gaivoueva eravaiapBdavovtal 0TTwg amod Tov
XPovo t1 kal Tépa. EKQpalovtag Ta TTapatmavw JE OXETEIG EXOUUE

MNa t2< t <t3 xpovikd didoTnua Katd 10 0TT0i0 N diodog dev dyel

ety
U _Upuet, R

27R, R,
iy = iy

ip =0

Up =iy R,

210 oxAua 5.18 n dlaypappiopévn €TTIPAVEId AVTIOTOIXEI OTO pevua |2 Tou TTUKvwTA. H
EM@AveIa TTOU PpiokeTal KATW atrd Tov Aova Tou XpOvou TTaPOUCIAdel To peUPa EKPOPTIONG
TOU TTUKVWTHA i2 Kal QvTIGTOIXEI OTO QOPTio TTou €xel TTPOCAGREI O TTUKVWTAG 0T SIAPKEIQ TNG
@OPTIONG TOU KATA TO XPOVIKO diacTnua amd t1 éwg T/4. To gopTtio autd atrodideTal ammd Tov
TTUKVWTA OTNV avTiotaon RL katd 10 Xpovikd didaTnua atrd T/4 éwg ts. AnAadri autd onuaivel
OTI 600 peyaAlTEPN €ival N XwPENTIKOTNTA TOU TTUKVWTH TOCO HEYAAUTEPN €ival n em@Aaveia
EKQOPTIONG, EVW O XPOVOG QPOPTIONG MEIWVETAL. AUTO onuaivel eTTiong OTI augaveTal n BETIKN
MEYIoTN TIUN @OPTIoNG 600 auédveTal n XwpenTIKOTNTA Tou TTUKVWTH C. AuTdg gival o Adyog yia
TOV OTIOi0 TTOANEG (POPEG Ol KATAOKEUAOTEG Bivouv, €KTOG aTTO TO MEYIOTO ETITPETTOUEVO
ouvexEG pelpa, Kal TN PEYIOTN ETMITPETTOPEVN TIMA TOU TTUKVWTA TTOU YTTOPEi va ouvdebei kart'
eubeiav otnv £€€000 TNG avopBwTIKNG d1IaTagNg. Av 0 TTUKVWTAG QuTOG gival TTOAU peEYAANng
XwpNTIKOTNTAG, UTTOPEi va TTpogevAael KataoTpo@r] NG O16dou Kal autd Ba o@eileTal oTn
MeyAAn oTiypiaia TIA Tou peUPATOG POPTIONG TOU KATA TNV EKKIVNGN TOU TPOQOBOTIKOU.

Y1roAoyiopuog TT0000TOU KUPATWONG

Av Uk givai n TiyR TNG 1Gong KUPATWONG atrd Kopur) o€ kopuen (oxAua 6.19a), T101E yia Tn
ouvexn Tdon ota akpa Tou @opTiou Upc , Ba £xoupue

Tnv Uk Tn Bewpolpe TTpooeyyIOTIKA TTPIOVWTH TTAPOAO TToU N @OPTION Kal N EKPOPTION TOU
TTUKVWTA O€ YiveTal YpappIKG. H evepydg TIA TNG TAoEwG KUPATWONG Ba gival yia TTpIovwWTA
Tdon ammo T oxéon (5.5):

U
U =—K_ 5.15
K,ms 2'\/5
MNa pikpd TAGTN KupdTtwong n 1adon Uk BpiokeTal wg €€Rg
AU
Ihe =C— 5.16
DC At

otrou AU eival n Tdon kupdtwong Uk kal Bswpoulpe 011 0 xpdvog At TTou gival 0 Xpdvog t1 wg ta
Tou oxnuaTog 5.17, icoutal pe Tnv Tepiodo T = % . Apa, yia Tnv Tdon KUPNATWwong TTPOKUTITE

amd 1n oxéon 5.16

Uk = L 517
f-C
Av avTIKATOOTAOOUUE TN OXEON
u
lpc = 2% 5.18
R.
Kabwg kai Tnv (5.17) atnv (5.15), yia TNV evepyO TIUA TNG TAONG KUPATWONG, TTPOKUTITEI
U
Uk rms = DL 5.19

2.43.f-R_-C
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AT6 Tn oxéon (5.10), xpnoipotroiwvtag Tn oxéon (5.19), To TOoOOTO KUPATWONG YIa ThV
atTAf avopBwaon pe @iAtpo C eivai
1
r=—mo B
2.43.f-R_-C
Av Bewpriooupe OTI TO QAVTOOTIKO MEPOG TNG OUVBETNG QVTIOTAONG TOU TTUKVWTA
(avTidpaon), eivai

5.20

oo 1
w-C 2.m-f-C
161E N Ooxéon (5.20) yiveTtal
1
r ==
NER R -1 X¢
MNa f =50Hz TpokuTITeEl ATTo TNG (5.20) 0 EUTTEIPIKOG TUTTOG
0.577
r= % .
R -C o 5.21

AvtikaBioTwvTag TN oxéon (5.17) kai (5.18) otnv (5.14) TrpokUTTTEl

u
U — _ DC
e 70 2fCR,
Kal AUvovTtag wg TTpog Upc TTPOKUTITE

5.5.2.2. To ®iAtpo RC otn AirA AvopBwon

Av 10 pedpa TTpoépxetal atmo OITTA avopBwon, TOTE N eKPOPTION Tou TTUKVWTA Ba diapkei
AiyOTepo, dNAOdI PEXP! VO OUVAVTHAOEI N KOUTTUAN €KQOPTIONG TNG TAONG TOU QOPTIOU TN
OTIYHIgia TIMA TNG OUEOWG ETTOUEVNG NUITTEPIGdOU TAONG TNG TNYNAG. 210 OoXAMa 5.19(a)
QaivVETAl N KUPATOUOP®N TNG TAONG TOU TTUKVWTH yia atTAf avopBbwan kal ato axfua 5.19(B)
yia OITTAR avopBbwon.

H 1d0n 10U TTPOKUTITEl AT éva TETOIO QIATPO dev ival BEBaia TeEAEiwWG CUVEXAG, €XEI HIa
KupaTwon Uk. H kupdtwon aut avaAuduevn katd Fourier divel pia Bepehicddn Kai dIAPopeg
QPUOVIKEG nuITovoEldeic TAoelg. Maparnpolue OTI OTnNV TTPWTN TTEPITITWON N BgpeAiLdNg
ouxvOTNTa TNG TAONG KUPATOMOP®PNG Uo £XEI TN CUXVOTNTA TOU BIKTUOU W, €VW OTN OeUTEPN
TTEPITITWON €XEI TN CUXVOTNTA 2W KOl €ival JIKPOTEPOU TTAATOUG.

Uk Uoc U

0=wt 6=wt

N /N, JANVANVAN .
\_/ B=wt \/ \/ \/9=wt

() (B)

ZxAHA 5.19. KaumruAeg @OpTIoNng Kal EKPOPTIONG TTUKVWTH 0& KUKAWHA (a) atrAng Kai (B) S1TTAng avopbwong.

MooooT6 KUpdTwong

To @iATpo RC éxel okomrd, OTTwG ava@épOnke o TTAVW, va UEIWOEI OTO €AAXIOTO TO
TT0000TO TNG EVOANACTOUEVNG CUVIOTWOOG TNG TAONG OTA AKPA TNG avTiotaong goptiou R. To
TTO000TO AUTO AEYETAI TTOGOOTO KUPATWAONG KAl GUKBOAIZeTal PE TO % atrd TO TTPWTO YPAPHO
™G AéENG ripple. YTrohoyidetal TTpOOEYyIOTIKGE ammd 1o AOYyO TnG evepyoug TIMAG TNG
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BepeAiudOUG OuXVOTNTOG TNG TAONG TOU TTUKVWTA oTnv atmmAr avopbwon A Tng deuTepng
QPMOVIKAG TNG TAGNG TOU TTUKVWTA oTn SITTAR avopBwaon, TTpog Tnv Tdon cuvexolg pelpaTog
Ubc. H TTpoo€yyion cuvioTatal 1o 6Tl TTAPAAEITTOVTAI Ol OPHOVIKEG AVWTEPNG TAENG.

‘E1o1, av Uk gival n yetafoAr Tng Tdong TNG KUPATWONG, TOTE QUTH) PTTOPEI va TTAPOUCIAOTEI
KATA TTPOCEYYIoN aATio Wia TPIYWVIKA KUPATOPOP®H OTTOU TO TUARUO TNG EKQOPTIONG £XEI TN

Hop@r TNG oxéong i, =C%:Cwumouth. Twpa, At 0 XpOvog ekQOPTIONG TOU TTUKVWTH

IooUTAl KOTA TTPOCEYYION UE % Apa, n oxéon (5.17) yivetau:

Uk = loc 5.22
2.f.-C

Me evepyo TIPN TTou divetal ato Tn oxéon (5.15). AvrikaBioTwvTtag otn oxéon (5.10) 1ig (5.15),
(5.22) kai (5.18), TTPOKUTITEI YIO TO TTOCOCGTO KUUATWONG:

Ioc Vb
_Ykms _2.3.2.F.C_4-3-f-C-R__ 1 5.23
Voe Voe Voe 4.43.f.C-R,

Otwpolpe TO PaVTACTIKO NEPOG TNG CUVOETNG avTioTaoNg Tou TTUKVWTH (avTidpaon), yia mn
1 1

SITTA 400 6 . var SIMAGOIa, X = _ .
AR avopBwon, éTou n ouxvotnTa gival dITAGaIa =3 G aTfC otéTE N
1
oxéon (5.23) yivetar: r= ———
(5:29) V3. Xg R,
MNa f =50 Hz, n oxéon (5.23) yivetai
r= 0.29 % 5.24
= (4 .

H 1d0n kupdtwong peTaBAMAeTal avTioTpOPwg avaloya pe 1O @optio R kKal Tn
xwpnTikdéTNTa C. Mg @opTio R=c0, N KUPATWON €ival undév Kal 0 TTUKVWTHG QOPTICEl TNV TIUA
Tou Vo.

5.5.3. ®iAtpo LC

MNa va PeAniwooupe Tnv a1rOGdO0N TOU TIUKVWTA TNG TTPONyoUPEVNG Trapaypdeou,
ouvdéoupe o€ oOelpd PeTalU TOUu OTOIKEIOU avopBwong Kal Tou TIUKVWTH, €va Trnvio
auteTTaywyng L, 6Tmwg diakpivetal 0To KUKAWMATIKG didypappa Tou oxfuartog 5.21. To @iAtpo
e€opdAuvong autoU Tou TUTTOU Aéyetal QiATpo LC kai xpnoigoTroigital otnv Tpo@oddtnon
OUCKEUWYV HE PEYAAO Kal KUPOIVOUEVO PEUNA QOPTioU, OTTWG YIa TTAPAdEIYUA OTOUG TTOUTTOUG.
H xopokTnpIioTIKA @opTioewg Tou @iATpou auToU (Cuvexng TAon, OuvaAPTAOEl CUVEXOUG
peupartog) @aivetal oto oxAua 5.20 kal pmropoupe va dlokpivouue OTI n TAon €E6dou
diarnpeital oxedov oTabepr yia apKeETA PEYAAES DIGKUPAVOEIG TOU PEUPATOG QOPTIOU.

ATTO TN XapakTnPICTIKA auTr) TTapatneoupe OTI aTNV apXn TS ®OpTIong (Yo YIKPG peluaTa
@opTiou) n Taon TEPTEl aéTopa. MAvw Opwg aTmd yia TiYr Tou pedpaTog gopTiou Ir, N Taon
TTAPOUCIAdel pia PIKPR PETOBOAR yUpw aTrd Tn OUVEXA CUVIOTWOO TNG KUMATOUOP®AG TNG
atrARG avépBbwong tou divetal atmmd Tn oxéon (5.6) kai Tng dITTAAG avopBwang TTou diveTal
otnv (5.8).

To @iAtpo LC mepiAauBdvel 0To KUKAwPG Tou pia avtioTaon 1Tou cuvdEsTal TTapdAAnAa
OTOV TTUKVWTH OTTWG @aiveTal oto oxnua 5.21. Auth n avriotaon Aéyetal avTiotTaon diappong
(bleeder), cupBoAieTal pe Rs kal UTTOAOYICETOI £€T01 WOTE VO ATTOPPOPA €va pelpa s TETOIO
WOTE N TA0N O0Ta AKPA TOU TTUKVWTHA va Pnv avéRel TToTé TTAvw atod Tn CUVEXA OUVIOTWOA TNG
KUUOTOUOP®AG TNG avopBwaong, akdun Ki av ndevIoTEl TO peUPa GOPTioU.

H avrtioTtaon diapporg Re utroAoyidetal pe TéT010 TPOTTO WOTE YIA OCOBATTIOTE PEYAAN TIMA
NG avtioTaong @optiou, 0 AGYyog Tng OTIyMIaiag TIMAG Tou pPeUPATOG €VOAAAOGOUEVNG
OuVvIOTWOOG lac TTPOG TO pelpa ouveXoUg ouvioTwoag Ipc va pAv utrepPaivel Tn govada. H
MEYIOTN TINA auTOU TOU AGYOU TTOPOUGIAZETAl yIa TN PEYIOTN TIPA Tou lac, dnAadh Ba TTpéTTel

Iac V2 <lpc
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H duopevéoTepn TiuR autol Tou AGyou TTPOKUTITEl yia AeIToupyia e€v Kevw, dnAadn yia

Ioc=lg, OTTOTE ¢ W2 < Ig, 610U I = L;ﬂ . 'ET01 uttoAoyiCeTan n avtiotaon diappong

Ioc’RL + TTWON TdONG d1660U
— _l_ — ABaviké @iAtpo

e

gUpa diappong ls

ZxAMA 5.20. XapakTnPIOTIKA @OPTIONG PiATpou L.

>1nv TepiTTwon Tou giATpou C TTapatnpAcape 6Tl N 8iodog diappéeTal aTrd peUua YOVO O€
€va PIKPO TUAMA Tng TepIodou. H Tiur Tou peupaTog e€aptdTal ammd 10 yivopevo wCRL. Av
uttoBégoupe OTI o€ oelpd Pe Tn Biodo TOTTOBETOUUE €va TINVIO PE MIKPA QUTETTAywWYr TETOIA
woTe va peyaAwvel Tn didpkeia aywyiuétnTag tng 81680ou Xwpig OUwWG va YiveTal OUVEXNG.
AugdvovTag Tnv TINA TNG auTeTTaywyng Ba uTTdpgel KATTOIQ OTIYUN) TTOU N POA TOU PEUPATOG
até 1n 6iodo TTpog TNV avriotaon @opTtiou Ba eival cuvexAs. H TINA auTh TNG AQUTETTAYWYNG
TNV oTToia N pon apXiCel va yiveral ouvexng AEyeTal KPioIun auTeETTaywyn.

5.5.3.1. To ®iAtpo LC otnv amwAnl avépbwon

ZUpewva pe Tnv avaAuon Fourier kal 6tav 1o0xU0el N ouvOnikn Ioc=ls, N cuveXAg ouvioTwoa
NG TaoNg €§0B0U €ival KOTA TTPOCEYYION 0N YE TN OUVEXN OUVIOTWOA TNG Tdong eI0600U Tou

oxAuaTtog 5.21 kai divetal atéd Tn oxéon (5.6): Vpe =V, 2 =0.64V,, 610U Vo €ival To TTAGTOG
m

NG evaAAaooOuEVNG TAONG TNG TTNYNG.

Un N L Uour
| L]

Zxnua 5.21. KukAwpaTikoé didypappa Tou @iATpou LC oTnv atmrAil avépbwon.

——4
>0

H 1TpwTnN Kol onuavTiKOTEPN EVAAAACGOOUEVN CUVIOTWOO TNG TAONG TNG ATTANG avopBwaong
givalr ouxvotntag f, idla pe Tn ouxvotnTa ToU BIKTUOU, OTTWG PTTOPOUNE va OIOKPIVOUUE OTn
oxéon (5.7). To kUkKAwpa LC éxel okommd va e€AaTTwoel OTO EAAGXIOTO TO TTOOOOTO TNG
evOAAAOOOUEVNG OUVIOTWOOG TNG TAONG OTa AKpa TnNG avTtiotaong gopTiou RL. To T0000TO
autd AfyeTal TTOOOOTO KUPATWONG Kal oupBoAileTal pe r% atmd 10 apxiké TG A&ENG ripple.
AuTé, uTttoAloyileTal TTPOCEYYIOTIKA aTmd To AOGYO TnG evepyoUg TIMAG TNG eVOAAAOOOUEVNG

Tdong US"UST TPOg TNV TAOoNn ouvexoUug PeUPATOG UgﬁT. H mpocéyyion cuviotatar oto Ot
TTOPAAEITTOVTAI Ol APUOVIKEG avwTEPNG TAENG. ZUpQwva Pe TNV avaAuon Fourier n evepyog
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TIUA TNG €VAAAQCOOPEVNG CUVIOTWOOG TNG KUPATOPOP®AG atrAng avopbwaong TTou eicayetal

1 _0.354.U,

2.2

oTo @iATpo gival (e€iowan 5.7): U =U,

Iac XL

. Il .

Zynua 5.22. loodUvauo kUkAwua oiAtoou LC.

APEAWVTOG TNV WMIKA avTioTaon TnNg QUTETTOYWYAS, OTO oxnpa 5.22 diakpiveral 1o
10000Vau0 KUKAwa Tou @iAtpou LC.
MNa v atAf avopbwan, ol duo avTiIdpAaelg givai:
1

X =w-L ka Xg =5c Autég ouvdéovial oe o€lipd Kal Onuioupyolv vyia Tnv
(JJ .

evaAAaooopevn HOVO OouvIOTWOA éva JIAIPETN TAONG. ZUVETTWG, N EVAAAOCOOPEVN OUVIOTWOA

KOaTaveéEeTal Je AGYO Xc . Auté onpaivel 0TI 600 pIKPOTEPN €ival N Xc TOOO PIKPOTEPN
ctAL

gival Kal n evaAAaoooOuEvn CUVIOTWOO OTa AKPA TOU TTUKVWTH, &nAadr Kal T0 TTO00CTO
KUPGTWONG oTto gopTio. ' autd, Ta QiATpa autd kataokeudlovTal e Baon Tn oxéon Xc<<XL.
Tnv téon auth TnG evOANACOOUEVNG CUVICTWOOG OTA AKPO TOU TTUKVWTHA PTTOPOUPE va Tnv
uttoAoyiooupe yia dIapopeg TINEG TNG avTioTaong gopTiou RL. Tn peyaAdtepn Opwg Tipn Ba n
Bpouue av dev utrdpxel kaBoAou n avrioTaon @opTiou, a@ou cival TTAPAAANAN HeE TOV
TIUKVWTA, Kal €101, uttoAoyioupe Tnv TAon Kupdtwong tou Ba dwoel To OUCHEVECTEPO
atrotéAeopa. MNa Ioc=0, amd 10 oOXApa 5.22, pe digipeon Téon TaAipvoUME Yia TRV
evaAAaoodpevn Taon €€6d0u:
OB = sy Ui = 3 UAF
Xc + X, XL

€TEION, OTTWG avoPEPONKE I0XUEI Xo<<XL.

AVTIKABIOTWVTAG TIG TINEG TWV AVTIOPACEWY, KABWG Kal TNV evepyo TIPA TNG TAoNG €10050u
atd TNV (5.7), n evepyog TR TNG evaAhaoooduevng Taong e€6dou, Ba givai:

ms _ X¢ 1 1 1

=2c 1 y=-—— 1y 5.25
UT™X 242 ° wPL-C 242 °

Kal atré TG (5.6), - 6TTou BewpoUpE TNV TIA TNG oUVEXOUG CUVIOTWOOG €600V ion PE TNV TIUA
TNG ouveXoUGg ouvIoTWoag 1008ou — (5.25) kai (5.10), uttohoyiCoupe TNV KUpdTtwaon

Xe 1 U, 1 1 Uy
Ul X 242 7 _w?l-C 242
UG Yo Y
m 'IT
O¢tovtag w=2mf , n TeAeuTaia axéon yivera:
T Xc 1

r= AT 5.26
2.2 X 8.m-2.-f2.L.C

MNa 1n ouxvétnta tou dikTUou Tng AEH, f=50Hz, n Tpooéyyion yia T0 TTOOOOTO KUPATWONG
gival
. 0.00113

L-C

%
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5.5.3.2. To ®iAtpo LC o1n di1TAR avépBwon

H 1pwtn Kal onuavtikOTEPN €VOAAACCOUEVN OUVIOTWOOA TOU PEUPATOG TNG OITTAAG
avépbwong eival ouxvotntag 2f 6tmou f n cuxvéTnTa Tou dIKTUOU. ZUPPWVA PE TNV avaAuon
Fourier, n evaAaooduevn ouvioTwaoa TG KUPATOPOP@NG SITTANAG avopBwang TTou €I0dyeTal
oTo QiATpo eival (e€iowon 5.9):

N =Uo =0.3-U, 5.27

_ 4
3-1'r-\/§

APEAWVTAG TNV WHIKA QVTIOTAON TNG QUTETTAYWYNG, I0XUEI TTAAI TO 1I008UVOUO KUKAWMA TOU

oxnuarog 5.22. O1 dvo avTidpdoelg Twpa eival X, =2-w-L kal XC:2 . Autég

ouvdéovTal o€ O€IPd Kal dnNUIoUpyouV yia TRV evAAAaoOoOpEVn NOVo ouvioTwod €va d1alpéTn
_Xec | URS zx_C SURe
AvTikaioTWVTag Ta TIponyolpeva otnv (5.27), TPOKUTITEl yIa Tnv €vepyod TIUAR TNng
evaAAaooodpevng Taong £€6O0U:

Urms 4.U, Xg 4 1

- 2% 2c_y . 5.28
T "3m2 X °3my2 4-w?-L-C

tdong: UaSr = eTEIdH, OTWC  avoQéPBnKe 1oXUEl  Xc<<XL.

Uour

ZxAua 5.23.Tpo@odoTiké dITTARG avopBwaong pe @iAtpo LRC.

H ouvexng ouvioTwoa Tng Tdong eiIc6dou TTou divetal atro Tnv e€iowon (5.8) eival ion pe T

OUVEXT OUVIOTWOoA TNG Tdong ££6dou: U(D)ST = 2 :0 .

EtTopévwg, ytmopoupe va UTTOAOYICOUME TNV KUPATWON

4-Uy Xg 4 1
L_3m2 X _ "3mf2 4-w?.L.C 626
2-U, 2-U,
ST ST
n
2 Xc 1

r=———. "*~—-—
342 XL 6.42-w2-L-C
Kal av 6€ooupe w=2Trf, 16T1E N (5.29) yiveTtal
1

r= 5.30
24.m%.\2.f2.L.C
Kal avTikaBioTwvTag f=50Hz, kataAflyouue oTnV TTPOCEyyIon
fo 0.00012% 531
L-C

MapaTtnpouue 611 TOGO GTNV aTTAr] 600 Kai oTn dITTAr avopBwan pe Xprion @iAtpou LC yia
e€opdAuvaon, To TTOOOCTO KUPATWONG &gV €TTNPEGCETAI OTTO TIG SIOKUUAVOEIG TNG QvTioTaoNG
poprtiou RL.
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5.5.4. ®iAtpo I pe avrioTaon Kal TTUKVWTEG

O1wg €idape oto @iATpo RC n kupdtwon eival TOAU PIKPOTEPN OTTO AUTH XWPIG Tov
TTUKVWTHR, IBI0ITEPA YIa PEYAAEG TINEG TNG avTioTaong gopTiou RL. QoT1600, N Kupdtwon eivai
apKeTa utroAoyioiun. H katdoTaon BEATIWVETAI Qv JETA TOV TTUKVWTH TTPO0BECOUUE avTioTaon
R o€ oeipd pe v avriotaon @opTtiou Kal, TTOPAAANAa pe TNV avtiotaon @opTiou, évav AAAo
TTUKVWTNA. Anpioupyeital €101 To @iATpo 1 Tou oXAUATOG 5.25 pe avTioTaon Kal TTUKVWTEG.

O TmukvwTnG €106dou C+ TaiCel Tov idlo pdAo TTou £mmaide o TTUKVWTAG oTo @iATpo RC.
YmoBiBadel dnAadr Tnv Kupdtwaon Tng Taong mmou dnuioupyeital atrd 1n &iodo Kal augavel Tn
ouvexn ouviotwoa. H 1mpooBrkn Tou Tunpatog RCz utrofifdlel akdun TTEPICOOTEPO TNV
KupaTwon. £1a oxAuata 5.24 (a) kai (B) yrropoupe va doupe tnv emmidpacn Tou TuAparog RC:
Tavw OTn ouvexr ouvioTwoa Upc Kal TTAvw OTIG EVAAAOCOOUEVEG CUVIOTWOEG TNG TAONG
€10600uU, avTioToIXA.

‘Eotw UINPC n ouvexrig ouvioTwoa tng Tdong oTnv €icodo Tou @iATpou. lNa Tn ouvexn
OUuVIOTWOO Tou PelpaTog, o TTUKVWTAG C2 Trapouaciddel deipn avriotaon. H 1don UoutPC oTa
akpa NG avtiotaong @optiou RL Ba eival BéRaia pikpdTepn atmd TNV UNPC Adyw TnG TITWong
Tdong otnv avtiotaon R. ©a €xoupe dnAadn atrd 1o dIaIPETN TAONG TOU OXNMATOg 5.24(a).

R
yoc __Ru_ ype
oUT TRIR, N

Ur
UnP° e
T UINAC
v T
U DC .
% ouT 1 N C N UOUTAC

| |

®

() (8)

Zxnpa 5.24. loodUvapo KUKAWHATA VIO TO CUVEXEG Kal EVAAAaOOOpEVO
PEUHA AVTIOTOIXA.

MNa TG evaA\aooodueveg ouvioTwoeG Ba €xoupe TO 1000UVAUO KUKAWMA TOU OXAUATOG
5.24(B). O mrukvwTtAg C2 emAEyETAI LOOTE VA TTAPOUCIAZEl TTOAU JIKPR avTioTaon aTn PIKPOTEPN
atmd TIG APUOVIKEG OUVIOTWOEG TNG TAong €Eddou. 'ETol, oI evOAAAOOOUEVEG OUVIOTWOEG
TTEPVOUV aTTd TOoV TTUKVWTH C2, 0 0TToiog €xel TTOAU WPIKPOTEPN avTiIOTAON YIQUTEG aTT OTI N
avtiotaon Ri, ommdéTte 010 1I0086UVaPO KUKAWMA Tou oxAuartog 5.24(B) n avriotaon @optiou RL
TrapaAcitretal. ‘ETol, éxoupe €vav diaipétn TAONG yia TIG EVOAAOOCOUEVEG CUVIOTWOEG TTOU
arroteAeital amd tnv avriotoon R kal Tov TTUkvwTr Cz. To pérpo kdBe evaAhaocoouevng
OuVIOTWOOG TNG Taong £€6dou, Ba eivai:

X
ouT C IN
Uyt = ZZ’UAC 5.32

. [52 , v2 . . . . .

émou Z=,/R" +X¢, #R, epboov n R eival ToAu peyaAn o€ ouykpion pe Tnv XCZ . 'E101, o101
dkpa Tng avrtiotaong @optiou Ba €xouv utrofiBacTei 0 evoANaOGOUEVEG OUVIOTWOES. Oa
€xoupe OnAadn PIKPATEPN KUPATWON aTTd QUTH) TTOU €iXaUE OTnV €000 Tou QPIATPOU.

5.5.4.1. To @iAtpo I pe avrioTaon yia Tnv amrAn avopbwon

Q¢ yvwoTOlv, KATd TNV EKPOPTION Tou TTUKVWTH C1 10XUEI N oXéon
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IDC = C1 . % 5.33

O61T0U BeWwpoupe OTI TO Ipc gival oxeddv 01abepd agou eivar AU<<Upc. H tdon AU TTou xdvel o
TTUKVWTAG KaTd TNV EKQOPTIOT Tou gival n Tédon Kupdtwaong Ur Tng ei106dou. O xpdvog At givai
0 XPOVOG EKQOPTIONG KAl yia TNV aTrAf avopbwaon Bewpolue 611 1Ico0Tal he Tnv Trepiodo T.
Emropévwg n téon Kupdtwong oTnv €i00d0 Tou QIATpou Eival:
U = lpc - T _ Inc
r,IN C1 £ C1
H evepyOg TIuA autrg TNG TAoNG, EQOCOV TTPOKEITAI VIO TIPIOVWTA KUPAaTopop®r, Ba civai

5.34

|
U = —=2— 5.35
rIN 2. \/5 f. C1
AvTikaBioTwvtag TN oxéon (5.35) otnv (5.32) TTpOKUTITEl yIa TNV €vePYO TIMA TNG TAONG

I Xc U
KUMATWONC otV €050 Tou @iATpou UMS - =— BC .~ =2 yq) gpdoov lhe = —2C Ba
M ng otnv £§ QIATD r,OUT 2-\/§-f-C1 R ¢ DC R,
ioxver U'S T = Uoc X, OTIOTE, TO TTOCOOTA KUPATWONG Ba givai:
VT o V3 f.CiR-R, '
rms X
[ orout _ C, 5.36

Upc 2-43-f-C;-RR,
1 —_
w-C, 2-mf-C,

av Béooupe X, = kai/ f = 50 Hz, n oxéon yiveTai:

rout 1
p——rouT _ 5.37
Upce 4-4/3.m-f2.C,-C,-R-R,
n
___ 000184
C1'C2'R'RL

5.5.4.2. To @iAtpo N pe avrioTtaon yia 1n diIrAnR avopbwaon
. ] ; . , . AU
Qg yvwaoTov, Katd Tnv ekpdpTion Tou TTUKvwTr C1 10x0el n oxéon: Ipc =C;4 A otTou

Bewpoupe Om TO Ipc €ival oxedov oTabepd agou eivar AU<<Upc. H tdon AU tou xdvel o
TTUKVWTAG KaTA TNV EKQOPTIOT Tou gival n Tédon kupdtwaong Ur Tng ei1c6dou. O xpdvog At givai
0 XpOVOG €KPOPTIONG Kal yia Tn dITTAR avopBwaon Bewpouue OTI IcoUTal e TNV NUITTEPiIodO T/2.
Ipc - T _ Inc _
2.Cc, 2-f-C
EVEPYOG TIUN QUTAG TNG TAONG, €QOCOV TTPOKEITAl YIO TIPIOVWTA Kupatopop®r, Oa eival

Emopévwg n 1don kupdrwong oty €igodo Tou @iktpou eivar: U,y =

rms IDC

UN = m Emopévwg, yia Tnv gvepyd Tiur TG TAONG KUPATWONG OTnv €000 TOU
@iATpou, TpokUTITE UGt :lD—C-& Kal  epdoov  Ipe = Uﬁ, Ba  10XUEl
: 4.3.f.c, R R.
TouT = Uoc Xe, oTdTE, TO TTOCOOTO KUPATWONG Ba gival:
: 4.43.1.C,-R-R_’ ’
_ rouT _ Xc, 1 Xc,
“ Upc  443-f-C-R-R. T3 Xe RRU
1 1

Av Béooupe XCZ = kai f=50 Hz, 161¢

2.wC, 4TmfC,
rms
rOUT _ 1

= 5.38
Upc 16-4/3-m-f2.C,-C,-R-R,

r=
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0.0014

r=——%
C1 ‘C2 ‘R'RL
D1 \ADZ\ R
1 VVAVA
D4 D3 T T

Un

; %R Uour

ZxAHA 5.25. KuKAWPOATIKG S1dypappa TPo@odoTikoU pe SITTAR avopBwaon Kal @iATpo MM pe avTioTaon Kal TTUKVWTEG.

AY|

~ Ci C2

A\ |

5.5.5. ®iAtpo N pe TNvio KAl TTUKVWTEG

210 oXAUa 5.26 @aiveTal £va QIATPO PE TTUKVWTA OTnv €i00d0 TTou akoAouBeital atrd éva
@iATpo L. Auto Aéyetan @iAtpo T Adyw TNG XwpodidTagng Twv aToixeiwv Tou. Me autd 1o
@iATPO N TAON CuveEXOUG peUNATOG OTN AsIToupyia ev Kevo 1ocoutal e Tn péyiotn TiuA Uo Tng
evoAAaooOpEVNG TAONG TOU BEUTEPEUOVTOG TOU JETOOXNMATIOTH TPO®OdOTNONG. AUTr n TAoN
MeIwvVETal 600 augaveTal TO PeUPA GOPTiou lpc PE TOV idI0 PUBUOG, aTTd T PIKPA PEUPATA PEXPI
Kal Ta peydAa. To @iATpo autd divel HIKpO TTOCOOTO KUPATWONG Kal JeydAn ouvexr taon n
oTToia Opwg peTaBaAAeTal ye To pedpa gopTtiou. '’ autd 1o Adyo 1o @iATpo M XpnoiyoTroigital
wg e€opahuvtig avopBwpévng TAong yia va TPOPOdOTIOEl CUOKEUEG PE PIKPO Kal oTaBepd

peUua QopTiou.
IN

—— —— Ru Uout

T T1

TxApa 5.26. KuKAwpaTiké Sidypappa @iAtpou I.

H oTiypiaia Tiyr TNG T@dong Uin oTnv €icodo autol Tou QiATpou @aiveTal aTo oxfua 5.27 kai
TIPOKUTITEI aTTO TIG DIAOOXIKEG POPTIOEIS KAl EKPOPTIOEIG TOU TTUKVWTA €106dou Ci. Exer n
Hop®n TTpIovwTHG Tdong TIUAG Uk aTTé KOpU®A a€ Kopuer.

O1wg @aivetal oTo oxAua 5.27, katd 10 Xpovikd dIAoTNUa t2 0 TTUKVWTAG QOPTICETAI EVW
KOTA TO XPOVIKO BIACTNUA t1 eEKpopTiCeTal Kal IoXUEl t2<<ti.

Av utroBéooupe o1 n TTITwon Tdong AU Adyw Tng WHIKAG avTioTaong Tou Trnviou L ival
TTOAU piIkpn, dnAadn AU<<Uk, yia Tn ouvexn Taon Ba 1oxUel n oxéon 5.14: Upe = U, —U?K. H
Uk (n evaAhaocodpevn Tipr Tng TTplovwThg Tédong ££6dou) uttoAoyideTal atrd To ouvexEg pelpa
Ipc ka1 ammd TIG OUVONKEG POPTIONG KAl EKPOPTIONG TOU TTUKVWTH. Av BewprRooupe Ot ta<<ty,
16TE B 10X UEI

1
txT=-=
! f
Kal av Bewpnooupe 611 10 Ipc gival oxeddv aTabepd agou eival Uk<<Upc, TOTE, TO QOPTIO TOU
TTUKVWTA TTou a11odideTal KATA TNV EKPOPTIOA Tou Ba gival ioo pe Ipc.t1 kal eTouévwg, n Tdon
TTOU XGVEl AUTOG O TTUKVWTAG KaTd Thv eK@oOpTIon Tou Ba gival n Uk:
_ - et Ipe

Uk = = =l\~-2.-1-X
KTC, T C, C.f Pem e
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0
ZxAMa 5.27. AlaypaupaTa CTIYHIGIWVY TAGEWV Yida TO @iATpo M.

. ETropévwg, n ouvexig ocuviotwaoa, Ba divetal ammd Tn oxéon

gpooov X¢, = 5.
R
5.39

Upc 2Ug —Ipc-2-T-Xc, 1
1

Upe 2Uy —lpe -
DC o ~lbc f.C,

Av Béooupe w=2mf kai f=50 Hz, 161¢
0.02

Upe 2Ug =y ——

DC 0 ~Ibc C,

5.5.5.1. ®iAtpo N pe Tnvio yia Tnv arAl avopbwon
H evaAhaocoodpevn 1a0N TTOU €QapuoleTal OTa AKPO TOU TTUKVWTHA €10000U €ival TTpIovwTh

ME evepyo TiPr TTou divetal otn oxéon (5.19):
Uk rms = Uoc
™ 2.J3.f.R -C
AuT eloayetal 1o QIATpO L2.C2 TToU evepyei aav SIaIpETng TAoNG, OTIOTE N £vEPYOG TIUN

NG EVAAAQOTOPEVNG CUVIOTWOOG TNG TAONG OTA AKpa Tou TTUKVwTH C2 Ba ivai:
i = U < 2 U

. m-loe Xc, Xc,
Emopévwg UGSy = —25.—=2 =2 f
ouT \/g XL
I
rms DC
= 5.40
T g.J3.m2f.L.C,.C,
Omoére, 71O TOOOOTO  Kupdtwong, amé  T7g  (5.39) «kar  (5.40), eivan
rms X~ -X
po—rour _ T 7C, "G, f
UDC \/g XL'RL
1
5.41

r=
8-4/3.m2.f3.C,-C, L-R,
Kal av 6€ooupe f=50 Hz 16T1€, N oX£0N TTOU TTPOKUTITEI €ival:
0.0000058
r= Yo
C1 * C2 * L * RL

5.5.5.2. ®iAtpo I pe Trnvio yia Tn dITTAR avépbwon
Av uttoBéooupe OTI n avopBwpévn TAon €I0000U TIOU E€ICEPXETAI OTO @QIATpO E€ival

atrotéAecpa TARpoug avopbwang, TOTE n evaAAaoOOuEVN TACN TTOU £QapUOleTal OTa Akpa
TOU TTUKVWTNA €1I0600U €ival TTpIovwTH, TOTE ato TIG oxéoelg 5.15 kai 5.22, éxoupe ammodeigel

OoTI:
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ms _ IDC
N 4.43.C, f
1 p—
2.w-C; 4.-m-f-C

kal epooov X, = , N TTponyouUuEvVn OXEanN YPAPETAI:

AutA eicdyetal oto @iATpo L2.C2 TTOU evepyei oav dIaIpETNG TAONG, OTTOTE N £VEPYOS TIUA
NG eVOAAQOOOUEVNG OUVIOTWOOG TNG TAONG OTA AKPa Tou TTUKvwTAR C2 Ba cival:

rms

rms Xcz rms Xcz yrms
“MIN

~

OUT =5 . v “IN

. -U Xe, Xe,* m-U
OTIOTE ms__ T-YUpc 272G ums_ DC
out J3 XUR, out 4.43.w%.L-C,-C, R,
To TmoocooTé KupdTwong Ba eivai

rms
rour 1T XCz 'XC1

r= -
Upe 3 X Ry

1
" 64.43.m2-13.C,-C, LR,
Av Béooupe =50 Hz, 161¢

r 5.42

e 0.00000073
C1 N Cz N L N RL
5.5.5.3. MoAAa1rAd @iATpo TUTTOU L

%

Omwg @aivetal kal ammd TIG OXEOEIG TNG TTPONYOUHEVNG TTAPAYPAQPOU, O GUVTEAEDTH
KUPGTWONG MIKpaivel 6oo augavovtal ol TIuéEG Twv L kai C. KaAUtepa armroteAéopara Oa
TTETUXOUUE av ouvdEéooupe OTn Oelpd dUo A TTEPICOOTEPA QIATpa oxnuaTiovTiag €101 éva
TTOAAOTTAG @iATpO. To KOoTOG BEPRaia Ba gival peyaAliTepo aAAG 0 CUVTEAEDTHG KUPATWONG Ba

o6trou K pia otaBepd Kal n 0 apIBUOG Twv GIATPWV.

MIKPQiVEl JE EvaV OUVTEAEDTN K
L-C:n

ZxApa 5.28. MoAAaTTAS @iATpo M pe TNVia KAl TTUKVWTEG.

5.6. ZraBepotroinon Taong pe ZENER

‘Eva ammé Ta ouvnBiouéva KUKAWPOTA TToU XpnoIJOTToIoUvVTal OTIS avopOwTIKEG dIaTAEEIg
gival o1 Agyopevol ataBepotrointég Tdong. Ta KUKAwpATa autd gival TTOAEG POPEG OPKETA
ouvOeTa Kal yI' autd Ogv UTTOPOUNE aKOUN va Ta TTEPIYPAWOUNE OTO KEQAAaIo auTd. Xpnaiuo-
TTolI0UVTal OUWG TTAVTOTE OTA KUKAWWOTA auTd diodol Zener yia va dwaoouv pia atabepn Tdon
ava@opdg wg TTPOG TNV OTToIa AEITOUPYEI 0 OTABEPOTTOINTAG. ZTIG TTAPAKATW TTapaypdeoug Ba
TTEPIYPAYWOUNE TETOIEG EPAPUOYEG TNG Zener OTIG OTToIEG TTAiPVOUNE OTa AKpa TnNG Zener pia
otaBepn) TAon ion pe TRV ovopaoTikA Tdon Tng 81600uU AUuTAG.
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5.6.1. Tpo@oOBOTIKO pE YEQUPA Kal OTaBgpOTTOinON

To Tpo@odoTIKG TTou dlakpiveTal aTo axfiua 5.30 avAKel GTNV KaTnyopia Twv TPOPOdOTIKWYV
Ta omoia KpaTtoUv oTaBepry TNV TAON €O0OU. ZUyKeKpiyéva, n pia €g¢odog eivai
otaBepotroinuévn ota 9 V DC kai n dAn ota 11 V DC. H €€0dog Twv 9 V DC Trapéxel
oTaBepn TIUA yia éva peydAo e0pog TINWV @opTiou Kal autd, Adyw Tng 1016TNTAg TNG Zener va
KpaTdel oTaBepn TNV TACN OTA AKPA TNG.

To KUKAwMO TOU TPO@POSOTIKOU

270 TPOPOBOTIKO auTO £xoupe TTARPN avopBwan, dnAadr €XOUNE Kal yia TNV apvNTIKA Kal
yla Tn BeTIKA NUITTEPiIOdO TOU OUaTOG €1I06d0U, £€£000 aTTd TOo OTOIXKEIO avopBwang TO OTToIo
€dw €ival évag ouvduaouog atrd 4 di6doucg.

H eCoudAuvon ki €dw emiTuyxavetal péow Tou TTUkvwT Ct1  Kal Tng avriotaong Ri1, o€
ouvOuaouo PE TO QopTio. AuTéG oI dUo TIPEG KaBopifouv Tn oTaBepd XpoOvou Kal To pEyeBog
NG KUPATwong yia Tnv £€€0do Twv 11V DC.

Vac
12 Volt

Vac METAS/THS » FEGYPA EZOMA- STAGEP/SH |—» 9V
220 Volt AN/SHS AYNSH ZENER bC

A 4
A 4

A 4

A 4

AIAIPEZH > 14
TASHY

VDC

ZxAua 5.29. Aopiko Sidypappa Tpo@odoTikoU Ue yéQupa Kal oTaBepoTroinon.

Meprypagn AsiToupyiag

Ta 220 Volt Tou OdIKTUOU €@apudlovTal OTO TIPwWTEUOV TOou peTaoynuatiot). H
peTaoxnuatiopévn Téon Tou OIKTUOU €@apuOleTal OTO OTOIXEIO avOopBWOEWG TO OTT0I0
amroteAeital amoé 4 O16doug oe ouvdeopoloyia yépupag. Kardmiv, n avopbwpuévn Taon
eCopaAlveral ye Tn BorBeia Tou TTUKvwWTA C1 Kol EQapPodeTal o€ €va ouvOUAO O avTIOTAOEWY
N piag d16dou Zener.

H diod0g Zener £xel TO XOPOKTNPIOTIKO va PETARAAEI TN por TOU PEUPATOG TTOU BIEPKETAI
aTr’ auTn €101 WOTE N TAON OTa AKPa TNG va diatnpeital oTaBePA Kal CUYKEKPIPEVA, ion PE TNV
ovopaoTiKA TNG TIuA. 'ET01, n diodog Zener Tou KUKAWPATOG WYE OVOMAOTIKN Tiyr} Ta 9 Volt
TTapéxel otnv £6060 oTabepoTtroinuévn tadon ota 9V DC.

Ta 11 Volt, Adyw Tng otaBepdtnTag Twv 9 Volt kal Adyw Tng idiag TIPAG Twv avTIoTAoEWV
R1 ka1 R2 tou diaipétn 1d0NG, €ival KI autd oTaBEPOTTOINUEVA.

XpNOIYOTIoIWVTAG TOV TTOAPOYPA®O, WTTOPOUUE VA TTAPOUPE TIG KUUOTOUOP®EG TOU
oxnuaTog 7.3.

H ouokeun 1Tou TTapouacidoape €xel SITTAR XpPNOoIWOTNTA:

A) M1ropei va xpnoipotroinBei cav atabepotroinuévo Tpo@odoTikd ota 9V DC

B) M1ropei va xpnoiyotroinBei cav otabepotroinuévo 1popodoTikd ota 11V DC

‘ETOI1, XPNOIYOTIOIEITAI OE KATAOKEUEG OTTOU N OTABEPOTNTA TNG TAONG Traiel oTroudaio
POAO, OTTWG YIa TTAPABEIYHA, OTOUG EVIOXUTEG TTOIOTATAG, OTA KUKAWUATA TTOU XPNOIKOTTOIOUV
wnelakad kKukAhwpata CMOS, og ToAaviwTég OTToU N PETABOAR TnNG TAONG METORAAEl TN
ouxvoTNTa TAAGVTWONG.
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M/Z

Vac

220V @ A Ri

+
R 11V DC

C1 +

T Dz 9V DC
. —

ZxAua 5.30. KukAwpaTiké idypapua

R4, R2: 100 Q, C: 1000 pF/25 V, MetaoXxnuaTioTAG: 220 Vac/12 Vac, D1-D4 : 1N4002 Dz: 9.1V

2710 OgUTEPEUOV TOU PETAOXNUATIOTH

Metd 1n yépupa D1 — D4

Mavw otov TTUKvwTH C1

5 / "~ DOdvw. on.diod0 Zener

N4 Mavw atnv.R2 ka1 1n Zener

IxAua 5.31. ATTOKpIon OTIYUIAIWY TACEWV.

5.6.2. ZraBepotroinuévo Tpo@odoTik6 20 VDC /0.5 A

ENIZXYT
> Hs

Vac IZXYOS

22 Volt
Vac AMAH EZOMAA PYOMIZH
220 Volt > MET/THE —» ANOPOQ > YNSH » MOAQZH l[¢— PEYMATOZ ®OPTIO

zH TAZEOQX ENIEXYTH
y

STAGEPON PYOMISH TASHS
OIHEZH >

ZENER —MNL
TxApa 5.32. Aopiké didypappa oTOBEPOTTOINPEVOU TPOPOSOTIKOU.

R1 : 560Q, V& : 1.1KQ, Q1, Q :2N2219 R, :15Q Vi, : 470 Q, Q2 : 2N3055, R3 : 470Q C, : 1000 pF/40V
AutrepopeTpo : 0-1A R, : 22 Q, R, : 10 uF/25V BoAtopetpo : 0-30 V Rs : 22 Q D7 : Zener 20 V M'égupa : 50 V/1A
Met/ioTAGg : 220 V/ 22 V

To 1po@odOoTIKG TTou dlakpiveTal aTo oxAua 5.33 avAKeEl GTNV KATnyopia Twv TPOPOdOTIKWV
Ta oToia KpatoUv oTaBepry Tnv TAon €{Od0U KOBWG €TTioNg TTOPEXEI MEPIKEG TTOAUTIMEG
€UKOAIEG Kal auTtopaTtiopyous. Mag divel Tn duvatdtnta pubuiong Tng Taong €£6B0OU pE TN
BonBeia Tou TTOTEVOIONETPOU VR2 KOBWG KAl TN pUBuIon Tou pelpatog £€6dou e Tn BorBeia
TOU TTOTEVOIOPETPOU VR1.

KUkAwpa 1po@odoTikou

O1 peTafoAég TG TAOEWGS KAl TNG EVTACEWG YivovTal avTIANTITEG atrd Ta dUo dpyava TTou
UTTAPXOUV OTNV KOTOOKEUR Kal TTou pag &ivouv Kal TNV apiBunTikA €vOeign Twv TIUWY TOUG.
AuTa eival éva BOATOPETPO Kal €va auTrepOETpo. ‘ETOl, yTTopouuEe va pubuicoupe 1o peUpa
Kal TNV Tdon Tavw OTo QOPTio Kal uéoa oTa Opia TpoPodoaiag Tou.
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Ta Baoikd pépn Tou TPOPOBOTIKOU OUWG, OTTWG N YEPUPO avopBwOoEews KAl TO KUKAWUO
e€opaAuvoNg, TTapapévouv AEITOUPYIKE, OTTWG OTA TTPONYOUUEVA TPOPODOTIKG.

F M/Z

1

CH

N
@ h
o
— o

VR> Ruall

&
! WV

]
Dv% NG, VR

D+
Da
R’)

ZxApa 5.33. KukAwpaTiké didypappa otabepotroinuévou Tpo@odoTikou 20 VDC /0.5 A.

Meprypagn AsiToupyiag

O¢toupe Ta 220 V Tou OIKTUOU, OTO TIPWTEUOV TOU METOOXNUATIOTA. H Tdon TTOU
avamTuooeTal OTO OEUTEPEUOV EQAPPOCETal 0T Yépupa avopBwong Kol OTn OUVEXEIQ,
avopBwpévn, eEopaAlveral ammd Tov TTUkvwTr C1. £Tn ouvéxela, n diodog Zener otabepoTrolei
TRV T@oN TToU TTOAWVEl To TpavdioTop Qz, TO OTTOI0, PE TN OEIPA TOU TTOAWVEI TO TpavdioTop Q1.
H perapAnTr avriotaon Vrz puBpicel Tnv mOAwon Tou Q2 Kai Katd ouvérela Tou Q1, TTou ival
TpavdioTop 10XU0G KOl TPOPOdOTEI TO POPTIO.

‘E1o1, puBpidovTag Tnv avtiotaon Vrez, emnpeddoupe Tn Asiroupyia Tou Q1, WOTE va €xoupe
puBuICOuEvn TaoN oTnV £€000 Tou TPoPOdOTIKOU. ETTiong, T0 Q3 TTOU TTOAWVETAI ATTO TO PEUUA
Tou @opTiou, emnpeddel Tnv TOAwaon Tou Q2. ‘ETol, puBuifovrag Tnv Vw1, PETABAAAETOI TO
pelpa £§6dou Tou TpoodoTiKoU. Ta dUo dpyava TTou uttdpyouv pag BonBoulv va pubuicoupe
TO peda Kal TNV Taon pOTOV Pag TTAPEXOUV apIBUNTIKEG EVOEIEEIG AUTWV.

MNa va ytropéoouv va yivouv puBuioeig, ammapaitntn TpoUTrdbeon eival n UTTapén @opTiou
oTnv €§0d0 Tou TPOYOSOTIKOU.

H ouokeun auTh gival TTOAU Xprioiun yiati pag Tapéxel 1 duvaTtotnTa pubuiong TG Taong
Kal TOU peUpaTog ££6dou, dpa, UTTOPOUUE VA TPOPODOTIIOOUNE OCUCKEUEG E DIOQOPETIKN TAON
TPOPOBOCiag XWPIG va XpeiagopaoTe €10IKO TPOPOdOTIKO KABe gopd. Kupia epapuoyr| Bpiokel
og ON0 Ta €pyaoTrpia NAEKTPOVIKWY OCUCKEUWV KOBWG Kal ot OAA Ta ETTIOKEUAOTIKA
EPyaaThpIa.

5.7. levikég Maparnpnoeig
5.7.1. Z0ykpion AtrARg — AirrAig AvopBwong

H &ImTAn avopBwaon Tapouciddel atrévavTl aTnv atmAr, Ta akoAouBa TTAEOVEKTAATA
o AmmmAdola ouveyr Tdon OTTwg QaiveTal oTIg oX£oe€lg 5.6 kal 5.8.
o  MikpOTEPO TTOOOOTO KUPATWONG OTTWG ATTOdEIKVUETAI OTIG TTApaypaoug 5.3.5 Kkal
5.5.1
o AmmmAdolo ouvteAeoTh ammodoong, OTTwG PTTopei va atrodelxBei e tn Bondeia g
TTapaypdagou 5.4.4.

ouT
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o AmmrAdoia ouxvoTnTa Kupdtwaong. ‘ETol, S1eukoAUveTal TO QIATPAPIOUA TTOU QaiveTal
oTnVv TTapaypaqgo 5.5.
o Ag divel ouvexEG pelpa payvhTIoONg OTOV TTUPHVA.
AvtiBeta, n &ITTAN avopBwon pelovekTei oTo OTI Xpeldletan TouhdyioTov dUo BI6doUG.
Emiong, TTOAEG @opég atraitei peoaia Ajwn oTo deUTEPEUOV TOU PETAOXNMOTIOTH EVW UTTOPEI
va TTapouciddel kai diITAdaoia avaoTpo@n Tdon oTig d16d0uG.

5.7.2. Naparnpnoeig

2TIC MEYAAEG aVOPOBWTIKEG €EYKOTOOTACEIG N €mMAoyrl yia TO KUKAwpa T1ou  Ba
xpnoigotroinBei BaoifeTal 0TO OUVTEAEOTH) KUNATWONG KAl OTO €i00G TOU PJETAOKNMUATIOTH TTOU
Ba xpnoiyotroiooupe. To KOOTOG TOU PETAOKNUATIOTH Bapaivel TTOAU pia TETola amoégacn (yia
va aTTo@UYOUE TO JayVNTIKO KOPO atraiTeital €18ikd TUNyua TTou emiBapuvel To k6oTog. OTTwg
TTavTou, €101 KAl 0w, N avTiIoTaBuIon TToIéTNTAG — KOOTOUG gival To Bacikd TTPORANUA.

‘Evag GAAog TTapdyovTtag Tou TTPETTEl va AdBoupe uttdwn Pag gival Ta XapakTnpIoTIKA TNG
01600uU Kal KUPiwG n PEYIOTN TIMA Tou pelpatog otnv avodo, n Jéon TIUr Tou KaBwg Kail n
MéyioTn avdoTpogn Taon.

5.8. MNapadeiyparta

5.8.1. Eupeon ouvTeAeoT) KUPATWONG Sedopévou Tou petaoxnuariopou Fourier Tng
avopOwuévng Taong

D1 2

R=100
1 * VVWV—2¢ T
D D3 T EE L] '12qu }

l C; = 1Z0WF l

To kKUKAwpa Tou oAparog gival éva Tpo@odoTIKG. H tdon Tpogodoaiag €xel ouxvotnta 50 Hz
(eicodog Tou peTaoxnuatioTr). Aivetal o yetTacxnuaTiopdg Fourier Tng TARpwg avopBwuévng

16ong: Uy (Volt) = % _ 34__01T w2 w-1)- 1540

ow(4 - w-t)-..

Na BpeBoulv o1 ouvTeAeoTEG KUPATWONG TNG TAong Uin kal Tng Taong £€£6dou Uout

AOon: H avopBwpévn 1a0n 6TTWG TTEPIYPAPETAl OTO HETAOXNMATIONO Fourier, €xel DC
OuVvIoOTWOO

20
Unpe = o 6,4V .

H emkpatéoTtepn AC cuvioTwoa éxel ouxvoTnTa 2w Kai givar: Uy ac = —34—0 . 0uv(2 W - t).
, T

4

0
3-11\/5

KupoTopop®n. O ouvteAeoTrg KupdTtwaong NG Ui givai:

H evepyog mipn autng eival Uy acrms = =3V, €pOoov TIPOKEITAI YIO NUITOVOEIDNA

40
r:UIN,AC,RMS:3~1T~\/§: 2 _ 047 = 47%
Uinpc 20 342

m
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H 1ipn Tng avrtiotaong Tou TUukvwTA a1o DC eival drreipn (dev uttdipxel TTUKVWTHG) evd ato AC

(ouxvoTnTag 2w) N TR TG AVTIOTACHG Tou eival [Z¢| = v . 13Q2, 610U W=2mf

2.w-120-107°
kal f n ouxvotnTa Tou dikTUou 50Hz.
O mukvwTng C2 kai n avriotaon R givalr TapdAAnAa. 1o DC utrdpxel HOvo n avtiotTaon evw

oto AC (50Hz) n ouvoAikl auvBeTn avtiotaon €ival PHIKPOTEPN ATrd TN PIKPOTEPN AVTIOTACH
(TrapdAAnAog cuvduaopdg 13Q kai 10000Q): Zoa=13Q.

Me diaipeon Téong, TTPOKUTITOUV Ol TIUEG yIa Tnv Taon ££6dou

RL 20 10000 _
R+R_ ™ 10100
Zo 4 13

6,3V,

Uoutpc =VUinpe

U =U = =03V
OUT,AC IN,ACRMS R+Zo 3.1.42 113

Kai 0 cuvTeAeOTAG KUPATWONG:

_ 40

u ST .
_Youracrus _3.m-2 | 2 13:10100 _ .o oo
Uoutpc 20 3.42 11310000
m

5.8.2. Zxediaon KUJATOHOPPWV TAONG CUVAPTACEI TOU XPOVoUu

2UYKPIVOVTOG TO YVWOTO YETAOXNMETIONO Fourier

20 4

Un(Volt) = — - ——- 0uv(2 “w- t)— 40 ~0uv(4 -w- t)— ... M€ TNV avopBwuévn Téon TTou
m 3.1 151

pag Sivetar Uy (Volt) = UO[3 - % ow(2-w-t)- 154 ouwv(4-w-t)- j TAPATNPOUNE
T - TT

OTI N YEYIOTN TIUA TNG avopBwévng Kupatopopeng eival Uo=10V.

H 1don €£6d0u Tou TPOPOBOTIKOU Eival TPIYWVIKNG KUPATOHOPPOPPAG N OTTOIa £XEI EVEPYO TIUA
U

UouTtRrms = % = Uoutpp = 034V+/3 =06V

MpooeyyioTIKG, n Taon e€600U Tou TPOPODOTIKOU KupaiveTal eTagu Twv Tiywv 6V kai 6,6V
Maparnpoupe 611 n DC rTwon 1édong Tavw oTtnv avtiotaon R (petagu tng avopBbwpuévng
Uinpe = 6,4V kai TG taong £56dou Ugytpe = 6,3V ) givar pévo 0,1V evy n AC trmwon
Taong Mavw oTnv avriotaon R (petagu Twv Uiy acrms = 3V Kai TG 1dong e5odou

Uoutac = 0.3V) eivai Trepitrou 2,7V RMS.
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5.8.3. EOpegon AOyou PHETAOXNUOTIOHOU

Agdopévou 611 n Taon e106dou Tou SIKTUOU gival n Tédon Tng AEH (230V, 50Hz), va Bpebei o
AOYOG TwV OTTEIPWYV TOU PETAOXNUATIOTA yia To TTapadeiyua 5.8.1.

Abon

O AOYOG TWV EVEPYWY TIHWV TWV TACEWY I0OUTAI HE TO AGYO TwV TTAATWY, I00UTAI E TO AGYO
TWV TIHWV aTTO KOPUPr TE KOPUPH.

N; _Uopiktyou _ 23042 _ 3253
N4 UoN 10 1

OTTEIPWV TOU TIPWTEUOVTOG TTPOG TIG OTTEIPEG TOU deuTepeUovTOog gival Trepitrou 100:3.

O AbyoG peTaoynpaTioyoU gival . ETTopévwg o Adyog Twv

5.8.4. Eupeon BaBuoU kupdatwong pe dedopéveg DC kan AC Tipég

H 1d0n €£6d0uU TOU TPOPODOTIKOU TOU OXAUATOG (a) €xel ouvexn ouvioTwoa VDC=200V kai
evepyo TN appovikwy 40V. To ouvexég pelua oto @opTio gival 10mA evw n ouxvoTnTa ToUu
peupaTog e106d0u (dikTUou) eival 50Hz. Na BpeBouv:

a) O BaBudég kupdTwong. (oxnua (a)).

B) H ouvexig 1adon otnv £€0d0 Kal 0 BaBuog KUPATWONG €4V OTO TTPONYOUUEVO KUKAWUQ
TpooTeBei o oeipd pe Tov avopBwTh wuikh avtiotacn R=1KQ kai mmukvwthig C2=40uF
(oxnua (B)).

y) H ouvexig 1don otnv £€0d0 kal o Babudg Kupdtwong edv avTikoTaoTabei n avriotaon
tnvio L=30H gowTepikig avtiotaong Rl =90Q kai mukvwTrg C2=40uF (oxAua (y)).
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loc =10mA R=1000 O}
P T _L ] —\NV\V—
3 Uy:=200 V C R, i“ C, ™ C,=40 F—— R,
(@) | (B)
ZAHMA 13

Uac(ms) _ 4ov
Upc 200V

a) O BaBudg Kupdtwong uttoAoyideTal oo Tn OxéonN @ r = =0.2 1 20%

B) H avtiotaon gopTtiou pe Baon Tov vopo Tou Ohm utroAoyideTal atmmd TNV TTAPOKATW OXEon

= Yoc = 200V =20KQ
IDC 10mA

H ouvexnig tdon otnv €060 Tou KUKAWWATOG Tou oxnuatog (B) Ba utroAoyioTtei amd Tov
dlaipéTn TAoNG TTou oxnuaTi¢etal atrd TIg avTioTaoelg R kal RL. ETTopévwg

RL_ 200v2%K2 _1905v

+RL 21KQ

2Tnv  TIEPITTTWON NG OTAAG avopbwong n  XaunAotepn ouxvoetnta evaAAacoopEVNG
OuvIOTWOOG €ival n ouxvotnta tng Tdong dikTuou. H avTtidpaon Tou TUKVWTA ota S50Hz
ioouTal

Upc =Upc R

1 1
©272mfC,  2m.50-40-1
To péTpo TG GUVOAIKAG avTioTaong oTnv Baciki cuxvéetnta Twv 50Hz yia Tnv avriotaon R og
oelpd pe Tov TTUKVWTH C2 1couTal he

z- \/Rz + Xéz _ 10002 + 7962 = Ka

5 7960

OewpwvTag TNV XEIPOTEPN TTEPITITWON OTTOU N €VEPYOS TIUA TWV OPHOVIKWY CUVICTWOWV
ogeileTal oTnv BepeAiddn ouxvoeTnTa Twyv 50Hz, n evepydg TiuR TNG TdONG KUPATWONG OTNV
£€€000 I00UTal

. Xc 79,6
u =U —2 -40——=318V
AC(rms) AC(rms) Z 1000
O Babuog kupdTwaong diveral atrd TNV TTaPaKATW OXEoN
u
= M - ﬁ =~166%
Unc 190,5
y) £ autrv Tnv TTEPITTTWON n ouvexn Taon €§6dou Ba utroAoyioTel TTAANI a1t Tov dIAIPETN
TGoNg TTou oxnuari¢eral atd Tig avTioTaoelg Rl kair RL .

20000

r

OT1oTe UBC = m 200 = 199,1V
+
] — Y Y
L R,
00V ==, C, = 199.1

(v

O1 avTIdpAoEIg TTOU TTAPOUCIAdOUV TO TINVIO KaI 0 TTUKVWTAG aTnv Baciki ouxvoetnta Twv 50Hz
uTtroAoyiovTal TTapaKATW



-149 -

XL =2mfL=2m50-30 = 9420Q

1 1
~2mfC  2m.50-40-107°

To pETPO TNG GUVOAIKNG OUVOETNG avTioTaong TTOU EPPavifel 0 GuVOUACHOG TOU TINViou-
TTUKVWTA-E0WTEPIKAG QVTIOTAONG TOU TInviou IcoUTal hE

~79,6Q

Xc

2
Z= Lw—i +R|2;Luu—L eTTeIdn R|<<L(Ju—L
Cw Cw wC

Z =9420-79,6 =9340Q

Oewpwvtag TTAAI TNV XEIPOTEPN TTEPITITWON OTTOU N EVEPYOG TIUA TWV APUOVIKWY CUVIOTWOWYV
opeileTal oTnv Bepehiddn ouxvotnta Twv 50Hz, n evepydg TiunR TG TAoNG KUPATWONG OTNV
£€€000 100UTaI PE

" Xc 80
Uk(rms) = Uk(rms) 22 =40- m ~0,342V
UIk’(rms) _ 0342V

Upc 199V

O Babuo6g KupdaTWwong Twpea UttoAoyideTal wg r= =0.17%

5.8.5. YmroAoyiouog oroixeiwv o€ Tpo@podoTiko pe @iATtpo RC

e €va KUKAwpa avopbwong, 1o onua €i00dou €xel ouxvotnta 60 Hz kai péyiotn Tiun
(TTAGTOG) Vo=12V. Qg kUkAwpa eEopdAuvong xpnolpotroiodue giApTo RC pe Tiyr) avriotaong
@opTiou R=2KQ. Na kaBipioTei n amairolpevn xwpenmkoTnTa WoTe N Tdon KUPArwong va
meplopi¢etal otnv TIPA Vk=0,4V yia TIg TTEPITTITWOEIS (a) Tou TTApoug avopBwTh Kail (B) Tou
nuIavopBwTH.

AOon: To KUKAwWA OTO OTToI0 ava@ePOUOCTE yia TNV atrAr] avopbwon gival To KUKAwPA Tou
oxnuarog 5.16 xwpig 1o peraogxnuatioTd. H £€§050G Tou KUKAWMATOG QaiveTal aTa OXruATA
(5.17) kai (5.18).

MNa ™ &1ITAR avopBwaon, YTTopoUlE va XPNOIYOTTOINOOUE TN oxéon (5.22) A

U )
e —cA¥ o Yoe Uk oo Ync o qo5F
At R A 2URf

MNa TNV ammAf avopbwon

u U
e =c2U o Yoe _cUr o Yoc ¢ osour
At R T U,Rf
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6. Tpavdiiotop AlTtoAIKwv Evwoeswyv

H Aé€n “Tpaviiotop” ceivar di1gBvg O6pog kal yI' autd Oev Ba €TTIXEIPAOOUPE va Tn
METa@PAoOouUPE aAAG PHOVO va TRV eEnyriooupe. H AEEN auTh €xel TTPoEABEI atmd dUO OUVOETIKA,
10 “transfer” kai 10 “resistor’, kar xpnoigotmoinOnke apkeTd 10 1948 OTAV AVOKAAUQPONKE N
TPiod0g Pe nuIaywyoug, OTTWG XOPOKTNEIoTNKE TOTE aTmd Toug Bardeen kai Brattain o€ oxeTiko
TOUG apBpo.

To TTapaTTavw NAEKTPOVIKO OTOIXEIO ETTPOKEITO VO QVTIKATAOTOEI TNV NAEKTPOVIKA Auxvia
OTIG TTEPIOOOTEPEG XPAOTEIG TNG, MIA KAl TO OTOIXEIO auTO £Xel Tpia NnAekTpOdIa aTmd Ta OTToia
OU0 atroTeAOUV TO KUPIO KUKAWHA TO OE TPITO TO KUKAWHA EAEYXOU.

H diagopd pe v 1piodo Auxvia eival OTI To TpavgioTop €AEéyxeTal MO TO PEUPA TOU
NAekTPodiou eAEyxou evwy N Auxvia eAEyxeTal aTTd TNV TG0N TOU.

To Ttpaviiotop atroTeAsital amd OUO €EVWOEIG P-n DIAUOPPWUEVEG TTAVW OTOV idIo
MOVOKPUOTOANO NuIaywyou pe aAAayr) Katd TOTTOUG TNG TTUKVOTNTOG KAl TOU €id0UG TwV EEvwv
TTPOCEIEWY OTTWG @aiveTal aTo XX. 6.1. O evwoelg auTég eival dlaTayuéveg oTn o€Ipd p-n-p

1 n-p-n.

Exmound Ba TUAMEKT Exnound Bdo TUAMEKT
E.Ai nptm s ncm » e _—. C E.# nkl 5 N " 6 _7. C

®
(o) B ®

Zx. 6.1. ZXnuaTikn rapdoTacn TpaviioTop a) p-n-p, b) n-p-n, [16].

ba.—l“u

To TTapatmdvw OTOIXEIO AEITOUPYEl oav eAeyxOuevn avTtioTaon, dnAadn TpavdioTop, OTaV N
atméoTaon d avauesa oToug Ggoveg Twv BUO EVWOEWY, gival TTOAU PIKPOTEPN ATTd TO UNAKOG
dlayxuoewg L Twv @opéwv. H atréoTaon auth eival cuvABwg pikpdTtepn atmo 10 ym.

O 100G QUTOG Tou TpaviioTop AéyeTal TTOANEG POpPEG Kal DITTONIKG TpavlioTop N “bipolar’
€TTEION OTN AEITOUPYIO TOU CUPPETEXOUV KOl T BUO €idn Qopéwyv, OTTEG Kal NAEKTPOVIA. AuTOg
gival o TUTTOG TOu TPav{ioTOP TTOU KUKAOQOPNOE ApPKETA 0c OAO TOV KOOWO Kal OVOPAZeTal
atAd Tpavdiotop. To TpaviioTop autd TTOAAEG POPEG CUMPBOAICeTal pE Ta apyikd BJT atmo Tig
Aé€eig “Bipolar Junction Transistor”. To kUplo xapakTnpIioTIKO Asitoupyiag Tou BJT eival, 6TTwg
Kal oTnVv oTTAf diodo, 6Tl N pon Twv PopEwV gival KABETN TTAVW OTOV AEOVA TWV EVWIOEWV.

Metd ammé 10 BJT, o Shockley avakdAuywe 10 1952 10 AeyOuevo TpavdioTop emMOPATEWS
mediou A FET “Field Effect Transistor”, ou ival etmiong éva oToIxEio pe nuiaywyoUg Kail Tpia
NAEKTPOBIO OTTWG Kal To BJT aAAG 1Tou eAéyxeTal atmd Tdon 61Twg Kal n Auyvia.

To FET civail éva oToixeio Tou atroteAcital atrd évav nuiaywyo péoa armd Tov oTToio TepvAa
TO pevpa. H aywyipdtnta autol Tou nuIaywyou eAEyXETAl aTTO £va NAEKTPIKO TTEDIO EYKAPOIO
OTO peUpa TTou TTEPVA ammo autdv, Pe Tn BoriBeia evwoewyv p-n TToU dIAPOPPUWVOVTAl OTAV
EM@AvEId TOU nuiaywyou Kail gival TTapdAAnNAeg pe Tn porj Twv @opéwv. To FET Aéyetal
TTOAEG @opég Kal povoTtoAkG Tpavgiotop 11 UT “Unipolar Transistor” emmeidn kard 1n
AeIToupyia Tou TTaipvouV YEPOG HOVO QOPEIG TTAEIOVOTNTAG TOU KUPIWG NUIaywyoU.

To KUplo xapakTneioTiké Tou FET eival 611 n Kivnon Twv popewv Tou KUPIOU 1) EAEyXOUEVOU
KUKAwpaTog eival TTapdAAnAn otov dgova Twv EVWOEWV p-n TTou uttdpxouv oto FET. Me 1o
FET 6uwg Ba aoxoAnBouue apyoTepa, 0To KEQAAQIo 8.

6.1. levikA TepIypa@n Tou TpaviioTop

Omwg @aivetal 1o ZY. 6.1 T0 TpavioTop atroTeAEiTaI ATTO £€va OTPWUA NUIAYwyou TUTTOU p
1 n avdueoa o€ dUO oTPWHATA NUIaywyou Tou GANou TUTTOU. 'ETOI SlaKpivoupe avaAdywg Pe
TN dIGTAgN TWV CTPWHATWY Toug dUO TUTTOUG TPAV(ioToP, TO P-nN-p KAl TO N-p-N.

2¢g KGBe évav atmod Toug TPEIG auToug nuIaywyoug Tou TpavdioTop eival ouviedepuévog Evag
aywyog pe n Bondeia wpikAg ema@ng. Or aywyoi autoi KATAAAYOUV OTOUG TPEIG OKPOBEKTEG
Tou TpavdioTop. O évag atrd Toug akpIvoug nuIaywyoug Tou Zx. 6.1 Aéyetan Ekmoptrog r Emit-
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ter ka1 oupBoAiceTal pe 1o E yiati amd autdv Eekivolv ol popeig Tou KUpIou KukAwpatog. O
GANOG akpIVOG nuIaywyos Aéyetal ZUAAEKTNG A Collector kai cupBoAi¢etar ye 10 C, yiaTi
0’aUTOV KATAANyouVv o1 QopEig Tou KUpIou KUKAWMATOG. O evdidpuecog nuiaywyog Aéyetal Bdon
| Base ka1 cupBoAieTal ye 1o B, yiaTi oTa mpwTa TpavdioTop n Karagkeur) dpxie amé Tov
nUIaywyo auTé TTou Xpnaolipotrolodoav aav Baon yia Ty uttéAoitrn S1adIKagia KATAOKEURG.

6.1.1. ZupBarikég BeTIKEG POPES

O T1pbé1OG TTOAWONG Twv dUO eVWOEWV €vOG TPaviioTop yia va AEITOUpPYroEl autd cav
EVIOXUTAG, QaiveTal 0TO ZX. 6.2 6TTOoU N £vwon PACNG-EKTTOUTTOU TTOAWVETAI 0pBA Kal N £€vwon
OUAAEKTN-BACNG TTOAWVETAI avaoTpo®a. TouTto onuaivel 0TI 010 TPAvVEioTop p-n-p TO TTPOCNO
TAoNG Tou CUAAEKTN €ival TO (-), VW OTO N-p-n gival T (+).

I Ic
Exmopndg TOALEKTNG o ' o
E —i n P n c I E & j c I
IE T 1 B ’ T IC VEB VCB
B To Béon B & ;
B
1! N
-+ I
VEB Ves @
(@) B
I Ic
Exmoumnog TOAEKTNG o N o
E —i p n p _—c c I E c I
ke T B T I % %
Is To Bdon ¢ R B T cB
Is
+ F - + Ill: —
Ve Ver
) ©)

Zx. 6.2. Zxnuarikn TapdaoTaon Kai TéOAwon Tpaviiotop p-n-p Kai n-p-n, [16].

21a 2¥. 6.2B kai 6.20 @aivetal n oxnuatiki apdoTacn Twv TpavdioTop n-p-n Kal p-n-p
avtioToixa. Autd cupBoAiovtal wg €€AG: H Baon oxediddeTal e pia XOVTPr YPOUUR Kal O
EKTTOUTTOG KAl O CUAAEKTNG PE BUO AETTTOTEPEG YPAPMEG UTTO YWVid. XTnN YPAPMUA TOU EKTTOUTIOU
oxedidleTal éva BEAoG TTou Oeixvel TNV TIPAYMATIK @OPA Tou PEUPOTOG OTO KUKAWWA
EKTTOUTTOU-OUAAEKTN. Zav PvNPovIKO Kavova avagEpoupe OTI To BEAOG auTd deixvel TTAVTOTE
TOV aKPOOEKTN TOU NuIoywyou Trou eival TUtrou n. AnAadry oto TpavdioTtop n-p-n n €vwon
eKTTOUTTOU-BAONG €ival 0pBA TTOAWPEVN KAl CUVETTWG TO (-) TNG TINYNG €ival EVWHPEVO OTOV
EKTTOUTTO Kal TO pevpa Byaivel atmd autdv. AvtiBeta oTo Tpavdiotop p-n-p 10 (+) TNG TNYNG
€ival EVWPEVO GTOV EKTTOUTTO Kal TO peUPA UTTaiVEl O AUTOV.

MNa Tnv TUTTOTTOINON TWV KUKAWMPATWY pE TpavlioTop, avetdptnta otrd Tov TUTTO TWwV
TpavlioTop TTOU XPNOIYOTTOIOUVTAl G’ auTd, €xel KaBiepwPei pe opIoPd oav BETIKN opd Twv
PEUMATWY N @OPA aTTd TO EEWTEPIKO KUKAWUA TTPOG TO NAeKTPOdI0. AnAadh, OTTwG gaiveTal Kal
oTo ZX. 6.2, Ta pelaTa TTOU CUVTPEXOUV TTPOG TO TpaviioTop BewpouvTal cupBaTiké OeTIKA.
AuTé onuaivel 0TI, av n TTPAYMATIKA Qopd evog aTTd auTd eival avTiOetn amd Tn cupfarikn,
TOTE TO peUa auTO ekPpAleTal pe Evav apvnTikO aplBud. KAt avTtioToixo cupBaivel Kal PE Tig
QPOPEG TWV TACEWY, OTTOU Ol TACEIG TWV ECWTEPIKWY TINYWYV BewpolvTal CUUBATIKA BETIKEG
otav 10 BEAOG deiyvel TTPog Ta TTavw, OTTWG QaiveTal aTa XX. 6.23 kal 6.25. AnAadn av n TTnyn
£XEI TOV ApvNTIKO TNG TTOAO €TTAVW, N Tdon NG Ba ekppadeTal e apvnTiKO apiBuo.
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6.1.2. Kataokeun Tou TpaviioTop

lMNa Ttnv  KATOOKEUr TOu TpavCioTop Xpnoiyotrolouvtal o1 idleg  péBodol  TTou
XPNOIYOTTOIoUVTal KAl YIO TNV KOTOOKEUR Twv 0100wV p-n, TIG OTTOIEG TTEPIYPAPOUPE OTO
Mapdptnua A. Tia TNV akpifeia, n KATaoKeUr Tou TpavdioTop €ival pia ateubeiag mékTaon
TNG KaTOOKEUNG Tng 816dou. H poévn ouciaoTik dio@opd eival QUOIKA, OTI Ba TTPETTEl
TAUTOXPOVA VA KATAOKEUAOTOUV 800 5iodol p-n TTOAU KOVTA N Yia aTnv GAAnN.

210 ZX. 6.3 @aivovtal oI TUTTIKEG OIATOUEG €VOG BIOKPITOU TpavlioTop p-n-p KAl €vOg
Tpaviiotop n-p-n péoa o€ éva OAOKANPwHEVO KUKAwpa. H diadikacia KaTookeung evog
d1akpITOU BITTOAIKOU TpavlioTop p-n-p {EKIVA TTPWTA ATTO TNV KATAOKEUN €VOG UTTOOTPWHOTOG
p*-Si évtova voBeupévou. ETn ouvéxela, ye TN pEBodo Tng emradiag oxnuati¢eTal Tavw amod
auTo éva emmioTpwpa (epilayer) uynAng avriotaong (dnA. eha@pd voBeupévo) Tutrou p-Si. To
EMOTPWHA AUTO £XEI TUTTIKO TTAX0G 5-10 um, Kai €ival autd Y€oa OTO OTTOI0 KATA KUPIO AGYyo
TTEPIEXETAI TO TPAVEioTOp. TO APXIKO UTTOOTPWHA TTAPEXEI ATTAWG TN INXAVIKH UTTOOTAPIEN TNG
O0Ang didragng kabwg kal éva dPOPOo XAunAAG avtioTaong OTnv €TTa@r ToU GUAAEKTN TTOU
BpiokeTal oTn BAcon Tou UTTOGTPWHATOG. MeTd atd TNV avaTTugn evog oTPWHATOG 0&eIdiou Kal
avoiyovtag KoTtaAAnAa trapdBupa, TrpayyaTtoTrolgital SIdXuon Qwo@OpoU 1 OpPOEVIKOU,
ONuIoUPYWVTOG £T01 TNV TrEPIOXN BAoNG TUTTOU N. XTn OUVEXEID, UE QVTIKATAOTAON TOU
QPWOPOPOU N Tou apaevikoU pe Boplo, n dladikagia emavahauBaveral yia va dnuioupynBei o
TTEPIOXN €EKTTOUTIOU TUTTOU p*. TEANOG, peE amobeon alouplviou oOTO €TTdvw PEPOG Kal
KATAAANAEG pdokeg dnuioupyouvTal Ol ETTAQEG EKTTOPTIOU Kal Bdong. Ag onueiwdei o1 n
o1aragn Tou ZX. 6.3a dev eival oxedlaopévn uTTO KAipaka. Mia KaAf 10éa Twv OXETIKWV
MeyeBWvV €xoupe av, eTTekTEiVOUPE TO OXAUa Katd éva ouvieAeot 50 katd tnv opilovTia
Oleubuvon.
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Zx. 6.3. AlaTopég kai atmmAomroinpéva MOvTéAa yia a) Siakpité TpaviioTop p-n-p SITTARG SlaxUuoewg, kai B)
TpavdioTop n-p-n oAokAnpwuévou KUKAwPaATog, [5].

To oAokAnpwpévo TpavdioTop n-p-n TTou @aivetal oTo XX. 6.3B, KOTOOKEUAZeTal ME
TTaPOUOIO TPOTTO, TTPAYMATOTIOIVTAG KAT apxfv dia didxuon TUTTOU p Kal KATOTTIV MIO
didyuon TUTTOU n O¢ éva ETMOTPWHA UWYNAAG avTioTaong TUTTOU N. XTNV TTEPITITWON dNAadn
auTn, TO ETMOTPWUA £XEl vOBeUon avTiBeTou TUTTOU ATTG TO UTTOOTPWHA, KAl N ATTOPOVWON TNG
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01600ou TOU TPaVCiOTOP nN-p-n  EMTUYXAVETAI WE BIAXUOn TUTTOU p* TTEPIPEPEIOKA TOU
Tpavdiotop. H TTAéov apvnTikA TAON TOUu KUKAWPOTOG QapudleTal GTO UTTOOTPWHA TUTTOU P.
Emeidn n emraglokn mepiox TUTTOU n (eTioTpwua), PBpiokeTal o€ uYynAdTEPO SUVAIKO, €ival
NAEKTPIKG aTTOPOVWUEVN PEOW TNG avdoTpo@a TTOAwPEVNG évwong p-n ammd TIG GAAEG
010TAgEIG TTAvw OTOo B0 NuIaywyikG chip. Ze Mo TTpoxwpnuéveg axedIAaEIG, Ol TTAEUPIKEG
EVWOEIG P-n £XOUV AVTIKATAOTABE aTTd povwTIKG oTpWwHa d10&eidiou Tou TTupiTiou. To aTpwUaA
TUTTOU N* avAueoa OTO ETTIOTPWHA KAl TO UTTOOTPWHA, dnuioupyeital ue didxuon TrpIv atmo Tnv
atréBeon Tou ETMOTPWHATOG. TO OTPWHA QUTO XPNOIYEUEl cav dPOPOG XauNnANG avTioTaong
avaueoa oTnV TIEPIOXN TOU CUAAEKTN TOu TPavZioTOP KAl TNV €TTOQr) CUAAEKTN TOU ETTAVW

MEpPOUG.
Hepoyn p* Hepoyn n Mepoyn p
Exmoumog Bdon Z0AAEKTNG
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\ Z@®VN amoyuvmong \ .
EKTOMTO0 Zdvn amoybpveong
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— El’)pog'nsptoxﬁg .,
péong
. ” —> - —> —
Zawn OTOYVHVOGNS Z@dvn amoydveoong
EKTOUTTOD .
GUAAEKTN
Hlextpikod nedio
HXektpootatikd dvvopkod \\
\ /— EC
. TTTTTTT ] / ————————— E;
Evepyelaxég Lmveg \

\ /" EF

- Ey

Ix. 6.4.

MIKPOTEPN aTT6 TIG AAAEG SUo TreEpIoxEG), [5].

ZXNUATIKG didypappa Tpaviiotop pnp o€ Bepuoduvapikn IcoppoTria (dnA.Xxwpig TOAwon), ye Ta
OXETIKA MEYEON QOPTIWV XWPOU, TTEPIOXWV ATTOyUUVWONG, NAEKTPIKOU TTediou, NAEKTpOOoTATIKOU
SuvapIKoU Kal EVEPYEIOKWV {wvwv. O1 TTepIoxXEg BewpolvTal opoIOpopPa VOBEUPEVEG Kal 1I0XUEI
Ppe>>Nne>Nnc. O1 rePIOXEG dev TrapioTdvovTal Utré KAipaka (n meploxi Tng Bdong eivail oAU
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6.2. Asitoupyia Tou TpaviioTop

H Aeitoupyia Tou Tpaviotop Pacifetal 0TO QAIVOPEVO TNG dIaXUOEWG QOPEWY, TTOU
TTEPIYPAPNKE OE TTPONYOUUEVO KEPAAQIO yia TNV Evwan p-n, 6TAV auTh TTOAWVETAl 0pB4.

6.2.1. ®uoiki Oswpnon

O1wg avatmtuxbnke Trapatmdvw, 1o TpaviioTop atroTeAsital amd dUO0 eVWOEIG, TT.X. MIa
TUTTOU p-n KOl OTn OUuvéxela Mia TUOTTOU Nn-p, TTOU  JIQUOP@WVOVTAl TIAvw OTov idIo
MOVOKPUOTOAAIKO nuiaywyd Kal JAAIoTa KaTd TpOTTo, TTou n améotaon d avaueod Toug va
gival TToAU pIKpOTEPN aTTO TO PNAKOG SlaxUoewg Twv QopEéwv L Tou nuiaywyou Tng Bdong. Me
™ didraén aut Tou @aivetal oTo XYX. 6.4, cival duvarti n emidpacn Tng TOAwONG TToU
emBAaMoupe otnv TPWTN évwon p-n ekKTTOUTTOU-BAONG TTOU TTOAWVETAI 0pBA, TTAvw OTN
OUUTTEPIPOPA TNG BeUTEPNG EVWONG N-p BACNG-CUAANEKTN TTOU TTOAWVETAI AVACTPOYPQ.

Mpétrel va avapepBei €dw, OTI OTTWG JIAUOPPWVETAI TO TPAVEIOTOP p-N-p JIAUOPPWVETQI
Kal éva TpavgioTop n-p-n, TTou dev dlIaPEPEI TN AEITOUPYIa TOU ATTO TO TTPWTO TTAPA JOVO 0TV
TTOANIKOTNTA TWV TAOEWYV TOU KUKAWUATOG.

Katd tn Asitoupyia AoImrév Tou Tpav{icTop TTOAWVOUNE TNV TTPWTN VWO EKTTOPTTOU-BA0NG
0pBAa Kal autd TTPOKAAEI BIAXUON TWV POPEWV TTAEIOVOTNTAG TOU NUIOYWYOU TOU EKTTOPTIOU
péoa amd TNV évwon EKTTOPTIOU-BAong TTpog TN Jwvn Twv QOPEWV PEIOVOTNTOG TOU
nuIaywyou Tng Baong. Zuvémela autou, eival va diatapaxOei n icoppoTria Fermi yéoa oTtov
nuIoywyo tng Baong kai emmeidf 10 pAKog dlaxUoewg gival peyaAUTEPO Tou TTAATOUG TOU
nuIaywyou autou, n diatapaxrh @BAvel yéxpl Kal Tn deUTEPN £vwon PAONG-CUAAEKTN. £T0 ZX.
6.5a, @aiveral éva TpavlioTop p-n-p Kal a1ré KATW n KAPTTUAN KATavoung Tou duvapikou, otav
Oev emPBAAETal 0° AQUTO KauuId €EwTepiK TTOAwON. X' autd To Oldypauua, @aivovTal ol
1I000UVaUEG TAOEIG TwV OUO EVWOEWY, N Mia avtiBetn oTnv GAAN. Z10 ZX. 6.58 @aiveral 1o id10
Tpavdiotop Pe opBr TTOAwaON ekTTOPTIOU-BAONG Ve KAl XWPIG TTOAWON GUAAEKTN-BAoNG Kal
aTTé KATW N KOPTTOAN duvapikou, 6TTou éxel TTpoaTeBei aAyeBpikd oTnv I6od0vaun 1aon n Ves.
210 ZYX. 6.5y @aiveral To id10 TTEAI TPaVEiOTOP KaI N KAPTTUAN duvapikou Tou pe opBr TTOAwan
€KTTOUTTOU-BACNG KAl avAoTpo®n TTOAWGCN GUAAEKTN-BACNG, TTOU Kal QUTEG £XOUV TTPOOTEDEI
aAYEBPIKA OTIG AVTIOTOIXEG 1I00OUVANES TAOEIG TwV BUO EVWOEWV.

Exmoumog Baon ZvAAéktng

Avvopukd o : Avvopuko o Avvopkd

f oo

Ve

(o) B )

Zx. 6.5. IXnuatiké didypaupa TPAvVioTOP p-n-p HPE TIG OVTIOTOIXEG KAUTTUAEG SuvapikoU umréd Sidg@opeg
moAwaoeig, [16].

210 XX. 6.6 @aivetal og peydAn peyéBuvon, oTo €mavw PEPOG €éva TpaviioTop p-n-p UE
0pBr TOAwon ekTTouTTOU-BAoNng Kal avaoTpo@n TTOAwon OUAANEKTN-Bdong. Ta pelparta,
OUAAEKTN e, Bdong ls, kai ekmmouTroU lg, @aivovtal 0To KUKAWMA PE TIG CUUBATIKEG BETIKEG
POpPEG TOug, ONAAdN autd onuaivel OTI Ta lc Kai |s €ival apvnTIKG yiaTi n TTPAYPATIKA TOUG @opd
gival avTiBeTn pe Ta BEAN Tou oxXAUaTog evw TO e €ival BETIKO.



- 156 -

>¢ éva TpavdioTop n-p-n Ba gixaue TAAI Ta idia BEAN yia Ta pelpaTa aAAG ¢’ autd Ba ATav
BeTikda Ta Ic kai Is ka1 apvnTikG TO le. KATw a1md TO KUKAWPA OTO ZX. 6.6, éx€l TTapacTabEi n
EVEPYEIOKNA KATAVOWN TWV POPEWYV KATA MAKOG TWV BU0 EVWOEWV PETQ OTIG EVEPYEIOKEG {WVEG
TwV nuIaywywv. MNpwTta, @aiveral o nuiaywyog Tou ektrouTrol TUTTOU p Ye Tn oTdBun Fermi,
OIOKEKOPMEVN YPAMML, KOVTG OTOUG OTTOOEKTEG, APVNTIKA IOVTA OTNV atrayopeupévn fwvn,
Tavw aTré 10 6pIo TNG CWvng oBévoug. O nuIaywyog auTdg gival o€ Evwon PE TOV NUIAywyo
TUTTOU N TNG BAong, 61Tou cuveyidetal n otdOun Fermi peTd T0 OKAAOTTATI TNG 0pORG TTOAWONG
TTou eMIRAAAeTaI OTNV évwon auTh Kal Bpioketal 5w KOVTA OToug OOTEG, BETIKA 10VTA, KATW
amd 10 OpI0 TNG Cwvng aywylyotntag. Etredn n évwon ekmmoptrou-pdong civar opBa
TToAwpévn, 10 (-) TNG TAong Ves ouvdéetal otn Bdon n omdTte n otédOun Fermi Tng Bdong
aveBaivel Tdvw atro ekeivn Tou eKTTOPTTOU KATA QeVEs. ZTn Ouvéxela €xoupe Tn OeUTEPN
évwon BAaong-ocUANEKTR TTou gival avdoTpo@a TToAwpévn. AnAadn 1o (-) Tng Tdong Ves
ouvdEéeTal 0TO GUAAEKTN TUTTOU p OTTOTE N 0TAOUN Fermi Tou GUAAEKTN aveBaivel TTavw atmo
ekeivn TNG Bdong katd QeVes.

H évwaon ekmoutToU-Bacng TTOAWVETal 0pBd, OTTWGS avapEPONKE, Kal £XOUUE KOTA CUVETTEIO
MIa BIGAXUON TWV QOPEWV TTAEIOVOTNTAG Pp TOU NUIAYWYOU TUTTOU P TOU EKTTOUTTOU, TTPOG TNV
TTEPIOXA TWV POPEWYV PEIOVOTNTAG Pn TOU NUIOYWYOU TUTTOU h TnG BAong.
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Zx. 6.6. Evepyelakd SiaypappaTa KAl KATAVOUEG POPEWYV KATA MAKOG VG TpaviioTop p-n-p, [16].

21nv €icodo TnG €vwong, €MPRAAMETal yI' QuTd OTTO TOUG QOPEIG TTAEIOVOTNTAG pPp TOU
EKTTOUTTOU, MIa auénuévn TTUKVOTNTA OTTWYV, TTOU TNV apxr Tou nuiaywyou Tng Bdaong civai
pn(0) ka1 opeileTanl otnv 0pBr TOAwonN Ves. ZTnv GAAn dkpn Tou nuiaywyou Tng Baong,
onAadn oe amdéotaon d Ao TRV TTPWTN £VWOrN, N TTUKVOTNTA TWV OTTWV AUTWV €ival TTAAI
emMPBEPBANPEVN OTTO TOUG QOPEIG TTAEIOVOTNTAG Py TOU OUAAEKTN Kal gival pia TTOAU HIKPEN
TTUKVOTNTA OTTWV pn(d), TTOU O@EIAETAI OTNV avAoTpo®n TTOAwoN Vcs.

Autd pag deixvouv 6Tl TO @aivouevo Tng diaxuoewg otn Pdon Tou TpavdioTop Oev eival
€AeUBePO OTTWG OTN Biodo, aAAG TTEPIOPICETAI OTNV APXH TOU PE TTUKVOTNTA pn(0) Kal 0TO TEAOG
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TOU ME TTUKVOTATA pn(d). H KaptruAn petaBoAng ammd Tn pia mukvetnTa otnv AAAn eival
BewpnTIKA €KBETIKA OTTWG TNG €AeUBePNG dlayxUoewg, €TTeIdr Ouwg n améoTaon d gival oAU
MIKpOTEPN aTTO TO KAVOVIKO WNAKOG SlaxUoEwg, N KAuTTUAN autr ptropei va BewpnBei xwpig
pEyaAo AdBog guBeia. H euBegia auTr) €xel TTOAU peydAn kAion, dnAadr n Tapdywyog dpn(x)/dx
gival onuavtikr. Autd, pag odnyei va guptrepdvoupe amd 6ga avamTiuxdnkav yia 1o pelua
dlayxUoewg TNG d16dou, OTI OTO KUKAWMA TTPETTEI VO £XOUME €va ONPAVTIKO peUPa BIaXUOEWS
atrd Tov ekTTOUTTO péca ammd Tn BAcn TTPOG TO CUAAEKTR, TTou UTTOoAOYideTal oav TTUKVOTNTA
pevparog atd Tn oxéon
dp,(x)
JAp(x):—QerCT—X 6.1

H TTukvOoTNTO QUTA TOU PEUPATOG UTTOPEL va TTAPEI ONUAVTIKN TIPA, TTApd TNV avacTpoen
TTOAWON OUAAEKTN-BAONG, ETTEIBN AUTA EAEYXETAI TWPA TTIA KUPIA ATTO TNV TIWI TNG TTAPAYWYOU
dlaxUoEwWs TWV Qopéwv pelovoTnTag TG Baong, dnAadn eupéowg atd Tnv TAon opdng
TTOAwaoNG BAaong-ekTTouTToU. To pelpa le TOu eKTTOUTTOU €ival KaTd HETPO EAGXIOTA PEYAAUTEPO
atmd 10 peUPa OUANEKTN Kal n MIKPR Toug dlagopd 1oo0Ttal hge TO pelpa Baong. ATO TIG
OUMBATIKEG BETIKEG POPEG TWV PEUPATWY TOU TPavEioTOp TTPOKUTITEI N £€M1G OXEON METALU TOUG

lE+ls+1lc=0 6.2

O 1pdéTOg auTdg TG TTOAWONG Tou TpavlioTop avTioToIXeEi OTn A€IToupyia Tou oav
EVIOXUTIKOU OTOIXEIOU Kal O OUVONKeg auTéG AfyovTal ouvOnkeg evepyol Aeiroupyiog Tou
Tpavgiotop. Ymdapyxouv Kal GAAeG oOuvBnkeg Aeitoupyiog OTou TI.X. TO  TpavdioTop
XPNOIMOTIOIEITAI oAV BIOKOTITNG HE TO KUKAWHPO TOU OUAAEKTN-EKTTOUTTOU, OTTOU O OIOKOTITNG
gival KAeIoTOG OTaV TO KUKAWPA auTO Ayel Kal avoIKTOg OTav auTtd Oev Ayel.

Tig KaTooTdoEIg auTEG Ba TIG £EeTAOOUNE KATA TN MEAETN TWV OTATIKWY XOAPAKTAPIOTIKWY
Tou TpavdioTop.

6.2.2. ZuvioTwoEg peUpATOG TPAVEioTOP

210 ZX. 6.7 @aivovTal oI SIAPOPES CUVIOTWOEG TOU PEUUOTOG TO OTTOI0 Péel HEow TNG opBa
TTOAWWEVNG évwong eKTTOPTTOU-BACNG Kal TNG avAoTPOQa TTOAWMEVNG €VWONG OGUAAEKTN-
Bdaong. To pedpa ektmoutrol le atroTeAsital amd pedpa oWV lpe (0TTEG BIEPXOUEVEG ATTO TOV
EKTTOUTTO TTPOG TN Bdon) kai ammd peUpa nAekTpoviwy Ine (NAekTpdVIa diepxdueva atd Tn Baon
TTPOG TOV €KTTOPTIO). O AOGYOG Twv PEUNATWY OTTWV NAeKTpoviwy lpe/lng, Ta oTToia diacxifouv
TNV évwon ekTTouTroU gival avaAoyog TTpog To AOyo TnG aywyipoTnTag Tou UNIKOU p TTPOG
€Keivn Tou UAIKOU n. ZTa TpavdioTop ouvrBwg n véBeuon Tou eKTTOUTTOU €ival TTOAU evTOvOTEPN
atré Tn véBeuaon Tng Bdaong. H 1d16tnTa auth) e§ac@alidel (A.x. o€ €va TpavdioTop p-n-p) WOTE
TO peUpa eKTTOUTTOU va atroTeAeiTal oXedOV aTTOKAEIOTIKG atrd oTrég. Mia TéTola KOTAoTAON
gival €mBupunTh, KABGoov To pelpa To OTToio aTToTEAEITAI aTTO NAEKTPAVIA TTou dlaayifouv Tnv
£€VWON TOU EKTTOUTTOU OTTO Tn BACN TTPOG TOV EKTTOUTIO OEV CUVEICPEPEI POPEIG OI OTTOIOI Va
MTTOPOUV Va @BACOUV OTO CUAAEKTN.

To pevpa peiovéTNTag lpE €ival To pedpa dlaxUoewg OTTWV péoa oTn BAon Kal TO HETPO TOU
gival av@hoyo TTpog Tnv KAion otnv évwon Je TNG KAPTIUANG TNG CUYKEVIPWONG OTTWV Pn.
EvteAwg Opola, 10 Ine gival To pedua BIaXUoEWS NAEKTPOVIWY PHECT OTOV EKTTOUTTO KOI TO HETPO
Tou eival avaloyo Tpog Tnv kAion oTtnv évwon Je TNG KAUTTUANG TNG OUYKEVTPWONG
NAekTpoviwv np. Ag onueiwBei 611 Ta Ipe Kail Ine avTigToioUv TTpog Ta pelpata diaxUoewg
@opéwv peiovoTnTag lpn(0) kai Inp(0) TTOU dlacyiouv pia évwaon p-n. ‘ETol, To guvoAikéd pelpa
ekTTOUTTOU Ba €ival

le = Ipe + Ine 6.3

OAa 1a pevpata oTnv e€icwaon auth gival BETIKA yia €va TpavdioTop p-n-p.

OAeg o1 omég mmou dlaoyifouv Tnv évwan Tou eKTTouToU Je Oev @TAVOUV OTNV £vwon
OUAAEKTN Jc, BIOTI PEPIKEG ATTO QUTEG ETTAVACUVOEOVTAI PE NAEKTPOVIO Péoa oTn Bdon TUTTOU
n. X710 Xx. 6.7, €0Tw OTI TO lpct TTOPICTAVEI TO pEUPA OTTWV OTNV Jc TTou o@eiAeTal aTn diIGdRacn
OTIWV OaTT® TOV €EKTTOPTIO diapécou Tng Pdong. Q¢ ek ToUTOU, Ba TTPOKUWEl pPelua
emavaolvdeong ommwv Ipe - lpct1 TO oTToi0 €€€p)eTal aTTO TOV AKPOBEKTN TNG BACNG, OTTWG
Qaivetal 010 ZX. 6.7 (OTNV TTPAYUOTIKOTNTA, NAEKTPOVIA £1IGEPXOVTAI OTNV TTEPIOXT TNG Bdong
aTTO TO EEWTEPIKO KUKAWMA PECW TOU OKPODEKTN TNG BACNG, TTAPEXOVTAG £TOI TA NAEKTPOVIA
ekeiva Ta otroia XaBnkav Adyw eTTavaouvdeong PE TIG OTTEG TTOU eyxEovTal yéoa otn Baon did
NG £vwong Je).
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Zx. 6.7. ZuvioTWOEG PEUPOTOG TOU TPAVIIOTOP YIO HIa OpBA TTOAWHEVN EVWON EKTTOUTTOU Kal HIO avAoTPOo®a

moAwpévn Evwon oUAAEKTN. Ta pevpara pe Seiktn p(n) aroteAouvral amd otég (NAeKTPOVIaA) TTOU

KivouvTal TTpog TV idia (avTiBeTn) kaTeuBuvon Tou BéAoug TTou Seixvel Tn SielBuvon Tou pelpATOG,

(3.

=
"

Ag Bewpriooupe, TTPOG TO TTAPOV, OTI O EKTTOUTTOC Eival AVOIXTOKUKAWUEVOG, EVW N €vwaon
OUAAEKTN-BAoNg TTapapével avaoTpo@a TToAwpEvn. TOTE TO Ic TTPETTEl va 1I00UTAl IE TO PEUA
KOpou avaotpopng TOAwong lco Tng avdoTpoga TToAwpévng d16dou oTnv €vwon Jc. To
avaoTpoPo auTd pelpa atroTeAsiTal amd dU0 CUVIOTWOEG, OTTWG PaiveTal OTO ZX. 6.7, TO Inco
TToU €ival peUpa NAEKTPOVIWY Ta OTToIa KIVOUVTAl aTrd TNV TTEPIOXT P TTPOG TNV TTEPIOXN N dI&
NG Je, Kal a1md évav 6po, lpco 0 OTT0IOG TTPOKUTITEI ATTO TIG OTTEG Ol OTToiEG dlaoyifouv TNV Jc
atrd 10 N TTPOG TO p.

Ico = Inco + lpco 6.4

Emeidn uté ouvBnkeg avoiXTOKUKAWGCEWG, gival Ie=0, dev eyxéovTal oTTég dlapéoou TnG Je
Kal €101 Kappia o1 dev uTTopEi va @T1acel otnv Je atmd Tov eKTTOUTTO. H Ipco TTPOKUTITEI CAPUIG
atrd TN YIKPHA TTUKVOTNTA OTTWV Ol OTT0IEG TTapAyovTal Bepuikd péoa otn Baon.

Ag emOTPEWOUPE TWPA OTNV KATAOTAON TTOU QaiveTal OTO ZX. 6.7, OTTOU O eKTTOUTTOG €ival
0pBa TToAwPEVOG €TO1 WOTE va gival

Ic = —lco - lpct = —lco —ar e 6.5

OTTOU TO aF OpifeTal oav TO KAGOHA TOU GUVOAIKOU pEUUATOG EKTTOUTIOU (TO OTToio diveTal aTrd
TNV €€. 6.3) TO OTT0I0 AVTITTPOOWTTEUEI OTTEG Ol OTTOIEG KIVABNKAV aTTd TOV EKTTOUTTO IAPECOU
TNG BdAong TTpog To CUAAEKTN. TNa €va TpavdioTop p-n-p, N le ival BeTIKA, n ¢ Ic gival apvnTikn,
TTPAyUa TTOU onpuaivel 0TI TO PeUPA OTOV OKPOBEKTN TOu GUAAEKTN gival avTiBetng dieutBuvaong
aTTé auTrlv TTou @aivetal pe 1o BEAOG TNG Ic oTo ZX. 6.7. INa éva TpavdioTop n-p-n Ta pelpata
auTd Eival aveEOTPOUPEVO.

To pedpa nAekTpoviwv TTou dlaoyidel TNV Je €ival 10 Inco KAl AVTITIPOOWTTEUEI NAEKTPOVIA
TTou dlayéovTal atTd To CUAAEKTN péoa otn BAon (kai eTTopévwg €va BeTIKO peupa ammd Tn
Bdon 1Tpog To CUAAEKTN) Kal TO PETPO TOu gival ava@Aoyo e TNV KAIOn TNG KATAVOUNG TG
TTUKVOTNTAG Np 0TNV Jc. To OUVOAIKO pelpa dlaxUoewg oTTwv TTou diacyidel Tnv Jc ammd 1
Baon civai

loc = lpct1 + lpco 6.6

Kl TO HETPO TOU gival avAAOyo PE TNV KAION TNG KOTAVOUNG TNG TTUKVOTNTOG pn OTNV évwon Je.

A6 TV €€. 6.5 TTpoKUTTTEl OTI, £V dEXBOUPE OTI TO pela lco oav avdoTpo®o pelua KGPou
gival TTOAU PIKPOTEPO TNG GAANG ouvioTwoag (arle), puTTopoUuEe va TToUPE ME TTOAU KOAA
TTPOCEYYION OTI IoXUEI N oXEon:

|
o =2 6.7

To or ovopadetal kEpdog pelpaTtog peydAou crpatog (Large Signal Current Gain) evég
TpavdioTop Koivig BAong (o TpéTTog autdg cuvdeouoloyiag Ba avaAuBei Tapakdtw). ETreidn
Ta lc kai le £€xouv avTiBeta TTpéoNua (Kai yia Ta TpavdioTop p-n-p aAAd Kal yia Ta TpavdioTop n-
p-n), T0 arF opideTal TTavToTE BETIKG. TUTTIKEG TINEG TOU OF gival atrd 0.98 £wg 0.995. Oa TpéTrel



- 159 -

va ToviaTel 0TI To aF Oev gival pia oTaBepd aAAG peTaBaAAeTal pe TO pelua Tou eKTTOUTTOU lE,
TNV TA0N Tou GUAAEKTN Vs, KAl TN BEpPOKpATia.

H €. 6.5 1ox0el poévo otnv evepyd Treploxr), OnAadn OTav O EKTTOPTIOS €ival opBd
TTOAWWPEVOG KAl O OUAANEKTNG avaoTpopa TToAwpévog. MNa Tov TPOTTIO autd AgiToupyiag, TO
pelpa Tou CUAAEKTN €ival OUCIaOTIKA aveEAPTNTO aTTO TNV TACN TOU CUAAEKTN Kal e§opTdTal
povo atréd To pelpa Tou eKTTOUTTOU. AG UTTOBETOUNE TWPA OTI TTPOOTTABOUNE VA YEVIKEUOOUUE
v €. 6.5, £€T01 WOTE va PTTOPEI va £QAPUOOTEI OX1 HOVO OTaV N £€vwon TOU GUAAEKTN €ivail
avdoTpo@a TToAwpEvn, aAAd Kal yia oTToIadnTToTE TAoN OTa GKPa TNG Je. INa va eMTUXOUUE
auTn TN Yevikeuon, atraiTeital JOVoO n avrikataoTaon Tou lco e To pevpa piag diodou p-n (TTou
Ba atroTeAeital amod TIG TTEPIOXEG BAONG Kal GUAAEKTN). To pelpa autd diveTal ammd Tn oxEon
Tdong-pelpaTog piag S1600U PE aVTIKATAOTACN TOU avAoTPOPOU PEUNATOG KOpOoU lo e TO Ico
Kal Tou V pe 10 Ve, 61ou Ve €ival n TTTWon 1adong oTa Akpa NG Je atrd Tnv TTAEUpd p oTnv
TAeupd n. H TAARpNG ékppaon yia Tnv lc yia otroieodATToTE TINEG TwV Ve Kal [e gival

I = —ogle +lgo(€¥es VT —1) 6.8

Ag onueiwBei 61 €dv n Ves eival apvnTikA Kal €xel ETPO peyaAuTepo TnG VT, n €. 6.8
atAotroigitan oTnv €€. 6.5. H @uoikn €€fynon tng €€. 6.8 gival 611 To pedpa d16dou TNG Evwong
p-n, T0 0TT0i0 BlaoXiCel TNV Evwan CUAAEKTN auédveTal KaTa TO KAGOoUa oF Tou peUpaTog le TTou
péel oTov eKTTOUTTO. AugdveTal dnAadn To peupa 816dou GUAAEKTN-BAoNG katd Tov 6po —arlg, 0
oTT0i0g PTTOpEl va BewpnBei avaAoyog TTpog pia “eEwTepIkr di€yepan”, n otroia gival To peUpa
TOU EKTTOUTTOU TTOU TTPOKUTITEI ATTO TNV TACN TTOU ETTIRAAAETAI HETAEU eKTTOUTTOU Kal BAonG.

E@apudlovrag ato Tpavdiotop Tov vopo Tou Kirchoff yia Toug kduoug éxoupe, 6TTwG AdN
TTPOAVAPEPAIE,

lE+lg+1lc=0 6.9
atrd OTToU TTPOKUTITEI
Iz = - (1-0F)le + Ico 6.10

To Is €ival TTOAU piIkpd yiarti gival n dlagopd Twyv dUo oxeddv iowv peupdtwy e kai lc,
TTPAYUa TTOU @aiveTal aTTo Tn oxéon 6.5 agou ar = 1 Kal TO lco £X€I TTOAU YIKPN TIUA.
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Zx. 6.8. EvioxuTtiig TpaviioTop.

Evioxutikl 18160TnTa TOU TpaviioTop: Ag Bewpriooupe Twpa OTI 0TO KUKAwMA TOU
OUAAEKTN UTTApXEl pia avTioTaon @opTiou Ri, Zx. 6.8. Mia pikpr} aténon AVi otnv 160N Ves
TIPOKaAEl peydAn augnon peupartog Alg, yiati n évwon Je gival TTohwpévn opBd. EmeidA 1o lco
gival TTOAU pikpd Ba gival atré Ty 6.5,

Alc = - arAle 6.11
omoTe N PETABOAN TG Tdong oTa dkpa NG Ri, AV, Ba ivai
AVL =-RL Alc = arRLAIE 6.12

O Aoyog A tng AVL, dnAadn Tng peTafoAng Tng Tdong e€6dou, TTPog TN METABOAA TNG TAoNGg
€106060u AV gival n evioxuon TdoNg TTou TTPAYPOTOTIOIE TO TPav{ioTop Kal gival
AV, opR AL apR,

AVi - racAIE - rac
OTTOU rac N OuvapIKA (ECwWTEPIKA) avTioTaon TG évwong Je 010 onueio Aeimroupyiag. TUTTIKEG
TINEG Yia Ta Ry, rac kal A gival

RL = 3kQ, rac =40 Q, Kal A=+75

6.13
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O amAoTtroinuévog autdg UTTOAOYIOUOG Beixvel KaBapd OTI To pelua e peTa@EpeTal aTTO HIa
XOMNAR avTioTaon €10680u (TNV rac) O€ pia uwnAr avtiotaon §6dou TNV RL. Anuioupyeital €101
gvioxuon 1aong Kai 1oxU0G. € autrv TNV 1810TNTA TNG METAPOPAS TNG XAMNAAG avTioTaong
€1I0600U OTNV UYPnAR avtioTaon £§6dou opeileTal To dvopa Tou Tpavliotop (TRANSsfer reSIS-
TOR).

6.2.3. MaBnpartik avdAuon Tng Asitoupyiag Tou TpaviioTop

MNa va ammAouoTeuBei N pobnuatik avadAuon Tng Asitoupyiag Tou TpaviioTop Ba KAvoupe
OopICEVEG TTOPOdOXEG OE O,TI apopd Tnv Katookeury Tou. AnAhadn, Ba Bewpricoupe OTI Ol
NUIOYWYOI €ival OUOIOYEVEIG Kal OI EVWOEIG ATTOTOUEG, TTOU onuaivel 6T n petdfaon ammd Tnv
TTUKVOTNTa aTTOdeKTWV Na O€ ekeivn Twv doTtwv Np yivetal Tdvw oTov dgova Tng évwaong
améToua. Etriong Bewpeital otabepr) n diatour] Twv NUIAYWYWY € OAO TO UNKOG TOUG aTtro TNV
ETTOAQPI) TOU EKTTOUTTOU PEXPI TNV ETTOQPI TOU GUAAEKTN.

210 Trapddelyya Tou  e€eT@lETal, TO TpaAviioTOp €XEl MEYAAN TTUKVOTNTA  QOPEWV
TIAEIOVOTNTAG OTOV EKTTOMTTO, MECN TTUKVOTNTG OTn BAON, KAl MPIKPr OTO OUAAEKTN OTTWG
@aivetal 010 Y. 6.6. AUTO 10XUEI YEVIKG OTa TpavEioTop, dNAadr) I0XU0OUV Ol aVIOOTNTEG

Pp>Nn> p") 6.14

Np < Pn < Ny 6.15
H TTukvOTNTa PEUPATOG MIAG Evwong p-n TTou TToAwveTal opBd, eival atmo Tny €. 3.55
J=Jn(0)+J,,(0) 6.16

o1rou Jan(0) kai Jap(0) €ival o1 TTUKVOTNTEG PEUPATOG NAEKTPOVIWV KAl OTTWYV TTAvVW OToV Ggova
NG £vwong, 61Tou Bewpoupe TNV apxn Tou d&ova Twv X, dnAadni otn B¢on x=0.

Omwg ava@épape Tapatmdvw, ammd Tn oxéon 6.1 @aiveral 6Tl TO peUua dlaxUoEwWG gival
avéAoyo Pe TNV KAion NG KauTrUANg dlaxuoewg n oTroia gival TTOAU geyaAUTepn OTNV TTEPIOXN
NG Bdong TTapd oTnv TTEPIOXN TOU eKTTOUTTOU. AUTO gival pavepod yiaTi, OTTWG QaiveTal Kal aTTo
TO ZX. 6.6, n didixuon oTov eKTTOUTTO OUVTEAEITOI O PAKOG Ln TTOAU peyaAUTepo Tou d péoa oTo
otroio ouvTeAeital n diaxuon otn Baon. EEaAAou, 1T€1dr) aTTd TRV KOTAOKEUN TNG £vWOng gival
oUpgwva pe TV 6.14 kai nn < pp Ba eivar kai np(0) < pn(0), SnAadA n apxIkf TUKVOTATA TWV
POpEWV TTOU dlaxéovTal OToV EKTTOUTTO aTTO TN Bdon np(0)<—nn, €ival PIKPOTEPN EKEIVNG TWV
@opéwv TTou dlaxéovtal aTn Baon atmod Tov eKTTOPTIO pp—>pn(0).

A6 autd OupTTEPAIVOUME, OTI UTTOPOUNE HE QPKETH TTPOCEYYION VA OUEANCOUPE TNV
TTUKVOTNTO PEUPATOG BlayxUoewg NAEKTpoviwy oTToTE Ba gival

J=J,,(0) 6.17
H eCiowan diaxuoewg diapopewveral atd Tnv 6.1 kai Tnv 3.50
dp,(x)
JAp(x):—Qer# 6.18
dd,, (x) = -Q, 2Pnl¥) gy 6.19
n Tp
8TT0U Apn(X) = pn(X) - pn = Apn(O)exp[—Li] 6.20
p
Kal diapopeuwveTal OTTwG Kal oTn &iodo n egiowon diaxuoewg 3.44
2
Dp d pn§X) — Apn(x) 621
dx T

H efiowon autr éxel 6pia OAOKAAPWONG TTOU TTPOKUTITOUV €UKOAQ OTTO TNV QUOIKH
Bewpnan Tou TpavdioTop TToU TTPOoNyRONKe

yia x=0 — p,(0) =p, expﬁ 6.22
Vy
- Ves

yia x=d — p,(d)=p, expv— 6.23
T

H oAokAipwon tng €. 6.21 pe 1o TTapatmmavw oOpla, divel TIG TTAPAKATw AUCEIG yia TIG
OUVIOTWOEG PEUPATOG EKTTOUTTOU |E KOl CUAAEKTN lc



-161 -

g = |ES(eVEB’VT —1)—ch|CS (eVCB’VT —1) 6.24

lo = —aplgs (VY7 —1) +1gg (6% ~1) 6.25

O &¢eikteg F, R kai S dnAwvouv ouvBnkeg opBrng mOAwong, avacTpoeng TTOAwoNG Kal
BpaxukUkAwaong, avtioToixa. Avagépovtal otnv opbn (F) yetddoon amd Tov €KTTOUTIO OTO
OUAAEKTN Kal oTnv avaoTpo®n (R) perddoon otrd 10 GUAAEKTN OTov €KTTOPTTO. O Opog lcs
TTOPIOTAVEI TO AVACTPOPO PEUUD KOPOU TNG dIGBOU TOU GUAAEKTN, ONAQDH TO peUPO CUAAEKTN

pE BPaxukukAwpévo Tov eKTTOPTTO VEs=0, Kal Ve avaoTpo@a TTOAWHEVN WOTE eVes/Vr <<1. 0
0pog les Tapiotdvel 1O avdoTPOoPOo peUpa  KOpou Tng OIGdOU TOU  EKTTOUTIOU, UE
BpaxukukAwpévo Tov OUANEKTN Vee=0. O1 TTapAPeETPOl OF KOl OR €ival PIKPOTEPEG aTTO Th
povada, agou dev CeuyvieTal OAN n TTo00TNTA PEUPATOG ATTO TN ia évwaon oTnv AAAN évwon.

210 ZX. 6.9 @aivovTal 01 CUVIOTWOEG PEUPOTOG Twy €€, 6.24 kal 6.25 TTou atroteAouv Ta
pevparta akpodekTwy e Kal lc yia éva TpavdioTop p-n-p. UPPWVA PE TA TTAPATTAVW, TO pEUUaA
EKTTOUTTOU €xel dUO OuVIOTWOEG. To pelpa TTou oxeTiCetar pe Tn &iodo ekTTOUTTOU-BAONG
oupBoAiCetal pe lep evwy autd TToU €xel oxéon e Tn Oiodo CUAAékTn-Bdong e lep. H
ouvioTwoa orlep €ival To TUAPA Tou lep Tou feuyvueTal péow NG PBACNG PE TOV EKTTOPTIO.
Mapodpola, n arlep €ival To TUAPA TOU lep TTOU CeUyVUETAI IE TOV GUAAEKTN.

arlcp arlep
p n )4
<+ <—
arlcp fep ¢
] +
[ep T Ien <[_C
Ves Ve
]BT p 2;

Zx. 6.9. ZuvioTwWOoEG PEUPATWY O€ TpaviioTop p-n-p. Emionuaivovral ol cupBATIKEG POPEG PEULATWY Kal
Tdoewv. looduvapo KUKAwua, [4].

O1 1€é00¢epIg TTOOOTNTES lES, Ics, AF Kal ar €ival CUVAPTAOEIG TWV TTUKVOTHTWY TTPOCUEIEEWG
KAl TNG YewpeTpiag Tou Tpaviiotop. Aev eival aveEdptnTeg aAAd IKavoTroloUv Tn OxEon
apoIBaioTnTag (] ouverkn avTioTPoPNg)

arles = arlcs 6.26

EmmiTAéov auTwy TWV TTAPARETPWY PTTOPOUV va OpIoTOUV dUO akOua TTapdueTpol. AUTEG O
TTApAueTpOl €ival Ta pelpara lco kal leo, amd Ta OToid TO TIPWTO £XEI avOPEPDE]
TIPONYOUUEVWG. ZUYKEKPIMEVA, N TTAPAPETPOG lco OpPICETal OXETIKA WE OUVONKEG QVOIKTOU
KukAwpatog, dnAadn eival To avaoTpo@o pelpa cUAAEKTN 6Tav Ie=0, Kal n avaoTpo®n Taon

Ves eival Tétoia wote eVes'Vr <<1. H TTOPAUETPOS leo €ival TO avAOTPOPO PeUPA EKTTOUTTOU
TTou péel oTav Ic=0 kai eVes/Vr <<

O1 moooTNTEG Ico Kal leo pTmOpoUv va An@Bolv ot ouvduaopo PE TIG GAAEG TECOEPIG
TTAPAPETPOUG, av EQAPPOCTOUV O CUVOAKES opiopoU Toug. MNa Tapddeiyua, yia va Bpouue To

lco BéToupe lc=—lco kai Ie=0 oTnv 6.24, XpnoigotoloUpue TNV Trpooéyyion e'ce’Vr <<1 kai
atraAeipoupe Tov TrapdyovTa (e'es 'V -1), oTic 6.24 Kai 6.25. ‘ETo1 Bpiokoupe
lco = (1—(XFQR)|CS 6.27
leo :(1—aFaR)IES 6.28

Ta kEpdn peUPATOG AF Kal OrR OpiovTal OTTO TIG OXETEIG:
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AvaoTpo@o kEPOOG PEUATOG

I
og == 6.29
IC Veg=0
Kavovikod k€pdog peUpaTog
I
o == 6.30
lE Ves=0

6.3. ZtaTikég XapakTnpioTikéG Tou TpaviioTop

MNa tnv avamtuén tng TTponyoupevng Tapaypd@ou BewpAoape éva KUKAwPa TTOAwWGCNG Tou
TpavdioTop, 61ToU N BAon cival KOIVOG KOUBOG yia TIG dUo TTNyEG TTOAWONG. To KUKAwPA auTo
Aéyetal ouvdeopoloyia koIVAG BAong kai @aivetal oto 2. 6.11. Ymdpxouv 800 akéun
OouvOEOUOAOYIEG, N TOU KOIVOU eKTTOUTTOU TTOU QaiveTal 0TO ZX. 6.14, Kal TOu KOIVOU GUAAEKTN
TTou gival omravioTepn. O ouvdeopoAoyieg auTég oxeTiCovTal IE TOV TPOTTO TTOU TTOAWVOVTAI Ol
TPEIG TTEPIOKEG TOU TPAVZioTOP, KOBWG Kal TNV ToTToAoyia Tou KABE KUKAWMATOG.
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Amoxomn ﬁ Evepyos Is=0
/ 7 ¥ Vec (pnp)

Is=0 /' > Ve (npn)
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Aveotpappévn
Evepydg

/

Kopog

Zx. 6.10. a) Zuvduaopoi Twv TAoEwv €10050U Kal €§6dou evog TpaviioTop. B) Meploxég AsiToupyiag evog
TpaviioTop o€ ouvdeauoAoyia Kolvou eKTTOUTTOU yia Sid@opoug TpéTToug TTOAwong, [5].

2TIG TTEPICOOTEPEG EPAPHOYEG EQAPPOCETAI £va ONua OTa AKPA TwV dU0 OKPOBEKTWY, Kal
AapBaveral To oApa €§6dou aTtd €va GANO Celyog akpodekTWwY. Epdoov 1o TpaviioTop Exel
TPEIG OKPOOEKTEG, AVAYKOOTIKA Ba TTPETTEI O €vag OTTO TOUG OKPOOEKTEG VA QVAKEN KAl OTO
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KUKAWMa €10000U OAAG Kal 0TO KUKAwMa €£6dou. O1 6pol Aoirdv Koivrg Baong, Koivou
€KTTOUTTOU, KaI KOIVOU OUAAEKTN xpnoiygotroloUvtal €101 WOTE va EEXWPICOUPE TOV KOIVO
aKkpodEKTN. H ouvdeopoloyia KoIvou eKTTOPTIOU €ival auTr) TTOU KUPIWG XPNOIMOTTOIEITAI OTNV
TPAEN, evw N cuvdeapoloyia Koivig Bdong xpnaoluoTtroigital TrepioTaciakd. H guvdeouoAoyia
KOIVOU GUAAEKTN XpnoiyoTrolgital TTOAU aTrdvia kai Ba Tnv eeTdaoupe AiydTEPO avaAuTIKG.

O 71poTTOG ME TOV OTIOI0 TIOAWVETAl TO Tpavdiotop, Bonbdel aTov akpiBEoTEPO
TTPOO0dIOPIOUS TNG AgiToupyiag Tou, UTTOSEIKVUOVTAG TIG TTONIKOTNTEG TWV TACEWV TTOU
epappogovtal. YTTApXouv TE00EPIG ouvduaopoi TTOAwoNG, o1 oTToiol gpaivovtal oTo 2. 6.10: n
EVEPYOG TTOAWON, OTTOU N évwon eKTTOPTTOU-BAong TToOAwveTal 0pBA Kal n £vwaon CUANEKTN-
Baong ToAwveTtal avaoTpo@a. H TOAwaon auth ival n TTAEov Koivry, 1IB1AITEPA OTOUG EVIOXUTEG,
Kal OoTnVv TTEPIoXN evepyou TTOAwWONG To TpavdioTop ep@avilel To HeyaAuTEPO KEPOOG GAPATOG
KAl TN MIKPOTEPN TTapauépewaon orfuatog. H TTepiox kKOpou, OTTou Kal ol dU0 eVWOEIG Eival
0pBda TTOAWMEVEG, KOl N TIEPIOXA OTTOKOTIAG OTToU Kal ol OUo evWOEelg gival avaoTpoga
TToAwpéveg, divouv avTioTolxa KatdoTaon aywyng (diEAeucn uwnAou pedpaTtog, xaunAn T1aon)
Kal kotaotaon OIakoTAG (BiéAeucn acBevolg peuuaTog, uywnAf TAon), TTOU KAVOUV TO
TPAVEiOTOP VO OUUTTEPIPEPETAI OaV BIOKOTITNG. ZTA WN@IOKA KUKAWPOTA, oI dU0 auTEG
KOATAOTACEIG QVTIOTOIXOUV OTIG AoyIkéG oTdBuES “1” kai “0” avtioToixa. TéAog, oTnV TTEPIOXN
QVTIOTPOPNG, N Evwan CUAAEKTN-BAONG TTOAWvETal opBA Kal n €vwaon ekTroutTou-Raong
TToAWVETAI avaoTpo@a. OuaiaoTikG dnAadn, evaAAdocovTal oF POAOI EKTTOUTTOU KOl GUAAEKT.

>1n ouvéxela, Ba avaAlooupe TIG BUO KUPIOTEPEG OUVOECUOAOYIEG EVOG TpavdiaTop, dnAadnh
TN ouvdeopoAoyia Koivig BAong Kal T ouvOECHOAOYia KOIVOU EKTTOUTTIOU, VIO OAEG TIG SuvaTEG
TTOAWOEIG TOUG.

6.3.1. Zuvdeopuoloyia Koiviig Baong

2710 KUKAwpPa KoIvAG Bdaong Traparnpoupe OTI UTTAPXEN £va KUKAwPa €10080U TNG £vwong
eKTTOUTTOU-BAONG Kal €va KUKAwMA €£000U TnNG évwaong CUAAEKTN-BAong. Ze KABe éva atmod
auTtd €xoupe dUO0 eCopTWUEVA PETABANTA YEYEDN, TNV TAON Kal TO peUPa TTOAWONG.
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Zx. 6.11. KikAwpa méAwong TpaviioTop p-n-p koivig Bdong, [16].

To KUKAwMa Tou ZX. 6.11 éxel dlapgop@wbei €Tal WOTE va PtropoUlpe Pe Tn Borbeia duo
TTOTEVOIOUETPWY Va BIGAEEOUNE TIG TACEIG Kal Ta pelpaTta TTOAwoNG Twv evwoewv. ETal, o1o
KUKAWMA eKTTOUTTOU-BACNG TTOU TTOAWVETAI 0pBd Kal OTTWG EEpoupe dev PTTOPET va TTAPEl TAON
peyaAuTtepn ammd 0.7 V, oTwg kdBe opbd moAwpévn diodog TTupITiou, XPNOIPOTTOIOUUE MIa
mnyn Vee = 1 V pe éva mmotevoidpetpo 10 kQ. 'Eva pIANIBoATOpETPO pag divel Tnv Tdon opBnig
TTOAwoNG Ves Kal €va PIAIGUTTEPOUETPO POg divel TO pevpa opbBrg TTOAwong e TTou eival
AAANAECapTWHEVA Kal TO DIGAEYOUNE PE TO TTOTEVOIOUETPO.

KaTm avTioToixo utrdpxel Kal 0To KUKAwPO avaoTpo®ng TTOAWONG TNG €vwong GUAAEKTN
Bdaong, émou n TNyn €ival Tdong Vec = -12 V, kal 10 BOATOUETPO Kal MIANIQUTTEPOUETPO HOG
divouv Tnv 180N Vce Kail 70 peUpa lc TOu GUAAEKTN.

Ymrdpyouv AoImtov T€00epIg HETARANTEG GTO TPavViOTOP Kal yIa va TTAPOUCIACOUNE O€ €va
SIdypappa TIG TINEG TOUG TTPETTEI AUTO va yivel avd Tpeig o€ dUo diaypauuaTa.

O1 TUTTIKEG XOPOKTNPIOTIKEG €10600U Ba TTAPIOTAVOUV Tn OXEON TOUu PEUMATOG €I66d0U e
ouvapTAoEl TNG Tdong Vee, YE TTAPAUETPO TNV TACGN avACTPOPNG TTOAwGCNG TnNG £6dou, Vcs.

To pevpa ei0630u |t Bpioketal amé TIC 6.24, 6.25, 6.27, 6.28 av amaAeipBei o dpog (eVos 'V -
1), oTToTE £XOUME
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XQapaKTNPIOTIKI £10650U le = —ogle +leo (€'2"*7 ~1) 6.31

O1 TUTTIKEG XapaKTNPIOTIKEG £E0O0U yia £va TpavioTop o€ ouvdeouoAoyia Koivrg Bdong, Ba
TTApPIOTAVOUV Tn OxéOon Tou peldpatog €€6dou Ic ouvapTtrioel TnG Tdong €{6dou Vcee pE
TTAPAUETPO TO pelpa el06dou le. To pedpa €6dou Ic BpiokeTal amd Tig 6.24, 6.25, 6.27, 6.28

av amraAeipBei o dpog (e'=s/ VT 1), omoTe éxoupe

XapaKTNPIOTIKY ££680U lc =—0glg +lco (eVCB N —1) 6.32

6.3.1.1. XapakrnpioTikéS 10060V

2710 KUKAwpa Tou ZX. 6.11 Bewpolpe oav €icodo Tnv Tédon Ves TToU eQapuoleTal HETALU
ekTTOUTIOU Kal Bdong. Emeidn n évwon exmroutrou-pdong eivar opBa moAwpévn, n oxéon
peupatog le kal Tdong Ves PE avoIKTO TO KUKAwMA CUAAEKTN, Ba gival n oxéon pelparog Taong
o€ pia 0pBa mmoAwpévn diodo. Otav n évwon oUAAEKTN-BAoNG TTOAwBET avaoTpo®a, TOTE TO
pevpa e yia dedopévn Ve Ba augnBei, emeidn aufdvetal To TTAGTOG TNG TTEPIOXNG EAAEIYNG
Qopiwv (TTEPIOXN aTToyUuvwong) oTnv  €mmo@r OUAAEKTN-BACNG. Apa  €AOTTWVETAl TO
ouolaoTIKO TTAGTOG TNG BAONG Kai yiveTal Mo ypriyopn didxuon QopEéwV TTPOG TOV CUAAEKTN.
210 ZX. 6.12 divovtal oI XapakTnpPIoTIKEG €106dou yia Tn ouvdeopoloyia Bdaong. Ol
XOPOKTNPIOTIKEG QUTEG €ival N oxéon PeTagU | kan Ves pe mrapdapetpo Tnv Ves. MNapatnpolue
0TI n Téon Vce €mdpd Aiyo TTAvw OTIG PETPAOEIG KAl OTI O KAPTTUAEG yIa DIAPOPES TIUEG TNG
BpiokovTal KOVTA N pia g oxéan We TNV AAAn.

0,6
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Zx. 6.12. XapaKTnpIoTIKEG KAUTTUAEG 10600V KOIVAG BAong TpaviioTop yepuaviou p-n-p, [3].
6.3.1.2. Xapakrtnpiorikég 660U

O1 XapakTnPIOTIKEG AUTEG €ival OUAVOG OTTO KAPTTUAEG TTOU €KQPALOUV Tn OXEon UETAEU Ic
Kal Ve pe TTapduetpo 10 pevpa le. Autég @aivovtar oto ZX. 6.13, Ommou dlakpivoupe TIg
TTAPAKATW TTEPIOXEG.

— Evepydg Mepioxn

H évwon ekmmoptroUu-Baong eival opOd moAwpévn. H €évwaon ouAAékTn-Bdaong avaoTpoga
moAwpévn. Otav e = 0, Ba eival Ic = lco = 0. Na e # 0, Ic = -arle ka1 avegdptnTo NG Ves.
BAétroupe Aoirév 611 T0 pelpa lc eaptdral atmd 10 pedpa lg, dnAadr eAéyxeTal amd TNV opbn
TTOAwon NG Bdong. Autd gival cwoTd dIOTI oUCIACTIKA TO PEUUA TNG AVACTPOPA TTOAWMEVNG
£vwong oUANEKTN-BAong e€apTaTal atrd Tn dIdXuon QopEwv aTrd Tov eKTTOUTTO 0Tn Bdon, dpa
atré 10 IE.

— [Mepioxn Képou
H évwon ekmmoptrou-Baong eival opbd moAwpévn. H évwon culAékTn-Bdaong eival etmiong
0pBa ToAwpévn. £ authv Tnv Trepimtwaon Ves = 0 A ehappd BeTikr). H opb TméAwon Tng



- 165 -

€vwong OUAAEKTN-BAoNG €€nyei TNV amdéToun algnon Tou peUPATOG WE MIKPr algnon Tng Vs,
ylaTi 0pBn TOAWGON TNG £vwong GUAAEKTN-BACNG onuaivel pelua OTTWV atrd ToV CUAAEKTN OTN
Baon, dnA. pevua avtiBeTo atTd T0 —aFlE.

— [Mepioxn ATTOKOTIAG

H évwon extmoutrou-paong eival avdotpoga TToAwpévn. H évwan oulékTn-Bdong eival
€Tmiong avaoTpo®a ToAwpévn. H teploxn autr €ival Kdtw atmd TN xopoktnpioTikA e = 0,
otroére le = lco.

Meproyn i i ,
(— 16pov :I: Evepyog meproyn —\
-50
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g 20 20
<
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\_ ~ Ves=0 Meproyn unoxomljg )
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Taon cviriéktn-paong Ves (Volts)
Zx. 6.13. XapakTnpIoTikéG KAPTTUAEG £§650U KOIVAG Bdong TpaviioTop yeppaviou p-n-p, [3].

ATO TO KUKAwMaA TOAwONG yia AgiToupyia oTnv  evepyd TTEPIOXN, MTTOPOUUE Vva
uttoAoyiooupe TIG 0TaBepEG 6.26-6.30 Twv €. 6.24-6.25 pe peTproeig wIkpwv peTaBoAwy. MNa
va PeTpnBoulv ol oTabepég opieTal TTPWTA £va OnEio npediag Q kal YETA yivovTal Ol UETPROEIG
wg €4NG.

MNa 10 KEPOOG PEUPATOG, UETPAUE MIKPEG METARBOAES Twv peupdTwy Ale kai Alc KpaTwvTag
oTaBepn TNV Téon Ves yia T0 avdoTpo®o Kail TNV Ves yia TO Kavovikéd KEPSOG.

lNa 10 avaoTpo@o peUpa KTTOUTTOU lEo PETPAME TO PEUPA EKTTOUTIOU HE QVOIKTO TO
KUKAwPa GUAAEKTN Ic = O Kal e apKeTa PeyAAn avaaTpo®n Tdon TTOAWGONG EKTTOUTTOU-BACNG
ONnAadn Ves<<-Vr.

[a 1o avaoTpo@o peUua GUAAEKTN Ico PETPAUE TO PEUUA GUAAEKTN PE QVOIKTO TO KUKAWMUG
ektTouTIOU lE = 0 KOl pE apkeTd peydAn avaoTpo®n Tdon TOAwoNg oUANEKTN-BAong dnAadn)
Vep<<-Vr.

MapaTtnpouue 611 Ta dUO peUpaTa CUAAEKTN Kal EKTTOUTTOU €ival oXedOV ica KATA PETPO Kal
yI' auté 10 KEPDOG PEUPATOG OF G’ AUTHV Tn cuvdeapoAoyia Tou TpavlioTop eival Tng Ta&NG Tou
0.98. A6 autd TTPOKUTITEl OTI N TIMA TOU PeUUOTOG BAong Is gival TTOAU PIKPOTEPN OTTO TIG I
Kal le. Oupifoupe TEAOG, OTI OTTWG BEIXTNKE TTPONYOUNEVWG OTN oUVOETHOAOYIa KOIVAG BAong,
n evioxuon Tdong Kai 1I0x00og gival
Ry

ra Cc

A 6.33
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6.3.2. Xuvdeopoloyia KoivoU Ektroptrou

210 2X. 6.14 @aiveTal pia ouvdeopoloyia OTnV oTroia To KUKAwHA €10080u gival TTAAI N
évwarn BAonG-eKTTOUTTOU, 0AAG £0W GTOV KOIVO KOMBO €ival 0 EKTTOPTTIOC Kal aThv €i00d0 gival
n Bdon. £1n cuvdeauoloyia auTr) TTou AEyeTal KOIvoU EKTTOUTTOU, TO KUPIO KUKAWUG gival TTAAI
TO KUKAWPQ OUAAEKTN-eKTTOUTTOU, OANG Twpa O €KTTOPTTOC dev eival oTnv gicodo. TouTo
onuaivel 6T n TNy TTOAWONG TTOAWVEI U0 EVWOEIG OTN OEIPA, TNV €Vvwaon CUAAEKTN-BAonG Kal
TNV évwon Pdong-ektroutrou. AnAadn yia va Bpoupe Tnv Téon TOAWONG CUAAEKTN Bdong
TIPETTEI VO AQAIPECOUPE OTTO TNV TAGN CUAAEKTN-EKTTOUTTOU TNV TAoN BACNG-EKTTOUTTOU.

10 kQ |J
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Zx. 6.14. KikAwpa méAwong TpaviioTop p-n-p Koivou ekTrouTrou, [16].

21N ouvdeopoAoyia KoIvoU EKTTOUTTOU, TO peUpa TnNG Bdong Is gival To pelpa €106d0U, EVW
TO peUpa CUAAEKTN ¢ gival To pedpa £€6dou. ATTé To KUKAWPA Tou XX. 6.14 kal pe Tn BorBeia
TWV TEOOAPWY OPYAVWY UTTOPOUHE VO PETPACOUUE TIG TIUEG KOl VA XAPALOUUE TIG OTATIKEG
XOPAKTNPIOTIKEG KOIVOU eKTTOPTTOU. OTTWG KAl OTIG XAPAKTNPIOTIKEG KOIVAG BAONG £TC1 KOl £5W
MTTOPOUME VO OPICOUUE XOPAKTNPIOTIKEG €10000U Kal ££600U. H olkoyévela KOUTTUAWY Is =
f(Vee, VcE) €ival o1 OTATIKEG XAPAKTNPIOTIKEG EI00B0U, VW N oIKoyEvela KAUTTUAWY lc = f(VcE,
Ig) €ival o1 OTATIKEG XOPAKTNPIOTIKEG £§6O0U yia Tn ouvdeapoAoyia Kolvou ektrouTrou. lMNa va
€xoupe Ta ls Kal lc 0TN PABNUATIKA POP®R TTOU XPEIalouaaTE, XPNOIYOTTolIoUPE dUO akoua
oxéoeig amd 10 2X. 6.14

Iy = —(lc +Ie) 6.34

Ves = Vee +Ves = Vee — Vae 6.35

Av avTikataoTAooupe Tnv 6.34 oTIg 6.24, 6.25 TTaipvoupe

IB = _lES (1 - QF)(ei\/BE IV _1)

XapakTnpIoTIKA £10600U

H 6.36 ptropei va AuBei wg 1Tpog Tov 6po e

s (1 —aR)(e(VcE-VBEWVr _1) 6.36

Vee /V1 | gyeTIkG pE TIC TTOOOTNTEC |8 Kal Ve Kal

METG aTTd avTikatdoTacon atnv 6.25 BpiokeTal 10 Ic.
Mia xprioiun oxéon utropei va Bpebei ammeuBeiag amd tnv 6.32 xpnoigoTroiwvTag Tnv
eCiowon I = —(IC + IB) . H oxéon autn ivai

XapakTNPIOTIKA £€600U

IC:

%F g + too (e(VCEvaE)/VT —1) 6.37
1-o0p 1-op

Av oe éva Tpaviiotop pnp, Veg = Ve — Ve <-0.1V, 10TE TO €KBETIKO pépog Tou deUTEPOU
O6pou oTnv 6.37 Tpooeyyifel To undEv Kal n e€icwon auTth atrAoTTolgiTal 0TV

OpiCoupe Tnv TTapdaueTpo Br

lo = —F | L 6.38
1-op 1-0p

po—_2F _lo 6.39
1-0r Ig Vg0
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WG TO KEPOOG PEUPATOG KOIVOU EKTTOUTTOU TOU TpavdioTop TTou gival apiBuog TG 1agng 50 £wg
500 kai egaptdral amd TOV TUTTO TOU Tpavdiotop. Me Bdaon Tov opiouyd autd, n oxéon 6.39
yiveTai

lc =Belg —(BF + 1)ICO 6.40
Maparnpoupe 61 yia Is = 0, dnAadr e avoIKTO TO KUKAwPa TG Baong
lc =—loo(1+BE) 6.41

H €. 6.41 deixvel 6T 10 TpaviioTop OTn OuvdeCUOAoyia KoIvoU €KTTOUTTOU EVIOXUEI TO
pevua dlappong. Emmiong mapatnpolpe OTI PIKPEG PETABOAEG OTNV TIUN TOU OF €XOUV OQV
OUVETTEIO HEYAAEG HETABOAEG oTnV TN Tou Be. MNa TTapddeiypa yia oF =0.98 £xoupe Br =49, yia
ar =0.985 €xoupe Br =66, dnAadn peTafoAnl Tng TIMAG Tou arF ot TTooooTd 0.5% éxel oav
ouvétrela PeTafBoAn tTng TIMAG Tou Br o€ TTOC00TO 34%. ZuvéTrela autoU eival OTI €XOUME
MEYAAEG Blagopég oTnv TiYr Tou Br yia TpavdioTop TTOU KATAOKEUAZOVTAl KATW aTrd TIG iBIEG
ouvenkeg (TpavdioTop Tou idlou TUTTOU).

ATIO Tn oxéon 6.40, emeidn lco<<ls €TTeTON OTI

lc=BFls 6.42

KAl yI' auTO 0 OUVTEAEOTNG B AéyETal KOl OUVTEAEOTAG EvioXuong peUPATOG ) KEPDOG PEUPATOG
(ouvexoug).

6.3.2.1. XapakrnpioTiKéS £10060U

MNa Vce = 0, dnAadn yia BpaxUKUKAWPEVOUG TOV OUANEKTN KAl TOV EKTTOUTTO, €XOUME TN
XOPOKTNPIOTIKA piag opBda tmmoAwpévng &16dou. MNa Vee = 0 Ba eivar Is = 0 yiati 6Aor ol
QKPOBEKTEG TOU TpavdioTop eival BpaxukukAwpévol. AuEdvovtag Tnv atréAuTn Tiun TG Vce pe
otaBepri TN Veg, eAartwveral 10 TAATOG TnG PBAong omoTe €AATTWVETAI TO PeUPA
emavaouvdeong. Auto e€nyei Kal Tn JETATOTTION OTIG KAPTTUAEG yia TIPEG Tou Vee < 0.

Taon Baong Ve (Volts)

Pedpa paong Is (mA)

Zx. 6.15. XapaKTNPIOTIKEG KAPTTUAEG E10050U KOIVOU EKTTOUTTOU TpaviioTop yEpuaviou p-n-p, [3].
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6.3.2.2. XapakrtnpioTikég e€600U

O1 XapakTnPIoTIKEG £§0O0U gival, OTTWG AON eiTTape, N oikoyévela KaPTTUAwy lc = f(Vce, I8)
ME TTAPAUETPO TO pelpa BAong Is. Kal aTnv TepimTwaon auth S1akpivouue TPEIG TTEPIOXEG: TNV
EVEPYO TTEPIOXT, TNV TTEPIOXN OTTOKOTING, KAI TNV TTEPIOXT) KOPOU.

— Evepydg Mepioxn

2av evepyog TepIoxXn Xapaktnpidetalr n tepioxn Tou emmmédou Ve, lc yia Tipég TG Vee
peyaAUTepeg aTTO pePIKA BékaTa Tou Volt kal yia Tiyég Tou Is < 0. TNV evepyd TTEPIOXH N
€vwon oUAEKTN-BdaonNG cival avaoTpopa TToAwpEVN Kal IoxUel N oxéon 6.40, dnAadn 1o pelpa
€€0dou eival avaloyo pe To peupa €I0600u.

I’ autd, 6tav TpdKeITal va XPNOIYOTTIOINOOUUE TO TPAVEIOTOP OQV EVIOXUTH TTIPETTEI va
TTeplopiooupe TN AeiImoupyia Tou oTnv evepyd Trepioxr). Omwg @aivetal kal oto ZX. 6.16 ol
XOPAKTNPIOTIKEG €60B0U OTNV evepyd TrepIoyN Oev gival TEAEIa TTAPAAANAEG TTpog Tov Ggova
Vce. H pikpr) kAion tmou €xouv dikaioAoyeital atrd 10 yeyovog O T0 oF auédveral pe TNV Vee
Kal £T01 auEaveTal Kal TO Br.

— [epioxi ATTOKOTTAC

Mepioxr atmmokoTg gival n TTepIoxr Tou emTTEdOU VcE, lc yia Tiyég Tou |s > 0. ATTO Tn oxéon
6.40 cival pavepd TTwg yia Is = 0 Ba cival

lc = —(1+BF )lco 6.43
To — (1+BF )lco oupBoAiZeTal pe 10 Iceo OTTOTE €xoUpE yia Is= 0
Ic = Iceo 6.44

AnAadr 1o peupa OUAAEKTN Oev gival pundév. MNa va éxoupe 600 TO dUVATOV WIKPOTEPO
peUPa CUAANEKTN TTPETTEI N ETTAQN EKTTOUTTOU-BACNG VO TTOAWOEI EAAPPE avaaTPOPa.
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Taon cviréktn-ekmoprov Ve (Volts)

Zx. 6.16. XapakTnpIoTIKEG KAPTTUAEG £§6B0U KOIVOU EKTTOMTIOU TPaViioTOp YEPUAViou p-n-p, [3].

‘ETO1, Qv TTEPIOXT ATTOKOTING opifeTal n Treploxn otou le = 0, otmoTe: (TOTE Kal Yoévo) Ic =
Ico.
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O1 TIgég TG avaoTpopng Téong Ves yia va TTETUXOUUE Ic = Ico, dnAadr| yia va odnynBei 1o
TpavlioTop OTNV OTTOKOTIA, €ival yia TpavlioTop yeppaviou: |VEB|20.1 Volt kar yia TO
TpavgioTop TUpITIoU [Vgg| >0 Volt. Snueioveral 6T n avaoTpoen Taon Ves Sev TIPETTE! va
TEPVAEl YIa PEYIOTN TIUA Veso, TTOU OVOUGZeTal “avAaTpo@n TAON KATAOTPOPNGS” (reverse
breakdown voltage, Veeo). lMa TiuéEg Tng avaoTpoeng Ves yia Tig omoieg |Veg|> [Visol

TIPOKOAEITOI PYOVIUN KOTAOTPO®R Tng £vwong ekmmoutroU-pdaong. H TiuA Tng Veso eival
XOPAKTNPIOTIKA yIa KGO TUTTO TpavdioTop Kail divetal atrd Tov KaTaokeuaoTr). O1 TINEG TNG Veso
ava@Aoya Pe Tov TUTTO Tou TpavdioTop KupaivovTal petagu 0.5 V kal pepikwyv dekadwy Volt.

— [epioxn Képou

21nv TEpPIoX) KOPOU O1 €VWOEIG OCUAAEKTN-BAONG Kal exTTOPTTOU-Bdong eivar opBd
TToAwpEveG. OTav 01 EVWOEIG OUANEKTN-BAONG Kal EKTTOUTTOU-BAONG €ival opBAa TTOAWEVEG, Ol
TINEG VBE KAl Ve gival TNG TAENG pepikwv dekdTtwy Tou Volt. Etreidr Vee = Vae - Vie, Oa givai n
Vce TG idiag Taéng peyEBoug. Apa n Tepioxr) kKOpou aTo didypauua Tou XX. 6.16 Ba eival, yia
Tov agova Vce, KOVTa 0TO undév OTTou OTTWG PAiVETAI ATTO TO OXMA Ol XAPAKTNPICTIKEG YIA TIG
O1dpopeg TIEG TOU |s Gpiyouv Kal TTE@TOUV O0TO PNOEV (apxn Twv agovwv). BAéToupe 10TE OTI
oTNV TTEPIOXT KOPOU TO peUUA GUAAEKTN, TTOU GUPBOAICETaI WE lcsaT, €ival aveEdpTnTo OTTd TO
pevpa Baong s yia cuykekpipgévn TTOAWON CUAAEKTN Vee kal Re. ETTeidr) otnv trepioxr képou
N Vce, Tou oupBoAileTal Ye Ve sat, €xel TTOAU pikpR TIRA (Vcesat = 100 mV) n Tiun Tou lc Ba
gival

V,

lc.sar & % 6.45
H mmooétnTa
Veesat
ReesaT = o : 6.46
C.SAT

AéyeTal avTioTaon KOPOU yia KOIVO EKTTOUTTO Kal gival TNG TAENG Twv pepikwv Ohm. TuTmikég
TINEG TNG VBE OTAv TO TpaviioTop PBpPiokeTal gTov KOPO gival yia Tpav{icTop n-p-n TTUpITiOU
Vee,sat = 0.8 Volt kai yia Tpavliotop n-p-n yeppaviou Veesat = 0.3 Volt. Znueiwveral oT pia
MEYAAN KaTnyopia KUKAWPATWY pE TpavgioTop, Ta AoyiKG KUKAwpaTa, A€IToupyouv OTIG
TTEPIOXEG KOPOU KOl OTTOKOTING, O€ avTiBeon ME Ta KUKAWMPATO €vioXuong TTou, OTTWG
ava@épOnke, AeIToupyouv TTAVTA GTNnV EVEPYO TTEPIOXN.

6.3.3. Zuvdeopuoloyia Koivou ZuAAéKTn

H ouvdeopoloyia KolvoU CUAAEKTN eival Baoika n idia pe Tnv ouvdeopoAoyia Koivou
ekTTOUTTOU (apoiBaia aAAayr) TOu CUAAEKTN Kal TOu eKTTOPTTOU) PeE Tn Siagopd OTI N avTioTaon
QopTiou BpiokeTal 0TO KUKAWHA TOU EKTTOUTTOU avTi 0TO KUKAwMA oUAAEKTN. Ta peduara, ol
TAOEIG, KOl YEVIKA N OUMTTEPIPOPA TOU TPaviioTop OTO KUKAwWA Egival TTapopola PE TN
OUNTTEPIPOPA TOU OTN OUVOETPOAOYIa KOIVOU EKTTOUTTOU.

Ic

= Vcc

Zx. 6.17. ZuvdeopoAoyia koivou ouAAékTn, [3].
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21N ouvdeapoAoyia auTr, 0 CUAAEKTNG €ival 0 KOIVOG aKpOoOEKTNG OTO KUKAwUA £10600U Kal
€€600ou. Ta pey€On mou kabopifouv TN CUNPTTEPIPOPA Tou TpavdioTop, gival Ta pelpata Baong
Is ka1 ekTTOPTTOU |E KO OI TéOEIG Ve KAl VEC. ATTO auTd, ave§apTnTeG HETARBANTEG (TTAPAUETPOI)
Ba cival Ta peyédn Is kal Vec, evw Ta GAAa OU0 peyébn Ba eival OuvapTACEIS Twv
TTponyoupévwy, dnA.

L=fi( V) 6.47

Kal TrTapouola
Ve =1, (5.Vee) 6.48
O1 XapaKTNPIOTIKEG KAWTTUAEG KOIVOU CUAAEKTN €ival TTEPITTOU idIEG PE AUTEG TOU Koivou
ekTTOouTTOU. ETEIdn n avriotoon Tou GUAAEKTN €xel UNOEVIKN TIUA, O GUAAEKTNG YEIWVETOI OTO
ac, péow TnNG TNYNG Tpo®odoaiag. To aAua €106dou odnyei TN Baaon kai n £§0do0g AaupBaveral
atrd TOV EKTTOUTTO. To KEPOOG TAONG TOU AKOAOUBOU EKTTOUTTOU EIVal i00 | MIKPOTEPO OTTO TN
povada, evw To ofua £§6dou TTavw oTnv avtiotaon Ri, Vo, BpiokeTal og @Aon pe 10 oAua
€10660u, Vi. EEaitiag Tng evioxuong Tou pelpaTtog, n oUvBeTn avTioTaon €106d0u, TTOU QaiveTal
ammé Tn PBdaon Tou transistor, €ivai TTOAU peydAn. Me Tov akdAoubo extroutTod SnAadr,
METOTPETTOUME MIa PEYAAN oUvBeTn avTioTaon €10000U O€ PIa HIKPR OUVOETN avtioTaon
€€odou.

H 1816TNT0 auT Tou akdAouBou eKTTOUTTOU €ival IBIITEPO XPOIUN YIO TTPOCAPMOYH €vOg
KUKAWMATOG pe uPnAni avtioTtaon ££6d0u o€ £va @opTio XapnAng avtiotacng. MNa mapddeiyua,
av ouvO£OOUNE HIa TTINYNA JE MEYAAN ECWTEPIKN AvVTIOTAON OE YIA PIKPR AvTioTaon QopTiou, N
TEPICOOTEPN TAON Ba TTECEI OTNV ECWTEPIKA AVTIOTAON TNG TTYAG KAl To oApa Ba xabei. ‘Evag
TPOTTOG va &etrepaoTei autd 1o TTPORANUA, eival n ToTToBETNON €VOG aKOAOUBOU eKTTOUTTOU,
avdaueoa otnv TTNYA Kail 1o @opTio. O akdAouBog eKTTOUTTOU AUEAVEI TNV avTioTAoN QOPTioU Kal
MEIWVEI TNV OTTWAEIA TOU OAPATOG. £TO KUKAwPA Tou ZX. 6.17 1oxUE!L:

Ve =Vs—0,7 V (yia TpaviicTop TTupItiou) 6.49

AnAadn n €€odog Ve eival oxedov ion pe Tnv €icodo Ve kai eropévwg 1o DC KEPdOG TAoNg
gival TTepitrou ico pe TN Yovada (aTnv Tpagn Aiyo pikpdTepo atrd 1, AOyw TNG YIKPAG TITWONG
Tdong 0,7 V madvw oTtnv opBda ToAwpévn évwon Baong-ekmmoutrol). ETiong, n ouvdeopoAoyia
KoIvOU OUAAEKTN, avTiBeTa atmd TIG AAAEG BUO ouvdeapoAoyieg (KoIvoU eKTTOUTTOU Kal KOIVAG
Bdaong), eival pia pn avaoTpépouaa cuvdeapoAoyia, dioTI ol Tadoelg £1g6dou Vi Kal £§6dou Vo
gival oe @dorn. ATro Tn Asitoupyia Tou TpavioTop I0XUEl ETTIONG:

le =—(lc + Ig) 6.50
lc = Brls 6.51
Kai emmeidn 10 Br éxel TOAU peydAn Ty Be ~ 100, e = lc. H avTiotaon ekmoutou Ru

dlappéetal atrd To ABpoICHa TV PEUPATWY BACNG KAl CUAANEKTN. AnAadr], To KEPOOG PEUPATOG
TOU EVIOXUTH 0€ ouvdeOOAOYia KOIVOU CUAAEKTN €ival

[
|E:—(|C+|B),Ai:—|£:% Kal A, = Bg +1 6.52
B B
Ag utroAoyiooupe Tnv avTioTaon €10650u oTov akOAOUB0 ekTTOUTTOU. Oa £XOUpE
AVy  AVE  AV: Al AV, AV,
Zy=—2= E _ E'_C:_E'BF:_E'BF:BF'RL 6.53
Alg Al Al Alg Al Al

H avTioTtaon €£6dou Tou akdAouBou ekTTouTToU Ba diveral aTrd

AVg

Zoyr = —EF
ouT = AL

6.54

) . . o . . Rs
Koitafovtag TTpog Ta TTicw SIGPETOU TOU EKTTOUTTOU BAETTOUNE YIa avTioTaon ion ye — .
F

AuTo 01071
AVE Az Rg
Al BeAlg  Be

£ = 6.55
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H avtiotaon auth eival TapdAAnAn pe Tnv RL. Apa, n ouvoAikA avTioTaon e€6dou Ba givail

Rs
Zoyr =Re IR =" PF =Rs 6.56
Rg +—=

Br
6.4. To TpaviioTop cav Evioxutig

O1 XapaKTNPICTIKEG TTOU TTEPIYPAYAUE TTApATTavW Kai €18IkOTEPA N Ic = f(Vce) e TTapdueTpo
10 Ig, €X0OUV pIa Baoik dla@opd av TIG CUYKPIVOUUE PE TIG XOPOKTNPIOTIKEG TNG TPIOGSOU
AUXVIOG la = f(Ua) ME TTAPAUETPO TNV TACT EXAPAG Vr.

ZUyKeKpIPEVA N Auxvia €xel TTAPAUETPO TNV TAON €0XAPAG vi, OnAadn eAéyxetal amd Tdon,
EVW TO TpavlioTop €Xel TTAPAPETPO TO pevpa Baong, dnAadn eAéyxetal amd pevpa. Auto
oupBaivel Ox1 €TeIdr) oTo TpavdioTop n Tdon TTOAWONG BAoNGg dev eAEYXEl TO KUPIWG KUKAWQ,
aAAG BI10TI 0 €Aeyxog peE Tnv TAon autr) Ogv gival YPAPMIKOG, dnAadn oI XapakTnPIOTIKEG
KQUTTUAEG TTOU TTPOKUTITOUV AV XPNOIUoTToINBoUv apiBunTiKd I0aTTéEXOUCEG TTAPAUETPOI TAONG,
OEV 10ATTEXOUV YEWUETPIKA TTAVW OTO dIdypauua. ATTO auto @aivetal OTI £vag eVIOXUTNG HE
TpavdioTop TTPETTEI VA TPOPODOTEITAI UE CAUA £1I00O0U TTOU VO TTPOEPXETAI ATTO TTNYI PEUMATOG
Kal 61 oTTé TTNYn T180NG, OTTWG HWE TN Auxvia.

MNa va avamtuéoupe 10 BEpa TG evioxuong €mmAEyoupe Tn ouvdeopoAoyia Kolvou
€KTTOUTTOU TTOU @aiveTal 0To ZX. 6.18. ZTOV TTOPOKATW TTivaka @aivovtal Ta cUPBoAa TTou
XPNOIYOTTOIOUVTAI OTA KUKAWUATA PE TpaviioTop.

Mivakag cUpBOAWYV KUKAWNATWY TpaviioTop

MéyeBog ZU0uppoAo Acikteg Mapadeiyua
ZuvexEG peuua ZP Kepahaio KegaAaiol Ves, Ic
DC A péon miuR
Evdeikvupevn Tiun Kepahaio Mikpoi Veb, lc
EvaAlaooopévou
Peduarog n EP i AC
ZTIiypiaia Tipn Mikpo Mikpoi Ucb, lc
EvaAhaooopévou
Peupatog ACinst
ZUVOAIKN ZTIypiaia Mikpo KepaAaiol Ucs, ic
TIUR
EvaAhaocoopévou
PeupaTtog
(DC+AC)inst
Tdon Tnyng KegpaAaio KegpaAaiorl ditrAoi Vce, Ves
opoiol

6.4.1. AvdAuon AsiToupyiag evioXuToU KOIVOU EKTTOMTIOU ME TN BORBEIO TWV OTATIKWYV
XOPAKTNPIOTIKWY TOU TpaviioTop

270 ZYX. 6.18a @aivetal T0 BaoiKO KUKAWMPA VOGS EVIOXUTOU PE TPAVEIOTOP KAl ATTO KATW OTO
2x.6.18[ o1 XapakTnpIoTIKEG e TN DUVAUIKY AEIToupyia Tou EVIOXUTH auToU.

H 1TnyA Tou orjuatog Trou evioxUeTal gival OTTwg oupBaivel ouvhBwg pia TTyR Tdong. Eotw
om n Tdon TNG TNYNG OAUATOG eival es = esmnuwt NUITOVOEIBNG OTTOTE yia va odnynBei 1o
KUKAwMa BAong TTPETTEN va JETATPATTE TO OAPA TAONG 0€ GAPA PEUPATOG ib KAl QUTO YiVETAI PE
TN PonBeia avtiotaong Rs Tou cuvdéetal oe OeIpd PE TNV TINYR Kal YE pia TTOAU peyaAn
XwpNnTIKOTNTA.

H miyn autng g avriotaong utroAoyiCetal €101 woTe TeAIKG PETG Tnv evioxuon va
TTETUXQIVOUME TN MIKPOTEPN BUVATH TTOPAUOPPWOT TOU OfHATOG.
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To kUkAwpa TnG Baong TrepIAauBAavel €TTionNg Pia TTNYA Kal hia avTioTaon TTou TTapEXOUV TO
pelpa ls 0pbAg TOAWONG TNG £vwang BAaong — ekmoptrol. O TukvwTrhg Ch XpNOIYEUEl yia TO
SlIaXwPICPO TNG evaANACCOUEVNG OTTO T CUVEXH OuVIOTWOoa, dnAadn 1o Is amd TO WEIKTO
pelua Baong is. Avti yia 1810iTepn TNy TTOAWONG XPNOIPOTTOIOUPE TV idla TNy Tou
KUKAWMATOG OUAAEKTN Vee.

To kUKAwPa GUAAEKTN TrepIAapBavel Tnv TNy Vee Kal Tnv avTtiotaon @optiou Rc yia Tnv
avdoTpopn TTOAwON TNG €vwong CUANEKTN BAong Kal Tov TTUKVWTA ouleugng Cc o otroiog
XPNOIPEUE! yIa TO dIaXWPIOUO TNG EVOANACTOUEVNG OUVIOTWOAG ATTO TO MEIKTO peUpa £€6d0u
TOU OUAAEKTN ic. H oTiypiaia Tiyr TNG TGong TOU ONPOTOG gival OTTWG ava@EéPOnKe TTOPATTAVW

€s = esmNuwt 6.57

Me 10 KUKAWMa Tou ZX. 6.18a mpooTraboupe va TTETUXOUNE éva peUPa CUAAEKTN ic TTOU va
TANCI1agel 0TO NUITOVOEIDEG 600 TO duvaTo. AuTo BéBaia givalr BewpnTikd aduvaTto agou éva
ME€POG Tou KUKAwMaTOG Bdong eival pia opBd ToAwpévn évwan p-n, TTANCIAJOUNE OPWG OTNV
aTraitnon autr ge KatdAAnAn ekAoyr Tng avTtiotaong Rs.

To pevpa Bdaong is €xel 0TO KUKAWWPa dU0 CUVIOTWOEG, Wia Is ZP yia Tnv TTOAWON Kal Yid i
EP tou ofparog otTou eival

iB= I +ib 6.58

étou
ib = lbm NUWt 6.59

To pedpa ic GUAAEKTN Ba €xel kal autd dUO OUVIOTWOEG, MIa lco ZP TTou gival To pedua
npeepiag Tou CUAAEKTN Kail pia EP Tou ofuaTog e€6dou, 6TToU €ival

ic =lco +ic 6.60

otou
ic = lem NUW 6.61

E&etaloupe Tov evioxuTr) autév oav Bépa yia emmiAuon pe Ta €Ag dedopéva Kal nToupeva.

Aivovrai :
a) O1 xapakTnpIoTIKEG KAPTTUAEG TOu TpavdiaTop, ZxAua 6.18p.
B) H avriotaon goprtiou Rc = 1 KQ.
y) H 1don NG TNyNng Tou cUAAEKTN Vec= -8 V.
0) To peupa MéAwonNg TnG Bdaong Is =-60 PA.
€) H 1don €€6dou Tou evioxuTr) OTTWG QaiveTal OTO SIAYPAUUA
(Vpk to pK = 3,4 V)
Mnyn méAwaong NG Baong gival n TTNYA TOU KUKAWPOTOG TOU OUAAEKTN.
ZnTouvrai:
a) To onueio npepiag, n T@on Kal To PEUPA NPEMIOG.
H avriotaon méAwaong NG Bdong Re .
H avtiotaon ogipdg onuaTtog Rs.
To k€pOOG TAONG TOU EVIOXUTH], TO KEPOOG PEUPATOG Kal TO KEPOOG I0XUOG TOU EVIOXUTH.

Yoo

B
y
5
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Zx. 6.18. a) EvioxuTi g cuvdeopoAoyiag Kolvou ektropTtrou. B) Aldypappa avdAuong AsiToupyiag evioxuTn, [16].
EmiAuon Tou lMpoBARuarog

a) MNa ™ ypagikn emiAuon Tou B€PaTog xapdaloupe TTPWTA TNV uBgia @opTiou n oTToia KATA
Ta yvwoTd (BA. euBeia @opTiou KukAwparog &16dou) apyilel amd Tnv Tdon TNG TTNYRS Tou
OUAAEKTN (Tdon Tpoodoaiag) -8 V mmavw oTov dgova Twv TAoEWV Kal KAataAryel oTo pevpa lo
otou lo = Vcc/Re = -8/1000 = -8 mA.

H Toun Tng gubciag @opTiou hE TNV KAPTIUAN TTOU £XEI TTAPAUETPO TO PEUUA TTOAWONG TTOU
pag divetal, dnAadn Is = -60 pA divel To onueio npepiag Q. ATTO autd PETPAPE TNV TAON
neepiag Veea = -4 V kal 1o pedpa npepiog lca = -4 mA, TpopdAdovtag to Q Tavw OGTOUG
agoveg NG TGong Vee Kai Tou peupatog le. Ta apvnTiKd Tpéonua onuaivouv 0TI ol PopEg
gival avTi@eTeg TTPOG TIG CUUBATIKEG BETIKEG.

B) H avriotaon méAwaong utroloyietal atd 10 BPOXO Tou KUKAWMATOG BAcong TTou divel
oTnVv KoTaoTaon npepiag Tnv eicowon

Vcce = Is(Re+ Rs) + Ve 6.62

H Vge €ival n Tadon opBrig ToAwaong BAong eKTTOUTTOU KAl TNV PETPAUE ATTO TNV KAUTTUAN is

= @(Use) (XOPOKTNPIOTIKA TNG €10080U) OTTOU PETAPEPOUNE TO OnuEio npepiag Q. H petapopd
TOU onpeiou npepiag Q aTrd TIG XApAKTNPICTIKEG TNG £E600U ic= @(Uce) OTN XAPAKTNPICTIKI TNG
€10600u, yiveTal he Tn Bonbeia TNG KAPTTUANG METAPOPAS (Avw apIoTEPO TETAPTNHOPIO) Kal
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avTioToIxei oTo onueio Q'. H mpofoAr Tou onueiou Q' otov dova Vee pog divel Vee =-0,18 V,
OTTOTE QTTO TNV TTPONYOUUEVN OXECT EXOUME

(Rs+ Rs) = (Vce - Vee)/ls = 130 KQ

oTTwg Ba doupe TTapakdTw aAuTh €ival TTEPITTOU Kal N TIMA TNG avtiotaong Re yiati n Rs
Bewpeital apeAnTéa o oxéon pe TNV Rs .

MNa va Alooupe 10 B€Pa pag TTPOXWPOUPE Twpa atmd To TEAOG TTPOG TNV apxr, dnAadn
dexopaaTe 0T Ba €xoupe aTNV £6000 £va BEdOPEVO OMpa TA ONG Kal pEUPATOG OTTWG AUTO TTOU
dideTan atrd TNV ekPwvnon TNG aoknong, dnAadr Ucem= 1,7 V (BA. ZX. 6.18pB).

H evaAAaocoduevn auTtr) Taon Ba KupaiveTal yOpw atod Tnv Taon npepiog, dnA. yupw ato Ta
-4V, OUpPPETPIKA aTTd -4 péxpl Ta -2,3 V kal atmd -4 péxpl 1a -5,7 V. MNpofdaAovTag Ta onueia
auTa (TTou avTioToixouv oTa -2,3 Kal -5,7 V) otnv eubeia @opTiou, opifoupe Ta onueia A kai B
avtioToixa. H TpooAf Twv onueiwv autwv oTov afova Tou peUPaTOG ic Opifel TIG AVTIOTOIXEG
TIWEG TOU pevpartog Tou eival -5,9 kal -2,1 mA. MNapatnpouue edw OTI UTTAPXEI MIO dIAPOPA
@dong 1800 avaueoa oTo peUa KAl GTNV TAGN TOU GUAAEKTN.

TéANog onuelwvoupe 6Tl To onueio A gupioKeTal TTAVW OTNV KOPTTUAN e TTapaueTpo T1a -100
MA peuua Bdong, kAT TTou dev cuuBaivel Ye To onueio B. To B eival Tavw o€ pia KAPTTOAN
Tou dev OideTal aTo OIAypauua, OAG Tn Xap@Gloupe €peiG Kol BPIOKOUUE -UE YPOAMMIKD
TTapePPOAR- OTI TNG AVAKEI N TTAPAPETPOG -32 PA.

‘Exovtag TTpoodiopioel TIG SIOKUPAVOEIG Tou aiuatog otnv €£odo, avadntolue 10 Ofua
peUpaTog TnG €10000u TTou Ba TIG TTpokaAéael. MpoBdaAAoupe Aoitdv Ta A kai B oTnv KaptruAn
peTagopdag, opifovrag Ta A" kal B”, kai 0Tn ouvéxela Ta onueia autd ta TpoaAloupe otnv
KQUTTUAN is = @(use) opifovtag Ta A’ kai B'. Zxedidlovtag TNV nUITOVOEId HOPPH TOU PEUPATOG
€106060u, OTTWG auTh opifeTal attd Ta A’', Q' kai B’, BAétToupe OTI TTPETTEN TO ORUa PEUPATOG
Baong va eival aOUPPETPO YIa VO EXOUPE OUMPMETPIKO onua €Ed6dou. H 1y 1dong Tou
onuaTtog es eival Opwg OTTwG utToBEcape €€ apxng NUITOVOEIONG CUPMETPIKN KAl PE TTOAU
MIKPI ECWTEPIKA avTioTaaon.

ATO Ta TTOPOTTAVW TTPOKUTITEI OTI N W YPAUUIKOTATA TNG XAPAKTNPIOTIKAG KAUTTUANG TNG
€1I0600U TTPOKAAEl TTApaAPOPPWOn OTo CAUA TNG £E600U TOU eVIOXUTA. AuTd @aiveTal GAAWOTE
Kal a1 10 yeyovog o1 Ta onpeia A’, Q' kai B’ dev BpiokovTal o€ gubeia.

y) H petagopd amd tnv 1don oAPOTog 070 PEUPA Kal TNV TAON TOU CUAAEKTN YiveTal péow
TNG KAPTTUANG BAONG EKTTOPTIOU ATTd TN HIA KAl TNG KAPTTUANG PETAPOPAG atrd TNV AAAn, €101
WOTE N YN YPOPMPIKOTNTA Toug va aAAnAoavaipeital. Auth n aAAnAoavaipeon eAEyxeTal ye TNV
avTiotaon o€Ipdg Rs.

Eivar yvwoté dAAMwote, amd Tnv  TEIPOAPOTIK  XOPOKTNPIOTIK  KOUTTUAN  piag
KpuaTaAAodiodou, OTI av oTnv TTEIPANATIKA dIaTagn TTPooBECOUUE Pia avTioTaon o€ oeIpd e
T Oiodo kai emavaAdBoupe TIG idlIEG OAKPIBWG WETPAOCEIG, N YPAMMIKA TIEPIOXA NG
XOPOKTNPIOTIKAG KOUTTUANG augdveTal, vy Tautoxpova aAAGdel Kal n KAion TNG YPAuMIKAG TNG
TTEPIOXNS.

Av utrobéooupe 611 n Rs gival yvwoTr|, 16T€ aTov KOUBo K Tou KUKAwpaTtog Ba Tpétrel va
TpooTeBEl ekT6G atrd Ta -0,18 V Kai n TITwon 1dong oTnv avriotaon Rs. AutA n TITwon tdong
gival dpwg ion Pe To YIVOPEVO TOU PEUUATOG NPepiag TG BAong €11 TNV Rs, Kal TrTapioTaveTal
yla To gnueio npepiag amréd Tnv eubeia Q'Q’" TTou €xel KAion Tnv Tiyr TnG avtiotaong Rs.

To &Bpoiopya autd ptropei va uttohoyioBei ypagikd av @époupe ammé 1o Q' pia gubeia pe
KAion ion pe TNV iR NG Rs o€ (Q). Autd divel To onueio Q' TTAvw oTOV GEOVa TNG UBE.

21N ouvéxela épvoupe duo TTapaAAnAeg TNG Q'Q’’ TTou va Trepvouv aTTd Ta B’ kai A, kai
TTAipVOUNE TTAVW OTOV Agova TwV TACEWV TO EAGXIOTO KAl TO PEYIOTO TNG TAoNG OToV KOPBOo K.

YmoBéoape mapatTdvw OTI TO CAPA TAONG es €ival CUPPETPIKOG TTou onuaivel o1 ol dUo
TTapdAAnAeg atd Ta A’ kai B’ mrpétrel va atréxouv To idio atmd Tnv Q'Q’". Auté eival éva
Oedouévo e TO OTTOI0 MTTOPOUPE va Ppoupe yewpeTpikG Tnv kAion Q'Q" tou apxiké
uttoB€oape yvwaoTr aAAG dev TNV EEPOUE.

To yewpeTpIKO TTPORANMA eival Twpa 6T divovTtal Tpia onueia B', Q' kai A’ kai ¢nTeital va
TTEPACOUV OTT’ aUTA TPEIG TTAPAAANAES €uBtieg €TO1 WOTE va 10aTTEXOUV pETAgU Toug. MNa va
yivel autd @épvoupe Tnv euBeia B'Q’, Tnv TTpoekTEivouue TTEpa aTTé T0 Q' Kal TTaipvOUpE TTAvw
oTnv TPokTaon £va onueio A’ Tétolo waTe va gival Q'A” = Q'B’. Evwvoupe 10 A’ pye 1o A
KOl TO TTPOEKTEIVOUE, OTTOTE €XOUpE TN {nTouuevn KAion. H mipr 1ng Rs PpiokeTal eUkoAa av
@époupe TTAPAAANAn mpog Tnv A’A’" o116 10 onpueio -100pA oTov dEova Tou pelpaTog Baong
(To péyioTo pedpa TTou Ba Trepdoel ammd Tnv Rs). Auth n TTapAdAAnAn kéBel Tov Gova Twv
Tdoewv oTo onpeio -0,12 V, ommdTe N Tipr TNG Rs gival
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Rs =-0,12/-100-10 =1,2KQ

Mapatnpoupe 611 N TR auth ival TTPAyPaT JIKPOTEPN atrd TRV TIPA TNG Re TTou Bpédnke
TTOPATTAVW ME QUTH TNV TTapadoxn.

H xwpnTK&TNTA TOU TTUKVWTH OEIPAG UTTOAOYIZETal £TOI WOTE yIA TN PIKPOTEPN CUXVOTNTA
TTOU TTPOKEITAI VA EVIOXUBE va £XEI O TTUKVWTAG QUTOG TTOAU JIKPOTEPN avTioTaon a1ré Tnv Rs,
onAadn

1/ Cwmin« Rs

0) MNa va utrohoyioBei kai To TpiTo {nToupevo dnAadr To KEPSOG TACEWYV, UTTOAOYICOUNE TO
AOyo Tng TGoNg Tou CAUATOg €60dOU TTPOG TNV TAON Tou orjuaTtog €I06dou. H tdon €€6dou
gival atmo 1o didypauua

Uce = VceQ + Uce 6.63a
étou
Uce = Ucemni(wit+TT) 6.63p3

To képdog TAoEWV gival

U
A, = —2BKOPK (572 3)/(0,31-0,19)=3,4/0,12 = 28,3
€spk to pk
To képdog pelpaTog gival

i
A; = 2PKOPK _ (592 1)1000/ (100 - 32) = 3,81000 / 68 = 55,9
Ibpktopk
Kal T0 KEPDOG 10XUOG gival

Ap=A, A =283 559=1583.
6.4.2. ZTaTikAq Kol dSuvauiki eubeia gopTiou

Omnwg €idaye Tapamdvw, amé Tn oTiyu TTou Ba €mMITUXOUUE OUYKEKPIMEVO OnuEio
Aeitoupyiag Q, o1 YETABOAEG TOU ORATOG €1I0000U CUVAPTACEl TOU Xpovou (OnA. To pelpa
Baong), Ba TTpokaAéoouV TTAVOOIOTUTTO Ofpa €600V (Tdon ) peupa oUAAEKTN). Edv To oAua
€€O00U O¢ev gival TTOTA avaTTapaywyr] TOU OAUOTOG €10000u, T1.X. €AV gival YaNidIopEVO KaTtd
TN Mia TAeupd, TOTE TO Onueio Aeiroupyiag Oev  €ival  IKOVOTTOINTIKO KAl QTTQITEITAI
ETTAVATOTTORETNON TOU OTIG XAPAKTNPIOTIKEG TOU CUAANEKTN. ETTOpéVWG, O TPOTTOG ETTIAOYNG TOU
onueiou Asiroupyiag gival 1IBIaiTepa oNUAvTIKOG yIa TN AEITOUPYIQ TOU EVIOYUTH.

‘EOTWw 0 eVIOXUTNG KOIVOU €KTTOPTIOU Tou ZX. 6.19a. Me xprion Tou Bswpripatog Thevenin,
TO KUKAWUO PeTaoNUaTi¢eTal o€ autod Tou 2. 6.190.

@ +

- 1
(@) ®) =

Zx. 6.19. a) KUkKAwpa evioxXuTh e avriotaon ekmoutrou. B) loodUvapo kard Thevenin, [16].
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YT1oBEToupe 0TI B>>1 Kal ETTOPEVWG TTPOCEYYIOTIKA IOXUEL:
le = -(Ic+lg) = -lc 6.64
A6 1oV 2° Kavova Tou Kirchhoff 1o Bpdyo e€680u €xoupe:
Ve =lca(Re +Re )+ Veea 6.65
Kal

Q= Vopq+ —CC 6.66
(Rc+Re) (Re+Re)

Edv yxapd&oupe otoug idloug dfoveg pe TIG XOPAKTNPIOTIKEG ££0O0U TOU TpavioTop, TN

YPa®IKN TTapdcTacn Tng oxéong Tou divel Tnv €€aptnon Tou Ic amod v Vce, TTPOKUTITEl HIa
€uBeia pe KAION —1/(R. +Rg) TIOU OVAQEPETAl WG EUBEIR POPTIOU OTO CUVEXES (1} OTATIKN EUBEia
@opTiou N dc guBeia @opTiou) kai kaBopilel Tnv eubeia oTnv oTroia Kiveital To Q yia dIdgopeg
TIMEG Tou I, TO OoTTOI0 KABOPIZeTaN aTTO TNV Re (e dedopéva Vee, Re, Re). Ta onueia Toung TNG
dc eubBtiag poprTiou pe Toug aoveg, divovTal atTd TIg oxEoelg (BA. Zx. 6.21):

Vee 6.67
RC + RE

I =0= Vg =Vog » Veg =0=1g =

OuoiaaTikd dnAadn, n dc eubeia @opTiou gival N ypagikA TapdoTacn Tou 2° kavéva Tou

Kirchhoff aTo Bpdyo ££660uU TOU KUKAWUOTOG OTO GUVEXEG.

Vee

+

£ Rc§ RL§ UL
TiE

v;

nE

(o) B

Zx. 6.20. a) KUkAwpa gvioxXuTth KoivoU ektropTroU. B) AC 10080vapo Tou evioXuTh, [16].

To TTAAPEG KUKAWHA VOGS EVIOXUTH KOIVOU EKTTOUTTOU QaiveTal aTo ZX. 6.20a. MNeplAapBavel

TOUG TTUKVWTEG aUCeuéng Cc ol oTroiol TrepIopifouv TIG dC GuUVIOTWOEG HOVO OTO TPaAvEioTop Kal
TO KUKAwMO TTOAWOTNG Tou, €TOI WOTE Ol CUVIOTWOEG QUTEG VA ATTOKOTITOVTOI KAl va pnv
€TNPEAZOUV TNV TINYr TOU CHPATOG €10080U Ui KAl TNV TUXOV €1TOuEvVn Babuida otnv £€0d0 N
Tnv avriotaon @optiou RL. Emiong, mepiAauBdavel Tov TTUKVWTA TTapakauwewg Ce oTov
EKTTOUTTIO, WOTE VO PNV KOTOVOAWVETAI ac 1oxUg OTnv avtiotaon eKmoutou Re kal va
peylioToTrolgiTal TO KEPDOG OTNnV £€000.

O1 TTUKVWTEG 0UCEUENG Kal TTOPAKAUWEWS ETTIAEYOVTAl OUVIBWG APKETA PEYAAOI WOTE Ol

eUTTEONOEIG TOUG, AKOPA KOl yia Tn MIKPOTEPN ouxvotnta Oleyépoewg (OCAPATOG) va Eival
QPKETA PIKPEG, WOTE va PTTopoUv va BewpnBolv wg BpaxukukAwparta. O TTUKVWTEG auTOi,
atrayopelouv Tn OiEAeuon pelpaTog dc, evw emTPETTOUV TNV eAelBepn SiEAeucn pelpaTOg
onuarog. X10 Zx. 6.20B @aivetal T0 ac 100dUvapo KUKAwPa Tou evioxuTh. H guBeia @opTiou
0TO evOAAOCGOOUEVO (ac) TTPOKUTITEI JE BUOI0 TPOTTO OTTWG N £UBEgia PopTiou aTO CUVEXEG (dC),
até Tov Bpodxo ££600uU Tou ac 1000UvVaPoU KUKAWwPaTOG. XT0 XX. 6.198, n avriotacn Tou
KUKAWMATOG CUAAEKTN (£€000U) TTou BAETTEI TO dC pelpa TTOAwONG lca €ival Rac=Rc+Re. Opwg,
amd 10 ZX. 6.20B, civar @avepd OTI TO peUPa ONPOTOG OUAAEKTN ic PAETTEI pia avTioTaon
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OUAAEKTN B10@opeTIKA, TNV Rac=RcRL/( Rc+RL). A@oU Rac#Rdc, n Tmponyolduevn avéAuon yia
Tnv dc guBtia opTiou TTPETTEI va TPOTTOTTOINBET KAl va 0pICTE( N €vvola TNG ac ubeiag gopTiou.
A6 Tov 2° kavova Tou Kirchhoff oto Bpdyo e€6dou Exoupe:

Vee = —icRac 6.68
Egooov, i, = ic ~loq KA vee =veg ~Vegq N Tapamavw e€icwon ypageTal:
.. __Yce , VcEqQ 6.69
ic Rac + Rac +|CQ
Ta onueia TouAG TNG ac eubeiag gopTiou Ye Toug Ggoveg, divovTtal atd TIG OXETEIG:
Vcea 6.70

'c =0=vce = Veeq*lcaRac + Uce =0=ic ~loa * R _

210 OX. 6.21 deixvouue Tnv dc kai ac €ubeia QopTiou yia Tov evioxuTr Tou 2X. 6.20a Kal
TUTTIKEG TIHEG TTapapéTpwy: Vee=10 V, Re=1 kQ, Re=0,5 kQ, Ri=1 kQ, R1=R2=1 kQ.

Edv avtikatooTAooupe TNV TiPn ic=lca oTnv €€. 6.69, Bpiokoupe 6T uce=Vcea. AnAadh, n ac
euBeia @oprTiou Tépvetal ye Tnv dc guBeia @opTtiou aTo onueio Q, KATI TTOU TTOPATNPOUNE KOl
oTo ZX. 6.21.

ic A (mA)
r '1'2' T
ac euBcia poprTiou
10 Pop
Veea /
Rac 8 dc eubeia poprtiou 120 pA
v _
CC~a
Re +Rg 100 pA
6 80 pA
TN Q 60 A
4

40 pA

N

i o
-

>

is=0
T \i 1 N >
0 2 VCES' 4 6 8 chv'l 0 (V) Uce

1
:<_ |CQRac >

Zx. 6.21. DC ka1 AC guBeia @popTiou VIOXUTH KOIVOU EKTTOMTTOU.

6.4.3. Emidpaon Bepuokpaciag

Ta tpavgioTop €Xxouv TTOAAG TTAEOVEKTHAMATA WG TTPOG TIG AUXVIEG, €XOUV OPWG Kal €va
onuavTikd  PeEIOVEKTNMA, €ival TTOAU  guaioBnTa oTIg PeTaBoAég TnG  Bepuokpaaciag
TePIBAAOVTOG.

ZTIG Auxvieg oI @QOpEiG TOu KUKAWUOTOG avodou Trpoépyovial amd Tnv KaBodo Trou
Oeppaivetal otnv Tepioxy Twv 1000° C, omdrte pia peTafoAnl Tng Bepuokpaciag Tou
TEPIBAANOVTOG KATA PEPIKEG OEKADEG BaBUWY gival TEAEIWG apeAnTEQ.

270 TPpav(ioTop OUWG N BepUOKPaTia Twv EVWOEWY dev ETITPETTETAI va UTTEPREi Toug 100°C
yla To yepuavio kai Toug 200° C yia 1o TTupiTio, n € Bepuokpacia epIBaAAovTog Toug 60° C
kai 80° C avrioToixa. Autd anuaivel 611 pia JeTaBoAr TnG Bepuokpaciag TepIBAAAOVTOG KATA
MEPIKEG OEKABEG BaBuoUg aAAGCel oNUAVTIKG TIG CUVOAKEG AEITOUPYIAG TWV EVWOEWV QUTWV
Kol PeTaTtoTrifel TO onueio Asitoupyiag amd Tnv apyikd@ uttoAoyiopévn B€on Tou. Mia TéToIO
METATOTTION TOU Onueiou Asiroupyiag, PTmopei va odnynoel 10 TpaviioTop oTov KOPO 1 oTnv
QTTOKOTTA KAl ETTOPEVWG VA EXOUME TTOPAUOPPWON TOU ONUOTOG £60B0U.

Auté ptropei va yivel avTIANTITO ato TIG OXEOEIG TTOU Bivouv To PeUNA CUAAEKTN yia TIG dUO
ouvdeopoloyieg Tou TpavdioTop.
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lc =Blg +lco (B+1) 6.72

Omwg cival yvwaoTé 10 Ico €ival 10 pedua avaotpoeng TTOAwoNg, f pelpa K6pou, NG
£vwong oUANEKTN — Bdaong kal £xel piIkpn TIRA. Av AdBoupe utrown pag o1l ouvhiBwg gival amd
TN oxéon 3.55 np <<pn 10 pelpa autd Ba IcoUTal PE
D,
—Ph 6.73

lco = Q.
L
p

H TTUKvOTNTA TWV QOPEWV PEIOVOTNTAG Pn Eival CUPQWVA E TIG oxéoelg 1.22, 3.15 kail 3.34

ﬂ 6.74

KT

Auti gival adgouca ouvaptnon Tng Bepuokpagiag, éxel 0 Bpebei 6T To pevpa KOpPou
dimAaoiddeTal oTo yepudvio yia auénon Bepuokpaciag katd 10° C kai oTo TTUPITIO yia alénon
Katd 6° C.

21N ouvdeopoloyia AoITTOV KOIVOU EKTTOUTTOU, TO peUNa GUAAEKTN ic 1o0UTal, yia pelua
Baong is = 0, am6 TV 6.72 pe o (B+1). Zuvemg yia To TpavZioTop yepuaviou T.X. WE

auénon Bepuokpaciag 10° C autd 10 pelpa Ba diTAaciacTei. AuTé onuaivel 0TI N TTPWTN
XOPOKTNPIOTIKA KAPTIUAN yia is = 0 Tou Zx. 6.16 petatoTileTal yia yetaBoAr Beppokpaaiag 100
C 1mpog 1a mavw dITAaciafovTag TV atméoTacr] NG atd Tov Ggova Twv Taoswv. MNMapdAAnAa,
ME TNV KOUTTUAN QuTh PETATOTTICOVTAI TIPOG TO TTAVW OAEG OI UTTOAOITTEG XOPOKTNPIOTIKEG KATA
TNV idio aTTéoTACN OTTWG TTPOKUTITEI ATTO TN OX€0N 6.72 Kal paiveTal oTo ZX. 6.220.

P =K T Zexp

ic

VCE

(o) B

Zx. 6.22. (a) KUKAwPa €VIOXUTH KOIvOU eKTTOUTTOU, () HETATOTION onueiou AeiToupyiag AOyw HETOTOTTIONG
XOPOKTNPICTIKWYV g§aiTiag TNG au§nong Bepuokpaciag, [16].

270 oXHA AuTO Ol OIAKEKOUMEVEG KOUTTUAEG €ival EKEIVEG TTOU €XOUV PETOTOTTIOTEI OTTO TNV
auénon Tng BepuoKkpaciag, 0’ auTéG GaiveTal Kal n avTioTolXn METATOTTION TOU GNUEIOU NPEMiag
atd 10 Q o10 Q.

Autd onuaivel 611 éva KUKAwpa TpavdioTop Kal 1I8iwg oe ouvdETHOAOYIa KOIVOU EKTTOUTTOU
O61Tou TO pelpa KOpou TToAAaTTAaGidleTal et (1+B) XpelddeTal 1IBIaiTEPN PPOVTIdA yIa TNV
avTIOTGOuION TNG HETABOAAG TWV XOPOKTNPIOTIKWY OTTO BEPUOKPACIOKEG METOBOAEG TOU
TEPIBAAOVTOG. ANIWG, KIVOUVEUEI TTOAEG POPEG va KATACTPAYEI TO TpavioTop TEAEiwG aTTd
TN ouveyn augnon Tng Bepuokpaciag Kal Tou PEUPOTOG CUAAEKTN, pIa Kal TO éva e¢apTdTtal aTTo
TO GAANO. AuTO AéyeTal QaIvOUEVO BEpUIKAC QUYIS.
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ZuvTeAEOTAG OTABEPOTNTAG

H oT1aBepdnTa Tou onueiou Asitoupyiag eveg TpavdioTop egaptdtal amd Tn aTabepdTnTa
TOU PEUPATOG NPEYIOG lca TOU CUAAEKTN. ATTO TO KUKAWWA Tou ZX. 6.22a @aiveTal OTI:
VBB - VBE

|, = BB "BE 6.75
B RB

ATIO TNV 6.72 £XOULE:

B

ATO Tnv Tapamdvw oxéon e€ivalr @avepd OTI TO PeUPA NPEPIOG TOU GCUAAEKTN Eeival
ouvapTNon TNG HOPPNG:

le =1 (B.Vee:lco. Ves:Rs) 6.77

Av dexBoupe 61 Ta Re kai Ves gival 01aBepd 16T 01 yeTaBoAEG Tou lc Ba ogeidovTal OTIg
METABOAEG Twv B, VeE, Kal lco. Kail Ta Tpia autd XapakTnpIoTIKG ££opTwvTal atmd Tov TUTTO ToU
Tpavdiotop. To B dla@épel TTOAU aTmd TpavdioTop o€ TPaviioTop akOPa Kal Tou 18iou TUTTOU
(MEYAAN diaoTropd pEXP! 5:1) Kal N TP Tou YETOBAAAETaI onuavTikG pe Tn Bgpuokpacia (TT.X.
yla éva Tpavdiotop otoug +25°C =55 kai otoug +75°C (=90). To lco peTaBAaAAeTal pe Tn
Beppokpaacia (diThacialetal kaBe 10°C) kai To Vee eAaTTwveTal katd 2,5 mV/°C.

Maipvovtag 10 avamTuyua katd Taylor Tng 6.77 Kal ayvowvTtag Toug Opoug deUTEPNG TAENG,
£XOULE:

alg

ol ol
dls ==Sdp+ —S-dlg + dv 6.78a
c B p Jleo co Ve BE
n
dlg =SydB +Sdlgo +SydVge 6.78B
o1ToU:
g = % OUVTEAEOTAG OTABEPOTNTAG WG TTPOG B 6.79
Q
| = e OUVTEAEDOTNG OTABEPOTNTAG WG TTPOG lco 6.80
leo g
Sy = e OUVTEAEOTNG OTABEPOTNTAG WG TTPOG VBE 6.81
Vee g

Y1roAoyioudc Tou ouvTeAEOTA 0Ta0epATNTAC Sp

MNa va utroAoyicoupe Tov GuvTeAEDTH 0TaBEPATNTAG Sp yIa TO KUKAwPa Tou Zx. 6.220a, Ba
Bewprooupe TIG GAAeg TTapapétpoug (lco kal Vee) oTaBePEG pe TN Bepuokpaaia.
MapaywyiCovtag Tnv €€. 6.76 £XOUpE:
_Oe| _ Vs

-V,
b= " —BRB BE 4100 =ls +lco 6.82

B

Emeidn otnv pdgn 1ox el oI % >> oo, KATOAryOUUE OTNV:
B

Sy ~ g 6.83

AnA. o Sg 1c0UTOI APIBUNTIKA PE TO peUPA BAONG Tou TpaviioTop.

‘Evag dANog TpoTTog va KaTaAASoupE OTO 010 CUNTTEPAC A TTPOKUTTITEI WG EEAG:
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‘EoTw 6m  aAAaloupe TO TPAVEioTOP TOU KUKAWHATOG Tou ZX. 6.22a pe éva GAAO g
OI10QOPETIKO B aAAG pe Ta idla Vee Kal Ico, kal €0Tw B1 Kal B2 O AvTIOTOIXES TIMEG TOU B yIa TO
TTPWTO Kal deUTEPO TPavEioTop Kal lc1, lcz2 o avTioToIXeg TIMEG Tou lc. ‘Exoupe Aoimtév yia kGBe
TTEPITITWON:

Vag — V,
les =B1%+(B1 +1)lco
B

Vgg — VY,
lc2 = B2 —BBR BE +([32 +1)|co
B

OméTe TO TTOOOOTO PETABOAAG TOU Ic Ba givar:

(B2 —31)'M+(52 —B4)lco

o —leq _ Rg
I Vgs — Vi
C1 51.%+(B1+1)|C0
B
O¢toviag lc2 — lct1 = Alc kai B2 - B1 =AB kai emeld oTnv TPAEN 10XUEl yia Ta TpavlioTop
TTupITiou OTI: M >> g, EXOUME: & ~ AR ,
B et B
Kal emedn S, = e ~ Alg EXOUME:
B Ap
SB ~ lC—1
By

AnAadn o Sp IcoUTaI ApPIBUNTIKG PE TO peUpa BAang Tou TTPWTOU TpavdioTop.

Y1oAoyIopog Tou guvTeAeoTh 0TaBepdTNTAC Sy

MNa va utroAoyicoupe Tov GuvTEAEOTH 0TABEPATNTAG Sy yIa TO KUKAwPaQ Tou Zx. 6.22a, Ba
Bewpriooupe TIG AAeg TTaopauétpous (B Kal lco) oOTOBepEG pe T Bepuokpaaia.
Mapaywyiovtag Tnv €§. 6.76 £XOUE:

al
L N 6.84
Nec|,  Ra

>¢ mepiTTwon 1mou n Re gival peydAn (tng 1éé¢ng Tou MQ) o ouvteAeoTAg Sv yiveTal TTOAU
MIKpOG. ETriong, av Ves>>Vee BAETTOUNE atrd Tn oxéon 6.76 611 0 pOAOG TNG WETABOAAG TNG VeE
oTn PETABOAN Tou lc gival piIkpdg. ETnv TTPAaEN, 1o Vee eAattwvetal katd 2,5 mV/°C, dnA. AVee
=-2,5:103. AT, 6émou AT n diagopd Bepuokpaaiag o€ Baduoug °C.

Y1roAoyIopog Tou guvTeAeoTH 0TaBePOTNTAC S)

MNa va utroAoyiocoupe Tov ouvteAeoT 0TaBepdTNTAG Si yia TO KUKAwPA Tou ZX. 6.22a, Ba
Bewpriooupe TIG GAAeg TTopapéTpoug (B kai Vee) OTaBepég pe TN Bepuokpaacia.
Mapaywyifovtag Tnv €. 6.76 £XOUE:

Sl =
alco Q

—(B+1) 6.85

T27T1
Omwg ava@épBnke TApammavw, log, =lcor-2 10 8nA. 10 Ico dimAaciddetar kGBe 10°C.

‘ET01, £X0UpE TEAIKA:

dig =|Bd13—R£deE +(B+1)dlgo 6.86
B
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MNa TOUug OKOTTOUG TOU TIAPOVIOG OUYYPAUUOTOG, Ba Otwpolhe WG ONUAvTIKOTEPO
TapdyovTa yia Tn METABOA Tou lIc, Tnv peTaBoAl Tou lco pe TN Bepuokpacia kal Ba
ETMKEVTPWOOUUE 0TN PEAETN TNG €EAPTNONG OTTO AUTAV POVO TNV TTAPAPETPO.

6.4.4. KukAwparta rOAwong Kai avriotaduiong

‘Exouv €QapuoaTEi TTOAG KUKAWWOTA Yia TNV avTIOTABUIOT TOU TTapaTTavw GaIVOUEVOU TNG
BepuikAG aoaTdbeiag (Puyng). To KPITAPIO TNG ATTOTEAECUATIKOTNTAG TWV KUKAWNATWY aUTWY
gival 0 ouvTeAeoTAG 0TaBepdTNTOG S| (stability factor) mou utroAoyicape Tapatévw, o oTToiog
IooUTal pe To0 AGyo TNG METABOANG TOU PeUPATOG OUAAEKTN ic TTPOG TNV QVTIOTOIXN UETABOAR
TOU PeUPATOG KOPOU lco o1 0TToiEG TTPOKUTITOUV aTTd ThV idIa PETABOAN Bepuokpaaiag.

Me Tn oUvdeon KUKAWUATWY avTIoTABUIoNG ETMOILKETAI N PEIWON TOU OUVTEAEOTA auTou
600 10 duvatov TTEPIcOOTEPO. Me Ta KUKAWMATA auTtd dnuioupyeital pia eEAPTNON Tou
pevparog TOAwonNG Baong ls amd 10 pelpa Tou CUAAEKTN lc kal €101 pia PETOBOAR Tou
TeheuTaiou AOyw Beppokpaaciag avTioTabuideTal atrd avTifeTn YETABOAA TOU TTPWTOU.

O ouvteAeotng Si ekppadeTal yia 70 Adyo autd ouvapTioel Tng TTapaywyou dls/dlc pe Tn
Bonbeia TG 6.72 wg €¢ngc:

lc =Blg +lco (B+1) 6.87
dl dl
S =—C —B—B +(1+ 6.88
'~ Aoy ﬁdlco (1+B)
Kal av avTikataoTAooupe 10 dlco=dlc/S), n 6.88 yiveral
1+

_gl s
1 B(d'c]

A6 Tn oxé0on auth PNTTOPOUUE VA UTTOAOYICOUME TO S yia OTTOI0BMATTOTE KUKAWMA, QPKED va
yvwpioupe yI' autod Tn ouvapTtnon Is = f(lc).

S, = 6.89

KUkAwpa TOAwWaNC KOIvoU EKTTOUTTOU

Na oxedlaoTei TO TTAPAKATW KUKAWUA £TC01 WAOTE OTOV EKTTOUTTO VA £XOUME peUPa 1 mA Kai
01O OUAAEKTN Taon +5 V. To tpavdiotop éxel i B = 100. QoT1doo, N TIPA Tou B PTTOpPEi va
Kupaivetal uetagu 50 kar 150. H oxediaon pag mpétel va e§aa@alidel 611 n {nToUpevn Tiur Tou
pevpaTtog ekTTouTroU Ba AauBavetal yia B = 100, aAAG yia TiIG akpaieg TIMEG Tou B dev Ba
peTaBaMeTal TTepioadTeEpo ammd 10%. Bpeite mi¢ TuéG Twv Rs, Re kai Re. lMoia €ival n
avauevopevn Tepioxf dlakupavong Tou PeUPATOG KAl TNG TAONG OUAAEKTN TTOU QVTIOTOIXOUV
oTtnv TTARPN KAiJaka TIJWV Tou B;

-15V

Zx. 6.23. KikAwpa mOAwong o€ cuvdeopoAoyia KoIvoU EKTTOHTTOU.

MN'vwpi¢oupe 611 =100, Ie = -1 mA ka1 Vc = 5V. Apa £XOUpE:
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q:izmzo_gg 6.90
B+1 101
lg =-alg =0.99mA = Blg 6.91
Ro=12=Ve 18-5_ 44 1kq =10k0 6.92
I  0.99
_ 0.7-15 Re _
|E_—RB:>RE+W_14.3|<Q 6.93
+__2
E B+1

KaBwg 10 B petaBdaAAetal ammd 50 £wg 150, BéAoupe TO le va peTaBaAAetal £10% yupw atrd 1o
1 mA. H peyaAutepn petapBoAr oto le cupBaivel 6tav =50 ka1 Ox1 6tav B=150, yiati oTn
peTaBoAn Tou B atmo 100 oe 50 To Is drTAacidletal evw otn peTaBoAn Tou B amd 100 og 150
10 |g pEIDVETAI Kal €XEl Ta 2/3 TnNG TIPAG TTou £Xel yia B=100.

‘ET01, T0 6p1o +10% TiBeTan yia B=50:

14.3 =Rg +R8 _1589k0 6.94
Rg 51

51

Na onueiwbei o1 10 e petafdAetal katd -10% kai yivetar 0.9 mA yiati n moodTnTA
Re+[(Re/(B+1)] augavetal 6Tav PeILVETAI TO B, OTTOTE TTEIBN) QUTA N TTOOOTNTA BPIOKETAI OTOV
TTapovopacoTh oTn oxéon 6.94, n TiuA Tou KAAoPaTog Gpa Kal Tou e peiwveTal. ATro TiG OXEOEIG
6.93 kai 6.94 £xoupe:

1 1

(6.94)-(6.93) =Ry (Q'WJ =1.59kQ = Ry = 163.8kQ = 165kQ

-0.9=

AvTIKaBIoTWVTOG TNV TP auTr) oTnv 6.93 éxoupe Re = 12.7 kQ ~ 13 kQ. O1 akpaieg TINEG TWV
Ic kal V¢ mmpokUTITOUV a1mo TiIg oxéoelg 6.90, 6.91 kai 6.92 kai givai:

Ma B=50: a=50/51=0.98, lc=-a-1e=(-0.98)-(-0.9) mA=0.88 mA,
Ve=15V — 10kQ-0.88mA=6.176V.

Ma B=150: a=150/151=0.993,  Ic=-a-le=(-0.993)-(-1.1) mA=1.092 mA,
Ve=15V — 10kQ-1.092mA=4.077V.

MéAwaon evioxutr 6Uo Babuidwv

MNa Tov €vIOXUTA TOu OXAPOTOG va TTPoadiopioBei To anueio Asitoupyiag, €av B = 200 kai
|[Vee| =0.7 V. OcwpnroTe 611 f>>1 OTTOU XPEIAOTEI.

OVCC=+10 V

Rp=1.86MQ

Zx. 6.24. KOKAwpa TOAwong evioxuTr duo Baduidwv.

loxuouv oi €€i¢ e€lowaelg:
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Voo ~Veer _ 10V-0.7V _
Rs 1.86 MQ

loy = Bxlg; = loy = 200 5pA = 1mA

Vee = (lo1 +ls2 )Rer *+ Veer 2 loiRer + Veer = Vegr = Ve -leiRer =10-1x4 =6V

Vec =lgRg +Vee1 = lg1 = S5uA

B>>1:G=L;1
B+1
VCC'VEBZ'VCE1 =_10-0.7-6
Re 15
Voe =-lez (Rez *Re ) - Veez = Verz = -Vee -lea (Rez +Re ) =-10-(-2.2)(2+1.5) =-2.3V

VCC = -ICZRE + VEB2 + VCE1 = ICZ =- = '22mA

AvtioTd0uion ue avtiotaon B&ong - GUAANEKTN

270 ZX. 6.25 paivetal o amAOUCTEPOG TPOTTOG TTOAWGCNG KAl AVTICTABUIONG UE MI avTioTaon
Baong Re, ou ouvdéetal ammd 10 GUAAEKTN oTn Bdon kKail Oxl ammd Tnv Tnyn Ttdong Tou
OUAAEKTN, OTTwG OTnV TTOAWGON Xwpig avTioTdOuion Tou x. 6.18. Mia al¢non Tou pelpaTog
OUAAEKTN Ic TTou Ba 1TpokANnBei atmmd avgnon TnNg Beppokpaaciag, Ba TTPOKAAETEl pEiwOn TNG
Taong Tou GUAAEKTN Vce Kal CUVETTWG MEiwaon Tou pedpaTog TTOAwaonNg s, dnAadn avTtidpaon
oTnVv apxIkr augnon Tou lc.

O ouvteAeoTg 0TABEPATNTAG TNG TTapaTTavw didTagng utroAoyidetal amd Tnv 6.89 kai atrd
TO KUKAwpa 6.25 pe epappoyr Tou Bewprjparog Kirchhoff.

Emeidry 1o kUkAwpa Bdong civar opBd moAwpévo n Vee €ival oxedov oTabepry ommoTe
AUvoupe wg TTPOgG s KaI TTApaywYifoupe
_ Vee —lcRe — Vee

ls 6.96
Rc +Rg
Kal Trapaywyicovrag
ds ___Re 6.97
dl Rc +Rg
Rs
AMAN—
Ic
[
—] ¢
B
Rc é T]c + g
‘ l T
I Vee ==
Zx. 6.25. KikAwpa avtioTdduiong ue avrioTaon BAong — CUAAEKTN.
AvTikaBioTWwvTag aTnv 6.89 Traipvoupe
S = ”—g 6.98
1+p—=C

R¢c +Rg
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270 TTAPATTAVW KUKAWPO n duvartdTnTa peiwong Tou S gival TTEPIOPICPEVN ETTEIDN O TIUEG
Rc kal Re kaBopiCovTtal pe GAAa kpitApia, 6TTwg N Rc gav avrtiotaon @optiou kai n Rs cav
avTioTaon ToAwong.

AvTIoTaOUIoON KAl QUTOTTOAWGN UE AVTIOTOON EKTTOUTIOU

Mia 1m0 aTToTeEAeOHATIKN YEBODOG yia avTiIoTABuIon Kal TTOAWON CUyXPOVWG @aiveTal OTO
KUKAwPa Tou Zx. 6.26 o1ToUu £X€l TTapeUBANBEi 0TO KUKAWWA EKTTOUTTOU Hia avTioTaon Re kai n
Baon Tpogodorteital pe oTaBep Taon ZP TTou TTpoépxeTal amd éva dIaIpETN TAONG WE TIG
avTiotdoelg R1 kai Rz 110U ouvdéovtal atoug TOAoug TnG TNyng Vee. Mia adgnon Tou
pelpatog OUAAEKTN lc Adyw augnong Tou lco, TTOU Ba TTPokANBei amd auvgnon Tng
Bepuokpaciag, Ba TTpokaAéael alnan TnNG TITWONG TAoNG €11 TNG Re Kal CUVETTWG pEiwan Tou
pevparog TOAwonNG Is, dnNAadn avTtidpaon otnv apxikr augnon Tou lc. O OuvTeEAEOTAG
0TaBepdTNTAG UTTOAOYIETAl OTNV TTEPITITWON auTr wg €¢NG. Me Tn BorBeia Tou BewprpaTog
Tou Thevenin petaoxnuati¢eTal T0 KUKAwPA Tou Xx. 6.260, avTikaBIoTWVTOG TO KUKAWUO
aploTepd Tou onueiou B, dnAadn Tig avtiotdoelig R1 kal Rz kai Tnv 1Ty Vee Pe pia 100d0vapn
OITToAIKn TTNYA Téong Ve Kal eowTepIKig avtiotaons Re. Auto divel To KUKAwpa 6.263. H 1don
NG 100dUvaung Tnyng PBpioketal katd Thevenin av amoouvdebei 10 &e§i6 pEPog TOU
KUKAWMATOG 0TO onueio B kal uttoAoyioTei n Ton v Kevw TToU €ivai

R,
Ry +R,

Vg = Ve 6.99

H eowrtepikn avriotaon Re Bpioketal av amoouvdeBei TTaA To 6e€16 pépog 01O onpeio B,
BpaxukukAwOEei n TNy TOu apPIOTEPOU PEPOUG Kal UTTOAOYIOTEI N avTioTaon TTOU TTPOKUTITEI
avdaueoa oT1o B kai Tn yn 10U €ival

RiR,

5 = 6.100

Ry +R,

ATT6 1O atmAd auTd KUKAwPa utroAoyileTal n Is katd Kirchhoff:

Vg =IgRg + Vie — R 6.101

g =lg +lg

o — _
]1T§R1 Rcéllc Re llc
C C
IB IB
° l Vee T Vee —A\\VVNV ° l Vee T Vee
Rp
V}’ E V’Bg\b E
[zT R, :-—-: VB
Re T Ie Re T Ie
+ +
(o) o B) o
Zx. 6.26. o) KikAwpa avTioTdduiong pe avriotaon ekmoptrou. ) looduvauo kartd Thevenin.
Vg — Vge - IcR
=2 —PE_CE 6.102
Rg +Rg
dy ___Re

dl.  Rg+Re
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Kai avTikaBioTwvTag otnv 6.89 TTaipvoupue
S - 1+Rg /Rg
14 Rg/Rg
1+B

6.103

ATO TNV TTOPaTTAvW OXEon @aiveral ot givalr duvarh oTToladATToTE TR TNG Si OpPKEi va
d1aAégoupe kKatdAAnAa Tnv Tipf Tou Adyou Re/Re. Ooo pikpdTepn eival n TiuA Tng Re dnAadn
Twv OUo avrioTdoswv R1 kai Rz 1mapdAAnAa, 1600 n Ty TG Si Teivel oTn povada Kai
BeATiwveTal n oTaBePOTNTA TOU KUKAWUOTOG. ATTO TNV GAAN Ouwg PEPIG N eKAoy TTOAU HIKPWV
TIMWV yia TIG avTioTdoelg R1 kol Rz onuaivel peydAn katavdAwon pelpatog agol auTég
ouvdéovTal KateuBeiav atnv TTNyr Vee.

H ouvnBiopévn TR yia 10 ouvteAeoT Si 0T KUKAWWATA yia ouvnBiopévn xpnon eivai
peTagu 5 kai 10.

210 KUKAWpPaTa eviIoXuTh pe Tpaviiotop dev emBupoupe ouvhBwg n Re va traipvel pépog
oTn AeIToupyia ToU KUKAWMATOG MPE TNV €vaAAaooOpevn ouvioTwod. lMNa 1o Adyo autd
ouvdéoupe TTApPAAANAa pe TNV Re pia yeydAn xwpntikoéTnTa Tapakduwewg Ce, TETOIA WOTE yIa
TNV eAAYIOTN OUXVOTNTA TTOU TTPOKEITAI VO EVIOYXUDEI, N avTioTaon Tou TTUKVWTOU Va €ival TTOAU
MIKPOTEPN TNG RE, OnAadN

1

Ce >> 6.104

Oming

Mapddelyua uttToAoYyIoUOU onuEiou Npediog Ue ypa@ikn YéBodo

MoAAéG @opég, oe evioXUTIKR dIATagN, {NTAUE va UTTOAOYICOOUV TUAUOTA TOU KUKAWMATOG
TOAWONG Kal avTioTdduiong, TTPpdyua 1ol PTTOPEi va yivel — kal yivetal - pge tn BonBeia Tou
Bewpnpatog Kirchhoff. To duokoAdTEPO iIoWG atrd Ta TTPORAUATA AUTA €ival O UTTOAOYIOPOG
TOU ONUEIOU NPEPIAG KUKAWPATOG, OTO OTToi0 divovTal OAa T OTOIXEIQ.

To Tapddeiypa 1moU oKOAoOuBei TTapouCIdlel Tov TPOTTO PE TOV OTTOI0 TO TTAPATTAVW
TTPORANUa gival duvaTo va emAuBei e Tn Bonbeia Twv CTATIKWY XAPAKTNPIOTIKWY TNG £€680U
€vOG TpavlioTop, 6TTWG auTéG didovTal aTTd TOV KATAOKEUOOTA TOU.

| mA -
C (mA) Ig = -30 A
-2 / -20 pA
1,26
-1 10 pA
P
Q
< 0
0 : S :
5V 1 dolv 2V Vog V)
'8184 -10,19
-9,51

Zx. 6.27. XapaKTnpIoTikEG TpaviioTop p-n-p, [16].
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Ofua: Aivetal KUKAwpa TPAvEioTop p-n-p PE TIG XAPAKTNPIOTIKEG TOU OXAMOTOG 6.27 Kal TIg
QVTIOTAOEIG TOU KUKAWMATOG 6.260. 210 KUKAwUa 6.26B €xel yivel n yetatpoTrr) katd Thevenin
OTTWG avaTITUEaNE OTIG AVTIOTOIXEG TTAPAYPAPOUG TOU KePaAaiou 6TTou n 1Ic0dUvapn Taon Kai
n i1codUvaun avtiotaon divovtal atrd TIG OXEOEIG:

Vih = Ve s Z— |, Ry =R 6.105

R1 + R2 R1 + R2

Ta dedopéva civai:

Vee =-12V R4 =160KQ R¢ =5,6KQ

Vgg =-0,6V Ry =30KQ Rg =3,9KQ

Zntouvtai : Na uttoAoylioB0oUv Ol CUVTETOYUEVEG TOU GNUEIOU NPEUIOG TOU KUKAWPATOG.

Adon:
Vee Vce

Zx. 6.28. a) KikAwpa avTioTdduiong pe avriotaon ekmoptrou. ) looduvauo kartd Thevenin.

O utrohoyiouég ptropei va yivel pévo ypagikd. To anueio npepiag Bpioketal pe Tour dUo
YEWUETPIKWY TOTTWY, dnAadn Tng eubeiag @opTiou Kal TNG KAPTTUANG TTOAwong. Ao TO
KUKAwpa 6.283 trapaTtnpouue 611 yia KAOe Tipr Tou pedpartog moAwong s gival duvartdv va
UTTOAOYiIOOUUE TIG AVTIOTOIXEG TAOEIG CUANEKTN-EKTTOUTTOU Ve, AUTEG QvTIOTOIXOUV O€ OnuEia
TAVW OTIG KAPTTUAEG ic=@(Uce) TTOU €XOUV TTOPAPETPOUG iDIEG UE TIG TINEG TTOU BOBNKAV OTO
pevua ls. Eviovovrag 1a onueia autd TTPOKUTITEI N KAPTTUAN TTOAWONG TOU KUKAwMPOTOG. To
onueio npepiag Bpioketal TTAVW OTNV TOUN TNG €uBgiag gopTiou PE TNV KAUTTUAN TTOAWONG.

E@apudlovtag Kirchhoff oTo kUkAwua TTaipvouue TIg TTAPAKATW £ICWOEIG:

KikAwpa E&6dou looduvapou:  Rglg + Ve —IgRE = Ve 6.106
KikAwpa Eioddou looduvdpou:  Ryplg + Ve —Rglg =V1h 6.107
TpavdioTop cav KOURoG: Ilc+lg +lg =0 6.108

AvTikaBioTwvTag Ta dedopéva oTIg e§lowaelg 6.105 TTpokUTITEl OTI:

R1-Rao

V1h = Ve R‘]Fi-—sz =-19V kaI Rth = R +R = 25,3KQ
AvTiKaBIoTWVTaG apIBUNTIKES TINEG OTIG 6.106 Kai 6.107 TTaipvoupe:
56lc + Vg +39Ic +39Ig +12=0 6.106a
25,315-0,6+3,91c +3,915+1,9=0 6.107a

AtraAgipoupe 10 Ic peTagu Twv 6.106a kal 6.107a kal TTPOKUTITEI N £€i0WaN TNG KAPTTUANG
TTOAWONG:
8,84 —-673lg = -VcE
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YtroloyiCoupe Tpia {euyn TIHWYV, ek@pAalovTag To s o€ MA Kkal TIG avTioTdcoelg o€ KQ:

Ig = OpA Vce =-884V i i i . .
Me TIG TINEG QUTEG XAPAZOUME TNV KOUTTUAN TTOAWONG
Ig = —10pA Ve = —951V KOl n Tour TnG pe Tnv eubBeia @optiou pog Oivel To
B CE ’ OnNUEIO NPEMIOG TTOU €XEI CUVTETAYMEVEG:

lg = —20pA VG =-1019V Vece=-9,06V, Ic =-0,26 mA, Is=-3,1 yA

6.4.5. Aoknoeig TpaviioTop Kal EVIOXUTWV

AXKHZH 1: 70 KUKAwpa TOU OXAMATOG didovTal: n Tadon Tpopodoaciag Vec=24V kal 10 B TOU

transistor trou eivai ioo e 50. To transistor eivalr Ge (yepuaviou).

Zntouvrai:

a) Na utroAoyioTolv ol TigEG Twv avTioTaoewv Rs kal Rc €101 WOTE O GUVTETAYUEVEG TOU
onueiou Aeiroupyiag va opi¢ovtal a1 Ta : lca=10mA kal Vcea=8V.

B) Na TpotrotroinBei kKatdAAnAa 10 KUKAwMA €101 WOTE va Yivel BEpUIKG O0TABEPSTEPO Kal va
uttoAoyIoTOUV Yia TIG i0IEG oUVTETaYUEVEG TOU anueiou npediag (Ilca=10mA, Vcea=8V) ol
TINEG TwV VEWV OTOIXEIWV TTou Tuxov Ba avTikataoTaBouv ) Ba TrpooTeBouv OTO VEO
KUKAwuAQ.

y) Na utroAoyioTei kai yia Ta dU0 KUKAWMATA — apXIKO Kal TPOTTOTTOINUEVO — O GUVTEAEOTHG
oTaBepATNTAG PEUPATOG Si.

al) KokAwpa E§6d0u

+Vee MepiypdpeTal ammoé TV e€icwon:
Vee =lcaRe + Vera 6.109
Rs Rc lca otmou Veec=24V, lca=10mA kail Vcea=8V.
+ - Aovovtag Tnv €€iowon 6.109 wg Tpog Re:
ls alnw

(Vec ~Veeq)  (24-8)V

lcq 10x103A

_ ~16x103Q = 1,6KQ

R~ =
i| |— Q1 Vcea ¢
k
Vee & a2) KikAwpa Eicodou
Mepiypdgetal atrd TnVv e€icwon:

*Vee otmou Vee=0,2V (transistor Ge).

Re To képdog pevpartog Tou transistor Ba eivai:
) la I -3
\/\R/i/\ + B:IQZHBQ:Q:—mxm A:0,2mA

|- Iy B 50
<|7 ¢|CQ _
BQ 4_‘ Auvovtag Tnv 6.110 wg pog Re €XoupE:
Hp= S0 ) Vesa Ry - Yeo "VBE)_ (24-02V g
| -
Vee O BQ 0,2x10°A
TpomoTroinuévo Kukhwpa 1 B) KikAwpa Eicé80u TpoTToTroINpévo
- Mepiypdgetal ammd Tnv eicwon;:
Vee = (leq +lco)Re +1soRs + Vae 6.111

Auvovtag Tnv e€iowaon 6.111 wg pog R's:

(Vec —VBe)—(lcq +lBQ)Re  (24-0,2)V —[(10+0,2)x 10 3JAx 1,6 x10°Q

Re = [ 0,2x1073A
BQ 2

Kal

Ry, = 37,4kQ
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Y) ZuvteAeoTAG ZT00EPOTNTAG PEUUATOG S

ATIO TNV €€. 6.111 €xoupE:

lsq (Re +Rc) = Ve - Vee -lcaRe = lsq = e R\{:Bf RI;ZQRC - j :iz = RCR+CRé
Mo Tov UTTOAOYIOHO TOU GUVTEAEDTH S| TWV TTIO TTAVW KUKAWPATWY £XOUUE TIG OXETEIG:
Sg =(1+B) (BA. oxéon 6.85) 6.112
s,=— B B B\ oxeon6.98) 6.113
dlcq Rc +Rg

AvTikaBioTwvTag TIYEG OTIg oxéoelg 6.112 kai 6.113 Bpiokoupe avtioToixeg TINEG So=51 Kal
S1=16,7.

ZHMEIQZH: H oxéon 6.113 wpokUTITEl ATTO TNV YEVIKEUPEVN Hop®n Tou Si (BA. oxéon 6.89) kai
META a1rd £TriAUoT) TNG WG TTPOG Isa KAl TTAPAYWYICH TNG WG TTPOG lca.

AZKHZH 2: 370 KUKAwpa TOU OYXNMATOG

+Vee didovtal: n Tdon Tpogodoaiag Vec=12V kal 10 B
Tou transistor 1rou civar ico pe 100. To transistor
Rc la eival Si (Trupitiou). Aidovtal eTTiong oI TINEG TWV
QvTIOTAOEWV Rc=10KQ, Rr=200KQ Kal
Hl= Re=100Q.
Zntouvrat:

a) To onueio npPepiag : lca, Veea.

' Cc B) o ouvieAeoTig oTaBepOTNTAG  PEUUATOG
Veea Si=dlc/dlco.

4—, al) KikAwpa Eicédou

Mepiypdgetal atrd Tnv e€icwon;:

Vee =(lca +lga)Rc +1saRe + Vee —leqRe 6114
O1wg @aiveral ammd 1o KUKAwPA Ta pedpata lca

Kal lsa TrEpvoUv kal Ta dUo péoca ammd TnV
avriotaon Re. Eival eriong yvwoTté OT1:

leq = —(lcq +lgq)  Kau 6.115

lcq =Blsa 6.116
AT 116 6.115 Kai 6.116 TTPOKUTITEL:

leq = —(1+Blag 6.117

Av avTikataoTaBouv Ta lca kal lea oTnVv 6.114 16T
Vee = Vee = (1+B)lsaRe +lsaRe + (1+B)lsoRe =

o Veo—Vee ___(12-07)V
[(1+B)Re +R¢c)+Re]  1220,1x10°Q

=9,26pA

Kal |log = PBlag =100x9,26 x 107 = 0,926mA

a2) KiukAwpa E§650u

Meprypdgetar atméd TNV giocwan: Vee = (lcq +lsa)Re + Veeq — leaRe 6.118
n otroia pe Tn Bondeia Twv 6.115 kai 6.116 ypdeeTai:

Vee =(lsa +lca)Re + Veeq + (lsa +lca)Re = (lsa +Blsa)Rc + Veeq + (lsq +Blga)Re =

Vee =(1+B)R¢ +Re g + Veeq

AUvovTag wg Tpog Veea :

Veeq = Ve - (1+ B)Re +Rellgg = 12-1020,1x10% x9,26 x10°7° = 2,55V
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Apa To onueio AEIToupyiag Tou KUKAWUATOG €xel oUVTETAYEVES Ica=0,926mA Kkal Vcea=2,55V.

B) ZuvteAeoTAG ZTOOEPOTNTAG PEUUATOG S
O ZuvteAeoTng Z10BEPOTNTAG PEUPATOG S oUVOECOAOYIag KolvoUu eKTTOUTTOU JideTal aTTo TN
oxéon:

5 -—1*B 6.119

1-p(5)
C

To {ntoUpevo Aoimmév eival va utrohoyiotei o Adyog dls/dlc. Ta dUo pevpata Is kai lc
TTepIAaUBavovTal 0To KUKAWNA €10080uU TTOU TTEPIypAeTal aTTd Tnv e€icwon 6.114:

Vee = (lca +lsa)Re +lsaRe + Ve —leqRe » Kal av avTikaTaoTriooupe T0 le pe T 6.115 £xoupe:

Vee = (lcq +1sa)Rc +1leaRe + Ve +(Icq +18a)Re = (Voc = Vee) = (Rc +Re +Re)lgq + (R +Re)leq

Voe - Vap) - (R +Re)l
Abvovtag wg Tpog lsaq : IBQ:( cc~VBe)-Re *Relleq 6.120
dig (R +Rg)

Kai rapaywyifovrag wg mpog Ica TNV oxéon 6.120: —F=-—— 2 =" 6.121
paywyigovtag wg Tpog lca TNV oxéon do - Re+R.+Ry)

AvTiKaBIoTWVTOG TNV 6.121 otV 6.119 TTPOKUTITE! :

1+B 101
S = = =17,4
! 1+3M 1+100 10100
(R +Rr +Rg) 210100

AZKHZH 3: 210 KUKAwpPa ToU oXAUaTog didovTal: n 1aon Tpopodoaciag Vec=15V kai 10 B TOU
transistor 1mou €ivail ioo pe 40. To transistor ival Si. AidovTai €1mioNg oI TINEG TWV AVTIOTACEWV
Rc=1,2KQ, Re=1KQ, R1=30KQ kai R2=15KQ.

Zntouvrat:

a) To onueio nEeyiag : lca, Vcea

B) o cuvteAeaTng oTaBepOTNTAG pelpaTog St =dlc/dlco.

Yoo ks
R Rz
i ) looii i Theveni % e
ToOUVO PO KO T Bevenin
G * — c
a CE
+ I ! 2y
R Fr lka E

il

|
i Rz Re T’ca v % =

A6 1O 10080vapo katd Thevenin (yia Tig D.C. cuvioTwoeg) Bpiokoupe TIG TIWEG TwV Rrh Kai
Vh:

R{R 30x15)x108 450103
. 2 _(
ETol Rh = = -

3= =10KQ
Ri+Ro  (30+15)x10 45
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R, 15x10°Q 225
h = Vee = 3~ A&
R,+R, (30+15)x10°Q 45

AvaAuUovTag 1o I000Uvapo Katd Thevenin £xoupe:

Kal: Vi V=5V

a1) KiukAwpa Eic68ou Tou 10080vapou

Meprypagetal amo v egiowon: Vo, = lzgqR7, + Vae — leqRe 6.122
Eivai etriong yvwoTo oTi:

leq = ~(loq +lsq) Kal 6.123
lcq =Blea 6.124
ATT6 116 6.123 ki 6.124 TpoKUTITEL |eq = —(1+ Blaq 6.125

AvTIKOBIOTWVTOG TNV 6.124 aTnVv 6.122 TTpOKUTITEI

Vin = lsaRrh + Vee ~leaRe = lsaRm + Vee +(1+B)lsaRe = Vee +[Rn + (1+B)Rellgq
AUvovTag wg TPog Isa

L Vi —Vee (5-0,7)V 43V
" Ry +(1+BRel  (10+41x1)x10°Q  51x10°Q
AvTIKOBIOTWVTOG TO IsQ OTNV 6.124 TTPOKUTTTEI

=0,0843x1073A = 84,3pA

loq = Blag = 40 x84,3uA = 3372 x10° A = 3,372mA

a2) KiokAwpa EE650u Tou I005Uvapou

Mepiypdoetal atmod Tnv eicwan:

Vee =lcaRe + Veea — leaRe 6.126
AvTikaBioTwvTag Tnv 6.125 otnv 6.126 TTPOKUTITEL:

Ve =lcaRc + Veeq +(lcq *+18a)Re = Vega + |:|CQ(RC +Rg)+ IBQRE]

atrd Tnv oTToia AUvVovTag wg TTPOG Veeq £XOUNE:

-3 3 -6 3
Veea = Vee - lcaRe +Re) +IqRe | = 15V - [3,372x 1072 A-(2,2x10°)2 +84,3x 10 ° A 1x10°Q] =
=15V —(7,4184 +0,0843)V = Vg =7.5V

Apa 1o onueio AsiToupyiag Tou KUKAWHOTOG €XEl CUVTETOYMEVEG lca=3,372mA Kal Vcea=7,5V.

B) ZuvteAeoTAG ZTOOEPOTNTAG PEUUATOG S

O ZuvteheoTng Z100epOTNTAG PEUPATOG S oUVdECUOAOYiIag KovoU eKTTOUTTOU BideTal OTTO TN

oxéon: §-—1*B 6.127

dl
1-B(—B
Bl
To {ntouuevo oTn oxéon 6.127 eival va uttoAoyioTei o Adyog dls/dlc. Ta dUo peuuaTta Is Kai lc
OTTwG Kal Ta oToixeia Tng avdadpaong TepIAauBavovtal oTo KUKAwpa €100d0u  TTou
TTEPIYPAPETAI ATTO TNV £€iowaon 6.122, 6TTou av avTIKATAGTAGOUWE TO le pe TV 6.123 yiveTal:
Vin = lgaRrn + Ve +(lca lea)Re = (Vi = Vee) = lea(Rmn +Re) +lcaRe

(VTh — VBE ) — ICQRE

AUvovTag wg TTPog Iga: lgq = 6.128
Bq (R, +Rg)
] . . dig Re

Kai Tapaywyifovtag Tnv oxéon 6.128 wg mpog lca: —=-——-— 6.129
dle (Ryy +Rg)

AvTiKaBIoTWVTAG TNV 6.129 oTnVv 6.127 TrpokuTITEl: |S) = 1+|2 = 1+ :800 =8,84
14Bp-—E—— 1+40—

(R, +Rg) 11000
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6.4.6. looQuyio 10006 evioXuTOU

Katd tn Aeimoupyia Tou €vioyXuTr PE Ofpa WIKpoU TTAGTOoug o€ Taén A kal av BewpnBolv
I0QVIKEG Ol OTATIKEG XAPAKTNPIOTIKEG Tou TpavdioTop, N 1I6XUG Pec TTOU TTpoodideTal amod tnv
TNy TOU KUKAWPOTOG OUAAEKTN gival oTaBepn kal avegdptnTtn Tou TTAGTOUG TOU ORMATOG
€10600u, €1T€10 €ival

1 2n

Pec = Vec - [ igdot = Vecleq

2n 0
o11ou lca €ival To pevpa npeyiag (dnA. Tou onueiou Asitoupyiag) Tou TpaviioTop. Ao TRV I0XU
auTr éva PEPOG WETATPETTETAN O€ BepPATNTA PECA OTO TPAVEIOTOP Kal €ival N Aeyouevn 10XUG
ATTWAEIWV Pq 6TTOU

1 2Jn
P, =— | vapi~dot
% or 0 CEC

To uttéAoITTo TnG I0XU0G PL KaTtavaAwveTal 0TV avTioTaon QOPTiou Kal gival

2 2
R =Rclcq *Rcle

otrou le gival n evdeIkvUuEVN TIPN TNG EVOAAOOPEVNG CUVIOTWOOG. ANAadK) TTAVW OTO POPTIO
éva PEpog yivetal TTGAI ATTWAEID, TO TIPWTO, KOl TO UTTOAOITTO YyiveTal w@EAIUN 10XUG

Pac = Rclg . AnAadn TeAIKG N kKaTavoun TNG 1I0XU0G Pec €ival

2
Pec = Po *Rclca +Pac
Touto onuaivel 611 6Tav 10 TTAGTOG Tou orjuatog gival 0, N wEEANIUN 10X0G Pac undevicetal kai
TOTE, €TMEION €ival oTaBEPA N Pec OTTWG Kai N lca, Yivetal uéyioTtn n ammWAEIX Pa KOl ETTOPEVIG
Kal n Béppavaon Tou TpaviioTop

2
Pamax = Pec ~Rclca =Ica (Vcc - RC'CQ)

P
O BaBudg amdédoong Tou evioxuTr] Ba gival TOTE: 1 = “AC

F>CC
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7. YBp1dika KukAwpata — ATTokpion Evioxutwv

7.1. AC AvdAuon

To uBpIdIkG povTéAo eival éva pabnuatikd TTPOTUTTO PE KUKAWMOTIKA OTOIXEia TO OTToio
MTTOpEl va eQapuoaTEi PE €TITUXIa 0TV avAAUCN KUKAWMPATWY acBevwv (MIKpWY) onudatwyv
yla TpavdioTop, QIATPA, KUKAWMPATA TTPOCAPHOYAG, EVIOXUTEG K.0. KOTA Tn MEAETN Tou AC
onuarog, dnAadn otnv AC avdAuon. MNa tnv AC avadAuon, xpnoIYOTTOIOUUE TIG YETOBANTEG
TWV PEUPATWY KAl TWV TACEWV Ol OTTOIEG €ival XPAOINESG GE XAUNAEG £WG PECTIEG OUXVOTNTEG.
e TOAU UWnAEG auxvoTNTEG (MIKPOKUUOTIKEG) €ival TTEPITOOTEPO KATAAANAN n Xxprion Tng
I0XU0G Kal TnG evépyelag. TATE, N TPOCEYYION TWV KUKAWMPATWY Pe PETABANTEG TAON Kal
pelpa, avTikaBioTatal aTrod TIG TTAPAPETPOUG oKESAANG.

To AC onua n RF €ival 1o orjua 10 otroio emdéxeTal emegepyacia amd 10 KUKAwUA Kal
ptTopei va gival xaunAng ouxvotnrag (oxedov DC) A uwnAng ouxvotntag (yia Tnv okpifeiq,
peoaiag, Tng Tagng Tou MHz). To ofua autd Aéyetal HIKPS oApA i XauNAS oRpa | acBevég
onua, 0x1 Adyw TnG ouxvotntdg Tou, aAAG Adyw Tou TTAdTOoUuG Tou. Ta AC oruaTta TTou Ba Ta
emeepyaoTei €vag eVIOXUTAG eival PIKpA agou Ba  evioxuBolv kai Ogv TTIPETTEl va
uTTEPOdNYNBOUV Kal va TTPOKAAECOUV TTapauop@waon (overdriving). I'' autd 10 AGyo, TTOAU
ouxva Ba avagepouacTe otnv “AC avaAuon aoBevwy ) HIKPWY ONUATwyY”,

H avéAuon DC ocnAuartog éxel yivel og Tponyoupevo kepdAaio. Ta DC onuata 1mou
TPOPOBOTOUV Ta KUKAWMOTIKG oToixeia, otnv AC avdAucon ayvoouvtal 0Tmwg Ba douue oTn
ouvéxela. H peAétn autwv éxel yivel katd tn DC avadAuon pe Tnv otmoia €xoupe Bpei Ta
oedopéva yia TN owaTr AeIToupyia Tou KUKAWPOTOG. Ta dedopéva autd xpnoiyoTrolouvTal
otnv AC ava@Auan aAAd dev Tnv €1TNPeAdouV.

Mo ouykekpIpéva - yIa TOUG EVIOXUTEG - Ol TTUKVWTEG atmoouleuéng (coupling capacitors)
ayvouvtal (Toug Beswpolpe BpaxukukAwparta). O coupling capacitor g €i06dou eivalr o
TIUKVWTAG TTOU TOTTOBETEITAI OTNV €iI0000 TOU KUKAWMATOG TTPOKEINEVOU VA TTPOOTATEUTEI TO
KUKAwpa atré Tuyxov dlappéov DC oAupa (un emTpem ) kardotacn oAAd ox1 atribavn). O
QVTIOTOIXOG TTUKVWTAG oTnv £€E080 TTpooTatevel TIG €TTOUEVES BaBuideg 1 mOavh diappon
onuatog DC amd tnv £€odo. Mpogavwg, Toug bypass capacitors dev PTTOPOUUE va TOUG
QayVOAOOUUE aPoU auUTOI Ol TTUKVWTEG BETOUV TNV ATTOKPION TOU KUKAWUOTOG va ££apTaTal aTTo
TN ouXVvOTNTA TO OTTOIO €ival Kal To ¢nToupevo otnv AC avdaAuon.

7.2. AvarrapdoTtaon d10Upwv

‘Eva 6iBupo gival éva nAeKTPIKO KUKAwPA PE dUo elyn TEPUATIOPWY, dUO TEPUOATIOUOI YIa
TNV €ic0d0o Kkai dUo TepPaTIoUOi yia TNV £€€000. O1 TEPUATIONOI ECWTEPIKA GUVOEOVTAI UETALU
TOUG MEGW NAEKTPIKOU BIKTUWHOTOG.AUO TEPUATICHOI GUVICTOUV TN Wia BUpa av IKAVOTTOIEITal N
ak6AouBn ouvbnkn (ouvBnkn BUpag): To pelua TToU £10€pXETAl OTN BUpa €ival ico pe TO
pPeUpa TTOU e&épxeTal amrd auth. Me éva diBupo pTTopoUpE va avaTToPOCTACOUUE ETTITUXWG
MovTéAa aoBevwv onuaTwy yia TpaviioTop, QIATPA, KUKAWUATA TTPOCAPUOYAG, EVIOXUTEG K.d.
OTTWG TTPOAVAPEPONKE.

O Aoyog yia Tov oTToio KaTagelyoupe oTnV avatrapdotaocn d1BUpwyv eival 6Tl PTTopoUlE
MEOW QAUTAG VA OTTOUOVWOOUUE EITE TO CUVOAIKO KUKAWUA €iTe EPOG auToU XPNOIUOTTOIWVTOG
TIG XOPOKTNPIOTIKEG TOU TTOPOUETPOUG. ATTO Tn OTIyWR TIou autd eival €mTelIpo, TO
QTTOUOVWHEVO KOPMATI TOU KUKAWMOTOG YiveTal €va «JaUpo KouTi» PE €CAIPETIKA OIAKPITEG
I016TNTEG TTOU POG ETMITPETTEI va €EQIPECOUPE ATTO TNV avAAUCN OTTOIECONTTIOTE (PUOIKEG
AeTTTOPEPEIEG TNG OOUNAG TOU Kal va €YOude pia atTAotroinuévn avaAuon. OTTolodATToTE
YPOUUIKO KUKAWMA PE TEGOEPIG TEPUATIONOUG PTTOPET va peTaTpaTrei o€ diBupo dedopévou OTi
dev gutrePIEXETAI AVESAPTNTN TrNYN KOl IKAVOTTOIEITAI N oUVOAKn BUpag.
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i1

i2

V1 V2

ZxAua 7.1. To SiBupo pe Toug TEOOEPIG TEPHATIOUOUG.

YTapxouv eVAANOKTIKEG TTPOTACEIG TTAPAPETPWY TTOU PITTOPOUV va xpnaolgoTroinbolv yia va
TTEPIYPAYOUNE Eva ypauuikéd diBupo. AuTég ol avattapaaTdoelg gival ol Z, Y, H, G ka1 ABCD.
2uvRBwg ek@palovtal ce popen Trivaka. O1 mapduetpol z, y, h, g kai ABCD ekgpalouv
ox€oeIg HETALU Twv PETABANTWYV V1, V2, i1 KAl 2, TTOU €ival Ol TAOEIG Kal Ta peUPaTa £10080U Kal
€€OOOU Kal @aivovTtal oTo oXNAua 7.1.

O1 PeTaBANTEG TWV PEUMATWY KAl TWV TACEWV €ival XPNOIPEG O XAUNAEG €wg PECQIES
ouxvoTNTEG. Ze TTOAU UWNAEG OUXVOTNTEG (MIKPOKUMATIKEG) €ival TTEPIOCOTEPO KATAAANAN n
Xpron Tng 10XU0G Kal TNG eVEPYEIAG Kal N TTPoaéyyion Twv dI8Upwv pe PeTaBANTEG TAoN Kal
pevua, avTikoBioTaTal aTTo TIG TTOPOUETPOUG OKEDAONG OTTWG avaPEPONKE OTNV EI0Aywyn Yia
v AC avdAuon.

7.3. O11ivakeg Z, Y, H kau ABCD

7.3.1. O mivakag z TapapéTpwyV

Z11 . Z22 12
Z1212

vi @ v2

Z21i1

+ —>/\/\/\/\/ ' l\/\/\/\l +

Zxnua 7.2. To 1c080vauo Z dibupo.

210 OoXNPa 7.2 @AivovTal ol eSaPTNHUEVEG HETARANTEG V1 KAI V2 Ol OTTOIEG £EOPTWVTAI OTTO TIG
avegapTnTeg WETABANTEG i1 Kal i2. MapoAo TTou €xouv oxediaoTei avTioTAoEIG, OTn BE0N TOUg
JTTOpOoUV va XpnoiyotroinBouv ouvOeTeg avTioTdoelg. O1 TnyéG Tou OXNAMOTOG €ival TTnyEG
Tdong e€apTnuéveg atod peupa. O TTivakag Z TTPOKUTITEL

{Vq:{zﬂ 212]{'1} 71
Vo Zo1 Zp2] (12

Mapatnpoupe 6T o1 z TTapdaueTpol £xouv dlacTaaoelg avriotaong (Q). MNa apoifaia (recipro-
cal) diktua 1oXU€l z12=221. [N CUPPETPIKA SiKTUO Z11=222. Na SikTUO AVEU ATTWAEIWY, OAEG Ol
TTAPAUETPOI Zmn £XOUV HOVO QAVTACTIKO HEPOG.

O Twivakag oUvBeTwyv avTioTdoewyv Z eival pia avamopdoTtacn OIKTUOU HE €EaPTNUEVEG
METABANTEG TIG TAOEIG KOl aveEapTnTEG T peUpaTa. MNa éva diBupo, o mivakag Z eivail évag 2x2
TiVOKag. ZUVOTITIKA, Ba UTTOpOoUCaE VO YPAWOUE:

Viloz|M 7.2

Vo I2
2nueiwvoupe 61 auoifaio dikTuo gival autd OTTou o1 aTTWAEIEG 10XU0G gival iBIEG PETALU
otrolovOnToTe dU0 Bupwyv, avegdpTnTa TNG KatewBuvong diddoong (0€ TTAPAPETPOUG
okédaong S21=S12, S13=S31, KAT.) 'Eva dikTuo €ival apoiBaio otav gival TTaBNTIKO KAl TTEPIEXEI

MOvo 100TPOTTIKA UAIKA. Mopadeiypata TETolwv SIKTUWV gival Ta KaAwdIa, o1 €acBevnTég, 6Aol
ol TTadnTikoi splitters kai couplers.
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AT Tnv €€iowaon (7.1) TTPOKUTITOUV Ol aKOAOUBOI OPICHOI YIA TIG Z TTOPAUETPOUG:

\% V1
215 24 Eg
V4=Z44iq44+Z40-0 in=0 i.=0
17211 12_2}:> 2 1 7.3
V2—221-I1+222~I2 _V _V2
215 Z22*7

in=0 i1=0

MNa mopddelypya avagépoupe OTI N z11 gival 0 Adyog TnG TAoNng €10600U TTPOG To pPeUua
€10660u OTav TO pelpa €€6dou eival undev, dnAadn n zi1 opileTal yIa AVOIKTOKUKAWMEVN
£€€000. H z11 éxel Quoikn onuacia: Eivar n olvBetn avriotaon €ic6dou Tou d18Upou OTav N
£€000¢ €ival avoIkTr. Opoiwg, yTTopoUpe va TToUNE OTI N Z12 €ival 0 AOYog TnG TAoNG €I06d0U
TTPOG TO peUpa £€OBOU PE avoIKTOKUKAWMEVN TNV €icodo. ‘Exel diaoTtdoelg avtiotaong aAAd Ta
MéyeBog auTd Oev £xel QUOIKA onuacia. MNautdé To Adyo n PuATPa Z dev XPNOIKOTIOIEITAI TTOAU
O€ TTPAKTIKEG EQAPHOYEG.

7.3.2. O Tivakag y TapapETPWY

Opoiwg, yia Tov Trivaka oUvBeTwVY aywyidoTATWY Y PTTopoUpE va ypdwouue Thv egicwaon
(7.4). Mapatnpoupe OTI dev €xouv OAEG OI 'y TTAPAPETPOI QUOIKN onuacia. MNa v yi1
pTTOpOUUE va TTOUNE OTI €ival N oUVBETN aywyiyoTnTa £10600U PE BPaXUKUKAWMEVN TNV £€£050.
Opwg, TNV y21 YTTOpPOUNE OTTAA Va TNV EKPPACOUNE WG AdYO, XWPIG PUOIKA onuacia.

|:i1:|:|:Y11 y12]{\/1} 74
ip Y21 Y22 [V2

7.3.3. O mivakag h rapapéTpwv

H avamapdoTtaon pe Tov Tivaka UuBpidikwv TTapapétpwy H, B€tel wg €§apTnMéEVES
MeETaBANTEG TNV TAON €10000uU Kal To pevpa €€6dou. O1 aveapTtnTeg PETABANTEG eival
TTPOPAVWG, N Taan ££600u Kal To pela £1G6B0U.

o e R .
ip hay hy | [V hy ho [V2
A6 TNV (7.5) TTpOKUTITOUV 01 aKOAOUBEG BUO EEI0WOEIG:

V1:h11|1+h12‘V2 7.6
i2 = h21 N i1 +h22 . V2 7.7

Etmopévwg, yia va oxedidooupe 10 UBPISIKG 1000UVAPO KUKAwUA, TTPETTEl OTNV €i0080
(e€iowon 7.6) va TotmoBeTicOUpE €vav dlaIpETn TAONG TNG Vi O€ pia Tdon h11i1 Kal pia 760N
h12vz2. H TpwTn 180N £pappdletal Tdvw o€ pia avtiotaon hi1 n otoia diappéeTal atTé pelua i1
evw n delTepn TAON h12v2 QaiveTal va gival pia e€aptnuévn Ty Tdong atmd Tnv va. H 1don
€€000U dnAadn TToAAaTTAaoIAdeTal e Tov TTapdyovTa hiz.

+ +

h1 §
1 V2
Vi (l) hz1is h22

/'\/ h12V2

ZxApa 7.3. To 1c08Uvapuo H dibupo.
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Me S6uoio TpOTTO OKEPTOUOOTE OTI OTnV £€000 (e§iowan 7.7) TTPETTEl va TOTTOBETAOOUNE
€vav d1aIpETn PEUPATOG TOU PeUATOG £€600U i2 o€ BUO pedparta: (a) To hz1i1 To oTToio €ival pia
e€apTnuévn TTNyR pelpaTog Tou iz atmd 1o i1 Kal (B) To hzeve TO oTToiO €ival éva pelua TTou
dlappéel hia avTioTaon PE aywyINoTna hza.

Av Trapaywyiooupe Tnv egiowaon (7.6) wg pog i1 ka1 BewpwvTag T n Tdon ££600uU V2 gival
otaBepny (0ev egaptdral amdé TO i1) Ba TpokUwel O TPOTIOG WETPNONG TNG UPRPISIKNAG
Trapapérpou hi1. Opoiwg, av TTapaywyiooupe Tnv idla e§icowon wg TTPOG vz BewpwvTag TO
pevpa €100d0u i1 OTABEPO (ave¢dpTnTo TOU V2) TOTE Ba TTPpOKUWEl O TPOTTOG TTou Ba
perpicoupe TNV hiz. Mapduoia atroTeAéopaTa yia TIG HETPAOEIG TWV h21 Kal hzz Ba TTpokUwouv
av TTapaywyiooupe Tnv e€icwaon (7.7) wg TTPOG i1 KAl V2 avTioToIXa:

Me TTapdéuoio TpOTTO TTPOKUTITOUV oI £€I0WOElg (7.8) yia TIG TTapauéTpoug hz1 Kai haa.

dv, dv,
M= 5 12 =
diy . dv, | .
V,=6100£p0 i;=0t00gpd 78
21 = dl2 22 = d|2
d|1 Vo=0100epd dV2 i1=c100epd

Mia atrAotroinuévn €k@pacn Twv TECTApwWVY TTponyoUpeEvwY oxéoswv NG (7.8) Ba dwael
o€ amAoTroINUéVn  POP®ry TOUG OpPIoCPoUG Twv  UBPISIKWY  TTAPAPETPWY Ol OTIOIEG
Trapouaialovtal otnv (7.9). Mia uoiki e€Aynon ivai n akdAoubn:

Av BpaxukukAwooupue Tnv €000, dnAadn av Bécoupe v2=0, T6TE a1T0 TNV (7.6) TTPOKUTITEI O
0pPICHOG yIa TNV TTApAPETPO hi1 Kal atmd TRV (7.7) TTPOKUTITEI O OPICKOG YIA TNV TTAPAPETPO h21.
Opoiwg, av avolKTOKUKAWGOOUNE TNV €i0odo, dnAadr av Bécoupe i1=0, TTPOKUTITOUV Ol OPIGHOI
yla Tig TTapap£Tpoug hiz Kal haz atmé Tig e§lowozeilg (7.6) kai (7.7) avTicoixa:

vy Vi
hyy = T hip = e
1 lv,=0 2li,=0 79
I I2
hyy = W ho, = V.
1lv,=0 21i,=0

ATO 116 oxéoeig (7.9) eival katavonTd OTI To TTPOTUTTO ovopdadetal uBpPIBIKG TTeldr) o1 h-
TTapAPETPOI £XOUV BIOPOPETIKEG dlaoTAaoelg. H TTapdueTpog hi1 €xel dlaoTdoeig avriotaong. H
TTapdpeTpog hiz gival kaBapdg apiBudg. H trapduetpog hzr eival kaBapdg apibudg. H
TTapAPEeTPOG h22 €xel dlaoTdoelg aywyinoTnTag. OAEG Ol TTAPAPETPOI £XOUV QUOIKN onuacia:

H mapdapetpog h11 gival 0 Adyog Tng Tdong €10600uU TTPOG TO peUpa €100d0u OTaV N TAoN
€€o00uU cival undév. AANIWG, eival n olvBetn avTtioTaon €106dou (input) pe BPaXUKUKAWPEVN
Tnv €€0do. " autd TNV ovoudaloupe h input.

H mapdpuetpog h1z gival 0 Adyog Tng Téong €106d0u TTPOG TNV TAon €il66dou 6Tav To peUpa
€€6dou gival undév. ANIWG, gival TO avaaTpo@o (reverse) KEPOOG TAGNG HE AVOIKTOKUKAWUEVN
TNV €€0do. '’ autd Tnv ovouddoupe h reverse. H évoia Tou avaoTpo@ou KEPBOUG EXEl VO KAVEI
ME TO Adyo €icodog/é€0doG.

H mmapdapeTpog ha1 gival o Adyog Tou pelpatog e€600U TTPOG TO peUa el06dou dTav n Tadon
€€6dou eival undév. AANIWG, gival To kKEPOOG (euBU = forward) pelPaTOG BPAXUKUKAWEVN TNV
£€€0do0. '’ autd Tnv ovopdloupe h forward.

H mrapdauetpog hzz gival o Adyog Tou pelpaTog €€600U TTPOG TNV TAon €§6dou OTav TO
pevpa €¢odou eivar undév. AANIWG, eival N aywyiudtnTa €600V PE AVOIKTOKUKAWMEVN TNV
€€000. '’ autd TNV ovopddoupe h output.

h11—i— =h h12:V— =h,
1 lv,= 2li,=0
7.10
i Iy
h21—i— =hs hzzzv— =h,
1lv,=0 2 lj,=
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7.3.4. O rivakag ABCD mrapapétpwv

H avamapdotaon ABCD Bewpei wg e€aptnuéveg HeTaBANTEG TO peUPa Kal TNV TAon €1l0600u.
Qg avedptnTeg peTABANTEG BewpouvTal To pela Kal n Taon e€600u.

e Y

l1a I2a
— —>
+ ——
+
Via Vaa Vip Vab

ZxAua 7.4. AiBupa ABCD ouvdedepéva oe oeipd.
ATT6 10 OXAKa 7.4 @aiveTal Tl V2a=V1b KOl i2a=-i2o. OI TTOpdueTpol A,B,C,D dev £xouv dAeg
QUOIKN onuacia. Mapatnpolue duwg 6T N avarmapdoTtacn ABCD eival ToAU xproiun étav

BéAoupe va Bpoupue Tov oAikd TTivaka ABCD og pia ouvdeapoAoyia N 818Upwv cuvdedepévv
o€ oelpd. AuTo PTTopei va yivel av TpotTotroifgoupe Tn axéon (7.5) otnv akdAoudn:

2 A Bl |V,
= N 7.12
iq C D] |-i
Tote, 0 1I000Uvapog ABCD Trivakag Bpioketal e TTOAATTAQCIAOUO TTIVAKWV.
HE S S
i1a Ca Da _iZa Ca Da i1b
Lo ol o)
Ca Da Cb Db _i2b

7.4. Tevikeupévo uBpPIBIKO TTPOTUTTO

7.13

Xpnoiyotroiwvtag TIG oxéoelg (7.10) kal T0 KUKAwpa Tou oxnuotog 7.3 oxedidloupe 10
YEVIKEUPEVO UBPISIKO TTPOTUTTIO Tou OXAuaTog 7.5. To KUKAwPO auTtd TepuaATiCeTal PE TNV
avTiotaon gopTiou RL agou kdBe dibupo cuvdietal pe éva dAAo diBupo oTnv £€000, TO OTToIO
€dw 1O ovopddoupe @opTio Kal £xel oUVBETN avTioTaon €106dou RL n oTroia yia 1o 8iBupd pag
Ba ToTmoBeTNOEl OoTNV £€0d0. Opoiwg, oTnVv €i0080 OUVOEOUME dia TNy Vg ME ECWTEPIKN
avtiotaon Rg. H mnyn aut Ba dwoel 1o oAua emegepyaaiag (to AC onua) atmod 1o dibupo.
2UVABWG TNV ECWTEPIKN TNG avTioTaon Tn BewpoUpe PNdEVIKA.

Rq

Vi

Vg

O ML

ZxAua 7.5. To 10080VaUO YEVIKEUPEVO KUKAWHA.
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E@apudlovtag 10 vopo 1doewv Tou Kirchhoff yia Tnv 1don €106dou kai 1o véuo tou Ohm,
AapBdavoupe Tnv e€icwon (7.14) n otroia TPOKUTITEI KAl atro TNV (7.6).

Vi:hi‘ii+hr'vo 714

E@apudfovtag 1o vopo peupdtwy Tou Kirchhoff yia 1o pedpa €€6dou kai To vopo Tou Ohm
yia TNV aywyiyotnTa, AauBdavoupe tnv (7.15) n otroia TpokUTITEl Kal atrd TRV (7.7).

iO=hf~ii+h0~V0 7.15
E@apudlovtag 1o vopo Tou Ohm yia TO QOopTio TTPOKUTITEL:
VO =|L 'RL =_i0 RL 716

Mapatnpoupe 611 To peUPa OTO POPTIO £XEI POPA TTPOG TN YI| Kal auTr) ival avTiBeTn ato n
POopA TO PEUPATOG ££0B0U TOu BIBUPOU TTOU TTAVTA TO BEWPOUUE Va EICEPXETE OTO BiBUPO.

7.4.1. Képdog Peupatog

AlaipwvTag TNV (7.15) pe i Kal avTikaBIoTWVTAG 0TN Vo TNV (7.15), TTPOKUTTTE!:

i \% i i i
iizhf+hoi—°:>i1:hf—hoi£RL :>i£(1+ho'RL):hf:>
i i i i i
i h
A=0=—T 717
"0 1+h, R,

Av R>>1/ho T6T€ ho RL>>1 Kai n (7.17) yiveTau:
i h¢

A=2= 7.18
i he-RL

Av h, — 0 161€ N avriotaon 1/ho eival &mreipn Kal eTTopEVwWG Oev dlappéeTal atré pelua Kal

MTTOpoUUE va Bewprooude Ta GKPa TNG avoliKTOKUKAwUEva (Sev uTT@pyel avtiotaon). ToTe n
(7.17) yiverar:

A= 'Ii =h; 7.19
i
Av RL=0 167¢ TTpOKUTITEI TTAAI N OX€0nN (7.19). AuTr) n oxéon TauTifeTal Je Tov opIopo TG hy
WG KEPOOG PEUPATOG HE BpaxuKuKAwuEvn TNV £€0do (RL=0).
7.4.2. Képdog Taong

AlaipwvTtag TNV (7.14) PE Vo Kal avTIKABIOTWVTAG TV (7.16), TTPOKUTITEL

A R E R (. S—
Vo Vo Vo i -RL
AvTikaBioTwvTag TNV (7.17) éxoupe
Vi 1+h,-R v; -h-h;-h,-R_ +h,-h;-R
R N
Vo hf'RL Vo hf'RL
A, =Vo__ he Ry

v h+(hhg—hohe) R
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O¢Toupe
Ah=h;-h, —h, -h¢ 7.20
Kal To KEPOOG TAoNG gival:
A =Yoo __ he- R hy
Yovi o hi+AhRL h; 7.21

R—+hi -hy —h, -h;
L
TToU 1I008UvVapa ypAgeTal:

Av R, — oo n (7.21) yiveTar:

A, = Vo ___ by
V; hi-h, —h, -h;
Av h=0 n (7.21) yiveTa:
hf 'RL

AV:V—°=— 7.22
\2 hii1+ho-RLi

Av h, =0 kai hy, =0 n (7.22) yiveran:

v h -R
A =—°o-__F 7.2
R h; ?
Av h, =0 kal R —» o [R,_ >>hi n (7.21) A n (7.22) yiverai:
o
h
A =—0___f 7.24
v Vi hi N hO
O1rwg TTapatnpoue, ol (7.23) kai (7.24) tauTiCovTal.

7.4.3. X0vBeTn avrioTaon e10650u

‘Exoupe opioel Tnv hi =h11 wg avriotaon €106dou Tou TpaviioTop Ye BPAXUKUKAWMEVN ThV
£€€000. Avalntdue Twpa Tn oUvBeTN avTtioTaon €106d0u 6Tav TNV €000 dev £XOUNE PUNOEVIKO
@opTio, aAAG @opTio RL. Tnv TNyn vg TNV ayvoouue a@ou WAXVOUUE TNV avTioTaon €l06dou
Tou &18Upou. AnAadn «BAETTOUPEY OTTO TO ONUEIO TTOU EQAPUOLETAI N Vi TIPOG TNV £€0d0. ATTO
TNV €icodo «BAEToupe» TNV RL.

ATIO TNV (7.14) dilaipwvTag PE i, KAl avTIKABIOTWVTAG TO Vo ATTO TNV (7.16) TTPOKUTITEL

R, :%:hi +h, -‘?—f:Ri =%:hi ko 'i_RL
AvTIKaBIoTWVTOG Tr]vI (7.17) | | |
R, =%=hi —h, '1+hhﬁ’RL
R = % = —h1' :fih":_L 7.25

Av RL eivar pndeviki, dnAadf av BpaxukukAwooupe Tnv £¢odo, TéTE Ba TrpoKUWEl O
OpICHOG yia TNV hi.

7.4.4. 0vBeTn avrioTaon e§650u

‘Exoupe opioel TNV ho=h22 wg oUvOETN aywyiudTnTa £€£080U, YE AVOIKTOKUKAWMEVN TRV €i0000,
OnAadn daveu TTNyNRG. Av ToTToBeTcOUPE TNV TNy, TOTE «BAETTOVTAG» OTTO Ta AKPO OTTOU
EQPAPUOLETal N Vo TIPOG Ta TTiow, Ba doluue Tnv avtiotacn €£6dou va eEaptatal ammd TNV
€0WTEPIKN AvTioTaoN TNG TTNYNG, aAAd 01 aTTo TO QOopPTiO.
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hi

e L
vii N (l)hfh " i )

TxAua 7.6. YroAoyiou6g ouvleTng avriotaong £§650u.

O1 e€iIcwoelg TTou TTPOKUTITOUV e@apudlovTag Toug Kavoveg Kirchhoff oto oxfiua 7.6 civai
0l akOAouBeg:
he Ve =—il(Rg +h;) 7.26

io =hs-i; +hy - vg 7.27
MNa va Bpolue Tnv avtiotaon €€600u, BPaXUKUKAWVOUNE TNV TTNyRA, agou gival aveEdptntn

atré TO €id0G TOu ONAMATOG OAAG €EapTATOI QTG TNV €C0WTEPIKA AVTIOTAON TNG TNYAG.
AlaipwvTag TV (7.27) e io Kal avTikaBioTwvTag TNV (7.26), 6a TpokUyel:

o dign Yo qop. T Vo,p Mo Vo T
lo lo Rg +hi lo o lo ho _ﬂ
h +Rg

i, hol+Rg)-hi-h,  hy-Ry+ah

Mapatnpoupe 611 n ouvBeTn avtioTaon €¢6dou, TauTieTal Ye Tn oUVOETN avTiotaon eE6dou
ME avoIKTOKUKAWMEVN TV gicodo: 1/ho, av h=0.

7.5. looduvapo Evioxuti Koiviig Bdaong
7.5.1. looduvapo Evioxuth Koiviig Bdong o€ ToAU xaunAég ouxvotnteg

Ag Eekiviiooupe pe To 1000UVaUO POVTEAO VOGS TpavEioTop o€ ouvdeapoAoyia Koivig BAong
OTTWG @aiveTal aTo oxnua 7.7(a).

Cc

—p o

Veb

v

hrbVeb

S
'

B _
B T

TxApa 7.7. (a) To TpaviioTop o€ ocuvdeouoAoyia Koivig Baong, (B) To |(}060vq|.|o uBpIBIKS poVTEAO.



-201 -

Av ouykpivoupe 1o oxAua (7.5) pe 1o (7.7B), TTapatnpouue 6T To pévo TTou aAAAdel givai ol
OcikTeg. H 10N €106d0u (input) éyive Taon petagl ekmmoutrol kai Baong (Emmiter-Base), 10
pevua €100d0u (input) €yive pelpa ekttouTroU (emmiter), n téon €€6dou (output) €yive TaoN
METOEU OUAAéKTn Kal Bdaong (Collector-Base) kai 10 peupa €§6dou (output) €yive pelpa
OUMAEKTN (C). Mapatnpoupe €tmiong, 0TI OAeg o1 UBPIBIKEG TTaPAPETPOI GuvodelovTal aTrd TO
0eiktn b yia va dnAwooupe OTI O KATAOKEUOOTAG TIPETTEl va POG OWOEl TIG UBRPISIKEG
TTaPAPETPOUG Yia ouvdeTpoAoyia KoIvAG BAONG, TTPOKEINEVOU VA aVOAUOOUUE TO KUKAWMA HE
TN BorBeia Tou uBPISIKOU povTéAou. O KaTtaokeuaoTAg Sivel QUTEG TIG TTAPAUETPOUG KAl YIAUTO
BewpouvTal yvwoTEG: hib, hmb, hib, hob. O1 0picuOi akoAouBouv:

hip :V.Lb hy, = Teb
le Vgp=0 Vb ig=0
. ) 7.29
hg, = IL op = b
e lvy,=0 Veo ic=0
O1 (7.17) kai (7.21) 1ox00UV Kal ypAPovTal:
h
A=—-"T 7.7
' 14+hg RL
A, —— R 721
hy, +Ah-R_
61T0U Ah=hy, -hgp —hyp -hg

7.5.2. looduvapo Evioxutn Koiviig Bdong pe Tnv £midpaon Twv TTUKVWTWV

Mvwpifoupe OTI évag evioxutng Oev €xel OTaBepd kEPDOG. To kéPBOG peluaTog yia
TTapddelypa e€apTdrtal atré Tn ouxvotnta. Ag uttoBécoupe 6Tl To peUpa e€600u gival 10TTAGOI0
atmo 10 pelpa €10000U yia Tn ouxvotnta Twv 1KHz. Autd dev cuufaivel yia otroladATToTE
ouxvotnTa. YTTAapxel AoImTov KATI, TTOU KAVEI T CUUTTEPIPOPA TOU TpaviioTop va e¢apTdTal aTTO
TN ouxvoTnTa. 210 OXNMa 7.7(B) dev UTTAPYEl KavEéva OTOIXEIO TOU KUKAWPATOG TTou e€apTdTal
amo TN ouyxvoeTtnta. X100 oxAua 7.8, umdpxouv! MpdyuaTl, av PYETPACOUPE TNV €i0000 TOu
KukKAwpatog 7.7(a) pe éva KatmmacIiTOPETPO, Ba peTpriooupe pia XxwpnTikOTNTa ion pE Ce.
AvTtioToixa, n xwpnTmikotnTta €£6dou 1ocoutal pe Ce. 'ETOIl, AoimTév, TTPOoKUTITEl TO OoXua 7.8,
OTTOU TTapPaATNPOUNE OTI N e€apTnuévn TTNYR PEUPOTOG OTO KUKAwUO ££0d0u Oev gival oaTabepn)
hree’ MG £€apTaTal OIS TN CUXVATNTA hre(W)ie. MpoooX €W, TO TPWTO pelua ie €ival autd
TOU OXAMOTOG 7.7 TO OTT0i0 dlappieel TNV hip VW TO BEUTEPO PEUNA ie EiVAI AUTO TOU OXAMATOG
7.8 10 otroio dlappéel Tov TTapdAAnAo cuvduacoud his, Ce. Kai Ta 800 Opwg, €ival peluara
€10600U YIO TA AVTIOTOIXO KUKAWMATA.

o = hp(0)ie =hg i = == 7.30

>1a oToixeia Ce Kal hip epapudgetal 10 id10 dUVANIKG. AUTO YOG ETTITPETTEl VA EQOAPHOCOUNE
OIaIPETN PEUPOTOG (AOYOG AYWYIMOTATWV):

A—> 4——TC

E le ic

Ce b = l ie’
Voo L " (D (o) e %} e

!

ZxAua 7.8. AauBdvovrag utm’ oynv Tig sow%splxég XWPNTIKOTNTEG, TO 10030vaUo UBPISIKO KUKAWMA TOU
TpaviioTop o ouvdeaguoloyia koivig Bdong.

=2
5
A

YVvy
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1
ii = 1h+b 7.31
e 4j0-C,
hip
E¢iowvovtag TG (7.30) Kai (7.31) TTpoKUTITEL:
h
g (0) = fbm 73
1+j— )
('001
otTou
0, = L 7.33
hib 'Ce

H oxéon (7.32) cival n ouvdptnon HETaQOPAg evog evepyoU PBabButrepatol @iATpou pe
péyioTo kEPSOG (DC kEPDOG) h KAl CUXVETNTA ATTOKOTTAG (OuxvoTnTa -3dB) ion pE Wa.
Av avTikaraotiooupe Tnv (7.32) otnv (7.17) Ba TrpokUWel €TTiONG N OUVAPTNON WETAPOPAG
€VOG evepyoU BabuTtrepatol @QIATpoU TnG OTToiag N ypa@IkA TTapdoTach TTAPOUCIAgeTal OTO
oxnua 7.14.

hfb
A, :!L:—Hhob'R'- 7.34
e 442

Opoiwg av avtikaraoTiooupe Tnv (7.32) otnv (7.24), pe mig Trpooeyyioeig h, =0 kai

R, > hi TTPOKUTITEI N OUVAPTNON PETAPOPAG:
o

hyy hy, -Re

Ay =\\:—° " .h;’)b =- hibw 7.35
e 1+j— 1+j—
o O)(X

7.6. looduvapo Evioxutl Koivou EKtroutrou
7.6.1. looduvapo Evioxuth o€ oAU XapnAég ouxvoTnteg

¢ avrioToixia Pe Tnv Topdypago 7.4, oto oxAua 7.9 Tapoucidletal éva BJT o€
ouvdeopoAoyia KOIVOU EKTTOPTTOU, PE TO 1I00OUVAUO POVTEAO TOU TO OTToio dev €xel e€ApTNON
atréd TN ouxvoeTnTa agou Bewpolpe 6T N ouxvoeTNTA TOU CAUATOG €1I00B0U €ival TTOAU XaunAn,
oxedov DC (6x1 DC).

el

ZxAua 7.9. (a) To TpaviioTop o ouvdeouoloyia Kolvou ekTTouTrou, (B) To 1Ic0dUvauo uRpPISIKG HoVTEAO.
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O1 uBpIdIkEG TTaPAUETPOI TWPa cuvodelovTtal atmd To OeikTn € yia va dnAwooupue OTI 0
KOTOOKEUAOTAG TTPETTEN VA pag dWOel TIG UBPIBIKEG TTAPANETPOUG Yia GuvdETUOAoyia Kolvou
EKTTOUTTOU, TTPOKEINEVOU VO avaAUooupe To KUKAwMa pe Tn BonrRdeia Tou uBpidikoU povTéAou.
O kaTaoKeuaoTng Bivel QUTEG TIG TTAPAUETPOUG Kal yI' autd BewpolvTal yWwOoTEG: hie, hre, hre,
hoe. O1 opiopoi akoAouBouv:

hie = V.be hre Toe
© - Yerli-o 7.36
P :!L Roe = =
Ib Vee ™! ce ip=0
O1 (7.17) kai (7.21) 10x00UV Kal ypAPOVTal:
h
A=—-T 7.7
' 14h, R,
v hye + An-R| '
otTou Ah =hig -hoe —h -hge

7.6.2. looduvapo EvioxuTn o€ upnAég ouxvoTnteg

To uBpIdikd 100d0vapo Tou oxfuatog 7.9 dev gival yevikd eapTOUEVO aTrd TN CuXVOTNTO.
To 100dUvapo KUKAwpa Tou oxAuatog 7.10 €xel CUUTTEPIPOPA n oTroia eEapTtdTal amod Tn
OuUXVOTNTA AOYW TWV EICEPXOUEVWV XWPNTIKOTATWV.

b Lo hi (@) iy =y iy = Me(@) o 747

i
hep (w) = I£ fe °
Ib

>1a oToixeia Ce Kal hie QapudeTal TO id10 dUVAMIKS. AUTO PaG ETTITPETTEI VA EQOAPUOOOUNE
SIaIp€TN PEUPATOG (AGYOG QYyWYINOTATWY):
1

!2 = 1# 7.38
b 4je-C,
hie

4,_
ic
Ce hie %g l iby
™ T Do hos Uee
. re(W) ib c ﬂ
hreUce @

3!

ZxApa 7.10. AapBdvovrag utr’ oynv TIig sow-'rsleég XWPNTIKOTNTEG, TO 1I003Uvauo UBPISIKG KUKAWPO TOu
TpaviioTop o€ ouvdeaoAoyia KOIvoU EKTTOUTTOU.

E€iowvovTag Tig (7.37) kai (7.38) TTpOKUTITEL:

hfe

1+ 2
g

hfe (0)) =

7.39

otTou
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1
"= hie 'Ce

7.40

H oxéon (7.39) eivai n ouvaptnon PETaPopPAs evog evepyoU BaButrepaTtol @IATpoU PE PEYIOTO

kEPBOG (DC kéPDOG) hre KaI CUXVOTNTA ATTOKOTTAG (CUXVOTNTA -3dB) ion pe we.
O1 (7.17) ka1 (7.21) 10x00UV Kal ypAPOVTal:

hfe
= hte (®) _ 1+hee R
1+hy -RL 14 Jg
Op
hfe 'RL

v hbe+Ah'RL

142
@

610U Ah=hy -hy, —hg -hg

210 oxAua (7.14) BAémmoupe Tn OuvAPTNON METOPOPAEG yia TO KEPOOG pelpaTog A Kal

OUMTTEPQIVOUNE OTI TO KUKAWPO CUUTTEPIPEPETAI OQV £va evEPYO BaBuTTEPATO PIATPO.

7.7. Meratpotrég h TrapapéTpwy

210 Ooxfua 7.11 Tapouciddetal éva TpaviioTop oe ouvOEGUOAOYIa KOIVOU eKTTOUTTOU WE TA
OUVOUIKG PETACU TwV OKPOJEKTWVY Kal Ta peUUOTA TTOU €I0épyovTal oToug 3 akpodékteg C, B

Kal E.
E@appdloupe Toug vOUOUG peUPATWY Kal Taoswv Tou Kirchhoff:

Ip lc

L o
¢ el T :

ZxApa 7.11. (a) To BJT o€ ouvdeopoloyia koivou gktropTrou, () To uBpIdiké ]0060vupo

ic +ip +ig =0
Vee =Veb T Ve

O e€ilowaoeig Tou uBPISIKOU povTéAou oUppwva P To oxrua 7.11(B) eivai:

Vpe = hie “Ip +hre “Vee
I :hfe “Ip +hoe “Vee

AVTIKOBIOTWVTAG TO ib ATTO TNV (7.41) KQI TO Vee OTTO TNV (7.42) OTIG (7.43) Kai (7.44)
TTPOKUTITOUV Ol OKOAOUBEG £CI0WOEIG

Vbe :_hie “le _hie “le +hre “Veb +hre Ve :Vbe(1_hre):_hie “le _hie “le +hre “Veb
ic =—hge "ic =Nge +ig +Nge - Vep +Nge - Ve = Mg * Ve =l +Nge ig + g -lg =Ngg < Ve
i +Nfe -ic +hpe -le —hoe - Vep _ —hie -ic —hig “ig +hpe - Vep

h 1-h,

oe

7.41

7.42

7.43
7.44
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ic +hfe 'ic +hfe 'ie _hoe “Veb _hre 'ic _hre 'hfe 'ic _hre 'hfe 'ie +hre 'hoe Vep =
= _hoe 'hie 'ic _hoe 'hie 'ie +hoe 'hre “Vep
ic(1+hfe —hre =Nre -he +hee 'hie):
ie (_hfe + hre 'hfe _hoe 'hie)+ Veb (hoe - hre 'hoe + hoe 'hre)

OewpwvTag 6Tl hre<<1 Kal hoehie<<1

ic(‘]""hfe _hre _hre 'hfe +hoe 'hie):
ie(_hfe + hre 'hfe _hoe 'hie)+ Vcb(hoe - hre 'hoe + hoe 'hre)
ic(1 + hfe ) = ie (_hfe)+ Vb (hoe)

. he . hee
l. = — g + -V 7.45
" A+hp ° 1+h, @
[of
+ —> <4+—+
ie ic
hib
E ie ic c <¢>h ) § 1 v
le cb
=80 — 7 . vl = oy
Ueb Ucb hroven
v ti v
h ) - B -
B T

ZxAua 7.12. (a) To BJT o€ cuvdeopoloyia Koivig Baong, (B) To uBpidikd |0060v_upo

O1 e€iowaoeig Tou uBPISIKOU PovTéAou yia To TpavdioTop o ouvdeouoloyia Kolvig Bdong
atré 1o oxnua 7.12(B) eivar:

Veb = hlb . ie + hl’b . VCb 7.46
iC = hfb . ie + hOb : VCb 7.47

>uykpivovTag TIG (7.45) kai (7.47) TTPOKUTITOUV Ol aKOAOUBOI HETAOXNHOTIOWOI:

h
he. = h. = oe
BT h, % T Tt hg

7.48

>1n ouvéxela Ba aoxoAnBolue pe Tnv (7.46), dnAadn Tov TTpoodiopioud Twv hib Kal hrb.
Aegdopévng TnG (7.43) n otroia divel TNV Vbe CUVOPTHAOEI TWV ib KAl Vee B0 TTPOCTTABARCOUNE VA
OWOOUWE TNV Veb CUVOPTACEI TWV e KOI Veb PE TN BonBeia Twyv (7.41) kai (7.42).

21V (7.43) avtikaBioToUuE TO ib aTTO TNV (7.41) Kol avTIKaBIoTOUPE TO ic M€ TN BorBeia TnG
(7.45)

Vpe = hie “Ip +hre '(Vcb +Vbe)

hi hs . h..h .
Vbe(1_hre) = ﬁ'e _ﬁvcb _hiele +hre “Veb

Vbe(/I - hre) = (M - hiejie + (_ :ieﬁ + hrejvcb

he +1 e +1

—h, —hi.hge +hchse +h
v..(1-h — ie i 4 ie' ‘oe re’ 'fe re |y
be( re) [hfe+1je [ hfe+1 ] cb
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hie H hiehoe
Vo = V. = i + —h v 749
eb be (hfe N ,J e (hfe 1 re [Ycb

>uykpivovTag TNV (7.49) pe Tnv (7.46) TTPOKUTITEI

hip = A kai hyy, = ﬂ—hre
1+hg 1+hg,

O1 e€lowoeig (7.48) kai (7.50) Tpoékuywav EeKIVWVTAG OATTO Tn ouvdeauoAoyia Koivou
eKTTOUTTOU KOl KOTOAAyovTag OTn ouvdeopoAoyia KoIVAG BAong. Av KAvoupe akpIBWg Tnv
avtioTpo®n diadikacia Twv €§iIowoewv (7.41) €wg (7.50), dnAadn va ekiviooupe ammd Tn
ouvdeopoloyia koivig Bdong, Ba TTPoKUWOUV o1 TTOPAUETPOI hie, hoe, hre KaI hfe CUVaPTAOCEI
TWV  UBPISIKWY  TTAPANETPWY  TNG  OuvdeouoAoyiog  KOIVAG BAong.  XUuvOTITIKG ol
METAOXNUATIOPOI TTapouaiddovTal aTov akOAouBo TTivaka.

13

7.50

h. =~ hib h,. =~ hie
® T 14hyg ® = 14 hg
h h
hoe = 1 b hob = 1 o2
+hgy +hgg 751
h.,h h..h ’
hre;M_ rb rb;M_ re
1+hg, 1+hg
-h -h
fe = ke b = *
1+ hg, 1+hg

7.8. ®UAAa Aedopévwy — ZuxvoTnTa MetaBdoewg

O koTOoOKEUAOTAG €vOg TPaviioTop HECW Twv QUAAWV dedopévwyv autou, pag Oivel TG
UBPIOIKEG TTOPANETPOUG. EVOEIKTIKEG TINEG AUTWY TTapouaIddovTal aTov Trivaka 7.13.

uvdeouoloyia Koivou Koiviig
Exktroptrou Bdaong
MapdpeTpog
hi (Q) 108 10
hr 106 106
ht 10? -1
ho (Q) 10+ 10+

ZxAua 7.13. Mivakag uBPISIKWY TTAPOPETPWV.

MapaTtnpouue OTI o1 TTPOCEYYIOEIS TTOU UTTOPOUUE VA KAVOUUE PE ao@dAcia gival hr=0 Kkai
ho=0. ETriong, maparnpoupe 0T he>>hr.

O kaTaokeuaoTrg Ba pag dwaoel Kal Yia oTabepd TTou TNV OVOUAdel cuxvoTnTa JETARACEWG
wr (transition) yiati £xel dlaoTdoeig ouxvoTnNTag. loouTal Ye TO yIvOuEVO Tou eUpoug wvng €TTi
TO PEYIOTO KEPDOG. ETTOpévg, TO PEYIOTO KEPDOG €ival avTioTPOPWG avaAoyo Tou €UpPOUG
{wvng, o6mwg @aivetal oto oxAua 7.14. H okoAoubn efiowon divel Tov opiopd TTou
TEPIYPAYaPE, BewpwvTtag OTI hee=hob=0. ZTnVv €€icwon authi €xouue XPNOIPOTTOINCEI TOUG
opIopoug (7.33), (7.40) kai (7.51).

1 _ 1+hg B hte
Ce 'hib hfb Ce 'hie hfb Ce 'hie i hfe 752

or =0, -hg =

MNa ta Ttpavgiotop, 10 yivouevo kéEPSOG (peupatog) X eUpog Cwvng eival ywwoTd wg n
ouxvotnTa petaBaocewg fr. tnv 1pdgn, utrohoyiletal amd 10 KEPOOG PEUPOTOG XAUNAWV
ouyvotnTwv (Aiya kilohertz) kdtw amd ouykekpipgéveg ouvOnKeg BOKIUAG, KaBwG Kal atrd Tn
OuUXVOTNTO OTTOKOTTAG OTNV OTToia TO KEPOOG PEUPATOG PEIWVETAI KaTd 3 vTECIUTTEA (70% Tou
TAGTOUG). To yIvoueEvo autwy Twv BUO TIHWV PTTopEl va Bewpnbei wg n ouxvotnta Pe v
oTToia T0 KEPDOG peUpaTOG Ba pelwbei o€ 1, Kal To KEPOOG PeUATOG TOU TPpavioTop PETALU TNG
OuXVOTNTAG ATTOKOTING KAl TNG CUXVOTNTAG PETARAONG UTTOPEI va UTTOAOYIOTEI SIaIpwvTag TV
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fr ue TN ouyvoTNTa. ZUVvABWG, T TPaVEioTOP TIPETTEI Va AEITOUPYOUV O€ GUXVOTNTEG TTOAU KATW
até TV fr €101 WOTE va gival AEITOUPYIKA WG EVIOXUTEG KOl TOAQVTWTEG. Ze €va OITTOAIKO
Tpavdiotop (BJT), n amdkpion ouyxvoTnNTaG HEIVETAI AOYW TNG ECWTEPIKAG XWPENTIKOTNTAG TWV
KOMBwY, O6TTwG atrodeigape pe 1o oxAua 7.14. H ouyxvotnta ToikiAAel avdAoya pe 10 péupa
OUAAEKTN, @BAvovTag OTO PEYIOTO Yia KATTOIO TIUA KOI JEIWVETAI YIO MIKPOTEPO R YEYAAUTEPO
PeUPA OUAAEKTN.

hfe
A A AI:|£:1+hoe(~DRL
h 1+j—
Op

h P

fe ic  1+hg-R
T+hge -RL A==

e 1+J7
(’OOL

Py

1+hy, -RL

Sy

g @,
TxApa 7.14. ATTOKpIon OUXVOTNTAG EVIGXUTH KOIVOU EKTTOMTTOU KalI EVIOXUTA KOIVAG Bdong
7.9. Evioxutng BJT pe avriotaon méAwong otn Bdon

Katd tn dnuioupyia Tou 10080UVOUOU KUKAWMATOG MIKPOU ORAMOTOG, Ol TTNYEG oTaBepng
TAONG KAl Ol TTUKVWTEG QVTIMETWTTICOVTOI WG BPAXUKUKAWMOTO €vw Ol TTNyEG oTaBepou
PEUUATOG WG AVOIKTOKUKAWHATA.

210 oxAua 7.15 Ttopoucidletal pia oTmmAfl ouvdeopOAoyia avaoTPEPOVTOG EVIOXUTH
xpnaiyotroiwvTag éva Tpaviotop BJT oe ouvdeapoloyia koivou ekmroutrou. H DC tpogodoacia
ylo va AEITOUPYROEl owoTA To TpaviioTop €pxeTal aTTO TO CUAAEKTN pEOw TNG avTioTaong RL.
OMa 1a pedpara eioépyovral oto Tpavdiotop. H Tdon AC tmou BéAoupe va evioxuBei eiloc€pxeTal
atd tn Baon.

lout

ZxAua 7.15. (a) ‘Evag evioxutng BJT koivou ektroptroU (B) To uBpidikoé 100860vaud Tou.

MNa va oxedidooupe 10 UBPISIKG 1000UVANO, OXEDIGCOUNE TTPWTA TO AVTIOTOIXO URPISIKO
Tou TpavlioTop 0 OuVOETHOAOYIa KOIVOU €KTTOUTTOU (OTIG UBPISIKEG TTOPANETPOUG UTTAPXEI O
O€iKTN €) Kal QaiveTal yPaUUOOKIQoPEVO OTO OXAUa 7.15(B). ZTn cuvEéxeia, BPaxUKUKAWVOVTAG
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Tnv otaBepn TNy DC Ve, autépata yeIwvoude To TTavw GKpo Tng avtiotaong Ri, n oTtroia
TPOKUTITEI OTI Ba ouvdéeTal PeTalU CUAAEKTN Kal yAG. Mparnpoulue 611 n T1don €§6dou Tou
TPav{ioTOP Ve TOUTICETAI E TNV TAON £6B0U TOU KUKAWMOATOG Vout.

ATT6 TO KUKAWPa 7.15(B), Yypdgpouue TIG akOAOUBEG ECICWTEIG:

i iR i
i — i — H out _ out L out _
lout = —lc = _hfe “lin _hoe Vout = = _hfe _hoe : f = (1 + hoe 'RL)_ _hfe =
lin lin lin
— hfe
=
1+h, R,
v i re =0 v i
_ H in_ _ in in in
Vin = hie lin + hre “Vout = = hie ! + hre = = hie s R
out Vout Vout Tout ~ L

A, = _hfe i RL
v hie('l"'hoe 'RL)

Av BewpnRooupe hoe=0 TOTE TO KEPDOG TAGNG €ival:

_ _hfe 'RL

A
v h

ie

To — 1Tou gp@avietal 1o KEPOOG PEUPATOG Kal OTO KEPDOG TAONG eEnyei TN AsiToupyia TG
avaoTpo@nc. To onua e€6dou éxel kaBuoTépuon @dong 180°.

+ —P> B+—_> <—+
Ip

lin

ZxApa 7.16. (a) To TpaviioTop o& ouvdeouoAOyia KOIVOU EKTTOUTIOU HE QVTIOTACEIG TTOAwONG Bdaong Kai (B)
To 1c03Uvapo uBpIdIKG HovTEAO.

210 OoxNpa 7.16 tapoucidletal 1o 610 KUKAwPa PE avTioTaoelg TTOAwonNg tng Bdong.
MpoocBéoape dnAadn Tig avTioTdoelg R1 kal Rz otnv akéAoubn TotroAoyia
MapatnpwvTtag 10 oxnua 7.16(B) TpokUTITouv Ta akdAouba:

; ; ; iout iout 'RL
lout = ¢ = _hfe “Ip _hoe “Vout = i = _hfe _hoe : i =
b
iout iout hfe
-_(1+hoe 'RL): _hfe T ——
i, i, 1+hee "R

E@apudlovrag diaipéTn peUPATOG OTNV €i0000 TOU KUKAWMATOG, IOXUEL:

1
b _ Mie = Ri-Ry 7.53
in i+i+i Ri-Rp +hie -Ry +Ry-hye
he Ri R
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hfe

fin (1+hoe.RL).[1+hie-';1+F'32J
112

Mapatnpoupe 611 T0 KEPSOG pelpaTog peiwdbnke. Ooov apopd oTo kéEPdog TAoNg, autd
TTapapével oTaBepd. Mapartnpolue 0TI N Tdon €1l0600U Pe avTIOTAOEIS TTOAwONG OoTn Bdon
TauTiCETaI IE TNV TAON €10000U XWPIG TIG AVTIOTAOEIG QUTEG. ETTOpéEVWG:

A, = _hfe i RL
v hie(1+hoe 'RL)

7.10. Evioxutig BJT pe avddpaon oToV EKTTOUTTO

210 oxnua 7.17 Ttapoucidloupe évav evioxutn pe BJT oe ouvdeopoloyia Koivou
EKTTOUTTOU, PE AVTIOTAON OTOV EKTTOUTTO TTOU OAAIWG TNV KaAouue avtiotaon avadpaong. H
avadpaaon OTNV CGUYKEKPIPEVN TTEPITITWON €ival apvnTIKA avadpaaon.

O1mwg okpifwg otnv Trapdypago 7.7, oxedidfoupe 10 UPBPIBIKO yia TOo TpavdioTop.
Mapatnpolpe OTI TWPO O €EKTTOPTTOG Otv yelwveTal, oANG pecolafei n avriotaon Re.
Maparnpoupe etTiong 611 N Taon 600U Tou TPAVEIoTOP, Vee OEV TAUTICETAI UE TNV TACON ££0S0U
TOU KUKAWMATOG Vout.

c
+ —» ’ «—i,

hie § RL
hfeiin §
Vout

V\n 1
l iout
Re T e
— E _
-

IxApa 7.17. (o) Evag svu_:rxurﬁg BJT KoOIVOU €KTTOUTTOU aVTiOTOON OTOV eKTTOUTTO (B) To UBPISIKG 1008UVa6
TOU.

210 oxAMa 7.17 Traparnpouue 6Tl Bewpnoape hoe=0, dnAadr Tnv avtiotaon ££6dou Tou
TPAV(iOTOp HE OVOIKTOKUKAWMEVN Tnv €icodo, Tn Bewpolue ATTeIpn Kol ETTOPEVWG TRV
ayvoouUue. Emiong, Bewpolpe 611 hre=0. O1 €§I0W0EIG TTOU TTPOKUTITOUV £QAPPOLOVTAG VOUOUG
Ohm ka1 Kirchhoff oto oxnua 7.17(B) sivai:

iin + hfeiin = _ie = iin (1 + hfe ) = _ie
Vout = _hfeRLiin }3
. . . . hye>>1
Vin =lphie —1eRe =iinhie +iiq (1 +hg PEﬁ(hie +heRe )in

hfeRL
Af - Vout = hfeRL - hie - A
Vin hie"'hfeRE 1+ﬁ 1_&,6\
ie RL

O A6Yog TnG TAONG TToU ETTIOTPEPEI OTNV €i0000 aTrd TNV £€§0d0, TTPOG TNV TACN ££6O0U gival:
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-l
RC

[
. e
Vi _ i XRg

Vo X RC

i, »0

7.11. AKk6AouBog ekTTOUTTOU

2710 KUKAWWa Tou oxAuaTog 7.18 n gicodog cival otn Bdon kai n £€000G oTOV KTTOUTTO. [NauTo
KaAeiTal kal evioXuTig kKoivou guAAékTn (CC — Common Collector).

Vee
. + —p B+ —» C
iin I
hie §
R
! ic R

c R 2

I B P Vin Vln
Vin —IP . Y E
lin Ib .
§ Vout
Re Tie - - _
Re R _4_
B)
- hie i
—» B <«FE
(@) WA
i Ru hreil,
R1 RZ TI Vou( l
fout
Tc
(v)

TxApa 7.18. (a) O ak6AouBog ekropTrou (B) To uBpISik6 1I005Uvauoé Tou (Y) To armrAoTtroinuévo uRpPISikO
10030Uvapo6 Tou.

iy = —(ip, +i

o=l i __in )i

Ie = hfelb =lp

Vout = _REie ¢>Vout = RE(1 + hfe )ib
Vin = higl, + Vout = [hie +Re(1+hg )}b

Vout — RE(1 + hfe) ~1 7.54
\ hie +Re(1+hee)

Zys = %ﬂ_)zif =hie +Re(1+he) > Z;

b

Zi = hie

AT6 Tnv e€icwon (7.54) Tmapatnpoupe OTI To KUKAwpa Aéyetal akdAouBog ouvdeopoloyiag
KOIVOU EKTTOUTTOU £OCOV N ££000G 0TO CUAAEKTN akoAouBei Tnv gicodo oTn Baon.

7.12. Amrokpion Zuxvoernrag Evioxurn
7.12.1. loodUvapo XaunAwyv ZuxvoTATWY

210 KUKAwPa Tou oxApatog 7.16 utmoBéToupe 611 Ri>>1/ho kai h=0. E@apudlovTag tnv (7.24)
TTPOKUTITEI
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Av=p i =z = T~ M1 joRC 11joRC
i"No 1 Ry+—— +JoR4 +JoRy
joC
R, . G
hy sz JoR4C Ayoj—
1 ®4
Ay =- - = 7.55
1+ joR,C 142
®4

H oxéon (7.55) eival n ouvapTtnon YETOQOPAG evOg eveEPyoU UWITTEPATOU GIATPOU PE KEPSOG
UWNAWY CUXVOTATWY (UEYIOTO KEPDOG):
R
Ao =h; =% 7.56
vo = Nf R,
Kal ouxvOTNTA ATTOKOTTAG:

0 = 7.57

A
R.C

©

I___:Zé_
AW
s

TxApa 7.19. ‘Eva evepyo uyitrepartd @iATpo.
210 oXNpa 7.21 TTapoucidgeTal n atrokpion ouxvoTnTag Kal ¢Aaong.

7.12.2. looduvapo YynAwv ZuxvoTATwyv

r=ochro= [ G e e

=
AW
©

4

Zxnua 7.20. ‘Eva evepyo Babutrepatod @iATpo.

AV — Vout _ _?outRL _ _AI ﬁ 7.58
Vin iinR1 Ry
A - 'f)_ut _ hyiiy +.Y2Vout —h + i+j0)C2 _IO_UA =h¢ —(1+j0)R2C2)ﬁA|
in Rz lin Ro

lin |
thZ
R2 + RL + j(DRzRLC2

Al[1 +(1+ JszCz)%j =hf = A = 7.59
2

AvtikaBioTwvTag TNV (7.59) otnv (7.58) TTpokUTITEl TO KEPDOG TAGNG
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h, Rz R, > _n, Rz
R
Av=-R 1 = AV OR.CR 78
=2 114 joR,C, FIOR2%2R
RL
Av(dB)

20log(hR2/R1)
20log(hiR2/R1)-3

90
45 \
0

w1 w2

»
»
w

-45

-90 k

TxApa 7.21. ATTOKpIon oUXVOTNTAG KOl PACNG EVOG EVIOXUTH (OUVABWG N w4 gival TTOAU XapnAn).

Mpodkerrar yia éva evepyo Babutrepatd @QIATPo o€ avaoTpd@ouca CUVOECUOAOYIa PE PEYIOTO
KEPDOG (KEPDOG XOaUNAWY CUXVOTATWV) i00 PE Avo KOl OUXVOTNTA ATTOKOTTAG W2.

AV - _ AVO
O] 7.60
1+j—
2
R
1
Wy = 1 7.62
2~ .
RZC2

7.13. O Alopop@WTAG AVTIOPACEWS

Alopgop@wTEG €ival TO KUKAWPOTA OTOV TTOUTTO €VOG TNAETTIKOIVWVIOKOU OUCTAUOTOG TTOU
Kavouv Tn dladikacia NG SIoPOPPWONG TTPOKEINEVOU TO ORPa TTANPoYopiag va TagIdEwel Ye
aoc@aAeia «TTavwy OTo PEPoV oua. To gépov oAua eival éva oAua TTou TTapdyeral atod Evav
TAAQVTWTH OTTWG AUTOG TTOU QAiVETAI OTO OXNMa 7.22 oTo TTAQicIo Pe Tn SIOKEKOPEVN YPOAUUA
Kal aTToTeAEITal aTTO €vav €VIOXUTH O€ avaoTpéPouaa cuvdeapoloyia kal évav ouvduaouod
KAT@AANAQ TOTTOBETNUEVWY TTNVIWY Kal TTUKVWTWY. H ouyxvotnta €£6dou evog TaAAvTwTr TTou
Xpnoligotroiei ouvtoviopévo KUKAwpa LC e€aptdtal amo tnv xwpenTikotnta. (Av yetaBAndei 1o
C peTaBdaAAetal kal n ouxvoTnTa TOAGVTWONG).
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Ve
*— ‘E¢0odog
Alapoppwpévou
i > 2ApaTog
Tua =R
TTAnpogopiag <
C
— xo—1 11—
-
<
<
-

Cxy<<C : L

YEC . l

IxAua 7.22. AlapoppwTtng Varicap.

H évvoia Tng dlouoppwong fe@elyel amd Toug OKOTTOUG TOU TTAPOVTOG, TTapOAa autd,
TTAPOUCIACOUNE QUTH YIa va BEioUpE PIa ETTITTAEOV EQApPUOYH TOU UBPISIKOU KUKAWUATOG.

To oAua TTAnpogopiag eI0AyeTal OTOV TAAQVTWTH OTTO TOV OTT0i0 TTNYAZEl N CUXVOTNTA TOU
@é€povTog KUpaTtog. O SIaPopPwTHG Tou OXAUATOG XpnaolyoTroiei pia diodo Varactor fy Varicap
Kal gival dIapopPwTrG oUXVOTNTAG.

To kKUkAwpa Tou oxApaTog 7.23 avTikabioTd oTo oxAua 7.22 1o KUKAwa Tng diodou oTa
onueia XY kal Vce. To KUKAWPQ TOU OXAUATOG 7.23 OTOUG AKPOBEKTEG TOU XY CUMTTEPIPEPETAI
oav TTUKVWTAG TOU OTT0IoU N XwpenTIKOTNTA €ival ouvapTnon Tng TTéAwong Bdong Tou BJT.

Vce
RFC
R4 ;
X c
<,
in c i l l i
_> [o]
I I Vv hreib |
ofua R» 1/hoe
TTAnpogopiag E
Y

TxApa 7.23. Alapop@wTng AvTIdpAoewg (o€ cuvduaouo ue To diapopewTn Varactor).

Oewpwvtag TNV Ve wG TAON OTOUG OKPOOEKTEG TOU TTUKVWTH, KOBWG Kal TNV TTPOCEyYIon
im 0 =ic =iy, T0TE N TGON £§6BOU Ba eiva:
1 | 1
Vyy = Ve +V, Vyy =l —+1h; & =-—
XY ¢t Vh, 2 Vxy =l .®C+b .e:>VXY A 1 7.63
ie v
joc

E@apudlovrag T1Oov kavova Kirchhoff omnv  €¢odo, kabBwg kal Tnv TPooaoéyyion

1
Lo>>—=1 <<1
oe

=l +1g +lhee +1o = 1= 1 +lh +1g = 1=1,(1+h )+ 1, 7.64
MNa v aywyigotnta €€6dou, avTikaBioTouue Tig (7.64) kai (7.63) oTov opIouo:
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| | | 1+h joc(1+he)
Y =—=-—2(+h )+—2- =Y, =— +h, > Y =1/ +h
out VXY VXY( fe) VXY out hie R 1 oe out j(DChie 1 oe
joc

OewpwvTdg hoe=0, he>>1 Kai h,, << CL TTPOKUTITEL
(O]

You'( = j(’JChfe

H TeAeutaia oxéon amodeikviel 0TI n 1a0n Vxy PE TO pevpa | éxouv dlagpopd @aong
emITTopeiag. A0 To 1I600UVAPO TOU €VIOXUTH TTPOEKUWE OTI N aywyiyotnta €€édou eival
XwPNTIKA Kal avaAoyn Tou kEpdoug peupaTog Tou BJT.

ATtrodei¢ape 6T TO KUKAwPO Tou OXNMaTOG 7.23 0TOUG aKPOOEKTEG TOU XY CUMTTEPIPEPETAI
oav TTUKVWTAG TOU OTToIoU N XwpenTIKOTNTA €ival ouvapTnon Tng TToAwong Bdong tou BJT.

7.14. Aupéva Mapadeiypara
7.14.1. Mapddeiyya eViIOXUTH HE AVTIOTOOT OTOV EKTTOUTTO

2T0  KUKAWPO  TOU  OXAMOTOG,
QYVOEIOTE TIG EOWTEPIKEG  XWPNTIKO-

. h=1000

TNTEG TOU transistor. h=10KQ

A) Na Bpebei 10 KEPOOG O€ TTAPa TTOAU ho=0

UWNAEG OUXVOTNTEG. hi=0

B) Na BpeBsi n miury Tou Tukvwty Ce, g:gzégo;f

woTe yia TN ouxvotnta 800 Hz 1o Ri=10KQ

KEPDOG Téong (UETPO) va gival 24,4 dB. R2=10KQ
Re=100Q
Rs=0Q

EvdeikTiki Auon:

A) Ze TOAU UWnAég OuxvoTnNTEG N
avTioTAoN TOU TTUKVWTA €ival undevIKn,
OA0 TO pelpa Tou eKTTOUTTOU TTEPVAEI OTTO QUTH N oTroia €ival BpaxukUkAwua. Etropévwg,
YEIWVOULE TOV EKTTOUTTO.

Xwpig Re//Ck:
A:V_Ozﬁzmz_h R_C:_1000.10ﬂ:_1
P TS h, 10000

B) Me Re //Ck:

l.

" §RC
|

— R
joC ©  Rg 100
1 LR, THIeCRe 1+j5-10°-C
joC

i =iy +hyiy, ~ Nyl Ze =
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a_Vo__iRe __ hiRe _ . Rg
Vi ip-hi+ieZe ip-hi+hipZe ' hi+heZg
1000 102(1+5-105-C)  102+j5-107-C
A =-1000 100000 (14 i5.10° =TT s 108
10000+ 100000 (1+j5-10%.C)+10  11+j5.10°.C
1+j5-10°.C

4010 A2
|A|:100\/ 1+25.10 10C 2
121+25.10"°.C

ATI6 T dedopéva 244 =20-logA = A=10"%2 =166 = 1% , IOXUEI N akdAoudn efiowaon

=36+36-25-10"°.C? =121+ 25-10"° . C?

10 A2
@:100\/ 1+25-10"° .C
6 121+25.10" . C?
=35.25.10"0.C2 =85 = C=312uF
Av a116é TNV apXf XPNOIUOTTOINCOUUE TO PETPO TOoUu Ze TOTE N TIUA TOU TTUKVWTH Ba TTpoKUWYEl
SuF.

7.14.2. NMapadeiypa evioXuTn JE avTioTaon moAwong otn Bdon

2T0 KUKAWPO TOU E€VIOXUTA TOU TTOPOKATW
oxnuartog didovral:

h=40

hi=10KQ

ho=0

hr=0

Rc=1,2KQ

Re=1KQ

R1=30KQ

R2=15KQ +
Rs=0

Ci=10nF
Cs=Cc=Ce=10pF

Na oxediaotei 10 AC uBpidikd 1I60dUvauo KUukKAwpa (f>>1,6KHz), yia duo TrepmrTwoeig: (i)
Xwpig avtiotaon 1oAwong Tng PBdong kai (i) Me avtiotaon méAwong Tng Pdong). ZTn
ouvéxela va attodelxBei 0T To0 KEPSOG pelpaTog ivai:

Xwpig avtiotaon TéAwong Baong A= Ao omou Ay =-h;  Kkal fo = !
1+ Ji 2nhiCi
fo
A, _
Me avTioTaon TéAwong Baong A'=——"—6mouA,'= heRw 1fy'= hi + Ry
L i + Ry 2nhiCRy
i
0

Kal TEAOG, a@oUu PBpebolv aplBunTikég TINEG, va oxedlaoTolv Ta dlaypdupata KEPOOUG
ouvapTnoEl TNG ouxvoTtnTag. Ti TTAPATNPEITE;

Ymodeieic

(i) Amodeikvieral 0Tl yia ouxvorntes f>1,6 KHz BswpoUue Tov eKTTOUTTO YEIWUEVO.
(i) Ze uwnAéc ouxvorntes n Tiun Tou hr dev gival otabepry aAAa e€aprdrar - ueraéu GAAwv kai -
arro v niun Tou mukvwrr] Ci (0 o1roiog gival TapdAAnAa ouvoedeuévos oTnV ECWTEPIKN
avrioraon €l0660u):
h
h — f

)= ueh

(iii) OewpeioTe ;—0 =16 Kai V26 =5
T
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EvdeikTik AvaAuTiki Auon (Mepiéxel Oswpia)
1
oC

210 DC (w=0), n avrioTaor Tou gival ATTelpn, Kal ETTOPEVWG TOV ayVOOUHE BEWPWVTAG TOV
avoIKTOKUKAwua. EtTropévwg, oto DC utrdpyel povo n avtiotaon Re.

210 AC, 0¢ TTOAU UWNAEG GUXVOTNTEG O TTUKVWTAG £XEI UNOEVIKA avTIOTOON KAl ETTOMEVWG
Bewpeital BpayxukukAwpa. MNMapdAAnAog ouvduacopdg avTioTacewv Oivel GUVONIKA avTioTaon
ME TIMA TTOAU KOVTA OTNnV TIYN TNG MIKTOTEPNG avTioTaong. To peupa TTepvAEl atmd Tn PNOEVIKN
avtiotaon, ®nAadn amd TO PpaxukUkAwpa kal n avriotaon Re ayvoeital. O eKTTOPTIOq
VEIWVETAI.

210 AC, o€ peoaieg ouxvotnTteg, o TTapdAAnAog ouvduaopog Twv Re kai Ce divel pia

Re
1+ oRgCg

H TipA Tng avtioTaong Tou TTUKVWTA €ival (Z.|=

OUVOAIKN avTioTaon Zg =

1 1

1" mapathpnon: Av f>>1,6KHz 161¢e |Z-| << =
paTnPnon el 21-16-10°.C  10*C

1
<<Rg = C>>——— 71616 uTTOPOUPE VA VEIWOOUUE TOV
2n-f-C F 2r-f-Rg HTToPoUH Y H

ekTTOPTO. MNa mapddeiyua, yia ouxvornta 1,6 KHz kai 1 6edopévn Re=1KQ, yia va yeiwbei o
EKTTOUTTOG (Va Yivel BpaxUKUKAwpa n xwpnTikotnta), Ba Tpétmel Ce>>0,1pF.

2" TrapatApnon: Av

Re __ 1000
1+ 0RgCg 1+ 2nf102
To uBpidiké 1600UVAPO TOU KUKAWMATOG, XWPiG Kauia Tpoofyyion eival 1o akOAouBo.

____________________

Av >>1,6KHz kal Zg ~

T0TE Z << 10Q

R 10*
Zi ~ = 2
1+0)hiCi 1+ 0)10

4
10
1+ 2n1,610

Otwpwvtag OYwg Ot Ze<<10Q, YTTOPOUMPE VO YEIWOOUUE TOV EKTTOUTIO KOI TO QVTIOTOIXA
uBpIBIKA TTOU ¢nTOUVTAI Eival:

Aedopévou 61 f>>1,6KHz TTpokUTITEl Z; <<

(i) Xwpig avriotaon méAwong Tng fdong
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Opiopoi: Képdog pevpatog pe Ci hf(o)):!i, Képdog pedpatog xwpig Ci: hg :!i OTTOU TO ix
Iy Ix

gival To peupa TTOU TrEPVAEl atmo TNV hi. AlaipwvTag katd péAn autolg Tou dUo opiopoug,

TTPOKUTITEI 0 AKOAOUBOG AOYOG PEUUATWY OTOV OTTOI0 EQAPUOLOUNE DIAIPETN PEUUATOG.

1
hf(m):il_ hi _ 1 :>hf (D): hf (1)
A :i&:_hf(w)b - —hy(w)=— Pre uE o 1
", iy ' Lo “hG
1+j— =i
®cq

(ii) Me avtiotaon TéAwong Tng Bdong

Alaip€Tng peUPOTOG OTNV €i0080 TOU KUKAWWATOG:

1 . . R
_ — +joC , (1+ joh,C;)— 4
b My _ (1+ johiC Ry _ "~ hi +Ryy @)
I 1 +i+jcoC h; + Ry + johRyC; 1+ joh, Rn o)
Ry b i tRTH

Opiopoi: Képdog peupatog pe Ci: hf(o))::i, Képdog peuparoc xwpic Ci: hy ::i 4TTOU TO i
b X
gival To pedpa TTou TTEPVAEl atmd TNV hi. AlipwvTag Katd péAn autolg Toug dUo opicuouUg,
TTPOKUTITEI 0 AKOAOUBOG AOYOG PEUUATWY OTOV OTT0I0 £QapuOloupe TTAAI IaIPETN PEUUOTOG.
1

o) b b1 (o) D
1+ joh,C; 1+ joh,C;

he i 1
h.

|
XpnoiyotrolvTag TiG (2) Kai (3) éxoupe To KEPDOG PeUPATOG

+ J(l)Cl

R R
, (1+ joh,C;)— hy ——
Alf:h:_hf(w)b:_ hy hi + Ry __ hi + Ry
i [ TrjohG g jon RM_ o q4jen_RM_¢
hi + Ry hi + Ry
A|f = —i éTTOU A|0 = hf RTH O)C = hi +RTH
1+jﬂ h; + Ry hRyG;i
e
O1 apiBunTikéG TINEG TINEG Ppiokovtal ammd Ta dedopéva (Xwpic OAn Tnv TTponyoupevn
avaAuon):

Rth=R1//R2=10KQ

Xwpig Rtu: A =- =— ; ME
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foy == —16KHz Al
27hC

A 40
Me Rmu: A =———9— pe
1+ ji
Wc2
hy + Ry
o =R 507 20
ZﬂhiRTHCi

Mapatnpolpe OTI TO  YIVOUEVO  HEYIOTOU
Képdoug €T €0pog {wvng eival oTaBePd.
Emopévwg, n ouxvotnta petafacewg eival 64
KHz.

1,6 3,2 f(KHz)

7.14.3. Napadeiypa EvioXuTA Y€ aVTIOTAOEIG OTOV EKTTOUTTO Kal oTh Bdon

MNa 1o KUKAWPaQ ToUu OXAUATOG, N TVCC
E0WTEPIKN avTioTaon NG
YEVVATPIOG Rs Bewpeital apeAnTtéa
KOl Ol E0WTEPIKEG XWPNTIKOTNTEG

Tou Tpav{ioTop ayvoouvTal. R1§ § Rc h=100

A) Na BpeBei apiBunTIKG TO KEPDOG ho=0
peuparog A, xwpig TNV Re (yeiwoTe C2
TOV EKTTOUTTO). If31 p_| F—e Ci=Co=10uF
B) Na BpeBei TapapeTpikd 10 1T R=1KQ
KEPDOG peupaTog Ar e TNV R1=20KQ
avTiotaon Re. Rs R § R2=20KQ

2

M) Na Bpebei n TiuA TNG avrioTaong Re
Re €101 WoTe TO KEPDOG PEUPATOG
(METPO) va givar 10 dB.

Adon:
A) Xwpig Re:
To 10080vapuo uBpIdikd KUKAwGA gival To akdAouBo, 61mou Re =R1//R2=10KQ

| _ Ib B T Re
v mél" § h @| hris 1 lio

210V KOUPBO €10600U PTTOPOUNE VO EQAPUOCOUNE BIIPETN PEUPATOG aYoU OTIG avTIoTAoEIS Rs
Kal hi epapuoletal 10 id610 SUVANIKO.
1

h

i

SYAAAY

_Rs _ _400..10__
Rg +h; 10+10

-50 (1)

= —h;

i
1
RB
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B) Mg Re:
To 10080vapo uBpPIBIKG KUKAWA gival To akbdAouBo.

RB§ lix ] Rc

Re §l o " l °

>T1ov K6uPo €10600U (TNG BAONG) dev UTTOPOUNE va epapudooupe dIaIpETn pelpaTog SIGTI OTIG
avTioTtaoelg Rs kai hidev epapudleTal T0 i8I0 dSuvapiko.
210V KOPPO ££0B0U (GUAAEKTN), IOXUEI
io =—ic =—hy -y
210V KOMPO TOU eKTTOUTTOU ICYUEL:
h >>1

iy +ig =lg =iy +hg iy =le = hy-ip =g =g (2)

MNa 10 k€POOG peUPATOG IOXUE:

Ao do_ My Iy (o
' ib ii ib ii

Ortr0U
v ih, +i,R @) h hR h +Rg +hR
Rg B B Rg Rg
i_i: h, +Rg +hRg )
i Rg
AvTikaBioToupe TNV (4) otnv (3)
h{R 10*
As = T8 = (5)

h+Rg+hRe  2.10% +R.

10*

') AUvoupe Tnv e€iowon 20log—————
) ME TNV €§ n 92'102+RE

=10 kai TpokUTITEl Rp = 3K..
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8. Tpavdiotop FET Emdpdoewg MNediou

Ta FET (Field Effect Transistors) 1 Tpavliotop Emdpdoewg Mediou eival vewTepa Twv
OITTOAIKWY TpavlioTop KaTA €ikool xpovia Tepiou. H avakdAuwn Ttoug o@eietal otov J.E.
Lilienfeld To 1925. H xprion Twv FET dvoige peydAoug opiCovTeg OTnNV TEXVIKA TWV NUIAYWYWV
KOl TwV OAOKANPWHEVWY KUKAWMATWY €TI0 QUTA TTAEOVEKTOUV aTrévavTl oTa KoIva
TpavdioTop o€ TTOAAG onueia. Ouwg, o1 TIPWTEG ETTIOTNHOVIKEG dNPOCIEVOEIS YUpw atTd Ta FET
Tépacav avekPeTAAeuTEG Sedopévou OTI N TExvoAoyia Twv NuIoywywv Oev gixe wpIhdoeEl
QPKETA yIa va UAoTTOINCEl TIG BewpnTIKEG 16€€G. 'ETAI, N TTPAKTIKI) TOUG UAOTTOINGN ETTPETTE va
TTEPIMEVEI TTPWTA TNV ETTITUXA KOTOOKEUR AAAwV dlatdéewy oTepeds KaTAoTAONG, 1SIAITEPA TOU
dIToAIkoU TpavdioTop, PEXP! TO TENOG TNG dekaeTiag Tou 40 kal TNV apxA Tng dekaeTiag Tou '50.
H tmpwtn digtagn FET 1mou avaAubnke Bewpntikad fArav 10 FET evwoewg (Junction-FET,
JFET) amd tov W. Shockley 1o 1952. 'Evag dAAog 100G FET, To MOSFET (Metal-Oxide-
Semiconductor FET), 10 otroio amoteAei oToIXEiO-KAEIDi Twv ONUEPIVWY OAOKANPWHEVWV
KUKAWMATWY, BPAKE TNV TIPWTN TOU TTPAKTIKN £Qapuoyr oTIG apxég Tng dekaeTiag Tou '60, av
Kal €ixe avakaAu@Bei nén ammd 1o 1939 atrd tov O. Heil.

‘Eva onuavTiko XapakTnpioTiko Twv FET cival 61 €ival atrTAoUoTEPa va KATAOKEUAOTOUV Kal
KaTtaAaupBdavouv HIKPOTEPO XWPOo TTavw ot €va chip ot om éva BJT. Apa, emTuyXAveTal
uwnAOTeEPN TTUKVOTNTA BloTAgewV Kal uwnAdTepn OAokAnpwaon. Mia deutepn emBupnTn
1016TNTa €ival 6T Ta Tpavdiotop MOSFET pmopouv va cuvdeBouv cav avTioTACEIS Kal
TTUKVWTEG. AUTO emITPETTEl T OXediOON CUCTNUATWY TTOU OTTOTEAOUVTAI OTTOKAEIOTIKA OTTO
MOSFET ka1 6x1 ammé aAAeg diatdaéelg, kabioTwvTtag Ta 16avikad yia cuoTtiuarta VLSI (Very
Large Scale Integration). Emiong, ta FET €xouv TOAU uwnAn avTiotaon €106d0u, XaunAd
B86puBo kal TToAU XaunAr karavaAwaon.

Tpavlictop
Emdpdoeng [Mediov
(FET)
|
JFET MOSFET
I |
Apaioong Apaimong IMoxveong
n-31000A0V P-01000A0V n-61000A0v Pp-0100A0L n-61000Aov Pp-01avAov

D D ] D D D
G egl) GEE‘) G—Qé{) G—QE) G—QEI/L G—Q@
5 5 5 5 S 5

Zx. 8.1. Aidypappa Tagivopnong Kol KuKAwpaTiké oUpfoAa Twv Tpaviiotop FET, [9].

To FET civai éva oToixeio Tou atroteAeital amd évav nuiaywyod Péoa atrd Tov OTToio TTEPVA
TO pevupa. H aywyiudtnta autol Tou nuiaywyoU eAEyXeTal aTTd £va NAEKTPIKO TTEQIO EYKAPOIO
OTO pelpa TTOU TTEPVA aTTO aUTOV, PE Tn Bonrbeia evwoewv p-n TToU SIAPOPPWVOVTAl OTNV
EM@AvEId TOU nuIaywyou Kal gival TTapAAANAeg pe Tn porj Twv @opéwv. To FET Aéyetal
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TTOAEG QopéG Kal povoTToAIKG Tpaviiotop 1 UT “Unipolar Transistor” emeid katd n
A€IToupyia Tou TTaipvoUV PEPOG HOVO QPOPEIG TTAEIOVOTNTAG TOU KUPIWG NUIaYwYOU.

To kUplo xapakTnpioTikd Tou FET eival 611 n Kivnon Twv @opEéwv Tou KUPIOU 1 EAEYXOUEVOU
KUKAwpaTtog eival TTapdAAnAn oTtov dgova Twv eVWOEWV p-n TTou uttdpyouv oTo FET,
TTpaypaTotroigital 8¢ KaTd MAKOG Tng didtagng dlapéoou €vog aywylhgou SiaUAou TTou
oxnuatigetan kard tn Aeiroupyia Tou. Avahoya pe Tov TUTTO Tou dlauAou Ta FET ptropouv va
Ta&lvounBouv o€ dUO KATNYOPIEG:

= n-8laUAou PE TTUPITIO N-TUTTOU.

= p-01aUAou WE TTUPITIO p-TUTTOU.

Etriong, avdAoya pe tov 1pOTTO Acimtoupyiag (apaiwaon f TTUKVWOn @opéwv) diakpivovTal
oc:

» Tomou apaiwong (depletion) TTou uttdpyel ota JFET kat MOSFET.

» TOmou TTUkvwaong (enhancement) TTou uttdpyel povo ota MOSFET.

210 KEQPAAaIO auTd, Ba peAetTriooupe Toug dUO auToUg onuavTikOTEpoug TUTTOUG FET,
divovtag Tn AEITOUPYIKA TOUG TTEPIypa®n KaBwg Kal pia cuvtoun OswpnTtikh avaAuon. Oa
gexiviiooupe atmé 1o JFET, yia va TNpAGOUNE TNV I0TOPIKA Oeipd avakGAUWnG Toug, Kal Ba
ouveyiooupe pe To MOSFET.

TInyn

Amoppon)

Zx. 8.2. ZxnuaTiko6 diaypappa Tpaviiotop Emdpdoewg Mediou (JFET), [5].
8.1. Aeitoupyikn MNepiypaen Tou JFET

H kotaokeuny evog Tpaviiotop JFET gaivetal oto Zx. 8.2. AmoteAcital amod pia pdpdo
nUIaywyou TUTTOU N, TTOU OTA AKpa TNG @EPel dUO PETONNIKEG eTTagég. H pia ovopdadetar Mnyn
(Source, S) kai n GAAn amoppon (Drain, D). To pelua BIOXETEUETAI OTOV NUIAYWYS Kal Ta
nAekTpovia kivouvTtal améd Tnv MnynA (S) Tpog Tnv Atmoppon (D). Npoabétovtag dUo TrepIoyES
TUTTOU p OTO TTAVW Kal KATW PEPOG Tou UAIKOU TUTTOU N, oxnuaTi¢etal n MNMuAn (Gate, G). Ta
NAEKTPOSIO Twv TTAEUPIKWY NUIAYWYWYV TUTTOU p TTou atroteAolv Tnv MUAN (G), ouvdéovtal
peTagu Toug. H epappoyr 1aong otnv MUAN peTaBAAAEl Ta TTAXN TWV TTEPIOXWV ATTOYUUVWONG
TWV EVWOEWYV p-n KABWG Kal To avTioToIXo NAEKTPIKO TTEdio aTn dleUBuvon Tnv KABETN TTPOG
TNV €mM@Aveia Tou nuiaywyou. O1 HETABOAEG TOU TTAXOUG TWV TTEPIOXWYV ATTOyUPVWONG, ME TN
o€lpd Toug, HETABAANOUV TNV aywyIuoTNTA PETAEU TWV WUIKWYV eTTa@WV Mnyng kai ATToppong.

To JFET otnv apxf ovouaoTnke WOVOTTOAIKO TpavlioTop yia va OlakpiveTal amd To
OITTOAIKO TpavlioTop, aAAG Kal yia va doBei Eupaon OTo yeyovog, 0TI n AsiToupyia Tng diaTagng
auTAG BaacileTal o€ £€va POvVo TUTTO QOPEWV.
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SiOs

<« Ald?(ncn
amopdvoong

\w/ W/ uJ

Eniotpopa tomov-n

4

p

Ynootpopa-Si

Zx. 8.3. Topn evég ouyxpovou Tpaviiotop Emdpdoewg Mediou (JFET), [5].

JUyKekpIpéva, yia Tn didTagn Tou Zx. 8.2, n Aeimoupyia TNG OQEIAETOI ATTOKAEIOTIKG OTA
nNAekTpOVIa TTOU pPEOUV HETQ OTnV TIEPIOXN TUTTou n amod tnv lnyp otnv Amoppory. O
akpodékTng NG MNnyng (S), Taipvel Tnv ovouocia Tou, ammd TO Yeyovog OTI O QYOpPEIG TTou
OUVEICQEPOUV OGTO PeUPA KIvoUvTal aTTO TO €EWTEPIKO KUKAWUO PECO OTOV NUIAYWYO PECW
autoU Tou akpodékTn. O1 @opeig Byaivouv attd Tov NUIaYwyo atrd Tov akpodEKTn ATTOpPONG
(D), mpaypa 1mou dikaioAoyei kal Tnv ovopacia Tou. H MUAn (G) ovopadetal £101, Adyw TOU
€AEYXOU TTOU OOKEI 0TO PeUPA QOPEWV TTOU BIEPXETAI JECa aTTO Tn didTagn. 1o Zx. 8.3 divetal
TO OXNMOTIKO didypaupa evog JFET O1mwe kataokeuddeTtal orjuepa.

Oa gekiviooupe TNV av@Auon pag Bewpwvtag Kat apxAv ot yia 1o JFET 1ox0ouv ol
ak6AouBeg auvBnKeg TTOAWGONG: Ol U0 AKPOBEKTEG TTUANG gival ouvdedePévol HeETAGU TOUG KOl
1oxUe1 emTTAéov, Ves<0, kal Vps>0, 6TTwg @aiveral oTo XX. 8.4.

H ouvbnkn Ves<0 e€aoqahifel 6T oI evWoeIS p-n gival TTAVTA avAOTPO@Pa TTOAWMEVEG.
Emiong, n ouvBnkn Vos>0 e§ac@aAilel 6TI Ta nAekTpdvia oTnv TTEPIOXA N Ba peTakivnBouv atmd
TNV TTNYR TTPOG TNV atroppon. Oa peAetAooupe TIG apxEG Asitoupyiag Tou FET, petafdAAovtag
Katd ouoTnuatikd TPOTTO TIG TTOAWOEIG Kal €EeTACOVTAG TI OKPIPWG CupPaivel yéoa oTn
didragn.

G

e
+

I

Zx. 8.4. ZXnuaTiké diaypappa kai ToAwon JFET, [5].

Ag uttoBéooupe KAt apxnv, 0TI YEIWVETAl 0 aKPodEKTNG TTUANG, dnA. Ves=0, kai 6Tl n Téon
aTTopPONG aufaveral pe MIKPA Pruata, Eekivwvtag omd Vps=0. Ztnv 1d0n Vbs=0 (evw
Tautoxpova Ves=0), n didraln civalr oe Beppoduvapikh 100ppoTTia, Kal T0 YOvo TTOU UTTOPEI
Kaveig va Trapartneroel yéoa otn dIaTaén eival TTEPIOXEG ATTOYUUVWONG MIKPOU OXETIKA
Tayoug YUpw aTtrd TIG EVWOEIG p*-n OTO £TTAVW Kal KATw PéPog TnG didtagng (BA. Zx. 8.5a). Oi
TTEPIOXEG ATTOYUPVWONG EKTEIVOVTAI, QUAIKA, KUPIWG Yéoa aTnv eAa@pd voBeupévn TTEPIOXH N
NG dIdTagng kal oAU AlyOTEPO PECA OTIG €viova voBeupéveg TTEPIOXES p. Augavovtag Tnv
TGon Vbs KAtd YIKPA BeTIKG PripaTa, dnuioupyeital N Katdotaon Tou @aivetal oto Zx. 8.5pB.
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ApxiCel va péel pelpa Ip, TTPOG TOV OKPODEKTN ATTOPPONG Kal HECW TNG TTEPIOXAS n. To pelpa
auto diépyeTal avdpeoa ammd TIG dUO avAOTPOPA TTOAWMEVEG eVWOElG p*-n. H TTepIoyn
diapéoou Tng oTToia SIEPXETAI TO peUUa ovouddeTal diaulog. MNa piIkpég Taoelg Vos, 0 diaulog
CUUTTEPIPEPETAI AV HIA OTTAR WHIKA avTioTaon, Kal n JETABOAR Tou pelpaTog o cuvapTACE!
NG Téong Vos eival ypauuikA (BA. Zx. 8.6a).

Ortav n Vbs augnBei mavw ammé pepikd dékara tou Volt, n didragn eicépxetal ge pia véa
@aon Asitoupyiag. Ag e€eTdooupe Ti akpIBWGg oupBaivel, EekivovTag atro 1o ZX. 8.5y, O1Tou éva
Tuxaio duvapikd 5 V epapudletal yetau Trnyng-atroppong. Eedoov n mnyn eivar yeiwpévn,
MTTOPEl QUOIOAOYIKA KAVEIG va UTTOBETEl, OTI KOTA PAKOG TOU SlaUAoU TO SUVAMIKO Ba €xel TIUEG
1, 2, 3, ka1 4 Volts, kai Ba aufaveralr kKabwg Trnyaivouye amod Tnv Tnyr otnv amoppor. Ol
TTEPIOXEG P TWV evWoewV p*-n Ba diaTnpouvTal G€ PNBEVIKO SUVAMIKO.

Katd ouvémela, n epapuoldpevn Tdon ammoppong odnyei EPPECWS o€ avaoTpopn TTOAWON
TWV EVWOEWV TTUANG KAl 0 aUENON TOU TTAXOUG TwV TTEPIOXWVY aTToyUuvwong. EmimAéov, Ta
TAaXN Twv TEPIOXWY aTroyUPvwaong OTo TTAvw Kal KATw péPog Tng diataéng au&dvovtai
TTIPOOBEUTIKG TTNyaivovTag ammd Tnv Tnyr otnv amoppor] (BA. Zx. 8.58). Eav cuvexiooupe va
OKEQTOPAATE TO OiauAo (OnA. Tnv TIEPIOX TOU nuiIoywyoU n avAPeoa OTIG TIEPIOKES
aTroyUuvWaongG) oav yia avtiotaan, Opwg Oxl TTa aav hia aTTAf avTioTaon, Ba TTepipeve Kaveig,
N OaTmWAEId Aywyiyou OyKou Tou UAIKOU, AGyw alfnong Tou TIAYXOUG TWwV TIEPIOXWYV
aTroyUuvwong, va auénoel TRV avtioTaon TNYAG-TTPOG-ATTopPOr Kal va PEIWOEL TN dlagopd
Alp TTou TrpoKUTITEl AT pIa algnan Tng Tdong Vos. AuTo akpIfwg cupBaivel, Kal aTTeikovigeTal
oT1o Zx. 8.6B. H kAion Tng xapaktnpIioTIKAG Ib - Vbs eAatTwveTal KaBwg augaveral n Vos Adyw
TOU OTEVEPATOG TOU SiauAou.

>uvexiCovtag Tnv auénon NG Vos, TTpo@avwg 1o TTaxog Tou diauAou Ba peiwvetal 6AO Kal
TTEPIOCOTEPO, 1BIAITEPA KOVTA OTOV AKPOOEKTN OTTOPPONG, MEXPIG OTOU TEAIKA O1 TTEPIOXES
aTroyUuvWwaong oTo TTAvw Kal KATw PEPOG ayyifouv n pia TNV GAAN, OTTWG QAiveTAl OTO ZX.
8.5¢. H mARpng atmoyuuvwaon Tou diavAou, ival pia onuavTtikéTarn 181K KatdaoTaon n oTroia
ovopaderar ppayn (pinch-off).

Ortav o diaulog @BACEl og QuTAV TNV KATACTAGN, N KAION TNG XOPAKTNPIOTIKAG Ib-Vbs
oxedov pndevicetal (BA. Zx. 8.6y), Kal n TGon aTTOPPONG OTO ONMEI0 PPayng cuuBoAieTal ye
Vbsat. [0 TAOEIG ATTOPPOr|G HEYAAUTEPES ATTO Vbsat, N XOPAKTNPIOTIKN Ip-Vbs ¢BAvel oTOV K6pO,
onAadn Trapapével katd Tpooéyyion otabepr) oTNV TIUN Ipsat.

Méxpl TWpa TTPETTEN va pag €xouv dnuioupynBei dUo Baocikég atropieg. MNpwra-TrpwTa, dev
Ba £TTpeTTe N @payr) Tou dlIaUAoU va ekuNdevilel TTARPWG TN POr] PEUUOTOG;

Kai dedtepov, WG egnyeital To yeyovog OTI TAoEIG TTAvw oTTO TNV TIUAR Vbsat &gV €X0uv
OUCIAOTIKA Kayia eTTi®pacn 0To peEUPA ATTOPPONG;

Ag aTTavTACOUUE GTNV TTPWTN £PWTNOCN, KAl YIa VO TO KAVOUNE auTo, ag uttoBécoupe OTI TO
pevua lo otn @payn eival TTpdypat undév. Eav 10 Ip ATav undév, 101 dev Ba UTTAPXE peUua
oTo diauAo Og Kavéva onueio Kal N Taon KaTd pAkog Tou diauAou Ba ATav n idia 6TTwG Kal
otnv TePiTTTwon Vos=0, dnAadr mraviod pndév. Edv 6pwg 10 duvapiké Tou diallou eival
mTavToU Pndév, ol evwaoelg p-n Ba gixav undevikA TOAwaon Kal o diauAog Pe Tn oeipd Tou Ba
fTav oAGTEAO aVOIKTOG atrd TNV TNy MEXP! TNV aTTopPOor], TTPAYUO TTOU £PXETAl O€ avTipaon
ME TNV apXIkh uttdéBeon @payng Tou diavAou. Me dAAa Adyia, gival ammapaitnto va péel pedua
péoa atd Tov diauAo WOTE va evepyoTTolei aAAG Kal va ouvTnpei Tn @payr). Ag BuunBoupe o1
ol TTEPIOXEG atroyUuvwaong Ogv oTEPOUVTAl QOPEwV OAooXepws. MAaAAov, ol apiBuoi Twv
@opéwy gival TTOAU PIKPOi OUYKPITIKA PE Ta TToo0ooTd voBeuoewv (No 1 Na) Kai ptropouv va
@BAaoouv TIPEG TNG TAENG ~10'2 /em3 1) peyaAlTepeg. EmiTTAéov, n SiEAeuon peydAwy peupdTwy
MEOW MIOG TTEPIOXNG aTTOYUUVWONG dev gival aouvhong oTig diatdéelig oTepedg KaTtdoTaong.
2av TéTol0 TTapadEiypaTa ava@EéPOuPE OTl, OuvHBwWG éva peydAo pelpa péel dlauéoou TG
TTEPIOXNG ATTOYUUVWONG piag opBd TToAwpévng Evwaong p-n Kabwg eTmiong Kai diIapécou Kal
TwV U0 TTEPIOXWYV OTTOYUUVWONG o€ €va OITTOAIKG TpavdioTop.

>€ 0,7l aPopd Tov KOPO Tou Ip yia TACEIG aTTOPPONG HEYOAUTEPEG ATTO Vpsat, MTTOPEI KAVEIG
va el Twg, 6tav n 1don amoppong emepdoel autAv TNV TN (Vbsat), TO @PAYHEVO TURAKA TOU
diaulou dieupuveTal atrod éva atmmAd onueio o€ éva oAOkAnpo TuRua prkoug AL. Otrwg gaiveral
oT1o ZX. 8.50T1, n T@0N OTNV TTAEUPAG aTToppPONG Tou TuARUaTog AL gival Vps, evw n Tdon otnv
TIAeUpPA TTNYNAG Tou TuruaTog AL eival Vosat. Me GAAa Adyia, n Tdon ammoppong Tavw ard mnv
TINA Vosat, SNAAdA n 140N Vbs—Vosat, EJQaviCeTal KAT@ PAKOG TOU @payuévou TufRpatog AL Tou
diauiou.
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Zx. 8.5. A&aitoupyikég @aoeig evog J-FET yia Vgs=0. a) looppoTria (Vps=0, Vss=0), B) TOAWON pE HIKPEG TINEG
Vps, Y) TITWON TAoNg KaTd MAKOG Tou SiauAou yia pia auBaipeTn TiuR Tdong Vps=5 V, &) oTéveua Tou
S1aUAou yia pETPIEG TINEG TNG TOAwoNG Vps, €) @payn, OT) KATdoTacon Tépa omé Tn @payn
(Vos>Vosat), [5]-
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Zx. 8.6. Tevikn pop@R TWV XAPAKTNPICTIKWYV Ip-Vps. a) MFpaupikg HETABOAR, avrioToiXn HIOG ATTANG WHIKAG
avTioTaong, yia oAU PIKPEG TIPHEG TNG TAONG aTTOPPORG, B) EAATTWON TNG KAIONG YIa PETPIEG TINEG
NG TAoNg amoppong Adyw OTevépaTOog TOUu SiaUAou, y) @payn Kal KOPOg yia TACEIG OTTOPPORG
HeYaAUTEPEG ATTO Vpsat, [5]-

Av Twpa utroBéooupe 611, AL<<L, 6TTwg cuvABwg cupBaivel, TO THAUA ATTd TRV TNV MEXP!
TO @paypévo TURa Tou dilaUAou Ba éxel To idlo axrua Kal TIG idlEg TAOEIG aTa Akpa (MNOEV Kal
Vbsat) OTTWG QKPIBWG Kal oTnV apXn Tou @aivopévou kopou. Edv 1o oxAua piag dyouoag
TTEPIOXNAG KAl TO OUVAMIKOG TTOU £QapuOeTal OTA AKPa TNG dev HETABAAAETAI, TOTE Kal TO pelja
TToU péel dlapégou auTng TnNG TTepIoxnG Ba Trapayeivel €miong apeTaBAnTo. Autd e€nyei Tnv
oTaBepdTNTA TOU PEUPATOG ATTOPPONG YIO TACEIS TTOAWGONG PEYAAUTEPES ATTO Vbsat. (PUOIKA,
€av 10 AL gival ouykpiolpo pe 1o L, 161E N idia ITwon 1aong, Vosat, A ePQAVIOTEI KATA UAKOG
€VOG PIKpOTEPOU TURATOG dlauAou, L-AL, kai To peupa Ib Ba augnBei ye Tnv augnon NG TAONG
VDS>VDsat).
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‘Ewg Twpa JINAOAE yia TNV avapevouevn YeTaBoAr Tou pelpaTtog Io e Tnv Tdon Vos, étav
Ves=0. MNa va eival TAApng n diampaypdreuor pag, Ba mpEmmel va OIEPEUVACOUNE TN
Aeimoupyia Tou J-FET 61av Ves<0. MpokUTtrTel 611 n Aeimoupyia yia Ves<0 gival TTapéuoia pe
Aeimoupyia yia Ves=0, €KTOG aTTO TPEIG PIKPEG TpOTTOTTOINCEIG. [pwTov, €dv Ves<0, oI EVWOEIg
p*-n Tou TTAvw Kal KATW pPéPoug TnG dIdTagng Ba eival avaoTpopa TTOAWUEVEG KOO KOl Qv
Vps=0. Mia avacoTtpopn TOAWON OTIG EVWOEIG OUTEG, QUEAvVEl TO TIAXN TWV TTEPIOXWV
ATTOYUUVWONG KOl OTEVEUEI TO EUPOG TOU dlauAou, o€ oxéan Pe TNV TIPr Tou yia Vos=0. Katd
ouvértela, n avriotaon Tou dlaUAou augdvetal yia pia dedopévn Ty Tdong Vobs Kal TO
YPOAMMIKG THAPA TNG XAPAKTNPIOTIKNAG Ib-Vos epgavicel pIkpoTepn KAion o6tav Ves<0. Aeutepov,
emmeIdn o diauAog eival oTevoTePog yia Taon Vos=0, o diauhog ppdooeTal o€ PIKPOTEPN TAON
TTOAwONG TNG atTropporg. ETTopévwg, Ta peyédn Vosat Kal Ipsat €ival pikpdTepa yia Ves<0, o€
oxéon MeE TIG avTioTOIXEG TIMEG Vpsat KAl Ipsat OTAV Ves=0. TEAOG, ag onuelwBEi OTI yia YEYAAEG
apvnTikéG TINEG TTOAWONG Ves eival duvaTtdv va @payei 0 diaulog evieAwg, akoua Kai otav
Vps=0.

Tdaon @payng: H méAwon 1UANG, Ves=Vp, yia Tnv otroia n tédon mUAng @pdcoel 6Ao 10
diauAo, éxovtag Béoel TNV Vos=0, ovoudleTal rTaon gpayng.

21NV OpIaKN auTh TIPA TTOAwONG, O diIAUAOG PPACOEl EVIEAWG KAl TO TTAXOG TNG TTEPIOXNS
ATTOYUUVWONG TWV EVWOEWY p*-n yivetal o€ 6Aa Ta onueia yéoa oTov nuIaywyo n, ico PE TO
€Upog Tou nuiaywyou a. MNa |Ves| > |Vp| T0 pevpa atmoppor|g eival undév yia OTToIadrTToTE
TTOAWGN ATTOPPONG”.

G

B i,
+

Vaos=Vp

HIlF

Zx. 8.7. Opiop6g Tng Tdong epayng Tpaviiotop JFET, [5].

8.2. OswpnTiknA Mepirypaen ka1 XapaktnpioTiki Tou JFET

21nv TTapdypa@o autr] Ba peAeTAcoupe BewpnTIKA TNV €EAPTNON TOU PEUUOTOG ATTOPPONG
Ip ouvapTAcel Twv Tdoewv oToug akpodékTeg Tou JFET, dnAadn tn oxéon Io=f(Vos, Ves). H
akpIBrig dour, o1 dI00TACEIG, Kal TO OUCTNUO OouvTeTayuévwy Tng diataéng tou Ba
peAeTAOOUE, QaivovTal aTo Zx. 8.8. O agovag y dieubuveTal Katd prkog Tou diaUuAou aTod Tnv
TTNYN TTPOG TNV aTTOPPOr, Evw O agovag x dieuBuvetal KABETa OTIG EVWOEIG p*-n, L gival 1o
MAKog Tou dlauAou, Z gival To TTAX0G TWV EVWOEWY p*-n, KAl 2a €ival N ammooTacn PETagU NG
Tavw Kal KATw évwaong p*-n. Kavoupe tnv utobeon, 61 Ta onueia y=0 kal y=L améxouv
eNdxiIoTa ammd TIG ETMOQEG TTNYAG Kal atropporg, avriotoixa. V(y) eivar 1o duvapikd Kai
W(y)=Whop(y)= Whottom(y) €ival To €0pog TnNG TTEPIOXNG ATTOYUUVWONG O€ OTTOIOSATIOTE TUXAIO
onueio y kard pfikog Tou dlauAou. To eupog W(y) Bpioketal oxeddv OAOKANPWTIKA OTNV
TTEPIOXN N AGYw TNG eVTOVOTEPNG VOBEUONG TWV P TTEPIOYXWIV.

Oa kavoupe TIG akdAouBeg TTapadoxEg:
» O gvwoelg p*-n eival oMOTOPEG KOl N TIEPIOXA N €ival OPoIOGPOPPA VOBEUPEVN UE

ouykévipwaon doTwv Nb.
= H dopn eival ouppeTpIk yUpw atd 1o eTTimedo x=a OTTwWG @aiveral oto ZX. 8.8, Kal n

ouppeTpia diarnpeital Aeitoupywvtag Tn diatagn pe Tnv idia TéAwaon Ves O0Tnv €mavw Kai

oTNV KATW ETTOQEG TTUANG.

* Eav n 1don amopporg Yivel TTOAU peyd@An, ol evwoelg p*-n KOVTG OTnv aTroppor] Ba UTTooTOUV KATAPPEUDH,
ET