JocitiKkeHHs] HAHOTeTePOCTPYKTYP HA MOTPIHHMUX CIOJYKAX A""BY nast mopesroBanus ix
€JIeKTPOHHMX BJIACTHBOCTEH Ta e)eKTiB

HccnenoBanue HAHOTEeTEPOCTPYKTYP HA TPOMHBIX COeIMHEHHUAX A"BY nas
MO/IeJTUPOBAHMS X JIEKTPOHHBIX CBOMCTB M 3P (PekToB

Research of nanoheterostructres based on ternary alloys A''BY for modeling of their
electronic properties and effects

1. Homep nepxaBHoi peectpanii: 0115U000400,
2. HaykoBuii KkepiBHUK — 1.T.H., ipod. B.L.Tumogeen, B.U.Tumodees, V.Timofeyev .

3. CyTb po3po0dKH, OCHOBHI pe3yJibTaTH.
(Yxp.)

[IpeameTroM JOCHIKEHHS € EJIeKTPUYHI W ONTOENEKTPOHHI XapaKTEPUCTUKU MOTPIHHUX
CITOJTYK A"BY ta CTPYKTYp Ha iX ocHoBi. OcoOnuBa yBara NpHAUIAETHCS JOCTIHKCHHIO
JUHAMIYHUX XapaKTEePUCTHK MOTPIMHUX CHONYK Y CHJIBHHX NOJSAX, €(EeKTH po3irpiBaHHs
€IEeKTPOHHOrO ra3y Ta iHmi edeKkTd, 10 BIACTUBI TaKUM MarepialiaM TpH JOCSITHEHHI
HAaHOPO3MIpiB, a TaKOX SBUIIA HA TPAHHUIAX HHU3BKOPO3MIPHUX CTPYKTYp 3  IAaCUBHUMH
o0nacTsIMH Ta KOHTaKTaMH.

CtBopeHo  (yHIaMeHTaIbHI  (Pi3WKO-MaTeMaTH4yHI  3acaad  JUI  MOJCITIOBAHHS
HAHOTETEPOCTPYKTYP, 10 BUKOPUCTOBYIOTH IBOKOMIIOHEHTHI TBEP/i PO3UMHU O1HAPHUX CIIOJIYK
A"BY. BukopucraHo ymocKOHAIEHHIT METOJ PENAKCAIIMHUX pPIBHSHB, Yy SKOMY 3aMiCTh
piBHsIHHA OajaHCy eHeprii BUKOPHCTOBYETHCS PIBHSHHS MJI €JNEKTPOHHOI TeMIEepaTypu.
Po3paxoBano wacu pemakcaimii IMOyJbCy Ta €HEprii eNeKTPOHIB [Js PI3HHUX MEXaHi3MiB
po3ciroBaHHs. Briepmie oTpruMaHO aHAIITHYHI CIIBBIIHOIIECHHS JJIS PO3PAXYHKY MIKIOTHHHUX
YyaciB penakcaiii 3a JOBUIBHUX 3HAYCHb MDKIOJWHHOI BiJCTaHI IOPIBHSAHO 3 CEHEPTri€r0
MDKIONUHHUX (GoHOHIB. Takuii aHami3 € HEOOXiTHMUM JUIsl TOTPIHHUX CHOJYK, Y SKHX
MOJIOKEHHS JTOJIUH CYTTEBO 3AJICKUTH BiJ] CTEXIOMETPUYHOIO CKiaay. JJis CroNyK 3 MIUPOKOIO
(OHOHHOIO 3a00pPOHEHOI0 30HOK0 PO3CIIOBAaHHS HA AaKyCTHYHUX Ta ONTHYHUX (HOHOHAX
PO3TISHYTO K OKpeMi BUJIM MDXAOJIMHHOTO po3citoBaHHs. [Ipu MonentoBaHHI BpaxoBaHi 4acu
penakcartiii 1151 po3CitoBaHHs Ha CIUIaBHOMY JedopMaIiiiHOMy MOTEHIIIaIl.

Ha ocHOBI cucremu penakcalifHUX pIBHSHb BHBEACHO CHCTEMY DIBHSIHb IS
MOJICITIOBAHHSI CyOMIKPOHHUX T€TEPOCTPYKTYP 3 KBAHTOBHMHU sIMaMHU. P03poOJIeHO METOAMKH
MOJIEJIOBaHHSI HAHOT€TEPOCTPYKTYP 3 YpaxyBaHHSIM KBAaHTOBHMX €(EKTIB Ta cHeUpIYHUX AJs
HNOTPIMHUX CIOJYK MEXaHI3MiB PO3CISIHHS.

(poc.)

[Tpenmerom uccnenoBaHUs SBISIOTCA 3JEKTPUYECKHE U ONTOIEKTPOHHBIE CBOMCTBa
TPOMHBIX COEINHEHHUU A"BY u CTPYKTyp Ha ux ocHoBe. Oco0oe BHUMaHuE YAENIseTCs
UCCIICIOBAaHUIO JIMHAMMYECKHX XapaKTePUCTUK TPONHBIX COECIUHEHUH B CHUJIBHBIX MOJSX,
3 eKTH pa3orpeBa dIEKTPOHHOTO Ta3a U Ipyrue d3PQPeKTsl, IPUCYIIHE TAKUM MaTepHajaM Ipu
JOCTHDKEHUM HAHOPa3MEpoB, a TaKkKe SBJIEHHMsS Ha TpaHUIAX HU3KOPA3MEPHBIX CTPYKTYp C
MACCUBHBIMU OOJIACTSIMH U KOHTAKTaMH.

Co3nanbl  ¢pyHAaMEHTalbHbIE (DPU3MKO-MaTeMaTHUYeCKHe OCHOBBI JUIsl MOJETUPOBAHMS
HAHOTE€TEPOCTPYKTYP, HCHOJB3YIONMX JBYXKOMIIOHEHTHBIE TBEpABIE PACTBOPHI OWHAPHBIX
coexmuennii A"'BY. Mcnons3oBan YCOBEPIICHCTBOBAHHBIA METO/I PEIAKCAMOHHBIX YPaBHEHUN,
B KOTOPOM BMECTO ypaBHEHHs OajiaHca SHEPrMM HCIOJIb3YeTCsl YpaBHEHHE Ul 3JIEKTPOHHOMN
Temreparypbl. PaccumTtaHo Bpems pelakcalud WMIYJIbca W DHEPTHH  DJICKTPOHOB JUIS
pa3IMYHBIX MEXaHM3MOB paccesHus. BriepBble MOMy4YeHbl aHATUTHUYECKHUE COOTHOIIECHUS IS
pacyera MEXIOJIMHHBIX BPEMEH peaKcallii MPH TPOW3BOJBHBIX 3HAUYECHUSIX MEKIOTHHHOTO
PacCTOSIHUS MO0 CPABHEHUIO C SHEPTrueil MeXA0NUHHBIX (OHOHOB. Takoi aHaIM3 HEOOXOIUM IS
TPONHBIX COENWHEHHWH, B KOTOPHIX IMOJIOKEHHE [OJMH CYIIECTBEHHO 3aBHCHUT  OT
CTEXHOMETPUYECKOro cocTtaBa. s coenmHeHH ¢ MUPOKOH (POHOHHON 3arpenieHHO 30HOM
paccesHME Ha aKyCTHYECKHMX M ONTHYECKHX (DOHOHAX PACCMOTPEHO KaK OTAEIbHBIE BHIIBI



MEXKIOJTMHHOTO paccesiHus. [Ipu MonennpoBaHM yUTE€HBI BpEMEHA PeslakCalluu JUIsl pacCesTHUS
Ha CIUIaBHOM JIe()OpMAIIMOHHOM TTOTCHITHAJIE.

Ha ocHoBe cucTemBbl pellakCallMOHHBIX YpaBHEHUH BBIBEJCHA CHCTEMA YPaBHEHHUM UL
MOJCIIUPOBAHUSA CYOMHUKPOHHBIX TE€TEPOCTPYKTYP C KBAHTOBBIMH sIMaMH. Pa3paboTaHbl
METOAMKH MOJCITUPOBAHUS HAHOTETEPOCTPYKTYpP C y4YeTOM KBaHTOBBIX 3(ddekToB u
CHGHI/I(l)I/I‘IeCKI/IX JJIsA TpOfIHBIX COC,I[I/IHGHHI}'I MCXaHHU3MOB pacCCCsHUs.

The subject of the research is the electrical and optoelectronic characteristics of triple
A"BY compounds and based on them structures. The main attention was paid to the
investigation of the dynamic characteristics of triple compounds in strong fields, the effects of
heating the electron gas and other effects, which are inherent in such nanosizes materials, as well
as phenomena on the boundaries of low-dimensional structures with passive regions and
contacts.

The basic physical and mathematical principles for the modeling of nanoheterostructures
using two-component solid solutions of binary compounds of A"BY have been created. An
improved method of relaxation equations is used, in which the equation for the electronic
temperature is used instead of the energy balance equation. The momentum relaxation and
electron energy for different scattering mechanisms are calculated. For the first time, analytical
relations were obtained for calculating the inter-valley relaxation times for arbitrary values of the
inter-valence distance in comparison with the energy of inter-valence phonons. Such an analysis
is necessary for triple compounds, in which the valley position essentially depends on the
stoichiometric composition.

The acoustic and optical phonons are considered as separate types of inter-valued
scattering for compounds with a broad phonon band gap, The simulation takes into account the
relaxation times for scattering on the alloy deformation potential.

The system of equations for the simulation of submicron heterostructures with quantum
wells is derived on the basis of the system of relaxation equations,

The methods of modeling of nanoheterostructures are developed including quantum
effects and scattering mechanisms which are specific for triple compounds.

4. HasiBHICTH OXOPOHHMX IOKYMEHTIB Ha 00’€KTH NPaBa iHTeJeKTyaIbHOI BJACHOCTI
3asiBKM HE 101aBaJIUCh.

5. IlopiBHsiHHA 3i cBiTOBMMHM aHajsoramm. Pe3ynpTaTu BiANOBIJAIOTH CBITOBOMY pIBHIO, a
HiAXOU 10 MOJAETIOBAHHS JIOCTII)KYBaHUX MaTepialiB Ta CTPYKTYpP MEPEBUIYIOTh aHAJIOTH
CBITOBO{ MPAKTUKH.

6. Exonomiuna npuBaO/uMBicTh Ui NPOCYBAaHHSI HA PHHOK PesynabTatu pobotu
MOXYTh OYTH BHUKOpPUCTaHI B pamkax JoroBopiB Ha BukoHaHHsS HJIJIKP. Buxopucranus
3alPOIIOHOBAHUX Yy POOOTI pe3yibTaTiB JI03BOJUTH MPOTHO3YBATH XapaKTEPUCTHUKU, MOKIIUBI
BapiaHTH KOHCTPYKIIiM Ta. TEXHOJOIiIUHOI peaji3alii HAHOKOMIIOHEHTIB 1 HAHOCXEM, a TaKOX
CKOPOTHUTH 4ac iX MPOEKTyBaHHS.

7. IloreHuiiiHi kopucTtyBayi

[TakeTn KOMI IOTEPHUX MpPOrpaM MOJIENIOBaHHSA OyIyThb BUKOPUCTAaHI  BITYU3HSIHUMHU
HIAIPUEMCTBAMH, SKI  pO3pOOJISIIOTE KOMIIOHEHTH 1 1HTErpajibHI CXEMH, BKJIIOYAIOUU
Ha/AIIBUIKOAII0Ul HU(POBI, MOTYXKHI Ta MaJOUIyMJIIYl HPUCTPOI MUIIMETPOBOTO iaras3oHy,
OIITOETICKTPOHHI TPHUCTPOi. MOJXKIHMBE TaKOX BHUKOPUCTAHHS PE3YJIbTATIB OCITIKEHb IS
PO3paxyHKy TECTOBUX HM3BKOPO3MIPHUX CTPYKTYp Ha MOTPIMHUX CIIOJIyKax LIOJ0 PO3pOOJIECHHS
CyOMIKpOHHMX 1 HAaHOMIPUJIAAIB Ha mianpueMcTBax («Catypu» 1 «Mikponpumamy).

8. CrtaH roroBHOCTi po3po0KH. Y MOJANBIIOMY TUIAHYETHCS BUKOHAHHS MPUKIATHOI pOOOTH,
sIKa Ha OCHOB1 po3p0o0JeH0T Teopii PI3UIHUX MPOIIECIB, METOIIB Ta MATEMAaTHYHUX MOJIeeH
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