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Iepiinyn

YKxomdg TG TopoLGOS OUWTAMUOTIKNG €pyociog &ivar 1 HEAET TOL KPOVTOUNYOVIKOD
eowvopévov g onpayyas. o v enitevén oV GTOYOL AVTOV, avoTTLYXONKOV JOUES
plotpopatikdv Aertov vupeviov Al-AlOs-Al ce vrootpoduata mopitiov, pe v
ovvOLAOTIKN HEB0OO ™G Bepuikng eEdyvmong-Oepuikng o&eldwong kot ) péEBodo g
payvntikd vroonbovuevng kaboodtkng tovioPfoAnc. Idwitepn Papdtmro d6Onke octov
YOPOKTNPIGUO TeV vpeviov, O6mov ypnoipomombnkayv ot péBodolr tov MAEKTPOVIKOD
HIKPOGKOTIOV GAPMOTG, TOL NAEKTPOVIKOD UIKPOGKOTIOL NAEKTPOVIKNG OEGUNG KOl TNG
nepOracipetplog axtivov X. Ov petpioelg €dei&av 0Tt 1 péBodoc g poyvnTikd
vrofonBoduevng KaBodKNg 10VTOPOANG TaPAYEL VUEVIO PE EAEYYOUEVO TAXOG KOl LE TTLO
OLLO10YEVY EMPAVELD GE GUYKPLoT Le TN HEB0dOo g Bepuikng eEhyvmoong Tov TPEmeL va
ovvdvootel pe Oepuikn kotepyacio. EmmAéov, pe ) pébodo morpukng oéyepong e
pev0, OV EPaPUOGONKE GTO LUEVIO, HEAETNONKE TO POVOUEVO TNG ONPOAYYOS, TO OO0
£0ce eVOAPPLVTIKA ONOTEAEGUOTO MOTE Ol OOUEC OVTEG Vo avamtuyfovv Kot vo
YPNOLOTOMO0HV HEALOVTIKE GE [N TTNTIKES UVILEG VTTOAOYIOTMV, Ot omoieg Pacilovron

OTO UETAGYNUATICUO QACTG TMV DAMKOV.

AgEaic KAEOWA:

Aentd vuévia, Alovpivio, Aloduva, Oepuikn] eEdyvmon, Mayvntikd vroBonfovuevn
KkaBodwn ovtofoln , Parvopevo g onpayyas, Mn TInTiké LVNIES LE LETACYNUOTIGHLO
(aomMG.






Abstract

The purpose of this diploma thesis is the study of quantum tunneling effect. Three-
layered structures Al-Al,O3-Al were developed on silica substrates, with the combined
method of thermal evaporation-thermal oxidation and the method of magnetron
sputtering. Particular emphasis was also given to the characterization of thin films using
Scanning Electron Microscopy, Transmission Electron Microscopy and X- ray
Diffraction methods. The results indicate that the method of magnetron sputtering
develops thin films with controlled thickness and more homogeneous in comparison with
the method of thermal evaporation, which should be combined with thermal treatment.
Moreover, with the method of pulse stimulation with current, which was applied to the
films, the quantum tunneling effect was studied and provided promising results so as
these structures will be developed and used in the future for non-volatile phase change

memories.

Key words:
Thin films, Aluminum, Alumina, Thermal Evaporation, Magnetron Sputtering, Quantum

Tunneling Effect, Non-Volatile Phase Change Memaories.


https://www.google.gr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwi4i5W0iPzUAhUnAsAKHcL0CQ0QFggxMAE&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FScanning_electron_microscope&usg=AFQjCNEekuDt-_-QqkZ_B3FxFfUbsurecg

Vi



Evyaprotieg

H mopodoa owmlopatikn epyoacio ekmoviOnke oto Epyootipo  HAextpovikodv
Awenmipov Tov EBvikov Metcdfiov ITorvteyveiov, vad v emifreyn tov Kabnynm
Evayyehov Xpioto@dpov, 610 TAGICIO TOL TEVTINETOVS TPOYPULUUATOS GTOLOMV NG
oo c Mnyoavikov Metodieiowv — Metadlovpydv.

Oa Nfela va ekppdow TIc Oepuéc pov evyapiotiec otov Kabnynm Xpiotopodpov
Evdyyeho, Atevbovtr| tov Epyactnpiov AwesOnmpaov E.M.IT yia 10 1660 gvdapépov BEpa
SmAUATIKNG epyociog Tov pov avédeoe, Kabdg Kot yia TV 0vclaoTik Kabodnynon Kot
GLUPBOAT TOL GTNV LAOTOINGT AVTOV TOL TOVHLLALTOG.

Emumiéov, Ba Beha va guyapiomom v Yroynowo Awddktopa Xpiotivo XTe@avi Kot
Awaktopa Kata Berkesi t6co yio v moAdTun Pondetd toug 660 Kot yio. Ty vaépoyn
ouvepyacio pag KOTA TN JeCaymy TG GLYYPOQPIKNG KOl TEWPUUATIKNG O1001K0GioG.
Ogeilm, emiong, va uyopleTHo® OAN TNV €peLVNTIK) oudda Tov Epyactnpiov tov
Hlektpovikav AwcOnmpiov (Zmvpo Ayyeidmovro, Mapidilo KoOAn, EAévn Metad,
INopyo Mmnbévn, Zoogio Ilamadomodriov, Mapio Pefudn, INdta Toéhov) vy 115
EMOIKOOOUNTIKEG GUUPOVAES TOVS Kot TO PUMKO TTEPPAAALOV TTOV HOV TPOGEPEPAY K0’
OAN TN SLAPKELN TOV TELPALATOV.

Axoun, evyapiot®d Oeppd tov Ap. ABavdacio Xaniotn tov Epegvvnrtikod Kévipov
‘Anpodxprtog’ yio v mapoyn tov oMol TG pLayvnTikd vroonfovdpevng Kabodikng
ovtofoAng kot v e&opetikn cvvepyasio. EmmAéov, Ba n0eka va exppdow 1dwaitepeg
evyoplotieg otov Kobnynt) ®@ovprapn Tewpyro, AtevbBoviy 100  gpyactnpiov
MetoAhoyvooiog yloo TNV Topoyn £PELVNTIKOV €EOTAIGHOV Yol TNV OAOKANP®OY NG
SMA®UOTIKNG £PpYOGTOG Kot TV TOAVTIUN GUUBOVAEVTIKY TOL dpdon.

KAetvovrag, o Mfelo va ekppdow Tig OeploTEpEG EVYOPIOTIEC KOl VO APIEPDC® TN
OUWTAMUOTIKY] HOL €PYOCIO GTOLG YOVEIG MOV, Yoo TNV MOWKN Kol YLYOAOYIKN TOVG
vroopEn kaf’ OAn N ddpKeln TG TEVTOETOVS oL poitnong oto EBvikd Metcdfio

[Tolvteyveio.
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OcopnTiko MEpog

Ke@araro 1: Ewooyoyikd ctovysia

1.1.Noavon,AeKTpoOviKN

Ta tehevtoaio 50 ypévie mopatnpeiton pion Sapkng peimon Tov  peyéBovg TV
NAEKTPOVIKOV GLOKELAV, TOV GLVOLALETOL PE AVENON TNG OMOTEAEGUATIKOTNTA TOVC.
Avto ogeidetal 610 YeYovOag OTL LAPYEL M OvVAYKN Yo ToXOTEPD, HUIKPOTEPO KOl TLO
AmOTEAECUATIKG 0TN Agttovpyio Tovg nAektpovikd e€aptuata. H peiowon tov peyéboug
TOV GLOKEVAOV £YEL AUEST GYECN UE TN Helwon Tov peyEBovg OepeMmd®V NAEKTPOVIK®OV
dwrdaéewv. Emiong, n peimon avty av&dver tn AETOLPYIKOTNTO TOV GLUGKELVOV QPO
nePLocOTEPEG O10TAEES UmMOpOVUV v eveouatmBody o6tov 1010 Agttovpykd yopo. H
avATTLEN TNG TEYVOLOYIOG VAVOSKOTIKMV JATAEEDV AVEAVEL TV TOAVOTNTO KATAGKELNG
NAEKTPOVIKOV TPOIOVIOV, OTMG TNAETIKOIVOVIONK®OV GUGKELMV, DTOAOYIGTIKOV UNYOVOV
Kot aeOntpov, pikpob peyéBoug kot yapnAng Katavdiwonc. Emmiéov avt n fadpaio
ocvppikvoon Tov peyebov, Kaver mbavr| pio cuveUTAOKT PLOAOYIK®OV KOl NAEKTPOVIK®OV
otoyeimv, oty 01a d1dTaln , Onwg oe évav Pnuatodotn. [HapdAinia, dpwc, avaddovton
Kol opwopéva mpoPANuato omd ovT TN GUIKPLVON TOV MAEKTPOVIKAOV GULGKELMV.
Ewwotepa evromiCovrat:

1. Koraokevoaotkd mpofAnuata. H ontikn AbBoypagpio (Bo avoivbel ce emdupevo

KePOAowo) Oev emapkel G pEBodoc yia m peiwon tov peyebov oe KAIHOKEG
pikpotepeg tov 30 nm, eved dideg péBodor dev efacpoiilovv vynAd pvOud
TOPAYOYIKOTNTAG KoL €PIKTE KOGTN, OCTE va glval dvvaty 1M EUTOPIKN TOVG
expeTairevon. Eniong, to pikpookomikd pnéyehog tmv SoTdEemy, Tig KAVEL EDOAMTEG
OTIG EMOPACEIS TLYOI®V EAVOUEVOYV, OONYDOVTIOS TO GLOTNUATO O OmPOPAETTN
ovuneplpopd. H otatiotik] ven oavtdv Tov eTdpAce®V, TEPUTAEKEL GE UEYAAO
Babuod ™ oxediaon TV KUKAOUATOV.

2. Asuwovpywd mpofiquoata. H peimon tov peyéboug pia o1dtoéng , GUVETIPEPEL KO TN

peioon g thong Aertovpyiag tov. H thon katmeAiov, yw mopdoetypo, ToV



dwrtdéemv pe tpaviiotop MOFSET eivor 1660 younAn mov givol Tpaktikd advvoTo
VO OEVEPYOTO|GOVUE TN O1ATOEN, UE AMOTEAECUO TNV GOKOTY| GTOTAAN EVEPYELNG.
EmumAéov, AMoyw ¢ ekOA®ONG KPOVIIKOV QOIVOUEVOV GTN VOVOUETPIKY KAOKA,
etvar mBavo éva tétolo tpaviiotop va aALAEEL CLUTEPLPOPE, TOAAEC POPEG e
axpoio kol Oyl mévta extBountd tpoémo. To pavopevo g onpayyag (Ba avoivbei o
EMOUEVO KEPAAOO) Ko NG erevbepng petatdmong elvar dvo 1ntépmg mbavd
ocevaplLoL.

3. Ogpuikéc andrelec. H adénon mmg mokvotntog dtdtoéng NAEKTPOVIKOV GTOLKEI®V,

av&avet ta TpoPANATH OEPUIKOV OTOAEIDV, LEIOVOVTOS TNV a&loTIoTio Kot TO YpOVO
LoMg TV dTdEemv 1 aKOUO EMPEPOVTOS TNV KATAGTPOON TNS. AESOUEVOL TOL
pLOPOYL avénong g mukvotNTag datadng, mpoPAEnETAL OTL Ol UIKPOETEEEPYOAOTEG
TOV TPOCEYOVS WEAAOVTOG, Bo Tapdyovv vl TETPAYOVIKO EKOTOGTO, TOCOTNTO

BeppoTog peyaldTepn oo TV avtictoyn ot enpavela tov Hatov (Hanson, 2008).

1.2.YRGapyovso TEYVOyveOGio,

Ot poyvnTikég yypapég Kot 11 GTIVTPOVIKT TEXVOAOYIO KuPlapyovV €l TOL TOPOVTOS MG
péca gyypoensg, ®oTOGO AOY® TNG HEYOANG TEXVOAOYIKNG TPOOOOV GTOV TOUEN TMOV
oLOKELMV UACIKNG amoBnKeELONG, TO HEALOV POIVETOL VO OVIKEL OTA UN TTNTIKO KEALL
uvnung, to omoia. Pfacifovtor 6to peTacyNUATIcHd @dong tov vakav (N. Papandreou,
2010). Avtd o VAMKG OVAKOLV KUPI®G GTNV OWKOYEVEINL TMV YOAKOYEVIO®V Kot
TPOGPEPOLY  OAAOYT, TNG TAENG TOL 10°, oTNV OVTIoTOONG TOVG OTOV LEIoTOVTOL
LETAGYNUOTIGLO GACNG OO TNV GPOPPT OTNV KPLGTOAAIKY KATAGTOOT) KOl AVTIGTPOP®G,.
Kopoata pedpatog, mov mapdyovror omd YEVWNTPLEG GLYVOTHTOV, GOVTOUNG N LOKPOTEPNS
duapkelng mov dtacyilovy Toug ay®myovs pedpatog Tave 1)/ Kol KAT® omd auTd KeAd
UTOPOVV VO TPOKAAEGOVY OVTICTPENTO UETACYNUATIGUO PAGE®V OO TNV KPUOTOUAAKN
KOTAGTAOT GTNV Apopen 1 amd TV GUopEeT KOTACTOON TNV KPLGTOUAAIKY] avTicTolyd,
Kol TOOVTOTPON®WG aAAGLovY TNV avticTaon mov Tapovstalovy Ta keAd pviung. Ot
ay®Yol peuUOTOG EKTOG OO TOV POAO TOVG OC UEGH YPAPNS AEITOLPYOVV KOl MG UECH
avayvoong tov keaov uvung (G. Binasch, 1989) (C. Chappert, 2007). Avtiy 1 aAloyn
avtiotoong pmopel va gyyondei tn Oeppuxn kol MAEKTPIKY] oTofepOTNTA TOV HOVAOV

VOVOJLITAEEWV 1] CTPOUATOV, LE ATOTEAEGUO VAL OPOLV MG LOVES ‘UN TTNTIKES' UVIUEG



Y10 LEYAAES XPOVIKEG TEPLOSOVG VIO dVOKOAEG cLVONKES. 'Eva akoun TAEOVEKTNLO OVTMOV

TOV GLOKEL®V Elvar 1 SLVUTOHTNTA TOVS Vo avarTLYBoVV G€ TpElS daotacelc. H tpéyovoa

épevva ota epyoctpla g IBM €xet deiet 0Tt kdmoleg cuvOEsElc VKOV glvar tkavEg va

Aertovpynoovv otav dataybovv katdAinia (A.Pirovano, 2004).

1.3.I1epropionol TnC VEAPYOVGUC TEYVOYVMGLUC

To Tp®OTO OTOTEAEGUOTO KOTAGKEVTG KOl EPOPHOYNG TOV LT TTNTIKOV KEAIMV UVAUNG LLE

LETAGYNUOTIGUO GACTG LTOSEIKVOOLY OTL OVOKVTTOVV OPIoHEVO (NThAOTe, To Omoic

avalnTtovv aviipetomion. Ewdwkdtepa:

¢

H moAvmAoxn otoyelopeTpio TV HELOVOUEVOV KEAMMY UVAUNG GE GLVOVAGUO LLE TNV
VYNA]  YMUKN  TOLG  OpacTnploTNTe  (YOAKOYEVIOES) O&v  EMITPEMOLY  LYNANG
emovoAnyuoTTOG 6TotKElR 68 KAOE KEM PviungG.

Ot teyvoroy1Kég SLGKOALEG YioL TNV EMTLYNUEVN SLATAEN TOV HETOAMKOV CTPOGEDV
KAT® 1 TOVO Omd TO CTOYKEIN TOV YOAKOYEVIOOV GE GUVOVLOGUO UE TIS TPEYOVGES
pefodoloYieg KATAOKELNC TOV YVTNPI®V TVUPLTiOL.

H dibyvon tov ototyeiov tov KeEMOV HVAUNG 68 GYECT LE TA OyDYULO. LETAALD TTOV
T TEPPEAALOVY pmopel Vo dNUIOVPYNCOLY ampOPAETTO AEITOVPYIKE TPOPANLOTO TTOV
Ba emmpedoovv 1 O1dprela (NG TOVG LLE ATPOGIOPIGTO TPOTO.

H to&ikoétta TV yoAkoyevidwv pumopet vo emeépel mepfaiioviikd tpoPfAnuato o
nepinTOOoN amotuyiog Katd TN SdKasio TG avaKOKAMONG TOV KEAMY LUVIUTG.

Agv vmdpyel KOTOOKELOOTIKY HEOOOOC KAV Vo ONUOVPYNGEL PE ACPAAELN KO
emruyio £va KeAl LvnunNg o€ vovokAipoKka Yopig tnv eLedvion Tov tpoavapepfivimy
TPOPANUATOV, EMTPEMOVING TNV KOT EMOVOANYN KOTOCKELT, WOG UM TTNTIKNAG
HVAUNG.

Aev vmhpyer kKatdAAnio epyodeio pétpnomg kot avtictoyyn pebodoroyio yuo vo
YOPOKTNPIOTEL 1 AyOYWOTNTO TV VOVOSTOLEIwV TETOIWV  O0TAEE®mV OV
TEPIAAUPAVOVY LETOGYNUATIOUO PACTC.

Agv  vmapyel AOYIOHIKO TOL VO, EMTPEMEL  OEWOMIOT)  TPOGOUOION TV
TPOOVOPEPHEVTOV O1UOTIKACIDOV: TOV UETOCYNUOTIOHOD PAong Kot TG emakoioving

oAloyng otmv avtictoon (HecooKomikn KAMUpOK), TG TWEG TOV OAAAYOV TNG



avtiotoong o€ toyelc Oepuikovg KOKAOLG, TN oTedepOTNTA TOV TOPAUUETPIKAOV

EAEYY OV K.0.K.

1.4.Xt0y0C TEWPONATIKNC O10OIKOGIOC

O 1eMK0Og 6TOY0G TNG £pEVVAG Hog etvar 1 avamTuEn €vOG KEAOD UVAUNG LE TN LOPON
ofewdiov peTdAAOV, KLplOG aAOVUIVOG, HE TOYOG UEPIKDOV VAVOUETPV, TovL Oa
nepPdArovion and to 1010 pétaAlo petad 0600 KABeTo OlOTETAYUEVOV OYDYLUOV
OLGTOLYLMV. ATOITOVVTOL GUYKEKPIUEVEG GUVONKEG, Ol OToleg eivarl KavEG va TapEYOVV
TNV OTOUTOVUEVN] OTOLXEIOUETPIKN oTabepdTTO OVTOV TV 0&edimv, &Kl oTnv
TEPIMTOGN TOL OAOVLULVIOV, KO OTOTPETOLV TN OldyVon TV ATtOU®Y 0ELYOVOL GTOVG
uetaAlkobg ayoyodg (McHale, Auroux, Perrotta, & Navrotsky, 1997). Qg aywydg
YPNOULOTOIEITOL TO OAOLUIVIO KOl ONUIOVPYEITOL €Vo OTPOUO OAOVUIVOG TAV® GTO
OTPOMO AAOVUIVIOL € GLVONKEG TTEPIPAAAOVTOC, TO OTOI0 EMTPEMEL TNV MO oTOOEPT|
otoryelopeTpion otV OlEmMEAvelr Tov HeTGAAOL kol Tov ofewiov. H Asrtovpyio tmv
KeMaV pvnung Pociletor 6to KPOvIKO QOVOUEVO TNG CNPAYYOS OV EVIOTILETAL GTNV
SaTaEn HETAALO- HOVOTNG -péTaAlo. Otav Aappdvel yopa Vo HETOCYNUATIOUOG OTtO
GUOpPON GE KPUOTOAAIKN KOTAGTOON TOTE EKUETOAAEVOUOCTE TN SLOPPOT| TOL PEVLLOTOG
AMOy® TG acvvéyslg g Lovmong mov epeavifetar ota pukponiektpovikd tomov MOS

(Metal-Oxide-Semiconductor structure).
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Ewéva 1. TIpotewvopevn d1dtaln tov keAoH Pviung Tov Baciletol 6To PaVOUEVO TNG CTPAYYOG



1.5. TeyvoloyiKo £voLaQEPOV

To Tp®OTO OTOTEAEGLATA TNG EPEVVAV OV £YOLV YIVEL, OELYVOLV OTL LTLAPYEL BAAAYT TNG
TiNg Tov peduatog dwappong and 10 fA (duopen katdotacn) og 10 NA (kpvoToAlikn
katdotaon), odnydviag oe oAkoyn g taEng tov 10°. H otalepdmmro g
OTOYEOUETPIOG TOV 0EEDTIOV TOV HETAALOL Kol TOV TEPPAALOVTOG LETAAAOL VITOGYOVTOL

T Agrtovpyia TG O1dtagng Kot og avEnuéves Beppokpacies.

Ewoéva 2. Ta tpdto amoteAEGHATA TOV PHETAGYNUATIGHOD AoTS 0td TV KPUGTAAMKT (aplotepd) otnv

oyedov apopen kotdotaon (de€d) Tov petariiikov o&eldiov (Slovak Academy of Sciences)

H wowotopio g epevvntikng epyociog oxetiCeton pe v avdmroln pog veog

TEYVOLOYiOG GTOLYEI®V VNG , TOL OTTolaL:

¢ Bo &ouvv omiovotepn OSoun amd OVTO TNG LOIOTAUEVNG TEYVOAOYiog Kot Oa
Aertovpyohv vTd dvokoAdTEPES TEPIPAALOVTIKEG GUVONKES: 1| AMAOVGTEPT OOLT TOVG
emupénel AMydtepo AGON kot katd cvvémeln peyaAdtepo kOKAo {ong , evd givar
TaVTOYPOVO OVEEAPTNTA TOL pHoyvNTIKOD Tediov kot eAdylota e€aptnuéva amd
Beppokpacia kot v vypacio péypt 450 °C kar 100% avtictotyo.

¢ Oa &ovv TV KavoTNTo Vo EATIOVOVY TI GLUTEPIPOPE TOLG UE TN HElmON TOV
JOTAGEDY TOVG: 060 amAOVOTEPT £lval 1 GTolXEOUETPiO KOl OGO pkpdTEPT 1| Ldla
OV VOKETOL € GPEoM YWPIG HETAYOYN N KPLOTAAA®GY TOGO AlyOTEPN 10)LG

katavorovetor. H mpdPAeyn eivon 0T1 pmopet gvkora va emitevyel Pripa 25 nm yapn



ot MBoypagio NAEKTPOVIKNG 0ECUNG KOL YAPT) O GLTH TNV OTAY] OOUY| EMTPETOVTOL
LKpOTEPEG dlaoTdoelg ypnotponowmvag teyvoroyia FIB ( focused ion beam).
¢ Qo Aettovpyobhv G pEoa amofNKEVLONG OO KO OC LV Ta)ELOG TPOCTELACTG.

Amaitodv, 6pmg, MOSFET tpaviictop mg eVOLAUETEG LVALLES Y10l VO, AELTOVPYGOLV.

Me Bdomn avTég TIC KOVOTOUIES 01 TPONYUEVES ALTEG LVIUES Oa BEATIOGOVY GTUOIOKA :
¢ Tnv toydmto avdyvoong tTov KEMOV HVAUNG, a@OD Ol MAEKTPOVIKEG 0001 O

petbovv o PNKOG Kol GE TOAVTAOKOTNTO.

¢ Tnv toydvmTo ypoens , n omoia Oa peiwbet yapn oty o) dtdtaén pétarro-o&eidio-
pétarro. Ot TpdTOl VITOAOYIGHOL LTOdEKVVOLY OTL M TaxvTNTO B owEnBel ko Ba

QTacEL 6€ TIES TG TAENC TV picoseconds.

¢ Tnv xatavdiwon woyvog, n omoia Bo pewwbel Spopatikd, agod to 0&Eid0 TOL
LETAALOV VTLOKELTOL GE UETOCYNUATICUO QAONG HE TOAD HKPOVG TOAUOVG PEVUATOG

AOY® HIKPOV O100TAGEMV.

¢ Tnv avBektikdtra Kou ) ddpkeln LoNG Tov VITOAOYIoTY], 1| omoieg Ba awEnBodv ce

peyaro Babuod xdpn oty amrhdTra aVTNS TG S1ATOENG.

¢ O1 Aertovpywkés ovvOnkeg mepPAAAOVTOS TOV KEMMV HVAUNG EMLTPETOLV TNV
EQOPLOYY TOVG GE VTOAOYIOTEG GE GLVONKEG TOV dEV £XOVV £QAPLOCTEL Eova (VYNAEC

Bepurokpaocies, 1oyvpd medio K.A.T)



Kepdrowo 2: Asmtd vpévie, pébooor avamtoéng tovg &
EQapOYES

2.1. Teyvolroyio LETTAOV VUEVIOV

H avdyxnm yo véa, mponypévo LAKG KOl GUGTAOTE UE VEES 1WO10TNTES, OdNYNOE OTNV
Teyvoroyia twv Aentdv Ypeviov (Thin Film Technology). Aentd vuévio ovoudlovue
TNV WIKPOSOUTN OV OMNUIOVPYEITOL OO TO ATOUIKE CTPOUATO EVOG VAIKOV-GTOYOV TAVE®
omv emodvea gvog otepeod (bulk) vAkod kot mov M pio didotacn tov givor TAEELS
peyéboug pkpdtepn ond T dAleg dvo. Ta Aemtd vuévia, e YOG TOL KVUAIVETAL OO
AMyo NM émg Kot pepikd pm, €yovv 1010TTEG TOV €IVl GNUOVTIKE OLAPOPETIKEG OO
OVTEG TOV GTEPEDY DAIK®V KoL TV EMPavEL®V. Ot d10popomomcels avtég elvar wiaitepa
ONUOVTIKES 0TV TO TTAYO0C TOVS gival TOAD pKpd 1| 6T0 TP®OTA GTAdI0 AvATTLENS ToVG. Ot
Jlpopéc  autéc  opeilovior  Kuplowg ot pkpodoun Kot oty Omuovpyio
GLUGGOUATOUATOV TOL ONUIOVPYOVVTOL KOTE Tr OPKEW TOL UETAGYNUATICLOD TMV
erevBepov atOp®V pag aéplag edong ansvbeiog oe otePEd PAOT).

211G TEPIOCOTEPES TEYVIKEG evamdOeong, To Aemtd véEVia evomotiBevtal 6TV emeaveLn
€VOG DAIKOU OV YPMNOUOTOIEITOL MG VITOCTP®UD 6€ Beprokpacieg mTOAD pkpdTePES Omd
™ Bepuokpocio ™MENG Tov VAKOL mov Ba evamotebel,  de avdnTuén Tov vUeviov oe
ouvOnkeg un Beppodvvapkng wwoppomioc. Ot cuvOnkeg avtéc eivor vreHBvveg Yoo T0
oYNUOTIGUO  SPOPOV  UETACTAODV QACEDV, AUOPP®Y KOl VAUVOOOMK®V VAK®OV
(nanostructured materials). H avantoén pHovooTpOUATIKOV 1| TOAVGTPOUATIKOV SOUDY
AenT®V LUEVIOV TPOGOIOEL GTO GLVOAIKO GUGTNUA TS €MBLUNTEG WOOTNTES (PLOIKEG,
ANUIKES, PLOAOYIKEG) TTOV AITOITOVVTOL Yol TNV GUYKEKPLUEVT XPTOT TOLG OAAG KOl VEES
eEapeTiég 1010TNTEG TOL O EMEKTEIVOLV TO TTEDIO EPAPLOYDOV TOVG Ko TN dldprela {ong

tovg (Wagner, 2005) (Willmott, 2004).

2.2. XMUOTIGNOC AETTOV DUEVIOV

Ta dropo mov glevbepmdvoviol and 10 LAKO - GTOYXO0 PTAVOLY 6TO VIOGTP®LO. (1) 6oV
eMKAOOVTOL AOY® TOV EAKTIKOV SUVAUE®V TOL JEXOVTOL OO TO ATOMO TNG EMPAVELLS
tov (ii). Ta dropo avtd dtyéovtal oty emPdvelo Kot oynuotilovy vnoideg o€ ddpopeg

neployég g (ill). Me v mdpodo tov Ypoévov Kot TN ovveyn GeiEN 0TOU®Y OTO



VIOGTPOLLO, 1| CUYKEVTPWOGCT] TOV ATOU®V TOV VNGIO®MV QVTOV aLEAVETAL LE OMOTEAEC LA
Ol VNGideg TPOOdEVTIKA Vo evdvovTol Ueta&d tovg (IV) péxpt va kaAdyovv OAn v
EMPAVELD, TOV VTOGTPOUATOS (V). LTO onpeio avtd £YEL TOPUCKEVAOTEL £VO. CUVEXES

Aemtd vpuévio (Mattox, 1998).

i single atoms arive Iil nucleation
o) islands of atoms form on waler surface
[©)

§
&

iv islands coalesce

V  several monolayers deposited

Formation of
a Thin Film

Ewoéva 3. Zynpotiopog Aentod vueviov

2.3.Mapdyovtec mov eanpealovv TNV OVATTVEN TOV AETTAOV VUEVIOYV

AveEdptta amd TV TEYVIKN TG EvamOBeong AETTOV vpEViov, Tov epapuoletar Kabe
QopA vIapyeL va cLVOAO BePEMOO®V TAPAUETPOV TTOL pmopovV va gieyyBotv. Ot
ONUOVTIKOTEPES EK TOV OTOI®V givat:

* 1 Oeppokpacio TOL VIOGTPMOUATOG ST,

* 0 pLOUOS ™G evamdBeonc R,

* 1 Tieon Tov TEPIPAALOVTOG aepiov Tov PpickeTor evtdg Tov Bordpov evamodbeong P,

* 1 evépyeln TNG PONG TV copatidinv evamoddeong Fe .



2115 TEXVIKEG BepUikng evamOBeoNC, 1| GLVEICEOPE GTN SLVOUIKY TNG EMPAVELNG TNG
evépyelog g pong tov copatdiov evandbeone Fg ~0.1eV/oopatido sivar aonuovn
dedopévou OTL givar éva émg dv0 peyédn pikpotepn omd TIG SVVAUES SECUDV TV
OLOTATIKOV NG EMPAVENG. XTIG TEXVIKEG Un Oepuikng evamdbeong wotdéco m Fe
emmpedlel oNUOVTIKA TIC 1010TNTEG TOV VUEVI®MV. DLGIKA VTLAPYOLV KOt AALEC TOPAIETPOL
Om®wG o1 BepuoduVapIKEG  O10TNTEC TOV  GULOTNUOTOS, 1 KPLOTOAAIKOTNTO, O
TPOCAVATOACUOG, Ol YNUKEG W0TTeg Kot ot otafepéc TOL  TMAEYUOTOS TOL
VrTooTpOpHToc. Ot mapomdve 1010tnTeg dev elvar aveEdptnteg peta&d TOvg Kot M
npoondBelo. PeAtiotomoinong ¢ wog emmpedler v GAAN. Eilvol mpoeavég 6t 1
OAANAOEEAPTNON TOV TOPAUETPMOV OVTMOV GLVIEAEL GTNV EMAOYN TNG KOTOAAANAOTEPNG
TEXVIKNG evamOdeong.

Ilicon Agpiov:

Ta evepyd copatidioe mov Ppickovror €viog tov BoAdpov evamdBeong pmopovv va
YOOOVV UEPOG OO TNV EVEPYELL TOVS KOl GLUVETAS Vo eMPpadvuvOodv 1 axdun Kot va
amevepyomonfodv TANPwS, UEGH TOV GLYKPOVCEMV HE TO HOPLOL TOL TEPPALAOVTOG
aepiov. H 1davikn kAMpoko evepyeldv yio TV Sdyvon TPog TNV EMPAVELD, KOl TNV
evamdfeon copatwdiov etivor kopaivetor petagd 10 ko 40eV.EmmpdcOeta, Exet
amodeyfel 0Tl ta copatiowr mov €yovv gvépyeld mave and to. 50eV umopovv va
oonynoovv oty Piain amofoAn Tov VAKOD amd TNV EMPAVELD TOL LUEVIOVL. AVTO Ol
puovo petwvel tov puBud evamdBeonsg oA otV TEPIMTOON TOAVGTOLYEINKOV LUEVIOV
odnyel og aAdayn ¢ ototyelopeTpiog KabdS etvar duvatdv éva otoryeio va amodopeiton
gVKOAGTEPA 0 KATo1o GALO.

Ocprokpocic YrooTpONATOC:

Apketol gpguvntéc €xovv aoyoAndel pe TV KPLOTOAMKOTNTO TOL VUEVIOL Kol TNV
e&apnon g amd tn popeoroyia tov. H popeoroyia emmAéov tov vueviov enmpedletan
Kot amd v Oeppokpocio tov vrooTpdpoToc. Eyxet oamoderybel 611 Beppokpocieg
VOoTP®UTOg HETOED 0,3 M T kot 0.5 m T (m T : Ogppokpaciog tENG TOL LUEVIOL)
elval WaviKES Yo va evieivouy v 01dyvon Tov couatdiov Tpog v emedvela. [a to
AOY0 0VTO LE TIG CLUYKEKPLUEVES TEYVIKEG AVATTVENG AETTMV LUEVIOV 1) evartdBeon umopet

va Aafet xopa kot o€ yauniotepeg Oeppokpaciec vrootpopatog (Willmott, 2004).



PvOnoc EvandOsonc:

Ot unyoavicpol avdmtuéng Aemtdv vueviov eEnyobvtal cuyvd otn Piploypagio pe v
YPNON TNG KIVITIKNG U1 OVTIOTPENTOV dpAceE®V. Avtd mpodmobétel 6T 1 mwapoyr| popiwv
amod TV aépla edorn EEmEPVA TO TOGOGTO TOV LOPI®V TOV 0ONYOLVTOL GE KOTAOTAGELS
160ppoTiag. Av Kot avTd 16YVEL OTIC HETPLEG Beppokpacieg avamTuéng AeTTOV VUEVI®DV, OL
Tromp xor Hannon emeonuovoav 01t avtd doev elval amapoitnto vo ocvuPaivel o€
vynAoTepeg Beppokpacieg avamtuéne. H avdmtuén Aentdv vueviov emnpedletar (o) amd
™V OWLoN TOV COUITWIOV TPOG TNV EMEAVEWD, 1 omoio &ivor dvvatdv vo
dvoyepaiveTal Kvntikd 1 0epproduvapikd Kot vo odnyel 6 ALOPPES 1 TOAVKPVOTOAMKEG
evamoféaelc, kot (B) amd tic vynAég Beprokpaciec avamTuEnG, OTOL 1| E10EPYOUEV POT|
TOV cOUATWIOV gival oplakd peyaAvtepn amd tov pulud ekpdenong kot eivar ion 1
aKoun kot pkpdtepn amd 10 pudud pe tov omoio Tol dtopa mov Ppickovior otV
EMPAVEID, TOL KPLGTAAAOL Olayfovtor BeppodvvapiKd € KATAGTACELS 1GOPPOTING,
YEYOVOS oL 00nyel o€ yapunAovs puBote evamdBeong kot BEATIOUEVT] KPUOGTOAMKOTNTO
tov vpeviov. To mapamdve HOVTEAO yivetar MO oVOVOETO €0v To GOUATIOW 7OV
TPOGKPOVOLVV GTIV EMPAVELNL TOV VITOCTPOUOTOS EYOVV IKOVOTOMTIKY KIVNTIKY /Kot
ECMTEPIKN EVEPYELD, LE OMOTEAEGLO VO LTOPOVY VO TPOTOTOWCOVV TOTK(A TNV TEPLOYN
YOp® amd TV onoio Tpookpovovv. H tpomomoinon opeiletar otn HeTaQopd evEPYELNG
oTN TEPLOYN TNG EMPAVELNG TOL TAEYUATOS TOV VUEVIOL. AvTtd umopel va onuaivel 0Tt
umopel va evioyvet 1 empovelakn ddyvon TV ATOU®Y, EVAO 1 EKPOPNGT VO TOPUUEVEL
oe younia emineda. To Tt akpPdg cvpPaivel e€aptdtor AUESH OO TO YPOVOILAYPULLLLOL
™G avamTuéng Kal TG eVEPYEIEG evepyomoinong avtdv tov dadikacidv (Tromp &

Hannon, 2002) (Xtapotakn, 2006).

2.4.E@appnoyéc AeTTOV VUEVIOV

H Teyvoroyio toov Aentdv Ypeviov eivar to p€co Kot o KatdAANAo epyareio yia v
TOPAYOYT VEOV TPONYUEVOV DAKAOV Kol GUGTNHATOV TOL TOPOVGLALoVY AyvVOGTEG LEYPL
oNUEPA O10TNTEG. L& TOAAEG TEPWTTMOCELS dIVOLV TN dVVATOTNTA VO, AvadEBoVY KoL va
wapatnpnBodv véa @atvopeva. Avtég ot véeg 1010tnTeg kabiotohv To. AEmTA LPEVIA
W0oviKA Yo £vo, TAN00G EMGTNHOVIK®OVY KOl TEYVOAOYIKAOV EQOPUOYDV. Mepikol amd tovg

Topelg Tov Bpiokovv epopproyég To Aemtd vuévia givar ot €€Ng -
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* Mwcponrextpovikn (FET-tpaviictop mediov)

* Hlextpovikol YnoAoylotég

» Tniemucovavieg (kopatodnyot)

* AwoOntpeg

* BrobAikd (Brocvpfoatés, avti-pikpoPlokés emKarlvyeLg)

» OnttonAextpovikn (aviyvevtés emtoc, LEDS-610001 ekmounnq)

* Ontikn (OVOKAQGTIKES, OVTL-AVOKAOGTIKES, ATOPPOPTTIKES EMKAADWYELS, KTA.).
* Empavelokn kotepyacio-npoctosioo VAK®OV

o XNHK®OG eVEPYA VAKE (KOTOAVTIKEG ETKOADWYELS KTA.)

2.5.Kotaokevaotikéc n£00001 AEATOV VUEVIOV

2.5.1. Xnuk1} evond0son arudv (CVD)

H ymuwn evomdbeon atudv etvor por aprydg ynmukt| dwadwkacio avantuéng Aentdv
vueviov maveo o ddpopa viwkd. Katd tv pébodo avtn, Aaupdver yopo o cepa
ANUIKOV ovTIOPACEDV HETAED DAMKOV TOL KOAOVUVTOL TPOdPOLO LVALKG (Precursors) kot
Bpiokoviar cuvnBwg otnv aépla edon. H amaitoduevn evépysia yo v TpoyLatonoino
TOV YNUIKOV OVTIOPACE®V TOPEYETAL HEG® OEPUAVONG TOV VTOCTPOUOTOS CTINV
nepintwon Tov kKhaooikov CVD. Yrdpyovv dpmg kot mapoariayés tng pebooov, ot omoieg
avaeEPOVTol TopaKAT®. Ot avTIOPAGEIS OVTEC TPAYHOTOTOLOVVIOL GTO ECMTEPIKO EVOG
avTOPACTNPO KEVOD, O OTMOI0C OMOTEAEL KEVIPIKO TUNUO TNG TEPOUATIKNG OATOENG.
A&iler va onpewmbel 1L 01 avTIdpacTPES KEVOL £ivol CLGTNLOTA TO. OTTOL0L SLOLPOVVTOL
0€ TE0OEPN EMUEPOVG TUNLLOLTAL.

* To doyeio Tov avTOPAGTPO, GTO OTTOI0 AVATTUGGETOL TO VAIKO.

* Tn d1dtosn avapelEng Tmv TpoddPOU®Y VAK®OV.

e Tnv Iy Beppomtog N NAEKTPIKNG EVEPYELNS, TOL 0dNYEl otV Evapén TOV YNUIKOV
AVTIOPAGEMV.

* To ocvouo amay®YNG TOV oepimv.

Ta moapampoiovia g pebodov Bempodvtar SNANTNPIDOSN, eOPAEKTA Kot SUPPOTIKG LE

GULVETELDL VO, OTTOLTEITOL 1) AVATTTUEY oG EAEYXOUEVNG SLOOIKAGTIOG OTOULAKPVVGNG TOVG.
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Ewoéva 4. Baocwég diepyooieg katd tn ynwkn evanddeon and atpnd

Emiong 1o totydpoto TV oviidpaoTpov €lval KOTOOKELOOUEVO £TCL OOTE UE TNV
KaTdAANAN pOOuon va Beppaivovtal 1 vo yoxovtal. Me v yoén tov ToryOuUdToOv
LEWOVETAL 1| GLOCOUATMOOY Kol To TPOPANate Tpocui&emv mov mapovstaloviol amd
aroféoelg ota toyydpata. Mg ) Béppavon €EGAAOL, LEUDVOVIOL Ol OVOTTUGGOLEVES
Oeppokpaciaxéc Pabuideg (emrvyydvetar otabepn Ty g Beppokpaciog oe OAo TOV
avTIOpacTNPA) Kot Katd cuvénelo eumodiletarl ) dnpovpyio TEPITAOK®OV HEVTEPEVOVCHOV
AVOCTIKOV POMV OV TAPEUTOSILOVV TNV EVATOBEST] TOL VAIKOV.

Téhog 1 dnpovpyia kevoL kpivetor amapaitnTn Yo Vo AOYOLG:

1. Mewwvetor n wieon Tov aepiov TOcO0 OGO TA GTOMUO TOL VO €YOLV HEYAAN péom
elevbepn Sdpopr] €vTOG TOL O0YEIOL TOL AVTOPACTNPA, MOTE VO PN UTOPOHV Vi
ONUIOVPYNGOLVV HECH CLYKPOVGEWV LE TO TEPBAALOV aép1lo KAmolo avemBounto i{nua.

2. Mewdvetar 1o emimedo «UOALVONG» TOVL LUEVIOL KOl €AEYYOVTOL KOADTEPO Ol
ovvOnkeg avantuéng tov. Ewwotepa m dwdikacio g ynuikng evomddeong atumv
(CVD) &exwvd pe ™ petapopd Tmv TPOSPOU®Y VAMK®OV €VTOS TOL avVTIOPAoTHPO, TN
dudyvuon Kot TNV TPOSPOPNOT HEPOVS OVTMV OO TNV EMPAVELN. XLTN CUVEYELN UE TNV
EPAPLOYN NG KOTAAANANG evépyelog Eekvd 1 ynkn avtidpaon peta&d tovg, n omoia
umopel va AaPet ydpa TOG0 6TV EMUPAVELD TOV VITOCTPMOUATOS OGO KOl GTOV AEPLO YMDPO
TOVO amd TNV ETPAVELN. ZVYKPOTEITOL EMOUEVMOG KPLOTOAAKO TAEYHa kol apyilel

onuovpyio otepedv Aemtdv vueviov. Telkd otdoo g Swdkaciog omotelel m
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EKPOPNON TOV TOPOUTPOIOVIMOV TNG AVTIOPAONGS, 1 AEPLL LETAPOPE KO ATOUAKPVVGT] TOVG

oo TOV YMPO NG aVTIOPOoNC.

Ynrdpyovv dtdpopec mapoarriayéc g CVD mov ypnoipomolovvtal evpéwg:

¢

AP-CVD (Atmospheric Pressure CVD). H dwdwkacio g evandbeong yiveton oe
TEPPAALOV ATUOGPAPIKTG THECTG.

AL-CVD (Atomic Layer CVD). H dodwacio avty avapépetar og Atomic Layer
Epitaxy ko1 og Atomic Layer Deposition (ALD). Xapaxmpiotiké tg AL-CVD
givon N Ymapén dvo mpoddpopwv vikov (wy. Al (CHsz); ko H,O) 1o omoia
CUUTANPOVOLV TO £Va. TO AALO KOl EIGAYOVTIOL EVOALUKTIKA £VTOG TOV OOYEIOL TOL
avtdpactipa. Kavovikd, éva amd ta 600 mpddpopa vAkd Bo mpocpoepndei otnv
EMPAVELD, TOV VTOGTPMOUATOG, YOPIG OU®G VO UTOPEL VoL avTIOPAGEL OTAV OmOVGIAlEt
10 dg0TEPO VAKO. Kotapépvel Opmg va kaAdyeEL HEPOG TNG EMPAVELNG 1) AVATTLEN O
0V vueviov apyilel pOVO HETA TNV EGAY®YN Kol TOV EVTEPOV TPOIPOLOVL VAIKOV.
Mo ovtd T0 AdYO, [E TN CLYKEKPIUEVT SLOOIKAGTO EVOTODESTG EMITLYYAVETOL EAEYYOG
TOV TTAYOVE TOL VUEVIOV HECH TOV AP0l TV KOKA®V (ETOVOANYEDY EIGOYWOYNS)
v tpdopopwv vVAK®V. H AL-CVD gmitpénet Tov axpipn éAeyyo tov myovg Kot g

OpHLOLOHOPPLOG TOV LUEVIOL.

¢ AA-CVD (Aerosol Assisted CVD 711 AA-CVD). Xe avti v dwdikacio to

TPOSPOUE VMK PETOPEPOVTOL GTO VIOGTPOUN HECH VYPOL / agpiov aerosol ko
deyeipovtor pe 1t Ponbein vmepnyov. H AA-CVD elvar xotdAAnin otnv
TEPIMTOON U1 TTNTIKOV TPOSPOLMOY VAIKOV.

LP-CVD (Low Pressure CVD). H gvamdfeon yivetar og yapniéc méoels (KAto
™G OTHOGQAIPIKNG) He oKomd v e&dAetyn TV avemBOumToVv avtidpdoewy g
aéplag eAoNS Kot TN PEATIOON TNG OLOOHOPPIOG TOV VUEVIOL GE OAN TNV EMPAVELL
0V VIOGTPpOHOTOS. O pLOUdg evamdBeong kabopiletor kvupimg and v ToLTTO
™G avTidpaoNG TOV TPOSPOUOV VAIKOV’

MO-CVD (Metal Organic CVD). Baociletar e op@avo-petodikd VAKE Ommg
elvar 10 aBo&eidio tov tavtariov yio v mapoaywyn Ta;0s. Tty mepintmon mov
yivetat kdto vd vepLyMAo kevo kakeiton Metal Organic Molecular Beam Epitaxy

(Opyavopetoriiky emtatio poplakng ééoung MOMBE).
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PE-CVD (Plasma Enhanced CVD). H pébodog avtn ypnowonotei tn dnuovpyio
TAAGLOTOG G TO HECO PBeATivong Tov pLOUOY TG ¥NUIKNG avTidpaong HeTad Tov
TPOOPOU®YV VAIKOV. ME TNV €QapLoyn EVOAUCGOUEVOD TEGIOL VYNANG GLYVOTNTOG
onuovpyeitan to TAdopa, To omoio ovilel T dropa Tov agpiov kol Tapdyst 1WOvTa
kot niektpévio. H PECVD ypnowomoteitor yio tv mopaymyn nuoyoyov Adym
TOV YOUNAOV Beprokpactdv evamdfeong oTig omoiec Aettovpyet.
RT-CVD (Rapid Thermal CVD). XapakmmpioTikd yvopiopd TG Oodikaciog
aLTNG etvar N BEPLOVET TOL VIOGTPOUOTOG LE TN XPNON DEPLOVTIKOV AQUTTHPOV 1|
axoun kot pe aAAd péoa. ITiotevetal 0t 1 B€ppaven HOVO TOV VTOGTPMOUATOS OVTL
TOV 0€gPIOV 1 TOV TOYOUATOV TOV doyeiov avtidpaong cvvielel ot pelwon TV
avemBounTeVv ovIpAcE®V 0éplog (PAcMS, 7OV UTOPOVV VO 0dNYHGOLVV GTO
CYNUATICUO COUATIOIWV.
RPE —-CVD (Remote Plasma Enhanced CVD). H cvykekpiévn uébodog €xet
apketég opototnteg pe v PE-CVD pe ) pévn dtopopd 0Tt 10 VTOSTpOU TEVE®
610 omoio evamotifeton to VAKO dev Pploketar ot mEPLOYN TG EKKEVOONG TOV
TAdouatog. Avtd emtpémer Tn Asttovpyion TG peBddov oe  yapmAég Tég
Oeppoxpaciog akdun kot oe Oeppokpocio teptPdAiovtog.
UHV-CVD (Ultra High Vacuum CVD). H evan60eon yivetar og yapuniéc mEGELS
™G 16éng Tov 1 £wg 10Pa.
L-CVD (Laser Induced CVD). H dudonoon tov popiov otny enayouevn anod laser
ANUIKN evamobeon atudv, umopel va evepyomomOet:
a. Ogppkd (mvpoivtikd LCVD) 6mov eite 1o mpddpopo viAkd gite 10 vrdoTpmpuo
Bepuaivetar TOmKA OmOpPPOPOVTIOG TNV EVEPYELWD TG déoung tov laser kot kotd
ouvémeln Eyovpe T ddomacn 1N ™ OepUiky] evepyomoinon TV avidplcE®Y oTNV
EMPAVELD. TOV VITOOTPOUATOS. [0 T Sadikacio avth yivetow ypnom kvpiog laser
EKTOUTNG 0TV LIEPVOPT TEPLOYN TOV PAGLLOTOG,
B. Mn Ogpukd (potorvtiké LCVD). H ynmuikn avtidpoaon mpowbeitor amd v
EMEVEPYEIDL POTOVIOV VYNANG evépyelag mov  mapdyovior ovvnbmg pe laser
VIEPLOOOVG axTivoPoriag. H evépysia g 6éoung tov laser amoppopdrtar amnd ta
AVTIOPAOVTO, TA OTOL0 POTOSOCTAOVTOL 1)/KaL OVTIOPOVY GOTOYNIKE pHeta&h Tovg 6T

vrooTpopa. [Theovékmua g peboddov amotedel 10 yeyovog Ot ) evamdbeon yivetan



oe youniég Oepuoxpoaciec. Ilpaxtikd yivetoaw oe Ogpuoxpocio mepifdArovrog.
Meovéktua g pebddov oamotelobv ot younioi pvBuoi evamdbBeong wor m
TEPLOPIOUEVT] O1A0E0T TV KATAAANA®Y TPOSPOLDY OVGLDV .

Y. Mg cuvdvac o tov 6vo mapamdve tpotmv (potopuotké LCVD).

Ievikotepa n pnéBodog g ynuikng evamdbeong pe atpotvg (CVD) mopéyer onuovtikd
mieovektnuato Onwg eivol o peydiog puBuodg evandbeonc, n eopetikny Tpdoevon, N
duvatoOTNTO EAEYYOL TNG OTOWEWOUETPIOG N OKOUN KOU TNG KPVOTOAAIKNG OOUNG TOV
emotpioewv. Emiong vmdpyer n SuvatodTTo EMKAAVYENDS HEYOAAW®V EMPOAVELDOV KOl O
EAEYYOC NG OUOOHOPPIOG TOV TAYOVS TOV AENTOV VUEVIOV. YTapYouv OUmG Kot
petovektnuota Omwg eival ol amontovpeveg VYNAEG Beppokpacieg, ol 0moieg TPOKAAOVY
OAAOYN OTIG HMYOVIKEG 1O10TNTEC TOAAEG (QOpEG Ot Kol OepUikny KOTAGTPOON OTa
petaAlkd vrootpopate. Emmiéov Aoy Tov meplopiopévon aptfon TpoddpoU®Y VAIK®OV
dev glvarl dvvatn N evandBeon omotovdnmote VAKOV. Téhog M ypron dPpoTIKOV Kot
TOEIKOV avTOPpasTNPiOV aVEAVEL TNV TOOVOTNTO VO ETNPEAGTEL TO VITOCTP®LLO, TO 0010
npénel vo eivar kaBopd Kot TPOoTATELUEVO amd TV VTaPEN avemBOUNTOV cOUOTIOIOV
OV UTOPOLV VO OPACOVY G KOTOCGTPEMTIKOL TOPAYOVIES GTN YNWKT CLGTACY] TOV
EMOTPOUATOS. ZTIG UEPES LOG 1 TAELOYNQIO TOV ETOPEIDOV TOL AGYOAOVVTOL UE TNV
avATTUEN AETTOV VUEVIOV XPNGOTOOLY TN HEB0OO TG YMUKNG evamoBeon atudV pe
oKOTO TNV evVOTOOEST] AEMTAOV VUEVIOV TAV® GE EMPAVEIEG VAIKOV Y10, TNV TPOCTOGIN
Toug and eBopd kot ddPpwon. Emmiéov, 1 CVD mapéyet t duvatdtto dnpovpyiog
AeMTOV vueviov HE oLYKEKPUEVES 1WO10TNTEC o€ avtifeon pe dAleg pebBddovg. H
wavomra g CVD va eléyxet ™ HiKpodoun Koun T yYNUKH oVCTOCT TOL
evamoTifépevon VAIKoD TV KafhoTd 1010{TtEpO CUOVTIKN Y10 OPIOUEVES EPAPUOYES, OTMGC
elvar M evamdBeon emKAAOYE®V Kol O CYNUATICUOS GOVOET®OV LAK®OV, GOOUPIKOV
e€opNUATOV, GLVOETIKOV SOUAVTIOV, KATOAVT®OV, TOAVKPUGTIAMKAOV KOl GLOPOOV
VAK®OV Kol S14popmv SINAEKTPIKOV HE DYNAO cuvtedeotn dmiektpikng otabepdg k. H
TAEOYNOI0 TOV TOPOTAVEO VAIKOV Y¥PNCILOTOLEITOL 0T Blopmyovia TV NUoy®Y®dV Kot
TOV NAEKTPOVIK®V Y10l TV TOPOYWYT) CLGTNUATOV OTMG Y10 TOPASELY L0 PMOTOROATAIKMV,

OTTO-NAEKTPOVIKOV cvokev®V K.a. (Pierson, 1999) (Mnpiing, 2004) (Agrawal, 2004)

15



2.5.2.®vokn evaro0eon artpev (PVD)

O 6poc puoikn evomdbeon atpmv 800nke and toug cvyypageic C.F. Powell, J.H.Oxley
kar J.M. Blocher Jr. oto PifAio tovg «Vapor Deposition» tov 1966 mopdro mov
dwdkaciec PVD eiyav avomtuybetl vopitepa. Katd m pébodo g Puoikng EvandOeong
Atpav (PVD) n dwadwcacio g avamtuéng AenTdv VUEVIOV YIVETOL e PLGIKT LETAPOPA
WOVTOV, ATOLMV Kol LOpi®mV GTNV EMPAVELDL TOV GTEPEOD VTOGTPOUATOS. Me TOV OpO
«PLOIKN HETAPOPA» EVVOEITOL OTL OV AapuPdvel ydpo kopion ynuUiKy avtidopoaocn, Ommg
ovpPaivel ot Xnuikn Evandbeon Atudv (CVD). H guoikn evomdbeon atudv agopd
Enpéc nebddovg evamdeong oe meptPdAlov kevod 1 o€ TEPIPAALOV aepiov OOV TO TPOG
evamdOeon vAkod Ppioketar evtdg evog TePPAAAOVTOG VYNANG EVEPYELNG KOl EVIPOTIOG
£tol wote copatidw (10vta, dtopd, HOpa) va SPeLYOLV Omd TNV EMPAVELL TOV.
Amévavtt and 1o mpog evoarndfeom LAIKO TonofeteiTan TO VIOCTP®UW, TO OTOI0 ATOPPOPL
TNV EVEPYELD TOV GOUATIOIMV TOL @OAVOUY 6TV EMPAVELD, TOV, EMITPEMOVING TOV
oyNUaTIoHd €vOg otepeoV emotpmdpatoc. H vmapén mepifdiiovioc kevod péEGH GTO
omoio yivetoaw 1M Odwdikacio TG evomdBeong efvmmpetel TV aveunddolotn oo
OLYKPOVGELS UETAPOPA TV copatdiov. Ovcwuotikd ovéavetor 1 péon ehevbepn
dwdpoun tov copatdiov. Kabohg ta copatidi €govv v tdon va akoiovBodv o
evBeia O10poun, Ta EVOTOTIOEUEV LE PUGTKO TPOTO VUEVIA ETvol TIC TEPLGGOTEPES POPES
KoAG dlateToryLéva.

O meprocoTeEPES TEYVIKEG evamOBeong Aemtdv vueviov, ol omoleg amoteAodv peBddovg
NG PLGIKNG EVOTOOESTG ATUAOV Kot GLVOLALOVYV :

1. Mia pébodo evandBeong Tov petdAiov

2. 'Eva aépilo 6mmg etvar 1o o&uyovo, to pebavio, 1o lmTto K.

3. Boupopdiopd pe mAAcHo TOL VTOGTPMOUATOS Y1 T SNUIOVPYio TUKVOL Kot GKANPOY

EMOTPAOLATOG,.

Ot o yopaxtnprotikég teyvikég g pebddov PVD eiva:

¢ Ogpuikn e€ayvoon (Thermal Evaporation). T'a v KoTooKeL TOV SElYHATOV
ypnoonomdnke n Oepukn EEqyvoon (Thermal Evaporation) oe nepifdiiov Kevo.
H Beppucn e&dyvoon ypnoiponotel o nAEKTPIKY ovtictaot, £va nAekTpikd t6Eo 1

wo déoun niektpoviov (e-beam evaporation) yia t 0épuavon tov mpog Edyvmon
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VAMKOV TAv® amd to onpeio (éoeme. Katd ocuvémeia ol atpoi mov mpoépyovtol amd 1o
OepuatvOIEVO VAKO GUUTLKVMOVOVTOL GTNV EMUPAVELL TOL YUYPOV VTOGTPMUATOS VIO
popon Aemtdv vpeviov. H ocvykexpiuévn pébodoc dtokpivetar yio Tovg peyaiovg
pvOuovg evamdBeong (75um/min) kot ™ oyeTKA omiy kKot @Onvy  Stdran.
AVOOTOATIKOG TOPAYOVTOG OTNV EQOUPUOYN TNG OMOTEAEL 1| adLVOUIN EAEYYOVL NG
oTolEonETplaG, KabmMG emiong Kol 1 TOPATPOVUEVT] UEIOUEV] TPOGOLGT TOL
vueviov. Xpnotpomoteitor Kupiwg Yoo TO0 GYNUOTICUO EMKAADYE®MY KOOPEPTOV,
SKOOUNTIKAOV EMGTPOUATOV, NAEKTPIKE OYDYIL®V VUEVIOV KOl ETKOADYE®DV Yo
wpooctacia amd 1N JPpwon. Térog 6tav ypnopomoleitat yio evomndOeon HeTAAA®Y
Koleitar MetaAlomoinon ev keved (vacuum metallization). H Ogppukn e€dyvoon Oa
avaAvOel eKTEVESTEPO TOPAKATO.

Tovrofol (sputtering). Amotelel TNV mo eumopikn un Oeppukn| TEXVIKN mAPAy®YNG
Nuoyoypov otpopdtov. H kopla epappoyn g eivol n evorndBeon vAMKoOV ta omoia
etvar dvokoro va avamtuybovv pe v CVD 1 v MOCVD Adym g éAdenyng
KATOAANA®V  TTPOSPOU®V  VAIK®V. XT0 TOPUTAveD VAIKA meptlapfdvovior ot
UETAAMKEG OUIKEG GLVOESELS (OTMG aAOLULVIOD, YAAKOV, Xpuool Kot BoAgpapiov),
0 Ppaypata dtayvoemg 0mmg givar To TIN kot o1 NAEKTPIKOL LOVOTEG OTMG Elvat TO
Si0;. (Ba avaAivbel ekteEVESTEPU 0T GLVEYELQ)

Tovtikiy empetrairoon (lon Plating). Eivar po vBpdikny pébodog m omoia
Tapovcilel apkeTég opotdtnTeg pe T Bepuikn e&dyvoon. H dapopd avipeca otic
Vo peBOdOVG EyKeLTal 6TO YEYOVOG OTL LEPOG TV TTOPAYOUEVOV GOUATIOIWV 1ovileTon
mpv eBdacel 610 vocTpoua. O 1OVIGHOC TOV COUOTOIOV EmTVYYAVETOL €lTE UE
exkévoon oiyAng oaepiov eite ovvnbéotepa pe onuovpyio TAGCUOTOC. XNV
TePIMTOON NG 1OVTIKNG €mMUETOAA®ong pe T Ponbein mAdopotog, ta 1dvio
gmTAOVOVTAL AOY® TOV VYNAOL apvnTikoh dvvaptkoy (5kKV) mov gpoappoletar 6o
vrooTpopa. Ta emTayvvOpEVa 1OVTO KOl TA VYNANG EVEPYELNS 0VOETEPA dTOU AOY®
TOV QOIVOUEVOV  OVTOAAAYNG @opTiov HEco oT0 TAAGHO  evamotifevion otV
EMPAVELL TOV VTOGTPMOUOTOC UE £VOL VPO EVEPYEIDMV. ZNUOVTIKY 1010TNTA TOV
VUEVIOV TTOV TTOPAEYOVTOL [LE TN GUYKEKPIUEVT] TEXVIKN Kot Toilel oNUAVTIKO pOLO OTIG
EPOPULOYEG €lval 1 KOAT GOUQLOY| TOLG UE TO VIOCTPOUO £E0LTIOG TOL GULVEXOVG

Boupapdiopod omd 1OVIOHL 7OV ATOUOKPVUVEL TOAAG ATOpO TNG EMPAVELNS TOL
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vrootpOpoTog. H 1ovtikh empetdAimon ypnopomoleiton yuu v evamoddeon
HETOAA®V KOl KPOUATOV OTOV OTME TOL TITOVIOL, apyIAMov, YOAKOD, ¥pLGOL Kot
noAlodiov. Xtn Propnyavia ypnoyomoteital yio v mapoywyn Bodlapmv aktivov X
(X-Ray tubes), mapeppovoudrov amd apyilio yio Bordpovg kevol, SUKOGUNTIKOV
E0MV, EEOPTNUATOV Y10 ALEPOIIOCTIIUIKES EQAPLOYES K. 0L

Moipwkn evamoOeon pe laser (PLD). Kotd ™ dadwkacio avty évog otepeds
o10)0¢, ue tn Pondeia evog laser madpkng Asttovpyiag, amodoueital pe omoTélecua
TNV TOPOY®YN TAAGULOTOS KOl TNV €VOTO0eoT COUATIOIMV TOL TAVMD GTNV EMPAVELL
TOV LVTOGTPMOWUATOS. Mia déoun aktivoforiog (cuVHBMS VITEPIDSOVS) TPOEPYOUEVT
and éva cvotnuo laser vyming evépyetlog eotialetar e tn Pondsia akdV Kot HEGM
10V Tapafvpov £16650V ToL BoAdoL evamdBeoNC, TAVM GTNV EMPAVELD TOV GTOYOL
vrd yovia 45°. “Evag tpoémog yio vo e£0G@aAGTEL 1| OHLOIOUOPPT ATOOOUNGT TOV
oTOY0L £Vag TPOTOG EIVOL 1| GAPMGT TOL 6TOYXOL amd TN déoun tov laser , evd évog
GALOC TPOTOG €lvar 0 1810¢ 0 OTOYOC VO TEPICTPEPETAL M/KOL VO UETOKIVEITOL.
Amévavtt amd 10 6100 Kol o€ amdcTact 3-5Cm tomobeteitol TO0 VTOSTPOLA, TAVE®
ot0 yiveton  evandBeon tov vAkov. To vmoéoTpopa otnpiletonr oe pa ddtaén, n
omoior &yer TN dvvatdomTa va 10 Ogpuaiver opodpopea. H Bepuoxpacio tov
VITOOTPM®UOTOG  Kvpaivetar  omd6  RT  (Room  Temperature-®gppoxpocio
[Teppdrirovtoc) €wg Tovg 800 °C . ze avtifeon pe v amAOTNTO TNG TEPAUATIKNG
ddtaéng pe oxond v Mok Evamdbeon Aemtdv Ypeviov pe Laser (PLD), ta
Qovopevo oL AapPavouy ydpa Katd Tig oepyosiec g nedddov sivar wdroutépmg
noAvmAoka. Ta goawvopeva avtd dev TepAapPavovy HOVo TNV UGIKT AAANAETIOPOOT
laser-otoyov amd v emidpacn ™ VYNANG EVEPYELNG TOAUKNG aKTVOPBOALOG TAV®
070 0TEPED GTOYO ALY TO GYNUOTICUO TAAGLOTOS OO COUATION VYNADV EVEPYELDV
KOl OKOUN, TN LETAPOPE TOV OITOSOUNILEVOD DAKOD UECH TOL TAACUOTOC TAV® GTNV
emedvela Tov Bepuotvopevov vootpdpoTos. H avantuén Aentdv vueviov pécm mg
pedddov g IMoApikng EvamdBeong pe Laser dwokpivetor ota t1éccepo akdAovba
oTAOW

= AMnAenidpaon g axtivoBoliag laser pe to otodyo

= AVVOUIKT T®V TPOG ATOOOUNGT VAIKOV

= Evamdfeon tov amodopunuévev VAKOV 6T0 VTOGTP®LLN



= [Ivpnvomoinon kot avAmTLEN TOL AETTOV LUEVIOL TAV® GTNV EMLPAVELD TOV
EMAEYIEVOD VITOCTPDOLOTOG.

¢ Electron beam evaporation. H &&dtiion pe déoun mAekTpovimv emituyydvetot
ooMy®OVTOG [o OEGUN NAEKTPOVI®V, OV TAPAYETOL O damTvpo ViAo BoAgpapiov,
o010 016y0. O o10)0¢ Ppioketar oV emedvelr pg VOPOHYLKTNG OMKkng amd
emvikeAouévo yoAko. H xivntikn evépyelo TV MAEKTPOVIOV UETOTPEMETOL OE
Oepuikt] pETd TV TPOGKPOLOT GTNV EMPAVELL TOv 6TOYoVL. 'Etol onpovpyeiton
TOTIKA GE Lo EMPAVELD OapéETpov 1 — 2 mm o pukpn Adpvn ovapdloviog VAIKo
nmov e&atpiletal. Ot atpol GLUTVKVAOVOVTOL GTO LVIOGTPOUN Kot oynpatiletal to
Aento vpévio. Ta mepiocdtepa LETOAAN UTOPOVV VO EEATUIGTOVV LE TOV TPOTO OVTO,
EVMD OMUOVTIKO TAEOVEKTNILOL TG TEYVIKTG QLTS Etvar 1] EMTLYNG EEATILON AKOWLOL KOl
TOAD SVOTNKT®OV UETAAA®V OT®MG TO POAPPAI0. ZTO HEWOVEKTAUHOTO TNG HEBOdOL
elval 0 oyetkd WKPOG KAOVOG EKTOUTMNG Ko 1 éviovn €Eaptnon tov puhuod
e&atuiong amd to pedpa TG SECUNG NAEKTPOVIWV.

¢ AmoOeon kaBodikov toov (Cathodic Arc Deposition). H andbeon kabodikod
16&0v elvan éva €ldog amdBeong 0vTIKNG déoung KOTA TNV omoio pior MAEKTPIKY
EKKEVOOT| OMovpyeitor Kot omoond 1dvta and 1 kdbodo. Xpnoiponoteitat ToAd yo
M obvleon TpopEPE GKANPOV LUEVIOV HE OKOTMO TN TPOCTACIO TNG EMPAVELNG
KOTMTIKOV gpyoreimv. Mio peyddn mowKiAMo AETTOV CKANPAOV Kol VOVOOOUNUEV®V
vueviov umopet vo cuvtebel pe ) ypnon avthc g teyvoroyiog : TIN, TIiAIN, CrN,
ZrN, TiAISIN kot GAda. H teqvikn avtr pnoiomoteitonl apkeTd EKTETOUEVA ETIONG
v andbeon 16Oviov avBpaka ywoo ) Inuovpyio vueviov avBpaxo pe doun
dwpovtiov. Adym tov 0Tt T 1OVTO OTOGTMOVTIOL A0 TV EMPAVELN LEGH KPOVONG,
oavtd Oev elval HOVOOTOUIKA, OAAG HEYOADTEPO GLCCOUATAOUATO OTOUM®V OV
ekto&evovtal amd v kaBodo. [a 10 Adyo avtd, TO0 CLYKEKPIUEVO GVGTNOL OTOLTE]
éva €100g @iATpov mov " PIATPAPEL" TOL GLCCOUATOUATO ATOUMV OO TN OEGUN TPV

™V anobeon.
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2.5.2.1.0Qgpmikq eEdyvoon (thermal evaporation)

Kvp1o yapakmnpiotikd g texvikng Oepuikng eEdyvoong v kevo, etvar n avamtoén
TOV  EMOTPOoEDV o€  Odlapo moAD  vyniov  Oegpuoxpaciov. H  evomdOeon
npoypatonoteital e Tpio. foctkd oTddo:

1. 210 Odhopo Ompovpyodvtor cvvOnkeg kevov, OMAadn 1 mieon Tov Ooidpov
dltnpeiton o€ TIES YAUNAOTEPES TOV 10° Po.

2. To mpog evamdBeon vAMKo evamobétng, to omoio veiotatar péoa oto BdAapo oe
otepen Kotdotaorn (otdyog), efayvaveror. H efbyvoon emtouyydvetor pe v
0épuavon tov evamofE eite HECH OUKOV OVTICTAGE®Y, £ITE LE YEVVITPLO DYNADV
oLYVOTNTOV, gite pe PouPfapdiond niektpoviov 1 pe déoun laser.

3. Atpoi Tov VAIKOU TOL £vamoBETN TEIVOLY VO GUUTVKVAOVOVTOL EXAVE GTNV EMPAVELD.
TOV VTOGTPOUATOC, oynuatilovtag €Tt TNV emkdAvy. Adym TV cuvOnK®V KEVOL,
010 OdAapo To TPog &GV VAIKO TOpapEVEL LTTO LOPET] COUATIOIMV (ATOU®V), T
omoia. 0 GLYKpoLOVTAL UETOED TOVG, OAAG Kivovvionl oe gvbeiec YPOUUES TPOG TO
VROGTPOA OV ToToBETEITAL UTPOGTA Ao TO 6TOY0 Kot o€ amdstact 20-50 cm ar’
oVTOV.

Koatd ) dadikacio g evandBeong, ta dtopa tov e€oyvoUEVOL DVAIKOD KIVOUVTOL TPOG

TO VROGTPOUO HE KWVNTIKN gvépyewn avtiotoryn ¢ Oepupokpaciog tov Oaidpov. Exel

amoPaAlovv TV evépyeld Tovg Kot 1M BepUokpacio TOV VTOCTPOUOTOS OVEAVETL

(cvvnBwg ~500 °C). H emopdvela tov vrootpdpotoc fopPapdifetor amd to dTope mov

KivoOvTol Katd TuYaio TpOmo kot 1 evamofeon tovg apyilel oe onueia TG EMPAVELOG,

OT0 OTO10 LTAPYOVV KPLOTAAMKESG aTEAELEC 1 aKabapcieg Kot o1 omoieg dpovv ¢ onueia

évapéng g evamdBeong. Avtiy n texvikn viomoteitor 6e BGAapo vynAod kevoy Tng

T4ENG oV 107 Torr étot dote va EMTPEYEL GTOV OTUO VO PTAGEL GTO VTOGTPOLO Y OPIC

va. VTApEOLY  ovopEve, ok€daong N TPPNg pe dAAa dtopa tov aegpiov, To omoin

Bpiokovtot otov OdAapo.
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Ewova 5. Ogppikn eEdyvmon

2.5.2.2.TovroBoAq (sputtering)

O1 povadeg sputtering diakpivovtar oe DC kot RF. Ot mpdteg ypnoyromotobvtat yio tnv
TopaokeLy] delypdtov mov eglvar  aydyyo  (kuplog HETOAAM) €V ol dgLTEPEG
YPNOOTOOVVTOL €VPVTOTO GTNV  avATTLEN VLUEVIOV Kepapik®v vakov. H opyn
Aertovpyiog tv 000 datdéemv elvar mopdUold, OCTOCO OTIC TPAOTES N TAOT &ivat
oLVEYNG Kol OTIC OEVTEPES EVOAAUGGOUEVT] LUE GLYVOTNTA GTN TEPLOYN TOV PAOIOKVUATOV
(Radiofrequency). O1 DC povadeg dev pmopodv va ypnoipomomboiv yia thy andbeon un
AYDOYLLOV DAK®V, S10TL auTd dpovV ooV TUKVOTEG. AV 0 6TdHY0G Elval LOVOTNG, TOTE TO
AYDYLLO NAEKTPOOI0 NG KaBAd0oL Tov Ppioketon micm amd avtdv EAKEL apykd T BeTIKd
OVTO TOV 0PYOV TOL GLCCMPEVOVTAL GTNV AVOKAMUIEVT] ETLPAVELD TOV GTOYOV. ALTO TO
BetiKd poptio Tov cuoowpPELETAL £XEL GOV AMOTEAEGHA Vo amwBel Ta OeTikd 1OVTO apyoD
mov KoTaeBdvouy oy emdveln Tov otOYov. H cvoocdpevon tov optiov @Oavet
TeEMKO og T€To0 Pabud mov SoKOmTETOL OAOKANPOTIKE 1 dwdikacia. ‘Exovoue oty
ovGia £vav TANPOS POPTICUEVO TUKVOTN.

"o va cuveyiotel  dradikaoio sputtering Oo tpénet vo avooTpéYyouvue Tn TOMKOTITA TG
myns, ®ote 1 kdBodog va yiver dvodog, va €AEgl apketd mAekTpovia mov o
€EOVOETEPMGOVY TO GUOGCMPEVUEVO BETIKO POPTIO NG EMPAVEINS TOL GTOYOL Yol VO
ovveyloTel N ddkasio fe avaoTPOEY] TAA TG ToAMKOTNTAS. Ta NAEKTPOVIA AOY® TNG
TOAD KPS LALOC TOVG CLYKPITIKA pe TN UAla TV OETIKOV 1OVIOV ETTAXOVOVTOL TOAD

mo ypnyopa and to Betikd wOvra. Oa mpémel n cvyvoTTa OV gPapudlovpe vo givol
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OPKETA UEYAAN, ®oTE To OeTikd OvTa vo unv tpoiafaivouv va adidEovv katehOvvon
amd T0 AvACTPOPO TEdio (avTO MOV KateLOVVEL T 1OVTA POKPLE amd To 6TdY0). ['a avtd
70 AOYO 1) GLYVOTNTO TOV YPNGLULOTOLOVLE Etvarn TG TaENG Twv MHzZ.

Baown kukhopatikn dtagopd g RF magnetron amd ™ DC givat ) dmap&n kokAdpatog
TPOGOPUOYNG 0T TPpDOTN. AdY® TOV OTL N Thon eivon evalhacoouevn oty RF sputtering,
VTN GLUTEPLPEPETAL EV UEPT] GOV YOPNTIKOTNTO KOl €V HUEPEL GAV ®OUIKT avTioTtaot. O
YOPNTIKOS YOPUKTNPOG TNG CLCKEVNG ONUIOVPYEL OVAKAAGT] EVOG HEPOLG TNG LGYVOG TOV
napéyovpe (Tapéyel depyo 1oxH GTO GUGTNUA) LE OTOTEAEGHO VO XPELALETAL | TNYY VO
TOPEYEL LEYOADTEPO PEVUA YL TNV OO0 TNG 1010C TPOYLOTIKNG 10YVOG GTO GUGTILLOL
pe v mepintmorn Omov dgv giye yopnTikd yapoktinpa. H Adon eivar puowd n ypnon
emoywyng mov Bo avtiotaduilel T GLUTEPLPOPE TN YOPNTIKOTNTOC TOV EMOEIKVOEL TO
ocvotnua. M' avtd 1o tpdmo 1 TNy elvan cov va PAETEL Lo avTIGTOOT KOl TO PEVLOL TOV
Oa avaykdleton va mapéyetl elvar moAd pikpotepo. H emaywyn stvon puBuldpevn yuoti n
CLUTEPLPOPE TOV TAAGUOTOG €ival SOPOPETIKN avdAoya pe TS cvvOnkeg amdBeong
(veopetrpioa tOL OTOYOL, TWieon TOL  agpiov). XTO0  KUKAOUO  TPOGUPHOYNG
YPNOUOTOIOVVTOL ENMLONG TUKVAOTES Y10 TNV OKPPET TPOGAPUOYT TNG TNYNG LE TO BAAapo
sputtering kot yio TVYOV ETAYMYIKN GLUTEPIPOPE TV YYDV S10GHVIESTG.
[MAeovektyuata g DC magnetron sputtering évavtt tng amAing sputtering eivar m
enitevén vymilov pOudy ardbeonc (LExPt kot 1pum/min yio ETOTPOCELS AAOVUIVIOV), 1)
HIKPOTEPT TACT AELTOLPYIOG KOl 1) UIKPOTEPT TLEGN TOL YPNOLUOTOOVUEVOL aepiov AT,
KATL TOL aPEVOS avEdvel TNV KATELOLVTIKOTNTA TOV ATOUWV OV EoaTpakifovTal amd T0
0TOX0, L& OMOTEAECUO VO ALEAVEL KO O pLOUOG AmOBECNG Kl OPETEPOV EMUNKVVEL TN
Con TOV avTAMOV KEVOD.

—  Substrate and film growth

Sputteriﬂ I | |_

Gas — - »
%° A\ |/
®e
Aﬁ\ ooo o
1 |

— Sputtering Target

Ewéva 6. Magnetron sputtering
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2.5.2.3.2vykpron wovrofoing kot Oeppikig eEdyvoong

Ot onuovtikdtepeg 010popég mov evromilovion avapeso ot 0vo puebodovg elvarl ot

TOPAKAT®:

1. H mieon evamdBeong dwopépel onuaviikd. Xtn Oepuikn e€dyvoon 1o €0pog mieong
givar 1073 10 Torr, evéd oty 1ovtoforn eivan mepimov 100 Torr, Ta drope kot Ta
puoplo 6to BdAapo evamdbeonc dev cuykpovoviotl HETAED TOVE, EVEO GTNV 10VTofoAn
GLUYKPOVOVTIOL TPV  (TAGOVV OTNV  EMPAVELD TOL OVATTUCGETAL TOVE® GTO
VOGTPOLLAL.

2. H e&byvoon eivor pio dwdikacio mov meprypdoetor amd Tig OepUodVVOIKES
e€10M0ELS, VM 1 10VTOPOAT O)L.

3. H emopdvela mov avantiocetor 6Ty €E0XVOOT OV EIval EVEPYT, EVM GTNV 10VTOPOAN|
N E€MPAVELD VTOKELTOL GVVEXDG G€ PouPapdiopnd 1OVIOV Kol KATO GULVETELN ival
VYNAAQ evepyN.

4. To Aemtd vpévie mov mPOKVLWTOLV amd TNV  €&dyveoon omotelovviol  amod
LEYOADTEPOVG KOKKOLG, €V OTNV 10vtoPfoAn] ot kOkkotr glvar pkpdtepol Kot

npocPvovTal KaAvtepa 610 VtooTpmua (Guozhong, 2004).

2.5.3. Emotia popraxnic déounc ( Molecular Beam Epitaxy)

H teyvikn avt givon n mAéov eehypévn teyvikn andBeong Aentomv vueviov . [podxerton
v Teyvikn e€ATUiong mov yivetan pe oAl apyd pubud (mepimov 1 atopkd eminedo/min)
oe vepuynAd kevo (ultra-high vacuum- UHV, 10 — 10™ Torr). H AéEn emratia
delyvel 0TL N avamTLEN Yivetal TAVEO GE LOVOKPLGTOAAIKO DTOGTPOLO KO TO VUEVIO EXEL
11 101e¢ mMAeypatikég otabepéc pe 10 vrdotpopa. ‘Eva cvotmua MBE aroteAeiton amd
obvheto cuoTroTo KevoLy kot amottel VYA kabapdmra TV cuvOInK®OV Aettovpyiag.
IMpow and 10 vrocTpopa 6Tov Bo avartuyBel To vUEvio Bpiokovtar ot Tyég (oTd)OL)
amd 10 LAIKO 1oL Muaymyol kot Tov mpoouiéewv. Ta vAkd avtd Bpiokovrtal gite oe
yovevtplo (kehd) tomov Knudsen yia Oepuikn e€dtuion gite givarl tomobetnuéva mdvm
oTNV VOPOYLKTN ONKN TLPOPOL®V NAEKTPOVI®V.

H pébodoc MBE ypnoyomolel otepeovg otdxovg Kot €xel amodetytel va eivar moAl
OMOTEAECUOTIKY GTNV avOTTTLEN LEEVIOY TOAADY Nuayoyov III-V pe cuvamdbeon, Ommg

n.y. GaAs. Ta cvomuota MBE ypnopomolovvtor omd ta 1984 ot mopaymynq 5166wmv
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Laser GaAs kot omd to 1986 ot mopockevn] HOVOMOIKAOV OAOKANPOUEVOV

UIKPOKVUOTIKOV KUKA®UATOV Kot StmoMk®v Tpaviictop woyvog (Ionmag, 2008).

2.5.4.Spin coating

H ddwaocio spin coating ypnoiomoteitar yio ™ OMUovpYiot OHOOUOPP®V AETTOV
vueviov uovo og enineda vrootpdpato. Ev cvvtouio, katd tn dwedikacio Spin coating,
tomofeteitanl pia TocOTNTO SIHAVUATOS TAVED GTO VTOGTPMOUN, TO OTOI0 GTN GLVEXELN
TEPIOTPEPETOL PE VYNAN Toybtnta €tol dote vo eéamlwbel t0 vYypd péow TNg
eVYOKeVTpOL dvvaunc. H ovokevun mov ypnoyomoteitol yio to Spin coating ovoudletan
spin coater. H mepiotpopn cuveyileton axdun kot 6tav 1o vypod "eevyet and Tig Gkpeg Tov
VIOGTPOUOTOC, UEYPL va emitevyBel To emBuuntd mhyog tov vueviov. To ddAvpo mov
ypnoomoleitoar eivar cvvnbwg mnTkd kot tovtoypova egatuiletar. Oco mo vynin
glval n yoviokn taxdTTo TEPIGTPOPNS TOL VITOGTPOUATOS, TOGO TO AENTO YiveTol
vpuévio. To mdyog tov vueviov e&aptdton eMITALOV KOl OO TN CLYKEVIPMOOT TOL
daAdpatog kot tov dwAdt. H teyvikn spin coating ypnotpomoteitol vpimg oTIg
HUIKPOKOTOOKEVEG, OMOL KO YPNOUYEVEL GTN ONUOLPYIDL AETMTOV VLUEVIOV HE TOYN
pikpotepa tov 10 nm. Emiong, ypnowomoteiton moAd otn @otoAboypagio yio tnv

anofeom potogvaicOntov orpopdtov mepitov 1pum ndayovs ([anmég, 2008).

2.5.5.At00ypa@io niekTpovikic déounc

H MBoypapia niektpovikng déoung sivar po péBodog ompovpyiog Sopudv Ge LUEVIO UE
™ ypnomn oéoung niektpoviov. H déoun coapovel g empdvelo kaAvppévn ard 1o
MBoypapikd vuévio. To vuéEVo avtd €xel TIC 1010TNTEG TOV AMBOYPAPIKOV VAMK®OV NG
ontikng AMBoypaoiag, sivar dniadn evaichnto ot déoun niextpoviov kot avBictartol
omv eyxdpaln tov vmootpopatos. H Exbeon petafdirer tm SwAvtdTTE TOL
EMTPEMOVTOG TNV EMAEKTIKY OMOUAKPLVOY| €lte TV ektebeévov eploymv (BeTicon
tovov MBoypapia) ite Tov un ektebepévov meploy®v (apvntikod tOvov Aboypagia).
Ot dopég mov dmuovpyovvtol 6To0 AMBOYPAPIKO VLUEVIO UETAPEPOVTOL UE TEYVIKEG
eyxapaéng oto vmootpope H dnpovpyia tov oyfuatog 6to ABoypapikd vAIKO yivetal
pe KaBoonynomn g dEoUNG amd VTOAOYLOTH GTOV 0010 LVITAPYEL TO GYEGI0 TOV TPOKELTOL

va eyypagel. Eivar pio amd tic pebodovg MbBoypoaeiog ywpic pdoxo (Maskless
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lithography, ML). To Bacikd mieovéktnua tng neboddov givat 1 VYNAR avdAvon agov dev
VILAPYEL TO OPLO TOV HKOLG KVUATOC TNG onTikNg MBoypapiag. H déoun niektpoviov
umopel vo €otiooTeEl 0€ OWIUETPO HEPIKOV NM Ko vo katevBuvOel pe ™ ypnon
NAEKTPOLOYVITIKAOV 1] NAEKTPOCTATIKOV QAK®V. AVTO €lval Kot TO PHeYAAO TAEOVEKTNLLOL
TOV GUGTNUATOV QLTOV aPOD UITOPOVV VO YPAYOoLUV 6YE0 6T0 AMBOYPaPIKO VUEVIO HE
pueydan avéivon. To peovéktnuo eivor o peydiog ypoévog eyypaens. Epyoaieio mov
YPNOOTOOVV €0TIOGUEVT] dEoun MAEKTpoviov &xovv maifel onuaviikd poro otn
Brounyoavio Tov nuoyoyov yioo ToAAd ypévia. To apyikd oy€d10 Tov 0AOKANPOUEVOD
KUKADOUOTOG OMLOVPYEITOL HE TN YPNOT KOTAAANAOL AOYIoUIKOV oyedioong (computer
aided design system, CAD). Ta dedopéva mov TpokOTTovy veictovtal eneéepyacio Kot
LOPPOTOOVVIOL (MOTE VO UTOpovV va dwfactodv omd 1o cvotnuo Aboypagiog
NAEKTPOVIKNG OECUNG. ZTN GUVEYELL, TO CUGTNIA EYYPUPNS YPAPEL TO TEMKS GYED10.

"Eva o0 o eyypagng NAEKTPOVIKNG 0écung umopel va ypnooromel pe dvo tpomovg:
* Eyypaon| packag MBoypapiog

* KatevBeiav eyypaen 6to Nuoy®dyipo vrdcTpopa

Ymv ontikn AMBoypoeio pe TpoPforn) émov 10 GYES0 oL PEPEL N HAoKO CUIKpVvETOL 4
¢m¢ kot 10 @opéc ot amattnoelg Yo kpég dopég otn Laoka dev glvar 1060 peyahies 6GO
oV anevbeiog eyypagn kot oty AMBoypagio VOVOUTOTUTIMUATOS TOV £ival TEXVOLOYIES
1X. Zm MBoypagioc NGL avti g KAAGIKNG QOTOUACKAS YLOAOD YPTCLOTOIOVVTOL
dAAov TOmov pdokeg, Aemtég pepPplvec M avokAooTIKEG pAokes pHe ovvOeETA
VTOGTPOUOTO. TG TOPOTAVE TEPIMTMOGELS ATOITOVVTIOL LACKES TOAD LYNANG aKpifetog.
Ta cvoTiuoTa £yypoaens pe déoun niektpoviov eivar o pOvog SpOLOG Yo TV KOTAGKELT

HOoKOV T060 VYNAGV artaitnoemv (Towpikag, 2009).

Electron Source

Anode

Beam Blanking
Plates

Focusing, deflection
and scanning coils
Electron Detector ——> | -

A
BRLY
3 7
Sample Laser and
- -
o interferometer

Interferometric stage

Ewova 7. ABoypopio nAextpovikig 0EounG
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Ke@alaro 3: M£00dor yupokTnpiopod AETTOV VUEVIOV

3.1.HlekTtpoviko mKpookomo capmonc (Scanning Electron Microscopy)

H niexktpovikny pikpookomion capwong eivor pio omd TIG CUYYPOVEG Kol EVEAIKTEC
neBdd0vg avdAvong TS KPoSoUnG HeydAov aptfpov vAK®v. H ikavotnta v onTik®v
pikpookomiov meptopiletal AOy® g @UoNg Tov PTOHg oe emimedn peyebhvoewv €wg
1000x ka1 o€ drokprtikn Kavotto £wg 0.2 pm. X11¢ apyéc ™ dekaetiog tov 30 vanpye
NoOMN N avaykn Yoo e£E€TACT TOV ECMTEPIKOV TOV KLTTAPOL (TLPNVAS, UITOXOVOPLOL KAT.)
oV amaitovoe peyedovvoelg peyodvtepeg tov 10,000 X. H amaitmon avty odnynoe otnv
aVOKAALYT] KO EPOPLOYT TOV NAEKTPOVIKAOV UIKPOGKOTIMV.

To niektpovikd HIKPOGKOTO Ghpmong glvar &va dpyavo mov Asttovpyel OT®G mepimov
Kot €vo OmMTIKO UIKPOOKOTIO HOVO ToL ypnoutomolel déoun mAektpoviov vyming
EVEPYELOG aVTL Y10 QMG, Yo Vo eEeTdoeL avTikeipeva o Aemtopepn kKAipaxko. H dokprrikn
wavomra  evog SEM efaptdtor amd v SGpETpo TG OEGUNG TOV TPOCTIMTEL GTO
delypa, To pevpa g déoung, ) peyEBuvon tov e0MA0V, TOV THTTO TOV NAEKTPOVIOV TOV
YPNOLOTOOVVTOL Y10 TNV OMEKOVION Kol TO. COUALOTO TOL QOKOV. Mg tnv ypron
vijnatog BoAgpapiov N dtakprtikn kavotnta givor g tdéewg Alyov nm. Ta tedevtaio
xpovia pe v xpnon myov tmov FEG (Field Emission Gun) n Béitiot dtakpitiky
wavomrta mpooeyyilet ta 0.5 nm.Ta nAektpoévia AOy® TG KLUATIKNG TOLS QUONG
UTTOPOVV VO EGTIOGTOVV OTMG KOt TOL POTEWVE KOUATO GAAL GE TOAD LKPOTEPT EMLPAVELQ
(.. KOKKOG VAKOV). H déoun nAektpoviov cap®dvel TNV EMPAVELN TOV OEIYLLATOG LE TO
omoiov OAANAOETOPA. ATO TNV OAANAETIOPAICT] OVTH TPOKVTTOVV TANPOPOPIEG GE YD
pe ta dropa TV ototyeiov mov amaptifovv 10 eEeTaldpevo VAKO. Ao To ATOMO TV
otoleimv  exkméumovtan  Kupiwg odgvtepoyevr] (secondary) kot omcbookedoalopeva
(backscattered) miextpovio kobmdg kot aktiveg X. H évtoon tov ekmepmopévov
niektpoviov ennpedleTor amd TO YAPOKTNPIOTIKA NG empavelns. 'Etor 1o SEM divel
TANPOPOPIES TOV APOPOVV KLPIWG OTN HOPPOAOYiD. KOl GTI) GVOTOCN TNG EMLPUVEINC.
Epappodlovtag éva cvomnuo aviyvenons g Sloomopds TV EVEPYELDV TOV OKTivov X
OV OMUIOVPYOVVTOL OTNV EMPAVEIDL OO TNV TPOCTIMTOLGA OGN, Umopel va yivel

NUWTOGOTIKY GTOLEWKN avdAvon Tov vVAkov. Emopévag to SEM ypnoyomoteital yi
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™V €E£TOON WKPOOOUNG OTEPEMV OEYUAT®V KOl Yio Vo divel ikoves vyniov Pabuov
deiodvong.
H Bacwm apyn Aertovpyiog meptrapPdvel v aktivoPorio Tov delypotog He po KoAd
eotwopévn  oéoun  niektpoviov. H o mepoy]  O6mov  evepynTiKG  MAEKTPOVIOL
OAANAOETOPOVY UE TO OTEPED, €VOMODETOVTAG EVEPYELD KOl TOPAYOVTIOS EKEIVEG TIG
HOPPEG OELTEPEVOVGOC OKTIVOPOAIOC TOL LETPALE OVOUALETOL OYKOG OAANAETIOpOONG.
H Seiodvon g déoung oto deiypa kabopiletor omd T1g TopaKAT® 4 TOPAUETPOVS KoL
KLPlG TIG dVO TEAELTOIES.

1) IToca niextpovia Exovue oty déoun (emission current)

2) Alduetpo g déoung (Spot size)

3) Tayvtnrta / Evépyelo tov niektpoviov (accelerating voltage)

4) Eidoc tov detypotoc (MEcoc atoptkdc aptfpuog Tov delypatog)

MpooTmiTmovca SEGpN
NAEKTPOVIWY

Dnlcﬁocrlcfﬁalcjpwa XapakmproTikic
nhskTpovIa akriveg X
Asutepoyeviy ] Euveysig akTiveg X
NAEKTpOVIO Oparé puc
Auger
|]h(nT;OV|a \‘\X _/’ Otppaven
L 1
Aokipno L
leiwan
ArorepoToTnTog Ekedafopeva
nAekTpévia nAekTpovia

Ewévo 8. ®awvopeva oadnienidpacng déoung - detypatog

Ot aAAnAemdpacelc mov cvpupaivovv avlpeso 6to Sty Kot To NAEKTPOVIO TNG 0EGUNG
wepAapPavouv:

1) doption (Charging). Xvoodpevon poptiov niektpoviov oto deiypa (o vo pnv
ocvpPaivel avtd to deiypa Ba mpémel va elvar ay®@yo Kot cuvOoedEUEVO e Yelmon 1| va

YPNOUOTOIEITOL YOUNAD SVVOUIKO ETITAYVVONC)
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2) Elaotikn oxédaon nhektpoviov
3) Mn elooTiKr] 6k€d0oN NAEKTPOVILV
4) Oépuaveomn tov deiyuatog

Ewéva 9. Hlektpovikd pkpookomo chpmong

H Aertovpyio tov SEM ompiletar otig aAlnienidpdoeic Tov mpog eEETaom delyLoTog Kot
G TpooTintovcag o6& avtd déounc niektpoviov. Ot Pacukés datdéelg mov VIapyovV
O0TO UIKPOGKOTIO €lval TO CUOTNUO TOPOY®YNS OEGUNG MAEKTPOVIOV, TO GUGTNUO
KatelBvvong g 0EGUNG, TO GUGTNLLO TANPOPOPLDOV KOt TEAOS TO GUGTILLA KEVOD.
Ta Bacikd otdd10 Asttovpyiog vOg NAEKTPOVIKOD HIKPOGKOTIOL giva:
1) Zynuatileton pio déoun nAekTpoviov amd TV wNYN 1 0Toio EMTAYVVETAL TPOG TO
delypa péow evog BeTiKov NAEKTPIKOD SVVAIKOD
2) XpNOYOTOIOVTAG UETOAAIKA OvOlyHOTO, MAEKTPOUOYVNTIKOVG (OKOVS Kot mnvia
olpmong, emMTLYYAVETOL pio AEMT ECTINGUEVI] LOVOYXPOUOTIKY OEGUN 1 omoia
COPMVEL TNV EMPAVELD TOL SEIYUATOG
3) Ot aAMNAETOPAGELS OEGUNG OELYLOTOG KOTOYPAPOVTOL OO TOVG OVIXVELTEG KOl
LLETOTPENOVTOL GE EIKOVOL.
Ta mapomdve otddio 16x0ovY Yy GAOVG TOVG TUTOVS MAEKTPOVIKAOV HKPOCKOTIWOV

(®aococéag) (Kuprakiong & Mmivag, 2014) (HudémovAog & Karartliong , 2015).
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3.2. Hiektpoviko mkpockomo diéhevenc (Transmission Electron Microscopy)

210 MAEKTPOVIKO HKPOOKOTIO OEAELONG 1 TNYN NMAEKTPOVIOV omoTeAeiTal Eva ViLLOL
Boippapiov (1 axida LaBg) mov pe v mupdktmor|, 0tav mepdcel amd avTtd NAEKTPIKO
pevpa, ekméumel nhektpovia. Meta&h Tov VAUOTOC, oL amoteAel TV kB0do, Kol TG
avodov, gpoppoletol pa dtpopd duvoukod (cvvhbog e taéng tov 60-100 kV) 1
omoio. emroyvvel o NAektpovia. H mopeia tov miektpoviov, puBuiletor amd TOVG
NAEKTPOUOYVITIKOVG POKOVE GTOVS 0moiovg aAAGLOVTAG TNV £VTOOT TOV PEVUATOS TOV
TOVG OlOMEPVAEL, UTOPOVUE VO LETAPAAAOVIE TNV EVTAGN TOV HOYVNTIKOD TTEGIOV TOVG
(ONAadn TNV €0TIOKN TOVG OmMOOTACY]) KOl ETOUEVOC VO €0TIAGOLUE TN OEOUN TOV

NAEKTPOVI®V TAV® GTO TOPUCKEVOGLOL.
O1 k0pleg puBuicelg o€ Eva NAEKTPOVIKO LIKPOGKOTLO SIEAELONG EMLTVYYAVOVTOL LUE:

1. tov ovykevipmt) Gaxo (condenser lens), estiacn Thg 0EGUNG OTO TAPAGKEDAUGHLAL.
2. Tov avTikeeviko eakd (objective lens), eotiaon g ewkdvag otny 006v.

3. tov evdldpeco N kat eakd wpoPoing (intermediate, projector lens) yio ™ pOOuon g
peyéduvong.
H ewova oynmuotiletor mdve oe o 006vn emkoioppévn pe eooeopilovoca ovcio
omoia dteyelpeTat amd To NAEKTPOHVIOL TOV TEPTOVY EMAVA TNG, POV OVTA SOTEPAGOVY TO
napoackevacpo. To onueion Tov TOPACKEVACUATOS TOL Ogv givar dlamepatd amd To
NAEKTPOVIO, MO Oivouv OKOTEWVEG TEPLOYEG (MAEKTPOVIOPIAEG, MAEKTPOVIOKE TUKVEG,
electron dense) evd avtifeto ta damepotd onueion (mAektpoviakd dwagavy, electron
lucent) pag divouv @oTEWEG TTEPLOYES. AVTN 1 dOPOPOTOINGT EMTVYYAVETOL UE TNV

EKAEKTIKY] «(PADOGN» TOL TOPUCKEVAGUATOC
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Ewévo 10.Zynpotikn Toapdotact vog NAEKTPOVIKOD [KPOGKOTIOV S1EAEVOTg

Ddvowd avtég TIg €KdveG €kTOG TOL OTL pmopovy va mopotnpnlovv ar' gvbeiog oy
006vn ToL UIKPOGKOTIOV, UITOPOHV KOl VO OTEIKOVIGOOUV LE TIG E0IKEC POTOYPAUPIKES
UNYoveg mov  eivonl TAVIO EVOOUATOEEVEG OTo MHkpookomia. Ta mo  cuyypova
LIKPOGKOTIO, SLOOETOVY EVEGOUATOUEVT] YNOLOKT KAPEPO KOl LMKPODTOAOYIGTH Kot £TGL
umopel va yiver amevBeiog ymelomoinon kot amobrkevon g ewkovoag. Emedn ta
NAekTpoOVIaL O UTOPovV va TaEIOEYOVV GTOV 0EPX, TO OAO CLGTNUO, TNYT NAEKTPOVI®V,
eokoi, mopackedooua, 006vn Kot cHOTUO EOTOYPAENOoNS TPénel va Ppickovtal Gg
VMo kevd g TaEng tov 107 Torr tovAdyotov. O Tpdémog mov Aertovpysi To
NAEKTPOVIKO HKPOOKOTO, WaG 0€tel MTOAAODG TEPLOPICUOVS G TPOS TN GUoN T®V
delypdTv mov pmopovpe vo mapatnprioovpe. ‘Etol éva dstypa yio va givol dvvotd va
nopaTnpNOel Le TO0 KAUGGIKO NAEKTPOVIKO HKPOCGKOTIO SIEAEVONG Kol UE TIG KAUGGIKES

neBddovg Ba Tpémet va £xEL TIG TOPAKAT® WOOTNTEG:

0. VO AVTEXEL GE DYNAO KEVO,
B. va ivon otaBepd 1o PopPapdiopd nhektpovimy,

Y. va givorl apKeTd AETTO Y10 VoL LTTOPOVV VOl TO SLOTEPVOVV TO NAEKTPOVIWL, KoL
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. VoL EMTPEMEL T OL0POPIKN OKESOOT TV NAEKTPOVIDV.

AVTEG Ol 1010TNTEG OV TPEMEL VoL €YEL £VOL TAPOACKEVAGHA, oG TepLopilovv 610 va
umopovue vo eggtdoovpe UOVO  povipomompéva  oetypato  (VEKPA), OQULONTOUEVA,
KOUUEVA o€ TOAD Aemtég TOUEG (Tayog 50-100 NM) Kot «YpOUATIGUEVEY LE «YPOOTIKES)

7OV TEPLEYOVV Paptd HETOANN, OTTMG Y10 TOPAdELY O Elvat 0 LOAVPSOG KOl TO OVPAVIO.

3.3.Hepi0lacwmerpio axtivav (X-Ray Diffraction)

Ot axtiveg X avakolvednkav and tov Wilhelm Rontgen to 1895 o6tav dwmictwoe
TEWPAPATIKA OTL TPOKELTOL YLl MAEKTPOUAYVNTIKY OKTWVOPOAlR HE HNKOG KOUOTOG
nepinov10™® m. Kotd v ido mepiodo mepimov Gpyioe vo popponoteitat 1 180 oty
EMOTNHOVIKT] KOWOTNTA OTL TO, ATOHO O€ £€va KPUOTOAMKO oTePed givarl dtevbetnuéva
ot Béoelg evOg MAEYHATOG, O WK KOTE KOVOVIKA Ol0GTALOTO ETOVOAOLBOVOLEVT)
duataén. MaMota 1 eKTIHOUEVT andoTAo HETAED TV ATOU®V BewpnOnke OTL Tay 6TV

nepoxy tov A (1A=10"°

m). Zvvovalovtag Tig ovo avtég 10éeg o Max von Laue
npoteve to 1912 611 Ba Ntav duvatd €vag KpOOTAALOG v omoTeAécel éva €100G
TpLeddcTaton Epaypatog mepibiaong axtivov X. Eropéveag, pa déoun aktivov X Ba
UTOPOLGE VO VITOGTEL OKEDAOT] OO TO LEUOVOUEVE ATOUA €VOG KPUGTOAAOL EVD TO
okedacBévia kopata Bo pmopodcav va cuopPfailovv dmwg cvuPdAiovv Ta POTEWVA
Kopata amd £vo epayuo tepiflacons. Ty TpoyHoTiKoTnTo, CLTO TOL TOPATHPNCE O VON
Laue Ntav to yeyovdg 0Tt Otav o déoun oktivov X mpocémumte mlveo o€ va
KPUOTOAAIKO GTEPEd TOTE Ol OlEpPYOLEVEG OO OVTO OKTIVEG OTOTLTIMVOVIOV GE £Vo.
QOTOYPAPIKO YOPTL HE TNV HOPON KOVKIO®V OV TOPOLCIALOVTOY GE GUYKEKPIUEVEG
0éoelc . H omovdaidtnta avtig e mopatnpnong £YKELToL 6To YeYovog OTL OTOTEAEGE TNV
TPMOTN POPA TOL GLGYETICTNKE 1) TEPiBAaoT TV aKTivev X Le TN doun VoG VAIKOV.

Ot axtiveg X, ommg €xet MO avoeepbel, givar niektpopoyvntikd KOLOTO OTOTE OTOV
TPOGTIMTOVY GTO ATOWO EMAYOLV NAEKTPIKN OTOMKN pomn o€ kdbe £va omd avtd. X
OCLVEXELN TO, ATOLLO, TO, OTTOL0L AEITOVPYOVV MG OlmoAn, okeEAALOVV TIC aKTiveg X TPOG OAEC
116 katevBvveels. 'Etot, avtéc Aoym g okédaong 010didovTal 6To YMPO GOV OUOKEVTPOL
KOk ol. Opowa eivor 1 ovumepipopd TV oktivoy X Kol OTIG TPES OCTACELS, OTAV
oniadn &yovpe va KAVOvue pE €va KPOGTAALO, OTTMOC POIVETOL GTO TOPOKAT® GYNUO,

Omov OAa Ta dTopa T omoia Bpickovion 6To 1010 KPLOTAAMKO EMMESO GKEDALOVYV TTPOC
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ovykekplpéveg katevBivvoelg. Ot okedalopeveg OGS axTiveg GUUPBAAAOVY GE OPIGUEVEG
KaTELOVVOELG, LI AMOTEALEGLO GE AVTEG TIG KATEVOVVOELS, AOY® aKPP®G TG GLUPOANG, N
évtaon Tovg va eivor moAd peyoAvtepn. Ot katevBhvoel otig omoieg ocvpPaivel M
ocupuporn divovtar amd ™ yvootn e&icmon mov avagépeTatl Kot g vopog tov Bragg kot
etval m e€nc:

ni=2dsin0

OOV A: TO UNKOG KOUOTOG TNG akTvoPoiiag

d: n andotaon peToEL  SLOSOYIKOV KPLOTOAMKAOV EMMEdWV O  GUYKEKPIUEVT
KPLOTOAAOYPAPIKY| dtevbuvon

0: n yovia mepiBiaong Ko

n: évog euotkog apBudg (=1, 2, 3....)

H &&icmwon avtn, epappoyn g omoiag yivetar oe OAa ta mepBracipeTpa Kot amotehel
TO CTUAVTIKOTEPO EPYOAEIO Y10 TN GLGYETION TOV YOVIOV TepiBiaong Tov aktivov X pe
T doun evog kpvotdAiov. Amd ™ ovykekpuévn elowon elvar eavepd Ot M yovia
nepiBhaong e€aptdtor amd TV ATOCTUCT TOV OIKTVMOTMOV EMITEOMV YO TNV OVTIGTOLN
KPUOTOAAOYPAPIKY] S1ebOLVON. AlQopeTikés opdoeg emmédmv o€ €vo TAEYHO, €YOLV
drapopetikég TipéC g neta&d toug amodotaons. H amoctaon dhkl peta&d 6o emmédwv,
uetpnuévn oe opbn yovia pe ta enineda, eEaptatar and tovg dsikteg Miller (hkl) tov
emmédov Ko 11§ otabepég mAéypotoc. H mepibiaom tov aktivov X Beopeiton og n mo
OMUOVTIKN TEYVIKT Yl TN OlEPEVVNON TNG KPLGTAAAKNG OOUNG oTEPE®V. TNV doun TV
OpLKT®V uUmopoOue vo mhpovpe xotd v mepiblaon tov axtivov X mlveo of
HLOVOKPLGTAAAOVS OpUKT®V | 6 okovn. Tlapéyer ™ dvvatdoTo emakpiovg pETpnong
™G amootdoemg HeTald TV EMTEOOV GTO KPLOTOAMKO TAEYHO KOODS Kot TOV
TPOCOOPICUO NG TAEYUOTIKNG OOUNG OOVOET®OV KPLGTOAA®V ovENUEVNG OOUIKNG
nepumAokodmTog. Emiong, ypnowomoteitor kot yio avoAvoelg povtivag pe Pdon
OUYKPIO] TOV QOCUATOV TOL OVOADTN HE TPOTLTA (QPACUATO EVACE®V omd PACELS
dedopévmv. Téhog, Exel Ppet evupela ePapLOY KO Y10 GTIV TOCOTIKY| AVAALGT UYHATOV
LE XPNOT TOL AOYOL VYAV TOV KOPLO®OV KOl GUYKPLICT] TOVG UE AVTIGTOL0VS AGYOLS TV

OV pypdtov yvootg cvuykévipmong. Eropévag, ypnoyonoovpe v nepiblacn tov
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aKTivov X Yo v TAPOVLE TANPOPOPIES dOUNG EVOC KPLGTAAAOL OPLKTOV 1} Y10l VAALGN

0PLKTAOV PAce®V evOc Tetpodpatog (Kapapmac, 2007).
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Kepdiaro 4:Alovpivio & OEgidro Tov ahovuviov

4.1.A)lovpivio

To apyidio i akovpivio (Aluminium) eivar to ynuikd otoyeio pe ovpporo Al kan
atopkd opBuo 13. Eivar éva apyvpOrevko HETOAAO GTOLEIO TOL OVIIKEL GTNV OUAdN
1A (13) TOV TEPLOdIKOV GLVoTAHATOG Hali e To Bopro. Eivar To mo debovo pétairo oto
eAowd ™G I'mg Ko ovvoAikd to Tpito MO APBovo YNUIKO oTOLEl0 GLVOMKAE GTOV
TAavnTn, petd to o&uydvo ko to moupito. Katd PBdapog amotelel mepimov 1o 8% tov
o1ePE0y PAO10V. Q01000 givor TOAD dpacTikd yMukd dote vo Bpioketal ot eOoN ©G
erevBepo pétarro. Avtibeta, Bpioketar evopévo og mave omd 270 d1apopeTikd 0pLKTA.
H xdpra myn yo ™ PBropnyovikn mopaymyn tov petdAlov eivar o Bo&itc. To petoadiikod
aAoVUiVIO €xel (QAIVOUEVIKA) HEYOAN KOVOTNTO GTO VO OVTIGTEKETOL OTN OdPpwon).
Avtd otmv ovcio ovpPaiver ywoti pe v €kBeon ToL PETAAAOL OGNV ATHOCOOIPQ
oynuatiCer otrypoio €vo AETTO EMOAVEINKO, U1 0pATO, OTPAOMO 0EEWiov TOL, OV
eumodiler  Pabitepn d14fpwon Tov (pavopevo g tabntikonoinong). Emiong, e&ottiog
NG GYETIKA YOUNANG TOL TLKVOTNTOG KO TNG HEYOANG TOL KOVOTNTOS VO OMUOVPYEL
HEYAAN TOIKIMO KPAPAT®V, £YIVE GTPATNYIKO UETAALO YO0 TV OEPOIACTNUKY (Ko Oyt
puovo) Puoounyavia. Efvai, emiong, eEapetikd ypnowo ot ynuikny Propnyovio, t0c0
OLTOVCI0 O KATAADTNG, OG0 KOl UE TN HOPPT SpOpV evidce®dv Tov. Ot 1310TNTES TOV
Kévouv 10 oAOLUIVIO TOGO onuavtikd yu TV Prounyavio eivar o YopMAd Tov E101KO
Bapog, N VYNAN aVTOYN TOL GE PUNYOVIKEG KATOTOVIGELS Kol 1| EEQUPETIKT] OVTOYN TOL GTN
dwPpwon, n omoia opeileTan 6To Pavopevo g madntikonoinong. To kabapd alovpivio
elvar apketd poAakd wor OAkio. Mg v mpooHnkn odnpov, yoAkod Kot GAA®V
KPOLOTIKOV 6ToXElmV BEATIOVOVTOL KOTA TOAD 01 pUnyaviké Tov 1010t tec. To aAovpivio
voioTatal e0KoAa Katepyasia pe yOtevon kat pe agaipeon viukov. [lapovcidlel, eniong,

TOAD KoAY Oeppikn Kot nAektpikn ayoyipdmra (Xpvcsovidkng & A. IMoavieAng, 1996).
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https://el.wikipedia.org/wiki/%CE%A7%CE%B7%CE%BC%CE%B9%CE%BA%CE%AC_%CF%83%CF%84%CE%BF%CE%B9%CF%87%CE%B5%CE%AF%CE%B1
https://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BF%CE%BC%CE%B9%CE%BA%CF%8C%CF%82_%CE%B1%CF%81%CE%B9%CE%B8%CE%BC%CF%8C%CF%82
https://el.wikipedia.org/wiki/%CE%92%CF%8C%CF%81%CE%B9%CE%BF
https://el.wikipedia.org/wiki/%CE%93%CE%AE%CE%B9%CE%BD%CE%BF%CF%82_%CF%86%CE%BB%CE%BF%CE%B9%CF%8C%CF%82
https://el.wikipedia.org/wiki/%CE%93%CE%B7
https://el.wikipedia.org/wiki/%CE%A0%CE%BB%CE%B1%CE%BD%CE%AE%CF%84%CE%B7%CF%82
https://el.wikipedia.org/wiki/%CE%9F%CE%BE%CF%85%CE%B3%CF%8C%CE%BD%CE%BF
https://el.wikipedia.org/wiki/%CE%A0%CF%85%CF%81%CE%AF%CF%84%CE%B9%CE%BF
https://el.wikipedia.org/wiki/%CE%9F%CF%81%CF%85%CE%BA%CF%84%CF%8C
https://el.wikipedia.org/wiki/%CE%92%CF%89%CE%BE%CE%AF%CF%84%CE%B7%CF%82
https://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BC%CF%8C%CF%83%CF%86%CE%B1%CE%B9%CF%81%CE%B1
https://el.wikipedia.org/wiki/%CE%9F%CE%BE%CE%B5%CE%AF%CE%B4%CE%B9%CE%B1
https://el.wikipedia.org/wiki/%CE%A0%CF%85%CE%BA%CE%BD%CF%8C%CF%84%CE%B7%CF%84%CE%B1
https://el.wikipedia.org/wiki/%CE%9A%CF%81%CE%AC%CE%BC%CE%B1
https://el.wikipedia.org/w/index.php?title=%CE%A0%CE%B1%CE%B8%CE%B7%CF%84%CE%B9%CE%BA%CE%BF%CF%80%CE%BF%CE%AF%CE%B7%CF%83%CE%B7&action=edit&redlink=1
https://el.wikipedia.org/wiki/%CE%A3%CE%AF%CE%B4%CE%B7%CF%81%CE%BF%CF%82
https://el.wikipedia.org/wiki/%CE%A7%CE%B1%CE%BB%CE%BA%CF%8C%CF%82
https://el.wikipedia.org/wiki/%CE%9A%CF%81%CE%AC%CE%BC%CE%B1
https://el.wikipedia.org/w/index.php?title=%CE%A7%CF%8D%CF%84%CE%B5%CF%85%CF%83%CE%B7&action=edit&redlink=1
https://el.wikipedia.org/wiki/%CE%98%CE%B5%CF%81%CE%BC%CE%B9%CE%BA%CE%AE_%CE%B1%CE%B3%CF%89%CE%B3%CE%B9%CE%BC%CF%8C%CF%84%CE%B7%CF%84%CE%B1
https://el.wikipedia.org/wiki/%CE%97%CE%BB%CE%B5%CE%BA%CF%84%CF%81%CE%B9%CE%BA%CE%AE_%CE%B1%CE%B3%CF%89%CE%B3%CE%B9%CE%BC%CF%8C%CF%84%CE%B7%CF%84%CE%B1

Property Value IBi6nTa
Density 2.71gim’ MukvoTnTa
Melting Point 659°C Znueio 114€ng
Specific Heat 0.90 J/g-°C EIBIkr Oeppémnra
Young's modulus (bulk value) 70 GPa Z1afepd Tou Young yia 10 UTTOaTpWUA
Poisson's ratio 0.35 Aéyog Poisson
Ultimate tensile strength 110 MPa Opio SOvaung emprikuvong
Ultimate shear strength 70 MPa oplakry/rehikr| diarpnmikn Sdvapn
Yield tensile strength 100 MPa amodidovoa exramik SUvaun
Yield shear strength 55 MPa armrodidovoa diartunTike duvaun
Thermal cenductivity 2.37 Wicm-"C Oeppiki aywylpotnTa
Coefficient of thermal expansion 23.6'10-6 °C” ZuvreAeoTrig BeppikAg SiagTohrg
Resistivity 2.82°10-6 W-cm AvrtioTaon

Ewoéva 12. 1816t teg ahovpviov (kabapdtnrog 99,6%) o Oeppokpacio dopatiov

4.2.0&E¢gid0 Tov aAovuHIVioV

To 0&eidio Tov aAovuviov 1 cAoVHIVA Elval pia avopyovn XNUKY Eveoon Tov 0&uyovoy
Kol Tov apytMov. Mmopel va givar évodpn 1 dvudpn. H arovdpva eivor amd to mo
OKANPA KEPUUIKA DAMKA, VO givor 0100€00UEVO KOt GYETIKA OTNVO pe KaBapotnta 94%.
YuvBmg cuvavtdtol o€ d1aPavelg KPUVOTAAAOVG 1 o€ dompn okovn. To vAkd avtd gival
oKANPO Kol SVCKOUTTO, TOAD KOADS ay®yOg NG OepuoTNTaS Kol LOVOTNG TOL NAEKTPIKOD
peopotog. O kpHotadhog Tov 0&ewiov tov apydiov yapaktnpileTtoar omd 1GYVPOVG
OVTIKOVG 0eGHOVG. O decpdg PETOED TOL apylAiov Kot Tov 0&uydvou Exel amoderydel Ot
elval OpOOMOAIKOG 0ecnOC 0 omoilog Telvel va eKQLMOTEL O E€TEPOMOAKO, TLO
OLYKEKPIUEVO TO NAEKTPOVIOKO VEPOG TOV Hopiov eppavilel petadd Tov 600 atdpmv Eva
moAY évtovo otévoua. Evromileton o didpopeg paocelg pe Bepelmon v eaymvikn
@aom tomov a. To 0&eidio Tov apytdiov eitvar Suveddivto oto vepd e Beppokpacio THENG
2020°C. H aiovpva dev givor dpactikn o€ o&éa 1 BAcELS Kot 6TIC VYNAEG Beprokpacies.
Avtidpd pe to vypo eO6p1o, To VOPOPHOPIKO 0EL KoL TO POSPOPIKO 0EV. H dpactikdTn T

¢ ahobuvag avdveton pe v mapovoia atpmv oikaAiov (Adams, 2002).
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https://el.wikipedia.org/wiki/%CE%A7%CE%B7%CE%BC%CE%B9%CE%BA%CE%AE_%CE%AD%CE%BD%CF%89%CF%83%CE%B7
https://el.wikipedia.org/wiki/%CE%9F%CE%BE%CF%85%CE%B3%CF%8C%CE%BD%CE%BF
https://el.wikipedia.org/wiki/%CE%91%CF%81%CE%B3%CE%AF%CE%BB%CE%B9%CE%BF
https://el.wikipedia.org/wiki/%CE%88%CE%BD%CF%85%CE%B4%CF%81%CE%BF_%CE%AC%CE%BB%CE%B1%CF%82
https://el.wikipedia.org/wiki/%CE%9A%CE%B5%CF%81%CE%B1%CE%BC%CE%B9%CE%BA%CF%8C_%CF%85%CE%BB%CE%B9%CE%BA%CF%8C
https://el.wikipedia.org/wiki/%CE%98%CE%B5%CF%81%CE%BC%CF%8C%CF%84%CE%B7%CF%84%CE%B1
https://el.wikipedia.org/wiki/%CE%9C%CE%BF%CE%BD%CF%89%CF%84%CE%AE%CF%82
https://el.wikipedia.org/wiki/%CE%97%CE%BB%CE%B5%CE%BA%CF%84%CF%81%CE%B9%CE%BA%CF%8C_%CF%81%CE%B5%CF%8D%CE%BC%CE%B1
https://el.wikipedia.org/wiki/%CE%97%CE%BB%CE%B5%CE%BA%CF%84%CF%81%CE%B9%CE%BA%CF%8C_%CF%81%CE%B5%CF%8D%CE%BC%CE%B1
https://el.wikipedia.org/wiki/%CE%9A%CF%81%CF%8D%CF%83%CF%84%CE%B1%CE%BB%CE%BB%CE%BF%CF%82
https://el.wikipedia.org/wiki/%CE%99%CE%BF%CE%BD%CF%84%CE%B9%CE%BA%CF%8C%CF%82_%CE%B4%CE%B5%CF%83%CE%BC%CF%8C%CF%82
https://el.wikipedia.org/wiki/%CE%9F%CE%BC%CE%BF%CE%B9%CE%BF%CF%80%CE%BF%CE%BB%CE%B9%CE%BA%CF%8C%CF%82_%CE%B4%CE%B5%CF%83%CE%BC%CF%8C%CF%82
https://el.wikipedia.org/wiki/%CE%95%CF%84%CE%B5%CF%81%CE%BF%CF%80%CE%BF%CE%BB%CE%B9%CE%BA%CF%8C%CF%82_%CE%B4%CE%B5%CF%83%CE%BC%CF%8C%CF%82
https://el.wikipedia.org/w/index.php?title=%CE%A6%CE%AC%CF%83%CE%B7_%28%CF%87%CE%B7%CE%BC%CE%B5%CE%AF%CE%B1%29&action=edit&redlink=1
https://el.wikipedia.org/wiki/%CE%9A%CE%BB%CE%AF%CE%BC%CE%B1%CE%BA%CE%B1_%CE%9A%CE%B5%CE%BB%CF%83%CE%AF%CE%BF%CF%85
https://el.wikipedia.org/wiki/%CE%9F%CE%BE%CF%8D
https://el.wikipedia.org/wiki/%CE%92%CE%AC%CF%83%CE%B7_%28%CF%87%CE%B7%CE%BC%CE%B5%CE%AF%CE%B1%29
https://el.wikipedia.org/wiki/%CE%98%CE%B5%CF%81%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%83%CE%AF%CE%B1
https://el.wikipedia.org/wiki/%CE%A6%CE%B8%CF%8C%CF%81%CE%B9%CE%BF
https://el.wikipedia.org/wiki/%CE%A5%CE%B4%CF%81%CE%BF%CF%86%CE%B8%CE%BF%CF%81%CE%B9%CE%BA%CF%8C_%CE%BF%CE%BE%CF%8D
https://el.wikipedia.org/wiki/%CE%A6%CF%89%CF%83%CF%86%CE%BF%CF%81%CE%B9%CE%BA%CF%8C_%CE%BF%CE%BE%CF%8D
https://el.wikipedia.org/wiki/%CE%91%CE%BB%CE%BA%CE%AC%CE%BB%CE%B9%CE%B1

4.3.0Q¢gppikn 0EEIdMGT TOV GAOVULVIOV

SOUPOVO  HE EMOTNUOVIKEG £pevvec mov peAétnoov 1Tn Oeppuxkn o&egidmon Tov
alovpviov, pe T ypnon g OgpuofapvpeTpikng Avaivong kot TG AlPOPIKNG
Oeprdopetpiag oapwong (TGA / DSC) 10 mocootd 1Y/ ko 1 £ktacn ¢ o&gidmong otov
aépa Ppédnke va eivor un ypopkn oe oxéon pe 1 Beppoxpacio. Meta&y 650 ko
750°C éhafe yopo moAd pikpn ofeidmwon, akdpa Ko petd amd 12 mpec. Xtovg 850°C
napatnpnOnke ofeldwon petd amd mepiodo emaymyns, evd oe o&eldwon 950°C dev
eupaviomke mepiodog emaym®YNg Kot Tpoypatoroonke mapopotog Paduds o&eldwong e
toug 850°C. Ze Ogpuokpocieg ofeidmong peta&y 1050 ko 1150°C vanpe toyeia
TaONTIKOTOINGN NG EMPAVELNG TOV OAOLUVIOL Kot avénon g Halag tov, eV GTOVG
1250°C xou dve, mopatnpndnke apykd toyele ovénon g palog kot otn GuvEXEL
akoAovOnoe pio otadiakn avénon (Jeurgens, Sloof, Tichelaar, & Mittemeijer, 2000)
(Trunov, Schoenitz, & Dreizin , 2006) (Coker, 2013).

Growth of Amorphous—y Al.O, | Growth of y ALO Growth of
amorphous oxide SEHEEEL Y= (50)—a ALO a ALO
Healing of y ALO film | "y o citions .
ALO~ °
g | 2088NNe afl LN
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(o2}
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160~ stage | |ep
140 |

120} /——
100F———f’r—“‘*"/ | |

300 600 900 1200 1500
Temperature, °C

T'GA (mass increas

Ewévo 13. Zynpotiky avoropdotooT Tov 0AALYdV Tov AoUBEvouY y®pa 6€ GTPOUE 0AOVULVAG G

aAovpivio kot To, Ogppokpaciaxd e0pn oto onoio wpaypatororovvral(Coker, 2013).
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Ewova 14. Métpnon g évioaong kopuenic DSC katd v éxbeon tov Al otov aépa oe oyéon pe

Beppokpacia ékBeong (Coker, 2013).



Kepdloro 5: Hiektpikéc & HAEKTPOVIKES 1010TNTES

5.1.Hiexktpikéc Iowotntec

O1 Baoikéc NAEKTPIKEG 1O10TNTEG TOV OG EVOLAPEPOVY EIVOL 1] NAEKTPIKT OYOYILOTNTA G
Kot 1 OAekTpiKy] otabepd (N MAEKTpIKN emdekTikKOTTA) € Me TNV TOPOUETPIKN
HETPNON AVTAOV TOV dVO WOTATOV gival duvatdv vo eEGyovpe COUTEPAGHOTA Yol EVaV
NAEKTPIKO Oy®Yd, £vav LOVOTY), Evay MUIOY®YO, Y10 TOV NAEKTPOVIKO TPOGUVUTOAGLO
eVOG OMAEKTPIKOV, YO TN GULUTEPLPOPA TNG MAEKTIPIKNG EVEPYELNG OE YPOVIKMG
petafintég ovvOnkeg mAektpopoyvntikov mwediov kAm. H ovoyétion peta&d g
TUKVOTNTOG TNG £VTAONG TOV NAEKTPIKOD PEVUATOC J, Kol TNG €VTOGNG TOL MAEKTPIKOV
nediov & og éva vAIKO divovton and Tov TEpipnpo vopo tov Ohm: J = 6& (1). Omov o givon
N NAEKTPIKN Ay@YUOTNTO. ZOUE®VO LW 0LTOV TOV VOLO GUVAYETOL TO GUUTEPAGLLO OTL OV
epappootel Tdon V ota drkpa £vOg aymyov, Tote avTog dtappéetar amd pevua |, chppwva
ue ™ oyéon: V = IR (2). Onov R &ivar  nAeKTpikn avTictoon Tov aymyo.

16 __
10 A

sulphur

——— polysiyrene
— polysthylanas
—_—  diamond

10‘0 -+ —  aluminum oxide

insulators

|l
r ol

10* + boron

lamie [CI.IZI'FB‘OB}
silicon (puna)

silicon (doped., Iransisior grade)

resistivity (ohm metre)

| |

garmanium (pure)

semiconductors

1 0'2 -+ germanium {(doped, transistor grada)

L farrites

| |

germanium (lunnel dicde grade) \
A

Cambie )

stainless steal, nichrome, bismuth
permaloy, sillcon-iron

nickeal, lungsten, ron

1 0'5 -4 silvar, copper, aluminum ‘r

metals

Ewéva 15. Tyég g €101kng avticTtaons Slopopev VAMKGOV
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H niektpucn ayoypodtnto givor 1 1osdTTe TOL NAEKTPIKOD POPTIOL § TOV UETOPEPETOL OTN
HOVAda Tov ¥povov t, KaTA UNKOg UG HLovadlaiog EMPAVELNG TOUNES TOL DAIKOD KATM oo

™mv enidpaon povadiaiog petaforng dvvapkov dV/dx, ko diveton amd ™ oyxéon (3):

|F d y \
A dt)

G7A

AMIOG amd tov vopo tov Ohm éyovpe: 6 = J/§

o)

H nliektpucn ayoyyommta tov vAikov sivor mbovd ekeivn 1 101010 TOV VAKOV TOV
OwBétel TO pEYOAVTEPO €VPOG UETOPOADV TIUOV amd OAEC TIG GAAEG LOKPOGKOMIKES

WOOTNTEG TV VAIKOV.

YAikd p (Qm) g (Q'm")
Ocio 20x 10" 50x 101
AlpavT 1.0x 1012 1.0x 10712
Muahi 1.0x 108 1.0x 10%
Bopio 1.8x 104 6.0x 10°
Mupino 3.5x 102 29x 102
leppcvio 1.0x 107 0.1 10°
radoAivio 1.4 x 10 0.7.x 106
YBpapyupoc 1.0x 10 1.0x 106
AvoEeidwTo atadh 0.75x 108 1.3.x 106
WeudApyupoc 59x 108 16.9 x 10°
XaAkog 1.7x 1078 58.0 x 10°
Ao 1.6x 108 63.0 x 109

Ewoéva 16. AptOunticég tipég e181kng avtiotoong p Kot EOIKNG ayOYILOTNTOG 6 GE S1AQOopa VAIKG,

H dmAextpicr otabepd 1 NAEKTPIKY| EMOEKTIKOTNTA EVOC NAEKTPOVIKOD LAKOD € gival
pio 110 To Tov GLGYETICEL TV TOGOTNTA NAEKTPIKOD TPOGAVATOMGHOV P, mov givar 1

HETOTOTION POPTIOV, KAT® ard TNV EMIOPACT NAEKTPIKOD PopTiov &:

€= ¢gogr = P/§ (4)

Omnov g eivan 1 dimAextpikn otabepd 6To KEVO Ko €F 1] GYETIKN dAeKTpiKn otabepd Tov

VAMKOO Tov avaeepopocte. Amd v mopoamdve e&icmon umopel vo eEoybel To
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ovumépacpo 0Tl P peyahn  omAektpikny  otafepd  Olver  peydho  mAekTpikd
TPOGOUVOUTOACUO GE £VOL O0GHEVO NAEKTPIKO Tedio. Ot TYES TNG OYETIKNG OMAEKTPIKNG
otabepdg pmopel va eivon peydrec oto emimeda tov 7000 yuo kdmoro VAIKA, OAAG
ouvnBmg glvar TOAD YOUNAOTEPES, OTTMG Y10 TOPAdELYLa 6TO VEPO oL £xel Tnv Tun 80. H
OYETIKN OMAEKTPIKN oTabePA €VOC VAIKOD pmopel emiong vo mPoodloplotel amd
yopntikdoTTo C evOc TUKVOTH, OTTOV TO TPOG YOPAKTNPIGHO VAKO £xel TomoBetnOel m¢
OMAEKTPIKO, GLYKPIVOVTOG TN YOPNTIKOTNTO O©TO KEVO WHE €KEIVN TOL  VAIKOV
torofetnpuévov otov tokvmtn Co: g = C/C,. (5)

H dmAextpucn avtoyn eivar pia 1010t TOV LOVOTIKGOV DAK®V IOV OELYVEL TNV TN TOL
NAekTpKoL mediov Y TV omoia Ompovpyeitor EAPVIKO OMAGIUO TNG MAEKTPIKNG
HovVmoNG Kol To LAIKO OloppEeTol amd MAEKTPIKO PeOUO. HE TN HOPON MAEKTPIKNG
ekkévoong kat petpdral oe VIM. Kdto an’ avtiv v tiun 1o bAKO gival Hovetic, Vo
Téve an’ ooty yiveTor aymyos. Avti N T petafAiietol TOAD aKOUN Kol GE DAIKA TOV
powafovv va givar idia, Exovv dOmAadT v idta ototyelopeTpia Kot Kpuotarlikn doun. o
10 AOY0 avTdv, dev givar duvartn 1N mopabeon cToEimV SMAEKTPIKNG AVIOXNG, OV KOl

VTN Kupaivetal o€ Tiuég g tééng tov MV/m.

YANKS Er
Xahkoc o2
Tmaviko Bapio 7poo0
ATTECTUYHEVD VERD 80
Avopyavd yuaMd 6-20
Ahoupiva g
MoAveoTépac 4
MoAuvaTupévio 2
Afpacg 1
Kevd 1

Ewéva 17. Amhextpucég 1010tTesg S10p0p®V VMKAOV

5.2. HAeKTPOVIKEC 1OWOTNTEC

H ocvumeprpopd twv niektpoviov ota AKA, Tov Tailovy onuavTikd pOAO GTI) GUUTEPIPOPE
Kol TIG 1010TNTEG €VOG VAKOV, €VA GE UEPIKEG GAAEC TEPMMTAOCELS, OTMG 1N MAEKTPIKY

ayoypoTTa, Tailovv Kaboplotikd poro.
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5.2.1.0cmpia TOV EVEPYELUKOV LOVAV YL TO GTEPEA

Evepysiokn (ovn kadeiton kdBe opdoa Ympliotdv eVEPYEIOKAOV GTAOU®Y. TNV TEPITTOON
mov (o {odvn elvol Kevn, OEV LTAPYOLV GE ALTH MAEKTPOVIOL TTOL UTOPOLV VO
CULVEIGQEPOVY OTNV NAEKTPIKT ay®YILOTNTO TOL HEGOV. AvTd pmopel va cvpPaivet, yio
Topddelyra, o (OVES VYNANG EVEPYELNG, GE TEPLOYXEG ONASY| , TOV 1) TIUN TNG EVEPYELNG
vrepPaivel TIC TYHES EVEPYELNG TV NAEKTPOVI®MY TOV GLUGTHUATOC.

Ot {oveg mov etvar TANPELS, eV TEPIEXOVY NAEKTPOVIO TOV GUVEIGPEPOVY GE PALVOLEVQ
ayOYOTNTOG. AVTO ivol GUVETELN TNG QayOPELTIKNG apyg Tov Pauli, copeova pe v
omoia dev emTpémeTan o€ 600 NAEKTPOVIA va PBpickovtal otny 1010 KOTAGTACN, OV GE £val
oo To NAEKTPOVIO. piog CUUTANPOUEVNS CDOVNG, TOPEYETOL EVEPYELD OO L0 EEMTEPIKT
myn. Kavovikd, to niextpovio mpénel va mposAdfel avtnv v evépyela Kot va petafel
o€ pio S10QOopETIKY, LYNAOTEPN EVEPYELOKT] KaTdoToon. Agdouévov, opme, 6t 1 (ovn
elvar TApNG, dev vmapyel Kapio Sabéoiun Katdotaon ywo va dgxtel 10 dleyepuévo
NAEKTPOVIO. Q¢ €K TOVTOV, TO NAEKTPOVIO OOLVATEL VO ITOPPOPTGEL TNV TPOGPEPOUEVT
EVEPYELOL KOl VO, GUVEIGPEPEL GTNV Oy®YILOTNTA TOL LAKOV. DVGIKA, oV 1) TPOGTINTOLGO
EVEPYELDL £XEL GYETIKO VYNAN TUY, TO NAEKTPOVIO TNV OTOPPOPA KOl UETOKIVEITOL ME
dApo otn emopevn un mAnpn M kevn Lovn. To nAextpdvio ovtd Umopel va. GLVEIGPEPEL
otV ayoywotmro. Eropéveog pévo to nAeKTpovio TOV UEPIKMOG KATEWANUUEVOV (OVOV
HUTOPOVV VO GUVEIGPEPOVY GE PALVOLLEVO OYDYLULOTNTOGC.

O yopunAég niektpoviakég {aveg givar mAnpelg niektpoviov. To {Rmua elvar 1o Kotd
n6co eivar TApelg N Oyl ot avotepeg Loves. Ta vAkd mov dwwbétovv (dveg pepiKa
KOTEMNUUEVEG KOAOVLVTOL ay®yol . Xta VAKA avTd, 1 €E®MYEVOG TOPEXOUEVN EVEPYELD,
ATOPPOPATOL OO TOL NAEKTPOVIOL, TO OTTOL0 GTN GUVEYELD LETAKIVOUVTOL GE VYNAOTEPT UN|
Kotelnupévn  evepyelokn otabun. Xtmv Ewova 18 mopovcialetor €va oidypopipo
KATOVOUNG evepyelok®mv (ovav otov aiodntd- mpaypoatikd yopo. Eivor eavepod, oti
vynAdtepn Covn elvorl pPeEPIKA KOTEWANUUEVT KATL TOL oLV YOpel TNV EKONA®ON
(QOLVOLEVOV Oy OYLOTNTOG.

Ta un aydyyo vAIKA, TV omoimv ot younAég {dveg elvatl TANPELS KOl Ol AVATEPES KEVEG,
YOPaKTNPILOVTOL MG LOVMOTEG 1] NAY®YOl. AVTOC 0 YOPAKTNPIOUOS, OPOPA KATUCTAGELG

YoUnAGV Bepuokpaciav, 6mwg mapovotdletar otnv Ewkdva 19. TNa toug nuiaywmyovg n
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terevtaio Katenuuévn Covn ovopdletar Cmvn oBévoug evd ot kevég (dvec mov
Bpiokovion v omd oty ovopdlovton {OVES aywyLOTNTOC.

Amo ™ oxomd ¢ Bewplag TV evepyelokdv (ovav, 1 dtapopd evog nuiaywyod pe éva
povmt evromiletat povo oto péyehog Tov eVeEPYEIOKOD YAGUATOS HETAED TV (wvov. [
TOVG NUY®YOVLS, TO YAcua dgv givor peydro. 'Etol pepikd niextpdvia deyeipovion pe
™V dvodo g Bepuoxpacioc, vrepPfaivouv 10 gvepyslakd ydouo Kol KATOAAUBAVOLY
Kevég Loveg. Mmopodv €161 voL GUVEIGPEPOLY GE Qavopeva aywypdttos. Pvoikd, ki
dAec eEmyeveic Odeyépoelg, OM®MG M €QAPUOYN MAEKTPIKOV 7ediov, UTOpPOVV va
TPOGODGOLY TNV KATOAANAN TOCOTNTO EVEPYELNG YIOL TNV LRAEPPOCT) TOL EVEPYELNKOV
YOOLATOG. XTOVG HOVOTEG TO €VEPYEWKO ybopa eivar peyddho ki étor M Oeppuxn M
NAEKTPIKN S1€YEPON eV TAPEYEL TV ATOLTOVLEVT] EVEPYELD YLOL TNV EMTUYY SIEAELGT OO
10 gvepyelakd Otdkevo. Opmg, akoOpa Kol 6TOVG KOADTEPOVS HOVOTEG TO YAoua sivat
TEMEPOUCUEVO. AV TPoGd0Bel 1KavO mOGH BepIKNG 1| NAEKTPIKNG EVEPYELOGS, TO NAEKTPOVLOL

Ba vtepmndNcovy 1o d1dkevo kot Bo kataddBovy dubécieg evepyelaxés otdbueg o pio

avotepn {OVN, CLVEIGPEPOVTAG £TGL GTNV AYWYILOTNTO.

Evepyaiasr) 0168un
KEVYOY

* Mepika xaTEIA UK
o ———— —— <
e EA‘- N NN NN .‘\ o
o SN S T "W W . . . N

} KaruAnuuévn
} KaraAnputvn

Ewova 18. H dopn tov evepyelokdv {@VOV TOTIKOO PETAALOV
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Evipyexxr) o108

Kevi-Juvr
TyWyIHGTITaS
Evepynaxd

Karengstyn-Juwn
oBtvous

Hwaywyts 7= 0 K

Ewéva 19. H dopun tov evepyelokdv {ovdv Tomikod nuaywyov. To diéypapipa ioyveL Kot Yo LoVOTEG, Yo

OLYKEKPLILEVO €100¢ BepLokpactdV

5.2.2. H gvépyewa Fermi

Y& Ogppokpooio ion pe pundév Kelvin, 6tav ta 6ho niektpdvia kataropfdvovv
YoUNAOTEPN TOAVY EVEPYELOKY| KOTAGTACN, 1] EVEPYELX TNG VYNAOTEPNS oTABUNG givor TO
eninedo Fermi. Avtd 10 evepyelokd eminedo Stoywpilel TIG KOTEWNUUEVEG amd TIG U
KaTeENUpéEVeg otdluec Tov nAektpoviov, HOVOV OTOV TO MAEKTPOVIO EVPICKETOL GTN
Baoik Tov katdotoaon, dniadn otovg OK. H Béon tov eninedov Fermi oe oyxéon pe Tig
EMUIPENTEG  EVEPYELNKEG KOTAOTACELS &ivar Kpioyn 7y TOvV TPOGOOPIGUO  TOV
NAEKTPOVIKOV 1010TNTOV €VOG 6TePe0D. Tar pétodda mavto £(0VV O HEPIKMOS YEUATT
Covn elebbepov niektpoviov, pe Tpdmo ®ote 10 eminedo Fermi vo avtiotoyei o€ pia
o1abun 610 péco g CMVNG TEPIMOV Kot OVTO KAVEL TOL LETOAAD NAEKTPKOVS oymyouG,.
O nuuaryoyol €yovv mdvta tedeimg yepdteg N teheimg adeleg evepystokég {dveg. Avto
onuoivel 0tL o eminedo Fermi gvupioketon petalld v gvepyelok®v (OVOV Kat, KoTd
OLVETEL, Elval KaKOT ay®yol Tov NAEKTPIGHOV o€ Bepuokpacies mepiPairovtog. Xe évav
NUoy®yod dev LIAPYOVY UEPIKDOG TANPELS {DVES, aAAE LOVO TANP®G KaTteAnuuévn Lovn

o0évoug kot TP un Korenupévn Covn ayoyywottas. ‘Etol, n evépysia Fermi mov
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Swympilel T TAPEIS omd TIG KEVEC KOTOOTACES Pploketal HEGH OTO EVEPYELNKO
didxevo. ‘Etot, ot nuiaymyoi dev xovv coap®g oplopévn emeavelo Fermi, n onoia dev
ypeleTal KIOANG OTNV TEPIMTOOT TOV NUIYOYDV.

Ortav peidverol 1 atopikn omdoTaon ot NAEKTPOVIKEG evepyelakég (Dveg dlevpivovTal.
AvT6 onuoaivel OTL TO EvEPYELOKO OAKEVO GE EVOV NUOY®YO LEUDVETOL LE TNV OOENOT TG
vopootatikng mieonc. Ovtwg, avtd cvpPaivel oy Tpdén. o Tapdderypa, To yepudvio
ov gival MUIAYOYOS KAT® amd KavovikEG cuvOnkeg yivetor pétaAlo kdto amd 12Gpa

(120kbar) vopootatikn wieon (Xpiotoeopov, 2015) (Kasap, 1997).

5.2.3.Mérallha

Ta pérorra tvor tomikd kool niektpucol kKo Oeppkoi aymyol, kabdg eniong kot kodol
AVOKAAGTIPES TOV 0PATOV NAEKTPOLAYVNTIKOD QACUOTOS. AVTEC 01 1010TNTEG OPEIlOVTOL
OTN CLUTEPLPOPE TV eAeLOEPp®V NAeKkTpoviwv Tov VAKoD. Ta pérailo mepiEyovy o
LEPIKMOG KoAvppévn evepyelokt] {ovn péca and v omoia To NAEKTPOVIC UTOPOVV Vo
KivnBovv oyetikd ehevbepa. o to Adyo avtd sivor karol aymyol tov niextpikov
peopotog kot g Bepuodmrag. To mAextpdvia avtg g {dvng umopodv emiong va
ATOPPOPTIGOVY POTOVIL YOUNADY EVEPYEIDV LE TNV ATAN LETAPOCT TOVG GE pia EAAPPA
avATEPY, KOl OKOALTTY €vepyeloky] otabun péco oty idw  evepyelaxkn Covn,
EMOTPEPOVTOS OPYOTEPX GTNV TPONYOVUEVT] KATAGTACT] TOVG EKTEUTOVTAG EVO PMOTOVIO.

Ymv Ewéva 20 mapovoibdletar €va omdd oymuatikd odypoppo g vymAdtepng
KaTENUEEVNG evepyelakng Lovng og Eva LETaALO, To omoio BEPata o€ divel mAnpopopieg
Yoo ™ oyéon evépyelog Kor yopov. To eminedo Fermi Ppioketon oto péso avtig g
EMUTPENTNG evePYELOKNG CLOVNG Kot ovtd onuoivel 0Tt évo LETOAAO €XEL 0L EMPAVELD.
Fermi, onlodn évo KATEIANUUEVO GET VYNADV EVEPYELONK®DV EMTEO®V o0TOV YOpo K

(Xprotopopov, 2015).
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Energy E

7) Empty states
Ee e+ o 5 5 5 5 o) - Fermilevel
0% 0% 0% 0% 0%e %2’ Filled
s s " 5" 5" 4% 4%, " illed states

Ewévo 20. Zynuaticod d1dypoppa e vynAotepng evepyelakng (dvng evog LETAAAOV

5.2.4.Hmoyoyoi & novotéc

AopEC NAEKTPOVIKOV LOVAV GTOVS NULOYOYOVE

H doun tov miektpovikov (ovov TOV NUOYOYOV KOU TOV HOVOTOV givol Omog
avaEPONKe TO0TIKA OLOPOPETIKY] amd aVTH TOV UETAAA®V eE01TiOG TOV EVEPYELOKOD
dlikevov mov gupioketar petalld g teAeimg yepdtng {dvng obévoug ko g adetog
Lovne ayoywomroc. H niektpovikn Bewpio tov nuoyoydv avalvdnke tpdta and tov
Wilson ypnowomowdvtog ™ Pooikn aroyn 0Tt ot Nuoyyoi kot ot povetég dabétovv
KOTEWNUUEVES EVEPYEINKES KATOOTAGELS OV Elvol YOPIKE EVIOMIGUEVES OTA LOVTIKA
SuVoUIKd, Kol KOTGA OUVETMEW OEV UTOPOLV VO  CUVEICPEPOVY  GTNV  MAEKTPIKY|
Ay@YOTNTO 08 OAO TO LAMKO. AKOUN Kol av 1 avaTepn Katenuuévn {ovn exteivetot
oe OAO TO VAMKO, TOo. MAekTpdVIoL Ogv pmopovv va dyovv ctov Pabud mov avtn eivon
tedeimg KatetAnupévn. 'Evag modd anmdog 1pdmog avamapdcstacns g doung tov (ovav
TOV UETAAL®V, TOV NUILYOYOV Kot TOV HoveoTtov divetar otnv Ewova 21. TToAéc and Tig
NAEKTPOVIKEG 1O10TNTEC TOV NUAYOYOV HTopovV va eEnynbovv pe Baon avtd o To1oTikd

SypAppOTO EVEPYELOKADV {OVAV.
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Metal Semiconductor Insulator

Ewéva 21. AtAomompévo didrypappto dopng (ovav Tov HETEAA®Y, NIIOYOY®OV Kot Lovetdv. Tumiég
TIHEG EVEPYELOKOV dlakevmV givar 0V yia to pétodra, 0.5—5eV yia tovg nuiaymyods kot Tave amd SeV

Y10 LOVOTEG

YAIKé Eg (eV) otoug 0 K Apeoo [ §uuego Ydoua
Ge 0.75 ‘Eppeoo

Si 117 Eppeco

GaAs 1.5 Apego

GaP 232 Eppeco

GasSb 0.81 Apecgo

InSb 023 Apego

Sic 3.0 Eppeco

1 eV =1.602 x 10" joules. Meploxr opatol QwTtdE 2-3 eV

Ewoéva 22. Tomikd evepyelakd StaKeva NUoy@ydv

Ye UEPIKES TEPWTAOGEIS M Kopven TG Lodvng oBévoug kar o muBuévag g Lovng
AYOYOTNTOG €VPIoKOVTIOL GE OL0QOPeTIKA onueia otov ydpo K. Avtd ovoudletan
EUUECO evePYELOKO OldKEVO. L& GAAES MEPUMTMOOEL €VpicKovTol 61O d10 onueio oTov
x®po K kot ovopdletor dueco gvepyelokod diakevo. Ta dueca evepyelaxd d1dkevo £xovv
ONUOVTIKEC CULVEMELEG OTIC OMTIKEC EPOPHOYES MUWY®Y®V 00Tt M ThavoTTo NG
petokivnong nAEKTpoviov Ot HEGOL TOL EVEPYELONKOD OLAKEVOL E&lvol UEYOAVTEPT GE

VAKE e GpEGo eVEPYELOKO SIUKEVO.
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Ke@alaro 6 : KBavriké gaivopevo g onpayyes & smopis
HETAED VAIKOV

6.1.0popnog

To @oawvouevo onpayyoag 1 kPavioonpdyywon &ivar To QOIVOUEVO KATO TO OmOio &va
KPoavtikd copatidlo dwoyilel Eva epdyuo cOUOTOI®OV, TO 0mol0 QOIVETOL MG &ivol
aniBavo va Eemepaotel. To @awvdpevo  eppaviCetor oty Tupnviky ocvvinén kKol o€

EQOPLOYES OTN UIKPONAEKTPOVIKN.
CQuantum Tunneling

Classical Picture

electron . —P electric field

in classical physics, the electron
is repelled by an electric field as
+— . long as energy of ¢lectron is below
energy level of the field

electron
wave

& §
:
l

in quantum phy sics, the wave

function of the electron encounters
the electric field, but has some
finite probability of tunneling through

this is the basis for transistors H ‘ —P

Ewova 23. KBovtikd @avopevo g onpayyog
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https://el.wikipedia.org/wiki/%CE%9A%CE%B2%CE%B1%CE%BD%CF%84%CE%B9%CE%BA%CE%AE_%CE%BC%CE%B7%CF%87%CE%B1%CE%BD%CE%B9%CE%BA%CE%AE
https://el.wikipedia.org/wiki/%CE%A0%CF%85%CF%81%CE%B7%CE%BD%CE%B9%CE%BA%CE%AE_%CF%83%CF%8D%CE%BD%CF%84%CE%B7%CE%BE%CE%B7
https://el.wikipedia.org/wiki/%CE%9C%CE%B9%CE%BA%CF%81%CE%BF%CE%B7%CE%BB%CE%B5%CE%BA%CF%84%CF%81%CE%BF%CE%BD%CE%B9%CE%BA%CE%AE

6.2.Dvoikn Apyn

Xoppova pe v Kpovtikny Oempia kdbe copatidlo mapovotdletl kot Kopoatikn evon. Ot
Moeig ¢ e&iomong Schrodinger cuvdéoviat Aueco pe TNV TLKVOTNTO TOAVOTNTOG TG
0éong evoc copoatdiov, onAadn v mbavoétro évo coupatidlo va PBpedel oe pia
ovykekpuévn 0Oéom. Zdueowvo pe v e&iowon Schrodinger éva copotidio Exet
mOavotnta va fpebel oe Lo TEPLOYN TOL AMOLTEL EVEPYELN TEPIGGATEPT GO GLTHV TOV
avtd dwbétel. Mia tétown meployn ovopdletonr epayua dvvoutkov. Otav 10 epayua
duvapkol éyet dnepo Padog tote M mBavoTTO PUNndevileTar, dOnAaodn gival addvaTov To
ocopotidlo vo Ppebel eviog kol mépav amd to epdypa. Otav Ouwg T0 UNKOG &ival
TEMEPOUCUEVO KO OO TNV AAAN TAELPE TOV PPAYLATOG VILAPYEL LI TEPLOYN OV OTOLTEL
LKpOTEPT EVEPYELD OO OLTIV TOL £XEL TO GOUATIO0, TOTE AVTO EYel MBavoTTO VL
Bpebel ov AN meproyn 6mwg kot péca oto epayuo. H mbavotta opme peimvetan
exfetikd pésa oto epdypa. Xvvoyilovtag, av évag peydiog apBudg copatdiov Bpedet
o pia eproyn tote €va Kkpd T0c0oTO Oal EMTVYEL VO, SIATEPAGEL TO PPAYLLAL.

Otav éva KOUO GUVAVTICEL £VOL EVEPYELOKO PPAYLLO, TO UEYOADTEPO UEPOG TOL KOLUOTOG
Ba avaxiootel Tpog o micw, aAAL Eva piKpd pEPOS amd avtd to kOpa "Ba dwuppevoet”
péca oto epdyua. Edv 1o opdyuo eival apketd pikpov mayovs, To KOUO Tov SEPPEVLCE
péoa and avtod, Bo cuveyiocel TNV 0140001 TOL GTN GAAN TAELPA TOV PPAYHATOG. AKOUO
KOL 0V TO COUATIO OV £YEL APKETN EVEPYELR VO EEMEPACEL TO PPAYLLLL, VITAPYEL OKOLLOL

po pukpn mbavotra, vo propet avtd "va davoiEel" péca 6To epdypa pia onpayyo.

6.3.MaOnuotiki avdiven Tov @OIVOUEVOD

[Ma ) pednupoatikn Teprypaen Tov EAIvVopEVOL TG onpayyos, Bempodpe 6Tt 1 Avvopikn
Evépyela mov katéyetl to copotidlo, egortiag g 0€ong Tov pésa 6e £vo GLVINPNTIKO
EEwtepikd Tledio (m.y. éva Hiektpicod I1edio) mov emidpd o avtd, emdE ETOL OPLOKEG

ocuvOnkeg:

W Ifz e D:=[-qa,qd

V@=30 1z¢p
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http://el.science.wikia.com/wiki/%CE%95%CE%BE%CE%AF%CF%83%CF%89%CF%83%CE%B7_Schrodinger
http://el.science.wikia.com/wiki/%CE%A3%CF%89%CE%BC%CE%B1%CF%84%CE%AF%CE%B4%CE%B9%CE%BF
http://el.science.wikia.com/wiki/%CE%A0%CE%B9%CE%B8%CE%B1%CE%BD%CF%8C%CF%84%CE%B7%CF%84%CE%B1
http://el.science.wikia.com/wiki/%CE%95%CE%BD%CE%AD%CF%81%CE%B3%CE%B5%CE%B9%CE%B1
http://el.science.wikia.com/wiki/%CE%A0%CE%B9%CE%B8%CE%B1%CE%BD%CF%8C%CF%84%CE%B7%CF%84%CE%B1
http://el.science.wikia.com/wiki/%CE%95%CE%BA%CE%B8%CE%B5%CF%84%CE%B9%CE%BA%CE%AE_%CE%A3%CF%85%CE%BD%CE%AC%CF%81%CF%84%CE%B7%CF%83%CE%B7
http://el.science.wikia.com/wiki/%CE%95%CE%BD%CE%B5%CF%81%CE%B3%CE%B5%CE%B9%CE%B1%CE%BA%CF%8C_%CE%A6%CF%81%CE%AC%CE%B3%CE%BC%CE%B1?redlink=1&veaction=edit&flow=create-page-article-redlink
http://el.science.wikia.com/wiki/%CE%9A%CF%8D%CE%BC%CE%B1
http://el.science.wikia.com/wiki/%CE%94%CE%B9%CE%AC%CE%B4%CE%BF%CF%83%CE%B7
http://el.science.wikia.com/wiki/%CE%A0%CE%B9%CE%B8%CE%B1%CE%BD%CF%8C%CF%84%CE%B7%CF%84%CE%B1
http://el.science.wikia.com/wiki/%CE%A3%CE%AE%CF%81%CE%B1%CE%B3%CE%B3%CE%B1
http://el.science.wikia.com/wiki/%CE%94%CF%85%CE%BD%CE%B1%CE%BC%CE%B9%CE%BA%CE%AE_%CE%95%CE%BD%CE%AD%CF%81%CE%B3%CE%B5%CE%B9%CE%B1
http://el.science.wikia.com/wiki/%CE%94%CF%85%CE%BD%CE%B1%CE%BC%CE%B9%CE%BA%CE%AE_%CE%95%CE%BD%CE%AD%CF%81%CE%B3%CE%B5%CE%B9%CE%B1
http://el.science.wikia.com/wiki/%CE%97%CE%BB%CE%B5%CE%BA%CF%84%CF%81%CE%B9%CE%BA%CF%8C_%CE%A0%CE%B5%CE%B4%CE%AF%CE%BF

H Enidpaon, tov mpoavapepbévtog EEmtepikot [ediov, daywpilet tov [epiPdirovta

X®Opo o€ TPELG TEPLOYES:

o Ileproyn (I) (apiotepd amd T Ppdryua),
o Ileproyn (IN) (néca oTO PPdyua), Kot
o Tleproyn (III) (de&16 omd 10 Ppdypa).

>mv apiotepn eproyn (1) o vapyovra copatiow Exovv evépyeia (E)

0< E <V

I I1 II1
Vix) A

-a 0 a X

Ewova 24. Zympoatikn aneikdvion Tov QovoLEVOD TG CTPayYaS

6.3.1. Khaown Ipocéyyion

opeova pe v Khaoown @uown ta copotidla mov Bpickoviol kel kot TpocKpovovV

010 Qpaypa, oty Béon T = —d, Ba avakAacHovv, Kivovpeva avtictpoea. ['vopilovpe

ott otv Klaoown Mnyavik] n apyn owrpnons e EVEPYELNS, Yo £VOL COUN GE

ocvvdvacud pe To yeyovog 0tt 1 Kivntkn Evépyela givon mhvta Oetikn, dev emtpénel o

éva copatidlo dedopévng olkng evépyelag (E) va dieiodvoet o eketveg Tic meployég tov

Xopov omov 1 Avvapukr Evépyeta V(X) eivon peyoddtepn g olkng Evépyetog (E).
mu?

T—l—V(I):E

H xivnon tov copotidiov Oa mepropiletar povo oe ekeivec tig Béoeic (X) yia Tig omoieg
oyvel V(X) < E, evd ot meproyég tov dova X 6mov 1oydel  ovvonkn V(X) > E, Oa givar
Khaoowkd anoyopevpéves. Etol, mapadetypatog yapn, 6tav éva kKAaooikd copatiolo

minotdlel and apiotepd 10 Ppdypa Avvopikov g Ewovag 24, Ba uropécel va @Bdoet
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http://el.science.wikia.com/wiki/%CE%9A%CE%BB%CE%B1%CF%83%CF%83%CE%B9%CE%BA%CE%AE_%CE%A6%CF%85%CF%83%CE%B9%CE%BA%CE%AE
http://el.science.wikia.com/wiki/%CE%9A%CE%BB%CE%B1%CF%83%CF%83%CE%B9%CE%BA%CE%AE_%CE%9C%CE%B7%CF%87%CE%B1%CE%BD%CE%B9%CE%BA%CE%AE
http://el.science.wikia.com/wiki/%CE%9A%CE%B9%CE%BD%CE%B7%CF%84%CE%B9%CE%BA%CE%AE_%CE%95%CE%BD%CE%AD%CF%81%CE%B3%CE%B5%CE%B9%CE%B1
http://el.science.wikia.com/wiki/%CE%94%CF%85%CE%BD%CE%B1%CE%BC%CE%B9%CE%BA%CE%AE_%CE%95%CE%BD%CE%AD%CF%81%CE%B3%CE%B5%CE%B9%CE%B1
http://el.science.wikia.com/wiki/%CE%A6%CF%81%CE%AC%CE%B3%CE%BC%CE%B1_%CE%94%CF%85%CE%BD%CE%B1%CE%BC%CE%B9%CE%BA%CE%BF%CF%8D?redlink=1&action=edit&flow=create-page-article-redlink

uovo uéypt o onueio X = -a , 6mov V(a) = E, oto onoio n taydtntd tov O undevicet,
eV apéomg petd Ba aAAdEel TpdoNUo Kot M Kivnomn Tov copatidiov Oa avtioTpa@et.
Avt6 OV OTWOONTOTE OmokAgieTan ival T0 KAOOOIKO copoTidolo vo SiEABel and v
GAAN TAELPA TOV PPAYUOTOC KOl VoL GLVEYIGEL TNV Kivior Tov oty de&id Tlepoyn (111).
Meta&h tov 600 KAUGIKE ETMTPEMOUEVOV TEPLOYDV Kiviong, X < -a kol X > a, pecoloPel
1N KAOGGIKA OToyOpELUEV TTEPLOYN -a < X < @, TNV 0Toia KovEVE KAUCGIKO GOUOTION0 OeV

umopei va dtoPet.

6.3.2. KBavtikn IIpocEyyion

Ouwg oy KPavtikn dvoikr| to mpdypata dtapépovv. H otatikn e€icwon Schrodinger
YoL TNV KOHOTOGLVAPTNON £vO¢ copatidiov pnalog (m) ko evépyetag (E) mov Ppioketan
v1o v emidpaocn Ilediov pe avtd to dvvapkd (V) eivat:
h? d2
—5 -7 32) +V(z)®(r) = EQ(x),

2m dx?

omov: fi= otabepd Planck
Embovtag v e&iowon, n kopatocvvéptnon otig meployés (I) won (1) Aappéver v
Tun:

q’(iﬂ) — A.e“” + BE—'H.::I:

Avt elvar poe vaépBeon g eloepyOUEVOL (Emm ) ko tov e€epyouEvaV (E_mm

)

EMIMEOOV KOLLATOG,.
e O ypdvoc Ba kaBopiotel amod Tic oTabepég A ko B.

e To kvpatodiavoopo (K) kabopiletar omd v oyéon:

Anhoodn, mpénel va Be@PNGOLLE KVUOTOGVVAPTION TOV GOUATIOIION ®G vrépBeon TG

OmapéNg Tov Kol OTIC OLVO TAELPES TOL PPAYULOTOS, TaVTOYpova. Me TV moapatipnon

52


http://el.science.wikia.com/wiki/%CE%9A%CE%AF%CE%BD%CE%B7%CF%83%CE%B7
http://el.science.wikia.com/wiki/%CE%9A%CE%B2%CE%B1%CE%BD%CF%84%CE%B9%CE%BA%CE%AE_%CE%A6%CF%85%CF%83%CE%B9%CE%BA%CE%AE
http://el.science.wikia.com/wiki/%CE%9A%CE%B2%CE%B1%CE%BD%CF%84%CE%B9%CE%BA%CE%AE_%CE%A6%CF%85%CF%83%CE%B9%CE%BA%CE%AE
http://el.science.wikia.com/wiki/Schr%C3%B6dinger_equation
http://el.science.wikia.com/wiki/%CE%9A%CF%85%CE%BC%CE%B1%CF%84%CE%BF%CF%83%CF%85%CE%BD%CE%AC%CF%81%CF%84%CE%B7%CF%83%CE%B7
http://el.science.wikia.com/wiki/%CE%A3%CF%84%CE%B1%CE%B8%CE%B5%CF%81%CE%AC_Planck
http://el.science.wikia.com/wiki/%CE%9A%CF%85%CE%BC%CE%B1%CF%84%CE%BF%CF%83%CF%85%CE%BD%CE%AC%CF%81%CF%84%CE%B7%CF%83%CE%B7
http://el.science.wikia.com/wiki/%CE%9A%CF%85%CE%BC%CE%B1%CF%84%CE%BF%CE%B4%CE%B9%CE%AC%CE%BD%CF%85%CF%83%CE%BC%CE%B1
http://el.science.wikia.com/wiki/%CE%9A%CF%85%CE%BC%CE%B1%CF%84%CE%BF%CF%83%CF%85%CE%BD%CE%AC%CF%81%CF%84%CE%B7%CF%83%CE%B7

TPOGOIOETOL EVEPYELD GTO GMUATIONO, OALALEL 1] KOHOTOGVVAPTNGT TOL KOl 1] TPOTVTEPT

0¢om Tov dev etvar YvOoTY|.

Ymv meproyn (1) etvan drooOntikd cagés otL:

A =1xou B=R o6mov: R = Zvvteheotng Avaxiaong

O Xvvteleotig Avakiaong TePtypAQEL TV aVOAOYiK TOL EIGEPYOUEVOL KOUOTOC, 1 OTToln

avtikotontpileTor amd 10 SLVOUIKO.

210 KAAOGIKO Oplo £XOVLE:

R =1
omOTE TO €10€PYOUEVO GOUATIO0 vEioToTor Ok Avakioon.
"Etot épovpe:
q)I (I) — E*.;'F.:;E + R E—'H.::I:
2y Ieproyn (III) mBovov petadidetan £vo PéPog TOL TPOSTIMTOVTOS KOUOTOS, OTOTE:

(I)III[:I) = TE“;:E

omov: T = 0 pyadikog Xvviehestig Atdooonc.

Agdopévov, opmg, 0Tt 1 mBovoTNTa TNG TLKVOTNTOS PEVUATOC TTPEMEL Vo, dtotnpnBet,

omwg mpokvntel amd v EElomwon Zuvéyetog :
2 2
[B]"+|T]" =1

Avtd eivor OlnoOnTIKGA cagég, Ogdopévov OTL Ta copotidw 0gv  umopohv  va

eEaPovIeTOUV.
Téhog, oty [eproyn (1), n Aon elvar:

Opp(r) =ae™ + Je
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http://el.science.wikia.com/wiki/%CE%A3%CF%85%CE%BD%CF%84%CE%B5%CE%BB%CE%B5%CF%83%CF%84%CE%AE%CF%82_%CE%91%CE%BD%CE%AC%CE%BA%CE%BB%CE%B1%CF%83%CE%B7%CF%82?redlink=1&action=edit&flow=create-page-article-redlink
http://el.science.wikia.com/wiki/%CE%A3%CF%85%CE%BD%CF%84%CE%B5%CE%BB%CE%B5%CF%83%CF%84%CE%AE%CF%82_%CE%91%CE%BD%CE%AC%CE%BA%CE%BB%CE%B1%CF%83%CE%B7%CF%82?redlink=1&veaction=edit&flow=create-page-article-redlink
http://el.science.wikia.com/wiki/%CE%9F%CE%BB%CE%B9%CE%BA%CE%AE_%CE%91%CE%BD%CE%AC%CE%BA%CE%BB%CE%B1%CF%83%CE%B7?redlink=1&action=edit&flow=create-page-article-redlink
http://el.science.wikia.com/wiki/%CE%A3%CF%85%CE%BD%CF%84%CE%B5%CE%BB%CE%B5%CF%83%CF%84%CE%AE%CF%82_%CE%94%CE%B9%CE%AC%CE%B4%CE%BF%CF%83%CE%B7%CF%82?redlink=1&action=edit&flow=create-page-article-redlink
http://el.science.wikia.com/wiki/%CE%A0%CE%B9%CE%B8%CE%B1%CE%BD%CF%8C%CF%84%CE%B7%CF%84%CE%B1
http://el.science.wikia.com/wiki/%CE%A1%CE%B5%CF%85%CE%BC%CE%B1%CF%84%CE%B9%CE%BA%CE%AE_%CE%A0%CF%85%CE%BA%CE%BD%CF%8C%CF%84%CE%B7%CF%84%CE%B1
http://el.science.wikia.com/wiki/%CE%95%CE%BE%CE%AF%CF%83%CF%89%CF%83%CE%B7_%CE%A3%CF%85%CE%BD%CE%AD%CF%87%CE%B5%CE%B9%CE%B1%CF%82

Ed® 1oyvovv ta €NG:

1. Hoyung k= i—m(\/0 —E) sivar mparypoticy.

2

2. V,-E>0

H oyetukn mbBovomra mov €xet évag niektpoévio va mepdoel and v Ileproyn 1 oty
[Teproym 1T kadeitor cvvtedeotng dtélevong T. O ocvvieleotg avtdg e€optdton Gg
peydio Pabud omd 10 vYwog tov epayuatog AE= Vp-E kot amd to mAdtog tovu, o.

epapuoloviag TG ovvOnkeg kol €merta omd  aAyefpucéc mphEelg AapPdveror To

OTOTEAECLOL:
e 1
|<I)I (npoam’;zrov)|2 1+ Dsinh *(ak)
Onov D Vs koaw omov K egivor o pvOudg e€acbivi eElow
T =— T oféviong 1 oG
4E(V, —E) pLYULOG ne mg ns

2m
k= /h—z(\/O—E).

o éva ToAD €vph 1 TOAD ynAd @paypa Bétetan ak>>1 ko sinh?(ak) = (Y5)exp(ak) ko

16E(V, — E)

ovvayetar 0tt T=To exp(-2ak) émov T, = VE
0

kot n oty T omoteiel v

mbavotto diélevong tov eoawvopévov g onpayyes. H oyxetiky mboavomta vo
avakiootel 10 nhektpovio kabopiletor and 1o AGY0 TOV TETPUYDOVOL TOL TAATOLS TOV
OVOKADOUEVOL KOUOTOG TPOG TO TETPAYMVO TOL TAATOVLS TOV TPOCTINTOVTOG Kupatog. H
ToGOTNTO OVTY] OVOUALETOL GLUVTEAESTNG avakAaomg kot dtvetar amd tov thmo R= 1-T.

(Hanson, 2008) (Kasap, 1997)
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6.4.Eno@fc netoll: netdiiov — novety, HETGAAOV-NUIEY®YOV, UETAALOV-HOVOTI-
UETAALOV.

2V TEPItTOOon TG OEMPAVELNG HETAAAOD — KEVOD, OV OLOYETEVCOVUE £VO. EMUPKDG
HEYOAO TTOCO EVEPYEWNG GTO VAIKO, To NAEKTPOVIO Bo dtopyovV amd TNV EMPAVELL TOL
po¢ T0 keVO. To pavouevo Kodeital OEpIOVIKT EKTOUT OTOV 1 TAPEYOUEVT) EVEPYELQL
elval Bepprikn Ko OTOVIOKT EKTOUTT OTOV 1 EVEPYELX EIVOL NAEKTPOUOYVITIKT KO OTAQ
ekmoun mediov O6tav 1 evépyela mapéyetot amd NAeKTPkd medio. To Tocd TG evépyelog
7OV omotTeiTon Yo v amedevfEépwon Twv niexTpovimy, ivorl yvaotd wg Epyo e£660v,8,,.
To épyo e£6d0ov oyetiletan pe Ta PpaypaTo OLVOLIKNG EVEPYELNG Kal Bewpeitat, amd avTn
™M okomid, ®g otafepd TOL EKAGTOTE LAIKOV, OTtmg GAAmote Kot 1 evépyesia Fermi, Er,
TOV MAEKTPOVI®V TOV GUVEIGPEPOLV GTNV  OYOYHOTNTO. XUVETMDG 1 OETPAVELN
UETAALOV-KEVOL UTOPEL VO TEPYPOPEL e TOV TpOTO oL TopovsidleTal oty Ewova 25,
Omov Eyac etvan m evépyeta Tov kKevod kou M dtapopd Evac-Er eivan, €& opiopov, to épyo
e€odov. H oxkiaon ommv meproynq tov petdArov, kdtw ond v Eg vmodeucvier 6t ot
avtioToryeg evepyelakés otdbueg stvor copuminpopéveg aeov 1 Er meptlappdvet povo ta
A éov evepyd miextpovia. Katd tn Swodikacio Oeppiovikig EKTOUTNG TO MAEKTPOVIO
avépyeTal TOVAQyoTOoV € mhvew amd Tn otdfun Er yio vo ameievBepwbel amd to
HETAAMKO TAEYHO. ZTNV TEPITTOON 0VTH AOTOV, LIEPPAivEL TO EPAYLLL SLVOUIKOD Kot
éxel evépyela peyoadvtepn 1 ion mpog to dbpowsua €, + Er (avéAoyo pe v evépyeto mov
anoppoenoe). Av 10 kevo aviikotactadel amd évav povotn, tOte T0 €pYyo €000V
avtikadiotator pe to avnypévo £pyo €000V €,°, T0 omoio ivol emopkéc, apevog Yo va
ameAeLOEPDOGEL TO NAEKTPOVIO OO TO UETOAAO KOL OPETEPOV Y10l VO TO OONYNOEL GTN

COvN ay@yyoTnTog TOL LOVMTY.
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‘ ed guvaprnon fpyou)

Ewéva 25. Evepyeloxég (dveg Slempavelog LeTAALov — KEVOD

AV ovVTIKOTOGTNGOVUE TO KEVO HE MUAY®YO, 1| TPOKVTTOLGO ETOPY] GLUTEPLPEPETAL
oxedOV Omwg M emaen petdAlov - povoti. H dwapopd evtomiletor oto yeyovog Ott ot
evepyelokeg CAOVES TOL NMUIY®YOL KAUTTOVTOL KOvTd oty enagn. H tyun tov gpdypatog
duvaptkoy givor mePimov N UIeN TG TWNS TOV EVEPYELNKOV Ydouotoc. Xtnv Ewova 26
TOPOVCIALETAL TO SUAYPAUL EVEPYEWOKDOV (OVOV HOG €V OLVAUEL ETOPNG HETAAAOV-
nuy@yo, Ao, Alyo mpv ta VO VAIKA BpeBovv 6g KATAGTAGT PUGIKNG EMAPNG. ZTNV
Ewodva 27 mapovotdlovtor Ta VAIKE G€ QUOIKN ETOEN Kol UETE TNV OTOKATAGTOCT TNG
Oepuikng woppomiag. H kapyn g evepysokng Cdvng otnv mAEvpd TOL MUIOY®YOL,
opeileTan oTn Pon POPTIOV amd TOV NUOY®OYO TPOS TO HETAALO, £TG1 OGTE VO, E16mB0HV
ot 6vo otaBueg Fermi. H meployn tov nuioy@yod KOvtd 6TV 00T TOYVUVAOVETOL 0O
NAekTPOVIOL LE AMOTEAEGHLO TV EREAVIOT KaBapoD BeTKOD POPTIOL Kot KAUTOAMGN TPOG
TO TAVO TOV EVEPYELOK®V {OVOV TOV NUIY®YOL KOVTA OTN OEMPAVELD. T TAELPE TOV
UETOAAOVL, avTioTol(a, OEV TOpOTNPEITOL KAPYN TOV EVEPYEWKADV (OVOV, 0QOV GTNV
neployn vt 0ev eppaviCetoar ttdon tdong. dPvowd avtd copPaivel 6tav T0 PETOALO

etvar  Wavikdg ayoyds. v mepintwon mov  elvar pun Wovikd  ayodyyo  péco,
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mapoatnpeital pio pukpn Kapyn tov evepyelokmv {ovov, Tov oplobeteital, ®oTd60, €

pio pikpn TePLoyr] KOVid 6TV EMPAVELL TOV LETAALOV.
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Ewéva 26. Ev duvapet emar] petdArov-npayoyow

H meproyn mov amoyvpvodverat, ovopdletol oTpdpo eoptiov ydpov kot &gl mhdtog W,
Katd mpocéyyon. H oaxping popen g evepysoxng C{ovng ywo v mEPLOYN
amoyvUVmOoNS optiov vroroyiletor pécw g eniivong g e€icmong eoptiov- Poison .
H emagn mov mpoxvmtel kokeitor diodoc Schottky kat Asttovpyei wg e€ng: n epapuoyn
evog Betikov Jduvopkod 610 UETOAAO, UEWDOVEL TO QPAYUO OLVOUIKNG EVEPYELOG,
EMTPENOVTOG TNV OVATTUEN HEYOA®V PEVUAT®OV OO TO UETOAAO TTPOG TOV MUY
(ONAadT| emtpémovTog T POY| TOV NAEKTPOVIOV OO TOV NUOY®OYO TPOG TO HETOAAO)
Avtifeta, N epappoyn evog apvnTikod SVVOUIKOD 6TO0 HETOAAO, avEavel 10 @pdyua,
eumodifovtag  pon peOUOTOC. e TOAAES EQAPLOYES, ATOLTEITOL MUK ETAPT LEGH TNG
omoiag To pedpa SLEPYETOL KOt TPOG TIG OVO KATEVOVVGELS, GLVAVIMVTOG UIKPT OVTICTOO.
A1, pmopet pev va emtevyBel pe v KatdAANAN OapdpeOon TV EVEPYEINKAOV (OVAOV
OAAG 01 GUYKEKPIUEVEG 1O10TNTEG TNG SETMIPAVELNS TOV VAIKOV Toilel, EMioNg, ONUOVTIKO
poro. Zuyvd, M oWk ovtiotoon vAomoleitor pUEcm piag woyvpng vobevong tov

NUOY®YOD GTNV TEPLOYT ETAPTG.
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Ewéva 27. Enaen petdAAov- npuoyoyod LETE TV 0moKOTACTOOT TNG BEpIKNG 1coppoTiog.

Avoxkepoiordvovtag Otav o 00V0 LMKG €pYOVTOL GE EMAPY, 1 OLVUIKY EVEPYELD
tpomonoteital. Eite petafdiieton Pnpotcd (katd Pabuidec), 0nmg otn mepintwon tng
EMOPNG LETAALOV-KEVOD 1) LETAAALOVL-LOVOTY), €ite akolovOel o cVUVOETES S1OUOPPDGELS,
Om®G 0NV MEPInT®ON PETAAAOL- NaywyoV. H emaen petdAlov-povoti-petdAiov, £xet
TOPOLLOLN. EVEPYELOKT) SLOUOPP®OT, LE TN dapopd 6Tt To £pyo 50660V €y, avtikadicTatot
ue to €,. H emopr petdrrov- nuaywyod-petdAlov, emiong oxorovlel mopodpoa
SLUOPP®OT), OLOPOPOTOLOVLEVT], OG TPOG TNV KAUYT TOV EVEPYELOK®OV (OVAOV GTNV
TEPLOYT] TOL NULOLYDYOV.

INo va peremBei n enidpaom evog mediov otig emapés Twv VAKOV, Bo e€etactel apyikd n
emoPn €vOG UETAALOL-KEVOV-UETAAAOD, TTOL TapoLGLaletal oty gwova 28. ‘Ectw 0Tt
vrdpyel pia taon Vo mov epoapuoleTon Katd UNKog TG TEPLOYNS TOV KATUAAUPAVEL TO
kevo. H évtaon tov niektpikov mediov vroloyiletar omd ™ oyéon Eo=Vo/d, 6mov d 10
Tayog TG KeEVNG mePLoyng. Xvvovdlovtag tnv évtacn tov mediov pe 10 €pyo €£6dov,
VTOAOYICOVLLE TN SVVOUIKT EVEPYELD, Y10 TNV TEPLOYN TOL KEVOL:

e(P'quOX/d
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peradAo { Kevo

Ewoévo 28. Enoen petdAAov-kevoD-peTdAlov HeTd TV amoKkatdotact) 0epoduvaptknig 1c0ppomiog.

H 0w oxéon Ba 1oyvel Kol 6TV TEPITTOON OVTIKATAGTOONS TOV KEVOD UE LOVOTIKO
VA6, 'Etotr onpovpyeiton pio Stopdpewon evepyelokdv (ovov émwg oty Ewova 29.
Av avti yio HOVOTNG vIapYEL KEVO, TOTE TO VYOS TOV QPAYUOTOS €lval avtd TOL KEVOD
onhodr| e,=€, .

Y10 onueio avtd e€etaletor av avomTOGGOVTAL PELUOTO CNPOYYOS MG OTOTEAEGLLOL
EQOPUOYNG TOV TEedIOL OTNV EMAPN OTNV EMAPT UETAAAOL-HOVOTH-UETAAAOL. XTNV
Ewova 29 napovsialovtar tpia mbava pevpata (I1 I kot I3). ‘Eoto 6t ot petodiikm
TEPLOYN, OAEG Ol KATOOTAGES IOV Ppiokovtol o yopnid amd ™ otabun Fermi eivon
KaTEMNUIEVEG evd OAeg Ooeg Ppiokoviar ynidtepa, eivar kevég. To pedpa 11 opeileTon
oe NiektpoOvia pe gvépyeto peyorvtepn g Er (avdmapkra), dpa givar undevikd (13=0).
To pevpa I3 mpoépyetor and mApelg evepyelakés Loveg Kot péel Tpog TANPELS LOVES.
Enopévoc, n tyunq tov etvan pundevikn ( I3=0, dev eivar dvvarn 1 omovpyio T€T0100
pevpotog). Movo to pevpa Iy elvar pun pndevikd, xabog mpoépyetor omd TANPELS
KOTOOTACELS Kot PEEL TPOG KEVEC KATUOTACELS. To pedpa avtd 0QeiAeTOl GTO PAVOUEVO

™g¢ onpoayyag (Hanson, 2008).
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Ewoéva 29. Enaen petdAAov-povoti-HeTdAlon: ALOHOpQ®OT EVEPYELNK®OV (OVAV LETE TNV EQOPLOYT

Suvapkov V.
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Iewpopoatiko Mépog

Kepaiarwo 7: Avantoén rAent@v vpeviov pe Tig peddoovg g Oeppikiyg
e€ayvmong Kot TS poyvnTikd vrofon0ovpevns ka00d1kg 1ovrofoing

7.1.0cpmikn e€dyvoon - Ocppiki ocidomon

7.1.1.Hs1popatikn oratoén

[Na v koatackevn tov derypdrov pe ) pnéBodo g Beprukng eEdyvoong £yve xpnon
ToL unyaviuatog evarofeong MED 010 Balzers.

Ewova 30. Ogppuxkdg sEayvotig MED 010 Balzers

7.1.2 IIswponatikn 61001K0Gio

7.1.2.1.I1pocTonacio Tov OSiynaTtoc

H avantuén tov Aentdv vueviov £ytve Tavo og vrootpopa mupttiov (Si) Koupévo oe
YN0 TETAPTNUOPIOV Kot SAGTACEMV UEPIKAOV EKOTOGTAOV. [Iptv and tnv evandBeon tov

Aemtoh vueviov aiovpviov, 1o omolo amotedel TO TPOTO GTPOUN NG EMBVUNTNG
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owtaéng, 1o vmoéotpopa koboapiletor mpooekTkd pe TN xpnon  mbBavoAng kot
OTLOVIGILEVOD VEPOD TTPOKELEVOD VO, AITOUAKPVVOOUV OKOVEC Kol akabapaoies.

Metd 10 KaBapiopd TOV, TO VTOCTPOLO KOADTTETOL 1E pio pdoKo amd @OAAO YoAKoD Yio
™ dnuovpyio AETTOD VUEVIOV GLYKEKPIUEVOL TYNLTOG Kol dlaotdoemy. To oynua g
pdokag, 6mmg moapovoraletor otnv Ewova 31, sivar 600 mopdAinio opboydvio e
dlotdoelg 6X8 YIMOGTAOV, To OTOolol EVOVOVTAL HETOED TOLG ME Ml ypopun pikovg 1
€KOTOOTOV Kot TAGTOVG mepimov 1 yihootov. To péyebog twv opboymvimv dievkoivvel
™MV MUK emeCepyacio mov LAOKEWTOL GTN GLVEXEWL T Oelypota KobMG Kol GTO

OYNUOTIGUO OYDOYILOV TEPLOYDV YOl TIG LETETELTO NAEKTPIKES LETPTOELG.

Ewéva 31. Kdloyn vrootpdpatog Tupttiov e Aok ornd gUALO YaAKOD

7.1.2.2. AuadikoGio evord0e£6nc TOV TPOTOV GTPOUATOS TOV AETTOV VUEVIOV, TOV
aAovuviov

Metd tov KaBoapiopd kot v KEALYN TOL pe HACKO, TO VTOSTPOUO Tonobeteitan og
KATAAANAN dtdTaén €viog Tov Baddpov evamdfeong kot akplPdg amévavtt and o 6TdYO,
(MOTE VO EMTLYYAVETAL 1] OLOIOHOPOT EVATOOEoN TOL VAIKOV. XN cuvEyela Tomobeteiton
o€ viino BoAppapiov 1o vAMKO mov Oa eEayvwbel, dSNANOT TO AAOVUIVIO GE HOpPEN AETTOV
ovpuartog Kot kietver o Bdhapoc. Katom, npénel oto BGhapo vo emkpatovy cuvOnkKeg
KEVOL NG TAENG TOV 10™ mbar , LLE TN {PNON TNG AVTALOG KEVOD, Ol OTOlE EMTLYYAVOVTOL
émerta and puon|, mepimov, ®pa. Otav o BdAapog amroktioel Tov emtBounto Pabud Kevoy,

LE TNV EMAOYN TOL SOKOTTN NG €EAYVOONG KOl TV TOPOYN NAEKTPIKOL pedpatog 2 A
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yio 10 devtepdrenta 6to vipa PoAepapiov, To ahovuivio TKETOL, €SOXVAOVETOL Kol
evamotifetoar 6Tt0 GUOTNUO VTOCTPOUATOG-UACKAG. MeTA TNV OAOKAP®OT  TNG
JLdKaGI0G EIGAYETOL GTASIOKA OTHOCPUPIKOC aépag oto BdAapo evomdbeong, dote
aLTOC VO OMOGVUTIESTEL KO VO amao@oAMoTEl, dlodikacio Tov emTuyydveTal G€ £val
Aentd. TéLoc, TO VTOOTPOUO UE TO AEMTO VLUEVIO OQOIPEITOL TPOCEKTIKA OO TO
unyavnuo Kot amopokpOveTon 1 pdoka yoAkov. Alomotdvetal 6t £yl evomotedel 610

VIOGTPOLLO TO AAOVUIVIO GTO GYNLA TNG pdokag, Omwg eaivetal otnv Ewova 32.

Ewéva 32. [Ipdto otpodpa evandbeong, alovpivio

7.1.2.3.AvanTuEn TOL GSVTEPOV GTPOUATOC TOV AETTOV VUEVIOV, TNC CAOVMIVAC

To vréoTpopa pe 10 AemTd VUEVIO TOV aAovUVioL VIOKeLton og Bepuikn enelepyacia,
o6mov tomoBeteitoan Yo 4 dpeg oe @ovpvo otovg 1150 °C ko Oeppaiveror vmd
ATHLOCPUIPIKEG cLVONKES. AoKIdoTnKay Kot dALOL ypdvorl kot Beplokpacies, wcGTOCO Yo
™ onpovpyion Tov emBountod THYoLS TOV 5 NM KoTtaANEQUE 0 aVTEG MG PEATIOTEG
ovvOnkeg. X cvvEKEL, apapeitanl amd To POVPVO Kol TAV® OO TO TPMTO GTPOUO TOL
aAovpviov VEApYEL EMPOVEINKT OEEdWON TOL ©€ GAOVUIVOL UE TAYXOC LEPIKAOV
vavopétpov. o v emitevén g emBountig TeMKNG OToENG OmMOEEWMVOVTOL Ta
opBoyodvia. tunuata. Ewdiwkdtepa, ta opboydvia tpunupate epPamtiCovior e dtdAvpa
kawotikod voarpiov, NaOH, cuykévipwong 1,5 M (12 ypauudpia oe 200 ml). To ke
opBoydvio tunua epPantiCeton yioo 90 Aentd 6to ddAvpHA KAVGTIKOD VOTPiov, TO 0Toio
dwnpeitan oe Beppokpacio 85 °C. [Mpwv v eupdmtion n ypouun £€voong tov
opfoydviev TUNHATOV KaAvTTETOL pe Oldpavo PBepvikt, 0mtmg @aivetar otnv Ewdva 33,
TPOKEWWEVOL Vo PNV EMMPEAcTEl TO OTpOUA TOL 0&EWioL Omd TOVG ATHOVS TOV

dwAvpatog oe ekeiv) v meproyn. Emedn 10 kawotikd vATplo avtidopd kol e TO
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aAlovpivio mépa amd TV aAovuve ova 15 Aemtd TO Oglylo OOROKPUVETAL OO TO
dlvpa kot eEAEYxeTal 1 ay@yldTTé ToL 0pHOYADOVIOL TUNUOTOS, DGTE VA OLUGPAAICTEL
ot dev emnpedonke 10 aAovpivio. Katom, to deiypa PubiCetoan o doyeio vepov yia
HoY dpa, To omoio doveital e TN yPNON GLOKEVNG TapoywyNs vrepnywv. To vepd

amopakpOVeL To vToAeippata 0&eldiov, kabmg Kot T0 oTPOLA TOV PEPVIKLOD.

Ewéva 33. [Tpoetoytacio detypotog pe Bepvikt yio t ¥k amo&eidmon

Ewova 34. Tlewpopartikny didtaén yuo ynukn amoéeidwon pe NaOH.

7.1.2.4. Avantoén Tov TPITOL GTPAOUATOS TOV AETTOV VUEVIOV, TOV GAOVULVIOV

To vmocTpOUa TOL TALOV TEPLEXEL £€VO OTPAOUON OAOLUWVIOL Kot €vol OAOVULVOG
KaAvmteton oM pe pdokao. ITo ocvykekpyéva n pdoko givor 10100 oYNUOTOG LE TNV
TPOTN He T dpopd OtL ta opboydvia Exovv péyebog 2x4 yilootwv. To véo oynqua
efummpetel ™V amouyn ™G €maeng petalld tov opfoydviwv TUnUdTeV ™G TPATNG

evamobeong pe avtd g devTEPNS, KaBhg 1 devTEPN Hdoka TomobeTeitan pe T€T010 TPOTO
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wote M evandBeon mov Ha onpovpyndel va oynuatifel Eva oTawpd e TO TPMOTO GTPMLLO.
AxorovBeiton n mepapoTikn dtadtkacio Tov avaeépdnke 6to vrokepdaiato 7.1.2.2. Otav
amopakpLvOel To VTOGTPOUA OO TO PNYdvna Kot apapedel ) pdoka, to deiypa maipvet
™V 0AOKANPOUEVT] TOV HOPOY, OT¢ eaiveTar otnv Ewdva 35, kot dnpuovpyeitor 6to

KEVTPO TOL 6TaVPoL pia tprotpopatikn tepoyn Al-Al,0s-Al.

Ewéva 35. Orokinpopévo deiypa

7.2. Moyvntikd vrofon0odnevn ka0odikn ovropfoin

7.2.1.1Hswpopnatikn 610toén

Mo mv katackevn tov dsiypdtov pe ™ péBodo e poyvntikd vmofondoduevng
KaBodkNG 1oviofoing éywve ypnon tov unyovhuoatog evamdbeong CVE 401 Cooke

Vacuum Product.

Ewéva 36. Mnydvnuo magnetron sputtering CVE 401 Cooke Vacuum Product.
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7.2.2.111popoTiKY] O1001K0GI0

7.2.2.1.I1pocTonacio Tov d£iynatoc

H avantuén tov Aentdv vpeviov £€ytve Tavo og vrootpopa wopttiov (Si) Koppévo ce
oYM TETAPTNUOPLOV KO SLOCTAGEMY LEPIKMV EKATOGTMV. [Iptv amd tnv evamdbeon tov
AEMTOV VLUEVIOL OAOVLUIVIOV, TO OTOl0 OmOTEAEl TO MPMTO OTPMOUE TG EMBLUNTNAG
dwtaéng, 1o vmooTpope Kobopiletor TPOoEKTIKA He TN YpNon  oBovoAng Kot
ATLOVIGUEVOL VEPOL TTPOKEWEVOD Vo amopakpuviovv okoveg kot akabapoiec. Metd tov
KaBoplopud TOv, TO VAOCTPOUN KOAVTTETOL PE Miol pAoKo amd @OUAAO YOAKOD yio TN
onpovpyio AETTOL LUEVIOL GLYKEKPILEVODL GYNUATOS Kol SlooTdcemVv Kot tomobeteiton
o€ KOTAAANAN dtdtaén evtog tov Baddpov evamdbeong Kot akpdg amévavtt amd To
010Y0, OOTE VO EMTLYYXAVETAL 1 OUOWOHOPPN evamdBeon Tov LVAWKOL. To oynua ™G
pdokag eivar mopdpolo pe avtd g Bepukng evamdbeong, oniadn VO mTaPUAANA
opBoydvia pe dlaotdoelg 6X8 yiloot®v, Ta onoio evavovtal peta&h Toug [ pio ypopun
unkovg 1 ekatootov Kot mAdtovg mepimov 1 ythootov. To péyebog twv opBoywviwv
umopetl va gival kot pikpotepo kabmg dev amatteitonl petémeita ynukn enegepyacio TV
detypdrov. Emmiéov, 1 pdoko mpénel vo kével moAD KOAN EMOQY HE TO LIOGTPOLLOL

€106AAmG B ONpIOVPYNOOLY OTELEIEG GTO TEMKO GYNLLOL.

7.2.2.2. Av0dK0OGi0 EVOTO0EGNC TOV TPAOTOV GTPOUUTOSC TOV AETTOV VUEVIOV, TOV
aAoVuIVioV

Metd tov kaBopiGHd TOL VTOCTPAOUOTOS Kot TV KAALYN TOL HE HACKA YOAKOD,
tonofeteiton oe KOTAAANAN Owdtaln evidg tov Baddpov evamdbeong kot axpidg
AmEVOVTL OTd TO 6TOYO GE AMOCTACN 6 EKOTOGTMOV, MGTE VO, EMTVYYXAVETOL 1] OLOIOLOPPT
evamobeon tov VAKov. Mmopovv va tomofetnBovv and éva g €61 LVTOGTPOUATA
KOADUUEVO, He UAOKO. ZTO €0MTEPIKO TOV BOAGUOVL LEAPYEL £€VOG KUKAKOS 6TdY0g
QTIYHEVOG amd 1o LAIKO To omoio Bo evomotebei, oniadn TOo GAovpivio. A@ov
tomofenBel 10 dokipo, KAeivel o Bdiapoc. Xtn ocvvéyeln, mpémer otov OBAAapo va
EMKPATOVV GLVONKEG KEVOL NG TAENG TOV 5x10°® Torr, ot OTOIEC EMTVYYAVOVTOL LE TN
xPNoM NG avtiiog Kevoh. AVTEC 01 GUVONKEG KEVOL EMTVYYXAVOVTOL £NELTA OO UEYOAO
aplBpd opov, mepinov 12. Otav o Bdropog amoktinost Tov emBountd Pabud kevov, pe

MV €MAOYN TOV KATOAANAOL OloKOTTN Eekvd 1 €10ay@yn OpYoV. XTN GULVEYEW LE
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doxknon 60 Watt DC petatpéneton o mAdopa, o onoio pe ™ fondeio vynAng tdong Kot
pHayvnTikov mediov Katevbovetal 6to 6tdxo. Ta dTope Tov 6TdYoL, ATOKTOVV KIVITIKN
EVEPYELDL KOL OTOCTMOVTOL OO OLTOV UE OmOTEAEGHO Vo, gvomotifeviol 6To cvoTnU
VTOGTPOUOTOC-paoKag Y 10 Aemtd, dote ovuewva pe v embount) owtaén To
oTpodua arovpviov va €xel mwoyog 100 nm. Ewdikdtepa, Yoo T0 GTPOUO GAOVLULVIOVL
ypnooromOnke mieon apyod 3 mTorr. Metd tv OAOKAP®OYN NG OL0OIKAGIOG
EI0AYETOL OTAOIOKA OTUOCPAIPIKOS 0€pOc o0To OBdAapo evomdbeone, dote aVTOC va
amocLUTIESTEL Kot Vo amacPoAtotel. O ypOVOC TOV OTOLTEITOL Y10 TV OTOGVUTIEGT] TOV
BaAdpov gtvar pio dpa. TELOG, TO VTOGTPOUA LLE TO AETTO VUEVIO OPOLPEITOL TPOGEKTIKA

Ot0 TO UNYOVNLLOL KO OTTOULOKPOVETOL 1] LOGKO YOAKOD.

Ewéva 37. [Ipodto otpdpa evandbeong arovpvion

7.2.2.3.Avantuén TOV OSVTEPOV GTPOUATOC TOV AETTOV VUEVIOV, TNE CAOVMIVAC

To vroocTpopa ToL TALOV TEPIEXEL £VOL CTPAONO AAOVUVIOL KOADTTETOL TOAL e PLAGKO.
[T ocvykekpéva n pdoko eivar T€T010V GYNUATOG OGTE 1 aAoVUVA Vo evamotedel pévo
OTN YPOUUN TTOL EVOVEL Ta 000 opBoymvia, Omwe @aiveton oty ekdéva 38. H pdoka,
Om®G TpoavaPEPONKe, TPEMEL VO KAVEL TTOAD KOAN ETOPY| LE TO VITOGTPOUO EWOAAANOS o
onpovpynBovv atéleleg oto tEMKO oynuo. Kot givor mBavo dtopo aAovpivag vo
evamotefodv kol ota opbfoydvia TURHATO TOL aAovuviov, gvdeyOuevo Tov glvar
wntépog avemBounto kot Bo omoitmoesr oadikacieg omofeidmone. Xtn cvvéyela,
axolovbeitar n TEWPOUATIKN dadtkacio Tov avagépnke oto vrokediato 7.2.2.2. ue
dpopd 6Tl TOpa 0 6TOHYOG Exel OTITEL amd ohovpva , M dwdkacio evamddeong
Sapkel 30 Aemtd kou To kevd mov omouteitar eivan g taEng 107 Torr, to omoio
emtvyydvetatl og 10 dpeg mepinov. To otpodpa aroduvog tov evarotifeton og 30 Aemtd
elvar 53 nm. Aokudotmkov pkpdtepol ypdvolr evamdbeong mov Opm¢ eiyov oG

amotédeopo T Onuovpyic vnoidwv oiovpvag. To otpdpe TG CAOVUIVAG TOV

67



dNuovpyeitor AOy® HIKPOH TAYXOLS OALG KO YPDOUOTOG TOL DAIKOV gvomdBeong oev eivar
opatd. T v  evamdBeon g orovuwvog ypnowomomnkav 80 Watt RF
(padocvyvomta), mieon apyod 3 mTorr kot 1 omdotacn TOL GTOYOL KOl TOV

VTOGTPOUOTOG dlatnpnOnKe 6T 6 EKATOGTA.

Ewéva 38. [Ipoetoyacio detypdtov yo evandbeon arodpvag

7.2.2.4. Avamtoén ToL TPLTOL GTPOUATOC TOV AETTOV VUEVIOV, TOV CAOVUIVIOV

To vréoTpopa mTov TAgov mepiEyet £va otpopo alovpviov 100 nm ko éva ahovpivag
53nm koAvmtetonl TaAL pe pdoko. ITo cvykekpipéva 1 paoko givoar 10100 oYAUATOG UE
NV TPAOTN UE TN dtpopd 0Tt Ta. opBoydvia £xovv péyebog 2x4 yiiootmv. To véo oynqua
egummpetel ™V amoeuyn ™G emaens petald tov opboydviev Tunpdtov ™G TPATNG
evamdeong pe avtd g devTEPNS, KaBMG N devTePN pboko Tomobeteitan pe tétoto Tpdmo
wote M evandBeon mov Ba dnovpynbel vo oynuatilel Eva oTopo LE TO TPDOTO CTPDLLOL.
AxolovBeitor n TEpapatikny dadtkacio mov avagépbnke oto vrokepdiao 7.2.2.2. O
xpoOvog evamdBeong eivar 10 Aemtd dote va dnpovpyndel otpdpa alovpviov méyovg
100 nm. T'w v evandBeon ypnowonomdnkav 60 Watt DC (cvveyéc pebua), migon
apyov 3 mTorr kot n amwdcTaon HETAED TOL GTOYOL Kol TOV VITOGTPAOUATOG OlaTnpNOnKe
ota 6 ekatootd. Otav amopoakpvvlel 10 VTOGTPOUE OO TO PUNYAVNUO Kol opotpedel N
pdoka, To detypa TaipveL TNV OAOKANP®UEV TOV HOPPT, OTWS GaiveTat otny gwKova 39,

KOl ONUIOVPYEITOL 6TO KEVTPO TOVL GTawPOD pia tpiotpopatiky meployr Al-Al,Os-Al.

Ewéva 39. Ororcknpopévo deiypa
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Kepdrowo 8. XopoKTnpiopos Kol TPLOTPOUATIKOV AETTOV
vueviov Al-Al,Os-Al kKot 610 MoGHOG TOV ATOTEAECUATOV

8.1.I1epr0rocwerpio axtivov X (XRD)

Iswponotikd omotsifopnata

o ™ perétm tov dsiyuatoc pe ™ pébodo mepbroocipetpiog axtivov X (XRD)
KATOOKELAOTNKAY 000, KotdAAnAo vy tn péBodo oavtn, Joxipa peyébovg 1x1
ekotoot®v. To éva dokipio €xel evamdbeon POVO TOL TPMOTOV GTPAOUATOS GAOLUVIOL,
EVD TO OEVTEPO EYEL £VOL GTPAOUO CAOVLIVIOV Kol £VOL GTPOLUN OAOVULVAG, TTOV TPOEKVLYE
petd omd Oepuikr| emeepyacic 610 @OVPVO, GTOVG 1150°C. Ta detypara

KATaoKeLAoTKAV e TN HEB0do TG Bepuukng e€dyvmong-Oeppkng o&eidmong.

600
1. Si (Tetragonal)
|2. Si (Cubic) - 400 2

3. Al - (Cubic)
4. Al,O; - Alpha Corrundum h
15. Sio,

400

ENTAXH (cps)

200 A

Alon Si
I A

Al & Al,O3 on Si

Ewova 40. Adypappa Evioong - yoviag 20 yio detypo pe oTpdpo aAoVHIviov Kol SITPOUOTIKO Seiyal

OAOLUVIOL - CAOVUIVOG
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Ewéva 41. Katddinio deiypo Aemtod vueviov olovptviov yio t pébodo XRD

YY0MUGUOC TOV AMOTELEGUATOV TS nef0dov mepr@laciuctpioc oktivov X (XRD)

Amd 1o anoteAéopata g neptOiaciueTpiog oktivov X yiveror e0kohao ovTiAnmtd 0Tl 610
G TPOUATIKO Oetypa alovpviov- alodpvog kKuplapyeg eivat ot PAGELS TOL TETPUYDVIKOD
Kol KuPiKov mupttiov eved ¢ 0gVTEPEHOLOES TOPATNPOVVTAL OL PACELS TOV KLPIKOV
alovpviov kot ¢ adovpvoc. Ta aroteAéopata sivor avapevopeva dedopévon 0Tl 10
Y0 TOL VIOGTPOUATOS TTVPLTiov givar 0,5 YIAMOCTA EVO TO GTPAOUA TNG AAOVUIVOS Kot
T0v oaAovpviov dev  €yovv  mhxog moapd  Alyeg exotovtddeg vVAVOUETpA.  XTO
LOVOOTPOUOTIKO delypa alovuviov 1 kopver tov Al eivon EexdBapn, ot Tég givan
VYNAEG, YEYOVOC TO OMOI0 VLTWOOEIKVOEL OTL VLIAPYEL CYNUATIOUOS KPLGTOAAIKOD
alovpviov. Avtd mov gaivetal va cvpPaivel eivar 0Tl petd ™ Beppukn Kotepyasio To
OAOVLUIVIO  KOTOVOAMVETOL Kol UETOCYNUATICETOL GE  VOVOKPUOTOAAIKY]  aAoOuva.
Emniéov, paivetanl va petaoynuatiletor oe pikpo Pabud kot to vroécTpopa, Kabng dev
elval mAéov HOVOKPLGTAAAIKO TLPITIO VD lowg Kol va €£xel vootel o Kdmowo Pabud

o&eldmon HeETA TN BepLUKT KO XMLUIKT KOTEPYOTTiaL.
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8.2. HAeKTPOVIKO MIKPOGKOTLO GAPMGNS

Me 10 MAeKTPOVIKO HIKPOOKOTO GApmong peletnOnkav 600 TPIOTPOUATIKE AEMTA
vuévia Al-Al,O3-Al dote va mapatmpnbei to otpdpa mov oynuoatiCel N aAovpva oArd
KOl TO OMUEI0 GTO KEVTIPO TOL GTOVPOV OTOV gviomilovtal Kat ta Tpio oTpopata. To Eva
amo T oetypota mapdyOnke pe ™ pnéBodo g Bepuikng eEdyvoong evad To GAAO [E T
péBodo g poyvntikd vrofonbovpevng kabodkng tovToBoAng.

Iswponotikd omotsifopnata

A)Agiyno Ospuikic sEayvoong

7 | det HV WD |mag|spot| tilt |La
ETD|[15.0 kV |26.1 mm| 76 x| 3.0 [-0 °| 15.0 keV

Ewoéva 42. Agvtepoyevi nhextpovia, SEM ueyébuvon X76 ,d109p0pd tdong 15 kV
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‘ mag | spot| tilt ‘Landing E —— 100 pm ———

det HV WD
*|ETD | 15.0 kV [26.9 mm

400x| 3.0 |-0°| 15.0 keV | NTUA

Ewcova 43. Asvtepoyevi) nhektpovia, SEM ,ueyébuvon x400,510popd tdong 15 kV

B) Asiyna poyvntikng poyvntikd vrofondovpuevne ka0oodikic wovropfoing

det ‘ HV WD | mag|spot]| tilt ‘Landing E

ETD|3.00kV |27.6 mm|25x| 2.5 | 3.00 keV

Ewova 44. Agvtepoyevn nlektpovia, SEM ,ueyébuvon X25,810¢p0pd tdong 3.00 KV
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P b
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s el

7| det 2\'% WD mag ‘spot tilt Landing‘;AE 20 ym ——
ETD|3.00 kV [10.3 mm|1880x| 2.5 |-0 °| 3.00 keV NTUA

Ewoéva 45. Agvtepoyevi nhextpovia, SEM ,ueyébovon x1880,810popd tdong 3.00kV

2YOMOGNOC TOV OTOTELAEGUATMOV TOV NAEKTPOVIKOUD UIKPOGKOTION GAPMGNS

Ot Ewoveg 41 xor 42 vmodeikvbhouy 0Tl TO GTPOUO TNG CGAOVUIVAG OTO OElypo NG
Oeprukng  e€dyvoong moapovotdlel peydAn ovopowopopeio. Emopévmg, mn Oegpuikn
ofeidmwon 1ov orovpwviov oynuatilel vnoideg aAovpivag, pHe amotédecpa v pUn
GUVEKTIKO KO [11] OLLOLOYEVEG GTPOUA 0EEDTIOV. AVTO TO YEYOVOS EYEL MG GLVETELL VOl LN
dnuovpyeiton pio. cGuveENG LOVOTIKNY empavel. Ocov apopd 6To delypa TG HLoyvnTikd
vroPonBovpevng Kabodikng 1ovTofoing o umopovpe va dOOUE AUESH TOVG KOKKOVG TNG
aAoVpvog KaBmG To ThY0g TOL GTPAOUATOS VAL KATOL) VOVOUETPO KoL KOTE CUVETELD Ol
KOKKOL €lvar TOAD HIKPOL Yyl T OOKPLTIKY] IKOVOTNTO TOV NAEKTPOVIKOD HKPOGKOTIOV
ohpwonc. Qotdc0o, Kpivoviag omd T0 GTPAOUO TOL AAOLULVIOV, TO 0Tolo EIvVOl OLO10YEVEG
Kol Aentod Omwg eaivetal oty Ewova 45, umopodue va Bemproovpe Eupeco 6Tl Kot T0
oTpOMO NG oAoLHvag to omoio Ppioketar amd kdtw elvar ki avtd opotoyevég. To
ocoumépaocpa avtd Pociletor 6To YeEYovog OTL 1 OLOOUOPPIC TOL AVATEPOL GTPMOUATOG
(aAovpivio) emmpedletor QUEGO OO TNV HOPPOAOYID TOV KATMTEPOL GTPMOUOTOG

(aAoOva). Agv Ba tav 1 Svuvaty 1 TOPAYOYT OHOIOUOPPOV CTPMUATOS AAOVIVIO, OV
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TO VIOGTPOUN OEV NTOV Kol oVTO opotoyevés. H pavpn okioon mov mopatnpeitor 6to
mhveo oplotepd pépog g Ewdvog 42 ko oe kdmown onueia g Ewdvag 44 eivan v
LEAOVIOD TTOL YPNOLUOTOMONKAY Y10 TOV EVIOTIGUO TOV TPICTPOUOTIKOD TUALOTOG TOV

vpeviov.

8.3. HAEKTPOVIKO INKPOGKOTIO SLEPYOUEVIC DEoUNC

[Noa ™ perém tov Oelypotog pe 10 MAEKTPOVIKO HKPOGKOTIO depyOUevns dEoUNg
KOTOGKEVAOGTNKE apylkd €101k Oelypo 6€ KUKAMKO VTOOTPpOUO YOUAKOD Sopétpov 3
YMOGTAOV HE CTPOUOTO OAOVUIVIOV Kol GAOVUIVOG KOL GTN GUVEXELDL TO OELYLOL VITECTY
mv KAtdAANAn mpoetolpacio. To debtepo otpdpa clovpviov evamotédnke pe
péBodo g Beplikng eEbyvOoNG EVEO TO TPOTO GTPOMUO OAOVLULVIOV Kol 1) OAOVULVOL
evamotétnkav pe ™ péBodo e poyvntikd vrofonbovuevne kabodikng oviofoing. To
TOAVGTPMUATIKO dokipio peretnOnke vd KAion wote vao mapoatnpnbodV Ta SlPOoPETIKA

GTPOUATO.

Iswponotikd omotsifopnata
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Ewova 46. TEM, k6xkot aAovpviov

Ewéva 47.TEM, Motifo arovpuviov

, Kokkot ahodpvag

Ewova 49. TEM
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Ewéva 48. TEM, potifo aiovpuvog

Ewéva 49. TEM, Aemipdveia peta&d aAovpvion Kot oAodvVag
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YYOMOGUOC TMOV OTOTEAEGUATOV TOV MNAEKTPOVIKOD UIKPOGKOTIOV OLEPYOUEVNC

déoung

g YEVIKEG YPOUUES TO TAYOG TOV CTPAOUATOS TNG KPLOTUAAKNG GAOVUIVOG Hopel va
BewpnOei 200-300 nm. To péoco péyebog KdkKmv g ahovuvog eivarl g Taéng tov 20-
30 nm. EmimAéov, to tpito otpdpa alovpuviov £xel méyog mepimov 200-250 nm. To péco
néyebog TV KOKK®V Tov odovpviov givor mepimov 50 nm. To deiypo pedetnke vmwod
KAlon pe ovvémela ta akpPn whyn Tov TAPATNPHONKOY OTIS MKPOYPUPies e EVOAAOYN
oTPpOUATOV Vo unv givor ta Tpaypatikd. To yeyovdg 0Tt 10 TpOTO GTPOUN GAOVULVIOV
dev gvtomiomnke, evad 1 néB0d0g TG payvntikd vrofonbovpevns kabodikng 1ovioBoing
nopnyaye eAeYYOUEVO THXOG OTPAOUATOS oAovpvag SO NM VTodekviel OTL kAT TN
dubpkela TG evamdbeong e alobpvog 1 katd ) Oepuikn e€dyvmon cuvéEPn o&eidwon
TOV TPAOTOL GTPMOUATOS CAOVUIVIOV KOl TANPTG UETAGYNUOTIGUOS TOV o€ aiovpva. TTo
OLYKEKPIUEVA, 10mMG Kotd TN Obpkelo ™G poyvntikd vrofonfoduevng kobodikng
1OVTOPOANG €KTOC amd T0 apyd vo ewlonydn oto BdAoapo ko o&uydvo, yeyovog mov Oa
TPOKAAEGE TO GYNUOTICUO NG adlovpvas. EmmAéov, to alovpivio mov evamotédnke pe
Oepukn eEbyvoon elxe mpoouilels, oe avtiBeon pe to KoBapd arovpivio mov
YPNOWomomOnNKe Yy TO TPOTO OTPOUA, Ot omoieg Bo umopovcav va  givar
oTa0EPOTOMTIKES Y10 TN PAOT TOVL dAoLHVIOV, pe CLUVETELD AV 6TO BdAapo evamdBeonc
vpEav KataAinieg ocvvOnkeg Beppokpaciog Ko o&uydvov va oEedmbnke povo Tto

KaBapd arovpivio.

8.4.IMoimikn OIEYEPGN NE PEONA

Xpnowomombnkov oV0 YEVWNTPLEG GLYVOTHT®V, Ol Omoieg cLVOEONKAY oTovg 0VO0
ay®YOVs, TPOPOSOTAOVTOG TOVG He TaApKO ofpa mAdtovg 10V, kot cvyvétntog 1kHz,
TPOKEEVOL va, aALGEEL 1] avTioToon Tov Tapovctdlel To 0&eidro. Ot peTpnoelg Eyvay oe
KOKAOLG TV 4 peTpoe®V, KAONDS T0 VAKO KoTd TNV méumtn pétpnon epuedvile Bepuikn

KOTOTOVNOY| LLE ATOTEAEGLLO VOL U1V TTOPEYOVTOL GOPT) OTOTEAEGLLOTAL.
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Hewponotikd amotelécnoTa

Agtypota Osppikne eEayvoonc

Ewoéva 50. TTewpopaticng didtadn yuo madpikn o1€yeporn e pedpa

A)Agiypa 1

A 'KOKAOC NETPNGEMV

Métone Oeppokpacio MAdrog Apyucn Telxn Awgopa :;'36::? Xpévog
pnen ADOPOV TR0V avtictacn | avriotaon | avrictaong Sué g G'IQ EMAVAPOPAG
(') (1) @ ) @ o ©)
1 25 1 50,65 47,29 3,36 10 35
2 25 1 54,33 48,08 6,25 10 90
3 25 1 53,77 48,24 5,53 10 180
4 25 1 51,87 44,45 7,42 10 360
B’ xvkhoc perprjoemv
Métons Ocppoxpacia | IMhatog Apyun Tehkn Awagopa nﬁxpé::? Xpovog
pnon ADPOV maipoV | avrictaon | avrictacn | avrictaong Sif 5 GTIQ ETAVAPOPIS
(‘) (ns) @ @ ) o ©
1 27 1 49,01 42,09 6,92 10 40
2 27 1 50,26 42,52 7,74 10 180
3 27 1 53,69 49,05 4,64 10 210
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4 27 1 43,41 35,31 8,1 10 360

I'" KOKAOC HETPNGEMV

Métpnon BOgppokpacio MAdTog Apyucn Telun Awgopa nﬁgﬁ:}gﬁq Xpévog
ADPOV Taipov ovtiotacn | avtiotacn | avricTacng Siéyepone ETAVOPOPAS
() (ns) (@ @) ) ©) ®)
1 30 1 57,92 49,39 8,53 30 45
2 30 1 52,28 41,28 11 30 75
3 30 1 50,45 41,04 941 30 100
4 30 1 51,81 40,33 11,48 30 240
A’ KUKAOG HETPROEWV
8
7 —
: /
|g_ 5
£ /
£ 4
>
s/
g3
S
=]
d 2
1
O T T T
0 100 200 300 400
Xpovog eTTavagopdg(s)

Ewcova 48. Adypoppo 510popac avtiotaong e Tov xpovo eravapopds (A" kdkiog-1)
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B' KUKAOG HETPAOEWV

- =
N £

[any
o

Alagopd avrioTaong (Q)

o
[$)]
o

100 150 200 250 300
Xpo6vog emavapopdg (s)

Ewova 49. Awdypoappo dtopopdc avtiotacng pe tov xpovo erovapopdg(B” koxloc-1)

['kOKAOG HETPAOEWV

(Q)

d avTioTaong
(63}

Alagpop
w

0 100 200 300 400

Xpovog eravapopdg(s)

Ewova 50. Awdypoappa dtapopds avtictacng pe tov ypovo exoavapopds (I' kbxkiog-1)



B) Asiypa 2

A 'KOKAOC NETPNGEMV

Métone Ogppokpacio MAdTog Apyucn Telun Awgopa n{:ﬁé:lg? Xpévog
pnen ADpOV TaApoY ovtiotaon | avtiotacn | avrictaong Sié : 6‘1@ ETAVAPOPAG
(‘C) (1) () ) ) o ©)
1 27 1 3668,52 | 2129,63 | 1538,89 10 20
2 27 1 3422,13 | 2050,11 | 1372,02 10 45
3 27 1 3788,11 | 217351 1614,6 10 110
4 27 1 3063,02 | 1695,97 | 1367,05 10 280
B’ kdkhog petprjoemv
Métone Ogppokpacio MAdrog Apyun Telxn Awgopa :é;:érlg? Xpobvog
pion ADOPOV Taipov ovtiotacn | avtiotacn | avricTaong Sué : GTIG ETAVOPOPAS
(‘) (nS) @) @ ) o ©)
1 27 1 3332,85 | 1758,81 1574,04 10 45
2 27 1 3748,12 | 2376,67 1371,45 10 100
3 27 1 3442,01 | 1640,96 1801,05 10 210
4 27 1 3980,12 | 2944,93 1035,19 10 300
I'” kOKAOC pHETPNGEOV
Métone Oeppokpacio MAdrog Apyucn Telxn Awgopa n)é;‘:é:::? Xpoévog
phon ADPOV TaApov ovtiotacn | avtictacn | avrictaong Sié : GTIQ ETAVAPOPAG
(C) ) (@ @ @ G
1 26 1 3142,24 | 1702,03 | 1440,21 30 30
2 26 1 3133,08 | 1995,85 | 1137,23 30 75
3 26 1 3773,08 | 1995,85 | 1777,23 30 180
4 26 1 3002,1 | 1881,21 | 1120,89 30 330
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A’ KUKAOG peTpROEWV
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Ewova 51.Adypoappo d10popdc avtiotacng He Tov xpovo exavaeopds (A" kokiog-2)

B' kUkAog peTpROcWV
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Ewova 52. Aidypoppa d1opopds avtiotacng pe tov xpovo erovapopdg(B” koxioc-2)



2000

I KUKAOG HETPAOEWV
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Alagpopd avrioTaong (Q)
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Agiynota poyvntika vrofondovusvnc kafodknc wovrofoinc

A) Asiypa 3

A" KOKAOC LETPNGEMV

Ewcova 53. AMdypoppo dtopopdc avtiotaong pe tov xpovo eravaeopdg(l'” kdkAog-2)

Métpnon Ogppokpacio IM\atog Apyn Tehun Awgopd n{:;:s::%g Xpovog
ADPOV TaApov ovtiotacn | avtictacn | avrictaong Sibyeponc ETAVAPOPAG
() () (@ ©) ) ©) s)
1 26 1 1714,99 | 689,03 1025,96 10 75
2 26 1 1171,17 | 915,33 255,84 10 180
3 26 1 1426,47 | 630,87 795,6 10 300
4 26 1 1683,26 | 1345,19 338,07 10 360
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B’ k0KAOC HETPNGEDOV

Xpévog

Métone Ogppokpacio MAdTog Apyucn Telun Awgopa MK Xpévog
pnen ADOPOV Taipov ovtiotacn | avtiotacn | avrictacng Sié g 6119 ETAVOPOPAS
(°C) () @) @ @ o ©)
1 26 1 1768,19 | 699,03 1069,16 10 45
2 26 1 1713,44 | 1400,51 312,93 10 120
3 26 1 1729,09 | 698,45 1030,64 10 180
4 26 1 1704,49 | 12235 480,99 10 360
I'" kOKAoC PHETPICEMV
Mézpnon Ogppokpacio MAdTog Apyun Telun Awgopa :;)‘jsrzgg Xpévog
ADOPOV Taipov ovtiotacn | avtiotacn | avricTacng Bibyeponc EMAVAPOPAg
(‘) (ns) ) ©) ) ©) ®
1 30 1 5939,31 | 3217,18 2722,13 30 20
2 30 1 5958,67 | 3841,33 | 2117,34 30 75
3 30 1 5998,08 | 3479,12 | 2518,96 30 180
4 30 1 6001,77 | 3711,83 | 2289,94 30 300
A'KUKAOG peTPROEWY
1200

1000 '\\
800

g
w
(=3
<]
<]
-
lg \ A
E 600
<]
]
: \ / \

400
g "
<

200

0 T T T T T T T
0 50 100 150 200 250 300 350 400

Xpoévog mavapopdg (s)

Ewova 54. Adypapipio Stopopds avtictaong pe Tov xpovo eravapopds (A’ kdrkhoc-3)
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B 'kKUKAOG pETPOEWV
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Ewova 55.Aidypappo d10popdc avtiotacng 1e tov ypovo enovapopds (B kbkioc-3)

" KUKAOG pETPAOEWY
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Ewova 56.A1dypappa dtapopds avtiotacng pe tov ypovo exovapopdg (I' koxhoc-3)
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B) Asiypo 4

A 'KOKAOC NETPNGEMV

Métone Ogppokpacio MAdTog Apyucn Telun Awgopa n{:ﬁé:lg? Xpévog
pnen ADpOV TaApoY ovtiotaon | avtiotacn | avrictaong Sié : 6‘1@ ETAVAPOPAG
(‘C) (nS) @) ) ) o ©)
1 26 1 1772,43 | 671,91 1100,52 10 30
2 26 1 1426,48 | 630,88 795,6 10 80
3 26 1 1897,65 | 1499,16 398,49 10 210
4 26 1 1714,13 | 1025,38 688,75 10 310
B’ kdkhog petproemv
Métonc Ogppokpacio MAdTog Apyun Teluxn Awgopa n{:)‘:é::? Xpévog
pnen ADOPOV Taipov ovtiotacn | avtiotacn | avricTaong Sué : G‘]Q ETAVOPOPAS
(‘) (nS) @) @ ) o ©)
1 30 1 3819,54 | 1113,56 | 2705,98 30 50
2 30 1 3198,51 | 1106,18 | 2092,33 30 100
3 30 1 3631,75 | 2103,74 | 1528,01 30 210
4 30 1 2999,73 | 1065,85 | 1933,88 30 300
I'” kOKAOC pHETPNGEOV
Métone Oeppokpacio MAdrog Apyucn Telxn Awgopa n)é;‘:é:::? Xpoévog
phon ADPOV TaApov ovtiotacn | avtictacn | avrictaong Sié : GTIQ ETAVAPOPAG
(‘C) (nS) @ ) (@) o ©)
1 27 1 2815,83 | 1430,05 | 1385,78 30 45
2 27 1 2271,32 | 1105,79 | 1165,53 30 120
3 27 1 2553,94 | 1569,37 984,57 30 210
4 27 1 2343,65 | 1181,28 | 1162,37 30 330
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Ewova 57.Awdypoappo d10popdc avtiotacng He Tov xpovo emovapopdg (A" koxhog-4)

B’kUkAog peTpricewv
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Ewoéva 58. Adypappio dtopopdg avtictacng pe Tov xpovo emavapopds (B kdkhog-4)
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I'KUKAOG peTPARTEWY
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Ewova 59. AGypoppio dtopopdg avtictoong pe Tov xpovo emavapopas (I' koxhog-4)

LYOMOOGNOC TOV UTOTEAECUATOV TNC TOAMUKNS OLEYEPGC UE PEVILY.

Amd T1g peTpnoslg mapotnpeital 0Tt n Beprokpacio YOPOL AELTOVPYEL EMKOVPIKA GTN
0épuavon mov omuovpyst m Oyepon pe peovpa. Ewdwotepa, pe v avénomn g
Oeprokpaciog Tov YOPOL ETTVYYAVETOL LEYOADTEPT TTMOT TNG TIUNG TG AVTICTOONG OTA
neplocotepo. detypata. Emiong, o ypdvog modpkng owyepong emnpedlel queca v
TEMKN TN TNG OVTIGTAONG, LE GLVETEWD 6To Ogtypota mov €xovv deyepBel vy 30s va
nopatnpeiton peyadvtepn ntmon avtioctaons and ott oto 10s. H mtdon g Tung g
avtiotaong avédvetal 660 PLEYOADTEPN €IVOL 1 APYIKT TN TNG OVTIGTACNG, COUPOVO LE
TIG PETPNOELS TV TEGGApV detypdtov. EmmAéov, 1o amotedéopato odnyobv G610
coumépacpa 0Tl e KaBe pétpnom, o ypodvog emavaopis avEAVETOL KL aVTO eEnyeitan
and 1o yeyovog OTL T LMKA Topovcstalovv uviun g Oepuikng tovg Kotamdvnong,
TOVAQYLOTOV Yl KAmolo ypovikd Otdotnua. Otav 10 pevpo dappéel Kol Tovg o600
aY®YOUS TOV SEYHATOV, TAPOoLGLALeTal KPN avTioTaon eved Ba Enpene 1 olovvVa va

Aertovpyel og poveotc. Avtd opeiletal, KOTA TPAOTOV, GTO YeYOVOS OTL TO VITOGTPOUA
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Tapovotdlel aywypdtta TG TaENS Tov MQ |, 1 omtoia aw&dvetor Kabdg Katd T Beppuikn
KATEPYOOoIO. Kot TN YNUIKN omoEeldmon, Omov OMOUOKPOVETOL TUNUO TOL EANPPAOG
LOVOTIKOV TPOGTATEVTIKOD GTPMOTOG TOV TUPLTIOL LE OMOTEALEGILO OVTO VO GUVEIGPEPEL
alctnTd otV ayOyloTNTO Ko, Kotd de0TEPOV, GTN [N GLVEKTIKOTNTO TOL GTPMOUATOG
™G aAoVUvag mov Tapnyon pe Bepuikn katepyosio. Ta topoandveo ce cuvdvacud LE TO
yeyovog OtL 0ev umdpece vo emtevybel otabepn emapn TV KOA®Si®V pe 1O Oelypa
odNynoe otV aloAdYNoN TOV OTOTEAEGUATOV OVAAOYQ LE TN JPOPA TNG NAEKTPIKNG
avTioTOONG TPV KOl UETA TNV TOAUIKN O1éyepon Kot Oyt otV oxkpifn Twn g

avTioTaomnC.
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Ke@draro 9: Lvpnepaopoata & Melhovikég kKatevBuvoerg

9.1 XVykpion tov nedoddowv Oepuikne e€ayvoonc kKo poyvntikd vropfondovusvnc

KaQ001knc wovrofoinc

H péboodog g payvntikd vrofonbodpuevne kabodikng oviofoing divel m dvvatodotnta
O GUVEKTIKOV Kol EAEYYOUEVOL TtAYoLG evamobécewv. Emiong, ta Aemtd vuévia pe
péBodo g Bepukng e€dyvaoong £xovv HEYOADTEPOVS KOKKOVG €VA pE TNV GAAN néBodo
01 KOKKO1 givol LkpATEPOL KOt TPOGPVOVTOL KAADTEPO GTO VTOGTPOUO. Me TN poyvnTikd
vrofonBovpuevn kaBodikn| ovtoforn pmopel va evamotedel alodpva Kot Katd cuvénetla
va amo@evyfel n Beplikn oEeldmwon kot M HETERELTA YNUIKY] KATEPYOSIO TOV GTOYXEVEL
omv amo&eidwon. H ynukn katepyasio sivar onuavtikd va amo@evydel kabmg vrdpyet
Kivouvog AMOy® aTp®mv Tov 0E£0G, TO HEPOG NG O1ATaENG OV TPEMEL VO AELITOVPYNOEL MG
HOVOTAG VO KATOOTEL ayyOg Kol TO VTOGTPOUO TLUPLTION AGY® UETOGYNUOTIGHOD VO
OLVEICQEPEL GE LEYAAO Pabud oty aywypdtto. Qo1000, 1| TOPAY®YY| £VOG delyIATOG

pe Oepukn e&byvmon — Beppikn| o&eidwon etvar Arydtepo ypovoPopa dradikacio.

9.2.X0v0£6M TOV QUIVOUEVOD TNC GIPOYYOC NE T TELPONATIKO OTOTELEGULATO

H 61btaén mov avantdydnke amotelel £vo TPIGTPOUATIKO AETTO LUEVIO. ZVYKEKPIUEVA,
avdpecso o¢ 600 KABeTA HETAED TOVG AeTTd LUEVIO ahoLIVIOL gumeptEyeTal AETTO VUEVIO
o&ewdiov arovpviov, ommg deiyvetar otnv Epyacio. Otav epappoletor Taon HETAED TV
00 ay®YDV Yoo TV HETPNON TNG OVTIGTAONS TOL VUEVIOL TOV 0&ewiov, TOTE LIAPYEL N
mhoavotnto KAmolw amd To eAeVBepa MAEKTPOVIOL GTO UETAAAO VO VTEPTNONCOLV TO
eplypo duvoaptkoy Tov TPoKoAel o 0&eidlo (ahovpva), AOY® TOv KBOVTOUNYOVIKOV
eowvopévov g onpayyocs. H mbBavomta avt) elvor peyoddtepn 6tov T0 LUEVIO TOV
ofeiov eivol KPLOTOAMKO Kot HUKPOTEPT OTAV TO LWPEVIO €ivol AUOPPO, AOY® 1TNG
OAAOYTG TOL CLVTEAESTN 0o oL PpiokeTan oTov e€kBétn TG cvvaptnong mhovotntag
T=T.exp(-20k) mov meprypaenke oe GAAo onueio g Epyociag. Xto onueio avtod
BopiCoupe O6TL M dTNPNON TNG KPVGTOAMKNG GAoNG TG aAOVUVAG, 1| | LETAPOAN TNG

amd AUOPPN GE KPLGTOAAIKY| YIvVETOL HE OEAELON PELUATOG KO OO TOLG OVO OywYoLg
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alovpviov, evdd M UETOPOA NG OO KPLOTOAAKY O QUOPON YiveTon pe OtEAevom
PEVUOTOC LOVO aTtd TOV Evay Ao TOVG dVO ow(nyoi)gl.

Ot voAoyiopol yio TNV aAroyn avTHg TS TOAVOTNTOG dTVOLV OTL TO TTAYT TG CAOVLIVOG
v vo TapotnpnOel pa petprioun adiayn mbavotrag T eivor g 16éng tov 1,5-2 nm.
Agdopévov 0Tt Ta Ty ToL 0&EWiov ov €detgav ot petpnoelg TEM elvan peta&o 50-200
nm, kot 1o yeyovog 01t ot petpnoelg TEM kot SEM éoei&av avantuén vueviov pe v
AOYIKN TG oTadaKNG dnpovpyiag vnoidwv Taéng peyéBoug g SUETPOL EVOG KOKKOV
(mov petpnOnke pe TEM ko etvor g tdENG TV dekad®mv M), e£QYETOL TO CUUTEPUGLLOL
0Tl T0 TAYOG TOL VLUEVIOL TNG OAOVUIVOG UETAPAAAETOL OVAAOYO LE TO 0PN KOl TIG
KOWAAdeg mov Ompovpyel avt) 1 otadoky dnuovpyio vnoidwv. 'Etotl, avtd mov €yve
katopbwtd oty mapovoa Epyacia kor amotelel v kovotopio tng eivor m mANpNg
KGALYN TOL HETOAAIKOV vueViov TOL cAovpviov amd aiovpive (oAAwg Oa elyope
avtioTaon PpayvKuKAGONLOTOS, fTot TG TAENS TV ML), 6oV TO TAYOS TG AAOVHVAG GE
pepka onpeia g dempdvelog petdAiov-o&ediov-petdrion gtvor g tééng tov 1,5-2
nm, yeyovog mov emrpénetl v olhayn mbavotnrag diElevonc nAektpoviov pe Baon to

eowvopevo onpayyas (aAAmg dev Ba elyape petafoin g avtictaong).

9.3.X0v0£0N TMV UTOTELEGUATOV NE TN HEALOVTIKY] ONULOVPYIC U1 TTNTIKAC UVAUNC

mov Bacilovion 610 perocsynuoticnd 0done (Phase Change Memory)

Ot PCM pvnueg ekpetailedovat tn opopd avtiotaong peta&d g Gpopens Kot g
KpvotaAMkng kotdotaons. H auopen xatdotaor teivel va mapovotdlel ToAd peyaan
NAEKTPIKY OVTIGTAOT EVM 1 KPLOTOAAIKY] OAOT| EMOEKVIEL YoUnA avtictaon. o va
pvOuotel t0 keEAl oMV KATAGTOON YOUNANG avTioTaons, £vag MAEKTPIKOG TAAUOG
epappoletar yio va emtevyBel 1 0Epravon evog oMUOVTIKOD TUNHATOG TOV KEAOD, Thve
amod TN Oeppokpacio KPLOTAAA®ONG TOV VAKOD TOL VLWOKELTOL GE OAAUYN @AoMG.
Enopévog n petapaon amd tv pio kotdotaon oty GAAN EMTLYYOVETOL HEC® TNG
niextpikng Bépuavong (Joule). Avti n dwadikacio Teivel vo vayopedel TV TOOLTTA TNG
Aertovpyiog Ypoeng, SEGOUEVOL OTL 1] ATOLTOVLEVT] SLIPKELL AVTOV TOV TOALOV eE0pTATOL

amo TV ToOTNTO KPLGTAAAMGNG TOL VAIKOL Tov aAAdlel edon. H kpvotdhiwon Opmg

Loy OPOL KKPUGTAAAIKI» KoL «GLLOPON» PACT] OVCLACTIKG ONUAIVOUV «OIOVEI-KPUGTAAAIKI KOl «OLOVEL-
apopen» edon (quasi-crystal 1 quasi-amorphous phase).
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o€ Beppokpacieg Kdto TOV 120°C sivau TOAAEG TAEEIS peyEBoug mo apyn. Xn Aettovpyio
emavoapLOUIoNG, ePaproletor LEYOADTEPO NAEKTPIKO pedia yio TNV THEN TOL KEVTPIKOV
TUHOTOG TOV KEAMOV. Edv 0 moApnog pevpatog modoel apketd amdTopd, T0 TETNYUEVO
VAMKO WYOYETOL KOL GTEPEOMOIEITOL GTNV GAUOPPN @AY, ONUIOVPYDOVTOG EVa KEAL OV
Bpioketor og KatdotaoT vynAng avtictaong. Ot TAnpopopieg amodnkedovtal ot Gacn
TOV LAIKOV kot owafdlovion pe t pérpnon g avtiotaons tov kemov PCM. To keAl
etvar Tpoypoppatiopévo kot dtoPdleton pe NAEKTPIKOVG TOAUODS YOUNANG TAoNS Yo Vo
un dwropdooetal M Katdotaon otny onoia Ppicketar (Raoux, Xiong, Wuttig, & Pop,
2014) (Burr, et al., 2010).

Otav ot 600 aywyoi, ooy, dappéovial amd PO, AOY® TOL PALVOUEVOD TNG GNPALYYOS
N avTicTOON LEWOVETOL, LE AMOTEAEGHA VO UTOPEL Vo dyetal NAEKTPIKO POopTio HECH NG
OAOVUIVOG. XVVETMG, O VTOAOYIOTNG avilhapfPdvetar t Ow@opd TAoNS 7TOL TNV
epunvedel og kotdotaon 1 6tav avtn etvon mepimov 5V. Otav , dpmg, dev mepvdiet pedpa
AOY® TG GpopeNg AOLVAG O VTTOAOYIGTNG avTiAapfPaveTot dtapopd taong ion pe 0 Kot
™V epunvevel og katdotaon 0. O vwoAoylotig Yo va KataAdfet 0Tt £va onpa givor 0 1)
1, yperdletan vo "PAEmel" oyeddv otabepn dtopopd taong 0 11 SV avtictoyya yia va
GLYKEKPLUEVO YpoviKO dtdotnua (xpdvog kabvotépnong otdodoons onpatog). O xpodvog
Tov M aAoVuve Agttovpyel g HOVOTAG Kol oTtéAvel onpa 0 Kot mov dryel Kot GTEAVEL
onuo 1 mpéner va Ppioketor evtdg twv opiov oAAdg 0 vroloylotig Bo AapPdver
AavBaopévo pnvopata. Emopévag, o xpovog Aoknong TaAUKng S1€yeponG Kot 0 xpOvog
EMOVAPOPAS TTPEMEL Vo, efvol pkpdg. ZOUQOVO LE TIS LETPNOELS TO. OMOTEAEGLOTA TOV
XPOVOL TOAMKNG d€yepong elvar Betikd, ®GTOGO 0 YPOHVOG emovapopds Bo mpémetl va

pelwOet.

9.4. MelrovtikEC KOTEVOVVGEIC

Y& TePITTOON GLVEYIONG TG £PELVOG TOV TPIOTPOUATIKOV Aentdv vueviov Al-Al,Os-Al
Yl LETETEITO EPOPLOYT TOVG GE [N TTNTIKEG UVNEG TPOTEIVETAL 1 OAAXYT] OPLOUEVDV

TOPOUETPOV KOL 1) EMOIOEN EVOALAKTIKOV peBddmv evomdbeong. Edikdtepa:
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H doxiun kot xpnon HOVOTIKOV DTOGTPOUATOV, TO OTOi0 AVTEXOVV TIG OepKéG Kot
ANUIKEG KOTEPYACIEG DOTE KATA TN SLAPKELNL NAEKTPIKAOV UETPNOE®V VO, TOPEYOVTOL
aKPIPESTEPA AMOTEAEGLLOTAL.

H ghayiotomoinon tov mdyovg TV STPOUATOV TOL GAOVUIVIOL KOl TNG OAODUIVOG
woTte va emtevyHel 1 xpvon TOUN AVALESH GTO TAYOC KoL TNV ordO0GT.

H doxiun kot epopproyn ynuK®v Kot QUOIKOV HefddwV evamdbeong TpokeUEVOD va
amoPeLYBoVV eMITAEOV YPOVOPOPES KOl OIKOVOLILKA OGVUPOPES YNIKESG Kot Oepikég
KOTEPYOOIES.

H peiowon tov ypdvov emovoapopdc omnv apylkn ovIicToo TPV TNV TOAUKY
O€yepon He JOKUEG SPOPETIKMOV TANTAOV CNUATOS KOl TOAUOD OTIG YEVVIATPLES

GLYVOTNTOV.
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