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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TeMaTHYHHUX PyOpHK: 29.19.15

Tema gucepranii:
1. KepyBaHHS yMOBaMU reTE€POEIITaKCIiHOTO pocTy 3 pinkoi ¢pasu y HeizonepionHii cuctemi GaSb /InAs

2. Control of the conditions of the heteroepitaxial growth from the liquid phase in the lattice misfit GaSb/InAs
system

Pedepar:

1. O6'exT - pouecu KpucTaisallii B yMmoBax po36iKHOCTe! KpUCTaIOXIMIYHUX TIapaMeTpPiB MaTepiais; MeTa -
BCTAHOBJIEHHS] HEOOXiJHMX TEXHOJIOTIYHMX PEXUMIB i peasisallisl BiAlIOBifHOTO KEPYBaHHS YMOBAMU POCTY IIPU
reTepoerniTakcii 3 pifkoi ¢a3u TOHKUX NaaHapHUX wapiB GaSb Ha HeisonepionHil nigknanLi InAs 3 pi3koio MeKero
PO31iy; METOIM - MaTeMaTUYHe Ta KOMII'IOTEPHE MOJeJII0BAHHSI, ONITUYHA MiKpOCKOIIisl, POTOMOMIHICeHLis;
HOBU3HA - BIEpILe 3alIPOIIOHOBAHO BUKOPUCTAHHS OXOJIOIPKEHHS IiIK/IaIKU IOTOKOM Trazy JJjis1 KEpyBaHHS
IIPOLIECOM €MiTaKcii 3 pifgKoi pas3n; BUBHAYEHO 3HAYEHHS KOHTAKTHOTO II€PEOXOJIOIKEHHS [IJIs1 CUCTEMHU IiIKJIaKa
InAs - po3unH Sb y posnzasi Ga npu Temneparypi 450 °C: 3,5 °C i 4,7 °C gnis opienTauiii (100) Ta (111) BinnosinHO;
BM3HAU€Hi KpUTHUYHI TOBIIMHY emniTakciiiHoro mapy GaSb npu pocrti Ha nigknanui InAs: 50 HM 17151 opieHTauii (100)
Ta 55 HM 118 opieHTalii (111) npu yTBopeHHi KpailoBUX AUCIOKaLil Ta 70-75 HM IIpU yTBOpPeHHi 60° MOXMInx
IVMCJIOKALlil; BIIepIIe BUBHAYEHO BeJIMYMHU HEOOXITHOTO [1epPEe0X0JI0IKEHHS PO3YNHY-PO3IJIABY Y IIPOLeCci pOCTy
(5,8 °C pns opienTauii (100) Ta 7,8 °C g opienTanii (111)) i mBuakocTi pocty enitakcifiHoro mapy GaSb Ha



nipknankax InAs (2,5-3,5 HM /¢ ans opienTaii (100), 22-31 am /c nns opienTauii (111)) mpu Temneparypi no4aTky
emnitakcii 450 °C, 1m0 3a6e31e4yI0Th [1JIaHapHY [TOBEPXHIO eIliTaKCiHOro Wapy; pe3yJIbTaTh - pO3pPaxoBaHi yMOBU
POCTY, po3po6JieHi BiiNOBiAHI TEXHOJIOTIYHI PEXXMMU Ta OTPUMAaHI IJIaHapHi retepoenitakciiyi mapu InAs/GasSb 3
Pi3KOI0 TeTEPOMEXKEI0 METOJIOM iIMITYJIbCHOT'O OXOJIO[KEHHS HACMYEHOrO PO3YMHY-PO3ILIaBYy Ta HOBOIO
3aIIPOIIOHOBAHOI0 METOAMKOIO 3 OXOJIOIKEHHSIM MiJIKJIaTKy [TIOTOKOM rasy; cdepa BUKOPUCTAaHHS — TEXHOJIOTIsS

HaIMiBIPOBIIHUKOBUX reTepOoeIliTakCilHUX CTPYKTYp MaTepiasiB 3 po30DKHOCTSIMU KPUCTAJIOXIMIYHUX NTapaMeTpiB.

2. Object - crystallization processes under conditions of the differences of crystal and chemical parameters of the
materials; objectives - determination of the necessary technological regimes and realization of the corresponding
control of the growth conditions at heteroepitaxy of the thin planar layers in the lattice misfit GaSb /InAs system
with the sharp interface from the liquid phase; methods - mathematical and computer simulation,
photoluminescence, optical microscopy; novelty - for the first time it has been suggested to use gas flow for
cooling of substrate and in this way to control epitaxial process from the liquid phase; it has been calculated that
values of the contact supercoolings for the system of InAs substrate - Sb solution in Ga melt at 450 °C are 3,5 °C
and 4,7 °C for (100) and (111) substrate orientations respectively; critical thicknesses of the dislocation network
formation for the GaSb heteroepitaxial layer on the InAs substrate have been defined as 50 nm and 55 nm for the
(100) and(111) substrate orientation respectively at the edge dislocations network and 70-75 nm for the both
orientations for the inclined 60° dislocations network; for the first time it has been calculated the values of the
necessary solution-melt supercoolings during epitaxy (5,8 °C and 7,8 °C for the (100) and (111) substrate orientation
respectively) and growth rates (2,5-3,5 nm/s and 22-31 nm/s for the (100) and (111) substrate orientation
respectively) that provide planar surface of the epitaxial layer at start epitaxy temperature of 450 °C; results -
crystallization condition conditions have been calculated, corresponding technological regimes have been worked
out, and planar InAs/GaSb heteroepitaxial layers have been deposited with the use of the pulse cooling of
saturated solution-melt and with the use of suggested method of substrate cooling by the gas flow; area of use -
technology of semiconductor heteroepitaxial structures of materials with the differences in crystal and chemical
parameters.
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