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TEPMOCTabIIbHUX €JIEMEHTIB Ta FeTEPOCTPYKTYP [JIsl OIITOEJIEKTPOHIKU

2. Modification of the physical properties of wide-band AIIBVI semiconductors for the obtaining of thermally stable
elements and heterostructures for optoelectronics

Pedepar:

1. O6'eKT BoCiIKEeHHS: MOHOKPUCTAIM IMPOKO30HHUX 6iHapHuX crionyk AIIBVI i TBepgoro po3unny Znl-xMgxSe
(0,03 (x (0,60), a TakO>X OKCUHI IJIIBKY HA iX IIOBEPXHi. B SIKOCTi 3pasKiB is1s JoCinKeHb BUKOPHUCTOBYBalIn
"quCTi" Ta JOMILIKOBI MOHOKPHCTAJIN 3 Pi3HOIO KpUcTasorpadiyHolo opieHTallielo. MeTa JoCIiIKeHHS:
BCTaHOBJIEHHS (Pi3UYHUX OCHOB MoaUdiKallil ONTUYHUX Ta €JEKTPOPIZNUHUX BIACTUBOCTEN MOHOKPUCTAIIB TUITY
ATIBVI nipu ix TepM0o06po6Kax 3 OJHOYACHOIO Ji€l0 30BHIIIHIX HETEPMIYHUX YNHHUKIB, BCTAHOBJIEHHS
3aKOHOMipHOCTeN (POTOTEPMIYHOTO OKUCIEHHS LIUX KPUCTaJiB, OTPUMAHHS Ta KOMILJIEKCHE OCHiKeHHs Qi3nyHUX
BJIACTUBOCTEN OKCUIHUX [IOKPUTTIB 1 KPUCTAJIIB TBEPIUX PO3UMHIB Znl-xMgxSe. MeToau LOCIiI)KEHH Ta
araparypa: TepMiYHUI BiAIaJ Py OJHOYACHI Jii 30BHIIIHIX HETEPMIYHMX Y/HHUKIB (ONITUYHUX BUITPOMIHIOBAHb,

€JIEKTPUYHUX 110J1iB). Po31isbHi i JJ0KaIbHI BUMIpH KOoeQillieHTiB IIOTJIMHAHHS i pO3Cil0BaHHS IPOBOIUIIN



MOIM(}piKOBaHMM METOLOM aJiabaTUYHOI KaJIOPUMETPIi, 0 J03BOJIsI€ BUMIPIOBATH MaJli ONITUYHI BTPATU Y
IIMPOKOMY TeMIlepaTypHoMy iHTepBaJii. KoedilieHTu npoMeHe3asoMIeHHS BUBHAYAJIM CTaHAAPTHUM METOI0M
npusmu. CrieKTpy IPOIyCKaHHS B BUAMMOMY Ta IY nianasoHax oTpuUMYyBasy 3a JOIIOMOTOIO CIIEKTPOPOTOMETPIB.
Kpucraniyny CTpyKTypy Ta ge(eKT! peaysbHOI CTPYKTypU KPUCTAJIIB AOCIIIPKYyBaI METOIAMU
PEHTI€HOCTPYKTYPHOI'O aHaJli3y, ONITUYHOI MiKPOCKOIIii Ta XiMiYHOI'O TPaBJIEHHS. MexaHi4Hi BJIaCTUBOCTI KPUCTAJIiB
Ta OKCUJHUX IIJIIBOK JOCJII)KyBaJIi METOLOM MIKPOTBEPIOCTi. XiMiuHMI1 CKilan KpUCTasiB Ta MOPQOJIOrist TOBepxHi
BHBYAJIXICh METOJIOM CKaHYIOYO0I €JIEKTPOHHOI MiKPOCKOIIil Ta PEHTTE€HIBCbKUM MIKpOaHaJIi30M Ha €JIEKTPOHHOMY
Mikpockorli. ElekTpo@isndHi napameTpu 3pasKiB BUSHAYaIM B LIMPOKOMY iHTEPBaJli TEMIIEPATyP CTaHIAPTHUMU
meTogamu. Kpim Toro, 6ys10 po3po6sieHo psii HECTaHAAPTHUX METOIMK BUMipioBaHHs. TeopeTuyHi Ta IpakTHU4Hi
pe3yJbTaTH, HOBITHICTh: Po3pobiieni MeTogu moaudikallii eKcriyaTauiflHUX ONTUYHUX, TEMJIOBUX Ta
€JIeKTPOo(Pi3NYHMX NapameTpiB KpUCTaliB criosyK AlIBVI msixoM nIpoBefeHHs iX TeEpMiYHAX 06pOOOK IIpU
OJIHOYACHOMY BIIMBI iIHTEHCUBHUX €JIEKTPUYHUX IOJIiB Ta ONTUYHUX ONIPOMiHIOBaHb. PO3pO6JI€Hi Ta CTBOPEHI
0a30Bi eKCIIepMMEHTaIbHO-TEeXHOJIOTI4UHI YCTAaHOBKY JJ1s1 IPOBEIEeHHS TaKUX TEPMOOOGPOOOK B yMOBax JOCJiIHO-
IIPOMUCJIOBOTO BUPOOHUIITBA, 110 3a0€311€4yI0Th OTPMMAHHS TEPMIYHO MILTHUX KPUCTaJIiB CEJIEHiy IIMHKA 3
BMCOKVMMU OITUYHUMH Ta €JIEKTPUYHUMU €KCILIyaTaliiHUMU BJIACTUBOCTSIMUA. PO3p0O06JIEHO HOBUH MiAXin 4O
BMMIipIOBAaHHS Ta aHAJIi3y MaJIuX ONITUYHUX BTPAT, SIKUH 3a0e3Ieyye MOXKIJINBICTb IIPOBEEHHS B IIHPOKOMY
IlianazoHi TeMIeparyp JIOKaJIbHUX BUMipIoBaHb KoeillieHTiB OrJIMHAHHS i po3citoBaHHs Y BUIIPOMIHIOBaHHS B
KPUCTIIYHUX MaTepianax, IPU3HAUYEHUX [IJIs1 CUJIOBOI ONITUKY iH(ppadepBOHOro AianazoHy. Po3pobiyena ta
CTBOpeHa 6a30Ba KOHCTPYKIIisl OpUTiHAJIbHOI aBTOMAaTHU30BAaHOi YCTAaHOBKY, 10 3a6e31edye JIOKalbHi Ta PO3IOLiNbHI
BUMIipIOBaHHS KOeil[ieHTiB ONTUYHOTO MOTJIMHAHHS i pO3CilOBaHHS B KPUCTAJIEBUX 3arOTiBKax ONMTUYHUX €JIEMEHTIB
IY pianazony. Bniepiie B mMpoKoMy Aiana3oHi remnepatyp (oo 750 K BK/II0YHO) BUMIipSHI TeMIIepaTypHi 3a/1€>KHOCTI
noranuHaHHg [Y BUNIpoMiHIOBaHHA (Ha JOBXUHI XBUJ 10,6 MKM) B MOHOKpHCTazax ZnSe ta CdS. CtBopena 3a
pe3ysbTaTaMu JOCIiI)KEHb aBTOMaTU30BaHa KaJIOPUMETPUYHA YCTaHOBKA "[IpOMiHB" 11O JiLleH3iHHOMY KOHTPAKTy
N202FMED84LJ4310RU nocrasnena B Kurtait. OTpuMaHi MOHOKPUCTAIX TBEPAOTO pO34nHy Znl-xMgxSe B
IIMPOKOMY Aiana3oHi 3minu ximivynoro ckiany (0,03 ( x ( 0,60). BusHaueHi KOHLIEHTpallii MarHilo, KOTpi €
ONTHMAJIbHUMU [17151 BATOTOBJIEHHSI i3 KpUCTaJIIiB Znl-xMgxSe TepMOCTabiIbHUX MOJISIPU3ALiTHUX Ta
€JIEKTPOONITUYHUX €JIEMEHTIB /1J1s1 cepefHboi AinsgHku Y nianasoHy 3 6isbll BUCOKOK IPOMEHEBOI0 MIlIHICTIO ¥
NOPiBHSIHHI 3 TpaguuiiHuMu marepianamu CdS, CdSe, CdS1-xSex. Po3pobiieHa i cTBopeHna opuriHasibHa 6a30Ba
KOHCTPYKIIisl EKCIIEPUMEHTAIbHO-TEXHOJIOTIYHOI aBTOMATU30BaHOI YCTAaHOBKY [1J18 [IPOBELIEHHS i LOCIIiIKEHHS
IIPOLIECiB OKUCJIEHHS [TI0BEPXHi HAMiBIPOBIIHUKOBUX KPUCTAJIB. YCTAaHOBKA [103BOJIsIE: 1)[IPOBOAUTH IOCTOBIpHI
IOCHiIKeHHs "in situ” KiHeTUKU [IpOLeCiB OKMCJIEHHS HalliBIPOBIJHUKIB 6€3110CcepelHbO IIPU TeMIIepaTypax
OKHCJIEHHS; 2)OTPUMYBAaT/ HAaHO- Ta MiKPOKPUCTAJIE€Bi OKCUIHI IJIiIBKM KOHTPOJILOBAHOI TOBIMKHM (Big 80 HM 1o 100
MKM) Ta F€TEpOCTPYKTYPHU TUILY "OKCUJ-HAIMiBIPOBiIHUK"; 3)0OCIIiIKYBaTH NIPOLIECH Jerpajalii ONTHYHUX
BJIACTMBOCTEN HaMiBIPOBIIHUKOBUX €JIEMEHTIB i IPUJIaiB Mifl BIIMBOM €JIEKTPOMArHiTHUX i TEIIOBUX M0J1iB. Ha
OCHOBI [I€TaJIbHOTO NOCiIKEHHS IPO1eCiB POTOTEPMIYHOTO OKUCIEHHS KPUCTAJIiB ZnSe Bu3HaYeHi ONITUMaJIbHI
PEXXMMY OTPUMaHHSA CTPYKTYPHO AOCKOHAJINX, OGHOPIAHMX I1iBOK ZnO onTu4HOi AKoCTi. Ha ocHOBI miiBok ZnO Ta
rerepocTpykTyp Tumy ZnO - ZnSe, ZnO - ZnS, ZnO - Znl-xMgxSe, orpumanux metonom OTO, po3pobeHi i
BUT'OTOBJIEHI TEPMOCTAObi/IbHI ONITUYHI, €JIeKTPUYHI Ta ONTOEJIEKTPOHHI NPUJIAZ| 3 BUCOKUMU eKCIITyaTaliiHUMU
XapaKTePUCTUKAMU: BapiCTOpH, POTONEPETBOPIOBaYi, POTOKOHBEPTOPH, a TAKOXK Pi3HOMAaHITHI iHppadepBoOHi
ONTHYHI €JIEMEHTH NPOXiIHOTO TUITY 3 MiLIHUMU iHTep(pepeHLiHUMY OKCUIHUMU ITOKPUTTIMU. Po3pobieHi i
CTBOPEHI 3pa3Kku TepMOCTabiIbHUX 6araToQyHKIiOHATIbHUX HIMPOKOCIIEKTPAIbHUX ONITUYHUX €JIeMEHTIB, KOTpi
NOEHYIOTh (PYHKIIii IAaCHBHOTO ONITUYHOTO €JIEMEHTA Ta JAaTYMKa IIPOXiJHOI IOTY>XHOCTI 6e31epepBHOro abo
MOJyJIbOBAaHOT'O BUNIPOMiHIOBaHHs [Y niana3zoHy. ['any3b BUKOPHUCTAHHS: ONTOEJIEKTPOHIKA, CUJIOBA ONTHKA

cepegHboro Y nianasony

2. The object of investigation: single crystals of AIIBVI wide-zone binary compounds and of Zn1-xMgxSe ( 0.03 ? x ?
0.60) solid solutions as well as oxide films on their surface. As investigation samples, "pure" and impurity-
containing single crystals with different crystallographic orientation were used. The aim of investigation:
establishment of physical foundations for modification of the optical and electrophysical properties of AIIBVI



single crystals at their thermal treatment with simultaneous action of external non-thermal factors, establishment
of regularities of photothermal oxidation of these crystals, obtaining of oxide coatings and Znl-xMgxSe solid
solution crystals and comprehensive study of their physical properties. Methods and equipment: thermal annealing
at simultaneous action of external non-thermal factors (optical radiation, electric fields). Separate and local
measurements of the absorption and scattering coefficients are performed by a modified method of adiabatic
calorimetry whichallowes to investigate small optical losses within wide temperature range. The refraction
coefficients are determined by the standard method of prism. The spectra of transmission in the visible and IR
regions are obtained by means of spectrophotometers. The structure of the crystals and real structure defects are
investigated by the method of X-ray structure analysis, optical microscopy and chemical etching. The mechanical
properties of the crystals and oxide films are studied by the method of microhardness. The chemical composition
of the crystals and the surface morphology are investigated by the method of scanning electron microscopy and X-
ray microanalysis on electron microscope. The electrophysical properties of the samples are determined in wide
temperature range by standard methods. In addition, some non-standard investigation techniques are developed.
Theoretical and practical results, novelty: developed are the methods for modification of the working, optical,
thermal and electrophysical parametersof AIIBVI crystals by means of their thermal treatment with simultaneous
action of intense electric fields and optical irradiation. Developed and created are basic experimental technological
units for realization of such kinds of thermal treatment under the conditions of pilot industrial production which
provide the obtaining of thermally stable zinc selenide crystals with high optical and electrical working
characteristics. Developed is a new approach to measurement and analysis of small optical losses which provides
wide-range local measurements of the coefficients of IR-radiation absorption and scattering in crystalline
materials for high-power IR-optics. Developed and created is the basic design for original automated unit which
provides local measurements of optical absorption and scattering coefficients in crystalline ingots of optical
elements of the IR-region. For the first time measured are the temperature dependences of IR-radiation
absorption (at 10.6 ?m wavelength) in ZnSe and CdS single crystalsin wide temperature range (up to 750 K). The
calorimetric unit "Promin” created on the base of the performed investigations was supplied to China under the
license contract 02FMED84LJ4310RU. Obtained are Znl-xMgxSe solid solution single crystals in a wide range of
chemical composition changes ( 0.03 ? x ? 0.60). Determined are the concentrations of magnesium which are
optimum for manufacture of thermally stable polarization and electrooptical elements for middle IR region from
Znl1-xMgxSe crystals. The radiation resistance of these elements is higher than that of the traditional materials
CdS, CdSe, CdS1-x,. Developed and created is an original basic design of experimental technological unit for
realization and study of the processes of oxidation on the surface of semiconductor crystals. The unit allows: 1) to
carry out reliable "in situ" investigations of the kinetics of oxidation processes directly at the temperatures of
oxidation; 2) to obtain nano- and micro-crystalline oxide films with controlled thickness (from 80 nm to 100 ?m)
and heterostructures of "oxide - semiconductor” type; 3) to investigate the processes of degradation of optical
properties for semiconductor elements and devices under the action of electromagnetic and thermal fields. On the
base of detailed study of the processes of photothermal oxidation in ZnSe crystals established are optimum
conditions for the obtaining of structurally perfect homogeneous ZnO films of optical quality. On the base of ZnO
films and heterostructures of ZnO - ZnSe, ZnO - Znl-xMgxSe types obtained by the method of photothermal
treatment, developed and manufactured are thermally stable optical, electrical and optoelectronic devices with
high working characteristics: varistors, photoconverters, phototransducers as well as various optical IR-elements
of transmitting type with strong interference oxide coatings. Developed and created are the samples of thermally
stable multifunctional optical elements working in a wide spectral range, which combine the functions of passive
optical element and sensor of continuous or modulated IR-radiation. Range of application: optoelectronics, high-
power optics of middle IR-range.
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