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Pedepar:

1. Ha oCHOBI IpOBEJEHUX EKCIIEPUMEHTAJIbHUX JOCIIIKEHD Ta BiATIOBIAHUX TEOPETUYHUX PO3PAXYHKIB BUKOHAHO
aHaJli3 BIJIMBY Napo¢a3Hoi TeXHOJIOTiI TOHKUX IIJIiBOK Ha OCHOBI KaiMiil Tesnypunly Ha GOpMYyBaHHS CUCTEMU
IeeKTiB, sKa BU3HaYa€ KOMILJIEKC iX CTPYKTYPHUX, €JIEKTPUYHUX Ta ONTUYHUX BJIACTUBOCTEN M1 IPAKTUYHOTO
3aCTOCYBaHHS Y SIKOCTi MaTepiasiB 1711 CUCTEM OINTOEJIEKTPOHIKU Ta POTOENIEKTPUYHOTO IEPETBOPEHHS €HEpPrii.y
IpYroMy po3ziii aucepralii HaBeeHo 3arajbHi MPUHIUIIN BUKOPUCTOBYBAaHUX Y POOOTI METO/iB CUHTE3Y
6iHapHoro CdTe (isoTepmiuyHuil Binnas, nBoTeMIiepaTypHUI Bifillaj), KOHTPOJIIO BiIXUJIEHHS Bif, cTexiomeTpii Ta
OCaIPKEHHS 3 TapOBOi (a3u: METOJ, «TapsI40i CTIHKM» Ta METO[, BiIKPUTOrO BUIIAPOBYBAHHS y BaKyyMi. BkazaHo Ha
TEXHOJIOTIYHI 0COGIMBOCTI BUKOPHUCTOBYBAaHMX YCTAHOBOK. [I€TajbHO ONMCAaHO METOAMKY (OPMYyBaHHS

HAaHOCTPYKTYpPOBaHUX [TOBEPXHEBUX IIAPiB JIeryBaHHSM i3 BOJHUX PO34MHIB Ta oTpuManHs mapis p-CdTe.



Bu3HauyeHO TEXHOJIOTIUHI (PaKTOPH, SKi BIUIMBAIOTh HA CTPYKTYPHi, €JIEKTPUYHIi Ta ONITUYHi BJIACTUBOCTI TAKUX
mapiB. HaBezieHo repestik BUKOPUCTOBYBAHUX METOiB KOHTPOJIIO SIKOCTI IJIiBOK (xiMiyHUI Ta a3oBuil CKIany,
MopdoJIoTis MOBEPXHi Ta MiKpOTBEPIiCTh TOHKUX IIiBOK HA ocHOBi CdTe) Ta onuc BifOBiAHOTO 06J1aJHAHHS:
aTOMHO-CHUJIOBA Ta €JIEKTPOHHA CKaHyI0ua MiKpocKomisi, mpodinomeTp, inTeppepomeTp. BUkoHaHO aHaIi3
ONTUYHUX Ta CIIEKTPAJIbHUX METOJiB JOCJiIPKEHHS, HABEIE€HO OIMC 3aCTOCOBYBAHUX Y POOOTI CIIEKTPasIbHOI
YCTQHOBKHU [1J1s1 BABYE€HHS ONTUYHOTO TOTJIMHAHHS, ONITUYHOTO BiIOMBaHHS, MOJYJIITOPA ONITUYHOTO
BUIIPOMIHIOBAaHHS, YCTAHOBKU 151 IOCJIiI)KEHHS 0-MOJyJIbOBAaHMX OIITUYHUX CIIEKTPIB, YCTAHOBKY [J151 BUMIPIOBaHHS
cnekTpiB poTosoMiHecLeHLl, I1(PPaKLiIHOTO MOHOXPOMATOPA, (POTONOMHOXKYBaYa. OCOOIMBOCTI BUMipIOBAHHS
eJIEKTPUYHUX [TapaMeTpiB TOHKUX ITiBOK CdTe mocimKeHo 3a ONOMOroo PyHKLiOHATIbHOI YCTaHOBKU
aBTOMAaTM30BaHUX BUMIpIOBaHb (OTOENEKTPUYHUX [TapaMeTpiB iMIIeJaHCHUX HaIiBIIPOBiTHUKOBUX ILJTiBOK, 8 TAKOX
HaBeJIEHO IepeJlik BUKOPHUCTOBYBAHOTO IIPOrPaMHOT0 3a6e3Me4YeHHs 1711 00POOKM OTPUMAaHUX €KCIIEPUMEHTAJIBHAX
IaHuX. Y TPETbOMY PO3/1ijii BUKOHAHO aHasli3 KpUCTaliqYHOi CTPYKTYpH KpucTasis i niniBok CdTe Ta 3anpornoHoBaHO
KBa3ixiMiuHi PiBHSIHHS HECTEXIOMETPUYHUX ITiBOK KaAMill Tenypuny. Ha OCHOBi BUKOPUCTaHHS KBa3ixiMidHUX
PiBHSIHb BU3HAUEHO 3aJIEXKHOCTI PiBHOBaXHOI KOHLIEHTpAllii IepeBakalounx BJIACHUX aTOMHUX e PEeKTiB Bif
napuiaJbHOTO TUCKY [apy KaAMilo i Temrneparypu Bianany. BUKOHaHO aHasli3 MOBEiHKYU TOMIHYIOYMX BJIAaCHUX
TOYKOBUX JeEeKTiB Yy IJIiBKaxX KafMill Tesypuy Ta ix eKCIIepUMEHTAIbHOTO MiATBepIKeHHSI MeTOlaMU
doromominecneHnuii. JocmimkeHo oNTUYHI Ta esieKTpyuyHi BnacTtuBocTi miiBok CdTe. [IpoBeneHo cepiio TeCTOBUX
BMMIipIOBaHb iMII€JaHCHUX 3pa3KiB. [IpoananizoBaHo (porouyTausicTs MaiBok CdTe, sika € e(peKTUBHUM [1apaMETPOM
y BU3HA4Y€HHi (POTONPOBIAHOCTI. TaKOX PO3IJISIHYTO IEPCINEKTUBM 3aCTOCYBAHHS TOHKOIJIIBKOBUX I'€TEPOCTPYKTYP
CdTe B coHsuHiil eHepreTuLi. [JocmigkeHo eJleKTPUYHi BJIaCTUBOCTI 1IapiB, yTBOPEHUX JIETYBAHHSM I1OBEPXHI
kpuctany CdTe gomimkamu Ca ta Li. BcTaHOBI€HO, 110 po3paxoBaHuil KoedilieHT nudyaii A1 ioHiB Li BusBUBCS
6ibIl HiXX y TPWYi BUIIMH, HiX AJ1s1 MOHIB Ca, OCKiNIbKM MOHHMH pafiyc Li 3HauHO MeHmni (76 M npotu 99 nm g
Ca). PozpaxoBaHa MMTOMA €JIEKTPOIIPOBiIHICTh MOBEPXHEBOTO 1IAPy N-TUILY, IPY OJJHAKOBUX KOHLEHTPALiIx
JIETYI04Oi IOMIIIKY i yacax BUTPHUMKM, BUSBUJIACS BUILOIO Oi/IbLI HDK Ha NOPSAOK. lle 103B0INI0 3MEHIINTH

3arasibHui omip B 10-20 pasiB npu nepexoni Big, jerysaHHs Ca 1o jieryBaHHS Li.

2. Based on experimental studies and relevant theoretical calculations, the analysis of the influence of cadmium
telluride thin film vapor technology on the formation of a system of defects, which determines the complex of
their structural, electrical and optical properties for practical use as materials for optoelectronics and
photoelectric energy conversion. In the second section of the dissertation, the general principles of the methods
used in the work of synthesis of binary CdTe (isothermal annealing, two-temperature annealing), control of
deviation from stoichiometry and deposition from the vapor phase are given: the "hot wall" method and the
method of open evaporation in vacuum. The technological features of the used installations are specified. The
method of forming nanostructured surface layers by doping from aqueous solutions and the preparation of p-
CdTe layers is described detail. Technological factors that affect the structural, electrical and optical properties of
such layers are identified. The list of used methods of film quality control (chemical and phase compositions,
morphology of the surface and microhardness of thin films based on CdTe) and the description of the
corresponding equipment are given: atomic force and electron scanning microscopy, profilometer, interferometer.
As for optical and spectral research methods, a description is given of the spectral setup used in this work to study
optical absorption, optical reflection, an optical radiation modulator, a setup for studying n-modulated optical
spectra, a setup for measuring photoluminescence spectra, a diffraction monochromator and a photomultiplier.
The features of measuring the electrical parameters of CdTe thin films are shown on the functional block diagram
of the installation for automated measurements of the photoelectric parameters of impedance semiconductor
films, as well as a list of software used for processing the obtained experimental data. In the third section, the
analysis of the crystal structure of crystals and films of CdTe and the quasi-chemical equations of
nonstoichiometric cadmium telluride films are proposed. Based on the use of quasi-chemical equations, the
dependence of the equilibrium concentration of superior intrinsic atomic defects on the partial pressure of
cadmium vapor and the annealing temperature is determined. The analysis of the behavior of dominant intrinsic
point defects in cadmium telluride films and their experimental confirmation by photoluminescence methods is



performed. A series of test measurements of impedance samples was carried out. The photosensitivity of CdTe
films, which is an effective parameter in determining the photoconductivity, has been investigated. The application
of thin-film CdTe heterostructures in solar energy is also considered. The electrical properties of the layers
formed by doping the surface of the CdTe crystal with Ca and Li impurities are investigated. It was found that the
calculated diffusion coefficient for Li ions turned out to be more than three times higher than for Ca ions, since the
ionic radius of Li is much smaller (76 pm versus 99 pm for Ca). The calculated specific electrical conductivity of the
n-type surface layer at the same dopant concentrations and exposure times turned out to be more than an order
of magnitude higher. This made it possible to reduce the total resistance by a factor of 10-20 when going from
doping with Ca to doping with Li.
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