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EYXAPIZTIEZ

H mapoloa petamtuylokn epyacio ekmovnOnke oto Ivotitouto Oewpntikng Kot Quotkng Xnueiag
Tou 16pUpatog Epeuvwy, und tnv emifAedPn g IXOANG Twv XnUKwv Mnxavikwv tou EBvikou
MetooBiou MoAuteyveiou, ota MAaiola Tou AlaTUNUATIKOU NPoypdpatog Zmoudwv « EMmoTAun Kat
Texvoloyia YALKwv».

Apxlikd Oswpw UTOXPEWOH HMOU va eguxoplotiow BOepud Ttov emPAénovia kabnynt) NG
SUTAWPATIKAG Hou gpyaaiag, K. A. MavwAdako, KaBnyntr tng oxoAng MnxavoAoywv Mnxavikwyv Tou
E.M.M. yia Vv avaBeon kot tTnv cupBoAn tou oe kaBe paon TnG dnuloupylag tTNg mMapouoag
epyaociag. H ohokAnpwon t¢ Ba ntav aduvatn xwplc tTnv moAUTIUN umoothpLEn Kat kabodrnynon
ToUu.

ErmumtAéov, ekdppalw €va Babu suxaplotw otoug Apa MuixaAn Koumitoa kat Apa Mapia Kavéula,
EPELVNTEG TOU «lvoTitouTou OewpnTikAg & Duoikng Xnueiag» tou EBvikoL 16pupatog Epsuvwy yla
TNV ApLoTn cuvepyaoia ou eiyape ota mAaiola TG oOAOKANPWONG QUTNG TNG Epyaciag Kabwg Kat
yla tTnv apetpn BonBela kat kabBodriynon otn xprion tou e€omAlopol Tou gpyaotnpiouv Epapupoywv
Laser.

ITn ouvéxela, 6a nTav peyaAn mapaAswpn va pnv avadépw tnv Ka MNavaywwta Kopain, vriondla
S16aktopa yla tnv tpobupia TNG Kol Tov TOAUTLHO XpOvo Tou SL1EBe0E yla vol Lou SWOEL ONUOVTLKA
OTOLXELO YLO TNV TIPOYHOTOTIOINGCN QUTAG TNG SUTAWHATIKAG. Eva 1dlaitepa HEYAAO «EUXAPLOTW KOl
otov Ko HAla XtlnBswdopidn, puélog A.E.M. tng oxoAng Mnxavikwv Metaleiwv MetaAloupywv
tou E.M.M. yla tn 81aBeon Tou NAEKTPOVIKOU ULKpOOKoTiiou odpwong (SEM) kat yia tnv BonBelda
Tou otn Sie€aywyn Twv petprnoswv. Kabwc kat otnv Muptw Aapdafiiia, untodridpia Sidaktopa tng
IxoANG XnUkwv Mnxavikwv tou E.M.M. yla v npaypatonoinon Twv Hetproswyv oto XRD.

Euxaplotw moAu, tv kaAi pou ¢iAn Koupdon Mapia, urmoPndla dt8AaKktopa Tou mavemniotnpiou
Tou Southampton yla Tn cuvexr cupmapdctacn Kot tn otApLEn mou pou mpooédepe KABOAN tn
Slapkela ouyypadrng authg Tng epyaciag.

T€Aog Ba fBela va ekPppAcw TNV EVYVWHOOUVN LOU TIPOC TOUC YOVELG Lo oL omoioL urtpéav mavia
€Va QVEKTIUNTO OTAPLYHA YLa EQEVA KAl OTOUG omoiouc odpeilw OAn tn Stadpoun Twv ormoudwv pou
MEXPL OrpEpQL.



NEPINHWH

ITnv mapouoa gpyacia mapouolaleTal N avantuén KoL 0 XopakTtnPLopog Aemtwyv Upeviwy ofeldiou
Tou Peudapyvpou (ZnO) pe voBeuon VAVOOWUATIOWY EUYEVWV HETAAAWV. ZUYKEKPLUEVO EYLVE
xpnon xpuoouU (Au) kat maAAadiov (Pd). Autd ta Upévia LEAETNONKAV E OKOTO TNV XPHOoN TOUG
oav aLobnTpeg aépLag aKeTOVNG.

H aketovn amoteAel emikivbuvo TPOC €LOTVON OEPLO QMO TOUG avBpwILVoUG opyaviopous. H
KaOnuepv €kBECN TOUC O€ GUYKEVIPWOELS Avw Twv 500 ppm dnuloupyel mpoBAnuata uyeiag,
Umopel Opwe va mapaxOel kal and tov (610 Tov avBpwItvo opyavIoUO OE TIEPUTTWOEL OLODEVELWV.
Ekto¢ amd toug €UPLoug opyavioUoUG, N aKETOVN Snuwoupyel mpoBAnuata kKal oto meptBaiiov
kaBlotwvtag tnv aviyvevon tng peilovog onuaciag.

H HeAéTn Twv alobBnTApwv MPAYUATOTOINONKE O Pl TELPOUATIKA Slatagn amoteAoUUEVN amo:
Balapo Kevou, TNV CUOKEUN OTAPLENG, B€pHavong Kol LETPNONG TNG NAEKTPLKAG avtiotaong Twv
vpeviwy, tn Baon otpEng Tou aodnTRpa, To cuotnua Slaxelplong agpiwv Kal ta anapaitnta
NAEKTPOVIKA Opyava. H Ttieon otov BAAAUO NTAV OTATIKY YEYOVOC TIOU TIPOCOMOLALEL TIC KOVOVLIKEG
ouvOnkecg Asttoupylag Tou aloOntpa os BlLOPNXAVIKEG EPAPUOYEG pLaG Kot AapBavetal umoyn n
S1axuon NG aKETOVNG OTO XWPO.

MovooTpwHaTIKA UpEVia ZnO (nuiaywyol TUTou n) avamtuxdnkav pe tn HEBOSO TNG TAAULKAC
evamnobeong pe laser kal ev ouvexeia €ylve MAVW TOUCG evanmoBeon vavoowHaTSwY xpuooU Kat
naAAadiou. Ta vpévia avamtuxbnkav Katw amnod tig ibleg ouvOnkeg, mieon ofuyovou 20 Pa kal pon
evépyelag tou ND:YAG ntav 24 ml/pulse. Ita mpwta U0 UPEVLO N EVATIOBECN KPATNOE 2 WPEC EVW
ota Seutepa 3 WPeC. AUTO €ixe wG amotéAeopa ta UpEvia v Sltad€pouv we TPoG TO YOG Touc. H
evamnobeon Twv ocwpatidiwv Au, Pd €ywve kat AAL pe tnv HEBOSO TNG MAAUKAC evamoBeong yla
€va Kot SUo Aemtd. O XopaKTNPLOUOC TWV UHEVIWY EYLVe e TIG £€NG neBodouc: SEM, XRD, AFM.

Itnv napovoa gpyoaocia BpEOnke OTL n evanoBeon vavoowpatidiwyv euyevwv PETAANWY enMédpace
Betik@ otnv aviyveuon oketovng. Oco peyoAUTepn mMoooTNTA owWHATOWY UTtApXEl oto ofeidlo,
TOOO HIKPOTEPEC OUYKEVIPWOELG OKETOVNG MUTTOPOUUE VO OVLXVEUOOUUE O©f XAUNAOTEPN
Bepuokpaoia Asttoupyiag. H Bepuokpacia Asttoupylag otnv omola €YLVE N avixveuon tng aAKETOVNG
Atav amod 155°C - 200°C. H pikpdTEPN CUYKEVIPWON OKETOVNE TTIOU AVLXVEUTNKE ATV 26 ppm OTOUC
T=200°C. To amotéAeopa eival BeTikd KaBwC otnv Blopnxavia xapnAéc Beppokpaciec Aettoupyiag
Twv alebntipwy, onuaivouv xapunAo kootog Asttoupylag. H avénon tou TAXOUC TWV UUEVIWV
UTIEPELXE TOU XPOVOU QTIOKPLONG, O OTOL0C OTA TILO TTAXLA UPEVLA HELWONKE KaTd TOAU. H amokplon
au€nbnke oto maxutepo detypa ZnO:Pd (3h+2min).



ABSTRACT

This thesis presents the development and characterization of zinc oxide (ZnO) thin films, doped
with noble metal nanoparticles, such as gold (Au) and palladium (Pd). The films where tested as
acetone sensors.

Inhaling of acetone is harmful for the human health. Daily exposure in acetone concentrations
above 500 ppm causes health problems. Furthermore, acetone can be produced by the human
body in case of diseases. Apart from being harmful for the human health, acetone can also cause
problems for the environment. Therefore, efficient and low cost acetone sensors are indispensable.

The experimental setup for gas sensing measurements consists of: a vacuum chamber, the pump
that evacuates chamber, the gas management system, the pump and the necessary electrical
organs. The chamber pressure was static in order to simulate the real working conditions of the
sensor for industrial applications, where the diffusion of acetone in the atmosphere needs to be
taken into account.

The semiconducting (n type) zinc oxide thin films were developed using the pulsed layer deposition
(PLD) method. Nanopatricles of gold and palladium were subsequently deposited on the surface of
the films by PLD. The films were deposited under 20 Pa dynamic oxygen pressure. The energy of the
ND:YAG laser pulses was 24 mJ/pulse. The deposition lasted for two hours for some samples and
for three hours for the other samples, therefore we prepared ZnO films of varying thickness. The Au
and Pd nanoparticles was carried out with 24 mJ/pulse under vacuum and lasted one and two
minutes. For the films characterization was used those methods: SEM, XRD, AFM.

We find that the pressure of the nanoparticles has a positive effect on the detection of acetone. As
the quantity of metallic nanopatricles on the ZnO surface increases, the operating temperature, for
which small concentrations of acetone are detected, decreases. The operating temperature of the
sensors was area 155°C-200°C which leads to lower power consumption and increased operating
safety compared to other metal oxide acetone sensors which operate at higher temperatures. The
lowest acetone concentration that was detected in this thesis was 26 ppm with operating
temperature, 200°C. The response time of the sensors decreased for thicker ZnO films. The
maximum response was given by the thicker film.



NEPITPAMMA METANTTYXIAKHZ EPTAZIAZ

210 MPWTO KEPAAQLO YIVETAL Pl ELocaywyr ot Bewpieg mou SLémouv ta UAKA Ttou Bplokovtal oTtnv
OTEPEA KaTAotaon NG UANG kat Sivovtal Bacikol oplopol yla tnv KPUOTAAALK Soun Kot TiG
LOLOTNTEG TWV OTEPEWV WG amoppold TnG. Emumpoobeta, yivetal avadopd oTo nulaywyLlo ofeidlo
mou peAetrioape. Emetta SIveTal 0 OPLOUOC TwV AEMTWY UPEVIWV Kal Teplypddovtal ol Tpomot
avamntuéng toug.

Y10 SeUtepo kedAAalo, avaAllovtal Ol PUnxaviopol tng aiodbnong twv aeplwv amod KpUuoTOAALKA
HETAAALKA o€eldla aAAd Kal Ta KpLTrpla ETUAOYAG TOUC WE UALKA aViXVEUONG OEPLWV. 2TN CUVEXELQ
yivetal avadopd oto Q€plo TMAVW OTO Omoilo yivetalL n HeAETn, tnV aketovn. TEAog yivetal
€MLoKOMNoN TG BLBAloypadiag 6cov adopd ota UALKA TTOU £XOUV XPNoLUoToLlnOel oav alodntrpeg
OKETOVNC.

310 Tpito Kepahalo meplypddovtal oL MEPAUATIKEG Stadlkacieg, evamoBeong twv UPeviwy, 0
TPOMOG e€aywyNG TwV NAEKTPIKWY METPROEWY, KABWC Kal ol péEBoSoL oL OMOIEG TAUTOTOLOUV TNV
KPUOTAAALKN) TOUG Soun, TNV oUOTACH TOUC KOL TA XAPOKTNPLOTIKA TNG EMLPAVELAC TOUG.

2T0 TETOPTO KEPAAALO TTOPOUCLALOVTAL TO ATOTEAECUATA TWV HETPIOEWV HOG KOL TA AMOTEAECHATA
XOPOKTNPLOHOU TwV aodBNnTnpwv. TEAOC avadEPOVTOL TO CUYKEVIPWTLKA CUUTTEPACHUOTO TIOU
e€Nxbnoav amo Ta TMELPAUOTO KOl Ol UEAANOVTIKOL OTOXOL TIOU QMOPPEOUV ATMO QUTA Ylo TNV
TMEPALTEPW €peuva Kat BeAtiwon ¢ aiobnong Twv VALKWY Hag.
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(o€A. 23)

1.2.2.5. IXNUOTIOUOG Kol avamtuén upeviou. (ogl. 23-24)
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