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2. Thin film semiconductor materials and structures based on sulfides and selenides of metals of the zinc subgroup

Pedepar:

1. Y po60Ti po3BUHYTO HayKOBUI HaNIPSIM CUHTE3Y TOHKUX HaIliBIIPOBIIHUKOBUX IIiBOK CyJib]iniB i ceneHinis
METaliB MiArpynyu LUMHKY METOAAaMH XiMiUHOTO OCa/I)K€HHS 3 BOJHUX PO34MHiB. KoMIiekc oTpuManux
PO3PaxyHKOBUX i €KCIIEPMMEHTAIBHUX JAHUX JO3BOJIMB BLOCKOHAIUTH METOIM XiMIYHOTO OCAIPKEHHS i BU3HAYUTU
ONTUMAaJIbHi YMOBU oflep>KaHHS TOHKUX (< 100 HM) HaNiBIPOBiNHUKOBUX ILJIiBOK CYy/bQifiB Ta cesleHiliB MeTaiB
NiArpynu LUHKY, TBEPAUX PO3YMHIB i TeTEpOCTPYKTYP Ha ixHill ocHOBI. PeanizoBaHi B po6oTi meTonu XO i XI1O
IO3BOJISIIOTh CIIPOCTUTH i 3,€MIEBUTH NIPOLEC OTPUMAHHS TOHKOILIIBKOBUX HaiBIPOBiTHNKOBUAX (POTOYYTIUBUX
Marepia’iis 11 IEPETBOPEHHS COHSYHOTO CBITJIa B €JIEKTPUYHY €HEPrilo Ha MiIK/IaKaxX 3 BEJIMKAMU IIJIOMAMU.
Po3paxoBaHO rpaHNYHI YMOBU YTBOPEHHS MajJlOPO3YUMHHUX (OPM XaJIbKOTEHIiNiB METAiB MiATrPyNy IIUHKY 3
BHMKOPHCTaHHSM 16 KOMIJIEKCOYTBOPIOIOUMX PEAreHTIiB Pi3HOi NPUPOIHU. 3alIpONIOHOBAHO OOIPYHTOBAHUH BUOGID
CKJIaJly PeaKUiliHMX CUCTEM i po3p06seHO HOBI criocobu cuHTe3y MiBok ZnS, CdSe, HgS, HgSe. ExcnepumeHTanbHO

BM3HA4Y€HI 3HAYEHHS €HEePril akTuBallii IPOLeCy CUHTEe3Y IJIiBOK ZnS i ZnSe NONOBHEHI pe3yIbTaTaMy KBAaHTOBO-



XiMi4YHOrO MOZEOBaHHS. [IJ151 CUHTE3y TOHKUX I1JIiBOK XaJIbKOTE€HIiB KaiMil0 3aIIPOIIOHOBAHO BUKOPUCTATH METO],
XTIIO. BcTaHOBJIEHO ONTUMAJIbHI YMOBU TEPMIYHOI 0OPOOKY 117151 361/1bLIEHHS BIIOPSIIKOBAHOCTI MOJIIKPUCTAIYHO]
a3y NIiBOK XaJIbKOT€HiMliB KagMilo. BUKOpHCTaHO MeTo, iHBepCiiHOI BOJIbTAMIIEPOMETPIi 1711 BU3HAUEHHS BMICTY
LIMHKY i KaZMil0 y TOHKUX IUJTiBKaX i po3p06JI€HO eKCIIPeC-METOAMKY OLiHKY iXHbOI TOBIIMHY. CTBOpPEHA
maremaTudHa mogeb npouecy XI1O miiBok CdS Ta CdSe. CuHTE30BaHO i OCTiIKEHO Psif TBEPANX PO3YMHIB Ta
TOHKOILTIIBKOBUX CTPYKTYpP. MeTogom XO CTBOPEHO i AOCIIIIPKEHO BJIAaCTUBOCTI reTepoCTPYKTypu ZnS /Si. MeTozoM
XTIIO ctBOpeHo cTpykrypu CdS/Si ta CdSe/Si Ha ny1ackux i Ha MIKpOTEKCTYpOBaHUX I1J1aCTAHAX KpeMHito Si (100) 3
PO3BUHYTOIO [IOBEPXHEIO Ta 33aHUM MiKpopenbedom. Burorosneno rereponepexonu CdS/CdTe metogom XI1O
niBok CdS TosuuHo0 100 HM Ha niknankax CdTe. BctaHoBieHo, 1o 1151 TeKCTypoBaHUx (oroesnemeHTiB KK]I
30ibLIyeThCS Ha 25%. JloBeneHo, o BukopuctanHs XI10 Tonkux niiBok CdS Ha nigknankax CdTe 1o03BossOTh

CTBOPIOBATU Ir€TEPOCTPYKTYPH, SKi € ,ZIOCKOHa]IiIJ_II/IMI/I, HOpiBHHHO 3 BiﬂOMI/IMI/I.

2. The scientific direction of thin semiconductor films synthesis of sulfides and selenides of zinc subgroup metals
by chemical bath deposition methods from aqueous solutions is developed in the work. The deposition techniques
from aqueous solutions implemented in the work can simplify and cheapen the process of obtaining thin-film
semiconductor materials and obtain photosensitive film materials for the effective transformation of sunlight into
electric energy on substrates with large areas. The boundary conditions of the low-soluble forms formation of
chalcogenides of zinc subgroup metals without impurities of by-products with the use of complexing agents of
various nature were calculated. A reasonable choice of the reaction systems composition was proposed and new
methods of film synthesis were developed: 1) ZnS without forced orientation to the substrate material from the
NaOH solution; 2) CdSe with good adhesion to the substrate from the ammonium free solution; 3) HgS using
thiocarbamide as a chalcogenizing and complexing agent at the same time; 4) HgSe with the use of sodium
thiosulfate as a complexing agent. The influence of nature and concentration of initial substances and synthesis
conditions on properties of sulfides and selenides thin films of zinc subgroup metals has been investigated. The
activation energy of the ZnS and ZnSe films synthesis has been experimentally determined and supplemented with
the results of quantum-chemical modeling which was carried out using the semiempirical method of climbing the
reaction system to a minimum of energy. The multi-stage process of zinc chalcogenides films synthesis, structure
of intermediate reaction-able complexes, ways of their thermodestruction and various mechanisms of film growth
have been established. For the synthesis of ZnSe films, to use elemental selenium as a chalcogenizer instead of
selenocarbamide or sodium selenium sulfate was proposed, which simplified the reaction system and prevented
the formation of by-products. The influence of the pH value of the working solution on the structural, optical and
morphological properties of HgS thin films ware first investigated. For the synthesis of cadmium chalcogenides
thin films was suggested to use the CSD technique which allowed to obtain coatings with satisfactory
characteristics, increase the efficiency of the reagents conversion and to simplify the process of their utilization by
minimizing of the working solution volume and using the surface of the substrate as a heat source. The influence
of CSD technique conditions on the thin films properties were investigated, optimal conditions of thermal
processing has been established for increasing the ordering of the polycrystalline phase of cadmium chalcogenides
films. Anodic stripping voltammetry method was used for determination of zinc and cadmium content in zinc and
cadmium sulfides (selenides) thin films and developed an express method for evaluating the thickness of CdS and
CdSe films. A mathematical model for CSD process of CdS and CdSe film synthesis was created. The selected
factors are: the concentration of the initial cadmium-containing salt, the concentration of chalcogenizer
(thiocarbamate or sodium selenose sulfate), the temperature of the process and its duration. The adequacy of the
model and the possibility of its use for the CSD of cadmium chalcogenides thin films is proved. The properties of
the structures ZnS/Si, CdS/Si and CdSe/Si on the flat and microtextured silicon Si (100) plates with a developed
surface and a given microrelief were created and studied. CdS /CdTe heterojunctions were manufactured using
CSD of CdS thin films with the thickness of 100 nm on the CdTe substrate. The main photoelectric parameters of
the manufactured samples were measured. It was found that photosensitive elements with a textured surface have
a 25% higher useful efficiency than flat, due to the reduction of optical losses due to the repeated reflection of
light from the edges of the textured surface. It was established that using CSD of CdS thin films on the surface of



CdTe substrates, obtained heterostructures are more perfect than the known ones.
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