
OT3bIB

oSuquanbHoro orrrroHeHTa Ha AI,IccepraIII4oHHyIo pa6ory Bepreneca llaena

Cepreenzva <<I4ccleAoBaHue MeroAaMu pacrponofi ererrponnofi MLIKpocKorII4H

rrneHoK v ferepocTpyKTyp Ha ocHoBe }Jvrrpl1rl.a raJrlrwfl>>, [peAcTaBneHHyIo Ha

coucKaHr4e yrenofi crerreHr4 KaHALrAara Su:uro-rraareMarl4uecKllx HayK rlo
c[equaJrbHocrr4 05.27.01 TBepAoreJrbHar oJreKTpoHr{Ka, paAlaooneKTpoHHble

KoMfroHeHTbr, Mr4Kpo- Lr HaHogneKTpoHurca, npu6opbr Ha KBaHToBbIx eSSerrax.

B nacrosqefi pa6ore uccneAoBuurlrcb crpyKrypbr Ha ocHoBe InGaN/GaN ueroAauu

nane4€nnoro roKa (HT) u KaroAonroMuHecrleHrlrllr (KD. Arryamnocrr reMbl

o[peAen.rrercr 6rrcrprru pa3BurueM rrpoMbrrxJreHHoro rrpuMeHeHurr HLrrpHAoB III

Fpynnbr, Qarruvecrcu onepexaroqeM HEOOXOAI4MbIC QyH4anreHTalrbHbIe

r{ccJreAoBaHvrs' Sro cruuynupyer I{HTepec K I{3f{eH}IIo 3JreKTpLrqecKLIX u olrl{qecKlrx

csoficrs grlrx Marepvanon. ,{o cvx rrop ocrarorc{ M€rrro r{ccneAoBaHHbrMr4 TaKHe

csofrcrsa III HLrrpLrAoB, KaK MexaHr{3Mbr 6e:rranyrarerurofi perou6uHar\Lrvr,

cra6znurocm orlruqecKnx cnoficrn rpu sJreKTpoHHoM ulwtu QoroHHotvt

nos6yx4eHr4r,r, [oBeAeHue npornKeHurrx 4eQeKToB vr Lrx Brrvrfl:aue Ha KBaHToByIo

eSQerrznHocrb pr AerpaAarlrlro raKzx crpyKryp. Kpafine Balr(Ha ran$opnaaqux o

crpyKType 4e$er<roB pr r,rx oBonroqnv npv pEBnI,{rrHhIX rpoqe.{ypax, o6 gneKTpoHHbIX

lr orruqecKr{x [epexoAax B TaKux o6rerrax.

Bomrua.a qacrb oKcnepuMesranurofi pa6oru kr o6pa6orra noJIf{eHHbIX

sKcneplrMeHTiurbHbrx AaHHbrx [poBeAeHa aBTopoM JILIqHo. BrnaA aBTopa n pa6orax,

BbrrroJIHeHHbIX B COaBTOpCTBe, 3aKJIIOqaeTCS B HeUOCpeACTBeHHOM rraCTI'tI4 Ha BCeX

3rarrax pa6oru or nocraHoBKrr 3aaa'tu Ao o6cyx4eHrar pe3yJrbraroB. Anropy

rrpxHaAnexzr alJurkr3 cyrqecTByrorlr4x nr4TeparypHbrx AaHHbrx, peanvrcawrfl.

ocHoBHbrx gKcrreplrMeHTarrbHbrx rroAXoAoB, rIHTeprIperaIIpIu, o6o6rqenn5. v anaJru3

noJrrreHHbrx pe3ynbTaToB flpkr uc[oJrb3oBaHr4r4 oocyx(AaeMbrx B paooTe MeToAoB,

SoprvrynzpoBKl4 ocHoBHbIX uonoxenrafr .

llocronrxy crpyKTypbr Ha ocHoBe Ha ocHoBe cr{creMbl MHoxecrBeHHhIX

KBaHToBbrx rM InGaN/GaN 14 rrJreHoK GaN loJryrralor Bce 6olee Iul4poKoe

rrpr4MeHeHlre B M[KpooneKTpoHLrKe, .{nx uparruqecKoro npl{MeHeHu-a BaxHo perullTb



TaKrIe Bo[pocbl, KaK MexaHLr3MbI 6e:sI:,ryuarerssofi percolr6raHa\r4Lr v ilerpa1agL4

cra6ulrsocrr, olrllqecKl{x ceoi.rcre ilpvr 3neKTpoHHoM vlvtu QoronHov
eos6yx4eHl4l4, tIoBeAeHI{e nporr}KeHnsrx 4eSeKToB 14 I4x BJrrr4qH:ne Ha KBaHToByro

e$SerrranHocrb Lr AelpaAaql4lo, a raKlKe DBoJrrorlr4ro crpyKrypbr 4eSer<ron 1rpr4

pa3nI4qHbIX BO3Aetr{CTBI'ItX, TO aKTyarbHOCTb reMbr lf14ccepTar{r414 He Bbr3brBaer

coMHeHl4r.

llrccepralll4oHHat pa6ora cocror{T r43 BBeAeH:ar,, f'tflTr4 rJIaB, 3aKJrroqeHLrfl, clvc1a
pa6or, oly6,rzroBaHHblx IIO TeMe /i]|re}epra!J,1Iu, kr cflr.lcKa I4cfroJlb3oBausoi.r

nl4reparypbl t13 136 HaI4MeHoBauvk. lraccepraqr.rr n3Jrolr(eHa Ha I40 crpaHr4rlax

Maflrr{Horlr{cHoro reKcra, BKJT[or{aq 54 pzcynr<a u 3 ra6luqtr.

Bo nae4esvlu o6ocHoBaHa aKTyanbHocrb reMbr Ar4ooepraurrr4, roKa3aHa HoBI43Ha

IOJTyTIOHHbIX pe3ynbTaTOB, I43JIOlKeHbI nOJTOXOHI{fi, BbIHOCI4MbIe Ha 3arqr4Ty.

B nepeoil rraBe rpeAcraBneH o6sop nr4reparyprr u c$opMynr4poBaHa rrocraHoBKa

3AAaqV.

Bropar rnaBa rlocBtuleHa o[LlcaHr4ro r4ccnenyeMbrx crpyKTyp: nneHoK GaN,

roly6rtx cBeroAI4oAoB c MHolr{ecrBeHHbIMr4 KBaHToBbtM14 rMaMrl Ha ocHotse ct{creMbr

InGaN/GaN, r'rarepaJrbHo 3apoxleHHbrx nJreHoK GaN, a rapKe crpyKTyp co

cBeroAI4OAHbIMI4 HaHocror'I6raxavu. TaxNe npeAcraBneHbr MeroAI4Krr Lr npn6opsr,

rrpr,I MeH.rr B utLrecfl B xoAe B r,rrr oJT H eHul p a6ortr .

B rperrefi fJTaBe npI4BeAeHbI pe3ynbrarbr r4ccJreAoBaHr4fl MeroAoM HaBeAeHHofo

roKa MOCVD v ELOG TIJIeHoK GaN. Bnepnue 6urn rpoBeAeHbr r43MepeHu-{

noKaiIbHbIX rapaMerpoB narepanbHo pa3poctxr4xcr rrJTeHoK GaN: auS$y:uousofi

Anr4Hbr HeocHoBHbrx Hocrarelefi 3apflEa r.r rS$exrneHofr KoHueHTpa\ur4 AoHopoB.

Bruo IIoKa3aHo, tITo ypoBeHb nefr4poBaHr4r e o6,'racrsx BeprnKarrE,Horo pocra He

MeHee, r{eM B 3 pasa rtpeBbllxaer ypoBeHb nerrrpoBaHl4r B J'rarepanbHo pa3poctxr4xct

obracrsx nJreHKr4.

B uereeproft rJlaBe npeAcraBneHbr pe3ynbrarbr r4ccJrreAoBaHLrrr MeroAoM

HaBeAeHHoro roKa cBeroa3nyr{aroxlr4x crpyKTyp c cvcreurofi MHoxecrBeHHbrx

KBaHToBbIX tM InGaN/GaN c piBnI4qHbIM r4x qr4cnoM (or 1 4o 5 xnaHronrrx rn,t).

lloxasaHo, rtro B cBerol43nyqarculr4x crpyKTypax c MaJTbrM Lru{cJ,roM Kfr r<eaHroBbre



{Mbr npaKTuqecKr4 He BJr}rrroT Ha 3oSeKTuBHocTb cO6I4paHu' r{ocplTeneft 3ap.'IAa' B TO

BpeMrr KaK An.rr crpyKTyp c 5 reauroBbrMl{ tMaMLI neo6xo.4ltMo BBoALITI florrpaeoqHrrfr

rosQQuqueHr k, uenguvfi eAr4HI{IIbr, KoJIatIecrBeHHo xapaKTepra:yroqufi

esQerrunHocrb perou6uua\vu HeocHoBHbIX HoctlTelefi 3apfl,Aa B KBaHToBbrx tMax.

\Inax rJraBa rrocBrrrleHa pe3ynbraraM LlccneAoBanvrfl. BIrvrflr,vrfl ooJllnreHZt

gneKTpoHHbrM rrfrKoM Husrcofi sHeprI4'I Ha oneKTpuqecKr{e v olruqecKrle csoficrsa

rrJreHoK GaN u cBeron3Jrf{arcilIr4x crpyKTyp Ha ero ocHoBe. Eun [peAnoxeH

MexaHLr3M Brrr4flHnfl, o6lylenux HLr3KogHeprerI,IqHbrM 3[eKTpuqecKraM rlyr{KoM Ha

cBeror{3Jrfrarcq[e crpyKTypbr c MHoxrecrBeHHbIM]I KBaHToBbIMI4 .f,MaMI4 InGaN/GaN

- penaKcarJr4s. HanpsxeHuit s Kpr{craJlnz.Iecrofi peurerKe crpyKTypbl B aKTI4BHoM

cJroe, rrpr4BoAtrrlar K ocna6nenuro BcrpoeHHoro rrbe3orroJlf, vt,) coorBercrBeuHo,

KBaHroBo-pa3MepHoro eQ$erua l[rapra.

B saKnro.r eqvrv c$opvrynupoBaHbl ocHoBHbIe pe3ynbrarrr p a6orrr.

.{uccepraqnx B epreJreca lI. C. orrr4qaerct BbrcoKI{M ypoBHeM HoBrI3H bI.

. 
1. Buepebre u3MepeHbr noKanbHbre 3neKTpLIrIecKLIe xapaKTepI4cr?IKI4 B orAenbHblx

o6nacrsx' narep€urbHo 3apoqeHHbrx ITJIeHoK Ha ocHoBe rrurrpv4a taJrlrvrfl.

YcranosreHo, rrro e0$er:rnegbre KoHrIeHTpaIIIaI,I AoHopoB n o6lacrsx BeprllKrulbHoro

lr JrarepaJrbHoro pocra ELOG rrJreHoK pa3nllqarorc-f, He MeHee, r{eM B 3 pa:a, 'ruo

KarrecrBeHHo xapaKTeplr3yer Bepof,THocrb BcrpauBaeMocrtl nerrrplrolqeft uputrtecu n

pa3nr{qHbrx fIJIocKocTtx pocra.

2. llpoae4enrr Lr3MepeHlrrr JroKaJrbHbIx gna.IeHplfi araSQy:uonHofi AJII4HrT

HeocHoBHbrx HocklTenefi 3apfl.Aa n eSSercrueHofi KoHqeHrpaIJvrvr AoHopoB e rorry6rrx

cBeTolr3Jrr{aroil{ux cTpyKTypax Ha ocHoBe MHoxecTBeHHbIX KBaHTOBbIX qM

InGaN/GaN na o6lacrsx pa3MepoM rop-sAKa 1 rvrxl'r.

3. YcraHoBJreHo, qro I43MepeHLrt MeroAoM HaBeAeHHoro roKa rIo3BoJIf,Ior oIIeHI4Tb

rrapaMerp, xapaKTeprEayrorqrafi BepotrHocrb pexorvr6zna\vvt nocurenefi 3apfltra B

aKTr4BHoM cJroe cBeroAr4oAoB. llora^gaHo, qro Ha cBeroALIoAax c errcorofi

eS$er<rznHocrbro MeroA HT uogsoJr-r{er Bu3yarlu3rIpoBarb KaHarlbr yreqeK ToKa vJIIa



loBbrrrreHHoro rpaHcrropra HeocHoBHbIX HocI{TeJIefi saptya qepe3 arrrasHrrfi crofi

crpyKrypbl B BI{Ae 4e$erron, AaroqLIX ceerrrrfr KoHTpacr.

4. Buepnbre rroKa3aHo, qro rrplr Bo3Aeitcrsuv o6nyrennt HpI3KogHeprerLIqHbIM

3neKTpoHHbrM rryr{KoM Ha cBerou3Jryqaloque crpyKTypbl c MHoxtecrBeHHbIM}I

KBaHToBbrMr{ {MaMLr Ha ocHoBe InGaN/GaN s c[eKTpax z3ny{eHl,Ll KBaHToBbIX -f,M

Bo3HHKaror HoBbIe 6onee LrHTeHcLrBHbre JIIIHIII4 cBeqeHl4s, cMelqeHHbre B cI4HIoro

o6lacru orHocr4TeJrbHo racxoAnofi lrr4lavrvr LI3nf{eHu.[. llp" groM IIoJroxeHI4e

ucxoAnofi rvrlavrv Lrsn;n{eHxr coxpaHflercfl., I4 ee nHTeHcLIBHocrb npaKTI,IqecKu He

MeH.rrercr, r{To cBr{AeTenbcTByer o JroK€urbHoM xapaKTepe Ll3Menenuft, npoucxoAflIqux

B aKTLTBHoM cJroe crpyKTyprr. lloragaHo, rITo raKue r{3MeHeHul BeposrHee Bcero

lpoucxoAxr r;6ruzu crpyKTypHux 4e$eKToB - 
rlpoHl{Karoqlrx AI4cnoKaIIuit uttu ux

rrf{KoB. llpe4noxeH MexaHn3M Blrr4fllrtvrs. o6ryrenux gneKTpoHHbIM rIf{KoM Ha

LrccJreAyeMbre crpyKrypbr penaKcallnt rlpll o6ryveuuu nanprxenzfi,

Bo3HuKarorrlkrx B arrnnnofi o6racrz BcneAcrBrre HecoorBercrBrlt [apaMerpoB

perrreroK cJroeB GaN u InGaN.

5. O6papyxeHo ABkIxeHLIe cerMeHToB Alacnoraqufi rtpv o6lyvenuz B

cKaHprpyroqeM sneKTpoHHoM MlrKpocKorre Hr{3Ko3HepfeTI4qHbIM sneKTpoHHbIM

lyrrKoM. flor<asaHo, rrro cKoJrb)KeHLre Allcnoxaqufi Mox(er na6ruoAarbcfl Aax{e npLI

oqeHb Hpr3Kprx ypoBHlx nos6yx4enu.a.

IlpanruuecKarr rleHnocrb noJrf{eHHbrx pe3ynbraroB He BbI3bIBaer coMHerrus. vr

o6ycloueua reM, qro [onyqeHubre pe3ynbrarbr MoryT oKa3arbc-l rIoJIe3HbIMvr npu

onrr{Mr43arlr{rr [apaMerpoB cBeroLt3Jrfraroqux crpyKTyp vnv rrpu pa:pa6orre 6onee

e$serrunHbrx Jra3epHbrx crpyKTyp Ha ocHoBe narepaJlbHo 3apoqeHHblx rIneHoK GaN.

ilnn npoBeAeHr4r uccneAoBatruft 6uno ilplIBnerleHo HecKoJrbKo MeroAoB

z:uepenrEfi. Anarns pe3ynbraroB BbrrroJIHeH B coorBercrBlll{ c coBpeMeHHbIMLI

rrpeAcraBreHusMr4 Qrsuru rBepAoro reJla vr Sueurz ronynpoBoAHl4KoB. Bce

cAeJraHHbre B pa6ore BbrBoAbr JIorIlttIHbr kr nocneAoBarenbHo BbITeKaIor v3

pe3ynbraroB r{ccJreAoBalauit. flpe.4cran.lleHHble pe3ynbrarbl AoKnaAbIBaJrkrcb vr

o6cyx4anlrcb Ha poccnficrr4x vr Me)KAyHapoAHbrx rouQepenqutx u ony6nraKoBaHbr B



Bvrlie crarefi B perIeH3I4pyeMbIX poccl4ficKHx

AOCTOBepHOCTb nOnyr{eHHbIX pe3ynbraroB 14

coMHeHpI_g.

K co)KaJIeHI4Io, Al4ccepralluoHHa.tr

14 Mex{AyHapoAHbIX }KypH€Lnax. lloerorvry

o6ocnonaHHocrb BbrBoAoB He BbI3bIBaer

pa6ora Beprereca lI.C. He JrI,IIxeHa

HeAocrarr<oe. Tar e rr.5 pr*no)KeHrre crreKTpa Ha fayccoerre KprrBble r{cilonb3yerct

Anq Korr4qecrBeHHofi xaparrepr4crr{Kr,r nonf{aeMblx crIeKTpoB, xort o6ocHoeaHHocrb

TaKoro noAXoAa HyxAaercr B AorroJrHr4TeJrbHbrx AoKa3arenbcrBax. Kpovre roro,

r43MeHeHr,re cneKTpoB noA 4eficreueu o6ryuenux KaK rlpaBl4no o6r-flcHqerc-f,

Bo3MoxHocrbro penaKcarlr4r4 uanpxxeuufi B crpyKTypax c MHoxecueHHbIML{

KBaHToBbrMr4 rMaMr4. llocr<orucy 3Tor BbrBoA BecbMa cyulecrBeHeH Anfl

npaKTr4r{ecKoro ucrroJrb3oBa:arrfl, 6uro 6u nore3Ho npoBecrrr np{Mble l43MepeHu-f,

rarofi penaKcarluu.

[rzccepraqur BepreJreca llaeJra Cepreenuqa rIoJIHocrbIo yAoBnerBopfler BceM

rpe6oeauuru <<IloloxeHras o nopfl.{Ke rlpl4cy}KAe:rtr4fl yqeHbIX crenenefi>> BAK,

yrBep)KAeHHoro rrocraHoBJreHr{eM flpawrrerbcrBa Poccraficrofi Oe4epaquu or

24.09.2013 r. l\e 842, npeAb-r{BnreMbrM K Ar4cceprarlrr{M Ha colrcKaHlre yreHofi

crerreHr4 KaHAr,rAara HayK, a ee aBTop 3acnyxl4Baer npl4cylxAeHr4fl, ucrouofi yvenofi

crerreHr4 KaHAr4Aara Srasuxo-MareMarr,rqecKr4x HayK rro crequallbHocrl4 05.27 .01 -
TBepAOTeIrbHafl 3neKTpOHr{Ka, paAr4o3neKTpoHHbre KoMrroHeHTbI, MI4Kpo- vI

HaHogJreKTpoHrlKa, npu6oprr Ha KBaHTorrrx e$SeKTax.

He cMorp{ Ha yKa3aHHbre HeAocrarKl4, .ql4ccepraul4{ Bepreleca lI.C.

<<I4ccleAoBaHr4e MeroAaMr{ pacrpoeoft ererrponuofr MI{KpocKonI4I4 TIJIeHoK vr

feTepocTpyKryp Ha ocHoBe ]FlLrrpr4lta f€LrrJrr4.rr)) flBrrfleTcs. sanepureHnofi HayqHo-

o6naAarorqefi

pe3ynbraroB.

AOXOArrr4BO.

IIOJIOX{CHI4f,,

xna-nuSur<aquouHofi pa6orofi, errnorueHHofr Ha BbIcoKoM HayrrHoM ypoBHe u

HecoMHeHnofi uoeusuofr r4 rrpaKTr4.recxofr rroJre3Hocrbro [onyr{eHHblx

[uccepral4us o6taraer BHyrpeHHIaM eAI4HcrBoM, Hanl4caHa rpaMorHo H

Kponae roro, B nefi coAepxarc-fl HoBbIe 14 npaKTI{r{ecKH 3HatIHMbIe

aupo6upoBaHHble Ha MHororrI4cJIeHHbIX HayqHbIX r<ouQepeHlll4tx.

Ocuonnrre pe3ynbrarbr rrccJreAoBaHr4-s AocrarorlHo nonHo I{3JloxteHbr B ABaAIIaTI4



IIIeCTI4 CTaTb.flX, OlyOJrI{KOBaHbrx B perleH3l4pyeMbix Hayr{Hbrx r43/.aHuflx, BxoAflulr,rx B

lreperleHb BAK. Aerope$epar aAeKBarHo orrr4cbrBaer coAepxauve nvccepraquousoft

pa6oru.
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