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II. Etran BukoHnauus JiP
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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

EdexTrBHI TOHKOIJIIBKOBI ra30Bi CEHCOPY Ha OCHOBI CIIOJIyK rpynu AIIBVI

Ha3sBa po6oTH aHIJIilICbKOIO:

Effective thin-film gas sensors based on compounds of group AIIBVI

PedepaT ykpaiHCbKOIO:

BigmpaiuboBaHO ONTUMAJbHI PEXUMU OCaI)KEHHS TOHKUX ITiBOK CdSe, CdS, ZnO Ta TBEpAuX pPO34YMHIB 3aMillleHHS
ZnO:Al, CdSel-xSx. Bu3HaueHO 3a/I€KHICTb IIMPUHU 3a60pOHEHOI 30HU BiJ] TOBIIMHU ILIiBKU. Briepie, 6yi1o
OLiHEHO €JIEKTPOHHO-OITUYHI [IapaMEeTPHU B paMKax MOJEJI BIIbHUX €JIEKTPOHIB [lpyze AJ1s IIIiBOK. JleryBaHHs
IIIIBOK OKCUZly LMHKY QJIIOMiHi€EM NIPU3BOJUTS 0 301/IbLIEHHS] OITUYHOI PYyXJIMBOCTI, 4acy peJlakcallii Ta 4aCTOTH
n71a3MU. Briepie o1jiHeHO 3a71eXHICTh BifHOIEHHSI I'YCTUHU HOCIiB 0 e(peKTUBHOI Macu HOCIS Bif TOBIIVHY IJTiBOK
CdSe. Bnepie po3paxoBaHO €HEPreTUYHi CIIEKTPH Ta ONTHYHI apameTpu maiBok CdSel-xSx. Taki )X po3paxyHKu
OyJsi1 pOBEJEHi i [J1s1 BUTIAIKY, KOJIU IJIiBKU B3aeMOJi10Th 3 razamu CO, NO2 ta H2. Bzaemogis niiBok CdSel-xSx 3
CO rasom BIIIMBa€ Ha LUPUHY 3a00POHEHOI 30HU Ta IIapaMeTp CIiH-OpbiTasibHe po3ienieHHs. Haibinpmuii
BILIUB agcop6buii CO Ha cniH-op6iTanbHe PO3IIENIEeHHS BUSBIEHO 1J1s1 6iHapHOi criosyky CdS (TO6TO KOHLIEHTpalList
x=1). [Ins1 ycix pocaimkyBaHux komiekciB CdSel-xSx y Bunaaky Bzaemoqii 3 H2 6auumo tenpenuiio Eg(Se+H2) >
Eg(S+H2). BigMiHHOCTI Y 3HaY€HHSX IMPUHU 32a00POHEHOI 30HU [103BOJISIIOTh BUKOPUCTOBYBATH TOHKI I1JIiBKA
CdSel-xSx B gx0CTi ra3oBux ceHcopiB. Hanbinpummii BruBs ancop6uii NO2 Ha ONTHYHY LIiJIMHY, BCTAHOBJIEHO IJIS
CdSe0.50S0.50. AbcomtoTHe 3HaueHHs Ead s CdSe0.75S0.25 (ms1s1 BUNanKy, KoM a3oT B3aeMogie 3 cipkoro) i CdSe
€ Hal6ibIMM. BesmurHa po3paxoBaHUX €HEPTill afcopollii MOJIEKYJI IEMOHCTPY€E HACTYyINHY TeHaeHLio Ead(S+H2)
> Ead(Se+H2). Po3po6sieHO TEXHOJIOTIIO JIETYBaHHS TOHKUX IJTiBOK ZnO pigKo3eMeIbHUMU eJIeMEeHTaMU.
CuHTe30BaHO Ta fociimkeHo ToHki miBku ZnO:Re (Re= Cd+Cl; Cd+Eu+Cl; Er+Cl; Yb; Tb; Sm Ta Nd). Bnepiue 6yso
MIPOBEIEHO IOCIiIKeHHS CIIEKTPiB HU3bKOYACTOTHOTO BinouTTs A1 miiBok ZnO:Re. Po3po6eHo 1abopaTopHUil

B3ipelb ra30BOro CEHCOpa Ha OCHOBI NOCIIIIKYBaHMX 3Pa3KiB.

Pedepar aHIJIiHCBKOIO:

Optimal modes of deposition of thin films of CdSe, CdS, ZnO and solid substitution solutions of ZnO:Al, CdSel-xSx
were worked out. The dependence of the band gap width on the film thickness was determined. For the first time,
the electron-optical parameters were estimated within the framework of the Drude free electron model for films.
Doping zinc oxide films with aluminum leads to an increase in optical mobility, relaxation time, and plasma
frequency. For the first time, the dependence of the ratio of carrier density to the effective mass of the carrier on
the thickness of the CdSe films was estimated. Energy spectra and optical parameters of CdSel-xSx films were
calculated for the first time. The same calculations were carried out for the case when the films interact with CO,
NO2 and H2 gases. The interaction of CdSel-xSx films with CO gas affects the band gap and the spin-orbit splitting
parameter. The greatest effect of CO adsorption on spin-orbit splitting was found for the binary compound CdS
(ie, concentration x= 1). For all studied CdSel-xSx complexes, in the case of interaction with H2, we see the
tendency Eg(Se+H2) > Eg(S+H2). Differences in band gap values allow the use of CdSel-xSx thin films as gas
sensors. The greatest effect of NO2 adsorption on the optical gap was found for CdSe0.50S0.50. The absolute value
of Ead for CdSe0.7550.25 (for the case where nitrogen interacts with sulfur) and CdSe is the largest. The value of
the calculated adsorption energies of molecules shows the following trend Ead(S+H2) > Ead(Se+H2). The
technology of doping ZnO thin films with rare earth elements has been developed. ZnO:Re (Re= Cd+Cl; Cd+Eu+ClI;
Er+Cl; Yb; Tb; Sm and Nd) thin films were synthesized and investigated. For the first time, a study of low-frequency
reflection spectra for ZnO:Re films was conducted. A laboratory sample of the gas sensor was developed based on
the tested materials.

Inpexc YIK: 537.311.322, 621.315.562
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII yKpaiHCBKOO: ToHKi n1iBKM XanbKoreHizis kagmiio (CdX (X= S, Se) i TBepanx po34uHiB Ha ix

OCHOBI) Ta okcuiB MeTaniB (ZnO:X, X= Al, In, Ga).

Hazpa HTII auri#icbKo¥0: Thin films of cadmium chalcogenides (CdX (X = S, Se) and solid solutions based on
them) and metal oxides (ZnO: X, X = Al, In, Ga).

HTII, sixy nepen6a4asiocsi CTBOPUTH:
IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTrpumaHi P€3yJbTaTH: OCHOBY TEXHOJIOTI OJeP)KaHHS HAIPOBIIHUKOBUX IIIBOK [1JI1 CTBOPEHHS ra30BUX
ceHcopiB. BiacTuBOCTI HaMiBNPOBIAHUKOBUX IJTIIBOK XaJIbKOTEHIiB KaIMilo Ta OKCUIiB METAJIiB B CEPEOBUILAX

Pi3HOTrO poy rasis.

l'asmy3b 3acTOCyBaHHS: 72.19 Jlocifi)KeHHs i €KCIIePUMEHTalbHi PO3pO6KH Y cdepi IHIMNX TPUPOAHUIHX i

TEXHIYHUX HayK
PeecTpariifiHuil HOMep KapTKH Te€XHOJIOT1i:

Omnuc HTII: Ocapxeno Touki mutiBku CdSe, CdS ta TBepaux posunHiB CdSel-xSx ta ZnO:Al Ta mpoBeieHo
IOCJIiI)KEHHS SIKOCT] IJIiIBOK PEHTT€HOCTPYKTYPHUM MeTosioM. TOoHKI HaniBrposigHukKoBi niBku CdS, CdSe, CdSel-
XSX Ta J1eroBaHoro ZnO xapakTepu3ylOTbC PiIBHOMIPDHMM PO3MOAITIOM 3€PEH CIIOJIYKH I10 BCi MJIOMIKHI MiTKIAOKY.
I[Tpu B3aemogii miBok CdSel-xSx 3 CO razom mupuHa 3a60pOHEHOI 30HU 30iIbLIYETHCS, ii 3aJI€KHICTB Bif,
KOHLIeHTpaLlii Cipku 3MiHIOETbCS 3 KBaApaTUYHOI Ha JIiHiMHY, a ClliH-0p6iTajibHe PO3LEII€HHS 3MEHIIYEThCS.
Enepris agcop6uii CO Ha noBepxHi CdSel-xSx Mae HeraTuBHe 3HAYEHHS, TOOTO IpoliecC aficopoIiii eK30TEpMiUHUH,
10 € Haibinbm eHepreTnyHo BurinHuM B CdSe0.25S0.75. ITpu B3aemonii CdSel-xSx 3 H2 cioctepiraemo
BiIMiHHICTb y 3HaU€HHSX IWMPUHU 3a60poHeHOi 30HU (Eg(Se+H?2) > Eg(S+H2)), 10 cBiguuTh po rnepcrekTuBy
BHMKOPHMCTaHHS MaTepialy B SIKOCTi razoBux ceHcopis. I1pu B3aemogii CdSel-xSx 3 NO2 criocrepiraemo 3CyB piBHS
®epwmi B 30Hy npoBigHOCTI. Haitbinbmuil BiiuB aacop6uii NO2 Ha mupuHy 3a60pOHEHO] 30HUCIIOCTEPIraeTheCs AJ1s
CdSe0.50S0.50. 3navyenHs eneprii agcop6uii nyst CdSel-xSx € mopaTHIM (Ipolec eHpoTepMmivyHui). 1715 BCix 3pa3kiB
B BUnagxax B3aemopii H2 i NO2 abcomoTHI 3HaueHHs eHepriil afgcop61ii nepesulytoTs 1 eB. JleryBaHHS IJ1iBOK
OKCHUJly IMHKY aJIIOMiHieM IIPU3BOJUTD 10 30iJIbIIE€HHS ONTUYHOI PyXJIMBOCTI, 4acy peJakcalii Ta 4aCTOTH I1JIa3MHU.
[IpoBeneHi BoCiIKEHHS CIIEKTPiB HU3bKOYACTOTHOTO BifouTTs (B 06s1acTi 20-600 cm-1 3a KiMHaTHOI TemIiepaTypu)
IJ1s CHHTE30BaHUX TOHKUX I1iBOK ZnO:Re (Re= Cd, Nd, Sm, Eu, Tb, Er, Yb) nokasasnu, 110 y ClIOCTEpPeXyBaHOMY
CIIEKTPJIbHOMY Jialla30Hi BUMIPIOBaHHSI MOXKYTbh MaTHU Miclie BHYTPIilIHbOIOHHI €JIEKTPOHHI 30y IKEHHS

PiIKO3€MEJIBHUX KOMIIOHEHTIB.

ConiannbHO-eKOHOMIYHA crpsimoBaHicTh HTII: Onrumisauis napamerpis mapis HamiBIpoBiHUKOBUX

crionyk rpynu AlIBVI 1151 BUKOpUCTaHHS IPU CTBOPEHHI €KCIIEPUMEHTAJILHOTO 3pa3ka ra30BOro CEHCOopa.
Bnyins HTII Ha moBKiJjs:

BrnpoBagskeHHs1s HTII: Pesynbrati po6oTu BUKOpHCTaHi y HaBYaIbHOMY IPOLiEC, Ha CTazii BIPOBaKeHHs Ha

BUPOOHHULITBI

ITpakTuyHa peasnizanis HTTI
ITouaToK eramy:
3aKiHYeHHS eTaly:

Crno>kuBavi NpoAyKIii: TOB “Cramap-Kpokyc”, TOB “Itanras”, TOB “PEHOME”, “HaykoBo-nocifHuit

InctuTyT Mikponpunaais” HAH Ykpainu, HaykoBo-Bupo6HuYe nignpuemcTso “Enekrpon-Kapar”

IlepcneKTHBHI PHHKH: VKpaiHu
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