MHMUHHUCTEPCTBO OBPA30BAHUS PECITYBJIMKU BEJIAPYCb
BEJIOPYCCKHWI T'OCYJAPCTBEHHBI YHUBEPCUTET
®U3NYECKUN ®PAKYJIBTET

Kadenpa nazepHoit puU3MKN M CIEKTPOCKONMHA

[IlycroBa EnuszaBera AnapeeBHa

Pedepar

JIuriomMHo# paboThI

JA3EPHO-IIIASMEHHBIN CUHTE3 METAJUIMUECKUX U
nOoJYNPOBOAHUKOBBIX HAHOYACTHL AJI51
®OTOBOJIBTAMYECKUX IPUMEHEHNU

Hayunsie pykoBogurenu:

Tapacenko H.B., 3aB. nenrpa, n.9.-M.H.,
noueHt, ui.-kopp. HAH benapycu, T'HY
«Uuctutryt ¢uzuku um. b.M.Cremnanosa
HAH benapycuy»;

Boponaii E.C., mpodeccop, a.¢p.-m.H.,
npodeccop, kadeapa gazepHoi GU3UKU U
criektpockonuu bI'Y

Mumnck, 2019
1



PE®EPAT

OO6muit 00beM paboTsl 45 cTpanull, 19 pucyHkoB, 47 HCTOUHUKOB.

K/IIOYEBBIE CJIOBA: JIABEPHAA ABJISALMA, TOHKUE ITJIEHKU,
OCAXIAEHME  HAHOCTPYKTYP, OKCHUIAHBIE HAHOYACTUILBI,
®OTOBOJIbTAUKA.

O0beKkT wuccaef0BaHUA — METAUIMYECKUME U IOJYNPOBOJHHUKOBBIE
HAHOYACTHIIbI, TOJTYYCHHBIE METOAOM Ja3epHOM aOSAIUH B )KUIKOCTH.

Leab uccjieqoBaHus: CUHTE3 HAHOYACTHUI] KPEMHUS, OKCUAOB IIMHKA U MEIU
METOJIOM JIa3epHOU abJIALMU B )KUJIKOCTH, a TAK)KE CO3/I1aHME TOHKHX IUICHOK Ha MX
OCHOBE.

MeTtoasbl HCCJICIOBAHMSA: a0bCcopOIMOHHAs CHEKTPOCKOMUS,
MIPOCBEUYMBAIONIAS AJIEKTPOHHAS MHUKPOCKOMUS, (DIyOpecleHTHAs! CIIEKTPOCKOIHH,
CKaHUPYIOIIas 3JIEKTPOHHAS MUKPOCKOIIHS, BOJIbT-aMIIEPHAST XapaKTEPUCTHKA.

IlosryyeHHbIe pe3yJabTaThl 1 UX HOBM3HA. HaHOUACTHIIBI KPEMHUS, OKCHIOB
MEAW W IIMHKA TOJIYYeHBl B BHJE KOJUIOMIHBIX PAacTBOPOB METOJIOM Ja3epHOMU
abNsAUU B KHUJAKOCTU C UCTOJIH30BAaHUEM H3ITyUeHUs MEPBOM TApMOHHKH Jia3epa
Ha aTIOMOMTTPUEBOM TpaHaTe, JIETMPOBAHHOTO MOHaMu Heoguma. C MOMOIIBIO
abCOPOIIMOHHON CIIEKTPOCKONMKA HW3YYEHBI ONTHYECKHE CBOMCTBA KOJUIOMIHBIX
pPacTBOPOB yKa3aHHBIX HAHOYACTUIl. V3 TOJYYEHHBIX CHEKTPOB MOTJIOIMICHHUS
OLIEHEHA ITUPHUHA 3aNPEIEHHON 30HBI MOTYIPOBOAHUKOBBIX YacTUIl. OTKIOHCHHS
OKCMIEPUMEHTAIBHBIX 3HAYEHHH OT TEOPETUYECKUX OOBSICHEHBI JedeKTaMu
MOBEPXHOCTH HAHOYACTHII, a TAK)KE KBAHTOBOPa3MepHBIMH d(dexTamu.

HccnenoBana Mopdosiorusi CHHTE3WPOBAHHBIX  HAHOYACTHI[  METOJIOM
IIPOCBEYMBAIOLIEH JJIEKTPOHHOM MHUKPOCKONMU. B 4acTHOCTH, yCTaHOBJIEHO, YTO
dbopma vactuly Oiau3Kka K chepuueckoi, CpeTHUM TuaMeTp HAHOYACTHUIl KPEMHHUS
COCTABJISIET 7 HM.

MetosoM  CHUH-KOYTHHTAa  co3maHa  rerepocTpykrypa  ITO/n-ZnO/p-
CuO(Cuz0), u3mepeHbl ee PU3NKO-XUMHUYCCKUE XapakTepucTuku. [loka3aHo, 4To
JaHHAasi TETEPOCTPYKTYpa UMeeT (POTOUYBCTBUTEIHHYIO MPUPO/TY.

Pexomenganun mo BHeApeHHMIO. Kak mokaszamu pe3ynbTaThl H3MEPECHHS
BOJIBT-aMIICPHBIX XapakTepucTuk, rerepoctpykrypa ITO/n-ZnO/p-CuO(Cu,0)
oOnagaer (OTOUYBCTBUTENILHOM MNPUPOJONM M MOXKET HaWTH NPUMEHEHUE B
U3TOTOBJICHUH (OTONMPHUEMHUKOB, COJHEYHBIX JJIEMEHTOB M Ta30BbIX JATYUKOB.
OmHako B HacTosIee BpeMs NpOIEAypa TMOMydeHHUs CTPYKTYp Ha OCHOBE
CHUHTE3UPOBAHHBIX OKCHAHBIX HAHOYACTHI[ HE TOJHOCTHIO ONTHMH3HpOBaHA, W
TpeOyeTcs JHanbHeWmas paboTa s aJanTaldd  Pa3IddHBIX  KOMIIOHEHTOB
yCTpOMCTBA U ATAIOB U3TOTOBJICHMS.



PODEPAT

ArynbHBI a0'€M paboTel 45 cTtapoHak, 19 manonkay, 47 KpbIHIL.

KJIOYABBISI CJIOBBI: JTA3EPHAS ABJISILBIA, TOHKIA TIJIEHKI,
ACAJI’KOHHE HAHACTPYKTYVYP, AKCIIHbIA HAHAYACIIHKI,
®OTABAJIBTAIKA.

A0'eKkT JgacielaBaHHSl - METAJTIYHBIA 1 MAyNpaBaAHIKOBBIA HaHAYACIIIHKI,
aTpBIMaHBIS METaJaM JIa3epHai a0l ¥ BaIKaCIIi.

MbaTa nacjienaBaHHs: CIHT?3 HAHAUaCIIIl KPIMHIsI, aKCigay MBIHKY 1 Men3i
MeTajiaM JiazepHail aOmsibll ¥ BaJKaclll, a TakcaMa CTBapAIHHE TOHKIX IUIEHAK Ha 1X
acHOBE.

Metaabl aacienaBaHHsi: aOcapOubliiHas CIEKTpacKaris, MpacBedyBarovast
ANIEKTPOHHAsA MIKpackamisi, (QroapICUPHTHAs —CIIEKTpacKamisi, CKaHaBaJlbHas
AIIEKTPOHHAs MIKpacKallis, BOJbT-aMIIEPHAsl XapaKTaphICThIKA.

ATpbIMaHbIA BBIHIKI i iX HaBi3Ha. HaHavaciiHki Kp3MHII0, akciay Measi 1
LBIHKY aTpbIMaHbl ¥ BBIVISIA3€ KaJOIIHBIX PACTBOPAY METaJaM Jla3epHai aOJisibll
¥ BaJKacll 3 BBIKAPHICTAHHEM BBINPAaMEHbBAHHS MEpIlail rapMOHIKI Jiazepa Ha
AMOMOITTpPBICBAM ~ TpaHalle, JieraBaHara i€Hami HeaapIMy.. 3 Jamamorau
abcapOrplifHail creKTpackamii BbIBy4YaHbl aNThIYHBIS YJIACIHIBACIll KOJO1AHBIX
pacTBOpay Ha3BaHbIX HaHAYaclllHAK. 3 aTphIMaHbIX a0CapOLBIMHBIX CHEKTpay
al[PHEHa MIBIPbIHSA 3a0apOHEHAN 30HBI MAYNPaBaJHIKOBBIX YacCLIHAK. AJXIJIEHHI
HKCIIEPHIMEHTAIBHBIX 3HAYAHHAY aJ TIAPATBIYHBIX pacTiiyMayaHbl a3(eKTami
MaBepXHi HaHAYaCI[IHAK, a TaKcaMa KBaHTaBarmaMepHbIMI d(peKTami.

HacnenaBana  mapdanoriss  CIHTI31paBaHbIX  HaHAYacI[lHaK  MeTajaMm
npacBeyBaroyaid AJIEKTPOHHAW MIKpackamil. Y MpbIBaTHACLI, YCTAHOYJIEHA, IITO
dbopma wyacuiHak Omizkas Aa cdepblyHald, CIpIIHI JBIAMETP HaHAYaCIlIHAK
KpAMHIIO cKjajae 7 HM.

Metanam criH-KOYIIIHTY CiHTI3ipaBaHa rerdpactpykrypa ITO / n-ZnO / p-
CuO (Cuz0), ObuTi BEIMEpaHbl sie (i3ika-XiMIYHBIS XapakTapbICThiKi. [laka3ana,
HITO FETIPACTPYKTYypa Mae (hoTaaauyBajJbHYIO MIPBIPOIY.

Pykamenaanbli na ykapaneHHi: SIk makaszani BBIHIKI BBIMSPIHHSI BOJIBT-
aMIIepHail XapaKTapbICThIKI CTPYKTYpHI, rerapactpykrypa ITO / n-ZnO / p-CuO
(Cu0) Bamomae ¢ortaamuyBaibHAll MPBIPOAAN 1 MOXKAa 3HAWCII MPBIMSHECHHE ¥
BbIpalOe (hoTanpbIMalibHIKAY, COHEUHBIX 3JE€MEHTAY 1 ra3aBbIX JaTyblKay. AJHAK Yy
IANEpaniHi yac mpaupiypa arpbIMaHHS CTPYKTYp Ha AacCHOBE CIHTI3aBaHBIX
aKCIIHBIX HaHAuacI[iHAaK HE IlaJiKkaM amnThIMi3aBaHa, 1 maTpalyeria aaieurias
mparia sl afanTaibli pO3HbIX KaMIIaHEHTay MPbUIaJbI 1 3Tanay BeIpady.



ABSTRACT

The total amount of work is 45 pages, 19 figures, 47 references.

KEY WORDS: LASER ABLATION, THIN FILMS, DEPOSITION OF
NANOSTRUCTURES, OXIDE NANOPARTICLES, PHOTOVOLTAICS.

The object of the research is metal and semiconductor nanoparticles
obtained by laser ablation in liquids.

The aim of the research is synthesis of nanoparticles of silicon, zinc and
copper oxides by laser ablation in a liquid and creation of thin films based on them.

Research methods: absorption spectroscopy, transmission electron
microscopy, photoluminescent spectroscopy, scanning electron microscopy,
current-voltage characteristics.

The results and their novelty: Silicon, as well as copper and zinc oxides
nanoparticles were obtained in the form of colloidal solutions by laser ablation in a
liquid using first-harmonic radiation from a neodymium-doped yttrium aluminum
garnet laser. Optical properties of colloidal solutions of these nanoparticles were
studied using absorption spectroscopy. The band gap values of semiconductor
particles were estimated from the obtained absorption spectra. The deviations of
the experimental values from the theoretical ones are explained by the defects of
the surface of the nanoparticles, as well as by the quantum size effects.

The morphology of the synthesized nanoparticles was studied using
transmission electron microscopy. In particular, it was found that the shape of the
particles is close to spherical, the average diameter of silicon nanoparticles is 7 nm.

The heterostructure ITO / n-ZnO / p-CuO (Cu,0) was synthesized using spin-
coating method, its physicochemical characteristics were measured. It was shown
that the heterostructure has a photosensitive nature.

Recommendations for implementation: As shown by the results of the
current-voltage characteristics measurement of the structure, the ITO / n-ZnO / p-
CuO (Cuz0) heterostructure has a photosensitive nature and can be used in the
production of photodetectors, solar cells and gas sensors. However, at present, the
procedure for fabrication of the structures based on synthesized oxide
nanoparticles is not totally optimized, and further work is needed to adapt the
various components of the device and production steps.



